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Abstract

Background/Aim. Wilson’s disease (WD) is an autoso-
mal-recessive disorder which is characterized with a
marked clinical heterogeneity. The gene responsible for
WD is located in 13q14.3 chromosome, contains 21 exons
and codes for copper specific transporting P-type adeno-
sinetriphosphatase (ATPase) (ATP7B). Mutations in
ATP7B gene change biosynthetic and transporting role of
ATPase in cell leading to damaged billiary excretion of
copper and its accumulation in the liver, brain, cornea and
other tissues. Until now, it has been described more than
400 mutations in ATP7B gene with characteristic geo-
graphic distribution. The aim of this study was to assess
the spectrum of mutations of ATP7B gene on a large
number of patients in Serbian population and to make a
correlation between particular genotypes and specific phe-
notypes. Methods. Eighty-six consecutive patients with
WD from WD Clinical Research programme were in-
cluded in this study. Genetic analysis was performed by di-
rect gene sequencing method. Results. Mutations in
ATP7B gene were found in 93% analyzed patients (81.4%

of all alleles analyzed). Thirteen mutations were identified,
one of which (G998E) was the novel one, so far unde-
scribed in the literature. The most frequent mutation in
our population was H1069Q, which was present in 38.4%
patients, and the second most frequent mutation was
2304-2305insC (11.6%). Also, a great number of gene
polymorphisms of DNA sequences, which do not disturb
the ATP7B gene function, was identified. Although neu-
rological form of the disease was more frequent in the
group of homozygous for H1069Q and the group of non-
H1069Q carriers, there was no statistically significant dif-
ference between the groups. Conclusion. Our research
showed that genetic diagnosis of WD can be done in 80%
of cases by analysis of 5 most common mutations in our
population, which facilitate diagnosis significantly. There
was no correlation between different genotypes and spe-
cific phenotypic features of WD, the presence of psychiat-
ric disturbances and cognitive deterioration.
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Apstrakt

Uvod/Cilj. Vilsonova bolest (VB) je autosomno-recesivno
nasledno oboljenje koje se odlikuje velikom klini kom hete-
rogenoš u. Gen odgovoran za VB je lociran na hromozomu
13q14.3, sadrži 21 egzon i kodira za specifi nu adenozintri-
fosfatazu (ATP-azu) P-tipa koja transportuje bakar
(ATP7B). Mutacije u ATP7B remete biosintetsku i tran-
sportnu ulogu ATP-aze u eliji, sa posledi nim poreme a-
jem bilijarne ekskrecije bakra i njegovim nagomilavanjem u
jetri, mozgu, kornei i drugim tkivima. Otkriveno je preko
400 mutacija u ATP7B genu sa karakteristi nom geograf-

skom distribucijom. Cilj rada bio je da se poceni spektar
mutacija u genu ATP7B kod velikog broja bolesnika u srp-
skoj populaciji, kao i da se utvrdi korelacija izme u pojedi-
nih genotipova i specifi nih fenotipova. Metode. Studijom
je bilo obuhva eno 86 konsekutivnih bolesnika sa VB iz ba-
ze Klini kog programa za istraživanje VB. Genetska analiza
vršena je metodom direktnog sekvenciranja gena. Rezulta-
ti. Mutacije u genu  odgovornom za VB (ATP7B) ustanov-
ljene su kod 93% bolesnika (81,4% svih analiziranih alela).
Identifikovano je 13 mutacija, od kojih je jedna (G998E), do
sada nepoznata u literaturi, prvi put zabeležena u našoj po-
pulaciji bolesnika. Naju estalija mutacija u našoj populaciji
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bila je H1069Q, kod 38,4% bolesnika, a druga po u estalosti
2304-2305insC kod 11,6% bolesnika. Tako e, registrovan je
i veliki broj genskih polimorfizama DNK sekvenci koji ne
narušavaju funkciju ATP7B gena, tj. ne prouzrokuju bolest.
Iako je kod homozigota za H1069Q i kod nosilaca ostalih
mutacija uo ena ve a u estalost neurološke forme bolesti,
grupe se nisu me usobno statisti ki zna ajno razlikovale.
Zaklju ak: Naše istraživanje pokazalo je da se analizom 5
naj eš ih mutacija u našoj populaciji može postaviti genet-

ska dijagnoza VB kod više od 80% bolesnika, što u zna aj-
noj meri olakšava dijagnozu bolesti. Nije ustanovljena kore-
lacija ispitivanih genotipova sa specifi nim fenotipskim is-
poljavanjima VB, prisustvom psihi kih smetnji i kognitiv-
nim osiromašenjem.

Klju ne re i:
hepatolentikularna degeneracija; dijagnoza; genotip;
fenotip.

Introduction

Wilson’s disease (WD) is an autosomal-recessive dis-
order characterized with marked clinical heterogeneity.
Gene responsible for WD is located on chromosome
13q14.3 1, 2. It consists of 21 exons and encodes for a cop-
per-transporting P-type adenosinetriphosphatase(ATPase)
(ATP7B) 3. Mutations in ATP7B gene change biosynthetic
and transporting role of ATPase in cell, resulting in im-
paired billiary excretion of copper and its accumulation in
liver, brain, cornea and other tissues. The disease incidence
is estimated to be 1 in 30,000 to 1 in 50,000 4, 5, and it is
supposed that the prevalence is 30 per million, with fre-
quency of heterozygous mutations carriers of about 1 in 90
to 1 in 150 6, 7. Until now, it has been identified more than
400 mutations in ATP7B gene with characteristic geo-
graphic distribution 8, 9. Most mutations are present in par-
ticular families, in particular cases. In previous study of our
population, molecular gene defect was identified in 80% of
alleles of WD patients 10, with 11 different mutations (3 of
which were new ones). The most frequent mutations were
H1069Q (48.9% of analyzed alleles), 2304–2305insC
(11.4%), and A1003T (5.7%) 10.

The disease can be presented through 3 forms: hepatic,
neurological and psychiatric 11. There is no clear evidence of
associations between specific genotypes and some clinical
features of the disease. Therefore, the aim of this study was
to assess spectrum of mutations in ATP7B gene on a larger
number of patients in Serbian population, and to make a cor-
relation between particular genotypes and specific pheno-
types.

Methods

Eighty six consecutive patients with WD from the WD
Clinical Research programme were included in this study.
The diagnosis of WD was made based on standard criteria:
anamnesis, clinical examination, ceruloplasmin and copper
serum level, copper level in 24-hour urine, liver biopsy,
“slit”-lamp examination for the presence of Kayser-
Fleischer’s ring.

Study was approved by the Ethic Committee, Clinical
Center of Serbia, Belgrade. Upon signing informed consent,
the patients were interviewed in order to obtain demographic
and clinical data on disease course, therapy, etc. All the pa-
tients passed through neurological and hepatic examination,
as well as brain nuclear magnetic resonance (NMR).

Disability level and grading of WD and its multisystem
manifestations were measured by the Global Assessment
Scale (GAS) for WD 12. This scale has 2 tiers: tier 1 assesses
global disability in 4 domains: liver, cognition and behav-
iour, motor and osseomuscular functions (each domain is
scored independently on a 6-point ascendant scale (0–5) and
results are not added), while tier 2 is multidimensional scale
for a fine grained evaluation of the neurological dysfunction
14 items are scored on a 5-point ascendant scale (0–4) and

their sum (0–56) presents a total score of tier 2]. Psychiatric
comorbidity was examined through the Structured Clinical
Interview for DSM-IV Axis I Disorders (SCID) 13. The SCID
for every patient was performed by the trained psychiatrist.
Cognition was estimated by the Mini Mental State Examina-
tion (MMSE) scale 14. Genotype-phenotype analysis was
made upon association of specific molecular defect and dis-
ease form, age at onset, the presence of psychiatric distur-
bances, and GAS for WD scores.

DNA extraction and polymerase chain reaction (PCR)
analysis were made by standard methods. Mutation detection
was performed by the direct sequencing method. Exons 5, 8,
13–15 of ATP7B gene were amplified using primers com-
plementary to DNA sequences flanking the exon-intron
boundaries. PCR products were purified using a standard pu-
rifying protocol and then sequenced on an automatic se-
quencer (ABI 310 Genetic Analyzer). Point mutations were
detected reliably by means of manual inspection of charac-
teristic double peaks. Mutation analysis was carried out ac-
cording to following strategy: firstly, exon 14 was analyzed
for the most frequent mutation in Serbian WD patients
(H1069Q), secondly, if no or only one mutation was found,
exons 8, 5, 15 and 13 were analyzed, as locations of other
most common mutations.

Data were analyzed using methods of descriptive statis-
tic, analysis of variance (ANOVA) and 2 -test.

Results

The study consisted of 86 patients with demographic
and clinical characteristics shown in Table 1. A predominant
disease form was neurological (54.7%), while hepatic form
was present in 41.9% of the patients. Therapy was taken
continuously in 71.8% of the patients, mostly d-
penicillamine (84.4%).

Molecular defects in ATP7B gene were found in 93%
patients (81.4% of all the analyzed alleles). Thirteen muta-
tions were identified: 2 frameshifts, 1splicing and 10 mis-
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sense mutations, one of which (G998E) was the novel one,
described for the first time in the literature. Six patients had
no known mutations, while three of them had gene polymor-
phisms. The most frequent mutation in our population,

H1069Q, was present in 38.4% of the analyzed alleles, fol-
lowed by insertion 2304–2305insC in exon 8 (11.63% of
analyzed alleles). Two missense mutations, A1003T in exon
13 and R616Q in exon 5 occurred with the frequencies of
9.3% and 8.1%, respectively. Relatively frequently found
mutations were also 3402delC (2.32%) and R969Q (1.74%),
while G591D and I1102T were individually observed in two
heterozygous patients (1.16%). Each of the remaining muta-
tions was present only on one allele of the single patient (Ta-
ble 2). Furthermore, some DNA polymorphisms that do not
disrupt ATB7B gene functions were identified (Table 3).

The patients were divided into three groups according to
the found mutations: the group of homozygous for H1069Q,
the group of heterozygous for H1069Q, the non-H1069Q pa-
tients. H1069Q mutation was identified in 53 patients (13 ho-
mozygous and 40 heterozygous). Twenty-seven patients had
no H1069Q mutation, but some other ATP7B gene mutation,
while 6 patients did not have any of the known mutations.  In
the group of homozygous for H1069Q more patients had neu-
rological (10) then hepatic (2) disease form. Both clinical
presentations had the same frequency (20) in patients het-
erozygous for H1069Q. There was no significant difference
between neurological and hepatic form (13 and 12) in the
group of non-H1069Q patients. Although neurological form of
disease was more frequent in the groups of homozygous for
H1069Q and non-H1069Q patients, there was no statistically
significant difference between the examined groups ( 2 =
4.664; p = 0.198). Also, there was no statistically significant
difference in frequency of specific mutations in different neu-
rological forms ( 2 = 12.78; p = 0.172).

Age at onset was not statistically significantly different in
the examined groups with different genotypes (ANOVA; F =
1.236; p = 0.302). In group of homozygous for H1069Q dis-

Table 2
Mutations characteristics in the patients with Wilson’s disease

Type of mutation Nucleotide Frequency (%) Exon ATP7B region
             Frameshift

  2304-2305insC CCCCCCA 20 (11.6%) 8 Tm4
  3402delC TTTCCCGC 4 (2.3%) 15 ATP loop

                 Splice- site
  2336G A 1 (0.6%)

                Missense
  H1069Q CAC CAA 66 (38.4%) 14 ATP loop
  A1003T GCG ACG 16 (9.3%) 13 Tm6
  R616Q CGG CAG 14 (8.1%) 5 Cu6
  R969Q CGG CAG 3 (1.7%) 13 Tm6
  I1102T ATT ACT 2 (1.2%) 15 ATP loop
  G591D GGC GAC 2 (1.2%) 5 Cu6
  G988E GGG GAG 1 (0.6%) 13 Tm6
  E1064K GAG AAG 1 (0.6%) 14 ATP loop
  A994S  GCT TCT 1 (0.6%) 13 Tm6
  T977M ACG ATG 1 (0.6%) 13 Tm6

Table 3
DNA polymorphisms in ATP7B gene

Polymorphism Exon Intron ATP7B region
2973G A (Thr991Thr) 13 Tm6
3009G A (Ala1003Ala) 13 Tm6
3045G A (Leu1015Leu) 13 Tm6

Table 1
Demographic and clinical characteristics of the patients
Variables Values
Sex, n (%)
    male 55 (64.0)
    female 31 (36.0)
Age (years),  ± SD 36.5 ± 11.3
Age at onset (years),  ± SD 2.9 ± 8.6
Disease duration (years),  ± SD 12.9 ± 9.0
Latency from disease onset to diagnosis
(months),  ± SD

19.7 ± 29.7

Form of disease, n (%)
    neurological 47 (54.7)
    hepatic 36 (41.9)
    missing data 3 (3.4)
Therapy, n (%)
    penicillamine 65 (84.4)
    Zn-sulphate 23 (29.9)
    trientine 1 (1.3)
Continuity of therapy, n (%)
    yes 51 (71.8)
    no 20 (28.2)
Psychiatric disorders, n (%)
    present 21 (24)
    absent 29 (34)
    missing data 36 (42)
MMSE,  ± SD 28.6 ± 4.1
GAS liver,  ± SD 2.5 ± 1.3
GAS cognition and behaviour,  ± SD 1.5 ± 1.5
GAS motor,  ± SD 1.3 ± 1.3
GAS osseomuscular,  ± SD 0.2 ± 0.7

 MMSE – Mini-Mental State Examination scale; GAS – Global Assessment
Scale.
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ease onset was at the age of 22.6 ± 7.6 years, in heterozygous
for H1069Q at 25.6 ± 9.0 years, while in non-H1069Q patients
disease started at the age of 23.0 ± 8.9 years (Table 4).

The influence of genotype on severity of clinical pres-
entation was examined through correlations of specific mu-
tations and GAS for WD scores. There was no statistically
significant difference among the examined genotype groups
and subscores for the assessment of hepatic (ANOVA, F =
0.131; p = 0.941), cognitive and behavioural (ANOVA; F =
1.476; p = 0.231), motor (ANOVA; F = 0.550; p = 0.650)
and osseomuscular impairment (ANOVA; F = 0.681; p =
0.567). Neither cognitive impairment, estimated by MMSE,
(ANOVA; F = 0.428; p = 0.734) (Table 5), nor the frequency
of psychiatric manifestations (Table 4) ( 2 = 9.109; p =
0.168) differed among various genotype groups.

Discussion

Our study identified 13 mutations (12 formerly known,
1 new) in ATP7B gene in 81.3% of the analyzed alleles. Our
results confirm that the spectum of mutations in WD consists
of a small number of relatively frequent mutations and a
large number of rare mutatons.

The most frequent mutatation in our population is sub-
stitution of histidine with glutamine on the position 1069
(H1069Q) in exon 14, which is found in 38.4% of the ana-
lyzed alleles. Also, this is the most common mutation re-
sponsible for WD worldwide, present only in Caucasions 10,
and seems to  originate from the Central or Eastern
Europe 15. Its frequency is highest in Poland and Eastern
Germany (50–80%) 4. In Europe, south of the Alps, this mu-
tation becomes infrequent and it is totally absent in Sardinia
and Sicily, which can bee explained by teritorial isolation
and high rate of consanguinity (incidence of WD in these is-
lands is approximately one per 7,000) 16. This mutation is
always found in the same haplotype, haplotype VIII defined
by STR loci D13S301, D13S296, D13S297, D13S298 17 (al-
lele combination 5, 9, 4, 3, respectively) in every analyzed

population. Regarding this, it can be concluded that H1069Q
is a very old mutation 16, 17.

The second most frequent mutation in our population,
insertion 2304–2305insC in exon 8 (11.6% of examined al-
leles) is present in 6% of WD patients of the continental part
of Italy and in 2.6% of population of Russia and North
America 16. However, the third most common mutation in
our group, substitution of alanine with threonine (A1003T)
in exon 13 (9.3% of the analyzed alleles) shows no important
frequency in other European population. Substitution of ar-
ginine with glutamine in the position 616 (R616Q) in exon 5
is the ultimate mutation with significant frequency in our re-
search that was previously described only in one WD patient
in Great Britain 18 and Italy 19. Deguti et al. 20 described de-
letion 3402delC in exon 15 (2.3% of the analyzed alleles in

our population) as the most common gene defect in Brazil
with the frequency of 30.8%, as well as in Russian popula-
tion (19%) 4, 10. It is interesting that this mutation was not
found in Mediterranean region, although the dominant immi-
grant group in the South America was from this region 19, 21.
Substitution R969Q is frequent in Greece (18%) 22, while in
our study it was identified only in 1.74% of the analyzed al-
leles.

Five mutations (splice-site 2336G A, missense
T977M, G988E, E1064K, A994S) were registered in one al-
lele of 13q14.3 locus (0.58%). Mutation G988E in exon 5
has not been identified so far.

Strategy for search of pathological mutations in WD by
the direct sequencing method was initially directed towards
exons 5, 8, 13, 14 and 15, as loci with majority of the known
mutations in our population, as well as in ethnical groups of
Central and Eastern Europe.

The main reason for great clinical heterogeneity in
WD has not been explained yet, but it is believed that this
is caused by different types of mutations in ATP7B gene
and their effect on ATP7B function (various mutations
cause different impairments of ATP7B protein func-

Table 4
Influence of genotype of the patients with Wilson’s disease on the disease onset

Disease form Psychiatric disorders
Genotype n (%)

Age at onset
(years)*

 ± SD (min–max)
N
(n)

H
(n)

Absent
(n)

Present
(n)

H1069Q/H1069Q 13 (15.1)* 22.6 ± 7.6 (10–38) 10 2 2 7
H1069Q/other 40 (46.5) 25.6 ± 9.0 (9–49) 20 20 15 8
Other mutations 27 (31.4)* 23.0 ± 8.9 (7–43) 13 12 9 5

N – neurological form; H – hepatic form; *missing data for disease form for the 3 patients; n – number of patients

Table 5
Influence of genotype of the patients with Wilson’s disease (WD) on severity of the disease presentation

Scale for clinical assessment H1069Q/H1069Q
 ± SD

H1069Q/other
 ± SD

Other mutations
 ± SD p

GAS Liver 2.4 ± 1.3 2.6 ± 1.4 2.3 ± 1.4 0.941
GAS Cognition and behaviour 2.4 ± 1.3 1.4 ± 1.6 1.4 ± 1.5 0.231
GAS Motor 1.8 ± 1.3 1.1 ± 1.3 1.2 ± 1.4 0.650
GAS Osseomuscular 0.4 ± 0.9 0.3 ± 0.9 0.1 ± 0.4 0.567
MMSE 28.7 ± 0.9 29.3 ± 1.03 27.6 ± 7.7 0.734
GAS – Global Assessment scale; MMSE – Mini-Mental State Examination scale.
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tions) 23. Studies that tried to explore influence of ATP7B
genotype on clinical presentation and disease course
showed no consistent results. Estimation of genotype-
phenotype correlation is difficult because of large number
of mutations (more than 400) with a marked genetical
heterogeneity, small number of patients in the majority of
studies, and significant hetererozigocity 23. The frequency
of H1069Q mutations in homozygous state was the only
one that met criteria for gentype-phenotype analysis.
Some studies showed that homozygous for H1069Q pre-
sented first disease symptoms up to 12 years later than
compound heterozygotes and non-H1069Q patients, as
well as less severe disturbance in copper metabolism 24.
This clinical expression can be explained by partially per-
served ATP7B protein function, with residual billiary
copper excretion present, resulting in slower accumula-
tion in liver. Our study did not confirm prevously de-
scribed clinical characteristic of patients with homozy-
gous H1069Q mutation.

It has been suggested that nonsense, splice-site and
frameshift mutations are  associated with severe phenotypic
expression due to the production of non-functional protein
product, while missense mutations, that do not disturb pro-

tein function totally, are marked as “mild“ 24, 25. Gro-
madzka et al. 24 demonstrated on 142 WD patients that carry
of one or two “severe” mutation have dose-dependent effect
on lowering of ceruloplasmin level and younger disease on-
set. We tried to asses a correlation between genotype and se-
verity of clinical expression using GAS for WD, but no sig-
nificant associations were observed.

Conclusion

Our study showed that the genetic diagnosis of WD can
be made by analysis of the 5 most frequent mutations in our
population in more than 80% of cases, which can signifi-
cantly facilitate diagnosis. Unfortunately, there was no cor-
relation made between the examined genotypes and the spe-
cific phenotypic features of WD (disease form and severity
of clinical expression), the presence of psychiatric distur-
bances and cognitive deterioration.

Acknowledgments

This work was funded by the Ministry of Education,
Science and Technological Development, the Republic of
Serbia (Project No 175090 and Project No 175091).

R E F E R E N C E S

1. Tanzi RE, Petrukhin K, Chernov I, Pellequer JL, Wasco W, Ross B,
et al. The Wilson disease gene is a coppertransporting ATPase
with homology to the Menkes disease gene. Nat Genet 1993;
5(4): 344 50.

2. Bull PC, Thomas GR, Rommens JM, Forbes JR, Cox DW. The Wil-
son disease gene is a putative copper transporting P-type
ATPase similar to the Menkes gene. Nat Genet 1993; 5(4):
327 37.

3. Petrukhin K, Lutsenko S, Chernov I, Ross BM, Kaplan JH, Gil-
liam TC. Characterization of the Wilson disease gene encoding
a P-type copper transporting ATPase: genomic organization,
alternative splicing, and structure/function predictions. Hum
Mol Genet 1994; 3(9): 1647 56.

4. Ferenci P. Regional distribution of mutations of the ATP7B
gene in patients with Wilson disease: impact on genetic testing.
Hum Genet 2006; 120(2): 151 9.

5. Houwen RHJ, van Hattum J, Hoogenraad TU. Wilson disease.
Neth J Med 1993; 43(1 2): 26 37.

6. Scheinberg Ih, Sternlieb I. Wilson's disease. Philadelphia: WB
Saunders; 1984.

7. Ferenci P. Wilson’s disease. Ital J Gastroenterol Hepatol 1999;
31(5): 416 25.

8. Schmidt HH. Role of genotyping in Wilson's disease. J Hepatol
2009; 50(3): 449 52.

9. Reilly M, Daly L, Hutchinson M. An epidemiological study of
Wilson's disease in the Republic of Ireland. J Neurol Neuro-
surg Psychiatry 1993; 56(3): 298 300.

10. Loudianos G, Kostic V, Solinas P, Lovicu M, Dessì V, Svetel M, et
al. Characterization of the molecular defect in the ATP7B gene
in Wilson disease patients from Yugoslavia. Genet Test 2003;
7(2): 107 12.

11. Brewer GJ, Yuzbasiyan-Gurkan V. Wilson’s disease. Medicine
(Baltimore) 1992; 71(3): 139 64.

12. Aggarwal A, Aggarwal N, Nagral A, Jankharia G, Bhatt M. A
Novel Global Assessment Scale for Wilson Disease (GAS for
WD). Mov Disord 2009; 24(4): 509 18.

13. First, MB, Gibbon M, Spitzer RL, Williams, JBW, Benjamin LS.
Structured Clinical Interview (SCID) for DSM-IV Axis I Dis-
orders. Washington: American Psychiatric Press; 1997.

14. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 1975; 12(3): 189 98.

15. Cauza E, Ulrich-Pur H, PolliI, C., Gangl A, Ferenci P. Distribu-
tion of patients of Wilson disease carrying the H1069Q mu-
tation in Austria. Wien Klin Wochenschr 2000; 112(13):
576–79.

16. Shah AB, Chernov I, Zhang HT, Ross BM, Das K, Lutsenko S, et
al. Identification and analysis of mutations in the Wilson dis-
ease gene (ATP7B): population frequencies, genotype-
phenotype correlation, and functional analyses. Am J Hum
Genet 1997; 61(2): 317 28.

17. Figus A, Angius A, Loudianos G, Bertini C, Dessi V, Loi A, et al-
Molecular pathology and haplotype analysis of Wilson disease
in Mediterranean populations. Am J Hum Genet 1995; 57(6):
1318 24.

18. Curtis D, Durkie M, Balac (Morris) P, Sheard D, Goodeve A, Peake
I, et al. A study of Wilson disease mutations in Britain. Hum
Mutat 1999; 14(4): 304 11.

19. Loudianos G, Dessì V, Angius A, Lovicu M, Loi A, Deiana M, et
al. Wilson disease mutations associated with uncommon  hap-
lotypes in Mediterranean patients. Hum Genet 1996; 98(6):
640 2.

20. Deguti MM, Genschel J, Cancado EL, Barbosa ER, Bochow B, Muce-
nic M, et al. Wilson disease: novel mutations in the ATP7B
gene and clinical correlation in Brazilian patients. Hum Mutat
2004;  23(4): 398.

21. Riordan MS, Williams R. The Wilson’s disease gene and phe-
notype diversity. J Hepatology 2001; 34(1):165 71.

22. Loudianos G, Dessì V, Lovicu M, Angius A, Kanavakis E,
Tzetis M, et al. Haplotype and mutation analysis in Greek
patients with Wilson disease. Eur J Hum Genet 1998; 6(5):
487 91.



Strana 462 VOJNOSANITETSKI PREGLED Volumen 70, Broj 5

Tomi  A, et al. Vojnosanit Pregl 2013; 70(5): 457–462.

23. Forbes JR, Cox DW. Functional characterization of missense
mutations in ATP7B: Wilson disease mutation or normal vari-
ant? Am J Hum Genet 1998; 63(6): 1663 74.

24. Gromadzka G, Schmidt HH, Genschel J, Bochow B, Rodo M, Tar-
nacka B, et al.  p.H1069Q mutation in ATP7B and biochemical
parameters of copper metabolism and clinical manifestation of
Wilson's disease. Mov Disord 2006; 21(2): 245 8.

25. Merle U, Weiss KH, Eisenbach C, Tuma S, Ferenci P, Stremmel W.
Truncating mutations in the Wilson disease gene ATP7B are
associated with very low serum ceruloplasmin oxidase activity
and an early onset of Wilson disease. BMC Gastroenterol
2010; 10: 8.

Received on November 11, 2011.
Revised on April 12, 2012.

Accepted on May 22, 2012.


