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Abstract Hyperparathyroidism–jaw tumour syndrome
(HPT-JT) is a rare variant of familial hyperparathyroidism,
characterized by primary hyperparathyroidism (PHPT) due
to one or multiple parathyroid adenomas, and benign tumours
of the mandible and maxilla. It has an autosomal dominant
pattern of inheritance, and is associated with mutations that
deactivate the cell division cycle protein 73 homolog
(CDC73) gene, also known as hyperparathyroidism 2
(HRPT2), located on the long arm of chromosome 1, that
encodes for the tumour suppressor protein parafibromin. In
the majority of cases, PHPT is the presenting symptom, but
up to 30 % of HPT-JT cases initially present with an ossifying
fibroma of the maxillofacial bones. HPT-JT may result in se-
vere hypercalcemia-related complications and an elevated risk
of parathyroid carcinoma. For this reason, early identification
of the disease is important. We present the case of a 23-year-
old woman who was found to have jaw tumours and was later

diagnosed with PHPT. Genetic analysis revealed a novel mu-
tation in exon 1 of CDC73. This report contributes to the
understanding of the genetics of this rare syndrome. It also
highlights the fact that HPT-JT should be considered and
CDC73 mutation analysis should be performed in cases of
early-onset PHPT associated with ossifying fibromas of the
jaw.
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Introduction

Hyperparathyroidism–jaw tumour (HPT-JT) syndrome
(OMIM no.145001) is genetically and clinically distinct from
other endocrine neoplasia syndromes and considered a rare
variant of familial primary hyperparathyroidism. It is a rare
autosomal dominant syndrome characterized by primary hy-
perparathyroidism (PHPT) occurring at an early age, ossifying
fibromas of the maxilla and mandible and, less frequently,
renal lesions and uterine tumours [1–5]. In most cases,
PHPT is the presenting symptom, but up to 30 % of HPT-JT
cases initially present with an ossifying fibroma of the maxil-
lofacial bones [6–8].

The cell division cycle protein 73 homolog (CDC73) gene,
located at chromosome 1q31.2, is responsible for HPT-JT and
encodes parafibromin [9, 10]. This 531-amino protein is an
ubiquitously expressed protein that contributes to the inhibi-
tion of cell proliferation and regulation of cell growth [11, 12].
Since the discovery of the CDC73 gene, there have
been a number of different mutations documented in
the literature [13].

Here, we report a case of HPT-JT diagnosed by a novel
CDC73mutation. This report contributes to the understanding
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of the genetics of this rare syndrome. It also highlights the
importance of early identification in order to reduce associated
morbidity and mortality.

Case Report

We present the case of a 23-year-old woman who visited the
Department of Maxillofacial Surgery in 2011 for a 2-year
history of facial asymmetry. Her personal history included
an episode of renal colic at 17 years of age. Imaging studies
(orthopantomography and computed tomography) showed
extended mixed lesions (both radiopaque and radiolucent) in
both mandibular bones. Histopathological analysis of an
incisional biopsy of one of the lesions was compatible with
an ossifying fibroma. Under general anaesthesia, the mandib-
ular lesions and the involved teeth were removed and the
mandible was reconstructed with iliac crest bone grafting.
Histopathologic examination of the resected tumour showed
a proliferation of benign spindle cells, forming a cellular con-
nective tissue intermixed with foci of calcification (Fig. 1),
confirming the diagnosis of ossifying fibromas. After surgery,
a blood test was requested. The resul ts showed
hypercalcaemia, not previously known, and hence the patient
was referred to endocrinology.

In addition to hypercalcaemia (total calcium 11.5 mg/
dl; normal range of 8.4–10.4 mg/dl), the blood test
showed hypophosphataemia (phosphate 2.2 mg/dl; nor-
mal range 2.5–4.7 mg/dl), hypercalciuria (24-h urine cal-
cium levels of 400 mg), high levels of parathyroid hor-
mone (PTH) (177 pg/ml; normal range 10–65 pg/ml) and
normal levels of vitamin D (32.7 ng/dl). These data in-
dicated PHPT. A neck ultrasound scan revealed a lower
left parathyroid nodule (2 × 1.6 × 3.5 cm), while scintig-
raphy showed increased uptake in the lower pole of the
left thyroid, compatible with parathyroid adenoma.
Further, we performed an abdominal ultrasound scan,

which showed bilateral nephrolithiasis, and bone densi-
tometry, with results compatible with osteoporosis (T
scores of −3.9 SD in the lumbar spine and −3.6 SD in
the distal radius).

The patient was referred for surgery with a diagnosis of
PHPT. In April 2013, she underwent bilateral neck explora-
tion and selective parathyroidectomy with resection of a large
lower left parathyroid adenoma (3 cm in diameter and 6.033 g
in weight). Intraoperative levels of parathyroid hormone de-
creased from 252 pg/ml preoperatively to a normal level of
26.3 pg/ml at the completion of the procedure, while calcium
levels returned to normal 24 h after surgery (8.9 mg/dl).
Microscopic examination showed a compressed rim of normal
parathyroid tissue adjacent to eosinophilic adenoma cells,
without atypical histological features. These findings were
consistent with a parathyroid adenoma.

The combination of jaw tumours and PHPT coupled with
the early-onset of PHPT suggested HPT-JT syndrome. Given
that suspicion, a genetic study of the CDC73 gene was re-
quested. After informed consent was given, an EDTA-
preserved peripheral blood sample was collected for molecu-
lar analysis of the CDC73 gene. Genomic DNAwas extracted
and all 17 coding exons and all exon–intron boundaries of the
CDC73 gene were analysed by PCR amplification and direct
Sanger sequencing (primers and conditions are available on
request). Further, copy number quantification and identifica-
tion of small duplications or deletions at the CDC73 region
was performed using the MLPA (multiplex ligation-
dependent probe amplification) technique (SALSA MLPA
P466 CDC73 probemix, MRC-Holland). Sanger sequences
were analysed with Sequencing Analysis v.5.2 software
(Life Technologies) and compared with the reference se-
quence (Ensembl reference for the CDC73 transcript:
ENST00000367435) using SeqScape v.2.5 software (Life
Technologies).

Sanger sequencing revealed a heterozygous deletion of 24
nucleotides affecting the start codon (c.-16:8del; p.Met1?)
(Fig. 2). No other alteration was found either by direct se-
quencing or MLPA.

Previous descriptions of the c.-16:8del variant were
checked using Ensembl (www.ensembl.org), 1000 Genomes
(www.1000genomes.org/), Human Gene Mutation Database
(HGMD, www.biobase-international.com/product/hgmd),
Exome Aggregation Consortium (http://exac.broadinstitute.
org/) and COSMIC (http://cancer.sanger.ac.uk/cosmic)
databases. Pathogenic effect of the variant was assessed
using the following prediction pathogenic software:
Mutation t@sting (www.mutationtaster.org) and PROVEAN
(http://provean.jcvi.org/index.php).

According to the different databases, and to our knowl-
edge, this mutation has not been reported elsewhere, either
in germline or in somatic tissues. Analyses by Mutation
t@sting and PROVEAN software predict it to be a disease-

Fig. 1 Photomicrograph of the patient’s jaw tumour showing fascicles of
uniform spindle cells with small islands of immature bone, consistent
with an ossifying fibroma (haematoxylin-eosin stain; original
magnification ×20)
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causing mutation, as no protein is created due to the disap-
pearance of the original start codon.

Discussion

We have presented the case of a patient with primary hyper-
parathyroidism diagnosed after the finding of maxillary ossi-
fying fibromas. We reached the diagnosis of HPT-JT syn-
drome based on the clinical presentation and the mutation in
the CDC73 gene. This is a good example of the importance of
a multidisciplinary approach to this disease for proper diagno-
sis and treatment.

The association between hyperparathyroidism and jaw le-
sions has been reported in the literature since 1971 [14–16].
Jackson et al., who reported several cases of primary hyper-
parathyroidism and mandibular tumours across three genera-
tions in the same family, described in 1990 the hyperparathy-
roidism–jaw tumour syndrome as a clinically and genetically
distinct syndrome [1]. It is a rare endocrine disease, character-
ized by hyperparathyroidism and benign bone tumours in the
mandibular and maxillary bones [1]. The prevalence and in-
cidence of the disease remain unknown, as only approximate-
ly 200 cases in less than 40 families have been reported in the
literature since it was first described in 1990 [1–3, 7, 8,
17–21]. It has an autosomal dominant pattern of inheritance
with incomplete penetrance and variable expression, with
10 % of gene carriers showing no clinical manifestations

[22]. The first clinical signs and symptoms tend to occur in
late adolescence or early adulthood [2].

About 80 % of patients have PHPT, and in the majority of
cases, it is the presenting symptom [23], at an average age of
32 years. Classically, it has been described as more aggressive
than primary hyperparathyroidism, often with the involve-
ment of several glands (45–75 %), synchronously or asyn-
chronously, and with a greater risk of persistence and recur-
rence (20–50 %) [2, 24]. Parathyroid carcinoma, a very un-
common entity (occurring in <1 % of individuals with hyper-
parathyroidism), has a relatively high incidence in this syn-
drome, of up to 15 % [25]. It has been suggested that the
presence of hypercalcaemia may not have a sensitivity of
100 % for the detection of parathyroid disease in CDC73
mutation carriers, since some cases of atypical adenomas
and parathyroid carcinomas in people with normal blood cal-
cium levels have been reported [26].

The optimal surgical approach of primary hyperparathy-
roidism for patients with HPT-JT remains controversial. A
number of small studies have recommended extensive para-
thyroidectomy (subtotal) given the syndrome’s more aggres-
sive features and higher risk of cancer [27–29]. However,
other studies have shown that routine subtotal or total para-
thyroidectomy confers no benefit in disease-free interval and
likely leads to increased risk of permanent hypoparathyroid-
ism. Most authors recommend bilateral neck exploration and
surgical excision of the affected gland(s) [30, 31]. Following
this recommendation, our patient underwent resection of the

Fig. 2 Electropherogram showing part of the sequence of the CDC73 gene in a normal control (upper panel) and our patient (lower panel). Red arrows
show the 24 nucleotides deleted in the patient, whereas red square indicates the location of the start codon
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affected gland, after neck exploration. When there is a suspi-
cion of parathyroid carcinoma, en bloc surgical resection is
recommended, including ipsilateral thyroid lobectomy and re-
section of neighbouring tissue [32].

Around 30 % of patients develop fibrous tumours in the
mandible or maxillary bones. These tend to occur in adoles-
cence, are histologically different from brown tumours asso-
ciated with severe hyperparathyroidism, and there is no spon-
taneous recurrence after parathyroidectomy [3, 8, 33]. A lower
percentage of patients (15 %) develop renal complications
including Wilms’ tumours, hamartomas, renal cell carcino-
mas, and polycystic kidney disease [17, 34, 35], while up to
75 % of female patients develop benign or malignant uterine
tumours [4].

In 1995, the gene locus associated with HPT-JT syndrome
was identified on the long arm of chromosome 1, specifically
in the 1q21-q31 region [9]. In 2002, the cell division cycle
protein 73 homolog (CDC73) gene, also known as hyperpara-
thyroidism 2 (HRPT2), was definitively localised in this re-
gion of chromosome 1 [10]. It contains 17 exons which en-
code for a 531-amino acid protein called parafibromin, from
‘para’ (referring to parathyroid) and ‘fibro’ (referring to fi-
brous tumours in the jaw). This protein, mainly present in
the nucleus, is part of the ribonucleic acid polymerase II-
regulatory Paf1 complex. It is believed to act as a tumour
suppressor protein, regulating the transcription and the modi-
fication of histones, although the exact mechanism remains
unknown [22, 36]. Complete absence of immunohistochemi-
cal staining for parafibromin occurs frequently in both para-
thyroid carcinomas and HPT-JT related tumours (adenomas
and carcinomas), but not in other benign parathyroid lesions
[37]. Unfortunately, this analysis, which would reinforce the
pathogenicity of the observed mutation in case loss of
parafibromin immunoreactivity was obtained, could not be
performed, as our pathology laboratory does not implement
parafibromin staining.

Since its discovery, several mutations in the CDC73 gene
have been described in the literature. A 2010 review identified
68 germline, 38 somatic and 5 unidentified mutations [13].
Approximately 80 % of these mutations are located in exons
1, 2 and 3 [7, 38, 39]. Most of them are frameshift mutations,
while a few are nonsense or missense mutations. More than
80 % of mutations predict premature truncation of
parafibromin protein [40]. Our patient had a heterozygous
alteration in exon 1, consisting of the deletion of 24 nucleo-
tides (c.-16:8del), affecting the start codon. To our knowledge,
this mutation has not been previously reported. Prediction
software considers no protein would be produced through this
allele as a consequence of the disappearance of the original
start codon.

Germline-inactivating CDC73 gene mutations cause HPT-
JT by reducing the amount of functional parafibromin which
is produced [10]. This results in unregulated cell proliferation,

which can lead to tumour formation. Although the rate of
tumour recurrence of PHPT seems to be higher in carriers of
deletions or frameshift mutations [30, 41], the rarity of the
disease makes it difficult to establish a proper genotype–phe-
notype relationship. In this case, unfortunately, family history
could not be performed to reinforce these data as the patient’s
relatives’ clinical information and/or samples were not
available.

Whole CDC73 gene deletion has been already described
[30] as a cause of HPT-JT. Although parafibromin staining
could not be performed, the c.-16:8del mutation predicts the
absence of parafibromin production in the affected allele, re-
sembling the effect of the physical whole deletion of the gene.
In this case, the patient will generate lower amounts of the
protein. Thus, a theoretical consequence should be the disrup-
tion of control of cell division and subsequent tumour
creation.

In conclusion, we have presented the case of a patient with
HPT-JT syndrome diagnosed after the finding of maxillary
ossifying fibromas. The presence of multiple ossifying fibro-
mas in the same individual or in several members of the same
family should make us carefully consider this syndrome.
Given the high risk of complications associated with
hypercalcaemia and parathyroid carcinoma, early detection
of the disease is essential. Our identification of a novel muta-
tion in the CDC73 gene, up to now unaccounted for, increases
our understanding of this syndrome.
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