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> THE CASE

A 5-year-old boy was brought into his primary care clinic by his mother, who expressed con-
cern about her son’s increasing impulsiveness, aggression, and difficulty staying on task at
preschool and at home. The child’s medical history was unremarkable, and he was taking no
medications. The family history was negative for hepatic or metabolic disease and positive for
attention deficit-hyperactivity disorder (ADHD; father).

The child’s growth was normal. His physical exam was remarkable for a liver edge 1 cm
below his costal margin. No Kayser-Fleischer rings were present.

Screening included a complete metabolic panel. Notable results included an alanine ami-
notransferase (ALT) level of 208 U/dL (normal range, < 30 U/dL), an aspartate transaminase
(AST) level of 125 U/dL (normal range, 10-34 U/dL), and an alkaline phosphatase (ALP) of
470 U/dL (normal range, 93-309 U/dL). Subsequent repeat laboratory testing confirmed
these elevations (ALT, 248 U/dL; AST, 137 U/dL; ALP, 462 U/dL). Ceruloplasmin levels were low
(11 mg/dL; normal range, 18-35 mg/dL), and 24-hour urinary copper was not obtainable.
Prothrombin/partial thromboplastin time, ammonia, lactate, total and direct bilirubin, and
gamma-glutamyltransferase levels were normal.

Further evaluation included abdominal ultrasound and brain magnetic resonance imag-
ing, both of which yielded normal results. Testing for Epstein-Barr virus; cytomegalovirus;
hepatitis A, B, and C titers; and antinuclear, anti-smooth muscle, and anti-liver-kidney micro-
somal antibodies was negative.

THE DIAGNOSIS

The patient’s low ceruloplasmin prompted referral to Pediatric Gastroenterology for con-
sultation and liver biopsy due to concern for Wilson disease. Biopsy results were consistent
with, and quantitative liver copper confirmatory for, this diagnosis (FIGURE).

Genetic testing for mutations in the ATP7B gene was performed on the patient, his
mother, and his siblings (his father was unavailable). The patient, his mother, and his sis-
ter were all positive for His1069GIn mutation; only the patient was positive for a 3990_3993
del mutation (his half-brother was negative for both mutations). The presence of 2 different
mutant alleles for the ATP7B gene, one on each chromosome—the common substitution
mutation, His1069Gln, in exon 14 and a 3990_3993 del TTAT mutation in exon 19—qualified
the patient as a compound heterozygote.

The 3990_3993 del TTAT mutation—which to our knowledge has not been previously
reported—produced a translational frame shift and premature stop codon. As others have
pointed out, frame shift and missense mutations produce a more severe phenotype.!

Further testing was prompted by a report suggesting that codon 129 mutations of the
human prion gene (HPG) influence Wilson disease.? Compared with patients who are het-
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FIGURE

Liver biopsy supports Wllson dlsease diagnosis
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The patient’s blopsy demonstrated microvesicular steatosis (A; red arrow), scattered glycogenated nuclei (B; blue arrow), and minimal portal
lymphocytic inflammation (A; yellow arrow), which one would expect in a case of Wilson disease.
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erozygous (M129V) or homozygous (V129V)
for valine, those who are homozygous for
methionine (M129M) have delayed symp-
tom onset.> Our patient was heterozygous
(M129V). It is interesting to speculate that
HPG heterozygosity, combined with a muta-
tion causing a stop codon, predisposed our
patient to more rapid accumulation of copper
and earlier age of onset.

DISCUSSION
Wilson disease is an inherited disorder of
copper metabolism.® An inherent difficulty in
its recognition, diagnosis, and management
is its rarity: global prevalence is estimated as
1/30,000, although this varies by geographic
location.! In contrast, ADHD has a preva-
lence of 7.2%,* making it 2400 times more
prevalent than Wilson disease. Furthermore,
abnormal liver function tests are common in
children; the differential diagnosis includes
etiologies such as infection (both viral and
nonviral), immune-mediated inflammatory
disease, drug toxicity (iatrogenic or medica-
tion-induced), anatomic abnormalities, and
nonalcoholic fatty liver disease.’

Wilson disease is remarkable, however,
for being easily treatable if detected and dev-
astating if not. Although liver abnormalities

often improve with treatment, delayed diag-
nosis and management significantly impact
neurologic recovery: An 18-month delay re-
sults in 38% of patients continuing to have
major neurologic disabilities.® Untreated,
Wilson disease may be fatal within 5 years of
development of neurologic symptoms.” Thus,
it has been suggested that evaluation for Wil-
son disease be considered in any child older
than 1 year who presents with unexplained
liver disease, including asymptomatic eleva-
tions of serum transaminases.?

1 Mutations in ATP7B on chromosome 13
are responsible for the pathology of Wilson
disease’; more than 250 mutations have been
identified, including substitutions, deletions,
and missense mutations.!’ Affected patients
may be compound heterozygotes" and/or
may possess new mutations, as seen in our
patient.

Although copper absorption is normal,
impaired excretion causes toxic accumula-
tion in affected organs. ATP7B’s product,
ATPase 2, regulates copper excretion, as well
as copper binding to apoceruloplasmin to
form the carrier protein ceruloplasmin. An
ATP7B abnormality would prevent the lat-
ter—making ceruloplasmin a useful screen-
ing biomarker and a reliable marker for
Wilson disease by age 1 year.®
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I Hepatic and neurocognitive effects.
Excess copper in hepatocytes causes oxida-
tive damage and release of copper into the
circulation, with accumulation in susceptible
organs (eg, brain, kidneys). Hepatocyte apop-
tosis is accelerated by copper’s negative effect
on inhibitor of apoptosis protein.'*!* Renal
tubular damage leads to Fanconi syndrome,**
in which substances such as glucose, phos-
phates, and potassium are excreted in urine
rather than absorbed into the bloodstream
by the kidneys. Excess copper deposition in
the Descemet membrane may lead to Kayser-
Fleisher ring formation." In the brain, copper
deposition may occur in the lenticular nu-
clei,®as well as in the thalamus, subthalamus,
brainstem, and frontal cortex—resulting in
extrapyramidal, cerebral, and mild cerebellar
symptoms.®

1 Cognitive impairment, which may
be subtle, includes increased impulsivity,
impaired judgment, apathy, poor decision
making, decreased attention, increased la-
bility, slowed thinking, and memory loss.®
Behavioral manifestations include changes
in school or work performance and outbursts
mimicking ADHD'*'%!” as well as paranoia,
depression, and bizarre behaviors.'*'® Neuro-
psychiatric abnormalities include personality
changes, pseudoparkinsonism, dyskinesia/
dysarthria, and ataxia/tremor. Younger pa-
tients with psychiatric symptoms may be
labelled with depression, anxiety, obsessive-
compulsive disorder, bipolar disorder, or an-
tisocial disorder.>'%'8

1 Hepatic disease manifestations range
from asymptomatic elevations in AST/ALT
to acute hepatitis, mimicking infectious pro-
cesses. Cirrhosis is the end result of untreated
Wilson disease, with liver transplantation
required if end-stage liver disease results.
Rarely, patients present in fulminant hepatic
failure, with death occurring if emergent liver
transplantation is not performed.**!°

Of note, before age 10, > 80% of patients
with Wilson disease present with hepatic
symptoms; those ages 10 to 18 often manifest
psychiatric changes.'” Kayser-Fleisher rings
are common in patients with neurologic man-
ifestations but less so in those who have he-
patic presentations or are presymptomatic.®'
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I Effective disease-mitigating treat-
ment is indicated and available for both
symptomatic and asymptomatic individuals
and includes the copper chelators D-penicil-
lamine (starting dose, 150-300 mg/d with a
gradual weekly increase to 20 mg/kg/d) and
trientine hydrochloride (a heavy metal che-
lating compound; starting dose, 20 mg/kg/d
to a maximum of 1000 mg/d in young adults).
Adverse effects of D-penicillamine include
cutaneous eruptions, neutropenia, throm-
bocytopenia, proteinuria, and a lupus-like
syndrome; therefore, trientine is increasingly
being used as first-line therapy.?

For asymptomatic patients who have
had effective chelation therapy and proven
de-coppering, zinc salts are a useful follow-
on therapy. Zinc’s proposed mechanism of
action is induction of metallothionein in
enterocytes, which promotes copper trap-
ping and eventual excretion into the lumen.
Importantly, treatment for Wilson disease
is lifelong and monitoring of compliance is
essential.?

1 Our 5-year-old patient was started on
oral trientine at 20 mg/kg/d and a low copper
diet. In response to this initial treatment, the
patient’sliver function tests (LFTs) normalized,
and he was switched to 25 mg tid of a zinc che-
late, with continuation of the low copper diet.
His LFTs have remained normal, although his
urine copper levels are still elevated. He con-
tinues to be monitored periodically with LFTs
and measurement of urine copper levels. He is
also being treated for ADHD, as his presenting
behavioral abnormalities suggestive of ADHD
have not resolved.

THE TAKEAWAY

Although children presenting with symp-
toms consistent with ADHD often have
ADHD, as was true in this case, it is important
to consider other diagnoses. Unexplained
elevations of liver function test values in
children older than 1 year should prompt
screening for Wilson disease.>® Additionally,
other family members should be evaluated;
if they have the disease, treatment should be
started by age 2 years, even if the patient is

asymptomatic.
CONTINUED
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In this case,
routine
screening
saved the day.
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CASE REPORT

In our patient’s case, routine screen-
ing saved the day. The complete metabolic
panel revealed elevated ALT and AST levels,
prompting further evaluation. Without this
testing, his diagnosis likely would have been
delayed, leading to progressive liver and cen-
tral nervous system disease. With early iden-
tification and treatment, it is possible to stop
the progression of Wilson disease. JFP
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