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Summary

Hereditary hemochromatosis (HH) is a common autosomal recessive disorder in populations of
European descent. It is characterized by a variable prevalence of mutations in the hemochromato-
sis gene (HFE) in different countries and a complex relationship between the HFE genotype and
the HH phenotype. Genetic analysis has not been conducted in Croatian patients with iron over-
load. The aim of this study was tv deteruine whether HIE mutations, C282Y, 11G8D, and SG5C were
correlated with clinical and biochemical parameters in Croatian patients with suspected HH.

Clinical examinaton, biochemical analysis, and genotyping were performed in 175 patients sus-
pected of having HH. The control group consisted of 350 healthy blood donors.

Among the patents, 20% had genotypes related to HH - 7.4% were homozygous for C282Y, 6.3%
were compound heterozygous for C282Y and H63D, 5.7% were homozygous for H63D, and 0.6%
was compound heterozygous for C282Y and S65C. The allelic frequencies were 14.6% for C282Y
mutation, 23.7% for H63D mutation, and 1.4% for S65C mutation. A comparison of the clinical
and laboratory profiles of patients revealed that C282Y homozygotes had higher frequencies of
all clinical symptoms and higher levels of biochemical parameters than others. The C282Y/H63D
compound heterozygotes and H63D homozygotes were found to be clinically important, despite
the fact that they were associated with less severe disease.

Our results show that HFE mutations are responsible for only about 20% of Croatian patients with
suspected HH. Screening with biochemical methods and HFE genotyping may be not sufficient
for diagnoses in the Croatian population.
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BACKGROUND

Hereditary hemochromatosis (HH) is a common autosomal
recessive disorder in populations of European descent and
is characterized by iron accumulation in the body. The clin-
ical features of HH are directly related to the level of body
iron overload. In fully established disease, organ structure
and function are impaired, and this may result in cirrho-
sis, hepatocellular carcinoma, diabetes mellitus, cardiomy-
opathy, sexual dysfunction due to hypogonadotropic hy-
pogonadism, arthritis, and generalized skin pigmentation.

In 1996, 2 major mutations were identified in the hemo-
chromatosis gene (HFE) — C282Y and H63D - which were
significantly correlated with clinically manifested HH [1].
Homozygosity for the C282Y mutation was associated with
a high risk for iron overload and this genotype was found
to be present in approximately 60-100% of patients with
HH. On the other hand, homozygosity for the H63D muta-
tion, which was detected in 1-2% of patients with HH, was
associated with slightly increased body iron status, but not
a clinically significant iron overload. In addition, a signifi-
cant proportion (4-6%) of patients with HH was found to be
compound heterozygous for both mutations (C282Y/HG3D)
[2]. Later, a third rare mutation, S65C, was identified and
found to be implicated in a mild form of the disease, of-
ten in patients that were compound heterozygous for both
S65C and C282Y (C282Y/S65C) [3].

Itis clear that the relationship between the hemochromato-
sis phenotype and the HFE genotype is complex. Incomplete
penetrance of the HFE mutations and variable expression
of the disease in patients that exhibit similar levels of iron
overload indicated that the phenotypic expression of hemo-
chromatosis may be influenced by modifier gene(s) and/or
environmental factors [4].

Population studies have shown a variable prevalence of HFE
gene mutations in different countries and ethnic groups.
The distribution of the C282Y mutation frequency decreas-
es from 9.7% in the population of northwestern Europe to
zero in the population of southeastern Europe [5,6]. The
prevalence of the C282Y mutation among healthy Croatian
subjects (3%) is consistent with this north/south gradient
[7]. The H63D mutation frequency is widely distributed in
European populations (15-40%) and the $65C mutation is
found with a frequency of about 1-2% [3,6]. In the Croatian
population, the H63D and S65C mutations had prevalenc-
es of 14.5% and 1.8%, respectively [7].

A genetic analysis has not been performed in Croatian pa-
tients with iron overload. Therefore, the aim of this study
was to determine the frequencies of C282Y, H63D, and S65C
mutations in individuals with suspected HH and analyze cor-
relations between genotypic and phenotypic characteristics.

MATERIAL AND METHODS

Patients

" This study included a series of 175 (111 males and 64 fe-
males) patients admitted to the Division of Gastroenterology,
University Hospital Rijeka, Croatia, from 2003 to 2008. All pa-
tients had high serum iron parameters (serum iron and/or

ferritin and/or transferrin saturation >45%) and at least
twice the upper level of alanine aminotransferase (ALT)
and/or aspartate aminotransferase (AST); moreover, some
showed HH-related symptoms, The median age of the pa-
tients was 58 years (range, 31-67).

The study exclusion criteria were previous conditions of
thalassemia major, anemia (sideroblastic and hemolytic),
transfusional iron overload, alcoholic liver disease, chron-
ic viral hepatitis, steatosis, cirrhosis, porphyria cutanea tar-
da, portocaval shunt, or chronic hemodialysis.

The control group consisted of 350 healthy blood donors
without liver disease or anemia. For each patient, 2 con-
trol subjects were selected of the same sex and age +5 years.

The Ethics Committee of the School of Medicine at the
University of Rijeka approved the study, and written in-
formed consent was obtained from each subject. The study
was carried out in accordance with The Code of Ethics of
the World Medical Association {Declaration of Helsinki).

Methods

The initial check-up consisted of a questionnaire and a clin-
ical examination. The questionnaire recorded the details
of age, sex, and medical history, including liver disease, ar-
thralgias, cardiovascular disease and arrhythmias, treated
or untreated diabetes, impotence, and premature amen-
orrhea. Dark skin pigmentation was established by clini-
cal examination.

Biochemical tests included measurements for ALT, AST,
serum iron (SF), serum unbound iron binding capacity
(UIBQ), serum total iron binding capacity (TIBC), and
transferrin saturation (TS). The levels of SF, ALT, AST, fer-
ritin, UIBC, and TIBC were measured on an Olympus AU
640 (Tokyo, Japan). Liver enzymes (AST and ALT) were
measured with an optimized UV method without pyridox-
al phosphate and at pH 7.8 for AST and pH 7.3 for ALT.
SF was measured with 2,4,6-three(2 pyridyl)-5-triazine and
UIBC was measured on an Olympus AU 640 (Tokyo, Japan)
with a colorimetric method. Turbidimetric latex immunoas-
say was used for serum ferritin measurement. The TIBC val-
ue was calculated as follows: TIBC = Fe + UIBC. The TS val-
ues were calculated as follows: TS (%) = serum iron/TIBC
x100. The normal values among healthy adults were: ALT<37
U/L; AST<37 U/L; Fe=8.7-26.9 nmol/L; UIBC=27.6-53.6
pmol/L; TIBC=45-63 pmol/L, ferritin=10-120 pg/L (fe-
male), 20-300 (male); and TS <45%.

Genomic DNA was extracted from whole blood with a
QIAmp Blood Kit (Qiagen, Hildren, Germany). Genotyping
of HIE gene mutations (C282Y, H63D, and S65C) was per-
formed with the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method, as de-
scribed previously [3,5].

Statistics

Allele and genotype frequencies were estimated by gene count-
ing. Differences in genotype and allele frequencies between
the patient and control groups were analyzed for statistical sig-
nificance with the ¥? test or Fisher's exact test, as appropriate.
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Table 1. The frequencies of HFE genotypes and alleles in patients with high serum iron and healthy controls.

Patients (N=175)

Healthy controls (N=350)

Genotype P value
n Frequency (%) n Frequency (%)
wt/wt n 40.6 233 66.6 <0.0001
(282Y/wt 13 74 " 31 0.0314
HeDwt 52 297 85 243 0.1825
S65C/wt 4 23 9 2.6 0.8427
(282Y/C282Y 13 7.4 0 0 <0.0001
H63D/H63D 10 5.7 9 26 0.0764
(282Y/H63D n 6.3 3 0.8 0.0006
(282Y/565C 1 0.6 0 - 0.3333
Total 175 100.0 350 100.0
Allele/total alleles

82y 517350 14.6 14/700 2.0 <0.0001
H63D 83/350 237 106/700 151 0.0007
S65C 5/350 14 9/700 13 1.0000

The differences in clinical manifestations of disease among
different groups of patients were analyzed with the %2 test
and Fisher's exact test.

Descriptive analysis was used for biochemical parameters
(means, standard deviations). Biochemical variables were
transformed into logarithmic values to establish the nor-
mal distribution of population parameters, Univariate anal-
ysis was performed with the analysis of variance (one-way
ANOVA) for quantitative variables. Logistic regression was
used for assessing the associations between biochemical pa-
rameters and different genotypes.

The level of significance was set at p<0.05.

REsuLTS

The HFEgenotypes and corresponding allelic frequencies of
the 3 mutations in patients and healthy controls are present-
ed in Table 1. Among the 175 patients, 35 (20%) had gen-
otypes that have been associated with HH (C282Y/C282Y,
C282Y/H63D, H63D/H63D, and C282Y/S65C); however, 71
(10%) patients did not have any mutations in the HFE gene
(wt/wt). Homozygosity for the C282Y mutadon (7.4%) oc-
curred significantly more frequently in patients than in healthy
controls (no observations in controls; p<0.0001). Furthermore,
compound heterozygosity for G282Y/H63D occurred signif-
icantly more often in patients (6.3%) than in healthy con-
trols (0.8%; p=0.0006). Homozygosity for the H63D muta-
tion also occurred more frequently in patients (5.7%) than
in healthy controls (2.6%), but the difference was not signifi-
cant (p=0.0764). One patient was a compound heterozygote
for C282Y/S65C (0.6%), but no healthy controls had that
genotype. Heterozygosity for the C282Y mutation occurred
significantly more frequently (p=0.0314) in patients than in
controls, but heterozygosity for H63D occurred with similar fre-
querncy in patients (29.7%) and controls (24.3%) (p=0.1825).

The frequencies of alleles in patients and healthy con-
trols showed that the C282Y allele (14.6%) was signifi-
cantly more common in patients than in healthy controls
{2.0%; p<0.0001). The H63D allele mutation was also sig-
nificantly more common in patients (23.7%) than in con-
trols (15.1%; p=0.0007). There were no differences in the
allele frequencies of the S65C mutation between patients
and controls (p=1.000). ®

The clinical and biochemical parameters of the patients
with iron overload are presented in Table 2. The frequen-
cies of liver disease, diabetes, hyperpigmentation, arthral-
gia, and cardiovascular disease and arrhythmia were signifi-
cantly higher in C282Y homozygotes than in wt/wt patients
(p=0.0320, p=0.0191, p=0.0024, p<0.001, and p<0.001, re-
spectively). Furthermore, the HH-related symptoms oc-
curred with similar frequency in C282Y homozygotes and
C282Y/H63D compound heterozygotes. However, only
2 symptoms occurred significantly more frequently in
the C282Y homozygotes compared to the H63D homo-
zygotes: arthralgia (p=0.0097) and cardiovascular disease
(p=0.0089). The C282Y/H63D compound heterozygotes
also had arthralgia significantly more frequently than H63D
homozygotes (p=0.0287) and wt/wt patients (p=0.0004).
Liver disease was more common in H63D homozygotes
than in wt/wt patients, but the difference was not statis-
tically significant (p=0.0604). Cardiovascular disease was
more frequent in H63D heterozygotes than in wt/wt pa-
tients (p=0.0267).

Both the SF and TS were significantly higher in C282Y homo-
zygotes compared to wt/wt patients (p=0.0091 and p<0.0001,
respectively) and C282Y/H63D heterozygotes (p=0.0011 and
p=0.0009, respectively). The TS was higher in C282Yhomo-
zygotes than in H63D homozygotes (p=0.0044). However,
the biochemical parameters of C282Y/H63D heterozygotes
and H63D homozygotes were not statistically different.
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Table 2. Clinical features of patients with iron overload, grouped according to HFE genotype.

Clinical symptoms N (%)

Biochemical parameters mean+SD

Genotype n
LD DM DS A ()] IA SF Fer %TS
wt/wt 71 51 (71.8) 19 (26.8) 13 (18.3) 8 (11.3) 3 (4.2 0 33.8+7.0 782.0+1464.5  51.1x145
(282Y/wt 13 11 (84.6) 2 (154) 4 (308) 2 (154) 0 0 32.045.2 800.5+1034.8  55.1%14.5
H63D/wt 52 41 (78.8) 13 (25.0) 16 (30.8)12 (23.1) 9 (17.3) 1 (1.9) 36.6+9.0 359.0+335.9 53.9%15.5
S65C/wt 4 3750 0 0 1250 0 0 37.447.5 210.0+28.5 61.2+23.7
(282Y/282Y 13 13(100.0) 8 (61.5) 8 (61.5) 9 (69.2) 6 (46.1) 0 39.315.7 1022.7+880.5 73.0+13.5
H63D/H63D 10 10(100.0) 4 (40.0) 4 (40.0) 1 (10.0) 1 (10.0) 0 34.8£6.7 396.5+490.0 5421147
(282YH63D 11 9 (81.8) 4 (364) 4 (36.4) 7 (63.6) 1 (9.0) 0 29.7+6.8 841.7£16747  53.4+11.0
(282Y/565C 1 0 0 0 0 0 0 403 305.0 40.0

LD — liver disease; DM — diabetes; DS — dark skin pigmentation; A — arthralgia; (D — cardiovascular disease; IA — impotence or premature
amenorrhea; SF — serum iron concentration; Fer — ferritin concentration; %TS — transferrin saturation,

Discussion

This is the first study to investigate HFE gene mutations in
Croatian patients with suspected HH. Croatia is in south-
eastern Europe and borders the Mediterranean Sea. Its pop-
ulation is mainly of Slavic origin. A few years ago, a popu-
lation analysis of the frequency of HFE mutations showed
that the allelic frequency of C282Y (3.3%) was in accor-
dance with the geographical position of Croatia in Europe;
however, the allelic frequencies of H63D (14.5%) and S65C
(1.8%) were similar to those reported in other European
populations [7].

In this study, a genetic analysis of patients with iron over-
load showed that only 20% had HH-related genotypes and
only 60% carried at least 1 HFE mutation, Among the HH
related genotypes, we found that 7.4% were C282Y homo-
zygotes, 6.3% were C282Y/H63D compound heterozygotes,
5.7% were H63D homozygotes, and 0.6% were C282Y/S656C
compound heterozygotes. These findings differed from those
reported for a similar population of patients in northern
Europe, where over 90% of patients with HH were either
C282Y homozygotes or C282Y/H63D compound heterozy-
gotes [8-12]. However, our findings were consistent with data
reported for other similar populations of patients in south-
ern Europe, where approximately one-third of the patients
did not carry either a C282Y or a H63D mutation [13-19].
A thorough comparison of patients from the neighboring
countries of former Yugoslavia was not possible because no
similar studies had been published. However, 1 study from
a group in Slovenia found that 71.4% of patients with HH
were C282Y homozygotes and 4.1% were C282Y/H63D com-
pound heterozygotes [20].

Our results cannot be directly compared with other stud-
ies that have investigated the frequency of HFE mutations
among patients diagnosed with HH. Nevertheless, we did
observe relatively low frequencies of C282Y homozygosity,
H63D homozygosity, and C282Y/H63D compound hetero-
zygosity in patients with suspected HH. There are several
possible explanations for these observations, which are not
mutually exclusive. First, the C282Y mutation is less frequent

in the general population of Croatia than in most general
populations of northern and central Europe. Therefore, the
lower incidence of C282Y mutation may be characteristic of
Croatian patients. Second, other mutations may exist in the
HIE gene, or in other genes involved in iron homeostasis,
that might be responsible for HH in Croatia.

Another explanation could be related to the selection of pa-
tients enrolled in the study. Specifically, patients were select-
ed for high serum iron parameters (serum iron and/or fer-
ritin and/or TS >45%) and at least twice the normal upper
level of ALT and/or AST. We chose these criteria because
these values suggested that these patients could be readily
differentiated from individuals with elevated transaminase
levels that were disease-free. However, these selection crite-
ria may have excluded patients with iron overload and HFE
mutations that had normal ALT/AST levels; thus, this se-
lection may have contributed to the low frequency of HFE
mutations observed in our sample of patients.

Also, by selecting patients with elevated ALT/AST, we may
have included patients with an increased chance of liver dis-
ease of unknown etiology that did not carry HFE mutations.
However, all patients with secondary iron overload were ex-
cluded from the study on the basis of clinical histories and
detailed clinical analyses performed at the beginning of the
study [21]. Only the cases of nonalcoholic fatty liver disease
(NAFLD) were somewhat controversial, because they were
excluded after examination by abdominal ultrasound, and
not by biopsy; therefore, this is a potential weakness of this
study. Abdominal ultrasonography has been shown to have
a sensitivity of 60%-94% and a specificity of 84-95% for de-
tecting a fatty liver. However, ultrasonography cannot de-
tect small amounts of hepatic steatosis and cannot establish
the diagnosis of non-alcoholic steatohepatitis or determine
the stage of hepaltic fibrosis, which may have increased the
levels of ferritin and/or serum iron [22].

The manifestations of iron overload are known to devel-
op gradually in 3 distinct stages: the latency stage, the bio-
chemical expression stage, which corresponds to elevated
serum iron parameters (observed in young adults), and the
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clinical expression stage. However, the onset of the disease
is often insidious, and affected individuals display widely
variable biochemical signs, clinical expression, and evolu-
tion of the disease.

In our sample of patients, all the clinical symptoms associat-
ed with HH were observed in C282Y homozygotes at higher
frequencies than in wt/wt patients. On the other hand, the
HH-related symptoms were observed among C282Y homozy-
gotes at frequencies similar to those observed in C282Y/H63D
compound heterozygotes and H63D homozygotes, who are
also considered to be at risk for HH. This clinical expres-
sion of the disease with similar frequency in all 3 genotypes
suggests that C282Y/H63D compound heterozygosity and
H63D homozygosity are clinically important, despite their
association with lower levels of iron overload. We found only
1 patient that carried the S65C mutation, and it was in com-
pound heterozygosity with the C282Y mutation. This pa-
tient exhibited a mild phenotype, but the rarity of the mu-
tation precluded making any conclusions about this variant.

In this study, a relatively high incidence of clinical symptoms
was observed in all categories of patients, including the wt/
wt patients. This was in contrast to most other recent stud-
ies, which reported a low clinical penetrance, even in the
(282Y homozygote groups [23-28]. In patients with iron
overload, the severity of the phenotype is known to depend
on a complex interplay of genetic and epigenetic factors,
age, sex, and environmental conditions such as diet, alco-
hol intake, and blood loss. However, the most likely expla-
nation for the discrepancies between our results and those
of other studies was that our study involved genotyping pa-
tients suspected of having HH based on elevated iron pa-
rameters levels and/or clinical symptoms. In contrast, other
studies enrolled participants without regard to any clinical
conditions or symptoms typically associated with HH at the
time of screening. In addition, the selection of patients in
our study included only those with high ALT/AST; this cer-
tainly may have contributed to the high incidence of clini-
cal symptoms observed among all genotypes.

CONCLUSIONS

Our results showed that HFE mutations were responsible for
about 20% of Croatian patients with suspected HH. Thus,
for patients with chronic liver disease or suspected iron over-
load, screening with biochemical methods and HFE geno-
typing may be not sufficient for diagnoses in the Croatian
population, and further research is needed to identify oth-
er non-HFE genetic causes of HH. On the other hand, 20%
is not a negligible percentage in everyday clinical practice.
This emphasizes the importance of screening patients to en-
able the prediction of symptoms before they appear and also
screening family members that may not yet show signs of HH.
The results of this study should be taken into account in the
diagnosis, screening, and management of HH in Croatia.
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