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ABSTRACT

Information on the level of iron stores in chronic hepatitis C is clinically important because its reduction
is technically simple and therapeutically effective. This study was performed to measure the levels of iron
stores from the total amounts of hemoglobin removed during iron reduction therapy. The C282Y and H63D
mutations of HFE gene were analyzed in 94 patients. All of the patients were negative for C282Y mutation.
One patient was homozygous, and 4 patients were heterozygous for H63D mutation. The body iron stores
and iron restoration rate were measured in 59 patients in seria courses of iron reduction therapy. Mean val-
ues of body iron stores in the two groups with and without H63D mutation were 890 and 606 mg, while
those of iron restoration rate were 1.85 and 1.52 mg/day, respectively. None of the indices of iron metabo-
lism were different from the reference values measured similarly in healthy subjects, suggesting that the iron
deposition in chronic hepatitis C is limited to the liver, probably due to changes in the iron distribution in
tissues.
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INTRODUCTION

The disease activity of chronic hepatitis C (CHC) is affected by various factors including
biological properties of the infecting hepatitis C virus (HCV) and host defense mechanisms of
the patient. Information on the levels of body iron stores is clinically important because iron
reduction treatment is effective®?. Poor responders to the antiviral agent interferon should be
screened for body iron status, and when the serum level of ferritin is higher than 12 ng/ml,
iron reduction is indicated to suppress progressive liver fibrosis. The recently identified C282Y
and H63D mutations of HFE gene disrupt the regulated mucosal uptake of iron and are respon-
sible for hereditary hemochromatosis in Caucasians®. Subsequent studies indicated that these
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mutations were also involved in various iron overload disorders including CHC in Cauca-
sians*®. Previously, we reported no subjects with C282Y mutation, and a small number of sub-
jects with H63D mutation in a population of about 300 Japanese subjects®?”. This very low
prevalence of HFE mutation may reflect the rare incidence of hemochromatosis in Japan®. In
this study, we measured body iron stores (BIS) and iron restoration rate (IRR) of patients with
CHC who had undergone iron reduction therapy to elucidate whether their genetic background
modified their iron metabolism and clinical course.

PATIENTS AND METHODS

Genetic analysis of HFE and iron reduction therapy for patients with CHC were approved by
the Nagoya University Hospital Ethics Committee and were performed with informed consent
from each patient.

CHC was confirmed by biochemical liver damage for more than 6 months and positive se-
rum test for HCV RNA. Heavy drinkers and patients with multiple transfusions and either
parenteral or oral iron supplementation were excluded from the study. The C282Y and H63D
mutations of HFE gene was analyzed in 60 male patients and 34 female patients with CHC.
BIS and IRR were determined in 49 patients (29 males, 20 females) who had received iron
reduction therapy?. Forty-four patients (90%) were poor responders to pre-iron reduction inter-
feron.

DNA was extracted from peripheral leukocytes. The HFE gene region was amplified
by polymerase chain reaction, followed by restriction enzyme assay. Primers used for
C282Y mutation were forward; 5-TGGCAAGGGTAAACAGATCC, reverse; 5'-
CTCAGGCACTCCTCTCAACC, and the restriction enzyme used was SnaB1%. Primers
used for H63D were forward; 5'-ACATGGTTAAGGCCTGTTGC, reverse; 5'-
GCCACATCTGGCTTGAAATT, and the enzyme used was Bcl1'9. Direct sequence analysis of
H63D mutation was performed in some patients.

Initial iron reduction by phlebotomy, 400 or 200 mL per 2 weeks, was continued until the
serum levels of ferritin fell to the end point of 10 ng/mL as reported previously?. Subsequent
maintenance therapy was performed to keep the serum ferritin level less than 20 ng/mL for at
least 2 years. BIS was measured by the total amounts of hemoglobin removed by phlebotomy
during the initial phlebotomy period, and IRR was determined by total amounts of hemoglobin
removed by additional phlebotomy and regular blood tests during the iron deficiency mainte-
nance treatment period. The formula used to determine iron content (mg) removed as hemoglo-
bin was Hb (g/dL) x 0.034 x blood volume (mL). IRR was expressed as hemoglobinized iron/
days in iron deficiency maintenance period (mg/day).

The correlation between BIS and IRR was evaluated after adjusting BIS by the age in years
since BIS is age-dependent. The correlation between BIS and pre-treatment serum ferritin levels,
and BIS and pre-treatment serum ferritin levels were also evaluated to determine whether some
biochemical parameters could be of prospective value for iron overload and provide information
for planning the time schedule of iron reduction therapy.

RESULTS

No C282Y mutation was found in any of the 94 CHC patients examined. One was homozy-
gous and three were heterozygous for H63D. Direct sequencing confirmed the results of restric-



53
IRON OVERLOAD IN CHRONIC HEPATITIS C PATIENTS

tion enzyme assay.

Clinical and laboratory features of 4 patients with H63D mutation and 45 patients without
the mutation are summarized in Table 1. One patient heterozygous for H63D mutation was
thought to be at the cirrhotic stage. The other 3 patients with at least one mutant H63D allele
had histochemically detectable iron in the peri-portal hepatocytes and macrophages in the portal
tract. Three of the 45 patients without H63D mutation had chronic persistent hepatitis, 37
chronic active hepatitis, and 5 cirrhosis. Twenty-nine of the 40 H63D-free patients whose livers
were available for histological study had iron deposits as determined histochemically. Our study
population included no patients with heavy iron deposits compatible with hemochromatosis.
Blood parameters of 49 patients who completed iron reduction therapy are summarized in Table

Table 1. Clinical and laboratory features of chronic hepatitis C patients with and without

H63D mutation
Sex Age”! Stage Iron Stain

H63D homozygote male 62 CIH positive

heterozygote 1 male 38 CAH positive

heterozygote 2 female 41 CAH positive

heterozygote 3 male 33 LC no exam

female/male CIH/CAH/LC  positive/negative

H63D carriers (n=4) 1/3 44+13 1/2/1 3/0
H63D free patients (n=45) 19/26 5549 3/37/5 29/11

*1; Age at the end point.
CIH;chronic inactive hepatitis, CAH;chronic active hepatitis, LC;liver cirrhosis.

Table 2. Blood parameters of chronic hepatitis C patients with and without H63D mutation

ALT [U/L] Ferritin [ng/mL] Hb [g/dL]
Pre-T"'  Post-T"' Pre-T"' Post-T™' Pre-T"'  Post-T"'
H63D  homozygote 31 14 190 10 14.5 11.8
heterozygote 1 69 26 167 8 15.0 14.0
heterozygote 2 192 96 481 10 13.7 8.6
heterozygote 3 142 78 366 8 15.2 12.6
H63D carriers 10972 54140 301+£149 9x1 14.6+0.7 11.8%2.3
(n=4) (167~481)"
H63D  free patients 101£56 69134 174+134 8+2 14.1+1.4 11.6+1.3
(n=45) (28~724)"

"1 treatment , “%; ranges.
ALT; alanine aminotransferase, Hb; hemoglobin.
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Fig. 1. Correlation between iron restoration rate (IRR) and body iron stores (BIS).
Correlation coefficient was increased to 0.65 when BIS was divided by the age in years of patients, prob-
ably because BIS is age-dependent. Y=0.076 X + 0.64, r=0.65, p<0.01. IRR, Iron restoration rate; BIS,
Body iron stores; 0 , H63D-free; 0 , H63D-positive.

2. The pre-treatment serum ferritin level of H63D-free patients was 174 + 134 ng/mL (range;
28 — 724 ng/mL), and that of H63D-positive patients was 301 + 149 ng/mL (range; 167 — 481
ng/mL). There was no significant difference in ferritin level between these two patient groups.
Initial iron reduction therapy reduced serum aanine aminotransferase levels from 102 + 56 U/L
to 67 = 35 U/L. The level of this enzyme in H63D mutation-free patients was reduced from
101 + 56 U/L to 69 + 34 U/L, while that of mutation-positive patients was reduced from 109
+ 72 U/L to 54 + 40 U/L. The levels of this enzyme remained in a similar range in both pa-
tient groups during at least two years of iron deficiency maintenance treatment.

BIS measured from the initial phlebotomy were 551 mg in the H63D homozygote and 889,
1043 and 1077 mg in the heterozygotes, which did not differ from the control patients without
the mutation (605 + 360 mg; Fig. 1). IRR measured from total amounts of hemoglobin re-
moved by phlebotomy or regular blood tests during iron deficiency maintenance treatment
ranged between 0.13 and 3.60 mg/day. There was no difference in IRR between the two patient
groups with and without H63D mutation (1.8 = 1.4 vs. 1.5 + 0.8 mg/day). The correlation co-
efficient between BIS and IRR improved from 0.61 to 0.65 when BIS was divided by the
age of patients in years and expressed as mg/year. Pre-treatment levels of serum ferritin were
correlated with BIS (Fig. 2), but those of aminotransferase activity were not.

DISCUSSION

All the patients studied here were natives of Honshu, the main isdand of Japan. In the origi-
na report of HFE, C282Y mutation was found in 85% of Caucasian subjects with hereditary
hemochromatosis®, and a close relationship between primary hemochromatosis and C282Y mu-
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Fig. 2. Correlation between serum ferritin before treatment and body iron stores.
A good correlation was observed between serum ferritin and BIS. Y=0.26 X + 19.5, r=0.68, p<0.01. IRR,
Iron restoration rate; BIS, Body iron stores; 0 , H63D-free; O , H63D-positive.

tation was subsequently confirmed'. As iron hepatotoxicity is involved in CHC disease activity,
CHC patients might be a biased population with regard to iron metabolism and HFE mutation.
However, none of our patients had C282Y mutation. Only 5 chromosomes with H63D mutation
were found among the total of 188 chromosomes examined (2.6%). This prevalence of H63D
mutation in CHC patients was similar to that of healthy residents in the same area (data not
shown). Another preliminary study on HFE in the Japanese population indicated no C282Y
mutation and a prevalence of H63D mutation of 1.3% in 200 healthy individuals®. A population
study among Asians showed incidences of zero to 0.01% for C282Y mutation and 0.9 to 1.2%
for H63D mutation'?. Thus, the H63D mutation prevalence in our patients with CHC was al-
most twice that reported in other population studies, but this difference was not significant.

Iron absorption is regulated in the gut mucosa. Disruption of this regulation by HFE muta-
tion leads to hemochromatosis, and defects in the duodenal divalent metal-transporter (DMT1)
may lead to iron deficiency anemial®¥. A recent study suggested an interaction between these
proteins in that DMT1 expression is increased in patients homozygous for C282Y9. In this
study, BIS was 0.61 + 0.36 g including H63D mutant carriers. Only two of 49 patients, both
free from H63D mutation, had excess iron storage over the reference value (0.3 — 1.2 g) mea-
sured in healthy subjects'®. Their BIS values were 1.52 and 1.66 g, respectively, which is far
less than the value of 4.0 g or more for asymptomatic hemochromatosis'”. IRR ranged between
0.13 and 3.60 mg/day. These figures were less than the range (3 — 4 mg/day) reported as the
maximum iron absorption in patients with iron deficient anemia®®. Again, H63D mutation was
not a determinant of IRR in our patients.

There is general agreement that chronic hepatitis is highly associated with hepatic iron de-
posits'® 202D |n fact, more than half of our patients had histochemically stainable iron in the
liver. A possible explanation for the cases demonstrating hepatic iron accumulation with normal
body iron stores may be that such hepatic iron deposits are from the tissues of the liver or
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other than the liver and not from the dietary iron absorbed. An interesting observation supports
this possibility of intra or inter-tissue iron distribution changes in CHC?. Pre-treatment liver
iron concentration was normal or slightly elevated in patients with CHC. Interferon decreased
their hepatic iron levels regardless of viral clearance. This iron decrease may be interpreted as a
conseguence of the anti-inflammatory effects of interferon. Combined with this information, our
finding that total body iron was not increased suggested that iron is concentrated in the liver
due to active inflammation by HCV infection without an expanded iron pool. The HFE gene,
especially H63D mutation, might not play any role in hepatic iron storage as reported in Cau-
casian populations™.

The transition element iron has a high potential to induce free radicals, and radical genera-
tion by iron has been reported to be one of the factors involved in the pathogenicity of CHC.
Patients with CHC show increased hepatic levels of malondialdehyde and reduced levels of glu-
tathione?. A subsequent study showed that reactive oxygen species were associated with the
disease activity of CHC?®. Small amounts of iron storage may be sufficient for such iron-in-
duced hepatotoxicity. Thus, it is important to keep CHC patients in iron reduction treatment
iron-free. As reported previously?, the therapeutic effects of phlebotomy were not related to the
iron indices but to the disease activity of patients expressed by serum aminotransferase levels.
In addition to the stored iron in the liver, absorbed iron, as represented quantitatively by IRR,
may generate hepatotoxic free radicals when transported to the liver. Therefore, iron restriction
therapy using a low iron diet? may be recommended for CHC patients with a high IRR score.

As mentioned above'® 22D, hepatic iron also accumulates in chronic hepatitis other than
CHC. Considering that the mechanism involved in iron reduction therapy is non-specific, a
similar effect of this treatment on chronic hepatitis B is highly expected, but no trials have
been reported as yet, probably because a prognosis of chronic hepatitis B is not as serious as
CHC.

BIS and IRR first measured in Japanese patients with CHC were mostly within the normal
range regardless of HFE mutation. Chronic inflammation in the liver may promote hepatic iron
accumulation without an expanded body iron pool, resulting in additional tissue damage in
CHC.
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