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Chapter 59

Probiotics in Cancer Prevention, Updating
the Evidence
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1 INTRODUCTION

Probiotics are live microorganisms that, when taken orally, survive passage through the GI tract to apply a beneficial
consequence. It has been suggested that probiotics have a significant role in the treatment and/or prevention of cancer.
When probiotics are ingested in sufficient amounts, they supply health benefits to the host. “Probiotic” refers to via-
ble microorganisms that promote or support a beneficial balance of the microbial population of the gastrointestinal tract
(Holzapfel et al., 2001; Homayouni et al., 2008a,b). In addition to improving gut health (FAO/WHO, 2001; Homayouni,
2009), immunity (Galdeano et al., 2007), and protection against harmful microorganisms (Soccol et al., 2010), probiotics
have been documented to exert other health-promoting effects by several mechanisms, such as anticarcinogenic properties
(Bengmark et al., 1998; Mack et al., 1999; Homayouni et al., 2012a,b) and the prevention of cancer, especially colon and
bladder (Sanders, 2006; Homayouni, 2008).

Cancer is defined as the abnormal division and reproduction of cells. Cancer cachexia is a syndrome of progressive
nutritional depletion which causes significant morbidity and mortality in cancer patients (Figure 59.1). Annually in the
United States, cancer is responsible for almost one out of every four deaths (ACS, 2009). It is estimated that 50-70% of
cancer deaths are potentially preventable by decreasing high-risk behaviors and up to 80-90% of the patients, and between
20% and 25% of the cancer patients die directly as a result of the cachexia.

Complications caused by infections are the most important cause of morbidity and mortality in patients with cancer,
and also the most complicated to treat. Often an early death results before remission can be achieved. Cancer patients are
in an immune-compromised state due to the malignancy itself, drug-induced bone marrow suppression, treatment with
chemotherapy or radiotherapy, and general condition deterioration. The main source of infection is endogenous intestinal
microbiota. Infection is preceded by bowel colonization by pathogenic bacteria, followed by translocation through the gut
mucosa and systemic distribution. There are numerous factors leading to interruption of the gut barrier function, such as
intestinal microbial imbalance as a result of the use of antimicrobial agents, mucositis caused by anticancer agents, mal-
nutrition, and general health worsening. Probiotics as live microorganisms have been used for prophylaxis and treatment
for some infectious diseases. Their valuable effects include stimulation of gut immunity, competition for nutrition with
pathogenic bacteria, bacteriocin production, organic acids production, competitive inhibition of bacterial attachment sites,
and increased frans-epithelial resistance. The probiotic strains are capable of not only preventing infections but also some
have effective antitumor effects in rodents and in humans. An effect of probiotics on the systemic immune improvement has
been confirmed, especially on the proliferation and activation of natural killer cells in peripheral blood mononuclear cells,
which play a critical role in immune surveillance against tumor growth and viral infections. The Bifidobacterium breve
strain Yakult (BBG-01) is a probiotic strain that is generally known as safe after 30 years of use without a single report
of adverse effects aggravated by this strain and has proven ability to alter intestinal microbiota by eradicating pathogenic
bacteria such as Campylobacter, Candida, and Enterococcus after oral administration.

Diet plays an important role in the etiology of cancer. Nutritional support, in addressing the specific needs of this group
of patients, is required to help improve prognosis and reduce the consequences of cancer-associated nutritional deficiency.
Effective therapy improves patients’ quality of life and also is survival. Early intervention with nutritional supplementa-
tion has been shown to halt malnutrition and may improve outcome in some patients. That increased nutritional intake
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FIGURE 59.1 Metabolic pathogenesis of cancer cachexia.

is insufficient to prevent the development of cachexia, reflecting the complex pathogenesis of this condition. Some di-
etary factors, for instance probiotics, have a role in establishing a healthy bowel, including the risk for developing cancer.
Lactobacillus acidophilus, Lactobacillus casei Shirota strain, and Lactobacillus GG have been shown to have inhibitory
properties on chemically induced tumors in animals (De Roos and Katan, 2000; McFarland, 2000). Other studies indicate
that specific strains of probiotic bacteria may be able to downregulate intestinal microbial enzyme activities (McFarland,
2000). Key physiological functions that might be related to cancer risk include control of epithelial cell proliferation and
differentiation, production of essential nutrients and/or bioactive food components, prevention of overgrowth of pathogenic
organisms, and stimulation of intestinal immunity (Tappenden and Deutsch, 2007).

There has been published no review paper about cancer and probiotic, focusing on the mechanisms of action, in the last
decade. The aim of this chapter is to discuss the preventive and therapeutic effects of probiotics in cancer.

2 PROBIOTICS

The word “probiotic” is derived from the Greek word meaning “for life.” Probiotics are defined as live organisms that,
when ingested in adequate amounts, exert a health benefit to the host. “Probiotic” refers to viable microorganisms that
promote or support a beneficial balance of the microbial population of the gastrointestinal tract (Holzapfel et al., 2001;
Homayouni et al., 2008a,b). The human gastrointestinal microbiota is approximately 300-500 bacterial species comprising
nearly 2 million genes (the “microbiome”). Indeed, the number of bacteria within the gut is about 10 times that of all of the
cells in the human body (Guarner and Malagelada, 2003). A probiotic when ingested in adequate amounts exerts a health
benefit to the host (FAO/WHO, 2001). The normal enteric bacterial flora influences a variety of intestinal functions and
plays a key role in nutrition, in maintaining the integrity of the epithelial barrier, in the development of mucosal immunity,
and in host metabolism (FAO/WHO, 2001). Probiotic food is an example of functional foods that has been the focus of
intense research activity in recent years. The term probiotics usually refers to highly selected lactic acid bacteria with de-
fined gut survival properties and associated biological activities, which can be ingested in fermented milk products or as a
supplement (Salminen et al., 1998). A considerable amount of literature has been published on the application of probiotic
bacterium in animal and human studies. In addition to improving gut health (FAO/WHO, 2001; Homayouni, 2009) and im-
munity (Galdeano et al., 2007), probiotics have been promoting the nonimmunologic defense barrier in the gut, including
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normalization of increased intestinal permeability (Isolauri et al, 1993) and altered gut microecology (Isolauri et al., 1994)
and improvement of the intestine’s immunologic barrier, particularly intestinal IgA responses (Kaila et al., 1992), and al-
leviation of intestinal inflammatory response (Majarmaa and Isolauri, 1997), documented to exert other health promoting
effects by several mechanisms. Some other health benefits of probiotics are controlling infection severity (Shu et al., 2000),
hypertension (Yeo and Liong, 2010), and rotaviral-associated diarrhea (Duffy et al., 1993). Probiotics have antioxidative
effects (Songisepp et al., 2004), anticarcinogenic properties (Bengmark et al., 1998; Mack et al., 1999), and they have the
capacity to prevent cancer, especially colon and bladder (Sanders, 2006). It has been proved that probiotics can improve ar-
thritis (Baharav et al., 2004), reduce dermatitis and allergic symptoms, especially in infants and pregnant women (Weston et
al., 2005; Ouwehand, 2007), diminish tumor growth (Salgado et al., 2002), prevent gastrointestinal disorders (Homayouni
and Ejtahed, 2009), such as ulcerative colitis (Pronio et al., 2008), and Crohn’s disease (Garcia Vilela et al., 2008), prevent
dental caries (Haukioja, 2010), improve performance (Sultan et al., 2006), and prevent osteoporosis (Lourens-Hattingh and
Viljoen, 2001) and obesity (DiBaise et al., 2008).

3 CANCER

Cancer involves the abnormal division and reproduction of cells that can spread throughout the body. Usually thought of as
a single disease, cancer actually consists of more than 100 distinct types (Grant, 2012).

3.1 Epidemiology

The American Cancer Society (ACS) predicts that the lifetime risk for developing cancer in the United States is slightly
less than half of men and a little more than one-third of women (ACS, 2009). Annually in the United States, cancer is re-
sponsible for almost one out of every four deaths (ACS, 2009). Evidence suggests that one-third of the more than 560,000
cancer deaths may be attributed to nutrition and lifestyle behaviors such as poor diet, physical inactivity, alcohol use, over-
weight, and obesity. Almost an additional 171,000 cancer deaths are caused by tobacco use (ACS, 2010). It is estimated that
50-70% of cancer deaths are potentially preventable by decreasing high-risk behaviors; with approximately 30% of cancer
deaths attributed to tobacco use and at least an additional 30% to poor nutrition (Brawer et al., 2009). The cost of cancer
care in the United States has doubled in the past 20 years to more than $48 billion annually (NCI, 2010). Private insurance
pays for 50% of the cost, Medicare coverage accounts for 34%, and Medicaid payment and other public programs cover
the difference. Most medical-care spending for cancer has shifted away from an inpatient care setting to outpatient care
and treatment.

3.2 Etiology

The most prevalent types of cancer diagnosed in the United States are prostate, lung and bronchus, colorectal, and urinary
bladder cancers for men; and breast, lung and bronchus, colorectal, and uterine cancers for women. The ACS established
2015 Challenge Goals to improve cancer prevention and early detection efforts for lowering cancer incidence and mortality
rates. These national recommendations outline specific measures to expand the use of established screening guidelines for
the early detection of cancer, and ways to influence individual health behaviors such as protection from the sun, reducing
tobacco use, maintaining a healthy body weight, improving diet, and increasing regular physical activity (ACS, 2010).

3.3 Risk Factors

Most environmental risk factors are theoretically controllable to some extent by avoiding high risk factors and supplement-
ing protective factors as much as possible. Major avoidable risk factors include: tobacco, betel quid and chewing tobacco,
diet, infection, occupation, alcohol, sunlight, radiation, pollution, medicine and medical procedures, industrial products,
food additives, reproductive factors, sexual behavior, obesity, exercise (sedentary workers), and stress. Diet plays an impor-
tant role in the etiology of cancer, but its relation to cancer is complicated. Excess intake of some food components such
as fat, calorie, and salt and insufficient intake of some other food components such as dietary fiber, fresh vegetables, and
fruits elevate risks of cancer of the esophagus, stomach, colon-rectum, breast, and some other sites. It is important to avoid
excess intake of fat, calories, and salt. However, it is not easy to change dietary habits and food processing methods. Thus,
diet will also remain a major risk factor of cancer in the twenty-first century. Some dietary factors can have a role in cancer
prevention and/or treatment. For instance, probiotics, as viable microorganisms, have been suggested to have a critical role
in setting the tone for a healthy bowel, including the risk for developing cancer.
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3.4 Treatment

The common ways for treatment or control of cancer consist of medical and nutritional management. Medical techniques that
are common in cancer therapy or control are surgery, radiation-therapy, chemotherapy, biotherapy, and hematopoietic cell
transplantation. Eating behaviors play a very important role in health promotion and disease prevention. Chemoprevention
involves specific compounds or drugs used to prevent, delay, or retard the development of cancer (Kashfi, 2009). One of the
important dietary compounds that has a significant role in cancer treatment and/or control is probiotics, live microorgan-
isms, that, when administered in adequate amounts, confer a health benefit on the host.

4 PROBIOTIC AND CANCER

A number of studies have focused on the effect of probiotics on intestinal microecology and cancer. L. acidophilus,
L. casei Shirota strain, and Lactobacillus GG have been shown to have inhibitory properties on chemically induced tumors
in animals (De Roos and Katan, 2000; McFarland, 2000). One study has illustrated that additional mechanisms produced
by probiotic ingestion may play a role in protection from pathogens, such as diminishing adherence by inducing the secre-
tion of specific mucins through induction of MUC genes in the gut (Mack et al., 2003), thus modulating the barrier effect
of the gut. Other studies indicate that specific strains of probiotic bacteria may be able to downregulate intestinal microbial
enzyme activities (McFarland, 2000). This phenomenon may then decrease carcinogen-activating microbial enzymes and
has a beneficial effect in the colon, the urinary tract, and the bladder. However, further studies, especially human studies,
are needed in this area. Reports on the benefits of oral administration of probiotic cultured milks and lactic acid bacteria
on tumors have been connected with changes related to tumor induction and promotion (Gorbach et al., 2004). The colonic
microbiota has been suggested to have a critical role in setting the tone for a healthy bowel including the risk for develop-
ing cancer (O’Keefe, 2008). Key physiological functions that might be related to cancer risk include control of epithelial
cell proliferation and differentiation, production of essential nutrients and/or bioactive food components, prevention of
overgrowth of pathogenic organisms, and stimulation of intestinal immunity (Tappenden and Deutsch, 2007). Bacteria can
influence cancer risk by modifying metabolism of dietary components, which are more biologically active. For example,
short-chain fatty acids, which are formed from the bacterial fermentation of indigestible carbohydrates, are nutrients and
growth signals for the intestinal epithelium and may play a role in colon cancer prevention (Mai, 2004). Butyrate is the
most widely studied of these short-chain fatty acids and the preferred energy source of colonocytes. In normal colonocytes,
butyrate prevents apoptosis and subsequent mucosal atrophy (Wachtershauser and Stein, 2000; Klampfer et al., 2003). So,
butyrate protects human colon cells from DNA damage (Ebert et al., 2003). In addition to butyrate, bacteria are involved
in the formation of another group of beneficial fatty acids, namely, conjugated linoleic acids (CLAs). These are a group of
isomers of linoleic acid possessing anti-inflammatory and cancer-preventive properties (Wong et al., 2005). Several studies
have investigated the conversion of linoleic acid to CLA when incubated with various strains of lactobacilli and bifidobac-
teria (Sengupta et al., 2006; Ewaschuk et al., 2006). A combination of probiotic bacteria has been shown to convert linoleic
acid to CLA, decreasing cancer cell viability and inducing apoptosis (Wong et al., 2005).

4.1 Probiotics and Anticancer Drug Metabolism

Drug metabolisms by intestinal microbiota contribute to the pharmacological profile of various drugs. Hydrolysis of drug
and its conjugates by biliary system is not only responsible for enterohepatic circulation of a drug but also responsible for
its distribution to a small area accumulation of a drug in the enterocytes. Bacterial hydrolases that may modulate drug phar-
macokinetics include p-glucuronidase, f-glucosidase, amide hydrolase, and arylsulfotransferase. Probiotics may modulate
anticancer drugs’ pharmacokinetics by varying composition and metabolic activity of the microbiota. More research is
necessary to examine the role of probiotics modulation of bacterial enzyme activity during chemotherapy.

4.2 Animal Studies

Oral administration of lactic acid bacteria has been shown to effectively reduce DNA damage, induced by chemical carcinogens,
in gastric and colonic mucosa in rats. Pool-Zobel et al. (1996) reported, using the comet assay, that L. acidophilus, Lactobacillus
gasseri, Lactobacillus confusus, Streptococcus thermophilus, B. breve, and Bifidobacterium longum were antigenotoxic toward
N-nitro-Nnitrosoguanidine (MNNG). Certain strains of lactic acid bacteria have also been found to prevent putative preneoplastic
lesions or tumors induced by carcinogens. Goldin et al. (1996) showed that a specific strain of L. casei subsp. rhamnosus desig-
nated GG can interfere with the initiation or early promotional stages of DMH-induced intestinal tumorigenesis and that this effect
is most pronounced for animals fed a high-fat diet. Reddy and Rivenson (1993) reported that lyophilized cultures of B. longum
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administered in the diet of rat inhibited liver, colon, and mammary tumors, induced by the food mutagen IQ. In another study,
Kohwi et al. (1978) demonstrated the potential of two Bifidobacterium species, Bifidobacterium infantis, and Bifidobacterium
adolescentis, injected either subcutaneously or intraperitoneally in to BALB/c mice to inhibit 3-methylcholanthrene-induced
tumors. There is additional direct evidence for antitumor activities of lactic acid bacteria obtained in studies using preimplanted
tumor cells in animal models. It has been demonstrated that feeding of fermented milk or cultures containing lactic acid bacteria
inhibited the growth of tumor cells injected into mice (Friend et al., 1982; Kato et al., 1981).

4.3 Human Studies

Consumption of lactobacilli by volunteers has been shown to reduce the mutagenicity of urine and feces associated with the
ingestion of carcinogens in cooked meat (Lidbeck et al., 1992a,b). Hayatsu and Hayatsu (1993) also demonstrated a marked
suppressing effect of orally administered L. casei on the urinary mutagenicity arising from ingestion of fried ground beef in
the human. It is possible that the L. acidophilus supplements are influencing excretion of mutagens by simply binding them
in the intestine. Mucosal cell proliferative activity in upper colonic crypts of patients with colon adenomas significantly
decreased after the administration of L. acidophilus and Bifidobacterium bifidus cultures (Biasco et al., 1991).

An epidemiological study performed in Finland demonstrated that, despite a high-fat intake, the colon cancer incidence
was lower than in other countries because of the high consumption of milk, yogurt, and other dairy products (Malhotra,
1977). In conclusion, data from human intervention studies are of paramount importance in providing evidence that probi-
otics, prebiotics, and fermented milk consumption are causally related to reduction in cancer risk. This, therefore, indicates
an area of high priority for future studies.

Between the possible mechanisms of probiotic therapy is the upgrade of the endogeneous defense barrier of the gut. Promotion
of nonimmunologic protection barrier in the gut includes regulation of increased intestinal permeability (Isolauri et al., 1993)
and improved gut microecology (Isolauri et al., 1994). Another description for the gut alleviating effect could be improvement
of the intestine’s immunologic barrier (Kaila et al., 1992), and lessening of intestinal inflammatory response (Majarmaa and
Isolauri 1997). These data point to the conclusion that probiotics can be used as inventive tools for treating dysfunctions of the
gut mucosal barrier (Salminen et al., 1998). Many of the probiotic effects are mediated via immune regulation, in certain by
control of the balance of proinflammatory and anti-inflammatory cytokines. The results of the studies indicate that probiotic
bacteria have several immunomodulatory effects, adjuvant-like properties, and anti-inflammatory properties. Moreover, both
quantitative and qualitative differences in immune prohibiting, immune elimination, and immune regulation exist among candi-
date probiotic bacteria. These observations reviewed together suggest that specific immunomodulatory properties of probiotic
bacteria should be considered during the development of clinical uses for comprehensive target populations.

5 APPROPRIATE PROBIOTIC STRAINS FOR USE IN CANCER THERAPY

Lactic acid bacteria and Bifidobacteria are the most common types of microbes used as probiotics, while certain yeasts
and bacilli may also be beneficial to the host. The immunomodulatory effect of probiotic bacteria was postulated by
Metchnikoff over 100 years ago (Anukam and Reid, 2007). There has been an increased interest in the scientific com-
munity on the protective roles of probiotics on intestinal diseases, especially colon carcinogenesis. Orlando et al. (2009)
found that Lactobacillus GG administration induced a significant reduction in polyamine biosynthesis in both the HGC-
27 and DLD-1 cancer cell lines. Kim et al. (2008a,b) assessed the anticancer activity and bacterial enzyme inhibition of
B. adolescentis SPM0212. The strain inhibited the proliferation of three human colon cancer cell lines: HT-29, SW 480,
and CaCo, and also dose-dependently inhibited TNF-a production and changes in cellular morphology. Urbanska et al.
(2009) studied the properties of microencapsulated probiotic bacterial cells in a yogurt formulation in MIN mice carrying
a germline APC mutation. Daily oral administration of the microencapsulated L. acidophilus resulted insignificant sup-
pression of colon tumor incidence, tumor-multiplicity, and reduced tumor size. Certain strains of lactic acid bacteria have
been found to prevent putative preneoplastic lesions or tumors induced by carcinogens. Goldin et al. (1996) showed that a
specific strain of L. casei subsp. rhamnosus designated GG can interfere with the initiation or early promotional stages of
DMH-induced intestinal tumorigenesis. Consumption of large quantities of dairy products such as yogurt and fermented
milk containing Lactobacillus or Bifidobacterium may be related to a lower incidence of colon cancer (Shahani and Ayebo,
1980). Consumption of lactobacilli by volunteers has been shown to reduce the mutagenicity of urine and feces associated
with the ingestion of carcinogens in cooked meat (Lidbeck et al., 1992a,b). It is possible that the L. acidophilus supplements
are influencing excretion of mutagens by simply binding them in the intestine. However, lactic acid bacteria have also been
shown to affect the host. Mucosal cell proliferative activity in upper colonic crypts of patients with colon adenomas signifi-
cantly decreased after the administration of L. acidophilus and B. bifidus cultures (Biasco et al., 1991).
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Probiotics are shown to improve proliferation of immune cells (De Simone et al., 1993) and prompt production of pro-
inflammatory cytokines, such as tumor necrosis factor and interleukin 6 (Miettinen et al., 1996). In comparison, probiotic
bacteria intermediate suppression of lymphocyte propagation and cytokine production by T cells (Siitas et al., 1996). One
study group tried to compare the antiproliferative outcome of several probiotic bacterial strains in their nonviable systems
(Pessi et al., 1999). The probiotic strains were cultivated. When the rate of proliferation was compared among cultures
containing an indistinguishable protein concentration, a hierarchy of immunomodulation between probiotics was shown.
They showed that particular probiotic bacteria possess significant anti-inflammatory properties similar to a therapeutic
pharmaceutical agent.

6 EFFECTIVE DOSAGE OF PROBIOTICS FOR CANCER THERAPY

Little is known about the optimal amount of live probiotic bacteria to be administered (Aureli et al., 2011); this quantity is
not easy to determine: it is strain-specific, and it probably depends on the type of benefit sought for with the administration
of probiotics (different functional effects may require different amounts of live probiotics). Of course, the overall amount
cannot be low, if the aim is to markedly influence the composition of the microbiota of the host. It should be emphasized
that, in cases of microbial associations, each species in “competition” with a functional action must be provided in appropri-
ate amounts. In the absence of specific dose-response studies, however, some points reported in the AFSSA paper (AFFSA,
2005) are worth reiterating: (1) “The dose of probiotics ingested is an important factor to obtain high concentrations in the
various compartments of the gastrointestinal tract.” (2) “It is often said that probiotic concentrations must be greater than
or equal to 10° CFU/mL in the small intestine (ileum) and 10® CFU/g in the colon, but the scientific basis for these state-
ments is relatively weak.” (3) “The concentrations in the colon have been proposed because they correspond to less than
171000 of the autochthonous microbiota present (which it could be reasonably expected has more chance of being active
than microbiota present at even lower levels).” Sivieri et al. (2008) conducted a placebo-controlled design trial involving
30 male Wistar SPF rats to evaluate the effects of a probiotic strain, Enterococcus faecium CRL 183 on the incidence of
colorectal tumors induced by 1,2-dimethlhydrazine (DMH). The authors reported that rats administered with E. faecium
CRL 183(10% CFU/ml) for 24 weeks showed a 40% reduction of adenocarcinoma incidence and diminished mean tumor
volumes compared to rats without the administration of probiotics. Singh et al. (1997) conducted a placebo-controlled
design trial to evaluate the effects of B. longum on 60 male F344 azoxymethane (AOM)-induced colon carcinogenesis rats.
The rats were fed a modified AIN-76A diet containing 0% or 2% lyophilized cultures of B. longum (4 x 10" live cells/g
diet) and administered AOM dissolved in normal saline, once weekly for 2 weeks and killed on 40 weeks after second AOM
injection to evaluate the incidences of colon tumor. The authors revealed that the administration of B. longum significantly
reduced the incidence of colon adenocarcinomas, colon tumor multiplicity in terms of tumors/animal, and tumors/tumor-
bearing animal compared to those on the control diet. Lidbeck et al. (1991) studied the effect of L. acidophilus-fermented
milk on fecal microbiota and p-glucuronidase activity in 14 colon cancerpatients. The authors reported that the feeding of
L. acidophilus (10" CFU/day) for 6 weeks caused a reduction of Escherichia coli and increased the number of lactobacilli
in the feces that subsequently led to a 14% reduction of B-glucuronidase activity, an enzyme which generates carcinogens
in the digestive system of humans. It was supported by Ling et al. (1994) that studied the effect of Lactobacillus strain
GG on the fecal enzyme activity in 64 subjects. The authors found that the consumption of yogurt containing viable
Lactobacillus strain GG (10" CFU/L) decreased not only fecal B-glucuronidase but also other fecal enzyme activities such
as nitroreductase and glycocholic acid hydrolase activities (P <0.05) after consumption of yogurt containing probiotic for
4 weeks. Same observation was reported by Marteau et al. (1990) that the nitro-reductase activity was significantly reduced
(P <0.05) in nine healthy volunteers after administration of 100 g/day of fermented milk product containing L. acidophilus
(107 CFU/g), Bifidobacterium bifidum (10% CFU/g), Streptoccoccus (Lactococcus) lactis (102 CFU/g), and Streptoccoccus
cremoris (Lactococcuslactis subsp. cremoris) lactis (108 CFU/g) for 3 weeks. The authors also found that the f-glucosidase
activity was significantly increased (P <0.05) after the consumption of probiotic fermented milk. In another study, Goldin
and Gorbach (1984) evaluated the effects of milk containing L. acidophilus on fecal enzyme activity in 16 women and 5
men. The authors found that the oral administration of L. acidophilus (2 x 10° CFU/ml) for 4 weeks significantly reduced
(P <0.05) most of the fecal enzyme activities such as B-glucuronidase, nitroreductase, and azoreductase with two to four
fold reductions during the period of lactobacilli feeding.

7 DURATION OF PROBIOTIC THERAPY IN PATIENTS WITH CANCER

According to the findings of several studies, the average duration for receiving the probiotic effect in cancer prevention and/or
treatment may be 4-6 weeks. Sivieri et al. (2008) reported that rats administered with E. faecium CRL 183 for 24 weeks
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showed a 40% reduction of adenocarcinoma. Singh et al. (1997) revealed that the administration of B. longum once weekly
for 2 weeks significantly reduced the incidence of colon adenocarcinomas, colon tumor multiplicity in terms of tumors/
animal and tumors/tumor-bearing animal compared to those on the control diet. Lidbeck et al. (1991) reported that the
feeding of L. acidophilus for 6 weeks caused a reduction of E. coli and increased the number of lactobacilli in the feces that
subsequently led to a 14% reduction of B-glucuronidase activity. Ling et al. (1994) reported that the consumption of yogurt
containing viable Lactobacillus strain GG decreased not only fecal f-glucuronidase but also other fecal enzyme activities
such as nitroreductase and glycocholic acid hydrolase activities (P < 0.05) after consumption of yogurt containing probiotic
for 4 weeks. Marteau et al. (1990) found that the p-glucosidase activity was significantly increased (P <0.05) after the
consumption of probiotic fermented milk for 3 weeks. Goldin and Gorbach (1984) evaluated that the oral administration
of L. acidophilus (2 10° CFU/ml) for 4 weeks significantly reduced (P <0.05) most of the fecal enzyme activities during
the period of lactobacilli feeding. Matsumoto and Benno (2004) reported that the consumption of 100 g/day of B. lactis-
containing yogurt for 2 weeks significantly reduced the faces mutagenicity of seven healthy subjects (Table 59.1).

TABLE 59.1 Effective Dose and Duration of Probiotics in Cancer Treatment and/or Prevention

Animals/ Dose and duration of the

Probiotic strain
In animal studies

B. longum

B. longumon

B. longum

B. polyfermenticus
Enterococcus
faecium CRL 183
B. adolescentis
SPM0212

L. acidophilus
bacterial

In human studies

L. acidophilus

L. acidophilus

L. acidophilus

L. acidophilus

L. casei

Lactobacillus GG

subjects

Male F344 rats

Rats

Rats

Rats

Wistar SPF rats

Rats

Mice

16 women and
5 men

Human
subjects

14 colon
cancer patients

11 subjects

4 males and 2
females

64 subjects

study

2x10" CFU/g 5 weeks

4x10" live cells/g diet
2 weeks

6x10° CFU/day

3x10° cfu/1.3g

108 CFU/ml 24 weeks

1x10° CFU per day
3 weeks

10" cfu/mL

2x10° CFU/ml 4 weeks

2x10° CFU/ml 4 weeks

10" CFU/day 6 weeks
1-5x 10" cells per day
1 week

10" cells/g 3 weeks

10" CFU/L 4 weeks

Effects

Inhibition in ACF formation of
about 50%

Significant reduction in
the incidence of colon
adenocarcinomas

A significant reduction of 26%
in total ACF by comparison to
control animals

50% reduction in ACF
formation

40% reduction of
adenocarcinoma incidence

The strain inhibited the
proliferation of three colon
cancer cell lines

Insignificant suppression of
colon tumor incidence

Significant reduction (P<0.05)
in most of the fecal enzyme
activities

B-Glucuronidase activity
decreased slightly after four
weeks of lactobacillus feeding

14% reduction of
p-glucuronidase activity

Decreased urinary excretion of
mutagens by 50-70%

Suppressing effect on the
urinary mutagenicity

Decreased fecal
p-glucuronidase
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FIGURE 59.2 One of the mechanisms in cancer prevention by probiotics.

8 MECHANISMS BY WHICH PROBIOTIC BACTERIA MAY INHIBIT CANCER

The precise mechanisms by which probiotics may inhibit cancer are currently unknown. Such mechanisms might, how-
ever, include: an alteration of the metabolic activities of intestinal microbiota; an alteration of physicochemical condi-
tions in the colon; the binding and degradation of potential carcinogens; quantitative and/or qualitative alterations in
the intestinal microbiota incriminated in producing putative carcinogen(s) and promoters (e.g., bile acid-metabolizing
bacteria); the production of antitumorigenic or antimutagenic compounds (Figure 59.2); an enhancement of the host’s
immune-response; and effects on host physiology (Rafter, 2003). The mechanisms in which probiotics act may be
categorized as:

1. Improving resistance to colonization by pathogens by lactic microflora production (Gibson and MacFarlane, 1994).

2. Modulate anticancer drug’s phrmacokinetics by altering composition and metabolic activity of the micrflora (Xue et al.,
2011).

3. Enhancing production of short-chain fatty acid by main energy source for enterocytes to prevent from inflammation
(Wilson et al., 1996).

4. Modulating the immune system by mucin production (Bakker-Zierikzee et al., 2006; Hosono et al., 2003).

9 CONCLUSION

This review confirms the potential efficacy of probiotics in cancer prevention and/or control by several mechanisms for
instance stimulating the immune system, decreasing the incidence of infections, regulating gut inflammation, and bind-
ing toxic compounds. According to several human and animal studies, many of the specific probiotic bacteria and their
metabolites have beneficial effects in cancer control and/or prevention. Consumption of Lactobacillus or Bifidobacterium
in dosage of 10'°-10'" cfu/day for at least 4-6 weeks may lower incidence of cancer; however, more studies are needed to
investigate the relationships between probiotics, diet, and cancer risk.
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