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Screening of the HFE Gene Mutations
in Turkish Patients with Cryptogenic
Cirrhosis and Hemochromatosis

Kriptojenik Siroz ve Hemokromatozisli
Tilirk Hastalarda HFE Gen Mutasyon Taramasi

ABSTRACT Objective: The aim of this study was to determine the prevalence of the HFE gene mu-
tations (C282Y, S65C and H63D) in patients with cryptogenic cirrhosis, hemochromatosis and he-
althy controls. Material and Methods: The exon 2 and exon 4 of the HFE gene were amplified by
polymerase chain reaction (PCR) in the DNA samples of 18 cryptogenic cirrhotic and 11 hemoc-
hromatosis patients, and 141 healthy control individuals.Then the restriction fragment length
polymorphism (RFLP) method was used to detect the mutations. Results: The frequencies of
C282Y, S65C and H63D mutations were found as 0.0, 0.0, 0.12 respectively in healthy Turkish po-
pulation and 0.0, 0.0, and 0.11 respectively in cryptogenic cirrhotic patients. We also screened 11
hemochromatosis patients for these mutations, and the frequencies of the mutations were found
as 0.0 for C282Y, 0.0 for S65C, and 0.27 for H63D mutation. There was no difference between the
control group and cryptogenic cirrhosis group. However, we found differences in the frequency
of the H63D mutation between the control group and hemochromatosis group. Conclusion: The
frequencies of the C282Y and S65C mutations were found as 0.0 in Turkish population and in the
patients with cryptogenic cirrhosis similar to other Asian populations. However, the frequency of
the H63D mutation was higher than previously reported in Asian populations. These results sug-
gest that the H63D mutation may be responsible for the hereditary hemochromatosis in Turkish
population.

Key Words: Liver cirrhosis; hemochromatosis; DNA mutational analysis;
polymerase chain reaction; restriction mapping

OZET Amag: Bu galigmanin amact, kriptojenik sirozlu, hemokromatozisli hastalarda ve saglikl kon-
trol bireylerde HFE gen mutasyonlar1 (C282Y, S65C ve H63D) sikliginin belirlenmesiydi. Gereg ve
Yontemler: On sekiz kriptojenik sirozlu ve 11 hemokromatozisli hasta ile 141 saglikl: kontrol bire-
yin DNA 6rneklerinde HFE geninin ekzon 2 ve ekzon 4 polimeraz zincir reaksiyonu (PCR) ile ¢o-
galtildi.Sonra, mutasyonlar1 saptamak igin restriksiyon fragmanti uzunluk polimorfizmi (RFLP)
yo6ntemi kullanildi. Bulgular: C282Y, S65C ve H63D mutasyonlarinin sikligi saglikli Tiirk popiilas-
yonda sirastyla 0.0, 0.0, 0.12 ve kriptojenik sirozlu hastalarda sirasiyla 0.0, 0.0, 0,11 olarak bulun-
du. Ayrica, 11 hemokromatozisli hastay1 bu mutasyonlar agisindan taradik ve mutasyon sikliklar
C282Y i¢in 0.0; S65C i¢in 0,0; ve H63D mutasyonu i¢in 0,27 olarak bulundu.Kontrol grubu ve krip-
tojenik siroz grubu arasinda fark yoktu. Ancak, kontrol grubu ve hemokromatozisli grup arasinda
H63D mutasyon siklig1 agisindan farklhiliklar bulundu. Sonug: C282Y ve S65C mutasyon sikliklar:
diger Asya popiilasyonlarinda oldugu gibi Tiirk popiilasyonu ve kriptojenik sirozlu hastalarda 0.0
olarak bulundu.Ancak, H63D mutasyon siklig1 daha 6nce Asya popiilasyonlarinda rapor edilenler-
den daha yiiksekti.Bu sonuglar H63D mutasyonunun Tiirk popiilasyonunda kalitsal hemokromato-
zisten sorumlu olabilecegini gostermektedir.

Anahtar Kelimeler: Karaciger sirozu; hemokromatozis; DNA mutasyon analizi;
polimeraz zincir reaksiyonu; restriksiyon haritalamasi
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ryptogenic cirrhosis has an unidentifiable
C etiology despite many diagnostic advances
in hepatology. Cryptogenic cirrhosis consti-
tutes 5-30% of the cirrhotic patients. The relation
between HFE gene mutations and cryptogenic cir-

rhosis with iron metabolism disorder has not been
well defined.!

The HFE gene, identified by positional cloning
in 1996 by Feder et al., is responsible for hereditary
hemochormatosis.”> Three missense mutations
(C282Y, S65C and H63D) have been described on
the HFE gene in patients suffering from hemochro-
matosis on the basis of phenotypic data.® The major
mutation, C282Y, isa G—A transition at nucleotide
845 of the open reading frame that changes the 282
cysteine to tyrosine. It accounts for 80% to 90% of
hereditary hemochromatosis chromosomes in the
world. The second mutation, S65C, a substitution
in exon 2, altering the 65 amino acid serine to cys-
teine, has been associated with the development of
a mild form of iron overload. The third mutation,
H63D, is a C—G transition in codon 63, resulting
in the substitution of histidine for aspartic acid. Be-
cause of its high frequency in the general popula-
tion, its role in the disease remains uncertain. This
variant could indeed be a minor mutation causing
iron overload with a low penetrance.*>

The aim of this study was to screen the HFE
gene mutations (C282Y, S65C, and H63D) as a
genetic factor in the patients with cryptogenic cir-
rhosis as compared to the patients with hemochro-
matosis and the healthy controls.

I MATERIAL AND METHODS

PATIENTS

Eighteen cryptogenic cirrhotic patients (10 females,
eight males; mean age: 49.06 years, range: 19-72) and
141 randomly selected healthy volunteers (92 fe-
males, 49 males; mean age: 31.01 years, range: 19-
61) who were living in Antalya were included
in the study. Additionally, we screened 11 patients
with hemochromatosis. Patients with crytogenic
cirrhosis selected after excluding known reasons of
cirrhosis including hepatitis virus infections (HBV
and HCV), excessive alcohol consumption, alpha-1-
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antitrypsin deficiency, autoantibodies such as anti-
smooth muscle antibody, anti-nuclear antibody and
anti-mitochondrial antibody, Wilson’s disease, and
hemochromatosis. Hemochromatosis patients were
included into the study according to the absence of
secondary causes of iron overload (anemia, tha-
lassemia major, or dietary iron overload), transfer-
rin saturation greater than 50% and ferritin levels
greater than 400 ng/ml. Patient and control groups
completed a detailed health questionnaire including
demographic data, and signed an informed consent
that was approved by the Ethical Committee of Ak-
deniz University Medical School. Genomic DNA
was isolated from peripheral blood cells according
to the protocol described previously.®

The HFE gene mutations, C282Y, S65C and
H63D, were determined by the polymerase chain
reaction- restriction fragment length polymorphism
(PCR-RFLP) technique using specific primers and
restriction enzymes. The same primers were used for
S65C and H63D mutations. The primers of the PCR
amplifications for the C282Y, mutations were de-
signed as C282Y-forward 5-TGG CAA GGG TAA
ACA GAT CC -3’ and C282Y-reverse 5-CTC AGG
CAC TCC TCT CAA CC -3’. The S65C and H63D
primers were H63D/S65C-forward 5-ACA TGG
TTA AGG CCT GTT GC -3, and H63D/S65C-re-
verse 5-GCC ACA TCT GGC TTG AAA TT -3'.27

We used a total volume of 50 ml per reaction
which included 10x PCR buffer (160 mM
(NH4),S0,4, 670 mM Tris HCI pH 8.8, 0.1% Tween-
20), 20 mM MgSO,, 20 mM each primers, 100 mM
dNTP mix, 250 ng template DNA, 5 U/ml Tag DNA
polymerase (Bioron and BioGen). The PCR was
carried out in a thermal cycler (Techne Genius).
Amplification conditions consisted of 10 minutes
initial denaturation at 95 °C followed by 40 cycles
of denaturation at 95 °C for 1 minute, annealing at
55 °C for 1 minute and extension at 72 °C for 1
minute, the final extension at 72 °C for 10 minutes.
The fragment sizes for C282Y and H63D/S65C
were 388 bp and 200 bp, respectively. The PCR
products were digested with the restriction en-
zymes Rsa I, Hinf I and Mbo I (Nde II) (Roche) at
37 °C to identify the C282Y, S65C and H63D mu-
tations, respectively. The restriction fragments of
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the PCR products were separated by 3% agarose gel
electrophoresis stained with ethidium bromide and
photographed under UV light.

Serum iron concentration and total iron bind-
ing capacity (TIBC) were measured by photometric
technique with autoanalyser. Transferrin saturation
(TS) was calculated as the ratio of serum iron con-
centration to TIBC. Serum ferritin measurements
were performed by ECL technique in the Central
Laboratory of Akdeniz University Medical School.

I RESULTS

A total of 18 cryptogenic cirrhotic patients (10 fe-
males, eight males) over the age of 19 years (range:
19-72 years; mean: 49.06 years,) and 141 healthy
control subjects (92 females, 49 males) over the age
of 19 years (range: 19-61 years; mean: 30.01 years)
were evaluated for C282Y, H63D and S65C of the
HFE gene mutations. The allelic frequencies of the
mutations determined in the patient group and in
the control subjects are given in Tables 1 and 2. All
of the patients and the control group were found to
be homozygous wild type for C282Y and S65C mu-
tations. One heterozygous (5.56%) and one ho-

TABLE 1: Genotypes of the HFE gene mutations
in the cryptogenic cirrhotic patients and in the healthy
Turkish individuals.

HFE Mutations H63D S65C c282Y
Genotype NN N/M- M/M NN NM MM NN NM M/M
Patients 16 1 1 18 0 0 18 0 0

Control Subjects 109 30 2 141 0 0 141 0 0

N: Normal allele, M: Mutant allele.

TABLE 2: The genotype frequencies of the H63D
mutation and allelic frequencies of the HFE gene
mutations in the patients with cryptogenic cirrhosis and
the control groups.

HFE Genotype Cryptogenic Cirrhosis  Control Group
n (%) n (%)

H63D/H63D 1 {5.56) 2{1.42)

HB3D/N 1 (5.56) 30 (21.28)

NN 16 (88.88) 109 (77.30)

Alelle frequency of the C282Y mutation 0 0

Alelle frequency of the H63D mutation 8.33 12.06

Alelle frequency of the S65C mutation 0 0

N: Normal allele
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mozygous (5.56%) for the H63D mutation was
found in the patient group. Among 141 control sub-
jects, two (1.42%) were homozygous and 30
(21.28%) were heterozygous for the H63D muta-
tion. Additionally, two of the 11 patients with he-
mochromatosis were heterozygous; other two were
homozygous for the H63D mutation. Neither the
C282Y nor S65C were found in the hemochro-
matosis patients. The allelic frequency of the H63D
showed significant differences between hemochro-
matosis (27%) and cryptogenic chirrhosis (8.33%)
patients and the controls (12.06%). The H63D geno-
types and biochemical iron parameters of the pa-
tient and control groups are summarized in Table 3.

The patients who were homozygous for the
H63D mutation had higher ferritin, serum iron
concentration and transferin saturation values
when compared to normal and heterozygous indi-
viduals for the same mutation with the exception of
total iron binding capacity. Interestingly, a patient
who had cryptogenic cirrhosis and heterozygous
for H63D had lower ferritin, serum iron level and
transferritin saturation than homozygous normal
control individuls. Examination of the patient’s
records showed that the patient developed
esophageal varices in grade IV and antral gastritis
according to the results of esophagoscopy and gas-
troscopy, respectively.

I DISCUSSION

In this study, we report the results of screening for
HFE gene mutations (C282Y, S65C and H63D) in
18 patients with cryptogenic cirrhosis and in 141
healthy controls from Antalya, Turkey. The fre-
quencies of these HFE gene mutations in the cryp-
togenic cirrhosis were compared with to
hemochromatosis and control groups. Although
many screening studies related to hereditary he-
mochromatosis have been performed in different
populations, there is a few population-based stud-
ies in Turkish population in the different perspec-
tives.®!! The results of these studies show that
C282Y and S65C mutations are very rare or absent
in Turkish population.®'* However, it has been re-
ported that the frequency of the C282Y mutation is

high in people of Angloceltic origin.?'*>!* This mu-
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TABLE 3: The mean biochemical parameters in the cryptogenic cirrhotic patients and the control subjects in terms of
normal, heterozygous and homozygous genotypes for the H63D mutation.

Iron Parameters Cryptogenic Cirrhotic Patients

N/N H63D/N H63D/H63D
(n=16) (n=1) (n=1)
Ferritin (ng/ml) 94.08 7.0 4.76 159.60
SIC (pg/dl) 84.64 + 10.46 31.00 170.00
TIBC {ug/dl) 264.64 £ 13.72 312.00 176.00
TS (%) 31.98+8.45 9.94 96.59

Control Subjects

NN H63D/N H63D/H63D
(n=109) (n=30) (n=2)
2724 + 4,49 15.73 £ 4.06 13050 + 15.14
84.20 + 11.36 73.50 + 8.91 160.00  26.28
342.40 £ 16.58 384.50  17.11 269.50 + 13.44
2459 + 6,09 19.12 £ 6.06 55.95 + 3.56

N: Normal allele, SIC: Serum iron concentration, TIBC: Total iron binding capacity, TS: Transferrin saturation.

tation is also absent in populations of Asia.!*!> The
results of the present study showed the absence of
the C282Y and S65C mutations and high preva-
lence of the H63D mutation in both cryptogenic
cirrhosis and hemochromatosis and control indi-
viduals.However, Lal et al. secreened the C282Y
mutation in 22 and 26 patients diagnosised as cryp-
togenic cirrhosis and hepatitis C cirrhosis, respec-
tively.'® They found one heterozygous case for the
C282Y mutation among the crptogenic cirrhosis
patients. On the other hand, three of the 26 hepa-
titis C cirrhotic cases were detected as heterozy-
gous mutant for the C282Y mutation.®

The importance of being homozygous and het-
erozygous for H63D is not well understood. In this
study, the frequency of the H63D mutation was
found to be higher than other Asian populations
with 12.06%.'*'> Therefore, the H63D mutation
may play a role in expression and progression of the
cryptic cirrhosis and hereditary hemochromatosis,
if it is associated with intrinsic and extrinsic factors
in Turkish population.

Iron metabolism is regulated by genetic, phys-
iological, and environmental factors. In our study,
the patients with cryptogenic cirrhosis who were
homozygous for the H63D mutation have had
higher ferritin, serum iron concentration and
transferin saturation than normal and heterozygous
individuals for H63D mutation. The reason of low
level ferritin, serum iron concentration and trans-
ferrine saturation of the patient that have het-
erozygous H63D mutation may be related to the
loss of blood from esophageal varices. In literature,
there are differetent studies performed to deter-
mine association between cirrhosis and HFE gene
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mutations.!”? Willis et al. have secreened the HFE
gene mutations (C282Y and H63D) in 190 cirrhotic
patients using polymerase chain reaction.'® Of the
190 patients with cirrhosis, five (2.6%) patients and
six of the cases (3.1%) were found to be homozy-
gous mutants for the C282Y mutation and
C282Y/H63D compound heterozygous, respecti-
vely. These mutations were significantly more fre-
quent than the control group.'® In our opinion, if
more cases would have been investigated, the
H63D mutation would have been related to iron
parameters in the diseases such as cryptogenic cir-
rhosis and hemochromatosis.

In conclusion, the results of our study suggest
that the C282Y and S65C mutations of the HFE gene
are rare or absent in Turkish population. The fre-
quency of the H63D mutation is higher in normal
population of Turkey than other Asian populations.
For example, according to the study performed by
Lin et al., allelic frequency of H63D mutation was
2.3% in normal Chinese Han population.” The in-
vestigators secreened the three HFE gene mutations
in 395 normal individuals.” The allele frequencies of
the H63D mutation among healthy control subjects
were 7.8% in Korea, 3.2% in Tailand, 0.99 in
Japan.??* There is no clear evidence that H63D mu-
tation leads to iron overload related to several di-
seases in some of the Asian populations.”% In other
investigations from the USA, Denmark, Canada, and
Germany, H63D homozygotes were reported to
have a high risk of having increased iron levels.?3!
Cogswell et al. found that transferrin saturation of
the healthy people homozygous mutant for H63D
aged 50 years or older had increased risk of iron
overload than the younger ones (12-49 years).*
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ponsible for the cryptogenic cirrhosis and he-
mochromatosis. The subjects carrying the H63D
mutation should be periodically followed up in he-

As a result, this mutation (H63D) may be res-
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