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Agenda

DNA damage as therapeutic mechanism

DNA repair pathways

Repair of topo inhibitor-induced DNA 

damage

Chromosomal rearrangements

Clinical relevance
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DNA: main target of chemotherapy

• DNA damaging drugs

Topoisomerase inhibitors:
Strand breaks

Alkylating agents:
1) Alkyl adducts
2) Strand breaks

Platinum agents:
1) Pt-adducts

2) Strand breaks

Antimetabolites:
Synthesis (replication, transcription, DNA repair)

Bleomycin:
Strand breaks
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DNA double strand break repair

• Non-homologous end joining
(NHEJ)

• Most important repair 
mechanism

• Direct joining of free DNA 
ends (at most short 
microhomologies)

• errorfree, IF few breaks are 
present

[van Gent & van der Burg, Oncogene (2007) 26, 7731–7740; 
Lieberman, Current Medicinal Chemistry (2008) 15, 360-367]



NZW - 29. Januar 2010 5

DNA double strand break repair

• Homologous recombination (HR)

• Greatest activity in late S and G2 
phase

• Requires homologous sequence

• Fills broken DNA strand according 
to intact homologous template

• Enables mostly correct repair

[Weterings & Chen, Cell Research (2008) 18, 114-124; Lieberman, 
Current Medicinal Chemistry (2008) 15, 360-367]
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Etoposide-induced DNA damage

• HT29; human Colon-Ca

• Etoposide

• Drug removal

• Incubation for 0-24h

• Comet-Assay [pH10/pH13]

Schonn, Hennesen, Dartsch: Apoptosis 2009, DOI 10.1007/s10495-009-0440-9

… and repair!
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Doxorubicin-induced DNA damage

• HT29; human Colon-Ca

• Doxorubicin, 24h

• Drug removal

• Incubation for 0-28h

• Comet-Assay [pH10/pH13]

Schonn, Hennesen, Dartsch: manuscript in progress

… and repair!
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Etoposide-induced cell death

… in spite of repair!

Schonn, Hennesen, Dartsch: Apoptosis 2009, DOI 10.1007/s10495-009-0440-9
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Incorrect DNA repair

Dartsch & Gieseler, DNA Repair 6 (2007), 1618-1628
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DNA repair beneficial or harmful?

topoisomerase IIα inhibitor DNA double strand breaks

topo IIα degradation

DSB repair

incorrect repair correct repair

cell death survival with genomic rearrange-
ments (secondary malignancy)

survival

~80%
~20%

single persisting DSB
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DNA damage in secondary 
malignancies

• In a study from 
MDACC, none of the 
22 children with 
therapy-related 
MDS/AML had normal 
cytogenetics:

del(7)

t(9;11)

t(8;21)

del(6)

del(9)

inv(11)

inv(9)
t(7;11)

del(11q
23)

[data from: Aguilera DG: Pediatric Therapy-related Myelodysplastic Syndrome/Acute Myeloid Leukemia -
The MD Anderson Cancer Center Experience. J Pediatr Hematol Oncol 2009;31:803–811]
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Chromosomal rearrangements

MLL
(11q23)

AML1
(21q22)

t(9;11)

t(19;11)

t(4;11)

t(3;21) t(16;21)

t(17;21)

PML
(15q22)

t(8;21)

t(15;17)
inv(16)

t(8;16)

t(9;22)

Unbalanced aberrations:

-5/-7

-5q/-7q

+8

Frequency of tAML patients with chromosomal rearrangements: > 90%
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Frequency of secondary tumours in 
childhood cancer survivors

Primary 
Diagnosis

Total 
cases (n)

No. of 
SMN (%)

Breast 
(%)

Thyroid 
(%) CNS (%)

Sarco-
ma (%)

Bone 
(%)

Leuke-
mia (%)

Melano-
ma (%)

Lympho-
ma (%) GIT (%)

HL 1,927 12.82 4.88 1.87 0.36 0.99 0.31 0.73 0.57 0.73 0.73

Leukemia 4,829 3.15 0.33 0.48 0.93 0.08 0.08 0.19 0.23 0.21 0.04

Soft tissue sarc. 1,245 6.43 0.80 0.56 0.24 1.45 0.96 0.24 0.48 0.16 0.16

Bone 1,188 6.23 1.77 0.76 0.25 0.42 0.76 0.51 0.42 0.08 0.59

CNS 1,877 3.62 0.16 0.64 0.96 0.32 0.27 0.16 0.21 0.21 0.11

NHL 1,081 3.98 0.56 0.65 0.37 0.19 0.46 0.19 0.19 0.37 0.19

Neuroblastoma 955 3.46 0.21 0.84 0.10 0.42 0.00 0.42 0.00 0.10 0.00

Wilms 1,256 2.63 0.40 0.16 0.00 0.56 0.40 0.16 0.24 0.00 0.32

Abbr.: SMN – secondary malignant neoplams; CNS – central nervous system; GIT – gastrointestinal tract; HL –
Hodgkin Lymphoma; NHL – Non-Hodgkin Lymphoma

[data from: Meadows AT: Second Neoplasms in Survivors of Childhood Cancer: Findings From the Childhood 
Cancer Survivor Study Cohort. J Clin Oncol 2009, 27:2356-2362]

Patients: 14,363 5 year survivors of childhood cancer treated between 1970 and 1986
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Latency of secondary tumours in 
childhood cancer survivors

[data from: Meadows AT: Second Neoplasms in Survivors of Childhood Cancer: Findings From the Childhood 
Cancer Survivor Study Cohort. J Clin Oncol 2009, 27:2356-2362]
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Clinical Studies with DNA repair inhibitors
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For the moment…

Treatment decisions reflecting concern about 
secondary malignancy are recommended as 
follows:

1. Find an effective therapy
2. If effective alternatives exist, choose ‚safer‘ 

drugs, e.g.
– antimetabolites or MT-directed agents instead of 

alkylants or topo inhibitors
– cyclophosphamide instead of busulphane
– doxorubicine instead of mitoxanthrone
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