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Abstract

Background: The occurrence of parathyroid carcinoma in multiple endocrine neoplasia
type | (MENI) is rare and the 15 cases of malignant parathyroid tumor reported so far
have been associated with MENI in individuals and not with multiple members within

a family.

Methods: We report on a 61-year-old male, operated for a 7.3 cm parathyroid carcinoma
infiltrating the esophagus. In his brother, a 4.6 cm parathyroid carcinoma was diagnosed
histologically, while in the daughter, neck ultrasonography revealed 2 extrathyroidal
nodules, yet to be excised.

Results: Screening of the MENT gene identified a known germline heterozygous
missense mutation (c.1252G>A; p.D418N) in exon 9, in all affected subjects.

Conclusions: The occurrence of parathyroid carcinoma in more than one affected
member of a single MEN1 family represents the first reported familial case. This suggests
that additional constitutional genetic mutations may contribute to the variation in
malignant potential and clinical behavior of parathyroid tumors in MEN1.
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Introduction

The multiple endocrine neoplasia type 1 syndrome (MEN1,
MIM131100) is primarily characterized by parathyroid,
gastro-entero-pancreatic and pituitary tumors (1, 2).
Less frequently, it is associated with adrenocortical (3),
thyroid, carcinoid tumors, lipomas and leiomyomas (1).

A few cases of melanoma have been reported that may
be associated with the MEN1 syndrome (4, 5, 6). Clinical
association of familial primary hyperparathyroidism
(PHPT) with lesions in at least two of the three ‘P’
glands (pancreas, pituitary, parathyroid) is diagnostic for

© 2017 The authors
Published by Bioscientifica Ltd

http://www.endocrineconnections.org
DOI: 10.1530/EC-17-0207

This work is licensed under a Creative Commons
@ @ Attribution-NonCommercial 4.0 International
License.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:v.guarnieri@operapadrepio.it
http://dx.doi.org/10.1530/EC-17-0207
http://www.endocrineconnections.org

Endocrine Connections

Research

MENT1 (7). Lesions of the parathyroid gland, adenoma
or hyperplasia are almost always benign. The syndrome
that is inherited in an autosomal dominant fashion
is due to inactivating mutations of the MENI gene,
encoding menin, an intracellular protein that interacts
with transcription factors involved in cell cycle regulation
and proliferation (8). Fifteen well-documented cases of
parathyroid carcinoma (PC) and one atypical adenoma in
the MEN1 syndrome have been reported (9, 10, 11), and
in seven of these, an MEN1 mutation was identified.

PC accounts for <1% of all PHPT cases and is detected
as a sporadic case or as part of the hyperparathyroidism and
jaw-tumor syndrome (HPT-JT, MIM145001), characterized
by ossifying fibromas of the jaw and mandible, renal and
uterine lesions (12). The HPT-JT syndrome is caused by
inactivating mutations of the tumor suppressor CDC73
gene encoding parafibromin, a ubiquitously expressed
protein involved in RNA polymerase II transcription and
chromatin remodeling (13). A number of investigators
have suggested that menin and parafibromin are involved
in common molecular pathways and share similar
functions (14, 15, 16).

Here, we report an unusual association of MEN1 gene
mutation with PC in two siblings from the same MEN1
family, representing the first reported familial occurrence.

Clinical case

A 61-year-old male (Fig. 1A, 1I-4) was admitted in April 2013
to our Health Care Centre for follow-up of a pathologically
diagnosed PC (size 7.3 cm) showing capsular invasion and
infiltration into the esophagus. At surgery, a hyperplastic
parathyroid gland was removed. The patient had a history
of nephrolithiasis with repeated renal colic, and bilateral
adrenal lesions were present by computed tomography
(CT). At admission, laboratory values were unremarkable.
Assessment of first-degree relatives (Fig. 1A) revealed the
presence of hypercalcemia and hypercalciuria with high
levels of PTH in a brother (II-6) and in the proband'’s
daughter (III-1) (Table 1). In the brother, imaging revealed
an extrathyroidal lesion (4.6cm) at the upper left lobe that
at surgery was histopathologically identified as PC. He had
suffered from renal stones and had been operated on for
an in situ melanoma and lipoma, and during the follow-up,
bilateral adrenal lesions had been discovered (Table 1). In
the daughter, two extrathyroidal nodules (1.4 and 1cm)
were detected at neck ultrasonography and confirmed by
99mTc-Sestamibi scan, but are yet to be excised. Biochemical
evaluation of other relatives, one brother and sister, and
paternal nephew (Fig. 1A: II-1, II-3, and III-2) was negative.

L Cinque, A Sparaneo et al.

MEN1 familial case and 887-891 6:887

parathyroid carcinoma

[FO O MO

17 2 3‘/4+5 6t 7

Pancreas Hyperparathyroidism 1 +

Melanoma & lipoma  Adrenal

B Normal ? Proband Il-4

TGTACGACGGTC TGTAClACGGC

G/a
D418N (GAC— AAC)

Figure 1

Pedigree of the family under study. (A) Clinical status is indicated by open
symbols (unaffected or unknown) and filled symbols (affected). Filled
quadrants indicate a diagnosis as indicated in the inset legend.
Histological diagnosis of carcinoma is indicated (#). A diagonal slash mark
through a symbol indicates deceased. Proband is indicated by the arrow.
The presence (+) or absence () of a mutation in tested family members is
shown. (B) Detection of a mutation in the MEN1 gene. Direct sequence
analysis of the exon 9 genomic DNA amplicon of proband II-4 (right)
revealed a heterozygous G to A transition encoding the missense D418N
mutation compared with an unrelated normal individual (left).

After the identification of the MENI mutation,
gastrointestinal ~ echoendoscopy of the proband
revealed multiple pancreatic neuroendocrine tumors
(PNETs), <lcm in diameter, while pituitary MRI was
negative. In the brother (II-6), a right lesion close to the
pharynx was identified during follow-up and removed:
histopathological diagnosis was an ancient schwannoma.

Materials and methods

Informed consent was obtained from each patient or
subject, and the study was conducted according to a
protocol that was approved by the IRCCS Casa Sollievo
della Sofferenza Hospital, Research Ethics Board.
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Genetic screening

DNA was extracted from peripheral blood and formalin-
fixed-paraffin-embedded (FFPE) tissue, and MENI and
CDC73 gene coding sequences were PCR amplified and
directly sequenced (12, 17). Loss of heterozygosity (LOH)
at the MENI locus (chr 11q13.1) was searched for as
described previously (17). Lipoma tumoral tissue was
not available.

SNP array

A search for CDC73 and MENI gene deletions was
performed using the CytoScan HD array platform
(Affymetrix) as described (18).

Immunohistochemistry

Four micron-thick tissue sections of FFPE parathyroid
tumor tissues were rehydrated in pH 7.5 buffer and
processed for staining. Antigen retrieval was performed by
heating the slides in 0.01 M citrate buffer (pH 6.0) in a bath
for 20min at 97°C. After blocking endogenous peroxidase
activity in 0.3% hydrogen peroxide and methanol solution
for 15 min, tissue sections were stained either with primary
monoclonal anti-menin antibody (clone B-9, sc-374371,
1:200 dilution) or anti-parafibromin antibody (clone 2H1,
sc-33638, 1:200 dilution) (Santa Cruz Biotechnology) for
20 min.

Slides were then incubated with a commercially
available detection kit (EnVision FLEX+, Dako) following
the manufacturer’s instructions, developing peroxidase
activity with 3-3’-diaminobenzidine. Finally, slides
were counterstained with hematoxylin, dehydrated
and mounted. Specificity of reactions was assessed by
(i) replacing the primary antibody with an unrelated
mouse immunoglobulin at a comparable dilution or (ii)
using normal serum alone. Positive and negative controls
were included.

Results
Molecular screening

No coding mutation (germline or somatic) or deletion
of the CDC73 gene (1g31.2) was found. No deletion of
the MENI gene (11q13.1) was found. A known MENI]
mutation in exon 9 (c.1252G>A - p.D418N) was identified
in the proband (Fig. 1B; 1I-4) and confirmed in not only
the affected brother and daughter (II-6 and III-1), but
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also in the normocalcemic nephew (III-2). The mutation
was not found in the unaffected sister and brother (II-1
and II-3). No LOH at the MEN1 locus was detected in the
tumor tissue of the affected brother (II-6).

Pathology and immunohistochemistry (IHC)

Hematoxylin and eosin (H&E)-stained sections of the
parathyroid lesion of the brother (II-6) were reviewed
according to World Health Organization classification
criteria  (19). Clear-cut capsular penetration with
infiltration of the surrounding extra-glandular adipose
tissue was observed. Necrosis was not seen (Fig. 2). By
IHC, diffuse positivity of menin nuclear expression was
observed (Fig. 3). Likewise, positivity for parafibromin
nuclear expression was seen on separate tissue sections
(data not shown).

Discussion

The first manifestation of MEN1 syndrome is
hypercalcemia and PHPT in up to 95% of cases. The
parathyroid lesion is almost always a benign adenoma
or hyperplasia. Gastrinomas, non-functioning islet
adenomas and insulinomas are frequently present (up to
40%) together with anterior pituitary tumors (up to 30%)
(7, 20). MENT1 is due to inactivating mutations of menin,
a widely expressed intracellular protein interacting with

Figure 2
(H&E X10) Fungus-like capsular infiltration by neoplastic cells of
parathyroid carcinoma.
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Figure 3
Diffuse positivity of menin protein in parathyroid carcinoma tissue
excised from the proband’s brother.

factors or complexes that modulate gene transcription
(reviewed in 21).

Thus far, fifteen cases of PC associated with the
MEN1 syndrome have been reported, with an overall
prevalence of 0.5% (3/590 MEN1 subjects recruited at
the Mayo Clinic and at the MD Anderson Cancer Center,
9-11). In seven of those 15 cases, an MENI mutation
was identified. For all the 15 index cases, in which
familial PHPT was established, there was no report of a
malignant parathyroid lesion in other affected family
members (9-11 and references therein). On the one hand,
younger age at diagnosis (e.g., through screening) and
subtotal parathyroidectomy might lower the possibility of
malignant transformation in parathyroid tissue in some
of these cases. On the other hand, these data suggest that
the MEN1 gene is not necessarily a major genetic driver
per se of malignancy for a parathyroid lesion. Rather, the
malignant progression of the parathyroid lesion in those
cases could be due to additional unknown genetic events
occurring at the somatic level, as frequently reported in
many cancers (22).

The p.D418N mutation affects menin binding with the
suppressor of variegation 3-9 homolog family, SUV39H1,
protein, whose complex is involved in the methylation of
H3K9 (23). It has never been found previously associated
with malignant MEN1 tumors, and specifically PC (21 and
references therein). Taking into account the prevalence
of MENT1 in the general population (0.0033%, 24), given
the low frequency of PC in MEN1 syndrome (0.5%,
9 and 10), the occurrence of parathyroid carcinoma
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affecting two siblings of an MENI1 family is unlikely a
random event (P.,currence=0.0033x0.5x0.5=0.00082/
1000000=8.2x10719). Instead, one might argue that
this mutation is being expressed on different genetic
backgrounds in our family. The presence of two carcinoma
cases in the same family suggests the key genetic event
was pre-somatic. Our family may well represent the first
reported MENT1 familial case with PC. Additional studies—
whole-exome sequencing and gene expression profiling—
are ongoing, in order to identify any putative genetic
factors that might underlie the aggressive nature of this
familial occurrence.

One further point concerns the atypical clinical
presentation of the family. The concurrent presence of:
(i) parathyroid disease in 3 affected members and gross
carcinoma (7.3 and 4.6cm) in 2 siblings; (ii) familial
PHPT with PC and (iii) renal colic, might suggest HPT-JT.
However, as no mutations were found in the CDC73
gene, the MEN1 syndrome was considered, supported
by the involvement of adrenal lesions, melanoma and
lipoma. This case is instructive in that it highlights
the importance of implementing a stepwise screening
protocol for all the genes showing some association with
familial PHPT, especially in families with atypical clinical
presentation and independently of age. This would aid the
identification of unaffected carriers, such as the 19-year-
old nephew of the proband in our family, thus allowing
closer clinical follow-up.

In conclusion, the occurrence of PC in more than
one affected member of a single MEN1 family suggests
that additional constitutional genetic mutations may
contribute to the variation in malignant potential and
clinical behavior of parathyroid tumors in MEN1.
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