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ORMONE-resistance syndromes can be broadly

defined as conditions resulting from reduced or
absent end-organ responsiveness to biologically active
hormones. They are caused by defects in hormone re-
ceptors or post-receptor defects.'* Mutations in the thy-
roid hormone-receptor B gene cause resistance to thy-
roid hormone, which is characterized by elevated
serum thyroid hormone concentrations with few or no
clinical and biochemical manifestations of thyroid hor-
mone excess and, most notably, normal or slightly
increased thyrotropin secretion.! Mutations that in-
activate the thyrotropin receptor or the G (guanine nu-
cleotide—binding) protein that couples the receptor to
adenylate cyclase should cause thyrotropin resistance,
resulting in either hypothyroidism or euthyroidism
with increased thyrotropin secretion, depending on the
completeness of the defect. There have been several re-
ports of patients with congenital hypothyroidism,*® in-
cluding some with familial hypothyroidism,” and an
apparent resistance to the action of thyrotropin. How-
ever, sequencing of the thyrotropin and thyrotropin-
receptor genes in these patients revealed no abnormal-
ities.?

We describe three siblings who were euthyroid and
had normal serum concentrations of thyroid hormone
but high concentrations of thyrotropin. They had mu-
tations in both alleles of the thyrotropin-receptor gene,
one inherited from each parent. The mutant thyrotro-
pin receptor inherited from the father had almost no
biologic activity, and that inherited from the mother
had reduced activity.

CASE REPORTS

The propositus, the second of three daughters born to unrelated
parents, had a blood thyrotropin concentration of 103 mU per liter
(normal, <20) on neonatal screening. Her thyroid gland was normal
on radioiodide scanning. At 16 days of age, she had a serum thyrot-
ropin concentration of 47 mU per liter and a serum thyroxine (T))
concentration of 9.2 ug per deciliter (119 nmol per liter); the 24-hour
uptake of radioiodide by the thyroid was 23 percent (normal, 8 to 30
percent). Because of the high serum thyrotropin values, she was
treated with T,.
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These results prompted the testing of her older sister (Daughter
1), then four years of age, whose physical and mental development
was normal. Her serum thyrotropin concentration was 80 mU per li-
ter (normal, 0.5 to 6.2), and her serum T, concentration was 9.8 ug
per deciliter (126 nmol per liter; normal, 6.0 to 13.0 ug per deciliter
[77 to 167 nmol per liter]). She had a normal thyroidal radioiodide
scan, with a three-hour uptake of 9 percent. One year later she was
treated with T, at a daily dose of 50 ug, which reduced her serum
thyrotropin concentration to 38 mU per liter. Four years later, the
youngest daughter (Daughter 3) was also found to have a high blood
thyrotropin concentration (96 mU per liter) at birth, with a normal
T, concentration (13.0 ug per deciliter [168 nmol per liter]). After the
high thyrotropin value was confirmed by its measurement in serum
(53 mU per liter), she was treated with T,.

All family members had thyroid glands of normal size, and none
had symptoms or signs of hypothyroidism at any time. The three
girls continued to develop normally without adjustment of their T,
doses, which at the time of our study were lower than the usual re-
placement dose (Table 1). The results of thyroid-function tests in
the three girls before and 3, 6, and 12 months after the discontinu-
ation of T, therapy as well as in their parents are shown in Table 1.
Additional studies in the eldest girl conducted two months after T,
was discontinued revealed a serum glycoprotein hormone a-subunit
concentration of 0.6 ug per liter (normal, <1.0) and no serum an-
tithyrotropin antibodies, as determined by the binding of radiola-
beled thyrotropin to serum immunoglobulins. Her serum thyrotro-
pin concentration increased from 66 mU per liter to a peak of 338
mU per liter 15 minutes after the intravenous administration of 400
pg of thyrotropin-releasing hormone. Serum calcium, parathyroid
hormone, luteinizing hormone, and follicle-stimulating hormone
concentrations were all normal. The child’s bone age was 14 years
at a chronologic age of 12.3 years. The parents consented to these
studies.

METHODS

Tests of Thyroid Function

Serum T, and triiodothyronine (T) concentrations were measured
by radioimmunoassay (Diagnostic Products, Los Angeles), and thy-
rotropin by chemiluminescence assay (Nichols Institute, San Juan
Capistrano, Calif.). The serum free T, index was calculated as the
product of the serum T, and T,-resin uptake values.” Serum free T,
and free T, concentrations were measured by equilibrium dialysis
(Nichols Institute).

Clinical Studies

The responsiveness of the pituitary and peripheral tissues to thy-
roid hormone was evaluated in the eldest daughter (Daughter 1).!
She was given a dose of 25 ug of T; every 12 hours for three days,
followed by a 50-ug dose every 12 hours for three days. Blood sam-
ples were obtained before and 12 hours after the last 25-ug and
50-ug dose for the measurement of serum T,, T;, free T, index, thy-
rotropin, sex hormone—binding globulin, alkaline phosphatase, cho-
lesterol, and creatine kinase.

Preparation of Genomic DNA, RNA, and Complementary
DNA and DNA Sequencing

Genomic DNA was isolated from peripheral-blood leukocytes. To-
tal RNA was extracted from the same source by the acid guanidini-
um thiocyanate technique.!” The coding regions (exons 2 and 3) of
the thyrotropin 8 gene and exon 10 of the thyrotropin-receptor gene
were sequenced, with genomic DNA used as the template. Sequences
of exon 1 through the 5’ end of exon 10 of the thyrotropin-receptor
gene were obtained from complementary DNA (cDNA) synthesized
by reverse transcription of very small amounts of thyrotropin-recep-
tor messenger RNA from blood mononuclear cells (illegitimate tran-
scription). DNA was amplified by the polymerase chain reaction
(PCR) with specific oligonucleotide primers, subcloned into M13 bac-
teriophages or pBluescript plasmids, and then sequenced (Sequenase,
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