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Abstract Multiple endocrine neoplasia type 1 (MEN1) is
an autosomal dominant disorder characterized by tumors of
the parathyroid glands, the pancreatic islet cells, and the
anterior pituitary. Germline mutations of the MEN1 gene
in three independent Japanese cases with MEN1 were ana-
lyzed. Case 1 has revealed a 2-bp (TA) insertion at nu-
cleotide position 341 (341insTA) in exon 2, which shifts the
reading frame such that the mutant protein has a com-
pletely different amino acid sequence from codon 78 to the
premature stop codon at 119. In case 2, a nucleotide substi-
tution, i.e., TAG in place of TGG, which encodes try-
ptophan at codon 198 was identified (nonsense mutation).
These mutations were heterozygously present and have not
been reported previously. Case 3 showed no mutations in
the protein-coding exons and exon–intron junctions of the
MEN1 gene by single-strand conformation polymorphism
or direct sequencing of the polymerase chain reaction
(PCR) fragments. We confirmed the finding that patients
with MEN1 carry heterozygous germline mutations in the
MEN1 gene, which is compatible with the idea that the
MEN1 gene is a tumor suppressor gene. The reason why
mutations in the coding region of the MEN1 gene could not
be detected by PCR-based analysis in some of the MEN1
patients, e.g. case 3, needs to be clarified further.
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Introduction

Multiple endocrine neoplasia type 1 (MEN1, OMIM
131100) is an autosomal dominant disorder in which two or
more of the following glands develop hyperplasia or
adenoma: the parathyroid, the enteropancreas, and the pi-
tuitary (Wermer 1954). The prevalence of MEN1 in the
Caucasian population has been reported to be between 1
per 100,000 to 1 per 10,000 of the population (Brandi et al.
1987). Although it is believed that the prevalence is rarer in
Japan, i.e., about 150 cases (Yoshimoto and Saito 1991;
Yoshimoto and Kimura 1996), a recent report indicates a
similar incidence to the Caucasian population (Katai et al.
1997).

The MEN1 locus is on chromosome 11q13 (Larsson et al.
1988), and is a 300kb or less gene-rich region flanked
centromerically by PYGM and telomerically by D11S1783,
as defined by combined meiotic and tumor deletion map-
ping studies. Recently, Chandrasekharappa et al. (1997)
and Lemmens et al. (1997) have independently identified a
gene responsible for MEN1, which encodes “menin”
(Chandrasekharappa et al. 1997), a 610-amino-acid protein
with no homologies to other proteins. MEN1 is proposed to
be a tumor suppressor gene. Menin is implicated in tran-
scriptional regulation, DNA replication, or cell cycle
control, as it has recently been found in the nucleus (Guru
et al. 1998).

Germline mutations in familial MEN1 kindreds and
sporadic MEN1 cases have been identified recently among
affected individuals in both Caucasian (Agarwal et al.
1997; Chandrasekharappa et al. 1997; Lemmens et al. 1997;
Mayr et al. 1997; Bassett et al. 1998; Giraud et al. 1998; Teh
et al. 1998) and Japanese populations (Aoki et al. 1997;
Shimizu et al. 1997; Tanaka et al. 1998). Several identical
mutations occurred in two or more unrelated kindreds. Fur-
thermore, cases in which no mutation could be identified in
the exons of the MEN1 gene were also reported. We ana-
lyzed the MEN1 gene in three independent Japanese cases
in order to clarify further the molecular abnormality in
MEN1.
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Table 1 Oligonucleotide primers used for polymerase chain reaction amplification and sequencing

Forward primer Position Reverse primer Position fragment size (bp)

2F1: CGGGTGGAACCTTAGCGGAC 2184–2203 2R1: AAAGTAGGTGAGGCCGCCAG 2502–2521 338
2F2: ACGTTCCCGAGCTCACCTTC 2457–2476 2R2: TGGATAAGATTCCCACCTACTG 2742–2763 307
3F: AGAGGACCCTCTTTCATTAC 4262–4281 3R: ACAGTATGAAGGGGACAAG 4577–4545 284
4F: TGTCATTCCCTGAAGCAGGC 4650–4669 4R: AAGTCAAGTCTGGCCTAGC 4875–4893 244
5F: TTCCGTGGCTCATAACTCTC 5142–5161 6R: TCAGCCACTGTTAGGGTCTC 5415–5434 293
7F: TGAGGATCCTCTGCCTCAC 5996–6014 7R: AGGGTGGTTGGAAACTGATG 6209–6228 233
8F: ATGGTGAGACCCCTTCAGAC 6576–6595 8R: ATCCCTAATCCCGTACATGC 6834–6853 278
9F: AAGGGGTGAGTAAGAGACTG 7147–7166 9R: AAAAGTCTGACAAGCCCGTG 7411–7430 284
10F1: TGCTCTCACCTTGCTCTCC 7547–7565 10R1: CGTGCTGCCACCTTCAGG 7812–7829 283
10F2: TGTCGCTGGCACAGCCCG 7790–7807 10R2: AGCCTGGGTCCCCACAAG 8082–8099 310

Primers were made based on the nucleotide sequence of the human menin gene published by Chandrasekharappa et al. (1997) (GenBank
accession number: U93237)

Materials and methods

Case reports

The first case is a 43-year-old Japanese male patient, whose
father was diagnosed as having MEN1 (islet cell carcinoma
and parathyroid tumor). At the age of 36 years, the patient
was diagnosed as having prolactinoma of the pituitary
gland, hyperparathyroidism, and pancreatic tumor. The
parathyroid tumors were removed. Bromocriptin therapy
was initiated for the treatment of prolactinoma. Five years
later (at the age of 41 years), his pancreatic tumor was
diagnosed as malignant insulinoma with liver metastasis.
Subsequently, the insulinoma was treated with octreotide,
and the metastatic lesion was treated with Smancs
(zinostatin stimalamer, Yamanouchi Pharmacentical Co.,
Ltd, Tokyo, Japan). He has been followed up at an out-
patient clinic in the Kyushu University Hospital.

The second case is a 62-year-old Japanese female
patient, whose family history was negative. At the age of 53
years, pancreaticoduodenectomy was carried out for the
treatment of malignant islet cell tumor. When she reached
60 years of age, preclinical Cushing’s syndrome with left
adrenal tumor, left parathyroid tumor, and nonfunctioning
pituitary microadenoma were found. Tumors of the par-
athyroid and adrenal glands were removed. She has also
been followed up at the outpatient clinic in the Kyushu
University Hospital.

The third case is a 70-year-old Japanese male patient,
whose brother had Zollinger–Ellison’s syndrome and
hypercalcemia, and who had a nephew diagnosed as having
MEN1 (parathyroid tumor and insulinoma). His parents
were deceased, and there is no information on whether they
had MEN1. At the age of 66 years, surgical polypectomy
was carried out for the duodenal carcinoid tumor. At the
same time, tumors of the parathyroid glands, adenomatous
goiter, and non-functioning pituitary microadenoma were
found. The parathyroid tumors were subsequently resected,
and partial thyroidectomy was carried out. He has been
followed up at an outpatient clinic in the Oita Medical
University Hospital.

Molecular analysis of the MEN1 gene

Written informed consent was obtained from all patients.
Genomic DNA was extracted from blood leukocytes ac-
cording to the method described previously (Kimura and
Sasazuki 1992). To obtain segments for determination of
the nucleotide sequence, the coding region of the MEN1
gene was amplified by polymerase chain reaction (PCR)
using 1µg genomic DNA. Ten pairs of sense/antisense
primers (Table 1) were used to amplify the fragments en-
compassing the protein-coding region of exons 2 to 10. Us-
ing Taq DNA polymerase (Takara Shuzo, Tokyo, Japan)
and the DNA Thermal Cycler (Iwaki Glass, Funabashi,
Japan), PCR was performed as follows: initial incubation at
94°C for 3min; 1min at 94°C, 1min at 58°C, 1min at 72°C
for 30 cycles; and final extension at 72°C for 10min. Five
percent dimethyl sulfoxide was included in the reaction
mixture for the amplification of exons 7 and 10. The PCR-
amplified DNA fragments were analyzed by the single-
strand conformation polymorphism (SSCP) method as
described elsewhere (Hoshino et al. 1992). PCR products
which showed abnormal banding by SSCP were subcloned
into the pCR II vector with the TA cloning kit (Invirogen,
Carlsbad, CA, USA) and sequenced by the dideoxy-
nucleotide method using the ABI Prism Dye Terminator
Cycle Sequencing Core Kit (Perkin Elmer, Foster City, CA,
USA). To distinguish mutations occurring in the original
genomic sequence from random misincorporated nucle-
otides introduced by Taq DNA polymerase during PCR,
PCR sequences from more than four clones were examined.
The mutations found by the above method were further
confirmed by direct sequencing of the PCR fragment.

Results

The SSCP analysis of the 307-bp PCR fragment amplified
by primers 2F2 and 2R2 from case 1 showed an abnormal
band (Fig. 1a). Sequence analysis of this fragment
subcloned into plasmids revealed a 2-bp (TA) insertion at
nucleotide position 341 in exon 2 (codons 77–78) (Fig. 1b),
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which shifts the reading frame such that the mutant protein
could be expected to have a completely different amino acid
sequence from codon 78 to the premature stop codon at
119. The SSCP analysis of the 284-bp PCR fragment ampli-
fied by primers 3F and 3R from case 2 showed an abnormal
band (Fig. 2a). Sequence analysis of this fragment
subcloned into plasmids revealed a nucleotide substitution,
i.e., TAG in place of TGG, which encodes tryptophan at
codon 198 (nonsense mutation) (data not shown). The
direct sequence of the PCR fragments also revealed that the
mutation was heterozygously present in both case 1 (data
not shown) and case 2 (Fig. 2b). Since the mutation found in
case 2 generates a BfaI restriction site, BfaI digestion of the
284-bp PCR product amplified by primers 3F and 3R was
carried out. This resulted in the appearance of two frag-
ments, of 181bp and 103bp, in addition to the original 284-
bp fragment, whereas the PCR product from a normal
individual retained the same 284-bp fragment (data not
shown). These results clearly indicate that the mutation is
heterozygously present in the MEN1 gene of case 2.

In contrast to cases 1 and 2, results of analysis of case 3
showed neither abnormal banding by SSCP analysis nor
mutation in the protein-coding region and the exon–intron
junction of the MEN1 gene by direct sequencing analysis.

Discussion

We have found two germline mutations, including an inser-
tional and a nonsense mutation, in MEN1 patients, and
these have not been described previously in Caucasian or
Japanese patients. The mutation W198X has been reported

in a Caucasian patient; however, the base change is differ-
ent from our second case, i.e., TGA and TAG in a
Caucasian patient (Chandrasekharappa et al. 1997) and in
our case 2, respectively. These two novel mutations are
likely to result in truncated and inactive menin proteins.
Thus, we have confirmed the finding that patients with
MEN1 carry heterozygous germline mutations in the
MEN1 gene, which is consistent with the hypothesis that the
MEN1 gene is a tumor suppressor gene.

Since the discovery of the MEN1 gene, over 90 different
germline mutations have been reported; 12 of them were
found in Japanese MEN1 patients. Among these mutations,
Bassett et al. (1998) reported hot spots for small deletions
and insertions in exons 2, 3, and 10. The mutations identi-
fied in the present study are also located at exons 2 and 3,
where misalignment of the dinucleotide repeat during repli-
cation could easily be expected from the nucleotide se-
quence of this region (Krawczak and Cooper 1991).
Irrespective of these mutational hot spots, the mutation
sites are fundamentally distributed over the entire exon.
Hence, screening has to be carried out throughout the
coding region and exon/intron boundaries.

Direct genetic screening, but not indirect screening by
haplotype analysis, may enable accurate diagnosis of
MEN1. Thus, it is now feasible to establish genotype–
phenotype correlations in MEN1. However, the cases
reported by Basset et al. (1998) indicate that correlations
cannot be established either between families or within
families. These observations should be built on further by
describing patients’ phenotypes more precisely.

It is noteworthy that there have been reports of some
cases without any mutations in the coding region of the
MEN1 gene. We could not find any mutation in the coding

a b

Fig. 1a, b Analyses of the MEN1
gene, exon 2 from case 1. a SSCP
analysis. An abnormal band is in-
dicated by an arrow. C denotes
the control individual. P denotes
case 1. b Sequence analysis. A 2-
bp (TA) insertion at nucleotide
341 (codon 77–78) and the frame
shift results in a completely dif-
ferent amino acid sequence from
codon 78
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region of MEN1 in one patient (case 3) even by direct
sequencing. This may stem from a mutation in the
untranslated region, an intron or the promoter region of the
gene, or a large germline deletion which resulted in ampli-
fication of only the normal copy of MEN1 by PCR. Indeed,
a large germline deletion of the MEN1 gene is reported in a
Japanese kindred (Kishi et al. 1998). Our case 3 showed
typical MEN1 phenotypes and the inheritance of the
disease was verified at least in two generations (his brother
and a nephew), although the heterogeneity of entero-
pancreatic tumors within the family exists (carcinoid tumor,
gastrinoma, and insulinoma). Therefore, there is little doubt
that case 3 has familial MEN1; however, it does not neces-
sarily mean that the mutation should exist in the MEN1
gene. Since genetic heterogeneity is reported in a MEN1
kindred by LOH analysis (Stock et al. 1997), it is possible
that gene(s) located other than on chromosome 11q13
might be responsible for MEN1-like syndromes. Moreover,
it has recently been reported that a tumor suppressor gene
other than MEN1 may exist on chromosome 11q13
(Chakrabarti et al. 1998).
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