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Patients with Chronic Hepatitis C May be More Sensitive
to Iron Hepatotoxicity than Patients with

HFE-Hemochromatosis
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Abstract

Aim In chronic hepatitis C, iron might play an important role as a hepatotoxic co-factor. Therefore, vene-

section, a standard treatment for hemochromatosis, has been proposed as an alternative for patients who re-

spond poorly to anti-viral therapy. To improve our understanding of iron-induced hepatotoxicity, we com-

pared the responses to venesection between patients with chronic hepatitis C and those with HFE-

hemochromatosis.

Methods Fourteen Japanese patients with chronic hepatitis C and eight Italian patients with HFE-

hemochromatosis underwent repeated venesection with a serum ferritin endpoint of 20 and 50 ng/mL, respec-

tively. Serum iron indices and liver function tests were measured in pre- and post treatment blood samples

from each patient. Body iron stores were calculated using the removed blood volume.

Results In both patients with hepatitis and hemochromatosis, serum ferritin, aminotransferase and hepcidin

25 were reduced after venesection. The serum aminotransferase activity, but not the serum ferritin level, was

predictive of effective iron removal treatment. Hepcidin regulation was set at an inappropriately low level in

hemochromatosis patients (11.1 ± 9.2 ng/mL), but not so in hepatitis patients (30.7 ± 14.5 ng/mL). Inversely,

the estimated body iron stores of hemochromatosis patients were 5,960 ± 2,750 mg, while those of hepatitis

patients were 730 ± 560 mg. Judging from the liver enzyme reduction ratio, patients with hepatitis seemed to

be more sensitive to iron hepatotoxicity than hemochromatosis patients.

Conclusion Even though the threshold of iron hepatotoxicity and benefit of its removal differ between pa-

tients with chronic hepatitis C and those with HFE-hemochromatosis, venesection is a valid choice of treat-

ment to reduce liver disease activity in both diseases.
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Introduction

A door to genetic diagnosis of hereditary hemochromasis

was opened in 1996 by Feder et al; C282Y homozygosity in

HFE gene was found in 85% patients with hemochromato-

sis (1). Marked iron overload can induce organ and tissue

damage by producing oxidative stress related to the presence
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of “free iron” or “labile iron”. Accordingly, iron depletion

by venesection is the standard treatment for patients with

HFE-hemochromatosis. Treatment at the pre-fibrosis stage is

essential because hepatocellular carcinoma can develop in

patients with advanced liver fibrosis even after iron re-

moval (2). Iron-induced oxidative stress in the liver can also

be induced by chronic infection with hepatitis C virus

(HCV) and some studies suggest that in patients with

chronic hepatitis C (CHC), the coexistence of even a slight

amount of excess iron in the liver may exacerbate this oxi-

dative stress and promote liver injury and fibrosis, and in

some cases, promote carcinogenesis (3, 4). Over the last 20

years, the treatment of choice for CHC has been interferon

(IFN) therapy (5). Even though the clinical administration of

pegylated IFN and combination therapy with ribavirin have

improved the viral clearance rate, these antiviral therapies

are effective in eradicating the virus in only approximately

50% of patients (6). Therefore, venesection has been pro-

posed as an alternative in CHC patients who either were

contraindicated or responded poorly to IFN therapy, but the

routine application of venesection for the treatment of CHC

patients remains limited worldwide.

Hepcidin, a peptide synthesized in the liver, is the main

regulator of iron homeostasis by inhibiting intestinal iron

absorption and iron release by macrophages (7, 8). Func-

tionally, hepcidin secreted into the circulation binds to ferro-

portin, the only known cellular iron exporter, inducing its

internalization and degradation (9). Thus, the down-

regulation of ferroportin controls iron efflux from entero-

cytes and reticuloendothelial cells into the circulation.

Hemochromatosis proteins act as positive regulators of hep-

cidin. Thus, hepcidin synthesis is at a low level in patients

with HFE-hemochromatosis, which is the primary explana-

tion for the development of iron overload in these pa-

tients (10). Venesection further decreases serum and urinary

hepcidin to very low levels in patients with HFE-

hemochromatosis, indicating that they are still able to modu-

late, although inappropriately, hepcidin production in re-

sponse to iron stores (11, 12). Investigation of hepcidin

regulation has been limited due to the lack of reliable meth-

ods. Recently serum hepcidin levels of CHC patients were

measured in 2 studies using different methods (13, 14). Both

studies indicated that hepcidin regulation by iron stores is

maintained in CHC and suggested that HCV infection can

impair hepcidin production, which may be an important fac-

tor in hepatic iron accumulation.

Based on previous data on the possible beneficial effect

of venesection in HFE-hemochromatosis and CHC (2-4), we

investigated iron-induced hepatotoxicity and hepcidin regula-

tion under these iron overload conditions.

Subjects and Methods

Fourteen Japanese patients with CHC (8 males and 6 fe-

males; aged 57 ± 8 years) and eight Italians with HFE-

hemochromatosis (6 males and 2 females; aged 49 ± 17

years) were treated by venesection. Age-matched controls

were selected from a database of healthy Japanese volun-

teers (8 males and 6 females; aged 56 ± 7). Inclusion crite-

ria for CHC patients were: HCV-positive chronic hepatitis,

alcohol intake <25 g/day, absence of coexisting hepatitis B

virus (HBV) infections; absence of decompensated cirrhosis;

absence of coexisting conditions that could influence iron

parameters, such as acute and chronic inflammatory diseases

and hematological disorders, venesection, iron supplementa-

tion or repeated transfusions. All CHC patients were either

non-responders to IFN or had refused IFN therapy. Most pa-

tients were under long-term ursodeoxycholic acid treatment

without interruption during venesection. Demographic infor-

mation showing that the HFE mutant has an almost zero in-

cidence among Japanese (15) permitted omission of HFE

analysis in this population. Inclusion criteria for HFE-

hemochromatosis were increased transferrin saturation and

serum ferritin, and homozygosity for C282Y mutation in

HFE (1). HBV, HCV or human immunodeficiency virus in-

fections and high alcoholic intake were exclusion criteria for

the hemochromatosis group. Patients with CHC received ve-

nesection with modified endpoints of serum ferritin of 20

ng/mL or hemoglobin of 12.0 g/dL based on a previous re-

port (3) because iron deficiency anemia might decrease hep-

cidin production. A volume of 200 mL for female patients

and 400 mL for male patients was removed every two

weeks. Italian patients with HFE-hemochromatosis were

treated by standard venesection with an endpoint of serum

ferritin levels of less than 50 ng/mL. A volume of 350 mL

for female patients and 400 mL for male patients was drawn

each week.

Routine laboratory tests included hemoglobin, serum

alanine aminotransferase (ALT) activities, serum iron, total

iron binding capacity and ferritin concentration. Transferrin

saturation (TS) was calculated according to the standard

method. Serum hepcidin 25 was quantified by liquid chro-

matography tandem mass spectrometry in the laboratory of

Kanazawa Medical University, and expressed as ng/mL as

reported previously (16).

Because Hb did not change in venesection for hemochro-

matosis, body iron stores were simply estimated from the to-

tal iron removed using a modified version of the following

formula reported previously (17) [mean Hb (g/dL)×0.034×

total blood volume (mL)]. Body iron stores of hepatitis with

post treatment anemia were adjusted by reduced hemoglobin

(Hb) concentration during venesection: body iron stores

(mg)=total iron removed (mg) - reduced blood iron (mg)

[ΔHb (g/dL)×0.034×1/15×body weight (g)]. ΔHb (g/dL) was

defined as the change in the concentration after venesection.

Reduction of ALT activity was calculated as [pre-

treatment activity-post treatment activity]. Based on a hy-

pothesis that sensitivity to iron-induced hepatotoxicity might

be represented by a ratio of ALT reduction during venesec-

tion to body iron stores, the iron hepatotoxicity index (IHI)

was calculated by [dividing reduction in ALT activity by

body iron stores estimated from total volume of removed
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Figure　1.　A correlation between serum levels of ferritin and 
hepcidin 25 in pre-treatment patients with chronic hepatitis C. 
Hepcidin might regulate iron homeostasis in chronic hepatitis 
C patients.
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Table　1.　Laboratory Data of Controls and Patients Receiving Venesection

Subjects Hb Hepcidin Ferritin H/F ratio TS ALT 
(g/dL) (ng/mL) (ng/mL)  (%) (U/L) 

Japanese Control (n=14) 
 Base line 14.0±1.4 33.7±17.9 110±81 0.48±0.47 35.8±9.3 20±7 

Japanese CHC (n=14) 
 Pre Treatment 14.6±1.1 30.7±14.5 250±132 0.14±0.07 45.3±12.9 90±27 
 Post Treatment 13.1±1.3 2.0±1.4 15±4 0.15±0.12 17.2±5.7 41±16 

p1 (Pre vs. Cont) ns ns <0.01 0.018 0.034 <0.01 
 p4 (Pre vs. Post) <0.01 <0.01 <0.01 ns <0.01 <0.01 

Italian Hemochromatosis (n=8) 
 Pre Treament 14.6±0.8 11.1±9.2 1347±620 0.01±0.01 83±14 40±21 
 Post Treatment 14.8±0.5 2.1±2.3 49±16 0.05±0.05 41±13 18±5 

 p1 (Pre vs. Control) ns <0.01 <0.01 <0.01 <0.01 ns 
p2 (Pre vs. Pre CHC) ns <0.01 <0.01 <0.01 <0.01 <0.01 
p3 (Post vs. Post CHC) <0.01 ns <0.01 0.012 <0.01 <0.01 

 p4 (Pre vs. Post) ns 0.014 <0.01 ns <0.01 0.016 

H/F; hepcidn/ferritin, ALT; alanine aminotransferase, TS; transferrin saturation, CHC; chronic hepatitis C, p1; statistical analysis of 
pre-treatment values compared to control baseline, p2; statistical analysis of pre-treatment values compared to those of CHC, p3;
statistical analysis of post treatment values compared to those of CHC, p4; statistical analysis of pre-treatment and post-treatment 
values.

There were sex differences in Hb and serum ferritin concentration, but not in serum levels of hepcidin and ALT in controls.  
Pre-treatment patients with hemochromatosis were characterized by remarkably high levels of ferritin and transferrin saturation, and low 
levels of hepcidin and ALT compared to those with CHC. Baseline levels of hepcidin did not differ between controls and CHC, but the 
hepcidin/ferritin ratio, an iron regulatory hormone index adjusted by representative values of body iron stores, were low in CHC. 
Regardless of the different endpoints, both patients with CHC and those with hemochromatosis responded similarly to venesection
treatment. Post treatment levels of hepcidin were quite low in all patients regardless of CHC or hemochromatosis. 

blood].

These procedures including venesection were performed

in accordance with guidelines for Human Research at Na-

goya University Hospital and Milano-Bicocca University.

For statistical analysis, biochemical indices were expressed

as mean ± SD, and differences between pre- and post-

treatment values, and those among patient groups were ana-

lyzed using Student’s t test. Gender differences were not

considered in the study because of the small number of pa-

tients.

Results

Laboratory data of subjects at entry and post-venesection

are summarized in Table 1. Pre-treatment levels of serum

ferritin, transferrin saturation and ALT differed among

groups. Serum ferritin levels and TS were markedly elevated

in hemochromatosis, and slightly increased in CHC com-

pared to those in controls. ALT levels were three times

higher than the upper normal value in patients with CHC

and only slightly increased in hemochromatosis patients.

Pre-treatment hepcidin levels of hepatitis patients did not

significantly differ compared with those of controls (33.7 ±

17.9 vs. 30.7 ± 14.5 ng/mL, p=0.64), but the hepcidin/fer-

ritin ratio in hepatitis patients was significantly lower than

that in controls (0.14 ± 0.07 vs. 0.48 ± 0.47, p=0.018). Se-

rum hepcidin levels were significantly lower in patients with

hemochromatosis. Markedly low levels of hepcidin and high

levels of ferritin induced quite low values for the hepcidin

index in hemochromatosis patients. A significant correlation

was observed in the pre-treatment levels between serum

hepcidin and ferritin in CHC patients (r=0.65, p=0.012)

(Fig. 1), but not in controls and hemochromatosis patients

(data not shown). The small number of controls and patients
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Figure　2.　Reduction of serum ferritin levels in the 2 patient 
groups by venesection. Note that the endpoints were set differ-
ently: 20 ng/mL for chronic hepatitis C (a straight line), and 
50 ng/mL for HFE-hemochromatosis (a dotted line). High 
starting points of 1347±620 ng/mL in hemochromatosis pa-
tients indicate severe iron overload in the genetic disorder as 
compared to those of 250±132 ng/mL in chronic hepatitis C 
patients. Vertical bars indicate mean ± SD.
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Figure　3.　Reduction of serum ALT levels in the 2 patient 
groups by venesection. The parameter of biochemical liver 
disease was normalized in HFE-hemochromatosis (dotted 
line), but remained slightly elevated in chronic hepatitis C 
(straight line), suggesting that viral insult persisted after iron 
hepatotoxicity was removed. ALT; alanine aminotransferase. 
Vertical bars indicate mean ± SD.
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Figure　4.　Reduction of serum hepcidin levels in the 2 patient 
groups by venesection. Serum hepcidin 25 levels of chronic 
hepatitis C (straight line) were similar to those of controls at 
the pre-treatment stage, while those of HFE-hemochromatosis 
(dotted line) were low at 11.1±9.2 ng/mL. In both patient 
groups, hepcidin levels were reduced to quite low levels after 
venesection. It is clear that the hepcidin system is set at lower 
levels in HFE-hemochromatosis than in chronic hepatitis C. 
Genetic setting with low hepcidin regulation caused a large 
amount of iron absorption in the intestine over 50 years. Ver-
tical bars indicate mean ± SD.
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with HFE-hemochromatosis might have caused a false nega-

tive result.

There were no side effects of venesection requiring dis-

continuation of therapy. Hemoglobin concentration remained

normal during venesection in hemochromatosis patients but

decreased slightly in CHC patients. The serum ferritin con-

centrations used for monitoring body iron stores decreased

linearly from 250 ± 32 ng/mL to levels of <20 ng/mL in

CHC, and from 1,347 ± 620 ng/mL to levels <50 ng/mL in

hemochromatosis (Fig. 2). The treatment effectively reduced

ALT to only slightly increased levels in CHC, and normal-

ized these levels in hemochromatosis (Fig. 3). One excep-

tional patient with hemochromatosis showed an increase in

the liver enzyme level from 15 to 23 U/L. Serum hepcidin

was significantly decreased in both CHC and hemochroma-

tosis reaching comparable levels after iron depletion (2.1 ±

2.3 ng/mL in hemochromatosis vs. 2.0 ± 1.4 ng/mL in

CHC) (Fig. 4). One exceptional patient with hemochromato-

sis showed an increase in serum hepcidin from 3.5 to 7.7

ng/mL.

The regimens and effects of venesection for patients with

CHC and hemochromatosis are summarized in Table 2. Esti-

mated body iron stores of 730 ± 560 mg were removed

from hepatitis patients over 7±3 months, while 5,960 ±

2,750 mg were removed from hemochromatosis patients

over 15 ± 8 months. There were differences in the body iron

stores and treatment periods between the 2 patient groups.

In CHC patients, reduction of ALT activity by venesection

was larger than that in hemochromatosis patients (49 ± 30

vs. 22 ± 20 U/L). There were correlations between the re-

duction in ALT activity and pre-treatment ALT activity in

both patient groups (Fig. 5, 6). IHI was quite low in hemo-

chromatosis with a significant difference between the 2 pa-

tient groups (0.097 ± 0.083 in CHC vs. 0.0032 ± 0.0046 U/

L/mg in hemochromatosis).

Discussion

In the present paper, we compared the behavior of serum

iron indices including hepcidin-25 and liver enzymes in

CHC and HFE-hemochromatosis during the first stage of

venesection to remove body iron stores. Since, in addition to

genetic background, dietary customs between Italians and

Japanese, and the venesection protocols used for CHC and

hemochromatosis are different, this comparative study may

involve confounding factors. However, most of the findings

observed are potentially significant. Considering that both

conditions responded to venesection, iron hepatotoxicity is

involved in their pathogenesis, but these iron disorders sub-

stantially differ with regard to mechanisms and amounts of
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Figure　5.　A good correlation between the reduction of ALT 
and pre-treatment ALT in chronic hepatitis C. Pre-treatment 
ALT level is predictive of efficacy by venesection. It may be 
important that other parameters including ferritin concentra-
tion are not predictive of treatment effects. In other words, the 
higher ALT is, the greater the treatment effect will be. ALT: 
alanine aminotransferase.
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Figure　6.　A good correlation between the reduction of ALT 
and pre-treatment ALT in HFE-hemochromatosis. Seven of 8 
patients treated showed decreased serum ALT activities, while 
one of them had increased enzyme activity from 15 to 23 U/L 
after iron removal. It may be important that even though the 
levels are low, the effect of iron removal is ALT-dependent 
and not ferritin-dependent even in patients with HFE-hemo-
chromatosis. ALT reduction may be the primary effect, and 
suppression of hepatic fibrosis might be a secondary event of 
venesection in both chronic hepatitis C and HFE-hemochro-
matosis. ALT: alanine aminotransferase.
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Table　2.　Regimens and Effects of Venesection Treatment in Chronic 
Hepatitis C and HFE-Hemochromatosis

CHC Hemochromatosis Statistical 
Analysis

Treatment Periods (months) 7±3 15±8 0.03 

Blood Volume Removed (mL) 2,010±1,190 12,000±5,560 <0.01 
Iron Removed by Venesection. (mg) 940±550 5,960±2,750 <0.01 
Iron in Reduced Hb (mg) 210±150 negligible 
Body Iron Stores (mg) 730±560 5,960±2,750 <0.01 

ALT Reduction (U/L) 49±30 22±20 0.02 

Iron Hepatotoxicity Index 0.097±0.083 0.0032±0.0046 <0.01 

CHC; chronic hepatitis C, ALT; alanine aminotransferase. 

Treatment methods for CHC and hemochromatosis are different so that statistical 
analysis is not fully reliable. Body iron stores were calculated from the blood volume 
removed according to the formula described in the text. Iron hepatotoxicity index (IHI) 
was calculated by dividing reduction in ALT by body iron stores. Provided that 
iron-induced hepatotoxicity is represented by ALT reduction during iron removal 
treatment, IHI might be a sensitivity to iron hepatotoxicity. A high IHI in CHC suggests 
not only a high sensitivity to iron hepatotoxicity, but also a good benefit of iron removal 
treatment. In contrast, liver cells with HFE-mutation are highly tolerant of iron 
hepatotoxicity. Treatment regimens for hemochromatosis were stronger but effects were 
smaller than those for CHC. 

iron overload. In HFE-hemochromatosis, iron accumulates

due to HFE-dependent derangement of hepcidin produc-

tion (10, 11). Serum hepcidin-25 levels in our Italian HFE-

hemochromatosis patients were low at 11.1 ± 9.2 ng/mL.

The current observations of circulating hepcidin 25 con-

firmed the findings previously observed in urine from pa-

tients with HFE-hemochromatosis (12). Low levels of serum

hepcidin 25 were also found in Japanese patients with non-

HFE hemochromatosis (18).

In CHC patients, the mechanism of hepatic iron accumu-

lation appears to be more complex and is still not com-

pletely understood. Iron regulation by hepcidin might be

partially impaired in CHC. Serum hepcidin-25 levels in our

Japanese patients were relatively high at 30.7 ± 14.5 ng/mL

compared to those in Italian HFE-hemochromatosis patients.

Our findings, including the reduced hepcidin/ferritin ratio

and correlation between hepcidin and ferritin concentrations

fit well with reports showing that hepcidin induction was
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relatively impaired in CHC patients, but also that its regula-

tion by iron stores was maintained (13, 14). These findings

are also in agreement with recent studies in animal and cel-

lular models suggesting that HCV suppresses hepcidin pro-

duction and may contribute to the development of iron over-

load in CHC (19, 20).

Previous study reported that none of the iron indices were

predictive of the venesection effect, but rather the pre-

treatment ALT activities were predictive in CHC (21). The

present study confirmed that this is also likely in HFE-

hemochromatosis. The pretreatment ALT was higher, the re-

duction in ALT was larger in both CHC and HFE-

hemochromatosis. Active liver cell damage could be re-

moved by venesection regardless of the amount of stored

iron. HCV co-infection in hemochromatosis patients mark-

edly increases the risk of cirrhosis in the presence of a rela-

tively low amount of iron (22). Therefore, with or without

HCV infection, venesection should be recommended for

HFE-hemochromatosis patients not only to remove excess

iron, but also to suppress biochemical liver damage as in

CHC patients. Provided that iron-induced hepatotoxicity is

represented by ALT reduction during venesection, IHI ob-

tained by [dividing ALT reduction by body iron stores]

might be representative of sensitivity to iron hepatotoxicity

under disease conditions. The IHI suggests not only sensitiv-

ity to iron hepatotoxicity, but also beneficial effects of vene-

section. CHC patients with a high IHI may be more sensi-

tive to iron-induced liver damage than patients with HFE-

hemochromatosis with low IHI. Therefore, liver cells with

HFE-mutation are more tolerant to iron hepatotoxicity than

liver cells infected by HCV.

In HFE-hemochromatosis patients, iron accumulates

slowly and redox active iron emerges only when the storage

capacity for ferritin and hemosiderin is overwhelmed. In

other words, because of the high tolerance to iron hepato-

toxicity, clinical manifestation might be delayed in HFE-

hemochromatosis. The mean amount of iron removed from

HFE hemochromatosis was reported to be 4.98 g (3.9-6.1 g

in the range) (12), while that of CHC was 0.61 g (0-1.6 g in

the range) (17). The results of the current study did not dif-

fer from those in the literature. It is also important that the

amount of body iron in CHC patients is considered a non-

toxic level in healthy subjects because sensitivity to iron he-

patotoxicity disappeared in complete responders to IFN

without iron removal (13). However, the combination of

even a slightly increased iron level with HCV-related insult

may act synergistically to increase iron hepatotoxicity and

the risk of progressive liver damage so that iron removal can

be beneficial in this setting (3, 4).

Patients with HFE-hemochromatosis showed normalized

serum ALT activity after venesection, while all CHC pa-

tients showed significantly reduced but not normalized activ-

ity on biochemical liver function test. Iron hepatotoxicity

was totally removed from HFE-hemochromatosis at 50 ng/

mL of serum ferritin, while it remained in CHC around 20

ng/mL serum ferritin. The modified endpoint of 20 from 10

ng/mL for CHC still induced a reduction of Hb concentra-

tion in the posttreatment period (1.6 ± 1.1 g/dL). This in-

complete effect of venesection in CHC indicates at least 2

compartments of hetatotoxicity of iron-induced oxidative

stress and HCV-dependent insult. Hb concentration did not

change in HFE-hemochromatosis with a high serum ferritin

endpoint of 50 ng/mL. The high endpoint for HFE-

hemochromatosis may account for the good tolerance to ve-

nesection to remove large amounts of body iron stores.

Thus, threshold and sensitivity for iron hepatotoxicity were

apparently different under the 2 conditions.

The remarkable reduction in serum hepcidin levels after

venesection for iron overload conditions indicates sup-

pressed internalization of ferroportin to enhance iron absorp-

tion in the gut. Thus, patients will rapidly recover iron

stores if receiving a normal diet. Based on those findings,

low-iron diets may be recommended to reduce active iron

absorption in the intestine during the second stage of vene-

section in order to maintain free from iron-induced hepato-

toxicity in Japanese patients with CHC (4, 23). In HFE-

hemochromatosis with good tolerance to venesection, the ef-

fect of dietary iron restriction might be negligible.

To summarize an iron-induced hepatotoxicity under these

2 disease conditions, CHC patients were loaded with a mini-

mum iron burden, but were more sensitive to iron-induced

hepatotoxicity and less tolerant of venesection. In contrast,

HFE-hemochromatosis patients were loaded with excessive

iron due to genetic dysregulation of the hepcidin system and

were more tolerant to both iron-induced hepatotoxicity and

venesection to remove large amounts of body iron stores.
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