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Suggestive Findings 2‘ 2N

MEN2 includes the phenotypes MEN2A; familial medullary thyroid carcinoma (FMTC), which may itself be a L R K \" "
variant of MEN2A; and MEN2B.

MENZA should be suspected in individuals with one or more specific endocrine tumor(s): medullary thyroid

carcinoma (MTC), pheochromocytoma, or parathyroid adenoma’hyperplasia.

FMTC should be suspected in families with more than one individual diagnosed with MTC in the absence of

pheochromocytoma or parathyroid adenoma’hyperplasia.

-s]mn]l:l be suspected in individuals with distinctive facies including lip mucosal neuromas resulting in thick ZENTRUM FUR

vermilion of the upper and lower lip, mucosal neuromas of the lips and tongue, medullated corneal nerve fibers, L fB OR MEDI Z I N

marfanoid habitus, and MTC. ,
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Genotyp-Phanotyp Korrelation

Multiple Endocrine Neoplasia Type 2: Genotype-Phenotype Correlations

Affected Codon /

Predicted Protein Change

p-Cys609
p-Cys611
p-Cys618
p-Cys620
p-Cys630
p.Cys634
p-Leu790
p-Valg04Leu
p-Val804Met
p-Ala883Phe
p-Met918Thr
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Exon ATA Risk of MTC MEN2 Subtype PCC HPT Additional Clinical Features

HSCR
HSCR
HSCR
HSCR
CLA
PTC

PTC; CLA

+ = present; — = absent; ATA = American Thyroid Association; CLA = cutaneous lichen amyloidosis; FMTC = familial medullary thyroid

carcinoma; H = high risk: HPT = hyperparathyroidism; HST = highest risk; HSCR = Hirschsprung disease; MEN2 = multiple endocrine

neoplasia; MEN2A = multiple endocrine neoplasia type 2A; MEN2B = multiple endocrine neoplasia type 2B; MOD = moderate risk; MTC

= medullary thyroid carcinoma; PCC = pheochromocytoma; PTC = papillary thyroid cancer
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- Gezielte Testung
der p.Met918Thr
Variante mittels
Sanger-
Sequenzierung

(statt breiter Testung
mittels NGS-Panel)
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NGS on illumina
Miseq platform

+ Gesamte kodierende Sequenz mehrerer Gene gleichzeitig

- Analyse dauert langer, da komplexer und Pooling mehrerer
Proben
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Sanger-Sequenzierung
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@ Laser detection of flourochromes
and computational sequence analysis
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Chromatograph

+ Schnelles Resultat, genau, flexibel
- 1 Sequenz/Ansatz, 600-900bp Fragment
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Sanger-Sequenzierung Exon 16 des RET-Gens

gl Mutation Surveyor

File Process Display Reports Tools Help
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=@ (Untitled) . 915 0
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“- B NT_033985,
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[ C10_2023.0 So0dl -/ c.2750 2735 Referenz-Sequenz (Wildtyp)
3 Mutation Report 1000

5-->  A10_2023.09.14.1610_RET_Ex16_F_20230918_092940.ab1—> Quality(D-100):29

Vorwarts-Sequenz (Patientin)

Heterozygote Mutation: roter (=T,
Thymin) und blauer (=C, Cytosin)
Peak tiberlagert bei Position 2753

Rickwarts-Sequenz (Patientin)

MNT_033985_43572017_R_Synthesis_45434.5cf<- Quality(0-100):89

Referenz-Sequenz (Wildtyp)

‘Frame |Mutation ‘CDNA Index ‘mF!NA Index |\ntens\ly |Area ‘Drop ‘Dver\ap |Noise [
1 1825 453545 G 2270 13.84 016 053 42180 X
2F 2285 4540075 TC:318M> M/T 02753 2943 1536 203 047 1.00 250,00 i | - -
2R 2285 4540075 TCA18M=M/T c.2753 2943 1281 631 051 088 256,60 1 (i}

= NM_020975.6(RET): ¢.2753T>C p.(Met918Thr)
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NM_020975.6(RET):c.2753T>C (p.Met918Thr) Cite this record

&4 varsome | retc.2753T>C hgie ~  Search Editions~ About~ Community News- Demo

chr10-43617416-T-C (RET:p.M318T) . _ _ —
2 users classified this variant as Pathogenic.

Interp I Germline Classification Wiew All g
Revie
Subm ) -
First il 18points = 18P- 0B @ N Submit to ClinVar
Most | Gene RET is associated with cancer C'
Laste
Acces MW 0209756, MAME Select, protein length 1115, gene RET, missense variant 12 —
Variat
Descr & Users of VarSome Premium benefit from additional data sources included in the automated classification.
| Variant Sample Information [# Findings
Mode of Inheritance AD/AR, based on gene information from CGD, ClinGen Disease Validity, GenCC, Mondo, PanelApp and gene2phenotype.
Conditic
Gene(s) Automated criteria Show summary view Enable clinical evidence @ @)
Rule Explanation Show failed criteria ()

ClinVar classifies this variant as Pathogenic, 2 stars (multiple consistent, reviewed Jul '23, 37 submissions), backed by functional studies (requires user validation) mentioned in 9620546, and also citing 1 articles (34881033, 34629742, 31510104, 30660595,
(N @Yz 79656518 and 6 more).

Very Strong UniProt Variants classifies this variant as Pathogenic, backed by functional studies (requires user validation) mentioned in 9620546, and also citing 11 articles (24694336, 24466223, 23907151, 23264394, 22648435 and 6 more), associated with Hirschsprung ;Iyz;l
disease, susceptibility to, 1. L\, ;yai|
rP3 O O
. . . ved
strong - MetaRNN = 0.99 is greater than 0.939 = strong pathogenic.
rvi @O © Hot-spot of length 17 amino-acids has 19 missense/fin-frame variants (4 pathogenic variants, 15 uncertain variants and no benign), which qualifies as moderate pathogenic. |
Moderate UniProt protein RET_HUMAN domain ‘Protein kinase’ has 371 missense/in-frame variants (45 pathogenic variants, 324 uncertain variants and 2 benign variants), which qualifies as supporting pathogenic.

::::ra? f Alternative variant chri0:43617415 A= G (Met918Val) is classified Likely Pathogenic, 2 stars, by ClinVar (confirmed using the germline classifier).

PM2
Suppo

Variant not found in gnomAD genomes, good gnomAD genomes coverage = 33.8.
GnomAD exomes homozygous allele count = O is less than 2 for AD/AR gene RET, good gnomAD exomes coverage = 99.4.

<o

PP5

<o

VarSome users have classified this variant as Pathogenic, citing 29912274, and as Pathogenic, citing 29134959,

Hel He

¢
]

Not a null variant (missense)

(May 21, 2023) single submitter Affected status: yes Cytogenetics, Department of
(ACME Guidelines, 2015) Allele origin: germline Anatomy, All India Institute of
Method: clinical testing Medical Sciences (AIIMS)
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RET-Gen (ret proto-oncogen)

SN Mcw A A = Rezeptor tyrosin kinase

| s L) : : :
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\CLD2 Y\ () - : : :
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o | Jeps LN /N ) . .
B Y * p.Met918Thr in Exon 16 - erhdohte ATP-Bindungs- und
| Jcws Autophosphorylations-Aktivitat = unabhéngige Aktivierung
o der RET Kinase
634 () CRD
= [ = Gain-of-function Mutation
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N—termilnal lobe C—termilnal lobe
mutation of these residues might cause resistance to some kinase inhibitors. M918, whose mutation is associated
with sporadic medullary thyroid carcinoma and patients with MEN2B syndrome, is also shown. AS, activation segment; ZENTRUM FUR
CLD, cadherin-like domain; CRD, cysteine-rich domain; EC, extracellular region; G, glycine-rich loop mediating bindin
to the nucleotide:H,hinge;l,kinaseyirt15ert;JM,juxtamembranetsegment;TM? transnii]branesegmjnt. . ’ LﬂBORMEDIZIN

Salvatore et al., Nat Rev Endocrinol, 2021, PMID: 33603219



Tagesnummer: 2023.09.14.1610 Probeneingang: 14.09.2023

Untersuchtes Material: EDTA-Blut Befunddatum: 18.09.2023

Klinische Angaben: V.a. medulldares Schilddriisen-Karzinom (MTC); prominente corneale Nervenfasern,
Lippenfiborome, Zungenfibrome, Lidfiborome (diffuses kutanes Neurofiborom, keine
Lischknoten); grobe Gesichtszlige: hochgradiger Verdacht auf MEN2B.

k
Durchgefiihrte Analysen
DNA-Extraktion aus Blutprobe. PCR-Amplifikation und bidirektionale Sanger-Sequenzierung von Exon 16 des RET-Gens
(ret proto-oncogene; HGNC-ID: 9967, Referenz-Sequenz: NM_020975.6) zum Nachweis/Ausschluss der bei MEN2B sehr
haufig beschriebenen Sequenzvariante ¢.2753T>C p.(Met918Thr).

Resultat

In der zugesandten Blutprobe wurde die RET-Sequenzvariante NM_020975.6(RET): c.2753T>C heterozygot
nachgewiesen.

Diese Missense Variante fuhrt zu einem Austausch der hochkonservierten Aminosaure Methionin zu Threonin bei Kodon
918, p.(Met918Thr) und wurde bereits in der Literatur und in dedizierten Datenbanken mehrfach beschrieben (Carlson K
M et al., Proc Natl Acad Sci USA, 1994; PMID: 7906417; ClinVar-ID: 13919; LOVD-ID: RET_000025). Gemass ACMG-
Kriterien wird die Variante als pathogen eingestuft (Kriterien: PS3_vs, PM1_mod, PM2_sup, PM5_mod, PP3_str,
PP5_sup).

Interpretation

Pl Them B ist heterozygot fur die pathogene RET-Sequenzvariante c¢.2753T>C p.(Met918Thr). Das
molekulargenetische Resultat bestatigt somit die klinische Verdachtsdiagnose einer multiplen endokrinen
Neoplasie Typ 2B (MEN2B; OMIM-Nr.: #162300).

liN



The proportion of individuals with MENZB caused by a de nove germline pathogenic variant 1s 50%. The
majority of de nove pathogenic variants are paternal in origin, but maternal origin has been reported.

TABLE 4. RELATIONSHIP OF COMMON RET MUTATIONS TO RISK OF AGGRESSIVE MTC 1IN MEN2A

AND MEN2B, anD 1O THE INCIDENCE OF PHEO, HPTH, CLA, anp HD 1nx MEN2A
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RET mutation
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MTC risk level®
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T
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“The references for each of the RET mutations can be found in the Supplementary Information, where all reported RET mutations in MTC

are listed.

"Risk of aggressive MTC: MOD, moderate; H, high: HST, highest.
“Incidence of PHEO and HPTH: + = ~ 10%; ++ = ~ 20%-30%; +++ = ~ 50%.

d o .
Y, Pl)Sl[l\'t‘ occurrence; N, negem\'e occurrence.

Neumutationen (de novo) sind bei MEN2B-Patient*innen relativ haufig (ca. 50-75%), die spezifische Testung der Eltern
bzgl. der Variante wird empfohlen. Die RET-Sequenzvariante ¢.2753T>C p.(Met918Thr) wird mit einer sehr hohen
Risikostufe fur ein aggressives Schilddrisenkarzinom (ca. 100%) und einer Inzidenz von ca. 50% fir Phaochromozytome
assoziiert (Wells SA et al; Thyroid, 2015, PMID: 25810047). Somit sind entsprechende medizinische
Vorsorgeuntersuchungen und Interventionen (j&hrliche biochemische Testung bzgl. Phao/HPT ab 11 Jahren,
prophylaktische Chirurgie im 1. Lebensjahr) indiziert (s.a. GeneReviews: www.nhcbi.nlm.nih.gov/books/NBK1257/).

Bemerkung

Aufgrund der Bedeutung fur die Patientin und ihrer Familie (de novo-Testung, Mdoglichkeit der Tragertestung,
prophylaktische Screening-Untersuchungen resp. Chirurgie), sollte das Resultat im Rahmen einer genetischen Beratung
mitgeteilt werden. Entsprechend dem autosomal-dominanten Erbgang des MEN2B-Syndroms, wird die pathogene RET-
Sequenzvariante mit einer Wahrscheinlichkeit von 50% an die Nachkommen weitervererbt. Wir empfehlen deshalb auch
eine genetische Beratung der Familienangehdrigen, damit auch ihnen auf Wunsch eine entsprechende Diagnostik
zukommen kann.

Bei Fragen stehen wir Ihnen gerne zur Verfiigung.
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Testung der Eltern
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2750 2755 €.2750 €.2755 2750 2755
Tochter Vater Mutter
[ = [

100):93

______ 2 L.

1-100):33

B S - — et : :
: : ; A ; ; P R B gl abeee e a8 & R R 5 : : v
180 2180 2200 2210 2240 2250 2260 227 T T Y T T T T

180 2200 2210 2220 2230 2240 2250 2260 227

% lmHNA Index Ilnlensi_!y lArea IDIOp Il:lverlap INoise I S = - =
2943 1573 658 0.45 1.00 5088 i e l'ffef' S i |Dieo | veiep [Noise densty [Area [Drop [Dverlap [Noise
5 : 3 2943 22.94 0.24 409.04
©.2943 1270 5.08 0.43 1.00 268.63 . T T I

1959 10.06 0.21 382,16



Herzlichen Dank!

Zentrum fur Labormedizin
Yannick Gerth MSc
FAMH Medizinische Genetik

yannick.gerth@zlmsg.ch
071 494 93 68

Zentrum fur Labormedizin
Ausbildungszentrum fir FAMH, FMH, FVH, BMA und BMLD

www.zImsg.ch

akkreditiert nach ISO/IEC17025 (STS 0155)

KCHI Klinische Chemie, Hamatologie und Immunologie
HM Humanmedizinische Mikrobiologie

VD Veterinardiagnostik




