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Abstract:

Malignant neoplasm is one of the most incurable diseases among inflammatory diseases. Researchers have
been studying for decades to win over this lethal disease and provide the light of hope to humankind. The
gastrointestinal bacteria of human hold a complex ecosystem and maintain homeostasis. One hundred trillion
microbes are residing in the gastrointestinal tract of human. Disturbances in the microbiota of human’s
gastrointestinal tract can create immune response against inflammation and also can develop diseases ,
including cancer. The bacteria of the gastrointestinal tract of human, can secrete a variety of metabolites and
bioproducts which aid in the preservation of homeostasis in the host and gut. During pathogenic dysbiosis,
on the other hand, numerous microbiota subpopulations may increase and create excessive levels of toxins,
which can cause inflammation and cancer. Furthermore, the immune system of host and the epithelium cell
can be influenced by gut microbiota. Probiotics, which are bacteria that live in the gut, have been protected
against tumor formation. Probiotics are now studied to see if they can help fight dysbiosis in cancer patients
undergoing chemotherapy or radiotherapy because of their capacity to maintain gut homeostasis. Countless
numbers of gut bacteria have demonstrated anti-cancer efficiency in cancer treatment, prevention, and
boosting the efficiency of immunotherapy. The review article has briefly explained the anti-cancer immunity
of gut microbes and their application in treating a variety of cancer. This review paper also highlights the
pre-clinical studies of probiotics against cancer and the completed and ongoing clinical trials on cancers with

the two most common and highly effective probiotics Lactobacillus and Bacillus spp.
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Highlights

1. The five main phyla of human gastrointestinal bacteria are Firmicutes, Bacteriodes, Actinobacteria,
Proteobacteria, and Fusobacteria.

2. Probiotics are known as good gastrointestinal bacteria.

3. Bifidobacterium spp and Lactobacillus are the two most utilized probiotics in the market against
cancer.

4. Fecal Microbiota Transplantation may be considered as an alternative in the future.

5. Probiotics metabolite’s are the key elements that fight with cancer.
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Introduction:

The gastrointestinal tract (Gl tract) or gut is the most convoluted environment of the human body. It is
composed of a wide range of intestinal microbiome. Several micro-organisms, including bacteria, fungi,
archaea, have consisted in the human epithelial barrier. Among them, commensal bacteria is the most
prevalent one residing along cells in the Gl tract [1,2]. The high-throughput advancement in the sequencing
technology has enabled the precise identification of gut microbiota diversity [3]. Firmicutes, Bacteroides,
Actinobacteria, Proteobacteria, and Fusobacteria are five dominant bacterial class in the human gut system
[4]. Since development, the human gut microbial profile has remained constant throughout life and provides
a unique "signature" for everyone with critical activities related to immune systems [4]. The structure of the
microbiome and its generated metabolites impact a surprising number of local and systemic body functions.
This involves energy production, dietary component metabolism, vitamin synthesis, and the control of

immunological responses, behavior, and mood.

Dysbiosis, or disturbances in microbial populations, is being associated to distinct disorders, including
diabetes , depression , obesity, inflammatory bowel disease, autism, and colorectal cancer [5-11]. The
correlation that links the GI tract’s bacteria and immune system has garnered considerable interest as it
becomes exceeding apparent that inflammatory processes underpin various diseases. The complex relation
between gut bacteria and host’s immune system is very interesting .The ability of immune system to respond
to infectious non-communicable diseases is influenced not merely by the presence or absence of bacterial
species, but also through the by products produced and changed by microbes.[12] Furthermore, new findings
have emphasized their critical role in response to various cancer therapies [13], implying that managing gut
bacteria can improvise the efficiency of different neoplasm treatments by reducing cytotoxic activity and
increasing anticancer activity. Over the last couple of years, the invention of metagenomics and by
integrating next-generation sequencing (NGS) with 16Sr RNA sequencing analysis, metagenomics was able
to distinguish both the variant and abundance of the gut bacteria [14].The combination of advances in
metagenomics, transcriptomics, and metabolomics has allowed for the description of the effect of bacterial
species on human [15,16]. This marks a transition from illustrative microbiota composition studies to
functional studies that are now helpful in identifying the impact of microbiome environment on human
health [17,18]. Even so, this finding is in its infancy, and the results of more extensive clinical studies must

be used to corroborate the increasing quantity of associative and functional studies [19].

Tumorigenesis is one of the well-researched topics of all the pathologies associated with the gastrointestinal
bacteria. The association has been established with all cancers related to gastrointestinal and other distal
tumors [20]. Metabolomics and metagenomics research have illustrated that the gastrointestinal microbes
play a significant part in the treatment, tumorigenesis, and anticancer therapy [21]. Indeed, the microbes of
gut can be either cancer suppressive or cancer-promoting [22,23]. Research on this topic is only partially
understandable but this connection has been studied for an extended period, it is only partially understood. It

seems that the present understanding highlights the complex relation and bidirectionality of the


https://doi.org/10.20944/preprints202112.0433.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 December 2021 d0i:10.20944/preprints202112.0433.v1

microbiome-cancer relationship. Thus, the development of cancer may change the microbiome structure,

which may influence the progression of cancer [24].

This review article illustrates the anticancer activity of gastrointestinal bacteria and their effect on
immunotherapy enhancement and highlights theirs pre-clinical studies . The paper also elucidates the clinical
trials of the two most used and effective probiotic strains, Lactobacillus spp and Bifidobacterium. A
hypothetical debate between the two therapeutic agents: Fecal Microbial Transplantation and Probiotics, has
also been described.

Human Gastrointestinal Tract and Gut microbiome:

The gastrointestinal tract and nervous system of human are associated with each other by bidirectionally
through the stomach and brain axis . The gastrointestinal tract and brain axis encompasses the central, enteric
nervous system, the hypothalamic pituitary adrenal axis, autonomic, and also the entero-endocrine system
[24].

The gastrointestinal tract of human is consisted of liver, pancrease, esophagus, stomach, small intestine, large
intestine, which begins at the mouth and ends to the anus. Its primary functions include food disruption and
digestion, nutrient absorption, and waste product elimination. Given the Gl tract's many functions, it's not
surprising that it has a variety of environments, each of which is influenced by different variants of immune
cells and the Gl tract's many bacteria (figure 1)

Figure 1 : The diagram of Human Gastrointestinal Tract.
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Muscle contractions help in the motion of food down to the stomach. The long tube going from mouth to
anus is called esophagus which is lined with muscle and have a sphincter on the opening of stomach. The
sphincter controls the passage of food. The mucous membrane which covers the muscle layers differs based
on the activity of the portion of the gastrointestinal tract.

The epithelium cell lines are calve to three different layers based on their functional activity. The squamous
epithelium provides a protective covering in the beginning and end of the gastrointestinal tract. The stomach
has secretory epithelium. The small and large intestines both have absorptive epithelium. Multiple fingerlike
extensions called villi enhance surface area to aid in nutrition absorption, with glands, that house the stem
cells that give rise to epithelial cells in the small intestine. The large intestine is consisted of absorptive
epithelium which is packed densely with absorptive glands which absorbs water and mucus-secreting cells
that smooth the passage of excrement along the Gl tract.

The tube between the innermost epithelium and muscularis propria has multiple layers and it comprises the
gastrointestinal tract. The epithelium is the mucosa's innermost layer, which also includes the muscularis
mucosae , a thin layer of smooth muscle and the lamina propria (a layer of supportive connective tissue). The
layer beneath the mucosa that comprises nerves, lymphatic, connective tissue, and blood arteries is called
submucosa. The outer muscularis propria, a muscle layer that aids in the movement of material along the Gl
tract, surrounds the submucosa. The adventitia or serosa is the supportive tissue that surrounds the GI tract

and contains key nerves and blood arteries.

The liver and pancreas are two major glands in the Gl system. They are emerged embryonically from the
anterior part of the Gl tract and produce stomach acids to help in the digestion. The gallbladder stores and
concentrates bile, which is produced by the liver. Cholecystokinin-pancreozymin (CCK) is released by the
mucosa of neuroendocrine cells whenever lipids get in the duodenum, and it causes the gallbladder to
interact and secrete bile inside the duodenum. Bile acids are emulsifiers that assist in the digestion of lipids.
Pancreatic secretions travel through the pancreatic duct to the duodenum and include a elevated
concentration of alkaline bicarbonate ions, that help to neutralize the stomach acid. Chymotrypsin, trypsin,
lipase, amylase, and carboxypeptidases are the enzymes which are produced by the pancreas and responsible

for the dis-aggregation of proteins, carbohydrates, and lipids.

The gut bacteria are the microbial populations that lives in the Gl tract, and it is comprised of >10x1014
microbes which includes viruses, fungi, archaea, and bacteria. The majority portion of the gut is consisted
with bacteria. The most dominant phyla are Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria
[25].

Furthermore, the composition of bacteria, in the small intestine and colon differs significantly. The variance
and volume of the gut bacteria generally elevates from proximal to the site located away from specific area
due to host characteristics such as pH, mucus, gastrointestinal transport time, regional oxygen levels, bile
acids, and immunological factors, as well as microbial community dynamics [4].Firmicutes, as well as
Actinobacteria, Proteobacteria, and Bacteroidetes, make up the majority of the jejunal microflora, which is

approximated to be 104-107 CFU/mL. Bacteroides, Enterococcus, Veillonella, Enterobacteria, Clostridium,
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and Lactobacillus are among the facultative and obligatory anaerobes found in the ileum microbiota. The
microbial burden is between 103 and 108 CFU/mL. Bacteroidetes, Bacteroidaceae, Lachnospiraceae,
Firmicutes and Prevotellaceae, as well as stringent colonic anaerobes including Clostridium, Eubacteria,
and Roseburia, which can reach 1010-1012 CFU/mL.[26-29] Generally, environmental factors, diet ,stress,
sex and host genetics, initial microbial exposure, disease all dominant the structure of the gut microbiota
[30,31]. Polysaccharides and their metabolites, as well as short-chain fatty acids (SCFAS), have a beneficial
effect on the GI tract’s bacteria [33,33].

Carcinogenesis induced and progressed by Gastrointestinal Bacteria:

Gut dysbiosis is a vast concept that refers to an abnormality in the gut microbiota that relates to a negative
consequence. Dysbiosis is characterized by the absence of helpful microbial input or signaling and the
growth of harmful microorganisms. Dysbiosis is hypothesized to initiate pro-inflammatory effects and
dysregulation of the immune system in a variety of disease conditions, including non-alcoholic
steatohepatitis (NASH) [34,35].

As defined previously, it is believed to play a role in the development of a variety of immune-initiated
diseases, including inflammatory bowel disease (IBD), multiple sclerosis, type 1 diabetes mellitus , cancer,
rheumatoid arthritis, and systemic lupus erythematosus (SLE) [36-40] etc. Pathogenic organisms and traveler
commensals cause dysbiosis (figure 2). There are several well-established risk factors which contribute to the
development of cancer. Such risk factors include aging and environmental factors like hormones, smoking,
xenobiotics, antibiotics, and dietary cues [41].Additionally, genetic abnormalities affecting the myeloid,
epithelial, or lymphoid parts of the intestinal immune system initiate enhancement of the dysbiosis by
promoting inflammatory states such as Crohn's disease, which increases the susceptibility to cancer

development [42]. As a result, several variables that cause carcinogenesis also favor dysbiosis.

Studies linking intra-abdominal infections, antibiotic usage, or two of them to an elevated risk of colon
cancer [43] emphasize the clinical significance of the dysbiosis-intestinal carcinogenesis relationship. Indeed,
the gut microbiota has a variety of effects on colorectal oncogenesis. Eliminating or modifying the
composition of the gut microbiota influences the incidence and progression of colorectal cancer in both

hereditary and carcinogen-induced carcinogenesis models [44-47].

Additionally, certain gut microbiota’s metabolites straightly attack intestinal epithelial cells (IECs) and either
initiate carcinogenic effects (as described for hydrogen sulfide and the Bacteroides fragilis toxin) or prevent
carcinogenesis (as established for SCFAs) [48]. Gastrointestinal bacteria are involved in a variety of
processes, not simply colorectal carcinogenesis. Experiments on the intestinal bacteria also meditates the
incidence and development of extraintestinal malignancies, such as hepatocellular and breast carcinoma,

likely via metabolic and inflammatory circuits [49,50].

These findings are consistent with epidemiological research demonstrating a link between dysbiosis, its
repercussions or causes (most notably antibiotic overuse), and an enhanced frequency of cancers other than
colonic area, including breast cancer [51,52]. Such observations can be explained by the systemic spread of

microbes and their metabolites during inflammatory responses that weaken the gut barrier's integrity [49].
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Therefore, the gut bacteria have a local and systemic effect on oncogenesis and tumor growth. While
metabolic and inflammatory cues contribute to this phenomena, additive, un-characterized mode of action

may also devote to dysbiosis' capacity to induce cancer.

Recent study has established a link between microbiota (particularly the gut bacteria) and carcinogenesis,
implying that the gut microbiota may operate as an environmental factor and may also contribute to genetic
abnormalities. The process of chronic inflammation generated by bacterial infection exemplifies the indirect
bacterial mode of action of carcinogenesis. In this instance, the microbiota produces various
pro-inflammatory mediators persistently, including interleukin-1 and tumor necrosis factor -o , which

additionally results in the stimulation of the NF-kB and contributes to cancer [53].

Additionally, bacteria may trigger oncogenesis directly via the action of microbial metabolites or toxins.
Numerous previous research has established that several strains of gut microbiota are involved in the
carcinogenesis of various forms of cancer, including gastric cancer, colorectal cancer (CRC), and
hepatocellular carcinoma [53,54]. Their carcinogenic pathways are all tied to microbial metabolite synthesis.
Caga proteins generated by Helicobacter pylori are transported into gastric epithelial cells and engage with
the pro-oncogenic phosphatase SHP2 and the polarity-regulating kinase PAR1/MARK, activating host
signaling pathways favorable for carcinogenesis [55]. Bacteroides fragilis behaves as an opportunistic
pathogen and it is considered as significant risk factor for colorectal cancer (CRC) [53]. Enterotoxigenic B.
fragilis (ETBF), one of two subtypes of B. fragilis, can stimulate inflammatory bowel disease (IBD) and
colitis in antigen-presenting cell (APC) mutant mice who are predisposed to intestinal cancer, and further
contribute to the carcinogenesis of colorectal cancer through the p-catenin/Wnt/NF-kB signaling pathway
[53].

From the other hand, B. fragilis toxin (Bft) can cause an increase in the activity of spermine oxidase (SMO)
in colon epithelial cells, resulting in the formation of reactive oxygen species (ROS) and indirect DNA
damage [56,57].Several other microbial metabolites have been linked to carcinogenesis, including
Pasteurella multocida toxin, cytolethal distending toxin (CDT) [53], and inositol phosphate phosphatase D
(IpgD)[54].All of these factors could contribute to cell transformation, altering normal cell responses and so

increasing the risk of developing cancer.
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Figure 2: Names of some pathogenic bacteria and their effectors which cause dysbiosis in Gl tract of
human body.

The intestinal bacteria can also work as a promoter for cancer cells. The metabolites or by products which is
secreted by the bacteria can induce toxicity to the previously infected or pre-disposed or damaged cells and
turn them into cancerous cells.  Furthermore, pertinent bacteria can promote the development of cancer by

inhibiting immune effectors that typically suppress carcinogenesis.

For example, Fusobacterium nucleatum suppresses the natural Killer (NK) cells of host's to engage myeloid
suppressor cells at the site of infected cells, thereby indirectly aiding cancer development. This method is
regulated by the bacterial virulence component Fap2, which is capable of binding and inhibiting the NK

inhibitory receptor TGIT, hence halting NK-driven tumor cell invasion.

Moreover, bacterial species may disrupt the metabolism of the host's hormones. Indeed, the relationship
between bacterial release of B-glucuronidase enzymes and higher bioavailability of the host's estrogen
hormones has been extensively explored and it was observed that both are originated from hepatic
catabolism and phytoestrogens. Researchers have reported that the disturbance or dyshiosis of stomach is
associated with an elevated number of B-glucuronidase-producing bacteria, such as Clostridium coccoides
and leptum. It was found that the B-glucuronidase is capable to deconjugates liver-catabolized and
plant-derived estrogens and also allow them to bind to and regulate the estrogen receptors expressed on
target cells [58].The up-regulation of estrogen receptors stimulates cell proliferation in estrogen-responsive
tissues such as the breast and endometrial [59].
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As a result, this increased intake of estrogen hormones is implicated in the development of breast cancer.
Data extracted from findings has shown that there is a difference in the gut bacteria of women who are
suffering from breast cancer than the women are healthy . It may be possible that the numerous numbers of

bacteria which was overly expressed during dysbiosis can cause the development of cancer [60].

While there are significant number of infectious bacteria who has the ability to support oncogenesis by
modulating the carcinogenic cell pathways of host’s or by interfering with the hormonal or immune
systems, no major bacterial oncogene has been identified too yet. It is particularly challenging to determine
definitively whether alterations in the microbiome influence cancer genesis or not [61].

However, modifications in the diet lifestyle, and immune system of host’s have a significant impact on
the composition and activity of the microbiota [62]. Additionally, the same anti-cancer medication may
influence the patient's bacteria, while the patient's unique gut bacteria may have a profound effect on the

patient's therapeutic efficacy.

The suppression of tumor by bacterial metabolites:

Bacterial metabolites are able to suppress the growth of tumor (figure 3) . Short chain fatty acids generated
by microbes may have anti-cancer properties. They have a substantial impact on health and disease by acting
locally on GI tract cells, but they can also have systemic impacts by altering immune cell activity and
activation states. The metabolome is the collection of tiny molecules created by a biological system, and it is
a useful tool for determining the current state of that system [63].

Metabolomics is the study of metabolites utilizing techniques such as mass spectrometry, nuclear magnetic
resonance, high-performance liquid chromatography, and gas chromatography with mass spectrometry. Peak
patterns can be matched to spectral databases to determine which metabolites are present. To gain a better
understanding of microbiomes, metabolomics can be integrated with metagenomics, which looks at the
genetic material of the entire community, and meta transcriptomics, which looks at which genes are
expressed. These omics approaches' merits, shortcomings, and technological obstacles have been thoroughly

discussed elsewhere [64-68].

Bacterial metabolites such as butyrate and propionate, can inhibit tumor cells' histone deacetylases, resulting
in a broad anti-cancer impact. Butyrate’s anti-tumoral in vitro and in vivo effects in colorectal cancer (CRC)
and lymphoma [69,70] are the result of this mechanism. A few of the chemicals and metabolites generated
from probiotics can influence the immune system of the host which may initiate a pro-inflammatory immune
response against tumor development. For instance, the intensively researched microbial lipopolysaccharide
(LPS), a key element of gram-negative bacteria's outer membrane, regulates the patient's cell surface receptor
toll-like receptor 4 (TLR4), which belongs to the pattern recognition receptor (PRR) family, regulating
immune T cell-mediated responses against cancer cells [71].Likewise, Salmonella enterica secretes the
monophosphorylate lipid A (MPL) which has been seen to be employed an adjuvant in anti-cervical cancer

vaccination formulations [72].
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Furthermore, a group of vitamin B named pyridoxine is produced from bacteria and can enhance the host's

antitumoral immunosurveillance [73].

Figure 3: A hypothetical overview of the suppression of tumor by the application of probiotics.
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Many commensal bacteria serve as probiotics by conferring health benefits, such as preventing gut dysbiosis
or improving the host's immunological defense systems. In a rat model of inflammatory bowel illness, the
administration of combined drug Mutaflor which is a probiotic extracted from Escherichia coli Nissle 1917
with the antibiotic rifaximin exhibited a clear anti-inflammatory function and also the combined medication

has boosted the anti-inflammatory impact of rifaximin [74].

Furthermore, many probiotics have been proven to have anticancer properties. Probiotics or
probiotic-derived metabolites, for example, when given to mice, can decrease tumor growth. A prominent
example is the ferrochrome metabolite released by Lactobacillus casei, which can cause apoptosis in tumor
cells by directly activating the JNK pathway [75]. Lactobacilli have also been shown to stimulate host
immune cells such as NK cells, dendritic cells (DC), or the TH1 response, leading to the elimination of
cancerous or precancerous cells [76-79]. However, the direct bacterial metabolites which mediates a

stimulatory effect has yet to be known [76-79].

Several research has been conducted by scientists, in which they have been modulated the gut bacteria and
implicated them on cancer patients and observed significant changes as the engineered bacteria has shown

excellent anti-cancer immunity. Potentially four independent points can be employed to change the
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consequences of the intestinal bacteria on anticancer therapeutics, 1. Antibiotics, ii. Probiotics, iii. Pre-biotics,

iv. Post- biotics. As this

Since of specificity concerns, using conventional antibiotics (which commonly target various kinds of
Gram-positive or negative bacteria) to produce a disturbance in the gut that influence rather than antagonize
the effectiveness of chemotherapeutic drugs may not be possible. Antibiotics, on the other hand, may be able
to reverse a pre-existing state of harmful dysbiosis [80]. Bacterial strains who produce antibiotics such as
bacteriocins and proteinaceous, can used to attack one or a few elements of the gut bacteria for medication
purpose, according to new research.

Furthermore, compounds may be effective in reducing the deleterious influence of the gastrointestinal
bacteria on the pharmacodynamics of various chemotherapeutical. A powerful suppressor of bacterial (but
not mammalian) B-glucuronidase was demonstrated to defend mice against the intestinal adverse effects of

irinotecan, extending its therapeutical panel [81].

Probiotics have been thoroughly investigated in rodent tumor models to see if they can prevent (mainly
intestinal) carcinogenesis, with impressive outcomes [82,83]. Furthermore, at least in animal models,
transgenic probiotics have proven successful in delivering immunostimulatory molecules, tumor-associated
antigens or enzymes that reduce the toxicity of conventional chemotherapeutics [84]. Vaccines to fight
against cancer are based on live and attenuated variants of Salmonella enterice and Listeria monocytogenes
are currently being tested in cancer patients for their safeness and capability to raise immune responses
related to therapeutics[85], reflecting significant development in the industrial and academic development of

vaccines harnessing mucosal immunity [86,87].

Probiotics have yet to be proven to reduce the incidence of colorectal cancer in specific patient populations,
according to epidemiological research [88]. Furthermore, clinical evidence on the utilization of probiotics to
reduce the intestinal noxiousness of radiotherapy and some chemo therapies is not sufficient to draw clear
conclusions about their effectiveness [89]. While prebiotics (oligofructose or inulin ) and postbiotics (such as
butyrate) have gotten a lot of interest as potential colorectal cancer preventatives, their capacity to broaden

the therapeutic window of chemotherapy is still being studied [90].

Given current collection indicating that changes in the intestinal bacteria are beneficial, rather than harmful.
To improve the effectiveness of anticancer chemotherapy, it's alluring to believe that the clinical profile of at
least some chemotherapeutical can be improvise by combining antibiotics, prebiotics, probiotics, and/or
postbiotics. Future experimentation is required to confirm this idea. Oncogenesis, tumor development, and
response to therapy are all influenced by intestinal bacteria, according to mounting data. As a result, altering
the gut microbiota specifically could be a viable way to decrease the occurrence of particular malignancies in

the general population and/or (ii) ameliorate the effectiveness of various anticancer drugs.
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Probiotics: The modified gut bacteria with anti-cancer immunity/activity (In vivo and In vitro studies) :
Probiotics are known to be the good gut bacteria which uphold a greater perspective in the treatment of
cancer. The use of probiotics has grown in importance as a research topic. Probiotics have been consumed by
humans since 1907. Lactic acid bacteria and Bifidobacteria have dominated the market for more than a
century. Bifidobacterium (adolescentis, animalis, bifidum, breve, and longum) and Lactobacillus
(acidophilus, casei, fermentum, gasseri, johnsonii, paracasei, plantarum, rhamnosus, and salivarius) are the

two most frequently used species on the market.

Some additional strains, such as Roseburia spp., Akkermansia spp., and Faecalibacterium spp., appear to be
promising for human health and deserve more investigation. Probiotics are live bacterial species that are
injected into the human body and have therapeutic benefits by restoring the normal microbiota ecosystem
[91]. The impact of probiotics on tumor-therapy-related toxicity [92] and their potential for increasing cancer
treatment efficiency have received a lot of attention [93]. Preoperative treatment of probiotics, prebiotics,
and synbiotic (a combination of probiotics and prebiotics) successfully reduces post-operative infection,
reducing inflammation, morbidity, and hospital stay, according to research findings [94]. This is

accomplished through altering the microbiota's diversity and strengthening the intestinal barrier [95].

Furthermore, probiotic nutrition strategies, such as the administration of probiotic Bifico against
chemoradiotherapy-induced oral mucositis and the use of "designer probiotics” in CRC and breast cancer,
have been shown to be effective against radiotherapy-induced side effects by enhancing immune response
[96]. Notably, new evidence suggests that administering certain bacteria strains, such as Lactobacillus spp.
and Bifidobacteriales, is linked to improved anticancer activity.

The first two scientists who demonstrate a link between a Lactobacillus-enriched diet and a decreased risk of
colorectal cancer (by 37 percent compared to controls) was Goldin and Gorbach. Numerous in vitro studies
demonstrate that probiotics have positive effects on the multiplication and death of cancer cells, including
colonic, gastric, and myeloid leukemia cells. Studies illustrate that the strain Lactobacillus rhamnosus GG
has a substantial antiproliferative effect and/or induces apoptosis in human colonic cancer cells (Caco-2,
DLD-1, HT-29) and mus musculus colon carcinoma (HGC-27) [97-103] as well as a reduction of I1L-8
[104].

Additionally, researchers' findings indicate the efficacy of probiotic microorganisms (e.g., Lactobacillus
acidophilus, fermentum, plantarum, salivarius, helveticus, paracasei, delbrueckii, pentosus , Bacillus
polyfermenticus, subtilis; Lactococcus lactis,; adolescentis; Clostridium butyricum; Enterococcus faecium;
casei, Bifidobacterium lactis, Pediococcus pentosaceus, Propionibacterium acidopropionici,
Streptococcus thermophilus) in the reduction of multiplication and/or initiation of apoptosis of human
colonic cancer cells such as HT-29, Caco-2, SW1116, HCT116, DLD-1, LoVo, SW480, .Additionally,
Lactobacillus acidophilus CL1285 and Lactobacillus casei LBC80R stimulated apoptosis in human
colorectal cells (LS513) in the presence of 5-FU [105], whereas Lactobacillus casei Y1T9029, Lactobacillus
acidophilus SNUL, and Bifidobacterium longum HY8001 inhibited the development of human colorectal
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(SNUC2A) and stomach cancer. A medicine named 5—fluorouracil (5-FU), a chemotherapy medication,
frequently has an effect on the development of diarrhea. Bacillus polyfermenticus was reported to have a
good influence on colony development in human colonic epithelial cells (NMC460) [106]. Numerous

investigations on probiotics' antitumor effects are conducted in animal models.

Most of this type of research yielded good results and suggested a possible clinical application. The effects

of probiotic microorganisms on tumor-bearing or tumor-induced animals.

These findings demonstrate that probiotics possess anti-cancer capabilities Bifidobacterium infantum,.
Bacillus polyfermenticus, and Bifidobacterium bifidum, and Lactobacillus acidophilus, casei, lactis,
rhamnosus, plantarum, and salivarius greatly reduced the formation of colon cancer in rodent models

injected with the carcinogenic 1,2-dimethylhydrazine (DMH) .

Pediococcus pentosaceus or Lactobacillus plantarum are types of probiotics which have been shown in
many studies to induce death and reduce the incidence of azoxymethane (AOM)-induced cancer in mice
[107,108]. The administration of probiotics mixture VSL#3 or Lactobacillus plantarum to mice reduced the
incidence of dextran sulfate sodium (DSS)-induced cancer [109] or Lactobacillus plantarum [107]. Probiotics
(L. plantarum, combination VSL#3, B. polyfermenticus, L. rhamnosus, and B. lactis KCTC 5727) were found
to be useful in the treatment of cancer generated by the injection of CT26 cells, DLD-1, TNBS or MNNG,
cells, or in the absence of injection. Although the encouraging results, they should be taken cautiously
because the majority of tumors were created by diverse chemical agents, a process that differs significantly
from spontaneous carcinogenesis. In the following table 1 and table 2, the in vitro and in vivo studies of

probiotics against distinct variety of cancer are jotted down:
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Table 1 : In vitro studies of Probiotic strains against cancer

Names of Types of
. . Cancer Cell Results Study Type References
Probiotic strains -
Line
Lactobacillus casei HT29 and : : . ,
ATCC 393 CT26 Apoptosis was induced in the cancer cells. In vitro 109
Bacillus . .
. LoVo, HT-29, The proliferation of cancer cells was decreased .
polyfermenticus In vitro 106
AGS to >90%
KU3
Lactobacillus The proliferation of cancer cells was decreased and
pentosus B281 Caco-2 and cell cycle arrest was observed in the gastrointestinal In vitro 110
Lactobacillus HT-29 y tract ) g
plantarum B282
Lactococcus lactis | HT-29, LoVo, The proliferation of cancer cells was decreased In vitro 111
NK34 AGS to >80%
Lactobacillus
reuteri ATCC PTA KBM-5 The cancer cell apoptosis was increased In vitro 112
6475
Lactobacillus Caco-2 The level of interleukin 8 was decreased In vitro 104
rhamnosus GG
Bifidobacterium
adolescentis Cac%—\i} 4|—8|'(|)'-29, Cell proliferation was decreased In vitro 113
SPM0212
Lactobacillus HGC-27 The cell prollf_eratlon was decreased and the In vitro 101
rhamnosus GG apoptosis of cells were observed.
Lactobacillus
acidophilus SNUL SNUC2A,
Lactobacillus casei SNU1, Successfully suppressed the proliferation of cancer In vitro 77
Y1T9029 NIH/3T3 and cell
Bifidobacterium Jurkat cell
longum HY8001
Propionibacterium . .
acidopropionici HT-29 Cell prol|fer?rt]lén&\é\éaiodegrfgzecla?odSit?e cells were In vitro 114
CNRZ80 g0 toanop
Propionibacterium
freudenreichii ITG HGT-1 Cancer cells were induced to apoptosis In vitro 69
P9
Lactobacillus
paracasel DLD-1, The cell proliferation was decreased and the .
IMPC2.1 . In vitro 100
; HGC-27 apoptosis of cells were observed.
Lactobacillus
rhamnosus GG
Lactobacillus
rhamnosus GG HT-29 The apoptosis of cells was observed. In vitro 78

Bifidobacterium
lactis Bb12
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Lactobacillus
acidophilus
CL1285
Lactobacillus casei
LBC80R
(in the presence of
5-FU)

LS513

Cell apoptosis was increased to 40%

In vitro

115

Lactobacillus
acidophilus 606

HT-29

Cell proliferation was decreased

In vitro

116

Bacillus
polyfermenticus

NMC460

Decrease in the cell colony formation in cancer
cells

In vitro

117

Enterococcus
faecalis
CECT7121

LBC

The multiplication of tumor cells was decreased
and cell apoptosis was observed

In vitro

118

Lactobacillus
rhamnosus GG
Bifidobacterium

lactis Bb12

Caco-2

Apoptosis of the cancer cell was observed

In vitro

98

Enterococcus

faecium RM11

Lactobacillus
fermentum RM28

Caco-2

Cancer cell proliferation was decreased to 21% and
31%.

In vitro

118

Clostridium
butyricum ATCC
Bacillus subtilis

ATCC 9398

HCT116,
SW1116,
Caco-2

The proliferation of cancer cells was decreased

In vitro

119

Lactobacillus
plantarum A7
Lactobacillus
rhamnosus GG

Caco-2, HT-29

The proliferation of cancer cells was decreased

In vitro

103

Lactobacillus kefiri
P-IF

MDR

Apoptosis of the cancer cell was observed

In vitro

120

Pediococcus
pentosaceus FP3
Lactobacillus
salivarius
FP25/FP35
Enterococcus
faecium FP51

Caco-2

The proliferation of cancer cells was decreased.
Activation of apoptosis was observed

In vitro

121
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Table 2 : In vivo experiments of probiotic strains on animal model
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rhamnosus GG MTCC

zine

development of new tumor has

Names of Probiotic | Animal Model | Types of Injected
. : Results Reference
strains types Cancer Cell lines
The fecal activity of azoreductase
Lactobacillus N-Methyl-N’"— and nitroreductase was decreased,
. The level of glutathione was
rhamnosus rats Nitro— 122
231 (Lr 231) Nitrosoguanidine; decre_ased and the level of
: glutathione S-transferase was
elevated .
The cells of colorectal cancer were
VSL#3 (Probiotics Sprague— trinitrobenzene not observed which means that 123
mixture) Dawley rat sulfonic acid none of the rat models have
developed colorectal cancer
The level of the activities of
. bacterial enzymes were found to be
Lactobacillus Wistar albino 1,2-d|rnze;:]r;ylhydra decreased, but the fecal bile acids 124
plantarum rats . . concentration  serum serum tumor
dihydrochloride .
necrosis factor-alpha level was
elevated
Bacillus The development of new tumor
. CD-1 mice DLD-1 cells was decreased and also the volume 116
polyfermenticus
of tumor got decreased too.
Bifidobacterium lactis The development of new tumor
SPF C57BL rat - was decreased and also the volume 117
KCTC 5727
of tumor got decreased too.
Lactobacillus
Lac?gkljc;?:?ltl]lljlsuiései 1,2-dimethylhydra The development, volume and
. ; Rat zine proliferation of tumor were 125
Lactobacillus lactis . .
. . . dihydrochloride decreased.
biovar diacetylactis
DRC-1
Bacillus 1,2-dimethylhydra | aberrant crypt foci was decreased
olviermenticus F344 rats zine by 50% though the anti-oxidant 126
poly dihydrochloride levels were elevated
Lactobacillus 1,2-dimethylhydra
plantarum (AdF10) Sprague— zine The d_evelo_pment, volume and
. . . proliferation of tumor were 127
Lactobacillus Dawley rat dihydrochloride
decreased.
rhamnosus GG 4weeks
VSL#3_(Prob|ot|cs C57BL/6 mice dextran_sulfate The develo_pment of tumor and 103
mixture) sodium dysplasia was decreased
. The volume of tumor was
Lactobacillus BALB/c mice CT2 6 (_:ells decreased and necrosis of the cells 128
plantarum injection :
were induced
Lactobacillus Azoxymethane,de | New tumor formation was stopped
lantarum BALB/c mice xtran sulfate so does the cell division. Necrosis 106
P sodium of the cells was induced.
Lactobacillus Sprague— 1,2-dimethylhydra The multiplication and 129
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#1408 Dawley rat dihydrochloride been stopped
Lactobacillus
acidophilus NCDC #1
e aberrant crypt foci were decreased
Lactobacillus F344 rats 12 dmﬁ';]r;ylhydra and also the level of 130
acidophilus KFR1342 . . B-glucuronidase and B-glucosidase
dihydrochloride -
activity was decreased too.
Lactobacillus casei 1,2-dimethylhydra
C57BL/6 mice zine New tumor formation was stopped. 76
BL23 . .
dihydrochloride
Pediococcus Swiss albino The progression of tumor was
entosaceus GS4 mice azoxymethane stopped and the cells went to 107
P apoptosis.
Lactobacillus Sprague— 1,2-dimethylhydra The development, volume and
rhamnosus GG Drfwlg at zine proliferation of tumor were 131
CGMCC 1.2134 y dihydrochloride | decreased. Apoptosis was induced.
Lactobacillus
acidophilus 1,2-dimethylhydra
Bifidobacterium Sprague— zine The development, volume of 132
bifidum Dawley rat dihydrochloride tumor was decreased.
Bifidobacterium antibiotics
infantum
. 1,2-dimethylhydra
Lactobacillus . The development  of tumor was
salivarius Ren F344 rats o zne zecreased 133
dihydrochloride '

Up to now, we have seen that the application of Lactobacillus spp, and Bifidobacterium spp. in cancer
treatment has demonstrated successful potential outcomes. The other known probiotic strains ruling in
markets are  Roseburia spp., Akkermansia spp., and Faecalibacterium spp., which also contain anti-cancer
immunity. In the following context , we will go through the clinical trials of Lactobacillus spp, and

Bifidobacterium spp.
Lactobacillus spp:

Among Lactobacillus species,the most successful probiotic model is Lactobacillus rhamnosus GG. It is the
most studied and well-characterized probiotic archetypes because of its anti-inflammatory capabilities.
Probiotics, especially Lactobacilli, are being investigated as a therapeutic option for patients who have
gastrointestinal damage due to chemotherapy, and also because of their potential to restore gut microbial
balance[134]. LGG was one of the first probiotic species to be examined specifically in cancer [135]. It is a
gut-resident bacteria that has anti-inflammatory properties in the intestinal milieu. LGG provided along
meals decreases 5-FU and radiation-induced gut epithelial injury in animal models, hence assisting in the

maintenance of gut microbiota balance and intestinal epithelial barrier integrity [136-138].
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Numerous potentials of LGG medication to patients have been demonstrated over a long period of time

through experimental and clinical research [139]. In accordance with these findings, a large number of

clinical trials are ongoing which are examining the function of LGG administration in preventing or

ameliorating the adverse effects of anti-cancer therapy . In the following table 3 the completed and active

clinical trials of Lactobacillus spp are described below:

Table 3 : Clinical trials of the application and effects of probiotic Lactobacillus rhamnosus GG against

cancers

ClinicalTrials.gov

Identifier Types of Cancer Topic Dosage of Drug Status
The effect of probiotics on
bowel function restoration probiotic .
NCT02751736 Rectal Cancer after ileostomy closure in CILP243 Active
patients with RC
Probiotics and breast probiotic .
NCT03290651 Breast Cancer health RepHresh Pro-B Active
Vivomixx for prevention of
bone loss in women with TR .
NCT03518268 Breast Cancer BC treated with an probiotic Vivomixx Active
aromatase inhibitor
The effect of yogurt in ] L
NCT03177681 Multiple types cancer patient with DS: probiotics in | 5 4ive
yogurt
moderate Gl symptoms
Probiotics combined with .
NCT03642548 NES?%?:};?” chemotherapy for patients D:ggi\gf['i;h; fSiC%f Active
g with advanced NscLC | P
Engineering gut DS: Probiotic
NCT03358511 Breast Cancer microbiome to target BC Primal Defense Active
Ultra
Probiotic yogurt
supplement in reducing
NCT02944617 | Renal Cell Cancer | diarrhea in patients with probiotics in Active
metastatic kidney cancer yogurt
being treated with
VEGF-TK inhibitor
Probiotics in
NCT02351089 Gynecologic radlatlon?treated LGG Active
Cancer gynecologic cancer
(ProRad)
Microbiota are associated lodine-131
NCT03574051 Thyroid Cancer with lodine-131 therapy Therapy with DS Active
and hypothyroidism of probiotics
-and- Effects of Probiotics in
NCTO3552458 | Head-and-neck L Reuteri Active

Cancer

preventing oral mucositis
in patients undergoing



https://clinicaltrials.gov/ct2/show/NCT02751736
https://clinicaltrials.gov/ct2/show/NCT03290651
https://clinicaltrials.gov/ct2/show/NCT03518268
https://clinicaltrials.gov/ct2/show/NCT03177681
https://clinicaltrials.gov/ct2/show/NCT03642548
https://clinicaltrials.gov/ct2/show/NCT03358511
https://clinicaltrials.gov/ct2/show/NCT02944617
https://clinicaltrials.gov/ct2/show/NCT02351089
https://clinicaltrials.gov/ct2/show/NCT03574051
https://clinicaltrials.gov/ct2/show/NCT03552458
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head and neck
radiotherapy

NCT02819960

Colorectal cancer

prevention of
irinotecan-induced
diarrhea by probiotics

Probio-Fixinum
(including LGG)

Active

NCTO01790035

Gl Cancer

Probiotic LGG for
prevention of side-effects
in patients undergoing
chemoradiation for Gl
cancer

LGG

Active

NCT00197873

Colorectal Cancer

Lactobacillus Rhamnosus
in prevention of
chemotherapy-related
diarrhea

LGG

Active

NCT00936572

Colorectal Cancer

Probiotics in CRC patients

probiotic Lal

Completed

NCT01839721

Multiple types of
Cancers

Impact of probiotics on
diarrhea in patients treated
with pelvic radiation

probiotic Bifilact

Completed

NCTO01410955

Colorectal Cancer

Prevention of
irinotecan-induced
diarrhea by probiotics

DS: probiotic
Colon Dophilus

Completed

NCTO01479907

Colorectal Cancer

Synbiotics and Gl
function-related quality of
life after colectomy for
cancer

prebiotics and
probiotics
Synbiotic Forte

Completed

NCT01609660

Colorectal Cancer

Impact of probiotics on the
intestinal microbiota

S boulardii

Completed

NCT03072641

Colon Cancer

Using probiotics to
reactivate
tumor-suppressor genes in
CRC

probiotic ProBion
Clinica

Completed

NCT01468779

Periampullary
Carcinoma

Effect of probiotics in
patients undergoing
surgery for periampullary
neoplasms

DS: probiotics

Completed

NCT01895530

Colorectal Cancer

Impact of probiotics in
modulation of intestinal
microbiota

DS: S boulardii

Completed

NCT03420443

Rectal Cancer

Action of synbiotics on
irradiated GI mucosa in
RC treatment (FIPIREX)

DS: probiotics

Completed

NCTO02771470

Lung Cancer

Intestinal microbiota in
lung cancer after
chemotherapy

DS: probiotics

Completed

NCT02021253

Hepatocellular
Carcinoma

Influence of probiotics
administration before liver
resection in liver disease

DS: probiotics

Completed
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https://clinicaltrials.gov/ct2/show/NCT00197873
https://clinicaltrials.gov/ct2/show/NCT00936572
https://clinicaltrials.gov/ct2/show/NCT01839721
https://clinicaltrials.gov/ct2/show/NCT01410955
https://clinicaltrials.gov/ct2/show/NCT01479907
https://clinicaltrials.gov/ct2/show/NCT01609660
https://clinicaltrials.gov/ct2/show/NCT03072641
https://clinicaltrials.gov/ct2/show/NCT01468779
https://clinicaltrials.gov/ct2/show/NCT01895530
https://clinicaltrials.gov/ct2/show/NCT03420443
https://clinicaltrials.gov/ct2/show/NCT02771470
https://clinicaltrials.gov/ct2/show/NCT02021253
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(LIPROCES)

Ixx* Data extracted from ClinicalTrials.gov

Certain lactobacillus has recently been revealed to contain anticancer effects. However, the impact of
lactobacilli on cancer cell viability or tumor size is mostly concentrated on the investigations [77,142].
According to researchers’ oral administration of Lactobacillus rhamnosus can decrease the B
-glucuronidase of fecal concentration in humans, signifying a reduction in the conversion of procarcinogens
to carcinogens [143]. A study reported how Lactobacillus rhamnosus and Lactobacillus casei soluble factors

have caused apoptosis in a human monocytic leukemia cell line [144].

Numerous research has been done on antimutagenic activity in which milk was fermented and then cultured
with several lactic acid producing bacteria and yeast. The research has demonstrated that fermented and
cultured milk have exhibited a broader extent of activity against mutagens than normal milk generally
produces with a single strain of lactic acid bacteria [145]. In 2013, two scientists have discovered same
results when they experimented the anticancer activity of goat milk hydrolysate fermented with
Lactobacillus plantarum and Lactobacillus paracasein[146]. Choi et al. (2006) investigated the inhibitory
effects of Lactobacillus on various human cancer cell lines (L. rhamnosus GG, L. casei ATCC 393, L.
acidophilus 606, and L. brevis ATCC 8287) [147]. Additionally, the anticancer properties of membrane
components or peptidoglycans of the cell walls of numerous LAB strains, including Lactobacillus, have been
evaluated [142]. Choi et al. 2006 discovered that the soluble polysaccharide component of Lactobacillus
acidophilus HK cells inhibited multiplication of cancer cells.

Additionally, the polysaccharides which was found generally are less dangerous hazardous to normal cells
than complete HK cells from the similar strain [147]. Wang et al. (2014) investigated L. plantarum to check
the anti-cancer activity of c-EPS generated by it in vitro experiment and discovered that it greatly suppressed
the growth of BGC-823, HepG-2, and most notably HT-29 tumor cells. The findings indicated that the c-EPS
generated by L. plantarum 70810 could be used as functional foods and natural anticancer agents.

According to Clinicaltrials.gov, the other Lactobacillius species trials that are enlisted on the website are

described below in the table 4:
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Table 4: Clinical trials of the application and effects of probiotic Lactobacillus spp against cancers

ClinicalTrials
.gov Types of Cancer Topic Dosage of Drug Status
Identifier
' In Treatmen_t of Cancer Patients L actobacillus
NCT03940768 | Variety of Cancer | Who Received Home Enteral Completed
- plantarum 299v
Nutrition
Improve the Quality of the
Vaginal Flora of Women with . _
NCT01723592 Breast Cancer Breast Cancer and Mixed Probiotics Completed
Chemotherapy.
Study of Vaginal Lactobacilli
Breast Cancer .
and Estriol (Gynoflor®) for
NCT01370551 Atrophic Vaginitis in Breast Gynoflor Completed
Cancer Patients (Gynoflor)
Mixture of Prebiotics on .
NCT01549782 Endometrial Intestinal Microbiota of Patients Fructg]g::n:sr;ichari Completed
Neoplasms Receiving Abdominal g - P
- de Maltodextrine
Radiotherapy.
Head and Neck Chlorhexidine Gel Therapy for 1% Chlorhexidine
NCT01036412 Cancer Cariogenic Oral Microflora Gluconate Gel Completed
Gastrointestinal The Effects of Probl_ofucs_ on Mixed Probiotic
NCT03704727 Irritation Intestinal Permeability in Completed
o Gastrointestinal Cancer Patients P
Mucositis .
in Chemotherapy
Oral Candidiasi Acidophilus for the Treatment
ral Candidiasis i
NCT00768794 and Prevention of Oral Acidophilus Completed
Candidiasis in Patients
Undergoing Radiation Therapy
Efficacy of Symbiotic in the Déeﬁ%/i;?fg?er?;m:
NCT01901042 | Prostate Cancer Reduction of Acute Radiation y } y Completed
Proctitis Symptoms Supplement:
ymp Maltodextrin
An Evaluation of Probiotic in
NCT03782428 | Colorectal Cancer | the Clinical Course of Patients Probiotic Completed
with Colorectal Cancer
Calcium: Magnesium Balance, Maanesium
NCT04229992 | Colorectal Cancer | Microbiota, and Necroptosis and an Completed
. glycinate
Inflammation
Lactobacillus
. . rhamnosus BMX
. . Probiotics Role in HPV .
NCT05109533 Vaginal Infection Cervico-vaginal Infection 54, Lactobacillus Completed

HPV Infection

Clearance

reuteri RC-14,
Lactobacillus
rhamnosus GR-1
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Bifidobacterium species are another very well-known probiotics in the market for cancer treatment.

Bifidobacteria, which are by nature occurring in the dominant colonic microbiota, account for up to twenty

five percent of cultivable fecal bacteria in adults and up to 80% in newborns.

Bifidobacteria have been researched as probiotic agents because of its efficaciousness in preventing and

treating a wide variety of gastrointestinal illnesses of humans or animal, including intestinal infections,

colonic transit problems, colonic adenomas and cancer.The safe use of bifidobacteria is backed by a long

history of fermented milk intake and developing information about the taxonomy and physiology of

bifidobacteri [148]. Bacteria which produce lactic acid are generally found in food are classified as

commensal bacteria with less or no pathogenic potential. A recent study of the safety of lactobacilli and

bifidobacteri used as probiotics determined that they carry no danger to consumers' health [149-152]. The

clinical trials which are registered on Clinicaltrials.gov are enlisted in the table no 5 below:

Table 5: Clinical trials of the application and effects of probiotic Bifidobacterium spp against cancers

ClinicalTrials.gov Types of .
Identifier Cancer Topic Dosage of Drug Status
Using Probiotics to two ProBion Clinica tablets,
Reactivate Tumor yleldmg a dally dose of 1.4x 10 A
Suppressor Genes in 10 Bifidobacterium lactis BI-04
NCT03072641 Colon Cancer Colon Cancer (ATCC SD5219), 7x10 A 9 Completed
Lactobacillus acidophilus NCFM
(ATCC 700396), and 0.63 g inulin.
Mixture of Prebiotics
on Intestinal
Microbiota of ; . ;
. v __ Dietary Supplement: Inulin and
NCT01549782 ?SST:;;? Patients Receiving Fructo-oligosaccharide Dietary Completed
P Abdominal Supplement: Maltodextrine
Radiotherapy.
Primal Defense Ultra® Probiotic
Formula : Mixture of 13 species of
beneficial bacteria, including
Saccharomyces boulardii,
. . Lactobacillus plantarum, Bacillus
El\r)lglnete)_rlng (i”t subtilis, Bifidobacterium lactis,
ICrobiome to Bifidobacterium bifidum,
NCT03358511 Breast Cancer Target Breast Cancer Lactobacillus rhamnosus, Completed
Bifidobacterium breve,
lactobacillus casei, Lactobacillus
salivarius, Lactobacillus
acidophilus, Lactobacillus brevis,
Bifidobacterium longum, and
Lactobacillus paracasei.
NCT03782428 CgloreCtal An E\_/al_ua!ion of HE)_(IBO W_ith 1Q7 mg of Completed
ancer Probiotic in the Lactobacillus acidophilus BCMC®
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Clinical Course of
Patients with
Colorectal Cancer

12130, Lactobacillus lactis
BCMC® 12451, Lactobacillus
casei subsp BCMC® 12313,
Bifidobacterium longum BCMC®
02120, Bifidobacterium bifidum
BCMC® 02290 and
Bifidobacterium infantis BCMC®
02129

Impact of Probiotics

Cancer BIFILACT® on Impact of Probiotics BIFILACT®
Diarrhea Diarrhea in Patients on Diarrhea in Patients Treated
NCT01839721 Abdominal Treated with Pelvic with Pelvic Radiation Completed
Pain Quality of Radiation
Life
Effect of Oral
Supplementation
Acute With a Fibr_e .
Lymphocytic En“gf:-heg Pze? e NutriniDrink/Fortini MF
4 ip Feed for
NCT01600781 Leukemia Childrpen with Acute unflavoured (1.5kcal/ml) Completed
Lymphocytic
Leukemia

Probiotics enhancing the efficiency of Immunotherapy:
Probiotics or good gut bacteria has the capability to boost the efficiency of the immunotherapy. In generally,

all anticancer therapy can incorporate the effect of intestinal bacteria on the immune system.

The effects can be localized to the intestinal mucosa , because of stimulated dendritic cells traveling through
the circulatory system [153]. Local resistance is induced via a variety of signaling pathways, including
polysaccharide A, interleukin 10 (IL-10),and TLR [153]. Short Chain Fatty Acids generated by bacteria can

also influence general immunity through IgA, contributing to improved immunity [154].

In contrary to the partial agonist, the distant effects of gut microbiota on immunity need a different
mechanism dubbed the "cancer-immunity cycle,” which relies on tumor antigen-activated T cells to

recognize and kill tumor cells [155].

Additionally, there are connections between strains of gut microbiota and immune cell development. A
segmented filamentous bacterium (SFB) can stimulate CD4+ T helper cell development as well as greater
resistance to Citrobacter rodentium [156], while a Clostridium strain can contribute to CD4+ T regulatory
cell differentiation [157]. Similarly, the gut microbiota can regulate dendritic cells via cytokine release,

antigen presentation, and T cell activation [158].

Apart from its effect on the patient's initial immunological responses, it is believed that the makeup of the gut

microbiota may influence the response to a variety of immunotherapies, including immune checkpoint
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inhibitors [158,159]. Anti-CTLA activity has been linked to Bacteroides, but anti-PD-L1 activity is
Bifidobacterium-dependent [160]. Anti-CTLA therapy was not effective in germ-free or antibiotic-treated
mice, however this scenario might be improved by orally feeding the mice with Bacteroides
thetaiotaomicron, Bacteroides fragilis, or Burkholderia cepacia to promote dendritic cell and

IL-12-dependent Thl cell responses.

A few of the processes for the reinstatement of anti-CTLA activity is that Bifidobacterium may trigger
immunoprotection via the TLR2/TLR4 signaling pathways. The spread of Bifidobacterium on the intestinal
mucosa also contributes to the immunomodulatory effects of CTLA-4 antibody that are
microbiota-dependent [159]. In 2019, 11 strains of bacteria isolated from the human gut were shown to be
capable of facilitating immune checkpoint inhibitors by inducing IFN-+ CD8+ T cells. These strains include
Parabacteroides spp., Alistipes senegalensis, five Bacteroides spp., Eubacterium limosum, Ruminococcaceae
bacterium cv2, and Phascolarctobacterium faecium,[159].

Combined, these findings indicate that immunotherapy's immunostimulatory effect is highly dependent on
the microbiota. Probiotics containing Lactobacillus and Bifidobacteria has been investigated on a latest trial
where the combined medication was provided to post operative patients with colorectal cancer for half a
year . The results has shown that the probiotics with combined strain has significantly down the expression
of many pro-inflammatory cytokines, including TNF-a, IL-6, 1L-10, and IL-12, while maintaining the level
of IFN-y. Oral probiotics containing Bifidobacterium could restore the antitumor impact of PD-L1 inhibition
in mice with an unfavorable intestinal microbiota, mostly through enhancing dendritic cell maturation and
thereby increasing the activity of tumor-specific CD8+ T cells [160]. Similarly, a lower
Firmicutes/Baxteroides ratio results in a lower tumorigenicity [161].

Investigating the processes, it is discovered that Bifidobacteria can affect the human immune system via the
IFN- pathway [160]. Administering mice using probiotic Bifidobacteria, the number of MHC-II dendritic
cells and tumor-specific T lymphocytes were increased within the tumor, owing to the released costimulatory
molecules [161]. From the other hand, Bifidobacterium spp. can induce the transcription of up to 760 genes
in tumor-infiltrating dendritic cells that are involved in antitumor responses, including Cd70 and Icaml for
CD8+ T cell activation, Relb for dendritic cell maturation, and Rab27a for antigen processing and cross

presentation [160].

Apart from direct contact between bacteria and the immune system, probiotics can also work through the
secretion of numerous probiotic-derived chemicals. Competence and sporulation factor (CSF), inorganic
polyphosphates, ferrichrome, and a few additional peptides like as P75 and P40 have been demonstrated to
have anticancer properties [75]. Such secreting compounds can exert their effects via a variety of distinct
mechanisms and pathways. CSF is a quorum-sensing pentapeptide that can cause heat shock protein
overexpression (Hsps). It furthermore activates the protein kinase B/Akt and p38 MAP kinase survival
pathways in epithelial cells via organic cation transporter 2 (OCTN2). The production of Hsps can be
stimulated by inorganic polyphosphates can and act on the integrin 1-p38 MAPK pathway, while the

peptides P75 and P40 are related with activation of the Akt cell survival pathway. Ferrichrome, a molecule
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derived from the probiotic Lactobacillus casei, can act selectively on colon cancer cells to induce Caspase-3
and PARP cleavage and activation of the apoptotic pathway via the DDIT3-JNK signaling-mediated ER

stress response pathway, exerting a therapeutic effect superior to cisplatin and 5-FU .

Fecal Microbiota Transplantation (FMT):

The application of FMT was done firstly to treat Clostridium difficile infection (CDI). Eiseman and
colleagues have published the first case series describing this method for presumed severe CDI in the year of
1958, which involves transplanting useful bacteria from healthy humans into the gastrointestinal tracts of
patients to rebuild the functional activity of good gut bacteria [166,167]. FMT was not associated with
cancer treatment until 2012, when Neemann et al. demonstrated that by practicing it, a patient with acute
lymphocytic leukemia (ALL) healed well from severe CDI generated by the immuno-suppressed state

following allogeneic hematopoietic stem cell transplant [168].

Lately, this therapeutic method was used to a variety of other hematological malignancies, where an immune
state and dysbiosis frequently developed as a post-operative consequence, resulting in C. difficile profusion
and symptoms such as diarrhea, hematochezia and stomach discomfort [168,169]. Although clinical trials of
FMT in cancer patients are still in their infancy, it has demonstrated its efficacy in the aid of a variety of
complications connected with anticancer therapy, including CDI that is resistive to conventional medication
[170], graft-versus-host disease following allogeneic stem cell transplantation [171], active ulcerative colitis
[173,174] and inflammatory bowel disease [172]. Moreever, post FMT problems such as bacteremia have
been reported in some cases [168], and the mechanism remains unknown. Additional study is needed to
determine the danger factors for FMT and to improve its safeness. In terms of anti-tumor therapy, preclinical
research in mice indicated FMT's effectiveness in lowering colon carcinogenesis, while efficacy in clinical

trials remains to be established [175].

Numerous experimental trials are presently in progress to examine the utilization of Fecal Microbiota
Transplantation in cancer patients, along with the general aim of preventing and/or ameliorating intestinal
adverse effects associated with anti-cancer therapy. Notwithstanding its success, FMT lacks control due to
the fact that the entire bacteria are transplanted with the therapeutic bacterial species. As a result, it is critical

to carefully monitor the donors' health and the composition of their gut microbiome [176].

According to Clinical trials website, the following listed experiment has been performed using FMT (Table 6)

Table 6: Effects of the application of Fecal Microbiota Transplantation against Cancers

Names of
Probiotic Cancer types Study topic
strains

Drug

Administrated Status of study

Various Safety of stool transplant

NCT02770326 for patients with difficult to FMT Active
Cancers A .

treat C. difficile infection

NCT02928523 | Acute Myeloid | ' cvention of dysbiosis Autologous Completed
complications with
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Leukemia. autologous FMT in acute FMT
myeloid leukemia patients
undergoing intensive
treatment (ODYSSEE)

FMT in metastatic
NCT03353402 Melanoma melanoma patients who FMT Active
failed immunotherapy

NCT03341143 Melanoma FMT in melanoma patients FMT W'th Active
Pembrolizumab

Fecal Microbiota Transplantation Verses Probiotics: who wins the race ?

It is not unknown that the variety of research trials with probiotics are of substandard, and that several data
analysis remain conflicting or indeterminate. Hence, there is limited data regarding the effects of currently
marketed probiotic products, that has given their widespread use, warrant additional research. Additionally, a
recent comprehensive review [178,179] found that only two percent of randomized experimental trials with
probiotics adequately disclosed critical safety elements. The trouble is exacerbated further by the variety of
work preparation, inconsistent labeling and lot-to-lot variability, [180].

In comparison, FMT is classed as a controlled substance in the United States of America. This is true even in
the case of autologous FMT. Currently, going through the FDA's enforcement discretion policy, C. difficile
infections which cannot be recovered with antibiotics can be treated with FMT without agency permission.
Nevertheless, this is a temporary measure until a viable pharmacological product to address the unmet need
is approved. It is unknown if such a pharmaceutical product will be a defined FMT preparation or a
microbial product. Additionally, if any microbial drug which is designated to treat a specific disease such as
C. difficile infection, must have to go through numerous trials and it cannot be expected to be effective for
the treatment of other illnesses, such as diabetes, inflammatory bowel disease, or autism. Therefore , the vast
application of probiotics and its successful positive outcomes in cancer prevention treatment and in

enhancing the efficiency of immunotherapy has made it to upholds a great future .

The Multiple Delivery System of Probiotics to prevent cancer:

Probiotic bacteria are crucial as transporters because of their broad permissiveness for the GI tract's
environment combined with their inherent capacity to colonize the mucosal surface and keep their protective
characteristics for an extended period of time [180]. The novel notion of "bio drug™ is supported on the oral
medication of genetically modified probiotics, that allows the therapeutic components to be distributed
directly to the intestinal mucosa. Due to its low cost, simplicity of technology, and treatment technique, this
plan of action has the prospective to be vastly employed in the prevention and treatment of a variety of

illnesses.

Numerous research has demonstrated the potential for probiotic expression systems to be used as vaccines,
stimulating the immune system (adaptive) response against pathogenic micro-organisms [180-185]. Various

studies examining the implementation of genetically modified probiotics conveying the HPV E7 oncoprotein
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or the care of cervical cancer have demonstrated that, in contrast to conventional polyvalent vaccines, which
have only precautionary characteristics against disease development, "probiotic vaccination" has been shown
to have both protective and therapeutic effects such as stimulating immune response and tumor regression
[186,189]. Pre-immunization with lactococci expressing the E7 gene considerably improved the anticancer

impact of subsequent viral therapy [190].

Studies have shown that Lactobacillus lactis co-administration is capable to express oncoprotein E7 with
immunostimulatory agents, such as interleukin-12, has been found to boost therapeutic impact in the TC-1
tumor mouse model [187,188]. Prophylactic vaccination of healthy persons gave opposition to future
medication of fatal doses of tumor cell line TC-1, even after the second induction, resulting in a survival rate
of 80 [168] to 100% [187]. Data shows that the administration of recombined probiotics for the treatment of
tumor-bearing mice have resulted in visible tumor reduction, which was associated with an enhanced

antitumor cytotoxic T lymphocyte (CTL) immune response [187,188].

Recent evidence suggests that probiotics could be used to deliver tumor-associated antigens (TAAS) as an
orally administered vaccine, according to the success of a lately published strategy using Bifidobacterium
expressing Wilms' tumor 1 (WT1) protein [191]. The presence of hypoxic and neurotic regions in solid
cancer tissues provides an opportunity to exploit a particular probiotic strain's proclivity for selective
localization and growth in anaerobic environments [192,197]. Such phenomena were subsequently examined
in rodents, resulting in the assessment of through anticancer treatment employing Bifidobacteria as a
delivery transport for specific medications such as angiostatins or cytosine deaminase [198,199], as well as
gene therapy [200]. The following table 7 illustrates the numerous delivery system of probiotics in cancer.
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Table 7: The prevention of cancer by using Probiotic strains with different therapy methods.

Names Types of | Cancer Cell | Drug Delivery | Thera | Dosage Results Reference

of Animal line or Type System py S

Probioti | Model Types

c strains

Bifidoba | C57BL/6 Skin Supernatant Gene | Cytosine After the experiment it | 201

cterium Mice, Melanoma fluid Thera | deaminase/5-fl | was observed that the

infantis py uorocytosine morphological changes
were increased and the
growth of tumor were
decreased.

Bifidoba | C57BL/6 Melanoma Injection Gene | Cytosine Anti-tumor immunity | 201

cterium | Mice, B16-F10 cells Thera | deaminase/5-fl | was observed.

infantis (Skin py uorocytosine
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Melanoma)
Bifidoba | BALB/c colon Injection Gene | Thymidine Mitochondrial apoptosis | 200
cterium | Mice adenocarcino Thera | kinase was observed to be
infantis ma gastric py (BF-rTK) increased. On the other
cancer, liver Ganciclovir hand the inflammation
cancer, breast (GCV) was decreased so does
cancer the TNFa.
Lactococ | C57BL/6 Human Intranasal Vacci | E7 protein | Antitumor  effect of | 190
cus lactis | mice papillomavirus nation | displayed following  Ad-CRT-E7
related cancer treatment was observed
to be decreased .
Lactococ | C57BL/6 Human Intranasal Vacci | E7 protein | HPV-16 E7-specific | 189
cus lactis | mice papillomavirus nation | displayed immune response was
related cancer seen.
Bifidoba | C57BL/6N | Leukemia Oral Vacci | WT1 WT1(Leukemia)-express | 202
cterium | mice nation | displayed ing  Tumor  growth
longum development was
decreased. Survival rate
was increased. Tumor
infiltration of CD4+T
and CD8+ T was elevated
too and lastly the
increased level of
cytotoxic activity was
observed too.
Bifidoba | BALB/c Colorectal Oral and | Drug | Tumstatin Antitumor  effect was | 198
cterium | mice Cancer Injection Delive observed.
longum ry
Lactococ | Rats Colorectal Oral Drug | Endostatin Survival rate was | 203
cus lactis Cancer Delive increased
ry
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Bifidoba | C57BL/6 Lung Cancer | Oral Drug | Endostatin or | Endostatin treated group:
mice and Skin Delive | endostatin+se | Tumor progression was
Cancer ry lenium decreased and the

survival time was

increased

Endostatin + selenium:Tu
mor  progression  was
stopped and the activity
of natural killer cells and
T cells was increased and
also the activity of IL-2
and TNF-a | was

increased too.

199

Conclusion:

The co-relation between cancer and gastrointestinal microbiota has deep insights. The gastrointestinal
bacteria of human body secrete humerous metabolites and study of these metabolites on human immune
system is very important as it uphold the answer to cure many inflammatory diseases such as cancer. The gut
bacteria can have a significant impact on the development and tumorigenesis, as well as on the result of

chemo- and immunotherapies.

Immunosurveillance, mediates most of the side effects and they may also be mediated directly by products
secreted by microbes — such as cytotoxic agents, carcinogens, and metabolites — on cancer cells via a
variety of mechanisms. These may include mutagenesis, epigenetic modification, activation of host cell
receptors, and manipulation of anabolic and catabolic pathways.

The manipulated gut bacteria or Probiotics have prominent anti-cancer immunity against cancer. As we
know that carcinogenesis is known to be the dangerous non-curable disease and it causes the most mortality
worldwide. Researchers has been working for decades to defeat this lethal disease. While the current
anticancer medicines have demonstrated efficacy in providing palliative or curative therapy, there are still
various advert impacts associated with this procedure, resulting in decreased efficacy and prognosis.
Together with all studies, data on the function and effect of microbiota in cancer have revealed this subject as
a potentially prominent mediator of response to cancer treatment with the advancing technology and research
on the human gastrointestinal microbiota, we now know that the gastrointestinal microbiota and the host
have a close symbiotic relationship. Disturbances in the structure of the gastrointestinal microbiota can be
noticed in the environment of a variety of digestive system illnesses. To see if an instability in the gut

microbiota the source is or consequence of disease, it may accelerate disease development and also control
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the related treatment methods. Additionally, it is established that by altering the gut microbiome, such as by
administering helpful bacteria strains as probiotics, the response to cancer treatment can be boosted.
Microorganisms' probiotic qualities are a strain feature. There is a increasing wealth of data suggesting
probiotics can aid to prevent cancer and enhance anti-cancer therapy. Numerous positive results have been
discovered as a result of laboratory study, indicating that probiotics have an anticancer effect. Therefore, the
data reported in this review article confirms the efficacy of probiotics to prevent malignant neoplastic disease
or as adjunct therapy during anticancer immunotherapy. Clinical investigations are yet insufficient to
conclusively demonstrate the efficacy of probiotic bacteria in this area. As a result, it is critical and in
demand to continue research into the anti-cancer characteristics and mechanisms of action of specific
probiotic strains. Furthermore, it is extremely mandatory to study more about the probiotics and its
characteristics and metabolites to conquer the cancer with the anti-cancer immunity of gut bacteria.
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