Papilledema and raised intracranial pressure may occur in both
hereditary and acquired hypoparathyroidism, as do chronic changes in
fingernails and hair and lenticular cataracts, the latter usually reversible with treatment of hypocalcemia. Certain skin manifestations,
including alopecia and candidiasis, are characteristic of hereditary
hypoparathyroidism associated with autoimmune polyglandular failure (Chap. 408).
Hypocalcemia associated with hypomagnesemia is associated with
both deficient PTH release and impaired responsiveness to the hormone. Patients with hypocalcemia secondary to hypomagnesemia
have absent or low levels of circulating PTH, indicative of diminished
hormone release despite a maximum physiologic stimulus by hypocalcemia. Plasma PTH levels return to normal with correction of the
hypomagnesemia. Thus hypoparathyroidism with low levels of PTH in
blood can be due to hereditary gland failure, acquired gland failure, or
acute but reversible gland dysfunction (hypomagnesemia).
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CHAPTER 424 Disorders of the Parathyroid Gland and Calcium Homeostasis

Genetic Abnormalities and Hereditary Hypoparathyroidism Hereditary
hypoparathyroidism can occur as an isolated entity without other
endocrine or dermatologic manifestations. More typically, it occurs in
association with other abnormalities such as defective development of
the thymus or failure of other endocrine organs such as the adrenal,
thyroid, or ovary (Chap. 408). Hereditary hypoparathyroidism is often
manifest within the first decade but may appear later.
Genetic defects associated with hypoparathyroidism serve to illuminate the complexity of organ development, hormonal biosynthesis
and secretion, and tissue-specific patterns of endocrine effector function (Fig. 424-5). Often, hypoparathyroidism is isolated, signifying a
highly specific functional disturbance. When hypoparathyroidism is
associated with other developmental or organ defects, treatment of the
hypocalcemia can still be effective.
A form of hypoparathyroidism associated with defective development of both the thymus and the parathyroid glands is termed the
DiGeorge syndrome, or the velocardiofacial syndrome. Congenital
cardiovascular, facial, and other developmental defects are present,
and patients may die in early childhood with severe infections, hypocalcemia and seizures, or cardiovascular complications. Patients can
survive into adulthood, and milder, incomplete forms occur. Most
cases are sporadic, but an autosomal dominant form involving microdeletions of chromosome 22q11.2 has been described. Smaller deletions in chromosome 22 are seen in incomplete forms of the DiGeorge
syndrome, appearing in childhood or adolescence, that are manifest
primarily by parathyroid gland failure. The chromosome 22 defect is
now termed DSG1; more recently, a defect in chromosome 10p is also
recognized—now called DSG2. The phenotypes seem similar. Studies
on the chromosome 22 defect have pinpointed a transcription factor,
TBX1. Deletions of the orthologous mouse gene show a phenotype
similar to the human syndrome.
Another autosomal dominant developmental defect, featuring hypoparathyroidism, deafness, and renal dysplasia (HDR), has been studied
at the genetic level. Cytogenetic abnormalities in some, but not all kindreds, point to translocation defects on chromosome 10, as in DiGeorge
syndrome. However, the lack of immunodeficiency and heart defects
distinguishes the two syndromes. Mouse models, as well as deletional
analysis in some HDR patients, has identified the transcription factor GATA3, which is important in embryonic development and is
expressed in developing kidney, ear structures, and the parathyroids.
Another pair of linked developmental disorders involving the parathyroids is recognized. Kenney-Caffey syndrome type I features hypoparathyroidism, short stature, osteosclerosis, and thick cortical bones.
A defect seen in Middle Eastern patients, particularly in Saudi Arabia,
termed Sanjad-Sakati syndrome, also exhibits growth failure and
other dysmorphic features. This syndrome, which is clearly autosomal
recessive, involves a gene on chromosome 1q42-q43. Both syndromes
apparently involve a chaperone protein, called TBCE, relevant to tubulin function. Recently, a defect in FAM111A was identified as the cause
of Kenney-Caffey syndrome type 2.
Hypoparathyroidism can occur in association with a complex
hereditary autoimmune syndrome involving failure of the adrenals,
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with recurrent mucocutaneous candidiasis, alopecia, vitiligo, and
pernicious anemia (Chap. 408). The responsible gene on chromosome
21q22.3 has been identified. The protein product, which resembles a
transcription factor, has been termed the autoimmune regulator, or
AIRE. A stop codon mutation occurs in many Finnish families with
the disorder, commonly referred to as polyglandular autoimmune
type 1 deficiency, whereas another AIRE mutation (Y85C) is typically
observed in Jews of Iraqi and Iranian descent.
Hypoparathyroidism is seen in two disorders associated with mitochondrial dysfunction and myopathy, one termed the Kearns-Sayre
syndrome (KSS), with ophthalmoplegia and pigmentary retinopathy,
and the other termed the MELAS syndrome (mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes). Mutations or deletions in mitochondrial genes have been identified.
Several forms of hypoparathyroidism, each rare in frequency,
are seen as isolated defects; the genetic mechanisms are varied. The
inheritance includes autosomal dominant, autosomal recessive, and
X-linked modes. Three separate autosomal defects involving the parathyroid gene have been recognized: one is dominant and the other two
are recessive. The dominant form has a point mutation in the signal
sequence, a critical region involved in intracellular transport of the
hormone precursor. An Arg for Cys mutation interferes with processing of the precursor and is believed to trigger an apoptotic cellular
response, hence acting as a dominant negative. The other two forms
are recessive. One point mutation also blocks cleavage of the PTH
precursor but requires both alleles to cause hypoparathyroidism. The
third involves a single-nucleotide base change that results in an exon
splicing defect; the lost exon contains the promoter—hence, the gene is
silenced. An X-linked recessive form of hypoparathyroidism has been
described in males, and the defect has been localized to chromosome
Xq26-q27, perhaps involving the SOX3 gene.
Abnormalities in the CaSR are detected in three distinctive hypocalcemic disorders. All are rare, but more than 10 different gain-offunction mutations have been found in one form of hypocalcemia
termed autosomal dominant hypocalcemic hypercalciuria (ADHH).
The receptor senses the ambient calcium level as excessive and suppresses PTH secretion, leading to hypocalcemia. The hypocalcemia is
aggravated by constitutive receptor activity in the renal tubule causing excretion of inappropriate amounts of calcium. Recognition of
the syndrome is important because efforts to treat the hypocalcemia
with vitamin D analogues and increased oral calcium exacerbate the
already excessive urinary calcium excretion (several grams or more
per 24 h), leading to irreversible renal damage from stones and ectopic calcification.
Other causes of isolated hypoparathyroidism include homozygous,
inactivating mutations in the parathyroid-specific transcription factor GCM2, which lead to an autosomal recessive form of the disease,
or heterozygous point mutations in GCM2, which have a dominant
negative effect on the wild-type protein and thus lead to an autosomal
dominant form of hypoparathyroidism. Furthermore, heterozygous
mutations in G11, one of the two signaling proteins downstream of
the CaSR, have been identified as a cause of autosomal dominant
hypoparathyroidism.
Bartter’s syndrome is a group of disorders associated with disturbances in electrolyte and acid/base balance, sometimes with nephrocalcinosis and other features. Several types of ion channels or
transporters are involved. Curiously, Bartter’s syndrome type V has
the electrolyte and pH disturbances seen in the other syndromes but
appears to be due to a gain of function in the CaSR. The defect may be
more severe than in ADHH and explains the additional features seen
beyond hypocalcemia and hypercalciuria.
As with autoimmune disorders that block the CaSR (discussed
above under hypercalcemic conditions), there are autoantibodies that
at least transiently activate the CaSR, leading to suppressed PTH secretion and hypocalcemia. This disorder may wax and wane.
Acquired Hypoparathyroidism Acquired chronic hypoparathyroidism is
usually the result of inadvertent surgical removal of all the parathyroid
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