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Identification of five novel germline mutations of
the MEN1 gene in Japanese multiple endocrine
neoplasia type 1 (MEN1) families

Makoto Sato, Shuji Matsubara, Akira Miyauchi, Hidemi Ohye, Hitomi Imachi,
Koji Murao, Jiro Takahara

Abstract
Multiple endocrine neoplasia type 1
(MENI) is an autosomal dominant disor-
der characterised by tumours of the
parathyroid glands, the anterior pituitary,
and endocrine pancreas. The MENI gene
has recently been cloned and germline
mutations have been identified in MENI
patients in the United States, Canada, and
Europe. We examined MENI gene muta-
tions in MEN1 and MEN1 related cases in
eight unrelated Japanese families. These
families include five familial MENI
(FMEN1), two sporadic MENI (SMEN1),
and one familial hyperparathyroidism
(FHP). Direct sequence analysis of the
protein coding regions was carried out in
all the probands. We identified six differ-
ent heterozygous mutations in the coding
region, ofwhich five were novel, including
one missense mutation (E45G) in both
FMEN1 and SMEN1, three deletions
(569del, 711del, and 1350del3) in FMEN1
and FHP, and two nonsense mutations
(R29X and Y312X) in FMEN1 and SMENI.
Only one of these mutations (Y312X) has
previously been reported. One proband
with FMEN1 had no mutation in the entire
exon sequence including the 5' and 3'
untranslated regions. A restriction diges-
tion analysis of 19 relatives from the five
families showed a close correlation be-
tween the existence of the MEN1 gene
mutation and disease onset. Four different
polymorphisms, including two novel ones,
were identified. These findings imply that
a diversity ofMENI gene mutations exists
in Japanese MEN1 and MEN1 related dis-
ease, suggesting that analysis of the entire
coding region of the MENI gene is
required for genetic counselling in Japan.
(3Med Genet 1998;35:915-919)
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Multiple endocrine neoplasia type 1 (MEN1)
is an autosomal dominant disorder,' the classi-
cal spectrum of which includes tumours of the
parathyroid glands, the anterior pituitary, and
endocrine pancreas.2 Less frequently observed
associations include a foregut carcinoid,
lipoma, and adrenal tumour.3 The MENi gene
has been mapped to chromosome 1 1q13 and
recently cloned.4 5 This gene encodes a
polypeptide (menin) of 610 amino acid resi-
dues which show no homology with other
functional proteins.5 A tumour suppressor role
for the MENi gene has been suggested based
on Knudson's hypothesis that hereditary can-
cers develop because of the inheritance of a
mutated tumour suppressor gene and that a
somatic mutational event involving the wild
type allele of the gene leads to neoplasia.6
Indeed, chromosome 1 1 q 13 loss of heterozy-
gosity frequently occurs in neoplasms of
affected patients.7-9 Very recently, heterozygous
germline mutations of the MEN1 gene have
been identified in MEN1 patients in the
United States and Canadal' and in Europe." A
high prevalence (more than 90%) of MEN1
gene mutations has been shown in these
reports. Thirty-eight different mutations have
been reported in the American and Canadian
families and nine novel mutations in the Euro-
pean families."'" The mutations are scattered
through the translated exons 2, 3, 7, 8, 9, and
10, and are specific for each family.' " Haplo-
type analyses showed two founder mutations
(416delC and 512delC) in the American and
Canadian populations.'0 The diversity of these
mutations indicates that MEN1 mutations, in
contrast to MEN2 mutations of the RET
proto-oncogene,12 are not confined to any par-
ticular functional domains. To date, germline
mutations of the MEN1 gene have not been
identified in Japanese MENl families. We ana-
lysed eight unrelated Japanese families for
germline mutations of the MEN1 gene in the
present study.

Table 1 Clinical characteristics in eight _apanese MENl andMENl relatedfamilies

Phenotypes of
Age and sex of Origin of

Family proband Proband Relatives (No) proband

F-I 39, F H/P/E H/P/E(2), H(1) Kagawa
F-2 37,M H/C/L H/P/E(1), H/A(1), H/C(1), H(4) Kagawa
F-3 74,M H/E N(2) Kagawa
F-4 27, F H/E H/P/E(1), P/E(1), H(1) Kobe
F-5 60, F H/E P(1) Osaka
F-6 50, F H/E NE Kagawa
F-7 33, M H H(3) Kagawa
F-8 47, F H/P/E H/P(2) Kagawa

H: hyperparathyroidism, P: pituitary tumour, E: endocrine pancreas tumour, C: carcinoid tumour,
L: lipoma, A: adrenal tumour, N: no disease, NE: not examined.

Material and methods
SUBJECTS
MEN1 was diagnosed if tumours affecting at
least two of the three principal MEN1 related
tissues were found in one subject. Familial
MEN1 (FMEN1) was defined as MEN1 plus
at least one relative with MEN1 related
endocrinopathy. MEN1 was considered spo-
radic if MEN1 was diagnosed only in the
proband. Familial hyperparathyroidism (FHP)
was defined as primary hyperparathyroidism in
two or more family members without MEN 1.
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Table 2 Primer sequence for direct sequence analysis

Size ofPCR
Position Forward primer (5' to 39 Reverse primer (5' to 39 product (bp)

Exon 1 CCGAGTCTGCAGGTAGTGCCC GGTGAGCTCGGGAACGTTGGTAG 904
gtctgtccagaaagcgcaccc

Exon 2 GACCTGGGTGCGCTTTCTGGAC GAGGTGAGGTTGATGAT-ITGGAG 1037
ggtgagctcgggaacgttggtag
gagaccttcttcaccagctcacgg
cgaacctcacaaggcttacagttc

Exon 3-5 GTTGGACATAGAGGGTGTAAACAG ACAGTTGACACAAAGTGAGACTGG 1425
cctgttccgtggctcataactctc ggctcttctgtcttcccttcctatg

ggtcccacagcaagtcaagtctgg
Exont 7-8 CCTCAGCCAGCAGTCCTGTAGA CCATCCCTAATCCCGTACATGC 1028

tggtgagaccccttcagaccctac ggacgagggtggttggaaactg
Exon 9-10 CTGCTAAGGGGTGAGTAAGAGAC GGTTTGATACAGACTGTACTCGG 1071

gcatctgcccatccccttcggtg gtctgacaagcccgtggctgctg
gaagcctcctgggactgtcgctg

Exon 10 GTTGGACATAGAGGGTGTAAACAG TCGCGCTCCACAGGTAGGGAGC 1226
caactctgagcccatgttctgcc
gggagcctaggaccactcapcc

Capitals indicate the PCR primer pairs used for PCR amplification of the MEN1 gene.
Italics indicate the primers for direct sequencing.

Table 3 Primer sequence for PCR-RFLP or PCR-PIRA with restriction enzymes

Detected mutations
Size ofPCR Restriction Size of digests and

Forward primer (5' to 39 Reverse primer (5' to 39 product (bp) enzyme (bp) polymorphisms

ttagcggaccctgggaggaggc gagaccttcttcaccagctcacgg 457 DdeI 177, 280 C195T
ttccttggtgctggCcttcgtgg ggacaggtcgacggcgcctc 202 BslI 21, 86, 95 A244G
catgttaaagcacagaggaccc ccacagcaaaggccacaccggagAt 87 Hinfl 26, 60 569dell
agacagctgaggtcacctggcCcg ggctcttctgtcttcccttcctatg 212 BslI 27,74, 111 71 ldell
cctcagccagcagtcctgtaga ggacgagggtggttggaaactg 406 BfaI 56, 132 C1046G

218, 350
cctcgtccagggcacccagagc ccctcctcccatttgcagatgcc 103 Fun4HI 40, 63 1350del3
gacctgggtgcgctttctggac ggtgagctcgggaacgttggtag 542 SacII 223, 319 C2249G
cctcgtccagggcacccagagc ccctcctcccatttgcagatgGc 103 BsaHI 25,78 C1364T
aagccagcactggacaagggc gcccttcatcttctcactctgg 192 Bst71I 26, 47, 119 G1731A
agcccctagaaacccaagcCcctc aggtgggacctgtgctcccttgg 128 BslI 25, 103 2248del3

RFLP: restriction fragment length polymorphism; PIRA: primer introduced restriction analysis.
Capital letters indicate a mismatched base pair.

Six of eight probands were evaluated at Kagawa
Medical University Hospital and others at
Kuma Hospital (Kobe). Study cases included
five FMEN1 (F-1, F-2, F-4, F-5, and F-8), one
FHP (F-7), and two sporadic MENI (F-3 and
F-6) patients, as shown in table 1. All
participants in this study signed an informed
consent form.

AMPLIFICATION OF GENOMIC DNA

Genomic DNA was isolated from blood using a
DNA Extraction Kit (Wako Pure Chemical
Industries Ltd, Osaka, Japan) and amplified by
the polymerase chain reaction (PCR). PCR
amplification of genomic DNA (100 ng) was
performed in a total volume of 25 [tl containing

Table 4 MENI gene mutations and polymorphisms in J7apanese MENI and MENI
relatedfamilies

No of mutation
Famnily Mutated exon Base change AA change carriers

F-1 2 C195T R29X 4 (5)
F-2 2 A244G E45G 7 (12)
F-3 2 A244G E45G 1 (3)
F-4 3 569dell 184stop 1 (1)
F-5 3 711dell 223stop 2 (2)
F-6 7 C1046G Y312X 1 (1)
F-7 9 1350de13 L414del 2 (2)
F-8 No mutation detected
Polymorphisms

Intron 1 C2249G Non-coding
9 C1364T D418D

10 G1731A A541T
10 2248de13 Non-coding

AA: amino acid.
Number in parentheses indicates the total number of family members tested for the MEN1 gene
mutation.
Bold type indicates the novel mutations.

2.5 mmol/l MgCl2, 0.5 mmol/l each dNTP, 2.5
U of Taq polymerase (Takara Shuzo Co, Osaka,
Japan), PCR buffer (Takara), and 75 ng of each
primer. The initial denaturation was carried
out for seven minutes at 94°C and was followed
by 30 cycles of denaturation at 98°C (20
seconds), annealing and extension at 67°C
(180 seconds), and by final extension at 72°C
for 15 minutes. For mutation screening of all
probands, MENI exons 2-10, including the
corresponding splice junction regions, were
amplified with four different pairs ofprimers as
listed in table 2. For the mutation analysis of
one proband (F-8) with no mutations in the
coding region of MEN 1, exons 1 and 10,
including the 5' and 3' untranslated regions
respectively, were amplified with two pairs of
primers, as shown in table 2.

DIRECT DNA SEQUENCING
The amplified exon products to be sequenced
were electrophoresed on a 1.5% agarose gel
and purified by the use of a QIA Quick Gel
Extraction Kit (QIAGEN Inc, CA). Sequenc-
ing was performed with the primers shown in
table 2 using the Taq FS Dye Termination
Cycle sequencing kit (Perkin-Elmer), and
automated analysis was done with the ABI 377
sequencer, as previously described.'3

RESTRICTION ENDONUCLEASE ANALYSIS
Mutations were confirmed using restriction
endonucleases according to the manufacturer's
recommendations. Samples were electro-
phoresed in a 1.5% agarose gel containing
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Figure 1 Example of heterozygous nonsense mutation of the ik
family 1. (A) Direct sequence analysis. The reverse sequences of
proband (P) are shown. The nonsense mutation (195CIT) prod
position 29. (B) Restriction endonuclease analysis. The mutatio;
Digestion with DdeI shows the presence of280 and 177 bp frag?
457 bp fragments in the mutant allele.

Family 5 (711 A deletion)
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1. Five families (F-1, F-2, F-4, F-5, F-8) show
clinical features of FMEN1 because family
members have at least two main characteristics,

S WVT P 1)t-D such as hyperparathyroidism, anterior pituitary
_WT P Pp disease, or endocrine pancreas tumour. Two

families (F-3 and F-6) may be sporadic cases of
i-_ 457 MEN1 since a family history of MEN1 is lack-

-*m r ing or not proven. One family (F-7) is likely to
be FHP with an isolated parathyroid lesion.

* ' 280C The origin of six families was Kagawa prefec-
ture which has a population of about one mil-

* .4 177 lion. Two families originated from other places
(Kobe and Osaka) near to Kagawa.
PCR amplification and direct sequencing

were used to characterise MEN1 mutations in
all coding regions and splice junctions of the
MEN1 gene using genomic DNA extracted

457 bp from eight probands. We detected six different
bpi177bp Exon 2 germline mutations ofthe MEN1 gene in seven

,0 bp 4 177 bp of eight families and the data are summarised
Ddel in table 4. All of the mutations are hetero-

zygous and consist of one missense mutation
(E45G), three deletions (569del, 711del, and

[EN1 gene in a proband of 1350del3), and two nonsense mutations
wild type (WT) and the (R29X and Y312X). One of the nonsense
luces a stop codon at
n creates a DdeI site. mutations (Y312X) has been previously de-
ments and the absence of scribed and the others are new. The missense

mutation (E45G) was found in two unrelated
families (F-2 and F-3). In the proband of fam-
ily F-8, no mutation was detected in the entire
exon sequence including the 5' and 3' untrans-

S WTP

BsI- BsI
Wild 27 pt-Vl 1 1 tb)pV741-)[:

MLtaint 137 Pp C4 brI
Bs lI

Figure 2 Example of heterozygous deletion of the MEN1 gene in a proband offas
(A) Direct sequence analysis. The reverse sequences of wild type (WT) and the pro
(P) are shown. The mutation 71 1delA produces a premature termination codon at
223. (B) Restriction endonuclease analysis. The mutation abolishes a BslI site. Dig
with BslI shows the absence of 111 and 27 bp fragments and the presence of 137 bj
fragments in the mutant allele.

ethidium bromide and visualised by a Ui
illuminator. If a mutation neither creat
abolished a restriction site for any co
cially available enzymes, PCR primer
duced restriction analysis was carried
Genomic DNA was obtained from the I
tives of MEN1 and FHP families a
normal subjects. PCR amplification a
striction endonuclease analysis wer

formed. The primers used are listed in t

Results
Eight unrelated Japanese families were

ined for an MEN1 germline mutatio:
clinical characteristics are summarised i

Pp9lDi lated regions.
Restriction digest analysis confirmed these

137 mutations. For instance, in one of the nonsense
ill mutations (C1 95T), the mutant sequence cre-
74 ates a DdeI site (CCGAG to CTGAG) and the

digest showed the absence of a normal 457 bp
fragment and the presence of mutant 280 and

27 177 bp fragments in the mutant allele (fig 1). In
the deletion (71 1delA), the mutation neither
creates nor abolishes a restriction site for any

commercially available enzymes. In this case,

PCR primer introduced restriction analysis
Exon 3 (PIRA) was carried out. The mutant sequence

abolishes a primer introduced BslI site
(CCCGGCAAGGG to CCCGGCAGGG)
and the digest showed the absence of normal
111 and 27 bp fragments and the presence of

,band mutant 137 bp fragments in the mutant allele
position (fig 2). We examined 19 members of five
'estion different families with these restriction digest

analyses, as shown in table 3. Eleven affected
members (F-I three, F-2 six, F-5 one, F-7 one)

trans- showed MEN1 gene mutations in accordance
ted nor with their probands. Eight unaffected members
mmmer- (F-1 one, F-2 five, F-3 two) had no mutations.
intro- We next examined 50 normal controls (100

1 out. normal chromosomes) by restriction analysis.
19 rela- The missense mutation (E45G) was not found
ind 50 in 100 normal chromosomes. We also detected
mnd re- four other mutations and two of them were
e per- previously reported as benign polymorphisms.
table 3. We examined 100 normal chromosomes for

these mutations and the results were C to G in
intron 1, 16 nucleotides upstream from exon 2

exam- (69% C, 31% G), D418D (C1346T) (62% C,
n. The 38% T), A541T (G1731A) (76% G, 24% A),
in table 2248del3 (25% del).

251 23~

3' 5
C72 C6CAcc9r¶A
720 69C
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Discussion
We have identified six different germline
mutations including five novel mutations in
seven probands with MENI and MENI
related disease. The mutations are scattered
throughout the translated exons 2 (twice), 3
(twice), 7, and 9. This indicates that diversity
of MENI gene mutations exists in Japanese
MEN1, as has been previously reported in
American and European populations.'0 ' In
two families (F-2 and F-3), the mutations
(E45G) were identical. Although the origin of
these families seems to be separate, at least for
three generations, a founder effect could not
be ruled out because both families originated
from a small geographical area (Kagawa).
Haplotype analysis is required to confirm the
founder effect in these two families. Genotype-
phenotype correlations were not evident
among the families or even within each family.
In the two families with the same mutation,
the MENI phenotypes differ. The proband of
F-2 exhibits hyperparathyroidism, carcinoid
tumour, and lipoma, while the proband of F-3
has an endocrine pancreas tumour associated
with hyperparathyroidism. In a large family of
MENI (F-2), the phenotypes of affected
members (eight patients) differ. This might be
explained, at least in part, by an anticipation
phenomenon in which severity increases and
age of disease onset decreases in successive
generations. 12-18

Five mutations including four novel muta-
tions observed in this study predict truncation
of the MENI gene protein, menin. One
nonsense mutation (R29X) involves exon 2
and two deletions (569del and 71 idel) involve
exon 3, suggesting the loss of function of
menin. The nonsense mutation on exon 7
(Y3 1 2X), which has been previously
reported,'0 and the deletion in exon 9
(L414del) suggest that loss of the C-terminal
portion of menin is sufficient for functional
inactivation. By contrast, we cannot predict a
significant effect of the missense mutation
(E45G) on exon 2 because of the lack of infor-
mation about the function and structure of
menin. The mutation is not likely to be a
benign polymorphism since the mutation was
not found in the restriction analysis of 100
normal chromosomes. The close correlation
between this mutation and the onset ofMENI
was found in a large family (F-2). Seven
patients including the proband were positive
for this mutation, whereas five kindreds
without the disease were negative. Thus, the
missense mutation seems to be a disease asso-
ciated mutation.

Interestingly, a MEN1 germline mutation
was found in the proband (F-7) considered to
have FHP. This observation is in disagreement
with a previous report showing no mutations
in five probands with FHP in the United States
and Canada.'0 Primary hyperparathyroidism is
usually expressed at an earlier age than other
lesions and the penetrance of hyperpara-
thyroidism is very high (95%) compared to
other lesions.3 '9 Indeed, it has been reported
that two of six large families, initially reported
as FHP, later showed features of FMEN1.20

Taken together, FHP might be considered to
consist of three types of disease. One is an
early stage ofFMEN1 and another is a variant
type of FMEN1. Both types have the MEN1
gene mutation. The third type might be "true"
FHP without the MEN1 gene mutation,
probably similar to that reported
previously.'0 21 On the basis of this classifi-
cation, our case appears to be a variant
because patients were relatively old and they
had the MEN1 gene mutation.
The probands in two sporadic MENI

families had germline mutations in agreement
with a previous report indicating that MEN1
germline mutations were found in eight of 11
cases of sporadic MENI in American and
Canadian populations.'0 In the sporadic cases
with features ofMEN1, MENI can be difficult
to distinguish from independent occurrence of
tumours in two or more MEN1 related
endocrine tissues. Analysis of MEN1 muta-
tions is, however, a useful diagnostic tool for
any patient with sporadic MEN1. We did not
find any germline mutation in one proband
with FMEN1 (F-8). Although a 3 bp deletion
of the 3' untranslated region (2248del3) was
found in the MEN1 gene, this mutation
appeared to be a benign polymorphism. This
case is definitely FMEN1 because the
phenotype of the proband includes hyper-
parathyroidism, prolactinoma, and pancreatic
gastrinoma and the daughter and younger
brother have the former two lesions. Agarwal et
al'° have also reported mutation negative
MENI cases (0.6%). We can not preclude the
possibility that mutations in the promoter and
introns are present in these mutation negative
MENI cases. We have identified four different
polymorphisms including two novel ones in
the MENI gene. The distribution of
one previously reported polymorphism
(A541T(GCAIACA)) differs from both our
study (76% G, 24% A) and the previous report
(96% G, 4% A)'0 suggesting an ethnic
difference in the polymorphism of the MEN1
gene.

In conclusion, our study indicates that a
diversity of MEN1 gene mutations exists in
Japanese MEN1 and MENI related patients,
as has been previously reported in western
countries. Genetic analysis, such as direct
sequencing for probands and restriction analy-
sis of relatives, are useful as diagnostic tools for
Japanese MENI families.
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