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OME degree of stimulation of the thyroid gland

by human chorionic gonadotropin is common

during early pregnancy.l* When serum chori-
onic gonadotropin concentrations are abnormally
high — for example, in women with molar pregnan-
cies — overt hyperthyroidism may ensue. The path-
ophysiologic mechanism is believed to be promiscu-
ous stimulation of the thyrotropin receptor by the
excess chorionic gonadotropin.*5 The explanation for
this stimulation is the close structural relations be-
tween chorionic gonadotropin and thyrotropin and
between their receptors.

Hyperemesis gravidarum is characterized by ex-
cessive vomiting in early pregnancy, leading to the
loss of 5 percent or more of body weight.* It is usu-
ally self-limited and therefore of little clinical conse-
quence.5” Some women with the disorder have high
serum thyroid hormone concentrations, and a few
have sufficient clinical manifestations of hyperthy-
roidism to warrant short-term treatment with anti-
thyroid drugs.® Many but not all women with hy-
peremesis gravidarum and hyperthyroidism have high
serum chorionic gonadotropin concentrations, rais-
ing the possibility that other factors contribute to
the hyperthyroidism.389

We describe a woman and her mother who had
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recurrent gestational hyperthyroidism and normal
serum chorionic gonadotropin concentrations. Both
women were heterozygous for a missense mutation
in the extracellular domain of the thyrotropin recep-
tor. The mutant receptor was more sensitive than
the wild-type receptor to chorionic gonadotropin,
thus accounting for the occurrence of hyperthyroid-
ism despite the presence of normal chorionic gonad-
otropin concentrations.

CASE REPORT

The proband was a 27-year-old woman who was 10 weeks’ preg-
nant when referred for the evaluation and treatment of hyperthy-
roidism. This was her third pregnancy, the first and second having
resulted in early miscarriage accompanied by severe nausea and
vomiting. She again reported severe nausea and vomiting and had
recently lost 5 kg in weight. Physical examination revealed persist-
ent tachycardia (heart rate, 120 beats per minute), excessive sweat-
ing, and tremor of the hands. There was a small, diffuse goiter and
no ophthalmopathy. Laboratory studies revealed the following val-
ues: serum thyrotropin concentration, <0.07 uU per milliliter
(normal, 0.2 to 6); serum free thyroxine concentration, 4.7 ng per
deciliter (60 pmol per liter; normal, 0.8 to 1.9 ng per deciliter [11
to 24 pmol per liter]); and serum triiodothyronine concentration,
605 ng per deciliter (9.77 nmol per liter; normal, 65 to 170 ng per
deciliter [1.05 to 2.75 nmol per liter]). No antibodies to thyroid
peroxidase or the thyrotropin receptor were detected in serum.

The patient was treated with 450 mg of propylthiouracil per
day for eight weeks, and the dose was then tapered to 150 mg per
day. Her condition improved rapidly, and she remained clinically
and biochemically euthyroid for the rest of her pregnancy. She
delivered a normal girl at 38 weeks of gestation, at which time
the propylthiouracil was discontinued. The patient did not return
for a follow-up examination post partum.

Eighteen months later, after seven weeks of amenorrhea, she was
referred for a recurrence of hyperthyroidism associated with hyper-
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Figure 1. Serum Free Thyroxine and Thyrotropin Concentra-
tions during the Index Patient’s Fourth Pregnancy.

To convert values for serum free thyroxine to picomoles per
liter, multiply by 12.9.
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emesis gravidarum. The findings on examination were similar to
those during the previous pregnancy. The patient denied having any
symptoms during the intervening period. The results of laboratory
studies were as follows: serum thyrotropin concentration, <0.07
pU per milliliter; serum free thyroxine concentration, 4.5 ng per
deciliter (58 pmol per liter); and serum chorionic gonadotropin, 70
U per milliliter (normal range for the first trimester of pregnancy,
38 to 173). Serum thyroid-stimulating activity was undetectable.

The patient was treated with 250 mg of propylthiouracil per day
for four weeks, and because her serum thyrotropin concentrations
remained low, the dose was tapered to between 50 and 150 mg
per day for the rest of the pregnancy (Fig. 1). She delivered a nor-
mal boy at 38 weeks of gestation, at which time the propylthio-
uracil was again discontinued. She was clinically and biochemically
euthyroid when last examined four months after delivery.

The patient’s mother reported a similar history. She had given
birth to the patient at the age of 27, two years after having a mis-
carriage. The pregnancy was complicated by nausea, vomiting, and
weight loss of 7 kg during the first trimester. Delivery was without
complications and occurred at term. The same symptoms recurred
during a subsequent pregnancy, and the woman was treated with
carbimazole for what was believed to be hyperthyroidism due to
Graves’ disease, despite the absence of goiter and ophthalmopathy.
She delivered a normal boy at 40 weeks of gestation. Carbimazole
was discontinued two months after delivery. Since that time she
has remained euthyroid and has had no more pregnancies.

The study was approved by the local ethics committee, and
both women gave informed consent.

METHODS

Hormone Assays

Serum free thyroxine was measured by radioimmunoassay
(Sorin Biomedica, Anthony, France), and serum thyrotropin and
chorionic gonadotropin were measured by chemiluminescence
assays (ACS180, Chiron, Cergy Pontoise, France). Thyroid-stim-
ulating activity in the serum was assayed in cultures of Chinese-
hamster—ovary cells, stably transfected with the human thyrotro-
pin receptor.1?

Sequencing of the Thyrotropin-Receptor Gene

To determine the sequence of the thyrotropin-receptor gene,
DNA was extracted from peripheral-blood leukocytes, and the se-
quences of all exons of the thyrotropin-receptor gene and the in-
tron—exon junctions were determined as described previously.!!

Functional Characterization of the Mutant

The mutation identified in the thyrotropin-receptor gene of the
patient and her mother was introduced in wild-type thyrotropin-
receptor complementary DNA (cDNA) by site-directed mutagen-
esis based on the polymerase chain reaction (PCR). In brief, an
Xhol—-AfI1II restriction fragment encompassing the mutated site
was ligated to wild-type thyrotropin-receptor ¢cDNA that had
been inserted in the expression vector pSVL (Pharmacia, Roosen-
daal, the Netherlands). The sequence of the segment containing
the mutation was verified on both strands.

Plasmids encoding wild-type or mutant thyrotropin receptors
and wild-type luteinizing hormone or follicle-stimulating hor-
mone receptors were transfected into COS-7 cells by the DEAE—
dextran method.! Cell-surface expression of the wild-type and
mutant receptors was assessed by a FACScan flow cytometer
(Becton Dickinson, San Diego, Calif.) with a mouse monoclonal
antibody (BA-8) that recognizes a conformational epitope of the
extracellular domain of the human thyrotropin receptor.!2

The production of cyclic AMP (cAMP) was measured in the
cells at base line and after incubation for 60 minutes!! with bo-
vine thyrotropin (Sigma, Bornem, Belgium), chorionic gonado-
tropin from the urine of pregnant women (Intervet, Chorulon,
Turnhout, Belgium), and recombinant follicle-stimulating hor-
mone (Organon, Brussels, Belgium).
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RESULTS
Sequence Determination

Direct sequencing of PCR products amplified
from genomic DNA from the patient identified the
substitution of guanine for adenine at codon 183 in
exon 7 in one allele of the thyrotropin-receptor
gene. This substitution results in the replacement of
a lysine residue with an arginine (K183R) at position
183 of the receptor, which is in the middle of its ex-
tracellular N-terminal domain. The patient’s mother
was heterozygous for the same mutation. The muta-
tion nullifies an A/«I restriction site, a characteristic
that allows easy screening of the general population.
None of 100 unrelated normal subjects carried the
mutation, ruling out the possibility that it is a com-
mon polymorphism.

Functional Characterization of the Mutant Receptor

When transfected into COS-7 cells, the mutant
cDNA was expressed at the cell surface at a concen-
tration similar to that of the wild-type receptor (data
not shown). Basal production of cAMP in cells ex-
pressing the mutant receptor was similar to that in
cells expressing the wild-type receptor, as were the
sensitivity and maximal responsiveness of the cells to
bovine thyrotropin (Fig. 2A). In contrast, chorionic
gonadotropin in concentrations of up to 1000 U per
milliliter caused a dose-dependent increase in cAMP
production by cells containing the mutant receptor,
but only a minimal increase in cells containing the
wild-type receptor (Fig. 2B). Comparison of the
stimulation of cAMP production by chorionic go-
nadotropin in cells containing the wild-type lutein-
izing hormone receptor or the mutant thyrotropin
receptor indicated that the mutant was about 1000
times less responsive (Fig. 2C).

Serum from a pregnant woman with a high serum
chorionic gonadotropin concentration (280 U per
milliliter) was diluted to achieve a concentration (65
U per milliliter) that was similar to the values record-
ed during the first trimester of pregnancy. This con-
centration of chorionic gonadotropin caused cAMP
production to increase by a factor of 3.5 in COS-7
cells expressing the mutant thyrotropin receptor, but
it had no effect on cells expressing the wild-type re-
ceptor. Follicle-stimulating hormone (200 mU per
milliliter) had no effect on cells expressing either the
mutant or the wild-type receptor.

The results of assays of direct binding of radiola-
beled chorionic gonadotropin or the displacement
of radiolabeled thyrotropin by chorionic gonadotro-
pin from the mutant receptors were negative (data
not shown).

DISCUSSION

The phenotype and genotype of our patient and
her mother, together with the functional character-
istics of the mutant thyrotropin receptor, led to a
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Figure 2. Functional Characteristics of the Mutant Thyrotropin
Receptor in COS-7 Cells.

Panel A shows the effect of stimulation of cAMP production by
graded concentrations of bovine thyrotropin in cells transfected
with wild-type or mutant thyrotropin receptor. The median
(+SE) effective concentration of bovine thyrotropin was
0.76x0.24 uU per milliliter in cells transfected with the wild-
type receptor and 0.75+0.08 uU per milliliter in cells trans-
fected with the mutant receptor. Panel B shows the effect of
stimulation of cAMP production by graded concentrations of
chorionic gonadotropin in cells transfected with wild-type or
mutant thyrotropin receptor. Panel C shows the effect of stim-
ulation of cAMP production by graded concentrations of chori-
onic gonadotropin in cells transfected with wild-type luteiniz-
ing hormone receptor or mutant thyrotropin receptor. Cells
were incubated with bovine thyrotropin or chorionic gonado-
tropin for 60 minutes. Transfections were performed in tripli-
cate. Representative results are shown for one of three sepa-
rate experiments in the case of Panels B and C and for one of
four separate experiments in the case of Panel A. The I bars in-
dicate the standard errors.

syndrome of hereditary gestational hyperthyroidism
caused by hypersensitivity of the thyrotropin recep-
tor to chorionic gonadotropin. The mutation is re-
markable in that it broadens the ligand specificity of
a G-protein—coupled receptor without altering sen-
sitivity to the native ligand, thyrotropin.

The mechanism responsible for gestational hyper-
thyroidism in these women differs from that of the
hyperthyroidism associated with molar pregnancies
and, at least in some women, hyperemesis gravi-
darum. In women with the latter two conditions,
hyperthyroidism results from the activation of the
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thyrotropin receptor by excessive quantities of cho-
rionic gonadotropin or by chorionic gonadotropin
molecules with increased thyrotropin-like activity.!3-16
These two situations may be viewed as exaggerated
forms of the thyroid stimulation that occurs at the
time of maximal chorionic gonadotropin production
in many normal pregnant women.! In contrast, in
our patient and her mother, both of whom were het-
erozygous for the K183R mutation, normal serum
chorionic gonadotropin concentrations that would
not stimulate the wild-type thyrotropin receptor
excessively caused hyperthyroidism that was severe
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enough to necessitate antithyroid-drug therapy dur-
ing pregnancy.

The relation between hyperemesis gravidarum and
gestational hyperthyroidism is not clear. In some
studies, high serum free thyroid hormone concentra-
tions were found in 30 to 70 percent of women with
hyperemesis gravidarum,>7 but in other studies, few
women had high values.”” Whether hyperemesis re-
sults from hyperthyroidism, from the hyperestro-
genic state associated with hyperstimulation by cho-
rionic gonadotropin, or from other mechanisms is
not known.®18-20 The finding of severe recurrent hy-
peremesis in the presence of normal serum chorionic
gonadotropin concentrations in our patient suggests
that hyperemesis is related to hyperthyroidism.

Considering its functional consequences, the mu-
tation identified — the substitution of arginine for
lysine at position 183 — is surprisingly conservative.
This position is in a region of the receptor that con-
stitutes the putative surface of interaction with thy-
rotropin.2-22 An arginine at position 183 may in-
crease the stability of the illegitimate complex between
chorionic gonadotropin and the thyrotropin recep-
tor enough to cause signal transduction by the in-
creased serum chorionic gonadotropin concentra-
tions present in pregnant women.2 However, despite
the fact that luteinizing hormone activates the wild-
type thyrotropin receptor more easily than does cho-
rionic gonadotropin,?* the serum luteinizing hor-
mone concentrations after menopause would remain
too low to cause activation of the mutant receptor.
Indeed, the mother of our patient remained euthy-
roid after menopause. This finding is compatible
with a relatively small gain of function in the mutant
thyrotropin receptor in response to stimulation by
chorionic gonadotropin, in agreement with our in-
ability to detect binding of chorionic gonadotropin.

Unlike other mammals, primates rely on chorionic
gonadotropin for the maintenance of the corpus lu-
teum in early pregnancy.?s Our data, together with
the fact that thyrotropin secretion is often partially
suppressed during the period when chorionic go-
nadotropin concentrations are maximal, suggest that
evolution has led to the selection of physiologic
mechanisms that operate close to the border of hy-
perthyroidism during normal pregnancy.
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