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Figure 405-4 Mechanism of thyroid hormone receptor action.
The thyroid hormone receptor (TR) and retinoid X receptor (RXR) form
heterodimers that bind specifically to thyroid hormone response elements (TRE) in the promoter regions of target genes. In the absence
of hormone, TR binds co-repressor (CoR) proteins that silence gene
expression. The numbers refer to a series of ordered reactions that
occur in response to thyroid hormone: (1) T4 or T3 enters the nucleus;
(2) T3 binding dissociates CoR from TR; (3) co-activators (CoA) are
recruited to the T3-bound receptor; and (4) gene expression is
altered.
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Thyroid Hormone Resistance Resistance to thyroid hormone (RTH) 2287
is an autosomal dominant disorder characterized by elevated thyroid hormone levels and inappropriately normal or elevated TSH.
Individuals with RTH do not, in general, exhibit signs and symptoms
that are typical of hypothyroidism because hormone resistance is partial and is compensated by increased levels of thyroid hormone. The
clinical features of RTH can include goiter, attention deficit disorder,
mild reduction in IQ, delayed skeletal maturation, tachycardia, and
impaired metabolic responses to thyroid hormone.
Classical forms of RTH are caused by mutations in the TRβ gene.
These mutations, located in restricted regions of the ligand-binding
domain, cause loss of receptor function. However, because the mutant
receptors retain the capacity to dimerize with RXRs, bind to DNA,
and recruit co-repressor proteins, they function as antagonists of the
remaining normal TRβ and TRα receptors. This property, referred
to as “dominant negative” activity, explains the autosomal dominant
mode of transmission. The diagnosis is suspected when unbound
thyroid hormone levels are increased without suppression of TSH.
Similar hormonal abnormalities are found in other affected family
members, although the TRβ mutation arises de novo in about 20% of
patients. DNA sequence analysis of the TRβ gene provides a definitive
diagnosis. RTH must be distinguished from other causes of euthyroid
hyperthyroxinemia (e.g., FDH) and inappropriate secretion of TSH
by TSH-secreting pituitary adenomas (Chap. 403). In most patients,
no treatment is indicated; the importance of making the diagnosis is
to avoid inappropriate treatment of mistaken hyperthyroidism and to
provide genetic counseling.
A distinct form of RTH is caused by mutations in the TRα gene.
Affected patients have many clinical features of congenital hypothyroidism including growth retardation, skeletal dysplasia, and severe
constipation. In contrast to RTH caused by mutations in TRβ, thyroid
function tests include normal TSH, low or normal T4, and normal or
elevated T3 levels. These distinct clinical and laboratory features underscore the different tissue distribution and functional roles of TRβ and
TRα. Optimal treatment of patients with RTH caused by TRα mutations has not been established.
PHYSICAL EXAMINATION
In addition to the examination of the thyroid itself, the physical examination should include a search for signs of abnormal thyroid function
and the extrathyroidal features of ophthalmopathy and dermopathy
(see below). Examination of the neck begins by inspecting the seated
patient from the front and side and noting any surgical scars, obvious
masses, or distended veins. The thyroid can be palpated with both
hands from behind or while facing the patient, using the thumbs to
palpate each lobe. It is best to use a combination of these methods,
especially when nodules are small. The patient’s neck should be slightly
flexed to relax the neck muscles. After locating the cricoid cartilage,
the isthmus, which is attached to the lower one-third of the thyroid
lobes, can be identified and then followed laterally to locate either
lobe (normally, the right lobe is slightly larger than the left). By asking
the patient to swallow sips of water, thyroid consistency can be better
appreciated as the gland moves beneath the examiner’s fingers.
Features to be noted include thyroid size, consistency, nodularity,
and any tenderness or fixation. An estimate of thyroid size (normally
12–20 g) should be made, and a drawing is often the best way to
record findings. However, ultrasound is the method of choice when it
is important to determine thyroid size accurately. The size, location,
and consistency of any nodules should also be defined. A bruit or thrill
over the gland, located over the insertion of the superior and inferior thyroid arteries (supero- or inferolaterally), indicates increased
vascularity, as occurs in hyperthyroidism. If the lower borders of the
thyroid lobes are not clearly felt, a goiter may be retrosternal. Large
retrosternal goiters can cause venous distention over the neck and
difficulty breathing, especially when the arms are raised (Pemberton’s
sign). With any central mass above the thyroid, the tongue should be
extended, as thyroglossal cysts then move upward. The thyroid examination is not complete without assessment for lymphadenopathy in the
supraclavicular and cervical regions of the neck.
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among organs; TRα is particularly abundant in brain, kidneys, gonads,
muscle, and heart, whereas TRβ expression is relatively high in the
pituitary and liver. Both receptors are variably spliced to form unique
isoforms. The TRβ2 isoform, which has a unique amino terminus, is
selectively expressed in the hypothalamus and pituitary, where it plays
a role in feedback control of the thyroid axis (see above). The TRα2
isoform contains a unique carboxy terminus that precludes thyroid hormone binding; it may function to block the action of other TR isoforms.
The TRs contain a central DNA-binding domain and a C-terminal
ligand-binding domain. They bind to specific DNA sequences, termed
thyroid response elements (TREs), in the promoter regions of target
genes (Fig. 405-4). The receptors bind as homodimers or, more commonly, as heterodimers with retinoic acid X receptors (RXRs) (Chap.
400e). The activated receptor can either stimulate gene transcription (e.g., myosin heavy chain α) or inhibit transcription (e.g., TSH
β-subunit gene), depending on the nature of the regulatory elements
in the target gene.
Thyroid hormones (T3 and T4) bind with similar affinities to TRα and
TRβ. However, structural differences in the ligand binding domains
provide the potential for developing receptor-selective agonists or
antagonists, and these are under investigation. T3 is bound with
10–15 times greater affinity than T4, which explains its increased
hormonal potency. Although T4 is produced in excess of T3, receptors
are occupied mainly by T3, reflecting T4 → T3 conversion by peripheral
tissues, greater T3 bioavailability in the plasma, and the greater affinity
of receptors for T3. After binding to TRs, thyroid hormone induces
conformational changes in the receptors that modify its interactions
with accessory transcription factors. Importantly, in the absence of
thyroid hormone binding, the aporeceptors bind to co-repressor proteins that inhibit gene transcription. Hormone binding dissociates the
co-repressors and allows the recruitment of co-activators that enhance
transcription. The discovery of TR interactions with co-repressors
explains the fact that TR silences gene expression in the absence of
hormone binding. Consequently, hormone deficiency has a profound
effect on gene expression because it causes gene repression as well as
loss of hormone-induced stimulation. This concept has been corroborated by the finding that targeted deletion of the TR genes in mice has
a less pronounced phenotypic effect than hormone deficiency.
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