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Abstract
Background—Most patients with haemo-
chromatosis have mutations of the HFE
gene. However, the risk to people with
HFE mutations of developing disease
manifestations of haemochromatosis is
not known.
Aims—To determine the risk of develop-
ing cirrhosis and liver cancer in individu-
als with HFE mutations in a population
where few people were being treated for
haemochromatosis.
Methods—215 archive biopsy specimens
of liver cancer (n=34) and cirrhosis
(n=190) were retrieved from histology
archives. Blood samples from 1000 indi-
viduals from the normal population were
also collected. DNA was extracted from
the biopsy specimens and exons 2 and 4 of
the HFE gene were amplified using
polymerase chain reaction. The products
were analysed for the C282Y (845A) and
H63D (187G) mutations.
Results—Three (8.8%) patients from the
liver cancer group were homozygous for
the C282Y mutation. Five (2.6%) patients
from the cirrhosis group were homo-
zygous for the C282Y mutation. One case
fell in both the liver cancer and cirrhosis
groups. C282Y homozygosity was thus sig-
nificantly more frequent in both groups
than in the normal population. These 215
cases are representative of a population of
about 250 000 over 20 years. During this
period we estimate that about 260 births
or deaths of C282Y homozygous individu-
als occurred within this population.
Conclusions—A diagnosis of liver cancer
or cirrhosis is rare in the lifetime of indi-
viduals from this population who are
homozygous for the C282Y mutation
(2.5%; upper 95% confidence interval (CI)
= 8%). Similarly liver disease is rare
among C282Y/H63D compound heterozy-
gotes (1%; upper 95% CI = 3.5%).
(Gut 2000;46:401–404)
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Hereditary haemochromatosis is probably the
commonest genetic disorder in whites, with an
incidence of up to 1 in 200.1–3 It is an autosomal
recessive condition in which excess iron is
absorbed by the intestine. If untreated, aVected
individuals may accumulate excess iron over
many years of adult life and this causes
progressive tissue damage. One of the most
common disease manifestations of this tissue

damage is cirrhosis that may be followed by
liver cancer. Liver disease is the commonest
cause of death of patients with hereditary
haemochromatosis.4–7

The discovery of two hereditary haemochro-
matosis associated mutations in the HFE
(HLA-H) gene8 has provided a simple DNA
based test for the chromosome 6 linked
component of hereditary haemochromatosis.
This test is already valuable in confirming a
diagnosis of hereditary haemochromatosis,
particularly in patients where liver biopsy is
contraindicated and in patients where blood
iron tests may be unreliable.9 10 The high
frequency of these mutations2 3 8 and biochemi-
cal iron overload1 among white populations has
led to the suggestion that normal population
screening may be justified by health benefits
and subsequent healthcare cost savings.11 12

The majority of people who are homozygous
for the C282Y mutation of HFE are not
currently being treated by phlebotomy in this
region of England3 or on the island of Jersey.13

This suggested that homozygosity for the
C282Y mutation might not always lead to the
development of disease. The application of the
DNA based test to archive biopsy material has
allowed us to carry out retrospective studies of
hereditary haemochromatosis associated dis-
ease epidemiology in patients who may have
been dead for up to 20 years.14

Materials and methods
LIVER DISEASE PATIENTS

The work was approved by the Norwich
District Ethics Committee (ref. 97/090). Cases
of liver cancer and cirrhosis of the liver were
identified from hospital records. Numbers of
liver cancer cases were confirmed from Cancer
Registry data.15 The Norfolk and Norwich
Hospital is a large district general hospital and
as such is the only referral centre for these dis-
eases in this region; it has a catchment area of
500 000 people. The number of liver disease
cases seen at this hospital during the period
1976–1996 was: hepatocellular carcinoma
(HCC), 49; other primary liver cancers, 22;
cirrhosis, 360. Archive biopsy specimens were
retrieved; DNA was extracted and amplified
from 28 cases of HCC, six cases of other liver
cancers (average age 64, 72% men), and 190
cases of cirrhosis (average age 57, 43% men);
nine cases fell in both the HCC and cirrhosis
groups.

Reasons for non-inclusion were: not biopsied
(estimated to be 10% of total by the gastroen-
terology department), wax block no longer
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hepatocellular carcinoma.
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available or empty (18%), polymerase chain
reaction (PCR) amplification failure (16%),
other reasons (6%). Therefore, 50% of known
liver disease cases were not available for
sampling owing to a variety of independent
factors. The samples genotyped are therefore
an essentially random sample of half the cases
derived from a population of about 500 000
people during a 20 year period. The sample is
thus representative of a normal population of
about 250 000. All liver cancer cases were
reviewed histologically.

ARCHIVE BIOPSY DNA EXTRACTION

The surface of the wax block was cleaned by
removing a thin layer with a scalpel. A clean
scalpel was then used to remove about 10 mm2

tissue, 100 µm thick. A parallel procedure was
carried out on empty wax blocks for use as no
DNA controls. DNA was extracted from wax
block biopsy specimens by sequential octane
and acetone extractions followed by proteinase
K digestion and heat inactivation.

NORMAL POPULATION

Blood was collected from 1000 individuals
from the hospital catchment area not known to
have any manifestation of haemochromatosis
(average age 59). Significant subsets within this
group were: men over 70 years old undergoing
full blood counts (n=350); normal volunteers
aged 55–64, randomised to the screening arm
of a bowel cancer screening trial (n=373);
women under 35 years old undergoing full
blood counts (n=191); and patients referred
for DNA diagnostic tests unrelated to haemo-
chromatosis and for whom the diagnosis was
negative (n=86). All normal group samples
were checked to avoid overlap with diagnosed
haemochromatosis patients, and age, sex, and
any possibly relevant clinical details were
recorded. All subsequent testing of normals
was anonymous. Thirty C282Y homozygotes
and no C282Y/H63D compound heterozy-
gotes from the hospital catchment area are cur-
rently being treated by phlebotomy. Individuals
with these genotypes are thus estimated to be
98.6% and 100% respectively untreated within
this population at present.3

DNA was extracted from whole blood by
standard methods.

DNA AMPLIFICATION

The amino acid 282 region of the HFE gene
from archive samples was amplified using
nested PCR with short amplimer primers.
Blood DNA was amplified using the standard

primers and method described by Feder and
colleagues8 and Worwood et al.16 No DNA
controls comprised 10% of each batch of sam-
ples amplified. All PCR work was carried out in
rooms dedicated to either preparation or prod-
uct analysis.

ALLELE SPECIFIC OLIGONUCLEOTIDE

HYBRIDISATION FOR AMINO ACID 282 ALLELES

Short amplimer PCR products generated from
the archive DNA were analysed by base specific
oligonucleotide hybridisation. A 32P end la-
belled oligonucleotide probe specific for either
the wild type or mutant allele was used.

RESTRICTION DIGESTION ANALYSIS

PCR products were analysed by digestion with
RsaI (282 region) or MboI (63 region) accord-
ing to the manufacturer’s instructions, and
electrophoresis.

STATISTICS

Probability values and confidence intervals
(CI) were calculated using the normal and
Poisson approximations to the binomial distri-
bution and appropriate tables. The confidence
interval for the penetrance calculation is
derived from the product of the standard errors
of the normal population and the disease group
homozygote frequencies.

Results
Three of the 34 (8.8%) cases of liver cancer
examined were in patients homozygous for the
HFE C282Y mutation. Two of these patients
had hepatocellular carcinoma and one had an
undiVerentiated liver cancer. Five of the 190
(2.6%) cases of cirrhosis examined were in
patients homozygous for the HFE C282Y
mutation. None of the patients with liver
cancer was diagnosed with hereditary haemo-
chromatosis before our retrospective analysis.
Four of the five patients with cirrhosis were
diagnosed with hereditary haemochromatosis
at the time of the biopsy used in our analysis
(table 1): the remaining case also fell in the liver
cancer group. Only one of these seven C282Y
homozygotes is alive. Homozygosity has been
confirmed from a blood sample in this case; in
a further case a homozygous sibling has been
identified. No amplification was observed in
any no DNA control.

Among the normal population tested, 132 of
2000 chromosomes carried the C282Y muta-
tion (allele frequency = 6.6%; 95% CI = 5.5%
to 7.7%) and 84 of 600 carried the 187G
mutation (allele frequency = 14%; 95% CI =
11.2% to 16.8%). From this we calculate the
frequency of C282Y homozygotes in the popu-
lation to be 1 in 230 and C282Y/H63D
compound heterozygotes to be 1 in 108.

Thus the prevalence of C282Y homozygos-
ity in liver cancer (p<0.001) and cirrhosis
(p<0.001) are both significantly higher than
the prevalence in the normal population.

The prevalence of C282Y/282C heterozy-
gosity did not diVer significantly between the
liver cancer group (4/34), cirrhosis group
(22/190), and the normal group (87/700). No

Table 1 Features of C282Y homozygotes

HH related diagnosis Liver iron Age when biopsied Sex

1 UndiVerentiated liver cancer NA* 60 M
2 HCC NA* 66 M
3 HCC/cirrhosis Grade 1† 70 M
4 Cirrhosis/HH Grade 3 51 M
5 Cirrhosis/HH/diabetes Grade 4 58 M
6 Cirrhosis/HH/diabetes Grade 4 66 M
7 Cirrhosis/HH Grade 4 73 M

Cases 1–7 are from 215 patients with liver disease.
*Not applicable; only tumour was present in the needle biopsy sample.
†Minute area of cirrhotic liver.
HH, hereditary haemochromatosis; HCC, hepatocellular carcinoma.
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subset of the normal group had any significant
diVerence in C282Y/282C heterozygote fre-
quency.

None of the 34 cases (0%) of liver cancer
and six of the 190 cases (3.1%) of cirrhosis
examined were in patients who were C282Y/
H63D compound heterozygotes. The preva-
lence of this genotype is significantly higher in
the cirrhosis group than that in the normal
population (p<0.005). None of these C282Y/
H63D patients had been diagnosed with
hereditary haemochromatosis.

The birth and death rate in the population of
250 000 from which our liver disease cases are
drawn is about 3000 per year.17 We calculate
that 13 (95% CI = 9 to 18) of these individuals
per year will be C282Y homozygotes. Seven
C282Y homozygous patients were diagnosed
with liver disease during the 20 year period for
which we have collected samples (0.35 per
year). Thus only 2.7% (upper 95% CI = 8%) of
the C282Y homozygotes born each year are
diagnosed with liver disease. By a similar
calculation we estimate 1% (upper 95% CI =
3.5%) of C282Y/H63D compound heterozy-
gotes are diagnosed with liver disease.

Discussion
The discovery of the HFE gene has provided
diagnostic molecular genetics with one of the
most attractive tests for population screening,
because HFE mutations are common and eas-
ily detected, and a treatment for hereditary
haemochromatosis already exists.18 However,
although HFE mutations are strongly associ-
ated with hereditary haemochromatosis, the
association between HFE mutations and the
disease manifestations of hereditary haemo-
chromatosis is unclear.13 19 The fact that
women are diagnosed with haemochromatosis
much less frequently than men5–7 has provided
a basis for the expectation that not every person
homozygous for HFE mutations will develop
symptomatic disease. We have chosen to
address this issue further by a retrospective
population based analysis. This method by-
passes ethical problems that would arise in
withholding treatment during follow up studies
of discovered C282Y homozygotes, allows the
study of a population much larger than would
be feasible in a screening experiment, and
yields immediate results.

Our estimate of the proportion of untreated
HFE C282Y homozygotes and C282Y/H63D
compound heterozygotes developing liver dis-
ease in this population is low (less than 5%)
and if this estimate correlates with penetrance
in other populations, it would have important
implications in several areas of hereditary
haemochromatosis management. Firstly, the
value of whole population screening will be less
than expected.11 12 Secondly, asymptomatic
C282Y homozygotes and C282Y/H63D com-
pound heterozygotes may currently be receiv-
ing unnecessary treatment. Thirdly, additional
factors that determine the disease outcome of
untreated HFE C282Y homozygotes and
C282Y/H63D compound heterozygotes must
be identified.

Liver disease accounts for about half the
presenting symptoms of hereditary haemo-
chromatosis and about half the deaths of
patients with hereditary haemochromatosis.4–7

If this pattern is also true in this population our
estimate of the penetrance of the C282Y geno-
type with respect to all disease manifestations
would be about 5%.

The prevalence of C282Y/H63D compound
heterozygotes in the cirrhosis group was
significantly above that predicted from the nor-
mal population. However, only one of the six
cases with this genotype had stainable iron,
classified as grade 1 haemosiderosis, in the
biopsied liver. The C282Y/H63D genotype is
common in the normal population and so it is
not unlikely (p>0.05) that five of these six indi-
viduals occurred in the liver disease group by
chance. This would be consistent with the
observation that the C282Y/H63D genotype is
significant in hereditary haemochromatosis but
is less penetrant than the C282Y homozygous
genotype.8 20

Our experimental design is subject to several
sources of error as a means of determining
penetrance. Firstly, some cases of liver disease
may have been left out of the calculation
because they were not diagnosed; however,
these cases are unlikely to include life threaten-
ing cirrhosis or liver cancer, all cases of which
are notified to the Cancer Registry.15 Secondly,
the normal population may not be representa-
tive of the disease parent population because of
demographic changes; however, the Norfolk,
UK population is noted for its stability.21

Furthermore, the large majority of recent
immigrants come from within the UK where
similar frequencies of HFE alleles have been
observed.2 22 Thirdly, unaVected C282Y ho-
mozygotes may occur in the disease group by
chance; we would expect one such individual
among the 215 liver disease cases examined,
but this does not lower the upper confidence
interval for penetrance significantly. All these
sources of error are expected to be small com-
pared with the statistical standard error derived
from the sample sizes which gives an upper
95% confidence interval of more than double
the estimate of 2.7%. This figure is consistent
with a low frequency of deaths attributed to
haemochromatosis in the USA23 and our
observation that C282Y homozygous men can
survive to extreme old age without treatment
for haemochromatosis.24

The ratio of cases of C282Y homozygotes
with cirrhosis to those with liver cancer in our
sample is similar to the ratios seen in long term
follow up of patients with hereditary
haemochromatosis.5 6 This suggests that the
disease progression following hereditary
haemochromatosis induced cirrhosis is similar
in this population to others.

A similarly low estimate of the proportion of
C282Y homozygotes with abnormal liver func-
tion results was suggested by the examination
of a large sample of patients with raised serum
alanine aminotransferase.25 Low penetrance of
the C282Y homozygous genotype in the
British population may be unusual and may
explain the small number of patients currently
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being treated for hereditary haemochromatosis
at this hospital.3 Various factors could account
for low penetrance. Genes not linked to HFE
could aVect iron absorption, patterns of
storage,26 and tolerance of iron overload in tis-
sues. The existence of genetic variation in these
functions is suggested by the diverse manifesta-
tions of iron overload and diVerences between
individuals with hereditary haemochromatosis
and secondary haemochromatosis. Diet is also
likely to be an important factor.

It is now important to determine whether the
C282Y homozygotes in this population who do
not develop hereditary haemochromatosis re-
lated liver disease, do not accumulate large iron
stores or whether they tolerate high iron stores.
It is also important to determine whether this
pattern of liver disease among C282Y homozy-
gotes occurs in other populations.
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