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EMANGIOMAS are the most common tu-
mors of infancy, with a prevalence of 5 to
10 percent among one-year-olds. They are

characterized by rapid growth in the first year of life,
followed by involution and gradual regression by ad-
olescence.
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 We recently treated a three-month-old
infant with massive hepatic hemangiomas and pri-
mary hypothyroidism who needed very high doses
of thyroid hormone to restore euthyroidism and nor-
mal thyrotropin secretion. This finding suggested
that the rate of degradation of thyroid hormone was
accelerated. We subsequently identified high levels
of type 3 iodothyronine deiodinase activity in the
hemangioma tissue. This selenoenzyme, normally
present in the brain and placenta, catalyzes the con-
version of thyroxine to reverse triiodothyronine and
the conversion of triiodothyronine to 3,3'-diiodo-
thyronine, both of which are biologically inactive.
We then retrospectively analyzed other patients with
hemangiomas and identified additional patients with
similar histories and other hemangiomas with type
3 iodothyronine deiodinase activity.

 

CASE REPORT

 

A full-term baby boy was delivered at home after a normal
pregnancy. The parents declined to have him undergo thyroid
screening. At six weeks of age, he was brought to medical atten-
tion because of abdominal distention. Liver biopsy revealed a he-
patic hemangioma. The serum thyrotropin concentration was 156
µU per milliliter (normal range, 0.3 to 6.2), and the serum free

H

 

thyroxine concentration was low. The infant was treated with
prednisolone (2 mg per kilogram of body weight per day orally)
for the hemangioma and levothyroxine (37.5 µg per day orally).
After 5 days of treatment, his serum thyrotropin concentration
was 42 µU per milliliter, but 16 days later it had increased to 256
µU per milliliter.

At three months of age, the infant was hospitalized for respira-
tory distress and increasing abdominal distention. His pulmonary
status deteriorated rapidly, leading to intubation and transport to
the Vascular Anomalies Center at Children’s Hospital in Boston.
Physical examination revealed marked abdominal distention and
hepatomegaly with palpable nodules; the thyroid gland was not
enlarged. The patient had intermittent bradycardia and hypother-
mia (temperature as low as 34°C). Magnetic resonance imaging
confirmed the presence of multiple hepatic hemangiomas (Fig.
1). An echocardiogram showed depressed biventricular function
(a left ventricular shortening fraction of 27 percent) with a patent
foramen ovale and mild tricuspid and mitral regurgitation. The
bone age was normal. The serum sodium concentration was 131
mmol per liter, the serum thyrotropin concentration was 177 µU
per milliliter, the serum thyroxine concentration was 2.5 µg per
deciliter (32 nmol per liter), the serum triiodothyronine concen-
tration was less than 15 ng per deciliter (0.23 nmol per liter), the
serum reverse triiodothyronine concentration was 413 ng per dec-
iliter (6.36 nmol per liter), and the serum thyroglobulin concen-
tration was 1014 ng per milliliter (normal range, 6 to 87) (Fig. 2).
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The initial diagnosis was primary hypothyroidism, presumably
congenital, complicated by noncompliance with treatment or im-
paired absorption of levothyroxine. Methylprednisolone was sub-
stituted for prednisolone, and interferon alfa-2b was added to
the treatment regimen. The patient’s respiratory compromise was
thought to be due to hepatomegaly. Emergency embolization and
surgery were considered, but the operative risk was deemed un-
acceptable given the severity of the hypothyroidism. Intravenous
administration of liothyronine was initiated in order to correct the
hypothyroidism rapidly, and this treatment reduced the infant’s
serum thyrotropin concentration to 79 µU per milliliter over a
period of 26 hours (Fig. 2), corrected the hyponatremia, and im-
proved cardiac contractility. A continuous intravenous infusion of
liothyronine was begun in doses of 24 to 96 µg per day, to which
was added intravenous, and later nasojejunal, levothyroxine in
doses of 30 to 50 µg per day. This treatment ultimately lowered
serum thyrotropin concentrations to normal and raised serum tri-
iodothyronine concentrations to normal, but serum thyroxine
concentrations remained low (Fig. 2). Serum reverse triiodothy-
ronine concentrations were elevated at the time of presentation,
fell with the initiation of the liothyronine infusion, and then rose
once again to abnormal levels after the reintroduction of levothy-
roxine (Fig. 2).

On the fourth day of hospitalization, a vertical midline abdom-
inal fasciotomy was performed with the patient under general an-
esthesia. Two days later, multiple hemangiomas were embolized
by hepatic-artery catheterization. Despite transient improvement,
the infant remained dependent on mechanical ventilation. The dos-
es of methylprednisolone and interferon alfa-2b were increased,
but tumor growth continued. Staphylococcal bacteremia was di-
agnosed on day 19 of hospitalization. The infection responded to
antibiotic therapy, but the infant’s clinical status continued to
worsen. Liver transplantation was considered and declined by his
parents. At their request, he was transferred to a hospital in his
home state on day 34. Oliguric renal failure developed six days
later, and he died. An autopsy limited to the collection of heman-
gioma tissue was permitted by the parents.

The cause of this infant’s hypothyroidism was still unclear at
the time of his death. The high serum thyroglobulin concentra-
tion indicated the stimulation of endogenous thyroid tissue.
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 In
adults, the rate of production of triiodothyronine is approximate-
ly 32 µg per day.
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 By comparison, in this 6.5-kg infant, a daily
intravenous dose of up to 96 µg of liothyronine plus 30 to 50 µg
of levothyroxine led only to a low-normal serum triiodothyronine
concentration and did not increase the serum thyroxine concen-
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tration (Fig. 2), indicating that the rate of degradation of both
hormones was excessively high. 

Monodeiodination of the inner ring of thyroxine and triiodothy-
ronine catalyzed by type 3 iodothyronine deiodinase is the chief
means of inactivating these hormones, producing reverse triiodo-
thyronine and 3,3'-diiodothyronine, respectively. An increase in
the activity of this enzyme could explain the marked increase in se-
rum reverse triiodothyronine concentrations in the infant during
treatment with levothyroxine infusion (Fig. 2). Because hypothy-
roidism was present before interferon alfa-2b was given and wor-
sened in parallel with the growth of the tumors, destruction of
thyroid hormone by the hemangiomas or induction of type 3 iodo-
thyronine deiodinase activity by a tumor product was suspected.

 

METHODS

 

Tissue Preparation

 

A review of patients’ charts and studies of human tissue were
approved by the investigative review board of the hospital. Pla-
cental tissue was obtained at term from a woman with no known
medical problems. Frozen specimens of hemangioma tissue were
recovered from storage at ¡80°C. Tissue homogenates were sus-
pended in a buffer of 0.1 M phosphate and 1 mM EDTA at pH
6.9 with 10 mM dithiothreitol and 0.25 M sucrose for enzyme
analysis or in Trizol reagent (Life Technologies, Rockville, Md.)
to isolate RNA.
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Type 3 Iodothyronine Deiodinase Assays

 

Each deiodination reaction included 3 to 150 µg of cellular
protein, 200,000 cpm of 3,3',[

 

125

 

I]5'-triiodothyronine (New Eng-
land Nuclear, Boston), 0 or 1 mM 6

 

N

 

-propylthiouracil, 10 mM
dithiothreitol, and various concentrations of unlabeled triiodo-
thyronine. The reaction was stopped by the addition of ethanol.
The labeled substrate and deiodination products were quantified
by paper chromatography, and iodothyronines were identified by
colorimetry.
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Northern Blot Analysis

 

For the Northern blot analysis, total RNA was isolated with
Trizol reagent according to the manufacturer’s recommendations.
A Northern blot was prepared according to standard methods
and probed with a 1.1-kb fragment of human type 3 iodothyro-
nine deiodinase complementary DNA. Relative to the start codon,
this fragment included nucleotides ¡35 to 849.
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 The blot was
stripped and reprobed with rat cyclophilin to adjust for differenc-
es in the loading and transfer of the samples.

 

In Situ Hybridization

 

For in situ hybridization, 12-µm frozen sections were cut with
a cryostat (Leica, Allendale, N.J.) and fixed with 4 percent para-
formaldehyde in phosphate-buffered saline. A complementary-RNA
probe was prepared that included the same sequences that were
used in the Northern blot analysis, and in situ hybridization was
performed in which 2¬10
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 to 3¬10

 

7

 

 cpm of probe per milliliter
was hybridized with the specimens at 65°C for 16 to 20 hours.

 

Retrospective Review of Patients with Hemangioma

 

A list of patients with hemangiomas who were seen at Chil-
dren’s Hospital between January 1993 and December 1999 was
obtained. Patients were included if they had been given a diagno-
sis of hemangioma (

 

International Classification of Diseases, 9th
Revision, 

 

codes 228.00 through 228.04 and code 228.09). For
each patient, the results of thyroid-function tests were retrieved
from computerized laboratory records.

 

RESULTS

 

Analysis of Type 3 Iodothyronine Deiodinase Activity 
in Hemangioma Tissue from the Patient

 

The patient’s hemangioma exhibited type 3 iodo-
thyronine deiodinase activity that was insensitive to in-
cubation with 6

 

N

 

-propylthiouracil, with a Michaelis

 

Figure 1.

 

 Frontal (Panel A) and Lateral (Panel B) Magnetic Resonance Images of the Abdomen of an Infant with Multiple Hepatic
Hemangiomas and Hypothyroidism.
The liver has been diffusely replaced by hemangiomas, which appear as lobular masses within the abdominal cavity that are dis-
placing the intestines inferiorly and raising the diaphragm.
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constant of 2.5 nM for triiodothyronine. The maxi-
mal velocity of the activity was 0.78 pmol of triiodo-
thyronine deiodinated per minute per milligram of
protein, a value 7.5 times that in placental tissue, which
has the highest level of activity under normal circum-
stances (Fig. 3A).
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 The type 3 iodothyronine deio-
dinase complementary-DNA probe hybridized to a
single RNA band of approximately 2.2 kb in the he-
mangioma and placental tissues (data not shown).
The ratio of the density of type 3 iodothyronine deio-
dinase messenger RNA to the density of cyclophilin
messenger RNA in the patient’s hemangioma tissue
was 3.6 times the ratio in placental tissue. In situ hy-
bridization showed that type 3 iodothyronine deio-

dinase messenger RNA originated from hemangio-
ma cells (Fig. 3B and 3C).

 

Retrospective Review of Patients and Analysis of Type 3 
Iodothyronine Deiodinase Activity in Hemangioma Tissue 
from Other Patients

 

Among the 1555 patients with hemangiomas whom
we identified, serum thyrotropin had been measured
in 92 (6 percent), most of whom were scheduled to
receive interferon, which can cause thyroid dysfunc-
tion.
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 Nine patients had values that were high for their
age.
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 Excluding the index patient, three patients had
serum thyrotropin concentrations that were more than
twice the upper limit of the normal range. One was

 

Figure 2.

 

 Thyroid Function and Treatment during Hospitalization in an Infant with Multiple Hepatic Hemangiomas.
The shaded region is the normal range for serum thyrotropin concentrations (0.3 to 6.2 µU per milliliter), serum thyroxine concen-
trations (6.8 to 13.3 µg per deciliter [88 to 171 nmol per liter]), serum triiodothyronine concentrations (86 to 170 ng per deciliter [1.32
to 2.62 nmol per liter]), and serum reverse triiodothyronine concentrations (10 to 50 ng per deciliter [0.15 to 0.77 nmol per liter]).
Each value is plotted relative to the normal range. Serum thyrotropin and reverse triiodothyronine concentrations are plotted on a
logarithmic (base 10) scale. The infant was treated with intravenous (IV) infusions of both liothyronine and levothyroxine. The route
of administration of levothyroxine was changed to nasojejunal on day 25 of hospitalization. To convert values for thyroxine to na-
nomoles per liter, multiply by 12.87, and to convert values for triiodothyronine or reverse triiodothyronine to nanomoles per liter,
multiply by 0.0154.
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considered to have congenital hypothyroidism. The
other two had had normal results on thyroid screen-
ing as newborns and were considered to have acquired
hypothyroidism. Like our patient, both had massive
hepatic hemangiomas, low serum thyroxine concen-
trations, and high serum thyrotropin concentrations
(567 µU per milliliter at the age of 3 months in one
patient and 88 µU per milliliter at the age of 2

 

2

 

⁄

 

3

 

years in the other). Hemangioma tissue from these
patients was not available for study.

Samples of hemangioma tissue from five other pa-
tients were available and were assayed for type 3 io-
dothyronine deiodinase activity. Three of these spec-
imens had type 3 iodothyronine deiodinase activity,
with velocities of 0.017 pmol of triiodothyronine de-
iodinated per minute per milligram of protein in the
case of a hepatic hemangioma specimen and of 0.014
and 0.042 pmol of triiodothyronine deiodinated per
minute per milligram of protein in the case of two
cutaneous hemangioma specimens, as compared with
a velocity of 0.038 pmol of triiodothyronine deiod-
inated per minute per milligram of protein in the case
of placental tissue analyzed at the same time.

 

DISCUSSION

 

Our patient had severe biochemical hypothyroid-
ism in association with massive hepatic hemangiomas

and required very high doses of levothyroxine and li-
othyronine to reduce serum thyrotropin concentra-
tions to normal. Athyrotic infants who are the same
age as our patient usually require about 7 µg of oral
levothyroxine per kilogram daily to restore serum
thyrotropin concentrations to normal, whereas our
patient required approximately eight to nine times as
much, including the daily dose of liothyronine and
assuming that 40 percent of the exogenous thyrox-
ine is converted to triiodothyronine.

 

6,10,11

 

An accelerated rate of inactivation of thyroid hor-
mone by type 3 iodothyronine deiodinase in the he-
mangioma is the best explanation of this phenome-
non, with the enzymatic activity of the tumor, because
of its large mass and vascularity, exceeding the syn-
thetic capacity of the infant’s thyroid. The presence
of a similar, although less severe, abnormality pre-
sumably also explains the acquired hypothyroidism
in the other two patients we identified. The finding
of type 3 iodothyronine deiodinase activity in three
of five other hemangioma specimens that we tested
indicates that its presence in our patient’s hemangi-
oma is not unique. The two other types of iodothy-
ronine deiodinase act primarily on the outer iodo-
thyronine ring, and they have a weak capacity (in the
case of type 1) to remove iodine to an inner ring or
are unable to do so (in the case of type 2).

 

6

 

Figure 3.

 

 Results of Analysis of Type 3 Iodothyronine Deiodi-
nase Activity and Pathological Studies.
Panel A shows the results of a Lineweaver–Burk analysis of tri-
iodothyronine deiodination by hemangioma tissue from the pa-
tient and by placental tissue. Panels B and C show adjacent
sections of the patient’s hepatic lesion. In Panel B, regions of
the in situ hybridization signal indicating the presence of type
3 iodothyronine deiodinase messenger RNA appear bright
(¬100). In Panel C, hemangioma is apparent on the right-hand
side and primarily uninvolved hepatic tissue is present on the
left-hand side (hematoxylin and eosin, ¬100). Human type 3 io-
dothyronine deiodinase complementary RNA binds specifically
and preferentially to hemangioma cells.
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The proliferative phase of hemangiomas is charac-
terized by the increased expression of angiogenic fac-
tors such as basic fibroblast growth factor.

 

1,12

 

 In neo-
natal glial cells or brown adipocytes from rats, the
activity of type 3 iodothyronine deiodinase or the ex-
pression of its messenger RNA is increased by incu-
bation with fibroblast growth factors, because these
factors activate the extracellular receptor kinase path-
way.

 

13-16

 

 It seems likely that the high level of expression
of type 3 iodothyronine deiodinase in hemangiomas
is due to the endocrine or paracrine induction of the
enzyme in endothelial cells by basic fibroblast growth
factor or other growth factors.

In the first year of life, approximately three to five
IQ points are lost for each month in which hypothy-
roidism remains untreated.

 

17

 

 This developmentally
critical period corresponds to the proliferative phase
of hemangiomas and arouses concern that infants
with this tumor may be at risk for permanent neu-
rologic damage. Infantile hypothyroidism is often oc-
cult, and even severe symptoms could be masked by
complications of the hemangioma itself.

 

17,18

 

 Impaired
hemostasis from hypothyroidism could confound the
coagulopathy of hepatic failure or the Kasabach–Mer-
ritt syndrome.

 

19

 

 Cardiac impairment from hypothy-
roidism could exacerbate the congestive heart failure
associated with high-flow hemangiomas.

 

20,21

 

 Even the
later spastic diplegia and delayed myelination attrib-
uted to neurotoxicity induced by interferon in these
patients are features of hypothyroidism in infants.

 

22-24

 

The majority of hemangiomas are small and re-
quire no therapy.

 

1,2

 

 Given the adaptive capacity of
the normal thyroid gland, it is likely that only pa-
tients with both high levels of type 3 iodothyronine
deiodinase activity and large tumor burdens are at
risk for hypothyroidism. Until prospective studies
can better quantify this risk, thyroid function should
be assessed in children with large hemangiomas be-
fore any type of therapy is begun and periodically
thereafter, especially if symptoms of hypothyroidism
appear or the tumor burden increases rapidly. If hy-
pothyroidism is diagnosed, higher doses of levothy-
roxine may be needed.
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