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Abstract
AIM: To investigate the association between hepatocel-
lular carcinoma (HCC) susceptibility and a 12-bp inser-
tion/deletion polymorphism (rs6147150) in the 3’UTR 
of ErbB4 .

METHODS: Using a case-control design, the rs6147150 
genotypes in 270 patients with HCC and 270 healthy 
controls were determined by direct polymerase chain 
reaction and polyacrylamide gel electrophoresis. Logistic 
regression was used to analyze the association between 
the polymorphism and cancer risk.

RESULTS: Computational modeling suggested that 
rs6147150 was located in the seed region of hsa-let-7c, 
a potential target sequence in ErbB4 3’UTR. Logistic re-
gression analysis showed that, compared with individu-
als homozygous for wild-type, heterozygotes [adjusted 
odds ratio (OR) = 1.48, 95% confidence interval (CI) 

= 1.03-2.17, P  = 0.034] and individuals homozygous 
for 12-bp del/del (OR = 2.50, 95% CI = 1.37-4.56, P 
= 0.001) were at significantly higher risk of HCC. Car-
riers of the “del” allele of rs6147150 had a 1.59-fold 
increased risk for HCC (95% CI = 1.22-2.07, P = 0.003).

CONCLUSION: rs6147150 may be associated with 
HCC risk, in part through let-7c-mediated regulation, 
and may be involved in the pathogenesis of HCC in Chi-
nese populations. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is an epithelial cancer 
originating from hepatocytes or their progenitor cells 
and is the fifth most common malignancy worldwide[1]. 
Carcinogenesis of  HCC is a complex, multistep process, 
associated with various risk factors, including chronic 
hepatitis B virus (HBV) and hepatitis C virus (HCV) in-
fections, cirrhosis and exposure to carcinogens[2]. Chronic 
HBV infection is by far the most important risk factor 
for HCC in China and sub-Saharan Africa, the regions 
of  highest incidence of  HCC. Epidemiological studies 
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have provided evidence that genetic factors are impor-
tant in determining an individual’s susceptibility to HCC. 
Advances in knowledge of  the molecular pathogenesis 
of  HCC have resulted in significant improvements in the 
therapeutic management of  the disease[3]. For example, 
genetic variants within nuclear factor-κ B (NF-κ B) sig-
naling pathways may be involved in HBV-associated he-
patocarcinogenesis[4]. Significant progress in understand-
ing the genetic predisposition to HCC has been provided 
by genome-wide association studies (GWAS) and inten-
sive international collaboration[5]. However, the genetic 
basis of  susceptibility to HCC is still poorly understood 
and early detection is limited by the lack of  reliable clini-
cal and molecular markers.

miRNAs are a class of  endogenous, small (21-23 nucleo-
tide), noncoding but functional RNAs. Mature miRNAs 
can be generated by sequential processing of  primary 
miRNA transcripts by Drosha and Dicer enzymes, and 
may act as posttranscriptional regulators of  gene ex-
pression by complementary base pairing to messenger 
RNAs[6]. Misregulation of  miRNA expression has been 
linked to many types of  cancer[7]. miRNAs recognize their 
targets mainly through limited base-pairing interactions 
between the 5’ end of  the miRNA (i.e., nucleotides 2-8, 
the seed region) and complementary sequences in the 3’ 
untranslated regions (3’UTRs) of  the target mRNAs[6]. 
The binding of  miRNA to mRNA is critical for regulating 
mRNA level and protein expression. Genetic changes in 
the 3’UTR targeted by miRNAs have been found to alter 
the strength of  miRNA binding, affecting the regulation 
of  target genes and an individual’s risk of  cancer[8-10]. 

The epidermal growth factor (EGF) family of  recep-
tor tyrosine kinases consists of  four members, ErbB1, 
ErbB2, ErbB3 and ErbB4[11]. The four ErbB receptors 
are selectively activated by a number of  EGF-like growth 
factors leading to cellular responses, such as prolifera-
tion, differentiation, migration, and/or survival. Aber-
rant expression or activity of  EGFR and ErbB2 have 
been strongly linked to the etiology of  several human 
epithelial cancers including head and neck squamous cell 
carcinoma, non-small-cell lung cancer, colorectal cancer, 
and breast cancer[12]. Activating mutations in ErbB4 have 
been observed in metastatic melanoma, providing strong 
evidence for an oncogenic role of  ErbB4 in cancer[13]. 
Furthermore, ErbB4 expression is lower in HCC than in 
adjacent noncancerous tissues[14]. However, no studies to 
date have examined the effects of  ErbB4 polymorphisms 
on susceptibility to HCC. Using in-silico analysis, we iden-
tified a 12-bp (AAAATAGGATTG) insertion/deletion 
polymorphism (rs6147150) in the 3’UTR of  ErbB4, lo-
cated within the seed region of  the hsa-let-7c potential 
target sequence. Using a case-control design, we assessed 
whether this rs6147150 polymorphism influences suscep-
tibility to HCC in a Chinese population.

MATERIALS AND METHODS
In-silico analysis of microRNA-binding
The mature human microRNA sequences were obtained 

from the microRNA database (miRBase) (http://micror-
na.sanger.ac.uk). A region consisting of  rs6147150 plus 
15 bp 5’ and 3’ was used to analyze hybridization of  puta-
tive microRNAs. The minimum free energy required for 
hybridization of  putative microRNA and polymorphisms 
was predicted by miRanda software with default param-
eters[15]. The difference in energies between wild type and 
variant was computed as ΔΔG and used to assess the im-
pact of  the polymorphism on miRNA binding.

Study populations
Peripheral blood samples were obtained from 270 HCC 
patients newly diagnosed, hospitalized, and treated in our 
department from 2004 to 2009, and from 270 cancer-
free subjects matched by sex and age and selected from 
a community-wide nutritional survey conducted in the 
same regions and at the same time as the cancer patients 
were recruited. All subjects were unrelated ethnic Han 
Chinese, and none of  the 270 HCC patients had received 
any medical treatment. HCC patients were excluded if  
they had: (1) primary or secondary biliary cirrhosis or 
Budd-Chiari syndrome; (2) autoimmune hepatitis or toxic 
hepatitis; (3) recurrence of  HCC; (4) tumors other than 
HCC; or (5) liver disease due to parasitosis, diabetes, fatty 
liver, metabolism disorders or severe cardiovascular dis-
eases. HCC diagnosis was confirmed by a pathological 
examination combined with positive results on magnetic 
resonance imaging and/or computerized tomography. 
Tumor stages were determined according to a modi-
fied American Joint Committee on Cancer (AJCC) and 
International Union Against Cancer (UICC) standard. 
Subjects who smoked more than two cigarettes per day 
for more than 1 year were classified as smokers; others 
were defined as non-smokers. Subjects who consumed 
at least one drink of  alcohol per week were considered 
alcohol drinkers; others were considered non-drinkers. 
All participants were negative for antibodies to hepatitis 
C virus, hepatitis D virus and human immunodeficiency 
virus. The design of  the study was approved by the Ethi-
cal Committee of  Suzhou Municipal Hospital, and all 
participants provided written informed consent.

DNA extraction and genotyping
Genomic DNA was extracted from peripheral blood 
samples using a Chelex method[16]. DNA fragments con-
taining the polymorphism were amplified using the prim-
ers 5’-ATTCCAGAGGCCAATTGTA-3’ (forward) and 
5’-TTTCCTCACCTGTTTACCAC-3’ (reverse). Poly-
merase chain reaction (PCR) reactions were performed 
in a total volume of  20 μL, containing 2.0 μL 10 × PCR 
buffer, 1.5 mmol/L MgCl2, 0.25 mmol/L of  each dNTP, 
0.5 mmol/L of  each primer, 100 ng of  genomic DNA, 
and 1.0 U of  Taq DNA polymerase. The amplification 
protocol consisted of  an initial denaturation at 94  ℃ for 
5 min, followed by 35 cycles of  denaturation for 30 s at 
94  ℃, annealing for 30 s at 58  ℃, and extension for 30 s 
at 72  ℃, followed by a final extension at 72  ℃ for 5 min. 
The PCR products were analyzed by 7% non-denaturing 
polyacrylamide gel electrophoresis (PAGE) and visual-
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ized by silver staining[17]. The 12-bp deletion allele of  
rs6147150 yielded a band of  181 bp and the insertion al-
lele yielded a band of  193 bp. To validate the genotyping 
method, we analyzed 20 randomly selected DNA samples 
by both direct sequencing and the PCR method; the 
concurrence rate of  these two methods was 100%, indi-
cating that the PCR method is reliable. Genotyping was 
performed without knowledge of  case or control status. 
Moreover, 10% of  the samples were randomly selected 
for testing by two different persons, with a reproducibil-
ity of  100%.

Statistical analysis
Hardy-Weinberg equilibrium was assessed using a good-
ness-of-fit χ 2 test for biallelic markers. The adjusted odds 
ratios (ORs) with their 95% confidence intervals (CIs) 
of  the association between polymorphism and HCC risk 
were estimated by multiple logistic regression models after 
controlling for sex, age, smoking status, drinking status, 
tumor stage and HBV infection. In all cases, homozygos-
ity for the most common allele (i.e., ins/ins) was used as 
the reference category. A binary logistic regression model 

was used for stratification by HBV infection status. All 
statistical analyses were performed using Statistic Analysis 
System software (version 8.0, SAS Institute), with statisti-
cal significance defined as P < 0.05 and statistical power 
calculated using PS software (http://biostat.mc.vanderbilt.
edu/twiki/bin/view/Main/PowerSampleSize).

RESULTS
In-silico analysis of microRNA-binding
Computational modeling of  the rs6147150 polymor-
phism suggested that it was located within the hsa-let-7c 
potential target sequence of  the ErbB4 3’UTR (Figure 1). 
The ΔΔG value was calculated as 1.83 kcal/mol.

Association of HCC with the rs6147150 polymorphism
The demographic characteristics of  the 270 HCC pa-
tients and 270 controls are summarized in Table 1. There 
were no statistically significant differences in sex distribu-
tion, age, or smoking or drinking status between the two 
groups. As expected, HBV infection was a significant risk 
factor for HCC. About 74.4% of  the cases and 9.6% of  
the controls were HBsAg-positive (P < 0.0001). Geno-
type distributions showed no deviation from Hardy-
Weinberg equilibrium in either cases (P = 0.149) or 
controls (P = 0.416). We found that rs6147150 was sig-
nificantly associated with HCC susceptibility at both the 
allele and genotype levels (Table 2). Comparing with indi-
viduals homozygous for 12N ins/ins, those heterozygous 
for 12N ins/del (adjusted OR = 1.48, 95% CI = 1.03-2.17, 
P = 0.034) and homozygous for 12N del/del (OR = 2.50, 
95% CI = 1.37-4.56, P = 0.001) were at significantly in-
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Figure 1  In-silico analysis of microRNA-binding. rs6147150 was located at the fifth nucleotide from the 5’ end of has-let-7c. The ΔΔG value between the 12-bp 
insertion (up) and the 12-bp deletion (down) alleles was calculated to be 1.830000 kcal/mol.

Table 1  Demographic characteristics of the hepatocellular 
carcinoma case and control groups

Characteristics Case Control P  value

n  = 270 Frequency 
(%)

n  = 270 Frequency 
(%)

Age, (yr) 
(mean ± SD)

50.3 ± 9.2 50.7 ± 9.4 0.91a

Gender
   Male 187   69.3 190    70.4 0.78b

   Female   83   30.7   80    29.6
Smoking status
   Smoker   79   29.3   85    31.5 0.57b

   Non-smoker 191   70.7 185    68.5
Drinking status
   Drinker 120   44.4 116    43.0 0.73b

   Non-drinker 150   55.6 154    57.0
Tumor stages
   Ⅰa + Ⅰb 193   71.5
   Ⅱa + Ⅱb   58   21.5
   Ⅲa + Ⅲb   19    7.0
HBsAg, n (%)
   Positive 201  74.4   26     9.6 < 0.0001b

   Negative   69  25.6 244   90.4

aTwo-sided two-sample t-tests. b χ 2 tests. HBsAg: Hepatitis B surface anti-
gen.

Table 2  Genotype and allele frequencies of rs6147150 
among cases and controls, and risk of hepatocellular carcinoma  
n  (%)

Genotype/allele Cases Controls OR (95% CI)1 P  value

12N ins/ins 109   40.4 143   53.0   1.00 (Reference) -
12N ins/del 117   43.3 104   38.5 1.48 (1.03-2.17) 0.034
12N del/del   44   16.3   23     8.5 2.50 (1.37-4.56) 0.001
Ptrend   0.0006
12N ins 335   62.0 390 72.2   1.00 (Reference) -
12N del 205   38.0 150 27.8 1.59 (1.22-2.07)   0.0003

1adjusted for sex, age, smoking status, drinking status, HBV infection and 
tumor stage. HBV: Hepatitis B virus; OR: Odds ratio; CI: Confidence inter-
val.
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ing with mRNA transcripts containing the 12-bp insertion 
allele would be disrupted, resulting in increased ErbB4 
expression. An ErbB4-specific ligand, heparin-binding 
EGF-like growth factor (HB-EGF), has been shown to 
be involved in the development and/or progression of  
human HCC in an autocrine and/or a paracrine manner, 
especially during the early stages of  HCC[25,26]. There-
fore, aberrant expression of  ErbB4 would influence the 
specific binding of  HB-EGF and increase the risk for 
HCC. miRNAs of  the let-7 family are highly conserved 
in bilateral animals and control stem cell division and dif-
ferentiation[27]. They also function as tumor suppressors 
and inhibit cell proliferation and tumorigenesis. Low levels 
of  expression of  let-7 have been observed in a variety of  
cancers, including HCC[28]. 

Taken together, our results suggest that common ge-
netic polymorphisms in ErbB4 may influence HCC risk, 
at least in part by let-7c-mediated regulation which may 
be involved in the pathogenesis of  HCC. Our results may 
provide a greater understanding of  the mechanisms of  
hepatocarcinogenesis and may help in the identification 
of  diagnostic markers for HCC. However, it is important 
to determine whether the association between this poly-
morphism and HCC risk also applies to other popula-
tions. Finally, additional functional studies are required 
to fully understand the involvement of  ErbB4 polymor-
phisms in predisposition to HCC.

COMMENTS
Background
Hepatocellular carcinoma (HCC) is the most common primary malignancy 
of the liver, with an increasing incidence worldwide. Epidemiological studies 
have indicated that genetic factors are important in determining an individual’s 
susceptibility to HCC. However, the genetic basis of susceptibility to HCC is still 
poorly understood and early detection of HCC is infrequent because of the lack 
of reliable markers. Studies focusing on functional variants in these findings are 
therefore indispensable.
Research frontiers
Recent genome-wide association studies, which are routinely used to identify 
common polymorphisms that underlie disease susceptibility in a large popula-
tion, have enhanced our understanding of the genetic predisposition to HCC. 
These findings have led to the identification of several genetic variants that may 
modulate the risk of HCC.
Innovations and breakthroughs
Relative to individuals homozygous for the rs6147150 12-bp ins/ins allele, ho-
mozygotes for 12-bp del/del and heterozygotes are at significantly higher risk 
of HCC. Carriers of the “del” allele are associated with a 1.59-fold increased 
risk of HCC relative to non-carriers. These findings suggest that common ge-
netic polymorphisms in ErbB4 may influence HCC risk, at least in part via let-

creased risk of  HCC after controlling for other covariates 
(Table 2). We also found that the frequency of  the 12-bp 
deletion or insertion allele differed significantly between 
the HCC and control groups. The presence of  the 12-bp 
deletion allele was associated with a significantly increased 
risk of  developing HCC (OR = 1.59, 95% CI 1.22-2.07, 
P = 0.003). HBV stratification analysis showed no signifi-
cant difference in allele frequency between HBV-positive 
and HBV-negative groups (Table 3). Using PS software, 
we estimated a power of  0.94 with an α set at 0.05 to ob-
tain an OR of  2.0.

DISCUSSION
In addition to environmental factors, such as viral infec-
tion, an increasing number of  novel genetic components 
identified by GWAS have been found to predispose indi-
viduals to HCC. Thus, assessments of  functional variants 
are necessary to determine risks of  developing HCC. To 
our knowledge, this study is the first to evaluate the as-
sociation between genetic variants in ErbB4 and HCC 
susceptibility. Our results indicate that rs6147150 is as-
sociated with HCC susceptibility in a Chinese population, 
possibly through let-7c mediated regulation. 

Altered ErbB signaling has been frequently observed 
during malignant transformation, with ErbB overactivity 
often implicated in the pathogenesis of  several epithelial 
malignancies[18,19]. In contrast, growth factor receptors 
with tyrosine kinase activity are known to contribute 
greatly to the regulation of  cell behavior, such as cell 
growth, proliferation and mortality. ErbB4 is frequently 
expressed in tumors[20-22]; although, in contrast to EGFR 
and ErbB2, its role as a tumor-driving oncogene is un-
clear[23]. Although there is little evidence of  an association 
between ErbB4 and HCC, miRNAs have been shown 
to modulate ErbB receptor expression and downstream 
signaling activity, stimulating intense interest in the devel-
opment of  miRNAs as therapeutic molecules and clinical 
biomarkers in cancer[24]. Because HCC is an epithelial 
cancer originating from hepatocytes or their progenitors, 
genetic polymorphisms in ErbB4 may be associated with 
susceptibility to HCC.

Since bioinformatics analysis suggests that rs6147150 
lies within a predicted binding site (seed region) for let-7c, 
we hypothesized that let-7c would bind tightly to ErbB4 
mRNA transcripts containing the 12-bp deletion allele, 
negatively regulating ErbB4 expression. Conversely, bind-

1Adjusted for sex, age, smoking status, drinking status and tumor stage. HBV: Hepatitis B virus; OR: Odds ratio; CI: Confidence interval.
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Table 3  Stratification analysis based on hepatitis B virus infection status in cases and controls

Genotype HBV positive HBV negative

Case % Control % OR1 (95% CI) Case % Control % OR1 (95% CI)

12N ins/ins 82 40.8 14 53.8  1.00 (Reference) 28 40.6 127 52.0   1.00 (Reference)
12N ins/del 88 43.8 10 38.5 1.51(0.57-3.91) 30 43.5  90 36.9 1.52 (0.79-2.94)
12N del/del 31 15.4  2  7.7  2.64 (0.51-17.59) 11 15.9  27 11.1 1.87 (0.74-4.54)
Ptrend P = 0.156 P = 0.083
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7c-mediated regulation, which may be involved in the pathogenesis of HCC in 
Chinese populations.
Applications
This preliminary report may help clarify the molecular pathogenesis of hepato-
carcinogenesis. Polymorphisms within ErbB4 may be used as potential markers 
for HCC predisposition in Chinese populations.
Peer review
This study shows that rs6147150 alleles are significantly associated with the 
risk of HCC, at least in part through let-7c-mediated regulation, which may 
be involved in the pathogenesis of HCC. The study design is reasonable and 
sample size is acceptable.
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