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Abstract
Primary liver cancer is one of the leading causes of cancer-related deaths worldwide. China has more than 55% liver
cancer cases globally. The development of hepatocellular carcinoma (HCC) was caused by a variety of risks factors,
including chronic inflammation by virus, alcohol consumption and non-alcoholic steatohepatitis. Emerging evidence has
notarized inflammation as a critical component of HCC progression. The development of HCC is a multistep process which
may originate from liver chronic injury and inflammation to subsequent fibrosis and/or cirrhosis and finally HCC. A large
number of studies indicate that chemokines and cytokines are candidates linking molecules between inflammation and
liver cancer. Here, we will describe a few of the key cytokines and chemokines and signal pathways which are involved in
the inflammation of HCC. Inhibitors of inflammation for the prevention and overcoming antitumor immunity for treatment
of liver cancer are promising candidates for the future management of patients with HCC.
Keywords: Inflammation, liver cancer, cytokines, chemokines, signaling pathways

INTRODUCTION

Primary liver cancer is one of the leading causes of cancer-related deaths and the fifth common largest
tumor type worldwide (http://globocan.iarc.fr). It can be categorized into hepatocellular carcinoma (HCC),
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Risks factors:
HBV and HCV infection,
alcohol consumption,
non-alcohotic steatohepatitis
(NASH), Aflatoxins or Bacterias,
type 2 diabetes or obesity,
Toxic drugs or chemical, etc.

Inflammation cytokines and
chemokines:
TNF-a, IL-6, IL-1b, IL-10, COX-2,
VEGF, HIF-1a, MMPS, Erk,
Akt, TGF-a/b1, JNK, ERK, P38,
ELK-1, AP-1, TCF, CD95, IL-1b,
IkB, TRAF-1/2, NF-kB, etc.

Chronic injury/
inflammation/
Immune response
Normal liver

Hepatocarcinogenic pathways:
PI3K/AKT/mTOR, WNT/b-catenin,
MAPK, NF-kB, VEGF, JAK/STAT,
EGFR, toll receptor pathway, etc.
Genetic/epigenetic/immunity
TERT, TP53, CTNNB1, ARID1A,
PD1/PD-L1, etc.

Genetic/epigenetic
immune dysfunction
Fibrosis/cirrhosis liver

Liver cancer

Figure 1. The multistep process of the development of liver cancer. The risk factors, inflammation cytokines and chemokines, and
hepatocarcinogenic pathways are related to the inflammation-cancer transformation during the development of primary liver cancer

intrahepatic cholangiocarcinoma (iCCA), and other rare types such as hepatoblastoma and fibrolamellar
carcinoma according to the pathological type. Tumor morphology can be divided into nodular, massive
and diffuse types of liver cancer[1]. It's worth noting that more than 500,000 people receive a diagnosis of
HCC every year and the incidence is still increasing worldwide, by about 4% per year in men and 3% per
year in women[2]. The number of fatal cases accounts for about 5.4% of all malignancies each year globally. It
is estimated that there will be over 1 million new cancer diagnoses of HCC each year by 2025[3]. China has
more than 55% liver cancer cases globally. HCC accounts for approximately 90% of primary liver cancer[4].
Currently, it is very limited for HCC patients to choose the suitable treatment. Over the past 2 decades, the
median survival time for advanced HCC patients is less than 1 year, and the 5-year relative survival rate
is below 9%[4]. Patients with well-preserved liver function will select surgical resection. The most effective
way for HCC patients to improve the survival is liver transplantation. Unfortunately, those treatments
often result in a poor prognosis, including a high risk of postoperative complications and recurrence of the
tumor. Although there are various strategies, such as liver transplantation, surgical resection, target drugs
(sorafenib, lenvatinib or regorafenib) and immunotherapy (nivolumab), to extend survival time of liver
cancer patients, those treatments are not effective[5]. It has been well recognized that HCC is a complex and
heterogeneous malignancy, caused by a variety of risks factors, including chronic inflammation by virus,
like hepatitis B virus (HBV) and hepatitis C virus (HCV), alcohol consumption, non-alcoholic steatohepatitis
(NASH), bacteria, type 2 diabetes, smoking or chemical. Age and gender are also risk factors for HCC[6].
HCC is more common in middle-aged men with a male to female ratio of up to (3-8):1. In China, the major
component of the attributable risk is chronic hepatitis B[7]. Based on those different causes, the molecular
pathogenesis of HCC is very complicated. This review is intended to facilitate the understanding of the
risk factors, inflammation cytokines and hepatocarcinogenic pathways related to the inflammation-cancer
transformation during the development of primary liver cancer [Figure 1].

INFLAMMATION AND LIVER CANCER

Virchow postulated the connection between cancer and inflammation in 1863[8]. It has been estimated that
inflammation and chronic infection would lead to the development of about 15% human cancers[9]. A large
number of epidemiological investigations suggest that inflammation is one of the main factors leading to
tumorigenesis or promoting tumor development[10]. Recently, more and more data have notarized inflammation
as a critical component of HCC progression. Direct evidences suggesting chronic inflammation, especially
hepatitis B and hepatitis C, are the risk factor for HCC. Patients who have those diseases will get more risk to
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develop HCC[11]. The development of HCC is a multistep process. There is a common situation that HCC are
originating from liver chronic injuries and inflammation, subsequent fibrosis and/or cirrhosis. When patients
get liver injury or inflammation, the liver parenchymal cells will die and release signaling molecules of death,
or cause inflammatory reaction. During chronic inflammatory hepatitis, the host's immune response to
HBV or HCV is usually not strong enough to eradicate the infection and damage, eventually leading to the
body's continued over-activation[12-14]. Cirrhosis is a chronic, progressive diffuse change in the liver caused
by a variety of factors. Long-term damage to liver cells will lead to degeneration and necrosis of liver cells.
After a wide range of liver cell degeneration and necrosis, intrahepatic connective tissue is regenerating,
then fibrous tissue is diffusing proliferation. This process helps promote the development and progression of
liver cancer. The process involved many mechanisms such as oxidative stress, endoplasmic reticulum stress
and mitochondrial damage, which will activate and promote the synthesis and secretion of tumor-related
transcription factors and cytokines, resulting in DNA damage and further promoting tumorigenesis[15-18].

INFLAMMATORY SIGNALING PATHWAYS OF HCC

The relationship between liver inflammation and HCC is strongly suggested by recent studies. A lot of
evidences about inflammatory mediators and signaling pathways are reported in HCC[4,9,19]. However, there
is a lack of adequate clinical evidence to support the routine use of anti-inflammatory drugs to improve
the prognosis of patients with liver cancer. So it is an interesting strategy to further investigate the antiinflammatory treatment for liver cancer. A large number of studies indicated that chemokines and cytokines
are candidates linking molecules between inflammation and cancer. The following parts will describe a few of
the key cytokines and chemokines and signaling pathways which are involved in the inflammation and HCC.
Cytokines and chemokines

Inflammatory cytokines are critically important in the liver injury development. When liver tissue or cells
stimulate with stimulants like alcohol and fatty acid, liver tissue synthesizes various types of cytokines
to defend that[20-25]. The well-studied cytokines include tumor necrosis factor-α (TNF-α)[26,27], interleukin
family (IL-6, IL-1β)[7,28,29], chemokines (VCAM-1, ICAM-1 and MCP-1)[30-33], etc. TNF-α and IL-6 are two
multifunctional cytokines in chronic hepatic inflammation. Kuffer cells will be activated during chronic
hepatitis, including NASH, alcoholic hepatitis, and hepatic infections with HBV and HCV, and inflammatory
cytokines. Following that, TNF-α and IL-6 will be synthesized and secreted in abundance. Elevated serum
levels of TNF-α and IL-6 have been found in patients with chronic hepatitis B[34,35]. Higher serum levels of
TNF-α and IL-6 have been reported as the high risk factors for cirrhosis and HCC development in patients,
especially with HBV and HCV infection. Several studies have shown that the hepatic tissue of DEN-treated
rats or mice has increased IL-6 and TNF-α production levels compared with the control group[36]. It has
been certified that TNF-α causes DNA damage through the induction of reactive oxygen species (ROS)[19,37].
IL-6 and IL-1β can potentially promote autophagy in liver tumor cells[25,38]. IL-1β has been linked with
inflammasome NLRP3 to promote the occurrence and development of chronic liver disease[39]. Both IL-1β
and TNF-α are related to stimulate cancer cell proliferation during chronic inflammation situation[40].
Chemokines induce chemotactic migration of targeting cells through their interaction with their receptors.
A large number of studies have shown that chemokines are up-regulated in various liver injuries. In chronic
liver inflammation, inflammatory factors, growth factors, oxygen stress and their products stimulate the
expression of chemokines. High expression of chemokines can activate hepatic stellate cells (HSC) involved
in the formation of liver fibrosis and even cirrhosis. It should been noted that IL-1β and TNF-α can activate
quiescent HSC to produce MCP-1, IL-8, indicating that inflammatory cytokines further accelerate the
conversion of inflammation to cancer through chemokines[41-43]. The CXC family is a family of chemokines
that have attracted the most attention during the metastasis of cancer and this family can promote the
migration of neutrophils, which often promote the development of inflammation. CXCL1, CXCL2, CXCL3
and CXCL have been reported to be highly expressed in hepatoma cells[44,45]. It has been shown that CXCL12
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activates expression of matrix metalloproteinase 10, which further stimulates migration of HCC cells[46].
In summary, these evidences showed that inflammation contributes to cancer by supplying important and
various molecules to the tumor microenvironment.
Signaling pathways

PI3K/AKT/mTOR pathway
In 1993, Kisen et al.[47] observed the existence of autophagy in pre-cancerous hepatocytes induced by chemical
carcinogens in rats, and proposed a new target that could potentially be used to treat HCC. Autophagy has
the dual role of promoting and inhibiting the evolution of liver cancer[48,49]. Autophagy often occurs in the
reduction from the pre-cancer stage to the occurrence of cancer and the reduction of autophagy can lessen
tumor cell autophagic death, so it plays a facilitating role in the growth of the tumor. However, before the
formation of blood vessels, the tumor cells are in a state of low nutrition and hypoxia, which stimulate
autophagy through the PI3K/AKt/mTOR pathway. Enhanced autophagy can provide nutrients to the hungry
tumor cells by removing damaged proteins, organelles and macromolecules, thereby inhibiting apoptosis
of tumor cell. The PI3K/AKt/mTOR pathway is of great importance to the development, progression and
treatment of HCC. It has been reported that TNF-α and IL-6 induced VEGF expression and angiogenesis
can be significantly inhibited by rapamycin, indicating that mTOR plays an important role in inflammationinduced angiogenesis[50]. Inflammatory factors such as TNF-α, IL-6, IL-1β and other secretions are also
regulated by mTOR signaling pathway[51]. In the case of sustained activation of the mTORC1 pathway, the
expression of pro-inflammatory cytokines such as IL-6, TNF-α are decreased and the expression of the antiinflammatory cytokine IL-10 is increased[52].
The role of PI3K/AKt/mTOR pathway in HCC can be summarized as follows: (1) promoting the formation of
tumor blood vessels: PI3K/AKt/mTOR pathway participates in the formation of blood vessels in tumor mainly
through two ways: PI3K/AKt signaling pathway can activate the cyclooxygenase 2 (COX-2), which is a key
enzyme that catalyzes the synthesis of prostaglandin-like substances, thereby promoting the angiogenesis of liver
cancer[53]. Hypoxia and growth factors can induce the expression of hypoxia inducible factor 1α (HIF-1α)[54],
the downstream blood vessels endothelial growth factor (VEGF) transcription[55]. The PI3K/AKt pathway
activation can up-regulate the expression of HIF-1α and VEGF, thus making endothelial cell migrate to form
new blood vessels; (2) promoting tumor invasion and metastasis: Johnson and Tee[56] have shown that PI3K/
AKt/mTOR activation can make the downstream molecules p70s6k phosphorylated to make actin filament
remodel and to enhance the ability of tumor cells to move, thus increasing the invasion and metastasis
of cancer cells. Activation of Akt increases the transcriptional activity of NF-κB and the motor function
of tumor cells, which facilitates invasion of cancer cells[57]. The PI3K/AKt/mTOR pathway can up-regulate
the expression of matrix metalloproteinase 2 (MMP-2) mRNA and protein, and degrade the extracellular
matrix (ECM) to promote tumor cell metastasis[58]; (3) promoting cell cycle progression: studies show that
the PI3K/AKt/mTOR signaling pathway can transmit mitotic signals to p70s6k, and p70s6k can up-regulate
major cell cycle proteins such as cyclin and CDK4[59], while increasing the expression of CDK4 accelerates
the cell cycle progression, thereby promoting cell proliferation and differentiation which both result in
liver cancer[60]. Unfortunately, the EVOLVE-1 randomized clinical trial showed that the MTOR inhibitor,
everolimus, did not improve overall survival in patients with advanced HCC whose disease progressed
during or after receiving sorafenib or who were intolerant of sorafenib[61]. The molecular classification and
predictive biomarkers may be necessary for further studies.
WNT/β-catenin pathway
WNT signaling pathway plays a role in organogenesis, regeneration and differentiation, and maintaining the
homeostasis of tissues and organs. In liver tissue, hepatocytes, hepatic stellate cells and Kupffer cells could
express this pathway[62]. There is growing evidence that WNT signaling pathway is involved in the development
of HCC. The sequencing studies of HCC tissues have identified the frequently activating mutations of
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CTNNB1 or inactivating mutations of AXIN1 and APC, which caused the activation of the WNT/β-catenin
pathway. The activating mutations of CTNNB1 results in the mutated β-catenin accumulation and migration
into the nucleus to activate transcription from target genes, which will promote HCC cell proliferation and
stemness. HBV-related HCCs showed less frequent activating mutations of CTNNB1 and more frequent
inactivation mutation of AXIN1 compared to HCCs related to HCV infection, alcohol consumption, or
NASH, which suggested that the mechanism of the WNT/β-catenin signaling activation may be different
in HCCs with different etiology[63]. A recent interesting study showed that deletion of endogenous β-catenin
in hepatocytes of mice aggravated HCC development driven by an oncogenic version of β-catenin together
with MET. This hepatocarcinogenesis featured up-regulation of Erk, Akt and WNT/β-catenin signaling and
cyclin D1 expression. The transcriptomics analysis of these mice tumors showed similar transcriptomes
to human HCCs with concomitant CTNNB1 mutations and MET overexpression. The β-catenin-deficient
livers displayed many changes including increased DNA damage response, expanded Sox9+ cells, and
up-regulation of pro-tumorigenic cytokines like IL-6 and TGF-β1. This study together with previous
studies suggested that both activating and inactivating mutations in CTNNB1, encoding β-catenin and
activation of WNT-β-catenin pathway, play important roles in liver tumorigenesis in humans and mice[64].
Recent researches show that abnormal expression of wnt signaling pathway is involved in the intrahepatic
inflammation, abnormal lipid metabolism and oxidative stress, with resulting in the occurrence of chronic
liver diseases such as non-alcoholic fatty liver disease and liver fibrosis[65,66].
MAPK pathway
Ras/Raf/MEK/MAPK is one of the key signal transduction pathways in the HCC. Many growth factors
could activate residual tyrosine of Ras/Raf/MEK/MAPK to phosphorylate itself including EGF, IGF, VEGF,
PDGF, FGFs and HGF. MAPK signal transduction is a three-step kinase cascade way, first of all MAPKKK is activated and phosphorylated by mitogen on the basis of the stimulation, the phosphorylated MAPKKK turns to activate MAP-KK, after which, the activated MAP-KK is able to phosphorylate MAPK and
finally translocate into the nucleus. The main pathways of MAPK signaling pathway are Ras-Raf-ERK, c-Jun
N-terminal kinase (JNK), and p38- MAPK pathway[67].
The Ras mutation on the oncogene activates Raf activation. The activated Raf activates it by phosphorylating the
serine residues on the mitogen activated kinase kinase (MEK) loop, then MEK activates extracellular signalregulated kinases (ERKs). ERK can also be activated by decreasing the level of dual specificity phosphatase
(DUSP), when the Ras mutation rate is low in HCC patients. Activated ERK in turn phosphorylates a
number of substrates that are linked to the cytoplasm and membrane, while also rapidly translocated into the
nucleus to dephosphorylate and activate transcriptional molecules involved in proliferative responses such as
ELK-1, AP-1, TCF, and the others, which regulate the expression of ETS, c-Jun, c-Fos, c-Myc, and cyclin D
in HCC and affect the prognosis of HCC[68]. In addition, activated ERK can regulate the phosphorylation of
histone, the pro-apoptotic protein Bad and the transcription factor CREB by ribosomal S6 protein kinase-2
phosphorylation[69]. Continuous activation of ERK results in the increase of phosphorylated ERK, which is
the basis of hepatoma cell proliferation and invasion[70].
JNK pathway maintains cell cycle continuity mainly through activation of JNK activating transcription factor
c-Jun synergistic with ERK pathway[69]. Activated JNK is not only bound to transcription factors ATF2 and
c-Jun amino-terminal domain, phosphorylation of the active region of the transcription factor, activation of
the transcription factor AP-1, up-regulating the expression of apoptotic precursors CD95 and TNF-α[71], but
also regulates phosphorylation of Bcl-2 indirectly after being activated, through the mitochondrial pathway
to diminish its anti-apoptotic ability. Studies have shown that JNK pathway can affect the invasion and
metastasis of HCC cell line MHCC97H, and that JNK inhibitor can affect human HCC xenografts and
increase chemically inducing murine liver cancer[72,73].
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P38 is mainly involved in cell inflammation and proliferation with four phenotypes of p38α, p38β, p38γ and
p38δ. P38α. The most important factor in the p38 MAPK pathway, regulates the release of inflammatory
cytokines such as IL-1β, IL-6 and TNF-α, and also increases ROS activity inducing hepatocyte apoptosis[74].
The p38 pathway can down-regulate the expression of cyclin D1 and block the cell cycle in G1-S and G2-M,
and can also affect the downstream gene GADD45A of the ringing tumor suppressor gene p53 to regulate the
development of early HCC[75]. An interesting mouse study suggested that inhibiting p38 MAPK (MAPK14)
could help treat the sorafenib resistant liver cancers. In a mouse model of sorafenib-resistant HCC, it was
discovered through in vivo screening of a shRNA library that p38 MAPK knockdown contributed sensitivity
to sorafenib. In other mouse models of HCC, sorafenib and a p38 MAPK shRNA or a small molecule
MAPK14 inhibitor skepinone-L increased survival of mice with HCC compared with sorafenib alone[76].
NF-κB pathway
NF-κB activation induces several pro-inflammatory cytokines which are prominent in supporting the
progression of cancer[77,78]. Chronic infection and inflammatory response are closely related to tumorigenesis.
HCC is the result of chronic inflammatory response induced by hepatitis B/C[79]. IKK/NF-κB pathway
plays an important role in hepatitis, liver fibrosis and HCC. NF-κB is a class of nucleoprotein factors with
multidirectional transcriptional regulation. The main endogenous inhibitory factor of NF-κB is IκB, which
makes NF-κB remain in the cytoplasm and inhibits its nuclear translocation. NF-κB is phosphorylated by
the IκB protein kinase complex, which is then ubiquitinated and degraded. The released NF-κB is transferred
from the cytoplasm to the nucleus, and then regulates Inhibition of apoptosis proteins (IAPs), Bcl-2 family,
TNFR-associated factor (TRAF-1, TRAF-2) and JNK in the cell[80-82].
Continued abnormal activation of NF-κB in hepatocytes results in the development of cholestatic hepatitis
and HCC. Inhibition of NF-κB can affect the normal apoptosis of hepatocytes[82]. Blocking IKK/NF-κB
signal transduction pathway may reduce hepatic inflammation from chronic inflammation[80]. It is possible
to prevent the development of HCC by blocking the abnormal JNK pathway activation and scavenging ROS
products and other ways to maintain the normal physiological level of NF-κB in the liver[83,84]. However,
NF-κB is often of over-abundant activation in liver cells to facilitate HCC transformation. Therefore, how
to remove overactive NF-κB and maintain it at normal physiological levels is the key to prevention and
treatment of HCC.
VEGF pathway
VEGF is a multifunctional cytokine that promotes endothelial cell division, proliferation and angiogenesis,
monocyte migration, and induction of inflammatory cytokines[85,86]. Liver VEGF is mainly present in
hepatocytes and endothelial cells with the VEGF receptors. Chronic liver disease includes hepatocyte atypical
hyperplasia, adenoid hyperplasia, nodules and other regenerative processes. The expression of VEGF in
cancer tissue initiates the neovascularization. In the early stage of liver disease, VEGF overexpression can
cause the increase of blood VEGF. VEGF levels in HCC patients are higher than in patients with chronic
hepatitis and cirrhosis. The increase of VEGF is negatively correlated with the prognosis of liver cancer[87,88].
The current only FDA approved first line therapeutic drug for advanced HCC, sorafenib, is also a tyrosine
kinase inhibitor (TKI) directed against the VEGF family. The ALICE-1 study suggested that the analysis of
VEGF and VEGFR SNPs may represent a potential clinical tool for better selection of HCC patients who
are more likely to benefit from sorafenib treatment. Currently, apatinib (YN968D1), a TKI that selectively
inhibits the VEGFR2, is actively studied in advanced HCC alone or combination with TACE (NCT03046979,
NCT03398122).
JAK/STAT pathway
In 1994, Darnell et al.[89] found JAK-STAT pathway. It was a new extremely fast signaling pathway, which
can transmit extracellular signals to the nucleus and through tyrosine kinase signaling and transcription
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activator targets. The activation eventually leads to biological effects. JAKs family belongs to the nonreceptor tyrosine kinase, so far there are 4 members of family: JAK1, JAK2, JAK3 and TYK2, with diverse
sizes, molecular weight between 120-140 kDa and evolution degree conservative[90]. STATs are a kind of
cytoplasmic proteins, associating with target genes binding. STATs are downstream substrates for JAKs. After
abnormal activation of JAK/STAT3 signaling pathway, p-STAT3 can bind to specific DNA in the nucleus and
directly or indirectly up-regulate the expression of apoptotic genes and thus regulate cell proliferation and
apoptosis[91]. STAT is highly expressed in many human malignant tumor tissues and cell lines, especially
STAT3, which is currently considered as an oncogene and may promote the occurrence and development of
liver cancer by influencing cell growth, differentiation and apoptosis[92,93]. Many evidence suggest possible
interactions between STAT3 and NF-κB signaling pathways. STAT3 can promote p65 into the nucleus,
resulting in NF-κB activation. JAK/STAT signaling pathway also play a part in pancreatic elastase-induced
secretion of interleukin-18[94]. Injection of JAK2 inhibitor AG490 significantly inhibited the activation of
JAK2-STAT3 after hepatic ischemia, and decreased the activation of NF-κB and TNF[95]. A phase I/Ib study
has been completed to assess the safety and anti-tumour activity of AZD9150 in patients with advanced/
metastatic HCC (NCT01839604).
EGFR signaling pathway
The EGFR is a tyrosine kinase that contributes to the regulation of cellular homeostasis. It is a 170-KDa
membrane protein that stimulates downstream cell proliferation, survival, and tumorigenesis [96].
Members of the human ErbB/HER receptor family include EGFR (ErbB1/HER1), ErbB2 (HER2/neu),
ErbB3 (HER3) and ErbB4 (HER4). EGFR encoded by the proto-oncogene erbB1 with EGFR ligand
family members of 10, such as EGF, transforming growth factor-α (TGF-α), amphiregulin, b cytokines,
heparin-binding EGF and epidermal regulatory elements[97]. EGFR activation can activate extracellular
downstream signaling transduction pathways such as ERKs-MAPK and PI3K. It is involved in the
regulation of cell division, differentiation and proliferation and promotes the repair of tissue injury. It
is also closely related to tumor cell cycle progression, apoptosis inhibition, tumor angiogenesis and cell motility
and invasion[98,99]. EGFR is highly expressed in hepatoma cells stimulated by TGF-α or EGF. In vitro and in vivo
experiments show that EGFR blockade can inhibit HCC proliferation and metastasis through the EGFR
pathway, and have synergistic effect of HGF treatment with other growth factor signaling pathways[100].
Currently, a pilot clinical trial studies the best dose of EGFR inhibitor erlotinib hydrochloride for
preventing liver cancer in patients with scarring (cirrhosis) of the liver undergoing surgery. Erlotinib
hydrochloride may help to prevent the development of fibrosis/cirrhosis and liver cancer in patients liver
cirrhosis (NCT02273362).
TLR signaling pathway
TLR is a transmembrane protein present on the surface of human cells. TLR plays an important role in
the innate immune response in the body as a major pattern recognition receptor. Currently, more than
a dozen TLR have been found in the human body and they are widely distributed in various tissues with
the specificity of cells and tissue distribution. TLR4, a natural receptor for LPS, plays an important role
in the regulation of acute inflammatory responses, transduction of cell signals and apoptosis[101]. During
liver fibrosis in rats, the expression of TLR4 protein in liver showed that compared with the normal control
group, the level of hydroxyproline in liver tissue began to increase significantly[102], and the level of plasma
endotoxin in model group increased gradually with a significant positive correlation between the content of
hydroxyproline after CCl4 treatment[103]. In HCV patients, the severity of the disease is associated with the
expression of TLR2/4 mRNA[104]. Compared with the normal group, TLR2/4 mRNA expression of chronic
hepatitis C patients were elevated. The study found that TLR4-MyD88-NF-κB signaling pathway plays an
important regulatory role in abnormal liver immune response, inflammatory response-triggered liver injury,
activation of hepatic stellate cells and the progression of hepatic fibrosis[105].
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INHIBITORS OF INFLAMMATION FOR THE PREVENTION AND TREATMENT OF LIVER CANCER

As mentioned above, a large number of in vitro and in vivo experiments and some clinical studies have
confirmed that chronic inflammation plays a key role in the development of HCC. Understanding the
cytokines and signaling pathways required for the transmission of inflammation in HCC is more conducive
to understanding the occurrence of HCC development, and can also provide some reference value for
drug research and development. The following will discuss in detail some anti-inflammation agents in the
potential of liver cancer treatment, which mainly was divided into two categories, natural medicine and
synthetic drugs.
Natural anti-inflammatory agents

Natural medicine refers to modern medicine system that has a certain pharmacological activity of animal
medicine, botanical medicine, mineral medicine, fruits, vegetables or spices. A large number of studies show
that many natural anti-inflammatory drugs also have both cancer prevention and treatment potential. Many
articles reported that natural products could be potentially used for the prevention and treatment of liver
cancer through diet.
Curcumin, a chemical derived from the rhizomes of some plants from the family Zingiberaceae, is a
diketone. Curcumin has a variety of pharmacological activities, including lipid-lowering, anti-tumor, antiinflammatory, gallbladder, anti-oxidation and other effects[106]. Existing research shows that curcumin can
inhibit DEN-induced NF-κB expression in liver tissue. Curcumin can also inhibit DEN-induced HCC by
inhibiting the expression of IL-2 and IL-6 and promoting Gpx, GRE and SOD activities[107]. El-Houseini et al.[108]
found that curcumin and taurine combination may be a new way to prevent liver cancer.
In 1940, resveratrol was first isolated from the roots of the leaf-walnut. In recent years, many studies
have shown that resveratrol has anti-cancer, anti-cardiovascular disease, weight loss, anti-bacterial, antiinflammatory, anti-oxidation pharmacological properties[109]. In vitro experiments showed that the migration
and invasion of HepG2 cells are inhibited by resveratrol, which decrease the expression of MMP-2, MMP-9
and NF-κB nuclear transfer[110,111]. Resveratrol was also been shown to inhibit SIRT1 mediated PI3K/AKT
pathway, thereby down-regulating Bcl-2, caspase-3 and caspase-7 expression[112]. DMU-212, a resveratrol
analogue, has been reported to have effect on antioxidant status and apoptosis-related genes in rat model of
hepatocarcinogenesis[113].
N-acetylcysteine (NAC), a water soluble organosulfur compound present in garlic, is a classic anti-oxidant.
Studies have shown that abnormal oxidative stress occurs in hepatocarcinoma. When NAC is used in hepatic
stellate cells (HSCs), it can inhibit hepatic fibrosis and HCC development[114]. Moreover, the use of NAC in
HCC mice inhibited the high expression of GST, which may be related to insulin-like growth factor I (IGF-I)
and iNOS[115,116].
Gallic acid (GA) is an organic acid, which is the main component of many herbs such as dogwood and
rhubarb. Experimental studies have shown that GA can inhibit the proliferation of HepG2 cells by inhibiting
the expression of IL-8 and promoting the expression of IL-10 and IL-12[117]. In the SMMC-7721 cells, GA
induced caspase-3, caspase-9 and reactive oxygen species (ROS) activity[118]. N-nitrosodiethylamine induces
the high serum levels of alpha-fetoprotein, glypican-3, and STAT3. Those can all be inhibited by GA through
activation of p38 in HepG2 to produce anti-oxidant effect[119].
Flavonoids are a class of secondary metabolites of plants derived from a wide range of sources and can be
derived from fruits, vegetables, roots, stems, flowers, beans, and daily intake of beverages such as tea and
wine. Among them, baicalein, quercetin and genistein are three simpler and more studied agents. Baicalein
is derived from plant scutellaria baicalensis. Studies have reported that baicalein can inhibit the proliferation
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of Bel-7402 cells through periodic blockade[120]. The process involves mainly involved in MAPK, Wnt, Hippo
and PI3K-Akt/mTOR signaling pathways[121]. Quercetin can enhance the antiproliferative effect of IFN-α in
hepatocarcinoma cells by inhibiting SHP2 phosphatase activation of JAK/STAT signaling pathway[122]. The
results showed that quercetin nanoparticles could inhibit caspase/Cyto-c signaling pathway, inhibit AP-2
and NF-κB, block Akt/ERK signaling pathway to play an antitumor effect[123]. Genistein can induce HCC cell
death by regulating the inhibition of aerobic glycolysis by HIF-1α, and genistein can regulate gene products
Cyclin D1, Bcl-xL, Bcl-2, c-myc and COX-2 by inhibiting NF-κB and VEGF expression, and then alleviate
the occurrence and development of HCC[124].
Myrtenal is an important variety of spices, has been widely used in daily chemical, pharmaceutical, food and
other industries. Studies have shown that, as a natural monoterpene, Myrtenal can inhibit DEN-induced high
expression of TNF-α in HCC[125]. Myrtenal also improves DEN-induced hepatocarcinogenesis by activating
tumor suppressor protein p53 and modulating lysosomal and mitochondrial enzymes[125].
Hesperidin is a chalcone compound. Many articles have reported that it has a good anti-liver cancer effect
was shown through the Wnt pathway, ROS, ATP and calcium[126-128]. More importantly, hesperidin on tumor
cell invasion inhibition was realized mainly through inhibition of AP-1 and NF-κB in human HCC cells[129].
Synthetic anti-inflammatory agents

Aspirin is a clinical analgesic and antipyretic drug. Due to its long clinical application and high safety,
research on its multiple clinical conditions is now receiving great attention. At present, studies have shown
that aspirin has good anti-tumor activity[130]. Among them, the application of liver cancer has been gradually
reflected. A large number of clinical studies have shown that long-term use of aspirin in HCC patients can
inhibit the expression of AMPK, mTOR and β-catenin and thus inhibit the progress of liver cancer[131].
Our recent study suggested aspirin as a promising chemopreventive and chemotherapeutic agent for liver
cancer. There is a current prospective randomized controlled trial registered in China to investigate the
effect of sorafenib combined with aspirin in preventing patient risk for postoperative surgical recurrence
of HCC (NCT02748304). We have demonstrated that by combining low-dose sorafenib and aspirin, the
synergistic antitumor effects observed are related to the simultaneously silencing of ACSL4 and the
induction of GADD45B expression. The clinical survival of HCC patients expressing ACSL4highGADD45low
was significantly poorer compared to patients with ACSL4lowGADD45Bhigh expression, thus demonstrating
the potential clinical value of combining aspirin and sorafenib to treat HCC patients expressing
ACSL4highGADD45low[132].
There are so many special COX2-inhibitors, like celecoxib, etodolac, JTE-522 and nimesulide. Even
though those are COX-2 inhibitors, their principles of pharmacological activity are different. Celecoxib
inhibited the translocation of p65 to the nucleus from the cytoplasm[133]. R-Etodolac (at physiological
doses) and Celecoxib (at high concentrations) on HCC cells were accompanied by the down-regulation
of β-catenin[134]. CDAA model activated hepatic stellate cells and promoted CD45-positive inflammatory
cells coming in the liver. JTE-522 can attenuate all the change[135]. Nimesulide inhibits the proliferation
of HepG2 by up-regulation of Smad4 and downregulation of HSP70 gene expression of SMMC-7721[136].
Roxithromycin is a new generation of macrolide antibiotics. It inhibits constitutive activation of NF-κ B
by diminishing oxidative stress or suppressing VEGF production in a rat model of HCC [137]. Erlotinib, a
special EGFR inhibitor, involves in development of HCC. It is reported that EGFR-ERK pathway has been
inhibited by erlotinib in HCC model[138]. However, due to extensive use of erlotinib, some patients with
HCC in clinical trials have become resistant. Therefore, the study turned to combination therapy[139-141].
In the literature, neurotensin regulation induces overexpression and activation of EGFR in HCC and
restores response to erlotinib[142].
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CONCLUSION

Inflammation is one of the key factors to promote liver malignant transformation. A better understanding
of the molecular processes of inflammation-cancer transformation in the development of primary liver
cancer will be important to developing early detection for HCC and new drugs to efficiently prevent de
novo hepatocarcinogenesis. It has been shown that inflammatory microenvironment constitutes different
immune cells. Currently, overcoming antitumor immunity by immune checkpoint inhibitors represents one
of the most promising therapeutic strategies for the treatment of many cancers including HCC[143]. Some
immune checkpoint inhibitors, such as anti-programmed death 1/programmed death-ligand 1 antibodies,
have recently been reported in the promising clinical trial results. The Food and Drug Administration in
United State has approved the nivolumab to be used for advanced HCC patients who fail to respond to firstline treatment[144]. There are still no effective chemoprevention strategies in patients at high risk for HCC
development besides the viral eradication in patients with viral hepatitis[143]. We proposed that aspirin, a nonsteroidal anti-inflammatory drug, may emerge as a promising chemopreventive and chemotherapeutic agent
for HCC[132]. There are great opportunities to further understand inflammation-cancer transformation and
developing pharmacological strategies for preventing inflammation and HCC development and recurrence.
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