
Hereditary haemochromatosis (HH) is an

autosomal recessive condition of disturbed iron

metabolism, leading to accumulation of iron in tis-

sues, with significant clinical consequences.

These include: liver cirrhosis, pituitary or pancre-

atic dysfunction, and cardiomyopathy. In 1996,

a gene potentially involved in HH and presently

called HFE was described. Two HFE missense

mutations, namely C282Y and H63D, have been

subsequently discovered and linked with HH.

Homozygosity for C282Y is seen in a majority of

patients with HH, and H63D is over-represented in

these subjects. The C282Y mutation causes distur-

bance of a disulphide bond in the HFE protein,

leading to its impaired binding to beta2-

microglobulin and in consequence disturbed inter-

action between HFE and TfR1 (transferrin recep-

tor 1). The role of the H63D mutation in HH

remains to be elucidated.

The C282Y mutation is most prevalent in

Northern Europe and extremely rare in African,

Asian or Australasian populations. The H63D

mutation occurs most commonly in the Basque

population and is more frequently distributed

worldwide than C282Y. In Europe, a clear de-

creasing trend in the frequency of HFE mutations

from North to South has been observed. Heredi-

tary haemochromatosis is very rarely diagnosed in

Poland and the frequency of HFE mutations has

been a subject of only one study, comprising

a population in the Silesia region in southern Po-

land. That is why the aim of the present study was

to estimate the frequency of common HFE muta-

tions in northwestern Poland, inhabited mostly by

descendants of migrants from eastern Poland.

The study was approved by the Ethics Commit-

tee of the Pomeranian Medical University.

We analysed 1517 DNA samples: 500 male and

500 female samples from our DNA bank (previ-

ously obtained from subjects registered at general

practitioner practices in Szczecin city), and 517

cord blood samples from the same area. The HFE
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Abstract. Hereditary haemochromatosis has been linked with C282Y and H63D mutations of the HFE gene.

In Europe, frequencies of these mutations are the highest in Northern European countries and gradually decrease

southwards. We analysed the prevalence of HFE mutations in 1517 DNA samples, including 1000 samples from
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homozygotes and 380 (25%) were heterozygotes. Twenty-one (1.4%) compound heterozygotes were found.

These results correspond well with data from other Central European countries and seem to confirm the hypothe-

sis of North-South spread of the C282Y mutation.
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gene analysis was performed by polymerase chain

reaction (PCR) amplification of total genomic

DNA of the 2 regions of the HFE gene that carry

the mutations C282Y and H63D. The PCR prim-

ers for amplifications of the C282Y locus were:

5’-TCCGTCTTAGCTGAGTGGAACTACTAC

CCCCAGAACATCACC-3’ and 5’-AGGCAGA

ATCGACTCACCTGGCTCTCATCAGTCACA

TACCC-3’. For detection of H63D, we used the

sense primer 5’-ATGGTTAAGG CCTGT TGC

TCTGTC-3’ and antisense primer 5’-CCCTTGC

TGTGGTTGTGATTTTC-3’. PCR amplification

was performed in a total volume of 12.5 �L, which

contained 10–20 ng of genomic DNA, 2.5 nmol of

each deoxynucleotide triphosphate, 4 pmol of

each primer, 1.5 mmol L–1 magnesium chloride,

1× PCR buffer solution, and 0.3U Taq polymerase

(MBI Fermentas, Vilnius, Lithuania). PCR ampli-

fication consisted of an initial denaturation

at 94°C for 3 min, followed by 35 cycles of dena-

turation at 94°C for 30 s, annealing at 56°C for

30 s, and extension at 72°C for 30 s, and a final ex-

tension at 72°C for 7 min. PCR products were di-

gested with RsaI (MBI Fermentas, Vilnius,

Lithuania) for the detection of C284Y, and with

MboI (MBI Fermentas, Vilnius, Lithuania) for

H63D. The G to A transition (aa282) creates a new

RsaI site; there is a second RsaI site in this frag-

ment, which acts as an internal control in the re-

striction fragment length polymorphism (RFLP).

The C to G transversion (aa63) results in a loss of

one of two MboI sites in the amplified product.

DNA fragments generated after digestion were

separated on 3% agarose gel.

Two (0.13%) homozygotes and 117 (7.8%)

heterozygotes for the C282Y mutation were iden-

tified. With respect to the H63D mutation

(1505 DNA samples analysed), 38 (2.5%) sam-

ples were found to be homozygotes and 380 (25%)

were heterozygotes. Twenty-one compound het-

erozygotes (1.4%) were identified. Our findings

are compared with frequencies of common HFE

mutations in selected European populations in Ta-

ble 1.

Hereditary haemochromatosis can cause fatal

consequences if detected at a late stage of the dis-

ease. On the other hand, early diagnosis and intro-

duction of the treatment (venesections) may lead

to normal life expectancy in these patients. So far,

2 common mutations of the HFE gene (C282Y

and H63D) have been associated with HH. More

recently, another mutation, namely S65C, has

been linked with HH, but its role remains to be es-

tablished. Various studies clearly demonstrated

that between 80 and 100% of patients with HH

carry the C282Y mutation. It remains controver-

sial whether general screening for HH mutations

should be performed or whether genetic tests

should only be done in subjects found to have

a disturbed iron metabolism.

As the frequency of the C282Y mutation de-

creases from North to South in Europe and is the

highest in people of Celtic origin, it has been pos-

tulated that the mutation originates from that eth-

nic group. This was confirmed by 2 studies from

Italy, which showed that the frequency of C282Y

was low in native Italians living in central Italy

and much higher in northern Italy, which has a sig-

nificant Celtic genetic component. However,

the unusually high frequency of C282Y mutations

in Norwegian and Danish studies suggests an al-

ternative, Viking source of the mutation, which

has led to interesting speculations on the spread of

this mutation in Europe (Distante et al. 1999;

Milman et al. 2004). The C282Y mutation is ex-

tremely rare in non-Caucasians. The H63D muta-

tion is over-expressed in patients with HH and also

occurs worldwide, but its role in the development

of HH is yet to be established.

Population studies of the frequency of HFE

mutations have been done in a majority of Euro-

pean countries. The only study on the prevalence

of these mutations in Poland was done in southern

Poland. It comprised 871 samples from unrelated

subjects. The prevalence of C282Y homo- and

heterozygotes in that study was comparable to the

values estimated by us, except for the prevalence

of H63D heterozygotes, which was significantly

lower than in our study (16.2% vs. 25%). Un-

doubtedly, these populations differ, as the area of

northwestern Poland is inhabited mostly by de-

scendants of Poles who had to leave eastern Po-

land after World War II. On the contrary, the

Silesia region is peopled chiefly by the population

residing there for generations. Our finding of sig-

nificantly higher prevalence of H63D hetero-

zygosity in northwestern Poland adds to the

knowledge of the European distribution of com-

mon HFE mutations and may contribute to better

understanding of the processes that influenced it.

Overall, the present study, which is the largest

in Central and Eastern Europe in terms of sample

size, showed the frequency of C282Y located be-

tween the high frequencies in Northern Europe

and the low values in the southern part of our con-

tinent (see Table 1). It was representative for Cen-

tral Europe and comparable to frequencies

recorded in northeastern Germany, the Czech Re-
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public, and European part of Russia, confirming

the hypothesis of North-South spread of this muta-

tion. Clinicians consider HH to be a very rare dis-

ease in Poland, but judging from the results of both

Moczulski et al. (2001) and our study, it seems that

this condition should be diagnosed more com-

monly and requires a more vigilant approach in

daily clinical practice.
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Table 1. Frequency of homo- and heterozygotes for the studied HFE mutations in selected European countries

Population N Frequency of homo- and heterozygotes for HFE mutations

C282Y
homo-

(%)

C282Y
hetero-

(%)

H63D
homo-

(%)

H63D
hetero-

(%)

Compound
hetero-

(%)

Scotland, western (Campbell et al. 2003) 1009 0.9 17.7 2.1 25 2.4

Norway, southern (Distante et al. 1999) 505 0.4 14.9 ND ND ND

France, west Brittany (Jezequel et al. 1998) 254 0.79 13.8 2.4 25.6 ND

Denmark (Milman et al. 2004) 2501 0.36 10.6 1.6 23.4 1.4

Poland, southern (Moczulski et al. 2001) 871 0.11 6.0 3.1 16.2 1.5

Poland, northwestern 1517 0.13 7.8 2.5 25 1.4

Germany, northeastern (Meier et al. 2005) 709 0.5 7.7 ND ND 0.8

Czech Republic (Cimburova et al. 2005) 481 0 6.9 1.7 26.6 1.8

Russia, European part (Potekhina et al. 2005) 840 0.2 6.4 2.9 24.6 1.2

Spain, Tarragona region (Aranda et al. 2007) 812 0 4.3 4.8 32.3 2

Italy, central (Floreani et al. 2007) 502 0 4 2 25 0

N = sample size

ND = not done


