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cess, the timelines for the presentation of amenorrhea,
the detection of pituitary tumors and the diagnosis of
MENI1 were evaluated in individuals with amenor-
rhea (Fig. 4a). The interval between age at symptom
appearance and that at tumor detection tended to be
longer when the tumors were identified above the age
of 20. The interval between age at tumor identification
and that at MEN1 diagnosis seemed to be also longer
after the patients had reached the age of 15 (Fig. 4b).
The other symptoms had similar diagnostic intervals.
The correlation between age at the time of detection
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of tumors and diagnostic intervals was also examined.
The interval of peptic ulcers—parathyroid tumors or
GEPNETS, and that of urolithiasis—parathyroid tumors
were positively correlated with age at tumor detection,
meaning that the later age at tumor detection is, the
greater the interval of symptom—tumor is. The interval
of tumor-MEN1 was negatively correlated with age
at tumor detection in the case of fasting hypoglycemia
alone, partly because the age at the diagnosis of MEN1
was earlier than that of finding of GEPNETSs by detec-
tion of other MEN1-related tumors (Table 4).
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() The timelines for the appearance of amenorrhea, the detection of pituitary tumors and the diagnosis of MENT in each patient.
(b) The relationship between age at the detection of pituitary tumors and that at the appearance of amenorrhea or between age at
the diagnosis of MENT1 and that at the detection of tumors.
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Table 4 Correlation between age at tumor detection and diagnostic intervals

. .. No. of
Diagnostic intervals patients T p value
Peptic ulcers—parathyroid tumors 56 0.267 0.047
Parathyroid tumors—MEN1 0.031 0.822
Peptic ulcers—GEPNETs 51 0.465 <0.001
GEPNETs—MEN1 -0.263 0.062
Urolithiasis—parathyroid tumors 79 0.304 <0.001
Parathyroid tumors—MEN1 -0.131 0.251
Fasting hypoglycemia~GEPNETs 37 0.262 0.117
GEPNETs—MEN1 -0.415 0.011
Bone fracture/loss—parathyroid tumors 20 -0.283 >0.050
Parathyroid tumors—MEN1 -0.038 >0.050
Amenorrhea—pituitary tumors 23 0.410 >0.050
Pituitary tumors—MEN1 -0.395 >0.050

1, . rank correlation coefficient

Discussion

The present study is a nationwide investigation of
the diagnosis of MEN1 and MEN1-related endocrine
tumors using the clinical data of more than 500 Japanese
patients with MEN1. In the present study, initial symp-
toms appeared in 50% of patients by the fourth decade
of life. Parathyroid tumors were the most frequent man-
ifestation and hence the symptoms related to HPT, such
as urolithiasis, peptic ulcers, and bone fracture/loss,
were frequent in symptomatic cases. As for the diagno-
sis of three main tumor types and MEN1, the mean age
at diagnosis was in the fifth decade of life, supporting
previous reports that the mean age at diagnosis was in
the fourth to fifth decade of life [4, 10-18].

In 1991, a factual investigation of 106 Japanese
patients with MEN1 was conducted [19]. The first
clinical manifestations were symptoms associated
with HPT such as nephrolithiasis (32%), pituitary
tumors (26%), peptic ulcers (28%) and hypoglycemia
(13%), which appeared at an average age of 34.4 years
in familial MEN1 and 33.3 years in sporadic cases.
However, the mean age at MEN1 diagnosis was 46.2
years in familial cases and 41.3 years in sporadic ones,
indicating that many years elapsed before diagnosis of
MENT1 depending on the symptoms. There is little dif-
ference between these results and our data, indicating
that MEN1 diagnosis is still delayed, i.e. little or no
progress has been made in early diagnosis.

Delayed diagnosis of MEN1 has also been observed
in other countries. A study in the U.S. showed that the
mean age at onset of urolithiasis to be 26.9 years, which

is 8.1 years earlier than that in the present study, whereas
the mean time elapsing from the appearance of this
symptom to the diagnosis of MEN1 was 17.2 years [12].
Another study in the same country also found that mean
onset of the first clinical signs or symptoms occurred
7.6 years before diagnosis of MEN1 [11]. In an analysis
of three apparently unrelated Brazilian MEN1 clusters,
the age at diagnosis of HPT was 40.68 years on average
although the first episode of renal calculi occurred at an
average age of 23.14, which is approximately 12 years
earlier than that in the present study [13]. Moreover, in
a study in the Netherlands, the median interval between
the occurrence of the first manifestations and MEN1
diagnosis was 9.5 years [14].

Thepresent analysisraises two considerable and debat-
able issues regarding the presentation of initial symp-
toms and the timing of diagnosis between probands and
family members for the early diagnosis of MEN1. One
is that early recognition of symptoms does not necessar-
ily contribute to early diagnosis of tumors and subse-
quent MEN1. In other words, typical symptoms linked
to MEN1 diagnosis are overlooked. The time-to-diag-
nosis of MEN1 depending on amenorrhea due to pitu-
itary tumors was strikingly prolonged despite the recog-
nition of symptom at younger age. Also, in the case of
fasting hypoglycemia, early diagnosis of GEPNETs and
subsequent MEN1 was not necessarily made although
the diagnostic interval of GEPNETs—MENI was neg-
atively correlated with age at tumor identification. In
patients with peptic ulcers from GEPNETSs, tumor diag-
nosis was obviously delayed though MENI diagnosis
was made before or shortly after tumor identification.
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For patients with parathyroid tumors, urolithiasis, bone
fracture or loss, and peptic ulcers were the symptoms
leading to MEN1 diagnosis soon after the tumors were
found. From these facts, it is supposed that the inter-
val between the onset of symptoms and tumor detection
may be prolonged in part because some patients did not
wish to consult a doctor by themselves in spite of hav-
ing symptoms. Moreover, it is also assumed that family
members may not have sufficient knowledge of the dis-
ease from which the probands are suffering.

The second issue is that both the mean age of appear-
ance of typical symptoms and the mean age at diagno-
sis of parathyroid and pituitary tumors or MEN1 were
significantly lower in family members than in probands,
whereas the mean age at diagnosis of GEPNETSs was not.
This finding may partly reflect the earlier recognition of
symptoms in family members. It is natural that family
members can more rapidly identify symptoms based on
probands’ experiences and genetic analysis. However, in
our data, like the two other tumor types, there was no sig-
nificant difference in diagnostic intervals of GEPNETs
between probands and their family members. It has been
previously demonstrated that GEPNETs were found at
a younger age and with shorter delay between symp-
tom presentation and tumor diagnosis in familial cases
than in sporadic ones [20]. Hence, our data suggest that
prospective screening and surveillance strategies for
GEPNETSs might be inadequate for family members.

Considering the circumstances mentioned above, we
infer that the important factors causing delayed diag-
nosis and inadequate tumor screening are on the side
of health care professionals. Indeed, Christopoulos
et al. [12] have cited a lack of further examination
beyond the scope of standard urological investigation
in patients with urolithiasis by urologists and empha-
sized the responsibility of urologists suspecting HPT
to appropriately refer patients for formal endocrinol-
ogy consultations. It should be recognized that med-
ical practitioners, such as physicians and co-medical
staff, may insufficiently understand the characteris-
tics of MENI1 and related disorders. In addition, the
genetic testing of MENT1 for family members before
the manifestation of tumors is not general in our coun-
try and a special screening strategy for family mem-
bers has not been clearly shown in the existing guide-
line for management of MEN1. Given these facts, for
appropriate screening of related endocrine tumors, we
should consider improved sharing of medical informa-
tion on patients and their family members among med-
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ical practitioners who examine the same patients and
provide not only probands but also the family members
with sufficient information of MEN1.

That said, we recognize that there are limitations of
the collection and analysis of our data. The clinical data
were collected with both qualitative and quantitative
questionnaires, some portions of which were less infor-
mative. In the case of patients having a long history of
MEN1, there is the possibility of fragmentary data col-
lection since they may change physicians and/or hospi-
tals. In fact, not all data were necessarily complete and
thus we had to extract only the analyzable data.

In conclusion, there is a long interval not only
between the appearance of initial symptoms and the
diagnosis of MEN1-related endocrine tumors but also
between tumor detection and MEN1 diagnosis, result-
ing in delayed diagnosis of MENT1 and related endocrine
tumors. The symptoms of MENI related diseases can
first be diagnosed and treated by urologists, gastroen-
terologists, and gynecologists, among other specialist.
However, there may exist a lack of acknowledgement of
MENT1 and related endocrinopathy and insufficient shar-
ing of medical information on the same patients and their
family members among involved medical practitioners.
Providing family members with information of MEN1 is
also insufficient. Further steps should be taken not only
to promote understanding of MEN1 and prepare an envi-
ronment for optimal medical information sharing among
medical professionals but also to accelerate the educa-
tion of family members by health care professionals.
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Abstract. More than 50% of patients with multiple endocrine neoplasia type 1 (MEN1) develop gastroenteropancreatic
neuroendocrine tumors (GEPNETs), and insulinoma is the second most common functioning GEPNET. Compared to other
functioning and nonfunctioning GEPNETs in MEN1, insulinoma is considered to develop at a younger age. To clarify the
clinical features of insulinoma developed in Japanese patients with MEN1, a recently constructed database of Japanese
MEN]1 patients was analyzed. Among 560 registered cases, insulinoma was seen in 69 patients and information on age at
diagnosis was available for 54 patients. Tumors predominantly occurred in the body and tail of the pancreas. The mean
age at diagnosis of insulinoma (34.8 £ 16.7 yrs) was significantly younger than that of gastrinoma (50.6 + 14.3 yrs) and
nonfunctioning tumor (44.7 £ 13.3 yrs) in patients with MEN1. Patients diagnosed as having insulinoma during middle-
age (30 - 49 yrs) tended to have a long period from appearance of hypoglycemic symptoms to diagnosis of the tumor. Of
note, 13 patients (24%) were diagnosed as having insulinoma before 20 yrs of age. Such young onset was not seen in other
GEPNETs. Since the development of GEPNETs during adolescence is quite rare, insulinoma diagnosed before 20 yrs
strongly suggests the presence of MEN1 and warrants further investigation, including MEN] genetic testing. Also,
clinicians should be aware that insulinoma can often be missed in middle-aged patients.
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MULTIPLE ENDOCRINE NEOPLASIA TYPE 1 such as parathyroid hyperplasia, gastroenteropancre-

(MEN1) is an autosomal dominantly inherited endo-
crine tumor syndrome characterized by tumor develop-
ment in various endocrine- and non-endocrine organs
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atic neuroendocrine tumor (GEPNET), anterior pitu-
itary adenoma and adrenal cortex adenoma [1, 2]. Less
frequent tumors include cutaneous tumor, lipoma, and
thymic- and bronchial neuroendocrine tumors. MEN1
is clinically diagnosed by confirming neoplastic dis-
eases in at least two of the commonly affected organs,
namely, parathyroid, endocrine pancreas and anterior
pituitary [3]. For family members of the patient, the
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presence of one lesion is sufficient to establish a diag-
nosis. Most subjects with MEN1 carry a heterozygous
germline mutation in the MENI gene, which localizes
to chromosome 11q13 [4]. The MENI gene consists
of 10 exons and encodes the 610 amino-acid nuclear
protein menin [5]. Based on data on the incidence of
primary hyperparathyroidism (PHPT) and other epi-
demiological studies, the prevalence of MENI in
western countries has been estimated to be about 2-3
cases/100,000 individuals [6].

PHPT is the most common, and usually the initial
manifestation of MEN1 [7]. Its prevalence during life-
time for gene carriers is nearly 100% and the average age
of onset is during the third decade of life, about 30 years
earlier than sporadic primary hyperparathyroidism [8].

GEPNET is the second most common endocrine
manifestation in MEN1 after PHPT, and its prevalence
is about 50 - 60% [3, 9, 10]. Since many patients with
PHPT remain asymptomatic, GEPNET can be the ini-
tial manifestation that leads to the diagnosis of MEN1
in up to 50% of patients [11, 12]. The most com-
mon form of functioning GEPNET in MENI is gas-
trinoma, which exists predominantly in the duodenal
mucosa. Other forms of functioning tumors seen in
MENI include insulinoma, glucagonoma, somatosta-
tinoma and VIPoma. Nonfunctioning tumors are also
common and usually multiple in MEN1.

Among GEPNETs in MENT, insulinoma is consid-
ered to develop during early age [1, 9]. Compared to
otherMEN 1 -related GEPNETS, insulinoma occurs more
often in patients younger than 40 years old, and there-
fore could be the initial manifestation. Accordingly,
early recognition of insulinoma could lead to early
diagnosis of MEN1 in patients.

To ascertain the clinical features and current man-
agement of MEN]1, and to provide information use-
ful to clinicians facing difficulties in managing MEN1
patients, we established a MEN study group in 2008
designated the “MEN Consortium of Japan”, and con-
structed a database of Japanese patients with MEN
[10]. Here we report clinical features of insulinoma in
patients with MEN1 who were registered in the data-
base of the MEN Consortium of Japan.

Patients and Methods

We analyzed the clinical data of patients with
MENT1 collected by the MEN Consortium of Japan.
Procedure of data collection and general characteris-
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tics of patients with MENT1 have been recently reported
[10]. Physicians and surgeons in Japan reported clinical
information of their MEN1 patients according to ques-
tionnaires provided by the MEN Consortium. The study
was reviewed and approved by the Institutional Review
Board of Shinshu University School of Medicine.
After verification of registered data, 560 cases were
considered eligible for the analysis. Data on patients
with GEPNETs were extracted from the database and
the clinical features were analyzed. Because of the
retrospective design, the diagnostic criteria of MEN1-
related tumors could have varied between hospitals.
Thus we judged appropriateness of diagnosis of insu-
linoma by confirmation of inappropriate hypersecre-
tion of insulin, amelioration of clinical symptoms after
surgery, and results of immunostaining of the resected
tumor. When diagnosis of insulinoma was uncertain or
registered information was insufficient, data was veri-
fied by directly communicating with attending physician
of each patient. Results are expressed as mean + SD.
Since most of our data was not normally distributed,
significance of differences was determined by Mann-
Whitney-Wilcoxon test or Fisher’s exact test wherever
appropriate. p <0.05 was considered significant.

Results

General features of insulinoma in MEN1

As previously reported [10], GEPNETs were diag-
nosed in 314/536 patients (58.6%), excluding 24
patients diagnosed by presymptomatic genetic test-
ing. Insulinoma was diagnosed in 69 patients, among
whom 41 patients had clinically proven hypoglyce-
mia or clinical histories symptomatic of hypoglycemia
prior to diagnosis. Asymptomatic hypoglycemia was
identified during initial work-up for MEN1 or during
surveillance in majority of other patients.

Information on localization of the tumor was available
for 41 patients. Only three (7%) patients had insulinoma
in the pancreas head and 30 (73%) patients developed
insulinoma in the distal portion of pancreas. Eight (20%)
patients had multiple insulinomas existing in both the
head and body-tail region of the pancreas. Information
on the tumor size was obtained from 29 patients and
ranged from 1.5 mm to 94 mm (25.4 = 19.5 mm).

Surgical resection of insulinoma was performed for
91% (63/69) of patients, a proportion significantly higher
than that for gastrinoma (52%) or for nonfunctioning
tumor (34%). Operative procedures are summarized in
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Table 1. Given that the majority of insulinoma occurred
in the body or tail of the pancreas, distal pancreatectomy
is the most commonly selected procedure, followed by
enucleation of the tumor. Localization of the tumor was
not provided for 28 patients, which probably reflects
incomplete clinical record such as loss of old chart or
change of hospital during clinical course. Indeed, 9
patients underwent distal pancreatectomy, indicating that
they had insulinoma in the pancreas tail. It is possible
that exact localization of the tumor was unable to deter-
mine in some patients because the tumor was too small to
detect by imaging study. Reoperation was performed for
8 patients due to metachronous tumor development.

Information on pathological diagnosis was given for
38 patients. Diagnosis of well-differentiated endocrine
tumor and well-differentiated endocrine carcinoma was
made for 18 and 1 patients, respectively. In other 19
patients, tumor was pathologically diagnosed as ade-
noma. No tumors were pathologically diagnosed as
either endocrine cancer or poorly differentiated endo-
crine carcinoma. One patient with “malignant insu-
linoma” was registered, but pathological information
was not given.

Age at diagnosis of insulinoma
Ages at diagnosis of insulinoma, gastrinoma and non-
functioning tumor are summarized in Table 2 and Fig, 1.
Since nonfunctioning tumors frequently accompany
other functioning tumors, patients with nonfunctioning
tumors only are included in the “nonfunctioning tumor”
-group. Patients included in the “insulinoma” and “gas-
trinoma” groups may have other functioning- or non-
functioning tumors. For example, patients having both
insulinoma and gastrinoma are included in both groups.
The average age at diagnosis of GEPNETs in Japanese
patients with MEN1 was 44.7 £ 15.6 years, about 10
years younger than sporadic patients [13, 14]. When
compared based on function of the tumor, insulinoma

in MEN1 was diagnosed significantly earlier than gas-
trinoma and nonfunctioning tumor in MEN1 (Table 2). In
insulinoma, there was no discernible peak age of diagno-
sis and it varied widely from the second to sixth decade
of life. 33/54 (61%) patients were diagnosed before age
of 40 (Fig. 1), consistent with a previous report [9]. In
the database of MEN Consortium of Japan, 16 patients
developed GEPNETs before age 20 yrs, 13 of which
had insulinoma. The other two patients had nonfunc-
tioning tumors, and information on the function of the
tumor was not available in one patient.

Mean ages at first appearance of hypoglycemic
symptoms and at diagnosis of insulinoma are shown in
Fig. 2. Insulinoma was diagnosed within 1 year from
the onset of hypoglycemic symptoms in about 50% of
patients. In a significant number of patients however,
a long period - up to 30 years in one case - elapsed
between the appearance of symptoms and the diagno-
sis of insulinoma. The delay in diagnosis was partic-
ularly evident in patients diagnosed with insulinoma
between age 30 and early 50s and was observed in both
probands and family members. The delay in diagnosis
of insulinoma is well known and the mean duration of
symptoms at diagnosis has been reported as 3 - 4 years
[15, 16], while the age dependence of the delay in diag-
nosis has not previously been demonstrated.

Table 1 Surgical procedure undertaken for insulinoma in patients

with MEN1
procedure ngg:gftg f (%)
distal pancreatectomy 20 32
tumor enucleation 14 22
distal pancreatectomy plus tumor enucleation 5 8
total pancreatectomy 2 3
others 2 3
unknown 20 32

Table 2 Age at diagnosis of GEPNETS: registered with the MEN Consortium of Japan database

insulinoma vs. others

insulinoma gastrinoma NF tumor vs. gastrinoma v, NF tumor
all (yr?®) (range) 34.8 £ 16.7 (8-68) 50.6 £14.3 (20-78)  44.7+13.3 (19-74) p<0.001 p=10.001
proband (yr ®) (range) 37.6 £19.0 (9-68) 479+13.4 (20-74)  47.9+12.0 (19-74) p=0.017 p=0.068
family member (yr ?) (range) 29.3 +13.0 (8-47) 56.2+14.4 (33-78) 40.8 + 14.1 (22-71) p<0.001 p=0.022
proband vs. family member p=0.136 p=0.030 p=0.038

2, values are mean age = SD. NF tumor, nonfunctioning tumor
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Fig.1 Age at diagnosis of GEPNETs in patients with MEN1
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gastrinoma (B) and non-functioning tumor (C) and their
age at diagnosis is shown. Closed bar, open bar and
gray bar represent proband, family member and patient
without information of family history, respectively.
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Age dependence of clinical features

Patients with insulinoma could be categorized into
three groups according to their age at diagnosis of
insulinoma: (1) a younger group diagnosed before age
30 with a short symptomatic period before diagnosis;
(2) a middle-aged group with a lengthy symptomatic
period before diagnosis, and (3) an aged group who
had a brief or non-existent symptomatic period before
diagnosis. A comparison of the three groups is sum-
marized in Table 3. Only patients whose age at diag-
nosis of insulinoma was available are shown. In the
younger group, 13 patients (57%) were probands, that
is, no family members had been previously diagnosed
with MEN1 when insulinoma was detected in these
individuals. Inthe middle-aged group, 6/18 (33%, p =
0.19 vs. younger group) individuals were probands. In
the aged group, 11 patients (85%, p = 0.03 vs. younger
group) were probands. Information on family history
was not available for the other two patients. 51 patients
(94%) had undergone surgery followed by pathologi-
cal confirmation of insulinoma. Due to the develop-
ment of multiple tumors, the majority of patients in the
middle-aged- and aged groups had undergone partial
pancreatectomy, while enucleation of the tumor was
performed in 13 of 23 patients (57%) in the younger
group. The proportion of patients who had undergone
enucleation was significantly higher in the younger
group compared to that of the middle-aged group (2/18,
11%, p <0.01 vs. younger group) but was not statisti-
cally different from that in the aged group (4/13, 31%,
p = 0.18 vs. younger group). The age at diagnosis of
PHPT increased along with increasing age at diagnosis
of insulinoma, reflecting the fact that PHPT and insuli-
noma were simultaneously identified in many of mid-
dle-aged- and aged group patients. The status of the
MENI gene had been analyzed in most patients and
pathologic germline mutations were identified in all
but 3 patients (mutation positive rate 92.5%).

Discussion

In the present study, we used a recently established
database of Japanese MENI1 patients [10] to analyze
the clinical features of insulinoma in these patients.
After gastrinoma, insulinoma is the second most fre-
quent functioning GEPNET in MENI, and is often
the first symptom which patients with MENT expe-
rience. The average age of onset of insulinoma is
younger than other MENT1-related GEPNETs and it
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Fig. 2 Age at appearance of hypoglycemic symptom and diagnosis of insulinoma in patients with MEN1
Age at appearance of hypoglycemic symptoms and diagnosis of insulinoma in each patient was shown. Each closed circle
represents a single patient and aligned according to the age at diagnosis of insulinoma. X represents age at appearance of
hypoglycemic symptoms or confirmation of hypoglycemia, and is shown only if insulinoma was diagnosed more than one year
after the appearance of hypoglycemic symptoms.

Table 3 Comparison of patients with insulinoma diagnosed at different age

: i i T before 30 yrs 30-49 yrs 50 yrs or older
age at diagnosis of insulinoma (younger group) (middle-aged group) (aged group)
number of patients 23 18 13
S ale/female 12/11 4/14 6/7
family history

proband/family member/unknown 13/8/2 6/10/2 11/0/2

age at diagnosis of insulinoma (yr?) (range) 19.0+6.9 (8-29) 38.7+6.7 (30-47) 57.4+5.3 (51-68)

duration between appearance of

symptom and diagnosis (yr®) (range) 1.1+1.6 (0-6) 6.8+8.0 (0-27) 55+9.9 (0-30)
surgery for insulinoma®

total/partial/enucleation/unknown 1/7/13/4 0/11/2/4 1/7/4/2
recurrence of insulinoma

Yes/No (%) 4/19 (17%) 1/17 (6%) 0/13 (0%)
PHPT

Yes/No (%) 23/0 (100%) 17/1 (100%) 12/1 (92%)

age at diagnosis (yr®) (range) 289+ 11.8 (11-54)  40.5+9.9 (24-62) 57.2+4.7 (50-62)
pituitary tumor

Yes/No (%) 8/15 (35%) 12/6 (67%) 5/8 (38%)

age at diagnosis (yr?) (range) 248+75 (11-35)  41.7+11.1 (27-62) 53.0+16.1 (25-64)
MENI mutation

Yes/No /Not done 18/1/4 10/1/7 8/1/4

Data do not include patients whose age at diagnosis is not known.
2 values are mean age = SD. °, When patients underwent partial pancreatectomy and enucleation of the tumor
simultaneously, both procedures were counted independently.
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often occurs before adolescence [1, 9, 17, 18]. In the
MEN Consortium database, 13% of probands and 7%
of affected family members had symptoms related to
hypoglycemia before the diagnosis of MEN1.

Insulinoma was detected at a variety of ages before
70 years old and there was no apparent peak age of
diagnosis (Fig. 1). It is particularly notable that a sig-
nificant proportion of patients was diagnosed before
age 20 yrs, which is in clear contrast to gastrinoma
and nonfunctioning GEPNET; which were rarely
if ever diagnosed before age 20 yrs. Interestingly,
when the timing of appearance of hypoglycemia or
suspected symptoms was closely investigated, many
patients who were diagnosed with insulinoma during
middle-age (30 - 49 years) had manifested hypoglyce-
mic symptoms much earlier (Fig. 2), suggesting ear-
lier development of insulinoma. It is rather surpris-
ing that 7/18 patients diagnosed between age of 30 to
49 had either a hypoglycemic episode or had clinical
histories symptomatic of hypoglycemia before age 30
yrs. The reason for this delay of diagnosis is not the
subject of the present study, but it is possible that non-
specific symptoms and/or a relatively indolent clini-
cal course may have delayed the point at which those
patients visited hospital. Social factors such as work
or family affairs may also have detracted from their
willingness to visit hospital. The disproportionate
female predominance among patients in the middle-
aged group may reflect such social factors (Table 3).
This issue should be further clarified and may provide
a clue to earlier diagnosis of insulinoma. Moreover,
symptoms caused by hypoglycemia may have been
misdiagnosed as other disorders, such as psycho-neu-
rological diseases [19-21].

In contrast to the other age groups, patients whose
insulinoma was detected after age 50 had distinct
clinical features. These patients were predominantly
probands, and insulinoma was simultaneously diag-
nosed with PHPT. 5/13 patients (38%) had not experi-
enced hypoglycemic symptoms before diagnosis. The
exact age of onset of insulinoma in these aged patients
is unknown, but it is reasonable to assume that their
insulinomas had developed earlier in their life but were
asymptomatic for a long period. Indeed, small- and
clinically silent.insulinomas are often not diagnosed
until incidentally found at autopsy [22].

An interesting question is whether insulinoma devel-
ops earlier than other GEPNETs in MENI1 or is simply
diagnosed earlier than other tumors because the clinical

Sakurai et al.

symptoms of insulinoma tend to appear earlier. Diagnosis
of insulinoma may be relatively straightforward once
hypoglycemia with elevated level of plasma insulin is
confirmed. However, because of the nonspecific nature
of hypoglycemic symptom such as fatigue, confusion,
weakness or behavioral change, the duration of the symp-
tomatic period before diagnosis can be lengthy [23]. In
patients with nonfunctioning tumors, age at diagnosis
among probands showed a peak during the 40s, while
those tumors were frequently found at a younger age in
family members (Fig. 1C), suggesting that a long period
had elapsed before the nonfunctioning tumors in probands
were identified. In contrast, the age at diagnosis of gas-
trinomas in family members was unexpectedly older than
that of the probands (Table 2). This may be attributable to
the fact that gastrinoma in MENT1 is usually diagnosed by
clinical symptoms and/or elevated plasma levels of gas-
trin, and not by imaging studies [11].

Recently, Ito ef al. reported results of a nationwide
epidemiological surveillance of GEPNETS in Japanese
[14]. They estimated the total number of patients
treated for pancreas NETs in the year 2005 was 2,845
(95% CI 2,455-3,507). 10% of patients with pancreas
NET and 14% of patients with insulinoma had MEN1,
a proportion higher than other studies which reported
the proportion of MEN1 among patients with insuli-
noma as 4-8% [24-26]; this may be due in part to a
relatively high prevalence of insulinoma in Japanese
patients with MEN1 [10]. The MEN Consortium data-
base confirmed 314 patients with GEPNETSs, most of
whom are currently alive and under follow-up. It is
likely that many patients with MEN1 with GEPNETs
have been registered on both GEPNET surveillance
and the MEN1 database.

According to Ito et al., only 1% of patients with
GEPNETSs were diagnosed before age of 20 years [14].
Although they did not show age-related prevalence of
each functioning tumor, our present results suggest a
high probability of the presence of MEN1 in patients
with insulinoma diagnosed at young age, especially
before 20 years old. Clinical guidelines for MEN1
released in 2001 recommended MEN] genetic analy-
sis for all patients with gastrinoma, based on the fact
that 25% of gastrinoma patients have MEN1 [3]. We
propose that MENI gene analysis should be offered
to patients who have developed insulinoma before
age of 20 years, even if they have no other MEN1-
related diseases or family history of MEN1. Indeed,
since most subjects with MEN] mutation do not man-
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ifest hyperparathyroidism or pituitary tumors before
the age of 20 years, biochemical- and imaging stud-
ies for the purpose of surveillance of MEN1 will be of
limited clinical utility. Among 13 patients who devel-
oped insulinoma before age of 20 years, only 4 patients
manifested other MENI1-related diseases before the
age of 20 years.

In conclusion, we analyzed the clinical features
of insulinoma in patients with MEN1. While insuli-
noma occurs in a wide range of age groups, develop-
ment of the tumor in younger patients was characteris-
tic. Insulinoma before age of 20 years may be a strong
indication of presence of MENI1, and detailed surveil-
lance of MENI1 is warranted in these cases. Clinicians
should also be aware that insulinoma can often be
missed in middle-aged patients.
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Abstract. Germline MENI mutation analysis is a powerful tool for an early diagnosis of multiple endocrine neoplasia type
1 (MENI1), an autosomal dominant familial cancer syndrome characterized by the parathyroid, pituitary and
gastroenteropancreatic endocrine tumors. However, the clinical significance of MENI gene variants, especially missense
and in-frame mutations as well as some splicing mutations, is not always obvious. We have previously shown that mutant
menin proteins associated with MEN1 are rapidly degraded by the ubiquitin-proteasome pathway. We also demonstrated
by a fluorescent immunocytochemical stability test that the stability of missense and in-frame deletion mutants varies
widely but that unstable mutants were found only in MEN1 and related disorders and not in normal polymorphisms. In the
present study, we evaluated by this stability test the pathogenicity of a novel MENI missense mutation, ¢.1118C>T,
encoding a P373L mutant menin, identified in a suspected MENT1 patient. The results demonstrated that the mutant menin
is highly unstable, indicating that this mutation is causative for MEN1. These findings encouraged us to proceed with
presymptomatic genetic screening for this mutation among the family members, which resulted in the identification of
asymptomatic mutation carriers. Thus, the information from the menin stability test was useful for genetic diagnosis and

counseling of MEN1 in the case with a previously unreported MEN! missense mutation.

Key words: MEN1, Menin, Stability, Missense mutation

MULTIPLE ENDOCRINE NEOPLASIA TYPE 1
(MEN1) is a relatively rare autosomal dominantly
inherited condition characterized by hyperplastic and
neoplastic disorder of endocrine organs such as the
parathyroid, anterior pituitary and gastroenteropancre-
atic endocrine tissues [1]. Germline mutation of the
causative gene, MENI, which encodes 610 amino-acid
residue nuclear protein menin, can be identified in the
most of the affected subjects [2, 3]. MENI is a tumor
suppressor gene and tumorigenesis in MEN1 by MEN]
gene mutations can be explained by Knudson’s two-
hit theory [4], i.e., function of one allele is lost by a
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germline mutation and the inactivation of the remain-
ing wild type allele by somatic mutation leads to tumor
development.

The majority of mutations identified in affected sub-
jects are nonsense and frameshift mutations. Splice
mutations and large deletion of the MENI gene have
also been reported in several families [3]. It is obvious
that these mutations cause loss of function of the gene
and are pathogenic. On the other hand, when a novel
missense mutation or an in-frame deletion or addition
is identified, molecular diagnosis of MENT1 is not so
simple since the pathogenicity of these mutations is not
clear per se. Although 26% and 48% of germline MENI
mutations associated with MENT1 and familial isolated
hyperparathyroidism, respectively, are missense muta-
tions or in-frame deletions [3], evidence for the patho-
genicity of these mutations was lacking in many cases
[5-9]. As menin shows no significant homology to
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Table 1 Serum and plasma concentrations of biochemical parameters of P373L mutation carriers

12" 12" -1 m-2 -3 Normal range
Age (year) 82 57 31 28 24
Sex F F M M M
Calcium  (mg/dL) 10.0 9.9 10.0 9.6 10.6 8.8-10.1
Phosphate  (mg/dL) 2.7 2.7 3.9 34 3.1 2.7-4.0
Intact PTH (pg/mL) 57 119 85 32 64 10-65
Prolactin  (ng/mL) 9.1 122 6.5 14.1 12.2 <127
IGF-1 (ng/mL) ND 193 215 ND ND :5732296 ((11[1[21))
Glucose  (mg/dL) 188 99 82 86 105 70-109
Insulin (uU/mL) 240 7.0 9.7 8.5 6.1 1.84-12.2
Gastrin ~ (pg/mL) 77 39 52 102 84 <200

* 1-2 has diabetes and is receiving medication. Insulin and glucose of I-2 were measured 2 hours after meal.
** Proband. ND, not determined. IGF-1, insulin-like growth factor I

other known proteins and its physiological function is
not fully understood, there are no established parame-
ters that can adequately represent impaired function of
mutant menin [10-14].

We previously reported that missense mutant menin
proteins associated with MENT1 are unstable and rap-
idly degraded through ubiquitin-proteasome pathway
[15]. More detailed analysis by a newly developed
fluorescence immunocytochemical method revealed
that the stability of missense and in-frame deletion
mutants varies widely but that unstable mutants were
found only in MEN1 and related disorders and not in
normal polymorphisms [16]. We recently encoun-
tered a suspected MEN1 patient with a previously
unreported missense mutation in the MENI gene. To
assess the pathogenicity of this mutation, we exam-
ined the stability of the menin protein encoded by this
mutant MEN] gene.

Case Presentation

A 56-year-old woman was referred to Shinshu
University Hospital. She had been diagnosed with
primary hyperparathyroidism (PHPT) and under-
gone parathyroidectomy when she was 45 years old.
Three enlarged glands were removed but the fourth
gland was not found. She had been followed-up before
being referred to us. An abdominal CT scan identi-
fied multiple contrast-enhanced nodular lesions (3-12

mm in diameter) in her pancreas, based upon which
she was suspected as having MEN1. She was eucalce-
mic but her plasma PTH level was elevated (II-2, Table
1). Other biochemical studies including fasting plasma
levels of gastrin, insulin and glucose, and glucagon
revealed no abnormalities. Pancreas tumors were thus
considered nonfunctioning. MRI imaging for pituitary
gland revealed no abnormal findings and plasma lev-
els of prolactin and IGF-1 (insulin-like growth factor
1) were within normal range. Genetic testing of the
patient, performed after obtaining written informed
consent, revealed a heterozygous single nucleotide sub-
stitution (c.1118C>T) in the MENI gene, which was
predicted to substitute amino acid codon 373 of menin
from proline (CCC) to leucine (CTC). This mutation
has neither been reported [3] nor registered to mutation
database (The Human Gene Mutation Database, http://
www.hgmd.cf.ac.uk/ac/index.php).

Her 82-year-old mother had a history of PHPT and
had undergone a single gland parathyroidectomy at the
age of 69. She is currently eucalcemic (Table 1) and is
receiving no medication except oral antidiabetic drugs
for her type 2 diabetes. Periodic surveillance includ-
ing imaging studies for pituitary and abdomen and bio-
chemical and endocrine function tests are performed at
another hospital and no MEN1-related diseases have
been identified. Genetic analysis revealed that she also
had the same mutation.

Tumor specimen was not available as surgeries for
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the proband and her mother were undertaken at other
hospitals more than 10 years ago.

Materials and Methods

The intracellular stability of missense menin vari-
ants was evaluated using a quantitative fluorescent
immunohistochemical method as described previously
[15, 16]. Briefly, WI38VA13 cells were transfected
with a bicistronic plasmid expressing N-terminal
FLLAG-tagged and Myc-tagged proteins: one protein
was wild type menin, which served as an internal con-
trol for transfection efficiency, and the other was the
variant menin to be tested. Forty eight hours after
transfection, expressed proteins were stained with
FITC-labeled anti-FLAG antibody and Cy3-labeled
anti-c-myc antibody, and quantified by fluorescence
microscopic digital photography and an image analy-
sis software. The ratios of the mean numerical value
of fluorescence intensity for mutant menin to that for
wild type menin in each nucleus was calculated, and
normalized by the ratio obtained from the control plas-
mid expressing both FLAG- and Myc-tagged wild-
type menin. As a known unstable control, L22R vari-
ant expression plasmids were used. Mutant menin was
located mainly in the nucleus although the cytoplasm
was also faintly stained in some cells. Only nuclear
staining was analyzed.

To measure the degradation rate of menin proteins,
293T cells were transfected with plasmids express-
ing FLAG-tagged menin, and 28 hr after transfection,
20 pg/mL of cycloheximide (CHX) was added into
the culture medium to prevent further protein synthe-
sis. Whole-cell lysates were prepared from samples
taken at 0 hr (control) and 6 hr after adding CHX, and
analyzed by Western blotting with an alkaline phos-
phatase-conjugated anti-FLAG monoclonal antibody
coupled with CDP-Star reagent. The membranes were
exposed to X-ray films, and density of the target bands
were scanned with a densitometer.

These studies were approved by the Institutional
Review Board of both the National Cancer Center
Research Institute and Shinshu University School of
Medicine.

Results

Stability of variant menin P373L
The intracellular stability of the putative products
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of the ¢.1118C>T mutation, P373L, was examined by
comparing the relative expression levels of mutant vs.
wild-type menin proteins expressed from a bicistronic
plasmid. The L22R mutant, a disease-causing muta-
tion associated with typical MEN1, was used as a pos-
itive control for unstable menin. Two plasmids were
constructed for each mutant, one expressing FLAG-
tagged wild type menin and Myc-tagged mutant
menin, the other expressing FLAG-tagged mutant
menin and Myc-tagged wild type menin. Using either
construct, the test showed that stability of the P373L
mutant was comparable to that of the L22R mutant
(Fig. 1A and 1B).

To confirm that the lowered protein level of the
mutant was due to rapid protein degradation, the
effects of CHX on the amounts of menin proteins were
analyzed. The results demonstrated the rapid reduc-
tion of P373L mutant after 6-hr treatment with CHX,
while the amount of the wild type menin was almost
unaffected (Fig. 1C). These findings suggest that the
¢.1118C>T mutation is likely a pathogenic mutation
causing MEN1.

Presymptomatic genetic testing for offSpring of the
proband

We confirmed an association between the muta-
tion and phenotype in the elder generation of the fam-
ily (generations I and 1I, Fig. 2) before offering pres-
ymptomatic genetic testing for her offspring. -1 and
II-3 did not have ¢.1118C>T mutation, and no abnor-
mal findings were found by biochemical and imaging
studies. Genetic testing of three sons (III-1,2,3, Fig.
2) was then performed and revealed that they all had
¢.1118C>T mutation.

Although they were asymptomatic, biochemical
screening indicated that they had early stage endocrine
abnormalities, consistent with results of genetic testing.
-1 was eucalcemic but intact PTH level was above
the normal range. Prolactin level of lI-2 was slightly
elevated, and IM-3 had hypercalcemia with unsup-
pressed PTH (Table 1). Although observed biochemi-
cal changes were subtle and imaging studies failed to
detect any abnormalities in either individual, it is likely
that they had already developed the disease. Indeed, in
contrast to sporadic PHPT, a significant proportion of
PHPT developed in MEN1 patients show marginal bio-
chemical abnormalities [17]. Future surveillance for
three sons was thus warranted.
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Fig. 1 Stability of missense mutant menin

Mutant menin protein was coexpressed with wild type menin in culture cells by transfection of a bicistronic plasmid vector
expressing either FLAG-tagged wild type and Myc-tagged mutant menin (A) or FLAG-tagged mutant and Myc-tagged wild type
menin (B). The relative expression levels of mutant to wild type menin were compared with those of control plasmid expressing
FLAG-tagged and Myc-tagged wild type menin proteins (Wt). Degradation rate of menin proteins was evaluated by CHX
experiments (C). The open and closed bars indicate the control and CHX-treated samples, respectively. The data are expressed as
relative values, with the control levels of each menin protein being a hundred per cent. The thin bars represent standard error of
the mean of three independent transfection experiments. P373L and L22R represent the missense menin mutant identified in this
study and that previously reported to cause typical MENT1, respectively. NS, not statistically significant (P>0.05).
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Fig.2 Pedigree of the patient with P373L mutation

Open square, male; Solid circle, female; E+, have had genetic analysis and P373L mutation was identified; E-, have had genetic
analysis and P373L mutation was not identified; P, proband; P-NET, pancreas neuroendocrine tumor



Unstable missense menin protein

Discussion

In the present study, we examined stability of the
mutant menin protein identified in a family with
MEN1. Our case had PHPT with involvement of
multiple glands and pancreas endocrine tumors. Her
mother also had a history of PHPT, but she was diag-
nosed with PHPT at the age of 69 and only one gland
was affected. Her mother has remained eucalcemic for
13 years since single gland parathyroidectomy and no
other endocrine diseases had developed to date, which
is an atypical clinical course of MEN1. Therefore, we
were cautious to conclude that the ¢.1118C>T missense
mutation was pathogenic based only on the segregation
pattern. Although an association of a different muta-
tion P373S at the same codon with typical MEN1 had
previously been reported [18], there are a number of
examples that different amino acid substitution at the
same codon exerts different clinical consequences.

Our present study demonstrated that the P373L mis-
sense menin protein is highly likely pathogenic as this
protein is apparently unstable compared to wild-type
menin. This finding encouraged us to offer presymp-
tomatic genetic testing for her sons, which resulted in
early diagnosis of the disease. Since the menin stabil-
ity test we established focuses on the stability of pro-
tein rather than its specific function, it enables a more
comprehensive verification of pathogenicity of mutant
menin. It might be argued that our in vitro method,
which quantitates proteins in fibroblast-derived cul-
ture cells, may not reflect menin stability in endocrine
cells. However, we have previously demonstrated an
apparent correlation between the clinical phenotype
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and stability of missense menin tested in various non-
endocrine as well as in endocrine cells [15, 16]. We are
also aware that the stability of menin missense mutants
is highly variable and that some mutants associated
with typical MEN1 are comparatively stable [16, 19].
Therefore, the pathogenicity of a missense mutation
giving rise to a stable mutant menin should be inter-
preted cautiously.

In conclusion, we examined the pathogenicity of
novel nucleotide substitution in the MENI gene using
a menin stability test. Our results strongly suggest that
¢.1118C>T mutation is pathogenic. The future collec-
tion of data on the stability of missense menin protein
will be of value in understanding the molecular patho-
genicity of menin variants.
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Objective: The aim was to provide guidelines for evaluation, treatment, and genetic testing for
multiple endocrine neoplasia type 1 (MEN1).

Participants: The group, which comprised 10 experts, including physicians, surgeons, and genet-
icists from international centers, received no corporate funding or remuneration.

Process: Guidelines were developed by reviews of peer-reviewed publications; a draft was pre-
pared, reviewed, and rigorously revised at several stages; and agreed-upon revisions were
incorporated.

Conclusions: MEN1 is an autosomal dominant disorder that is due to mutationsin the tumor suppressor
gene MEN1, which encodes a 610-amino acid protein, menin. Thus, the finding of MEN1 in a patient
has important implications for family members because first-degree relatives have a 50% risk of de-
veloping the disease and can often be identified by MENT mutational analysis. MEN1 is characterized
by the occurrence of parathyroid, pancreatic islet, and anterior pituitary tumors. Some patients may
also develop carcinoid tumors, adrenocortical tumors, meningiomas, facial angiofibromas, collageno-
mas, and lipomas. Patients with MEN1 have a decreased life expectancy, and the outcomes of current
treatments, which are generally similar to those for the respective tumors occurring in non-MEN1
patients, are not as successful because of multiple tumors, which may be larger, more aggressive, and
resistant to treatment, and the concurrence of metastases. The prognosis for MEN1 patients might be
improved by presymptomatic tumor detection and undertaking treatment specific for MEN1 tumors.
Thus, it is recommended that MEN1 patients and their families should be cared for by multidisciplinary
teams comprising relevant specialists with experience in the diagnosis and treatment of patients with
endocrine tumors. (J Clin Endocrinol Metab 97: 2990-3011, 2012)
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Summary of Recommendations

General recommendations
atients with multiple endocrine neoplasia (MEN) type
1 (MENT1) and their families should be managed by
amultidisciplinary team (MDT) consisting of relevant spe-
cialists with experience in the management of endocrine
tumors (21SEC0).

MDT representation should include specialist phy-
sicians {e.g. endocrinologist, gastroenterologist, and
oncologist) in the management of neuroendocrine tu-
mors (NET), endocrine surgeons, histopathologists
(with expertise in NET), radiologists (including those
with expertise in nuclear medicine), and clinical genet-
icists (21B000).

Genetic testing

MEN1 germline mutation testing should be offered to
index patients with MEN1 and their first-degree relatives.
This includes relatives who are either asymptomatic or
who have clinical manifestations of MENT1 (11B&€0).

MENI1 germline mutation testing of asymptomatic
relatives should be offered at the earliest opportunity
because MEN1 manifestations may occur by the age of
5 yr (21&000).

MEN1 germline mutation testing may be recom-
mended in individuals with an atypical MENT1 phenotype
(e.g. multigland hyperparathyroidism) (21&©00).

All individuals offered MEN1 mutation testing should
be provided with genetic counseling before testing
(11008D).

MENT1 germline mutation testing should be under-
taken by a clinical genetics laboratory accredited in mu-
tation analysis of the MENT gene (1/&&&®). If a coding
region MENT mutation is not identified, then testing for
partial or whole-gene deletion, or haplotype analysis of
the MENI1 locus, or analysis of other genes should be
considered (11BHDO).

Relatives of a patient with a known MEN1 mutation
should be offered MEN1 germline mutation analysis be-
fore biochemical and radiological screening tests for the
detection of MEN1 tumors, so as to avoid the burden of
undergoing multiple tests involving different modalities
and to reduce financial costs (11®&EER0).

Individuals who are found to have a MEN1 germline
mutation should be screened regularly (e.g. on an annual
basis) for development of MEN1-associated tumors

(LISBL0).

Screening for tumors

Individuals identified as having a high risk of develop-

ing MEN1-associated tumors [e.g. index cases (i.e. MEN1
patients) and their relatives who have been identified as
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having a MENT mutation] should be offered a program of
combined clinical, biochemical, and radiological screen-
ing as detailed below. The nature and timing of screening
will depend on local resources, clinical judgment, and pa-
tient preferences (21E€HO0).

Parathyroid tumors

Diagnosis

Screening for primary hyperparathyroidism should in-
clude annual assessment of plasma calcium and PTH con-
centrations (11PDED).

Treatment

Surgery performed by an experienced endocrine sur-
geon is the treatment of choice, although the optimum
timing has not been defined. Conventional open bilateral
exploration with subtotal parathyroidectomy (at least 3.5
glands) or total parathyroidectomy is recommended
(11©&®20). Concurrent transcervical thymectomy is also
suggested at the time of surgery (21E®00). Total para-
thyroidectomy with autotransplantation may be consid-
ered (21BMOB0O). Minimally invasive parathyroidectomy is
usually not recommended because multiple glands are typ-
ically affected (119SG0).

Pancreatic NET

Diagnosis

Screening for gastropancreatic NET should include, as
a minimum, an annual plasma biochemical evaluation of
a fasting gastrointestinal tract hormone profile that in-
cludes measurement of gastrin, glucagon, vasointestinal
polypeptide, pancreatic polypeptide, chromogranin A,
and insulin with an associated fasting glucose level
(21B00).

A consensus for optimum radiological screening has
not been established and will depend on local resources,
clinical judgment, and patient preferences. A suggested
minimum imaging protocol includes annual pancreatic
and duodenal visualization with magnetic resonance im-
aging (MRI), computed tomography (CT), or endoscopic
ultrasound (21BE00).

Treatment

The main aim is to maintain patients disease- and symp-
tom-free for as long as possible and to maintain a good
quality of life (11OSDD).

The aim of treatment for individuals with symptomatic
functioning pancreatic NET including insulinoma is to
achieve cure, if possible, by surgery (11SSSD).

The extent of disease should be evaluated fully before
planning specific therapy (11&&B0).




