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Summary  Since  Wilson  disease  (WD)  may  not  be  present  with  evident  clinical  symptoms  of
liver injury  and  neurological  presentation  is  rare  in  children,  establishing  a  diagnosis  is  often
challenging,  especially  in  childhood.  Increased  transaminases  can  be  the  only  abnormality  found
in early  course  of  WD.  In  clinical  practice,  high  suspicion  is  crucial  for  early  diagnosis  and
timely treatment  to  ensure  better  outcomes.  Conventional  diagnostic  criteria  established  for
adults are  commonly  agreed  for  children  but  may  not  always  be  appropriate  in  very  young  age.
Currently,  the  best  therapeutic  approach  for  each  specific  presentation  of  the  disease  remains

controversial  and  there  are  no  clear  indications  about  how  to  treat  pediatric  WD  patients  with
a mild  liver  disease.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.
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Introduction

Wilson’s  disease  (WD)  is  an  autosomal-recessive  human  cop-
Please  cite  this  article  in  press  as:  Ranucci  G,  et  al.  Wilson  di
Hepatol  Gastroenterol  (2014),  http://dx.doi.org/10.1016/j.cli

per  (Cu)  storage  disorder  caused  by  mutations  in  the  ATP7B
gene  [1].  Clinical  presentation  can  vary  widely,  but  the
key  features  of  WD  are  liver  disease  and  neuropsychiatric

Abbreviations: WD, Wilson disease; Cu, copper; KF, Kayser-
Fleischer; ALF, acute liver failure; CuB, basal urinary copper; PCT,
urine copper after penicillamine challange (CuPCT); AP, alkaline
phosphatase; TB, total bilirubin; AST, aspartate transaminase; ALT,
alanine transaminase; REC, relative exchangeable copper.
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isturbances  [2,3].  Diagnosis  of  WD  remains  a  challeng-
ng  patchwork  involving  clinical,  laboratory,  histological  and
olecular  tools  [4]. The  therapeutic  success  using  oral  cop-
er  chelating  agents  and  zinc  therapy  makes  WD  one  of  the
ew  treatable  metabolic  liver  diseases.

enetics and pathogenesis

he  ATP7B  gene  is  large  and  encodes  copper-translocating
TPase  expressed  primarily  in  the  liver.  ATP7B  resides  in  the
sease:  What  is  still  unclear  in  pediatric  patients?  Clin  Res
nre.2014.03.002

rans-Golgi  membrane  compartment  and  mainly  loads  Cu  on
ewly  synthesized  apoceruloplasmin  [5].  The  exact  mech-
nism  of  copper  hepatotoxicity  and  brain  injury  remains
nclear.  It  is  suggested  that  copper  metabolism  disturbance
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n  WD  is  associated  with  significant  changes  in  systemic
ntioxidant  capacity  parameters  in  a  direction  favoring
nhanced  oxidative  stress  [6].

To  date,  over  520  mutations  in  ATP7B  gene  have  been
eported  in  the  Human  Genome  Mutation  Database  [7].

The  sensitivity  of  molecular  genetic  testing  for  WD  was
nitially  reported  as  80%  [8],  but  subsequent  studies  using
ore  sensitive  DNA  sequencing  methods  have  raised  the

ensitivity  to  greater  than  98%  [9—11].  Furthermore,  cases
ith  a  confirmed  clinical  and  biochemical  diagnosis  of  WD

n  whom  two  ATP7B  mutations  could  not  be  identified  have
een  reported  [9].  The  possibility  of  a  second  WD  gene
as  been  discussed,  but  causative  mutations  in  other  genes
nvolved  in  copper  homeostasis  have  not  yet  been  identified
3].

The  real  prevalence  of  WD  is  still  debated.  The  widely
ited  prevalence  figure  of  1:30,000  with  a  carrier  fre-
uency  of  1:90  pre-dates  the  discovery  of  ATP7B  as  the
isease-causing  gene  defect  and  has  been  questioned.  Mass
creening  for  WD  in  East  Asian  populations,  based  on  cerulo-
lasmin,  suggested  a  significantly  higher  frequency,  ranging
rom  1:500  to  1:3000  [11].  Regional  clustering  of  mutations
as  been  very  well  established.  The  highest  incidence  of  WD
eported  within  a  single  population  is  in  a  mountainous  area
f  Crete,  in  which  six  out  of  90  births  were  diagnosed  as
D  patients  [12].  Even  if  updated  Italian  epidemiological

ata  are  missing,  WD  incidence  in  the  Sardinian  population
1:2707  live  births)  remains  one  of  the  highest  in  the  world
nd  six  mutations  account  for  85%  of  all  WD  cases  [12].

Genotype-phenotype  correlation  in  WD  remains  a  hotly
ebated  topic  [9].  Patients  with  common  H1069Q  muta-
ion  tend  to  present  WD  later  and  with  neurological  disease
13];  and  the  fulminant  hepatic  failure  is  more  likely  in
atients  with  truncating  mutations  [14].  Still,  it  is  clear  that
ot  only  the  type  of  mutation  determines  the  phenotype.
ndeed  an  additional  role  of  unknown  modifier  genes  and
nvironmental  factors  has  been  hypothesized.  These  include
olymorphisms  in  genes:  apolipoprotein  E,  prion  protein,
ethylenetetrahydrofolate  reductase,  copper  metabolism

ene  Murr1, antioxidant  1,  inhibitor  of  apoptosis  linked  to
hromosome  X,  as  well  as  those  related  to  iron  metabolism,
nflammatory  processes,  oxidative  stress,  and  even  gender.

linical features

lthough  the  failure  to  excrete  biliary  copper  is  present  from
irth,  WD  symptoms  generally  do  not  develop  until  about
hree  years  of  age,  and  rarely  become  evident  before  age
f  five.  Unfortunately,  symptoms  at  any  age  are  frequently
on-specific.  Most  of  the  pediatric  WD  patients  present  with
iver  disease,  whereas  neuropsychiatric  symptoms  are  more
ommon  after  the  age  of  18  years  [15].

The  hepatic  clinical  presentation  ranges  widely  from
symptomatic  hypertransaminasemia  and/or  fatty  liver  at
ltrasound  until  cirrhosis  or  less  commonly  acute  liver  fail-
re  (ALF)  [1,2].  In  childhood,  the  percentages  of  WD  patients
ith  hepatic,  neurologic  or  neuropsychiatric  presentation
Please  cite  this  article  in  press  as:  Ranucci  G,  et  al.  Wilson  di
Hepatol  Gastroenterol  (2014),  http://dx.doi.org/10.1016/j.cli

an  vary  widely  according  to  expertise  of  care  units  and
ealth  policy.  For  example,  the  percentage  of  WD  children
resenting  with  isolated  elevated  serum  aminotransferases
anges  from  14  to  88%  [15,16].  In  particular,  in  Italy  where
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minotransferases  serum  levels  are  evaluated  in  the  context
f  check-up,  it  is  more  common  that  WD  patients  are  iden-
ified  during  the  first  decade  of  life,  when  liver  disease  is
ild  [16,17].  There  is  evidence  that  copper  silently  accu-
ulates  in  the  liver  during  childhood,  so  that  alterations

n  liver  function  tests  may  precede  the  onset  of  symptoms
or  a  considerable  time.  The  acute  hepatic  presentation  is
haracterized  by  the  presence  of  liver  failure  and  Coombs
egative  hemolytic  anemia.  WD  is  the  identified  etiology  in
bout  5%  of  ALF  patients  worldwide  [18].

In  childhood,  presenting  symptoms  of  WD  can  be  sud-
en  behavioral  changes,  worsening  in  school  performances,
nability  to  carry  out  activities  that  need  good  hand-
ye  coordination  and  modifications  in  handwriting  as  the
icrographia.  In  approximately  10—25%  of  WD  patients,  a
sychiatric  disturbance  is  the  initial  clinical  presentation,
ven  before  the  appearance  of  any  movement  disorder  [19].
iagnosis  of  WD  is  rarely  made  during  the  period  in  which
sychiatric  symptoms  predominate.  Although  neuropsychi-
tric  symptoms  are  considered  secondary  to  liver  damage,
eurologic  and  psychiatric  manifestations  without  hepatic
nvolvement  have  been  described  also  in  children  [19].

Ophthalmic  findings  include  Kayser-Fleischer  (KF)  rings
nd  sunflower  cataracts.  Both  findings  are  reversible  with
edical  therapy  or  after  liver  transplantation.  It  should  be
ointed  out  that  KF,  although  very  specific  for  WD,  is  rarely
escribed  in  early  pediatric  ages  and  in  WD  children  pre-
enting  with  clinically  asymptomatic  hypertransaminasemia
17], being  more  frequent  (up  to  about  50%  of  cases)  in  ado-
escents  and  young  adults  with  more  severe  liver  disease
nd/or  with  neurologic  symptoms  [18].

iagnosis

f  WD  is  not  recognized  and  adequately  treated,  the  pro-
ression  of  hepatic  and  neurologic  damage  can  be  very  rapid
nd  ALF  can  occur.  Therefore,  the  prompt  detection  of  this
ondition  is  vital.  Unfortunately,  the  diagnosis  of  WD  is  an
specially  challenging  task  [17].

In  2003,  Ferenci  et  al  [20]  proposed  a  diagnostic  score  for
D,  including  clinical,  biochemical,  histologic  and  molecu-

ar  findings.  Table  1  shows  scoring  system  clarifying  for  each
tem  the  diagnostic  validated  cutoff  in  pediatric  population.
ecently,  it  has  been  confirmed  that  WD  scoring  system  may
e  a  reliable  tool  also  in  children  with  a  mild  liver  disease
17].

The  first  step  in  WD  investigation  is  the  measurement  of
eruloplasmin  serum  level,  which  is  reduced  because  of  its
mpaired  biosynthesis  [5].  Ceruloplasmin  is  an  acute-phase
eactant,  so  in  presence  of  histologically  active  hepatitis,  it
ay  therefore  be  falsely  normal.  Up  to  20%  of  pediatric  and

dult  WD  patients  show  normal  ceruloplasmin  level  [1,2].
n  the  contrary,  low  levels  of  ceruloplasmin  are  not  always

ndicative  of  a copper  storage  disorder  because  both  het-
rozygotes  for  WD  and  patients  with  other  disorder  may
hare  this  feature  [9]. In  particular,  ceruloplasmin  deficiency
as  been  observed  in  decompensated  liver  failure  and  in
sease:  What  is  still  unclear  in  pediatric  patients?  Clin  Res
nre.2014.03.002

ther  pathological  conditions,  including  congenital  disorder
f  glycosylation.  It  has  been  recently  demonstrated  that  also
n  children  the  best  WD  diagnostic  threshold  of  ceruloplas-
in  is  20  mg/dL  [17].

dx.doi.org/10.1016/j.clinre.2014.03.002
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Table  1  Diagnostic  score  for  Wilson  disease.

Laboratory  tests Clinical  symptoms  and  signs

Serum  ceruloplasmin  Kayser-Fleisher  rings
Normal (>  20  mg/dL)  0  Present  1
10—20 mg/dl 1  Absent  0
< 10  mg/dl  2

Urinary  copper  (in  absence  of  acute  hepatitis)  Neurologic  involvement
Normal (<  40  �g/24  h)  0  Severe  2
1—2 ×  ULN* (40—80  �g/24  h)  1  Mild  1
>2 ×  ULN* (>  80  �g/24  h)  2  Absent  0
Normal, but  >  5  ×  ULN*

(>  200  �g/24  h  after  penicillamine  challenge)
2

Liver  copper  (in  absence  of  cholestasis) Coombs  negative  hemolytic  anemia
Normal (<  50  �g/g  dry  weight)  −1  Present  1
< 5  ×  ULN* (50—250  �g/g  dry  weight)  1  Absent  0
> 5  ×  ULN* (>  250  �g/g  dry  weight)  2

Rhodanine  stain  Mutation  analysis
Absent 0  2  chromosomes  mutations  4
Present 1  1  chromosome  mutation  1

No mutations  detected  0

Modified from Ferenci et al. [20].
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Assessment of the WD-diagnostic score: 4 or more = affected by W
* ULN: upper limit of normal.

Serum  non-ceruloplasmin  bound  copper  (improperly
named  serum  free  copper),  has  been  proposed  as  a  diagnos-
tic  test  [2]  but  false  negatives  values  are  often  encountered.
Recently,  a  more  rapid  and  reliable  biological  method,
known  as  relative  exchangeable  copper  (REC),  has  been
proposed.  Newly  diagnosed  WD  patients  had  REC  levels  sig-
nificantly  higher  than  controls  (0.62—1.15  �mol.L−1),  giving
100%  specificity  and  sensitivity  in  this  small  group  [21].
Further  investigations  are  needed  to  include  this  test  into
routine  diagnostic  approach.

Basal  urinary  copper  (CuB)  is  another  test  useful  for
recognizing  WD.  The  level  taken  as  diagnostic  of  WD  in  symp-
tomatic  patients  is  commonly  >  100  �g/24  hours  [2].  Anyway,
in  several  pediatric  series  up  to  19%  of  WD  patients  showed
urine  copper  values  below  the  mentioned  cutoff.  CuB  seems
to  be  directly  correlated  with  the  age  at  diagnosis  of  WD,
suggesting  an  accumulation  of  the  metal  over  time  [9]. It
has  been  recently  suggested  that  diagnosis  of  WD  in  chil-
dren  should  be  considered  when  this  test  produces  the  value
>40  �g/24/h  [17].

Urine  copper  excretion  measurement  after  a  penicil-
lamine  challange  (CuPCT)  is  considered  a  diagnostic  tool  for
WD,  and  it  has  been  commonly  considered  diagnostic  when
>1600  �g/24  h  [2].  As  suggested  by  our  recent  study,  CuPCT
should  not  be  performed  in  children  without  symptomatic
liver  disease,  because  only  patients  with  severe  liver  dam-
age  due  to  WD  had  a  positive  CuPCT  [17].

For  diagnostic  purposes,  liver  biopsy  is  only  required  if
the  clinical  signs  and  non-invasive  tests  do  not  provide  a  final
diagnosis  or  if  there  is  suspect  of  additional  liver  patholo-
gies  [2,3].  Hepatic  copper  accumulation  is  the  hallmark  of
Please  cite  this  article  in  press  as:  Ranucci  G,  et  al.  Wilson  di
Hepatol  Gastroenterol  (2014),  http://dx.doi.org/10.1016/j.cli

WD.  Qualitative  measurements  of  hepatic  copper  content,
such  as  stains  for  copper  or  copper-associated  proteins  (e.g.
orcein,  rhodanine,  rubeanic  acid  stain),  are  useful  but  unre-
liable  tools  for  diagnosis  or  exclusion  of  WD.  Liver  copper

b
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3 = WD likely, do more investigations; 0—1 = WD  unlikely.

ontent  greater  than  250  �g/g  dry  weight  is  considered  diag-
ostic  for  WD  [2]. It  is  well  known  that  in  long  standing
holestatic  disorders,  hepatic  copper  content  may  also  be
ncreased  above  this  level.  Values  <  40—50  �g/g  dry  weight
xclude  diagnosis  of  WD  [2].  Hepatic  copper  threshold  value
as  been  criticized  as  being  too  high.  The  problem  to  apply  a
ower  threshold  is  linked  mainly  to  the  fact  that  the  concen-
ration  of  hepatic  copper  in  heterozygotes  is  frequently
igher  than  normal  [2,17].

Establishing  a  diagnosis  of  fulminant  WD  can  be  difficult
ecause  KF  rings  may  not  be  present  and  parameters  of  cop-
er  metabolism  are  neither  specific  nor  diagnostic.  Some
eries  supported  that  values  of  less  than  2.0  for  the  alkaline
hosphatase  (AP)-total  bilirubin  (TB)  ratio  and  greater  than
.0  for  the  aspartate  (AST)-alanine  transaminase  (ALT)  ratio
rovide  a  good  sensitivity  and  specificity  in  identifying  ful-
inant  hepatic  failure  caused  by  WD  from  other  etiologies

22]. However,  a  pediatric  study  showed  that  differentiation
rom  other  causes  of  fulminant  liver  failure  in  children  on
he  basis  of  these  biochemical  parameters  was  not  sufficient
18]. In  particular,  in  children,  AP  levels  are  higher  as  they
riginate  also  from  the  bone  component.

From  a  genetic  point  of  view,  the  diagnosis  of  WD  is
ased  on  the  identification  of  two  disease  causing  muta-
ions.  It  should  be  performed  for  individuals  in  whom  the
iagnosis  is  difficult  to  establish  by  clinical  and  biochemical
esting  or  to  screen  asymptomatic  sibling  of  patient  with  WD
2]. A  further  indication  is  in  case  of  WD-related  fulminant
epatitis,  when  the  conventional  diagnostic  tools  are  unre-
iable.  Detection  of  mutations  on  both  chromosomes  allows

 definitive  diagnosis  of  WD,  whereas  the  diagnosis  cannot
sease:  What  is  still  unclear  in  pediatric  patients?  Clin  Res
nre.2014.03.002

e  excluded  because  of  their  absence.
Sibling  screening  is  mandatory  when  a  new  case  of  WD

s  diagnosed.  This  should  include  clinical  examination,  liver
unction  tests,  biochemical  tests  of  copper  metabolism  and

dx.doi.org/10.1016/j.clinre.2014.03.002
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Table  2  Drugs  available  for  treatment  of  children  with  Wilson  disease  ([0,1]2).

Drugs  Dosage  Adequacy  of  treatment  parameters

Penicillamine  20  mg/kg/die  divided  in  2—3  divided  dosages;  in  young
adults  1000  mg/die  (maximum  1500  mg/die)  in  2—4
divided  dosages
Maintenance  dose  10—20  mg/kg/die  up  to
750—1000  mg/day  in  2  divided  dosages
1 h  before  or  2—3  hours  after  meals
Supplemental  pyridoxine  should  be  provided
(25—50  mg/day)
Reduce  dose  during  pregnancy
Reduce  dose  for  surgery  to  promote  wound-healing

Urinary  copper:  around  1000  �g  (16  �mol)  after
starting  treatment
Urinary  copper:  200—500  �g/24  h
(3—8  �mol/24  h)  on  maintenance  treatment

Trientine 20  mg/kg/die  divided  in  2—3  doses
Maintenance  dose  900—1500  mg/day
1 h  before  or  2—3  h  after  meals
Reduce  dose  during  pregnancy
Reduce  dose  for  surgery  to  promote  wound-healing

Urinary  copper:  200—500  �g/24  h
(3—8  �mol/24  h)  on  maintenance  treatment

Zinc salts  Elemental  zinc  (acetate)
Age  <  6  yrs:  25  mg  twice  daily
6—16  yrs  with  weight  <  50  kg:  25  mg  three  times  daily
Age >  16  yrs  or  weight  >  50  kg:  50  mg  three  times  daily
Zinc sulphate
Age  <  6  yrs:  100  mg  twice  daily
6—16  yrs  with  weight  <  50  kg:  100  mg  three  times  daily
Age  >  16  yrs  or  weight  >  50  kg:  200  mg  three  times  daily:
1 h  before  or  2—3  h  after  meals  and  no  dosage  reduction

Urinary  copper:  <  75  �g/24  h  (1.2  �mol)  on
maintenance  treatment
Urinary  zinc:  >  2  mg/24  h  on  maintenance
treatment
Serum  zinc:  >  1250  �g/L  on  maintenance
treatment
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utational  analysis  if  the  proband’s  mutations  are  known.
f  mutational  analysis  is  not  available,  biochemical  testing
hould  be  delayed  until  after  six  months  of  age,  because
eruloplasmin  levels  are  low  in  the  newborn.  In  definitive,
espite  the  availability  of  multiple  tools,  diagnosis  of  WD  is
ery  challenging  in  childhood.  The  first  essential  in  making
he  diagnosis  is  to  think  of  it  and  an  high  suspicion  index  is
equired.

reatment

he  overall  therapeutic  aim  for  WD  is  the  generation  of  a
egative  copper  balance.  Today  this  can  be  achieved  either
y  liver  transplantation,  which  phenotypically  corrects  the
ene  defect  in  the  liver,  or  by  medical  therapy.  Obviously
iver  transplantation  is  a  treatment  option  for  patients  with
evere  life-threatening  conditions  in  whom  the  window  for
edical  treatment  is  not  wide  enough.  It  cannot  be  pro-
osed  as  a  therapeutic  strategy,  given  the  high  rate  of
omplications  and  the  need  for  immunosuppressive  therapy
or  life.  For  all  other  WD  patients,  lifelong  medical  therapy  is
ndicated.  Conventional  medical  therapies  for  children  com-
rise  treatment  with  either  copper  chelators  (penicillamine
r  trientine)  and  zinc  (Table  2)  [2,3].  Chelators  mobilize
ntracellular  copper  into  the  circulation  and  enhance  urinary
Please  cite  this  article  in  press  as:  Ranucci  G,  et  al.  Wilson  di
Hepatol  Gastroenterol  (2014),  http://dx.doi.org/10.1016/j.cli

xcretion  of  copper,  while  zinc  acts  inducing  copper-binding
etallothione  in  both  in  enterocytes,  reducing  metal  intesti-

al  absorption  into  portal  circulation,  and  in  hepatocytes,
educing  the  damaging  effects  of  free  liver  copper.
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Today,  it  has  been  recently  supported  that,  regardless  of
he  drug  used,  appropriately  treated  patients  with  WD  have
n  excellent  long-term  prognosis,  with  a  survival  probability
ot  differing  from  the  general  age  and  sex-matched  popu-
ation  [23].  It  has  been  described  that  more  than  30%  of  WD
atients  adequately  treated  since  childhood  with  the  avail-
ble  drugs  do  not  exhibit  complete  normalization  of  liver
nzymes  but  have  a  good  quality  of  life  and  a  favourable
utcome  [16].  On  the  other  hand,  regardless  of  type  of
reatment,  it  has  been  described  that  a  poor  compliance  or
iscontinuation  of  medical  therapy  is  associated  with  high
isk  of  hepatic  decompensation  requiring  even  liver  trans-
lantation  [2,3].

American  and  European  guidelines  [2,3]  provide  an  useful
herapeutic  support  even  if  many  points  remain  unclari-
ed  for  pediatric  patients.  There  is  a lack  of  high  quality
vidence  to  compare  the  relative  treatment  effects  of  the
vailable  drugs  in  children.

For  pre-symptomatic  patients,  who  include  the  subjects
dentified  following  family  screening  before  the  onset  of
ymptoms,  the  recommended  approach  is  therapy  with  zinc,
onsidered  its  proven  efficacy  and  safety  profile  [2].

Initial  treatment  for  patients  with  significant  chronic  liver
isease  (portal  hypertension,  cirrhosis  etc.)  should  include
lways  a  chelating  agent.  Penicillamine  and  trientine  have
any  beneficial  effects  but  also  multiple  potential  toxi-
sease:  What  is  still  unclear  in  pediatric  patients?  Clin  Res
nre.2014.03.002

ities,  which  may  require  discontinuation  in  up  to  30%  of
ases.  In  particular  in  patients  with  neurological  symptoms
helators  should  be  introduced  gradually  over  time  to  avoid
apid  deterioration  of  neurological  function.  In  contrast  to
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copper  chelators,  zinc  has  a  lower  toxicity  and  rarely  leads
to  worsening  in  neurological  symptoms.  Its  efficacy  is  con-
tested  especially  in  adult  patients  with  liver  disease,  when
applied  for  very  long  periods  [3].  Pediatric  experience  is
totally  different  from  that  concerning  adult  patients.  In
particular,  in  patients  with  mild  liver  disease,  diagnosed  in
childhood,  zinc  monotherapy  seems  to  be  effective  in  con-
trolling  WD  related  liver  disease  both  as  first-line  and  as
maintenance  treatment,  with  a  low  rate  of  adverse  events.
The  following  side  effects  of  zinc  therapy  were  reported:
nausea,  vomiting  and  epigastric  pain,  mild  gastric  irritation,
decreased  blood  iron  levels  and  anemia.  Still,  in  our  expe-
rience  [24]  zinc  sulfate  may  also  cause  gastric/duodenal
mucosal  ulceration  or  erosion.

In  patient  presenting  with  neurologic  or  psychiatric  signs,
zinc  may  have  a  role  as  a  first  line  therapy  as  it  is  not
associated  with  neurological  deterioration  [2,3].  As  mainte-
nance  therapy  after  the  induction  phase  with  chelators,  the
patients  with  a  good  control  of  the  disease  may  be  treated
with  lower  doses  of  chelators  or  be  shifted  to  zinc  [2,3].

The  adherence  to  a  life-long  therapeutic  regimen  may
be  poor,  mainly  in  the  teenage  age.  Therefore,  the  patients
should  be  checked  periodically  to  supervise  the  occurrence
of  side  effects  and  to  assess  the  adherence  to  the  prescribed
regimens.

In  conclusion,  the  available  medical  treatment  is  effec-
tive  in  most  cases  to  treat  WD  patients  but  not  to  cure
WD  gene  defect.  Therefore,  there  is  an  increasing  demand
for  novel  treatment  strategies  in  addition  to  conventional
therapy.  A  desirable  goal  might  be  the  identification  of  new
molecular  targets  suitable  for  correction  of  ATP7B  mutants,
towards  WD  cure.  This  goal  becomes  every  day  more  and
more  feasible  in  the  light  of  new  discoveries  in  cell  biology.
In  particular,  novel  strategies  in  WD  directly  aim  at  enhanc-
ing  the  protein  expression  of  mutant  ATP7B  with  residual
copper  export  activity.  It  remains  to  be  established  to  what
extent  ATP7B  expression  and  function  need  to  be  restored  to
relieve  toxic  copper  accumulation,  and  the  experience  with
alpha1-antitrypsin  deficiency  suggests  that  effects  seen  in
cell  culture  may  not  be  mirrored  in  patients.
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