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ABSTRACT 

Hered itary hemochromatos is is considered \0 be one 
of the most frequen t genetic di seases in Europeans. Muta
tions in the hemochromatosis (HFE) gene, which underl ie 
Ihis disease. have been characterized in the last decade. 
The most frequent HFE mutations arc C282Y. H63D and 
S65C. The C282Y Illutation is most frequent in the gen
eral population of northwest Europe; I in 8-10 persons 
being carriers and I in 200-400 being homozygotes. The 
prevalence of this mutation is much lower in southern 
Europe. The 1-1 630 mutation has an equally high prcva
lencc in northwest and southern Europe. In this article we 
prc:->ent data eoncclll ing the prevalence of the most fre
quent I-I FE mutations in Macedonians, Alban ians and 
Gypsies in the Republi c of Macedonia. 

Key Words: heredi tary hemochromatosis, HFE muta 
tions, population screening. 

INTRODUCTION 

Heredi tary hemochromatosis is a disease of abnonnal 
iron metabolism (iron overload) characterized biochem
ically by increased transferrin saturation (>40%) and 
increased level of serum ferri tin, and cli nically, by early 
multi-systemic and non specific signs such as weakness, 
malaise, fatiguc, impotence, abdomina l pa in, joint pa in, 
and laIC sequelae which includes dark (bronze) skin pig
mentation, diabetes mellitus, hepatic cirrhosis, primary 

• Institute of Immunobiology and I-iuman Genetics, institutes 
of the Faculty of Medicine, University of Skopje, 1109 
Skopje, Republic of Mucedonill 

liver cancer, hypogonadotroph ie hypogonadism, cardio
myopathy and arthropathy. Thc mutations in the HFE 
gene responsible for hemochromatosis (C282Y and 
H63D) were firs t reported in 1996 [1 -3], and they were 
shown to be the most prevalent mutations in the 
Caucasian population. Hereditary hemochromatosis is the 
most common genetic disease in the Caucasian popula
tion, far exceeding the combined incidence of cystic 
fi brosis, phenylketonuria and muscular dystroph ies [4-6] . 
The relationship between the C282Y mutation and 
hemochromatos is is considered to be obv ious (over 80-
90% of the homozygotes have biochemical or clinical 
signs), whereas that between H63 D and hemochromatos is 
is much more subtl e (it has been shown that the preva
lence of this mutation among patients with hemochro
matosis is no hi gher than among healthy individuals) [7]. 
A much rarer mutation in the HFE gene, S65C, is assoc i· 
ated with mild forms of hemochromatosis [8]. 

The preva lence of the C282Y mutation in the general 
population in Europe is estimated to be 9.2% (heterozy
gotes) and 0.4% (homozygotes). It is the highest in north
west Europe, where I in 8- 10 (10.0· 12.5%) arc heterozy
gotes and I in 200-400 (0.25-0.5%) arc homozygotes 
[4,6,8]. Heterozygo'tes are very common in Irela nd 
(28.4%), Denmark (13.7%), Norway (12.8%) and Iceland 
(10.00/0), and less common in southern Europe: Greece 
(2.6%), Italy (2.2%), Spain (4.5%), Tu rkey (0%) (9]. In 
the Slavic populations, prevalence differs in di fferent 
populations (the fonner USSR 1.9%, Czech Republic 
10.0%). This mutation is absent in populations outside 
Europe and America [9] . 

The prevalence of the H630 mutation is equally high 
in northwest and southern European popu lations, where 
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22.0'Y., arc estimated to be hClcrozygotes and 2.0% aTC 

homozygolcs, the highest in Spa in (32.1 %) and lower in 
Norway and the fonne r USSR (18.0%). Apart from India, 
when: the prevalence is reported to be 15 .0%, the H63D 
mutation is very rare in the populations outside Europe 
and America 19]. 

The S65C mutation is rarc in the studied populations: 
2.5% in France [81, 1.5% in Denmark [101, and 1.1 % in 
the USA [ IIJ. 

The aim of this study was to determine the prevalence 
of HFF. mutations (C282Y, H63D and S65C) in the gcn
em! population of the Republic of Macedonia. 

MATERIALS AND METHODS 

A total of 200 mndom ONA samples from healthy 
individuals ( 100 Maccdonians, SO Albanians and 50 Gyp
:-.ics). prov ided by the Macedonian human DNA bank 
(h DNAM KD), Institute of Immunobiology and 1·llIman 
Genetics at Skopje. Republic of Macedonia, were genu
tyrcd fo r HFE mutations (C282Y, H63 D and S65C). 
Written consent was obtained from each individual 
enrolled in this study. 

DNA was isolated from periphera l blood leukocytes 
by the phenol-chloroform extraction method [12J . The 
muta tions were detected by a polymerase chain reaction
restriction fragment icngth polymorphism (PCR-RFLP) 
method (1,2, 12]. Exon 4 was amplified in a 50 ~L PCR 
reaction (MgC I~ 1.5 mM, 2.5 lJ Taq Gold; Perki n Elmer, 
Roche Molecular Systems, Inc ., Branchburg, NJ, USA; 
Tm 62°C, 40 cycles) and exon 2 in a I 00 ~L PCR reac
tion (MgCI ~ 2.0 mM. 2.5U T<lq Gold; Perkin Elmer; Tm 
62°C, 40 cycles), on a 96-well thennal cycler (PTC- IOO; 
MJ Research, Inc., Waltham, MA, USA) 114,15]. Twenty 
~tL of the PCR products and 5 U of the corresponding 

restriction enzyme were used for the digestion reaction 
(buffer, temperature and time according to the manufac
turer's recommendations; New England Biolabs (UK), 
Ltd. , Hitchin, Hertfordshire, UK). The restriction frag
ments were visualized afier electrophoresis in 3% agarose 
gcl stained with cthidium bromide. The primers and 
restriction enzymes used are shown in Table 1. Quality 
control was ascertained by participation in the UK 
NEQAS HFE quality control scheme 5, 2001 (an interna
tional system of ex ternal quality control provided by UK 
NEQAS; 20 ex ternal quality control samples analyzed; 
accuracy result 100%). 

RESULTS 

The C2R2Y mutation was detected in the heterozy
gous state in one of the 100 genotypcd Macedoninn sam
ples and was absent in the 50 Albanian and 50 Gypsy 
samples. No C282Y homozygotes were found in any 
group. The 1-163D mutation was fo unt! in the heterozy
gous state in 21.0% of the Macedonians, 24.0% of the 
Albanian and 14.0% of the Gypsy samples, and in th e 
homozygous state in 2.0% of each of the three groups. 
The S65C mutation was found in the heterozygous state 
in 5.0% of the Macedonilln and 2.0% of the Albanian 
samples, but in none of the Gypsy samples. No C65S 
homozygotes were found in any group (Fig. I.) 

DISCUSS ION 

Hereditary hemoch romatosis is the most prevalen t 
monogenic disease in the Caucasian European popula
tion, the highest prevalence of HFE mutations being 
reported in European studies , and the C282Y mutation 
bei ng the most prevalent in northwest Europe. This indi-

T .. hle I. Primers and restriction enzymes used for the diagnosis of HFE mu tations [8,14-16J 

!\1utatinn Furward Primer (5'+3') Reverse Primer (5'+3') 
Restriction 

enzyme 

C2R2Y 
TGGCAI\GGGTAI\I\CAGATCC crCAGGCACTCC'TCTCAACC Hsal; SIIoB I 

l·X/III 4 

1-1630 
I\CI\TGU'ILI\AGGCCTGTTGC C1TGCTGTGGTrGTGA1TITCC Mbol . Bell 

I'XOII 2 

S65C 
ACATGG·ITAAGGCCTGTTGC cn'GCTGTGG"ITUTGATITrCC Hi"n 

ex"" 2 
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A. C282Y detection with Rsa I 

L-50 bp ladder 
A-non-dibestcd PCR frJgmem (4. exon) 
lines 5\6-8. 520 are nonna! resuhs 
line +k is a C282Y hetcTOl'ygote 
line 519 is a C2R2Y homozygote 

B. C282Y detection wilh Sna BI 

L-50 bp ladder 
A-non-digested peR frogment (4. exon) 
lines 51 1 and SIS nonnal results 
lines 513 and +k are C282Y hetcror.ysotes 
lines 512 and 5 14 C282Y homozygmes 

BALKAN JOURNAL OF MEDI CAL GENETICS 

Arsov "., Petlichkovski A, Strezova A. 
Jurhar-Pavlova M, Trajkov 0 , Spiroski M 

C. H63D detection with Mbo I 

L-50 bp ladder 
A-non-digestcd PCR frogmen t (2. cxon) 
lines 511 -4, 520 arc nonnal rcsults 
lines 516 and +k is a H63D heterozygote 

D. H63D detection wit h Bel l 

L-50 bp ladder 
A-non-digested PCR fragment (2. exon) 
linesR 11 , 13 , 14 and 18are U63D 
hetero7.)'gotes 

Fig. 1. Photographic reproduction of the agarose gels obtained after electrophoresis of the digested PCR products. A) C282Y 

detection with Rsal ; B) C282Y detection with SlIaB I; C) 1-163D detection with Mhol ; 0 ) H63 0 detection with Ben. 

cates a European origin for this mutation . Prevalence of 
the H63D mutation is equally high in northwest and 
southern Europe [9]. Some studies have demonstrated 
thaI combined heterozygosi ty for C282Y IS65C is associ
ated with a mi ld form of hemochromatosis [8], the S65C 
mutation prcvalence bcing low in healthy individuals 
[8, 10,11]. 

The results presented hcre revcal a low prevalence of 
the C282Y mutation in Macedonians and its absence 
among Albanians and Gypsics in the Republic of Mace
donia. Th is is consistent with the reported low prevalence 
of thi s mutation in southern Europe (Greece, Ital y, Spain) 

[9]. The prevalence of the H63D mutation is higher in 
Macedonians, Albanians and Gypsics in thc Republic of 
Macedonia. This agrecs with publi shed results from other 
stud ies [9 ,13]. The prevalence of the S65C mutation 
among the Macedonians is higher than that reported from 
France, Denmark and the USA [IO, II }. 

Given the fact that th e consequences of iron ovc r
load in he reditary hcmochromatosis are preventable 
by ph lebotomy, the knowledge of the prcsence of these 
HFE mutations, and of the low C282Y prevalence in the 
Republic of Macedonia, raises the question of systematic 
HFE mutation scrccning in clinically relevant cases [4-6]. 
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