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Abstract

Hereditary hemochromatosis is a disorder of iron metabolism charac-
terized by increased iron intake and progressive storage and is related
to mutations in the HFE gene. Interactions between thalassemia and
hemochromatosis may further increase iron overload. The ethnic
background of the Brazilian population is heterogeneous and studies
analyzing the simultaneous presence of HFE and thalassemia-related
mutations have not been carried out. The aim of this study was to
evaluate the prevalence of the H63D, S65C and C282Y mutations in
the HFE gene among 102 individuals with alpha-thalassemia and 168
beta-thalassemia heterozygotes and to compare them with 173 control
individuals without hemoglobinopathies. The allelic frequencies found
in these three groups were 0.98, 2.38, and 0.29% for the C282Y
mutation, 13.72, 13.70, and 9.54% for the H63D mutation, and 0,
0.60, and 0.87% for the S65C mutation, respectively. The chi-square
test for multiple independent individuals indicated a significant differ-
ence among groups for the C282Y mutation, which was shown to be
significant between the beta-thalassemia heterozygote and the control
group by the Fisher exact test (P value = 0.009). The higher frequency
of inheritance of the C282Y mutation in the HFE gene among beta-
thalassemic patients may contribute to worsen the clinical picture of
these individuals. In view of the characteristics of the Brazilian
population, the present results emphasize the need to screen for HFE
mutations in beta-thalassemia carriers.
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Introduction

Iron overload disease can be primary (he-
reditary) or secondary (inborn or acquired).
The latter disorders have in common the fact
that the patient is anemic. Primary causes of
hemochromatosis usually stem from inher-
ited abnormalities of proteins implicated in

iron transport and regulation that may lead to
excessive iron absorption from the gas-
trointestinal tract. Hereditary hemochroma-
tosis (HH) is an iron metabolism disorder
characterized by increased iron absorption
and storage, resulting in progressive and
multisystemic oxidative organ damage (1-
3). In 1996, the HFE gene was identified on
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chromosome 6 and considered to be a candi-
date for the gene bearing the primary defect
responsible for hemochromatosis (3). How-
ever, the phenotypic expression of mutated
alleles seems to be highly variable and is
possibly related to other co-inherited genetic
modifiers, including genes related to heredi-
tary anemia (4,5). HH can be the result of
defects in the HFE gene (type 1) or to defects
not associated with the gene (types 2A, 2B, 3
and 4). There are 5 major forms of HH
caused by sequence variations in different
genes. Classic hemochromatosis is due to
variations in the HFE gene.

HH is most commonly found in Northern
European descendants, affecting 1 in 300
persons from this ethnic group (6,7). Three
missense mutations in the HFE gene are
more frequently associated with HH and
with an autosomal recessive pattern. About
85% of the patients with HH carry a cys-
teine-to-tyrosine substitution at amino acid
position 282 in the HFE gene (C282Y muta-
tion) (6). This mutation is responsible for
60% of the HH cases in the Mediterranean
population (8), with a North to South de-
crease in frequency (9,10). An aspartic acid-
to-histidine conversion at amino acid 63
(H63D) is widely spread among many popu-
lations (8,11-13) and has a frequency of 15-
20% in HH cases (7). The third mutation
results from a serine-to-cysteine conversion
in amino acid position 65 (S65C), with an
allelic frequency of 1.4% (14). The last two
mutations are associated with milder forms
of HH (5,15), but the compound heterozy-
gous state of one of them and the C282Y
defect increase the risk to develop iron over-
lap especially in men (15,16).

Genetic factors and acquired conditions
are likely to modulate the expression of HFE
hemochromatosis. Acquired factors, such as
dietary habits, blood donation, gender-re-
lated events (pregnancy, menopause and
mode of contraception), and associated dis-
orders, such as digestive malabsorption or
blood loss, have been anecdotally reported

to influence phenotypic expression in hemo-
chromatotic subjects but have not been ex-
tensively studied. Excess body mass is com-
monly associated with the lack of pheno-
typic expression in detected C282Y homozy-
gotes (17).

The thalassemias are characterized by
ineffective erythropoiesis that could induce
excess iron absorption and ultimately lead to
iron overload (17,18). The thalassemias are
a heterogeneous group of hereditary alter-
ations caused by defects in the synthesis of
one or more of hemoglobin’s polypeptide
chains, which modify the normal ratio be-
tween the globin subunits, impairing eryth-
ropoiesis and, consequently, causing a dis-
turbance in the hemoglobinization of the
erythroblasts. The most frequent and de-
fined types of thalassemia are alpha and
beta, but other types exist, such as delta-
beta-delta and gamma-delta-beta-thalassemia.
When anemia is accompanied by increased
erythroid activity and/or ineffective erythro-
poieses there is a concomitant increase in the
absorption of iron from the diet because of
higher iron needs for hemoglobin synthesis.
These patients develop iron overload even
without erythrocyte transfusions. If transfu-
sions are needed, they will add to the body
iron excess. The interaction of the HH muta-
tions with the thalassemias may have a syn-
ergistic effect, increasing the iron intake and
storage (19,20).

The aim of this study was to determine
the prevalence of the C282Y, H63D and
S65C mutations in the HFE gene of indi-
viduals with alpha-thalassemia and beta-
thalassemia heterozygotes and compare it to
individuals without hemoglobinopathies.

Material and Methods

We studied 102 patients with alpha-
thalassemia (69 women and 33 men), 168
patients with the beta-thalassemia trait (96
women and 72 men), and 173 patients with-
out hemoglobinopathies (16 women and 157
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men). All individuals were of Caucasian
origin. Blood samples (5 mL) were collected
from individuals from different Brazilian
regions (50% from the Southeast, 25% from
the North, Northeast and West, and 25%
from the South). Screenings for hemoglo-
binopathies were carried out by the Hemo-
globin and Hematological Diseases Labora-
tory of the University of São Paulo State/
IBILCE, in São José do Rio Preto, SP, Bra-
zil, by HPLC (BioRad, Rio de Janeiro, RJ,
Brazil) and by electrophoretic procedures.
Ferritin values were in accordance with the
expected mean for the alpha-thalassemia
group and the control group and slightly
increased for the beta-thalassemia group.
The hematologic values, indicating hypo-
chromic microcytic anemia in beta-thalas-
semics, were obtained with automatic equip-
ment and agreed with the clinical evalua-
tion.

The institutional Ethics Committee ap-
proved the study and informed written con-
sent was obtained from all patients.

Genomic DNA was extracted from pe-
ripheral leukocytes by the phenol-chloro-
form method (21). Two primer sets were
used for DNA amplification. The first,
5'ACATGGTTAAGGCCTGTTGC3' and
5'GCCACATCTGGCTTGAAATT3', gener-
ates a 207-bp fragment that comprises the
H63D and S65C mutation sites. The second,
5'GGGTATTTCCTTCCTCCAACC3' and
5'CTCAGGCACTCCTCTCAACC3', gener-
ates a 441-bp fragment for C282Y analysis.

The amplified PCR products were di-
gested with the restriction endonucleases
BclI (H63D), HinfI (S65C) and RsaI
(C282Y). The H63D mutation abolishes the
BclI recognition site in the 207-bp PCR prod-
uct: while normal DNA is cut into two frag-
ments (69 and 138 bp), the mutated DNA is
not cut. The S65C mutation abolishes the
HinfI recognition site in the 207-bp PCR
product: while normal DNA is cut into two
fragments of 60 and 147 bp, the mutated
DNA is not cut. The C282Y mutation cre-

ates a new RsaI site. The digested PCR
product is cut into two fragments (145 and
296 bp) in the normal allele, while in the
mutated DNA three fragments (29, 116, and
296 bp) are generated after digestion. The
digestion products of the two first mutations
were analyzed on 2.0% agarose gel stained
with ethidium bromide, while the product of
the digestion of the C282Y mutation was
analyzed on 2.5% agarose gel also stained
with ethidium bromide.

Statistical analysis

Data were analyzed by the chi-square
test for multiple independent samples to iden-
tify the relationship between the mutations
and the groups studied. Fisher’s exact test
was used to compare results between the two
groups. A P value <0.05 was considered
significant.

Results

Allelic frequencies in the alpha-thalas-
semic group were 13.72% for the H63D
mutation, 0% for the S65C mutation and
0.98% for the C282Y mutation. In the beta-
thalassemic group, mutation frequencies
were 13.70% for H63D, 0.60% for S65C and
2.38% for C282Y. Finally, in the control
group, frequencies were 9.54, 0.87, and
0.29% for the H63D, S65C and C282Y mu-
tations, respectively (Table 1).

The genotypes found in each group are
shown in Table 2. One beta-thalassemic case
was a heterozygote for the H63D and S65C

Table 1. Allelic frequencies of the H63D, S65C and C282Y mutations.

Subjects H63D   S65C C282Y

Alpha-thalassemic (N = 102) 13.72% 0.0% 0.98%
Beta-thalassemic (N = 168) 13.70% 0.60% 2.38%
Controls (N = 173) 9.54% 0.87% 0.29%

The allelic frequencies were obtained dividing the number of mutated alleles by the
total number of alleles.
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mutations, one beta-thalassemic case and
one alpha-thalassemic case were heterozy-
gotes for the H63D and C282Y mutations,
and three control cases were heterozygotes
for the S65C and C282Y mutations. Ho-
mozygote mutations were only found for
H63D, including 1 alpha-thalassemic and 4
beta-thalassemic patients.

Statistical analysis using the chi-square
test for multiple independent samples identi-
fied a significant difference for the C282Y
mutation among groups (P = 0.043). Fisher’s
exact test indicated a statistically significant
difference between the beta-thalassemic and
control groups (P = 0.009). The H63D and
S65C mutations did not show statistically
significant differences among the groups
studied (P > 0.05).

Discussion

HH is considered to be the most common
inherited disorder in Caucasians and pre-
sents a variable prevalence among different
ethnic groups (2,22). Originally regarded as
a rare affliction notable for its distinctive
evolution to “bronze diabetes”, HH is now
recognized as the most common genetic dis-
order in populations of European ancestry.
Recent advances in the understanding of

iron metabolism, the identification of the
gene responsible for hemochromatosis, and
extensive epidemiologic studies have changed
the diagnostic approach to patients with HH
and other forms of iron overload (23-25). Its
phenotypic expression seems to be highly
variable and possibly related to several fac-
tors, such as availability of iron in the diet,
loss of blood associated with menstruation
or pregnancy, blood donation, hepatitis, and
hemolytic anemia (9,23).

The C282Y missense mutation is respon-
sible for about 80% of the cases of HH at
least in Northern European populations. In
other areas, e.g., Italy, its frequency is lower
and decreases from North to South (9). In
Brazil, H63D and C282Y screening in 4
specific populations (Caucasians, African
descendants, Parakanã Indians, and a ra-
cially mixed group) indicated a low preva-
lence of the C282Y mutation (allelic fre-
quency ranging from 0% for Parakanã Indi-
ans to 1.4% for Caucasian descendants),
while the H63D mutation varied from 0% in
Parakanã Indians to 16.3% in Caucasian
descendants (16). The allelic frequencies
obtained in the present study for Caucasian
individuals were 13.72, 13.70, and 9.54%
for the H63D mutation in the alpha-thalas-
semia, beta-thalassemia and control groups,
respectively. For the C282Y mutation the
frequencies observed were 0.98, 2.38, and
0.29%, respectively, differing from previ-
ously published results from Brazil (16).

No data about the S65C mutation have
been previously reported in Brazil. The low
allelic frequencies observed here (0.0, 0.60,
and 0.87% for the alpha-thalassemia, beta-
thalassemia and control groups, respective-
ly) agree with data about populations from
other geographic areas (14,24,25). A 4.0%
allelic frequency of the S65C mutation was
detected in the Ecuadorian population, one
of the highest observed until now (10).

In the present study, some cases of com-
pound heterozygotes were found: one H63D/
C282Y patient in the alpha-thalassemic

Table 2. Genotypic frequencies of the H63D, S65C and C282Y mutations.

Genotypes Alpha-thalassemia Beta-thalassemia Controls

H63D S65C C282Y
+ + - - - - 1 (0.98%) 4 (2.38%) 0 (0%)
+ - - - - - 25 (24.51%) 36 (21.43%) 33 (19.08%)
+ - + - - - 0 (0%) 1 (0.59%) 0 (0%)
+ - - - + - 1 (0.98%) 1 (0.59%) 0 (0%)
- - + + - - 0 (0%) 0 (0%) 0 (0%)
- - + - + - 0 (0%) 0 (0%) 3 (1.73%)
- - + - - - 0 (0%) 1 (0.59%) 0 (0%)
- - - - + - 1 (0.98%) 7 (4.17%) 1 (0.58%)
- - - - + + 0 (0%) 0 (0%) 0 (0%)
- - - - - - 74 (72.55%) 118 (70.25%) 136 (78.61%)

Total 102 (100%) 168 (100%) 173 (100%)

Data are reported as number with percent in parentheses. + = mutated; - = wild. The
genotypic frequencies are the percentage of each genotype found in the population
studied.
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group, two cases in the beta-thalassemic
group (one of them H63D/S65C and the
other H63D/C282Y), and three individuals
with S65C/C282Y in the control group. Com-
pound heterozygosis for C282Y and H63D
seems to predispose to disease expression
(5). The clinical significance of the other
forms of compound heterozygosis, such as
C282Y and S65C or H63D and S65C, is still
controversial (5). However, some of these
patients have thalassemia as another factor
involving their iron status, which may be
responsible for increasing the metal levels.

The clinical observation of a discordant
course between individuals with the same
hematological alteration (thalassemia) is very
common and may be related to the different
inherited mutations. Furthermore, the co-
inheritance of iron metabolism disturbances
can lead to an additional overload and an
increase of oxidative stress in blood cells,
influencing the phenotype expression and
the manifestation of additional pathologies.
Our findings suggest the need for an early
screening for this alteration, especially in
Brazil, with its multiethnic characteristics.

In the present study, a high incidence of
the C282Y mutation was observed in the
beta-thalassemia group, leading to a concern
about the levels of iron deposition in the
organism of these patients. Both diseases
(hemochromatosis and thalassemia) affect
iron metabolism and the meaning of co-
inheritance of the two mutations is not well
understood.

Screening for hemochromatosis muta-
tions in beta-thalassemia minor patients from
Iran indicated significant differences in the
frequencies of C282Y and H63D mutants in
relation to control individuals (20) but these
differences were not observed in Portugal or
in India (26,27). Two independent pathways
have been proposed for iron metabolism, the
erythroid regulator, which modulates intes-
tinal iron absorption in response to the needs
of the erythron, and the storage regulator,
which controls iron accumulation (28-30).

There are suggestions that the erythroid regu-
lator (beta-thalassemia) seems to be more
pronounced than the storage regulator (the
mutated HFE gene) in determining the de-
gree of iron absorption (28,29). This hypo-
thesis indicates that beta-thalassemia carri-
ers might exhibit an advantage in balancing
iron storage in their organisms. Neverthe-
less, published data indicate more severe
hemochromatosis symptoms when heterozy-
gosis for the C282Y mutation is associated
with beta-thalassemia (19), and when higher
serum iron levels in beta-thalassemia co-in-
heritance are associated with heterozygosis
and homozygosis for H63D (4,26). However,
these results remain controversial (29,31).

Alpha-thalassemia is a hereditary ane-
mia that results from a defective synthesis of
alpha-globin. There are insufficient produc-
tion of normal hemoglobin and formation of
unstable tetramers of γ4 (Hb Bart’s) or ß4
(Hb H) with accelerated destruction of the
red blood cells. Alpha-thalassemia can be
inherited or acquired and is originated by
defects or deletions in one or more genes of
the four alpha-globin genes. All the current
knowledge about alpha-thalassemia, includ-
ing its molecular biology understanding, was
obtained by clinical and laboratory observa-
tions. Hypochromic and microcytic cells
characterize alpha-thalassemia (32). The
Hb H and Hb Bart’s are more stable than the
alpha-chain aggregates observed in beta-
thalassemia, and do not cause hemolysis.
They precipitate in the red blood cells pro-
voking cell damage and premature cell re-
moval from the blood stream by endothelial
reticulum systems, reducing the lifetime of
the cells. In a study carried out in Hong
Kong, iron overload in alpha-thalassemia
was not related to hemochromatosis muta-
tions (33). However, more data about the
role of HFE mutations in alpha-thalassemic
patients are still necessary. Nevertheless,
HFE mutations were not found at a higher
frequency among Brazilian alpha-thalas-
semic patients.
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The Brazilian population is a mixture of
different ethnic groups and HFE mutations
were observed at a higher frequency in beta
thalassemic carriers. Hemoglobin chain syn-
thesis disorders and HFE mutations may
lead to severely increased iron storage and

worsen the clinical picture of hemochroma-
tosis, reinforcing the need for this screening
in thalassemic patients in Brazil. This ap-
proach may improve a normal life expect-
ancy and the response to specific anemia
treatments.
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