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Hallmarks of Cancer
Hanahan & Weinberg, Cell 100:57°00

BRCA2, DNA Repair, & Cancer
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« Reactive oxygen species (ROS)
Nat. Med 7:638, 01
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Defective DNA repair is associated
with cancer

arme 6f genelCancer phenotypelll nzyme or process affected

HNPCC (4-5 genes)® colonic polyposis mismatch repair enzymes.

» (8 genes)® UV-induced skin cancers nucleotide-excision repair

X ATM leukemia, lymphoma response to dsDNA breaks

Ariike disorder< MRETT not yet determined dsDNA repair by NHE)

familial breast, BRCAT, BRCA2¢  breast and ovarian carcinomas  homology-directed repair of dsDNA breaks
ovarian cancer

Werer WRN several cancers exonuclease and DNA helicase*, replication
sloom BLM solid tumors DNA helicase, replication

fanconi anemia (9 genes)’ AML, HNSCC repair of DNA cross-links and ds breaks
Nimegen break9 NBS mostly lymphomas. processing of dsDNA breaks, NHEJ
U-raumeni P53 multiple cancers DNA damage alarm protein

Lifraumeni CHK2 colon, breast kinase signaling DNA damage

The Biology of Cancer, R.A. Weinberg

Cloning BRCA2 — the history

* |dentified potential carriers of a gene for
familial breast cancer

— Early onset breast cancer (before menopause) in
several relatives over different generations

— Relatives with breast cancer in both breasts
— Male relatives with breast cancer

Create pedigrees

® Obtain DNA samples

Trace a common chromosomal locus
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¢ From physical location, identify sequences
¢ A bit medieval — this can now be done via whole-genome sequencing
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Loss of heterozygosity in cancer in
BRCA2 carriers

Most Cells in a
BRCA2 Carrier

Breast Cancer Cells

Defects in BRCA1 lead to high
breast and ovarian cancer incidence
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Figure | Cumulative risks of breast and ovarian cancerin BRCA1
gene carriers, allowing for allelic heterogeneity with two susceptibility
alleles (1)and (2).

Am J. Hum. Genet. 56:265,'95

BRCAZ2 cloning

Identification of the
breast cancer
susceptibility gene BRCA2
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disease. The breast cancer susceptibility gene, BRCA2, was
recently localized to chromosome 13q12-q13. Here we report the
identification of a gene in which we have detected six different
germline mutations in breast cancer families that are likely to be
due to BRCA2. Each mutation causes serious disruption to the
open reading frame of the transcriptional unit. The results indicate
that this is the BRCA2 gene.

sequence. The known sequence of 2,329 amino acids encoded by
the BRCA2 gene does not show strong homology to sequences in
the publicly available DNA or protein databascs, and therefore
we have no clues to its functions. However, some weak matches

This part still often happens!

W‘llllam H Colledge,‘ Lori S. Friedman'
Bruce A. J. Ponder," and Ashok R. Venl

Common tactic:
break it and see what happens

Molecular Cell, Vol. 1, 347-357, February, 1998, Copyright ©1998 by Cell Press.

Involvement of Brca2 in DNA Repair
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the murine gene Brca2 define its involvement in DNA
repair. In culture, cells harboring truncated Brca2 ex-

cessive passages. Arrest in the G1 and G2/M phases
is accompanied by elevated ps3 and p21 expression.
Increased sensitivity to genotoxic agents, particularly
ultraviolet light and methylmethancsulfonate, shows. A
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neous accumulation of chromosomal abnormalities,
including breaks and aberrant chromatid exchanges.
These findings define a function of Brca2 in DNA re-
pair, whose loss precipitates replicative failure, muta-
gen sensitivity, and genetic instability reminiscent of
Bloom syndrome and Fanconi anemia.
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BRCA2 Loads Rad51 to
create a nucleoprotein filament

BRCAZ2 is critical for repair of broken forks

Misrepair &
Toxicity

l
BRCA2-/- fjfi )

BRCA2- tumor cell lines have aberrant
chromosomes
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BRCA2-mutant cell line CAPAN-1
Cytogenet. Gen. Res. 104:333, ‘04




