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We are now beginning to understand that the gut dysbiosis
is a risk factor for various human diseases including
inflammatory bowel diseases, allergies, metabolic disorders
and liver disease. An increasing number of studies have also
suggested that gut microbiota is closely associated with
tumors such as colorectal cancer. Increasing impact of gut
dysbiosis is recognized with the progression of liver injury
from mild fatty liver disease to advanced liver cirrhosis (1),
where the enterohepatic circulation is considered to
strengthen a relation between gut microbiome and the liver.
However, the clinical studies suggesting the linkage of gut
dysbiosis with hepatocellular carcinoma (HCC) are scarce
and inconclusive. The insight on the role of gut microbes
in hepatocarcinogenesis mainly comes from animal
experiments (2).

Recently Grat et al. (3) reported in their culture-based
study that the presence of HCC was associated with
a greater abundance of fecal Escherichia coli (E. coli) in
cirrhotics. E. coli is known to produce potent endotoxin
(lipopolysaccharide) as a member of Enterobacteriaceae
and to deconjugate conjugated bile acids (BAs) thereby
enhancing the formation of secondary BAs. Animal studies
indicate that endotoxin and secondary BAs are probable
key players to promote HCC in these situations. Gut
dysbiosis and increased intestinal permeability (leaky gut)
enhance the translocation of microbial products including
endotoxin. These pathogen-associated microbial
products (PAMPs) activate Toll-like receptors (TLRs) in
Kupfter cells and hepatic stellate cells (HSCs) provoking

inflammation, fibrosis and carcinogenesis in the liver.
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Activated TLRs induce hepatocyte proliferation and
hepatomitogen expression, and inhibit apoptosis (4). The
secondary BA deoxycholic acid (DCA) promotes a condition
similar to nonalcoholic steatohepatitis and obesity-associated
HCC in a mouse model (5). It perturbs cell membranes
to release arachidonic acid, which is converted to reactive
oxygen species, potent triggers of inflammation and
DNA damage (6). The enterohepatic circulation of DCA
provokes a senescence-associated secretory phenotype
in HSCs, which increases pro-inflammatory cytokines
and tumor-promoting factors thus enhancing the HCC
development in animals given chemical carcinogen (7).

Modulation of the gut microbiota by probiotics has been
tried in experimental studies aiming at the suppression of
hepatocarcinogenesis (Tible 1). Zhang et al. (8) reported
that the administration of probiotics VSL#3, a probiotic
combination of eight strains of Lactobacilli, Bifidobacteria
and Streptococcus, decreased tumor growth and multiplicity
in the liver and markedly improved the enteric dysbiosis,
intestinal inflammation and endotoxemia in rats given
diethylnitrosamine (DEN). Endo et /. (9) reported that the
butyrate-producing probiotic MIYAIRI 588 significantly
decreased the number and sizes of liver tumors in rats
given choline-deficient/L-amino acid-defined (CDAA)
diet. They also noted that the probiotics suppressed portal
endotoxemia and maintained intestinal tight-junction
proteins. These studies have suggested that the probiotics
suppresses development and growth of HCC by protecting
endotoxin-mediated liver inflammation, fibrosis and
carcinogenesis.
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Table 1 Comparisons of three experimental studies investigating the effects of probiotics on hepatocellular carcinoma

Authors Experimental design Main results Conclusions
Zhang etal. Pathogen-free male Sprague-Dawley  High-dose VSL#3 (6><1O10 pfu) VSL#3 mitigates DEN-induced
2012 (8) rats injected with DEN (70 mg/kg, i.p.)  decreased liver tumor growth hepatocarcinogenesis and inhibits the
once a week for 10 weeks and multiplicity with marked progression of HCC
improvement of enteric dysbiosis
and intestinal inflammation
compared with saline
VSL#3 solution (6x1 0’ or 6x10" VSL#3 solution significantly Probiotics restore intestinal flora balance,
pfu, resolved in saline) or saline was alleviated tumor load with lower improve intestinal inflammation and
daily given by gavage 7 days priorto  blood LPS and IL-6 levels cirrhotic condition and finally prevent HCC
DEN injection until the animals were and higher blood IL-10 levels development
sacrificed (after 20 weeks) compared with saline
VSL#3 solution (6><1010 pfu) or
saline after DEN administration for
10 weeks
Endo et al. Male Fischer 344 rats fed choline- MIYAIRI 588 significantly MIYAIRI 588 efficiently reduced gut-derived
2013 (9) deficient/L-amino acid-defined decreased the number and endotoxin levels in the portal blood by
(CDAA)-diet for 8 to 16 weeks. A maximal diameters of detectable  altering the intestinal flora and restoring
butyrate-producing probiotic MIYAIRI  liver tumors (=1.0 mm) in CDAA- gut-barrier functions, thereby reducing the
588 was mixed in the CDAA-diet diet-fed rats hepatic inflammatory responses
MIYAIRI 588 significantly
suppressed portal endotoxemia
and improved the delocalization
and decrease of intestinal tight-
junction proteins induced by the
CDAA-diet
Lietal. Male 5-6 weeks C57BL6/N mice fed Prohep slowed down the tumor Prohep modulated the microbiota and
2016 (10) diet with Prohep (a novel probiotic growth significantly, reduced influences the regulation of the T-cell

mixture) daily starting 1 week before
or at the same day of s.c. injection of
mouse hepatoma cell line Hepa 1-6

the tumor size and weight, and
decreased vascular area in the
tumor compared with the control

Prohep down-regulated /L-17 and
its major producer Th17 cells,
which was mainly caused by the
reduced migratory Th17 cells
from the intestine and peripheral
blood

Prohep shifted the gut microbial
community toward beneficial
bacteria producing anti-
inflammatory metabolites and
reduced the Th17 polarization in
the gut

differentiation in the gut, which alters the

level of the proinflammatory cytokines in the
extraintestinal tumor microenvironment and
suppressed angiogenesis and tumor growth

DEN, diethylnitrosamine.
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Figure 1 The mechanism of Prohep tumor suppression. Prohep is a novel probiotic mixture adopted by Li ez 4/. The authors considered
that the suppressed tumor angiogenesis due to decreased I[.-17 and its major producer Th17 cells invoked by the administration of Prohep
was the mainstay of this tumor suppression. Decreased levels of pro-angiogenic IL.-17, suppressed Th17 cells and the down-regulation of
angiogenic growth factors and receptors, FI'T-1, ANG2, KDR, VEGFA, and TE were noted together with the decreased vascular area in
the subcutaneous hepatocellular carcinoma. Prohep suppressed the growth of SFB, the major inducers of intestinal Th17 cells. Decreased
Th17 cells in the small intestine and peripheral blood suggested the decreased mobilization of Th17 cells to the tumor site. In addition,
Prohep increased various gut bacteria which produce SCFAs or enhance IL-10 producing Treg cells. Although the authors did not evaluate,
SCFAs alleviate leaky gut and portal endotoxemia, which may mitigate liver inflammation and fibrosis, important pro-carcinogenic factors,
in an orthotopic hepatocarcinogenesis model. The effects of SCFAs and Treg on the liver and liver tumor are also interesting. Its effect on
angiogenesis and carcinogenesis should be further evaluated in relation to other key mediators and various constituent cells in the liver. The
results and speculation by the authors are depicted in black, while my speculation and questions are depicted in blue. KC, Kupffer cell; HSC,
hepatic stellate cell; Ly, lymphocyte.

Last year, Li er al. (10) published another interesting
study in Proceedings of the National Academy of Sciences of the
United States of America, which reported that the modulation
of gut microbiota by a novel probiotic mixture Prohep
suppressed subcutaneous (s.c.) HCC growth in mice. Prohep
is a combination of three representative probiotics, i.e.,
Lactobacillus rbammnosus GG, viable E.coli Nissle 1917 and heat-
inactivated VSL#3. Li ez 4l. revealed that Prohep slowed
down the s.c. tumor growth and reduced the tumor size and
weight (Table ). This report is especially interesting because
the authors presented novel insights into the mechanism by
which probiotics suppressed the tumor growth (Figure I).
Namely, they proved that the effect of Prohep was not
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related to the reduction of tumor cell proliferation or
the enhancement of tumor cell apoptosis but related
to the hypoxia attributable to the suppression of tumor
angiogenesis. It is well known that the growth of HCC
relies on the angiogenesis, the formation of new vasculature
from pre-existing blood vessels, for an adequate supply of
oxygen and nutrients (11). Li ez /. (10) further noted that
the decreased vascular area in the tumor was associated
with the down-regulation of angiogenic growth factors
and receptors, such as FLT-1, ANG2, KDR, VEGFA,
and TEK, and also related to the decreased population of
Th17 subset within the tumor (10). Th17 marker genes,
IL-17 and RORyt were also suppressed in the tumor. The
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authors next found that the proportion of Th17 cells in
total CD4" cells was decreased in the small intestine and
peripheral blood but not in the spleen, liver and mesenteric
lymph node. They considered that the probiotics inhibited
the recruitment of Th17 cells from the gut and peripheral
blood to the tumor sites, which led to the lowering of
pro-angiogenic IL-17 and eventually the suppression of
angiogenesis and tumor growth. They confirmed that that
additional administration of anti-IL-17 suppressed the
tumor growth more strongly compared with probiotics
and speculate that the probiotics may require IL-17
modulation for tumor suppression (10).

It has been reported that segmented filamentous bacteria
(SEFB) is the major inducers of intestinal Th17 cells, where
adhesion of these microbes to intestinal epithelial cells
is a critical cue for Th17 accumulation (12). Li ez al. (10)
noticed that SFB decreased dramatically in the stool of mice
given the probiotics. Their metagenomic analysis of stools
further revealed that the probiotics increased the abundance
of many beneficial anti-inflammatory bacteria. Among
them, Alistipes, Butyricimonas, and Prevotella are producers
of short-chain fatty acids (SCFAs) in the gut (10). This
result is concordant with the drastically increased metabolic
potential to produce SCFAs in the analysis of biological
metabolic pathways (10). SCFAs, especially butyrate, are
important energy source for enterocytes maintaining
normal colonocyte turnover, and influence the intestinal
barrier function through the preservation of tight junctions
and mucous production. Oscillibacter, Parabacteroides, and
Bacteroides fragilis, which were also increased in the Prohep
groups, are known to enhance IL-10 producing Treg
cells (10). Increased bacterial production of SCFAs by the
probiotics is considered to alleviate leaky gut and portal
endotoxemia, which may mitigate liver inflammation and
fibrosis. On the other side, SCFAs is known to increase
expression of the Treg-specific transcription factor gene,
Foxp3, thereby boosting Treg functions (13). Li er 4/. did
not discuss the meaning of these adjunctive microbial effects
induced by their probiotics.

High tumor-infiltrating Tregs are considered to be an
unfavorable prognostic indicator of HCC contributing to
the immunosuppressive microenvironment (14). The effects
of these Treg-stimulating microbiota should be carefully
evaluated again in an orthotopic hepatocarcinogenesis
model.

Transient survival benefits and serious adverse effects
have precluded the wide use of anti-angiogenic drug
sorafenib for patients with HCC. Among other anti-
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angiogenic agents with less side effects, blockers of the renin-
angiotensin system such as angiotensin-I converting enzyme
inhibitor and angiotensin-II type 1 blocker have been proved
to be promising adjunctive to HCC therapy showing
synergistic effects in inhibiting hepatocarcinogenesis (15).
Like other two probiotics (8,9), Prohep is now expected
to suppress the tumor growth in an orthotopic model.
Our concern is not only its effect on angiogenesis and
carcinogenesis but also its interactions with other key
mediators and various constituent cells in the liver. We are
also interested in its effects on endotoxin, PAMPs-induced
inflammatory reaction and BA metabolism in addition to
Th17 cells in the processes of fibrogenesis, angiogenesis
and carcinogenesis in the liver.

In this interesting study, we can further know the marked
pharmacological differences between the probiotics and
the anticancer drug cisplatin. Although local angiogenesis,
tumor growth and Th17 cells were suppressed in both
treatment groups, the characteristic microbial changes and
IL-17 suppression were not observed in the cisplatin group.
The authors explained that the suppression of Th17 cells
might be attributable to the down-regulation of TGF-f and
RORyt, both of which are important for the differentiation
of Th17 (10). However, the suppressions of angiogenesis
and tumor growth need another explanation unrelated to
IL-17 in this group. Anyway, we should bear in mind that
chemotherapy itself alters the composition of microbial
communities in patients (5). Moreover, another platinum
chemotherapeutic oxaliplatin is known to exerts its tumor-
retardation effects in a microbiota-dependent manner (5).
It seems, therefore, worth investigating if the effects of
cisplatin or other anticancer drugs can be substantially
heightened by an addition of the probiotics in the cancer
chemotherapy.

In this manuscript (10), Li et a/. clearly showed the
beneficial effect of their new probiotic complex on s.c
HCC and explained its mechanism by an attractive thesis
focusing on the Th17 cells and angiogenesis. The fact that
the administration of probiotics starting from 1 week in
advance showed greater antitumor effect suggests that the
probiotics may be applicable as a tool of chemoprevention.
If its effect is further proved for other cancer cells in this
model, it may be applied in the prevention and treatment
of other cancers in extraintestinal sites. Although the
role of probiotics in the cancer therapy still remains
adjunctive at present, evidence is emerging that microbiota
can be manipulated for improving cancer treatment (5).
Gut microbiome has substantial impacts on cancer
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chemotherapy, immunotherapy and radiotherapy. Even the
efficacy of cutting-edge checkpoint inhibitors appears to
depend on the patient’s gut microbiome (5). The direction
indicated by this manuscript and other recent studies on gut
microbiome may open a new horizon in cancer therapy.

Acknowledgements

None.

Footnote

Conflicts of Interest: The author has no conflicts of interest to
declare.

References

1. Fukui H. Gut Microbiota and Host Reaction in Liver
Diseases. Microorganisms 2015;3:759-91.

2. Sanduzzi Zamparelli M, Rocco A, Compare D, et al. The
gut microbiota: A new potential driving force in liver
cirrhosis and hepatocellular carcinoma. United European
Gastroenterol J 2017;5:944-53.

3. Grat M, Wronka KM, Krasnodebski M, et al. Profile
of Gut Microbiota Associated With the Presence of
Hepatocellular Cancer in Patients With Liver Cirrhosis.
Transplant Proc 2016;48:1687-91.

4. Dapito DH, Mencin A, Gwak GY, et al. Promotion of
hepatocellular carcinoma by the intestinal microbiota and
TLR4. Cancer Cell 2012;21:504-16.

5. Bhatt AP, Redinbo MR, Bultman SJ. The role of the
microbiome in cancer development and therapy. CA
Cancer J Clin 2017;67:326-44.

Cite this article as: Fukui H. Improve gut microbiome: a
new horizon of cancer therapy. HepatoBiliary Surg Nutr
2017;6(6):424-428. doi: 10.21037/hbsn.2017.08.04

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Fukui. Improve gut microbiome: a new horizon of cancer therapy

10.

11.

12.

13.

14.

15.

Ridlon JM, Wolf PG, Gaskins HR. Taurocholic acid
metabolism by gut microbes and colon cancer. Gut
Microbes 2016;7:201-15.

Yoshimoto S, Loo TM, Atarashi K, et al. Obesity-induced
gut microbial metabolite promotes liver cancer through
senescence secretome. Nature 2013;499:97-101.

Zhang HL, Yu LX, Yang W, et al. Profound impact of
gut homeostasis on chemically-induced pro-tumorigenic
inflammation and hepatocarcinogenesis in rats. ] Hepatol
2012;57:803-12.

Endo H, Niioka M, Kobayashi N, et al. Butyrate-
producing probiotics reduce nonalcoholic fatty liver
disease progression in rats: new insight into the probiotics
for the gut-liver axis. PLoS One 2013;8:e63388.

Li], Sung CY, Lee N, et al. Probiotics modulated gut
microbiota suppresses hepatocellular carcinoma growth in
mice. Proc Natl Acad Sci U S A 2016;113:E1306-15.
Semela D, Dufour JF. Angiogenesis and hepatocellular
carcinoma. ] Hepatol 2004;41:864-80.

Atarashi K, Tanoue T, Ando M, et al. Th17 Cell Induction
by Adhesion of Microbes to Intestinal Epithelial Cells.
Cell 2015;163:367-80.

Zitvogel L, Ayyoub M, Routy B, et al. Microbiome and
Anticancer Immunosurveillance. Cell 2016;165:276-87.
Tu JE, Ding YH, Ying XH, et al. Regulatory T

cells, especially ICOS + FOXP3 + regulatory T

cells, are increased in the hepatocellular carcinoma
microenvironment and predict reduced survival. Sci Rep
2016;6:35056.

Yoshiji H, Noguchi R, Ikenaka Y, et al. Impact of renin-
angiotensin system in hepatocellular carcinoma. Curr
Cancer Drug Targets 2011;11:431-41.

hbsn.amegroups.com HepatoBiliary Surg Nutr 2017;6(6):424-428



