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Abstract Familial primary hyperparathyroidism (FPHPT)
may occur due to an underlying germ-line mutation in the
MEN1, CASR, or HRPT2/CDC73 genes. The disease may be
undiagnosed in the absence of a history suggestive of FHPT.
Young PHPT patients (≤45 years of age) are more likely to
harbor occult FPHPT. A total of 1,161 (136 were ≤45 years of
age) PHPT patients underwent parathyroidectomy from 2001
to 2009. Thirty-four patients declined participation. Sixteen
patients were diagnosed in the clinical routine with FPHPT

(11 MEN1, four MEN2A, and one HPT-JT) and were not
included in the genetic analysis. Eighty-six young (≤45 years
of age) patients with clinically non-syndromic PHPT under-
went genetic analysis. Sanger sequencing of all coding regions
of the MEN1, CASR, and the HRPT2/CDC73 genes was
performed. Eight of 86 (9.3%) young patients with clinically
non-familial PHPT displayed deleterious germ-line mutations
in the susceptibility genes (4 MEN1, 3 CASR, and 1 HRPT2/
CDC73). There was one insertion, one deletion, two non-
sense, and four missense mutations, all predicted to be highly
damaging to protein function and absent in 3,244 control
chromosomes. Germ-line mutations in known susceptibility
genes within young patients with PHPT, including those di-
agnosed in the clinical routine, was 24/102 (23.5%; 15MEN1,
four RET, three CASR, and two HRPT2/CDC73). We demon-
strate that germ-line inactivating mutations in susceptibility
genes are common in young patients with clinically non-
familial PHPT. Thus, enhanced use of genetic analysis may
be warranted in clinically non-familial young PHPT patients.
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Introduction

Primary hyperparathyroidism (PHPT) occurs sporadically in
the majority of cases. However, familial PHPT may occur as
part of multiple endocrine neoplasia type 1 (MEN1),
MEN2A, the HPT-jaw tumor syndrome (HPT-JT), familial
isolated hyperparathyroidism (FIHPT), and familial hypo-
calciuric hypercalcemia (FHH) [1–4].

In patients with a germ-line mutation of the MEN1,
CASR, or HRPT2/CDC73 genes, PHPT is the dominant
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feature and typically occurs at a young age, indicating that
the most efficient way to identify index patients with famil-
ial PHPT is to screen patients with PHPT [5]. The setting in
which HPT occurs in MEN2A is by nature different, and
medullary thyroid carcinoma is the dominant feature while
HPT is generally diagnosed synchronously or after thyroid-
ectomy [6].

MEN1 is thought to be relatively rare (approximately one
in 30,000), and a consensus definition of MEN1 is used
widely [7]. A MEN1 case exhibits tumors in two of the three
principal organs (parathyroid, enteropancreatic endocrine
tissue, and anterior pituitary). A germ-line MEN1 gene
mutation is identifiable in 85% to 95% of typical MEN1
families [7]. HPT is the most common and usually the initial
endocrine manifestation in patients with MEN1, typically
presenting between age 25 to 45 years, although significant
variation exist among affected kindreds [8]. The underlying
germ-line mutation in the MEN1 gene renders the parathy-
roid glands more susceptible to expressing a tumor after
only one somatic mutation (second hit) [1]. Thus, it is not
surprising that the parathyroid glands are usually asymmet-
rically enlarged. Recognition of the MEN1 syndrome is
important if the appropriate operative procedure is to be
performed. Surgery for HPT in MEN1 patients occurs in
several circumstances, including patients with asymptomat-
ic hypercalcemia with an established diagnosis of MEN1,
patients with symptomatic hypercalcemia and confirmed
MEN1, or in patients who presents with “sporadic/ non-
familial” PHPT harboring occult MEN1 [4]. Some MEN1
patients may have only a single macroscopically abnormal
gland and may therefore undergo suboptimal surgical resec-
tion leading to recurrence and re-operation. The initial sur-
gical procedure of choice in a MEN1 patient with HPT is
either subtotal parathyroidectomy or total parathyroidecto-
my with heterotopic autotransplantation of a portion of the
resected parathyroid tissue [4]. Bilateral transcervical thy-
mectomy is also advocated to prevent or treat thymic carci-
noid associated with MEN1 as well as to excise intrathymic
supranumerary parathyroid glands [4].

HPT-JT syndrome is due to inactivating mutations in the
HRPT2/CDC73 gene encoding parafibromin [2]. Similar to
MEN1, HPT is the most common feature of the disease,
occurring in approximately 80% of adults, with an early
onset (mean age, 32 years) [5]. The syndrome is associated
with a high incidence of severe hypercalcemia, risk of
parathyroid cancer (about 15%), and may be uniglandular
[9]. In general, HPT may be treated with resection of grossly
enlarged parathyroid glands unless parathyroid cancer is
suspected [4].

HPT in the setting of an underlying CASR mutation may
either present as FHH or FIHPT [5, 10]. The diagnosis of
FHH as well as its distinction from HPT may be challeng-
ing. The combination of hypercalcemia, intact PTH levels in

the mid-range, hypermagnesemia, relative hypocalciuria,
and a family history of hypercalcemia are suggestive of
the disease. A definite diagnosis can be made by the dem-
onstration of germ-line-inactivating mutations in the CASR
gene [5]. The majority of patients with FHH are asymptom-
atic and do not benefit from surgical resection of their
mildly enlarged parathyroid glands [11, 12]. However, some
individuals with FHH develop symptomatic HPT [13, 14].
Inactivating mutations of the CASR may lead to atypical
phenotypic features including hypercalcemia, inappropriate-
ly high serum PTH and magnesium levels, and relative
hypercalciuria, with nephrolithiasis in a subset of patients
which resembles PHPT [10, 15]. Traditionally, a urinary
calcium/creatinine (Ca/Cr) clearance ratio is used to distin-
guish between PHPT and FHH, with the latter having a ratio
below 0.010, although modest overlap exists [16].

We demonstrate that germ-line-inactivating mutations in
disease-causing genes are common in young patients with
clinically non-familial PHPT.

Materials and Methods

The study design is presented in Fig. 1a. A prospective
database identified 1,161 primary HPT patients who under-
went parathyroidectomy from 2001 to 2009, where follow-
up data were available. A total of 136 patients were 45 years
old or younger at time of operation and were considered
young. This age cut-off was used since most patients with
FHPT are diagnosed prior to the age of 45 years [5, 17–19].
Thirty-four patients declined to participate in genetic analy-
sis. Sixteen patients were diagnosed in the clinical routine
(genetic testing preformed outside of the study based upon
history and physical) with FPHPT preoperatively or during
postoperative surveillance (11 MEN1, four MEN2A, and
one HPT-JT) and were not included in the genetic analysis.
Eighty-six young (≤45 years of age) patients with clinically
non-familial PHPT were included and underwent genetic
analysis. The diagnosis of clinically non-familial disease
was based on a detailed family history obtained by the
referring physician (internist/endocrinologist) and operating
surgeon prior to surgery. The personal and family history
was updated at the time of enrollment in the study (6–
120 months after surgery). The family history was obtained
to identify FPHPT with questions such as “Are there blood
relatives who have had neck surgery, kidney stones, brain
tumors (i.e., pituitary), ulcers, high calcium levels, jaw
tumors, pancreatic tumors?”. All 86 patients denied a per-
sonal or family history suggestive of FPHPT.

Patients underwent either minimally invasive parathy-
roidectomy (MIP) or standard cervical exploration, as de-
scribed [20]. Intraoperative PTH (IOPTH) was used in all
cases, with a greater than 50% reduction from the
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preoperative baseline with an absolute normalization of the
PTH levels being consistent with curative resection. In-
formed consent was obtained and the study design approved
by the local institutional review board.

Amplification of All Coding Regions of MEN1, CASR,
and HRPT2

Whole blood was obtained through phlebotomy and ge-
nomic DNA from leukocytes was isolated by standard meth-
ods [21]. Two hundred nanograms of genomic DNA is
polymerase chain reaction (PCR)-amplified using specific
primers for exons 1–10 of the MEN1 gene, exons 1–10 of

the CASR gene, and exons 1–17 of the HRPT2/CDC73
gene, as described previously [13, 21, 22]. Primer sequences
are provided in supplementary Table 1.

DNA Sequencing and Analysis

The PCR products were purified using the Qiagen PCR
purification kit (Qiagen, Valencia, CA) according to the
instructions from the manufacturer. Each sample (40 ng of
DNA) underwent both forward and reverse Sanger sequenc-
ing at the Keck DNA Sequencing Facility at Yale University.
Data were analyzed with the use of Sequencing Analysis and
AutoAssembler software (Applied Biosystems) and publically

1,161 patients operated on 
for primary 

hyperparathyroidism  
(2001-2009) 

>45 years of age 
(n=1,025) 

Inclusion Exclusion 

12 patients with a preoperative 
diagnosis of familial HPT (7 MEN1, 4 
MEN2A and 1 HPT-JT) 

Declined participation or lost to follow 
up (n=34) 

136 patients 

102 patients 

4 patients with a postoperative 
diagnosis of familial HPT (4 MEN1) 

90 patients 

86 patients included in 
genetic analysis 

a

b

Fig. 1 a Study design.
b Summary of detected
mutations
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available Web-based resources (NCBI-Blast, GenBank). All
novel DNA variants were verified by re-sequencing using
genomic DNA from a separate extraction. All variants
were analyzed for predicting damaging effects of mis-
sense mutations using the PolyPhen 2 software (http://
genetics.bwh.harvard.edu/pph2), as described [23]. The
frequency of single-nucleotide polymorphisms (SNP) in the
examined cases was compared with the HapMap CEU popu-
lation (http://www.ncbi.nlm.nih.gov/projects/SNP).

Statistical Analysis Student’s unpaired t test and Chi2 test
were used for statistical evaluation, with p<0.05 considered
to be significant. All results are expressed as mean±SEM
(standard error of the mean).

Results

The clinical characteristics of the 86 young patients with
clinically non-syndromic PHPT are displayed in Table 1.
Compared with PHPT patients presenting at age 45 years or
older, young PHPT patients were significantly more often
male, had symptoms of nephrolithiasis, and absence of bone
disease. The biochemical indices of the disease, frequency
of neurocognitive symptoms, type of operative intervention,

and histopathological characteristics were similar in young
and old patients.

Sanger sequencing of all coding regions ofMEN1, CASR,
or HRPT2/CDC73 genes identified germ-line mutations
(four MEN1, three CASR, and one HRPT2/CDC73) in eight
cases of clinically sporadic PHPT (Fig. 1b). There was one
insertion, one deletion, two nonsense, and four missense
mutations. All four missense mutations were predicted to
be highly damaging to protein function with PolyPhen-2
scores ranging between 0.899 and 0.998 (Table 2). None
of the missense variants were present in 3,244 control chro-
mosomes. Additionally, two of the MEN1 gene missense
mutations (E45G and P193L) have previously been de-
scribed [24, 25]. The frequency of genotypes in commonly
occurring SNPs of the MEN1, CASR, and HRPT2/CDC73
genes in the current cohort (mainly of Western European
descent) were similar to the HapMap CEU population (Utah
residents of Northern and Western European ancestry; sup-
plementary Table 2).

Of the two patients with novel MEN1 gene mutations,
both required multiple gland removal during MIP and an
appropriate decrease in IOPTH leading to normocalcemia at
present (Table 2). Case #96 presented with hypercalcemic
crisis during pregnancy and underwent a subtotal parathy-
roidectomy (three excised glands) in the second trimester
causing significant improvement of hypercalcemia and suc-
cessful delivery at term. Eighteen months later, she under-
went reoperation due to progressive PHPT with removal of
two enlarged glands (i.e., glands 4 and 5) with heterotopic
autotransplantation and is currently normocalcemic (calci-
um 8.8 mg/dl; reference range, 8.8–10.2 mg/dl; PTH 12 pg/
ml, reference range, 10–65 pg/ml). Case #349 underwent a
subtotal parathyroidectomy (3.5 glands) in 2001, followed
by reoperation with removal remnant fourth gland and fifth
mediastinal gland with heterotopic autotransplantation.

Interestingly, all three patients with germ-line CASR gene
mutations displayed biochemical indices consistent with
PHPT and 2/3 had osteoporosis. The 24-h urine collections
were within the normal range, and the Ca/Cr clearance was
0.010–0.011. Standard four gland exploration was required
in all cases and subtotal parathyroidectomy (two glands in
two cases and 3.5 glands in one case) caused an appropriate
IOPTH decline, normocalcemia, and normal PTH levels
during follow up (12–18 months). The 16-year-old male
with HRPT2/CDC73 mutation presented with hypercalce-
mic crisis requiring intravenous saline administration and
excision of a single 4,500 mg parathyroid adenoma lead to
IOPTH normalization and normocalcemia at present
(30 months follow-up).

The overall prevalence of germ-line mutations in known
disease-causing genes in young patients with PHPT, including
those diagnosed in the clinical routine was 24/102 (23.5%; 15
MEN1, four RET, three CASR, and two HRPT2/CDC73).

Table 1 Clinical characteristics of patients with clinically non-familial
PHPT ≤45 years of age versus those >45 years of age

PHPT ≤45 years
of age, n086

PHPT >45 years
of age, n01,025

Age (years) 35.3±0.65 62.9±0.37

Female (%) 68.2 80.5*

Preoperative serum
calcium (mg/dl)

11.3±0.07 mg/dl 11.2±0.03

Preoperative serum
PTH (pg/ml)

167±22 pg/ml 134.2±5.3

Neurocognitive symptoms (%) 69.5 67.2

Osteopenia/osteoporosis (%) 50.3 75.3*

Nephrolithiasis (%) 28.5 20.9*

MIP (%) 72.8 78.4

Single adenoma (%) 84.8 84.4

Gland weight (mg) 970±100a 813.2±35.4a

Postoperative serum calcium
(mg/dl)

9.19±0.04 9.34±0.02*

Postoperative serum PTH
( pg/ml )

29.5±2.2 31.4±0.9

Reference ranges: calcium 8.8–10.2 mg/dl; PTH 10–65 pg/ml. Data are
expressed as mean±SEM, except for glandular weight, which is pre-
sented as geometrical mean±SEGM

PTH parathyroid hormone, MIP minimally invasive parathyroidectomy

*p<0.05
a Total excised gland weight, normal upper limit parathyroid gland
weight is 39 mg [13]
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Discussion

We demonstrate that germ-line-inactivating mutations in
CASR, MEN1, and HRPT2/CDC73 are common in young
patients with clinically non-familial PHPT. Parathyroid sur-
gery in patients with MEN1 and HRPT2/CDC73 gene muta-
tions should be conceptualized as a debulking or palliative
procedure since recurrence is inevitable if survival is unlim-
ited and is indicated to treat and prevent the complications
of HPT. Thus, it is likely that the patients presented here will
recur in the future and thus require life-long follow-up. The
role of parathyroid surgery in CASR gene carriers is contro-
versial and evolving, and it is unclear whether achieving
normocalcemia has any benefit in reducing the complica-
tions of HPT. It is noteworthy that all three CASR gene
carriers remain normocalcemic. When multiglandular dis-
ease is discovered at the time of surgery, the surgeon must
suspect familial hyperparathyroidism, although the majority
of patients with PHPT and multiglandular disease do not
have familial disease.

Current guidelines suggest that DNA sequence testing for
mutations of CASR, MEN1, and HRPT2/CDC73 genes is
not recommended on a routine basis unless FPHPT is sus-
pected [26]. The prevalence of germ-line mutations in
disease-causing genes in young PHPT with apparent non-
familial disease was previously unknown. The diagnosis of
FPHPT is of crucial importance for a number of reasons. It
affects the operative strategy in CASR, MEN1, and HRPT2/
CDC73 carriers and standard cervical exploration rather
than MIP would be preferred [4]. The risk of parathy-
roid carcinoma in HRPT2/CDC73 gene carriers and the
high incidence of supranumerary parathyroid glands and
concomitant thymic carcinoid in MEN1 gene carriers
have to be considered [4]. The majority of CASR gene
carriers does not benefit from parathyroid surgery and
could be avoided. DNA sequencing CASR, MEN1, and
HRPT2/CDC73 young PHPT patients with clinically
non-familial disease may confirm a syndrome in a pro-
band, and exon-specific gene testing could be offered to
family members. Such knowledge would provide crucial
information to affected and non-affected family mem-
bers with regard to further surveillance and treatment of
the tumor susceptibility syndromes [26].

The current study represents the most comprehensive
evaluation of germline mutations in susceptibility genes
for PHPT in young patients with clinically non-familial
PHPT. Nevertheless, the study has some weaknesses. Only
cases of operatively verified PHPT were included in the
study. The prevalence of CASR, MEN1, and HRPT2/
CDC73 gene mutations in young PHPT not referred for
parathyroidectomy was not assessed in this study. However,
we anticipate that most young patients (≤45 years of age) are
referred for surgery since the NIH guidelines recommends

parathyroidectomy for all PHPT under the age of 50 years,
even when asymptomatic [27]. Similarly, the prevalence of
CASR, MEN1, and HRPT2/CDC73 gene mutations in non-
familial PHPT >45 years of age was not evaluated in the
current study. The rationale to use 45 years of age as a cut-
off for “young” patients relates to the fact that the mean age
of presentation for PHPT of MEN1 is 25 to 45 years of age
and 32 years of age for PHPT of HPT-JT syndrome,
although patients can present as young as 10–15 years of
age [28]. Individuals with inherited inactivating CASR gene
mutations display hypercalcemia at birth. However, the
mean age of parathyroidectomy in a large family with an
atypical CASR gene mutation causing a phenotype which
resembles PHPT was 44 years of age [29]. Studies evaluat-
ing the frequency of MEN1 gene germline mutations in
PHPT patients have previously used an arbitrary cut-off of
30 years of age [25, 30]. These studies, however, did not
analyze the prevalence of CASR and HRPT2/CDC73 gene
mutations; the number of analyzed subjects was relatively
low. In addition, it is well known that the incidence of
primary HPT increases with age especially in women at
the time of menopause (approximately age 45 years) and
when postmenopausal [31]. Thus, although arbitrary, we
found age 45 years to be a reasonable cut-off for the defini-
tion of “young”. The high prevalence of FPHPT in the
current cohort may relate to referral bias of cases to a
specialized parathyroid surgery center. This may be true
for the 16 cases of FPHPT diagnosed in the clinical routine
but is unlikely to have played a role in the 8/86 (9.3%) cases
displaying occult CASR, MEN1, and HRPT2/CDC73 gene
mutations. In the current study, we did not evaluate presence
of germline mutations in the kindreds of carriers and thus,
do not know whether the detected mutations represents
inherited versus de novo mutations. Further analyses are
warranted to determine the prevalence of de novo germline
mutations of the CASR, MEN1, and HRPT2/CDC73 genes
in young patients with clinically non-familial PHPT. Addi-
tionally, the current study did not evaluate genes in the
family of cyclin-dependent kinase inhibitors that have been
shown to be rarely mutated in MEN1 [32]. The setting in
which HPT occurs in MEN2A (due to germline RET muta-
tion) is by nature different, and medullary thyroid carcinoma
is the dominant feature. Thus, we found no reason for
analyzing the RET gene in the cohort of 86 patients with
clinically non-familial young PHPT patients.

Given the high prevalence of germ-line mutations in
clinically non-familial young PHPT patients, a more lib-
eral use of DNA testing may be advocated for these
patients even in the absence of a suspicious family
history. This may aid the operating physician in their
planning of the overall operative procedure, potentially
preventing the need for recurrent disease and improved
evaluation of the kindred.
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