PATHOLOGY 425

FUNCTIONAL ASSESSMENT OF THE THYROID

Dr. Wes Schreiber

I.
ROLE OF THYROID GLAND
The follicular cells of the thyroid gland produce the thyroid hormones, thyroxine (T4) and triiodothyronine (T3).  These hormones control the rate of numerous metabolic processes, as discussed below.  The parafollicular, or C cells, of the thyroid produce calcitonin, a regulator of calcium homeostasis.

II.
THYROID HORMONE SYNTHESIS
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Iodine Uptake
In North America, the daily intake of iodine ranges from 250 to 700 g.  Iodine is actively transported into thyroid cells, and this organ contains about 90% of the 6‑8 mg of iodine in the body.  Iodine uptake is accelerated by TSH and iodine deficiency; it is inhibited by perchlorate, thiocyanate, and iodine excess.

Organification
Within the follicular cell, iodide (I‑) is oxidized by a peroxidase enzyme to form a reactive intermediate.  This binds to tyrosyl residues in thyroglobulin, a large glycoprotein (MW = 660,000) containing about 120 tyrosyl residues.  The addition of one or two iodine atoms to a tyrosyl residue forms monoiodotyrosine (MIT) and diiodotyrosine (DIT), respectively.

Coupling
The same peroxidase enzyme transfers MIT and DIT residues intramolecularly to form thyronines, which contain two phenyl rings joined by an oxygen atom.  In this way the principal thyroid hormones, thyroxine (T4) and triiodothyronine (T3), are synthesized and remain bound to the large thyroglobulin molecule.

Storage
Thyroglobulin is released from the apical end of the follicular cell into the colloid, where it is stored.  A normal thyroid gland contains a 3‑month supply of stored hormone.

Secretion
When the thyroid is stimulated to secrete, the apical portion of the follicular cell forms pseudopodia which surround and engulf droplets of colloid.  The droplets fuse with lysosomes, whose proteases digest thyroglobulin to its constituent amino acids, releasing MIT, DIT, T3 and T4.  The latter two are secreted as active thyroid hormones, while MIT and DIT are deiodinated within the cell and the iodine recycled for future hormone synthesis.

III.
METABOLISM
Output
The thyroid secretes about 90 g of T4 and 7 g of T3 per day.  However, T3 is much more active than T4, and an additional 25‑30 g of T3 arises through deiodination of T4 in peripheral tissues.  Reverse T3 (rT3) is also produced by deiodination of T4.  This structure, in which an iodine atom is removed from the inner ring, is metabolically inactive.

Binding Proteins
Nearly all of the circulating thyroid hormone (99.95% of T4, 99.7% of T3) is bound to three plasma proteins:  thyroxine‑binding globulin (TBG), prealbumin and albumin.  Most of the T4 and T3 in plasma is bound to TBG.  Only the free hormones are metabolically active;  the bound fraction serves as a stable reservoir of potentially available hormone that is in equilibrium with free hormone.

Degradation
Thyroid hormones are degraded mainly by successive deiodination.  T4 and T3 may also undergo deamination and decarboxylation of the alanine side chain, and small amounts are conjugated to glucuronic acid and sulfate.  Inactive metabolites are excreted in urine or bile.

IV.
PHYSIOLOGIC ACTIONS
Mechanism of Action
T3 binds to specific nuclear receptors, stimulating the transcription of messenger RNA which directs the synthesis of proteins and enzymes responsible for metabolic functions.  Other postulated mechanisms of action include mitochondrial activation, stimulation of Na+‑K+ ATPase activity, stimulation of cell membrane functions, and interaction with the adrenergic system.

General Effects
Thyroid hormones stimulate oxygen consumption and heat production, increase glucose absorption, production (gluconeogenesis) and use, and increase protein catabolism.  These hormones are required for normal growth and maturation, and a deficiency in early life results in cretinism.  There are also specific effects on the cardiovascular, gastrointestinal, and central nervous systems.

V.
CONTROL OF SECRETION
Hypothalamus/Pituitary/Thyroid
The hypothalamus secretes thyrotropin‑releasing hormone (TRH), a tripeptide.  TRH stimulates the pituitary to release thyroid‑stimulating hormone (TSH), a polypeptide hormone containing alpha and beta subunits.  TSH binds to specific receptors on thyroid cells and stimulates two main actions:  (1) cell reproduction and hypertrophy and (2) production and secretion of thyroid hormone.

Increased levels of free thyroid hormone inhibit the release of TSH by the pituitary.  Conversely, a decrease in thyroid hormone leads to increased secretion of TRH and TSH.

VI.
TESTS OF THYROID FUNCTION
Thyroxine (T4)
Basic screening test of thyroid function.  Its value is increased in hyperthyroidism, decreased in hypothyroidism.  However, changes in TBG concentration may cause an abnormally high or low T4 in a euthyroid patient.  Measurement of free T4, which is available in most laboratories, eliminates this problem.

Triiodothyronine (T3)
More sensitive test for hyperthyroidism than T4, but a poor indicator of hypothyroidism.  Especially useful in the diagnosis of T3 toxicosis, a form of hyperthyroidism in which only T3 is elevated.  T3 may be decreased in acutely ill patients who do not have thyroid disease due to diminished peripheral conversion of T4 to T3 (sick euthyroid syndrome).  

T3 uptake (T3U)
Measures the available binding sites in plasma for thyroid hormone.  It is therefore an indirect measure of TBG concentration.

 T3U corresponds to a decrease in available binding sites

 T3U corresponds to an increase in available binding sites

Free thyroxine index (FTI)
A mathematical approximation of free T4 that corrects for changes in the concentration of binding proteins.  It is calculated as follows:

                FTI = (T4 x T3U)/100

FTI is increased in hyperthyroidism, decreased in hypothyroidism.  T3 uptake and calculation of free thyroxine index are being phased out and replaced by direct measurement of free T4.

Thyroid‑stimulating hormone (TSH)
Single best screening test for thyroid disease.  TSH is low or undetectable in hyperthyroidism, increased in primary hypothyroidism.  Rare patients with a pituitary or hypothalamic cause of hypothyroidism have low or normal levels of TSH.

TRH stimulation test
Measures the pituitary (TSH) response to an intravenous dose of TRH.  The main clinical application is to distinguish between a pituitary and hypothalamic cause of hypothyroidism.

Autoantibodies
Antimicrosomal and antithyroglobulin antibodies of high titre are found in most patients with chronic lymphocytic (Hashimoto's) thyroiditis.  TSH receptor antibodies are detectable in most patients with Graves= disease.

VII.
HYPERTHYROIDISM
Definition
The clinical syndrome caused by an excess of circulating thyroid hormone.

Signs and symptoms ‑ related to the hypermetabolic state induced by thyroid hormone.

Metabolic:
Heat intolerance, weight loss with good appetite, muscle wasting,

   fatigability.

Skin:

Warm, moist, flushed.

Heart:

Tachycardia, palpitations, arrhythmias.

CNS:

Nervousness, irritability, tremor, exaggerated reflexes.

GI:

Frequent bowel movements.

Other:

Oligomenorrhea.

Causes
Graves' disease
An immunological disorder in which serum IgG autoantibodies (thyroid‑stimulating immunoglobulins) bind to TSH receptors on the thyroid cell and stimulate production and release of thyroid hormone.  The thyroid is diffusely enlarged, smooth and nontender.  Eye findings  (wide‑eyed stare, lid lag, proptosis) can be striking, and some patients have a characteristic dermopathy.  This disease is the most common cause of hyperthyroidism, affecting women five times more often than men.

Toxic multinodular goiter
Usually arises from a pre‑existing nodular goiter.  Portions of the gland become autonomous and secrete excess amounts of thyroid hormone; the reason for this is not known.  The thyroid is enlarged and contains alternating areas of nodularity and normal tissue.  This condition is not associated with the eye and skin findings of Graves' disease and is more common in elderly patients.

Toxic adenoma
A benign tumor that may, infrequently, produce excess thyroid hormone.  It presents clinically as a solitary thyroid nodule.  Adenomas may not be influenced by TSH and therefore secrete thyroid hormone autonomously.  A hyperfunctioning adenoma concentrates radioactive iodine avidly and shows up as a "hot nodule" on thyroid scans.

Subacute thyroiditis
A self‑limiting inflammation of the thyroid, most likely due to a viral infection.  Transient hyperthyroidism is caused by disruption of follicles within the gland and release of stored thyroid hormone into the circulation.  Some patients develop a tender, enlarged thyroid gland, accompanied by fever;  others remain asymptomatic (painless thyroiditis).

Other causes
Rare causes of hyperthyroidism include functioning thyroid carcinoma, choriocarcinoma or hydatidiform mole, struma ovarii, TSH‑secreting pituitary adenoma, neonatal hyperthyroidism, excess iodine intake, and excess administration of thyroid hormone.

Laboratory diagnosis
Measure TSH first ‑ if it is low, confirm the diagnosis with free T4.  These two tests are usually sufficient to diagnose hyperthyroidism.  If free T4 is not available, T4, T3U and FTI can be used instead.  In difficult or borderline cases, measure T3 or free T3 (available in some labs).  The expected values for thyroid function tests in hyperthyroidism are as follows:
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VIII.
HYPOTHYROIDISM
Definition
The clinical syndrome caused by a deficit of thyroid hormone.  Hypothyroidism in the neonatal period is called cretinism and leads to severe retardation of growth and intellectual development.  In adults, hypothyroidism is also called myxedema.

Signs and symptoms ‑ the opposite of those seen in hyperthyroidism.

Metabolic:
Cold intolerance, decreased appetite with weight gain, lethargy,

   muscular weakness.

Skin:

Dry, coarse, thickened, peripheral and facial edema, coarse hair.

Heart:

Bradycardia, enlargement and failure of the heart.

CNS:

Apathy, slowed speech and intellect, depressed reflexes.

GI:

Constipation.

Other:

Hoarse voice, enlarged tongue, menorrhagia.

Causes
Chronic lymphocytic (Hashimoto's) thyroiditis
A lymphocytic infiltrate replaces thyroid tissue and causes diffuse, painless enlargement of the gland.  The disease appears to be autoimmune in origin, and autoantibodies directed against thyroid cell antigens can be found in most patients.  Although the exact mechanism of follicular cell destruction is unknown, it leads in time to inadequate thyroid hormone synthesis and secretion.  Over 90% of patients are female, usually between 30 and 50 years of age.

Therapeutic ablation
Surgery and radioiodine therapy are both used to treat hyperthyroidism.  If too much tissue is removed or destroyed, a hypothyroid state ensues.

Primary idiopathic myxedema
May have autoimmune origin.

Drugs
Antithyroid drugs (e.g., propylthiouracil) and lithium may produce hypothyroidism.  

Other causes
Less common causes of hypothyroidism include developmental abnormalities, inherited enzyme defects, iodine deficiency or excess, pituitary/hypothalamic failure, and peripheral resistance to thyroid hormone action.

Laboratory diagnosis
Measure TSH first ‑ if it is high, confirm the diagnosis with free T4.  Again, if free T4 is not available, T4, T3U and FTI may be substituted.  In hypothyroid patients with a low TSH, perform a TRH stimulation test to distinguish a pituitary from hypothalamic cause.  Antimicrosomal antibodies are of value in determining etiology.  The expected values for thyroid function tests in hypothyroidism appear below:
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