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Background and Objectives. Iron status has impli-
cations for normal erythrocyte and leukocyte func-
tion and for platelet count, size and activation.
Increased storage of iron is considered a poten-
tial risk factor participating in the pathogenesis of
malignant diseases. Since HFE gene mutations
have recently been implicated in unbalanced iron
homeostasis, we set out to examine the preva-
lence of these mutations in patients with hema-
tologic disorders.

Design and Methods. C282Y and H63D mutations
were determined in 232 patients with various
hematologic disorders treated at Oulu University
Hospital between 1987 and 2000. DNA samples
extracted from either the peripheral blood or bone
marrow of these patients were amplified by a poly-
merase chain reaction (PCR) method using
sequence-specific primers, and the products were
analyzed on agarose gels.

Results. There was a slight tendency towards low-
er frequencies of the C282Y allele in patients with
acute myeloid leukemia (AML) (3.8%, n=53) and
higher frequencies in those with essential throm-
bocythemia (ET) (16.2%, n=37). Contrary to some
expectations, however, the frequency of the C282Y
allele in acute lymphoblastic leukemia turned out
to be normal (7.0%, n=43). Our data showed no
significant deviations in H63D mutation frequen-
cy in any of the categories of patients.

Interpretation and Conclusions. Our results do not
show any significant association between HFE
gene mutations and hematologic malignancies.
The divergent frequencies observed for the C282Y
mutation in patients with AML and ET highlight
the need for larger population studies of HFE
mutations in patients with hematologic diseases.
©2002, Ferrata Storti Foundation
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HFE gene mutations were first reported in
patients with hereditary hemochromatosis
(HH), 80-90% of whom were found to be

homozygous for the C282Y mutation in this
gene,1,2 while the importance of another mutation
causing HH, H63D, remains controversial. What is
clear, however, is that C282Y-mutant HFE protein
has an unfavorable effect on iron homeostasis that
is manifested as excessive iron storage in HH
patients. As a result of HFE protein dysfunction,
transferrin receptor (TfR)-mediated cellular iron
uptake is decreased in the duodenal crypt cells
which sense the iron concentration in the body,3,4

leading to increased intestinal iron absorption in
the mature villus cells. So far, it has been demon-
strated that HFE protein is expressed not only in
gastrointestinal epithelial cells but also in tissue
macrophages, circulating granulocytes and mono-
cytes.5 Moreover, Chitambar and Wereley6 have
shown that HFE protein is produced in B-lymphoid
cell lines.

It is known for a fact that iron status has impli-
cations for normal erythrocyte and leukocyte func-
tion, and interestingly, it also influences platelet
count, the size of platelets and their activation.7-14

Iron may also play an important role in the patho-
genesis of malignant diseases by inducing free rad-
icals and promoting the maintenance and multi-
plication of malignant cells.15,16 Furthermore, both
iron overload and iron deficiency are associated
with considerable aberrations in immune func-
tion.17 Nelson18 reported that heterozygosity for
HH is associated with an increased risk of hema-
tologic malignancy, an argument that has been
supported by an investigation into childhood acute
lymphoblastic leukemia (ALL)19 which showed that
the C282Y mutation enhances the risk of hema-
topoietic malignancies in males. It has also been
found that a high iron burden in the circulation
can affect the survival of ALL patients.20 By con-
trast, no meaningful relationship has been report-
ed between the prevalence of acute myeloid
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leukemia (AML) and the HFE gene mutations
C282Y and H63D.21 Similarly, the C282Y mutation
alone showed no association with the incidence of
multiple myeloma (MM), even though patients
with the HFE Tyr 282 allele together with TfR Ser
142 homozygosity appeared to have an increased
risk of MM.22,23

The present study was designed to analyze HFE
genotypes in patients with various hematologic
disorders. The divergent frequencies observed for
the C282Y mutation in the group of patients with
AML and those with essential thrombocythemia
(ET) provide a foundation for larger population
studies of HFE mutations in patients with hemato-
logic diseases.

Design and Methods

Patients
Peripheral blood or bone marrow samples were

collected from 232 patients (106 men and 126
women) with various hematologic disorders; ALL
(n=43), AML (n=53), chronic myeloid leukemia
(CML, n=16), ET (n=37), myelodysplastic syndromes
(MDS, n=35), MM (n=33), and polycythemia vera
(PV, n=15). The samples were taken from patients
during routine diagnostic and treatment evalua-
tion at Oulu University Hospital between 1987 and
2000. ALL and AML were classified on the basis of
their lymphoid or myeloid morphologic appearance,
respectively, according to the French American
British (FAB) criteria.24,25 In addition, diagnoses of
acute leukemia were based on the immunopheno-
type as assessed by flow cytometry using standard
lineage immunophenotype markers. The diagnosis
of MDS was also based on the FAB criteria,26 while
that of PV was based on the criteria of the PV Study
Group,27 and that of CML on the presence of the
Philadelphia chromosome t(9;22).28 The diagnosis
of ET was based on the criteria described by Hoff-
man,29 and those of MM on the criteria described
by Kyle.30 The investigation was approved by the
Ethics Committee of Oulu University Hospital and
was performed in accordance with the guidelines
of the Declaration of Helsinki.

HFE genotyping
DNA was extracted either from peripheral blood

or from bone marrow using a blood kit (Nucleospin,
Macherey-Nagel, Düren, Germany). A polymerase
chain reaction (PCR) to amplify the extracted DNA
was run using the sequence specific primers (SSP)
described by Smillie.31,32 Both the C282Y and the
H63D mutations were tested. The control primers
designed by Steffensen et al.33 were used to ensure

that the PCR method was working properly. The
PCR products were analyzed by electophoresis on
a 1.5% agarose gel containing ethidium bromide
and visualized by ultraviolet light stimulation. Pos-
itive and negative controls were included in every
group of samples analyzed.

All the statistical differences between the preva-
lences of HFE genotypes in the various hemato-
logic disorders and in the control group were
assessed using Fisher´s exact probability test. p val-
ues of < 0.05 were considered statistically signifi-
cant.

Results
The frequencies of the C282Y mutations in the

various hematologic diseases and in the control
group are summarized in Table 1. The frequencies
of the H63D mutations are given in Table 2.

Discussion
One of the most interesting observations of our

study was that the frequency of the C282Y muta-
tion was markedly low in patients with AML (3.8%,
n=53), as previously published data for a control
group from the same hospital district (n=128) had
indicated frequencies of 10.2% for the C282Y
mutation and 20.3% for the H63D mutation.34 The
difference between the frequencies in the AML
group and that in the present control group did
not, however, reach statistical significance
(p=0.237). The low frequency of the C282Y muta-
tion in the AML patients was in contradiction to
the previous assumption that the gene mutation
responsible for HH would increase the risk of
hematologic malignancies.18 It should not be for-
gotten, either, that our results did not provide any
evidence to support the recently published data
showing that the C282Y mutation is a male-spe-
cific risk factor for childhood ALL.19 Dorak et al.19

analyzed C282Y genotypes in two independent
groups of children with ALL from South Wales and
the West of Scotland. They reported C282Y muta-
tion frequencies of 23.4% and 37.4% in the two
groups of male childhood ALL patients, respective-
ly. In our study, both the ALL and childhood ALL
patients (43 ALL patients, of whom 32 were aged
16 years or less at the time of diagnosis) had nor-
mal C282Y mutation frequencies and none of the
male childhood ALL patients (n=14) carried the
C282Y mutation. Whether the divergent mutation
frequencies observed in the present and previous19

studies reflect a genetic heterogeneity in two dis-
tant populations remains to be elucidated.

Iron overload is relatively common in patients
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with AML, due to multiple RBC transfusions.35,36

Hence, AML patients need a functional machinery
to handle excessive iron. It is known that
macrophages normally play a central role in these
processes and cellular iron uptake by macrophages
is defective in homozygous C282Y patients because
of HFE protein dysfunction.37 Based on these facts,
we propose that the C282Y mutation in conjunc-
tion with multiple RBC transfusions could cause
severe iron overload in AML patients, which could
in turn lead to serious complications. Higher mor-
tality among C282Y mutant AML patients due to
iron toxicity could theoretically cause a low C282Y
mutation frequency. However, this still does not
apparently explain the low mutation frequency
observed in our AML patients.

Another interesting finding was that the patients
with ET appeared to have a slightly higher tenden-
cy for having the C282Y mutation (16.2%, n=37).
Although this allele may represent a passenger
mutation frequently associated with ET, we cannot
exclude the possibility that it may be more direct-
ly involved in the pathogenic mechanisms of the
disease. The fact that iron has effects on platelet
count, the size of platelets and their activation
points to a possibility that this mutation, even in
heterozygous form, could alter the platelet count
and/or platelet function in some individuals. Our
unpublished data have shown that HFE protein is
expressed in platelets, which makes the present
finding even more attractive.

We also determined the prevalence of another

typical HFE mutation, H63D. Since the relevance of
this mutation has remained questionable, even in
HH patients, the significance of its slightly elevat-
ed frequency in our MDS patients naturally remains
open. The percentage of H63D mutations in any of
the patient categories did not show any statistical-
ly significant difference from that recorded for a
control population from the same hospital district.

In summary, we found slightly divergent fre-
quencies of the C282Y mutation in patients with
AML (3.8%, n=53) and ET (16.2%, n=37). Even
though these frequencies did not differ signifi-
cantly from those observed in the control popula-
tion (10.2%), the present results suggest that HFE
mutations may play a role in the pathogenesis of
certain hematologic disorders. However, a larger
study population would be required to show or
exclude a significant association between HFE gene
mutations and the prevalence of hematologic dis-
orders.
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Table 1. Presence of the C282Y mutation in patients with
hematologic disorders.

HFE-CY

HET WT Total
Count % Count % count

Diagnosis
ALL 3 7.0 40 93.O 43
AML 2 3.8 51 96.2 53
CML 1 6.3 15 93.8 16
ET 6 16.2 31 83.8 37
MDS 4 11.4 31 88.6 35
MM 2 6.1 31 93.9 33
PV 1 6.7 14 93.3 15

Total 19 8.2 213 91.8 232

The frequency of the C282Y mutation for a control group (n=128) from the same
hospital district was 10.2%.34

Table 2. Presence of the H63D mutation in patients with
hematologic disorders.

HFE-HD

HET HOMOZ WT Total
Count % Count % Count % count

Diagnosis
ALL 6 14.O 37 86.O 43
AML 8 15.1 1 1.9 44 83.O 53
CML 4 25.O 12 75.O 16
ET 6 16.2 31 83.8 37
MDS 9 25.7 1 2.9 25 71.4 35
MM 4 12.1 29 87.9 33
PV 3 20.O 12 80.O 15

Total 40 17.2 2 0.9 190 81.9 232

The frequency of the H63D mutation for a control group (n=128) from the same
hospital district was 20.3 %.34
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Peer Review Outcomes

What is already known on this topic
Iron overload is typically found in patients with HFE-
related genetic hemochromatosis, and individuals who
are heterozygous for the HFE C282Y mutation may have
marginally elevated iron stores. Some reports have asso-
ciated excess iron with cancer risk, particularly of the col-
orectum and of the liver. Little is known about any asso-
ciation between increased iron stores or HFE mutations
and risk of hematologic malignancies.

What this study adds
This study excludes any significant association between
HFE gene mutations and hematologic malignancies.
Although this was expected, the present study provides
a formal demonstration.
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Potential implications for clinical practice
This study demonstrates that gene mutations responsi-
ble for HH do not increase the risk of hematologic malig-
nancies. The results imply that HFE genotyping is not
necessary in patients with hematologic malignancies
treated with multiple RBC transfusions.
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