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Abstract: Wilson disease is an autosomal recessive disorder characterized by toxic accumulation of copper in a number 

of organs such as liver and brain, which results in significant disability or death if left untreated. Wilson disease is caused 

by mutations in ATP7B, a copper transporter. We analyzed 108 American Wilson disease patients, who are predominantly 

White, for mutations in ATP7B. Consistent with studies from other populations, H1069Q was the most common mutation 

in this group of patients, accounting for 40.3% of the sequenced alleles; 26 of the 108 patients were homozygous, and 35 

patients were heterozygous for this mutation. We also identified 24 additional ATP7B mutations, of which five were 

novel. The five new mutations consist of two insertion mutations (2302insT and 3843insT), one splice site mutation 

(IVS11+2:T>A), one combination of deletion (2bp) and insertion (19bp) (3693-3697delins19bp), and one missense 

mutation (G1213S). All variants are predicted to be disease-causing mutations. Ninety six percent of all mutations we 

identified were clustered in regions encoding the C-terminal half (catalytic domain) of the ATP7B protein. Furthermore, 

we found that 84% of the mutant alleles identified in the American population are located in exons 14 and 18.  

INTRODUCTION 

 Wilson disease (WD) is an autosomal recessive disorder 
of copper transport with a world-wide prevalence of 30 per 
million [1-3]. WD is associated with decreased incorporation 
of copper into ceruloplasmin and a buildup of copper in 
target tissues, which result in hepatocellular failure and/or 
basal ganglia degeneration [2, 4]. This disorder is one of a 
few hepatic or neurological disorders that is treatable [1, 2, 
4]. Thus, identification of genetic mutations for suspected 
WD patients may play a critical role in successful treatment. 

 The WD gene ATP7B, comprised of 21 exons spanning 
80 kb of genomic DNA, encodes a copper-transporting P-
type ATPase [5]. Over 380 mutations in the WD gene have 
now been identified from a multitude of populations [6] 
(http://www.medicalgenetics.med.ualberta.ca/wilson/index.p
hp). Screening for mutations can thus be laborious, time 
consuming, and expensive. Since selected mutations appear 
to be restricted to specific populations [7], establishing the 
most common mutations in a given population may simplify 
initial efforts to identify WD gene mutations in specific 
families. 

 To date, two large studies have analyzed WD patients 
from North America. Tanzi et al. [8] studied 50 unrelated 
families and identified four mutations, though they only 
screened part of the WD gene. Shah et al. [9] studied 128 
North American patients and found that the H1069Q was the 
most common mutations in the WD gene. In this study, we 
analyzed 108 unrelated American patients; we find that most  
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mutations are located within exons 14 and 18 and describe 
five new mutations in the WD gene. 

SUBJECTS AND METHODS 

 This study included 108 unrelated subjects from the 
United States with confirmed WD. The diagnosis of Wilson 
disease was confirmed by a combination of a variety of 
clinical symptoms, biochemical tests, and detection of gene 
mutations, which are examined by a group of doctors headed 
by Dr. Brewer at University of Michigan. Mutation analysis 
was performed on DNA samples isolated from patient blood 
samples by PCR amplification, purification, and sequencing 
of all 21 exons from each of the patients. The primer design 
and use were based on previously published data [10]. When 
two different mutations were found in the same exon from 
the same patient, the PCR products were subcloned and 
individual clones were sequenced to confirm that they 
occurred on different chromosomes (demonstrating that the 
patients were compound heterozygotes). In addition, 98 
normal genomic DNA samples from White Americans were 
analyzed as controls to confirm the absence of the novel 
ATP7B mutations we found in this study.  

RESULTS AND DISCUSSION 

 We sequenced ATP7B gene on 216 chromosomes from 
108 American WD patients and found mutations in 128 of 
these. There was a remarkable clustering of mutations in 
exons 14 and 18 (93 and 14 of 128 mutations, respectively); 
these two exons account for 84% of the total number of hits 
in the ATP7B gene.  

 We were able to identify both ATP7B mutations in 47 
(44%) of the American patients (Table 1). H1069Q repre-
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sented the most common mutation found in this cohort. 
Twenty-six (24%) patients were homozygous for H1069Q, 
and two patients were confirmed compound heterozygous 
for E1064A/H1069Q (by subcloning and sequencing exon 
14). The frequent occurrence of H1069Q in Caucasian 
patients with WD, including those in the United States [9], is 
well documented [7]. 

 N1270S was the second most commonly identified 
mutation in our study, occurring in four of 108 patients 

(Tables 1 and 2). Most populations have distinct mutations 
that are relatively specific for the group [7, 11]. H1069Q, for 
instance, is found exclusively in patients of European origin 
[7]. Conversely, R778G mutation is extremely common for 
Asians [12]. In addition to these two common mutations, 
many other rare mutations tend to have regional clustering 
[7]. N1270S, however, is distinguished by its common 
occurrence in a large number of groups, including our 
American cohort, Chinese [12, 13], Korean [14, 15], 
Japanese [16], Indian [17], Sicilian [8], Bulgarian [18], 

Table 1. Mutations Identified in American WD Patients 

 

Mutations N
a
 Exon (Intron) N/total patients 

Double mutations    

523insA / 2302insT 1 2/8  

M645R / H1069Q 1 6/14  

2302insT / R1319X 1 8/19  

IVS11+2:T>A / IVS11-2:A>G 1 (11)/(12)  

IVS11+2:T>A / H1069Q 1 (11)/14  

IVS12+1:G>A / H1069Q  1 (12)/14  

IVS11-2: A>G / H1069Q 2 (11)/14  

E1064A / H1069Qb 2 14/14 47/108 

H1069Q / H1069Qc 26 14/14  

L1043P / Q1142X 1 14/16  

H1069Q / G1213S 2 14/17  

H1069Q / G1266R 1 14/18  

H1069Q / N1270S 3 14/18  

R1041W / R1319X 2 14/19  

H1069Q / 4091-4092delTG 1 14/20  

3693-3697delins19bpd / N1270S 1 17/18  

Single mutations    

Q544X 1 4  

2463delC 1 10  

E1064K 1 14  

H1069Q 21 14  

3843insT 2 18  

G1266R 3 18 37/108 

D1267A 1 18  

P1273S 1 18  

A1278V 2 18  

G1281D 1 18  

R1319X 1 19  

4089-4090delTG 2 20  

No mutations - - 24/108 

Notes:  

a. Number of patients. 

b. Confirmed compound heterozygous.  

c. Homozygous. 

d. TCTGGTACATTAACATTAA. 
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Egyptian [19], Brazilian [20], Italian and Turkish [21], and 
American [9] groups. The frequency of this mutation among 
diverse ethnic groups suggests that this residue may 
represent a hot spot for mutation. 

 In 37 of 108 patients (34%), we could identify only one 
mutation in coding regions of ATP7B, while in 24 patients 
(22%), we did not detect any mutations in ATP7B (Table 1). 
Several groups have reported WD patients without coding 
mutations in ATP7B [14, 22, 23]. The high frequency of 
normal ATP7B coding alleles in this large WD cohort and 

other studies suggests that other mechanisms besides coding 
mutations in ATP7B could account for a significant number 
of WD cases. Several possibilities could account for this: 1) 
presence of a different gene for Wilson disease, 2) mutations 
in the introns distal from the splice site resulting in altered 
splicing, 3) mutations in gene regulatory regions resulting in 
down-regulation of ATP7B gene expression.  

 Upon comparison of our results with the WD database 
(http:/www.wilsondisease.med.ualberta.ca/database.aspdatab
ase), several novel mutations were identified: two (2302insT 

Table 2. Characteristics of the ATP7B Variants Identified 

 

Mutations
a
 Exon (Intron) Domain

 c
 Chr. 

d
 %

e
 

Missense     

M645R 6 Cu6/TM1 1 0.5 

R1041W 14 ATP loop 2 0.9 

L1043P 14 Ph 1 0.5 

E1064A 14 ATP loop 2 0.9 

E1064K 14 ATP loop 1 0.5 

H1069Q  14 ATP loop 87 40.3 

G1213S 17 ATP binding 2 1.4 

G1266R 18 ATP hinge 4 1.9 

D1267A 18 ATP hinge 1 0.5 

N1270S 18 ATP hinge 4 1.9 

P1273S 18 ATP hinge 1 0.5 

A1278V 18 ATP hinge 1 0.5 

G1281D 18 ATP hinge 1 0.5 

Nonsense     

Q544X 4 Cu5/6 1 0.5 

Q1142X 16 ATP loop 1 0.5 

R1319X 19  3 1.4 

Frameshift     

523insA 2 Cu2 1 0.5 

2302insT 8 TM4 2 0.9 

2463delC 10 TM4 1 0.5 

3693-3697delins19bpb
 17 ATP binding 1 0.5 

3843insT 18 ATP hinge 2 0.9 

4089-4090delTG 20 TM8 3 1.4 

Splicing     

IVS11+2:T>A (11) - 2 0.9 

IVS11-2:A>G (11) - 2 0.9 

IVS12+1:G>A (12) - 1 0.5 

Unknown   88 40.7 

Notes:  

a. Novel mutations found in this study are underlined. 

b. TCTGGTACATTAACATTAA. 

c. Cu=Copper binding, TM=Transmembrane, Ph=phosphorylation domains. 

d. Number of chromosomes affected. 

e. Frequency of affected WD chromosomes  
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and 3843insT) were single nucleotide insertions which 
produce frame shifts in exons 8 and 18; one was a mutation 
in the conserved intron 11 splice site (IVS11+2:T>A); one 
was a complex change involving a two nucleotide deletion 
and insertion of 19 bases (TCTGGTACATTAACATTAA) 
within exon 17 (3693-3697delins19bp), which causes a 
frame shift. These four novel mutations lead to gross 
alterations of affected ATP7B structure and are almost 
certainly disease-causing mutations.  

 Finally, we identified G1213S in exon 17. G1213 is 
located in the conserved ATP7B ATP binding pocket. 
G1213S results in the insertion of a larger, more hydrophilic 
residue in the pocket that could alter ATP binding and 
decrease catalytic function. A similar mutation G1213V has 
been identified in the Kurdish population and was postulated 
to be a disease-causing mutation [24]. In addition, an 
analysis of 98 normal genomic DNA samples, generously 
provided by Dr. Jeremy Nathans, failed to identify the 
G1213S variant. Combined, these results suggest that the 
G1213S mutation may be a disease-causing mutation of 
ATP7B.  

 In summary, we present one of the largest North 
American studies of ATP7B in Wilson disease to date. This 
study confirms the wide range of mutations that lead to this 
disorders, but also demonstrates that majority of the 
confirmed mutations in White Americans can be identified 
through analysis of exons 14 and 18 in American WD 
suspects. It is hoped that knowledge of these mutations in 
ATP7B will lead to more accurate information about 
prognosis and improved genetic testing and counseling. 
Further functional studies of the mechanisms of these 
mutations are warranted.  
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