
lar carcinoma (HCC) whatever the etiology. Studies in 
hepatitis B virus-related chronic liver diseases are not 
conclusive, while specific populations like non alcoholic 
fatty liver disease/non-alcoholic steatohepatitis, auto-
immune and human immunodeficiency virus/HCV co-
infected patients show a higher prevalence of the low-
producer genotype, probably due to the complexity of 
these clinical pictures. In this direction, a systematic 
revision of these data should shed more light on the 
role of this polymorphism in chronic liver diseases and 
HCC.
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Core tip: Several studies suggested the possibility of an 
association between -174 interleukin-6 gene G/C poly-
morphism and some liver diseases however, the data 
in the literature are still controversial. This work aims 
to review the literature data on the role of this poly-
morphism and its possible biological function in chronic 
liver diseases and hepatocellular carcinoma.
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INTRODUCTION
In recent decades chronic liver diseases (chronic hepa-
titis, liver cirrhosis) and hepatocellular carcinoma have 
become more and more diffuse both in Western and in 
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Abstract
Interleukin-6 (IL-6) is a pleiotropic cytokine which is 
expressed in many inflammatory cells in response to 
different types of stimuli, regulating a number of bio-
logical processes. The IL-6  gene is polymorphic in both 
the 5’ and 3’ flanking regions and more than 150 single 
nucleotide polymorphisms have been identified so far. 
Genetic polymorphisms of IL-6  may affect the out-
comes of several diseases, where the presence of high 
levels of circulating IL-6 have been correlated to the 
stage and/or the progression of the disease itself. The 
-174 G/C polymorphism is a frequent polymorphism, 
that is located in the upstream regulatory region of the 
IL-6  gene and affects IL-6 production. However, the 
data in the literature on the genetic association be-
tween the -174 G/C polymorphism and some specific 
liver diseases characterized by different etiologies are 
still controversial. In particular, most of the studies are 
quite unanimous in describing a correlation between 
the presence of the high-producer genotype and a 
worse evolution of the chronic liver disease. This is 
valid for patients with hepatitis C virus (HCV)-related 
chronic hepatitis and liver cirrhosis and hepatocellu-
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Eastern countries, representing an important problem 
for health systems worldwide[1-5]. Whatever the etiology, 
these diseases share a common pathogenetic mechanism 
which is linked to chronic inflammation[6]. Hepatotropic 
viruses, toxins and alcohol, metabolic liver disease or au-
toimmunity can be the triggers which, acting chronically 
in the liver, ultimately activate cellular pathways involv-
ing transcription factors of  the nuclear factor kappa-
light-chain-enhancer of  activated B cells (NF-κB) family 
and signal transducer and activator of  transcription 3 
(STAT3), as well as cytokines such as interleukin-6 (IL-6) 
and IL-1α, etc.

In particular, IL-6 is a cytokine involved in the regula-
tion of  several cellular processes including proliferation 
and differentiation and plays a pivotal role in acute phase 
response and in the control of  the balance between pro-
inflammatory and anti-inflammatory pathways. The IL-6 
gene is located on chromosome 7p21[7]. A number of  stu
dies indicated that the presence of  a G/C single nucleo-
tide polymorphism (SNP) at the promoter -174 of  the 
IL-6 gene, one of  the numerous known polymorphisms 
in the IL-6 gene, is related to the IL-6 gene transcription 
rate and, as a consequence, to the control of  circulating 
IL-6 levels[8,9].

Subsequently, two phenotypes for this polymorphism 
were identified: the high-producer phenotype, including 
the -174 G/G and -174 G/C genotypes, characterized 
by higher circulating IL-6 levels; and the low-producer 
phenotype, including the -174 C/C genotype[8]. Genetic 
population studies have shown that there are ethnic 
differences in the frequency of  the -174 G allele, with 
higher frequencies in non-Caucasian than in Caucasian 
populations[10,11].

High circulating levels of  IL-6 have been document-
ed in several clinical conditions (inflammatory, neoplastic 
diseases) and in particular in various liver diseases such 
as viral chronic hepatitis[12], alcoholic liver disease[13], liver 
cirrhosis and hepatocellular carcinoma (HCC)[14]. A small 
number of  studies have investigated a possible correla-
tion between the presence of  the -174 G/C polymor-
phism, IL-6 circulating levels and the stage of  disease[15]. 
However, the results of  these studies are quite contro-
versial. This work aims to review the literature data on 
the role of  G/C base exchange at position -174 of  the 
IL-6 gene and its possible biological function in chronic 
liver diseases and HCC.

IL-6  POLYMORPHISM (-174 G/C) AND 
HEPATITIS C VIRUS AND HEPATITIS B 
VIRUS INFECTION
Produced by a variety of  cells such as macrophages, B 
and T cells and fibroblasts, IL-6 plays a central role in 
the inflammatory response associated with the course 
of  chronic hepatitis due to hepatitis C virus (HCV)- and 
hepatitis B virus (HBV)-related infection[16,17].

To mediate its biological effects it interacts with a 
receptor complex consisting of  a specific ligand-binding 

protein (IL-6R, gp80) and a signal transduction protein 
(gp130) (Figure 1A). When IL-6 binds its cell surface 
receptor (IL-6R) on the hepatocyte a homodimer of  the 
signal transduction receptor gp130 is recruited to the 
complex and it activates a janus kinase 1 which in turn 
triggers two main signaling pathways: the gp130 Tyr759-
derived Src homology 2 domain-containing protein 
tyrosine phosphatase-2/extracellular-signal-regulated ki-
nase/mitogen-activated protein kinase pathway and the 
gp130 YXXQ-mediated Janus associated kinase/signal 
transducer and activator of  transcription pathway (Figure 
1B). Interestingly, sIL-6R (soluble form of  IL-6R) also 
binds with IL-6, and the IL-6-sIL-6R complex can then 
form a complex with gp130[18,19]. Through this receptor 
system IL-6 can influence various cell types and exert its 
multiple biological activities regulating immune response, 
acute phase response and inflammation.

During HCV infection, an altered production of  cy-
tokines seems to be related to viral persistence and to af-
fect response to therapy. Barret et al[20] comparing various 
cytokine polymorphisms (including -174 G/C IL-6) in 
individuals with spontaneous viral clearance after HCV 
infection and in those with persistent viremia, reported 
that the CC genotype with low IL-6 production was as-
sociated with spontaneous viral clearance, while an as-
sociation between the high IL-6 producer genotypes and 
persistent infection only became apparent when both 
genotypes (GG and GC) were combined. As regards the 
influence of  the genetic background in individuals with 
HCV infection and response to the antiviral therapy, the 
most recent literature data have investigated the role of  
IL-28B polymorphisms as a predictor of  the outcome 
of  the commonly-used treatments[21]. However, because 
of  the central importance of  IL-6 as a mediator of  the 
immune response to infectious agents, and considering 
that host genetic variation, and in particular haplotypes, 
may affect IL-6 expression, Yee et al[22] examined the con-
tribution of  haplotypes in the IL-6 gene to therapy for 
chronic HCV infection on sustained viral response (SVR). 
Among the SNPs genotyped and included in haplotype 
construction, the authors found some SNPs (includ-
ing -174G/C, and in particular genotypes GG and GC) 
showing significant associations with a reduced likelihood 
of  SVR.

These results are in contrast with previously reported 
ones published by Nattermanne et al[23] which, however, 
were obtained in another specific population, i.e., patients 
co-infected with both acute and chronic HCV and human 
immunodeficiency virus (HIV). The aim of  this study was 
to evaluate whether IL-6 -174 G/C polymorphism could 
affect response to antiviral treatment in HCV-infected 
HIV-positive patients. The study group was compared 
to a group of  HCV- and a group of  HIV-monoinfected 
patients, as well as to a group of  healthy individuals and 
no significant difference was found in the distribution of  
IL-6 genotypes between the study groups. However, the 
authors concluded that carriers of  high-producer geno-
types (genotypes IL-6 174 GG and 174 GC) had signifi-
cantly higher SVR rates than patients with an IL-6 low-
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producer genotype (genotype 174 CC).
Another particular subgroup of  HCV patients is the 

one with persistently normal or near normal alanine ami-
notransferases levels (PNALT), which for several years 
was supposed to have a milder course of  disease, whereas 
it is now well known that in a few cases it can evolve to 
cirrhosis[24]. Among the studies evaluating genetic poly-
morphisms in chronic HCV carriers with PNALT, Falleti 
et al[25] evaluated the role of  five IL-6 polymorphisms 
(among them -174 G/C) in modulating fibrosis progres-
sion in PNALT patients with chronic HCV infection. 
The principal point of  interest in this study were the 
associations found between IL-6 polymorphisms and 
grading and staging increase during the follow-up of  the 
patients with chronic viral hepatitis C and PNALT. In 
particular, grading increase appeared to be related to the 
presence of  the G allele of  the IL-6 -174G/C polymor-
phism, while the C allele seemed to be protective. 

As cytokines also play a fundamental role in the im-
mune response to HBV and HBV infection may have 
different forms of  evolution (self-limited or persistent 
and progressive), IL-6 polymorphisms have also been 
studied to investigate a possible correlation between 
IL-6 promoter variants and chronic hepatitis B progres-
sion, infection evolution in adult patients and risk of  
HCC development. Unfortunately, the data reported by 
Park et al[26] are not conclusive because in their attempt 
to analyze additional polymorphisms in variants of  
genes implicated in chronic hepatitis B progression they 
found that Koreans and Caucasians had different genetic 
backgrounds in terms of  the allele frequencies of  the 
IL-6 promoter SNPs. In particular, in their study the al-
lele frequencies reported in Caucasians (range: 0.40-0.45) 
were much higher than those found in Koreans (allele 
frequencies 0.002). The authors concluded that at least 
in their population, although IL-6 may have important 
functions in the progression of  chronic HBV infection, 
its genetic variants probably do not influence the devel-
opment of  LC and HCC from chronic HBV infection, 
due to too low frequencies of  IL-6 174 G/C. 

Another attempt to correlate cytokine genetic poly-
morphism with hepatitis B infection evolution was made 

in a Brazilian population, but the study found no sig-
nificant differences in the polymorphism of  IL-6 -174 
between the chronic HBV patient group and the self-
limited infection group as regards alleles, genotypes or 
phenotypic expression[27].

Similarly, the study of  a Japanese population by Migita 
et al[28] with the aim of  characterizing cytokine gene poly-
morphisms in chronic HBV infection and their associa-
tions with HCC, was unable to show conclusive data 
about the role of  IL-6 -174 because no polymorphisms 
were found at that position (Table 1).

IL-6  POLYMORPHISM (-174 G/C) AND 
NON-VIRAL CHRONIC LIVER DISEASES
Non-alcoholic steatohepatitis
Non-alcoholic fatty liver disease (NAFLD) includes a 
broad spectrum of  clinic-pathological entities, including 
simple steatosis and non-alcoholic steatohepatitis (NA
SH), which can progress to advanced liver diseases[29]. 
Its pathogenesis is strictly linked to insulin resistance 
and to all the mechanisms described for the develop-
ment of  metabolic syndrome, and in this perspective an 
important role is played by genetic background[30,31]. It 
is well known that the balance between pro- and anti-
inflammatory acting cytokines is fundamental in the 
control of  hepatic and systemic insulin action, and as a 
consequence, in the development of  NAFLD. In partic-
ular, serum levels of  this cytokine correlate remarkably 
well with the presence of  insulin resistance, and adipose 
tissue-derived IL-6 has been shown to regulate hepatic 
insulin resistance via up-regulation of  suppressor of  
cytokine signaling 3[32]. However, the role of  -174 G/C 
polymorphism in this population raises some questions. 
In fact, a study by Carulli et al[33] found that the IL-6 
-174C variant, is significantly more prevalent in NAFLD 
than in healthy subjects, is associated with increased fast-
ing insulin and homeostasis model assessment of  insulin 
resistance, and is an independent predictor of  NAFLD 
and NASH. This finding is in contrast with other stud-
ies which showed that the IL-6 -174G variant was as-

Figure 1  Interleukin-6 interaction with its receptor complex. A: Mechanism of action of the interleukin-6 (IL-6); B: Activation of the two pathways triggered by the 
IL-6 action. SHP-2: Src homology 2 domain-containing protein tyrosine phosphatase-2; ERK/MAPK: Extracellular-signal-regulated kinase/mitogen-activated protein 
kinase; JAK/STAT: Janus associated kinase/signal transducer and activator of transcription.
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sociated with lipid abnormalities[34] and with diabetes in 
Caucasians as well as Pima Indians[35-38] and that the C 
allele at -174 position was unlikely to play a role in the 
development of  type 2 diabetes mellitus in a Taiwanese 
population[39]. One possible explanation for these contra-
dictory results can be found in the conclusion of  a study 
on an experimental mouse model of  ASH and NAFLD: 
IL-10-/- mice were prone to liver inflammatory response 
but resistant to steatosis and hepatocellular damage indu
ced by ethanol or high-fat diet feeding, thanks to the el-
evation of  inflammation-associated hepatic IL-6/STAT3 
activation that subsequently down-regulated lipogenic 
genes, but up-regulated fatty acid oxidation-associated 
genes in the liver[40].

Alcoholic liver diseases
In an attempt to explain why only a minority of  heavy 
drinkers develop alcoholic liver cirrhosis or alcohol use 
disorders, some genetic factors have been considered[41,42], 
such as polymorphisms of  genes encoding cytokines. 
Several studies support the hypothesis of  a pivotal role 
of  ethanol-induced cytokine changes in contributing to 
alcohol pathogenesis in a number of  tissues, including 
the liver[43-45]. Moreover, elevated serum concentrations 
of  pro-inflammatory cytokines such as tumor necrosis 
factor-α, IL-1, IL-6 and IL-8 and decreased levels of  an-
ti-inflammatory cytokines like IL-10 have been shown in 
patients with this disease[43,46,47]. However, the only study 
on common polymorphisms in interleukin genes (includ-
ing -174G/C IL-6) in a population of  Spanish alcoholic 
patients did not find any statistically significant associa-
tions between any of  the studied polymorphisms or the 
combinations of  pro-inflammatory polymorphisms and 
the risk of  alcoholic liver cirrhosis or alcohol abuse or 
dependence[48].

Autoimmune liver diseases
Autoimmune hepatitis (AIH), primary biliary cirrhosis 
(PBC), and primary sclerosing cholangitis represent the 
three main categories of  autoimmune liver diseases. How
ever, their etiology and possible environmental triggers 
still remain obscure even if  it is well established that a 
complex genetic background contributes to disease sus-
ceptibility and severity. Several studies have established 
that genetic factors are involved in the pathogenesis of  
autoimmune liver diseases[49-52]. Among these studies, one 
in a Chinese population of  patients with AIH and PBC 
found that frequency of  IL-6 -174C was high and signifi-
cantly increased in PBC patients compared with controls. 
This result supports the hypothesis that the IL-6 -174G/
C polymorphism could contribute to the change in sus-
ceptibility to PBC in some subjects[53] (Table 2).

IL-6 POLYMORPHISM (-174 G/C) AND HCC
An interrelation between chronic inflammation and can-
cer has been suspected for a long time[54]. Many tumors 
occur in association with chronic infectious diseases and 
persistent inflammation increases the risk and accelerates 

the development of  cancer[55-59]. HCC is one of  the most 
clear examples of  inflammation-related cancer[60,61]. It is 
a tumor that slowly progresses through a chronic inflam-
mation state, triggered by exposure to various agents. The 
molecular links that connect inflammation and cancer 
are not completely known, although there is a consistent 
body of  evidence pointing to the role of  transcription 
factors such as NF-κB[62] and STAT3[63] and cytokines like 
IL-6[64] as well as other inflammatory mediators in HCC 
development. A first attempt to study the potential role 
of  cytokine polymorphisms in determining the risk of  
HBV-related HCC was made in 2005 by Nieters et al[65], 
who examined the correlation between polymorphisms in 
Th1 and Th2 cytokine genes in a group of  250 patients 
with incident HCC and a group of  250 matched hospital-
ized controls in China: however, none of  the study partic-
ipants presented the C allele of  the IL-6 -174 G/C poly-
morphism, therefore this polymorphism was not further 
investigated. Subsequently, a population-based case-con-
trol study of  HCC, including 120 HCC patients and 230 
matched control subjects, was conducted in non-Asian 
residents of  Los Angeles County, California, into genetic 
polymorphisms in the cytokine genes and risk of  HCC. 
The authors demonstrated that the GG IL-6 genotype 
showed the strongest influence on HCC risk among all 
the cytokine polymorphisms studied[66]. In a more recent 
study Falleti et al[25] investigated whether IL-6 polymor-
phisms could be associated with the occurrence of  HCC 
in patients with liver cirrhosis, analyzing 219 consecutive 
patients who underwent liver transplantation for liver 
cirrhosis. They found a significant association between 
the presence of  the low-producer genotype (-174 CC)  
and absence of  HCC[67]. Finally, our group performed 
a study which aimed to evaluate the frequency of  SNPs 
in the IL-6 promoter region at position -174 and IL-6 
serum levels in a group of  patients with HCC and un-
derlying liver cirrhosis compared with a group of  LC 
patients without HCC. We found that IL-6 serum levels 
were higher in G/G compared to C/C genotypes only 
in HCC; IL-6 serum levels in G carriers were higher in 
HCC versus LC patients while there were no differences 
for the C allele. IL-6 serum levels in HCC correlated with 
G carriers[15] (Table 3).

CONCLUSION
The possibility of  a genetic association between -174 G/C  
polymorphism and some specific liver diseases has been 
suggested by several studies which are quite unanimous in 
observing a correlation between the presence of  the high-
producer genotype (GG) and a worse evolution of  the 
chronic disease. This has been observed in patients with 
HCV-related chronic hepatitis even with PNALT and in 
patients with liver cirrhosis and HCC whatever the etiol-
ogy. Studies on HBV-related chronic hepatitis have not 
been conclusive because they were performed in popula-
tions (generally Asiatic) which have much lower frequen-
cies of  the -174 C allele than Caucasian populations. 
Finally, specific populations like NAFLD/NASH, autoim-
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mune and HIV/HCV co-infected patients not achieving 
SVR showed a higher prevalence of  the CC genotype, 
probably as a result of  many other complex immunologi-
cal, virological and host-related interrelations that cannot 
be explained by the presence of  a unique SNP.
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