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Hereditarybreastand ovariancancer

To To Do o Ix

To

Incidencebreastcancer 1:12women
About5-10%hereditary
Highlypenetrantmutationsin BRCADbr BRCA2
Novelgenes PALB2, CHEK2, ATM
Allautosomaldominant

Lifetimerisk

A Mamma carcinoma: 60-80% BRCA1/p

A Ovariancarcinoma: 30-60% BRCAIL
5-20% BRCAR

Why?
A Prevention: surveillanceémovalof riskcarryingtissue
A Therapy Adjustedchemotherapeutigrotocol, orPARRnhibitor therapy
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Usefulnessof BRCAesting

BRCA1/2 Personal/

pathogenic family Ovarian
variant history of Cancer
in family HBOC

v v v

Germline or tumour DNA sequenced for BRCA1/2 for
cancer risk management or for therapeutic decision making

Pathogenic No variant
variant identified

( Provide standard > ﬁrevention baseh ﬂ’revention baseh

of care on personal/family on personal/family
history; follow history; follow
* + therapeutic therapeutic
: guidelines for guidelines for
i’ggé]f trggrféi?fof BRCA1/2 mutation BRCA1/2 mutation
i negative tumours negative tumours
screening & tumour \ - / K . /
prevention with PARP

guidelines inhibitors

Amanda Ewart Toland, and Paul R Andreassen J Med Genet 2017;54:721-731
Radboudumc



Homologousrecombination
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1 Abraxas BRCA1
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Nature Reviews | Cancer

Roy, Chun and Powell, Nature Reviews Cancer 12, 68-78, 2012 Radboudumc



BRCABXtructure

A  BRCA1 [. ﬁ

(1-1863) RING Coiled- BRCT
Domain Coil Repeats

o0 Really Interesting New Gene (RING) domain binds BARD1

o A coiled-coil motif binds PALB2

o Two BRCT (BRCAL C terminus) repeats, which mediate binding
to Abraxas, BRIP1 and CtIP.

o The middle part does not really matter, it seems..

Amanda Ewart Toland, and Paul R Andreassen J Med Genet 2017;54:721-731 Radboudumc



Missensedistribution of BRCA1
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BRCAIunctional defects

A  BRCA1

|1

(1-1863) RING

/ pomaln

Coiled- BRCT
Coil Repeats

RING domain BRCT domains
@ Deleterious truncation mutant O Neutral control variant
@® Neutral VUS O Deleterious control variant
@® Deleterious VUS
Bouwman et al (2013) Cancer Discov. 3:1142-55 Radboudumc



BRCAZBtructure
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C N-terminal domain (a.a. 101 40) that binds to PALB2.

C BRC motifs (a.a. 10021 2058) that bind the RAD51
recombinase.

C Atthe C-terminus, there is an additional RAD51 binding region
C DNA binding domain that binds to single-strand DNA

C >50 transcripts !

Mesman et al (2019) Genet Med. 21:293-302. Radboudumc



BRCAZ2unctional defects
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Classificatie
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Howto classifyvariants?

- Truncating / position in protein

- Conservation / domain

- Effect size of amino acid change

- Predicted splice effect (NB alternative transcripts?)
- Frequency in the population

- Case/control study

- Tumor characteristics

- Functional relevance

- (co-segregation)

Human Genetics Nijmegen Radboudumc



5-tier classificatie

Class Wording to include within reports

Not pathogenic
1 “‘Common” polymorphism and therefore
not reported

Unlikely to be pathogenic

2 Diagnosis not confirmed molecularly

3 ggg:r;ﬂ:czit#rﬁi?izzzlude diagnosis_é Mag NIET worden gebruikt voor therapie
4 (Itsi:sg;fe:te \I:!ﬁ:wh%geegiiggnosis \ Kunn.en. worden gebruikt .Voor

- Predicted to be pathogenic predictief/presymtomatisch/pre

This result confirms the diagnosis nataal onderzoek en therapie

GOEGNBYS Ol dziAzy &aK2dZ R 0SS Gl 1Sy 6K
professional who isot conversant with the complexities of such information. In
these cases it Bssentialthat careful unambiguousvording is used and it is
appropriatell 2 &4dz33Sa0 RA&O0dzaaAz2y GAOK | (

AHet LOB heeft adhv de richtlijn en ENIGMA (Plon et al) eigen criteria
ontwikkeld bij gebrek aan internationale consensus en werkbaarheid

Human Genetics Nijmegen RadbOUdumc



LandelijkOverlegerfelijke
borstkanker(LOB)

A Opgerichtin 1996 naidentificatievanBRCA11994)en BRCA?1995)

A OprichterFrans HogervorstLSKG in het NKI

A Samenwerkingussenalle BRCA1/2liagnostischéabs in Nederlanén
Vlaanderen

A Doel afstemmingclassificatiesn Nederland:iederevrouw dezelfdeuitslagl

A Internationalesamenwerkingen publicatiesvia ENIGMAen anderen
A Classificatiesvordengedeeldop internet

Human Genetics Nijmegen Radboudumc
university medical center



ENIGMA

(Evidencebased Network for the Interpretation of Germline Mutant Alleles)

0 Internationaal samenwerkingsverband voor de interpretatie van varianten

o Erkend door NCBI ClinGen / ClinVar als expert panel voor de classificatie van
BRCA varianten.

o Classificatie aan de hand van strenge criteria en publicatie in ClinVar database,
met drie sterren (expert opinion).

0 Nu: omzetting eigen regels in ACMG/AMP regels (American College of Medical
Genetics / Association for Molecular Pathology?*)

@

leder bewijs heeft een bepaald gewicht (supporting tot very strong)
o Pathogenic = [very strong] + [ (strong) of (2x moderate) of (1x moderate+1x

supporting) ]
0 Benign = (1x very strong: frequency too high) of (2x strong)

* Richards et al (2015) Genet in Med 17: 405-423) Radboudumc



ACMG criteria

N & Pathogenic -
~ N -
Supporting Supporting Moderate Strong Very strong
Populati MAF is 100 high for Absent in population Prevalence in
data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penelrance BS2
Computational Multiple lines of Muttipie lines of Novel missense change Same amino acig Predicted null
and predictive computational evidence computational at an amino acid residue change as an variant in a gene
data suggest no impact on gene evidence support a where a different established where LOF is a
/gene product BP4 deleterious effect pathogenic missense pathogenic vajilant known
on the gene /gene change has been seen PS1 mechanism of
Missense in gene where product PP3 before PM5 disease
only truncating cause PVS1
disease BP1 Protein length changing

variant PM4
Sitent variant with non
predicted splice impact BP7

In-frame indels in repeat
wiout known function BP3

Functional Well-established Missense in gene with Mutational hot spot

data functional studies show low rate of benign or well-studied

no deleterious effect migsense variants and functional domain

BS3 path. missen: —
COlg ¥

Well-established
functional studies
show a deletericus
effect PS3

variation PM1

Nonsegregation Cosegregation with
. with disease BS4 disease in multiple
regation :
3:'93 egatio affected family Increased segregation data
members PP1
De novo De novo (without ! paternity and
data paterr Rernity confirmed)
on PS2
Allelic data Observed in trans with For recessive
a dominant variant BP2 disorders, detected
in trans with a
Observed in ¢is with a pathogenic varniant
pathogenic variant BP2 PM3
Other Reputable source w/out Reputable source
—| database shared data = benign BP6 = pathogenic PP5 —
Found in case with Patient's phenotype or
Other data an alternate cause FH highly specific for

BP5 gene PP4




Multifactorial mode-basedclassification

Baysian statistical model

in silico prior odds of
being pathogenic

X —

— [/ Segregation with disease\ —
within family Odds

< Pathology Odds >

-Segregatlon (in trans)
wnth known pathogenic
variant Odds

Functional studies
Odds

-

Posterior odds of

being pathogenic
<0.01 = Benign
>0.01-0.05 = Likely benign
>0.05-<0.95 = Uncertain

20.95-<0.99 = Likely pathogenic
20.99 = Pathogenic

Amanda Ewart Toland, and Paul R Andreassen J Med Genet 2017;54:721-731
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BRCA:haIIenge

l
f..\
A

for Genomics & Health

a2 Global Alliance 7

BRCA

CHALLENGE

A Een initiatief van de Global Alliance for Genomics and Health olv John Burn

A 6Engaging coll aboratively with its st:
establish, broadly disseminate, and advocate for the use of technical standards for
managing and sharing genomic and clinical data.

A Ofwel het ontsluiten van data en het harmoniseren van standaarden en
protocollen

A BRCAZ1/2 is voor hen een proof of principle

https://www.brcaexchange.org
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voorbeelden
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BRCAZ2C.99/6A>T p.(Lys3326*

Helder, een stopmutatie. Dus pathogeen (?)

Nee,zit in laatsteexon(exon27), dus extra aandacht. Geannsense
mediateddecay

Allelfrequentie in Europese bevolking8%.

Functioneel geen effect op HR of PAdivoeligheid

Recent aangetoond: OR~1.4

Dus niet geassocieerd met hopgnetrante aandoening, konmtiet in
aanmerking voor PARP inhibitor

A A Klasse 1!

o o T Po Do Do

Human Genetics Nijmegen Radboudumc



BRCA1c.53T>C p.(Met18Th¥)l

A 0x ingnomAD(database met 120 000 gezonde personen)
A Betreft een matig grote verandering van een zeer geconserveerd
aminozuur op de rand van h&&INGdomein

¢ Amino Acid Comparison <
[ Amino Add 1 | [ Amino Adid 2 |
M w|[met ~=|[Methionine ~«|| [T <|[thr =|[fhreonine =]
Hydrophobic Polar uncharged
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Grantham Distance: 81 [0..215]

¥4 4 Protein Domains
BRCT domain

Zinc finger, C3HC4 RING-type
Breast cancer type 1 susceptibility protein (BRCA1)
Zinc finger, RING-type

¥ 4§ Orthologues (Source: IARC) ()
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BRCA1c.53T>C p.(Met18Thr)

stap 2. segregatie (>2 jaar later)

BRCA2 + | [B1 M18T+] 0 Kankedkamloess,B826 Kanker n
‘ ‘ bui ké 2 BL1M18T+ bui ko

[B1 M18T+] [B1 M18T+]

Ov65 OKankKeewes5i n B64 Ov64 Oove7
B1 M18T+ bui K ®1M18T- M18T+ M18T+ M18T+
BRCAZ + [B1 M18T+)\ BRCA2 +

B2 ?

9

Op basis van meerdere NL families
(LOB): allel segregeert met
fenotype (klasse 4)

Radboudumc



BRCA1c.53T>C p.(Metl8Thr)

stap 3: functioneel onderzoek (>4 jaar later)

MES cellen
cisplatinum assay
proliferatie assay

Conclusie: deleterious

Bouwman et al (2013) Cancer Discov. 3:1142-55 Radboudumc



