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Abstract: Multiple endocrine neoplasia type 1 (MENL1) is an autosomal dominant disorder
characterized by the combined occurrence of parathyroid, pancreatic endocrine, and ante-
rior pituitary tumors. MEN1 has two characteristics ; a hormone excess and a sometimes
lethal outcome due to malignant tumors. The recent identification of the MEN1 gene has
opened the door to a much deeper understanding of this syndrome. Germline MEN1
mutations have been identified in most MEN1 families. They were not found, however,
in families with familial pituitary tumors. Thus, studies with the MEN1 gene helped to
establish that mutation of some other gene(s) is likely causative of the MEN1 phenocopy.
These recent advances provide for the identification of mutant MEN1 gene carriers who
are at a high risk of developing MEN1. The protein encoded by the MEN1 gene has been
shown to function in the regulation of JunD-activated transcription but much still remains

to be elucidated. J. Med. Invest. 47 : 108-117, 2000
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INTRODUCTION

Multiple endocrine neoplasia type 1 (MENL1) is
characterized by the combined occurrence of tu-
mors of parathyroid glands, pancreatic endocrine
and anterior pituitary. The “multiple” designation
refers both to the occurrence of tumors in multiple
endocrine organs (e.g., parathyroid tumors plus
pancreatic endocrine tumors) and to the occur-
rence of multiple tumors in the involved endocrine
organ (e.g., multiple pancreatic endocrine tumors).
MENL1 is inherited in an autosomal dominant fash-
ion with high penetrance, or may occur sporadi-
cally i.e. without a family history. Defining the fea-
tures of disease manifestation in MEN1 has improved
patient management and treatment. In this review,
the clinical features of MENL1 including those of
Japanese patients and the genetic features of MEN1
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will be discussed.

Clinical features of MEN1

The clinical manifestations of MEN1 are related
to the sites of tumors and mainly to their secreted
hormones. In addition to the triad of parathyroid,
pancreatic and pituitary tumors, which constitute the
major components of MENL, adrenocortical, carcinoid,
and lipomatous tumors have also been described
(1-4). Accurate data on the population prevalence
of MENL1 do not exist. The prevalence of MEN1
has been estimated as 2-10 per 100,000 based on bio-
chemical data (1). The most precise data may be de-
rived from patients having at least one endocrinopathy.
Evidence of MENL1 is detected in the following unselected
patients : 2% to 18% with primary hyperparathyroidism,
15% to 40% with Zollinger-Ellison syndrome, 4% with
insulinoma, and 2% to 5% with pituitary adenomas
(1, 3).

The clinical course of MENL1 over a patient’s life
time can be quite variable. Clinically, overt MEN1
is usually recognized during the fourth or fifth dec-
ade of life. Intra-as well as interfamily comparison
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of the clinical course of the syndrome shows great
variability in the age and pattern of disease expres-
sion. MEN1 tumors except for pituitary tumors be-
gin approximately one or two decades earlier than
sporadic tumors. Tumor multiplicity in one endo-
crine organ in MENL1 is most evident in the para-
thyroid glands and endocrine pancreas. In contrast,
reports describing multiple pituitary adenomas in
MENL1 are rare (5-7). The mutant MENI gene has
a high age-related penetrance (i.e. the proportion
of gene carriers manifesting symptoms or signs of
the disease by a given age), being>50% penetrant
by 20 years of age and >95% penetrant by 40 years
(8).

Primary hyperparathyroidism is the most com-
mon manifestation of MEN1 and occurs in more than
95% of all MENL1 patients (1-4). Hyperparathyroidism
is typically the first manifestation of MEN1. Multiple
parathyroid glands are enlarged in association with
primary hyperparathyroidism in MENL1, and the
enlargement is usually quite asymmetric. Surgical
removal of the abnormally overactive parathyroids
is the definitive treatment.

The incidence of pancreatic endocrine tumors in
MEN1 patients varies from 30 to 80% (1-4). The ma-
jority of these tumors produce excessive amounts
of hormone, for example gastrin, insulin, glucagon
or vasoactive intestinal polypeptide (VIP). Gastrinomas
(with the Zollinger-Ellison syndrome), which gen-
erally originate in the pancreas or duodenum, rep-
resent approximately 50% of all pancreatic endo-
crine tumors in MEN1, and are the major cause of
disease-related death in MENL1 patients. The ideal
treatment for a non-metastatic gastrinoma is surgi-
cal excision. Medical treatment of MEN1 patients
with Zollinger-Ellison syndrome is achieved using
proton-pump inhibitors. Insulinomas represent one-third
of all pancreatic endocrine tumors in MENL1 patients.
Patients with an insulinoma present with hypogly-
cemic symptoms. Endoscopic ultrasound and se-
lective arterial infusion of calcium have been sug-
gested as effective in localizing insulinomas. Surgical
treatment has been more often successful.

The incidence of pituitary tumors in MENL1 pa-
tients varies from 15 to 60% in different series (1-4).
The widely varying prevalence rate for pituitary tu-
mors in MEN1 among reports may be tied to biases
in patient selection and to the methods used to test
patients for the feature. The majority of pituitary
adenomas are prolactinomas, followed by growth
hormone (GH)-secreting tumors, non-functioning
tumors, and adenocorticotrophin-secreting tumors.

The clinical manifestations depend upon the size of
the pituitary tumor and its product of secretion.
Treatment of pituitary tumors in MENL1 patients is,
in principle, the same as for sporadic tumors.
Adrenocortical tumors, carcinoid tumors, and
lipomas have also been observed in association
with MEN1 (1-4). The carcinoid tumor may be lo-
cated in the bronchi, the gastrointestinal tract, the
pancreas, or the thymus. Thymic and bronchial
carcinoid tumors have malignant potential.

Review of MENL1 patients in Japan

To clarify the clinical features of MENL1 in Japan,
we searched case reports of MEN1 (9, 10). In prac-
tice, a working definition of MENL1 is a case with
at least two of the three main endocrine expres-
sions of MENL. The study included case reports of
autopsy. One hundred and forty-three patients were
reported from 1966 to 1995 : 59 patients from 27
families (familial type) and 84 patients without family
history (sporadic type). The mean age of diagnosis
of MEN1 was 41.3 (range 14-74) years in familial
MEN1 and 45.8 (range 9-86) years in sporadic MENL.

At diagnosis of MENL1, parathyroid tumors were
present in 89%, pancreatic endocrine tumors in 67%,
pituitary tumors in 62%, adrenocortical tumors in
20%, thyroid tumors in 22%, carcinoid tumors in 8%,
and lipoma in 3% of patients. The pattern of gland
involvement in MENL1 is shown in Table 1. In pituitary
tumors,46% of patients showed visual field disturbance,
exhibited hypopituitarism, or were nonsymptomatic.
The remainder showed acromegaly or gigantism,
amenorrhoea-galactorrhea syndrome, or Cushing
disease (Table 2). As described above, prolactinomas
were most common in Caucasians (1-4). Larger
numbers of sporadic MEN1 cases or autopsy cases
in our Japanese cases than in Caucasian populations
may be related to the different prevalence rate for
subtypes of pituitary tumors. In pancreatic endo-
crine tumors, Zollinger-Ellison syndrome due to
gastrinomas was most common, followed by hypo-
glycemia due to insulinomas (Table 3). VIP, para-
thyroid hormone-related protein (PTHrP), and growth
hormone-releasing hormone (GHRH)-secreting pancreatic
tumors were seen less frequently (11). Clinical mani-
festations of primary hyperparathyroidism as part
of MENL1 are shown in Table 4. Our results suggest
that the prevalence of MENL1 is lower in Japan. How-
ever, MEN1 seems not to be rare in Japan, because
Japanese MENL1 case reports have progressively
increased since the recent discovery of the MEN1
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Table 1. Pattern of gland involvement in MENL ; evaluation of 143 MENL cases reported in the
literature 1966-1995 in Japan
Pattern of involvement Number of patients (%)
Parathyroids, pituitary, and endocrine pancreas 48 34
Parathyroids and endocrine pancreas 37 26
Parathyroids and pituitary 27 19
Pituitary and endocrine pancreas 9 6
Parathyroids* 16 11
Pituitary* 4
Endocrine pancreas* 2 1

* cases with family history

Table 2. Clinical syndromes caused by pituitary tumors in MEN1

Clinical manifestation Number of patients (%)

Acromegaly 21 26
Gigantism 1 1
Amenorrhea-galactorrhea 16 20

Cushing disease
Hypopituitarism
Local signs of tumor growth 14 17
Asymptomatic tumors 23 28

Table 3. Clinical syndromes and symptoms caused by pancreatic
endocrine tumors in MEN1

Clinical manifestation Number of patients (%)

Zollinger-Ellison syndrome 37 50
Hypoglycemia 30 41
WDHA syndrome 4 5
Ectopic GHRH syndrome

Hypercalcemia by PTHrP 1 1

producing tumor

gene.

Mapping and identification of the MEN1 gene

The gene for MEN1 was assigned to chromo-
some 1113 by linkage analysis in 1988 (12). By
comparing constitutional and tumor tissue genotypes
of pancreatic endocrine tumors as well as parathyroid
tumors, loss of heterozygosity (LOH) involving
polymorphic loci from chromosome 11 in tumors
was frequently disclosed (13-16) (Figure 1). Re-
garding pituitary tumors, we first reported LOH on
chromosome 11 in a GH and prolactin-secreting
adenoma (17). In addition, we first reported common

Table 4. Clinical manifestation of primary hyperparathyroidism
as a part of MEN1

Clinical presentation Number of patients (%)

Biochemical hyperparathyroidism 59 57
Urolithiasis 36 35
Bone disease (ostitis fibrosa) 21 18
Hyperparathyroid crisis

Acute pancreatitis 1 1

LOH on chromosome 11 in tumors in three separate
organs in an MENL1 patient (5).

The lost allele was found to be consistently derived
from the unaffected parent, leaving only the mutated
MENI allele in the tumors (Figure 2). LOH studies
in MEN1-associated tumors and sporadic endocrine
tumors helped to narrow the location of the MEN1
gene to within an area of 600-kb (18, 19). Focusing
on this smaller region, 12 transcripts were identified
and mapped.

The MENI gene was finally identified because it
was the one that contained mutations in most DNAs
from MENL1 patients (20, 21). The gene consists of
10 exons (one untranslated) with a 1,830 bp coding
region (Figure 3). It encodes a 610 amino acid pro-
tein, referred to as menin (20). Expression of the
MENI gene has been identified in all normal tissues
tested, and is not restricted to target organs of MEN1.

Germline mutations in MEN1 cases

Except for one large 11q13 deletion (22), rec-
ognized MENI mutations have been single-base
substitutions, small insertions, or small deletions.
Pannett and Thakker summarized the reported
germline mutations of the MENI gene (4). In 262 pa-
tients, 22% are nonsense mutations, 48% are frameshift
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Fig.1. Loss of alleles on chromosome 11 in an insulinoma from a patient with MENL1. The restriction fragment length polymor-
phisms (RFLPs) obtained from the patient’s leukocytes (W) and insulinoma (T) DNA using the probes CALCA, D11S325, CAT,
INT 2, ETS1, APOA1L, and PBGD are shown. For example, the leukocytes are heterozygous in the CALCA locus (allele 1, 2), but the
tumor cells lost allele 2. Similar losses of alleles are detected by the use of other DNA probes, and an extensive loss of alleles involv-
ing the whole of chromosome 11 is observed. The patient corresponds to case number 7 in Table 2 of reference 23.
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Fig. 2. Combined pedigree and tumor analysis. The alleles obtained with probes from HRAS1, D11S149, F2, and D11S527 on chro-
mosome 11 in patient 11-1 and her parents (I-1 and 1-2). The alleles were obtained by Southern blot analysis, polymerase chain
reaction-RFLP, or microsatellite analysis of leukocytes and pituitary adenomas, parathyroid tumors, and pancreatic endocrine tu-
mors. The mother (I-2) was affected and the father (I-1) was unaffected. The leukocyte genotype of the affected daughter (I1-1) was
heterozygous at all 4 loci. An examination of tumor genotypes indicated hemizygosity with the loss of the paternal chromosome 11.
The patients I1-1 and I-2 correspond to case numbers 2 and 3, respectively, in Table 2 of reference 23.
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Fig. 3. Schematic representation of the mutations identified in the MENI gene. Exon 1, the 5’part of exon 2, and the distal part of
exon 10 (diagonally hatched box) are untranslated regions of the gene. The coding regions of the gene are denoted by a
nonhatched box. The start (ATG) and the stop (TGA) codons are indicated within exon 2 and exon 10, respectively. The locations of
the mutations are shown under the gene structure. FS, frameshift mutation ; NS, nonsense mutation ; MS, missense mutation ; IF,
in-frame deletion ; SP, splice site mutation. Underlined mutations denote somatic mutations.
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Fig. 4. Inactivation of both copies of the MENI gene contributes to tumorigenesis in MENL1. Patients are born heterozygous for the
mutant allele of MENI (star). In endocrine cells, a second somatic mutation, in this example a partial deletion of chromosome 11
(striped), results in loss of the normal MEN1 allele. Sequential inactivation of both copies of the MENI gene leads to endocrine
tumors.

deletions or insertions, 8% are in-frame deletions might occur. The mutations are not only diverse in
or insertions, 5% are donor-splice site mutations and their types but scattered throughout the coding re-
17% are missense mutations. Germline mutations gion of the MENI gene. Despite the identification of a

in our Japanese MENL1 patients and somatic muta- large number of mutations, no clear phenotype-genotype
tions in a sporadic pituitary adenoma and parathyroid correlation has yet been discerned.

tumor were identified (Figure 3) (23). Diversity of LOH on 11913 was detected in MEN1-associated
MENI mutations was observed in Japanese MEN1 tumors of our MENL1 patients (5, 13, 16, 17, 23).
patients, as reported in Caucasians (4). Approxi- Evidence that MEN1 is a tumor suppressor gene has

mately 10% of the MENI mutations arise de novo been provided by the demonstration of somatic ge-
and may be transmitted to subsequent generations netic alterations (LOH on 11g13) in MEN1 tumors,
(8, 24). Mutations in the coding region of the MEN 1 which would inactivate the remaining normal allele
gene were not detected in 5% to 10% of MEN1 pa- and so unmask the inherited MENI mutation on the
tients (8, 21, 24, 25). It is possible that additional other allele (Figure 4).

mutations in the promoter or untranslated regions

or a large germline deletion involving the MENI gene
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Prolactinoma dominant of MEN1 family

Three families with the prolactinoma variant of MEN1,
which is characterized by hyperparathyroidism (88-
100%), high penetrance of prolactinoma (37-75%),
and infrequent expression of gastrinoma (2.5-12%),
were reported (26). Of these three families, two had
different MENI mutations (Y312X and R460X). The
third family showed no mutations but tight linkage
of MEN1to 11913 (27). We reported an unusual
MENL1 family in which four of five mutation carriers
were affected and have developed prolactinoma (28).
Our cases, which were initially considered as fa-
milial prolactinomas, later were found to show unusual
features of MENL1. Parathyroid tumors are usually
the first manifestation of MEN1 (1-4). However,
prolactinomas were the first lesion diagnosed in this
family. Detection of germline mutation of 357del4
in the family prompted us to carefully examine MEN1
phenotypes. Genetic examinations are useful as di-
agnostic tools for any rare or unusual cases of MENL1.
The 357del4 were encountered frequently in many
MENL patients (4). Because there were no prominent
clinical features in families with the deletion, un-
known genetic factors other than MENI mutation
may contribute to a prolactinoma-dominant pheno-

type.

Familial isolated hyperparathyroidism

Familial hyperparathyroidism may occur as familial
isolated hyperparathyroidism (FIHP) or as part of
an inherited syndrome, in particular MEN1, MEN2A,
and hyperparathyroidism-jaw tumor syndrome.
Families with FIHP were reported to have no MENI
germline mutations by several groups (23, 24, 29,
30). However, some of the FIHP families had a milder
variant of MEN1, which is associated with a func-
tionally milder missense mutation (31-35).

Familial pituitary tumors

Familial pituitary tumors are defined as the oc-
currence of at least 2 cases of pituitary tumors in a
family that does not exhibit any other manifesta-
tions of MEN1 or Carney complex. Familial pitui-
tary tumors are extremely rare. Only 85 cases
occurring in 36 families have been reported in the
literature. In our review of familial pituitary tumors,
74% of cases were acromegaly or gigantism. Further-
more, 23 families showed familial GH-producing
tumors. This incidence of GH-secreting tumors in

familial pituitary tumors is much higher than the
4-27% in MENL1 patients with pituitary tumors (1,
2, 4, Table 2). In addition, the majority of reported
cases showing acromegaly or gigantism are diag-
nosed before the age of 30 years. We reported 2
brothers with GH-secreting adenomas that exhib-
ited LOH at 11g13 (23, 38). Recently, Gadelha et
al. also demonstrated LOH at 11q13 in all GH-secreting
adenomas from 2 families with familial GH-producing
tumors (39). Therefore, familial pituitary tumors were
considered a candidate for phenotypic variants of
MEN1. However, we demonstrated no germline
MENI mutations in 3 families with familial pituitary
tumors (23). The result was confirmed in several
laboratories (30, 32, 36, 37). These findings suggest
the presence of another tumor suppressor gene lo-
cated at 11q13. Taken together, familial pituitary
tumors seem to be a different clinical entity from
MENL.

MEN1 phenocopy without germline MEN1
mutation

Phenocopies have to be considered carefully in
MENL1, because of the high frequency of common
lesions such as primary hyperparathyroidism and
prolactinoma in the non-MEN1 population. We present
a patient showing primary hyperparathyroidism and
prolactinoma as an example. She did not show any
family history of endocrine tumors. No germline
mutations of the MENI were detected, however, two
independent somatic mutations of the MENI gene
(K119del and 864del8bp) were identified in the
parathyroid tumor (Figure 3). Whether both alleles
of MENI are inactivated by the two independent so-
matic mutations or not remains to be elucidated. Be-
cause the prolactinoma responded well to bromocriptine
therapy, surgical intervention is not necessary at
present.

Somatic MEN1 mutations in sporadic endo-
crine tumors

Previous studies on sporadic non-MEN1 endo-
crine tumors showed that LOH involving 11913
occurs in 5% to 50% of cases, implying that somatic
mutations of the MENI gene contribute to the eti-
ology of these tumors (14, 15). Subsequent studies
detected somatic MENI mutations in 13% of sporadic
parathyroid tumors, 39% of gastrinomas, 17% of
insulinomas, and 36% of bronchial carcinoid tumors
(4). However, we revealed that somatic MENI mu-
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tations in sporadic pituitary tumors were very in-
frequent at 3% (40). The result was confirmed in
several laboratories (41, 42). In distribution and type,
somatic mutations of the MENI gene were similar
to germline mutations. The observation that the
tumors having a somatic MEN1 mutation had 11913
LOH suggested that inactivation of the MENI gene
contributes to tumorigenesis in a subset of sporadic
endocrine tumors.

Function of menin

Initial analysis of the predicted amino acid sequence
did not reveal homology to any other protein, sequence
motif, or signal peptide (20). Menin is primarily lo-
cated in the nucleus (43). Using a yeast 2-hybrid
screen with menin as the bait, Agarwal et al. found
that menin directly interacts with JunD, to repress
transcriptional activation mediated by JunD (44).
Several naturally occurring and clustered MENI
missense mutations disrupted menin interaction with
JunD. It is hoped that future study of the MEN1
gene product and the biochemical pathways in which
it functions will shed light upon the reasons why
endocrine tissues are preferentially susceptible to loss
of menin function, and may also suggest new ap-
proaches to prevention or treatment of MENZ1-associated
tumors.

Genetic screening in MEN1

Genetic testing for germline mutations of the MEN1
gene is a good way to clarify the diagnosis in an index
patient. Because the great diversity and widely scat-
tered locations of the MENI mutations and lack of
genotype-phenotype correlations make such muta-
tional screening time-consuming and expensive,
genetic testing is not widely available. However, a
DNA test that indicates an individual is not at risk
would rule out the need for further clinical investi-
gations. At present, it is suggested that mutant gene
carriers should undergo biochemical screening at
least once per annum, and also have pituitary and
abdominal imaging. Genetic testing in patients with
sporadic endocrine tumors should be performed,
1) in patients with two or more MEN1-associated
tumors, 2) in patients with multiple parathyroid tu-
mors, and 3) in patients with Zollinger-Ellison syn-
drome, 15% to 40% of whom will have coexistent
MEN1.

ACKNOWLEDGEMENTS

This study was supported in part by a grant from
Otsuka Pharmaceutical Factory Inc. to the Otsuka
Department of Molecular Nutrition, School of Medi-
cine, The University of Tokushima. The author is
grateful for the cooperation of many people at the
Otsuka Department of Molecular Nutrition, School
of Medicine, The University of Tokushima as well
as people outside our Department. These include
many doctors, and many patient and their families.

REFERENCES

1. Marx SJ, Agarwal SK, Kester MB, Heppner C,
Kim YS, Skarulis MC, James LA, Goldsmith
PK, Saggar SK, Park SY, Spiegel AM, Burns AL,
Debelenko LV, Zhuang Z, Lubensky IA, Liotta LA,
Emmert-Buck MR, Guru SC, Manickam P, Crabtree
J, Erdos MR, Collins FS, Chandrasekharappa
SC : Multiple endocrine neoplasia type 1 : clini-
cal and genetic features of the hereditary endo-
crine neoplasias. Recent Prog Horm Res 54 :
397-438, 1999

2. Trump D, Farren B, Wooding C, Pang JT, Besser
GM, Buchanan KD, Edwards CR, Heath DA,
Jackson CE, Jansen S, Lips K, Monson J,
O’Halloran D, Sampson J, Shalet SM, Wheel-
er MH, Zink A, Thakker RV : Clinical studies
of multiple endocrine neoplasia type 1 (MEN1)
in 220 patients. Q J Med 89 : 653-669, 1996

3. Komminoth P : Review : multiple endocrine neoplasia
type 1, sporadic neuroendocrine tumors, and MENIN.
Diagn Mol Pathol 8 : 107-112, 1999

4. Pannett AAJ, Thakker RV : Multiple endocrine
neoplasia type 1. Endocr Relat Cancer 6 : 449-
473, 1999

5. Shintani Y, Yoshimoto K, Horie H, Sano T,
Kanesaki Y, Hosoi E, Yokogoshi Y, Bando H,
lwahana H, Kannuki S, Matsumoto K, Itakura
M, Saito S : Two different pituitary adenomas
in a patient with multiple endocrine neoplasia
type 1 associated with growth hormone-releasing
hormone-producing pancreatic tumor : clinical
and genetic features. Endocr J 42 : 331-340,
1995

6. Lips CIJM, Vasen HFA, Lamers CBHW : Multi-
ple endocrine neoplasia syndromes. CRC Crit
Rev Oncol Hematol 2 : 117-184, 1984

7. Scheithauer BW, Laws ER Jr, Kovacs K, Horvath
E, Randall RV, Carney JA : Pituitary adenomas
of the multiple endocrine neoplasia type | syn-



10.

11.

12.

13.

14.

15.

16.

17.

The Journal of Medical Investigation Vol. 47 2000

drome. Semin Diagn Pathol 4 : 205-211, 1987
Bassett JHD, Forbes SA, Pannett AAJ, Lloyd
SE, Christie PT, Wooding C, Harding B, Besser
GM, Edwards CR, Monson JP, Sampson J, Wass
JAH, Wheeler MH, Thakker RV : Characterisation
of mutations in patients with multiple endocrine
neoplasia type 1 (MEN1). Am J Hum Genet
62 : 232-244, 1998

Yoshimoto K, Saito S : Clinical characteristics
in multiple endocrine neoplasia type 1 in Japan :
a review of 106 patients. Folia Endocrinol (English
abstract) 67 : 764-774, 1991

Kimura T, Yoshimoto K : Clinical features of
MENL1 and genetic features. Byori to Rinsho
(Path Clin Med) (in Japanese) 15 : 670-677, 1997
Yamasaki R, Saito H, Sano T, Kameyama K,
Yoshimoto K, Hosoi E, Matsumura M, Harada
K, Saito S : Ectopic growth hormone-releasing
hormone (GHRH) syndrome in a case with
multiple endocrine neoplasia type I. Endocrinol
Jpn 35: 97-109, 1988

Larsson C, Skogseid B, Oberg K, Nakamura Y,
Nordenskjold MC : Multiple endocrine neoplasia
type 1 gene maps to chromosome 11 and is lost
in insulinoma. Nature 332 : 85-87, 1988
Yoshimoto K, lizuka M, lwahana H, Yamasaki
R, Saito H, Saito S, Sekiya T : Loss of the same
alleles of HRAS1 and D11S151 in two indepen-
dent pancreatic cancers from a patient with
multiple endocrine neoplasia type 1. Cancer
Res 49 :2716-2721, 1989

Friedman E, Sakaguchi K, Bale AE, Falchetti
A, Steeten E, Zimering MB, Weinstein LS,
McBride WO, Nakamura Y, Brandi ML, Norton
JA, Aurbach GD, Spiegel AM, Marx SJ : Clonality
of parathyroid tumours in familial multiple
endocrine neoplasia type 1. N Engl J Med 321 :
213-218, 1989

Bystrom MC, Larsson C, Blomberg C, Sandelin
F, Falkmer U, Skogseid B, Oberg K, Werner
S, Nordenskjold M : Localisation of the MEN1
gene to a small region within chromosome
1113 by deletion mapping in tumours. Proc
Natl Acad Sci USA 87 : 1968-1972, 1990

Sarui H, Yoshimoto K, Okumura S, Kamura M,
Takuno H, Ishizuka T, Takao H, Shimokawa K,
Itakura M, Saji S, Yasuda K : Cystic glucagonoma
with loss of heterozygosity on chromosome
11 in multiple endocrine neoplasia type 1. Clin
Endocrinol 46 : 511-516, 1997

Yoshimoto K, Iwahana H, Kubo K, Saito S,
Itakura M : Allele loss on chromosome 11 in a

18.

19.

20.

21.

22.

23.

24.

(HEN

pituitary tumor from a patient with multiple
endocrine neoplasia type 1. Jpn J Cancer Res
82 : 886-889, 1991

Debelenko LV, Zhuang Z, Emmert-Buck MR,
Chandrasekharappa SC, Manickam P, Guru
SC, Marx SJ, Skarulis MC, Spiegel AM, Collins
FS, Jensen RT, Liotta LA, Lubensky IA : Allelic
deletions on chromosome 11g13 in multiple
endocrine neoplasia type 1-associated and spo-
radic gastrinomas and pancreatic endocrine
tumors. Cancer Res 57 : 2238-2243, 1997
Guru SC, Agarwal SK, Manickam P, Olufemi
SE, Crabtree JS, Weisemann JM, Kester MB,
Kim YS, Wang Y, Emmert-Buck MR, Liotta LA,
Spiegel AM, Boguski MS, Roe BA, Collins FS,
Marx SJ, Burns L, Chandrasekharappa SC : A
transcript map for the 2.8-Mb region containing
the multiple endocrine neoplasia type 1 locus.
Genome Res 7 : 725-735, 1997
Chandrasekharappa SC, Guru SC, Manickam
P, Olufemi S-E, Collins FS, Emmert-Buck MR,
Debelenko LV, Zhuang Z, Lubensky IA, Liotta
LA, Crabtree JS, Wang Y, Roe BA, Weisemann
J, Boguski MS, Agarwal SK, Kester MB, Kim
YS, Heppner C, Dong Q, Spiegel AM, Burns
AL, Marx SJ : Positional cloning of the gene for
multiple endocrine neoplasia-type 1. Science
276 : 404-407, 1997

The European Consortium on MENL1 : Identi-
fication of the multiple endocrine neoplasia
type 1 (MEN1) gene. Hum Mol Genet 6 : 1177-
1183, 1997

Kishi M, Tsukada T, Shimizu S, Futami H, Ito
Y, Kanbe M, Obara T, Yamaguchi K : A large
germline deletion of the MEN1 gene in a family
with multiple endocrine neoplasia type 1. Jpn
J Cancer Res 89 : 1-5, 1998

Tanaka C, Yoshimoto K, Yamada S, Nishioka
H, 1i S, Moritani M, Yamaoka, T, Itakura M :
Absence of germ-line mutations of the multiple
endocrine neoplasiatype 1 (MEN1) genein
familial pituitary adenoma in contrast to MEN1
in Japanese. J Clin Endocrinol Metab 83 : 960-
965, 1998

Agarwal SK, Kester MB, Debelenko LV, Heppner
C, Emmert-Buck MR, Skarulis MC, Doppman
JL, Kim YS, Lubensky IA, Zhuang Z, Green
JS, Guru SC, Manickam P, Olufemi S-E, Liotta
LA, Chandrasekharappa SC, Collins FS, Spiegel
AM, Burns AL, Marx SJ : Germline mutations
of the MENL1 gene in familial multiple endo-
crine neoplasia type 1 and related states. Hum



25.

26.

27.

28.

29.

30.

[

Mol Genet 6 : 1169-1175, 1997

Giraud S, Zhang CX, Serova Sinilnikova O,
Wautot V, Salandre J, Buisson N, Waterlot C,
Bauters C, Porchet N, Aubert JP, Emy P, Cadiot
G, Delemer B, Chabre O, Niccoli P, Leprat F,
Duron F, Emperauger B, Cougard P, Goudet
P, Sarfati E, Riou JP, Guichard S, Rodier M,
Meyrier A, Caron P, Vantyghem MC, Assayag
M, Peix JL, Pugeat M, Rohmer V, Vallotton M,
Lenoir G, Gaudray P, Proye C, ConteDevolx B,
Chanson P, Shugart YY, Goldgar D, Murat,
Calender A : Germ-line mutation analysis in
patients with multiple endocrine neoplasia type 1
and related disorders. Am J Hum Genet 63 :
455-467, 1998

Petty EM, Green JS, Marx SJ, Taggart RT,
Farid N, Bale AE : Mapping the gene for he-
reditary hyperparathyroidism and prolactinoma
(MEN1Burin) to chromosome 11q : evidence
for a founder effect in patients from Newfound-
land. Am J Hum Genet 54 : 1060-1066, 1994
Heppner C, Agarwal SK, Kester MB, Olufemi
S-E, Green JS, Skarulis MC, Kim YS, Saggar
SK, Guru SC, Manickam P, Lubensky 1A, Zhuang
Z, Chandrasekharappa SC, Collins FS, Emmert-Buck
MR, Liotta LA, Spiegel AM, Burns AL, Marx
SJ: Genotype-phenotype analysis in kindreds
with familial multiple endocrine neoplasia type
(MENL1). J Bone Mineral Res 12 (Suppl 1) S107,
1997 (abstract)

Abe T, Yoshimoto K, Taniyama M, Hanakawa
K, Izumiyama H, Itakura M, Matsumoto K :
An unusual kindred of the multiple endocrine
neoplasia type 1 (MENL1) in Japanese. J Clin
Endocrinol Metab 85 : 1327-1330, 2000
Yoshimoto K, Endo H, Tsuyuguchi M, Tanaka
C, Kimura T, Iwahana H, Kato G, Sano T, Itakura
M : Familial isolated primary hyperparathyroidism
with parathyroid carcinomas : clinical and mo-
lecular features. Clin Endocrinol 48 : 67-72,
1998

Teh BT, Kytola S, Farnebo F, Bergman L, Wong
FK, Weber G, Hayward N, Larsson C, Skogseid
B, Beckers A, Phelan C, Edwards M, Epstein
M, Alford F, Hurley D, Grimmond S, Silins G,
Walters M, Stewart C, Cardinal J, Khodaei S,
Parente F, Tranebjaerg L, Jorde R, Menon J,
Khir A, Tan TT, Chan SP, Zaini A, Khalid BAK,
Sandelin K, Thompson N, Brandi ML, Warth
M, Stock J, Lesti J, Vameron D, Shepherd JJ,
Oberg K, Nordenskjold M, Salmela P : Muta-
tion analysis of the MEN1 gene in multiple

31.

32.

33.

34.

35.

36.

37.

38.

39.

K. Yoshimoto. Multiple endocrine neoplasia type 1: from bedside to benchside

endocrine neoplasia type 1, familial acromegaly
and familial isolated hyperparathyroidism. J
Clin Endocrinol Metab 83 : 2621-2626, 1998
Fujimori M, Shirahama S, Sakurai A, Hashizume
K, Hama Y, Ito K, Shingu K, Kobayashi S, Amano
J, Fukushima Y : Novel V184E MEN1 germline
mutation in a Japanese kindred with familial
hyperparathyroidism. Am J Med Genet 80 :
221-222, 1998

Poncin J, Abs R, Velkeniers B, Bonduelle M,
Abramowicz M, Legros JJ, Verloes A, Meurisse
M, Van Gaal L, Verellen C, Koulischer L, Beckers
A : Mutation analysis of the MEN1 gene in Bel-
gian patients with multiple endocrine neoplasia
type 1 and related diseases. Hum Mut 13 : 54-
60, 1999

Honda M, Tsukada T, Tanaka H, Maruyama
K, Yamaguchi K, Obara T, Yamaji T, Ishibashi
M : A novel mutation of the MEN1 gene in a
Japanese kindred with familial isolated primary
hyperparathyroidism. Eur J Endocrinol 142 :
138-143, 2000

Kassem M, Kruse TA, Wong FK, Larsson C,
Teh BT : Familial isolated hyperparathyroidism
as a variant of multiple endocrine neoplasia type
1in alarge Danish pedigree. J Clin Endocrinol
Metab 85 : 165-167, 2000

Teh BT, Esapa CT, Houlston R, Grandell U,
Farnebo F, Nordenskjold M, Pearce CJ, Carmichael
D, Larsson C, Harris PE : A family with isolated
hyperparathyroidism segregating a missense
MEN1 mutation and showing loss of the wild-type
alleles in the parathyroid tumors. Am J Hum
Genet 63 : 1544-1549, 1998

Ackermann F, Krohn K, Windgassen M, Buchfelder
M, Fahlbusch R, Paschke R : Acromegaly in a
family without a mutation in the menin gene.
Exp Clin Endocrinol Diabetes 107 : 93-96, 1999
Gadelha MR, Prezant TR, Une KN, Glick RP,
Moskal SF 11, Vaisman M, Melmed S, Kineman
RD, Frohman LA : Loss of heterozygosity on chro-
mosome 11q13 in two families with acromegaly/
gigantism is independent of mutations of the
multiple endocrine neoplasia type | gene. J Clin
Endocrinol Metab 84 : 249-256, 1999

Yamada S, Yoshimoto K, Sano T, Takada K,
Itakura M, Usui M, Teramoto A : Inactivation
of the tumor suppressor gene on 11913 in broth-
ers with familial acrogigantism without multi-
ple endocrine neoplasia type 1. J Clin Endocrinol
Metab 82 : 239-242, 1997

Gadelha MR, Une KN, Rohde K, Vaisman M,



40.

41.

The Journal of Medical Investigation Vol. 47 2000

Kineman RD, Frohman LA : Isolated familial
somatotropinomas : establishment of linkage
to chromosome 1113.1-11g13.3 and evidence
for a potential second locus at chromosome
2p16-12. J Clin Endocrinol Metab 85 : 707-714,
2000

Tanaka C, Kimura T, Yang P, Moritani M, Yamaoka
T, Yamada S, Sano T, Yoshimoto K, Itakura M :
Analysis of loss of heterozygosity on chromo-
some 11 and infrequent inactivation of MEN1
gene in sporadic pituitary adenomas. J Clin
Endocrinol Metab 83 : 2631-2634, 1998
Zhuang Z, Ezzat Sz, Vortmeyer AO, Weil R,
Oldfield EH, Park W-S, Pack S, Huang S, Agarwal
SK, Guru SC, Manickam P, Debelenko L, Kester
MB, Olufemi S-E, Heppner C, Crabtree JS, Burns
AL, Spiegel AM, Marx, SJ, Chandrasekharappa
SC, Collins FS, Emmert-Buck MR, Liotta LA,

42.

43.

44,

(HEN

Asa SL, Lubensky IA : Mutations of the MEN1
tumor suppressor gene in pituitary tumors.
Cancer Res 57 : 5446-5451, 1997

Prezant TR, Levine J, Melmed S : Molecular
characterization of the Men1 tumor suppressor
gene in sporadic pituitary tumors. J Clin Endocrinol
Metab 83 : 1388-1391, 1998

Guru SC, Goldsmith PK, Burns AL, Marx SJ,
Spiegel AM, Collins FS, Chandrasekharappa SC :
Menin, the product of the MEN1 gene, is a
nuclear protein. Proc Natl Acad Sci USA 95:
1630-1634, 1998

Agarwal SK, Guru SC, Heppner C, Erdos MR,
Collins RM, Park SY, Saggar S, Chandrasekharappa
SC, Collins FS, Spiegel AM, Marx SJ, Burns AL :
Menin interacts with the AP1 transcription
factor JunD and represses JunD-activated tran-
scription. Cell 84 : 730-735, 1999



