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1. Background:
In most cases of primary hyperparathyroidism (PHPT) etiology is unknown. Parathyroid cells may
grow from a single clone of cells, which may form an adenoma. In case of an adenoma the clone
grows in a sigmoid pattern, i.e. after an initial phase of slow growth, a rapid growth phase ensues
and finally a plateau is reached (fig. 1a). Little is known about the causes of single adenomas,
however, many parathyroid adenomas harbor somatic mutations and rare cases are due to germline
mutations [1]. More is known on the causes of hyperplasia, where all parathyroid glands are
affected. In hyperplasia the growth pattern is usually exponential (fig. 1b). Hyperplasia may be
caused by germ-line mutations, exposure to lithium, hyper-phosphatemia (e.g. in chronic renal
disease) or long-standing hypovitaminosis D.
2. Etiology:
2.1 Mutations:
2.1.1 Somatic mutations
Somatic mutations in the adenoma tissue have been reported in a varying proportion of patients
with PHPT [1]. As many as 20-40% of sporadic parathyroid adenomas may contain somatic
mutations in the Cyclin-D1/PRAD1 gene, which is in control of cell division, and thereby may lead
to formation of clones of cells resulting in adenomas. Also, somatic mutations in the BRCA and
retinoblastoma gene have been reported in parathyroid adenomas [2].
2.1.2 Germline mutations
These mutations are present in all cells but only expressed in the parathyroid cells and e.g. the
parafollicular C-cells (in multiple endocrine neoplasia (MEN) type 2) or pituitary cells (in MEN
type 1) [3].
The mutations are seen in genes controlling cell division (HRPT1/CDC73), tumor suppressor genes
(multiple endocrine neoplasia type 1, MEN1) or a gain of function as in MEN2. Some hereditary
conditions have only been associated with PHPT on a case basis. All in all hereditary conditions
represent less than 10% of all cases of PHPT.
2.1.2.1 Mutations in the MENIN gene
The MENIN gene (OMIM 131100) is a tumor suppressor gene localized on chromosome 11.
Usually MENIN inhibits the transcription factor JunD [4]. The mutations prevent MENIN from
binding to JunD, which leads to neoplasia from lack of growth control [5].
MENIN gene mutations may lead to multiple endocrine neoplasia with varying combinations of
PHPT, pituitary tumors, and neuro-endocrine tumors (gastrinomas, VIPomas, glucagonomas,
insolinomas, carcinoid tumors etc.) [3]. However, some MENIN gene mutations may be associated
with isolated familial PHPT [6]. The mutations are rather varied, and often only a few families have
been described with each mutation [7-9].
The phenotype is that of PHPT, although screening may detect the patients in an earlier age than
seen in sporadic cases.
PHPT is one of the most frequent manifestations of MENIN gene mutations, up to 86% of patients
being affected [10]. Usually all four parathyroid glands are affected by hyperplasia [3]. Moreover,
ectopic parathyroid glands may be localized in the thymus, which may be considered in surgical
management as the disease tends to be more aggressive and have a higher recurrence rate than for
other mutation types [11].
2.1.2.2 Mutations in the RET proto-oncogene
RET (OMIM 164761) is short for re-arranged during transfection. Mutations in RET are “gain-offunction” mutations, i.e. result in increased proliferation. RET mutations may be associated with a)
familial medullary thyroid carcinoma only (FMTC only), b) multiple endocrine neoplasia type 2A
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(OMIM 171400) with medullary thyroid carcinoma (close to 100% of MEN2a-patients),
pheochromocytoma (50% of patients), and PHPT (25% of patients) and c) multiple endocrine
neoplasia type 2B (OMIM 162300) medullary thyroid carcinoma, pheochromocytoma, and a
Marfanoid habitus, but rarely PHPT [3]. A genotype-phenotype correlation exists [12]. Thus
mutations in codon 634 are the prototype of mutations in the RET proto-oncogene associated with
primary hyperparathyroidism [13]. However, also other codons such as 609, 611, 618, 620, 630,
633, 649, 768, 790, 791, 804, and 891 may be associated with PHPT [13]. In contrast to MENIN
gene mutations, patients with RET proto-oncogene mutations may present with only one adenoma
[13].
2.1.2.3 Mutations in the HRPT2 gene (Parafibromin, CDC73 gene)
These mutations (OMIM 607393) may be associated with familial hyperparathyroidism [14-16] or
hyperparathyroidism-Jaw Tumor (HPT-JT) syndrome [17-19]. In contrast to the other inherited
syndromes of hyperparathyroidism, these mutations often are associated with parathyroid cancer
[14]. Little seems to separate patients harboring HRPT2 mutations presenting with isolated familial
PHPT from those with parathyroid cancer [14].
The HPT-JT is a syndrome of PHPT or parathyroid cancer associated with ossifying jaw tumors,
and other associated tumors such as hamartomas of the kidneys [18]. A large proportion of patients
have recurrence of parathyroid neoplasia after removal of one affected parathyroid gland (17.6%
after 13.7 years [18] and 80% after 30 years [20]).
2.1.2.4 Homozygous mutations in the calcium sensing receptor (CaSR)
Heterozygous inactivating mutations in the CaSR (OMIM 601199) lead to familial (benign)
hypocalciuric hypercalcaemia (FHH) – OMIM 145980 [5]. This is a condition with hypercalcaemia
brought about by increased calcium reabsorption in the kidneys leading to a low calcium excretion
in the urine [21]. Homozygous CaSR mutations leads to neonatal severe hyperparathyroidism
(NSHPT) [1; 22; 23]. Children with this condition develop severe hypercalcaemia [1; 22].
2.1.2.5 MEN4 (CDKN1B and potentially other CDKI-genes)
This (OMIM 610755) has been described as a distinctive type of multiple endocrine neoplasia, and
may include PHPT [16; 24]. They include mutations of the CDKN1B gene (cyclin-dependent
kinase inhibitor 1B) [16; 24].
2.1.2.6 Rare mutations – only case reports linking these to PHPT:
2.1.2.6.1 Carney complex: This requires at least two “major” criteria [lentiginoses, primary
pigmented nodular adrenocortical syndrome, myxomas in heart or skin, acromegalia, testicular
neoplasias, thyroid cancer] or one “major” criterion with one supplementary criterion [affected
relative, PRKAR1A mutation - OMIM 160980],
2.1.2.6.2 Cowden syndrome [OMIM 158350, PTEN, OMIM 601728] or Cowden like syndromes
[OMIM 612359] (hamartomas and an increased risk of certain cancers) [25; 26] – some overlap
with HPT-JT may be seen [27].
2.1.2.6.3 Von Hippel-Lindau (VHL) syndrome OMIM 193300 [28]
2.1.2.6.4 Rothmund-Thomsen syndrome [RECQL4 – OMIM – 268400] [29]
2.1.2.6.5 Neurofibromatosis (NF gene, NF1 OMIM 162200, NF2 OMIM 101000) [30]
2.1.2.6.6 Turner syndrome (45,X) – OMIM [31]
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2.1.2.6.7 Gastric Carcinoid and Hyperparathyroidism syndrome (unknown gene) [32]
2.1.2.6.8 Primary hyperparathyroidism from watery clear cell hyperplasia (WCCH), where
WCCH is strongly associated with bloodtype 0. There may be some overlap between syndromes,
e.g. between WCCH and neurofibromatosis.
2.2. External irradiation of the neck
External irradiation of the neck has been associated with PHPT [1; 33], possibly by inducing the
somatic mutations mentioned above (paragraph 2.1).
2.3. Vitamin D deficiency
Long-standing vitamin D deficiency may induce hyperplasia of the parathyroid glands. It has been
hypothesized that this may stimulate autonomous functioning of one or more parathyroid glands
either through generalized hyperplasia or through clonal proliferation [33]. This would then in fact
be a “tertiary” hyperparathyroidism, but as it is first diagnosed in a stage with high calcium and
PTH it is classified as primary hyperparathyroidism. The scope of this cause is unknow.
2.4. Overweight
Patients with primary hyperparathyroidism have a higher body weight than control patients [34]. On
average a meta-analysis has suggested that the body weight is around 3.3 kg higher than in control
subjects [34]. It is not known in detail if this is a causal relationship. Several hypotheses exist, but
one option is that an increased amount of fat in the body alters the distribution of vitamin D, so that
more of the lipophilic vitamin D is stored in the fat rather than being available in blood, bone,
intestine, and kydneys. This could lead to a “functional” vitamin D deficiency leading to primary
hyperparathyroidism as suggested above under item 4. Obese subjects tend to have lower serum 25hydroxy-vitamin D than normal weight subjects [35-37], probably due to storage of vitamin D in
the fat tissue leading to reduced bioavailability.
2.5. Lithium
Lithium acts as a calcilytic, i.e. it inhibits the calcium-sensing receptor (CaSR). This leads to an
increased PTH secretion [38-40], as the calcium levels in blood are perceived as being too low by
the CaSR. This may lead to hyperplasia of all parathyroid glands, which may turn into PHPT often
affecting all parathyroid glands [41]. Little is known about the scale of the problem.
3. Pathogenesis:
The pathogenesis is clonal growth of cells in single-gland adenomas and hyperplasia in multigland
disease. As stated above this may be due to internal stimuli from alterations in genes controlling cell
division and cycle or from external stimuli on growth (lithium, vitamin D deficiency, overweight).
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Fig. 1: Growth patterns of parathyroid adenomas and hyperplasia
Fig. 1A: Parathyroid adenoma – sigmoid growth

Fig. 1B: Parathyroid hyperplasia – exponential growth
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