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Treating liver cancer with antibiotics? 
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Obesity is one of the most prevalent 
health concerns over the past few 

decades.  Besides diabetes and cardio-
vascular disease, obesity is also con-
nected to multiple types of cancers[1, 2].  
However, the mechanism underlying 
obesity-related cancers is unclear.  Previ-
ous research found that obesity alters 
the microbiota grown in the gastrointes-
tinal tract[3], where the microbes produce 
inflammatory metabolites[4].  And obe-
sity-induced inflammation is involved 
in liver cancer[5].  Recently, Yoshimoto et 
al uncovered the missing link, by which 
obesity promotes the production of pro-
inflammatory and carcinogenic bile acids 
via shaping gut microbiota, and leads to 
hepatic inflammation and hepatocellular 
carcinoma (HCC)[6] (Figure 1).

In mammals, bile acids are secreted 
into the gut lumen in high millimolar 
concentrations.  They are converted to 
various secondary bile acids by microbes 
that are most densely colonized in 
the distal gut[7].  Secondary bile acids, 
including deoxycholic acid (DCA), are 
uptake by enterohepatic circulation to 
the liver.  Feeding mice with high-fat 
diet (HFD) raised serum levels of DCA, 
whereas antibiotic treatment reduced the 
DCA levels[6].  Yoshimoto and colleagues 
found that feeding mice with HFD dra-
matically increased the percentage of 
Gram-positive bacteria in the intestinal 
tract.  In particular, strains belonging to 

Clostridium cluster XI were substantially 
increased by HFD.  These strains are 
essential to perform 7α-dehydroxylation 
that converts primary bile acids to DCA.  

DCA causes DNA damage and is 
involved in the progression of colorectal 
cancers.  In response to DNA damage, 
cells either age by senescence or self-
destruct via apoptosis if the damage can-
not be easily repaired.  Although senes-
cent cells can launch the cell-cycle arrest 
and halt cell replication, they remain 
metabolically active, and change gene 
expression, produce pro-inflammatory 
signaling proteins.  In hepatic stellar 
cells (HSCs), DCA provokes the senes-
cence-associated secretory phenotype 
(SASP), by which cells release several 
pro-inflammatory cytokines, chemok-
ines, tissue-remodeling enzymes, and 

tumor-promoting factors in the liver[8, 9].  
SASP plays essential roles in promot-
ing the obesity-associated hepatocel-
lular carcinoma (HCC) in mice after 
exposure to chemical carcinogens that 
cause DNA damage[8, 10].  On the other 
hand, a lack of SASP inducer or deple-
tion of senescent HSCs can efficiently 
prevent the development of hepatocel-
lular carcinoma in obese mice[6].  IL-1β 
is an upstream regulator of SASP, and 
is induced in senescent HSCs by HFD.  
Mice lacking the IL-1β gene reduced the 
expression of SASP factors in activated 
HSCs.  Meanwhile, the number and 
size of liver tumors are significantly 
decreased in IL-1β−/− mice.  These find-
ings in mice can be extended to human 
beings.  Adding recombinant IL-1β to 
cultured primary human HSCs induced 
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Figure 1.  Model of obesity-induced hepatocellular carcinoma (HCC) development.  Obesity or high-
fat diet increases the production of deoxycholic acid (DCA), which provokes senescence-associated 
secretory phenotype (SASP) in hepatic stellar cells (HSCs).  SASP leads to the secretion of numerous 
inflammatory and tumor promoting factors, and subsequently HCC development in the liver in obese 
mice.
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the expression of IL-6 and IL-8.  The 
signs of cellular senescence and SASP 
were also observed in HSCs in HCC in 
nonalcoholic steatohepatitis patients.

Notably, Yoshimoto and colleagues 
revealed several lines of evidence that 
blocking DCA production efficiently 
prevents the progression of hepatocel-
lular carcinoma in obese mice: (1) treat-
ing mice with the oral antibiotic cocktail 
or vancomycin to kill Gram-positive 
bacteria led to a pronounced reduc-
tion of liver cancer; (2) supplementing 
antibiotics-treated animals with DCA 
promoted carcinogenesis; (3) the expres-
sion of baiJ gene, which is involved in 
7α-dehydroxylation of bile acids, was 
drastically increased in mice fed HFD, 
albeit it was reduced by vancomycin.  
These findings provide valuable insight 
into the mechanism of obesity-related 
liver cancer and open up new possibili-
ties for control of HCC.  

It is worth noticing that residual hepa-
tocellular carcinoma still exists after the 
ablation of HSCs by antibiotic treatment.  
Moreover, in contrast to Yoshimoto’s 
work, intestinal Gram-negative, but 
not Gram-positive, bacteria have been 
reported to promote HCC development 
when induced by a different carcinogen 
in obese mice.  Senescence induction has 
also been shown to inhibit the growth of 

several carcinoma cell lines.  Therefore, 
further study of the molecular mecha-
nisms linking gut microbial metabolites 
to SASP is required for the battle against 
obesity-associated HCC.

Bile acids have been implicated in 
a variety of human diseases, but how 
microbe influences bile acids metabo-
lism is not clarified.  Moreover, the by-
products are not only passive carcino-
gens, but also active signaling molecules, 
which regulate host lipid and glucose 
homeostasis, as well as the synthesis of 
the bile acids themselves.  Therefore, it is 
intriguing to elucidate the metabolism, 
functions, and regulations of bile acids.  
Gut microbiota plays important roles 
in many essential processes, including 
vitamin and amino acid biosynthesis, 
dietary energy harvest, and immune 
development.  Numerous factors are 
able to change the gut microbial com-
munity, including diet, disease, and 
antibiotics, yet the health implications in 
human are unclear.  Developing inno-
vative technologies to systematically 
characterize the composition of gut bile 
acids could enable us to better under-
stand the host-microbe interactions and 
the association with human diseases, for 
example, obesity and cancer[7].  Yoshim-
oto and colleagues’ work paved a new 
way to study microbial metabolism and 

tumor microenvironment, as well as risk 
assessment, diagnostics and therapeutic 
interventions.  
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