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1. Embryology of the Parathyroid Glands

During the fifth to sixth week of intrauterine development, the embryonic pha-

rynx is marked externally by four branchial clefts of ectoderm origin and inter-
nally by five branchial pouches of endoderm origin [1]. The branchial apparatus
is made up by the branchial clefts and branchial pouches, together with the
branchial arches of mesoderm origin, found in between them [2]. This apparatus
undergoes normal involution leaving behind some derivatives which include the
thyroid gland, parathyroid glands, thymus, ultimobranchial body, Eustachian
tube, middle ear, and external auditory canal [3].

The parathyroid glands develop as epithelial thickenings of the dorsal endo-
derm of the third and fourth branchial pouches [2]. The superior parathyroid

glands are derived from the fourth branchial pouch, which also gives rise to the

DOI: 10.4236/ijohns.2017.64007 July 27, 2017



http://www.scirp.org/journal/ijohns
https://doi.org/10.4236/ijohns.2017.64007
http://www.scirp.org
https://doi.org/10.4236/ijohns.2017.64007
http://creativecommons.org/licenses/by/4.0/

R. Arrangoiz et al.

thyroid gland [4]. The third branchial pouch gives rise to the inferior parathy-
roid glands and the thymus [2] [5]. The parathyroid glands remain intimately
connected with their respective branchial pouch derivatives.

The normal anatomic location of the superior parathyroid glands is more
constant than the inferior parathyroid glands, with 80% of the superior glands
being found near the posterior aspect of the thyroid gland at the junction of the
upper and middle portion of the thyroid lobes, at the level of the cricoid cartilage
(each gland with its own capsule of connective tissue) [6]. Roughly one percent
of the superior parathyroid glands may be found in the paraesophageal or re-
troesophageal space [7] [8]. Enlarged superior glands may descend in the tra-
cheoesophageal groove and come to lie below the inferior parathyroid glands
[8]. Truly ectopic superior parathyroid glands are extremely rare, but may be
localized to the middle or posterior mediastinum or in the aortopulmonary
window [6].

During intrauterine development, the thymus and the inferior parathyroid
glands migrate caudally in the neck. The most common location for the inferior
parathyroid glands is within a distance of 1 cm from a point centered where the
inferior thyroid artery and the recurrent laryngeal nerve (RLN) cross [4]. Ap-
proximately 15% to 50% of the inferior glands are found in the thymus [6] [9].
The position of the inferior parathyroid glands, however, tends to be more vari-
able due to their longer migratory route. Undescended inferior glands may be
found near the skull base, angle of the mandible, or above the superior parathy-
roid glands along with an undescended thymus. The frequency of intrathyroidal
glands is approximately 2% [4] [6] [10].

2. Anatomy of the Parathyroid Glands

There are normally two pairs of parathyroid glands (inferior and superior). The
parathyroid gland is oval or bean-shaped (Figure 1).

It typically measures 6 mm X 4 mm x 2 mm and weighs 40 mg to 60 mg [4]
[6] [11]. Most people have four parathyroid glands. Akerstrém et al [6], in a se-
ries of 503 autopsies, identified four parathyroid glands in 84% of the cases. Su-
pernumerary glands were found in 13% of the cases, most commonly in the
thymus. In the literature, the incidence of supernumerary glands is anywhere
between 3% and 13% [6] [12]. Only in three percent of the cases less than four pa-
rathyroid glands are identified [6]. The superior glands usually are dorsal to the

Figure 1. Arrow point to normal parathyroid gland.
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RLN at the level of the cricoid cartilage, whereas the inferior parathyroid glands
are located ventral to the nerve [4] [13]. The normal parathyroid glands are se-
mitransparent and gray in color in newborns but appear golden yellow to light
brown in adults [11]. The color of the parathyroid glands depends on several
factors such as the cellularity, fat content, and vascularity. Also, they often are
surrounded in and sometimes difficult to discriminate from surrounding fat.

The blood supply of the parathyroid glands is usually derived from branches
of the inferior thyroid artery, although branches of the superior thyroid artery
can supply at least 10% to 45% of the superior parathyroid glands [14] [15]. In a
study of 354 autopsy specimens, Alverd, observed that both the superior and in-
ferior parathyroid glands derive their blood supply from the inferior thyroid ar-
tery (86% on the right side and 77% from the left side) [16]. When the inferior
thyroid artery was absent both the superior and inferior parathyroid glands were
supplied by the superior thyroid artery [16]. Branches from the thyroidea ima,
and vessels to the trachea, esophagus, larynx, and mediastinum may also con-
tribute to the irrigation of the parathyroid glands [13]. Wang et al, in a study of
160 autopsy specimens showed that a low lying inferior parathyroid gland could
be identified by following the vascular pedicle of the inferior thyroid artery [17].
The parathyroid glands drain ipsilaterally by the superior, middle, and inferior
thyroid veins [6] [13].

The innervation of the parathyroid glands occurs via the superior or middle
cervical ganglia, or through a plexus in the fascia on the posterior aspect of the
thyroid lobe [13].

3. Histology of the Parathyroid Glands

The vast majority of the parathyroid gland parenchyma is composed of chief
cells (also known the parathyroid gland principal cells) and oxyphil cells ar-
ranged in trabeculae, within a stroma composed primarily of adipose cells
(Figure 2) [13] [18]. The parathyroid glands are surrounded by a thin fibrous
capsule dividing the glands into lobules. The stromal fat around the parathyroid
glands increases gradually with age up to 30% by age 25. The percentage of fat is
related to the constitutional fat percentage, but can be reduced in dying individ-

uals; mean is 17% with wide variation [19].

Figure 2. Normal parathyroid gland.

K2
035: Scientific Research Publishing

41



R. Arrangoiz et al.

In preadolescence the parathyroid glands are made uplargely by chief cells,
which produce parathyroid hormone (PTH) (Figure 3) [20]. Acidophilic oxy-
phil cells which are rich in mitochondria, developed from parathyroid principal
cells, can be identified after puberty, and increase in numbers during adulthood
(Figure 4) [18]. The water-clear cells, also appear to come from the chief cells.
They appear in small numbers, and have abundant glycogen (Figure 5). While
most oxyphil and water-clear cells retain the ability to secrete PTH, their func-
tional significance is not known.

The chief cells play a critical role in calcium homeostasis by sensing changes
inextracellular calcium concentration and releasing the appropriate amount of
PTH to correct or maintain normal blood calcium levels [21]. The chief cells
(parathyroid gland principal cells) measure approximately six to eight microns,
they are polygonal in shape, have a centrally located round nuclei, and have se-
cretory granules containing PTH [18]. The chief cells appear dark purple in a
hematoxylin and eosin stain [20]. Approximately 80% of the chief cells have

Figure 5. Water clear cell.
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intracellular fat [22]. The chief cell is the most sensitive of all the parathyroid
gland cells to changes in the serum ionized calcium concentrations. The chief
cells spend most of their time inactive due to normal calcium hemostasis [22].
These inactive cells are categorized as cuboidal [21]. They have low levels of se-
cretory granules, as opposed to active chief cells. These granules can contain acid
phosphatase. Acid phosphatase is only found in larger secretory granules, and is
less prevalent in smaller secretory granules. This acid phosphatase is also present
in the Golgi apparatus of the chief cell [23]. However, the Golgi apparatus areas
associated with PTH packaging contained little or no acid phosphatase [23]. The
chief cells become active in response to low calcium serum concentrations. The
low serum calcium concentrations are sensed by the calcium-sensing receptor
[24]. These active cells have a greater electron density than the inactive chief
cells that is thought to be caused by the secretory granules containing PTH [18].
The oxyphil cells are slightly larger than the chief cells, measuring approximately
12 microns, they have an acidophilic cytoplasm due to abundance of mitochon-
dria, and they have no secretory granules [25]. On hematoxylin and eosin stain-
ing they appear lighter than the chief cells [20]. The mitochondrion of the oxy-
phil cells is the site for vitamin D metabolism. Vitamin D 1 hydroxylase is highly
expressed in oxyphil cells [20]. The rough endoplasmic reticulum is scarce and
the Golgi complex associated with few pro-secretory granules is poorly devel-
oped. They first appear during puberty as single cells, then pairs, then nodules
by age 40 [26]. The oxyphil cells release PTH in a regulated fashion, and can also
have the potential to produce autocrine/paracrine factors, such as parathyroid
hormone related peptide (PTHrP) and calcitriol [20].

The parathyroid gland water clear cells are extremely rare. Their presence is
associated with parathyroid gland hyperplasia or even parathyroid adenoma
formation [27]. The water clear cells have an abundant clear cytoplasm with
sharply defined cell membranes, and have excessive cytoplasmic glycogen [21].
The water clear cells have an oval or round nucleus with occasional indentations.
The cytoplasm is filled, for the most part, with membrane-limited vacuoles [27].
Most vacuoles appear empty or contain finely particulate substance and thread-

like materials.

4. Parathyroid Gland Physiology, Calcium and Phosphate
Homeostasis

Calcium homeostasis is a complex process involving the following four key
components: serum calcium, serum phosphate, 1,25-dihydroxyvitamin D-3, and
parathyroid hormone (PTH). The most abundant cation in the human body is
calcium and it has many essential functions. The total body calcium concentra-
tion in a normal adult is approximately 1000 to 1200 grams [28]. Approximately
99% of the bodies calcium resides in the skeletal system and less than 1% of the
soluble calcium is found in the intracellular and extracellular compartments [28]
[29]. More than 99% of the total body calcium is found as the bone crystal

structure of hydroxyapatite [29]. Calcium found at the bone crystal surface is
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exchangeable (1% of the calcium in the skeleton is freely exchangeable with cal-
cium in the extracellular compartment) [29]. Extracellular calcium concentra-
tions are 10,000-fold greater than the intracellular calcium concentrations [30].

The main functions of extracellular calcium are for excitation-contraction
coupling in muscle tissues, synaptic transmission in the nervous system, coa-
gulation cascade, and secretion of other hormones [29]. Calcium found in the
intracellular compartment act as a second messenger regulating cell division,
motility, membrane trafficking, secretion, and intercellular adhesion [29] [31]
[32] [33].

In normal adults, approximately 800 to 1000 mg of calcium should be ingested
daily. This amount will fluctuate depending on the amount of dairy product
consumed. When 1000 mg of calcium are ingested in the diet, approximately 800
mg are excreted in the feces, and 200 mg in the urine [28]. Approximately 400
mg of the 1000 mg of dietary calcium are absorbed by the small intestines, and
calcium loss by way of intestinal secretions is approximately 200 mg a day. There-
fore, a net absorption of calcium is approximately 200 mg day [34].

Calcium is absorbed throughout the entire small intestine, although it is more
efficient in the duodenum and proximal jejunum secondary to the higher con-
centration of vitamin D dependent calcium binding proteins compared to other
sites within the small intestines [35]. Another reason for the better absorption of
calcium in the duodenum and proximal jejunum is the lower luminal pH in this
segments that promote dissociation of calcium from food complexes. Larger
proportions of total calcium are absorbed in the distal jejunum and ileum due to
the longer contact times with the intestinal mucosa [35] [36]. Calcium absorp-
tion in the small intestine is mediated by two mechanisms: a transcellular active
transport process, located mainly in the duodenum and proximal jejunum; and a
paracellular, passive process that functions throughout the entire length of the
small intestine, and it is the principal route of calcium absorption when serum
calcium concentrations are high [34] [36].

The active transcellular process comprises three major steps: entry of cal-
cium across the intestinal brush border (mediated by a molecular structure
termed CaT), intracellular diffusion (mediated by the cytosolic calcium-binding
protein—calbindin D); and extrusion (mediated chiefly by the calcium ATPase)
[35] [36] [37] [38]. Chyme travels through the lumen of the small intestine in
approximately three hours, spending only a few minutes in the duodenum and
proximal jejunum, but over two hours in the distal half of the small intestine
[36]. When calcium consumption is low, active transcellular calcium transport
accounts for a substantial fraction of the absorbed calcium [36] [37]. When cal-
cium consumption is high, active transcellular transport accounts for only a small
fraction of the absorbed calcium, because of the short transit time across the
duodenum and proximal jejunum and because CaT1 and calbindin D, which are
both rate-limiting, are down regulated when calcium intake is high [36] [37]
[38]. The synthesis of calbindin D and CaT1 function is vitamin D-dependent in
approximately 90% of the cases [37]. Many different factors affect intestinal cal-
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cium absorption and they are depicted on Table 1.

As mentioned previously extracellular compartment calcium (1000 mg) ac-
counts for only 1% of the body’s calcium stores, the preponderance of which is
found in the skeletal system. Roughly 50% of the serum calcium is in the ionized
active form [40]. The remainder is bound to albumin (40%) and organic anions
such as phosphate and citrate (10%) [40] [41]. The total serum calcium levels
range from 8.5 to 10.5 mg/dL (2.1 to 2.6 mmol/L), and ionized calcium levels
range from 4.4 to 5.2 mg/dL (1.17 to 1.33 mmol/L), but vary depending the la-
boratory used. The total serum calcium concentration must always be considered
in its association to plasma protein concentrations, especially serum albumin. For
each gram per deciliter of alteration of serum albumin above or below 4.0 mg/dL,
there is a 0.8 mg/dL increase or decrease in protein-bound calcium and, thus, in
total serum calcium levels [42]. For each 1.0 g/dl decrease in serum globulin frac-
tion, total serum calcium decreases by 0.12 mg/dl [28]. For every 0.1 change in
pH, ionized calcium changes by 0.12 mg/dl [28] [43].

Certain acid-base and serum protein concentration disorders may affect the
serum calcium concentrations. Metabolic acidosis, malnutrition, and cirrhosis
will decrease serum calcium concentrations [44] [45]. Dehydration and multiple
myeloma with increase serum calcium concentrations [46].

In humans who have a glomerular filtration rate (GFR) of 170 liters a day ap-
proximately 10,000 mg of calcium are filtered in 24 hours [28]. Urinary calcium
excretion is approximately 100 to 200 mg per day, therefore, 98% to 99% of the
filtered calcium load is reabsorbed by the renal tubules (only 1% to 2% of the fil-
tered calcium is been excreted) [30]. Roughly 60% to 70% of the filtered calcium
is reabsorbed in the proximal convoluted tubule (PCT), 20% in the loop of
Henle, 10% by the distal convoluted tubule (DCT), and 5% by the collecting duct
(CD) [28] [33]. Table 2 exemplifies how much calcium is absorbed in the dif-
ferent anatomical sites of the kidney.

Table 1. Factors that affect intestinal calcium absorption [39].

Absorption

Calcitriol (1,25 (OH),D;) Increases

Increasing Age Decreases

Estrogen Increases

Glucocorticoids Decreases

Table 2. Calcium reabsorption in kidney [28].
Location Percentage of Absorption  Type of Absorption Controlled PTH

PCT 60% to 70% Pass‘ive (85% to 90%) No
Active (10% to 15%) Yes
Thick Ascending Limb 20% Active Yes
Descending Limb 0% None No
DCT 5% Active Yes
CD 5% Active Yes
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The terminal nephron (DCT and CD), although responsible for the reabsorp-
tion of only 5% to 10% of the filtered calcium load, is the main site for regulating
of calcium excretion [33].

Vitamin D3 (cholecalciferol) is taken in the diet, from fortified dairy products
and fish oils, or it is synthesized in the skin from 7-dehydrocholesterol by ultra-
violet irradiation [47]. Vitamin D is produced by the result of photolysis of na-
turally occurring sterol precursors. Pro-vitamin D3 (7-dehydrocholesterol) is
found in the cell membranes of epidermal keratinocytes. Ultraviolet B (UVB) light
converts pro-vitamin D3 to pre-vitamin D3 by breaking the B ring. Thermal
energy isomerizes pre-vitamin D3 to Vitamin D3 in the cell membrane.

Vitamin D3 is released into the blood stream from the epidermal keratino-
cytes and then it is transported to the liver via a vitamin D binding protein
(DBP, a specific binding protein for vitamin D and its metabolites) [47] [48]. In
the liver vitamin D metabolism occurs thanks to the hydroxylation by one or
more cytochrome P450 vitamin D 25 hydroxylases (including CYP2R1, CYP2D11
and CYP2D25), resulting in the formation of 25-hydroxyvitamin D3 (25(OH)D3).
It has been suggested that CYP2R1 is the key enzyme required for 25 hydrox-
ylation of vitamin D since a homozygous mutation of the CYP2R1 gene was
found in a patient with low circulating levels of 25(OH)D3 and classic symp-
toms of vitamin D deficiency [49]. The major circulating form of vitamin D,
25 hydroxy-vitamin D 3 (25(0OH)D3), is transported by the DBP to the kidney
[47].

In the kidney, a member of the LDL receptor superfamily called Magalin,
plays a critical role in endocytic internalization of 25(OH)D3 [50]. Proximal ren-
al tubular cell 25(0OH)D3 hydroxylase converts 25-hydroxyvitamin D3 (25(OH)D3)
to active 1,25 (OH),D, (calcitriol) [47]. The cytochrome P450 monooxygenase
25(OH)D 1a hydroxylase (CYP27B1; 1a(OH)ase) which metabolizes 25(OH)D3
to 1,25(OH)2D3 is present predominantly in the kidney although it can be found
in extra-renal sites including placenta, monocytes and macrophages [47] [51]
[52] [53]. 25(OH)D3 hydroxylase is inhibited by1,25(0OH)2D3 (calcitriol), phos-
phate, and elevated serum calcium concentrations. PTH stimulates 25(OH)D3
hydroxylase. Vitamin D stimulates the absorption of calcium and phosphate from
the small intestine and the resorption of calcium from the bone, Table 3 depicts
the actions of 1,25(0OH)2D3 [47].

The parathyroid gland cells depend on a G-protein-coupled membrane re-
ceptor (which is a 1078 amino acid glycosylated protein), designated the calcium-
sensing receptor (CASR), to help regulate PTH secretion by sensing extracel-

lular calcium concentrations [54] [55]. The CASR has seven large extracellular

Table 3. Actions of 1,25(0OH),D, [47].

Increases calcium absorption from the small intestine
Inhibits 25(OH) vitamin D3 hydroxylase in the kidney
Increases bone mineralization

Inhibits PTH secretion from parathyroid gland cells
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transmembrane domains with a long cytoplasmic tail [54]. The ligand for the
CASR is the calcium ion that when it binds to the receptor it inhibits PTH secre-
tion [54]. PTH secretion is stimulated by low levels of 1,25(0OH)2D3, catechola-
mine’s, and hypomagnesemia [56].

The PTH gene is located on chromosome 11p15 that consists of three exons in
the parathyroid gland cell nucleus [57] [58]. Exon 1 is untranslated, exon 2 en-
codes a 25-amino acid signal peptide and is part of the prohormone, and exon 3
encodes the remaining part of the prohormone (6 amino acids) and the whole
PTH molecule (84 amino acids). In humans, the terminal region of exon 3 con-
sisting of 351 nucleotides remains untranslated [59].

PTH is synthesized in the parathyroid gland cell as a precursor hormone pre-
pro-PTH (containing 115 amino acids), which is cleaved within the parathyroid
gland cells at the N-terminal portion to pro-PTH (90 amino acids) and then to
intact PTH (84 amino acids). The intact PTH molecule is the major storage, se-
creted, and biologically active form of the hormone [56] [60]. PTH synthesis and
release is continuous, with about six to seven superimposed pulses each hour
[60].

Pre-pro-PTH DNA is transcribed from the PTH gene found in the parathy-
roid gland cell nucleus after which it passes into the cytoplasm and is trans-
lated in the rough endoplasmatic reticulum (RER) to form pre-pro-PTH (115
amino acids) [60]. The pre-peptide is cleaved across RER membrane and the pro-
peptide is cleaved in Golgi Apparatus. The intact PTH is concentrated in secre-
tory vesicles and granules [60]. Within the vesicles and granules, the PTH re-
mains intact or is cleaved to form an inactive C-terminal PTH fragment. The in-
tact PTH and C-terminal PTH fragments are released from the parathyroid cell
by exocytosis [61], this occurs within seconds after induction of hypocalcemia
[60]. No N-terminal PTH fragments are released from the parathyroid gland cell
[61]. The biosynthetic process is estimated to take less than one hour [60]. The
N-terminal cleaved pre-sequence is rich in hydrophobic amino acids that are
necessary for transport into the RER, while the basic pro-peptide directs accu-
rate cleavage of pro-PTH into the mature 1 - 84 molecule [56]. The serum cal-
cium concentration not only regulates the release but also the synthesis and
degradation of PTH, in all its molecular forms as described latter on in the text
[62].

Secreted PTH has a half-life of approximately 2 to 4 minutes. In the liver, PTH
is metabolized into the active N-terminal component and the relatively inactive
C-terminal component. Approximately 70% of the PTH is metabolized in the
liver by the Kupffer cells. The PTH is cleaved between AA 33 - 34 or 36 - 37 to
form inactive C-terminal PTH fragments. The C-terminal component is excreted
by the kidneys and accumulates in chronic renal failure. Less than 1% of the
PTH reaches target organ receptors. The concentration of the C-terminal PTH
fragment exceeds that of the intact PTH [61]. The N-terminal fragments con-
stitute approximately 10% of circulating PTH fragments (Table 4) [63]. They

are biologically active but have a short half-life (4 to 20 minutes) [60]. In con-
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Table 4. N-terminal fragments [63] [64].

PTH (1 - 6), PTH (1 - 33), PTH (1 - 36)
All fragments are metabolically active
All metabolized quickly
Very low concentrations (less than 10 mmol/ml)

Little physiologic significance

Table 5. C-terminal fragments [63].

PTH (34 - 84), PTH (37 - 84)

Formed by the cleavage of PTH in the parathyroid gland, liver, and kidney
Increased parathyroid gland secretion and levels in hypercalcemia
Clearance mostly by glomerular filtration
Levels elevated in renal failure
Half-life is 20 to 40 minutes

All fragments are metabolically inactive

Table 6. Circulating forms of PTH.

PTH (1 - 84)

PTH (1 - 6) PTH (7 - 34)
PTH (1 - 33) PTH (34 - 84)
PTH (1 - 36) PTH (37 - 84)

trast, the C-terminal fragments, which constitute 80% of the circulating PTH
fragments, they have no biologic activity, and have a longer half-life, which is
several fold-greater than the intact PTH (they are easier to measure in the plas-
ma) (Table 5) [61].

Overall, the intact hormone accounts for 10% of the circulating PTH-related
peptides. Because multiple peptide products of PTH breakdown are present in
the circulation (Table 6) [63], determination of the intact molecule is the only
reliable index of PTH levels.

In the normocalcemic patient, the PTH 1 - 84 (intact PTH) comprises 20% of
the total circulating PTH molecules. This number increases to 33% in hypocal-
cemic patients, and decreases to 4% in the hypercalcemic patient [62]. During
hypocalcemia, intracellular degradation of PTH decreases, and mostly intact PTH
(1 - 84) is secreted; in comparison, during hypercalcemia mostly biologically in-
active C-terminal fragments of PTH are secreted [62] [65].

PTH acts by binding to and activating one of several types of PTH receptors
[62]. In 1991, the PTH/PTH-related protein (PTHrP) receptor, otherwise known
as PTHIR, was replicated [66]. This receptor is localized in the bone and kidney,
and is also found in other tissues such as the skin, heart, breast, blood vessels,
pancreas, and other organs that are not regarded as PTH target tissues [56]. The

PTHIR binds intact PTH and biologically active N-terminal hormone fragments
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of PTH, such as PTH 1 - 34. The receptor recognizes both PTH and PTHrP due
to the substantial degree of homology in the N-terminal parts of these two moie-
ties.

The next PTH receptor that was identified was the PTH2 receptor (PTH2R),
which selectively binds PTH but not PTHrP [56]. The PTH2R is found in the
central nervous system, cardiovascular and gastrointestinal systems, as well as
lung and testes, and may be implicated in the perception of pain [56].

PTHIR activation triggers multiple cellular signaling pathways including
cAMP, the PLC pathway, PKC, and release of intracellular calcium stores [56]
[67] [68] [69]. The exact mechanism of action of how these intracellular signal
transduction pathways ultimately stimulate bone resorption, renal tubular cal-
cium reabsorption, or hydroxylation of vitamin D remains to be clarified.

The small intestine has no PTH/PTHTrP receptors but it indirectly stimulates
intestinal absorption of calcium and phosphate via the stimulation of renal syn-
thesis of 1,25(0OH)2D3 [35] [36] [47].

The skeletal system is formed through the action of bone cells that are distri-
buted sparsely throughout the bone tissue. The two main types of bone cells
found in the human body are: osteoblasts and osteoclasts. These cells have oppo-
site actions and the number of these cells is directly determined by the actions of
certain 1 - 84 PTH, 7 - 84 PTH, vitamin D and estrogen [70] [71].

Osteoblasts are expressed on the surfaces of all newly forming trabecular bone
[72]. They are cuboidal cells that are located along the bone surface comprising
4% to 6% of the total resident bone cells and are largely known for their bone
forming function [72]. When they are completely embedded in the osteoid, they
are called osteocytes [73]. Osteocytes, which comprise 90% to 95% of the total
bone cells, are the most abundant and long-lived cells, with a lifespan of ap-
proximately 25 years [73]. The osteoid is the collagen like scaffolding to which
calcium and phosphorus deposit in the mineralization process. The function of
the osteoblasts is to build bone and synthesize and secrete collagen fibrils [72].
The collagen strands combine to form osteoid. They also cause calcium salts and
phosphorus to precipitate from the blood and bond with the newly formed os-
teoid to mineralize the bone tissueand is secreted during osteoblastic activity
(bone formation) [74].

Osteoclasts consume bone by producing enzymes which break down, or re-
sorb mineralized bone [75]. Osteoclasts are located at the sites of bone formation
where bone resorption occurs throughout the trabecular portion of bone. The
only cells in the human body that can release calcium are the osteoclasts but they
do not express PTH/PTHrP receptors [71]. PTH stimulates osteoblasts leading
to an increase in the number and activity of the osteoclasts. PTH stimulates net
bone resorption and the release of calcium from bone [76].

Renal proximal convoluted tubular cell 1 alpha-hydroxylase converts 25(OH)D3
to 1,25(OH)2D3. PTH induces 1 alpha-hydroxylase synthesis by its action on the
tubular cell PTH/PTHrP receptor. The PTH induced synthesis requires several
hours and is blocked by 1,25(0H)2D3 [28] [42] [47].
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Approximately 90% to 95% of the inorganic phosphorus (Pi) in the circula-
tion is filtered at the level of the glomerulus. Around seven grams of phosphorus
are filtered by the kidney in 24 hours, of which 80% to 90% is reabsorbed by the
renal tubules and the remainder is excreted in the urine (roughly 700 mg) equiv-
alent to intestinal absorption [77]. Evidence has demonstrated that 60% to 70%
of the filtered phosphorus is reabsorbed in the proximal tubule and there is also
some evidence that a substantial amount of filtered phosphorus is reabsorbed in
distal segments as well [78]. Increased bone resorption, stimulated by PTH, re-
leases phosphate into the circulation. PTH reduces phosphate reabsorption in
the proximal tubules more that the distal tubules [79]. PTH inhibits renal tubu-
lar cell sodium dependent phosphate cotransporter NPT-2 [80].

5. Pathophysiology

Adverse clinical effects of PTH over production may be secondary to the hyper-
calcemia and/or hypophosphatemia caused by the hormone itself PTH or the
additional effects of having an elevated hormone. Normal cellular function de-
pends on tightly regulated serum ionized calcium concentration and, to a lesser
extent, serum phosphate concentration. Increased levels of serum calcium in
symptomatic PHPT may cause a wide range of organ dysfunctions. Symptoms
include emotional lability, fatigue, irritability, depression, muscle pain, joint
pain, bone pain, anorexia, nausea, vomiting, constipation, polydipsia, polyuria,
nocturia, lethargy, headaches, insomnia, loss of memory, decrease concentration
and, with extreme hypercalcemia, coma and death [81]. Severe elevations of cir-
culating PTH dramatically increase osteoclastic bone resorption, culminating in
“osteitis fibrosacystica”, the classic presentation of the disease, rarely seen today
[82].

Decrease levels in the extracellular calcium concentration normally lead to the
secretion PTH from the parathyroid glands cells. PTH subsequently increases
renal calcium reabsorption [28] [30]. It stimulates the hydroxylation of 25-hy-
droxy-vitamin D at the proximal convoluted tubule in the kidney and increases
bone resorption through stimulation of osteoclast-activating factors such as in-
terleukin-6 from the osteoblasts [28] [83]. Through these actions PTH helps to
restore calcium serum concentrations.

Our knowledge of calcium homeostasis has been advanced by the finding of
the calcium sensing receptor that permits calcium to act with PTH and 1,25(0OH)2D3
in maintaining calcium homeostasis [47] [84]. When extracellular calcium binds
to the calcium sensing receptor in the parathyroid gland cell, PTH secretion and
parathyroid cell growth are inhibited [18]. At the level of the kidneys this inte-
raction between calcium and the calcium sensing receptor inhibits the 1-alfahy-
droxylation of 25-hydroxy-vitamin D [33]. Serum calcium concentrations affect
the thyroid parafolicullarcells, stimulating calcitonin release, and in bone may
potentially regulate bone resorption [72] [85] [86].

Increased urinary calcium excretion in PHPT can lead to nephrolithiasis [81]

[82]. Why certain patients with PHPT develop hypercalciuria and nephrolithia-
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sis and others with equivalent hypercalcemia do not, is not clearly understood.
Some authors suggested that patients with nephrolithiasis represented a sub-
group with higher serum 1,25(OH)2D3 causing increase intestinal calcium ab-
sorption have recently been questioned [82] [87]. Silverberg et al [87], showed
evidence of cortical bone demineralization in patients with and without nephro-
lithiasis. Serum 1,25(OH)2D3, moreover, was not significantly higher in the
subgroup with nephrolithiasis. Nephrocalcinosis, or ectopic calcification in other
sites, appears to be uncommon in uncomplicated PHPT, and progressive reduc-
tion in renal function due to mild hypercalcemia has been documented in some
studies [81].

Two clinical diseases caused by mutations in the calcium sensing receptor
gene have resulted in the confirmation of the key role that the calcium sensing
receptor plays in calcium homeostasis [88] [89]. The first disease is benign fa-
milial hypocalciuric hypercalcemia, a heterozygous disease caused by an inacti-
vating mutation of the calcium sensing receptor that results in a mild hypercal-
cemia and hypocalciuria [90]. The pathophysiology is a recalibration of the cal-
cium sensing receptor leading to a higher set point required for inhibition of
PTH secretion by the serum calcium concentrations, as well as impaired urinary
calcium secretion. The renal abnormality persists following parathyroidectomy.
The serum concentration of PTH tends to be normal or only slightly elevated in
this condition [88]. The second disease state is that of an autosomal dominant
activating mutation of the calcium sensing receptor [89]. The calcium sensing
receptor is unusually sensitive to the serum calcium concentrations, leading to
suppression of PTH secretion at hypocalcemic levels. This is a form of hypopa-
rathyroidism with relative hypercalciuria.

In patients with PHPT mutations of the calcium sensing receptor gene have
not yet been detected. Nonetheless, in parathyroid adenomas, a substantial fall in
the calcium sensing receptor mRNA levels has been detected [91]. The exact pa-
thophysiological significance of this observation is uncertain because the de-
creases in the mRA could be secondary to the hypercalcemia and not the prima-
ry etiology.

Approximately 5% to 10% of the cases of PHPT are family/hereditary [92].
These family forms are usually due to multiple endocrine neoplasia type I (MEN
I) or to MEN type II. Isolated familial PHTP in the absence of other endocrine
diseases also occurs. It has been shown recently that as many as 25% to 30% of
people with sporadic PHPT can have abnormalities in the gene responsible for
MENI [93] [94].

The pathophysiology PHPT can be summarized as a disorder of the cellular
proliferation rate secondary to alterations of several genetic mechanisms with
clonal loss or gain of function mutations, as clearly demonstrated by molecular
genetic studies, and disorders of the extracellular calcium-dependent set-point
that causes the loss of the normal feedback mechanism on PTH production and
secretion by extracellular calcium concentrations [95]. Finally, a past medical

history of external beam irradiation to the neck in childhood should also be taken
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into consideration [96].

6. Conclusion

To understand PHPT and adequately treat it, a thorough knowledge of parathy-
roid embryology, anatomy, physiology, and pathophysiology is required. The
clear majority of patients who have an elevated serum calcium level have a prob-
lem in one or more of their parathyroid glands. PHPT is becoming almost a
100% surgically treated disease so understanding of the basic science of the dis-
ease is essential for adequate outcomes.
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