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10q11.2)8 which encodes a tyrosine kinases receptor. 
When codon 634 is affected incidence of HPT is maxi-
mum.9 RET proto-oncogene mutations have never 
been documented in patients with familial isolated 
hyperparathyroidism.

HPT-JT syndrome is an autosomal dominant dis-
order consisting of parathyroid tumors, ossified jaw 
fibromas and renal lesions (Wilms tumor, hamartoma, 
polycystic kidney disease).10 In the parathyroid, po-
tential histopathological lesions are: solitary solid or 
cystic adenoma, multiple adenomas or carcinoma.11,12

HPT-JT syndrome has an autosomal dominant 
inheritance with 70% genetic penetrance (smaller if 
the mutation carrier is a woman).13

Etiology of this syndrome is inactivating muta-
tions of the HRPT2 (CDC73) gene which encodes a 
tumor suppressor named parafibromin.14-16 Because of 
the 15-20% of PT carcinoma linked to parafibromin 
inactivation, HRPT2 is considered to be a marker of 
parathyroid cancer.

Parafibromin is a protein localized and functionally 
linked to the nuclear, nucleolar as well as cytoplasmic 
compartments.17 Parafibromin is considered a tumor 
suppressor protein based on its ability to induce 
apoptosis, down-regulate cyclin D1 levels, inhibit 
G1 to S phase transition as well as to regulate gene 
expression of various growth factors.18-20 In addition, 
parafibromin exhibits histone modulating properties, 
such as recruiting histone methyltransferases and 
processing histone mRNAs.21-23

Familial benign hypocalciuric hypercalcemia is an 
autosomal dominant disorder consisting of right-shift-
ed calcium set-point. Over 150 inactivating mutations 
of the calcium sensing receptor gene (cz 3q13.3-q21) 
have been reported.24 The heterozygous form associ-
ates moderate non-progressive hypercalcemia with 
hypocalciuria and elevated PTH. The homozygous 
form, also named severe neonatal hypercalcemia, as-
sociates severe hypercalcemia, symptomatic at birth, 
with very high levels of PTH.25

Familial isolated primary hyperparathyroidism is 
an autosomal dominant disorder with reduced genetic 
penetrance. There are two histopathological enti-
ties: hyperplasia/multiple parathyroid adenoma and 
solitary parathyroid adenoma/potential carcinoma.13

FIHP is a genetically heterogenous disease. No 
specific genetic anomaly has been reported.16 Instead, 
specific mutations of other forms of familial hyper-
calcemia have been described.9 That is why FIHP 
could be considered a mild form with incomplete 
penetrance or an early stage of the above syndromes.

FIHP with HRPT2 mutations and solitary parathy-
roid adenoma with a cystic component is considered a 
variant of HPT-JT syndrome.26,27 It is associated with 
increased risk for parathyroid carcinoma.28,29

When menin mutation is present, we can find mul-
tiglandular involvement but a more favorable clinical 
progression than in MEN1 syndrome.30 Two separate 
regions of menin have been shown to separately bind 
JunD, and at the C-terminus two nuclear localization 
signals have been identified.7,13 The two reported 
FIHP-associated MEN1 mutations fall outside all 
these regions, suggesting a functional basis for this 
milder variant of MEN1.13,30

Analysis of the previously published MEN1 muta-
tions in FIHP reveals that 41% of these are missense 
mutations and 37% are frameshift or nonsense muta-
tions.31,33 This contrasts significantly with the situation 
in patients with MEN1, in whom more than 80% of 
the germline mutations are nonsense or frameshift 
and less than 20% are missense mutations.32,33

Five families with isolated HPT and calcium sens-
ing receptor mutations have been reported. Espe-
cially mutations in the 3q region in homozygous 
form can lead to the development of a parathyroid 
adenoma.3,24,34

An important fact that one must keep in mind is 
that different mutations of the same gene are respon-
sible for different syndromes (Table 3).

Regarding the pattern of tumor growth, two main 

Table 3.

HRPT2 mutations HPT-JT syndrome

FIHP

Menin mutations MEN1 syndrome

FIHP

Calcium sensing 
receptor mutations

FBHH/severe neonatal hypercalcemia 

FIHP




