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Context: Multiple endocrine neoplasia type 1 (MEN1) is an autosomal dominant disease caused by
mutations in theMEN1 gene characterized by a broad spectrum of clinical manifestations, of which
the most frequent are primary hyperparathyroidism, pituitary adenomas, and neuroendocrine
tumors.

Objective: The aim of this work was to facilitate interpretation of variants and improve the genetic
counseling and medical care of families of patients with MEN1.

Design, Setting, and Patients: The TENGEN network (Oncogenetics Network of Neuroendocrine
Tumors) has interpreted and collected all allelic variants and clinical characteristics of the MEN1-
positive patients identified through genetic testing performed in the French population from 1997
to 2015. Patients and their variants were registered in the locus-specific UMD-MEN1 database
(www.umd.be/MEN1/).

Main Outcomes: Variant classification, age-related penetrance, and odds ratios.

Results: A total of 370 distinct variants reported in 1676 patients, including 181 unpublished
variants, have been registered. This database analysis revealed a low frequency (6.6%) of benign or
likely benign missense variants in MEN1. Eight families (1.9%) had members with familial isolated
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Abbreviations: ADRE, adrenal tumor; BV, benign variant; DP-NET, duodenopancreatic
neuroendocrine tumor; FIHP, familial isolated hyperparathyroidism; HPTH, hyperpara-
thyroidism; INCa, Institut National de lutte contre le Cancer; indel, insertion and deletion;
LBV, likely benign variant; LPV, likely pathogenic variant; MEN1, multiple endocrine
neoplasia type 1; microRGT, microrearrangement; MLPA, multiplex ligation-dependent
probe amplification; NV, new variant; PIT, pituitary adenoma; PV, pathogenic variant;
RGT, rearrangement; TENGEN, Oncogenetics Network of Neuroendocrine Tumors; UMD,
Universal Mutation Database; UMD-MEN1, Universal Mutation Database for the MEN1
gene; VUS, variant of uncertain significance.
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hyperparathyroidism and harbored the same mutations as that found in families with authentic
MEN1. An association existed between large rearrangements and an earlier onset of the disease,
whereas no difference was observed between truncating and nontruncating variants.

Conclusion: The UMD-MEN1 database provides an exhaustive overview of the MEN1 variants
present in the French population. For each variant, a classification is publicly available. Clinical data
collections allow the determination of genotype-phenotype correlation and age-related penetrance
of lesions in the cohort. (J Clin Endocrinol Metab 104: 753–764, 2019)

Multiple endocrine neoplasia type 1 (MEN1) is an
inherited disease that predisposes carriers to pri-

mary hyperparathyroidism (HPTH), duodenopancreatic
neuroendocrine tumors (DP-NETs), pituitary adenomas
(PITs), adrenal tumors (ADREs), and thymic or bron-
chial neuroendocrine tumors (1). MEN1 is caused by a
heterozygous mutation in MEN1, a tumor suppressor
gene located in chromosome 11q13 (2, 3). MEN1
encodes menin, a 610 amino acid protein expressed in
numerous tissues (4, 5). Menin is a nuclear protein with
several molecular functions, such as chromatin, protein,
and DNA binding. This protein is also involved in many
biological processes, such as negative regulation of the
cell cycle, DNA repair, cytoskeletal components, regu-
lation of transcription (menin inhibits the transcrip-
tional activation by JunD), and regulation of telomerase
activity (4–7).

MEN1 disease may display various clinical associa-
tions; the criteria for diagnosis were first established in
Gubbio, Italy, and then regularly updated (8–10). MEN1
disease is usually described as an autosomal-dominant
tumoral syndrome that is very progressive with a high
penetrance during the lifespan (9, 11, 12). The clinical
expression of the disease is variable, depending on the
type of developed tumors. HPTH is present in 90% to
95% of cases (8, 10, 13–15). DP-NETs occur in 30% to
70% of patients with MEN1, and the third major
manifestation, PIT, is reported in 30% to 40%of patients
with MEN1 (10). The penetrance for all clinical features
increases to 95% at age 40 years (10, 16) An increased
risk for breast cancer has also been described in women
with MEN1 mutations (17).

In 2012, a group of experts, including physicians,
surgeons, and geneticists from international centers, pro-
vided guidelines for the evaluation and treatment of and
genetic testing for theMEN1 gene (10). They redefined the
bases forMEN1 diagnosis according to three categories of
criteria: (i) clinical criterion: a patient with two or more
MEN1-associated endocrine tumors (i.e., HPTH, DP-
NET, or PIT); (ii) familial criterion: a patient with one
MEN1-associated tumor and a first-degree relative with
MEN1; and (iii) genetic criterion: an individual who has
aMEN1mutation but does not have clinical or biochemical
manifestations of MEN1 (i.e., a mutant gene carrier) (10).

The group proposed three different situations in which
the MEN1 mutational analysis should be undertaken
(10): (i) in index cases with clinical MEN1; (ii) in index
cases with suspected or atypical MEN1, which includes
patients with HPTH before the age of 30 years, patients
with multigland or multiple diseases in the same gland at
any age (e.g., multigland parathyroid disease), or patients
harboring two or more MEN1-associated tumors, in-
cluding one other than HPTH, PIT, and DP-NET (e.g.,
HPTH plus ADRE); and (iii) in first-degree relatives of
knownMEN1mutation carriers, whether asymptomatic
or not.

Since the beginning of genetic testing, and owing to
early and suitable therapies, the discovery of a causal
variant in the MEN1 gene has reduced the morbidity of
patients with MEN1 (8, 10, 18, 19). The MEN1 gene
presents a broad spectrum of variants, including large
deletions, and truncating, missense, or splicing point
mutations (20). Nomutational hot spot has been defined,
but some recurrent mutations have been described
(20–23). The genotype-phenotype relationship remains
under debate. In some kindred, only HPTH appears
to develop in MEN1 variants carriers; this situation of
MEN1-mutation–related disease is referred as familial
isolated hyperparathyroidism (FIHP), a rare, heritable
disorder, characterized by hypercalcemia, inappropriately
high PTH levels, and isolated parathyroid tumors with no
evidence of hyperfunction of any other endocrine tissues
(24, 25). FIHP seems to be more associated with MEN1
missense variants (20). The age-dependent penetrance and
the variability of intra- and interfamilial expression of the
disease increase the difficulty of interpretation of allelic
variants in the MEN1 gene, particularly regarding spo-
radic patients with incomplete diagnosis criteria (22). In
this context, the discovery of nontruncating MEN1 var-
iants may be a challenge for interpretation.

Here, we present the French Universal Mutation
Database (UMD) for the MEN1 gene (UMD-MEN1)
developed with the UMD-Software. This project, fun-
ded by the Institut National de lutte contre le Cancer
(INCa) and the French Ministry of Health, was initiated
by a French national consortium and received the ef-
fective participation of the four French laboratories
performing a comprehensive MEN1 molecular analysis.
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The UMD-MEN1 database is a locus-specific database
designed to provide centralized and updated sequencing
data for MEN1 and interactive tools for the inter-
pretation of sequencing variants in an attempt to classify
the new variants (NVs) in one of the five classes of
pathogenicity in accordance with international recom-
mendations (26).

Materials and Methods

Organization of the MEN1 gene analysis in France
To facilitate access to health care, the French Ministry of

Health, via INCa, organized the genetic screening of French
patients by funding regional platforms of molecular biology.
Four laboratories belonging to the French Oncogenetics
Network of Neuroendocrine Tumors (TENGEN) performed,
until 2015, the totality of the MEN1 gene testing, according
to the international recommendations (10, 27). In France,
MEN1 genetic testing is performed in patients with clinical
MEN1 or suspected MEN1, including patients in whom
isolated HPTH has developed before the age of 50 years,
isolated PIT before the age of 30 years, isolated DP-NET,
regardless of age, isolated bronchial or thymic carcinoid
tumor, regardless of age.

Laboratory practices for MEN1 gene
molecular analysis

The genetic analyses were performed after written in-
formed consent was given by the patients during a one-on-one
genetic counseling session. The sequencing of the full coding
sequences and exon-intron junctions (210 to +10 nucleotides
from the splicing sites) of the MEN1 gene were performed in
all index cases. Genetic analyses were achieved using Sanger
sequencing or targeted next-generation sequencing from blood
leukocyte DNA. In case of negative sequencing screening, large
rearrangements (RGTs; i.e., a deletions or duplications of at
least oneMEN1 exon) were screened by quantitative multiplex
PCR of short fluorescent fragments or multiplex ligation-
dependent probe amplification (MLPA;MRC-Holland, Amsterdam,
Netherlands).

The screening of relatives was based on the targeted research
for the familial variants. Genotypes were double-checked on
two independent biological samples.

UMD-MEN1 database: data collection and
implementation for MEN1 variants

Project and online publishing was approved by the
French supervisory authority, Commission Nationale pour
l’Informatique et les Libertés (registration no. 908361) and
the national ethics committee, Comité Consultatif pour le
Traitement de l’Information en matière de Recherche dans le
domaine de la Santé (no. 07.421), and registered under
no. 91513.

An anonymized number was created for each patient and a
second number was generated for each family. Genetic and
phenotypic data were collected for patients with a MEN1
variant. Patients (index cases or relatives) with negativeMEN1
genetic testing or patients who only hadMEN1 polymorphisms
were not included in the database.

Clinical description
The laboratories in charge of the analysis collected clin-

ical data from all patients harboring a MEN1 variant.
Clinical data included the date of birth, the MEN1-related
clinical manifestation, the age at which the patient experi-
enced manifestations of MEN1 disease, and the presence of a
family history of MEN1 spectrum disorders. Cosegregation
data were collected when available.

Molecular data
All variants were annotated using the same reference

transcript (NM_130799) in the human genome GRCh37.
They were named according to the Human Genome Varia-
tion Society nomenclature before implementation in the
process (28). For all variants, the molecular data included
the variant and the notion of variant co-occurrence. In silico
predictions, including conservation level, SIFT, Polyphen 2,
UMD-Predictor, and splicing consequence estimates, were
collected.

Variant classification
Each variant was classified using a process consistent with

the guidelines of the American College of Medical Genet-
ics and Genomics in one of the following five classes (26): class
1: benign variant (BV); class 2: likely benign variant (LBV);
class 3: variant of uncertain significance (VUS); class 4: likely
pathogenic variant (LPV); and class 5: pathogenic variant.
Because of the many examples in the literature of pathogenic
midintronic or synonymous variants, these types of variants
were not excluded from the analysis and were classified using
the same method used for missense variants and micro-
rearrangements (microRGTs) (29).

Systematic literature and database reviews were performed.
Four additional pieces of information were also collected
according to the case-by-case relevance: (i) screening of parents
and relatives: to determine the de novo nature of the variant or
to assess the variant cosegregation in multiple affected mem-
bers; (ii) clinical phenotype and age of onset; (iii) additional
molecular testing, including the sequencing of genes involved
in phenocopies (i.e., AIP, HRPT2, CaSR, and CDKN1B),
screening of large RGTs by MLPA (the MEN1 MLPA kits also
explored AIP or CDKN1B) (18); and (iv) functional analysis:
splicing analysis by direct RNA sequencing, search for a loss of
heterozygosity in tumors, and in vitro testing of the mutation
(stability and splicing).

Each NV with the all the related data was submitted to
a consensus interpretation by the TENGEN expert group
during a biannual meeting to classify it and the NV then was
included in the UMD-MEN1 database.

Database description

Search tools
Database query is possible by the exon number, by the

type of mutation, or directly by the amino acid or nucleotide
position.

Interpretation tools
For each position and variant, all cases were listed and linked

to the literature references. In silico predictions, conserva-
tion level, SIFT, and UMD-Predictor estimates were directly
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integrated into the UMD database structure. They were au-
tomatically activated when the “summary” of the corre-
sponding variation was opened. A table and graphical view of
splicing analyses from Human Splicing Finder is available for
each intronic variant (30).

Statistical analysis
Statistical analyses were performed using Prism, version

6.0 (GraphPad Software, La Jolla, CA). Patients’ character-
istics were compared using the two-tailed Fisher exact test
for qualitative variables. The age-related penetrance of the
MEN1-related lesions and the first MEN1 manifestation were
estimated using the Kaplan-Meier method and analyzed with
the log-rank test (aka, Mantel-Cox test). Statistical signifi-
cance was set at P , 0.05.

Results

Characterization of the MEN1-positive patients
reported in the UMD-MEN1 database

From 1997 to 2015, 5754 index cases in France and
2065 relatives of index cases positive forMEN1mutation
were screened for MEN1 gene mutations (INCa data-
base). Over that period, the laboratories declared to the
health authorities thatMEN1 genetic testing was positive
in 721 index cases (12.5%). The cooperative effort made
by the TENGEN group has led to the recovery of the
molecular data of 680 index cases testing positive for
MEN1 that were referred in the UMD-MEN1 database,
underlining the completeness ofMEN1 data collection in
the French population. As expected in an autosomal-
dominant disorder, the genetic testing was positive in half
of MEN1-screened relatives (n = 996 MEN1-positive
relatives for 2065 screened relatives; 48.2%).

Clinical data were available for 95.7% of MEN1-
positive patients referred in the database (1604 of 1676;
Table 1, Supplemental Table 1). Females represented
55.3% of the entries; they were overrepresented in the
index cases category [OR, 1.396 (IC95% 1.196 to
1.629); P, 0.001, two-tailed Fisher exact test compared
with the female/male proportion in the French pop-
ulation (31)], but not among patients’ relatives [OR,
1.059 (IC95% 0.935 to 1.2)]. Follow-up data were
available for 867 patients (51.7%) for a total duration of
follow-up of 10,352 years (mean, 13.3 years; range,
0 to 18 years). The phenotype was undetermined for 72

patients. A total of 340 patients were asymptomatic;
1264 patients developed lesions: 102 with four major
MEN1 lesions, 300 with three major MEN1 lesions, 413
with two major MEN1 lesions, 446 with one major
MEN1 lesion, and 3 with atypical MEN1 (Supplemental
Table 1). One-third of the MEN1-positive relatives were
asymptomatic. The mean age at last follow-up of asymp-
tomatic relatives was 28 years (range, 0 to 88 years). The
age-related penetrance of the MEN1 manifestations was
consistent with the previous published data (Fig. 1) (8–16).
As expected, HPTH was the most common lesion in all
patients (79.9% of index cases and 57.6% of MEN1-
positive relatives). FIHP represented 1.9% of families (in-
cluding eight index cases and 10 relatives).

Characterization of the variants in the MEN1 gene
reported in the UMD-MEN1 database

Altogether, 370 different variants from the 1676 en-
tries were included in the UMD-MEN1 database (Fig. 2).
To our knowledge, more than half of theMEN1 variants
in the database have not been reported before in the
literature (n = 181 of 370; Supplemental Table 2).

Point variations
Nucleotide substitutions (i.e., nonsense, missense, splice

junction, midintronic, and synonymous variants) repre-
sented 64.9% of all MEN1 variants (n = 240 of 370;
Fig. 2). Missense variants were the most frequent type
(33%ofmutations; n = 122 of 370). Overall, 122missense
variants were registered and represented 26.2% of the
index cases.

Microrearrangements
Microrearrangements [i.e., deletions, insertions, du-

plications, insertions and deletions (indels) of one or few
bases] represented one-third of the mutational events in
the MEN1 gene (n = 122 of 370 variants) and were
present in 46.2% of the index cases. Most (88.5%)
microRGTs led to a frameshift in the coding sequence
inducing a premature codon stop and were, consequently,
truncating mutations.

Large RGTs
A large RGT is a rare event. Eight distinct, large

MEN1 deletions were identified, ranging from one exon

Table 1. Clinical Characteristics of the 1676 MEN1-Positive Patients in the UMD MEN1 Database

Patient
Type No.

% of
Total

Age at Molecular
Diagnosis, Mean

(Range), y

Female Male

Patients With
Follow-Up

Data
Duration of
Follow-Up,

Mean (Range), y

Asymptomatic
Patients

No. % No. % No. % No. %

All 1676 37.5 (0–88) 927 738 867 51.7 13.4 (0–18) 340
Index cases 680 40.6 44.5 (7–82) 400 58.8 269 39.6 310 45.6 13.3 (0–18)
Relatives 996 59.4 32.0 (0–88) 527 52.9 467 46.9 557 55.9 13.2 (0–18) 340 34.1
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to the entire gene deletion and represented 2.2% of the
different variants in the UMD-MEN1 database. No large
duplication was detected. A large RGT was found in 15
of the 680MEN1-positive index cases (2.2%), and in 85
relatives of these 15 index cases (overall frequency of
RGT in all relatives analyzed with or without a family
member with the RGT, 85 of 996 relatives; 8.5%)

Pathogenicity of the MEN1 variants
Seven MEN1 BVs were reported in the UMD-MEN1

database: two in the introns and five in the coding
sequence (Table 2) (32). All previously were reported
as polymorphisms.

Of the variants referenced in the UMD MEN1 data-
base, 73% were pathogenic variants (PVs) or LPVs
(Fig. 3). Despite the classification process, 16.2% were

VUSs; LBVs or BVs represented 10.8% of the MEN1
variants, and they were principally midintronic, synon-
ymous, or missense variants.

LPVs or PVs represented 60.9% of the MEN1 mis-
sense variants. One-third of the missense MEN1 variants
were VUSs, mainly owing to the lack of clinical and
segregation data. LBVs and BVs were uncommon in the
MEN1 gene, including the missense variants.

Co-occurring variants
Excluding BVs, five co-occurring variants were re-

ported in the UMD-MEN1 database (Table 3). The
occurrence of a VUS with LPV or PV was used to
reclassify the VUS as an LBV according to the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology guidelines (26).

Analysis of the MEN1 mutations spectrum in the
French population

Molecular data collection confirmed a large muta-
tional spectrum from MEN1-positive patients (Table 4).
Frameshift microRGTs (i.e., microdeletions, micro-
duplications, microinsertions, indels with frameshift
consequence) represented the most frequent type of
MEN1 variants identified in the index cases (43.8%);
the second most frequent type was missense vari-
ants (26.2%).

Excluding BVs, most variants were identified in only
one index case (74%; n = 269 of 363) or two index cases
(13%; n = 47 of 363), underlining the occurrence of
MEN1 private mutations in MEN1 patients. Only 47
variants were identified in three or more index cases
(13%); among them, only six variants were recurrent
MEN1 PVs with a frequency .1.5% in the index cases
referenced in the UMD-MEN1 database (Table 5).

Figure 1. Age-related penetrance for MEN1 and MEN1-related lesions in MEN1-positive patients and listed in the UMD-MEN1 database (n =
1403). Index cases and relatives harboring MEN1 VUSs or BV or LBV were not considered in this figure. (A) Graphical representation of age-
related penetrance for the three major MEN1-related lesions (HPTH, PIT, DP-NET) and age-related penetrance for the first major manifestation.
(B) Penetrance (reported as percentage) by age for MEN1 disease and the four major MEN1-related lesions. Uninjured patients, patients without
diagnosis of an MEN1-related lesion.

Figure 2. Repartitions in percentage of the different variants of
MEN1 by type of molecular event (n = 370 different variants).
Definitions of terms are as follows: splice junction: intronic
nucleotide variations in extreme positions (i.e., 210 to +10
nucleotides from the exons); midintronic: intronic nucleotide
variations in the intron center.
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Variants associated with FIHP
The UMD-MEN1 database revealed eight families

with FIHP (Table 6). Variants involved in FIHP were
frameshift microRGTs or nonsense variants in two
families and variants affecting splicing in three families.
Missense variants were reported in only one FIHP family.
Splicing variants were then overrepresented in French
FIHP families compared with the MEN1 families [OR,
5.49 (95% CI, 1.283 to 23.49); Fisher exact test
P = 0.04)].

Location of the MEN1 variation events across menin
Even if the variants were localized throughout the

gene, 65.1%of the causal or likely causalMEN1 variants
identified in the French population were located in exons
2 and 10, including four of six of the most frequent
variants ofMEN1 (Fig. 4; Table 5). Exon 10 harbors the
two most frequently mutated nucleotides: position 1546
is the seat of frameshift microRGTs (31 deletions and 8
duplications) in 39 index cases (5.8%), and position
1378 showed a nonsense change in 18 index cases and
a frameshift microRGT in 5 index cases. The LBVs

involving the coding sequence also more frequently oc-
curred in exon 10 (n = 13 of 29).

Genotype and phenotype correlations
We compared the age of onset of MEN1-related le-

sions in three populations of patients: those with large
RGTs, those with truncating variants, and those with
nontruncating variants. Variants affecting splice junc-
tion, synonymous or midintronic variants, or variants
causing start-codon loss were not included in the anal-
ysis, because of the lack of systematic cDNA sequencing,
to determine if they caused a premature stop codon.
Index cases and relatives harboring MEN1 variants of
unknown significance or benign, or likely benign, vari-
ants were also not considered in this analysis. The three
populations were similar in terms of age at last follow-up
and age at molecular diagnosis (Supplemental Fig. 1) for
index cases and relatives.

All patients with MEN1 with large MEN1 RGTs
had earlier onset of lesions than did patients with MEN1
with nontruncating or truncating variants (Fig. 5). HPTH
and PITs manifested earlier in patients harboring large

MEN1 RGTs than in patients with
nontruncating or truncating variants
(Fig. 5), but the age at onset of DP-
NETs was similar. For the patients
harboring large MEN1 RGTs, the
median ages, reported as years (range),
at occurrence of the first lesion, HPTH,
PIT, DP-NET, and ADRE were, re-
spectively, 28 (10 to 74), 30 (10 to 74),
22 (14 to 60), 34 (12 to 68), and 43
(21 to 55). The first lesion of MEN1
developed earlier in patients with
truncating variants than in patients
with nontruncating variants (log-rank
test P = 0.012), but the age at onset of
each major MEN1-related manifes-
tation was similar. For the patients

Table 2. Molecular Description of the Seven BVs Referred to in the UMD-MEN1 Database and Minor Allele
Frequency Reported in the gnomAD Browser

Genomic Change
(GRCH37) Intron/Exon

Nucleotide Change
NM_130799

Amino Acid
Change

Molecular
Event

gnomAD Minor Allele
Frequency, %

Chr11:g.64577620G.C Intron 1 c.-23-16C.G Midintronica 16.65
Chr11:g.64577147G.A 2 c.435C.T p.(Ser145Ser) Synonymous 2.86
Chr11:g.64575505C.T 3 c.512G.A p.(Arg171Gln) Missense 1.22
Chr11:g.64572602G.A 9 c.1254C.T p.(Asp418Asp) Synonymous 38.55
Chr11:g.64572557A.G 9 c.1299C.T p.(His433His) Synonymous 0.76
Chr11:g.64572403C.G Intron9 c.1350+103G.C Midintronic 31.82
Chr11:g.64572018T.C 10 c.1621G.A p.(Ala541Thr) Missense 6.6

aIntronic nucleotide variations in the intron center (beyond the 210 or +10 positions).

Figure 3. Repartition of the total MEN1 variants referred in the UMD MEN1 database by
class of pathogenicity. (A) Repartition of the 370 different MEN1 variants by class of
pathogenicity. (B) Repartition of the 122 MEN1 missense variants by class of pathogenicity.
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harboring truncating variants, the median ages, reported
as years (range) of occurrence of the first lesion, HPTH,
PIT, DP-NET, and ADRE were, respectively, 34 (4 to 80),
36 (4 to 80), 33 (12 to 82), 39 (9 to 76), and 43.5 (14 to
80). For the patients with nontruncating variants, the
median ages were, respectively, 36 (3 to 76), 38 (12 to 76),
33 (11 to 72), 44 (12 to 76), and 47 (3 to 75).

Discussion

Position of the UMD-MEN1 database in public
databases and database update

UMD-MEN1 is a public, open-access database ac-
cessible through the framework of the Human Ge-
nome Variation Society (www.hgvs.org or www.umd.be/
MEN1/). With 370 variant entries, the UMD-MEN1
database is the first database collecting the MEN1 var-
iants and proposing molecular interpretation at no
charge for all registered variants by an expert group.
With 181 unreported MEN1 variants, the UMD-MEN1
database complements the knowledge of the MEN1
mutation spectrum. As with all UMD databases, the
UMD-MEN1 database allows interpretation of sequence
variants with online interactive in silico tools, such as
SIFT, UMD-predictor, or Human Splicing Finder. For
registered patients, age at MEN1 onset is the only ac-
cessible clinical data.

Database update
Implementations of NVs are performed when they are

communicated to the curator. Twice a year, the TEN-
GEN group reviews the classification of NVs. The cu-
rator updates the literature, molecular data, clinical data,
and results of functional analysis. The UMD-MEN1
database is then upgraded.

The UMD-MEN1 database provides an overview of
MEN1 variants present in the French population

With data collected from 680 MEN1-positive index
cases from 1997 to 2015, the UMD-MEN1 database

provides a comprehensive overview of MEN1 variants
present in the French population. The relative low fre-
quency of MEN1 variants in the tested index cases is
explained by the broad indication for MEN1 genetic
screening. Classification of patients according to their
status as index cases or relatives enables accurate sta-
tistical analysis of variant frequency according to the
types of molecular events.

In accordance with previous studies, we foundMEN1
variants are distributed all along the gene. Over-
representation of variants in exons 2 or 10 has been
classically attributed to the proportionally larger size of
these two exons. Nevertheless, variants in exons 2 or 10
represent 50% of the MEN1 microRGTs and punctual
variants, highlighting the requirement to entirely cover
the MEN1 coding sequence in high-throughput se-
quencing strategies. Six recurrent variants were reported
in the UMD-MEN1 database with a frequency .1.5%
(Table 5). The relatively high frequency of five of these six

Table 3. Co-Occurrence of Variants Within the Same Patient in the UMD-MEN1 Database and Clinical
Characteristics of the Patients

First Variant: PV, LPV, or VUS Second Variant: LBV or VUS Patients’ Description

Nucleotide
Change

Amino Acid
Change

Variant
Classification

Nucleotide
Change

Amino Acid
Change

Variant
Classification

Phenotype
of Patient

Age of
Onset (y) Sex

1 c.842G.A p.(Gly281Glu) LPV c.655-6C.A p.(?) VUS PIT 17 Female
2 c.654+1G.A p.(?) PV c.61C.A p.(Arg21Ser) LBV DP-NET, HPTH 30 Female
3 c.629C.T p.(Thr210Ile) VUS c.609C.T p.(Asn203Asn) LBV DP-NET, ADRE 82 Female
4 c.1382_

1390dup
p.(Glu461_

Glu463dup)
PV c.1541C.T p.(Pro514Leu) LBV HPTH 34 Female

5 c.628_631del p.(Thr210Serfs*13) PV c.1-6C.T p.(?) LBV HPTH,DP-NET,
PIT, ADRE

39 Male

Table 4. Type and Number of Variation Events of
the MEN1 Gene From Patients Referenced in the
UMD-MEN1 Database

All Patients
Index
Cases Relatives

No. % No. % No. %

Total 1676 680 996
Frameshift microRGT 593 35.4 298 43.8 375 37.7
Missense 375 22.4 178 26.2 197 19.8
Nonsense 283 16.9 100 14.7 183 18.4
Splice junctiona 172 10.3 67 9.9 105 10.5
Large RGT 100 6 15 2.2 85 8.5
Midintronicb 71 4.2 64 9.4 7 0.7
Synonymous 46 2.7 29 4.3 17 1.7
In-frame microRGT 42 2.5 16 2.4 26 2.6
Start loss 4 0.2 3 0.4 1 0.1

a Intronic nucleotide variations in extreme positions (210 to +10 nu-
cleotides from the exons).
bIntronic nucleotide variations in the intron center (beyond 210 or +10
nucleotides from the exons).
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variants has been previously highlighted (20). We also
identified one frequent variant in exon 9 in the French
population, c.1252G.A, p.(Asp418Asn), suggesting a
founder effect in France.

Large RGTs were reported with a frequency of 2.2%
in index cases, underlying the need to perform copy-
number variation screening byMLPA or next-generation
sequencing in cases of patients with MEN1 without
variants identified in the MEN1 coding sequence. Ac-
cording to the literature, no mutation could be found in
10% to 30% of patients suspected of having MEN1,
despite an extensive analysis of the MEN1 locus (20,
33, 34).

The UMD-MEN1 database confirmed that the most
frequent variant types in index cases with MEN1 genetic
testing were frameshift microRGTs (43.8%) and mis-
sense variants (26.2%) (20). Interpretation of missense
variants may be difficult, in particular in sporadic pre-
sentation with incomplete phenotype. The implemented
process for interpretation allowed classification of 68%
of the missense variants as (likely) benign or (likely)
pathogenic. Missense variants reported as PVs or LPVs
represented 61.5% of the missense variants, against
6.6% for the BV or LBVs. The low number of BVs or

LBVs is in agreement with the low number of known
polymorphisms identified in theMEN1 gene (i.e., four in
the coding region) (35). Missense BVs or LBVs are fre-
quently identified in exon 10. For these variants, in silico
three-dimensional modeling was not contributive, be-
cause of a probable moving loop in the protein structure
(PyMOL), supporting the evidence of a benign effect
(36). The remaining 32% of variants were classified as
VUS, awaiting supplemental data from cosegregation
studies or functional studies.

Genotype-phenotype correlations
The clinical data in the UMD-MEN1 database

allowed us to establish age-related penetrance of the first
MEN1 manifestations and age-related penetrance of
HPTH, PIT, DP-NET, and ADRE. Because of the large
number of families and the various types of mutant
events, the UMD-MEN1 database cohort was relevant
and accurate for the description of the MEN1-positive
patients’ outcome.

The UMD-MEN1 database revealed a phenotype
difference between patients harboring large RGTs
and those with truncating or nontruncating variants.
All considered patients with MEN1 with large RGTs

Table 5. UMD-MEN1 Variants With a Frequency >1.5% in Index Cases

Exon Nucleotide Change Amino Acid Change Type of Event

Index Cases in UMD-
MEN1 Database

Frequency in
Patients With MEN1
Reported in Lemos
and Thakker,20 %No. Frequency,a %

10 c.1546dup p.(Arg516Profs*15) Frameshift duplication 31 6 2.7
2 c.249_252delGTCT p.(Ile85Serfs*33) Frameshift deletion 18 3.5 4.5
10 c.1378C.T p.(Arg460*) Nonsense 18 3.5 2.6
9 c.1252G.A p.(Asp418Asn) Missense 14 2.7 NR
3 c.628_631delACAG p.(Thr210Serfs*13) Frameshift deletion 12 2.3 2.5
2 c.292C.T p.(Arg98*) Nonsense 10 1.9 1.5

Abbreviation: NR, not reported.
aFrequencies of variants are expressed regarding the 517 index cases harboring a PV or LPV in the UMD-MEN1 database.

Table 6. MEN1 Variants in Families With FIHP in the UMD-MEN1 Database

Family Familial Variant Type of Variant Class

Index Cases MEN1-Positive Relatives

Age at HPTH
Diagnosis, (y)

Age at Last
Follow-Up (y)

Age at HPTH
Diagnosis, (y)

Age at Last
Follow-Up (y)

F1 c.79_88del, p.(Leu27Argfs*89) Frameshift mRGT PV 28 42 36 44
F2 c.202_206dup, p.(Asp70Profs*51) Frameshift mRGT PV 43 43 21 21
F3 c.1069G.C, p.(Asp357His) Missense PV 47 63 15;20 21;36
F4 c.957C.A, p.(Tyr319*) Nonsense PV 40 40 76 76
F5 c.1213C.T, p.(Gln405*) Nonsense PV 35 55 32 32
F6 c.783+1G.A, p.(?) Splice junctiona PV 31 31 14;61 14;61
F7 c.1050-1G.C, p.(?) Splice junction PV 43 43 42 42
F8 c.1351-1G.T, p.(?) Splice junction PV NA 89 25 63

Abbreviations: mRGT, microrearrangement; NA, not available.
aIntronic nucleotide variations in extreme position (210 to +10 nucleotides from the exons).
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experienced earlier first MEN1 manifestation. HPTH
and PIT developed at an earlier age than in patients with
truncating or nontruncating variants. This difference of
PIT outcomes is not due to the association of AIP gene
deletion, located in 11q13.2 near the 11q13.1 MEN1
locus and involved in hereditary familial pituitary ade-
nomas (37). In more than half of patients (those most
recently tested), MLPA did not found an AIP deletion
associated with MEN1 deletion. Overall, these data
support earlier molecular screening in families with large
RGTs.

FIHP was a rare event in families in the UMD-MEN1
database (18 MEN1-positive patients in 8 of 416 fami-
lies; 1.9%). FIHP was not preferentially associated with
missense variants in our series, in contrast to the findings
of others (20, 24). Each of the variants identified in FIHP
was also reported in at least one MEN1-positive index
case in the database harboring the other major MEN1-
related lesions, except for the variants of the families F6
and F7 (Table 5). Both F6 and F7 variants affected
splicing and were reported in the literature on patients
with MEN1 (38, 39). In the first case, phenotypic de-
scription of the patient was not available; in the second
case, the patient was reported as harboring HPTH,
PIT, and DP-NET. In the F6 and F7 families, four of
five patients were younger than 50 years and were still
subject to development of secondary MEN1-related le-
sions. These data did not allow for adapting the clinical
treatment of the MEN1-positive patients in the FIHP
families to be different than the treatment in MEN1
families.

The UMD-MEN1 database can improve the genetic
counseling and medical care of families of patients
with MEN1

The identification of theMEN1 gene in 1997modified
the landscape of MEN1 disease in MEN1 families by

providing a predictive test for the risk
of MEN1 lesions developing in rela-
tives (2). Today, because of the dis-
covery of VUS, MEN1 genetic testing
remains challenging in patients and
families in which genetic analysis was
uninformative. For example, in the
MEN1 ClinVar dataset, 37.2% of the
MEN1 variants are VUS (n = 256 of
688); this proportion increases to
80.6% in the category of missense
variants (n = 187 of 232). In the UMD-
MEN1 database, the collaborative
work among laboratories, geneticists,
and physicians led only 60 of all 370
variants (16.2%) and only 39 of 122 as

missense variants (32%), to be qualified as VUS (Fig. 3).
Theoretically, VUS is a transitional classification state.
VUSs should not be used in medical decisions for the
patient or relatives. Concerted efforts between geneti-
cists and physicians have to be undertaken to resolve
the VUS classification, incorporating a detailed pheno-
typic description. Testing additional family members
for segregation analysis or functional analysis could re-
sult in the classification of these variants, but this is
not always practicable. Extensive segregation studies are
often difficult to perform, owing to the lack of compli-
ance of patients and their relatives, the time required for
the physicians and laboratories, and the expense. The
interpretation of segregation studies may be difficult,
because of the age-dependent penetrance and expres-
sivity of the disease. The accumulation of data from
several families harboring the same variants should
compensate for lack of intrafamilial data. That is why
sharing data on genes, variants, and phenotypes, through
databases, is key to offering optimal care to patients and
their families.

In conclusion, the UMD-MEN1 database is a locus-
specific database designed to provide centralized and
updated sequencing data forMEN1 and interactive tools
for the interpretation of sequence variants. Thanks to a
publicly funded national collaborative network (the
TENGEN group), the UMD-MEN1 database provides
an exhaustive overview of the MEN1 variants present in
the French population. Knowledge sharing, standardi-
zation efforts, and implementation have contributed to
the extensive expertise of the TENGEN group in the
classification of MEN1 variants. To date, the database
contains data on 370 different variants from 1676 pa-
tients, including 181 NVs. The UMD MEN1 database is
also open to other laboratories worldwide. For each
variant, a classification, resulting from a consensus in-
terpretation based on the clinical data collection from

Figure 4. Repartition by exons and classification of pathogenicity of the variants identified in
the 536 index cases with MEN1 variants in the coding sequence.
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patients and a standardized analysis, is publicly available.
The UMD-MEN1 database represents a public knowl-
edge base, allowing access to original data and interactive
tools to help geneticists andmolecular biologists interpret
their sequencing results in patients with MEN1.
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4. Balogh K, Rácz K, Patócs A, Hunyady L. Menin and its interacting
proteins: elucidation of menin function. Trends Endocrinol Metab.
2006;17(9):357–364.

5. Yang Y, Hua X. In search of tumor suppressing functions of menin.
Mol Cell Endocrinol. 2007;265-266:34–41.

6. Dreijerink KMA,Mulder KW,Winkler GS, Höppener JWM, Lips
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(INSEE). 2017 Demographic Report. https://www.insee.fr/en/
statistiques/3533493. Accessed 19 October 2018.

32. gnomAD. Available at: gnomad.broadinstitute.org/. Accessed 24
September 2018.

33. Cebrián A, Ruiz-Llorente S, Cascón A, Pollán M, Dı́ez JJ, Picó A,
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