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Summary. Hypercalcemia. Pathophysiological aspects. The metabolic pathways that
contribute to maintain serum calcium concentration in narrow physiological range include the
bone remodeling process, intestinal absorption and renal tubule resorption. Dysbalance in
these regulations may lead to hyper- or hypocalcemia. Hypercalcemia is a potentionally life-
threatening and relatively common clinical problem, which is mostly associated with
hyperparathyroidism and/or malignant diseases (90%). Scarce causes of hypercalcemia
involve renal failure, kidney transplantation, endocrinopathies, granulomatous diseases, and
the long-term treatment with some pharmaceuticals (vitamin D, retinoic acid, lithium).
Genetic causes of hypercalcemia involve familial hypocalciuric hypercalcemia associated
with an inactivation mutation in the calcium sensing receptor gene and/or a mutation in the
CYP24A1 gene. Furthermore, hypercalcemia accompanying primary hyperparathyroidism,
which develops as part of multiple endocrine neoplasia (MEN1 and MEN2), is also

genetically determined. In this review mechanisms of hypercalcemia are discussed.

The objective of this article is a review of hypercalcemia obtained from a Medline

bibliographic search.
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Extracellular calcium has a key role in the regulation of a broad spectrum of physiologic
functions. Calcium in involved in blood coagulation, muscle contraction and bone
calcification. Serum calcium is tightly regulated by interactions between parathyroid hormone
(PTH) and 1,25(OH)2 vitamin D (1,25(OH)2D), which modulate calcium movement at the
level of bone, kidneys and intestines. Calcitonim has also some effect, which is immediate on
decreasing osteoclast activity, however its importance in human physiology has not been fully
elucidated. In bone, both PTH and 1,25(OH)2D stimulate calcium release into the circulation.
Additionally, PTH regulates renal capacity to reabsorb calcium and through a negative
feedback mechanism that inhibits PTH synthesis in the parathyroid glands. Additionally,
PTH activates 1,25(0OH)2D vitamin (1,25(OH)2D) production, which increases calcium
reabsorption from the intestines. Any deviation of extracellular calcium levels from the
physiological triggers a series of hormonal reactions, which lead, via the specific receptors
PTHRI and VDR and return calcemia to physiological values (Lumachi et al., 2011).

Calcium homeostasis in humans is partly controlled by genes, which are associated with
monogenic diseases characterized as severe hyper- or hypocalcemia, additionally, they are
sometimes associated with slight disturbances in calcium homeostasis, e.g. mutations in the
calcium sensing receptor (CaSR) gene (Bonny and Bochud, 2014).

CaSR is a member of the G-protein coupled receptor family and its structure has 3
different domains. The extracellular domain (612 aminoacids) binds extracellular calcium
through multiple negative charges allowing the CaSR to function as a sensitive detector of
extracellular calcium. CaSRs are found in parathyroid secreting cells in parathyroid glands
and the cells lining renal tubules, where they modulate intracellular signaling pathways and
renal cation handling. Through this pathway CaSRs influence a number of cell functions
involved in extracellular fluid regulation, such as parathyroid cells (PTH secretion, cell

proliferation and gene expression), as well as kidney tubular cell activity (Christensen et al.,



2011). An increase in serum calcium is followed by a decrease in CaSR potential, which
supports calcium reabsorption and promotes calcium excretion by the kidneys (reviewed by
Hendy et al., 2009). Through regulation of calcium, the kydneys share responsibility for the
metabolic balance of calcium together with other competent tissues, such as bone and the
gastrointestinal tract, where CaSRs are also expressed, and help insure a narrow range of
systemic calcium (Tyler Miller 2013).

Inactivation and/or activation mutations are responsible for familial hypocalciuric
hypercalcemia (FHH) and/or autosomal dominant hypocalcemia, respectively. More than 250
inactivating mutations in the CaSR gene, associated with hypercalcemia, have been identified,
which shows that the CaSR gene has broad functional variability. The novel inactivating point
mutation in the CaSR (on chromosome 3q; codon 972) associated with hypercalcemia was
identified by Mastromatteo et al. (2014) and two mutations ¢.2120A > T (E707V) and
c.2320G > A (G774S) were discovered by Stratta et al. (2014).

The key importance in calcium homeostasis is attributed to Klotho and fibroblast growth
factor 23 (FGF23). The alpha-Klotho has been originally identified as aging gene, however
this protein has also been shown an effective regulator of ion transport accross the cell
membranes. FGF23 (expressed in the kidneys, parathyroid glands and choroid plexus of the
brain) is a powerful phosphaturic factor (Shimamura et al., 2012; Sopjani et al., 2014). After
binding to alpha-Klotho, FGF23 might play pivotal roles in calcium and phosphate
homeostasis (Nabeshima, 2008). This postulation is supported by the finding of association
between the Klotho gene polymorphisms G395A and hypercalcemia and/or kidney stones.
(Telcietal., 2011).

FGF23 levels increase early in chronic kidney disease (CKD) in parallel with decline in

renal function (Pavik et al., 2013). Alteration of FGF23-Klotho in CKD is implicated as



clinical biomarker of CKD progression (Olauson and Larsson, 2013). The exact role of
Klotho and FGF23 in calcium and phosphate metabolism remains to be further analyzed.
Hypercalcemia in humans is defined as a serum calcium greater than 2 SD above
normal mean in a given laboratory. It could be taken in mind, that hypercalcemia may also be
artifactual in subjects with high protein binding (e.g. Waldenstrom’s macroglobulinemia).
Hypercalcemia could be divided into PTH-mediated (primary hyperparathyroidism caused by
parathyroid adenoma, familial hyperparathyroidism, familial hypocalciuric hypercalcemia and
malignancies characterized by paraneoplastic PTH overproduction) and PTH-independent
variants (humoral hypercalcemia of malignancy, induced by PTHrP and /or 1,25(OH)2D,
which are synthetized in tumor tissues and hypercalcemia caused by local osteolytic effect

(Reagan et al., 2014).

Primary hyperparathyroidism (PHPT)

As mentioned above, parathyroid glands play a key role in the regulation of the
extracellular calcium concentrations. The chief and oxyphil parathyroid cells express the
CaSR, which via G-protein, are able to respond to even minute changes in the circulating
calcium levels and then modify production of PTH and intracellular calcium mobilization in
response (Brown, 2002). Primary hyperparathyroidism occurs sporadically, but occasionally
as a familial disease. In adenoma of the parathyroid gland, due to somatic mutation in CaSR
and resistance of parathyroid cells to extracellular calcium the set-point for extracellular
calcium is reset above its normal level. In individual parathyroid adenomas clonal differences
indicate that, subpopulations of adenomatous tissue show distinct disease mechanisms (Shi et
al., 2014). In heterozygotic adults, mutations in the CaSR activate parathyroid proliferation,
which results in a mild increase in calcemia. However homozygous mutation (mostly in

neonates) leads to extreme resistance of CaSR to extracellular calcium, which, in turn leads to



severe hypercalcemia (Brown, 2002). The molecular basis of PHPT goes beyond mutations in
the CaSR gene. The proliferation of parathyroid.cells is stimulated by the D1/PRAD1 gene
with the overexpression of D1/PRAD1 oncogene being implicated in 20 - 40% of sporadic
parathyroid adenomas (Arnold et al., 2002).

Although PHPT occurs sporadically, it may occasionally be a feature of familial multiple
endocrine neoplasia (MEN1, MEN2A) or HPT-jaw tumor syndrome (HPT-JT) (reviewd by
Nabeshima, 2008). At this point we need to mention MEN1 with regard to PHPT. MENI is
an autosomal-dominant tumor syndrome characterized by the occurence of tumors in multiple
endocrine tissues, e.g. parathyroid glans (95%), enteropancretic and/or neuroendocrine system
(50%) and anterior pituitary gland (40%) are affected (Agarward, 2013). A germline-
inactivating mutation in the MEN1 gene is accompanied by a complete loss of function of its
product menin. Pathways and interactions of this protein could explain some
pathophysiological aspects of MEN1 (Agarward, 2013). Adenoma of the parathyroid gland
may also accur together with medullary thyroid carcinoma (MEN2A).The syndrome develops
based on protooncogene activation of RET kinase in MEN2 gene (reviewed by Arnold et al.,
2002; Lips et al., 2012; Kiaer et al, 2006).

Isolated benign familial hyperparathyroidism may be a consequence of a mutation in
the CDKN1B (MEN4) gene. Furthermore, rare parathyroid carcinomas are associated with
mutation in the CDC73/HRPT2 gene (Hendy and Cole, 2013). Expression of additional
possible hypothetical parathyroid oncogenes and/or tumor-suppressor genes, which could
provide better insight into pathophysiology of PHPT, remains to be found and investigated.

PHPT is most frequently diagnosed in the 6th decade, and is three times more common
in women. The prevalence of the disease differs in different populations. Eufrazion et al.
(2013) in cross-sesctional study including 4207 Brazilian subjects found the prevalence of

PHPT to be 0.78, of which 82% were asymptomatic. This means that a huge number of



patients with PHPT are not yet to be identified. The incidence of PHPT differs according to
populations. Griebeler et al. (2015) in asample from the US found an incidence of 86
patients/ 100 00 persons /year from 1998-2010. Recent research has found increase trend in
PHPT incidence. Although the reasons are unclear, it may, in part be explained by changes in

osteoporosis screening guidelines. (Griebeler et al., 2015).

Diagnosis of PHPT is easy, when hypercalcemia and elevated serum PTH levels are
present. However, serum calcium levels can range from normal to extremely high life-
threatening values. Serum phosphate concentrations due to inhibition of phosphate
reabsorption in the proximal tubules are low or low normal. These indices, together with
increased serum chloride and urine calcium excretion (>400 mg/day), achieve a diagnostic
accuracy of 95 - 98%. The addition of the "intact PTH assay” increases accuracy to 99%. In
juvenile PHPT, calcemia and calciuria reach higher values at similar concentrations of serum
PTH (Roizen and Levine, 2014). This phenomenon shows the differences in feedback

mechanisms for serum calcium and PTH in children compared to adults.

PHPT is complicated by low bone mass and atraumatic fractures due to extremely
activated bone resorption. Moreover, hypercalcemia together with 1,25(OH),D
overproduction promotes calcium deposits in the kidneys, which leads to tubulointerstitial
nephritis and/or nephrolithiasis. The increased vasocontriction causes arterial hypertension.
Calcium dependent enzymatic activation leads to peptic ulcer or acute pancreatitis, which can
also be a serious complication of PHPT (Obermannova et al., 2009).

Common imaging technics, such as ultrasound, can be used in case of hypercalcemia to
exclude enlarged parathyroid glands. Another choice is 99mTc-sestamibi scintigraphy (MIBI
SPECT/CT). In questionable cases MRI and positron emission tomography (PET) with use of

tracer (e.g. F-fluoro-2-deoxyglucose) combined with CT can also be used. Selective venous



sampling with measurement of intact PTH levels can be used in patients with persistent or
recurrent hypercalcemia.

In patients with parathyroid hyperplasia (mostly in those with vitamin D deficiency
and/or resistance to 1,25(OH),D, adenomas of the parathyroid gland can develop (tertiary
hyperparathyroidism). Adenomas are often observed in patients with chronic renal failure or
after kidney transplantation who fail to achieve of normal calcium and vitamin D homeostasis

(Lumachi and Basso, 2015).

Normocalcemic primary hyperparathyroidism

Normocalcemic primary hyperparathyroidism is not extremely rare, although its
prevalence and clinical significance are not exactly known (Cusano et al., 2013). Cases of
normocalcemic primary hyperparathyroidism with high iPTH levels and osteopenia have been
described by Shlapack and Rizvi (2012). However, in such cases, a biphasic chronological
time course should be partially expected since normocalcemia may be followed by the

development of serious hypercalcemia (Cusano et al., 2013).

Hypercalcemia associated with thyrotoxicosis

Hypercalcemia may complicate some other endocrinopathies, most frequently
thyrotoxicosis. It is established that hypercalcemia occurs in one of every five patients with
thyrotoxicosis, and hyperparathyroidism was the cause of hypercalcemia in one of seven
thyrotoxic patients (Maxon et al., 1968). However, hypercalcemia can also be caused by
hyperthyroidism alone. The actions of thyroid hormone on bone are mediated by thyroid
receptors o (Williams, 2009). Excess thyroid hormone in audults accelerates osteoclast-
mediated bone resorption and increases calcium release into the circulation. Mounfoulet et al.

(2011) showed that thyroid hormone receptors mediate long-term effects resulting from



chronic disorders of thyroid hormone homeostasis. Currently, the mechanism of
hypercalcemia in thyrotoxicosis is not completely understood. The response of the skeleton to
thyroid hormone is modulated by iodothyronine deiodinase (type 2 and 3), which converts
thyroxine into active tritodothyronine and directly regulates bone remodeling (Onigata, 2014).
However, a causal association between iodothyronine deiodinase activity and calcium
homeostasis in thyrotoxic patients has, to date, not been investigated. Nevertheless, a
thorough analysis of calcium metabolism, including serum intact PTH and bone mineral

density, should be recommended for every patient with thyrotoxicosis.

Hypercalcemia of malignancy

Cancer-related hypercalcemia represents the common life-threatening metabolic
disorder with an extremely bad prognosis. Although hypercalcemia is observed in about 20%
- 30% of patients with malignancies (e.g. carcinoma of the breasts, ovaries, cervix, and
esophagus, and tumors in of haed or neck region), it is often underdiagnosed and treated in
less than 40% of hospitalized patients (Radvany et al., 2013). Mechanisms for hypercalcemia
resulting from malignancies differ based on the type of tumor, presence of bone metastases
and stage of the disease. Hypercalcemia of malignancy could be classified as local osteolytic
hypercalcemia and PTHrP and/or 1,25(OH)2D induced disorder. Fundamental factors
responsible for development of hypercalcemia in patients with bone metastases are cytokines,
which, via RANKL activate osteoclast differentiation and bone resorption together with
inability to clear calcium throught the kidney (Basso et al., 2011). That is why
bisphosphonates and/or more effective monoclonal antibody to RANKL, inhibit lysis of bone
regions adjacent to the tumor. (de Vernejoul, 1997;. Basso et al., 2011; Kohno, 2014).

In patients.with poorly differentiated carcinomas, e.g., squamous cell carcinoma of the

lung or invasive transitional cell carcinoma of the urinary bladder, immuno-positive PTHrP



together with paraneoplastic PTH are produced by the tumor tissue. The mentioned hormones,
except for the bone resorbing effects, increase renal calcium reabsorption (Eid et al., 2004).
An epidemiological follow-up study showed that after adjusting for covariates, there was a
63% higher risk for ovarian cancer in hypercalcemic patients, which is why Schwarz and
Skinner (2013) presented the hypothesis that hypercalcemia should call attention to an
increased risk of ovarian cancer. Tissue PTHrp has also been identified as a cause of
hypercalcemia that can complicate lymphoma cases, although in this malignancy
overproduction of 1,25(OH),D vitamin also plays an important role (Maletkovic et al., 2014;

lida et al., 2014; Ding et al., 2015).

Hypercalcemia in myeloma

In patients with localized, as well as generalized myeloma hypercalcemia and bone loss
are typical findings. Osteoclast activating factors (OAFs) and osteoblast inhibitory factors are
synthetized by malignant plasma cells directly, or as a consequence of their interaction with
the bone marrow microenvironment. OAFs stimulate bone resorption through nuclear factor-
kappa B ligand (RANKL), macrophage inflammatory proteinla, interleukin 6 and TNF-
o, that recruit additional osteoclasts and increase calcium release into the circulation.[] At the
same time, Wnt/dickkopf-1 pathway, which is responsible for activation of osteoblasts, is
inhibited. Bone destruction, together with lack of bone formation lead to hypercalcemia, bone
loss, bone pain and fractures (reviewed by Walker et al., 2014). Similarly, as in other forms of
malignant hypercalcemia, bisphosphonates successfully influence bone syndrome and reduce
serum calcium levels (reviewed by Hameed et al., 2014). Potentional pharmaceutical in
treatment of malignant type of hypercalcemia may be cinacalcet modulating CaSR.

Finally, hypercalcemia may help to disclose malignant disease early, even when

tumorous symptomatology is still silent. Hypercalcemic crises in patients with malignancies
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are serious, life-threatening emergencies, which need aggressive treatment. At this place, it is
necessary to be mentioned, that hypercalcemia of malignancy could be further agravated by
immobilization at the final stages of disease. Immobilization induced hypercalcemia
occasionally can be severe and develops relatively early (at the end of week 1) (Yusuf et al.,

2015).

Hypercalcemia due to granulomatous diseases

Granulomatous diseases, such as tuberculosis, sarcoidosis, histoplasmosis or
granulomatous mycosis fungoides (Iwakura et al., 2013) are rare causes of hypercalcemia, as
is silicone-induced granuloma complicating extensive silicone injections (Agrawal et al.,
2013). Mechanism 1is inappropriate production of 1,25(OH)2D by the granulomas.
Hypercalcemia is characterized by high serum 1,25(OH)2D and elevated 24-hour urine
calcium. Granuloma calcifications in stricken tissues or lymph nodes are visible on CT scans
(Agrawal et al,, 2013). Hypercalcemia can prezent as a life-threatening hypercalcemic crisis,
nephrocalcinosis, artery calcifications or encephalopathy (Yilmaz et al., 2013; Khasawneh et

al., 2013), which they should be considered in the differential diagnosis.

The calcium-alkali syndrome

The syndrome is characterized by renal failure and metabolic alkalosis. Originally the
syndrome was observed in patients with peptic ulcers treated for ingestion with large
quantities of milk (milk alkali syndrome). However, recently the syndrome has been found in
osteoporotic, but otherwise normal adults treated with calcium in excess of 3-4 g/day.

The pathogenesis of calcium-alkali syndrome consists of the interplay between
intestine and kidneys. Ingestion of large amounts of calcium-containing pharmaceuticals

increases calcium absorption in the intestine. Enhanced calcemia induces constriction of renal
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arterioles with subsequent decline in glomerular filtration rate and calcium excretion.
Besides, the increased calcium concentration, the luminal membrane activates the CaSR in the
ascending loop of Henle and the distal convoluted tubules and increases calcium reabsorption
via the transient receptor potential vanilloid 5 (TRVPS) channels. Hypercalcemia suppresses
parathormone expression and promotes bicarbonate reabsorption. Metabolic alkalosis is
further worsened by nausea and subsequent vomiting. After discontinuation of calcium
supplementation and infusion of normal saline, hypercalcemia disappears and renal functions
return to original values (reviewed by Arrovo et al., 2013; Patel et al., 2013; Fensenfeld and

Levine, 2006, Riccardi et al., 2010).

Drug induced hypercalcemia
While normal serum vitamin D levels have been defined as 75 nmol/l, toxic
values are defined as > 250 nmol/l. Hypercalcemia caused by vitamin D intoxication is rare
and develops mainly in the neonatal or infancy period. Dominant symptoms are dehydration,
as a consequence of vomiting, and weight loss. Laboratory examination reveals
Jhypercalcemia, hypercalciuria (urinary calcium/creatinine ratio mmol/mmol > 0.5), low
serum PTH levels and nephrocalcinosis. A persons genetic background (mutation in the
CYP24Al1 gene) may modulate the threshold of vitamin D toxicity (and/or sensitivity to
vitamin D), and can differ between individuals (Hmami et al, 2014).Therefore, identification
of mutations in the CYP24Algene may predict toxic response to vitamin D treatment.
Vitamin A is known for being important for vision; however, it is also important in

numerous other systems, including the skeleton. The active form of the vitamin (all-trans-

retinoic acid) binds to nuclear receptors RXR[3 and RXRy, and function as ligand-activated
transcription factors. Hypervitaminosis A activates osteoclasts with a subsequent increase in

bone resorption and calcium release into the circulation (Henning et al., 2015). Hypercalcemia
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may be observed in patients treated with high doses of retinoic acid, e.g. in children with
chronic kidney disease (Manickavasagar et al. 2014). One case of hypercalcemia has been
described by Safi et al. (2014) in a pediatric patient with cystic fibrosis and renal impairment
that was supplemented with relatively low doses of vitamin A. Variability around the lowest
dosage of vitamin A known to cause hypercalcemia is quite large and the threshold of vitamin
A toxicity has not been defined to date.

Hypercalcemia (mostly induced by hyperparathyroidism) complicates the long-term
treatment with lithium (Lehmann and Lee, 2013). Twigt et al.(2013), using a group of 314
psychiatric patients taking lithium, found the prevalence of hypercalcemia (serum calcium
concentration > 2.60 mmol/l) to be 15,6%. No cases of hypercalcemia were observed in non-
lithium treated patients. Lehmann and Lee (2013) recommend the regular measurement of
calcemia and serum PTH in all lithium treated patients at least annually.

Hypercalcemia could develop in osteoporotic patients treated with recombinant PTH (1-
84) in daily practice. Serum calcium correlated with urinary calcium excretion, serum alkaline
phosphatase, and B-CTx in these patients (Luna-Cabrera et al., 2012). Hypercalcemia can also
complicate the long-term treatment with thiazide diuretics via increasing calcium reabsorption

in the kidney.

Hypercalcemia complicating kidney transplantation

Hypercalcemia is commonly associated with an acute or progressive decline in renal
functions (e.g. renal tubular damage, rhabdomyolysis). In up to 5 - 25% of post-transplant
patients, calcemia declines during the immediate post-operative phase (months 3-6) and after
that independently of the glomerular filtration rate, gradually increases to maximum at month

12 (reviewed by Lumachi et al., 2011).
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The pathogenesis of post-transplant hypercalcemia (mostly complicated by vascular
calcifications, bone metabolic disease and allograft dysfunction) is often persistent
hyperparathyroidism (Evenepol 2013). Pre-transplant predictors of hyperparathyroidism still
have not been defined. Nevertheless, Kawarazaki et al. (2011), in 39 kidney transplant
recipients, showed that calcemia at month 12 correlated with serum pre-transplant intact PTH
levels, while phosphatemia correlated with serum FGF23 levels. Thus the best pre-transplant
predictors of 12-months post-transplant hypercalcemia and/or hypophosphatemia could
hypothetically be intact PTH and FGF23 levels, respectively. The best way to reduce the
occurrence of hypercalcemia after kidney transplantation is parathyroidectomy or treatment

with cinacalcet (Messa et al., 2011; Muirhead et al., 2014).

Hypercalcemia of pregnancy and lactation

Hypercalcemia during pregnancy is uncommon, although dangerous from the point of
maternal and fetal morbidity, especially when a hypercalcemic crisis develops. It is usually
caused by maternal primary hyperparathyroidism. After localization of the adenoma
(ultrasonogarphy), surgery during the second trimester becoms the only curative treatment
(Dochez and Ducarme, 2015).

Hypercalcemia during pregnancy and lactation can also be caused by excessive
production of PTHrP, which is physiologically synthetized in the placenta and mammary
glands. PTHrp production is under the control of peripheral serotonin (5-OH tryptamine),
which is necessary for proper mammary gland function. Genetic ablation of tryptophan
hydroxylase 1 (Tphl) at the start of lactation reduces PTHrp synthesis and decreases
osteoclast activity and calcemia values in animals. Futhermore, extreme deficiencies in
tryptophan hydroxylase may lead to lactation hypocalcemia. The syndrome is treatable with

daily injection of 5-hydroxy tryptamine (Laporta et al., 2014). A hypercalcemic crisis after
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delivery is extremely dangerous. It has been successfully treated using saline infusions and

administration of bisphosphonates (Sato, 2008).

Genetically coded hypercalcemias

Approximately 10% of hypercalcemia cases involve a genetic predisposition. As
mentioned above, hypercalcemia due to hyperparathyroidism has been observed in cases of
autosomal dominant multiple adenomatosis MEN1 or MEN2. Further form of genetically
determined hypercalcemia is familial hypocalciuric hypercalcemia (FHH). It manifests as a
benign hereditary autosomal dominant disease associated with inactivating mutations of the
CaSR gene. CaSR is responsible for general tissue sensitivity to calcium signaling. The gene
is involved in regulation of PTH secretion and renal calcium excretion.. In adults, mutations
in the CaSR gene is characterized by hypercalcemia and low values of urine the
calcium/creatinine ratio (< 0.020) (Christiansen et al., 2011). Heterozygote patients are mostly
asymptomatic; however, in homozygous patients (mainly neonates), mutations in the CaSR
gene results in severe hyperparathyroidism (Morgan et al., 2014). Cases of atypical FHH with

hypercalciuria, have been described by Mastromateo et al. (2014).

Mutation in the CYP24A1 gene

Another gene responsible for inborn hypercalcemia is mutation in the CYP24A1 gene,
which encodes activity of vitamin D-24-hydroxylase, which transforms 1,25(OH)2D to
inactive 24(OH)D. The loss-of-function mutation in this gene causes high serum 1,25(0OH2D,
which, together with enhanced sensitivity to vitamin D leads to hypercalcemia. As compared
to FHH, hypercalciuria develops in these patients. Dufek et al. (2014) described chronic
hypercalcemia and kidney disorders in dizygotic siblings with mutations in the CYP24A1l

gene. Furthermore, hypercalcemia associated with the loss-of-function mutation in CYP24A1
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gene has been described in four Israeli families (Divour et al., 2015). The same late-onset
mutation has also been found in adolescent Caucasian man, in whom hypercalcemia was
accompanied by inappropriately high serum 1,25 (OH),D, low PTH levels, and
nephrolithiasis. The long-term follow-up of hypercalcemia, hypercalciuria and recurrent
nephrolithiasis has been reported in a homozygous patient with mutation E143del in
CYP24A1 gene (Jacobs et al. (2014). Furthermore, genome wide association studies (GWAS)
recently identified novel loci for calcium regulation, such as GATA3 and CYP2R1 (Bonny and
Bochud, 2014). Identification of additional new genes, using GWAS would improve our
insight into the complexity of calcium homeostasis.

The last think that needs mentioning is that hypercalcemia is a life threatening
condition that can have prolonged asymptomatic state, which may herald the existence of
serious, yet still asymptomatic, diseases in their earliest phase. The most common causes of
hypercalcemia are PHPT and malignancy, renal failure and inborn disorders. Less common
causes of hypercalcemia are granulomatous diseases, thyrotoxicosis, and medications (e.g.,
vitamin D, lithium, thiazides, etc.).

Malignancy-associated hypercalcemia is a common clinical emergency in oncology,
which arises early or during the late phase of a tumor. That is why measurement of calcemia

should be a common, routine analysis in internal medicine.
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