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Abstract. Inactivating mutations of the multiple endocrine 
neoplasia 1 (MEN1) gene cause MEN1 syndrome, character-
ized by primary hyperparathyroidism (pHPT), and parathyroid 
and gastro-entero-pancreatic pituitary tumors. At present, only 
14 cases of malignant parathyroid tumor have been associated 
with the syndrome, with 6 cases carrying an inactivating muta-
tion of the MEN1 gene. The present study presents the case 
of a 48-year-old female who presented with multigland pHPT 
and multiple pancreatic lesions. The patient underwent surgery 
several times for the excision of parathyroid hyperplasia, 
carcinoma and adenoma. The MEN1 gene was screened, 
revealing three variants (in cis) at the intron/exon 3 boundary 
(IVS2-3G>C, c.497A>T and c.499G>T) detected on the DNA 
of the proband, not shared by her relatives. RNA sequencing 
revealed that the IVS2-3C>G variant caused the skipping of 
the exon 3. Therefore, the present study reports on a novel rare 

association of MEN1 syndrome and parathyroid carcinoma. 
The reported splicing mutation was previously identified 
in subjects who always developed malignant lesions; thus, a 
possible genotype-phenotype association may be considered.

Introduction

Multiple endocrine neoplasia 1 (MEN1, MIM131100) 
syndrome is an endocrine autosomal dominant disorder 
occurring due to inactivating mutations of the MEN1 gene (1). 
Early symptoms of the syndrome are hypercalcemia and 
primary hyperparathyroidism (pHPT) associated with 
gastro-entero-pancreatic and pituitary tumors (2,3). The 
MEN1 gene encodes menin, a co-transcription factor with 
numerous protein partners, including transcription factor 
jun-D (JunD)  (4), nuclear factor-κB (5) and SMAD family 
member 3 (6). In MEN1, the lesions of the parathyroid gland 
are benign adenoma or hyperplasia in 99% of cases and, to 
date, only 14 well-documented cases of parathyroid carcinoma 
(PC) and of an atypical adenoma associated with MEN1 
syndrome have been reported, and in six of these cases, an 
inactivating mutation of the MEN1 gene was identified (7,8).

PC is a rare cancer (1/10,000 of all cancer cases) and consti-
tutes <1% of pHPT cases (9). It is an indolent malignancy and 
its pre‑surgical identification may frequently represent a chal-
lenge due the variability at the clinical presentation and the 
absence of pathognomonic signs such as metastases (10,11). PC 
may manifest sporadically or as part of HPT with jaw-tumor 
syndrome (HPT-JT, MIM145001), characterized by ossifying 
fibroma of the jaw and mandible, and renal and uterine 
lesions (12). HPT-JT is caused by inactivating mutations of 
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the cell division cycle 73 gene, a tumor suppressor encoding 
a co-transcription factor, parafibromin, which is involved 
in RNA polymerase II transcription and chromatin remod-
eling (13).

The present study reports a novel MEN1 case affected by 
PC caused by a splicing mutation of the MEN1 gene, identi-
fied in cis with two other coding variants. Notably, data from 
previous studies reported that this splicing mutation was 
always previously identified in patients who developed varied 
malignancies (14-16), suggesting the hypothesis of a possible 
genotype with malignant phenotype association.

Patients and methods

Patient. A 48-year-old woman (Fig. 1A, II:4) presented in 
October 2004 at the Department of Endocrinology, Casa 
Sollievo della Sofferenza Hospital (San Giovanni Rotondo, 
Italy) with hypercalcemia (normal range, 8.1-10.4 mg/dl) 
and high parathyroid hormone (PTH) levels (normal range, 
10-65 pg/ml) (Table I), suggesting the diagnosis of pHPT. The 
functional enquiry was negative for fractures, nephrolithiasis 
and menstrual disorders. Bone mineral density determination 
revealed osteopenia. A 99Tc-sestamibi scan indicated two 
areas of radiotracer uptake: One behind the sternum manubria 
on the right side and the other at the level of the left thyroid 
lobe. Six months later (March 2005), in another hospital, a 
computed tomography (CT) abdominal scan was performed 
to investigate recurrent abdominal pain that spontane-
ously stopped, and two lesions of the head of the pancreas 
(8 and 14 mm in diameter, respectively) were identified. In 
association with pHPT, this suggested the diagnosis of MEN1 
syndrome. At parathyroidectomy one year following the first 
diagnosis (October 2005), two nodular hyperplastic parathy-
roid glands were removed, with reduction of serum calcium 
and PTH occurring postoperatively. However, the following 
year (September 2006), serum calcium and PTH levels were 
again elevated (Table I). Serum gastrin (86 pg/ml; normal 
range, 0-100 pg/ml), glucagon (38 pg/ml; normal range, 
<60 pg/ml) and prolactin (8 ng/ml; normal range, <15 ng/ml) 
levels were normal. En bloc excision of the parathyroid glands 
associated with the left thyroid lobe was performed, but a 
lesion behind the sternum was not located. The pathological 
diagnosis was suggestive of PC, and a micropapillary thyroid 
tumor (1 mm) was also identified in the excised left hemithy-
roid. The persistence of pHPT was evident following surgery. 
At three years following the initial diagnosis (June 2007), the 
patient was re-evaluated at the University of Pisa (Pisa, Italy), 
revealing elevated serum calcium and PTH levels (Table I). 
Neck ultrasound did not detect enlarged parathyroid glands, 
but 99mTc-sestamibi imaging revealed an abnormal uptake 
at the lower pole of the right thyroid lobe. A CT scan of the 
neck confirmed a 1.5‑cm enlarged parathyroid gland in the 
right upper region of the mediastinum. The patient underwent 
parathyroidectomy and the 1.5-cm right lower pole gland was 
removed. There was no evidence of local invasion at surgery. 
The histopathological diagnosis was of chief-cell parathyroid 
adenoma. The patient's family history was negative for endo-
crine disease and parathyroid cancer (Fig. 1A). Following 
surgery, PTH was undetectable, hypocalcemia developed, and 
treatment with calcium and calcitriol was commenced. At the 

Figure 1. (A) Pedigree of the family under study. Clinical status is indicated 
by open symbols (unaffected or unknown) and filled symbols (affected). 
Filled quadrants indicate a diagnosis as explained in the inset legend. 
Histological diagnosis of carcinoma is indicated by #. 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 
presented. (B) Detection of a mutation in the multiple endocrine neoplasia 1 
gene. Direct sequence analysis of the exon 3 genomic amplicon of proband 
I-4 (middle) revealed heterozygous IVS2-3C>G, Q166L and A167S mutations 
compared with an unrelated healthy individual (top). All mutations are in cis, 
as confirmed by sequence analysis of the cloned mutant allele (bottom). The 
mutant nucleotides are boxed.
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most recent evaluation (11 years following the first diagnosis, 
in 2015), serum calcium was normal and PTH remained unde-
tectable. There has been no change in the pancreatic lesions 
detectable by abdominal CT, nor the appearance of pituitary 
lesions has been observed in magnetic resonance imaging 
scans in the 11-year follow-up.

Genetic screening. DNA was extracted from peripheral 
blood of the patient and relatives, and it was PCR amplified 
and directly sequenced according to previous protocol (17). 
DNA from formalin‑fixed paraffin‑embedded tumor tissues 
(carcinoma obtained in September 2006 and adenoma in June 
2007) was extracted, as previously described (11) and loss of 
heterozygosity (LOH) at the MEN1 genetic locus (chromo-
some 11q13.1) was assessed as described previously (18). 
Subcloning of exon 3 was performed using the Strataclone 
PCR Cloning kit (Agilent Technologies, Inc., Santa Clara, CA, 
USA) following the manufacturer's protocol.

MEN1 splicing mutation assay. Blood was collected in a 
PAXgene® Blood RNA tube (BD Biosciences, Franklin 
Lakes, NJ, USA), RNA was extracted using a PAXgene® 

Blood RNA kit (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and reverse transcribed using a Superscript III 
First‑Strand Synthesis SuperMix (Thermo Fisher Scientific, 
Inc.). Corresponding complementary DNA (cDNA) was ampli-
fied in a 50 µl reaction containing: 5 µl 10X AmpliTaq Gold 
Polymerase buffer, 5 µl dNTP (25 mM), 20 pmol (final concen-
tration) specific exon forward/reverse primers (Table II) and 
1 µl AmpliTaq Gold Polymerase (all Thermo Fisher Scientific, 
Inc.). PCR cycling conditions were as follows: Initial denatur-
ation at 95˚C for 10 min; 25 cycles of 95˚C for 30 sec, 55˚C for 
30 sec and 72˚C for 30 sec; final extension of 72˚C for 7 min. 
Amplicons were purified from the gel using an Illustra GFX 
PCR DNA and Gel Band Purification kit (GE Healthcare Life 
Sciences, Chalfont, UK) and directly sequenced using a Big 
Dye Terminator v1.1 Cycle Sequencing kit (Thermo Fisher 
Scientific, Inc.).

cDNA expression vectors. Mutations were introduced into 
a pCMV-Tag2B expression vector (Stratagene; Agilent 
Technologies, Inc.) carrying the 5' FLAG-tagged human 
menin cDNA as described previously (19). Reactions 
containing no DNA were added as internal control. 

Mutagenesis primers are presented in Table III. Colony 
PCR was performed with specific T7 and T3 primers 
(5'-TAA TAC GAC TCA CTA TAG -3' and 5'-AAT TAA CCC 
TCA CTA AAG‑3', respectively) in a 25 µl PCR volume 
containing 2.5 µl 10X AmpliTaq Gold Polymerase buffer, 
2.5 µl dNTP (25 mM), 10 pmol (final concentration) forward 
and reverse primers, and 1 µl AmpliTaq Gold Polymerase. 
PCR cycling conditions were as follows: Initial denaturation 
at 95˚C for 10 min; 25 cycles of 95˚C for 30 sec, 60˚C for 
30 sec and 72˚C for 30 sec; final extension of 72˚C for 7 min. 
PCR purification and sequencing were as described above, 
and led to the identification of mutant clones. Midi‑preps 
were generated using a Plasmid Midi kit (Qiagen, Inc., 
Valencia, CA, USA).

Cell culture and western blotting. Human embryonic kidney 
(HEK293) cells (European Collection of Authenticated 
Cell Cultures, Public Health England, UK) were cultured 
in Dulbecco's modified Eagle's medium/Ham's F12 medium 
supplemented with 10% fetal bovine serum, 1% peni-
cillin/streptomycin (all Sigma-Aldrich; Merck Millipore, 
Darmstadt, Germany), and incubated at 37˚C in a humidi-
fied, 5% CO2 incubator. Wild-type and mutant vectors were 
transfected in three replicates using the FuGENE® transfec-
tion reagent (Promega Corporation, Madison, WI, USA) 
according to the manufacturer's protocol. For each experi-
ment, the HEK293 cells used had a passage number <10. At 
48 h following transfection, total cell proteins were extracted 
in radioimmunoprecipitation assay buffer supplemented with 
a protease inhibitor cocktail (Complete™ EDTA-Free; Roche 
Applied Science, Penzburg, Germany); protein concentra-
tion was determined using the Bio-Rad Protein Assay 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) and 80 µg 
of protein were separated by 10% SDS-PAGE. Following 
electrophoresis, proteins were electrotransferred to polyvi-
nylidene difluoride membranes (Merck Millipore). Blotting 
was performed overnight at 4˚C using a mouse anti‑menin 
monoclonal antibody (1:500; #sc374371; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA), anti-FLAG rabbit 
polyclonal antibody (1:5,000; #2368) or an anti-β-tubulin 
rabbit monoclonal antibody (1:5,000; #2146, both from 
Cell Signaling Technology, Inc., Inc., Danvers, MA, USA). 
Horseradish peroxidase-conjugated goat anti-mouse or 
goat anti-rabbit immunoglobulin G (#sc2005 or #sc2004, 

Table I. Biochemistry and histology parameters at the time of each surgery.

   25-OH Calciuria Parathyroid
Date Caalb adj

a, mg/dl PTHb, pg/ml Vit Dc, ng/ml 24 hd, mg/kg/day histology

Oct 2004 11.04 190 18.3 11.10 n/a
Oct 2005 (1st PTX) 11.72 210   2 hyperplasias
Sep 2006 (2nd PTX) 11.84 160   Carcinoma
June 2007 (3rd PTX) 12.83 107   Adenoma

aNormal range, 8.1-10.4 mg/dl; bnormal range, 10-65 pg/ml; cnormal range, 20-40 ng/ml; dnormal value, 4.00 mg/kg/day. Glucose, insulin, 
gastrin, glucagon, prolactin, growth hormone and insulin-like growth factors were normal. Caalb adj, calcium albumin adjustment; PTH, parathy-
roid hormone; PTX, parathyroidectomy; 25-OH Vit D, 25-hydroxy vitamin D; n/a, not applicable.
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respectively; 1:5,000; Santa Cruz Biotechnology, Inc.) was 
used as the secondary antibody and incubated for 1 h at 
room temperature. The HRP signal was detected using a 
chemiluminescent substrate (Clarity Western ECL, Bio-Rad 
Laboratories, Inc.) and for quantitative measurements, films 
were scanned using densitometry and lanes corresponding to 
proteins were analyzed using ImageJ (version 1.44p; National 
Institutes of Health, Bethesda, MD, USA; http://imagej.nih.
gov/ij/).

Three‑dimensional (3D) mutation prediction. Menin 3D 
structures were modeled using Phyre2 (Protein Homology 
Fold Recognition Server; www.sbg.bio.ic.ac.uk/phyre2/) (20). 
The analyses were implemented using Phyre investigator, a 
workbench analysis tool, which provides additional features to 
investigate models created with Phyre2. All *.pdb files gener-
ated from Phyre2 were loaded and visualized with ChemDraw 
software (version 8; Cambridge Software; PerkinElmer, Inc., 
Waltham, MA, USA).

Hematoxylin and eosin staining. Hematoxylin and eosin 
staining was performed as previously described (21).

Results

Molecular screening. Molecular screening of the MEN1 gene 
revealed the presence of three variants. Two were novel nucle-
otide changes in exon 3 (c.497A>T/p.Q166L and c.499G>T/p.
A167S) affecting two adjacent codons and the third was a previ-
ously identified intronic variant (c.446‑3C>G/IVS2-3C>G) at 
the 5'end of exon 3 (22,23). Screens of available relatives (two 
daughters, one brother, one sister and the mother) were nega-
tive for the presence of these variants (Fig. 1A). Subsequent 
cloning of the amplicon and sequencing revealed all three 

variants to be in cis (Fig. 1B). No LOH was detected in PC 
tumor tissue.

Pathological findings of PC. In 2004, the World Health 
Organization (WHO) Classification Criteria of Tumors of 
Endocrine Organs defined PC as being characterized by 
unequivocal vascular invasion, perineural invasion, gross 
invasion into adjacent anatomic structures and metas-
tasis (24). Original hematoxylin and eosin-stained tissue 
sections of parathyroid lesions were reviewed, and micro-
scopic evaluation revealed parathyroid lesions with ossifying 
cells and intratumoral fibrous bands exhibiting capsular 
penetration, invasion of surrounding vessels and gross 

Table II. Exonic primers for RT, Tm and size of the polymerase chain reaction product. 

Amplicon 5' to 3' sequence Tm, ˚C Size, bp

RT-EX3 forward ATGGGGCTGAAGGCCGCCCA 55 782
RT-EX3 reverse TGCTGCAGCTGCAGAAGCTC  

Tm, annealing temperature; RT-EX3, reverse transcription exon 3.

Table III. Mutagenesis primers.

Amplicon 5' to 3' sequencea

Q166L forward TGTGGTTGGGGCCTGCCTGGCCCTGGGTCTCCGGG
Q166L reverse CCCGGAGACCCAGGGCCAGGCAGGCCCCAACCACA
A167S forward TGGTTGGGGCCTGCCAGTCCCTGGGTCTCCGGGAT
A167S reverse ATCCCGGAGACCCAGGGACTGGCAGGCCCCAACCA
Q166-A167 forward TGTGGTTGGGGCCTGCCTGTCCCTGGGTCTCCGGGAT
Q166-A167 reverse ATCCCGGAGACCCAGGGACAGGCAGGCCCCAACCACA

aMutated bases are underlined.

Figure 2. Characteristic neoplastic invasion of parathyroid carcinoma cells 
into adjacent vessels and gross invasion of the surrounding thyroid tissue. 
Staining, hematoxylin and eosin; magnification, x20.
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invasion of adjacent thyroid parenchyma, thus leading to the 
diagnosis of PC (Fig. 2). Conversely, neither vascular or peri-
neural space invasion nor capsular infiltration were observed 
in the case of encapsulated parathyroid neoplasm exhibiting 
morphological features satisfying diagnostic criteria of 
parathyroid adenoma (secondary lesion excised from the 
proband; data not shown).

Messenger RNA (mRNA) assay. cDNA sequencing revealed 
that the intronic IVS2-3G>C variant impaired the correct 
splicing mechanism and lead to the skipping of exon 3 and 
the fusion of exon 2 with exon 4. This led to the production of 
an alternatively spliced MEN1 mRNA with a premature stop 
codon at residue 162 (p.G149Efs*13; Fig. 3).

Functional assays. Western blot analysis of crude lysates 
extracts from HEK293 cells transfected with wild-type and 
mutant vectors revealed that the A167S variant was as well 
expressed as the wild-type, whereas the Q166L and the double 
mutant (Q166L/A167S) variants were almost totally unex-
pressed, in keeping with the mutant control, R415X (Fig. 4A).

The effect of the double variant Q166L/A167S on the 
structure of the protein was examined (Fig. 4B panel d). 

3D modeling was performed using Phyre2 and 81% of the 
residues were modeled at an accuracy of >90%. A comparison 
between wild-type MEN1 protein and double-mutant protein 
(Q166L-A167S) revealed a reduction in the pocket domain 
surface involved in binding to mixed-lineage leukemia 1 
(MLL) and JunD (yellow circle), in addition to a potential 
displacement of the region encompassing amino acids 392-401 
(light blue circle) involved in suppressor of variegation 3-9 
homolog 1 interaction. The potential impact of the single muta-
tions p.Q166L and p.A167S, and the two combined on protein 
folding was investigated (Fig. 4B). In all cases, a reduction 
of the MLL2/JunD pocket surface as well as a displacement 
of the amino acids 392-401 was observed, consistent with a 
possible cooperative effect of the mutations.

Discussion

For >30 years, guidelines from Shantz and Castleman agreed 
that capsular and vascular penetration, broad fibrous bands 
accompanied by trabecular pattern and mitotic activity were 
specific in distinguishing parathyroid adenoma from carci-
noma (25). Unequivocal perineural, vascular, capsular invasion 
and growth into the adjacent tissues were further indicated by 

Figure 3. Effect of the MEN1 IVS2-3C>G mutation at the mRNA level. (A) Schematic of the MEN1 gene and menin mRNA. The 10 gene exons with introns 
(not drawn to scale) are shown with the initiation codon (ATG) in exon 2, the acceptor splice-site mutation at the intron 2/exon 3 boundary (black arrow), the 
two NLSs, and the stop codon (TGA) in exon 10. The menin mRNA includes exons 1-10 and the positions of primers used in exons 2 and 4 (RT-PCR product, 
782 bp) are presented. (B) Gel electrophoresis of RT‑PCR products following amplification of menin complementary DNA from blood RNA of individual II‑4 
of family 2 (Mut) or an unrelated normal individual (WT). DNA marker sizes are shown on the left. To the right, direct sequence analysis of the 782-bp WT and 
the 573-bp Mut products are presented. (C) The WT species corresponds to a product in which exon 2 is correctly spliced to exon 3, whereas the Mut species 
corresponds to an exon 2/exon 4 product in which exon 3 (209 bp) has been spliced out. MEN1, multiple endocrine neoplasia 1; mRNA, messenger RNA; NLS, 
nuclear localization signal; RT-PCR, reverse transcription-polymerase chain reaction; mut, mutated; WT, wild-type; M, marker.
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the WHO in 2004, and at present they represent the standard 
criteria for diagnosis of this type of pathology (24). Although 
an association of MEN1 syndrome and parathyroid carcinoma 
is rare, the case presented in the present study fulfilled all the 
aforementioned criteria.

With regards to the 14 previous cases of PC and MEN1, 
two recent meta-analyses reported 12 cases of PC associ-
ated with MEN1 syndrome in the last 40 years (prevalence 
of 0.28%) (7), and 2 PCs and 1 case of atypical parathyroid 
adenoma in 242 MEN1 patients in another study at a higher 
frequency (0.8%) (8). A total of 6 MEN1 genetic mutations 
out of 14 PC cases were identified. In 2 cases, the clinical 
description provided no indications concerning the invasion of 
surrounding tissues, and only 5 cases manifested metastasis or 
recurrence (chest wall, mediastinum, lungs and thyroid gland), 

whereas the remaining 9 cases exhibited an unremarkable 
course following surgery (8).

The novel sporadic association of PC and MEN1 
syndrome presented in the present study was caused by a 
known splicing mutation of the MEN1 gene. Although this 
mutation has been previously reported (15), to the best of our 
knowledge, the present study reveals for the first time that the 
IVS2-3G>C variant exerts a deleterious effect in removing the 
exon 3-encoded amino acid sequence, which is important, for 
example, for the menin-SMAD3 interaction and the cytostatic 
actions of transforming growth factor-β (6). The other vari-
ants, c.497A>T and c.499G>T, occur in cis with the splice-site 
mutation in the proband; however, their concurrent inheritance 
is not established and de novo occurrence cannot be ruled 
out. The present study examined the potential for the p.166L 

Figure 4. (A) Menin Q166L and Q166L/A167S missense mutants are poorly expressed relative to WT menin. FLAG-tagged menin constructs (including the 
R415X poorly expressed control) were transfected into HEK293 cells, and after 48 h, cell lysates were subjected to western blot analysis with anti-FLAG, 
anti-Menin and anti-β-tubulin antibodies. In contrast to the aforementioned mutants, the A167S single mutant was as well expressed as WT menin. (B) Predicted 
three-dimensional structures of menin, wild-type (a) and mutant proteins (b-d). Panel a represents the wild-type form with the pocket domain (Asp136, Asp153, 
Leu177, Asp180, Pro245, Leu257, Tyr276, Met278, Asp285, Leu286, Glu288, Tyr319, Met322, Tyr323, Phe328, Glu363 and Glu366) highlighted in orange, the 
JunD binding domain (amino acids 1-40 and 139-242) in green and the suppressor of variegation 3-9 homolog 1 interaction domain (amino acids 360-445) 
in light blue. The point mutations Q166L and A167S are colored red. Panels b, c and d represent the protein structure inferred by inserting one or the other 
variant, or the two, respectively. In all cases, a decrease of the pocket domain surface involved in binding to the mixed-lineage leukemia 1 and JunD proteins 
was predicted. V, vector; WT, wild-type; JunD, transcription factor jun-D.
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and p.167S variants to be functionally impaired by using 
transient transfection experiments, bioinformatics analysis 
and structural modelling. The majority of menin missense 
mutants studied to date are unstable, as they are targeted to 
the proteasome and are expressed poorly (26). In the present 
study, whereas the p.167S variant was as well expressed as 
wild-type menin when transiently transfected in HEK293 
cells, p.166L alone or the p.166L167S double mutant were not 
(Fig. 4A). Additionally, three in silico bioinformatic analysis 
tools predicted the two mutations to be deleterious (data not 
shown). Furthermore, 3D structural modelling predicted that 
the binding of each mutant to MLL and JunD cofactors that 
occurs in the 139-242 amino acid sequence (4,27) may be 
altered relative to wild-type menin (Fig. 4B).

Notably, the present study also reported an unusual asso-
ciation between PC and micropapillary thyroid cancer. A 
previous detailed metanalysis encountered only 21 cases of 
thyroid diseases associated with parathyroid malignancy in the 
last 10 years (28). In the present case, since the micropapillary 
lesion was of 1 mm and the en bloc resection of the thyroid 
lobe contributed to the eradication of the cancer, the patient 
received no further follow-ups for thyroid disease.

An important point concerns the unusual association of 
the IVS2-3C>G splicing mutation and malignant tumors. Data 
from previous studies has reported the IVS2-3C>G mutation 
in MEN1 syndrome three times, and it is always associated 
with malignant lesions. These include a family with ʻmalignant 
thymoma and enteropancreatic malignancyʼ in the same 
branch (14), a family with an unspecified carcinoid (15) and a 
family with recurrent thymic carcinoid (16); the present study 
reports the association with a malignant parathyroid lesion. 
Considering that malignancies, including carcinoids, are 
infrequent (<3%) in MEN1 cases (29), a possible correlation 
between this splicing mutation and the malignant behavior of 
the MEN1 disease course and its associated tumors must not be 
excluded. Although it requires further in-depth studies, it may 
aid the management of patients carrying this specific mutation.

In conclusion, the present study reports a novel association 
between MEN1 gene mutations and PC, highlighting a poten-
tial correlation between the IVS3-2G>C MEN1 mutation and 
malignancy. Finally, with the identification of functionally 
tested novel variants, additional MEN1 gene mutations have 
been observed.
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