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CALCITONIN

Primary Disciplinary Field(s): Endocrinology, Physiology, Bone Metabolism

1. Core Definition and Overview

Calcitonin (CT) is a critical endocrine hormone primarily synthesized and secreted by the
parafollicular cells, also known as C cells, located within the thyroid gland. Its fundamental
physiological function is centered on regulating the homeostasis of essential minerals, specifically
calcium and phosphorus (in the form of phosphate), within the circulation and the bone matrix.
Functioning as an integral part of the body's mineral balancing system, calcitonin acts as a potent
hypocalcemic agent, meaning its effect is to lower the concentration of calcium ions in the blood
plasma, particularly in response to hypercalcemic stimuli.

Physiologically, calcitonin serves as an antagonist to parathyroid hormone (PTH), which raises
blood calcium levels. Calcitonin achieves its lowering effect chiefly by promoting the net
reabsorption of calcium and phosphate into bone tissue, thereby reinforcing the skeleton and
preventing excessive bone breakdown. Its principal target cell is the osteoclast, the cell type
responsible for bone resorption. By rapidly inhibiting osteoclast activity, calcitonin ensures that
excess calcium remains sequestered in the bone structure, thereby preventing potentially harmful
elevations in serum calcium that could disrupt vital processes such as nerve signaling, muscle
contraction, and blood clotting.

2. Molecular Structure and Synthesis

Calcitonin is characterized as a small, linear polypeptide hormone composed of 32 amino acid
residues. A critical structural feature for its biological activity is the presence of a unique seven-
membered ring at the N-terminus, formed by a disulfide bridge linking two cysteine residues. The
molecule's stability and potency vary significantly across species; historically, salmon calcitonin
has been widely used therapeutically due to its significantly greater potency and longer half-life
compared to the human version.

The synthesis of calcitonin begins with the transcription of the calcitonin gene, often referred to as
the CALC-I gene. This gene is remarkable because it undergoes extensive alternative splicing, a
process that allows a single gene to encode multiple distinct and biologically active peptides. In the
thyroid C cells, the primary RNA transcript is processed to yield the precursor for calcitonin.
However, in neuronal cells, the same gene transcript is spliced differently to produce Calcitonin
Gene-Related Peptide (CGRP), a powerful neuropeptide and vasodilator that is structurally
related to calcitonin but has vastly different physiological roles outside of mineral metabolism. This
sophisticated gene regulation underscores the efficiency and complexity of endocrine signaling
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systems.

3. Physiological Roles and Mechanism of Action

The core physiological responsibility of calcitonin is the acute protection against hypercalcemia,
mediated primarily through its profound effects on bone tissue. Calcitonin initiates its cellular
response by binding to specific high-affinity G-protein coupled receptors (GPCRs) found
predominantly on the membranes of active osteoclasts. Receptor binding triggers an immediate
signaling cascade within the osteoclast, leading to the rapid retraction of the ruffled border, which
is the specialized surface area required for acid and enzyme secretion needed for bone
dissolution. This action effectively halts bone resorption within minutes.

While the primary site of action is the skeleton, calcitonin also exerts effects on the kidneys, albeit
less impactful in adult humans compared to PTH. In the renal tubules, calcitonin promotes the
increased excretion of both calcium and phosphate into the urine by inhibiting their reabsorption.
This synergistic action with the skeletal effect aids in the rapid clearance of excess minerals from
the bloodstream. Furthermore, calcitonin has been hypothesized to reduce calcium absorption in
the gastrointestinal tract, although this effect is minor and difficult to isolate from the robust actions
of Vitamin D and PTH on intestinal absorption.

The inhibitory action on osteoclasts is typically transient. Although calcitonin causes a rapid
cessation of bone breakdown, the osteoclasts eventually become desensitized to continuous high
levels of the hormone (a phenomenon known as "escape"). This rapid onset and transient nature
suggest that calcitonin's role is not in the long-term, slow regulation of bone remodeling, but rather
in providing an immediate buffer against sudden calcium overload, such as that following a large
calcium-rich meal.

4. Regulation of Calcitonin Secretion

The release of calcitonin is controlled by a highly sensitive and precise negative feedback loop
dictated almost entirely by the concentration of ionized calcium in the extracellular fluid. The C cells
of the thyroid are equipped with specialized plasma membrane receptors known as Calcium-
Sensing Receptors (CaSRs). These receptors are crucial regulators not only of calcitonin but also
of PTH secretion, albeit in an inverse manner.

When the serum calcium level rises above the homeostatic set point (hypercalcemia), calcium ions
bind to the CaSRs on the C cell surface. This binding event activates an intracellular signaling
pathway that dramatically increases the rate of calcitonin secretion. The secreted calcitonin then
acts on the bone and kidneys to bring the calcium level back down toward the set point.
Conversely, if serum calcium concentration falls (hypocalcemia), the stimulus for calcitonin release
is withdrawn, leading to minimal calcitonin secretion and allowing PTH production to dominate the
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system, thereby raising calcium levels back to normal.

Other factors, including certain gastrointestinal hormones such as gastrin and cholecystokinin, can
also stimulate calcitonin secretion. This suggests a potential physiological link between nutrient
digestion and bone maintenance, allowing the body to preemptively deposit newly absorbed
calcium into the skeleton before it causes a significant post-meal spike in serum calcium
concentration. This anticipation mechanism highlights calcitonin's crucial role in dietary calcium
handling.

5. Interactions with Other Hormones

Calcitonin operates within a sophisticated hormonal axis involving Parathyroid Hormone (PTH)
and Vitamin D (Calcitriol). The relationship between calcitonin and PTH is fundamentally
antagonistic. While calcitonin is released to protect against hypercalcemia, PTH is released from
the parathyroid glands in response to hypocalcemia. PTH functions to elevate blood calcium by
stimulating osteoclast activity, enhancing calcium reabsorption in the kidney, and promoting the
conversion of Vitamin D to its active form, which increases intestinal calcium absorption.

This reciprocal control ensures the tight maintenance of calcium within the physiological range
(typically 8.5 to 10.5 mg/dL). If the body is subjected to persistent hypercalcemia, calcitonin levels
increase to drive calcium into the bone, while PTH levels drop. If severe hypocalcemia occurs,
PTH production surges, and calcitonin production effectively ceases. The balance between these
two hormones is the primary determinant of minute-to-minute calcium availability.

Vitamin D metabolites, specifically 1,25-dihydroxyvitamin D (Calcitriol), also play a regulatory role.
Calcitriol is essential for maintaining bone mineralization and adequate calcium stores. While
calcitonin works to temporarily inhibit bone resorption, Calcitriol facilitates the overall availability of
calcium for bone formation and mineralization. The coordinated actions of these three agents--
calcitonin, PTH, and Vitamin D--are essential for maintaining both mineral balance and skeletal
integrity throughout the lifespan.

6. Clinical Significance and Therapeutic Applications

The clinical use of calcitonin, often administered as synthetic salmon calcitonin (which is
structurally similar but more potent than human calcitonin), has been established for several bone
and calcium metabolic disorders. The most significant therapeutic application is in the
management of Paget's disease of bone. Paget's disease is characterized by excessively
accelerated, disorganized, and localized bone remodeling caused by overactive osteoclasts.
Calcitonin's powerful inhibitory effect on osteoclasts rapidly reduces the high bone turnover rate
associated with this disease, leading to alleviation of bone pain and normalization of elevated
markers of bone resorption.
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Calcitonin is also used in the acute treatment of severe hypercalcemia, particularly in cases
stemming from malignancy. Because its mechanism of action is rapid, it can quickly lower
dangerously high calcium levels, providing immediate relief before slower-acting treatments, such
as bisphosphonates, take effect. Furthermore, calcitonin was historically used in the treatment of
osteoporosis, specifically for postmenopausal women, administered via nasal spray or injection.
Its analgesic properties, particularly in treating pain associated with vertebral compression
fractures, were beneficial, although its efficacy in significantly increasing bone mineral density long-
term was superseded by newer drugs.

Finally, measurement of serum calcitonin levels serves a vital diagnostic purpose. Markedly
elevated basal or stimulated calcitonin levels are a highly specific biomarker for the diagnosis and
monitoring of Medullary Thyroid Carcinoma (MTC), a neuroendocrine tumor arising from the
parafollicular C cells. Monitoring calcitonin concentration post-surgery is essential for detecting
residual or recurrent disease.

7. Debates and Current Research

Despite its clear function in animal models and defined role in pharmacological interventions, the
long-term clinical relevance of endogenous calcitonin in healthy, non-pregnant adult humans
remains a topic of scientific debate. The observation that total surgical removal of the thyroid gland
(thyroidectomy), which eliminates all C cells and thus endogenous calcitonin production, typically
does not lead to chronic hypercalcemia or significant bone density loss, suggests that PTH and
Vitamin D are the primary long-term regulators of calcium homeostasis. Therefore, the
physiological importance of calcitonin may be restricted to highly specific circumstances, such as
immediate post-prandial calcium buffering or periods of intense skeletal growth.

A significant debate arose regarding the safety of calcitonin used for osteoporosis treatment.
Regulatory agencies, including the European Medicines Agency (EMA) and the U.S. Food and
Drug Administration (FDA), issued warnings concerning a small, but statistically significant,
increased risk of malignancy associated with the long-term use of calcitonin nasal spray. This
finding led to restrictions on its use for osteoporosis, limiting its application primarily to short-term
pain management and Paget's disease. Current research is now focused on understanding the
molecular basis of these findings and exploring novel calcitonin analogs that retain the desired
anti-osteoclastic activity without the potential long-term safety concerns. Furthermore, research
continues into the extensive functions of CGRP, the co-product of the calcitonin gene, particularly
its role in migraine treatment.
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Physiology, Calcitonin (StatPearls - NCBI)
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