Iodine deficiency is prevalent in many mountainous regions
and in central Africa, central South America, and northern
Asia (Fig. 405-3). Europe remains mildly iodine-deficient,
and health surveys indicate that iodine intake has been falling in the
United States and Australia. The World Health Organization (WHO)
estimates that about 2 billion people are iodine-deficient, based on
urinary excretion data. In areas of relative iodine deficiency, there is an
increased prevalence of goiter and, when deficiency is severe, hypothyroidism and cretinism. Cretinism is characterized by mental and growth
retardation and occurs when children who live in iodine-deficient
regions are not treated with iodine or thyroid hormone to restore
normal thyroid hormone levels during early life. These children are
often born to mothers with iodine deficiency, and it is likely that
maternal thyroid hormone deficiency worsens the condition.
Concomitant selenium deficiency may also contribute to the neurologic manifestations of cretinism. Iodine supplementation of salt,
bread, and other food substances has markedly reduced the prevalence
of cretinism. Unfortunately, however, iodine deficiency remains the
most common cause of preventable mental deficiency, often because of
societal resistance to food additives or the cost of supplementation. In
addition to overt cretinism, mild iodine deficiency can lead to subtle
reduction of IQ. Oversupply of iodine, through supplements or foods
enriched in iodine (e.g., shellfish, kelp), is associated with an increased
incidence of autoimmune thyroid disease. The recommended average
daily intake of iodine is 150–250 μg/d for adults, 90–120 μg/d for children, and 250 μg/d for pregnant and lactating women. Urinary iodine
is >10 μg/dL in iodine-sufficient populations.
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TSH Action TSH regulates thyroid gland function through the TSHR, a seven-transmembrane G protein–coupled receptor (GPCR). The
TSH-R is coupled to the α subunit of stimulatory G protein (GSα), which
activates adenylyl cyclase, leading to increased production of cyclic
adenosine monophosphate (AMP). TSH also stimulates phosphatidylinositol turnover by activating phospholipase C. The functional
role of the TSH-R is exemplified by the consequences of naturally
occurring mutations. Recessive loss-of-function mutations cause
thyroid hypoplasia and congenital hypothyroidism. Dominant gainof-function mutations cause sporadic or familial hyperthyroidism that
is characterized by goiter, thyroid cell hyperplasia, and autonomous
function. Most of these activating mutations occur in the transmembrane domain of the receptor. They mimic the conformational changes
induced by TSH binding or the interactions of thyroid-stimulating
immunoglobulins (TSI) in Graves’ disease. Activating TSH-R mutations also occur as somatic events, leading to clonal selection and
expansion of the affected thyroid follicular cell and autonomously
functioning thyroid nodules (see below).
Other Factors That Influence Hormone Synthesis and Release Although
TSH is the dominant hormonal regulator of thyroid gland growth
and function, a variety of growth factors, most produced locally in
the thyroid gland, also influence thyroid hormone synthesis. These
include insulin-like growth factor I (IGF-I), epidermal growth factor,
transforming growth factor β (TGF-β), endothelins, and various cytokines. The quantitative roles of these factors are not well understood,
but they are important in selected disease states. In acromegaly, for
example, increased levels of growth hormone and IGF-I are associated with goiter and predisposition to multinodular goiter (MNG).
Certain cytokines and interleukins (ILs) produced in association with
autoimmune thyroid disease induce thyroid growth, whereas others
lead to apoptosis. Iodine deficiency increases thyroid blood flow and
upregulates the NIS, stimulating more efficient iodine uptake. Excess
iodide transiently inhibits thyroid iodide organification, a phenomenon known as the Wolff-Chaikoff effect. In individuals with a normal thyroid, the gland escapes from this inhibitory effect and iodide
organification resumes; the suppressive
action of high iodide may persist, however,
in patients with underlying autoimmune
thyroid disease.

Figure 405-3 Worldwide iodine nutrition. Data are from the World Health Organization and
the International Council for the Control of Iodine Deficiency Disorders (http://indorgs.virginia
.edu/iccidd/mi/cidds.html).
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Organification, Coupling, Storage, and Release After iodide enters the
thyroid, it is trapped and transported to the apical membrane of thyroid follicular cells, where it is oxidized in an organification reaction
that involves TPO and hydrogen peroxide produced by dual oxidase
(DUOX) and DUOX maturation factor (DUOXA). The reactive iodine
atom is added to selected tyrosyl residues within Tg, a large (660 kDa)
dimeric protein that consists of 2769 amino acids. The iodotyrosines
in Tg are then coupled via an ether linkage in a reaction that is also
catalyzed by TPO. Either T4 or T3 can be produced by this reaction,
depending on the number of iodine atoms present in the iodotyrosines. After coupling, Tg is taken back into the thyroid cell, where it
is processed in lysosomes to release T4 and T3. Uncoupled mono- and
diiodotyrosines (MIT, DIT) are deiodinated by the enzyme dehalogenase, thereby recycling any iodide that is not converted into thyroid
hormones.

Disorders of thyroid hormone synthesis are rare causes of con- 2285
genital hypothyroidism. The vast majority of these disorders are due to
recessive mutations in TPO or Tg, but defects have also been identified
in the TSH-R, NIS, pendrin, hydrogen peroxide generation, and dehalogenase. Because of the biosynthetic defect, the gland is incapable of
synthesizing adequate amounts of hormone, leading to increased TSH
and a large goiter.

THYROID HORMONE TRANSPORT AND
METABOLISM
Serum Binding Proteins T4 is secreted from
the thyroid gland in about twentyfold excess
over T3 (Table 405-2). Both hormones are
bound to plasma proteins, including thyroxine-binding globulin (TBG), transthyretin (TTR, formerly known as thyroxinebinding prealbumin, or TBPA), and albumin. The plasma-binding proteins increase
the pool of circulating hormone, delay hormone clearance, and may modulate hormone delivery to selected tissue sites. The
concentration of TBG is relatively low (1–2
mg/dL), but because of its high affinity for
thyroid hormones (T4 > T3), it carries about
80% of the bound hormones. Albumin has
relatively low affinity for thyroid hormones
but has a high plasma concentration (~3.5 g/
dL), and it binds up to 10% of T4 and 30% of
T3. TTR carries about 10% of T4 but little T3.
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