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Abstract

Aim of the study: We investigated the impact of pegylated interferon α-2 in combination with ribavirin (PEG- 
IFNα/RBV) treatment on hepcidin and α-1-antitrypsin concentrations in the serum of patients with chronic 
hepatitis C.

Material and methods: We measured serum concentrations of hepcidin, prohepcidin and α-1-antitrypsin by 
enzyme-linked immunosorbent assays in patients with chronic hepatitis C before and during antiviral therapy.

Results: Hepcidin concentrations were increased in both genotype 1b and 3a hepatitis C virus (HCV) infected 
patients as compared with the control group. During treatment of patients infected with genotype 1b HCV 
hepcidin levels gradually declined, reaching significantly lower values at the treatment termination than before 
therapy. Treatment responders showed an increased concentration of hepcidin at week 4 of therapy and a sub-
sequent decrease to values significantly lower than observed among non-responders at week 48 of treatment. 
α-1-antitrypsin concentration was not affected by the treatment efficacy.

Conclusions: Successful therapy of patients persistently infected with HCV was associated with restoration of 
serum hepcidin concentration to values similar to the control group. Differential dynamics of hepcidin during 
PEG-IFNα/RBV therapy in responders and non-responders might indicate the direct influence of viral eradication 
on iron homeostasis.
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creted into the blood [6, 7]. Hepcidin plays a key role as 
a hormone regulating iron absorption and release from 
resources accumulated in macrophages. In the case of 
increased iron demand, in iron deficiency in anemia 
and hypoxia, hepcidin synthesis decreases to provide 
increased intestinal absorption of the iron and its mo-
bilization from macrophages of the reticuloendothe lial 
system. On the other hand, experimentally induced 
inflammation results in increased expression of hep-
cidin, which is associated with anemia [8]. Decreased 
production of hepcidin causes excessive uptake and in-
tracellular accumulation of iron in the body, especially 
in the parenchymal organs, including the liver [7, 9]. 
Hepcidin is synthesized in the liver as an 84-amino 

Introduction

Iron overload was shown to be common among 
patients with chronic hepatitis C (CHC) and to cor-
relate with a poor response to antiviral therapy [1-3]. 
Iron is an essential element for all living organisms re-
quired in wide range of metabolic processes including 
DNA synthesis, oxygen transport, and energy produc-
tion. However, its excess is harmful to the organism 
by evoking reactive oxygen species and inflammatory 
cytokines, leading to liver fibrosis and hepatic carcino-
genesis, and thus must be thoroughly controlled [4, 5]. 
The key iron regulatory hormone is hepcidin, an anti-
microbial peptide synthesized by hepatocytes and se-
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acid (aa) preprohormone [6, 10], targeted to the se-
cretory pathway, and cleaved into a 25-aa mature pep-
tide by furin [11]. In our previous study a significant 
reduction of serum prohepcidin levels was observed 
in patients with chronic hepatitis C who achieved 
a  sustained virological response (SVR) as a  result of 
therapy with pegylated interferon α-2 (PEG-IFNα) in 
combination with ribavirin (RBV) [12]. The studies 
in vitro and in vivo showed that an inhibitor of ser-
ine proteases, α-1-antitrypsin, binds preprohepcidin 
and prohepcidin but not hepcidin intracellularly and 
in the plasma. α-1-antitrypsin by binding to prohepci-
din can protect it from proteolytic activity of conver-
tases involved in the transformation of the propeptide 
to hepcidin [13]. It was shown recently that hepcidin 
gene (HAMP) expression is upregulated in cell culture 
early after induction by IFN-α [14]. Therefore, we in-
vestigated whether PEG-IFNα plus RBV treatment has 
an impact on hepcidin and α-1-antitrypsin concentra-
tions in the serum of patients with CHC. A  further 
aim of this study was to determine whether changes in 
hepcidin and prohepcidin concentrations in patients 
with chronic hepatitis C virus (HCV) infection are due 
to iron metabolism disorder or α-1-antitrypsin level or 
are secondarily related to the persistent HCV infection.

Material and methods

Hepcidin and α-1-antitrypsin concentrations were 
measured in the sera of 40 patients with CHC before 
and during standard PEG-IFNα/RBV combination  
antiviral therapy and correlated with prohepcidin level, 
studied by our group previously [12]. Clinical charac-
teristics of the studied population are presented in Ta-
ble 1. As a control, hepcidin, prohepcidin and α-1-anti-
trypsin concentrations were measured in 15 healthy 
volunteers (anti-HCV negative; 7 females and 8 males, 
median age: 40 years). Concentration measurements 
were performed by enzyme-linked immunosorbent 
assays: human Hepcidin-25 (EIA Extraction-free kit; 
Bachem, Germany), pro-hepcidin ELISA (DRG Instru-
ment GmbH, Marburg, Germany) and the α-1-anti-
trypsin ELISA Clearance (Immundiagnostik, Germa-
ny). Concentration of studied proteins was determined 
prior to treatment, and then during the antiviral thera-
py in weeks 4, 12, 24 and 48 (genotype 1). Patients were 
divided into two groups: responders (R), defined as un-
detectable HCV-RNA at week 24 after the end of ther-
apy, and non-responders (NR), defined as HCV-RNA 
positive at week 24 after the end of therapy. Results 
were analyzed in relation to the therapy efficacy, liver 
function and inflammatory-necrotic process markers, 
HCV RNA concentration, virus genotype, and iron 

metabolism. The level of HCV RNA was determined 
by TaqMan Real-Time PCR with a  detection limit of 
50 IU/ml.

The study was conducted with the prior approval  
of the Ethical Committee of the Medical University of 
Bialystok according to the ethical guidelines of the Dec-
laration of Helsinki. Informed consent was obtained 
from all patients enrolled in the study. The values of 
analyzed parameters are presented as the mean and 
standard error of the mean or median with minimum 
and maximum. Statistical significance of differences was 
calculated using Student’s t test or the Mann-Whitney 
U test, where appropriate. In the case of dependent vari-
ables with non-Gaussian distribution, statistical differ-
ences were compared using the Wilcoxon signed-rank 
test. Correlations were performed using Pearson’s cor-
relation or the Spearman rank method, where appro-
priate. Data analysis was performed using Statistica 8.0. 
Calculated values of p < 0.05 were considered as signif-
icant.

Results

As shown in Table 1 male gender dominated in the 
study. Age of patients was similar in each group, but was 
significantly lower in the responders group of CHC pa-
tients infected with genotype 3a. This can be however 
attributed to the small sample size (n = 3) of the group. 
Baseline HCV RNA level was significantly higher in 
subjects infected with genotype 1b than 3a, although 
differences dependent on subsequent treatment efficacy 
were not observed. The values of the analyzed markers 
of liver function and iron metabolism did not show sta-
tistically significant differences (Table 1).

Hepcidin concentrations measured in all patients 
before treatment were significantly higher than val-
ues obtained in the control group (221.4 ± 24.7 ng/ml 
vs. 55.7 ± 9.6 ng/ml, p < 0.001). Also, the values were 
increased in both genotype 1b (240 ± 34 ng/ml vs.  
55.7 ± 9.6 ng/ml, p < 0.001) and genotype 3a (193.2 
± 35.2 ng/ml vs. 55.7 ± 9.6 ng/ml, p < 0.001) infected 
patients in comparison to the control group. However, 
no significant differences in baseline hepcidin concen-
tration in relation to treatment efficacy were observed 
(Table 2). The baseline α-1-antitrypsin concentrations 
did not differ significantly from control values, with the 
exception of genotype 3a CHC, where the concentration 
was significantly higher in the NR group. However, the 
limitation was that there were only 3 cases in the group 
(Table 2).

During treatment of genotype 1b HCV infected 
patients hepcidin levels gradually declined, reaching 
a value of 69 ± 19 ng/ml at the treatment termination, 
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which was significantly lower than before therapy (240 
± 34 ng/ml, p < 0.05). Analysis of hepcidin concentra-
tions depending on the response to the treatment in the 
R group showed increased levels at week 4 of therapy, 
and then a decrease at week 48 to values significantly 
lower than those observed in the NR group (Fig. 1A). 
An increase in hepcidin levels after 4 weeks of treatment 
with a  subsequent reduction of the infection was also 
observed in the R group of genotype 3a infected pa-
tients. However, the difference in relation to NR was not 
statistically significant (Fig. 1B). In our previous study 
[12] we observed that prohepcidin concentrations in the 
initial period of treatment were declining in both R and 
NR groups of patients infected with genotype 1b. After 
4 weeks of therapy, prohepcidin concentrations in the 
R group showed a decrease, whereas in the NR group 
an increase to baseline level occurred, which resulted in 
statistically significant differences in 24 and 48 weeks of 
the therapy dependent on the final therapy response. As 
shown in Figure 2A, there was no effect of the treatment 

efficacy on the α-1-antitrypsin concentration in patients 
infected with genotype 1b. In patients infected with gen-
otype 3a a  constant α-1-antitrypsin level throughout 
the treatment period was observed in patients of the R 
group, which was significantly lower than that observed 
in the NR group (Fig. 2B).

Baseline analyses showed a  significant correlation 
between hepcidin and prohepcidin concentrations  
(r = 0.39, p < 0.05) in all CHC patients, with the high-
est correlation coefficient observed in patients infected 
with genotype 1 who achieved SVR (r = 0.75, p < 0.01). 
Moreover, there was a clear association in the 48th week  
of treatment in genotype 1 infected patients (r = 0.98,  
p < 0.001). Further analysis showed a significant positive 
correlation between serum hepcidin and ferritin, and 
a negative correlation between serum concentrations of 
prohepcidin and iron at baseline, but only in patients 
who achieved SVR (Table 3). Analysis of all subjects also 
showed a correlation between prohepcidin and α-1-anti-
trypsin concentrations at the baseline (r = 0.38, p < 0.05). 

Table 1. Baseline (before treatment) characteristics of the study cohort, including hepatitis C virus (HCV) genotype and response (R) or non-response (NR) to 
antiviral therapy. Values given as mean ± SE

Factor Genotype 1b, n = 29 Genotype 3a, n = 24 All patients, n = 53

NR, n = 16 R, n = 13 NR, n = 3 R, n = 21 NR, n = 19 R, n = 34

Age (years) (median, min.-max.) 48 (23-58) 47 (21-67) 24 (20-26) 47 (25-64)# 44 (20-58) 47(21-67)

Gender, n (M/F) 13/3 11/2 2/1 12/9 15/4 23/11 

HCV RNA log10 (IU/ml) 4.1 ± 0.3 4.5 ± 0.4 2.4 ± 0.1 2.6 ± 0.2 3.8 ± 0.3 3.4 ± 0.3

ALT (U/l) 75.1 ± 8.7* 110 ± 29 133 ± 26* 112 ± 24 84.3 ± 9.5 111 ± 18

Bilirubin (mg/dl) 1.2 ± 0.1 1.1 ± 0.2 1.1 ± 0.0 1.0 ± 0.1 1.2 ± 0.1 1 ± 0.1

Fe (μg/dl) 162 ± 20 139 ± 18 165 ± 29 127 ± 11 163 ± 18 131 ± 9

TIBC (μg/dl) 317 ± 21 352 ± 21 361 ± 25 346 ± 14 324 ± 18 348 ± 11

UIBC (μg/dl) 172 ± 45 203 ± 55 218 ± 51 135 ± 21 171 ± 35 160 ± 25

Ferritin (ng/ml) 205 ± 35 255 ± 50 135 ± 62 193 ± 58 196 ± 32 217 ± 41

Hemoglobin (g/dl) 14.5 ± 0.4 15.0 ± 0.3 15.4 ± 0.9 14.7 ± 0.3 14.6 ± 0.4 14.8 ± 0.2

*Statistically significant (p < 0.05) differences between genotype 1b and 3a (comparing NR vs. NR and R vs. R) 
#Statistically significant differences between NR and R in the genotype.

Table 2. Baseline hepcidin, prohepcidin [10] and α-1-antitrypsin concentrations in relation to the control group values, depending on response (R) or non-
response (NR) to treatment. Values given as mean ± SE

Factor Control group Genotype 1b Genotype 3a All patients

NR R NR R NR R

Hepcidin (ng/ml) 55.7 ± 9.6 219 ± 37* 261 ± 58* 129 ± 42 208 ± 42* 201 ± 31* 234 ± 35*

Prohepcidin (ng/ml) 84.1 ± 7.8 88.3 ± 11.5 88.9 ± 14.7 94.1 ± 8.0 99.5 ± 5.2 89.2 ± 9.7 85.4 ± 6.4

α-1-antitrypsin (mg/dl) 51.7 ± 6.0 60.6 ± 7.3 62.0 ± 7.3 92.5 ± 8.2*# 56.2 ± 8.3# 67.0 ± 6.8 59.0 ± 5.5

*Statistically significant (p < 0.05) differences compared to normal. 
#Statistically significant differences between NR and R groups.
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Discussion

In this study we investigated the influence of 
PEG-INFα/RBV therapy on hepcidin, prohepcidin and 
α-1-antitrypsin concentrations in sera of patients with 
chronic hepatitis C. Chronic inflammation is frequently 
associated with liver tissue iron overload, as well as with 
anemia. Hepcidin is a key mediator of anemia of inflam-
mation [15, 16]. We have analyzed the relation between 
investigated factors and biochemical parameters of liver 
function as well as markers of iron metabolism.

Recent studies showed hepcidin deregulation in 
chronic hepatitis C and suggested the pivotal role of 
this hormone in the pathogenesis of liver iron overload 
[17-19]. There is some evidence that hepatitis C virus 
suppresses hepcidin expression in a  reactive oxygen 

species-dependent manner through increased histone 
deacetylase activity [20, 21]. However, our study has 
shown that hepcidin concentrations were significantly 
increased in serum of both genotype 1b and genotype 
3a infected CHC patients measured before antiviral 
therapy as compared with healthy controls [12]. More-
over, we found a strong positive correlation of hepcidin 
levels with serum ferritin concentration, suggesting 
linkage between iron stores and hepcidin production,  
but importantly only in patients achieving an SVR. 
Ryan et al. [23] reported the strongest correlation be-
tween hepcidin and iron level changes during the first 
24 hours of PEG-IFNα/RBV treatment in patients with 
the most significant decline of viral load, ultimately 
achieving an SVR. A positive association between liver 
hepcidin mRNA and serum ferritin, total iron score and 

Fig. 1. Hepcidin concentrations during treatment of patients infected with genotype 1b (A) and genotype 3a hepatitis C virus (HCV) (B). Values given as  
mean ± SE; *p < 0.05
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hepatic iron accumulation in patients with CHC was 
found [24, 25]. Sikorska et al. observed increased serum 
iron concentration correlating with hepcidin mRNA 
expression in the liver of CHC patients. Nevertheless, 
the authors did not observe a significant association of 
hepcidin mRNA expression with HCV viral load and 
efficacy of antiviral treatment [26]. However, due to 
posttranslational modification and regulation, biolog-
ic activity of mature 25-AA hepcidin peptide may not 
be fully reflected by mRNA-based assay. Pandur et al. 
[13] demonstrated that the protease inhibitor α-1-anti-
trypsin robustly interacts with preprohepcidin as well 
as with prohepcidin in the cell and in the serum, play-
ing a role in protection from cleavage by furin and thus 
hormone maturation. Furthermore, α-1-antitrypsin 
mRNA in cells was over 2-fold increased under prepro-
hepcidin overexpression [13]. Prohepcidin can bind to 
and transcriptionally regulate the expression of HAMP 
in hepatocytes, but only the non-α-1-antitrypsin-bound 
prohepcidin affects the expression of its own gene [27]. 
In our study analysis of correlations at baseline showed 
a significant association between hepcidin and prohep-
cidin concentrations in the group of CHC patients, with 
the highest correlation coefficient observed in geno - 
type 1 patients who achieved SVR. In particular, the 
strongest association was noted in the 48th week of treat-
ment in genotype 1. Of note, we also observed a positive 
correlation between prohepcidin and α-1-antitrypsin 
concentrations measured before therapy, although the 
baseline α-1-antitrypsin concentrations do not dif-
fer significantly from control group values. This may 
indicate the existence of regulatory interdependence 
between prohepcidin and α-1-antitrypsin, which ulti-
mately may affect hepcidin level in the blood of CHC 
patients. The role of α-1-antitrypsin was confirmed by 
data showing an association between inherited muta-

tions within the α-1-antitrypsin gene and increased 
iron accumulation [28]. A  study by Ghio et al. [29] 
showed significant correlations between both plasma 
ferritin and iron with α-1-antitrypsin levels. 

Bartolomei et al. [14] demonstrated hepcidin upreg-
ulation at the mRNA level by IFN-α through the STAT3 
transcription factor. The authors showed that hepci-
din is the only iron-related gene modulated by IFN-α 
treatment of hepatocytes in vitro [14]. In accordance 
with our results, Ryan et al. [23] reported fast STAT3 
signaling-mediated hepcidin induction in CHC patients 
following the initiation of PEG-IFNα treatment. In our 
research hepcidin levels gradually declined during treat-
ment in genotype 1b, reaching significantly lower val-
ues at the treatment termination than before therapy. 
Whereas in the responder (R) group serum hepcidin 
concentration increased at week 4 and tended to de-
crease to reach by the end of treatment values similar to 
those in the control group, in the non-responder (NR) 
group it showed a decreased level at week 4 maintained 
during the following weeks of treatment. This may also 
reflect the link between differential activation of inter-
feron inducible genes and iron homeostasis during ther-
apy with PEG-IFNα. Of note, recently Liu et al. [30] 
found that hepcidin has direct antiviral activity against 
HCV replication in vitro through activation of STAT3. 
We observed that hepcidin concentration in genotype 1b 
differed significantly between R and NR groups at week 
48 of the treatment. We observed a similar trend in hep-
cidin concentrations in both R and NR groups of gen-
otype 3a, although there was no statistically significant 
difference between groups by the end of the therapy, 
perhaps due to the low number of cases in the NR group 
at this time point. 

A weakness of our study might be the absence of 
measurement at 24 weeks after the end of the antiviral 

Table 3. Correlation of baseline indicators expressed as r value for all subjects with initial concentrations of prohepcidin, hepcidin and α-1-antitrypsin with respect 
to response (R) or non-response (NR) to treatment

Prohepcidin Hepcidin Alpha-1-antitrypsin

NR R NR R NR R

HCV RNA 0.15 –0.32 0.47 0.01 –0.04 –0.08

ALT 0.14 0.28 –0.07 0.28 0.39 0.23

Bilirubin 0.25 0.12 0.33 0.21 0.56 0.04

Fe 0.11 –0.39* 0.23 –0.12 0.02 –0.39

TIBC 0.18 –0.19 0.04 0.10 –0.05 –0.21

UIBC 0.5 –0.81* 0.40 –0.61 –0.80 –0.54

Ferritin –0.01 0.10 0.47 0.66* –0.01 0.08

Hemoglobin 0.16 –0.06 0.05 0.09 0.28 0.17

*Statistically significant correlation (p < 0.05).
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therapy when there is no potential impact of ribavi-
rin-induced hemolytic anemia [31] on complex hep-
cidin production. Interestingly, Fujita et al. [22] ob-
served a  significantly increased serum hepcidin level 
24 weeks after successful HCV eradication compared 
with a relatively low concentration before therapy.

We have presented longitudinal analysis of serum 
hepcidin and α-1-antitrypsin concentrations during 
the antiviral treatment in chronic HCV infection. Dif-
ferential dynamics of hepcidin during PEG-IFNα/
RBV therapy in responders and non-responders may 
indicate the direct influence of viral eradication on 
iron homeostasis. α-1-antitrypsin serum concentra-
tion was not affected by the antiviral treatment effica-
cy. Importantly, successful therapy was associated with 
restoration of serum hepcidin concentration to values 
similar to the control group, which may contribute to 
reversal of HCV-related iron metabolism dysfunction. 
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