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Hypothyroidism and Dyshormonogenesis Induced by D-Penicillamine in
Children with Wilson’s Disease and Healthy Infants Born to a Mother

with Wilson’s Disease

AARON HANUKOGLU, MD, BATYA CURIEL, MD, DRORA BERKOWITZ, MD, ARIEH LEVINE, MD, JOSEPH SACK, MD, AND

MORDEHAI LORBERBOYM, MD

Two siblings born to a mother with Wilson’s disease, who was taking D-penicillamine, developed transient goitrous
ypothyroidism. A prospective evaluation of 5 patients with Wilson’s disease taking and not taking D-penicillamine for as long
s 9.5 years showed subclinical hypothyroidism. D-penicillamine probably inhibited thyroperoxidase activity in utero in
ealthy infants and during childhood in patients with Wilson’s disease. (J Pediatr 2008;153:864-6)

regnant women with Wilson’s disease should maintain therapy with chelating agents throughout pregnancy to prevent
deterioration caused by copper toxicity and allow healthy pregnancy.1,2 In untreated pregnant women, copper accumu-
lation in the placenta and fetal liver may damage the fetus. D-penicillamine therapy prevents copper accumulation in

tero3 and has been considered beneficial for both the mother and the fetus.
Transient goitrous hypothyroidism was noted in an infant born to a mother with Wilson’s disease who was treated with

-penicillamine during pregnancy. We prospectively evaluated another sibling born to this mother and 5 additional patients
ith Wilson’s disease. All were documented to have hypothyroidism, which we suggest resulted from the inhibition of

hyroperoxidase activity with D-penicillamine.

METHODS
Eight subjects from four families were evaluated. Family 1 included two siblings born to a mother with Wilson’s disease

nd their mother. Families 2-4 included five patients with Wilson’s disease (Table I). Four patients received D-penicillamine
or 3.0 to 3.5 years. Subsequently, they received zinc therapy for as long as 6 years. In 1 patient, zinc was the sole therapy.

Free thyroxin (FT4), thyrotropin (TSH), and thyroid antibodies levels were determined with electrochemiluminescence
mmunoassays by using the Elecsys 2010 system in all patients (Roche Diagnostics, Indianapolis, Indiana). The measuring range
f TSH is 0.005 to 100 �IU/L, and the reference range is 0.25 to 4.0 �IU/mL. Patients with a TSH level �4 �IU/mL were
efined as having subclinical hypothyroidism. The reference range of FT4 is 12 to 22
mol/L. Thyroglobulin, thyroid iodine uptake, and TSH receptor antibodies were mea-
ured only in subjects from Family 1. TSH receptor antibody activities were measured
ith cAMP functional bioassays by using cultured human thyrocytes only in infants from
amily 1 and their mother.4

All subjects, except 1 sibling from Family 1 who had a palpable goiter at birth,
nderwent thyroid imaging studies with Technetium-99m.

The significance of the difference between mean TSH levels while taking and while
ot taking D-penicillamine was analyzed with a t test, and a P value �.05 was considered
o be significant.

RESULTS

amily 1
Sibling 1 was born at 35 weeks of gestation after an uncomplicated delivery,

eighing 2.4 kg. A goiter was palpable at birth. Neonatal screening results5 and repeated
hyroid function tests at the age of 18 days were compatible with severe goitrous
ypothyroidism (Table II; available at www.jpeds.com). TSH receptor blocking antibod-
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es were negative. He remained well balanced with a small
ose of Eltroxin (25 �g/day) throughout follow-up. The
oiter disappeared within 5 months. The therapy was stopped
t 4 years of age without any adverse effects.

Sibling 2 was born as a full term infant, weighing 3.1
g. His perinatal course was uneventful. Neonatal screening
evealed severe hypothyroidism and was confirmed with a
enous blood sample. Thyroglobulin levels were extremely
levated (Table III; available at www.jpeds.com). With a
hyroid scan, a diffusely enlarged gland with increased uptake
as revealed (Figure). With Eltroxin therapy, the thyroid

unctions normalized within 2 months. Because of the tran-
ient nature of hypothyroidism in his brother, the therapy was
topped at 7 months of age without adverse effects (Table
II). The results of a thyroid scan a month after stopping
herapy were normal (Figure).

The mother was diagnosed with Wilson’s disease at the
ge of 8 years. D-penicillamine was her sole therapy (for the
ast 15 years, 1.5 g/day). During pregnancies she required an
ncreased dose (2 g/day). Her thyroid function tests were
valuated at 31 years of age, after the birth of sibling 2. FT4

igure. Thyroid scan showing a diffusely enlarged thyroid gland on diagno

able I. Ethnic origin, D-penicillamine dose, and dur
isease from 4 families, taking and not taking D-peni

Patient/
family (n) Sex

Ethnic
origin

Age at last
examination (years)

Ye
pen

1 (2) F Uzbek Jew 14 3/12

2 (2) F Uzbek Jew 10

3 (3) M† Morrocan Jew 13
4 (3) M Morrocan Jew 13
5 (4) F‡ Druze 10.4

ean � SD

, Female; M, male.
P � .001.
Patients 3 and 4, twin brothers.
FT4 � 10.68 pmol/L.
nd TSH levels were normal (FT4, 19.5 pmol/L; TSH, 0.87 (

ypothyroidism and Dyshormonogenesis Induced by D-Penicillamine in
ealthy Infants Born to a Mother with Wilson’s Disease
IU/L). On physical examination, the thyroid gland was
ot palpable. A thyroid scan revealed diffuse enlargement
f the thyroid gland, and thyroid uptake study with I-131
evealed an increased uptake (32% after 24 hours, normal
s high as 30 %). Serum levels of thyroglobulin and thy-
operoxidase were normal; TSH receptor antibodies were
ndetectable. There was no history of thyroid disease in the
amily. When the patient was 35 years old, a multinodular
oiter developed. FT4 and TSH concentrations remained
ormal.

amilies 2 to 4
At the start of D-penicillamine therapy, the patients

ere 4 to 7 years old (mean � SD, 5.5 � 1.2 years). On
-penicillamine, TSH concentrations were significantly

igher than those during zinc therapy (Table I). FT4 con-
entrations were normal (data not shown), except for in 1
atient who had low FT4 levels on D-penicillamine (Table I).
hese data were suggestive of subclinical hypothyroidism.
ith zinc, TSH concentrations normalized in all patients

ft panel) and a month after stopping thyroxin (right panel).

and thyrotropin levels of 5 patients with Wilson’s
mine

aking
amine

Penicillamine
dose mg
(mg/kg)

TSH
(mIU/L)

Years
taking
zinc

TSH
(mIU/L)

750 (31) 4.1 2 1.8
5 750 (29) 4 4.1 3.8

5 2.2
6.2 1.0

ne — 1 4.1
— 3 2.5
— 4.5 3.2
— 6 2.8

625 (21) 4.2 4 1.2
625 (21) 4.2 4 2.6
625 (22) 4.8 0.3 2.4

0.4 2.2
4.28 � 0.30 2.5 � 0.9*
ation
cilla

ars t
icill

3
3.

No

3
3
3

Table I).

Children with Wilson’s Disease and
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DISCUSSION
Our cases displayed a hitherto unknown cause of congen-

tal goitrous hypothyroidism in newborn infants. Two siblings
orn to a mother with Wilson’s disease had goitrous hypothy-
oidism. Extremely elevated thyroglobulin level in sibling 2 was
onsistent with dyshormonogenesis caused by iodination and
rganification defects.6 In both siblings, hypothyroidism was
ransient, suggesting a non-genetic etiology. Undetectable TSH
eceptor blocking antibody levels in the mother ruled out hypo-
hyroidism caused by in utero passage of antibodies from the
other to the fetus. The most likely candidate for hypothyroid-

sm in these infants was D-penicillamine. In in vitro studies,
-penicillamine has been reported to inhibit iodination reac-

ion7,8 and human myeloperoxidase activity.8 Myeloperoxidase
hat catalyses iodination and coupling reactions shares homology
ith thyroid peroxidase.9 Thus D-penicillamine most likely in-
ibits the iodination and coupling reactions catalyzed by thyroid
eroxidase as well.

We propose that in utero exposure to D-penicillamine
esults in congenital goitrous hypothyroidism in infants and in
ubclinical hypothyroidism in older children. Different pre-
entations in age groups may be a consequence of the timing
f the insult. Usually, the D-penicillamine dose in adults is
.0 to 1.5 g/day. The high dosage in the mother (2 g/day)
uring pregnancy probably also contributed to severe hypo-
hyroidism in both siblings.

The mother of the 2 siblings initially had diffuse en-
argement of the thyroid gland with an increased uptake.
ater, a multinodular goiter developed. D-penicillamine ther-
py for years probably inhibited thyroid peroxidase activity in
he mother as well.

D-penicillamine-induced anti-myeloperoxidase antibody
as implicated in a patient with Wilson’s disease with severe
enal vasculitis.10 None of our patients had evidence of vasculitis.
1
a

66 Hanukoglu et al
Zinc therapy has been shown to be an effective chelating
gent in patients with Wilson’s disease during pregnancy11 and
-penicillamine during pregnancy may result in severe embry-

pathy.12 In women with Wilson’s disease who are pregnant,
eplacing D-penicillamine therapy with zinc acetate may pre-
ent congenital hypothyroidism in their offspring. In children
aking long-term D-penicillamine, thyroid function should be
eriodically examined.
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able II. Clinical and laboratory data in sibling 1 with

Age* 18 days 1.5 months 5 mon

T4 (pmol/L) �3.8 20.6 18
SH (mIU/L) �100 0.6 1.2
G (ng/mL) 33 16
ltroxin (�g/d) 50 25 25
oiter � � no

On neonatal thyroid screening, total T4 � 0.2 �g/dL (reference range, 8.5-18 �g/dL
goitrous hypothyroidism at diagnosis and follow-up

ths 1.7 years 4 years 9 years Normal

21.9 28.3 20.6 12-22
0.9 1.5 2.1 0.25-4

15 �85
25 Stopped
ypothyroidism and Dyshormonogenesis Induced by D-Penicillamine in Children with Wilson’s Disease and
ealthy Infants Born to a Mother with Wilson’s Disease 866.e1
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able III. Laboratory data in sibling 2 at diagnosis
nd follow-up

Age*
1

month
1.5

months
2.5

months
7

months
2

years

T4 (pmol/L) �3.8 12.9 21.9 15.4 15.4
SH (mIU/L) �100 16.3 0.7 1.7 1.2
G (ng/mL) 8156 3937 34 41 32
ltroxin (�g/d) 50 50 50 Stopped
hyroid scan Diffuse

goiter
Normal†

On neonatal thyroid screening T4 � 1.3 ug/dL (reference range, 8.5-18), TSH � 126
IU/L.
99m Tc-pertechnetate thyroid scan, performed a month after stopping eltroxin.

66.e2 Hanukoglu et al The Journal of Pediatrics • December 2008
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