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Context: Multiple Endocrine Neoplasia type 1 (MENL1) is ariasomal dominant disease
caused by mutations in tiENL gene characterized by a broad spectrum of clinica
manifestations, of which the most frequent are primhyperparathyroidism, pituitary
adenomas, and neuroendocrine tumors.

Objective: The aim of this work is to facilitate interpretatiof variants and improve the
genetic counseling and medical care of MEN1-patidamilies.

Design, Setting, and PatientsThe TENGEN network (French oncogenetics network of
neuroendocrine tumors) has interpreted and cotlegitaallelic variants and clinical
characteristics of thRIEN1-positive patients identified through genetic tegtperformed in
the French population from 1997 to 2015. They weggstered in a locus-specific database
called the UMD-MENL1 database (www.umd.be/MEN1/).

Main Outcomes: variant classification, age-related penetrancesadtio.

Results: Three hundred seventy distinct variants reportell6@6 patients, including 181
unpublished variants, have currently been regidtéfrbis database analysis pointed out the
low frequency of benign or likely benign missenseiants inMEN1 (only 6.6%). Eight
families (1.9%) presented a familial isolated hyyeathyroidism and harbored the same
mutation found in authentic MEN1-families. An asabion exists between large
rearrangements and an earlier onset of the diseageeas no difference was observed
between truncating and non-truncating variants.

Conclusion: UMD-MEN1 database provides an exhaustive ovenaéthhe MEN1 variants
present in the French population. For each varanlassification is publicly available.
Clinical data collections allow the determinatidrgenotype-phenotype correlation and age-
related penetrance of lesions in the cohort.

The French TENGEN network has interpreted 370 MEN1 variants and registered 1676 MEN1-positive
patients in the UMD-MEN1 database. Clinical data were analyzed to determine the patients’ outcome.

INTRODUCTION:

Multiple endocrine neoplasia type 1 (MENL1) is ahdrited disease that predisposes carriers
to primary hyperparathyroidism (HPTH), duodeno-paatic neuroendocrine tumors (DP-
NETS), pituitary adenomas (PITs), adrenal tumofSRESs), and thymic or bronchial
neuroendocrine tumors (1). MENL1 is caused by arbeygous mutation iMEN1, a tumor
suppressor gene located in chromosome 11913 (@2E)1encodes the menin, a 610 amino
acid protein expressed in numerous tissues (4,8hiis a nuclear protein with several
molecular functions, such as chromatin, protein, RNA binding. This protein is also
involved in many biological processes, such as tegeegulation of the cell cycle, DNA
repair, cytoskeletal components, regulation ofgcaiption (menin inhibits the transcriptional
activation by JunD), and regulation of telomerasevay (4—7).

MENZ1 disease may display various clinical assoaiej and the criteria for diagnosis
were first established in Gubbio (Italy) and thegularly updated (8—10) MENL1 disease is
usually described as an autosomal dominant tunsgradrome that is very progressive with a
high penetrance during the lifespan (9,11,12). dilmecal expression of the disease is
variable depending on the type of developed tumdPSTH is present in 90 to 95% of cases
(8,10,13-15). DP-NETSs occur in 30 to 70% of paseand the third major manifestation,
PIT, is reported in 30 to 40% of the MEN1 patigfi8). The penetrance for all clinical
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features increases to 95% at age 40 (10,16) Aeased risk for breast cancer has also been
described irMEN1-mutated women (17).

In 2012, a group of experts, including physiciasmsgeons, and geneticists from
international centers, provided guidelines forekeluation, treatment, and genetic testing for
theMEN1gene (10).

They redefined the basis for MEN1 diagnosis a€lijical criteria: a patient with 2 or
more MEN1-associated endocrine tumors (i.e., HFOPENET, or PIT); 2) Familial criteria:

a patient with 1 MEN1-associated tumor and a fiesgree relative with MEN1;

3) Genetic criteria: an individual who ha$/&N1 mutation but does not have clinical or
biochemical manifestations of MEN1 (i.e., a mutg@ne carrier) (10).

They proposed four different situations in whick BBEN1 mutational analysis should be
undertaken (10):

- inindex cases with clinical MENL1 (see above);
- inindex cases with suspected or atypical MEN1 cWiincludes:
0 patients with HPTH before the age of 30;

0 patients with multi-gland or multiple diseasesha same gland at any age (example: multi-gland
parathyroid disease);

0 or patients harboring 2 or more MEN1-associatedisfrincluding one other than HPTH, PIT, and

DP-NET (example HPTH + ADRE).

- infirst-degree relatives of knowMEN1 mutation carriers, whether asymptomatic or not.

Since the beginning of genetic testing, and dueatty and suitable therapies, the
discovery of a causal variant in tNEEN1 gene has reduced the morbidity of the MEN1-
related patients (8,10,18,19).

TheMEN1gene presents a broad spectrum of variants, imgudrge deletions, and
truncating, missense, or splicing point mutatidz®)(No mutational hot spot has been
defined, but some recurrent mutations have beesrides (20-23). The genotype-phenotype
relationship remains under debate. In some kindvige\ 1 variants carrier appears to
develop only HPTH, this situation MEN1-mutation related disease is referred as Familial
Isolated Hyperparathyroidism (FIHP), a rare hetéabisorder, characterized by
hypercalcemia, inappropriately high PTH levels, audated parathyroid tumors with no
evidence of hyperfunction of any other endocrissues (24,25). FIHP seems to be more
associated wittMEN1missense variants (20).. The age-dependent peneteand the
variability of intra- and inter-familial expressiaf the disease increase the difficulty of
interpretation of allelic variants in tdEN1 gene, particularly regarding sporadic patients
with incomplete diagnosis criteria (22). In thistext, the discovery of non-truncating
MENZ1 variants may be a high challenge for interpretatio

Here we present the French Universal Mutation Dedalfor theMEN1gene (UMD-
MEN1) developed with the UMD-Software. This projéatded by thénstitut National de
lutte contre le CancefINCa) and the French Ministry of Health was eiigd by a French
national consortium and received the effectiveipiggtion of the four French laboratories
performing a comprehensiW¢EN1 molecular analysis. The UMD-MENL1 database is a
locus-specific database designed to provide cérghbnd updated sequencing data for
MEN1and interactive tools for the interpretation ofjsencing variants in an attempt to
classify the new variants (NVs) in one of the folasses of pathogenicity in accordance with
the international recommendations (26).

MATERIALS AND METHODS:

Organization of the MEN1 gene analysis in France:
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To facilitate access to health care, the Frenchd#inof Health via the INCa organized the
genetic screening of French patients by fundingoresy platforms of molecular biology.
Four laboratories belonging to the TENGEN netwdtie(ich oncogenetics network of
neuroendocrine tumors) performed, until 2015, ttelity of theMEN1 gene testing,
according to the international recommendationsafi® GTE (French Tumeur Endocrine
Group), available on http://www.reseau-gte.org)Ftance MEN1genetic testing is
performed in patients with clinical MEN1 or susgetMENL1, including patients developing
isolated HPTH before the age of 50, isolated Pifbieethe age of 30, isolated
neuroendocrine duodenopancreatic tumor, regardfesge, or in patients with isolated
bronchial or thymic carcinoid tumor regardless gé.a

Laboratory practices for MEN1 gene molecular analysis:

The genetic analyses are performed after writtéarined consent of the patients
during a one-on-one genetic counseling sessions&faencing of the full coding sequences
and exon-intron junctions (-10 to +10 nucleotidesif the splicing sites) of the MEN1 gene
were performed in all index cases. Genetic analygze achieved using Sanger sequencing
or targeted next-generation sequencing (NGS) frimodleukocyte DNA. In case of
negative sequencing screening, large rearranger(fR@{®s; i.e. a deletions or duplications
of at least on&EN1 exon) were screened by quantitative multiplex pwyase chain
reaction (PCR) of short fluorescent fragments (QMPS multiplex ligation-dependent
probe amplification (MLPA®, MRC-Holland, Amsterdaidplland).

The screening of relatives is based on the targetsshrch for the familial variants.
Genotypes were double-checked on two independeludical samples.

UMD-MENL1 database: Data collection and implementatin for MEN1 variants
Both project and on-line publishing were approvgdhe French supervisory authority CNIL
(Commission Nationale pour I'Informatique et leb&ités, registration no.908361, 17 juillet
2009) and the national ethics committee CCTIRS (iBo@onsultatif pour le Traitement de
I'Information en matiere de Recherche dans le domde la Santé, no. 07.421, 22
November 2007) and registered under n° 91513.

An anonymized number was created for each patmhtasecond number was generated
for each family. Genetic and phenotypic data wetkected for patients with RIEN1
variant. Patients (index cases or relatives) wibhativeMEN1 genetic testing or patients
presented only witMEN1 polymorphisms were not included in the database.

Clinical description

The laboratories in charge of the analysis coltectaical data from all patients harboring a
MENZ1 variant. Clinical data included the date of bitthe MEN1-related clinical
manifestation, the age of the manifestations, hagtesence of a family history of MEN1
spectrum disorders. Co-segregation data were tetlegchen available.

Molecular data

All variants were annotated using the same referéranscript (NM_130799) in the human
genome GRCh37. They were named according to theF&H@menclature before
implementation in the process (27). For all vasattie molecular data included the variant,
and the notion of variant co-occurrentresilico predictions, including conservation level,
SIFT, Polyphen 2, UMD-Predictor, and splicing cansance estimates were collected.

Variant classification
Each variant was classified using a process camigtith the guidelines of the American
College of Medical Genetics and Genomics in ontheffive classes below (26):

class 1: benign variant (BV)

class 2: likely benign variant (LBV)
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class 3: variant of uncertain significance (VUS),
class 4: likely pathogenic variant (LPV)

class 5: pathogenic variant (VP).

Due to the many examples in the literature on gghc mid-intronic or synonymous
variants, this type of variants were not excludedn the analysis and were classified using
the same method than that used for missense v&aadtmicrorearrangements (28),

A systematic literature and database review wa®peed. Four additional pieces of
information were also collected according to theechy-case relevance:

- screening of parents and relatives: to deterrttiaede novonature of the variant or to assess the
variant co-segregation in multiple affected mempers

- clinical phenotype and age of onset;

- additional molecular testing including the sequirg of genes involved in phenocopiédR, HRPT2
CaSRandCDKN1B), large RGTs screening by MLPA (please note thaMEN1 MLPA kits also
exploredAIP or CDKN1B) (29);

- functional analysis: splicing analysis by dirEtIA sequencing, search for a loss of heterozygosity

(LOH) in tumors, andn vitro testing of the mutation (stability and splicing).

Each newly identified variant (NV) with the wholelated data was submitted to a
consensus interpretation by the French TENGEN éxypeup during a biannual meeting to
classify it them and was then implemented in theRJMENL1 database.

Database description

Search tools
Database query is possible by positioning in thdingpsequence, by the type of mutation, or
directly by the amino acid or nucleotide position.

Interpretation tools

For each position and variant, all cases werediated linked to the literature references.
silico predictions, conservation level, SIFT, and UMDdtec®or estimates were directly
integrated into the UMD Database structure. Theyaartomatically activated when opening
the “summary” of the corresponding variation. Aleaand graphical view of splicing
analyses from HSF (Human Splicing Finder) is avdddor each intronic variant (30).

Statistical analysis:

Statistical analyses were performed using Prisf@ (GraphPad Software, La Jolla, USA).
Patients’ characteristics were compared usingvileetailed Fisher’'s exact test for qualitative
variables. The age-related penetrance of the ME\tad lesions and the first MEN1
manifestation were estimated using the Kaplan—Maethod and analyzed with the log-rank
test (Mantel Cox). Statistical significance wasfeeta p-value inferior to 0.05.

RESULTS:

1 — Characterization of theMEN1-positive patients reported in the UMD-MENL1 databas:

From 1997 to 2015, 5,754 index cases and 2,065we$ ofMEN1-mutation positive
index cases were screened for MiEN1 gene mutations in France (data from the INCa
database). Over that period, the laboratories cetk® the health authorities that MIEN1
genetic testing was positive in 721 index caseH@2 The cooperative effort made by the
TENGEN group has led to the recovery of the mokecdata of 680MEN1-positive tested
index cases, that were referred in the UMD-MENZXMHOase, underlining the completeness of
MENZ1 data collection in the French population. As expeédén an autosomal dominant
disorder, the genetic testing was positive in bAMEN1-screened relatives (n=996 MEN1-
positive relatives for 2,065 screened relatives2%8.
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Clinical data were available for 96.1%MEN1-positive patients referred in the
database (1,605/1,676; Table 1 and Supplement# TabFemales represented 55.3% of the
entries; they were overrepresented in the indegscaategory (OR: 1.396 (1.196-1.629),
p<0.001, two-tailed Fisher exact test comparethédemale/male proportion in the French
population — INSEE 2018 Demographic Profile), bot in the relatives (OR 1.059 (0.935-
1.2)). Follow-up data were available for 867 pasgid1.7%), for a total duration of follow
up of 10,352 years (mean 13.3 years (min O to n8ayears)). The phenotype was
undetermined for 72 patients. 340 patients werenptymatic. 1264 patients have developed
lesions, including: 102 patients with 4 major MEN&ions, 300 with 3 major MENL1 lesions,
413 with 2 major MENL1 lesions, 446 symptomatic witmajor MEN1-lesions, and 3
patients with atypical MEN1 (Supplemental TableQie third of the MEN1-positive
relatives were asymptomatic. The mean age of ¢disti-up of asymptomatic relatives was
28 years (range 0 to 88 years). The age-relateetgarce of the MEN1 manifestations was
consistent with the previous published data (Figyré8—16). As expected, HPTH was the
most common lesion in all patients (79.9% of indages and 57.6% of MEN1-positive
relatives). FIHP represented 1.9% of families (iaohg 8 index cases and 10 relatives).

2 — Characterization of the variants in theMEN1 gene reported in the UMD-MENL1 database
Altogether, 370 different variants from the 1,6 Térees were included in the UMD-MEN1
database (Figure 2). More than half of MEN1 variants presented in the database were
never reported before in the literature (n=181/&pplemental Table 2).

Point variations:

Nucleotide substitutions (non-sense, missenseesplnction, mid-intronic, and synonymous
variants) represented 64.9% (n=240/370; Figurd #)eowholeMEN1variants. Missense
variants were the most frequent type, and reprede38% of mutations (122/370). Overall,
122 missense variants were registered, and repesis26.2% of the index cases.

Microrearrangements (microRGTS):

MicroRGTSs (deletions, insertions, duplications,afsdof one or few bases) represented one
third of the mutational event in tMEN1gene (33%, 122/370 variants) and was present in
46.2% of the index cases. Over 88% (88.5%) of tleaRGTs led to a frameshift in the
coding sequence inducing a premature codon stogvarelconsequently truncating
mutations.

Large RGTs:

Large RGT is a rare event. Eight distinct lakiEN1 deletions were identified, ranging from
one exon to the entire gene deletion, and repredehP% of the different variants in the
UMD-MEN1 database. No large duplication was detbdiarge RGT was found in 15 of the
680MEN1-positive index cases (2.2%), and in 85 relativesmging to these 15 index cases
(overall frequency of RGT in all relatives analyzeith or without a family member with the
RGT, 85/996 relatives, 8.5%)

Pathogenicity of the MEN1 variants:
SevenMEN1BVs were reported in the UMD-MEN1 database: Zhmintrons and 5 in the
coding sequence (Table 2). All have been previoteghprted as polymorphisms.
Seventy-three percent of the variants referencéldetUMD MEN1 database were PVs
or LPVs (Figure 3). Despite the classification @es, 16.2% of the variants remained of
uncertain significance (VUSS); LBVs, or BVs repnetsel 10.8% of the MENL1 variants; they
were principally mid-intronic, synonymous, or migse variants.
LPVs or PVs represented 60.9% of the MEN1 missgasants. One third of the
missense MENL1 variants were VUS, mainly due tddbk of clinical and segregation data.
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We found that LBVs and BVs were uncommon inMieN1gene, including the missense
variants.

Co-occurring variants:

Excluding BVs, five co-occurring variants were regpd in the UMD-MENL1 database (Table
3). The occurrence of a VUS with LPV or PV was usertkeclassify the VUS as LBV
according to the ACMG-AMP guidelines (26).

3 — Analysis of theMEN1 mutations spectrum in the French population:

Molecular data collection confirmed a large mutadibspectrum frontMEN1-positive

patients (Table 4). Frameshift microRGTts (micretiehs, microduplications,
microinsertions, indels with frameshift consequgmepresented the most frequent type of
MENZ1 variants identified in the index cases (43.8%#; 4hcond one was missense variants
(26.2%).

Excluding BVs, the majority of variants were idéetil in only one (74%, 269/363) or
two index cases (13%, 47/363) underlining the aenae ofMEN1 private mutations in
MENL1 patients. Only 47 variants were identifiedior more index cases (13%); among
them, only 6 variants were recurrédEN1PVs with a frequency higher than 1.5% in the
index cases referenced in the UMD MEN1 databaskl¢T3).

Variants associated with FIHP:

The UMD-MEN1 database revealed 8 families with FiHBble 6). Variants involved in
FIHP were frameshift microRGT or non-sense variam&families, and variants affecting
splicing in 3 families. Missense variants were régain only one FIHP family. Splicing
variants were then overrepresented in French Fétilies compared with the MEN1
families (OR: 5.49 (IC: 1.283-23.49), p=0.04, Fiskhexact test).

Location of the MEN1 variation events across thaime

Even if the variants were localized throughoutdbee, 65.1% of the causal or likely causal
MENZ1 variants identified in the French population wiaeated in exons 2 and 10, including
4 of 6 of the most frequent variants of MEN1 (Fegdrand Table 5). Exon 10 harbors the
two most frequently mutated nucleotides: positidAd.is the seat of frameshift microRGTs
(31 deletions and 8 duplications) in 39 index cd5¢8%), and position 1378 showed a non-
sense change in 18 index cases and a frameshitR&T in five index cases. The LBVs
involving the coding sequence were also more fretjysetting in exon 10 (n=13/29).

4 — Genotype/phenotype correlations:

We compared the age of onset of MEN1-related Issiioi3 populations of patients: those
with large RGT, those with truncating variants #émase with non-truncating variants.
Variants affecting splice junction, synonymous ad+imtronic variants, or variants causing
start codon loss were not included in the analyssause of the lack of systematic cDNA
sequencing, in order to determine if they causpcemature stop codon or not. Index cases
and relatives harboring EN1 variants of unknown significance or benign or ljkkenign
variants were also not considered in this analyigis. three populations were similar in term
of age of last follow-up and age of molecular diage (Supplemental Fig. 1) for index cases
and relatives.

All MEN1-patients with larg¢MEN1RGT had earlier onset of lesions than MEN1
patients with non-truncating or truncating variafitgure 5). Patients harboring laryEEN1
RGTs presented earlier with HPTH and PITs tharep&iwith non-truncating or truncating
variants (Figure 5), but the age of onset of DP-BI&&s similar. For the patients harboring
largeMEN1RGTs, the median ages of occurrence of the Bssoh, HPTH, PIT, DP-NET,
and ADRE were respectively 28 years (range 10 tpeads), 30 (10-74), 22 (14-60), 34 (12-
68), and 43 (21-55). The patients with truncatingants developed also the first lesion of
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MENZ1 earlier than the patients with non-truncating aars (log rang test (Mantel Cox)
p=0.012), but the age of onset of each major ME&ated manifestation was similar. For
the patients harboring truncating variants, theiaredges of occurrence of the first lesion,
HPTH, PIT, DP-NET, and ADRE were respectively 34nge(range 4 to 80 years), 36 (4-80),
33 (12-82), 39 (9-76), and 43.5 (14-80). For thggnts with non-truncating variants, the
median ages were respectively 36 (range 3 to 7&ye8 (12-76), 33 (11-72), 44 (12-76),
and 47 (3-75).

DISCUSSION

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

UMD-MENL1 is a public, open-access database acdedsifbugh the framework of the
Human Genome Variation Society (HGVS, https://wwyvdiorg) or at
http://www.umd.be/MEN1/. With 370 variant entriéise UMD-MEN1 database represents
the first database collecting tMEN1 variants and proposing molecular interpretationcat
charge for all registered variants by an expertgraVith 181 unreporteRlEN1 variants, the
UMD-MEN1 database complements the knowledge oME&I1 mutation spectrum. As all
UMD databases, the UMD-MENL1 database allows ingtgpion of sequence variants with
online interactiven-silico tools, such as SIFT, UMD-predictor, or HSF. Faistered
patients, age of onset is the only accessiblecaimata.

Database update:

Implementations of NVs are performed when theycaramunicated to the curator. Twice a
year, the TENGEN group reviews the classificatibN¥s. The curator updates the
literature, molecular data, clinical data, and lssof functional analysis. The UMD-MEN1
database is then upgraded.

The UMD-MENZ1 database provides an overview ofEN1 variants present in the French
population

With data collected from 68RIEN1-positive index cases from 1997 to 2015, the UMD-
MEN1 database provides a comprehensive overvidWkN 1 variants present in the French
population. The relative low frequency EN1 variants in the tested index cases is
explained by the broad indication felEN1 genetic screening. Classification of patients
according to the status as index cases or relativables accurate statistical analysis of
variant frequency according to the types of molacavents.

In accordance with previous studies, EN1 variants are distributed all along the gene.
Overrepresentation of variants in exons 2 or 10de&s classically attributed to the
proportionally larger size of these two exons. Nthadess, variants in exons 2 or 10
represent 50% of tidEN1microRGTs and punctual variants, highlighting teguirement
to entirely cover th&/EN1 coding sequence in high-throughput sequencingesfiess. Six
recurrent variants were reported in the UMD-MEN1aBlase with a frequency higher than
1.5% (Table 5). The relatively high frequency aif3hese 6 variants has been previously
highlighted (20). We also identified one frequeatiant in exon 9 in the French population,
€.1252G>A, p.(Asp418Asn), suggesting a founderceffe France.

Large RGTs were reported with a frequency of 2.2 aex cases underlying the need
to perform copy number variation screen by MLPANGS in case of MEN1-related patients
without variants identified iIMEN1 coding sequence. According to the literature, no
mutation could be found in 10 to 30% of MEN1-suspdqatients, despite of an extensive
analysis of the¢EN1locus (20,31,32).

The UMD-MENL1 database confirmed that the most feswariant types in index cases
with MEN1 genetic testing were frameshift microRGTs (43.886 missense variants
(26,2%) (20). Interpretation of missense variandy ioe difficult, in particular in sporadic
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presentation with incomplete phenotype. The implatee process for interpretation allowed
classifying 68% of the missense variants as (lkbgnign or (likely) pathogenic. Missense
variants reported as PVs or LPVs represented 6bf3%e missense variants, against 6.6%
for the BV or LBVs. The low number of BVs or LBVs in agreement with the low number
of known polymorphisms identified in tdMEN1gene (i.e., 4 in the coding region) (33).
Missense BVs or LBVs are frequently identified koa 10. For these varianis, silico 3D
modeling was not contributive due to a probable imgpioop in the protein structure
(PyMOL), supporting the evidence of a benign ef{@df). The remaining 32% of variants
were classified as VUS, waiting for supplementahdes co-segregation studies.

Genotype-phenotype correlations:

The clinical data referred in the UMD-MENL1 databafiowed the establishment of
age-related penetrance of the first MEN1 manifestatand age-related penetrance of
HPTH, PIT, DP-NET, and ADRE. Due to the large numiifefamilies and the various types
of mutant events, the UMD-MEN1 database cohort nigbevant and accurate for the
description of thdVIEN1-positive patients’ outcome.

The UMD-MENL1 database revealed a phenotype differdetween patients
harboring large RGTs and those with truncatingam-truncating variants. All considered
MEN1 patients with large RGTs experienced earlist MEN1 manifestation. They
developed the HPTH and PIT at an earlier age thanaf the patients with truncating or
non-truncating variants. This difference of PITamrhes is not due to the associatio\t?
gene deletion, located in 11q13.2 near the 11g¥EMN1 locus and involved in hereditary
familial pituitary adenomas (35). In over half @tents (the most “recent” ones), the used
method (MLPA) did not found aAIP deletion associated witiEN1 deletion. Overall these
data support earlier molecular screening in thalfesnwith large RGTSs.

FIHP was found to be a rare event in families fittven UMD-MEN1 database (18
MENZ1-positive patients in 8/416 families, 1.9%). FIHRsAanot found to be preferentially
associated with missense variants in our serieentrast to others (20,24). Each of the
variants identified in FIHP was also reported iteasst onedVIEN1-positive index cases in the
database harboring the other major MEN1-relatadres except for the variants of the
families F6 and F7 (Table 5). Both F6 and F7 vasaffected splicing and were reported in
the literature in MEN1 patients (36,37). In thesficase, phenotypic description of the patient
was not available, and in the second case thenpatis reported as harboring HPTH, PIT,
and DP-NET. In the F6 and F7 families, 4/5 patievtse below 50 years and were still
subject to develop secondary MEN1-related lesibhsse data did not allow adapting the
clinical management of tidEN1-positive patients in the FIHP families differenthan in
MENZ1 families.

The UMD-MENL1 database can improved the genetic coseling and medical care of MEN1-
patients’ families.

The identification of théMEN1gene in 1997 has modified the landscape of MENN&atie in
MENZ1 families by providing a predictive test foethsk of developing MENL1 lesions in
relatives (2). TodaylEN1 genetic testing remained challenging in patientsfamilies in
which genetic analysis were uninformative, duehsdiscovery of VUS. For example, in the
MENZ1 ClinVar dataset, 37.2% of tiMEN1 variants are called as VUS (256/688); rising to
80.6% in the category of missense variants (1873/282he UMD-MEN1 database, the
collaborative work between laboratories, genescstd physicians led to qualify as VUS
only 16.2% of all variants (60/370) and 32% of rarsse variants (39/122, Figure 3).
Theoretically, VUS is a transitional classificatistate. VUSs should not be used in medical
decisions for the patient or his relatives. Corexefforts between geneticists and physicians
have to be undertaken to resolve the VUS clas$ificaas providing detailed phenotypic
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description. Testing additional family members, degregation analysis, or functional
analysis could result in the classification of #hgariants, but were not always practicable.
Extensive segregation studies are often diffiaufperform due to the lack of compliance of
patients and their relatives, the time requiredlfierphysicians and laboratories, and the
expensive costs. The interpretation of segregatiodies may be difficult due to the age-
dependent penetrance and expressivity of the disdag accumulation of data over several
families harboring the same variants should comgierfer lack of intra-familial data. That's
why sharing data on genes, variants and phenotjfpesigh databases, is key to offer
optimal care to the patients and their families.

CONCLUSION

The UMD-MENL1 database is a locus-specific datalieségned to provide centralized and
updated sequencing data MENZ1and interactive tools for the interpretation afsence
variants. Thanks to a publically founded natior@laborative network called the TENGEN
group, the UMD-MEN1 database provides an exhaustiregview of theMEN1 variants
present in the French population. Knowledge shastandardization efforts, and
implementation have attributed to the extensiveeetige of the TENGEN group in the
classification oMEN1variants. To date, the database contains dataoang 370 different
variants from 1,676 patients, including 181 NVseT¥MD MEN1 database is also open to
other laboratories in the world. For each variartlassification, resulting from a consensus

interpretation based on the clinical data collecfrom patients and a standardized analysis is

publicly available. The UMD-MEN1 database represenpublic knowledge base, allowing
access to original data and interactive tools tp geneticists and molecular biologists
interpret their sequencing results in MEN1-relgtatients.
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Figure 1: Age-related penetrance for MEN1 and MENIrelated lesions inMEN1-

positive patients referred in the UMD-MEN1 databasgn=1403).Index cases and

relatives harborin/EN1 variants of unknown significance or benign or lykieenign

variants were not considered in this figure. Uniegupatients: patients without diagnosis of
MEN1-related lesion. A: Graphical representatiomgé-related penetrance for the three
major MEN1-related lesions (HPTH, PIT, DP-NET) age-related penetrance for the first
major manifestation. B: Penetrance (in percenthge)ge for the MEN1 disease and the four
major MEN1-related lesions. ADRE: adrenal tumoif:Riituitary adenoma, DP-NET:
duodeno-pancreatic neuroendocrine tumor, HPTH: gmrhyperparathyroidism

Figure 2: Repartitions in percentage of the differat variants of MEN1 by type of
molecular event (n=370 different variants) Frameshift microRGTs: microdeletion,
microduplication, microinsertion, indels with frastgft of the coding sequence domain;
splice junction: intronic nucleotide variationsdrtreme position (-10 to +10 nucleotides
from the exons); large RGT: (large rearrangemelatetion or duplication of one or more
exons; mid-intronic: intronic nucleotide variatioinsthe intron center; in-frame microRGTSs:
microdeletion, microduplication, microinsertiongeis not leading to a frameshift of the
coding sequence domain.

Figure 3: Repatrtition of the total MEN1 variants referred in the UMD MEN1 database
by class of pathogenicityA: Repartition of the 370 differeMEN1 variants by class of
pathogenicity. B Repatrtition of the 1R2EN1 missense variants by class of pathogenicity.
PV: pathogenic variant; LPV: likely pathogenic \aani; VUS: variant of uncertain
significance; LBV: likely benign variant; BV: bemgrariant.

Figure 4: Repartition by exons and classification bpathogenicity of the variants
identified in the 536 index cases presented witiEN1 variants in the coding sequence.
PV: pathogenic variant; LPV: likely pathogenic \aani; VUS: variant of uncertain
significance; LBV: likely benign variant; BV: bemgvariant.

Figure 5: Characterization of the outcome of 127MEN1-positive patients by type of
variant. Index cases and relatives harborvigN1 variants of unknown significance or
benign or likely benign variants were not considdrethis figure. In addition, patients
harboring likely pathogenic and pathogenic variaftscting splice junction, synonymous or
mid-intronic variants, or variants causing stadao loss were not included (n=129).
Uninjured patients: patients without diagnosis dNL-related lesion. A: Age-related
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incidence of the first major manifestation by tygdedentified variants in patients; the
number of uninjured patients harboring each tygesoant by age, and the number of total
patients harboring each types of variant are ginghe table below the graph 5-A. B: Age-
related incidence of HPTH by type of identified igats in patients; C: Age-related incidence
of PIT by type of identified variants in patieni; Age-related incidence of DP-NET by type
of identified variants in patients. Large RGT: diele or duplication of one or more exons.
Truncating variants: nonsense variants or framestidroRGTs (microduplication,
microdeletion, microinsertion indels with framestuf the coding sequence domain). Non-
truncating variants: missense variants, and in-&ramcroRGTs. DP-NET: duodeno-
pancreatic neuroendocrine tumor; HPTH: primary ngpeathyroidism, PIT: pituitary
adenoma, RGT: rearrangement, ns = non-signficative.

Table 1: Clinical characteristics of the 1,6M&N1-positive patients referred in the UMD
MEN1 database.

Mean ags Mean
. of Nur_nber .Of duration  of| Asymptomatic
Patients Female Male patients with 4
molecul._slr follow-up data follow-up patients
diagnosis (years)
n % of total| years n % n % n % n %
All patients| 1676 37.5(0-88] 927 738 867 51.7p6 13.4 (D-18340
Index cases 680 40.6% 44.5 (7-82) 400 58.8% 269 39.6¢%6 310 45.6%3.3 (0-18)
Relatives | 996 59.4% 32.0 (0-88) 52 52.9 461 46.9%57 55.9% | 13.2(0-18) | 340 34.19

Table 2: molecular description of the 7 BVs reddrm the UMD-MEN1 database and minor
allele frequency reported in the gnomAD browser.

. gnomAD
Intron/ Nucleotide chang e Amino acid chan Molecul b lel
' exon NM 130799 ge olecular evengminor  allele

Genomic change (GRCH37) — frequency %
Chrl1:9.64577620G>C intron 1 c.-23-16C>G midenic 16.65
Chrl1:9.64577147G>A 2 c.435C>T p.(Serl45Ser) SYMIS 2.86
Chrl1:9.64575505C>T 3 c.512G>A p.(Arg171Gin) missen 1.22
Chrl1:9.64572602G>A 9 C.1254C>T p.(Asp418Asp) Synuus 38.55
Chrl1:9.64572557A>G 9 €.1299C>T p.(His433His) SYmous 0.76
Chrl1:9.64572403C>G intron 9 €.1350+103G>( midbdimic 31.82
Chrl1:9.64572018T>C 10 c.1621G>A p.(Ala541Thr) IENse 6.6

Mid-intronic: intronic nucleotide variations in tletron center (beyond the -10 or +10 positions): Benign
variants.

Table 3: Co-occurrence of variants within the sgagent in the UMD-MEN1 database and
clinical characteristics of the patients.

First variant: PV, LPV or VUS Second variant: LRYVUS Patients' description
Nucleotide . . Variant Nucleotide| Amino  acid| Variant Phenotypq Age of
Amino acid change e P : onset | Gende
change classification| change change classification| of patient (years)
1 | c.842G>A p.(Gly281Glu) LPV ggfi p.(?) VvUs PIT 17 Femalp
DP-NET,
2 | c.654+1G>A p.(?) PV c.61C>A| p.(Arg21Ser LBV HPTH 30 Femalg
1 DP-NET,
€.629C>T p.(Thr210lle) VUS c.609C> p.(Asn203AshBV ADRE 82 Femalq
4 | c.1382_1390dupp.(Glu461_Glu463dup) PV €.1541C>T| p.(Pro514Leu)| LBV HPTH 34 Female
HPTH,
DP-NET,
5 | c.628_631del p.(Thr210Serfs*13) PV c.1-6C>T  p.(?) LBV PIT 39 Male
ADRE

ADRE: adrenal tumor; PIT: pituitary adenoma; DP-NEUodeno-pancreatic neuroendocrine tumor; HPTH:
primary hyperparathyroidism; PV: pathogenic varjamV: likely pathogenic variant; VUS: variant of
uncertain significance; LBV: likely benign variant.
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Table 4: Type and number of variation events ofMiiEN1 gene from patients referenced in
the UMD-MENL1 database.

All patients Index cases Relatives

n % n % n %
Total 1,676 680 996
Frameshift microRGT 593 35.4% 298 43.8% 375 37.7%
Missense 375 22.4% 178 26.2% 197 19.8%
Non-sense 283 16.9% 100 14.7% 183 18.4%
Splice junction 172 10.3% 67 9.9% 105 10.5%
Large RGT 100 6% 15 2.2% 85 8.5%
Mid-Intronic 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%

Frameshift microRGT: microdeletion, microduplicatjanicroinsertion, and indels with frameshift oéth
coding sequence domain; Splice junction: intronicleotide variations in extreme position (-10 t®+1
nucleotides from the exons); Large RGT: (largenaagement): deletion or duplication of one or mexens;
Mid-intronic: intronic nucleotide variations in tletron center (beyond -10 or +10 nucleotides fthmexons);
In-frame microRGT: microdeletion, microduplicationjcroinsertion, and indels not leading to a frahifeof
the coding sequence domain.

=
(2]
3
48
3¢
S W . . . . .
2= Table 5: UMD-MENL1 variants with a frequency highlean 1.5% in index cases.
o>
o8 Index cases in UMD} Frequency in
33 MEN1 database MEN1-patients
xZ reported in
Do
=33 Frequency |Lemos et al.
wo Exon Nucleotide change Amino acid change Type ehev n % Hum Mut, 2008
F 10 ¢.1546dup p.(Arg516Profs*15) Frameshift duplmat 31 6% 2.7%
2 c.249 252delGTCT p.(lle85Serfs*33) Frameshifetieh 18 3.5% 4.5%
10 c.1378C>T p.(Arg460%) Non sense 18 3.5% 2.6%
m 9 €.1252G>A p.(Asp418Asn) Missense 14 2.7% NR
3 €.628 631delACAG p.(Thr210Serfs*13) Frameshifetien 12 2.3% 2.5%
u 2 €.292C>T p.(Arg98¥) Non sense 10 1.9% 1.5%
) The frequencies of variants are expressed regatha§17 index cases harboring a pathogenic dylike

pathogenic variant in the UMD-MEN1 database.

Table 6:MEN1variants presented in families with FIHP in the DNMMEN1 database.

Index cases MENZ1-positive relatives
Famil Familial variant Type of variant Class Age of Age of last ﬁ%?raf Age of last
Y P HPTH (yrs) | follow-up (yrs) (yrs) follow-up (yrs)
F1 | C79-88del, Frameshift mRGT PV 28 42 36 44

p.(Leu27Argfs*89)
¢.202_206dup,

F2 p.(ASp70Profs*51) Frameshift MRGT PV 43 43 21 21
F3 ¢.1069G>C, p.(Asp357His) Missense PV 47 63 15;40 21;36
F4 €.957C>A, p.(Tyr319%) Non-sense PV 40 40 76 76
F5 €.1213C>T, p.(GIn405%) Non-sense PV 35 55 32 32
F6 C.783+1G>A, p.(?) Splice junction PV 31 31 14,61 14,61
F7 €.1050-1G>C, p.(?) Splice junction PV 43 43 42 2 4
F8 ¢.1351-1G>T, p.(?) Splice junction PV NA 89 25 36

Frameshift microRGT: microdeletion, microduplicatjanicroinsertion, and indels with frameshift oéth
coding sequence domain; HPTH: primary hyperparaidism Splice junction: intronic nucleotide var@is in
extreme position (-10 to +10 nucleotides from thens); NA: not available; PV: pathogenic variant
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Penetrance uninjured [Penetrance [Penetrance | Penetrance | Penetrance

vears) | o) patients(n)| (%) %) (%) (%)
5 0.1 1327 0.1 0,0 0,0 0.1
10 0.9 1294 0.4 0.1 0.5 0.1
20 17.1 1028 12.8 6.9 5.4 0.5
30 38.3 736 32.1 15.1 17.2 34
40 59.8 455 54.8 27.0 32.8 10.1
50 76.2 253 72.5 34.3 49.6 20.1
60 89.3 105 86.7 40.5 66.7 9.4
70 96.0 32 94.5 44.8 78.9 32
80 99.2 3 98.9 49.1 83.7 .0
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