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ABSTRACT: The discovery of the C282Y and H63D point mutations in the hereditary hemochromatosis-associated HFE
gene allows us to study the molecular basis of congenital and acquired iron overload disorders. In hereditary
hemochromatosis an increased frequency of the C282Y and, to a lesser extent, of the H63D mutations has been established,
but their role in other conditions associated with iron overload and their prevalence in the normal population are still under
investigation. We sought to determine the presence of such mutations, and their possible involvement in the multi-step
neoplastic transformation of the hepatocytes, in patients diagnosed with hepatocellular carcinoma, a frequent complication of
iron-induced liver cirrhosis occurring in untreated hereditary hemochromatosis subjects. The frequency of the C282Y and
H63D mutations was determined in DNA from 12 patients with hepatocellular carcinoma and with no clinical signs of
hereditary hemochromatosis. The frequency of the mutations was also determined in 130 normal subjects. A germline
C282Y mutation was found in none of the hepatocellular carcinoma patients; the frequency of the H63D mutation was not
increased, compared to the 130 controls. The allele frequencies of the C282Y and H63D mutations in the normal population
were 0.042 and 0.185, respectively. In conclusion, we suggest that the hereditary hemochromatosis-related mutations of the
HFE gene do not play a significant role in the pathogenesis of hepatocellular carcinoma.
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INTRODUCTION

The recent discovery of the C282Y and
H63D point mutations in the hereditary
hemochromatosis-associated HFE gene has been
a major advance in the understanding of the role
of iron overload in human diseases (1). The
C282Y mutation is present in 80 to 100% of
hereditary hemochromatosis patients, mainly in
the homozygote state (1-5), while the H63D
mutation seems to have a poorer correlation with
hereditary hemochromatosis, possibly only in the
condition of compound heterozygosis with the
C282Y mutation (6).

Hepatocellular carcinoma is a dramatic
consequence of iron overload in many untreated
hereditary hemochromatosis patients. It develops
in the large majority of cases in cirrhotic livers,

but far more frequently in cirrhosis from
hereditary hemochromatosis than from other
causes, with a risk up to 45% in some hereditary
hemochromatosis series (7). The risk seems to
correlate with the amount of iron overload (8),
although once cirrhosis has developed, the risk
persists despite iron depletion. This strong
association between iron overload in hereditary
hemochromatosis patients and hepatocellular
carcinoma led us to investigate the prevalence of
germline HFE mutations in patients with
hepatocellular carcinoma and no clinical signs of
hereditary hemochromatosis, in order to ascertain
if the HFE mutations, by inducing a moderate
but persistent iron excess, might be involved at
some stage of the transformation of chronic
hepatitis/cirrhosis into overt hepatocellular
carcinoma.
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MATERIALS AND METHODS

The prevalence of germline C282Y and
H63D mutations was investigated in 12 patients
from Northern Italy (7 males and 5 females;
mean age 63 years) with histologically confirmed
diagnosis of hepatocellular carcinoma. All cases
had a past history of liver cirrhosis, in 1 case
following alcohol abuse, in 6 cases HCV
infection, in 1 case HBV infection and in 4 cases
of unspecified origin. The control group included
130 healthy individuals (44 males and 86 females;
mean age 53 years) also originating from
Northern Italy.

Mutation analysis was performed on DNA
extracted by standard methods from peripheral
blood leukocytes. To detect the presence of the
C282Y and H63D mutations, a PCR
amplification of the HFE region was performed
accordingly to Feder et al. (1). The accuracy of
the PCR assay was verified by testing several
positive controls, namely 5 subjects known to
have hereditary hemochromatosis and one case
of Porphyria Cutanea Tarda (PCT), a cutaneous
disorder with iron overload in which a high
frequency of C282Y mutation has been
consistently found (9,10). Four relatives of 2
hereditary hemochromatosis patients were also
analyzed. Informed consent was obtained from
all subjects.

RESULTS

Table 1 summarizes the results. As to the
C282Y mutation, 11 (8.5%) heterozygotes were
found in the normal control group (130 subjects),
with an allele frequency of 0.042 and an expected
frequency of homozygotes of about 0.0017. As
to the prevalence of the H63D mutation in the
control group, 42 (32.3%) heterozygotes and 3
(2.3%) homozygotes were found, giving an allele
frequency of 0.185. The expected frequency of
H63D homozygotes of 0.034 fits nicely with that
observed.

Table 1. Prevalence of the C282Y and H63D
Mutations in Patients with Hepatocellular
Carcinoma and Controls

Hepatocellular
carcinoma
(n = 12)

Controls
(n = 130) p*

C282Y -/- 12 (100%) 119 (91.5%) N.S.
-/+ - 11 (8.5%)

H63D -/- 9 (75%) 85 (65.4%) N.S.
-/+ 3 (25%) 42 (32.3%)
+/+ - 3 (2.2%)

Note. -/-, wild type; -/+, heterozygote; +/+, homozygote. * Chi-square
test. N.S., not significant

Since no C282Y mutation (χ2 = 0.918; p =
0.34) and 3 H63D mutations (χ2 = 0.276; p =
0.87) were found in the 12 hepatocellular
carcinoma examined, no increased frequency of
the HFE gene mutations was evident in the
hepatocellular carcinoma group (Table 1).

Analysis of the C282Y mutation in the 5
hereditary hemochromatosis subjects, their 4
relatives and one PCT case (positive controls)
showed 10 mutations out of 18 examined
chromosomes, giving an allele frequency of 0.55.
No H63D mutation was found.

DISCUSSION

It has been suggested that the HFE gene
may play a role in conditions other than
hereditary hemochromatosis, characterized by
much less severe iron overload and in which the
presence of the C282Y and/or H63D mutations
might increase the risk of developing a disease or
modify clinical and laboratory findings (11). PCT
is the only condition in which such a correlation
has been demonstrated (9,10). In sideroblastic
anemia (12), thalassemia major (13), and chronic
liver disease(14) no significant association with
the HFE mutations has been found.

The close relationship between iron overload
in hereditary hemochromatosis patients and
hepatocellular carcinoma is indicated by the
direct correlation between hepatic iron content
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and the risk of developing the tumor (8). Liver
cancer complicates other forms of cirrhosis, but
its incidence in hereditary hemochromatosis is
much higher and it is not clear if the causative
role of iron is related to its ability to induce
chronic inflammation and consequently cirrhosis,
or if the iron molecule itself is involved directly in
the malignant transformation, or both (15-17).

Our findings do not indicate a significant
role of the HFE gene mutations in the
pathogenesis of hepatocellular carcinoma, since
no increased frequency of germline C282Y and
H63D mutations was observed in the
hepatocellular carcinoma patients, in contrast to
two preliminary reports (18,19) that suggested a
limited increase of the C282Y mutation in such
patients.

Finally, our control group contributes to the
determination of the frequency of these
mutations in the population of Northern Italy.
Since we found 8.5% of heterozygotes, with an
allele frequency of 0.042, the frequency of the
C282Y mutation is in agreement with data
reported in other series from Northern Europe
(20), and higher than the 0.01 previously
reported in Italy (3). As to the H63D mutation,
roughly one third of the control subjects were
heterozygotes, with an allele frequency of 0.185.
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