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INTROduCTION It is estimated that as few as 
up to 20% of subjects with heavy alcohol con‑
sumption develop alcoholic liver disease (ALD).1 
Therefore, some other, most likely genetic fac‑
tors play an important role in the predisposion 
to liver damage in ALD. ALD has been associat‑
ed with heterozygosity for the mutation of the 
HFE gene (encoding human hemochromatosis 

protein), but the data in the literature remain in‑
conclusive. A number of studies showed an over‑
representation of C282Y and H63D heterozygotes 
in patients with ALD.2 However, the results have 
not been confirmed by others.3,4 As iron over‑
load precipitates the progression of alcohol‑in‑
duced liver damage in animal models, HFE mu‑
tations may play a role in the development and 
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AbsTRACT

INTROduCTION  Hereditary hemo chromatosis has been  linked with C282Y and H63D mutations of 
the HFE gene encoding human hemochromatosis protein. It is genetic disorder of iron meta bolism, 
leading  to  iron accumulation and  increased  liver  fibrosis. The association between alcoholic  liver 
disease (ALD) and HFE gene mutations remains unclear and requires clarification.
ObjECTIvEs  The aim of the study was to determine the prevalence of C282Y and H63D mutations 
in patients with ALD and healthy  individuals and to analyze  laboratory data  in the context of HFE 
gene mutation in ALD patients.
PATIENTs ANd mEThOds  We analyzed 119 patients with ALD. The control group comprised 1516 DNA 
samples obtained either from cord blood or healthy subjects from the records of general practitio-
ners. HFE mutations were detected using the polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) method.
REsuLTs  Among  the ALD patients, 0.84% were homo zygous and 3.36% were heterozygous  for 
the C282Y mutation, while 5.04% were homo zygous and 21.85% heterozygous for the H63D mutation. 
There was 1 C282Y/H63D compound heterozygote in the ALD group. In the control group, 2 homo-
zygotes and 117 heterozygotes for the C282Y mutation were identified. As for the H63D mutation, 
2.5% homo zygotes, 25% heterozygotes, and 1.4% compound heterozygotes were found. There was 
a trend towards a more common occurrence of ALD patients homo zygous for the H63D mutation. 
Patients with H63D genotype had higher total and low-density lipoprotein cholesterol.
CONCLusIONs  The prevalence of HFE mutations in ALD patients is similar to that observed in healthy 
subjects and comparable to the prevalence in other Central European countries. Our findings on lipid 
disturbances  in  the H63D heterozygotes are potentially  inter esting and  require  further studies on 
larger patient groups.
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Vilnius, Lithuania) for detection 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 inter nal control in the re‑
striction fragment length polymorphism. The C 
to G transversion (aa63) results in the loss of 1 
of the two MboI sites in the amplified product. 
DNA fragments generated after digestion were 
separated on 3% agarose gel.

Statistical analysis was performed with Stat 
View® program using the χ2, χ2 with Yates modi‑
fication, Fisher, and Student’s t‑test. P <0.05 was 
considered statistically significant.

REsuLTs The prevalence of C282Y and H63D 
mutations in the analyzed cohort of patients with 
ALD and the control group is presented in TAbLE 1. 
In patients with ALD, we identified 1 homo zygote 
(0.84%) and 4 heterozygotes (3.36%) for C282Y 
mutations, and 6 homo zygotes (5.04%) and 26 
heterozygotes (21.85%) for H63D mutations. One 
compound heterozygote (0.84%) was detected in 
the ALD group. In controls, we identified 2 homo‑
zygotes (0.13%) for the C282Y mutation and 117 
heterozygotes (7.8%) for this mutation. As for 
the H63D mutation (1505 DNA samples), 38 sub‑
jects (2.5%) were homo zygotes and 380 heterozy‑
gotes (25%). There were 21 compound heterozy‑
gotes (1.4%) in the control group. H63D homo‑
zygocity tended to occur more often in ALD pa‑
tients (P = 0.09) but we did not observe a statisti‑
cally significant difference in the frequency of HFE 
mutations between ALD patients and controls 
(TAbLE 1). The bio chemical data in ALD patients in 
respect to C282Y or H63D status are summarized 
in TAbLE 2. We did not observe a significant differ‑
ence between these groups in aspartate transami‑
nase, alanine transaminase, alkaline phosphatase, 
γ‑glutamyltransferase, total iron‑binding capac‑
ity, and unsaturated iron‑binding capacity. Pa‑
tients with W/H63D genotype had significantly 
higher low‑density lipoprotein values than pa‑
tients with W/W (P = 0.039) and borderline sig‑
nificantly higher cholesterol levels (P = 0.05). Pa‑
tients with W/C282Y had significantly higher iron 
values than W/H63D (P <0.0001), H63D/H63D 
(P = 0.003), and W/W (P = 0.0001).

dIsCussION The HFE gene is located on 
a short arm of chromosome 6 at location 6p21.3. 
The product encoded by this gene is a membrane 
protein similar to MHC class I (major histocom‑
patibility complex class I) proteins and associ‑
ates with β2‑microglobulin. It is thought that this 
protein regulates iron absorption by influencing 
the inter action between transferrin receptor and 
transferrin. The iron storage disorder, hereditary 
hemo chromatosis type 1, is a recessive genetic 
disorder that results from defects in this gene. 
The HFE gene has 2 mutant alleles at different loci, 
H63D and C282Y, which follow an auto somal re‑
cessive inheritance pattern and influence iron lev‑
els. Iron overload affects liver and other organs 

progression of ALD in humans. HFE mutations 
have also been linked with progression of hepat‑
ic damage in patients with nonalcoholic fatty liv‑
er5 and hepatitis C.6

The aim of the study was to analyze the fre‑
quency of C282Y and H63D mutations of the HFE 
gene in patients with alcohol‑induced liver dam‑
age and in healthy individuals. We also aimed to 
analyze laboratory data in the context of HFE 
gene mutation in ALD patients and to investi‑
gate whether HFE mutations produced hepatic 
iron overload, which in turn could exert a dele‑
terious fibrogenic effect in chronic ALD.

PATIENTs ANd mEThOds Patients A cohort 
of 119 patients with clinical and laboratory fea‑
tures of ALD were included in the study. Patients 
presented with signs and symptoms of alcoholic 
hepatitis or liver cirrhosis caused by daily con‑
sumption of more than 20 g alcohol. The diag‑
nosis of liver cirrhosis was confirmed either by 
liver bio psy or appropriate radio logical imag‑
ing tests. The diagnosis of decompensated cir‑
rhosis was based on imaging tests, including 
abdominal ultrasound and computed tomogra‑
phy scan, and on clinical features of portal hy‑
pertension after excluding prehepatic portal hy‑
pertension. The group included 85 men and 34 
women aged 50 ±6 years. All analyzed patients 
tested negative for HBs and anti‑HCV. Patients 
at the age of 40 and less had normal ceruloplas‑
min levels. Control samples were obtained from 
the DNA bank of the Department of Genetics 
and Pathology, Pomeranian Medical University, 
Szczecin, Poland. They comprised 1000 samples 
obtained from patients registered with the local 
general practitioners and 516 samples from cord 
blood. The study was approved by the local Eth‑
ics Committee.

Genetic analysis HFE gene analysis was per‑
formed by polymerase chain reaction (PCR) 
amplification of total genomic DNA of 2 re‑
gions of the HFE gene carrying the mutations 
C282Y and H63D. The PCR primers for ampli‑
fications of C282Y locus were 5’‑TCCGTCTTA
GCTGAGTGGAACTACTACCCCCAGAACATC
ACC‑3’ and 5’‑AGGCAGAATCGACTCACCTG‑
GCTCTCATCAGTCACATACCC‑3’. For H63D 
detection we used sens primer 5’‑ATGGTT 
AAGGCCTGTTGCTCTGTC‑3’ and antisens prim‑
er 5’‑CCCTTGCTGTGGTTGTGATTTTC‑3’. PCR 
amplification was performed in total 12.5 uL that 
contained 10 to 20 ng genomic DNA, 2.5 nmol 
of each deoxynucleotide triphosphate, 4 pmol 
of each primer, 1.5 mmol/l magnesium chloride, 
1 × PCR buffer solution and 0.3U Taq polymerase 
(MBI Fermentas, Vilnius, Lithuania). PCR am‑
plification consisted of initial denaturation for 
3 min at 94°C, followed by 35 cycles of denatur‑
ation at 94°C for 30 s, and annealing at 56°C for 
30 s, and extension at 72°C for 30 s. The terminal 
elongation was performed at 72°C for 7 min. PCR 
products were digested with RsaI (MBI Fermentas, 
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leading to a dispute on its Celtic vs. Viking ori‑
gin.10 The highest prevalence of H63D mutation 
is found in Brittany.11 We have recently demon‑
strated that the prevalence of common HFE mu‑
tations in northwestern Poland is comparable to 
that observed in other Central European coun‑
tries.12 The prevalence of these mutations has not 
been analyzed so far in patients with ALD living 
in northwestern Poland. In our study we prospec‑
tively investigated a homo genous, white popula‑
tion with ALD from this region. The prevalence 
of these mutations in our patients did not differ 
from that of the general population; however, 
homo zygotic mutation H63D seemed to be more 
common in ALD patients. It would definitely be 
worthwhile to evaluate HFE gene mutations in 
a larger cohort of white patients with ALD to val‑
idate this tendency. This cohort should be at least 
as large as our control group, because the fre‑
quencies of HFE gene mutations were similar. In 
their detailed study in patients with decompen‑
sated ALD, Gleeson et al.13 showed no significant 
difference in the prevalence of these mutations 
between their patients with ALD and heavy al‑
cohol drinkers without liver disease, suggesting 
that most likely HFE mutations do not contrib‑
ute to an increased risk of alcohol‑induced liver 
damage. On the other hand, our results regarding 

such as the pancreas, heart, pituitary gland, as 
well as the skin and joints.

Liver histology in patients with ALD typically 
shows iron overload that has been found to nega‑
tively correlate with patients’ survival.7 Only a rel‑
atively small proportion of heavy alcohol drink‑
ers develop ALD. Therefore, other, probably ge‑
netic factors facilitate liver injury in these sub‑
jects. HFE gene mutations may potentially play 
a role in the progression of liver damage or de‑
velopment of ALD in heavy drinkers because in‑
creased iron accumulation may facilitate liver in‑
jury via enhanced oxidative stress and augment‑
ed lipid peroxidation. A possible association be‑
tween ALD and heterozygosity for H63D muta‑
tions has been suggested by one study, but not 
confirmed by others. Similarly, for the C282Y 
heterozygosity an association with ALD has been 
suggested2 and then questioned by other stud‑
ies.3,4,8 On the other hand, C282Y homo zygous 
patients who consume large amounts of alcohol 
have significantly higher serum levels of iron, 
transferrin saturation, and transaminases, which 
may suggest that they are at a higher risk of dis‑
ease progression and liver cirrhosis.9

The prevalence of common HFE mutations 
varies across Europe. The C282Y mutations 
occur more commonly in northern countries 

TAbLE 1  Prevalence of HFE mutations in patients with alcoholic cirrhosis and the control group

Mutation Alcoholic liver disease (n = 119) Control group (n = 1516) P

C282Y/C282Y, n (%) 1 (0.84) 2 (0.13) 0.1

W/C282Y, n (%) 4 (3.36) 117 (7.8) 0.5

H63D/H63D, n (%) 6 (5.04) 38 (2.5) 0.09

W/H63D, n (%) 26 (21.85) 380 (25) 0.5

C282Y/H63D, n (%) 1 (0.84) 21 (1.4) 0.6

W/W, n (%) 81 (68.07) 958 (63) 0.7

TAbLE 2  Laboratory findings in patients with alcoholic cirrhosis in relation to their HFE status

Laboratory test C282Y/C282Y 
(n = 1)

W/C282Y 
(n = 4)

H63D/H63D 
(n = 6)

W/H63D 
(n = 26)

C282Y/H63D 
(n = 1)

W/W 
(n = 81)

Fe (5.37–28.64 µmol/l)a 18.258 59.61 ± 31.50 22.02 ±6.80 16.11 ±1.97 2.51 18.8 ±2.15

TIBC (42.3–66.2 µmol/l)a 43.32 43.14 ± 10.92 43.86 ±5.91 36.9 ±3.4 48.3 38.66 ±2.69

UIBC (40.8–76.6 µmol/l)a 19.51 18.97 ±9.5 20.2 ±5.0 20.9 ±4.3 45.8 22.2 ±2.69

ferritin (292.1–3370.5 pmol/l)a 2247 2004.3 ± 512.3 633.7 ±337.05 1157.2 ± 238.2 47.19 1166.2 ±211.2

AST (5–40 U/l)a 47 144 ±56 69 ±17 148 ±44 155 124 ±16

ALT (5–40 U/l)a 47 43 ±2 27 ±5 71 ±19 55 51 ±6

GGT (5–40 U/l)a 425 554 ±191 269 ±104 491 ±168 981 485 ±94

ALP (40–120 U/l)a 133 235 ±93 171 ±30 181 ±23 227 201 ±15

total cholesterol (mmol/l) 8.65 3.98 ±0.73 3.76 ±0.39 5.23 ±1.11 3.78 3.8 ±0.23

LDL cholesterol (mmol/l) 6.22 3.34 ±0.44 2.36 ±0.36 3.5 ±0.96 2.36 2.31 ±0.18

HDL cholesterol (mmol/l) 1.11 0.44 ±0.18 0.93 ±0.16 0.853 ±0.18 0.8 0.75 ±0.08

TG (mg/dl) 408 199 ±66 95 ±21 159 ±46 72 136 ±14

a  normal values

Abbreviations: ALP – alkaline phosphatase, ALT – alanine transaminase, AST – aspartate transaminase, GGT – γ-glutamyltransferase, HDL – 
high-density lipoprotein, LDL – low-density lipoprotein, TG – triglycerides, TIBC – total iron-binding capacity, UIBC – unsaturated iron-binding 
capacity
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lipid disturbance in W/H63D subjects could be 
of inter est, and if validated in larger cohorts of 
patients, could help to elucidate the pathogen‑
esis of liver damage in at least a proportion of 
ALD patients.

In summary, an inter esting hypothesis that 
common HFE mutations increase the risk of liv‑
er cirrhosis in heavy alcohol drinkers could not 
be substantiated by the results of our study, sup‑
porting previous observations from the United 
Kingdom and New Zealand.
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sTREszCzENIE

wPROwAdzENIE  Wrodzona  hemo chromatoza  jest  związana  z  mutacjami  C282  i  H63D  genu 
HFE kodującego  ludzkie białko hemochromatozy (human hemochromatosis protein). Jest  to gene-
tyczne zaburzenie meta bolizmu żelaza, prowadzące do gromadzenia się żelaza w wątrobie, z nasilonym 
włóknieniem narządu. Związek między mutacjami genu HFE a alkoholową chorobą wątroby (alcoholic 
liver disease – ALD) pozostaje wciąż niejasny i wymaga wyjaśnienia.
CELE  Celem pracy była ocena częstości występowania mutacji C282Y oraz H63D genu HFE wśród 
chorych z ALD oraz w grupie osób zdrowych, a także analiza danych laboratoryjnych w kontekście 
mutacji genu HFE w grupie chorych z ALD.
PACjENCI I mETOdy  Badano 119 pacjentów z ALD. Grupa kontrolna objęła 1516 próbek DNA pozyska-
nych z krwi pępowinowej lub od osób zdrowych z rejestrów lekarzy rodzinnych. Analizę molekularną 
mutacji genu HFE przeprowadzono metodą oceny polimorfizmu długo ści fragmentów restrykcyjnych 
(PCR-RFLP).
wyNIKI  W grupie chorych z ALD wykryto 0,84% homo zygot  i 3,36% heterozygot mutacji C282Y, 
a także 5,04% homo zygot i 21,85% heterozygot mutacji H63D oraz 1 heterozygotę złożoną. Wśród 
badanych z grupy kontrolnej stwierdzono 2 homo zygoty i 117 heterozygot mutacji C282Y. Dla mutacji 
H63D było to odpowiednio 2,5% homo zygot i 25% heterozygot, a także 1,4% złożonych heterozygot. 
Zaobserwowano trend w kierunku częstszego występowania homo zygotycznej mutacji H63D wśród 
chorych z ALD. U chorych z ALD i mutacją H63D stężenie cholesterolu całkowitego i cholesterolu 
LDL było większe.
wNIOsKI  Częstość występowania mutacji genu HFE jest zbliżona w populacji polskiej z ALD i zdro-
wych ochotników i porównywalna z częstością obserwowaną w innych krajach Europy Środkowej. 
Stwierdzony związek mutacji W/H63D a poziomem cholesterolu jest inter esujący i wymaga potwier-
dzenia w większej grupie badanych.
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