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Summary

- Dynamics of genetic information

* DNA damage and cancer cells selection

« Types of DNA Damages

* DNA lesions: cause of cancer and cancer treatment

« Pharmacological targeting of DNA Damage Response:
—Synthetic lethality
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Dynamics of genetic mfor'ma'non
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DNA damage and cancer cells selection
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Genetic instability
Cause and consequence of cancer

(A) normal cells (B) cells with optimum {C) cells with too much
genetic instability genetic instability
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http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/sites/entrez?db=Books
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mboc4

DNA Damage Response:
Surveillance at work
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Drivers or Passengers

Mutations in cancers are either drivers or passengers.

‘Driver

mutations are the ones that cause cancer cells to grow.

Passeng\er‘s are co-travellers that make no contribution to cancer

developme

Most mutations in cancers are passengers
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Human familial cancer syndromes due to
inherited defects in DNA Damage response

Name of syndrome  Name of gene Cancer phenotype Enzyme or process affected

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

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

AT® ATM leukemia, lymphoma response to dsDNA breaks

AT-like disorder* MRET1 not yet determined dsDNA repair by NHEJ

Familial breast, BRCA1, BRCA2¢ breast and ovarian carcinomas homology-directed repair of dsDNA breaks
ovarian cancer

Werner WRN several cancers exonuclease and DNA helicase®, replication

Bloom BIM solid tumors DNA helicase, replication

Fanconi anemia (9 genes)' AML, HNSCC repair of DNA cross-links and ds breaks

Nijmegen break? NBS mostly lymphomas processing of dsDNA breaks, NHE)

Li-Fraumeni TP53 multiple cancers DNA damage alarm protein

Li-Fraumeni CHK2 colon, breast kinase signaling DNA damage
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Adapted in part from B. Alberts et al., Molecular Biology of the Cell, 4th ed. New York: Garland Science, 2002; and from E.R. Fearon, Science
278:1043-1050,1997.



DNA Damages
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Jan H. J. Hoeijmakers Nature 411, 366-374 (2001)



LhTegrated DINA Damage kesponse.

DNA damage
% or stalled replication

DNA damage
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SP Jackson & J Bartek Nature 461, 1071-1078 (2009)



DNA damage

DNA repair
pathways

The DNA damage responses
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Intrastrand crosslink
Single-strand break Double-strand break Interstrand crosslink } . Base modification
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Activation of the DNA damage response
MRN complex
ATM ATR
Abl BRCA1 p53 Chk2* Chki*
cDC25
Cell cycle
arrest
SSB repair ICL repair Repairofa || Repairofa || Mismatch Direct
small lesion | | bulky lesion || repair repair
BER NHEJ alt-NHEJ HR FA BER NER IMMR | | MGMT |
pathway
PARP-1* Ku70/Ku8o PARP-1* RPA PARP-1*
APE1* DNA-PK* XRCC1 BRCA1 NER APE-1*
XRCC1 Artemis DNA ligase Il PALB2 XRCC1
DNA ligase lll || XRCC4 BRCA2 TLS DNA ligase Il
DNA ligase IV RADS51
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Hosoya N. and Miyagawa K. Cancer Science 105, 370-388, 2014



DNA lesions:
cause of cancer and cancer treatment

Cancer treatment Toxic lesions Major repair pathways
a Radiotherapy and radiomimetics e
lonizing radiation Single-strand breaks

NHE)

Double-strand breaks
Base damage

Bleomycin

b Monofunctional alkylators

AT
Base damage .
Replication lesi
eplication lesions
Bulky adducts
HR @ m..moo

Double-strand breaks HR

DNA crosslinks

Replication lesions NER
Bulky adducts FA

Alkylsulphonates
Nitrosourea compounds

Temozolomide

¢ Bifunctional alkylators
Nitrogen mustard
Mitomycin C

Cisplatin

d Antimetabolites

5-Fluorouracil (SFU) Uncharacterized BER
?

Thiopurines « Base damage

Folate analogues HN H 4 b5 Replication lesions

Double-strand breaks FA ENDO
Single-strand breaks
Replication lesions HR NHEJ SSBR

Double-strand breaks
Replication lesions 2 r ENDO

€ Topoisomerase inhibitors
Camptothecins
Etoposide (VP16)

f Replication inhibitors

Aphidicolin
@ Hydroxyurea
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DNA Damage Response inhibitors
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Table 2. Examples of DNA damage response inhibitors in preclinical studies

Pathway Target(s) Mame(s) Preclinical evidence
DNA damage MRE11 Mirin, telomelysin Sensitization to ionizing radiation
sensors and ATM KU55933, KUB0019, Sensitization to ionizing radiation and topoisomerase inhibitors
mediators CPA66T22

ATR Schisandrin B Sensitization to UV treatment

NUG02T, VE-B821 Sensitization to ionizing radiation and a variety of chemotherapy

Cell cycle Chk1 5AR-020106 sensitization to irinotecan and gemcitabine
checkpoints Chk2 VRX0466617 Sensitization to ionizing radiation
Mon-homaologous DNA-PK NU7026, NUT441 Sensitization to ionizing radiation and topoisomerase Il inhibitors
end joining DNA-PK and PI3K KU-0060648 Sensitization to etoposide and doxarubicin

DNA ligase IV SCRY Sensitization to ionizing radiation and etoposide
Alternative DNA ligases L&7 Sensitization to ionizing radiation and methyl methanesulfonate
non-homologous land llx
end joining
Homaologous RADS1 BO2, AD3, A0 Identified by high-throughput screenings of RADS1 inhibitors

recombination (HR)

Table 3. Examples of DNA damage response inhibitors in clinical trials

Pathway Target(s) Name Combination Type of cancer ol :&:L:dl Stage pl:ilzlds
Cell cycle Chk1 UCN-01 Combination therapy
checkpaints Carboplatin Advanced solid tumor MCTORO3ETTT  Phase | Completed
Irinotecan Metastatic ar MNCTODO31681  Phase | Completed
unresectable solid tumor,
triple negative breast
cancer
Cytarabine Refractory or relapsed NCTOO004263  Phase | Completed
acute myelogenous
leukemia,
myeladysplastic
syndrome
Perifosine Relapsed or refractory NCTOD301938  Phase | Completed
acute leukemia, chrenic
myelogenous leukemia,
high risk myelodysplastic
syndrame
Gemcitabine Unresectable or NCTODO39403  Phase | Completed
metastatic pancreatic
cancer
Topotecan Relapsed or progressed NCTODO98956  Phase I Completed
small-cell lung cancer
Cisplatin Advanced malignant MCTODD12194  Phase | Terminated
solid tumaor
Fluorauracil Metastatic pancreatic NCTODO45747  Phase I Completed
cancer
Prednisone Refractory solid tumor, NCTODO45500  Phase | Completed
lymphoma
Irinetecan Advanced selid tumar NCTOD0AT242  Phase | Completed
Fluorouracil, Metastatic or NCTODO042861  Phase | Completed
leucovarin unresectable solid tumer
Topotecan Advanced ovarian NCTODO72267  Phase I Completed

epithelial, primary
peritoneal, fallepian
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Pharmacological targeting of DNA Damage
Response: Synthetic lethality (1)

Normal cell Cancer cell

Gene A Gene B Cell survival? Gene A Gene B Cell survival?




Synthetic lethality (2)

Mechanism of synthetic lethality between BRCA deficiency
and PARP inhibition

DNA damage (SSBs)

PARP inhibition
Impairs base excision repair

(DNA DSBs or

DNA replication 1
replication fork collapse)

|

HR-deficient tumor cell (BRCA deficient)

Normal cell with functional HR pathway

et A
HR-mediated | Cell Geii. | Iapalred
DNA repair | survival death | TrIO0BISG
¥ 7 DNA repair

Y
!: E imor-selective cell death (synthetic Ieihalityz !

: Banerjee, S. et al. (2010) Making the best of PARP inhibitors in ovarian cancer
IMPAKT Nat. Rev. Clin. Oncol.
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Conclusions

DNA Damage Response at the heart of cancer cell biology:
* Defects in DDR drive cancer selection

« DDR pathways = pharmacological targets
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