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in cancer prevention
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Accumulating evidences indicate that some diseases are triggered by abnormalities of the gut microbiota.
Among these, immune-related diseases can be the promising targets for probiotcs. Several studies have
proved the efficacy of probiotics for preventing such diseases including cancers, infections, allergies,
inflammatory bowel diseases and autoimmune diseases. Lactobacillus casei strain Shirota (LcS) is one
of the most popular probiotics, benefits of which in health maintenance and disease control have been
supported by several science-based evidences. This review summarizes human clinical trials with this
probiotic against cancer development and also discusses the possible immunomodulatory mechanisms

by which LcS exerts anti-cancer activity.
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Introduction

Human intestine harbours 100 trillion bacteria
with more than a thousand species, and the
commensal gut microbiota forms a symbiotic
relationship with the host'2. Some of the gut bacteria
provide benefits to the host by producing vitamins
and short chain fatty acids, maintaining gut epithelial
barrier and providing colonization resistance against
pathogens®*. More than half of immune competent
cells in the body distribute into the intestine. The gut
microbiota plays a pivotal role in the development
of the immune system and continues to interact with
intestinal immune cells to maintain or modulate their
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functions®®., Probiotics, that are orally ingested as
beneficial bacteria, can survive the intestinal tract,
recover/maintain balanced gut microbiota, and then
modulate immune functions’. Thus, these can be a
promising tool to control some diseases caused by
dysregulated immune responses.

Gut microbiota and cancer

Several factors, including unbalanced diet, ageing,
mental stress, infections and antibiotic use, impair the
balance of gut microbiota, and abnormalities in the gut
microbiota can become the causes of some diseases.
Correlation between altered gut microbiota and some
of the immune related diseases, including inflammatory
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bowel diseases (IBD), allergy and obesity, has been
demonstrated®°.

The gut microbiota is considered to be closely
related with the risk of cancer!'!. Thousands of abnormal
cells with genetic mutations are generated every day
in our body. Our immune surveillance system plays
a critical role in clearance of such cells to prevent
the development of cancer. Gut bacteria may affect
the defense against cancer by modulating immune
functions of the host. Some gut bacteria generate
carcinogens and tumour-promoting  substances
including heterocyclic amines and secondary bile
acids while others produce beneficial metabolites to
prevent cancer, such as short chain fatty acids and
equol'>B. Analysis of faecal bacterial composition
showed an increase in the population of Bacteroides
and Prevotella in colorectal cancer patients'®. Increased
Dorea spp. and Faecalibacterium spp. were observed in
colonic mucosa-associated microbiota in patients with
colorectal adenoma'®. If probiotics promote the gut
microbiota toward the well-balanced composition and
maintain sufficient immunosurveillance, that would be
valuable for cancer prevention.

Probiotics and their beneficial effects

Probiotics are defined as “live microorganisms
which, when administered in adequate amounts,
confer a health benefit on the host”, and lactobacilli
and bifidobacteria are currently the most popular
probiotics’”. They can survive in the intestine and
promote recovery of normal gut microbiota. Therefore,
several health benefits of probiotics, including control
of gastroenteritis, irritable bowel syndrome, hepatic
diseases and cardiovascular diseases, have been
proposed. Among these, much attention has been paid
to their immune regulatory activity'®!'”. Decreased
immune defense functions tend to increase the risk of
infections and cancers while excessively activated or
dysregulated immune responses cause inflammatory
bowel diseases, allergy and autoimmune diseases'®.
Probiotics are expected to regulate immune responses
to prevent such diseases. Thus, these are often used
both in clinical applications and as foods that maintain
the immunologic homeostasis of the host.

Probiotics and cancer prevention

Although several animal experiments suggest
the efficacy of probiotics for cancer prevention'>',
there have not been much information obtained from
human clinical trials for such benefits. The SYNCAN
project®, supported by the European Community,

conducted a clinical trial to evaluate the effect of
synbiotic (probiotic plus prebiotic) preparation on
colorectal cancer. A double-blind, placebo-controlled
randomized trial was performed in 37 colon cancer
patients and 43 polypectomized patients. Intervention
with a synbiotic composed of Lactobacillus rhamnosus
GG, Bifidobacterium lactis Bb12 and oligofructose-
enriched inulin for 12 wk resulted in favourable changes
in the gut microbiota with increased lactobacilli and
bifidobacteria and decreased Clostridium perfringens®.
The intervention also reduced proliferation and DNA
damage in colonic mucosa and the capacity of faecal
water samples to induce necrosis in colonic cells in
polypectomized patients. Increased production of
interferon (IFN)-y by peripheral blood mononuclear
cells (PBMC) was observed in the cancer patients®.
Thus, several colorectal biomarkers were shown to be
improved by the synbiotic treatment. A prospective
study on 45,241 subjects in the EPIC-Italy cohort
suggested the preventive effect of probiotics on
colorectal cancer?’. This epidemiological study
explained that high yogurt intake was significantly
associated with decreased colorectal cancer risk. As
for cases other than colorectal cancer, Lactobacillus
casei strain Shirota (LcS) is the only probiotic strain
for which clinical trials have supported the favourable
effects?2.

Clinical trials with LcS against cancer

LcS is one of the most popular probiotics and
has been used in producing fermented milk drink for
more than 75 years. LcS can survive in the intestine,
modulates the gut microbiota and provides several
benefits to the host*?. In particular, the effects of
LcS on the host immune system have been intensively
investigated?”2*,

Several animal studies have demonstrated that
LcS augments the functions of macrophages, natural
killer (NK) cells and T cells and exerts anti-cancer
activity®-3!. Aso et al** conducted a multicenter, double-
blind, placebo-controlled, randomized trial to evaluate
the efficacy of LcS on the recurrence of superficial
bladder cancer. One hundred and thirty eight patients
with primary bladder tumours were allocated to the
two groups after transurethral resection of tumours.
They were orally given freeze-dried LcS preparation
(3 x 10" cfu/day) or placebo daily for one year. LcS
ingestion significantly prevented the recurrence of
bladder cancer (the corrected cumulative recurrence-
free rate at one year: 79.2% in the LcS group; 54.9% in
the placebo group, P=0.01).
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Another multicenter, prospective, randomized,
controlled trial was performed to evaluate whether
oral LcS administration could enhance the efficacy of
intravesical chemotherapy in patients who underwent
transurethral resection for superficial bladder cancer®.
Two hundred and seven patients were assigned to the
two groups; one group was treated transurethrally with
epirubicin for three months while another group was
treated with daily oral administration of freeze-dried
LcS (3 x 10" cfu/day) for one year in addition to the
epirubicin treatment. The three year recurrence-free
rate was significantly higher in the epirubicin plus
LcS group (74.6% in the epirubicin plus LcS group;
59.9% in the epirubicin group, P=0.02), although the
overall survival did not differ between the groups®.
A case-control study to assess the preventive effect
of LcS intake against bladder cancer was conducted
by Ohashi et al*?. One hundred and eighty cases and
445 population-based controls were examined. The
adjusted odds ratio of previous intake of LcS-containing
fermented milk 1-2 times/week was 0.46, suggesting
that habitual intake of LcS reduces the risk of bladder
cancer. Taken together, all these results strongly support
the protective role of LcS against bladder cancer.

The preventive effects of LcS on other cancers
were tested by a large-scale randomized trial. Three
hundred and ninety eight subjects in whom at least two
colorectal tumours had been removed, participated in
the study that was designed to evaluate effects of LcS
and wheat bran?*. The subjects were assigned to four
groups administered daily freeze-dried LcS preparation
(3 x 10" cfu/day), wheat bran, both or neither, and the
recurrence of colorectal tumours was observed for four
years. LcS intake significantly reduced the recurrence
rate of tumours with a grade of moderate atypia or
higher (the adjusted odds ratio in LcS group: 0.80 at 2
years; 0.65 at 4 years), but wheat bran intake did not*.
No difference in the development of new tumours was
detected in either group. The results suggested that LcS
prevented atypia of colorectal tumours.

All these intervention studies together with
the epidemiological survey strongly suggest that
LcS prevents the development of certain cancers in
humans. Furthermore, Kanazawa et a/** demonstrated
the benefit of LcS against postoperative infectious
complications in biliary cancer patients undergoing
high-risk hepatectomy. Forty four patients with biliary
cancer were allocated to two groups. One group
received post-operative enteral feeding that included
LcS, Bifidobacterium breve strain Yakult (each 3 x

10' cfu/day) and galacto-oligosaccharides (12 g/day)
from postoperative day 1 to day 14, and the other group
received enteral feeding only. The synbiotic treatment
improved the balance of gut microbiota and reduced
postoperative infections. The same group further
confirmed that additional perioperative treatment with
the same synbiotic was more effective for such patients
in preventing postoperative infectious complications*.
In this study, augmented NK cell activity was observed
in PBMC after the perioperative synbiotic treatment.

Mechanisms of cancer prevention by LcS

Various mechanisms of the anti-cancer activity of
LcS have been proposed from animal studies. Among
these, augmentation/recovery of NK cell activity is
reliable. Takagi et al*® examined the mechanism of
anti-cancer action of LcS using mutant mice deficient
in NK cell activity. In a 3-methylcholanthrene-induced
cancer model, oral administration of LcS delayed the
development of fibrosarcoma in wild-type mice while
the anti-cancer activity of LcS was not observed in
beige mice, which are congenitally defective in NK cell
activity. Furthermore, LcS administration recovered the
decreased NK cell activity in 3-methylcholanthrene-
treated C3H/HeN mice®™. These findings strongly
suggest that LcS exerts its anti-cancer effect by
augmenting NK cell activity.

Another anti-cancer mechanism of LcS through
the modulation of host immune responses has also
been suggested. It is now proposed that colorectal
cancer may develop from severe colonic inflammation.
In a mouse model of colitis-associated cancer, LcS
inhibited interleukin (IL)-6-mediated inflammatory
responses in the colonic mucosa and suppressed the
development of cancer®. The results suggest that LcS
can downregulate inflammation and then prevent the
subsequent cancer development. Mechanisms other than
immunomodulation are also proposed. Carcinogenic
activity of metabolic substances generating in the
intestine may be reduced by LcS intake. LcS ingestion
may modulate the composition of gut microbiota
and change their metabolic activity, resulting in a
decrease of carcinogens such as heterocyclic amines
and p-cresol*’*®. LcS possibly adsorbs carcinogenic
compounds to be excreted®. Thus, LcS is thought to
reduce the risk of cancer development through various
mechanisms (Table).

Recovery of NK cell activity by LeS

NK cells are crucial for immunosurveillance
against cancers and infections, and higher NK cell
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Table. Proposed mechanisms of cancer prevention by
Lactobacillus casei Shirota (LcS)

1. Augmentation of immunosurveillance against cancer,
including natural killer (NK) cell activity™

2. Downregulation of severe inflammation that -elicits
cancer development®®

3. Control of the balance of gut microbiota to inhibit
generation of carcinogens®’*

4. Excretion of carcinogens by adsorbing them on the
bacterial body®

Source: Refs 35-39

activity has been reported to be associated with lower
risk of cancer®. Since NK cell activity can be altered
by various environmental factors including ageing,
severe mental stress, smoking and chronic infections,
maintaining NK cell activity within the suitable range
is a promising target for probiotics. Several clinical
trials have been conducted to examine whether LcS
intake augments the NK cell activity in subjects with
decreased NK cell activity.

A placebo-controlled, cross-over trial in elderly
subjects (69~97 yr old) was conducted. Ten subjects
were given LcS-containing fermented milk (4 x 10
cfu/day) or placebo daily for three weeks. NK cell
activity in the PBMC after intake of the fermented
milk was significantly higher than that after intake of
placebo*.

In another study, the effect of LcS was evaluated in
young healthy subjects (20~40 yr old) with low NK cell
activity. Nine subjects with low NK cell activity were
enrolled and provided LcS-containing fermented milk
(4 x 10! cfu/day) or placebo daily for three weeks in
a cross-over design. The fermented milk significantly
enhanced NK cell activity during the intake period
and even 3 wk after the end of the intake compared
to the levels before the intake, but placebo did not
significantly enhance NK cell activity*.

A double-blind, placebo-controlled, randomized
trial was conducted to evaluate whether LcS intake
recovers NK cell activity in habitual smokers. Ninety-
nine smokers were assigned to two groups and given
LcS-containing fermented milk (4 x 10" cfu/day) or
placebo daily for three weeks. NK cell activity was
adjusted by the numbers of cigarettes smoked before
analyzing LcS efficacy, since NK cell activity in
individuals was inversely correlated to the number of
cigarettes smoked in this study*. The results explained
that the adjusted NK cell activity in the LcS group was
significantly higher than the placebo group.

A prospective, uncontrolled trial in patients with
human T lymphotropic virus-1-associated myelopathy
(HAM) was conducted. HAM is a neurological
disorder driven by the chronic infection with the causal
virus of adult T cell leukemia, and NK cell activity in
the patients is lower than the healthy level. Ten HAM
patients took LcS-containing fermented milk (8 x 10!
cfu/day) daily for four weeks. Intake of the fermented
milk significantly enhanced NK cell activity and
improved the neurological symptoms of the patients*.

Mechanism of augmenting NK cell activity

We examined the possible mechanisms of LcS
to augment NK cell activity using cultures of human
PBMC. Addition of LcS into the cultures of PBMC
enhanced NK cell activity”. The ability of LcS to
augment NK cell activity was greater than those of
other probiotic strains tested, and the ability to augment
NK cell activity seemed to correlate with the ability
of the strains to induce IL-12 production. LcS failed
to augment NK cell activity when monocytes were
depleted from PBMC. We further revealed that LcS
stimulated monocytes to secrete 1L-12, and addition
of anti-IL-12 antibody to the cultures reduced the
ability of LcS to augment NK cell activity**. Taken
together, all these results suggest that LcS activates
NK cells through the induction of IL-12 production by
monocytes/macrophages. Mechanisms other than IL-
12 production may be involved, since neutralization
of IL-12 did not completely stop the LcS-derived
augmentation of NK cell activity.

Though it has been demonstrated that monocytes
were essential for LcS to augment NK cell activity
during in vitro stimulation of PBMC, macrophages
and dendritic cells in the intestine are likely to be the
first targets for orally ingested LcS. To understand the
mechanisms of probiotic action of LcS more clearly,
in vivo studies focusing on the responses of mucosal
immune cells are now underway in our laboratory.

Induction of IL-12 production by LcS

Using mouse peritoneal macrophages, we have
revealed how LcS can induce a large amount of IL-
12, a key cytokine in augmenting host immune defense
including NK cell activity. LcS has the specific cell
wall composed of peptidoglycan which is covered
by two types of uncharged polysaccharides, PS-1
and PS-2%. The cell wall of LcS is highly resistant to
a digesting enzyme, N-acetylmuramidase, probably
because the densely associated polysaccharides may
hinder the access of the enzyme to its cleavage sites
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Fig. Resistance of Lactobacillus casei Shirota (LcS) to intracellular
digestion in macrophages. Mouse peritoneal macrophages were
cultured with LcS (A) and L. johnsonii JCM 20127 (B) for 24 h
and stained with Giemsa. Lysis of lactobacilli in macrophages
was observed by light microscopy. LcS engulfed by macrophages
(arrows) shows significant resistance to digestion. Original
magnification: x 1000.

in the peptidoglycan*’#%. Studies with mouse peritoneal
macrophages demonstrated that phagocytosis of LcS
is essential for its induction of IL-12 production by
macrophages, but that recognition of LcS by Toll-
like receptor (TLR)2, a sensor for a variety of Gram-
positive bacteria, is not required for IL-12 induction®’.
The active component of L¢S for the IL-12 induction
has been revealed to be the intact cell wall, and the
LcS bacterial body engulfed by the macrophages
showed significant resistance to digestion (Figure).
These results indicate that the rigid cell wall of LcS
that is resistant to intracellular digestion, effectively
stimulates macrophages to secrete a large amount of
IL-12. Our next question is to unveil how the tertiary
structure of the LcS intact cell wall is recognized by
the phagocytes to produce I1L-12.

Concluding remarks

In summary, LcS can augment host immune defense
through induction of IL-12 production by phagocytes,
in which the unique cell wall structure of this probiotic
organism plays a key role. The augmented immune
functions would be helpful for cancer prevention.
Accumulating evidence obtained from human clinical
trials with LcS supports the idea that specific probiotics
can be applicable for prevention or control of cancers.

Human clinical trials in patients with allergy or
ulcerative colitis and studies in animal models for
autoimmune diseases showed that LcS intake did not
exhibit any harmful effects and rather ameliorated
clinical symptoms and disease biomarkers®>*. The
mechanisms of action of L¢S have been thought to be in
two ways, augmentation of immune defense functions

in the immunocompromised state and downregulation
of excessive immune responses in the inflammatory
state, but remain to be elucidated. Recent findings
explain that LcS, which is a potent IL-12 inducer, can
also work as a potent inducer of immunosuppressive
IL-10, depending on the conditions of phagocytes
that it stimulates®. The flexible cytokine production
induced by LcS may be a possible mechanism by
which the probiotic exerts multifunctional immune
regulatory activities'®. In order to fully understand the
sophisticated actions of probiotics, future studies should
be performed taking into consideration the indirect
control of immune responses by probiotics through
modulation of the nervous and endocrine systems in
addition to the direct actions on the immune system.
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