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Objective: Determine the frequency of mutations in exon 8 of ATP7B gene.
Material and Method: The exon 8 of ATP7B gene in twenty 20 unrelated Thai patients with Wilson disease (WD) was
analyzed.
Results: Three heterozygous mutations were identified in four patients. The Arg778Leu (G2333T) and 2299insC mutations
have been previously reported. The authors also identified a novel missense mutation, Thr766Arg (C2297G). Despite the
Arg778Leu mutation being common in East Asian populations, its frequency in Thais was only 5% in the presented patients.
Conclusion: Sequencing of the exon 8 of the ATP7B gene is insufficient for the diagnostic service testing in Thais.
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Wilson disease (WD) is an autosomal
recessive disorder of copper excretion resulting in
an accumulation and toxicity of copper frequently
affecting the brain and liver(1). Unlike many other
genetic diseases, effective treatment for WD is available.
Copper chelating agents, such as D-penicillamine,
trientine, and ammonium tetrathiomolybdate, promote
copper excretion and zinc helps in reducing intestinal
copper absorption. Thus family members of patients,
especially first-degree relatives, are necessarily
screened for WD in order to receive early treatment.
Patients with neurological disease are often not
difficult to diagnose since they almost invariably
develop Kayser-Fleischer ring and low level of serum
ceruloplasmin. However, diagnoses in some patients
with hepatic disease are difficult since biochemical
indicators can be normal or similar to the value of
heterozygous carriers(1).

WD is caused by mutations of a copper
transporting P-type ATP synthase (ATP7B) gene in
chromosome 13q14.3(2). There are over 300 mutations
located throughout 21 exons of the ATP7B gene of
which mutations are often compound heterozygous.
However, a few common mutations occur in a high
frequency as hot spots in specific populations. Arg
778Leu mutation in exon 8 has occurred at 12-39% in
the East Asian populations including Chinese,
Japanese, and Korean(3-5). Other mutations in exon 8,
such as 2304delC and C2250G mutations are also
relatively common in Chinese suggesting that exon 8
may be a hot spot for identification of WD mutations
in East Asians(6). His1069Gln mutation is a common
mutation in the eastern and northern European
populations, which accounts for up to 49%(7,8). Some
mutations appear to be common in specific countries,
such as C813A mutation in India and 3402delC mutation
in Brazil(9,10).

According to the data of common Arg778Leu
mutation in East Asian populations, the authors
conducted a study on exon 8 of the ATP7B gene in Thai
WD patients. If mutations in exon 8 are a highly frequent
cause of WD in the presented population, analysis of
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only exon 8 in combination with bio-chemical tests may
be practical for service testing of WD in Thailand.

Material and Method
Patients

The authors reviewed clinical data from the
medical records of patients with WD who were treated
at the Department of Medicine, Ramathibodi Hospital
between January 1994 and October 2006. Thirty-five
unrelated patients were included. The inclusion criteria
were clinical manifestations compatible with WD plus
one or more positive laboratory results including low
serum ceruloplasmin (< 20 mg/dl), high copper in liver
tissue (> 250 μg/g dry weight), or high urine copper
excretion (> 100 μg/day). Fifteen patients were male
and 20 patients were female. Age at onset ranged
from 1.5 to 72 years. All patients with neurological
disease had age onset of less than 40 years old (ranging
from 11 to 39 years) whereas one-third of patients
with hepatic disease had age of onset of over 40 years
old. Twenty out of 35 patients had available DNA
samples for the present study. There was no known
consanguinity between parents of each patient.

Exon 8 analysis
Genomic DNA samples were isolated from

peripheral blood samples by standard techniques.
PCR-based screening of the exon 8 of the ATP7B gene
was conducted as previously described(2). Automated
direct sequencing of both forward and reverse strands
of the PCR products was performed using a Bigdye
Terminator sequencing kit (Applied Biosystems)
and an ABI 3100 DNA sequencer. All sequence data
were compared to the normal gene sequence (NCBI
reference mRNA sequence; NM_00053) using Bioedit
Sequence Alignment Editor program(11).

A PCR-RFLP was designed to screen for the
new C2297G mutation, in which a restriction site for

the endonuclease HaeIII recognized the presence of
the mutant nucleotide and three other restriction sites
including nucleotide position 2153, 2207 and 2332. In
the presence of the mutant nucleotide at position 2297,
the 296-bp product is cleaved into five fragments
of  53, 54, 92, 32 and 65 bp while the wild-type PCR
products is cleaved into four fragments of 53, 54, 124,
and 65 bp (Fig. 1b).

Four of the human ATP7B protein was
analyzed for comparison of amino acids of the
transmembrane domain by using Prodom database.
They were automatically generated from the SWISS-
PROT and TrEMBL sequence databases(12).

Results
The authors identified three heterozygous

mutations in four unrelated patients, of which
two mutations were previously described and
one was a novel missense mutation (Table 1). All
identified mutations were heterozygous suggesting
that these patients had compound heterozygous
mutations. There were G to T at the nucleotide position
2333 (G2333T, Arg788Leu), C insertion at the position
2299 (2299insC) and a novel C to G at the nucleotide
position 2297 (C2297G, Thr766Arg) (Fig. 1a). The new
Thr766Arg was identified in a 22-year-old patient who
developed Parkinsonism, marked postural tremor and
Kayser-Fleischer ring for 6 months. It was absent in
100 normal control samples. Amino acid position 766
is in a transmembrane domain 4 (Tm4) of the ATP7B.
Sequence of amino acids of the Tm4 was compared
to transmembrane domain of ATP7 protein of other
species showing that it is very highly conserved
between different species (Fig. 1c).

The common Arg788Leu was identified in two
unrelated patients with neurological disease. The
2299insC mutation was identified in monozygotic
twins both of whom had combined neurological and

Patient ID Sex Age at onset Duration Clinical manifestations Mutations Type of mutations
    (years)  (years)

4*  M         20     2 Parkinsonism, cirrhosis 2299insC        Frameshift
5*  M         22     3/12 Parkinsonism, cirrhosis 2299insC        Frameshift
6  M         11     8 Postural tremor G2333T        Missense
11  M         22     6/12 Parkinsonism C2297G**        Missense
20  F         13     8/12 Ataxia, parkinsonism G2333T        Missense

Table 1. Summary of clinical and molecular features of patients with identified mutations of ATP7B gene

* Patient 4 and 5 are monozygotic twin
** C2297G mutation is a novel mutation, which is firstly described in this study
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hepatic diseases, Parkinsonism, and cirrhosis. The
younger brother, who developed symptoms three
months before treatment started, had a better outcome.
The older brother had onset two years earlier than his
brother. He became bedridden from Parkinsonism
although his liver function tests were back to normal.

Discussion
ATP7B gene encodes a copper transporting

P-type ATPase and it is most richly expressed in the
liver(1). Other tissues that express ATP7B include brain,
kidney, heart, lung, mammary gland, and placenta(1).
Almost two-thirds of all WD mutations are missense
mutations(2). The distribution of these mutations over
ATP7B gene are mostly clustered between exons 6 and
8, which encode a region just upstream of the first
transmembrane domain (Tm), and between exons 21
and 22, a region encoding the last Tm domain(2).
Although, most WD mutations are often identified

in single families, some mutations are common, and
account for a large number of WD patients. Common
mutations are often regional-specific, such as
His1069Gln mutations in Europeans and North
Americans, and Thr778Leu mutations in East
Asians(13). Mutations in exon 8, especially mutations
at codon 778, are widely observed to be most common
in East Asian populations including Chinese, Japanese
and Korean(3,5,6,13-16).

The authors have identified three different
heterozygous mutations in exon 8 of ATP7B gene in
five WD patients of Thai origin in which a novel
C2297G mutation is described. It is a missense
mutation, which causes an amino acid substitution
from threonine to arginine (Thr766Arg). It is in the
Tm4 domain of the ATP7B, which is functionally
important and highly evolutionarily conserved
between different species. Several mutations have
been described in Tm4, such as Asp765Gly, Pro768His,
Met769Ile and the common Arg778Leu, which were
predicted to disrupt Tm4(14-16). The mutation was also
absent in 100 ethnic-matched control samples. These
evidences support a pathogenic role of the novel
Thr766Arg mutation.

The Arg778Leu and 2299ins-C mutations
were previously reported. The Arg778Leu has been
reported as the most common mutation of the WD
gene in East Asian populations(3-5). However, the
authors identified Arg778Leu mutation in only 5% of
the studied chromosomes. Thai WD patients appear to
have the lowest prevalence of Arg778Leu mutation
compared to previous reports from other East Asian
countries. The third mutation, 2299ins-C mutation, was
a frameshift mutation, which is also one of the common
mutations in various ethnic groups(2,4). All identified
mutations in exon 8 accounts for 10% of the studied
WD chromosomes. Therefore, analysis of Arg778Leu
or exon 8 sequencing is not sufficient for routine genetic
testing in the presented population. Other approaches,
such as those using polymorphic dinucleotide markers
or intragenic single nucleotide polymorphism markers
as genetic testing may be helpful to identify pre-
symptomatic siblings of the affected individuals(4,9).

In summary, the authors identified a novel
Thr766Arg mutation in a Thai WD patient. Overall
mutations of exon 8 of the ATP7B gene in Thais appear
to be less prevalent compared to other East Asians.
Further direct sequencing of the whole ATP7B gene
will be helpful to identify other more common WD
mutations in order to plan for an appropriate genetic
testing in the Thai population.

Fig. 1 Analysis  of  the C2297G mutation. (a) Electro-
pherogram shows the heterozygous C to G
transitions (arrows on lower panel) at position
2297 of the ATP7B gene. (b) Agarose  gel electro-
phoresis containing products following digestion
of the original 296-bp product with HaeIII. In the
present of the mutant nucleotide, the 296-bp
product is cleaved into 5 fragments of 53, 54, 92,
32 and 65 bp while the wild-type PCR products is
cleaved into 4 fragments of 53, 54, 124 and 65 bp
(The 53, 54 and 65 bp bands are unable to be
visualized separately). (c) Table demonstrating
amino acid position 766 (arrow) and part of Tm4
highly conserved among various species
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การวิเคราะห์ Exon 8 ในจีน ATP7B ในผู้ป่วยโรค Wilson disease ชาวไทย

เจษฏา เขียนดวงจันทร์, มานิสา บุษบารัตน์, โฉมศรี โฆษิตชัยวัฒน์, ธันยชัย สุระ, ธีรธร พูลเกษ

ผู้ป่วยโรค Wilson disease ส่วนใหญ่มีความผิดปกติในจีน ATP7B ในลักษณะจีนด้อย การศึกษา

ท่ีมีมาก่อนหน้าน้ีในคนเอเชียตะวันออก ได้แก่ จีน, ญ่ีปุ่น และเกาหลี แสดงให้เห็นว่าอาจมากถึง 50% ของผู้ป่วย Wilson

disease ในชนชาติดังกล่าวมีความผิดปกติในส่วนของ Exon 8 ของจีน ATP7B ผู้นิพนธ์จึงได้วิเคราะห์ Exon 8 ในจีน

ATP7B ในผู้ป่วยโรค Wilson disease ชาวไทย เพ่ือหาความถ่ีของลักษณะผิดปกติในยีน ATP7B ในตำแหน่งดังกล่าว

ผู้นิพนธ์ค้นพบความผิดปกติ 3 แบบในผู้ป่วย 4 ราย จากผู้ป่วยท้ังหมด 20 รายดังน้ี พบ ความผิดปกติ Arg778Leu

(G2333T) และ 2299insC mutations ซึ่งเคยมีรายงานมาก่อนในประเทศอื่น โดยที่ความผิดปกติ Arg778Leu

เป็นความผิดปกติที่พบบ่อยที่สุดในชาวเอเชียตะวันออก แต่จากงานวิจัยนี้ พบว่าความผิดปกติชนิดนี้พบเพียง 5%

ของผู้ป่วยชาวไทย นอกจากนี้คณะผู้นิพนธ์ได้ค้นพบลักษณะความผิดปกติ ชนิดใหม่ที่ไม่เคยมีรายงานมาก่อน

คือ Thr766Arg (C2297G mutation)

โดยสรุป ผู้นิพนธ์รายงานความผิดปกติใน Exon 8 ในจีน ATP7B ในผู้ป่วย Wilson disease ชาวไทยพบว่า

ความถี่ที่พบความผิดปกติในบริเวณดังกล่าวต่ำกว่าที่รายงานในประเทศแถบเอเชียตะวันออกอื่น ๆ มาก ไม่เพียงพอ

ที่จะใช้เป็นการทดสอบเพื่อการวินิจฉัยในงานบริการได้
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