astroenterology

Baishideng Publishing Group Inc



/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 23 Number 36 September 28,2017

REVIEW
6549  Treatment options for alcoholic and non-alcoholic fatty liver disease: A review

Singh S, Osna NA, Kharbanda KK

6571  Nonalcoholic fatty liver disease: Evolving paradigms
Lonardo A, Nascimbeni F, Maurantonio M, Marrazzo A, Rinaldi L, Adinolfi LE

6593  New therapeutic perspectives in irritable bowel syndrome: Targeting low-grade inflammation, immuno-
neuroendocrine axis, motility, secretion and beyond
Sinagra E, Morreale GC, Mohammadian G, Fusco G, Guarnotta V, Tomasello G, Cappello F, Rossi F, Amvrosiadis G,

Raimondo D

MINIREVIEWS
6628  Glucocorticosteroid therapy in inflammatory bowel diseases: From clinical practice to molecular biology
Dubois-Camacho K, Ottum PA, Franco-Muiioz D, De la Fuente M, Torres-Riquelme A, Diaz-Jiménez D, Olivares-Morales M,

Astudillo G, Quera R, Hermoso MA

ORIGINAL ARTICLE
Basic Study
6639  Attenuation of MET-mediated migration and invasion in hepatocellular carcinoma cells by SOCS1

Gui Y, Khan MGM, Bobbala D, Dubois C, Ramanathan S, Saucier C, llangumaran S

6650  Protective effects of oral glutathione on fasting-induced intestinal atrophy through oxidative stress

Uchida H, Nakajima Y, Ohtake K, Ito J, Morita M, Kamimura A, Kobayashi J

6665 Faecal and mucosal microbiota in patients with functional gastrointestinal disorders: Correlation with toll-
like receptor 2/toll-like receptor 4 expression
Dong LN, Wang JP, Liu P, Yang YF, Feng J, Han Y

Case Control Study
6674  Genetic biomarkers for hepatocellular cancer risk in a caucasian population

De Mattia E, Cecchin E, Polesel J, Bignucolo A, Roncato R, Lupo F, Crovatto M, Buonadonna A, Tiribelli C, Toffoli G

Retrospective Cohort Study
6685  Prognostic value of lymphovascular invasion in Bismuth-Corlette type IV hilar cholangiocarcinoma
Li B, Xiong XZ, Zhou Y, Wu SJ, You Z, Lu J, Cheng NS

Raishidenge ~ WJG | www.wjgnet.com 1 September 28, 2017 | Volume 23 | Issue 36 |



World Journal of Gastroenterology

SellEdi Volume 23 Number 36 September 28, 2017

Retrospective Study
6694  Gastrointestinal symptom prevalence depends on disease duration and gastrointestinal region in type 2
diabetes mellitus

Fujishiro M, Kushiyama A, Yamazaki H, Kaneko S, Koketsu Y, Yamamotoya T, Kikuchi T, Sakoda H, Suzuki R, Kadowaki T

Observational Study
6705  Serum angiotensin-converting enzyme level for evaluating significant fibrosis in chronic hepatitis B
Noguchi R, Kaji K, Namisaki T, Moriya K, Kitade M, Takeda K, Kawaratani H, Okura Y, Aihara Y, Furukawa M, Mitoro A,

Yoshiji H

6715  Wilson's disease in Lebanon and regional countries: Homozygosity and hepatic phenotype predominance

Barada K, El Haddad A, Katerji M, Jomaa M, Usta J

6726  Short-term outcomes of overlapped delta-shaped anastomosis, an innovative intracorporeal anastomosis
technique, in totally laparoscopic colectomy for colon cancer

Zhou HT, Wang P, Liang JW, Su H, Zhou ZX

Prospective Study
6733  Effect of local wound infiltration with ropivacaine on postoperative pain relief and stress response reduction
after open hepatectomy

Sun JX, Bai KY, Liu YE, Du G, Fu ZH, Zhang H, Yang JH, Wang B, Wang XY, Jin B

CASE REPORT
6741  Pedicled omental patch as a bridging procedure for iatrogenic bile duct injury

Ng JJ, Kow AWC

Raishidenge ~ WJG | www.wjgnet.com I September 28, 2017 | Volume 23 | Issue 36 |



Contents

World Journal of Gastroenterology
Volume 23 Number 36 September 28, 2017

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Shinji Tanaka,
MD, PhD, Associate Professor, Department of Hepato-Biliary-Pancreatic
Surgery, Tokyo Medical and Dental University, Tokyo 113-8519, Japan

AIMS AND SCOPE

World Journal of Gastroenterology (World | Gastroenterol, WJ]G, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. ]G was estab-
lished on October 1, 1995. It is published weekly on the 7" 14th, 21, and 28" each month.
The WJ]G Editorial Board consists of 1375 experts in gastroenterology and hepatology
from 68 countries.

The primary task of WJ]G is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

Waorld Journal of Gastroenterolagy (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports”, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2017 edition of Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year
impact factor: 3.176), ranking ]G as 29" among 79 journals in gastroenterology and hepatol-

ogy (quartile in category Q2).

FLYLEAF I-IX

Editorial Board

EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Fer-Fen Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Assistant Editor: Xiang Li

Responsible Science Editor: Yuan Oi
Proofing Editorial Office Director: Jin-Iei Wang

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF

Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Sur-
gery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach,

CA 90822, United States http:/ /www.wjgnet.com

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wignet.com/1007-9327/editorialboard.htm

PUBLICATION DATE
September 28, 2017

COPYRIGHT

EDITORIAL OFFICE © 2017 Baishideng Publishing Group Inc. Articles pub-

Jin-Lei Wang, Director

Yuan Qj, Vice Director

Ze-Mao Gong, Vice Director
World Journal of Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

PUBLISHER

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wijgnet.com

Help Desk: http://www.f6publishing.com/helpdesk

lished by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Non-
commercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.

SPECIAL STATEMENT

All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opin-
ions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wignet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http:/ /www.f6publishing.com

JRaishideng®

WIJG | www.wjgnet.com

1

September 28, 2017 | Volume 23 | Issue 36 |




W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.3748 /wjg.v23.i36.6715

World | Gastroenterol 2017 September 28; 23(36): 6715-6725

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Observational Study
Wilson’s disease in Lebanon and regional countries:
Homozygosity and hepatic phenotype predominance

Kassem Barada, Aline El Haddad, Meghri Katerji, Mustapha Jomaa, Julnar Usta

Kassem Barada, Aline El Haddad, Department of Internal
Medicine, American University of Beirut Medical Center, Beirut
110236, Lebanon

Meghri Katerji, Mustapha Jomaa, Julnar Usta, Department
of Biochemistry and Molecular Genetics, Faculty of Medicine,
American University of Beirut, Beirut 110236, Lebanon

ORCID number: Kassem Barada (0000-0002-9629-1708);
Aline El Haddad (0000-0001-7527-0935); Meghri Katerji
(0000-0003-0971-8177); Mustapha Jomaa (0000-0003-3807-
6839); Julnar Usta (0000-0002-6191-6763).

Author contributions: El Haddad A, Katerji M, Jomaa M
compiled the data and helped in the literature review; Barada K
and Usta J coordinated and supervised the research and the write
up of the manuscript.

Supported by the Medical Practice Plan and University
Research Board grants to J Usta at the American University of
Beirut.

Institutional review board statement: The study was reviewed
and approved by the American University of Beirut (AUB)
Institutional Review Board (IRB Protocol No. BioCh.JU.01).
Blood samples were drawn after seeking approval from each
participant and obtaining their signature on the consent form.

Conflict-of-interest statement: The authors state they have no
conflicts to declare.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Baishidenge ~ WJG | www.wjgnet.com

Correspondence to: Julnar Usta, PhD, Professor, Department
of Biochemistry and Molecular Genetics, American University of
Beirut, Riad el Solh, Beirut 110236, Lebanon. justa@aub.edu.lb
Telephone: +961-1-350000

Received: May 4, 2017

Peer-review started: May 5, 2017
First decision: June 7, 2017

Revised: June 16, 2017

Accepted: July 12,2017

Article in press: July 12,2017
Published online: September 28, 2017

Abstract

AIM

To determine the phenotypes and predominant disease-
causing mutations in Lebanese patients with Wilson's
disease, as compared to regional non-European data.

METHODS

The clinical profile of 36 patients diagnosed in Lebanon
was studied and their mutations were determined
by molecular testing. All patients underwent full
physical exam, including ophthalmologic slit-lamp
examination ultrasound imaging of the liver, as well as
measurement of serum ceruloplasmin and 24-h urinary-
Cu levels. In addition, genetic screening using PCR
followed by sequencing to determine disease-causing
mutations and polymorphisms in the A7P78 gene was
carried on extracted DNA from patients and immediate
family members. Our phenotypic-genotypic findings
were then compared to reported mutations in Wilson’s
disease patients from regional Arab and non-European
countries.

RESULTS

Patients belonged to extended consanguineous families.
The majority were homozygous for the disease-causing
mutation, with no predominant mutation identified.
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The most common mutation, detected in 4 out of 13
families, involved the ATP hinge region and was present
in patients from Lebanon, Egypt, Iran and Turkey.
Otherwise, mutations in Lebanese patients and those
of the region were scattered over 17 exons of A7P/B.
While the homozygous exon 12 mutation Trp939Cys
was only detected in patients from Lebanon but none
from the regional countries, the worldwide common
mutation H1069Q was not present in the Lebanese
and was rare in the region. Pure hepatic phenotype
was predominant in patients from both Lebanon and
the region (25%-65%). Furthermore, the majority of
patients, including those who were asymptomatic, had
evidence of some hepatic dysfunction. Pure neurologic
phenotype was rare.

CONCLUSION

Findings do not support presence of a founder effect.
Clinical and genetic screening is recommended for
family members with index patients and unexplained
hepatic dysfunction.

Key words: Wilson Disease; Cu-metabolism; Phenotype;
Genotype; ATP7B; Hepatic manifestations

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report on the genotype-phenotype of
36 Lebanese patients with Wilson’s disease from 13
different families. The majority were homozygous for
disease-causing mutations. The most common mutation
worldwide, His1069Trp, was absent in our patients.
The ATP hinge region may comprise a hot spot for
mutations, as it was detected in 4 families. Hepatic
phenotypes were predominant in both symptomatic
and asymptomatic patients. Neurologic phenotypes
were rare. Compared to findings reported in regional
Arab and non-European countries, our results do not
support a founder effect. Mutations are scattered
over 17 exons, with no common or frequent mutation
characterizing the region.

Barada K, El Haddad A, Katerji M, Jomaa M, Usta J. Wilson’s
disease in Lebanon and regional countries: Homozygosity and
hepatic phenotype predominance. World J Gastroenterol 2017;
23(36): 6715-6725 Available from: URL: http://www.wjgnet.
com/1007-9327/tull/v23/i36/6715.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i36.6715

INTRODUCTION

Wilson’s disease (WD) is an autosomal recessive
disorder of copper (Cu) metabolism, resulting from
defects in the ATP7B gene protein. It is characterized
by failure of Cu incorporation into ceruloplasmin
(Cp) and decreased biliary Cu excretion. As a con-
sequence, Cu accumulates in various organs, primarily
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liver and brain. The clinical presentations of WD
are characterized by substantial diversity. Patients
can present at any age in variable combinations
of liver impairment, neurologic dysfunction and/or
osseomuscular symptom. Hepatic manifestations
include asymptomatic transaminitis, acute or chronic
hepatitis, fulminant hepatic failure and/or cirrhosis,
while neurologic symptoms vary from mild tremors,
articulating problems, dysarthria, Parkinson-like
features, seizures and cognitive dysfunction. Some
patients have mixed hepato-neurologic presentation™.
Ophthalmologic involvement with Kaiser-Fleischer (KF)
rings is common.

Traditionally, the diagnosis of WD is based on low
serum-Cp (< 20 mg/dL), high 24-h urinary Cu and
high hepatic Cu content (250 pg/g dry tissue)®?*.
Recent guidelines for the diagnosis of WD were
published by the European Association for the Study
of the Liver (EASL)™. Nonetheless, the diagnosis of
WD may be difficult based on clinical and laboratory
criteria, and in some patients it is delayed, leading to
detrimental consequences™. This is why molecular
testing and genotypic analysis may be warranted
for confirming and/or supporting a diagnosis of WD,
particularly in asymptomatic patients”™.

More than 500 mutations have been identified in WD
with a very high allelic heterogeneity. Most patients are
compound heterozygous, rendering it difficult to ascribe
a phenotype to a specific genotype™. Furthermore,
a large number of mutations are rare, making it im-
practical to screen populations for all WD-causing
mutations'”’. Some mutations, however, are relatively
frequent and population-specific, like the p.His1069GIn
on exon 14 in Northern and Eastern European patients™,
the p.Arg778Leu and the p.Arg778Gly mutations on exon
8 among Chinese and Taiwanese patients respectively!”,
and the deletion in the 5’ regulatory region in Sardinian
patients!'®. These findings facilitate molecular diagnosis
based on patients’ ethnic background. In the Arab
World, consanguinity and marriage among individuals
belonging to the same ethnic background is very
common, thereby increasing the prevalence of genetic
disorders, including WD, However, it is not known
whether there is a predominant WD mutation in the
Arab world, and if so what its phenotypic associations
are.

In a cohort of Egyptian patients, genotypic and
phenotypic profiles were described, but no prevalent
mutation was identified™™?. Moreover, previous reports
from Lebanon on a limited number of families suggested
an association of liver presentation with homozygous
missense mutations: Gly691Arg and non-His1069Trp
in exons 7 and 14 of the ATP7B gene respectively™*'*¥,
Whether a specific WD mutation prevails in Lebanon is
not known.

In this study, we described the spectrum and
frequency of mutations and phenotypes in 36 Lebanese
WD patients. We also conducted a comprehensive
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literature search for regional studies on WD in Arab and
non-European countries in the Middle East. In order
to determine whether there is a frequent mutation
characterizing the region, a comparative study was
undertaken to identify common mutations in the region,
and to compare them to our data. We also determined
if common mutations in the region were associated with
similar clinical phenotypes.

MATERIALS AND METHODS

A total of 36 patients (Pi-P3s) from 13 unrelated Le-
banese families (U, Or, S, Ah, T, B, H, Ha, Is, Z, Ri, Sc
and Gh) were enrolled in the study. Most patients were
diagnosed at the American University of Beirut (AUB)
Medical Center, a major tertiary referral center in
Lebanon. All participating subjects were asked to sign
a written consent form (Protocol No. BioCh.JU.01) that
was approved by both the Institutional Review Board
and Research Committee at AUB.

Clinical testing

Patients’ data for evaluation included: history, date of
birth, age of onset of symptoms, age at diagnosis, and
findings from full physical exam, ophthalmologic slit-
lamp examination, and biochemical tests, including
liver function tests, serum-Cp and 24-h urinary-Cu
levels. Abdominal ultrasound imaging of the liver was
performed on all patients and, when necessary, brain
magnetic resonance imaging was done. Phenotypic
classifications were designated following Ferenci’s
classification as hepatic, neurologic, mixed or asym-
ptomatic™®’. Diagnosis was further established by
computing total WD score developed at the 8" inter-
national meeting'®!. Family members (siblings, parents)
of all WD-confirmed index patients were also subjected
to physical, biochemical and genotypic testing.

Genotypic screening

DNA screening for disease-causing mutations and
single nucleotide polymorphisms was performed on
all recruited subjects and their immediate family
members. Extraction of DNA from blood samples
followed by amplification (using PCR) of the 21 ATP/B
exons was carried out as described™®*, Amplified PCR
products were purified, sequenced and compared
to published normal sequences in the following data-
banks: Blat at University of California Santa-Cruz,
Genome Bio-informatics (http://www.Genome.ucsc.
edu/cgi-bin/hgBlat) or Blast at National Center for
Biotechnology Information (http://www.ncbi.nih.gov/
blast).

WD in regional countries

After identifying the disease-causing mutations in our
patients, we compared them to reported mutations
in WD patients from regional Arab and Non-European
countries. A comprehensive literature search of
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PubMed and Medline, as well as of the University of
Alberta database (http://www.wilsondisease.med.
ualberta.ca/database.asp), was conducted for articles
published from the regional Arab and non-European
countries. Index terms used were Wilson Disease,
genotype, phenotype, and each of the following
countries: Lebanon, Syria, Jordan, Egypt, Iraq, Saudi
Arabia, Kuwait, Bahrain, Qatar, UAE, Yemen, Tunisia,
Morocco, Libya, Mauritania, Turkey, Iran and Oman.
We included studies in which both the genotype and
phenotype were identified. In some studies, it was
not clearly indicated whether patients presenting to
one medical center with a certain mutation belonged
to the same family or to different ethnic groups!®*”.,
This made it difficult to estimate the most frequent
genotype. We, therefore, opted to identify common
mutations between Lebanon and the region, and to
determine the frequent regional mutations as indicated
by the authors of the various reports.

RESULTS

Clinical presentation

In this study, 36 Lebanese WD patients, including 15
females and 21 males, were recruited from different
regions in Lebanon. Patients belonged to 13 unrelated
families, referred to as: U (Pi-Ps); Or (Pw); S (P11-Pis);
Ah (P20); T (P21-P23); B (P24-P2s5); H (P26-P2s); Ha (P29-P30);
Is (P31); Z (P32-Ps3); Ri (P34); Sc (P3s); and Gh (Pss)
families. Consanguinity was present in the parents of
27 of the patients (75%), who belonged to the U, S, B,
H, Ha, and Z families (Table 1). WD scores computed
following EASL guidelines ranged between 4 and 12
(Table 2), confirming the diagnosis.

The clinical profiles of affected subjects are su-
mmarized in Table 2. Age at diagnosis ranged between
1 and 39 years. All patients had low Cp level (< 0.2 g/L),
except for P4 and P14, Out of 31 patients, 18 (58%) had
KF rings (5/36 were NAV). Out of the 36 WD patients,
24 were symptomatic (67%; 16 males and 8 females)
and presented clinically at an average age of 14.5 years.
Data on Ps-Ps were not available. Twelve patients were
asymptomatic (33%), diagnosed by genetic screening
of family members of index patients. Their average age
was 7.6 years.

Pure hepatic phenotype was the most common in
our symptomatic patients [9/32: P1, Pis-P17, P1s, P2o,
P2s, P27-P2s and P32]. Neurologic presentation was noted
in 12.5% of patients (4/32: P12, P14, P34 and Pss). Mixed
presentation was observed in 25% of patients (7/32:
P2, Pio, P2a, P26, P29, P31 and Pss), two of whom had
suicidal attempts/disposition (Pio and P2s). Notably,
liver cirrhosis was present in 12 symptomatic (38%)
patients (Pi, P2, Pio, P16-Pis, P20, P24, P26-P2s and P32),
including 4 patients with mixed presentation.

Of the asymptomatic subjects who were diagnosed
by screening, 10/12 patients had evidence of liver
disease, ranging from transaminitis (P3-Ps, Pii, P13,
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Table 1 Spectrum of mutations in the A7P7B gene of Lebanese patients with Wilson’s disease

Family ID Sex Birth date AD Exon Mutation(s) Region of protein
U P M 1966 7 7 Gly691Arg T™M2
P M 1985 9 7 Gly691Arg T™M2
P F 1986 13! 7 Gly691Arg T™M2
P F 1990 9! 7 Gly691Arg T™M2
Ps M 1996 3! 7 Gly691Arg T™M2
Ps M NAV 3 7 Gly691Arg T™M2
P M NAV 72 7 Gly691Arg T™M2
Ps M NAV 122 7 Gly691Arg T™M2
Po F NAV NAV 7 Gly691Arg T™M2
Or P F 1986 21 7/10 Gly691Arg/ Val845Ser T™™2/Td
S Pn F 1993 5! 8 2299insC/2299insC T™M4
P2 M 1973 12 8 2299insC/2299insC T™M4
P F 1997 10" 8 2299insC/2299insC T™M4
Pus M 1980 16 8 2299insC/2299insC T™M4
Pis M 2007 1' 8 2299insC/2299insC T™M4
Pis M 1981 16 8/13 2299insC/p.Ala1003Thr TM4/Ch-TM6
Pw F 1983 14 8/13 2299insC/p.Ala1003Thr TM4/Ch-TM6
Pis F 1993 12 8/13 2299insC/p.Ala1003Thr TM4/Ch-TM6
Pro F 1989 15" 8/13 2299insC/p.Ala1003Thr TM4/Ch-TM6
Ah P2 M 1992 15 8 2299insC/2299insC T™M4
T Px F 1998 7 12 Trp939Cys Td
P2 M 2001 8' 12 Trp939Cys Td
Pxs M 2006 3! 12 Trp939Cys Td
B Pos M 1992 13 12 Trp939Cys Td
P2 M 2002 5° 12 Trp939Cys Td
H P2s E 1985 18 18 Asn1270Ser ATP hinge
P2 E 1987 18! 18 Asn1270Ser ATP hinge
Pas E 1991 8 18 Asn1270Ser ATP hinge
Ha P2 E 1998 14 18 Asn1270Ser ATP hinge
Pso F 2002 11 18 Asn1270Ser ATP hinge
Is Pa M 1995 13 18 Asn1270Ser ATP hinge
VA Px M 1990 15 18 Prol1273Leu ATP hinge
Ps M 2000 6 18 Prol1273Leu ATP hinge
Ri Pas M 2009 3 19 Argl1319stop ™7
Sc Pss M 1979 22 15/19 Thr1092Met/ Arg1319stop ATP loop/TM7
Gh Ps6 M 1970 39 - None identified -

'Screening; “Died at age; *Deceased. AD: Age at diagnosis; NAV: Not available.

P21-P23, P30 and P33) and hepatomegaly detected by
abdominal ultrasound (P11, P13 and P21) to full blown
cirrhosis (P22-P23). Overall, 27/32 patients (84%) on
whom we had clinical information presented with some
form of hepatic dysfunction.

Patients with the neurologic phenotype presented
at an average age of 22.3 years, while those with
hepatic and mixed phenotypes presented at 12.2 and
14 years, respectively. KF rings were present in 17
symptomatic patients (5 symptomatic were NAV) and
absent in two (P2s, P34). They were not identified in
the asymptomatic patients, except for patient Pis who
had KF rings with no evidence of hepatic or neurologic
dysfunctions.

Mutation analysis

Sequencing of the ATP7B gene revealed (Table
1) 9 different disease-causing mutations in 70
chromosomes (35 patients), which were distributed as:
7 missense (exons: 7, 12, 10, 13, 15 and 18), 1 non-
sense (exon 19), and 1 frame-shift (exon 8). Out of
70 chromosomes, missense/frameshift and/non-sense
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mutation(s) were detected in 51:16:3 chromosomes
at 72.8%:22.8%:4.3% frequency respectively. No
mutation was identified in Pss, who had been diagnosed
based on KF rings, and clinical and biochemical testing.
Out of 35 patients, 29 were homozygous (82.8%)
for a disease-causing mutation and 6 were compound
heterozygous (17.1%). Parents of our index patients
were carriers for the disease-causing mutations.
Mutations were most frequent in the exon 18 motif
encoding the conserved ATP hinge region of WD gene
product. Four out of the 13 unrelated families (H, Ha,
Is and Z) had, in this motif, missense mutations in
the homozygous state; these were Asn1270Ser in 6
patients (P2s-Ps1) and Pro1273Leu in 2 patients (Ps2-Ps3),
accounting for 17% and 5.7% of chromosomes
respectively. Other identified mutations (Table 1)
included missense mutations in exon 7 (Gly691Arg;
10 patients: U and Or) and exon 12 (Trp939Cys; 5
patients: T and B), frameshift in exon 8 (2299insC; 10
patients: S and Ah), and nonsense mutation in exon
19 (Arg1319stop; 2 patients: Ri and Sc), accounting
for a chromosome frequency of 27%, 14%, 23% and
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Table 2 Phenotypic and genotypic profiles of Lebanese patients with Wilson’s disease

ID Mutation(s) GI manifestation(s) Neurological manifestations KF rings Cp Urinary Cu Score
P Gly691Arg Liver cirrhosis Absent Present NAV 718.8 8
P2 Gly691Arg Liver cirrhosis Change in school performance Present 0.11 1998 10
Ps Gly691Arg Asymptomatic' Absent Absent 0.03 1485 8
Ps Gly691Arg Asymptomatic' Absent Absent 0.22 304 6
Ps Gly691Arg Asymptomatic' Absent Absent 0.02 65.9 7
Ps Gly691Arg NAV NAV NAV NAV NAV 4
7 Gly691Arg NAV NAV NAV NAV NAV 4
Ps Gly691Arg NAV NAV NAV NAV NAV 4
Py Gly691Arg NAV NAV NAV NAV NAV 4
Puo Gly691Arg/ Liver cirrhosis Suicidal attempts Present 0.08 2184 12
Val845Ser
Pu 2299insC Asymptomatic Absent Absent 0.04 99 7
P2 2299insC Absent Slurred speech, ataxia, tremors Present 0.072 512 12
P 2299insC Asymptomatic Absent Absent 0.03 152.8 8
Pu 2299insC Absent Choreoathetosis, tremors, rigidity Present 0.423 2300 10
Pis 2299insC Asymptomatic Absent Absent 0.019 10 6
Pie 2299insC/ Liver cirrhosis Absent Present 0.096 775 10
p-Alal003Thr
Pi7 2299insC/ Liver cirrhosis Absent Present 0.096 590 10
p-Alal003Thr
Pis 2299insC/ Liver cirrhosis Absent Present 0.17 645 9
p-Alal003Thr
P 2299insC/ Absent Absent Present 0.12 487 9
p-Alal003Thr
P 2299insC Liver cirrhosis Absent NAV 0.023 651 8
P Trp939Cys Asymptomatic Absent Absent 0.02 77.6 7
P2 Trp939Cys Asymptomatic Absent Absent 0.02 20 6
Px Trp939Cys Asymptomatic Absent Absent 0.02 415 6
P Trp939Cys Liver cirrhosis, ascites Jaw drooping, hypersalivation, Present 0.021 744 12
slurred speech, narrow based gait,
intention tremors
P2 Trp939Cys Liver cirrhosis, Hepatic Absent Absent 0.04 NAV 6
encephalopathy, Hepatomegaly,
Mild to moderate ascites
P2s Asn1270Ser Liver cirrhosis Psychiatric symptoms and suicidal =~ Present 0.03 27.6 10
attempts
P Asn1270Ser Liver cirrhosis Absent Present 0.03 65.1 9
Pas Asn1270Ser Ascites, liver cirrhosis Absent Present 0.04 55 9
P2 Asn1270Ser Transaminitis Neurodevelopmental Present 0.078 171 11
Pao Asn1270Ser Asymptomatic Absent Absent 0.03 116 8
Pa Asn1270Ser Chronic liver parenchymal ~ Dysarthria and left-sided dystonia Present 0.029 402.3 12
disease
Ps2 Prol1273Leu Ascites, Liver cirrhosis, Hepatic Absent Present 0.17 1041.1 9
encephalopathy
Pas Pro1273Leu Asymptomatic Absent Absent 0.19 89.7 6
Pas Argl319stop Asymptomatic Delay in speech Absent 0.02 92 8
Pss Thr1092Met/ Chronic liver disease and early  Clenching of mandible, left side Present 0.025 199 12
Argl1319stop portal hypertension dystonia, sialorrhea, dysarthia,
head tremors
Pss None identified Absent Drooling, dysathria, difficulty Present 0.085 NAV 6

concentrating, dysphagia

"Developed later. Normal range: Serum ceruloplasmin: 0.2 to 0.6 g/L; Urine copper: 15 to 50 pg/24 h. Score = Ferrenci Score of diagnosis. 2 or less: Very
unlikely; 3: Possible, more tests needed; 4 or more: Established".. Cp: Ceruloplasmin (g/L); KF: Keiser-Fleischer; NAV: Not available; Urinary Cu: 24-h
urine copper (ug/24 h).

4.3% respectively. Compound heterozygous mutations
were identified in exons 10 (Or: Pw), 13 (S: Pis-P19)
and 15 (Pss).

Eight polymorphisms were detected in exons 2,
3, 10, 12, 13 and 16 (Table 3) in patients and normal
chromosomes obtained from related and unrelated
individuals. Three polymorphisms (Lys832Arg,
Arg952Lys and Val1140Ala) were present in the homo-

Baishidenge ~ WJG | www.wjgnet.com

zygous state in 94% (34/36) of patients and in the
heterozygous state in 5% (P11 and P1), in addition to
othersin exons 2, 3 and 13 (Table 3).

WD patients: Lebanon vs regional countries

A search of the literature for population studies on
the spectrum of mutations in WD patients in the
region, including Arab and non-European countries,
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Table 3 Identified polymorphisms in the A7P7B gene of Lebanese patients with Wilson’s disease

Polymorphism Asp96Gly Ser406Ala Val456Leu Lys832Arg  Arg952Lys Ala1003 Ala Val1140Ala Ser1166Ser
Exon 2 2 B] 10 12 13 16 16
Base change GAC—->GGC TCT—->GCT GIG—CIG AAG— AGG AGA — AAA GCG — GCA GTC - GCC AGC — AGT
Domain Cul-4 Cu4 binding ~ Cu4/Cub Td Tm5 ATP binding/Tmé6  ATP loop ATP loop
Family
U HM HM HM
Or HM HM HM HM HM
S
P1, P2, P31, P41, P59 HM HM HM
P7, P8 HT HT HT
P3, P4 HM HM
AH HM HM HM HM
TF HM HM HM HM HM
B HM HM HM HM
H HM HM HM HM HM
Ha HM
Is HM HM HM HM
VA HM HM HM HM HM
Ri HM HM HM
Sc HT HM HM HM
Gh HM HM HM HM HM
Ah HM HM HM HM

was conducted. A total of 77 articles on WD patients
were initially identified, but only those reporting the
genotypes and/or the phenotypes were considered.
Consanguinity, homozygosity and frequency of mutation
were also noted when indicated.

Seventeen articles were included and distributed as
follows: Saudi Arabial’®?!, Eqypt™?# ! Turkey!*>*®,
Iran®®® Oman'' and Lebanon®“'**%, Two reports
on WD from Iraq were not included, as they had no
genotypic information. There were no reports on WD
from Jordan, Libya, Tunisia, Morocco or Syria.

Homozygosity was highly prevalent in Lebanese
WD patients (83%), and ranged between 68%-85.7%
and 50%-53% in Egyptian and Saudi Arabian
patients respectively. This finding is attributed to
high consanguinity (Table 4) that is common in our
societies, or the high prevalence of the same mutation
in carriers. Frequency of asymptomatic cases was
relatively similar in Lebanon, Egypt and Saudi Arabia.
Similar to Lebanese patients, many of asymptomatic
patients had evidence of hepatic dysfunction on
laboratory and/or imaging studies. Hepatic phenotype
was more common than neurologic phenotype in
patients from Lebanon, Egypt, Turkey, Iran and
Saudi Arabia. Taking into account patients who are
asymptomatic and those with mixed phenotype, the
vast majority of patients in those countries have some
form of hepatic dysfunction. A minority of patients
had pure neurologic phenotype. Also, the frequency of
patients having KF rings was high and was similar in
the 5 countries (Table 4). In a report on a single family
from Oman, 78% of patients were asymptomatic and
21% had neurologic phenotype. No patients had a
hepatic phenotype in that study.

In conducting our analysis of genotypes, we con-
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sidered a mutation to be frequent if it was present in
multiple unrelated families. We compared genotypic
changes in the ATP7B gene of Lebanese patients with
those from regional Arab and non-European patients.
In our patients, the conserved ATP hinge region (exon
18) was the most frequently mutated region identified
in 4 unrelated families (Table 1).

Table 3 shows that Lebanese patients share
in common with: (1) Egypt, Iran and Turkey, the
Val845Ser and Asp1270Ser mutations in exons 10 and
18 respectively; (2) Egypt, the Pro1273Leu mutation in
exon 18; (3) Egypt and Turkey, the Arg1319X mutation
in exon 19; and (4) Turkey, the Alal1003Thr mutation
in exon 13 and the exon 7 mutation (Gly691Arg)
reported in one Turkish patient, More interestingly,
the mutation in exon 12 (Trp939Cys) was only detected
in Lebanese patients and in none of the searched/
listed countries. Whereas the worldwide exon 14
mutation (His1069GIn) was detected in some patients
from Egypt, Iran and Turkey, it was not identified in
Lebanese or in Saudi Arabian patients.

DISCUSSION

The diagnosis of WD based on clinical grounds alone
is often difficult. Thus, it may be necessary to resort
to genetic testing. In this study, involving more than
500 patients from Lebanon and the region, we found
a great deal of genetic heterogeneity with no common
or population specific mutation. This reflects the
extensive ethnic diversity of people in this part of the
world and argues against the presence of a founder
gene, even in highly consanguineous populations.
It also implies that patients suspected to have WD
without a family history, i.e., without a known mutation
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the diagnosis beyond doubt. In many of our patients,
confirmation of the diagnosis required mutation
analysis. Traditionally WD was diagnosed on the
basis of low Cp level, KF ring presence and increased
24-h urine Cu level in the context of hepatic and/or
neurologic manifestations™". In our experience, many
patients with WD do not satisfy all these criteria. For
example, patients P+ and P+ had normal Cp, 13 did
not have KF rings and 4 had normal 24-h urinary Cu.
This highlights the difficulties and challenges of making
a diagnosis of WD based on clinical grounds alone,
particularly in asymptomatic patients.

Worldwide, the majority of WD patients are com-
pound heterozygous™. In contrast, in our community,
the high rate of consanguinity increases the chance
of homozygosity, which is present in 83% of our
patients. Only 17% of our patients were compound
heterozygous. Missense mutations were the most
predominant in Lebanese patients, as worldwide™.
These occurred in 8 exons of ATP7B. One possible
hot spot of the WD gene in our patients is that of
the conserved ATP hinge region in exon 18. Two
mutations in the homozygous state, Pro1273Leu and
Asn1270Ser, were the most frequent, being identified
in 8 patients from 4 unrelated families. None of the
possible hot spot mutations in Lebanon were shared
with those of Asia, Latin America or Europe.

One of our WD patients had no identifiable
mutations in the coding region of the ATP7B gene.
Mutations may be present in the promoter or the
transcription factor regions which control protein
translation and function. In such cases, detailed clinical
testing and family history may be of help in diagnosis,
such as Pss, in whom the diagnosis was based on
clinical assessment showing low Cp and presence of KF
rings in the context of neurologic manifestation. Finally,
all our patients had multiple genetic polymorphisms
that may influence the final folded conformation,
affinity and/or the function of the Wilson protein and
possibly the phenotype of WD patients™*,

Remarkable differences in phenotypes and age at
diagnosis were noted among patients and even among
family members carrying the same genotype. The age
of onset of the disease varied between 1-22 years,
with one (P3s) diagnosed at 39 years. In the B family,
patient P2s was diagnosed at 5 and passed away
before the onset of his brother’s symptoms at the
age of 13 (P24). Variation in age at diagnosis was also
observed in asymptomatic cases. During a checkup at
the age of 7, the female index patient in family T (P21)
was found to have transaminitis and hepatomegaly.
She was confirmed to have WD and was homozygous
for a mutation in exon 12. Genetic screening of her
2 brothers, P22 (8 years) and Pz (3 years), confirmed
WD. Though they were asymptomatic, it was sur-
prising to find that both already had evidence of liver
cirrhosis on liver imaging. This raises the question as to
whether sex plays a role in the clinical manifestations
of disease!™. Verification of this, however, requires a
cohort study with a larger number of patients. Such
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phenotypic diversity has been reported even among
monozygotic twins*, suggesting a role for epigenetic
and/or environmental factors in the expression of
WDBG_BB].

Diversity in clinical presentation introduces yet
another obstacle in the diagnosis of WD, regardless of
whether the patient is symptomatic or asymptomatic.
A patient, at age of diagnosis, may have mild to severe
hepatic and/or neurologic symptoms with or without
KF rings. This emphasizes, again, the limitations of
pure clinical evaluation and argues for genetic testing
of all family members of an affected sibling. In our
patients, 28% had pure hepatic manifestations ranging
from transaminitis and hepatomegaly to clinically
unapparent or overt cirrhosis and portal hypertension.
On the other hand, only 9% of our patients had pure
neurologic symptoms ranging from weak school per-
formance, slurred speech, tremors, drooling, dysarthria,
dysphagia and ataxia to suicidal attempts in some (P10
and Pazs).

Our asymptomatic patients (36%) were found to
have liver involvement (transaminitis, fatty liver and
cirrhosis) with no KF rings, except for Pis. Changes
such as fatty liver were detected at the age of 1 year
in P15, diagnosed by genetic screening. Therefore, early
diagnosis is important in families with index patient(s),
to mitigate against progression of the disease. This
is in line with the EASL recommendations to perform
genetic testing for WD, in individuals with liver disease
or neurologic movement disorders of unclear etiology.
Whether genetic testing for WD in patients with
unexplained hepatic dysfunction will turn out to be cost
effective or not in this part of the world is unclear.

Few studies from the Arab world on WD from
Lebanon, Egypt, Saudi Arabia and Oman have been
published. Similar to Lebanon, the majority of patients
from Egypt and Saudi Arabia have consistently shown
a high prevalence of consanguinity and homozygosity,
with a great deal of genetic heterogeneity, and no
mutation characteristic of the region identified. The
predominant phenotype of WD in the region was also
hepatic, suggesting the benefits of screening for WD in
patients with unexplained hepatic dysfunction.

Lebanese and Egyptian patients share missense
mutations in exons 8, 10, 18 and 19 (Table 4). How-
ever, mutations Gly691Arg and Trp939Cys were
identified in Lebanese patients but not in Saudi Arabian
or Egyptian ones. There were also common mutations
with Turkish WD patients, including exon 7 (Gly691Arg),
exon 10 (Val845Ser), exon 13 (Alal003Thr), exon
18 (Asp1270Ser) and exon 19 (Arg1319stop). Only
exon 10 (Val845Ser), and exon 18 (Asp1270Ser) were
shared with Iranian patients. Interestingly, the exon 12
mutation of Trp939Cys was detected in Lebanon but
not in any regional country. We reported this mutation
in the homozygous state in 5 Lebanese patients, while
worldwide it was only detected in 1 Hungarian patient
in the heterozygous state™. This extensive genotypic
diversity argues for testing patients suspected to have
WD for mutations in all exons of ATP7B. The shared
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mutations with the region may be attributed to common
ancestors (Turkey and Egypt) who ruled Lebanon in the
past. The origin of the Trp939Cys mutation, however,
remains undetermined.

To our surprise, the His1069GIn mutation which
is common in diverse populations in North America,
Europe and several Mediterranean countries™® was
not present in Lebanese patients, but was reported in
a minority of patients from Egypt, Iran and Turkey. We
did not identify a predominant mutation in Lebanon or
the region. Whether mutations in the ATP hinge region
in exon 18 may turn out to be a hot spot in this part of
the world requires further studies on larger numbers of
WD patients.

One major strength of our study is that it involves
more than 500 patients from Lebanon and the region.
It includes a comprehensive clinical and genetic
assessment of WD patients in Lebanon, as well as
studies from the region clearly stating the genotype
and phenotype. Our patients belonged to extended
consanguineous families having similar environmental
exposures and dietary habits, which helped in reducing
the effects of compounding factors on the genotype
and phenotype of patients. In addition, our study
has some limitations including the absence of true
population studies and the lack of long-term follow-up
to determine reliably the true phenotype of patients.
It is possible that many WD patients in Lebanon and
the region remain undiagnosed or unreported, hence
missing new mutations and other genotype-phenotype
associations.

In conclusion, WD in Lebanon and the region is
characterized by extensive genotypic and phenotypic
diversity, and by high rates of consanguinity and
homozygosity. No predominant mutation has been
identified in the region, while the predominant phe-
notype seems to be hepatic. Clinical and/or genetic
testing of all family members for WD, as well as those
with unexplained hepatic dysfunction may increase the
detection rate of the disease. This could facilitate early
institution of therapy and reduce the mortality and
morbidity of this condition.
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Background

Wilson’s disease (WD) is an autosomal recessive disorder of copper
metabolism, characterized by extensive phenotypic diversity. Most of the
patients are compound heterozygotes, having different mutation on each of
the ATP7B alleles. Attempts to establish genotype-phenotype correlations was
hampered by the large number of mutations in the ATP7B gene and difficulty
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in ascribing a phenotype to one allele. This, however, may be overcome
by examining WD in homozygous patients. In Lebanon, consanguinity is
quite prevalent, increasing the probability of homozygosity and possibility
of establishing a phenotype-genotype correlation. They hereby report the
spectrum of mutations and phenotypes of 36 Lebanese patients diagnosed with
WD. In addition, we examine if a frequent mutation characterizing the region
exists by comparing our findings with those reported from regional studies on
WD in Arab and non-European countries.

Research frontiers

This manuscript examines whether genotype-phenotype correlation exists in
Lebanese patients diagnosed with WD. It also determines if a frequent mutation
characteristic of the Lebanese patients and/or the region occurs.

Innovations and breakthroughs

This is the first comparative study that attempts to identify a frequent mutation
characterizing WD patients from Lebanon and regional Arab and non-European
countries. Although this region is characterized by high rates of consanguinity
and homozygosity, no frequent mutation has been identified in the region but
predominance of the hepatic phenotype was noted.

Applications

This study improves our understanding of WD pathogenesis and the genetic
determinants of patients’ phenotype. It emphasizes the importance of genetic
screening for WD in family members with index patients, as well in patients with
unexplained hepatic dysfunction. This would surely facilitate diagnosis and early
management prior to onset of symptoms, thereby preventing the progressive
clinical deterioration of the patient.

Terminology

WD is a rare disease of copper homeostasis that results from a defect in the
ATP7B gene encoding a copper transporter. Ceruloplasmin is the major copper
carrying protein in blood with ferroxidase activity. Kaiser-Fleischer rings refer to
copper deposition circumscribing the iris of the eye, diagnostic of WD.

Peer-review
It is a very interesting manuscript.
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