STRUCTURE
PTH is an 84-amino-acid single-chain peptide. The amino-terminal
portion, PTH(1–34), is highly conserved and is critical for the biologic
actions of the molecule. Modified synthetic fragments of the aminoterminal sequence as small as PTH(1–11) are sufficient to activate the
PTH/PTHrP receptor (see below). The carboxyl-terminal region of the
full-length PTH(1–84) molecule also can bind to a separate binding
protein/receptor (cPTH-R), but this receptor has been incompletely
characterized. Fragments shortened at the amino-terminus possibly
by binding to cPTH-R can reduce, directly or indirectly, some of the
biologic actions of full-length PTH(1–84) and of PTH(1–34).
BIOSYNTHESIS, SECRETION, AND METABOLISM
Synthesis Parathyroid cells have multiple methods of adapting to
increased needs for PTH production. Most rapid (within minutes) is
secretion of preformed hormone in response to hypocalcemia. Second,
within hours, PTH mRNA expression is induced by sustained hypocalcemia. Finally, protracted challenge leads within days to cellular
replication to increase parathyroid gland mass.
PTH is initially synthesized as a larger molecule (preproparathyroid
hormone, consisting of 115 amino acids). After a first cleavage step to
remove the “pre” sequence of 25 amino acid residues, a second cleavage step removes the “pro” sequence of 6 amino acid residues before
secretion of the mature peptide comprising 84 residues. Mutations in
the preprotein region of the gene can cause hypoparathyroidism by
interfering with hormone synthesis, transport, or secretion.
Transcriptional suppression of the PTH gene by calcium is nearly
maximal at physiologic calcium concentrations. Hypocalcemia increases
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transcriptional activity within hours. 1,25(OH)2D strongly suppresses 2467
PTH gene transcription. In patients with renal failure, IV administration of supraphysiologic levels of 1,25(OH)2D or analogues of this
active metabolite can dramatically suppress PTH overproduction,
which is sometimes difficult to control due to severe secondary hyperparathyroidism. Regulation of proteolytic destruction of preformed
hormone (posttranslational regulation of hormone production) is an
important mechanism for mediating rapid (within minutes) changes
in hormone availability. High calcium increases and low calcium
inhibit the proteolytic destruction of stored hormone.
Regulation of PTH Secretion PTH secretion increases steeply to a maximum value of about five times the basal rate of secretion as the calcium
concentration falls from normal to the range of 1.9–2.0 mmol/L
(7.6–8.0 mg/dL; measured as total calcium). However, the ionized
fraction of blood calcium is the important determinant of hormone
secretion. Severe intracellular magnesium deficiency impairs PTH
secretion (see below).
ECF calcium controls PTH secretion by interaction with a calciumsensing receptor (CaSR), a G protein–coupled receptor (GPCR) for
which Ca2+ ions act as the primary ligand (see below). This receptor is a member of a distinctive subgroup of the GPCR superfamily
that mediates its actions through the alpha-subunits of two related
signaling G proteins, namely Gq and G11, and is characterized by a
large extracellular domain suitable for “clamping” the small-molecule
ligand. Stimulation of the CaSR by high calcium levels suppresses
PTH secretion. The CaSR is present in parathyroid glands and the
calcitonin-secreting cells of the thyroid (C cells), as well as in multiple
other sites, including brain and kidney. Genetic evidence has revealed
a key biologic role for the CaSR in parathyroid gland responsiveness to
calcium and in renal calcium clearance. Heterozygous loss-of-function
mutations in CaSR cause the syndrome of FHH, in which the blood
calcium abnormality resembles that observed in hyperparathyroidism
but with hypocalciuria; two more recently defined variants of FHH,
FHH2 and FHH3, are caused either by heterozygous mutations in G11,
one of the signaling proteins downstream of the CaSR, or by heterozygous mutations in AP2S1. Homozygous loss-of-function mutations
in the CaSR are the cause of severe neonatal hyperparathyroidism, a
disorder that can be lethal if not treated within the first days of life. On
the other hand, heterozygous gain-of-function mutations cause a form
of hypocalcemia resembling hypoparathyroidism (see below).
Metabolism The secreted form of PTH is indistinguishable by immunologic criteria and by molecular size from the 84-amino-acid peptide (PTH[1–84]) extracted from glands. However, much of the
immunoreactive material found in the circulation is smaller than the
extracted or secreted hormone. The principal circulating fragments of
immunoreactive hormone lack a portion of the critical amino-terminal
sequence required for biologic activity and, hence, are biologically
inactive fragments (so-called middle and carboxyl-terminal fragments). Much of the proteolysis of the hormone occurs in the liver and
kidney. Peripheral metabolism of PTH does not appear to be regulated
by physiologic states (high versus low calcium, etc.); hence, peripheral
metabolism of hormone, although responsible for rapid clearance of
secreted hormone, appears to be a high-capacity, metabolically invariant catabolic process.
The rate of clearance of the secreted 84-amino-acid peptide from
blood is more rapid than the rate of clearance of the biologically inactive fragment(s) corresponding to the middle and carboxyl-terminal
regions of PTH. Consequently, the interpretation of results obtained
with earlier PTH radioimmunoassays was influenced by the nature of
the peptide fragments detected by the antibodies.
Although the problems inherent in PTH measurements have been
largely circumvented by use of double-antibody immunometric assays,
it is now known that some of these assays detect, besides the intact
molecule, large amino-terminally truncated forms of PTH, which are
present in normal and uremic individuals in addition to PTH(1–84).
The concentration of these fragments relative to that of intact
PTH(1–84) is higher with induced hypercalcemia than in eucalcemic
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of bone mineral, thereby increasing the flow of calcium from bone
into blood; (2) reduces the renal clearance of calcium, returning more
of the calcium and phosphate filtered at the glomerulus into ECF; and
(3) increases the efficiency of calcium absorption in the intestine by
stimulating the production of 1,25(OH)2D. Immediate control of blood
calcium is due to PTH effects on bone and, to a lesser extent, on renal
calcium clearance. Maintenance of steady-state calcium balance, on the
other hand, probably results from the effects of 1,25(OH)2D on calcium
absorption (Chap. 423). The renal actions of the hormone are exerted
at multiple sites and include inhibition of phosphate transport (proximal tubule), augmentation of calcium reabsorption (distal tubule),
and stimulation of the renal 25(OH)D-1α-hydroxylase. As much as
12 mmol (500 mg) of calcium is transferred between the ECF and bone
each day (a large amount in relation to the total ECF calcium pool),
and PTH has a major effect on this transfer. The homeostatic role of
the hormone can preserve calcium concentration in blood at the cost of
bone demineralization.
PTH has multiple actions on bone, some direct and some indirect.
PTH-mediated changes in bone calcium release can be seen within
minutes. The chronic effects of PTH are to increase the number
of bone cells, both osteoblasts and osteoclasts, and to increase the
remodeling of bone; these effects are apparent within hours after
the hormone is given and persist for hours after PTH is withdrawn.
Continuous exposure to elevated PTH (as in hyperparathyroidism or
long-term infusions in animals) leads to increased osteoclast-mediated
bone resorption. However, the intermittent administration of PTH,
elevating hormone levels for 1–2 h each day, leads to a net stimulation
of bone formation rather than bone breakdown. Striking increases,
especially in trabecular bone in the spine and hip, have been reported
with the use of PTH in combination with estrogen. PTH(1–34) as
monotherapy caused a highly significant reduction in fracture incidence in a worldwide placebo-controlled trial.
Osteoblasts (or stromal cell precursors), which have PTH/PTHrP
receptors, are crucial to this bone-forming effect of PTH; osteoclasts,
which mediate bone breakdown, lack such receptors. PTH-mediated
stimulation of osteoclasts is indirect, acting in part through cytokines
released from osteoblasts to activate osteoclasts; in experimental studies of bone resorption in vitro, osteoblasts must be present for PTH to
activate osteoclasts to resorb bone (Chap. 423).
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