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ARTICLE INFO ABSTRACT

Keywords: Wilson’s disease is a complicated medical condition caused by the accumulation of copper, mostly in the liver
Wilson and brain. The genetic basis of Wilson’s disease is attributed to the presence of pathogenic variants in the ATP7B
Genotype copper-transporting gene, which prevents the excretion of copper through the biliary tract. To date, ATP7B
X;‘;;;ts remains the only identified gene that has been linked to the development of this disease. Our understanding of
Mutation spectrum the disease has been associated with the identification of particular disease-causing variants that present specific
Ethnics impairments in copper transporters. It is crucial to identify the most frequent variant in terms of ethnicity to

facilitate testing of its functionality. This study represents the initial comprehensive analysis of ATP7B variants,
providing insights into the extensive range of disease-causing mutations. Here, we describe the 1275 distinct
ATP7B variants documented so far, with particular emphasis on their regional and ethnic prevalence. The
H1069Q missense variant is the most frequently reported in Europe, Northern America, and North Africa,
whereas the R778L, C271%, and M645R variants are the most prevalent in the East Asian, Middle Eastern-South
Asian, and South American populations, respectively. Acquiring such knowledge would facilitate the imple-
mentation of a selective mutation screening approach, targeting the most predominant variant identified within a
specific ethnic group or geographic region for better diagnosis of the disease.

1. Introduction

Wilson disease, also known as hepatolenticular degeneration (HLD),
is an autosomal recessive inherited disorder of copper metabolism [1]. It
is caused by pathogenic variants in the ATP7B gene, which is located on
chromosome 13q14.3 and consists of 21 exons and 20 introns, with a
total genomic length of 80 kb. It encodes a copper-transporting ATPase
type P, containing 1465 amino acids. The protein is synthesized in the
endoplasmic reticulum (ER) and then relocated to the Golgi apparatus in
hepatocytes [2]. ATP7B gene is mostly expressed in the liver but is also
found in the kidney, mammary glands, placenta, lung, and brain. Mu-
tations in the ATP7B gene disrupt the synthesis and function of the
ATP7B protein, leading to further impairment of the copper excretion
pathway. The deficient incorporation of copper into ceruloplasmin re-
sults in a decrease in biliary copper excretion and an increase in copper
accumulation, mainly in the liver, brain, and eyes. The deposition of
copper in the body is toxic and results in clinically heterogeneous
manifestations, including liver function impairment, neurological

disturbance, and developmental delay [3].

Regarding the management of Wilson patients and the detection of
disease-causing variants, it would be beneficial to report all variants for
diagnosis and future mutation-targeted therapeutic options [4]. Despite
numerous papers on the subject, no clear analysis of the relationship
between genotype, phenotype, and mutation distribution has been re-
ported. Therefore, the review was focused on identifying and summa-
rizing the reported variants in the ATP7B gene and their corresponding
manifestations in related patients to date. To prepare this manuscript, a
literature search was conducted by the authors using the electronic
PubMed (Medline) database and the following search terms: “Wilson
disease”, “Hepatolenticular Degeneration”, “mutation,” and “genetic
variation.” The authors selected the most relevant English language
articles.

2. Variants in the ATP7B gene

After cross-checking the literature and genetic databases on ATP7B

Abbreviations: ATP7B, adenosine triphosphatase 7B; ER, endoplasmic reticulum; MLPA, multiplex ligation-dependent probe amplification; TNG, Trans-Golgi

network.
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from the oldest to the present day (from 1995 to 2022), we updated the
number of variants with the recently reported articles. To date, 1275
unique variants in the ATP7B gene from 260 articles (16,183 patients)
have been identified.

Of 1275 unique variants, 618 missense-reported variants illustrate
the predominant type (48%) in the ATP7B gene of Wilson disease.
Furthermore, 304 frameshift variants (24%), 111 nonsense variants
(9%), 17 promoter variants (1%), 86 deletions (7%), and 15 large de-
letions (1%) are reported (Fig. 1). 124 intronic variants (10%) have been
reported. These results suggest that intronic variants of ATP7B could
potentially be an overlooked contributing factor in the development of
Wilson’s disease. However, it is worth noting that promoter mutations
and large whole exon deletions/duplications of the ATP7B gene are rare
occurrences. Thus, it appears that utilizing multiplex ligation-dependent
probe amplification (MLPA) or other methods for ATP7B analysis may
be time-consuming, costly, and of limited value in the molecular diag-
nosis of Wilson’s disease.

The clustering of variants in specific subregions of the ATP7B gene
across diverse populations has been well recognized [5]. In our study, in
all exonic and intronic regions of the ATP7B gene, the variants are re-
ported (Fig. 2). However, the frequency of regional clustering of variants
was considerably higher in eight exons consisting of 2, 8, 11, 13, 14, 16,
18, and 20. It has been demonstrated that a restricted screen of eight
exons can detect 56.3% (717/1275) of all variants, which offers a more
convenient option for patients with distinct presentations of Wilson’s
disease. Additionally, identifying the causative region of the gene en-
ables molecular genetic testing to be conducted without the need for a
time-consuming and costly process. It helps clinicians decide on the
appropriate time to begin proper treatment. Nevertheless, it should be
noted that 43.7% (558/1275) of all variants were outside of the hotspot
clustering regions, and due to the nature of Wilson’s disease, compound
heterozygote variants occur. Therefore, the decision on whether to
sequence the entire or partial ATP7B coding region depends on the
clinical and biochemical data of the patients and the population under
study.

3. Geographical distribution of variants in the ATP7B gene

The frequency of reported alleles based on the origin of patients can
be found in assisting clinicians in focusing on specific variants in certain
regions, which facilitates the targeted detection of diseased alleles.
Therefore, we decided to reclassify them into a unique list including the
count of known alleles from patients and the predominant geographical
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distribution specific to each ethnic group (Fig. 3). More than 80% of the
described variants are reported from East Asia and Europe, whereas the
remaining (less than 20%) are from North/South- America, North Af-
rica, and Middle East-South Asia.

In East Asia, the most prevalent variant was the missense R778L
variant, which is represented in only 4% of the reported population i.e.,
China, South Korea, Taiwan, Vietnam, and Hong Kong. It is demon-
strated that the R778L variant is located in exon 8 and the trans-
membrane domain 4 (TM4) region of the protein, which affects both its
localization and trafficking of ATP7B [6]. Other common variants are
P992L, A874V, 11148T, N1270S, and R919G, while each one is only 2%
of reported variants.

In Europe, the H1069Q missense variant is the most common variant
with a frequency of 6.9% among all reported variants. The observed
variant induced a histidine to glutamic acid substitution within the
SEHPL motif located in the N-domain of the ATP7B gene. This leads to
protein misfolding, abnormal phosphorylation in the P-domain, dimin-
ished ATP binding affinity, compromised heat stability, and aberrant
protein localization to the Trans-Golgi network (TGN) [7]. The H1069Q
variant is found frequently in patients from a wide range of ethnic
groups i.e., Middle East-Asia (Iran), North Africa (Egypt), North and
South America (USA, Brazil, El Salvador, Cuba) over a large geograph-
ical distribution. Considering the notable prevalence and extensive
distribution of this variant, it represents a highly ancient genetic variant,
the origins of which remain unidentified so far, which needs further
investigation. The other common variants were R969Q, A1135Qfs*,
W779%, T977M, and R778G which occur in less than 2% of the popu-
lation. Our findings have demonstrated that several disease-causing
variants exhibit relatively low frequencies within specific populations,
while the prevalence of these variants exhibits significant geographical
variation across different regions [8].

In the Middle East-South Asia, many of the reported variants are
typical to a specific region. The most common is a nonsense variant
C271% (4.4%), which is reported in Indian and Pakistani patients. Other
variants that are often detected in patients from the Middle East are
N1270S, G1061E, A1003V, 11102T, and G1341S. In Iran, the H1069Q
variant, which has not been reported from elsewhere in Middle Eastern
Asia, accounts for 50% of the reported alleles. However, further studies
are needed in this region to identify the most prevalent variants.

Given the extremely limited number of reported variants in North
America, South America, and North Africa, the conclusion regarding
prevalence should be considered with caution (Table 1).

To the best of our knowledge, no mutations in Wilson patients have
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Fig. 1. Pie chart representing the distribution of different types of identified variants in Wilson patients.
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Fig. 2. The number and location of the 1275 unique variants, identified on the ATP7B gene.
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Fig. 3. Geographical distribution of the most common ATP7B alleles causing variants worldwide. It represents the distribution of ATP7B alleles in different
continents. Where the paper’s provenance was not clear or had different ethnic patients, the mutation is included in the mix on the graphic.
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Table 1
The predominant geographical distribution of variants specific to each ethnic group and country.
East Europe Middle South North North
Asia East- America America* Africa**
South
Asia
Total number of Reported variants
1808 1258 320 57 8 68
Most prevalent variant in the continent (%)
R778L H1069Q C271* M645R (7.1%) H1069Q H1069Q
(4%) (6.9%) (4.4%) A1135Qfs*13 (50%) (4.4%)
P992L R969Q (1.8%) N1270S (5.3%) K1248Tfs*83 C703Y
(2%) A1135Qfs*13 (3.8%) H1069Q (12.5%) (2.9%)
A874V (1.8%) G1061E (5.3%) M645R Others
(2%) W779* (1.7%) (2.8%) IVS1+4A>T (12.5%) (93%)
11148T T977M (1.5%) A1003V (5.3%) Others (25%)
(2%) Others (2.2%) L1088+%(5.3%)
N1270S (88.4%) 11102T Others (72%)
(2%) (2.1%)
Others Others
(89%) (85%)
Most prevalent variant in the country (%)
China R778L (2.8%) France H1069Q (2.8%) India C271% (4.9%) Brazil M645R (7.3%)
P992L (2.1%) G1099S (1.4%) G1061E S921N (4.8%)
A874V (1.9%) 11148T (1.4%) (3.4%) IVS1 +4A>T
N1270S (4.8%)
(3.1%)
Japan R778L (8.1%) Italy H1069Q (6%) Iran H1069Q Venezuela M645R (12.3%)
N958Tfs* M645R (3%) (50%) A1135Qfs*13
(7.2%) A874V R919W (3%) N1270S (1.3%)
(4.1%) (12%) A874V
(8%)
South R778L (7%) Germany H1069Q (5.4%), Saudi G1341S
Korea A874V (3%) R969Q (4.3%) Arabia (33%)
N1270S (3%)
Taiwan R778L (5.8%) Czech H1069Q (6.3%)
P992L (5.8%) A1135Qfs*(3.2%)
G943D (4.8%) D1047fs (3.2%)
Vietnam S105* (4.8%) Spain L708P (3.7%)
R778L (3%) M645R (7.5%)
P992L (3%) A1135Qfs*13
(3.8%)
Poland H1069Q (8.7%)
S653Y (3.3%)
Greece H1069Q (5.8%)
11148T (5.8%)
IVS18-2A > G
(5.8%)
" All study in North America was reported from the USA.
™ All study in North Africa was reported from Egypt
been reported in Central America, South Africa, or the continent of
Oceania. Tab!e,z L . X
Participant characteristics included Wilson patients.
4. Genotype-phenotype correlation Variable Data
Presentation
The correlation between genotype and phenotype is described as the Hepatic 4302 (45.4%)
association between a specific variant and/or class of variants with a N‘?uml"gm, ) 3631 (38.3%)

. L. . .. Mix (hepatic and neurologic) 1002 (10.7%)
particular clinical abnormality. Therefore, finding genotype-phenotype Asymptomatic 538 (5.6%)
correlations in rare inherited metabolic disorders can be complicated Liver biopsy
due to a variety of factors. In Wilson disease, these factors include the Fibrosis 74 (9.7%)
large phenotypic heterogeneity associated with the same variant and a Steatosis 178 (23.4%)

Cirrhosis 509 (66.9%)

high proportion of subclinical variants. The majority of variants in the
ATP7B gene are subclinical variants, so, genotype-phenotype correla-
tions or correlations between type and location of the variant and clin-
ical manifestation have not been established so far.

To achieve this goal, we have compiled a comprehensive list of pa-
tients identified from the literature, along with their clinical and
biochemical data. This has enabled us not only to precisely estimate the
number of published patients with Wilson disease but also to stratify

Hepatic Cu (pg/g dry)
Urine Cu 24 h (pg per 24 h)
Serum Ceruloplasmin (mg/dL)

424.8 (113-1128)
435 (109-3084)
11.47 (1.34-19)

Data are given as n (%) or mean (range).

The mean age at presentation was 15.7 years (range, 0.8-40 years).
Normal ceruloplasmin serum: 20-35 (mg/dL); Normal urine cu 24 h:
10-30 pg per 24 h; Normal hepatic copper concentration: 10-35 pg/g dry

weight.
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patients for genotype-phenotype correlations. Data on clinical,
biochemical, and pathological results of Wilson’s disease were available
for some of the patients (Table 2). Overall, of 16,183 patients, 5589
male, 4455 female, and 6139 unspecified genders were reported. The
mean age of patients at the time of presentation was 15.7 years old. Out
of the 9473 patients, the disease presentation was comprised of 45.6%
hepatic, 38.3% neurologic, 10.7% mixed presentation, and 5.6%
asymptomatic. Out of the 260 studies, 61 included a liver biopsy to
measure hepatic copper content and/or pathological results. Among the
patients who received a biopsy, 74 (9.7%) had fibrosis, 178 (23.4%) had
steatosis, and 509 (66.9%) had cirrhosis. The mean Copper level in the
liver was 424.8 (pg/g dry) among the 2319 patients. Additionally, the
mean 24-h urine copper level was 435 (pg) and the mean serum ceru-
loplasmin level was 11.47 (mg/dL) among the 14,240 patients.

Regarding genetic variation, affected patients carrying an identical
genotype in different families or even within the same family present
extensive variation in hepatic and neurological manifestations [4,8-14].
It is unknown why a particular genotype is not associated with a specific
behavior of the disease. In the most prevalent variant of East Asia, some
articles report that Wilson’s patients with the R778L variant present
with an earlier onset of disease and predominantly hepatic symptoms
[13,15-19]. Patients with the H1069Q variant, which is the most
prevalent variant in Europe, North America, and North Africa, show a
complete range of clinical manifestations; this mutation is not pre-
dominantly associated with a late or neurologic presentation [20-23].
The variants, C271*, and N1270S are the most common in Middle East-
South Asia especially the Indian and Pakistani populations with allelic
frequencies of 4.4% and 3.8%, respectively. The correlation between
genotype and phenotype for these variants is controversial. While some
papers document severe neurological impairment and K-F rings in pa-
tients during the first or early second decade of life, others report hepatic
presentations [24-28]. It is worth mentioning that most studies have
reported a lack of correlation between ATP7B gene variants and the
phenotype.

5. Conclusion

Currently, available data illustrate that a single gene causes Wilson’s
disease. Many patients may not possess the characteristic findings and
may present when their clinical disease is relatively mild. ATP7B mo-
lecular analysis can be particularly useful in patients with an atypical
presentation and in identifying affected siblings including those without
definitive symptoms. The most common variant in Europe, Northern
America, and North Africa is the missense variant H1069Q, and the most
prevalent ones in East Asian, Middle East-South Asian, and South
American populations are the R778L, C271%*, and M645R, respectively.
Detecting a wide range of variants, noting the variability in disease
manifestation despite carrying the same variants, and the predominance
of compound heterozygosity are some of the difficulties encountered in
establishing a genotype-phenotype correlation, premarital screening,
prenatal testing, and pre-implantation genetic diagnosis of Wilson’s
disease in different population.
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