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Lokale Beratungszentren:
1. Genetische Beratung ( prä )
2. Blutabnahme

3. Genetische Beratung ( post )
4. Therapie (OP, PARP, Psycho, 
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2. Zentrale Datenbank
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6. Fortbildung
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BRCA1/2 Keimbahnmutationen
Genstrukturen
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BRCA1/2 Keimbahnmutationen
Autosomal Dominanter Vererbungsmodus
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Ramuset al, Mol Oncol2009

BRCA1/2 Keimbahnmutationen
Founder-Mutationen in Europa
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Foundermutation aus dem Zillertal
BRCA 1 Stop Mutation c.4183C>T (Gln1395Ter)

PölslerL et al, EJHG 2016
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Kuchenbaeckeret al., JAMA 2017

BRCA1/2 Keimbahnmutationen
Kumulatives BC und OC Risiko
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BRCA1 Keimbahnmutationen
Brustkrebs Inzidenzraten und Alter
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Engel C et al, BMC Cancer 2018

BRCA1 Keimbahnmutationen
Bei jungen Frauen mit TNBC besonders häufig
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Prävalenz von gBRCA Mut beim Brustkrebs
70% aller gBRCA Carrier entwickeln HR+ Tumoren
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Erblicher Brust- und Eierstockkrebs
BRCA Mutation erhöhen Brust- und Eierstockkrebsrisiko
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Erblicher Brust- und Eierstockkrebs
BRCA Mutation erhöhen Risiko für Zweitkarzinom
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Erblicher Brust- und Eierstockkrebs
Krebsrisiko bei männlichen BRCA Mutationsträgern
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Erblicher Brust- und Eierstockkrebs
BRCA Mutation und Krebsrisiko
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Assoziationen zwischen Genmutation und 
Brustkrebsrisiko in der Normalbevölkerung In USA
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Assoziationen zwischen Risikogenen und 
Tumorbiologie in der Normalbevölkerung in USA
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Hereditäres Mammakarzinom
Allelfrequenzen und Relative Risiken
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PALB2

ATM

CHEK2

Gibt es andere Bruskrebsgene?
Genveränderungen und Krebsrisiko im Vergleich
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BRCA1 BRCA2 TP53 PTEN CDH1

STK11 PALB2 ATM CHEK2 NBN

BRIP1 RAD51C RAD51D MSH2 MLH1

MSH6 PMS2 EPCAM

Klare Assoziation mit Brustkrebsrisiko

Vermutliche Assoziation mit Brustkrebsrisiko

Keine gesicherte Assoziation mit Brustkrebsrisiko

Genpanel-Testung
MUW / AKH Wien Genpanel2018
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BRCA1 BRCA2 TP53 PTEN CDH1

STK11 PALB2 ATM CHEK2 NBN

BRIP1 RAD51C RAD51D MSH2 MLH1

MSH6 PMS2 EPCAM

Nature Genetics 2006:Truncating 
mutations in the Fanconi anemia J 
gene BRIP1 are low-penetrance breast
cancer susceptibility alleles

J Med Genetics 2016:No evidence that
protein truncating variants in BRIP1 are
associated with breast cancer risk

Genpanel-Testung
MUW / AKH Wien Genpanel2018
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Bevölkerung ATM
(RR 2.8)

CHEK2 1

(1100delC)
(RR 3.0)

CHEK2 2

(1100delC)
(RR 2.26)

CHEK2 3

(I147T)
(RR 1.58)

PALB2

Alter kumulativ kumulativ kumulativ kumulativ kumulativ kumulativ

25 -29 0.1% 0.1% 0.2% 0.1% 0.1% 0.4%

30 -34 0.2% 0.5% 0.6% 0.4% 0.3% 2%

35 -39 0.5% 1.4% 1.5% 1.1% 0.8% 4%

40 -44 1.1% 3.0% 3.2% 2.4% 1.7% 8%

45 -49 2.0% 5.6% 5.9% 4.5% 3.2% 14%

50 -54 3.1% 8.5% 9.1% 6.9% 4.9% 20%

55 -59 4.4% 11.8% 12.6% 9.6% 6.8% 26%

60 -64 6.0% 16.0% 17.0% 13.1% 9.3% 31%

65 -69 8.0% 20.8% 22.1% 17.1% 12.3% 35%

70 -75 10.0% 25.5% 27.1% 21.2% 15.3% 40%

Kumulatives
Lebenszeitrisiko

12.0% 30.0% 31.8% 25.0% 18.3% 44%

Hoch/Moderat Penetrante Gene
Kumulatives und Lebenszeit-Erkrankungsrisiko

www.brustgenberatung.at



Bevölkerung ATM/NBN
(RR 2.7 -2.8)

CHEK21

(1100delC)
(RR 3.0)

CHEK22

(1100delC)
(RR 2.26)

CHEK23

(I147T)
(RR 1.58)

PALB2

Alter 5-Jahresinzidenz 5-Jahresinzidenz 5-Jahresinzidenz 5-Jahresinzidenz 5-Jahresinzidenz 5-Jahresinzidenz

25 -29 0.04% 0.12% 0.13% 0.10% 0.07% 0.35%

30 -34 0.14% 0.38% 0.41% 0.31% 0.21% 1.05%

35 -39 0.30% 0.84% 0.90% 0.68% 0.48% 2.50%

40 -44 0.61% 1.70% 1.83% 1.38% 0.96% 4.25%

45 -49 0.94% 2.64% 2.83% 2.13% 1.49% 6.35%

50 -54 1.12% 3.14% 3.36% 2.53% 1.77% 8.00%

55 -59 1.33% 3.71% 3.98% 3.00% 2.09% 7.25%

60 -64 1.72% 4.81% 5.15% 3.88% 2.71% 7.35%

65 -69 2.11% 5.92% 6.34% 4.76% 3.34% 5.95%

70 -75 2.2 -% 6.17 6.61% 4.98% 3.46% 6.70%

Adaptiert nach Robson M, ASCO 2017

Hoch/Moderat Penetrante Gene
Erkrankungsrisiko in den nächsten 5 Jahren
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Women with
BRCA Mutation

Familiärer Brust - und Eierstockkrebs
Wer soll getestet werden?
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All women with a 
familial history ?
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Familiärer Brust - und Eierstockkrebs
Wer soll getestet werden (Prädiktiv) ?
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Mutationswahrscheinlichkeiten
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Wenn nur Frau Dana Pierce getestet würde: falsche Annahme dass es keine Mutation gibt
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Früh-
erkennung

Prophylaktische Operationen

Chemo-
prevention

BRCA1/2 Keimbahnmutation
Therapeutische Opionen

www.brustgenberatung.at



Familiärer Brust - und Eierstockkrebs
BRCA 1/2 Veränderungen und Risiken
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Familiärer Brust - und Eierstockkrebs
Welche Untersuchungen sind indiziert ?
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BRCA1/2 Keimbahnmutation
BPM vs Früherkennung: OS und BCSS

BRCA1

BRCA1

BRCA2

BRCA2

Heemskerk -Gerritsen et al,  BCRT 2019
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Nipple -Sparing Bilateral Mastectomy (NSM)
und Sofortrekonstruktion bei mBRCA1Trägerin
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Domchek S et al. JAMA 2010

BRCA1/2 Keimbahnmutation
PBSO hat Effekt auf Gesamtsterblichkeit
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Metcalfe K et al., BMJ 2014

BRCA1/2 Keimbahnmutation
Kontralaterale Mastektomie und Überleben
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Overview of experiences from the bench 
DNA is continually damaged by environmental expo-
sures and endogenous activities (such as DNA replica-
tion errors), which cause diverse lesions, including SSBs 
and double-strand breaks (DSBs).6 PARP1, a widely and  
abundantly expressed member of the PARP family, facili-
tates DNA repair by binding to SSBs and recruiting DNA 
repair proteins to the site of damage.7,8 Nevertheless, 
genetic ablation of PARP1 expression in mouse models 
did not increase the development or early onset of 

tumours.9 Studies revealed that, in the absence of PARP1, 
spontaneous SSBs collapse replication forks and result 
in DSBs, thus triggering DNA repair by homologous 
recombi nation pathways;9 this compensatory repair 
mechanism probably explains the normal susceptibility 
of Parp1-deficient mice to cancer.9 However, in BRCA-
deficient cells, DSBs that occur at collapsed replica-
tion forks cannot be repaired owing to deficiencies in 
homologous recombination, leading to cell death.2 This 
observation provided the rationale for the hypothesis 
that treatment with PARP inhibitors would be especially 
effective in patients with cancer that developed on a 
background of germline inherited defects in homolo-
gous recombination, such as tumours arising in carriers 
of BRCA1 and BRCA2 mutations. Moreover, it was theor-
ized that the effects of PARP inhibition could potentially 
be highly specific to tumour tissue because, in BRCA+/�í 
carri ers, only cancer cells are assumed to be BRCA�í/�í and, 
therefore, defective in homologous recombination; thus, 
the cancer cells might be susceptible to PARP-inhibitor 
induced cell death, whereas normal cells would probably 
be resistant and spared.

The use of an inhibitor of a DNA-repair enzyme to 
selectively kill tumour cells with deficient homologous 
recombination in the absence of an exogenous DNA-
damaging agent represented a new concept in cancer 
therapy. This concept is an example of synthetic lethal-
ity, a phenomenon that arises when combined mutation 
or blockade of two or more genes leads to cell death, 
whereas a mutation (or blockade) of only one of these 
genes does not affect viability.10 The synthetic lethal treat-
ment approach is built around a mutation that does not 
induce cell death (for example, in BRCA genes), although 
the mutation might confer a phenotype (such as defec-
tive homologous recombination); however, the under-
lying mutation provides the opportunity to therapeutically 
target additional pathways (PARP proteins) to achieve 
lethality (Figure��1). As mentioned, BRCA1 or BRCA2 dys-
function has been demonstrated to profoundly sensitize 
cells to PARP inhibition, ultimately resulting in��apoptosis.3

Subsequently, attempts were made to explore other 
therapeutic opportunities for PARP inhibitors. BRCA-
mutated and basal-like TNBC share clinicopathologi-
cal characteristics, including negative receptor status, 
diminished BRCA protein expression (or truncation), 
TP53 mutation, and sensitivity to DNA-damaging 
chemo therapies, such as platinum-based platins;4,11,12 
thus, the phenotype of TNBC was suggested to possess 
�µBRCAness�¶ and, therefore, patients with TNBC could 
conceivably derive therapeutic benefit from inhibition of 
PARP enzymes. Through a series of experiments, basal-
like, as well as BRCA1-mutated, breast-cancer cells were 
shown to be defective in BER of oxidative DNA damage, 
and this defect conferred sensitivity to PARP inhibition.13 
These data suggested that the therapeutic benefit of PARP 
inhibitors might also extend to tumours deficient in BER. 
In addition, basal-like TNBC cells were observed to be 
selectively sensitive to platinum and gemcitabine com-
pared with non-TNBC cells, and these agents exhibited 
synergy with PARP inhibitors in basal-like, but not in 

Key points

 �v The poly(ADP-ribose) polymerases (PARPs) are a large family of multifunctional 
enzymes that have a role in the repair of single-strand breaks in DNA

 �v BRCA1 or BRCA2 mutation, resulting in a lack of homologous recombination, 
sensitizes cells to inhibition of PARP activity, which in turn leads to 
chromosomal instability, cell-cycle arrest, and subsequent apoptosis

 �v The most-compelling evidence of the efficacy of PARP inhibitors in the 
treatment of cancer comes from studies that involved patients with BRCA1 
or��BRCA2��mutations

 �v Approximately 70% of BRCA1-mutant and 20% of BRCA2-mutant breast tumours 
present as triple-negative breast cancer, a disease with poor prognosis; 
no��targeted treatments have been approved specifically in this setting

 �v In the adjuvant setting, a positive therapeutic effect of PARP inhibitors 
is anticipated in the well-defined population of patients with high-risk 
BRCA-mutated primary breast cancer

Single-strand break

Double-strand breaks

No homologous
recombination
No repair

Repair by
homologous
recombination

DNA repaired

Cell survival Cell death

PARP inhibitors

DNA repaired

PARP

Normal cell BRCA-mutated cell

Figure 1 | The role of PARP inhibitors in synthetic lethality. PARP enzymes play a key 
part in the repair of DNA damage. In particular, PARP1 binds to single-strand 
breaks in DNA and recruits other enzymes to repair the DNA damage. Failure to 
repair single-strand breaks can result in double-strand breaks during DNA 
replication; thus, PARP inhibition can induce further DNA damage. However, DNA 
damage, which is a frequent occurrence during each cell cycle, can also be 
repaired through homologous recombination mechanisms. The BRCA1 and BRCA2 
genes encode key components of these homologous recombination repair 
pathways and, therefore, BRCA-mutant tumours are inherently deficient in DNA 
repair. This vulnerability forms the foundation for selective targeted synthetic lethal 
therapy with PARP inhibitors in patients with BRCA-mutant breast cancer. The DNA 
damage that occurs after inhibition of PARP activity cannot be adequately repaired 
in these cancers and eventually results in chromosomal instability, cell-cycle arrest, 
and subsequent apoptotic cell death. As DNA-repair processes remain intact in 
noncancerous cells, which generally retain at least one functional copy of both 
BRCA1 and BRCA2, PARP inhibition is hypothesized to selectively kill cancer cells, 
sparing normal tissue. Abbreviation: PARP, poly(ADP-ribose) polymerase.
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Fortgeschrittenes Mammakarzinomon
PFS Vorteil bei Vorliegen einer BRCA1/2 Mutation

Litton et al., NEJM 2018
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Kastrations-resistentes Prostatakarzinom
PFS und OS Vorteil bei Vorliegen von mBRCA/ATM

De Bone et al., NEJM 2020
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Erstlinien -Erhaltungstherapie in OC
PFS Verbesserung durch Olaparib in mBRCA/HRD

Ray-Coquard et al., NEJM 2019
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Medizinische Genetik



Der Mensch besteht aus Blutzellen, 
�.�Q�R�F�K�H�Q�]�H�O�O�H�Q�����+�H�U�]�]�H�O�O�H�Q�����1�H�U�Y�H�Q�]�H�O�O�H�Q�«



46 Chromosomen:

- davon 23 von der Mutter und 23 vom Vater
- Mann: 46, XY, Frau 46, XX





BEGRIFFE DER GENETIK
Genotyp: bedeutet die genetische Konstitution eines Individuums

Phänotyp:das Erscheinungsbild (physisch, biochemisch und 
physiologisch) eines Individuums, das aus dem 
Zusammenwirken von Umwelt und Genotyp resultiert

gonosomal: die Geschlechtschromosomen (X,Y) betreffend

autosomal: die Nicht-Geschlechtschromosomen (Chromosomen-
paare  1-22) betreffend

dominant: ein Merkmal, das in Individuen exprimiert wird, die für ein 
bestimmtes Allel heterozygot sind

rezessiv: ein Merkmal, das in Individuen exprimiert wird, die für ein 
bestimmtes Allel homozygot sind, aber nicht in jenen, die heterozygot 
sind



BEGRIFFE DER GENETIK

Locus: Lage eines Gens auf einem Chromosom

Allele: sind alternative Formen eines Gens an einem 
bestimmten Locus

homozygot: bedeutet, daßbeide Allele an einem Locus identisch 
sind

heterozygot: ist ein Individuum, wenn die beiden Allele an einem 
Locus unterschiedlich sind

�³compound�³���K�H�W�H�U�R�]�\�J�R�W��ist ein Individuum mit zwei unterschiedlich 
mutierten Allelen an einem bestimmten Locus



GENOMMUTATION

�Ä�Q�X�P�H�U�L�V�F�K�H���b�Q�G�H�U�X�Q�J���G�H�V��
�&�K�U�R�P�R�V�R�P�H�Q�V�D�W�]�H�V�³

z.B: Patau-, Edwards-, Down-,
Klinefelter -, Turner-Syndrom

Nachweis durch 
Chromosomenuntersuchung



CHROMOSOMENMUTATION

�Ä�V�W�U�X�N�W�X�U�H�O�O�H���&�K�U�R�P�R�V�R�P�H�Q�Y�H�U�l�Q�G�H�U�X�Q�J�³

z.B: Wolf -Hirschhorn (4p-)
Cri -du-chat (5p-)
Cat-eye-Syndrom (+22p)

Nachweis durch Chromosomen-
untersuchung abhängig von Größe, 
�)�,�6�+�����&�*�+�«



GENMUTATION

�Ä�E�H�W�U�L�I�I�W���H�L�Q���*�H�Q�³

z.B: Zystische Fibrose
�0�X�V�N�H�O�G�\�V�W�U�R�S�K�L�H�«

Nachweis durch Chromosomen-
untersuchung nicht möglich!



Chromosomenanomalien
Häufigkeit
bei Geburt

Patau-Syndrom (+13) 1:5000
Edwards-Syndrom (+18) 1:3000
Down-Syndrom (+21) 1:700
Klinefelter -Syndrom (XXY) 1:1000
Turner -Syndrom (X) 1:5000
Balancierte Translokation 1:500
Unbalancierte Translokation 1:2000
Wolf-Syndrom (4p-) 1:50000
Cri -du-Chat (5p-) 1:50000



Chromosomenanalyse

CGH Comparative GenomicHybridisation

Analyse des gesamten Genoms

MLPA
Multiplex Ligation-dependentProbe Amplification

FISH Fluoreszenz-in-situ-Hybridisierung

Analyse von Teilen des Genoms

Sequenz-Analyse

Analyse von Teilen eines Gens

NGS Next Generation Sequencing



Am Erwachsenen: Blutzellen,
Tumorzellen etc.

Am Fetus: Fruchtwasser
Chorionzotten
fetale DNA 

Am Embryo: Blastomerzellen
Blastozysten

An der Eizelle: Polkörper



Chromosomal

Monogen

Polygen

Multifaktoriell




































































































































































































































































































































































































































































































































































































































































































































