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Abstract
AIM: To investigate the relationship between the iron-
metabolism-related gene expression profiles and efficacy 
of antiviral therapy in chronic hepatitis C patients.

METHODS: The hepatic expression profile of iron-
metabolism-related genes was analyzed and its association 
with virological response to pegylated-interferon plus 
ribavirin combination therapy was evaluated. A hundred 
patients with chronic hepatitis C (genotype1b, n = 50; 
genotype 2, n = 50) were enrolled and retrospectively 
analyzed. Liver biopsy samples were subjected to 
quantitative polymerase chain reaction for iron-metabolism-
related genes and protein expression (Western blotting 
analysis) for ferroportin. As a control, normal liver tissue was 
obtained from 18 living donors of liver transplantation. 
Serum hepcidin level was measured by sensitive liquid 
chromatography/electrospray ionization tandem mass 
spectrometry.

RESULTS: Iron overload is associated with liver damage 
by increasing oxidative stress and hepatitis C virus (HCV) 
is reported to induce iron accumulation in hepatocytes 
in vivo . Conversely, iron administration suppresses HCV 
replication in vitro . Therefore, the association between 
HCV infection and iron metabolism remains unclear. 
Compared with controls, patients had significantly 
higher gene expression for transferrin, iron-regulatory 
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proteins 1 and 2, divalent metal transporter 1, and 
ferroportin, but similar for transferrin receptors 1 and 
2, and hepcidin. When the expression profiles were 
compared between sustained virological response (SVR) 
and non-SVR patients, the former showed significantly 
lower transcription and protein expression of hepcidin 
and ferroportin. Expression of hepcidin-regulating genes, 
BMPR1, BMPR2, and hemojuvelin, was significantly 
increased, whereas BMP2 was decreased in HCV-infected 
liver. BMPR2 and hemojuvelin expression was significantly 
lower in the SVR than non-SVR group. HCV infection 
affects the expression of iron-metabolism-related genes, 
leading to iron accumulation in hepatocytes.

CONCLUSION: Decreased expression of hepcidin and 
ferroportin in SVR patients indicates the importance 
of hepatocytic iron retention for viral response during 
pegylated-interferon plus ribavirin treatment.

Key words: Chronic hepatitis C; Iron-metabolism; 
Hepcidin; Ferroportin; Interferon
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Core tip: The first showing the relationship between 
expression of iron-metabolism-related genes and 
response to pegylated-interferon (PEG-IFN) and ribavirin 
(RBV) therapy in patients with chronic hepatitis C. The 
expression of hepcidin and ferroportin in the liver 
before therapy was significantly lower in sustained 
virological response (SVR) patients than non-SVR 
patients. The expression of hepcidin was positively 
correlated with that of ferroportin. The variation in 
hepatic expression profile in iron-metabolism-related 
genes is important for the response to PEG-IFN + RBV 
treatment.
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INTRODUCTION
Hepatitis C virus (HCV) is a major pathogen of 
chronic hepatitis and subsequent liver cirrhosis and 
hepatocellular carcinoma. Approximately 170 million 
people are infected with HCV worldwide and, according 
to natural history studies, 5%-20% of patients develop 
cirrhosis after about 20 years of infection[1]. Pegylated-
interferon (PEG-IFN) plus ribavirin (RBV) combination 
therapy has developed as a basic antiviral treatment 

for chronic hepatitis C because it can bring patients 
into sustained virological response (SVR) at a high 
rate. Nowadays, an inhibitor of HCV NS3/4A protease, 
telaprevir or simeprevir, is added to PEG-IFN and 
RBV to achieve higher SVR rates[2,3]. However, some 
relevant adverse events such as severe anemia still 
hinder the effect of the treatment by leading to dose 
reduction and cessation of treatment.

Iron is an essential biometal, and mammalian 
cells require sufficient amounts of iron to satisfy 
metabolic needs and accomplish some specialized 
functions. In humans, the vast majority of iron (> 2 g) 
is distributed to hemoglobin and is involved in oxygen 
transport. A significant amount of iron is also present 
in macrophages (≤ 600 mg) and in the myoglobin 
of muscles (≤ 300 mg), whereas excess body iron 
(about 1 g) is stored in the liver. Mammals lose iron by 
sloughing off their mucosal and skin cells, but do not 
possess any regulated mechanism for iron excretion 
from the body. Therefore, the iron balance needs 
to be regulated tightly, although the amount of iron 
uptake from nutrition and iron excretion is relatively 
low (1-2 mg)[4]. Liver iron overload is a well-described 
but not fully understood feature of HCV infection, 
which can induce liver damage by increasing oxidative 
stress. More than 30% of patients with chronic HCV 
infection have shown increased serum and hepatic iron 
concentrations[5-9]. Elevated iron index is correlated with 
progression of liver disease, while iron administration 
in vitro suppresses HCV replication[10]. Although the 
mechanism of disordered iron metabolism has not 
been fully elucidated, the recent discovery of hepcidin, 
a liver-derived iron-regulatory protein (IRP), has 
changed the philosophy of iron metabolism[1,11,12]. Iron 
is absorbed by intestinal villous cells through divalent 
metal transporter (DMT) 1 and transported into blood 
through ferroportin expressed on the basal membrane 
of villous cells. Serum iron is bound to transferrin and 
imported into hepatocytes via the function of transferrin 
receptor (TFR) 1 and 2, and DMT1 expressed on 
hepatocytes. Absorbed iron is stored with ferritin and 
ferroportin excretes iron into blood. Hepcidin, a hepatic 
peptide hormone, is a primary regulator of systemic 
iron status by blocking iron release from villous cells into 
the blood through binding to and driving degradation 
of ferroportin[1]. Recent studies have shown that the 
function of hepcidin is reduced in patients with chronic 
hepatitis C, leading to the pathogenesis of hepatic iron 
overload[13,14].

In some studies, hepatic iron accumulation was 
associated with resistance to IFN-based antiviral 
therapy and iron depletion before therapy improved 
SVR rates in patients with chronic hepatitis C[15-24]. 
Conversely, another study showed that hepatic iron 
storage was predominant in treatment responders and 
useful as a predictive marker for efficacy of IFN-based 
therapy[25]. Some studies have shown an association 
between iron overload and virological response to IFN 
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+ RBV therapy[26-28], but others have shown that iron 
content is not correlated with response to antiviral 
therapy[29-36]. The relationship between iron metabolism 
and response to antiviral therapy is still confused. In 
this study, we analyzed the hepatic expression of iron-

metabolism-related genes and evaluated its association 
with virological response to PEG-IFN+RBV therapy.

MATERIALS AND METHODS
Study population
In Kyushu Medical Center, a standard protocol in Japan 
[subcutaneous PEG-IFNα2a (180 μg) or PEG-IFNα2b 
(median dose of 1.5 μg/kg, range 1.3-1.7) weekly, 
along with oral RBV daily for 48 wk] was adopted for 
chronic hepatitis C. The dose of RBV was adjusted 
according to body weight: 600 mg for patients weighing 
< 60 kg; 800 mg for patients weighing 60-80 kg; 
and 800 mg for patients weighing > 80 kg. In these 
protocols, 48-wk and 24-wk regimens were applied 
to patients infected with HCV genotype 1b (HCV-1b) 
and those infected with HCV genotype 2 (HCV-2), 
respectively[37]. The study protocol was approved by the 
Ethics Committee of the National Hospital Organization, 
and written informed consent was obtained from all 
patients. HCV-1b patients (n = 50) and HCV-2 patients 
(n = 50) were enrolled and retrospectively analyzed. 
The background of the patients is shown in Table 1. 
Blood biochemistry was examined 1 or 2 d before 
biopsy. For real-time reverse transcription polymerase 
chain reaction (RT-PCR), tissue samples were obtained 
by liver biopsy. As a control, normal liver tissue was 
obtained from 18 living donors of liver transplantation 
whose liver function and histological findings were 
normal. Written informed consent was obtained from 
these donors for this investigation.

Laboratory data
Hematological, biochemical and virological parameters 
were determined by the clinical laboratory at Kyushu 
Medical Center. Serum HCV RNA concentrations 
were measured by the COBAS TaqMan PCR HCV test 
(Roche Diagnostics, Tokyo, Japan). SVR was defined 
as undetectable HCV RNA at 24 wk after therapy 
completion.

Real-time RT-PCR
Total RNA was extracted with TRIzol reagent (Invitrogen, 
Carlsbad, CA, United States) and cDNA was synthesized 
from 1.0 μg RNA using GeneAmp RNA PCR (Applied 
Biosystems, Branchburg, NJ, United States) with 
random hexamers. Real-time RT-PCR was performed 
using LightCycler-FastStart DNA Master SYBR Green 
1 (Roche, Basel, Switzerland) according to the 
manufacturer’s instructions[38]. The reaction mixture 
(20 μL) contained LightCycler-FastStart DNA Master 
SYBR Green 1, 4 mmol/L MgCl2, 0.5 μmol/L upstream 
and downstream PCR primers, and 2 μL first-strand 
cDNA as a template. To control for reaction variations, 
all PCR data were normalized against the expression 
of retinoblastoma binding protein 6, which was also 
selected in previous studies[37,39]. Primer sets used for 
real-time PCR are shown in Table 2.
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Table 1  Demographic and clinical characteristics of the 
patients

Number of patients 100
SVR/non-SVR 63/37
Age (yr) 56.3 ± 7.4
Male/female 39/61
Genotype (1b/2a/2b) 50/17/33
HCV RNA (log IU/mL) 5.87 ± 0.95
Aspartate aminotransferase (< 30 IU/L) 51.1 ± 35.9
Alanine aminotransferase (< 30 IU/L) 61.8 ± 53.0
g-glutamyl transpeptidase (< 50 IU/L) 50.7 ± 58.9
Fe (male, 55-200 μg/dL; female, 45-180 μg/dL) 130.3 ± 64.2
Unsaturated iron binding capacity (105-300 μg/dL) 215.1 ± 84.2
WBC (4000-9000/μL) 4987 ± 1303
Hemoglobin (male, 13-17; female, 11-15 g/dL) 13.6 ± 1.5
Platelet (11 × 104-35 × 104/μL) 19.6 ± 6.7
Dose reduction of ribavirin (%) 47

Normal range is presented in parenthesis. Measured values are shown in 
mean ± SD. SVR: Sustained virological response; HCV: Hepatitis C virus; 
WBC: White blood cell.

Table 2  Primer sets used for real-time polymerase chain 
reaction

Gene Forward primer Reverse primer

5’                           3’ 5’                  3’
Ferritin CAGGTGCGCCAGAACTAC-

CA
CCACATCATCGCG-

GTCAAAG
Transferrin CGAAGACTGCATCGCCAA-

GA
ACACTTGCCCGCTAT-

GTAGACAAAC
Hepcidin AGCCTGACCAGTGGCTCTGT TTCGCCTCTGGAA-

CATGG
Ferroportin AAGGGCAAGAATCCCAATT-

TAACTC
TGCCAGGCT-

GAAGGCTTACAC
TFR1 GCATGTGGCATGTTCATCG-

TATAA
TCTCAAGACCAG-
GAGCTTGTCACTA

TFR2 GCGACTGACACGCATGTA-
CAAC

CCATGAAGATGTG-
GCGGAAC

DMT1 CTTGCGAGGCAATCTCAG-
GA

CTGAGACAGT-
GAACTTTGCAACCA

IRP1 GAAACAGTCCTGCTGCTC-
GCTAC

GAGCCATAGGAGTT-
GAATTCTCGTG

IRP2 TTTATCTCCAGGCAGT-
GGGATG

CTGCGTCTGATA-
AGGGTGCTGTA

BMPR1 TGGGAGTTGCTGCATTGCT-
GACC

ATGTAGCGTTTGGT-
GCCCACCC

BMPR2 GCCACAAATGTCCTGGATG-
GCA

GAGGGGCGCCACC-
GCTTAAG

BMP2 TTGCGCCAGGTCCTTTGAC-
CAG

ACCTGGGGAAGCAG-
CAACGCTA

Hemojuvelin TGCCAGACGGCTGTG-
CAAGG

CGGGCATCCTC-
CAGTGCTGC

RBBP6 GCGACCTGCAGATCACCAA TGCCATCGCTG-
GTTCAGTTC

TFR: Transferrin receptor; DMT: Divalent metal transporter; IRP: Iron-
regulatory protein; BMP: Bone morphogenetic protein; BMPR: BMP 
receptor; RBBP: Retinoblastoma binding protein.

Kohjima M et al . Iron metabolism in CH-C treatment



Protein expression
Liver biopsy samples were lysed in phosphate-buffered 
saline containing 1% Triton X-100. Forty-microgram 
aliquots of total tissue lysate were separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 

and blotted onto Immobilon-P polyvinylidene fluoride 
membranes (Millipore, Billerica, MA, United States). The 
membranes were incubated with primary antibodies to 
ferroportin (ab85370: rabbit polyclonal to SLC40A1, Abcam, 
Tokyo, Japan) and β-actin (ab3280: mouse monoclonal 
to actin, Abcam), followed by incubation with peroxidase-
labeled anti-rabbit and anti-mouse IgG antibodies (170-5046 
and 170-5047, Bio-Rad, Tokyo, Japan), respectively. The 
bands were visualized by chemiluminescence using the 
ECL Western blotting analysis system (Amersham 
Biosciences, Little Chalfont, Bucks, United Kingdom).

Measurement of hepcidin
Serum hepcidin level was measured by sensitive 
liquid chromatography/electrospray ionization tandem 
mass spectrometry using an AB Sciex Triple Quad 
5500 system (AB Sciex, Foster City, CA, United 
States) equipped with a Prominence UFLCXR system 
(Shimadzu Corporation, Kyoto, Japan), as reported 
previously[40,41]. Hepcidin exists in three isoforms, the 
iron bioactive 25-amino acid peptide (Hep-25) and its 
two amino-terminal truncated isoforms (Hep-20 and 
-22). In mass spectrometry-based studies, Hep-25 
and Hep-20 can be measured in serum, while Hep-22 
is found only in urine[42].

Statistical analysis
Statistical analysis was performed using JMP software 
(SAS Institute, Cary, NC, United States). Mann-Whitney 
U test was used for continuous variables including the 
difference in gene expression. A value of P ≤ 0.05 was 
considered to be statistically significant.

RESULTS
Expression of iron-metabolism-related genes in hepatitis 
C patients
We examined the expression profile of the genes 
associated with iron metabolism by quantitative real-
time RT-PCR to investigate disorders of iron metabolism 
in the liver of HCV-infected patients (HCV liver) (Figure 
1). mRNA levels of transferrin, ferroportin, DMT1, IRP1 
and IRP2 were significantly increased in HCV-1b or 
HCV-2 liver compared with normal controls. The levels 
of ferritin and TFR1 were significantly increased in 
HCV-1b liver, but not in HCV-2 liver. Expression levels 
of hepcidin and TFR2 in HCV-1b and HCV-2 liver were 
similar to the control level. The expression profile was 
consistent regardless of HCV genotype, except for 
ferritin, ferroportin and TFR1.

Expression of iron-metabolism-related genes and 
treatment outcome
We studied the involvement of iron metabolism in 
outcomes of PEG-IFN + RBV combination therapy. 
SVR patients showed significantly lower expression of 
hepcidin and ferroportin than non-SVR patients (Figure 
2A), but no significant difference was found in other 
iron-metabolism-related genes (data not shown). 
Anemia is one of the critical adverse events during 
therapy and often compels a reduction in total RBV 
dose. It is possible that the changes in expression of 
hepcidin and ferroportin might affect iron metabolism 
and anemia. Furthermore, HCV genotype might be 
involved in the expression of the genes and treatment 
response. We compared the expression of hepcidin 
and ferroportin between the treatment outcomes for 
each HCV genotype, and between patients with and 
without RBV dose reduction. The expression of hepcidin 
and ferroportin was still lower in the SVR group both in 
HCV-1b and HCV-2 liver, although the difference was 
significant only in HCV-2 (Figure 2B). SVR patients, 
who did not need RBV reduction, showed significantly 
lower hepcidin and ferroportin expression than non-
SVR patients showed, while expression did not differ 
significantly between SVR and non-SVR patients 
in the group with RBV dose reduction (Figure 2C). 
Serum hepcidin levels were also lower in SVR patients, 
although the difference was not significant (Figure 3A). 
Hepcidin is the protein regulating ferroportin expression 
through binding and degrading ferroportin, and might 
influence the protein level of ferroportin in hepatocytes 
as well as villous cells. We examined the expression of 
ferroportin protein in the liver. Hepatic levels of ferroportin 
protein, as well as RNA, were significantly lower in SVR 
patients than non-SVR patients (Figure 3B).

Relationship between hepcidin-expression-associated 
gene expression and treatment outcome
We examined the gene expression of known regulators 
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time reverse transcription polymerase chain reaction. aP < 0.05 vs genotype1b, 
bP < 0.01 vs genotype1b, cP < 0.05 vs control, dP < 0.01 vs control.
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of hepcidin expression. Although the regulation of hepcidin 
expression is not completely clear, a few pathways are 
known to control hepcidin expression: (1) TFR2 for sensing 
serum iron and saturated transferring; (2) IL-6 receptor 
(IL-6R) and signal transducer and activator of transcription 
(STAT) pathway for reflecting infection and inflammation; 
and (3) bone morphogenetic protein receptor (BMPR) 
and hemojuvelin, which are receptor and co-receptor 
for BMP2 and 6, respectively[43-45]. Hepatic expression 
of TFR2 and IL-6R was similar in SVR and non-SVR 
patients, and control subjects (data not shown). The 
levels of BMPR2 and hemojuvelin were significantly 
lower in SVR liver, and the same trend was found for 
BMPR1 and BMP2 expression, although the difference 
was not significant (Figure 4).

DISCUSSION
In this study, we examined the hepatic expression of 
the genes involved in iron metabolism and compared 
the expression levels between SVR and non-SVR 
patients. In HCV liver, expression levels of transferrin, 
TFR1, DMT1, ferritin, ferroportin, IRP1 and IRP2 were 
upregulated, while those of hepcidin and TFR2 were 
similar to the control levels. Transcription of ferritin 
and ferroportin was higher in patients with HCV-
1b than HCV-2a/2b. It is possible that the change 
of expression might have affected iron deposition in 
the liver, although the mechanism was unclear. HCV 
genotype 2a/2b patients are known to achieve higher 
viral clearance during IFN treatment than patients with 
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genotype 1b. The difference in gene expression might 
be affected by innate immunity reaction or influence 
viral response through iron metabolism.

It is reported that iron administration in vitro 
suppresses HCV replication[10]. Furthermore, hepatic 
iron storage is reported to be predominant in treat-
ment responders and useful as a predictive marker 
for efficacy of IFN-based antiviral therapy[25]. Con-
versely, iron overload and HFE gene mutations are 
associated with resistance to IFN therapy, and iron 
depletion before therapy is effective in patients 
with chronic hepatitis C[15-24]. In other studies, no 
association was found between iron overload and the 
response to IFN and RBV therapy[29-36]. Therefore, the 
relationship between iron metabolism and response to 
antiviral therapy is still unclear and controversial. The 

present study is believed to be the first showing the 
relationship between expression of iron-metabolism-
related genes and response to PEG-IFN and RBV 
therapy. The expression of hepcidin and ferroportin 
in the liver before therapy was significantly lower in 
SVR patients than non-SVR patients regardless of HCV 
genotype and RBV dose reduction. Serum hepcidin 
and hepatic ferroportin protein were also lower in SVR 
patients. Jaroszewicz et al[27] have also reported that 
a decrease in serum prohepcidin level was associated 
with successful treatment using PEG-IFN and RBV. 
When we checked iron storage in the liver by staining 
biopsy tissue, we could not detect much difference 
between the liver of SVR and non-SVR patients (data 
not shown). These findings indicate the following: (1) 
Patients with enough capacity for accumulating iron in 
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the liver achieve viral clearance during PEG-IFN+RBV 
therapy; (2) The amount of hepatic iron deposition 
at the beginning of treatment might not influence the 
therapeutic response to PEG-IFN and RBV; (3) Patients 
who have higher hepcidin and ferroportin expression 
in the liver could store more hepatic iron released from 
red blood cells via RBV-induced hemolysis; and (4) 
Oxidative stress from accumulated iron might inhibit 
viral replication and help completion of viral clearance.

Transcriptional regulation of hepcidin might be 
mediated by the BMP-BMPR pathway but not the 
TFR2 or IL-6 pathway. It is possible that decreased 
hepcidin expression in SVR patients is affected by 
decreased iron in serum or liver tissue. However, 
serum iron concentration, as well as iron deposition 
in the liver, was similar between SVR and non-SVR 
patients. In addition, we could not detect any major 
difference in the expression of TFR2 that could play 
a role in tracking iron concentration between SVR 
and non-SVR patients. These findings indicate that 
downregulation of hepcidin in the liver of SVR patients 
might not reflect iron insufficiency, and that patients 
with decreased hepatic hepcidin via expression change 
in the BMP-BMPR pathway have greater capacity to 
absorb iron into the body and liver, and higher capacity 
for viral clearance. Moreover, the expression of 
hepcidin showed parallel change with the expression of 
ferroportin, and we found that these expressions were 
positively correlated with each other. It is possible that 
these expressions are affected by HCV infection or iron 
demand via a shared mechanism.

The variation in hepatic expression profile in iron-
metabolism-related genes in patients with chronic 
hepatitis C is important for the response to PEG-
IFN + RBV treatment. As an adverse event, anemia 
is more serious during triple therapy with telaprevir 
or boceprevir in combination with PEG-IFN and RBV. 
Therefore, characterization of iron metabolism during 
triple therapy has become more important. Further 
studies for controlling iron balance and metabolism 
could not only prevent dose reduction during therapy, 
but also enhance the therapeutic effect.
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