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Abstract
AIM: To determine the mutational characterization of P-
type ATP7B gene and to explore the correlation of ATP7B
genotype to phenotype in Chinese patients with Wilson
disease (WD).

METHODS: Seventy-five patients with WD from 72 no-kinship
families, 44 males and 31 females, were enrolled in this study.
The age of onset ranged from 4 to 39 years, 18 years in
72 patients. Some exons of ATP7B gene mutations were
analyzed in patients with WD by using biochemical methods,
polymerase chain reaction-single strand configuration
polymorphism (PCR-SSCP) and DNA sequence analysis. A
total of 778 coding regions were identified with restriction
enzyme Msp I. The activity of Cu-ATPase was assessed by
measuring inorganic phosphorus.

RESULTS: Sixty-six of 75 patients (88%) had with hepatic
manifestations, 39 of them had only hepatic manifestations,
27 patients had hepatic and neurological manifestations or
other symptoms at the same time (16 patients had associated
neurological manifestation, 3 patients had osteopathy, 8
patients had other symptoms). Eight of the 75 patients
(10.7%) had only neurological symptoms, one patient (5 years
old) had no symptom. Twelve changing patterns were detected
in ATP7B gene by DNA sequencing, including seven mutations
(R778L, C656X, G943D, V1140A, V1106I V1216M and
1384del17), six polymorphisms (IVS4-5t/c, A2495G, C2310G,
IVS18+6c/t and IVS20+5a/g). R778L occurred in 49/66
patients (74%) with hepatic manifestations, homozygosis
of R778L in 16 patients, heterozygosity of R778L in 33
patients. V1106I mutation of ATP7B gene occurred in 2
patients with delaying onset of clinical symptoms. Cu-ATPase
activity of three patients with known mutations (R778L/
V1106I/A2495G, R778L/V1216M and  R778L/R778L) were
determined, and the activity of Cu-ATPase was decreased
by 44.55%, 88.23% and 69.49% respectively.

CONCLUSION: 1384del17bp is a novel mutation found in

WD patients. R778L is the most common mutation of ATP7B
gene. There is a correlation between R778L and hepatic
manifestations in WD patient.
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INTRODUCTION
Wilson disease (WD), or hepatolenticular degeneration, is an
autosomal recessive disorder of copper metabolism caused by
ATP7B gene mutation. The clinical manifestations of copper
accumulation produced by enzyme deficiency usually
presented after birth, but rarely occurred before 5 years old.
Patients with WD most often present with either progressive
liver degenration or neurologic symptoms, or both. Three major
clinical patterns of live disease in WD are hepatic cirrhosis,
chronic active hepatitis and fulminant hepatic failure.
Neurological manifestations are bradykinesia, rigidity, tremor
and dyskinesia, etc. Copper-transporting P-type ATP7B gene
has been identified as a defective gene in WD. The WD locus
(ATP7B, OMIM#277900), consisting of 21 exons, has been
isolated by using YAC mapping on 13q14.3[1]. Mutation
screening in WD patients has led to the detection of at least
200 disease-specific mutations (HGMD). The published data
suggest that some mutations appear to be population specific,
while others are common to many populations. Arg778Leu
has been identified as the most common mutation in the Asian
population, accounting for 28-44% of WD chromosomes. The
codon H1069Q mutation has been reported to have a high allele
frequency in the eastern and northern European populations.
This study was to investigate the mutational characterization
of P-type ATP7B gene and to explore the correlation between
genotype and phenotype in Chinese patients with WD.

MATERIALS AND METHODS
Subject
Seventy-five patients with WD from 72 no-kinship families,
44 males and 31 females, were enrolled in this study. All WD
patients were from the Neurological Clinic in Xinhua Hospital
and Shanghai Children’s Medical Center, Shanghai Second
medical University. The age at onset of symptoms was 4 to 39
years, 18 years in 72 patients. The diagnosis of WD was
confirmed by serum ceruloplasmin (or cupper oxides activity),
urinary copper of 24 h, liver and/or brain imaging features
(CT or MRI).

Polymerase chain reaction (PCR)
DNA was isolated from peripheral blood. Some exons (3, 5,
7, 8, 10, 12, 15, 16, 17, 18 and 19) were amplified by PCR
with the primers previously reported[2]. Reactions were carried
out in 50 µl [H2O 33 µl, buffer (10×) 5 µl, dNPT (10 mmol/L)



4 µl, primer (12.5 µmol/L) 4 µl, Taq DNA polymerase 2 units].
Amplification was performed 35 cycles, 94  for 40 s, each
cycle was at 58-65  for 1min, at 72  for 1 min, degeneration
at 94  for 5 min and a final extension at 72  for 10 min.

Single strand configuration polymorphism (PCR-SSCP) and
sequencing
Five µl of PCR product and equivalence denaturing solution
were degenerated at 95  for 10 min, then they were placed
directly on ice. Six µl was added into a gel, using the auto-
electrophoresis system (Pharmacia Biotech). Exons exhibiting
an irregular shift by SSCP were subjected to direct sequencing
for mutation identification. Before direct sequencing, PCR
products were purified from agarose gel, using the Quike kit.
Direct sequencing was performed using the ABI PRISMTM 377
DNA sequencer (PE Applied Biosytems).

Restriction-enzyme analysis
The CGG to CTG transition at exon 8 splice acceptor site was
recognized by Msp I restriction-endonuclease. In normal exon
8, PCR product (296 bp) was amplified into two products of
256 bp and 40 bp. R778L would not be recognized, and PCR
product (296 bp) was not digested.

Cu-ATPase activity
Ten ml peripheral venous blood was put in a heparinization
bottle, lymphocytes were collected, and then split and
membrane was collected[3]. Cu-ATPase was assessed by a kit
made in Nanjing Jiancheng Biotechnology Company, and
protein was quantified by UV/spectrophotometer (PE).

RESULTS

Clinical features
Sixty-six of 75 patients (88%) had hepatic manifestations, 39
of them had only hepatic manifestations (Table 1), and 27
patients of them had hepatic manifestations and other symptoms
at the same time. Among the 27 patients who had both hepatic
and other symptoms, 16 patients were associated with
neurological manifestations, 3 patients with musculoskeleton
symptoms, 8 patients with other symptoms (hemolytic anemia

or renal lesions). Eight of the 75 patients had only neurological
symptoms, one patient had no symptom identified by family
screening and microsatellite DNA analysis[4].

Table 1  Clinical manifestations of WD patients

Clinical manifestation       Patient No. (%)

Cirrhosis, chronic active hepatitis 66(88)
Enlargement 25(33)
Rigidity, tremor, ataxia, dyskinesia, dysarthria, 24(32)
Behavioral disturbances, psychosis   4(5)
K-F rings 49(65)
Hemolysis, petechia   6(8)
Hematuria, proteinuria   6(8)
Amenorrhea, menoxenia, hairiness   5(7)
Degenerative joint disease   3(4)

Analysis of mutated genes
Twelve changing patterns were detected in ATP7B gene by
DNA sequencing, including five missense mutations (R778L,
G943D, C656X,V1140A, V1106I and V1216M), one deletion
(1384del17) (Figures 1 and 2) and six polymorphisms (IVS4-
5t/c, 2495A>G, C2310G, IVS18+6c/t and IVS20+5a/g) (Table
2). With restriction-enzyme analysis and sequencing in exon
8, R778L and L/L770 were identified in 54/75 WD patients,
16 patients showed homozygous, and 38 patients heterozygous.

Correlation between genotype and phenotype
In 66 patients with hepatic manifestations, 49 patients (74%)
carried R778L (arginine to leucine) mutation and L/L770
polymorphism (2310 site C to G). V1106I mutation occurred
in two WD patients with later onset of illness and had presenting
neurological manifestations when they were 39 and 48 years
old respectively.

Cu-ATPase activity
Cu-ATPase activity was determined in 3 patients with known
mutations (R778L/V1106I, R778L/V1216M and R778L/R778L),
activity of cu-ATPase was decreased by 44.55%, 88.23% and
69.49% respectively, compared with normal value.

Figure 1  Family analysis of patient 038. A: Patients father carrying 1384Del17bp (ATP7B genes position 1 384-1 400 bp deletion).
B: Msp I digested PCR product of ATP7B gene exon 8 of patients mother shows that she was R778L carrier. C and D: Patients
genotypes are R778L/1384Del17 bp, 1384Del17 bp from his father and R778L from his mother.
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Figure 2  Nucleic acid sequence of PCR products of WD gene.
A: Gly943Asp(G943D) heterlozygous for a G-A mutation at
position 2 828, B: Val1140Ala (V1140A)  heterlozygous for a T-
C mutation at position3419, C: Val1106Ile (V1106I)  heterlozygous
for aG-A mutation at position3316, D: Val1216Met (V1216M)
heterlozygous for a G-A mutation at position 3646.E. and F:
Arg778 Leu (R778L) homolozygous and heterzygous for a G-T
mutation at position 2333.

Table 2  Genotypes of ATP7B in WD patients

Exon      Mutation Amino acid     Codon

3 1384del17 His stop          1 384 delete 17 bp
7 C656X Cys X             1971 C splline
8 R778L Arg Leu  (CGG CTG) 2333 G T
12 G943D Gly Asp  (GGT GAT) 2828 G A
15 V1106I Val Ile  (GTC ATC) 3316 G A
16 V1140A Val Ala  (GTC GCC) 3419 T C
17 V1216M Val Met  (GTG ATG) 3646 G A

polymorphism
4 IVS4-5T/C 1708-5 t c
8 L/L770 2310 C G
10 2495A>G 2495 A G
18 IVS18+6C/T 3903+6 c t
20 IVS20+5A/G 4124+5 a g
21 IVS21+3 4398+3 t g

DISCUSSION
Wilson disease is an autosomal recessive disorder in copper
transport. Disturbance of copper metabolism leads to
accumulation of copper resulting in tissue damage, principally
in the liver and brain. The disorder manifests as progressive
liver degeneration, which is one of the important causes of
chronic liver disease in childhood, although it is rare. Without
early intervention, WD has a higher mortality and morbidity.
ATP7B gene for WD is distributed worldwide, and has been
demonstrated in almost all races. Epidemiological survey
indicated that the prevalence of the disease was 1/30 000 live
births, with a corresponding gene frequency of 0.3-0.7%, and
a heterozygote carrier frequency of 1%[5]. The prevalence of
the disease is high in China.
       There was a correlation between the age of onset and initial
manifestations. Initial clinical feature was diverse. The age of
onset ranged from 6 years to 15 years old in most patients with
WD. In this group of patients, 72 patients were  18 years old,
accounting for 96%, and 61 patients (81%) were 12 years
old. In a large series of patients, the initial clinical manifestations
were found to be 42% in liver, 34% in neurological system,
10% in psychiatric system, 12% in hematological system, 1%
in kidney. Less commonly, patients had skeletal or other
symptoms[5]. In our patients, the initial clinical manifestations
were found to 52% in liver (Cirrhosis, chronic active hepatitis),
21% in neurological system, 33% in saliva enlargement of
spleen, 8% in kidney. Skeletal symptoms cccirred in 3 patients
(4%).The subjects in this study were most pediatric patients, it
might be responsible for higher percentage of liver impairments
in this study, compared with that in other reports.
      To date, at least 200 different mutations have been identified
in WD chromosomes. Some mutations appear to be population
specific. H1069Q has been identified as the most common
mutation in the eastern and northern European populations[6-10].
Caca et al reported that an allele frequency of H1069Q was
63% in 82 WD patients, homozygous in 32 patients (39%),
heterozygous in 39 patients (48%)[11]. The H1069Q mutation
was found in 27/42 WD patients (64.3%) from 39 Hungarian
families, homozygous in 9, heterozygous in 18[12]. The R778L
has been reported to have a high allele frequency in the
Oriental populations, such as Japanese, Korean, and Chinese.
The allele frequency of R778L was 37.9% in Korean patients
with WD [13,14], 27% in Japanese WD[15-19] and 28-44% in
Chinese[20-30]. In this study all the 75 WD patients were Han
people. The R778L mutation was identified in 68/144 alleles
with an allele frequency of 45.6%, in 54 WD patients (72%),
homozygous in 16 patients, heterozygous in 38 patients. The
average age of the patients was 9.5 years in homozygous, 10.7
years in heterozygous, there was no significant difference
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between two groups. In our patients, we did not detect the
H1069Q mutation, the most common WD mutation found in
the European population. Our data showed that patients had
clinical manifestations at preschool age or school age, liver
impairment was the most common clinical manifestation, and
allele frequency of the R778L was higher in patients with liver
impairment. It is suggested that there might be a correlation
between R778L mutation and liver impairment at initial evaluation.
     The V1106I mutation was identified in two WD patients
with late onset of phenotypes. One patient had neurological
manifestations (tremor, and dysarthria) at the age of 39,
progressing slowly. She was diagnosed as WD based on the
decreased activity of Cu-ATPase and serum ceruplasmin,
Kayser-Fleischer rings, and increased urinary copper excretion.
Treatment with oral D- penicillamine initiated at 9 months
after diagnosis was made, showed clinical improvement. The
genotype of the patient (014) was V1140A/V1106I. The other
patient (026) having a past history of chronic hepatitis had
psychiatric symptoms at the age of 48 years. Tremor gradually
appeared and became progressively worse. After oral D-
penicillamine clinical symptoms were remitted. Her genotype
was R778L/V1106I. The other mutation did not detected by
sequencing in exons 1 to 21 in these two patients. The results
of family analysis of patient (038) with 1384De117bp/R778l
genotype demonstrated that 1384De117bp was originated
paternally and R778L maternally. R778L/V1216M (033) was
found in one patient. G to A mutation at position 3646 occurred
in exon 17 of ATP7B. The results demonstrated that the activity
of Cu-ATPase was significantly decreased in lymphocytic
membrane by 44.55% in patients with R778L/V1106I genotype,
88.23% in patients with R778L/V1216M genotype, 69.49% in
patients with R778L/R778L (034) genotype. It can be presumed
that the decreased degree of Cu-ATPase is correlated with the
severity of clinical manifestations and genotypes.
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