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Abstract: Disruption of hepatic production of the iron regulatory hormone-hepcidin has been postulated as
a possible mechanism causing iron overload in chronic hepatitis C. This study aimed at assessing the hepcidin
level in CHC patients & its relation to interferon therapy. Serum iron indices and hepcidin/ferritin ratio were
assessed in CHC patients (n=30) and healthy volunteers (n=20), before and after 24 weeks of pegylated (PEG)-
IFN and ribavirin therapy. Results revealed that baseline serum hepcidin, iron and hepcidin/ferritin ratio were
significantly lower in CHC patients than in controls (p=0.0194, 0.000 and 0.0037 respectively) with significant
correlation  between  and  baseline  serum  hepcidin  and  ferritin  (r=0.605;  p  =0.000).  Following 24 weeks of
PEG-IFN/ribavirin therapy, hepcidin levels significantly increased to be higher than that of the control group
(p = 0.0386) whereas iron and hepcidin/ferritin ratio increased, but their levels were still significantly lower
compared to the control group (p= 0.039 and 0.0051 respectively) and this was not related to the virological
responce. On the other hand, both baseline and follow up ferritin levels were significantly higher in CHC
patients than the control group (p-value 0.0003 and 0.0007). In conclusion, serum hepcidin and hepcidin/ferritin
ratio were significantly lower in CHC patients than HCV-negative controls. Following antiviral therapy, both
hepcidin and hepcidin / ferritin ratio were elevated irrespective of the virologic response.
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INTRODUCTION [5] and CHC [6]. Indeed, recent studies in animal and

Chronic hepatitis C (CHC) infection appears to be (HCV) infection may directly modulate hepcidin
associated with disturbances in iron homeostasis, with expression [7].
serum  ferritin  and hepatic iron stores being elevated in This study was conducted to determine the clinical
approximately 50% of patients [1]. With the discovery of relevance of the iron regulatory hormone; hepcidin, in
hepcidin [2], the liver has emerged as the central organ in patients with CHC in addition to the sequential changes
the regulation of systemic iron homeostasis [3]. Hepcidin after a 24-week course of pegylated interferon (PEG-IFN)
is a 25-aminoacid peptide hormone primarily synthesized plus ribavirin combination therapy.
by hepatocytes.  It  negatively  controls   two  critical
steps  of  iron  homeostasis:  duodenal  absorption  and MATERIALS AND METHODS
the release from macrophages recycling iron through
erythrophagocytosis [4]. We prospectively studied 30 adult IFN-naïve chronic

Disruption of hepcidin regulation has been HCV Egyptian patients attending the hepatology
postulated as a possible mechanism causing iron overload outpatient  clinic   at   Theodor   Bilharz  Research
in acquired conditions, including alcoholic liver disease Institute,  Cairo,  Egypt.  The  diagnosis was confirmed by

cellular models have suggested that hepatitis C virus
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seropositivity of HCV antibody, detection of HCV-RNA were presented as mean ± SD. Qualitative data were
by real time PCR and histopathological evidence of CHC presented as frequencies and percentages. For multiple
according to METAVIR system [8]. In addition, 20 healthy group  comparison  means,  Student’s  t test   was  used.
volunteers who were seronegative for HCV antibody were To study the relationship between two variables
included as a control group. All participants were Pearson’s correlation test (correlation coefficient r) was
subjected to hematological tests, biochemical live profile, calculated. All results were considered statistically
serum iron indices: serum iron, serum ferritin and serum significant when p value was <0.05 and highly significant
hepcidin which were measured by enzyme linked when p value was < 0.01.
immunosorbent assay (ELISA) technique. The ratio of
serum hepcidin/ferritin was calculated for each subject to RESULTS
evaluate the relative amounts of hepcidin in relation to
iron  burden.  CHC  patients were scheduled to receive Baseline Characteristics of CHC Patients: Baseline
PEG-IFN  2a, 180 µg subcutaneous once/ week and oral characteristics of the studied groups were represented in
ribavirin 13-15 mg/kg/day. Follow up after 24 weeks of Table (1). CHC patients had mean age of 44 years with a
therapy was assessed by routine hematological tests and significant male predominance (p value <0.05) and average
HCV-RNA  quantitation. In addition serum iron, ferritin, body mass index (BMI). Hemoglobin level, white blood
hepcidin and hepcidin/ferritin ratio were estimated in both cells and platelet counts were within normal range while
responders and non-responders. All participants gave a AST and ALT showed 1.63 and 1.58 folds increase
written informed consent and the study was approved by respectively. Baseline HCV-RNA ranged from 3900.9x10
the institutional committee for the protection of human with a mean ± SD 921155±1913.6IU/ml. Liver biopsy
subjects which was adopted by 18  World Medical revealed A0-1 and A2 grades of necro-inflammation inth

Assembly, Helsinki, Finland, June 1964. 46.6 and 40% of patients respectively while 54.3, 24.7 and

Exclusion Criteria: Patients with hepatitis B surface respectively according to METAVIR score.
antigen (HBsAg), decompensated liver disease, liver
malignancy, history of previous IFN therapy and those Iron Indices at Baseline Assessment: At baseline
with history of iron supplementation in the year preceding assessment, mean levels of serum iron, serum hepcidin
the liver biopsy. and hepcidin/ferritin ratio of CHC patients were

Hepcidin Determination: Serum hepcidin measurement 0.0000, 0.0194 and 0.0037 respectively) while mean level of
was performed by using ELISA kit provided by DRG serum ferritin was significantly higher (p value 0.0003) as
Instruments GmbH, Germany Division of DRG shown in Table 2 and Figure 1.
International, Inc. The DRG Hepcidin ELISA Kit is a solid Moreover a strong positive correlation was detected
phase enzyme-linked immunosorbent assay (ELISA), between  serum  hepcidin   and   serum   ferritin  (r=0.605;
based on the principle of competitive binding. The p value <0.000). However, serum hepcidin was not
microtiter wells were coated with a monoclonal antibody significantly  correlated  with  patients’  demographics
directed towards the antigenic site of the bioactive (age, gender, BMI), laboratory (serum iron, transaminases
Hepcidin 25 molecule. Endogenous Hepcidin of a patient levels, HCV-RNA viral load, serum albumin, bilirubin) or
sample competes with the added Hepcidin-biotin histopathological (grade of activity and stage of fibrosis)
conjugate for binding to the coated antibody. After data.
incubation the unbound conjugate is washed off.
Incubation with a streptavidin-peroxidase enzyme complex Follow up After 24 Weeks of Anti-Viral Therapy:
and a second wash step follows. The addition of Remarkably after 24 weeks of PFG-IFN plus ribavirin
substrate solution results in a color development which therapy, serum hepcidin and ferritin levels were
was stopped after a short incubation. The intensity of significantly elevated to be greater than that of the control
color developed was reversely proportional to the group (p value 0.0386 and 0.0007 respectively). On the
concentration of Hepcidin in the patient. other hand, serum iron level and hepcidin/ferritin ratio

Statistical Analysis: Data of our study was analyzed than that of the healthy volunteers (p value 0.039 and
using Epi-info Software, version 6.04. Quantitative data 0.0051) respectively as shown in Table 2.

6

21% of the patients had fibrosis stages F1, F2 and F3

significantly less than those of the control group (p =

were elevated, but were found to be significantly lower
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Table 1: Baseline characteristics of the studied CHC patients and control group
Variables CHC (n=30) Mean ± SD Control (n=20) Mean ± SD P value
Age (years) 44.07±6.63 46.75±8.57 > 0.05
Gender Male 27 (90%) 13 (65%) < 0.05(S)

Female 3 (10%) 7 (35%)
BMI (kg/m ) 26.1±3.23 24.76±2.85 > 0.052

Hb mg/dl 13.29 ± 1.19 14.29 ± 1.19 > 0.05
WBCs (x10  /cc) 6.38 ± 1.69 6.78± 1.69 > 0.053

PLT count (x10 /mm ) 198 ± 55.66 218 ± 65.66 > 0.053 3

ALT fold elevation 1.58 ± 0.86 0.62±0.31 < 0.05(S)
AST fold elevation 1.63 ± 0.99 0.65±0.29 < 0.05(S)
Albumin g/dl 3.99 ± 0.39 4.19 ± 0.49 < 0.05(S)
Bilirubin mg/dl 0.94 ± 0.29 0.6 ±1.8 > 0.05
PC (%)  86±7.14 89.32±5.84 > 0.05
BMI: body mass index; Hb: hemoglobin; WBCs: white blood cells; PLT: platelet; ALT: alanine transaminase; AST: aspartate transaminase; PC: prothrombin
concentration.
 S=significant

Table 2: Serum hepicidin, iron and ferritin in CHC patients before and after a 24-week course of PEG-IFN plus ribavirin combination therapy compared to
the control group

CHC (n=30)
-----------------------------------------------------------

Iron indices Before therapy After therapy Control (n=20) P value
Serum hepicidin (AU)
Mean±SD 38.55 ± 24.09 83.18 ± 36.19 60.5 ±41.61 *0.0194
Median 29.4 80.2 57.7 **0.0386
Serum iron (µg/dl)
Mean±SD 86.73 ± 15.13 101.6 ± 20.47 114.22 ±22.86 *0.0000
Median 90 104.5 110 **0.039
Serum ferritin (ng/mL)
Mean±SD 284.45 ±63.19 370.2 ± 158.4 93.06 ± 28.82 *0.0003
Median 158.1 423 48.5 **0.0007
Hepicidin/ ferritin ratio
Mean± SD 0.21 ± 0.21 0.45 ± 0.2 1.74 ± 2.75 *0.0037
Median 0.13 0.21 0.77 **0.0051
AU= arbitrary units
*p value between baseline iron indices and control group
**p value between follow up iron indices after anti-viral therapy and control group

Table 3: Sequential changes in iron indices after 24 weeks of  PEG-IFN  and  ribavirin  therapy  in responders and non-responders
Responders (n=23) Non-responders (n=7)
----------------------------------------------------- -----------------------------------------------------

Iron indices Baseline After 24 weeks Baseline After 24 weeks P value
Hepcidin (AU) 39.32 ± 21.25 84.32 ± 39.25 37.43 ± 25.74 79.43 ± 25.74 > 0.05
Ferritin (ng/mL) 277.57 ± 71.48 377.57 ± 240.48 297.96 ±77.72 385.96 ±477.72 > 0.05
Iron (µg/dl) 88.26 ± 27.74 102.26 ± 27.74 89.71 ± 29.25 99.71 ± 29.25 > 0.05
Hepcidin /ferritin ratio 0.22 ± 0.22 0.47± 0.22 0.20 ± 0.23 0.41± 0.23 > 0.05

Virologic response after 24 weeks of therapy as statistically related to the virologic response as well
defined by negative qualitative HCV-RNA was reported (Table 3).
in 23(76.7%) patients. Patients’ demographics (age, Paired estimation of iron indices before and after the
gender,  BMI), transaminases levels and histopathological 24-weeks of anti-viral therapy revealed a significant
data (grade of activity and stage of fibrosis) were not increase of serum iron and hepcidin; p value 0.003 and
statistically related to the virologic response. Moreover 0.0001 respectively. On the other hand neither serum
the sequential changes in all iron indices; serum iron, ferritin nor the hepicidin/ferritin ratio showed this
ferritin, hepcidin and hepcidin/ferritin ratio were not significance; p value 0.22 and 0.51 respectively (Figure 2).
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Fig. 1: Baseline serum ferritin, iron and hepicidin in CHC suppressive viral factors and the hepcidin stimulation by
patients compared to the control group iron load. Theoretically, in the early phase of CHC,

Fig. 2: Paired estimation of serum hepicidin, ferritin and Fujita et al. [14] found a strong positive correlation
iron in CHC patients before and after a 24-week between serum hepcidin, hepatic hepcidin mRNA
course of PEG-IFN plus ribavirin combination expression levels, serum ferritin and hepatic iron levels.
therapy The expression of hepcidin is known to increase in

DISCUSSION synthesis, activity as well as expression of converting

Hepcidin, a 25-aminoacid peptide hormone primarily impairment suggesting that HCV interferes with hepcidin
synthesized by hepatocytes, is the central regulator of synthesis at the level of prohormone synthesis or
systemic iron homeostasis. Hepcidin deficiency is the maturation in the liver. Thus liver fibrosis affects
cause of iron overload in hereditary hemochromatosis, synthesis of hepcidin and the inadequate hepcidin
iron-loading anemias and hepatitis C. Hepcidin excess is production can explain the majority of iron overload,
associated with anemia of inflammation, chronic kidney which play in turn a pivotal role in liver fibrosis [16].
disease and iron deficiency anemia [9]. At the molecular However, in the current study neither the parameters
level, hepcidin binds  to ferroportin, the membrane iron reflecting synthetic hepatic functions nor fibrosis status
exporter is highly expressed by enterocytes and were correlated with hepcidin levels. Moreover, there were
macrophages [10]. This is followed by ferroportin no significant correlations between serum hepcidin levels
internalization, degradation and hence reduction of iron and serum transaminases. Similarly, neither serum
entry in the plasma compartment [11]. Hepcidin expression transaminases levels nor histological grading of CHC were
is modulated by iron stores, so that it decreases in iron significantly related with serum hepcidin [17].
deficiency to facilitate iron absorption while it increases Furthermore,  serum  albumin  levels  and  hepatic  fibrosis

in iron repletion to prevent pathological overload.
Hepcidin expression is also induced by inflammation and
suppressed by hypoxia and anemia [12].

The present study was able to demonstrate the
interaction between hepcidin levels and iron overload, a
frequent finding in CHC patients. Serum hepcidin, iron
and hepcidin/ferritin ratio were significantly low among
CHC patients compared to healthy controls in contrast to
ferritin levels which were significantly higher and
expressed a significant correlation with serum hepcidin.
This may be explained by the fact that hepcidin down
regulation is likely to contribute to liver iron accumulation
in this condition. Hepcidin expression in CHC is
determined by the opposing effects of hepcidin-

hepcidin may be prominently suppressed by HCV, but as
iron accumulates the negative influence of viral factors
may be masked by the positive stimulation of iron [13].

Mild anemic state is a complication in CHC patients
with hyper-ferritinemia [14]. In our study, serum iron was
significantly reduced in CHC patients compared to that of
healthy volunteers; this anemia may also influence the
relatively diminished hepatic hepcidin production in these
patients.

The present work demonstrates a relationship
between serum hepcidin levels and serum ferritin levels,
indicating that hepcidin is expressed by the liver in
response to iron burden, even in CHC patients. Similarly,

response to inflammatory stimuli [15] and hepcidin

enzymes might be altered in situations of liver function
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status  were  not  correlated  with  hepcidin   levels  [18]. Serum hepcidin and hepcidin/ferritin ratio were
On the other hand, previous studies found that the
significantly low levels of hepcidin were correlated with
liver fibrosis in CHC virus infection [19, 20].

According to the hypothesis of a direct suppressive
effect of HCV on liver hepcidin expression, one could
anticipate an inverse relationship between viral load and
circulating hepcidin levels. Such correlation was not
observed in our CHC patients which is in agreement with
Fujita et al. [14] who found no relation between HCV RNA
load and serum hepcidin.

To evaluate the direct involvement of HCV infection
in impairing hepatic hepcidin production, serum hepcidin
was determined after 24 weeks from the start of PEG-IFN
plus ribavirin therapy. A significant increase in its level
was observed, but with no significant difference between
responders and non responders. A previous study had
reported the significant increase in serum hepcidin levels
after PEG-IFN plus ribavirin therapy in sustained virologic
response (SVR) patients [14]. In contrast to our results,
such  increase  was  not  noted among non-responders.
This difference may be explained by the fact that in our
study serum hepcidin was measured after 24 weeks of
PEG-IFN/ribavirin therapy and not at week 48 or week 72.

Serum ferritin and iron levels of our patients
increased after 24 weeks of therapy. This may be due to
the lag of reduction of serum ferritin after initial
improvement of serum hepcidin levels and also to the
short follow up period of only 24 weeks.

To evaluate the relative amounts of hepcidin in
relation to iron burden, we calculated the ratio of serum
hepcidin/ferritin in each subject. The hepcidin/ferritin ratio
was significantly lower in HCV positive patients than in
healthy volunteers indicating that hepcidin induction per
iron burden was relatively impaired in CHC patients.
These  results  are  in  accordance with Fujita et al. [14]
who found that serum hepcidin/ferritin ratios are
significantly  lower  in  HCV-positive  patients  than in
HCV-negative controls. After 24 weeks of therapy the
ratio was elevated but did not reach a statistically
significant difference from those of healthy volunteers,
which was not the case in Fujita et al. [14]. Moreover,
there was no statistically significant difference detected
between responders and non-responders.

The current study has some limitations which are
related to the small number of CHC patients included in
the study and the fact that iron indices were evaluated
after only 24 weeks of PEG-IFN/ribavirin therapy which
precluded the ability to assess the effect of complete viral
eradication on serum hepcidin which requires further
studies with a longer follow up period.

significantly lower in CHC patients than HCV-negative
controls. After IFN based therapy, serum hepcidin was
significantly elevated while hepcidin/ferritin ratio
expressed a non-significant elevation. All changes in iron
indices were not statistically related to the virologic
response.
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