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Background/Aims: The aim of this study is to determine the clinical relevance of hepatic producing iron regulatory hor-

mone-hepcidin, on iron overload in patients with chronic hepatitis C (CHC).

Methods: Serum hepcidin was measured in 73 CHC patients by surface-enhanced laser desorption/ionization time of

flight mass spectrometry (SELDI-TOF-MS), and compared to those of healthy controls and anemia of inflammation

patients, and analyzed their relationship to hepatic hepcidin mRNA expression levels and clinical, hematological, and his-

tological findings. The sequential changes of hepcidin were investigated in 27 CHC patients treated with a 48 week-course

of pegylated-interferon (PEG-IFN) plus ribavirin therapy.
Results:Serum hepcidin was positively correlated with hepatic hepcidin mRNA levels, serum ferritin and the degree of hepatic

iron deposition in CHC. Serum hepcidin-to-ferritin ratios were significantly lower in HCV positive patients than in HCV negative

controls in both hyper- and normal-ferritinemic conditions. This relative impairment of hepcidin production was fully reversible

after successful HCV eradication by PEG-IFN plus ribavirin, concomitantly with the improvement of the iron overload condition.

Conclusions: The impairment of hepatic hepcidin production occurring with chronic HCV infection may enhance iron

toxicity and lead to disease progression, and modulation or supplementation of hepcidin may be beneficial for these con-

ditions in CHC.
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1. Introduction

Hepatitis C virus (HCV) infection is a major global
health problem, affecting more than 170 million people
worldwide [1]. Although the causative factor responsible
for the initiation of hepatic disease processes in patients
with chronic hepatitis C (CHC) is a single insult, i.e.
HCV infection, it has become increasingly evident that
the involvement of cofactors is critical in determining
disease progression. Importantly, CHC often appears
to be associated with disturbances in iron homeostasis,
with serum ferritin and hepatic iron stores being ele-
vated in approximately 50% of patients [2–4]. Because
iron is a redox-active metal, catalyzing free radical reac-
tions via the Fenton reaction, and because there is sub-
stantial evidence to implicate redox active mechanisms
in the pathogenesis of CHC [5], iron has been high-
lighted as an important element affecting the natural his-
tory of CHC. However, little is known about the
mechanism of excess iron accumulation during chronic
HCV infection.

Recently, hepcidin, a 25 amino acid antimicrobial
peptide hormone [6,7], has been shown to play a central
role in the regulation of iron homeostasis [8]. Hepcidin is
mainly secreted by the liver [6,7] and induces internaliza-
tion and degradation of the iron exporter ferroportin in
absorptive enterocytes and reticuloendothelial cells,
thereby inhibiting iron absorption from the intestine
and iron release from reticuloendothelial cell stores [9].
Hepcidin expression is induced by iron loading, thus
providing a feedback mechanism to limit further iron
absorption [6,8]. Hepcidin is also recognized as a key
mediator of anemia of inflammation (AI) [10]; charac-
terized by impaired intestinal iron absorption, reticulo-
endothelial cell iron sequestration, and hypo-ferremia
and hyper-ferritinemia [11].

Previously, using liver biopsy samples, we demon-
strated that hepatic hepcidin mRNA expression levels
were relatively low in CHC, compared to chronic hepa-
titis B [12], suggesting that hepcidin may be involved in
the iron overload in chronic HCV infection. But liver
biopsy cannot be performed ethically on patients with-
out liver disease, and cannot be carried out repeatedly,
even on CHC patients. Thus, comparison of hepatic
mRNA expression levels of hepcidin between HCV posi-
tive and negative cases, and evaluation of sequential
changes after HCV eradication by interferon (IFN)-
based therapy, cannot be determined. Recently two
reports described the use of surface-enhanced laser
desorption/ionization time of flight mass spectrometry
(SELDI-TOF-MS) for the semiquantitative determina-
tion of hepcidin in human serum [13,14]. Therefore,
using this assay, we measured the serum hepcidin levels
in patients with CHC and compared them to normal
subjects and patients with AI, as the normal and positive
controls for serum hepcidin. The sequential changes of

serum hepcidin also were investigated in patients who
cleared HCV infection after a 48-week course of pegylat-
ed (PEG)-IFN plus ribavirin combination therapy.

2. Patients and methods

2.1. Patients

A total of 73 consecutive patients with CHC, who were hospitalized
at Mie University Hospital between June 2005 and June 2006, were
enrolled in this study (Table 1). The diagnosis of chronic HCV infec-
tion was based on the consistent detection of serum anti-HCV anti-
body (the third-generation EIA; Ortho Diagnostic Systems, Raritan,
NJ, USA) and HCV RNA (Amplicor-HCV assay; Roche Molecular
Diag. Co., Tokyo, Japan). None of the patients complicated with acute
inflammatory disorders and received phlebotomy in the year preceding
the study. All patients showed absence of the HFE mutations C282Y
or H63D. Serum HCV RNA titer was quantified by the Amplicor
monitor assay (Roche Molecular Diag. Co.). We also recruited
patients with AI, who were hospitalized between August 2005 and June
2006, as a control for high serum hepcidin levels. Ten AI patients
attributed to various pathologies (five suffered from rheumatoid arthri-
tis, two from malignant lymphoma, and one from systemic lupus ery-
thematosus, pyelonephritis, and pulmonary tuberculosis, respectively)
participated in the study. We also studied a group of age-matched
healthy volunteers (n = 10) with normal serum iron status, no signs
of anemia, liver disease, or inflammation, and without HCV infection
as controls for normal serum hepcidin levels between April 2006 and
June 2006. Serum ferritin levels were measured by RPHA method
(Ohthuka assay Co. Ltd., Tokushima, Japan) in this study. The upper
limit of normal-ferritin was defined as 170 ng/mL for males and
120 ng/mL for females by the value of mean ±3 standard deviations
(SD) obtained using the screening serum samples of Japanese volun-
teers (n = 1562, 823 males and 739 females) (unpublished data). This
normal range of ferritin deviates from the more universally used upper
reference values of 300 ng/mL for males and 200 ng/mL for females,
and may be a distinctive feature of Japanese population. Blood sam-
ples of all these subjects were collected on the morning under fasting
conditions, and sera were separated immediately after blood collection
and stored at �80 �C until use. Informed consent was obtained from
each patient included in the study and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of Helsinki as reflected
in a priori approval by the Ethical Committee of Mie University.

2.2. Semi-quantitative assay for serum hepcidin using the

SELDI-TOF MS system

We performed serum hepcidin measurement by SELDI-TOF MS
system between October 2006 and February 2007 (storage period of
serum samples was 5–19 months), as reported previously, with some
modification [13]. In brief, 40 lL of the diluted serum samples was
applied onto an IMAC 30 chip array (Ciphergen Biosystems, Free-
mont, CA, USA) and incubated at room temperature for 30 min.
The chip arrays were washed and air-dried, and 0.5 lL a-cyano-4-
hydroxy-cinnamic acid (CHCA) was added twice to the array surface,
and arrays were analyzed with the Chiphergen ProteinChip Reader
(model PBS II; Chiphergen Biosystems). The mass–charge ratio (m/z)
of each of the proteins/peptides captured on the array surface was
determined according to the externally calibrated standards: Arg8-
vasopressin (1084.25 Da), somatostatin (1637.9 Da), dynorphin
(2147.5 Da), bovine insulin b-chain (3495.95 Da), human insulin
(5807.65 Da), bovine ubiquitin (8564.8 Da), and bovine cytochrome
C (12,230.9 Da). Serially diluted synthetic hepcidin-25 (Peptide Insti-
tute, Osaka, Japan) was used as a quantitative control. The data from
the peak intensities were normalized with total ion current using Bio-
marker Wizard (Ciphergen ProteinChip Software 3.1.1; Chiphergen
Biosystems) to compensate for the variations in sample concentrations
loaded onto a spot; the data were represented as arbitrary units (AU)
calculated using this software.
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