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Identification of a novel frameshift ¢.930delG MENI
germline mutation (p.Glu273LysfsTer7) in a sporadic case
of multiple endocrine neoplasia type 1: A case report
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Abstract. Multiple endocrine neoplasia type 1 (MENI)
is a rare genetic disorder that is inherited in an autosomal
dominant manner. The characteristics of the disease are the
combined occurrence of tumors in glands of the endocrine
system, such as the parathyroid glands, pituitary gland and
endocrine pancreas. Germline mutations in the MENI gene
are associated with the occurrence of MENI1 and genetic
testing for this gene is generally used as a basis for diagnosis.
In this paper, a case of MENI in a middle-aged Japanese
woman is reported. Direct sequencing analysis of the
patient's DNA was performed and it revealed a MENI gene
heterozygous germline (NM_130799.2:¢c.930delG) muta-
tion in exon 5. This deletion/frameshift mutation produced
a stop codon in the downstream sequence (NP_570711.1:p.
Glu273LysfsTer7). To the best of our knowledge, this is the
first report describing the NM_130799.2:¢.930delG mutation
as the basis for MENI.

Introduction

Multiple endocrine neoplasia type 1 (MENI) is a genetic
disorder that has an autosomal dominant transmission. It has
an estimated prevalence of ~1 in 30,000. The disease is charac-
terized by the occurrence of multiple endocrine system tumors
affecting the parathyroid glands, pituitary gland and pancre-
atic islets. Some patients may also develop thymic, adrenal
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cortical, bronchopulmonary or carcinoid tumors, as well as
angiofibromas, lipomas, collagenomas or meningiomas (1,2).

Chandrasekharappa et al (3) identified the tumor suppressor
gene MENI in 1997. The MENI gene (OMIM *613733) consists
of 10 exons and it encodes the nuclear scaffold protein menin (4).
Menin is a 610 amino acid protein that is involved in regulating
gene transcription via the coordination of chromatin remod-
eling (5). Germline mutations in MENI have been associated with
the occurrence of MENI. Sanger sequencing of the MENI gene is
an effective and established method for diagnosing MENI1 (1,6,7).
The present paper describes the case of a patient with MEN1 that
was associated with a novel frameshift mutation based on the
deletion of a single nucleotide in the MENI gene.

Case report

A 52-year-old woman (II-2; Fig. 1) and her daughter (I11I-1;
Fig. 1) viewed the website of our division and subsequently
visited Nihon University Itabashi Hospital to receive genetic
testing and counseling in July 2016. The mother (II-2; Fig. 1)
had already been diagnosed with MENI in another hospital.
Her family and medical history were obtained by interviewing
her and drawing the pedigree, shown in Fig. 1, according to the
Standardized Human Pedigree Nomenclature by the National
Society of Genetic Counselors (8). She developed hypercal-
cemia five years previously and visited a general hospital. She
underwent examinations to detect the cause of hypercalcemia
and a single parathyroid tumor was identified. She received
a minimally invasive parathyroidectomy and the resected
tumor was pathologically revealed to be an adenoma. She was
subsequently diagnosed with primary hyperparathyroidism.
Brain magnetic resonance imaging (MRI) indicated there
was a 2 mm pituitary microadenoma. Abdominal computed
tomography and MRI also detected a 10 mm tumor in the
pancreas. These two tumors were not associated with any
endocrine disorder; therefore, they were surveilled using
radiological and laboratory tests. Hyperparathyroidism and
the parathyroid adenoma did not recur for five years. The
patient's father (I-1; Fig. 1) died due to laryngeal cancer at the
age of 59 years. The patient's daughter (III-1; Fig. 1) underwent
medical examinations that included blood tests every year
and was never diagnosed with hypercalcemia. In addition, no
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Table I. Sequence of primers.
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Exon Forward primer Reverse primer

Exon 2_1 5'-GAACCTTAGCGGACCCTGGGAG-3' 5'-GAAAGTAGGTGAGGCCGCCAGG-3'
Exon 2_2 5'-AGCATTTTCTGGCTGTCAACC-3' 5'-AAGGGTTCTGTAAACCATGGAGG-3'
Exon 3 5-CCTTTCCCCATGTTAAAGCAC-3' 5-GTGGCTTGGGCTACTACAGTATG-3'
Exon 4 5-CTTTTCCTGGCTGTCATTCCCTG-3' 5-GTCCCACAGCAAGTCAAGTCTGG-3'
Exon 5 and 6 5'-CGATAGGCTAAGGACCCGTTCTC-3' 5'-CCCTGCCTCAGCCACTGTTAGG-3'
Exon 7 5'- CATTTGTGCCAGCAGGGCAGCT-3' 5-GAGGGTGGTTGGAAACTGATGGAG-3'
Exon 8 5'-CCGATGGTGAGACCCCTTCAGACC-3' 5'-CAGCCCCCATGGCCTGTGGAAG-3'
Exon 9 5-CTCTGCTAAGGGGTGAGTAAGAGAC-3' 5'-CTGGGCCAGAAAAGTCTGACAAGC-3'
Exon 10_1 5-GGTCCTGGAGTTCCAGCCACTG-3' 5-CTGGAAAGTGAGCACTGGACCCT-3'
Exon 10_2 5-AAGCCTCCTGGGACTGTCGCTG-3 '5'-GCTCAGAGTTGGGGGACTAAGG-3'

d. age 59,
laryngeal cancer
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Figure 1. Pedigree of the family, including the present case. Squares denote
males and circles denote females. The proband patient with MENI is indi-
cated by a black filled circle. The proband patient and her daughter are also
indicated by arrows because they underwent genetic counseling and testing.
The proband's father died due to laryngeal cancer at age 59 years. d., deceased
individual; y, age in years of the person at the time of genetic counseling.
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other members of the patient's family, including her father and
daughter, showed any symptoms of MENI.

Blood samples (7 ml) were obtained from both the patient
and her daughter, and they received genetic counseling from a
clinical geneticist. Unfortunately, the patient's son (III-2; Fig. 1)
lived far away and he did not agree to undergo genetic testing.
An aliquot of the blood (1 ml) was processed by QIAamp®
DNA Blood Mini Kit (Qiagen GmbH) and genomic DNA was
isolated. Oligonucleotide primers which were applicable to both
amplification by PCR and direct sequencing by the dideoxy
method were designed. The sequence of primers are shown in
Table I. The concentration of genomic DNA was determined
using a NanoDrop OneC Spectrophotometer (Thermo Fisher
Scientific, Inc.). The DNA was diluted to a final concentration
of 100 ng/ml using nuclease-free water. PCR was performed
using a Veriti™ 200 thermal cycler (Thermo Fisher Scientific,
Inc.) with AmpliTaq Gold® 360 Master Mix (Thermo Fisher
Scientific, Inc.). Genomic DNA was used as the template with

primers flanking the target gene. The PCR reaction condi-
tions were 95°C for 3 min followed by 35 cycles of 95°C for
30 sec, 62°C for 30 sec, and 72°C for 30 sec. Following PCR
amplification, the amplification products were checked by
agarose gel electrophoresis and purified using an ExoSAP-IT
purification kit for PCR products (Affymetrix; Thermo Fisher
Scientific, Inc.). The purification reaction conditions were 37°C
for 15 min and 80°C for 15 min. Bidirectional sequencing
was performed using forward and reverse primers. The reac-
tion was carried out in a Veriti™ 200 thermal cycler using a
BigDye® Terminator v1.1 Cycle Sequencing kit (Thermo Fisher
Scientific, Inc.). The reaction conditions were 96°C for 1 min
followed by 25 cycles of 96°C for 10 sec and 60°C for 2 min.
The sequencing reaction products were purified using a BigDye
Xterminator™ Purification kit (Thermo Fisher Scientific,
Inc.). Amplicons were examined with a direct sequencing
apparatus and protocol according to Sanger's method (3130
DNA Analyzer; Thermo Fisher Scientific). Sequence data were
processed using GeneMapper™ ID-X software v1.3 (Thermo
Fisher Scientific, Inc.) and the sequence results were mapped
to the human genome sequence. Reference sequences of the
MENI gene used in this analysis were NM_130799.2 for
mRNA and NP_570711.1 for protein from National Center for
Biotechnology Information database (https:/www.ncbi.nlm.
nih.gov/nuccore/NM_130799.2/; accessed November 8, 2019).

Sequence analysis of the patient's MENI gene revealed
a heterozygous ¢.930delG mutation in exon 5 (Fig. 2A).
In the sense strand of the MENI gene, nucleotides 929 and
930 were both guanine residues. The single nucleotide dele-
tions were deemed to be ¢.930delG rather than c. 929delG
according to Sequence Variant Nomenclature, version 19.01,
by the Human Genome Variation Society (https:/varnomen.
hgvs.org/recommendations/DNA/variant/deletion/; accessed
November 8,2019). Sequencing of the antisense strand showed
a complementary deletion of cytosine 930, confirming the
analysis of the sense strand (Fig. 2B). Deletion of this single
nucleotide caused a frameshift that generated a stop codon in
the downstream sequence (NP_570711.1: p.Glu273LysfsTer7;
Fig. 3). The tertiary structure of the mutant menin protein
predicted using Swiss-Model revealed that the amino acid
sequence of the mutant protein was markedly shorter than that
of the wild-type protein (Fig. 4) (9). However, analysis of the
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A
Nucleotide number 925 926 927 928 929 | 930 | 931 932933 934 935 936
Sequence of wild-type allele 5 A T C T G |G AA AG G T 3
Sequence of the mutated allele 5 A T C T G|A AAA GG T C 3
with ¢.930delG

Nucleotide number
Sequence of wild-type allele (anti-sense) 5’

Sequence of the mutated allele with 5
¢.930delC (anti-sense)

936 935 934 933 932 931|930
AC CT T

AAC C T T

929928 927 926 925
CA G AT ¥

AG A T G 3

T|C
T|C

Figure 2. Detection of the pathogenic mutation. (A) Direct sequencing of the multiple endocrine neoplasia type 1 gene revealed a heterozygous deletion of
nucleotide 930 guanine in exon 5. (B) Direct sequencing also detected heterozygous deletion of nucleotide 930 cytosine from the antisense strand in exon 5.

This deletion was complementary with the ¢.930G deletion in the sense strand.

MENI gene of the patient's daughter showed no evidence of
any mutation, including ¢.930delG. Considering no particular
disease symptoms were present, the patient's daughter was not
diagnosed with MENT.

Discussion

A novel heterozygous MENI gene deletion/frameshift muta-
tion (c.930delG) was identified in a Japanese patient with
MENI. To the best of our knowledge, this is the first report on
this mutation.

Diagnostic criteria for MEN1 include the presence of
multiple primary MENI-related tumors (including parathyroid
adenoma, entero-pancreatic endocrine tumor and pituitary
adenoma) (1,10). As described above, the patient in the present
case (II-1; Fig. 1) developed a parathyroid adenoma and a
pituitary adenoma. Depending on categorization, the patient
had two MENI-related tumors and was therefore definitively
diagnosed with MENI. The deletion/frameshift mutation
identified in the present case should be considered pathogenic.

The definition of familial MENI is the presence of at least
one MENI case plus at least one first-degree relative with
one of three MENI1-related tumors (10). As shown in Fig. 1,
familial MEN1 was not observed in the present family and

the patient seemed to be a sporadic case. Hai ef al (11) previ-
ously revealed that, even in sporadic cases, the MENI gene
sometimes has pathogenic mutations, which is similar to the
present case. The patient's son (III-2; Fig. 1) did not undergo
genetic testing; however, he may be at risk of developing
MENI in the future.

Some patients with MEN1 who undergo MENI gene
testing are shown to be negative for a MENI mutation (11).
De Laat et al (12) analyzed 322 Dutch patients with MEN1
and reported that 90.7% of cases were MENI mutation posi-
tive, whereas the remaining 9.3% were MENI mutation
negative. Their study also demonstrated that mutation-positive
cases were diagnosed earlier (age 33 years vs. age 46 years)
and exhibited a poorer prognosis (survival to age 73 years
vs. survival to age 87 years) than mutation-negative cases.
In addition, mutation-negative patients developed no third
primary MENI-related tumor during the course of follow-up,
despite ~half of the mutation-positive patients showing all three
primary manifestations (12). Ellard et al (13) described mutation
detection rates of 79, 37 and 15% in patients with three, two
and one primary MENI-related tumor, respectively. Therefore,
the mutation detection rate was shown to be associated with the
number of MENI-related tumors (13). The patient in the present
case was mutation positive and presented with two primary
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Amino acid sequence of wild-type menin
(NP_570711.1)

A

B
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Amino acid sequence of menin with ¢.930delG
(p.Glu273LysfsTer7)

MGLKAAQKTLFPLRSIDDVVRLFAAELGREEPDLVLLSLY
LGFVEHFLAVNRVIPTNVPELTFQPSPAPDPPGGLTYFPV
ADLSHAALYARETAQIRGAVDLSLYPREGGVSSRELVKK
VSDVIWNSLSRSYFKDRAHIQSLFSFITGTKLDSSGVAFA
VVGACQALGLRDVHLALSEDHAWVYFGPNGEQTAEVTWHG
KGNEDRRGQTVNAGVAERSWLYLKGSYMRCORKMEVAFMY
CAINPSIDLHTDSLELLQLQQKLLWLLYDLGHLERYPMAL
GNLADLEELEPTPGRPDPLTLYHKGIASAKTYYRDEHIYP
YMYLAGYHCRNRNVREALQAWADTATVIQDYNYCREDEEI
YKEFFEVANDVIPNLLKEAASLLEAGEERPGEQSQGTQSQ
GSALQDPECFAHLLRFYDGICKWEEGSPTPVLHVGWATFL
VQSLGRFEGQVRQKVRIVSREAEAAEAEEPWGEEAREGRR
RGPRRESKPEEPPPPKKPALDKGLGTGQGAVSGPPRKPPG
TVAGTARGPEGGSTAQVPAPAASPPPEGPVLTFQSEKMKG
MKELLVATKINSSAIKLQLTAQSQVQMKKQKVSTPSDYT
LSFLKRQRKGLStop

MGLKAAQKTLFPLRSIDDVVRLFAAELGREEPDLVLLSLY
LGFVEHFLAVNRVIPTNVPELTFQPSPAPDPPGGLTYFPV
ADLSIAALYARFTAQIRGAVDLSLYPREGGVSSRELVKK
VSDVIWNSLSRSYFKDRAHIQSLFSFITGTKLDSSGVAFA
VVGACQALGLRDVHLALSEDHAWVVFGPNGEQTAEVTWHG
KGNEDRRGQTVNAGVAERSWLYLKGSYMRCDRKMEVAFMV
CAINPSIDLHTDSLELLQLQQKLLWLLYDLGHLKGTPWPStop

Figure 3. Comparison of the wild-type and mutated menin protein. (A) Amino acid sequence of wild-type menin protein (NP_570711.1) encoded by the
multiple endocrine neoplasia type 1 gene. Amino acids are presented in single-letter code. (B) Amino acid sequence of menin with the ¢.930delG mutation is
shown. The sequences of the mutated and wild type were identical from the N-terminal methionine to leucine 272. However, the deletion/frameshift mutation

generated a stop codon in the downstream sequence (p.Glu273LysfsTer7).
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Figure 4. Tertiary structures of wild-type and mutant menin predicted using Swiss-Model. The N-terminus and C-terminus are indicated by yellow and red
arrows, respectively. (A) Structure of wild-type menin. (B) Menin with the p.Glu273LysfsTer7 mutation.

MENI manifestations. In the future it may be revealed that the
patient's pancreatic tumor is a pancreatic endocrine tumor.
Several articles have reviewed previously described
MENI gene mutations. Marini et al (14) examined over 400
different germline or somatic mutations and reported that
50% of MENI mutations were frameshift mutations, 20%
were nonsense mutations, 20% were missense mutations and
7% were splice-site defects. Lemos and Thakker (15) also
reviewed 1,133 germline mutations in the MENI gene and
classified 41% as frameshift mutations, 23% as nonsense
mutations, 20% as missense mutations, 9% as splice-site
mutations, 6% as in-frame deletions or insertions and 1% as
gross deletions. In addition, Concolino et al (16) reviewed 576
MENI mutations and reported frameshift mutations in 42% of

the cases, missense mutations in 25.5% of the cases, nonsense
mutations in 14% of the cases, splice-site mutations in 10.5%
of the cases, in-frame deletions or insertions in 5.5% of the
cases, and gross deletions in the remaining 2.5% of the cases.
These reviews described very similar results, with frameshift
mutations representing the most frequent type of mutation at
40-50%. Thus, the novel mutation identified in the present case
was in the most frequent class of MENI mutations.

The nuclear scaffold protein menin is the product of the
MENI gene. Menin acts as a tumor suppressor and interacts
with numerous proteins, including transcription factor JunD,
NF-«xB, SMAD3, protein-energy malnutrition, non-metastatic
protein 23 homolog 1, replication protein A2, non-muscle
myosin heavy chain IIA, Fanconi anemia group D2, paired
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amphipathic helix protein Sin3, histone deacetylase 1, acti-
vator of S-phase kinase and checkpoint suppressor 1 (15).
Menin with the p.Glu273LysfsTer7 mutation lacks the amino
acid sequence spanning from the middle of exon 5 to the
C-terminus, which is hypothesized to be essential for binding
with the 11 above-mentioned proteins (15).

It must be noted that the lack of functional experiments to
validate the results of the present study is a limitation of this
research. Future studies aimed at confirming the pathogenicity
of the ¢.930delG frameshift mutation are thus warranted.

In conclusion, a novel frameshift heterozygous ¢.930delG
mutation in the MENI gene that is associated with MENI1 was
identified.
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