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-e intestinal microflora is a bacterial group that lives in the human digestive tract and has a long-term interdependence with the
host. Due to the close anatomical and functional relationship between the liver and the intestine, the intestinal flora affects liver
metabolism via the intestinal-hepatic circulation, thereby playing an extremely important role in the pathological process of liver
inflammation, chronic fibrosis, and liver cancer. In recent years, the rapid development of technologies in high-throughput
sequencing and genomics has opened up possibilities for a broader and deeper understanding of the crosstalk between the
intestinal flora and the occurrence and development of liver cancer. -is review aims to summarize the mechanisms by which the
gut microbiota changes the body’s metabolism, through the gut-liver axis, thereby affecting the occurrence and development of
primary liver cancer. In addition, the potential regulation of intestinal microflora in the treatment of liver cancer is discussed.

1. Introduction

Hepatocellular cancer (HCC) is one of the most common
malignant tumors of the digestive system. According to
global cancer statistics, there were 905,677 new cases of HCC
and 830,180 deaths worldwide in 2020, and over 50% of new
cases andmortality of HCC patients occurred in China [1, 2].
HCC is mainly believed to be related to drinking alcohol or
long-term chronic liver disease (CLD), such as fatty liver,
cirrhosis, chronic hepatitis (hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection), autoimmunity, chole-
stasis, smoking, diabetes, and obesity [3–5]. In recent years,
it has been shown that the intestinal flora is closely related to
HCC. Firstly, the intestinal flora can promote the devel-
opment of HCC through various mechanisms. Secondly, the
efficacy and adverse effect of HCC tumor immunotherapy
are also related to the intestinal flora, especially impacting
the effects of immunosuppressive agents [6]. Due to the
bidirectional communication between the intestine and the
liver, on the one hand, the liver excretes bile acid and other
biologically active components through the bile duct to

communicate with the intestine; on the other hand, the
metabolic nutrients absorbed by the intestine are trans-
ported to the liver through the portal vein. Intestinal bacteria
and their products, endotoxins and inflammatory mediators,
will also be transported to the liver through the portal vein,
making the liver susceptible to pathological changes of the
intestinal microenvironment [7]. -e gut-liver axis theory
facilitates a better understanding of the crosstalk between
intestinal flora and liver diseases.

2. The Composition of the IntestinalMicroflora

In normal physiological conditions, about 500–1000 dif-
ferent bacteria are colonized in the human intestine, with a
total weight of more than 1 kg, most of which are anaerobic.
-ere is a specific symbiotic relationship between them and
the human body. -ey participate in digestion, vitamin
synthesis, and immune regulation; promote angiogenesis;
regulate nerve function; and maintain the body’s homeo-
stasis, playing a key role in the body’s physiology and pa-
thology [8]. In physiological conditions, the intestinal
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microflora resides in the intestine in a relatively stable
manner, but it is easily affected by the internal and external
environmental factors, such as diet, drinking, smoking,
drugs, obesity, genetics, and digestive tract diseases. Dis-
turbance of the homeostasis of intestinal flora leads to a
series of pathological changes.

-e intestinal flora is basically composed of five phyla,
namely, Firmicutes, Bacteroidota, Actinobacteria, Proteo-
bacteria, and Verrucomicrobia, among which Firmicutes
(79.4%) and Bacteroidota (16.9%) dominate the intestinal
flora of healthy adults and play an important role in pro-
viding energy and nutrition to the host [9]. Firmicutes,
Bacteroidota, and Bifidobacteria play a synergistic role, that
is, using indigestible carbohydrates to generate SCFAs [10].
-ere are also a small amount of Lactobacillus, Streptococcus,
and Escherichia coli in the intestine. Colonization of these
bacteria can induce goblet cell differentiation and mucus
production, which can inhibit Salmonella typhimurium,
pathogenic Escherichia coli, Clostridium difficile, etc., con-
tributing to epithelial cell function and energy balance.

3. Gut-Liver Axis

Due to the unique anatomical and functional relationship
between the gastrointestinal tract and the liver, the gut-liver
axis through the portal vein becomes the most important
two-way communication between the gut microbiota and
the liver. Approximately 70% of the blood supply of the liver
comes from the intestinal tract. Usually, the nutrients
digested and absorbed by the intestine, such as glucose,
lipids, proteins, and vitamins, and bacteria and bacterial
components such as lipopolysaccharide (LPS) and other
intestine-derived factors circulate through the portal vein to
the liver. When the intestinal barrier is damaged, its per-
meability increases and the liver will be insulted by a variety
of toxic agents from intestine and harmful intestinal bac-
teria. -e imbalance of intestinal flora may aggravate this
process [11]. -e core of a healthy gut-liver axis lies in a fully
functioning intestinal mucosal barrier, which is directly
related to the balanced intestinal flora. -e mechanical
connection between intestinal epithelial cells is a natural
barrier for bacteria and their metabolites. However, it is not a
static physical barrier, but the result of an interaction be-
tween the intestinal flora and immune cells, which includes
antigen-specific immune response, immune balance, and
tolerance.

-e intestinal barriers include mechanical barriers,
chemical barriers, immune barriers, and biological barriers.
-ey are mainly composed of intact intestinal mucosal
epithelia, intestinal mucus, Paneth cells, goblet cells, mu-
cosa-associated lymphoid tissues, and many secreted factors
such as immunoglobulin A(IgA) or defensins [12]. -e
intestinal barrier can effectively prevent harmful intestinal
bacteria and their metabolites from entering the circulation
to cause bacteremia or other tissue damage. Changes in the
intestinal barrier are the driving factors of inflammation and
will significantly affect the gut-liver axis. By preventing
direct contact between the bacteria and epithelial cells, the
mucosal layer of the intestinal barrier is the first-line defense

when external molecules reach the intestinal lumen [13].-e
intestinal barrier and the intestinal flora can also influence
each other. On the one hand, intestinal cells can regulate the
intestinal flora by secreting antimicrobial peptides. On the
other hand, the growth of the intestinal barrier and intestinal
epithelial cells can also be affected by the intestinal flora. In
addition, the intestinal flora can also inhibit the growth of
pathogenic microorganisms, thereby maintaining the ho-
meostasis of intestinal microorganisms. Although the in-
testinal barrier shields the liver from exposing to a large
amount of proinflammatory microbial-associated molecular
patterns, acute and chronic liver diseases often affect the
composition of the intestinal flora and the function of the
intestinal barrier, leading to imbalance of the intestinal flora
and intestinal leakage. -ese effects may be harmful, for
instance, activating the liver immune response and releasing
proinflammatory cytokines to aggravate liver damage;
sometimes, they may be beneficial, such as strengthening cell
protection and promoting liver cell regeneration. It is worth
mentioning that not only is the liver affected by the input of
intestinal microbes, but in turn, it can also affect the in-
testinal microbes via secreting bile acids, IgA antibodies, and
other metabolites. -erefore, the liver plays an important
role in the regulation of microbial remodeling [8].

4. Intestinal Flora and HCC

HCC occurs almost exclusively in patients with chronic liver
disease and is driven by a vicious cycle of liver damage,
inflammation, and regeneration that often spans decades.

-erefore, liver fibrosis and cirrhosis may lead to HCC
[2]. In the human body, intestinal microbes interact with the
host through the gut-liver circulation and microecological-
liver axis, which are involved in the initiation and devel-
opment of liver inflammation, chronic fibrosis, and cirrhosis
[7]. According to statistics, about 80%∼90% of HCC cases
have advanced liver fibrosis or cirrhosis. In addition, about
5%∼25% of patients with cirrhosis will eventually develop
into HCC.

4.1. Intestinal Flora and Chronic Liver Disease. Chronic liver
disease may progress to HCC. -e chronic inflammation
underlying alcoholic hepatitis, nonalcoholic steatohepatitis,
and chronic hepatitis might be the driving factor of HCC.
Bacterial components from the intestine are stimulators for
liver inflammation through the gut-liver axis. -e proin-
flammatory role of intestinal bacterial compounds is regu-
lated by Toll-like receptors. -e inflammatory mediators
produced by various pathways can promote the aggregation,
proliferation, and activation of Kupffer cells, neutrophils,
and hepatic stellate cells. Activation of these cells produces
more inflammatory mediators, like chemokines and reactive
oxygen species that could cause liver cell damage. Sup-
pression of the intestine flora by antibiotics could diminish
liver inflammation and damage [14]. -e study of Lin et al.
[15] confirmed that in the process of acute hepatitis induced
by concanavalin A in rats, elimination of intestinal micro-
ecology enhanced the effect of LPS and Toll-like receptor 4
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(TLR4) on Kupffer cells. Activation of TLR4 stimulates
subsequent inflammatory signaling pathways and aggravates
hepatitis induced lesions.

4.2. Intestinal Flora and Liver Fibrosis. -ere is a strong
correlation between liver fibrosis and development of HCC.
Liver fibrosis is an important risk factor for the development
of HCC. Rodriguez et al. [16] showed that compared with the
healthy control group, the intestinal flora of the liver fibrosis
group was imbalanced, manifested as changes in the content
of Verrucomicrobia, laevis, actinomycetes, Desulfovibrio,
and Lactobacillus. -e abundance of bacilli and bifidobac-
teria was significantly increased. As a probiotic, abundance
of Verrucomicrobia is positively correlated with gastroin-
testinal health. Inhibition of the intestinal flora by antibiotics
prevents liver damage and fibrosis caused by carbon tet-
rachloride or choline deficiency diet, while the endotoxin
from intestinal flora increases liver fibrosis caused by choline
deficiency diet [17]. Another study [18] showed that in sterile
mice, intestinal sterilization increases liver fibrosis, indi-
cating contradictory effect of antibiotics on liver fibrosis.
Endogenous symbiotic microbiota offers hepatic protection
signals, since the complete removal of the intestinal flora
(sterile mice) can increase liver damage. -ese phenomena
may be due to the activation of antiapoptotic NF-κB sig-
naling pathway mediated by the absence of TLR4, subse-
quently aggravating liver fibrosis.

4.3. Intestinal Flora and Liver Cirrhosis. In liver cirrhosis,
due to decreased immune function, slow bowel movement,
hypoproteinemia, portal hypertension, and other factors, the
mesenteric ischemia and intestinal motility are downgraded,
leading to decreased beneficial bacteria such as Bacteroidota
and Clostridium and increased invasion and colonization of
conditional pathogenic bacteria such as Enterobacter and
Veillonella spp., finally resulting in imbalanced intestinal
flora. Chen et al. [19] found that the structure of the in-
testinal flora of patients with liver cirrhosis was significantly
different from that of healthy controls, and the degree of
intestinal microecological imbalance was positively corre-
lated with the severity of liver cirrhosis. In the fecal flora, the
phylum of Bacteroidota in patients with cirrhosis was sig-
nificantly reduced compared with healthy individuals, while
the phyla of Proteobacteria and Fusobacteria were signifi-
cantly increased, accompanied by an increase in potentially
pathogenic Enterobacteriaceae, Veronococcus, and Strepto-
coccus. Qin et al. [20] also verified this change through
metagenomics research and analysis, and it was found that
54% of the intestinal flora of patients with liver cirrhosis
originated from the oral cavity, thereby proposing the hy-
pothesis that the oral flora invaded the gastrointestinal tract
in patients with liver cirrhosis. In addition, other studies
[21–23] indicate that imbalanced intestinal flora plays a key
role in the pathophysiological process of the occurrence and
development of liver cirrhosis-related complications, such as
spontaneous bacterial peritonitis and hepatic
encephalopathy.

5. The Mechanism of Intestinal Flora
Involvement in the Occurrence and
Development of Liver Cancer

In recent years, more and more evidence has confirmed that
the imbalance of intestinal flora plays an important role in
the occurrence and development of liver cancer [24–27]. In
addition to the differences in the types of microbial com-
ponents and the intuitive changes in the amount of the
intestinal flora in HCC patients, it is also necessary to ex-
plore the impact of its metabolites on the liver, flora mi-
gration, destruction of the intestinal barrier, and
participation in immune response.

5.1. 2e Imbalance of the Intestinal Flora Promotes the De-
velopment of HCC. -e imbalance of the flora often plays a
key role in the development of chronic liver disease and
HCC. -e imbalance of the flora is mainly driven by the
pathological conditions of end-stage liver disease, such as
decreased bile secretion, changes in antimicrobial peptides,
and IgA secretion by the intestinal tract. It has been found
that the main manifestations of the imbalance of the flora in
patients with chronic liver disease and cirrhosis are in-
creased potential pathogenic bacteria, decreased beneficial
bacteria, and translocation of the flora from the gut to the
liver. Imbalanced intestinal flora weakens the colonization
resistance of itself and loses the barrier protection role,
triggering colonization and invasion of other potential
pathogens (including conditional pathogens) in the intes-
tine. For instance, a high-fat diet causes an increase in Gram-
negative bacteria in the intestine of mice, while decreasing
the ratio of Bacteroidota to scleroderma. In addition, it has
been shown that flora imbalance is transmissible in the
occurrence and development of liver diseases. For example,
transplanting imbalanced intestinal flora to mice on a
controlled diet increases liver damage and fibrosis. Although
there is no direct evidence indicating that the transmission
of flora can increase the risk of HCC, mice inoculated with
probiotics before tumor cell inoculation can inhibit the
formation of HCC [28, 29].

Intestinal bacterial components can not only directly
cause liver inflammation, but also regulate the immune
system to trigger inflammation. -e immune system rec-
ognizes MAMPs through the pattern recognition receptors
(PRRs), such as TLR4 and nucleotide oligomerization re-
gion-like receptors (NLRs) [14, 30]. Toll-like receptor (TLR)
is a protein that plays an important role in the crosstalk
between nonspecific immunity (natural immunity) and
specific immunity (acquired immunity). When the body’s
physical barriers (skin, mucous membranes, etc.) are chal-
lenged by microorganisms, TLR will recognize these mi-
croorganisms and stimulate the immune response. KCs,
HSCs, and hepatocytes in the liver express TLR4, which can
recognize LPS from the intestinal flora. Activation of TLR4
by LPS regulates the expression levels of other immune
molecules through a series of responses. Activation of TLR4
in HSCs will lead to upregulation of NF-κB-mediated he-
patic mitogen activated protein and promote mitosis of
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hepatocytes. On the other hand, activation of LPS-TLR4 axis
leads to NF-κB-mediated hindrance of hepatocyte apoptosis,
which ultimately promotes the formation of liver cancer.
KCs in the liver secrete inflammatory cytokines such as
TNF-α and IL-6 in large quantities during LPS-TLR4 ac-
tivation, causing oxidative stress and inflammation in the
liver, eventually damaging cell DNA and leading to gene
mutations [14, 31]. Meanwhile, HSCs in the liver are acti-
vated by the LPS-TLR4 pathway to synthesize and secrete
excessive extracellular matrix proteins, promoting the oc-
currence and development of liver cirrhosis. LPS activated
HSCs also secrete angiogenic factors, promoting migration
of mesenchymal endothelial cells and blood vessels for-
mation, which is a key step in promoting the progression of
HCC.

In addition, it has been shown that the TLR4 signaling
pathway of tumor cells is basically the same as that of
immune cells. In particular, tumor cells use TLR4 expressed
on their surface to maintain a microenvironment that is
conducive to tumor cell survival, thereby evading the body’s
immune attack [32]. Clinical studies have confirmed that the
expression of TLR4 in HCC patients is closely related to liver
cancer metastasis, early recurrence, and poor survival. -e
activation of TLR4 by LPS in liver cancer cell lines enhances
their invasion ability and epithelial-mesenchymal transition
and promotes the occurrence of HCC, suggesting that TLR4
may be a practical biological indicator of liver cancer me-
tastasis and recurrence. Yu and Schwabe [14] first com-
prehensively explained the role of intestinal-derived LPS in
the occurrence of HCC. -eir study found that intestinal
sterilization and downregulation of TLR4 can reduce the
incidence of liver tumors and inhibit tumor growth. In
addition, it was revealed that TLR4 is a tumor stem cell
marker, whose abnormal expression induces stem cell-like
characteristics by activating the TLR4/Nanog pathway
[33, 34].-erefore, targeting TLR4 or its homologous signals
might be a potential molecular target for HCC treatment by
regulating the proliferation and chemotherapy sensitivity of
liver cancer cells.

In addition to TLR4, the activation of TLR2 also pro-
motes the occurrence of hepatocytes. A study [35] showed
that lipoteichoic acid (LPA) and deoxycholic acid in the
intestinal flora can upregulate senescence-related secreted
phenotype (SASP) factors through Toll-like receptor 2
(TLR2) expressed on hepatic stellate cells and enhance the
expression of COX2 molecules. Furthermore, COX2-me-
diated prostaglandin 2 (PGE2) inhibits antitumor immunity
through the prostaglandin EP4 receptor (PTGER4), thereby
promoting the development of HCC. In addition, intestinal
flora and its components affect cell differentiation. For in-
stance, LPS increases hepatocyte proliferation through
TLR4, thereby increasing the risk of HCC. Inoculating mice
with probiotics can inhibit the differentiation of -17 cells
and reduce the secretion of IL17, decreasing the occurrence
and development of liver cancer [36].

5.2. 2e Imbalance of the Metabolites of Intestinal Flora
Promotes the Development of HCC. Intestinal bacterial
components, such as LPS, polypeptides, and bacterial DNA,

enter the mesenteric lymph nodes or other extraintestinal
organs through the intestinal mucosal barrier. When the
liver is damaged, Kupffer cells (KCs) are affected by these
components. -e internal pericytes are inhibited, and the
elimination of endotoxin is weakened. In addition, the
continuous portal hypertension opens the portal-caval
collateral circulation, resulting in high levels of endotoxemia
in the hepatic circulation and causing chronic liver in-
flammation [37]. When the intestinal flora is imbalanced
and the intestinal bacteria overgrow, bacterial components
(especially LPS) are increased greatly and the intestinal
barrier function is significantly reduced. As a result, a large
amount of LPS enters the liver through the portal vein and
activates TLR4 expressed on KCs, hepatic stellate cells
(HSCs), and liver cancer cells, promoting chronic hepatitis,
cirrhosis, and even liver cancer [38]. Intestinal metabolites
can not only aggravate the liver damage that has been
formed, but also induce systemic metabolic and hemody-
namic disorders, thus forming a vicious circle that continues
to aggravate liver diseases. -ere is evidence that the ma-
lignant degree of abnormal liver function is related to the
level of LPS and other bacterial substances. High concen-
trations of LPS and other bacterial substances in the blood
can cause liver cell damage, deteriorating liver fibrosis [37].
In addition, LPS induces the secretion of a variety of in-
flammatory factors, such as TNF-α, IL-6, and TGF-β, which
are involved in liver disease caused by LPS, especially in the
end-stage liver disease, such as hepatitis B or C virus in-
fection induced liver cancer [39].

Bile acid is an important component of bile and a
metabolite of cholesterol, which is mainly present in the
enterohepatic circulatory system. Intestinal microbes in-
teract with bile acid. Bile acid shapes the intestinal microbial
community. In turn, intestinal microbes can change the
storage of bile acid. Studies have shown [40–42] that high
concentration of bile acid which exceeds the physiological
range may cause cytotoxicity, inducing cell necrosis. Bile
acid and liver disease are closely related. Bile acids act on bile
acid-related receptors to regulate liver physiology. Bile acid-
related pathological research in liver is even trendier. At
present, most studies on bile acid receptors focus on far-
nesoid receptors (FXR), transmembrane G protein-coupled
receptor 5 (TGR5), and CXCR6, to explain the mechanism
of bile acid and its receptors in the liver disease development.
Homeostasis of bile acid and interaction with its receptor are
closely related to immune response, cell proliferation, and
apoptosis.

FXR, mainly distributed in liver and small intestine
tissues, is the main regulator of bile acid balance and
enterohepatic circulation, and bile acid is its natural ligand.
When the intestine is in an environment with a high level of
bile acid, intestinal FXR is activated. Both free bile acid and
bound bile acid can activate FXR.-e latter inhibits the rate-
limiting enzyme of bile acid synthesis, CYP7A1, whose
transcription mediates the negative feedback regulation of
bile acid synthesis. -e activated FXR stimulates intestinal
hormone fibroblast growth factor 15/19 (FGF15/19), which
binds to corresponding receptors on the surface of hepa-
tocytes, inhibiting the transcription of CYP7A1 gene. FGF15
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can be used as a secondary or auxiliary mitogen for hepa-
tocytes and enhances the growth of hepatocyte primary
mitogens, leading to mitogenic effects, such as increasing
hepatocyte growth factor and epidermal growth factor.
-erefore, the intestinal bile acid/FXR/FGF15 signaling axis
promotes liver regeneration with bile acid overload [43–45].
Activated FXR also inhibits the uptake and promotes the
secretion of bile acid by regulating the expression of bile acid
transporters in the liver and intestine, thereby inhibiting the
accumulation of bile acid in hepatocytes and ensuring the
stability of bile acid storage in the enterohepatic circulation
and intestinal cavity.

TGR5 is a bile acid membrane receptor, expressed in
biliary and intestinal epithelial cells and immune cells.
TGR5 can be activated by a variety of bile acids, thereby
affecting the homeostasis of bile acids. Stimulation of TGR5
in the liver and intestine inhibits the expression and se-
cretion of cytokines, which can reduce the transcriptional
activity of NF-lB, thereby reducing liver and intestinal
inflammation, preventing chronic hepatitis, and abating
the occurrence and development of liver disease [46, 47].
While activation of TGR5 has many protective effects, it
may also lead to deleterious outcomes. Due to its pro-
proliferative and antiapoptotic properties, it is closely re-
lated to the pathogenesis of hepatocellular carcinoma and
cholangiocarcinoma [48].

In recent years, CXCR6 has gradually become a target for
the treatment of HCC by mediating innate immunity in the
liver [49–51]. -e intestinal microbiota utilizes bile acid as
messengers to regulate the level of chemokine CXCL16 in
hepatic sinusoidal endothelial cells, thereby regulating the
accumulation of CXCR6 hepatic natural killer cells
(NKT cells). -e accumulated NKT cell is a highly activated
phenotype, and the antigen stimulates INF- c level, thereby
inhibiting the growth of liver cancer. -e result of an animal
experiment suggested that modulation of intestinal com-
mensal bacteria can specifically alter the growth kinetics of
liver tumors. Compared to controls, in mouse models with
inhibited intestinal bacterial growth, there were not only
more hepatic NKT cells, but also activated NKT cells. -e
number of surviving and aggregated CXCR6+ cells was also
increased, which inhibited the growth, spread, and metas-
tasis of liver cancer cells [52].

6. The Role of Intestinal Flora in the
Prevention and Treatment of Liver Cancer

Currently, there are many available treatments for HCC. In
addition to surgery, chemotherapy and radiotherapy,
transcatheter hepatic artery embolization, hepatic artery
infusion chemoembolization, molecular targeting, and im-
munotherapy are also available. Although the treatments are
effective to a certain extent, there have also been significant
complications and adverse effects. In recent years, with an
increased number of studies on liver diseases caused by
intestinal flora imbalance, targeted intestinal flora regulation
may become a new way to treat or prevent the development
of HCC.

6.1. Application of Probiotics in the Prevention and Treatment
ofHCC. Probiotics are a class of active microorganisms that
are beneficial to the human body, including Lactobacillus
and Bifidobacterium, which can improve the intestinal
microecology. More and more studies have found that
probiotics play a unique role in preventing the onset of HCC:
(1) Probiotics can improve the intestinal microecology,
protect the mucosal barrier, and reduce the activation of the
LPS-TLR4 pathway by modeling bacterial components
(especially LPS), thereby preventing the occurrence of HCC.
It was found [53] that high-dose Lactobacillus LF41 im-
proved intestinal and liver innate immunity in normal mice.
After 10 days of treatment in the digestive tract of normal
mice, it was found that the expression levels of COX-2 and
IL-10 in ileum and PGE2 in the liver were significantly
increased, which promoted the expression of IL-10 in the
liver mediated by LPS, facilitating resistance to LPS-induced
liver injury and expression of TNF-α. Since both liver in-
flammation and cirrhosis can cause HCC, probiotics play an
active role in the treatment of liver inflammation and cir-
rhosis and could effectively prevent liver cancer. (2) Pro-
biotics can also reduce carcinogenetic effects and prevent
HCC. Recently, it is reported that Bacillus subtilis can de-
grade aflatoxin, while the probiotic compound made from
Bacillus subtilis, Lactobacillus casei, and Candida utilis has a
higher degradation rate. -is suggests that probiotic for-
mulations can reduce the exposure dose of aflatoxin and
have a positive effect on the prevention of HCC [54]. In
addition, it has been shown that probiotic mixtures increase
the expression of tight junction proteins by activating p38
and ERK signaling pathways, protecting the intestinal epi-
thelial barrier, and preventing bacterial products such as
endotoxins from entering the portal circulation from the
intestine [55]. (3) Probiotics also improve the innate im-
munity of the liver and intestine, thereby enhancing
clearance of hepatitis viruses by the liver, reducing liver
inflammation and strengthening the intestinal barrier
function, ultimately exerting an anticancer effect [56–58]. It
has been shown that, on the one hand, probiotics may
stimulate the secretion of anti-inflammatory substances by
Prevotella; on the other hand, probiotics may effectively
suppress the development of HCC by inhibiting IL-17 se-
cretion in tumors. -is subset of helper T cells can inhibit
tumor immunity, stimulate tumor angiogenesis, and par-
ticipate in the occurrence and development of tumors [56].

6.2. Fecal Microbiota Transplantation. Fecal microbiota
transplantation (FMT) refers to a process of introducing the
fecal flora suspensions from healthy donors into the gas-
trointestinal tract of patients to reconstruct the micro-
ecological structure and function of the intestinal flora [59].
A preliminary clinical trial using FMT from healthy donors
for the treatment of severe alcoholic hepatitis found that
markers associated with liver disease severity (total bilirubin,
Child–Pugh score, and end-stage liver disease score) were
significantly improved within 1 week of FMTtreatment [60].
Iida [61] found that the intestinal flora can modulate the
therapeutic effect of tumors by regulating the tumor
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microenvironment. HCC is a chronic liver disease, and the
use of FMT is a very attractive prevention strategy. FMT is
effective in the treatment of chronic liver disease and may
play a role by restoring intestinal microecological balance in
patients. Some studies have also shown that FMT is also
beneficial to the delay of the progression of HCC; however,
solid evidence is lacking due to too few relevant studies. In
addition, we should also fully consider the safety of FMT
therapy. Future studies on clarification of active ingredients
with the therapeutic effect of FMT are needed to reduce the
infection of unknown pathogens caused by FMT, increasing
the safety of treatment for the HCC patients through reg-
ulating the intestinal microecology.

6.3. Antibiotics. Antibiotics can prevent the translocation of
intestinal microbes and their metabolites, reduce intestinal
microbial load, and improve the balance of intestinal flora. It
was reported that penicillin or sodium dextran sulfate in-
duced intestinal flora imbalance and significantly promoted
the development of HCC in mice; probiotics restored the
balance of intestinal flora, not only reducing the plasma
lipopolysaccharide level, but also reducing the number and
volume of tumors in mice [29]. Huynh et al. [62] used
bevacizumab combined with rapamycin to inhibit the
growth of HCC, which was significantly better than mon-
otherapy and markedly prolonged the survival time of HCC
mice. It is noteworthy that, on the one hand, antibiotics can
inhibit the inflammatory response caused by harmful in-
testinal flora and reduce the incidence of chronic hepatitis or
HCC. On the other hand, long-term abuse of antibiotics can
also lead to the disturbance of the originally complex in-
testinal microecological balance, triggering other diseases or
accelerating the progression of the disease.

6.4. Traditional Chinese Medicine. Traditional Chinese
medicine (TCM) and its ingredient compounds are com-
plex, being able to act on the “gut-liver axis” via multiple
targets and links and at multiple levels. Intestinal microbes
and active ingredients of TCM have bidirectional regulatory
effect. Specifically, the structure of the intestinal microbial
composition is disordered. A series of inflammatory reac-
tions can be normalized with the action of the active in-
gredients of TCM, and intestinal microorganisms are
involved in the metabolism of the ingredients of TCM [63].
TCM can prevent and treat HCC by intervening related
signal pathways, including Hedgehog signal pathway, IL-6/
STAT3 signal pathway, NF-lB signal pathway, PI3K/Akt/
mTOR signal pathway, MAPK signal pathway, TLR signal
pathway, and Wnt signaling pathway [64–66]. At present,
TCM is effective in preventing and treating HCC to a certain
degree, but the specific mechanism has not been fully elu-
cidated, and the signaling pathways involved remain to be
explored.

7. Conclusions

As previously mentioned, the imbalance of the intestinal
microecology may contribute to the development of HCC.

However, there is no direct evidence of its role in human
HCC. -erefore, it is necessary to further investigate the
possible link between the intestinal flora and human HCC.
Current studies have clarified that HCC patients, especially
those with liver cirrhosis, have imbalanced intestinal flora,
which will further aggravate the development of HCC and
form a vicious circle. Appropriate modulation of the in-
testinal flora can be beneficial to the prevention and
treatment of HCC. -e mechanism behind the relationship
between gut microbial components and HCC has been the
focus of researchers in recent years. -e development and
application of new drugs based on corresponding targets
have been discovered. However, they lack specificity for
HCC. In addition, their targets on liver cancer cells are still
not clear. It is unclear whether ligand-modified carriers can
be developed as auxiliary targets for HCC cells. Moreover,
there are differences in intestinal bacteria between different
liver diseases, stages, and individuals. Whether these dif-
ferences can be used as the criteria for liver disease classi-
fication and staging is unclear, which remains to be clarified
by more studies.

Data Availability

-e datasets used and analyzed during the current study are
available from the corresponding author upon reasonable
request.

Conflicts of Interest

-e authors declare no conflicts of interest.

Acknowledgments

-is work was supported by the Science and Technique
Innovation Project of Lanzhou University Second Hospital
(CY2018-MS14) and Doctoral Students Training Research
Fund of Lanzhou University Second Hospital (YJS-BD-32).

References

[1] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: A Cancer
Journal for Clinicians, vol. 71, no. 3, pp. 209–249, 2021.

[2] A. Forner, M. Reig, and J. Bruix, “Hepatocellular carcinoma,”
2e Lancet, vol. 391, no. 10127, pp. 1301–1314, 2018.

[3] T. Yamashita and S. Kaneko, “[Liver cancer],” Rinsho Byori,
vol. 64, no. 7, pp. 787–796, 2016.

[4] Q. M. Anstee, H. L. Reeves, E. Kotsiliti, O. Govaere, and
M. Heikenwalder, “From NASH to HCC: current concepts
and future challenges,” Nature Reviews Gastroenterology &
Hepatology, vol. 16, no. 7, pp. 411–428, 2019.

[5] H. Y. Jarvinen and P. K. Luukkonen, “Diabetes, liver cancer,
and cirrhosis: what next?” Hepatology, vol. 68, no. 4,
pp. 1220–1222, 2018.

[6] V. Gopalakrishnan, B. A. Helmink, C. N. Spencer, A. Reuben,
and J. A. Wargo, “-e influence of the gut microbiome on
cancer, immunity, and cancer immunotherapy,” Cancer Cell,
vol. 33, no. 4, pp. 570–580, 2018.

6 Contrast Media & Molecular Imaging



[7] A. Tripathi, J. Debelius, D. A. Brenner et al., “-e gut-liver axis
and the intersection with the microbiome,” Nature Reviews
Gastroenterology & Hepatology, vol. 15, no. 7, pp. 397–411,
2018.

[8] I. Milosevic, A. Vujovic, A. Barac et al., “Gut-liver Axis, gut
microbiota, and its modulation in the management of liver
diseases: a review of the literature,” International Journal of
Molecular Sciences, vol. 20, no. 2, p. 395, 2019.

[9] J. L. Price, C. Arze, A. N. Ananthakrishnan et al., “Multi-
omics of the gut microbial ecosystem in inflammatory bowel
diseases,” Nature, vol. 569, no. 7758, pp. 655–662, 2019.

[10] J. R. Marchesi, D. H. Adams, F. Fava et al., “-e gut
microbiota and host health: a new clinical Frontier,” Gut,
vol. 65, no. 2, pp. 330–339, 2016.

[11] J. H. Yiu, B. Dorweiler, and C. W. Woo, “Interaction between
gut microbiota and toll-like receptor: from immunity to
metabolism,” Journal of Molecular Medicine (Berlin), vol. 95,
no. 1, pp. 13–20, 2017.

[12] L. W. Peterson and D. Artis, “Intestinal epithelial cells: reg-
ulators of barrier function and immune homeostasis,” Nature
Reviews Immunology, vol. 14, no. 3, pp. 141–153, 2014.

[13] M. Vancamelbeke and S. Vermeire, “-e intestinal barrier: a
fundamental role in health and disease,” Expert Review of
Gastroenterology & Hepatology, vol. 11, no. 9, pp. 821–834,
2017.

[14] L. X. Yu and R. F. Schwabe, “-e gut microbiome and liver
cancer: mechanisms and clinical translation,” Nature Reviews
Gastroenterology & Hepatology, vol. 14, no. 9, pp. 527–539,
2017.

[15] Y. Lin, L. X. Yu, H. X. Yan et al., “Gut-derived lipopoly-
saccharide promotes T-cell-mediated hepatitis in mice
through Toll-like receptor 4,” Cancer Prevention Research,
vol. 5, no. 9, pp. 1090–1102, 2012.

[16] C. Rodriguez, B. Taminiau, N. Korsak et al., “Longitudinal
survey of Clostridium difficile presence and gut microbiota
composition in a Belgian nursing home,” BMC Microbiology,
vol. 16, no. 1, p. 229, 2016.

[17] E. Seki, S. D. Minicis, C. H. Osterreicher et al., “TLR4 en-
hances TGF-beta signaling and hepatic fibrosis,” Nature
Medicine, vol. 13, no. 11, pp. 1324–1332, 2007.

[18] J. H. Tabibian, S. P. O’Hara, C. E. Trussoni et al., “Absence of
the intestinal microbiota exacerbates hepatobiliary disease in a
murine model of primary sclerosing cholangitis,” Hepatology,
vol. 63, no. 1, pp. 185–196, 2016.

[19] Y. Chen, F. Yang, H. Lu et al., “Characterization of fecal
microbial communities in patients with liver cirrhosis,”
Hepatology, vol. 54, no. 2, pp. 562–572, 2011.

[20] N. Qin, F. Yang, A. Li et al., “Alterations of the human gut
microbiome in liver cirrhosis,” Nature, vol. 513, no. 7516,
pp. 59–64, 2014.

[21] T. H. Tranah, L. A. Edwards, B. Schnabl, and D. L. Shawcross,
“Targeting the gut-liver-immune axis to treat cirrhosis,” Gut,
vol. 70, no. 5, pp. 982–994, 2021.

[22] T. Oikonomou, G. V. Papatheodoridis, M. Samarkos,
I. Goulis, and E. Cholongitas, “Clinical impact of microbiome
in patients with decompensated cirrhosis,” World Journal of
Gastroenterology, vol. 24, no. 34, pp. 3813–3820, 2018.

[23] D. Campion, I. Giovo, P. Ponzo, G. M. Saracco, F. Balzola, and
C. Alessandria, “Dietary approach and gut microbiota
modulation for chronic hepatic encephalopathy in cirrhosis,”
World Journal of Hepatology, vol. 11, no. 6, pp. 489–512, 2019.

[24] Z. Ren, A. Li, J. Jiang et al., “Gut microbiome analysis as a tool
towards targeted non-invasive biomarkers for early hepato-
cellular carcinoma,” Gut, vol. 68, no. 6, pp. 1014–1023, 2019.

[25] Y. Zeng, S. Chen, Y. Fu et al., “Gut microbiota dysbiosis in
patients with hepatitis B virus-induced chronic liver disease
covering chronic hepatitis, liver cirrhosis and hepatocellular
carcinoma,” Journal of Viral Hepatitis, vol. 27, no. 2,
pp. 143–155, 2020.

[26] Q. Liu, F. Li, Y. Zhuang et al., “Alteration in gut microbiota
associated with hepatitis B and non-hepatitis virus related
hepatocellular carcinoma,” Gut Pathogens, vol. 11, no. 1, 2019.

[27] M. S. Zamparelli, A. Rocco, D. Compare, and G. Nardone,
“-e gut microbiota: a new potential driving force in liver
cirrhosis and hepatocellular carcinoma,” United European
Gastroenterology Journal, vol. 5, no. 7, pp. 944–953, 2017.

[28] J. H. Mejia, E. Elinav, C. Jin et al., “Inflammasome-mediated
dysbiosis regulates progression of NAFLD and obesity,”
Nature, vol. 482, no. 7384, pp. 179–185, 2012.

[29] H. L. Zhang, L. X. Yu, W. Yang et al., “Profound impact of gut
homeostasis on chemically-induced pro-tumorigenic in-
flammation and hepatocarcinogenesis in rats,” Journal of
Hepatology, vol. 57, no. 4, pp. 803–812, 2012.

[30] R. Wiest, A. Albillos, M. Trauner, J. S. Bajaj, and R. Jalan,
“Targeting the gut-liver axis in liver disease,” Journal of
Hepatology, vol. 67, no. 5, pp. 1084–1103, 2017.

[31] R. F. Schwabe and T. F. Greten, “Gut microbiome in HCC -
mechanisms, diagnosis and therapy,” Journal of Hepatology,
vol. 72, no. 2, pp. 230–238, 2020.

[32] B. Huang, J. Zhao, H. Li et al., “Toll-like receptors on tumor
cells facilitate evasion of immune surveillance,” Cancer Re-
search, vol. 65, no. 12, pp. 5009–5014, 2005.

[33] W. T. Liu, Y. Y. Jing, G. F. Yu et al., “Toll like receptor 4
facilitates invasion and migration as a cancer stem cell marker
in hepatocellular carcinoma,” Cancer Letters, vol. 358, no. 2,
pp. 136–143, 2015.

[34] C. C. Hsiao, P. H. Chen, C. I. Cheng et al., “Toll-like receptor-4
is a target for suppression of proliferation and chemo-
resistance in HepG2 hepatoblastoma cells,” Cancer Letters,
vol. 368, no. 1, pp. 144–152, 2015.

[35] T. M. Loo, F. Kamachi, Y. Watanabe et al., “Gut microbiota
promotes obesity-associated liver cancer through PGE2-
mediated suppression of antitumor immunity,” Cancer Dis-
covery, vol. 7, no. 5, pp. 522–538, 2017.

[36] L. X. Yu, H. X. Yan, Q. Liu et al., “Endotoxin accumulation
prevents carcinogen-induced apoptosis and promotes liver
tumorigenesis in rodens,” Hepatology, vol. 52, no. 4,
pp. 1322–1333, 2010.

[37] A. T. Garcia, L. E. Wai, D. Zheng et al., “Intrahepatic
CD206(+) macrophages contribute to inflammation in ad-
vanced viral-related liver disease,” Journal of Hepatology,
vol. 67, no. 3, pp. 490–500, 2017.

[38] G. Brandi, S. D. Lorenzo, M. Candela et al., “Microbiota,
NASH, HCC and the potential role of probiotics,” Carcino-
genesis, vol. 38, no. 3, pp. 231–240, 2017.

[39] L. Sun, J. J. Dai,W. F. Hu, and J.Wang, “Expression of toll-like
receptors in hepatic cirrhosis and hepatocellular carcinoma,”
Genetics and Molecular Research, vol. 15, no. 2, 2016.

[40] S. A. Joyce and C. G. M. Gahan, “Bile acid modifications at the
microbe-host interface: potential for nutraceutical and
pharmaceutical interventions in host health,” Annual Review
of Food Science and Technology, vol. 7, no. 1, pp. 313–333,
2016.

[41] P. L. Jansen, A. Ghallab, N. Vartak et al., “-e ascending
pathophysiology of cholestatic liver disease,” Hepatology,
vol. 65, no. 2, pp. 722–738, 2017.

[42] K. Allen, H. Jaeschke, and B. L. Copple, “Bile acids induce
inflammatory genes in hepatocytes: a novel mechanism of

Contrast Media & Molecular Imaging 7



inflammation during obstructive cholestasis,” American
Journal Of Pathology, vol. 178, no. 1, pp. 175–186, 2011.

[43] S. Kir, Y. Zhang, R. D. Gerard, S. A. Kliewer, and
D. J. Mangelsdorf, “Nuclear receptors HNF4α and LRH-1
cooperate in regulating Cyp7a1 in vivo,” Journal of Biological
Chemistry, vol. 287, no. 49, Article ID 41334, 2012.

[44] S. Fang, J. M. Suh, S. M. Reilly et al., “Intestinal FXR agonism
promotes adipose tissue browning and reduces obesity and
insulin resistance,” Nature Medicine, vol. 21, no. 2,
pp. 159–165, 2015.

[45] P. B. Limaye, W. C. Bowen, A. V. Orr, J. Luo, G. C. Tseng, and
G. K. Michalopoulos, “Mechanisms of hepatocyte growth
factor-mediated and epidermal growth factor-mediated sig-
naling in transdifferentiation of rat hepatocytes to biliary
epithelium,” Hepatology, vol. 47, no. 5, pp. 1702–1713, 2008.

[46] I. Titon, A. Cailleux-Bounacer, J. P. Basuyau, H. Lefebvre,
A. Savoure, and J. M. Kuhn, “Evaluation of a standardized
short-time calcium suppression test in healthy subjects: in-
terest for the diagnosis of primary hyperparathyroidism,”
European Journal of Endocrinology, vol. 157, no. 3, pp. 351–
357, 2007.

[47] L. Zhao, M. J. Zhang, H. Y. Zhao et al., “PTH inhibition rate is
useful in the detection of early-stage primary hyperparathy-
roidism,” Clinical Biochemistry, vol. 44, no. 10-11,
pp. 844–848, 2011.

[48] Y. Li, R. Tang, P. S. Leung, M. E. Gershwin, and X. Ma, “Bile
acids and intestinal microbiota in autoimmune cholestatic
liver diseases,” Autoimmunity Reviews, vol. 16, no. 9,
pp. 885–896, 2017.

[49] S. Peddibhotla, P. M. Hershberger, R. J. Kirby et al., “Dis-
covery of small molecule antagonists of chemokine receptor
CXCR6 that arrest tumor growth in SK-HEP-1 mouse xe-
nografts as a model of hepatocellular carcinoma,” Bioorganic
& Medicinal Chemistry Letters, vol. 30, no. 4, 60 pages, Article
ID 126899, 2020.

[50] J. J. Sun, G. Y. Chen, and Z. T. Xie, “MicroRNA-361-5p
inhibits cancer cell growth by targeting CXCR6 in hepato-
cellular carcinoma,” Cellular Physiology and Biochemistry,
vol. 38, no. 2, pp. 777–785, 2016.

[51] J. Korbecki, K. B. Rusinek, P. Kupnicka et al., “-e role of
CXCL16 in the pathogenesis of cancer and other diseases,”
International Journal of Molecular Sciences, vol. 22, no. 7,
p. 3490, 2021.

[52] L. Veinotte, S. Gebremeskel, and B. Johnston, “CXCL16-
positive dendritic cells enhance invariant natural killer T cell-
dependent IFNc production and tumor control,” OncoIm-
munology, vol. 5, no. 6, Article ID e1160979, 2016.

[53] Y. Yin, F. Li, S. Li, J. Cai, J. Shi, and Y. Jiang, “TLR4 influences
hepatitis B virus related hepatocellular carcinoma by regu-
lating the wnt/β-catenin pathway,” Cellular Physiology and
Biochemistry, vol. 42, no. 2, pp. 469–479, 2017.

[54] W. Huang, J. Chang, P. Wang et al., “Effect of the combined
compound probiotics with mycotoxin-degradation enzyme
on detoxifying aflatoxin B1 and zearalenone,” Journal of
Toxicological Sciences, vol. 43, no. 6, pp. 377–385, 2018.

[55] C. Dai, D. H. Zhao, and M. Jiang, “VSL#3 probiotics regulate
the intestinal epithelial barrier in vivo and in vitro via the p38
and ERK signaling pathways,” International Journal of Mo-
lecular Medicine, vol. 29, no. 2, pp. 202–208, 2012.

[56] Y. Song and J. M. Yang, “Role of interleukin (IL)-17 and
T-helper (-)17 cells in cancer,” Biochemical and Biophysical
Research Communications, vol. 493, no. 1, pp. 1–8, 2017.

[57] Y.Wang, C. Q. Pan, andH. Xing, “Advances in gutmicrobiota
of viral hepatitis cirrhosis,” BioMed Research International,
vol. 2019, Article ID 9726786, 9 pages, 2019.

[58] B. Ahmed, A. Rasul, K. Z. Tareen et al., “REVIEW- Con-
temporary evidence on the dynamic role of probiotics in liver
diseases,” Pakistan journal of pharmaceutical sciences, vol. 32,
no. 6, pp. 2765–2770, 2019.

[59] L. P. Smits, K. E. Bouter, W. M. de Vos, T. J. Borody, and
M. Nieuwdorp, “-erapeutic potential of fecal microbiota
transplantation,” Gastroenterology, vol. 145, no. 5,
pp. 946–953, 2013.

[60] C. A. Philips, A. Pande, S. M. Shasthry et al., “Healthy donor
fecal microbiota transplantation in steroid-ineligible severe
alcoholic hepatitis: a pilot study,” Clinical Gastroenterology
and Hepatology, vol. 15, no. 4, pp. 600–602, 2017.

[61] N. Iida, A. Dzutsev, C. A. Stewart et al., “Commensal bacteria
control cancer response to therapy by modulating the tumor
microenvironment,” Science, vol. 342, no. 6161, pp. 967–970,
2013.

[62] H. Huynh, P. K. Chow, N. Palanisamy et al., “Bevacizumab
and rapamycin induce growth suppression in mouse models
of hepatocellular carcinoma,” Journal of Hepatology, vol. 49,
no. 1, pp. 52–60, 2008.

[63] X. Liao, Y. Bu, and Q. Jia, “Traditional Chinese medicine as
supportive care for the management of liver cancer: past,
present, and future,” Genes & Diseases, vol. 7, no. 3,
pp. 370–379, 2020.

[64] Y. Hu, S. Wang, X. Wu et al., “Chinese herbal medicine-
derived compounds for cancer therapy: a focus on hepato-
cellular carcinoma,” Journal of Ethnopharmacology, vol. 149,
no. 3, pp. 601–612, 2013.

[65] L. Sun, P. Fahey, X. Zhu et al., “A cohort study to examine the
use of Chinese herbal medicine in combination with con-
ventional therapies for patients with hepatocellular carcinoma
in China,” Integrative Cancer 2erapies, vol. 17, no. 3,
pp. 902–911, 2018.

[66] X. Liu, M. Li, X. Wang et al., “Effects of adjuvant traditional
Chinese medicine therapy on long-term survival in patients
with hepatocellular carcinoma,” Phytomedicine, vol. 62, Ar-
ticle ID 152930, 2019.

8 Contrast Media & Molecular Imaging


