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Figure 424-2 Dual role for the actions of the PTH/PTHrP receptor
(PTH1R). Parathyroid hormone (PTH; endocrine-calcium homeostasis)
and PTH-related peptide (PTHrP; paracrine–multiple tissue actions
including growth plate cartilage in developing bone) use the single
receptor for their disparate functions mediated by the amino-terminal
34 residues of either peptide. Other regions of both ligands interact
with other receptors (not shown).

CALCITONIN
(See also Chap. 408) Calcitonin is a hypocalcemic peptide hormone
that in several mammalian species acts as an indirect antagonist to the
calcemic actions of PTH. Calcitonin seems to be of limited physiologic
significance in humans, at least with regard to calcium homeostasis.
It is of medical significance because of its role as a tumor marker in
sporadic and hereditary cases of medullary carcinoma and its medical
use as an adjunctive treatment in severe hypercalcemia and in Paget’s
disease of bone.
The hypocalcemic activity of calcitonin is accounted for primarily
by inhibition of osteoclast-mediated bone resorption and secondarily
by stimulation of renal calcium clearance. These effects are mediated
by receptors on osteoclasts and renal tubular cells. Calcitonin exerts
additional effects through receptors present in the brain, the gastrointestinal tract, and the immune system. The hormone, for example,
exerts analgesic effects directly on cells in the hypothalamus and
related structures, possibly by interacting with receptors for related
peptide hormones such as calcitonin gene–related peptide (CGRP)
or amylin. Both of these ligands have specific high-affinity receptors
that share considerable structural similarity with the PTH1R and can
also bind to and activate calcitonin receptors. The calcitonin receptor
shares considerable structural similarity with the PTH1R.
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HYPERCALCEMIA
(See also Chap. 65) Hypercalcemia can be a manifestation of a serious illness such as malignancy or can be detected coincidentally by
laboratory testing in a patient with no obvious illness. The number of
patients recognized with asymptomatic hypercalcemia, usually hyperparathyroidism, increased in the late twentieth century.
Whenever hypercalcemia is confirmed, a definitive diagnosis must
be established. Although hyperparathyroidism, a frequent cause of
asymptomatic hypercalcemia, is a chronic disorder in which manifestations, if any, may be expressed only after months or years, hypercalcemia can also be the earliest manifestation of malignancy, the second
most common cause of hypercalcemia in the adult. The causes of
hypercalcemia are numerous (Table 424-1), but hyperparathyroidism
and cancer account for 90% of all cases.
Before undertaking a diagnostic workup, it is essential to be sure
that true hypercalcemia, not a false-positive laboratory test, is present. A false-positive diagnosis of hypercalcemia is usually the result of
inadvertent hemoconcentration during blood collection or elevation in
serum proteins such as albumin. Hypercalcemia is a chronic problem,
and it is cost-effective to obtain several serum calcium measurements;
these tests need not be in the fasting state.
Clinical features are helpful in differential diagnosis. Hypercalcemia
in an adult who is asymptomatic is usually due to primary hyperparathyroidism. In malignancy-associated hypercalcemia, the disease
is usually not occult; rather, symptoms of malignancy bring the
patient to the physician, and hypercalcemia is discovered during
the evaluation. In such patients, the interval between detection of
hypercalcemia and death, especially without vigorous treatment, is
often <6 months. Accordingly, if an asymptomatic individual has
had hypercalcemia or some manifestation of hypercalcemia such as
kidney stones for more than 1 or 2 years, it is unlikely that malignancy
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the proximal renal tubules. Similar mechanisms may be involved in
other renal tubular transporters that are influenced by PTH. Recent
studies reaffirm the critical linkage of blood phosphate lowering to net
calcium entry into blood by PTH action and emphasize the participation of bone cells other than osteoclasts in the rapid calcium-elevating
actions of PTH.
PTHrP exerts important developmental influences on fetal bone
development and in adult physiology. A homozygous ablation of the
gene encoding PTHrP (or disruption of the PTH1R gene) in mice
causes a lethal phenotype in which animals are born with pronounced
acceleration of chondrocyte maturation that resembles a lethal form
of chondrodysplasia in humans that is caused by homozygous or
compound heterozygous, inactivating PTH1R mutations (Fig. 424-2).
Heterozygous PTH1R mutations in humans furthermore can be a
cause of delayed tooth eruption, and mice that are heterozygous for
ablation of the PTHrP gene display reduced mineral density consistent
with osteoporosis. Experiments with these mouse models point to a
hitherto unappreciated role of PTHrP as a paracrine/autocrine factor that modulates bone metabolism in adults as well as during bone
development.

The thyroid is the major source of the hormone, and the cells 2469
involved in calcitonin synthesis arise from neural crest tissue. During
embryogenesis, these cells migrate into the ultimobranchial body,
derived from the last branchial pouch. In submammalian vertebrates,
the ultimobranchial body constitutes a discrete organ, anatomically
separate from the thyroid gland; in mammals, the ultimobranchial
gland fuses with and is incorporated into the thyroid gland.
The naturally occurring calcitonins consist of a peptide chain of 32
amino acids. There is considerable sequence variability among species.
Calcitonin from salmon, which is used therapeutically, is 10–100 times
more potent than mammalian forms in lowering serum calcium.
There are two calcitonin genes, α and β; the transcriptional control of these genes is complex. Two different mRNA molecules are
transcribed from the α gene; one is translated into the precursor for
calcitonin, and the other message is translated into an alternative
product, CGRP. CGRP is synthesized wherever the calcitonin mRNA
is expressed (e.g., in medullary carcinoma of the thyroid). The β, or
CGRP-2, gene is transcribed into the mRNA for CGRP in the central
nervous system (CNS); this gene does not produce calcitonin, however. CGRP has cardiovascular actions and may serve as a neurotransmitter or play a developmental role in the CNS.
The circulating level of calcitonin in humans is lower than that in
many other species. In humans, even extreme variations in calcitonin production do not change calcium and phosphate metabolism;
no definite effects are attributable to calcitonin deficiency (totally
thyroidectomized patients receiving only replacement thyroxine) or
excess (patients with medullary carcinoma of the thyroid, a calcitoninsecreting tumor) (Chap. 408). Calcitonin has been a useful pharmacologic agent to suppress bone resorption in Paget’s disease (Chap. 426e)
and osteoporosis (Chap. 425) and in the treatment of hypercalcemia of
malignancy (see below). However, bisphosphonates are usually more
effective, and the physiologic role, if any, of calcitonin in humans is
uncertain. On the other hand, ablation of the calcitonin gene (combined because of the close proximity with ablation of the CGRP gene)
in mice leads to reduced bone mineral density, suggesting that its
biologic role in mammals is still not fully understood.
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