


Synthetic lethality occurs when mutations affecting genes in two pathways 

involved in regulating a single cellular process results in cell death. In normal 

cells, mutation of each gene singly has no effect, since the redundant pathway is 

functional.  In cancer cells, when one of these genes is not functional due to a 

cancer-relevant mutation, targeting the 2nd gene leads to cell death since both 

pathways are not operating properly. 
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PARP1 inhibitors exerted therapeutic effect against BRCA and/or DNA-PK 

–deficient positive AML and ALL primary leukemia xenografts. (A) 

Microarray detection of mRNA for the indicated genes in primary AMLs (top 

graph) and ALLs (middle and bottom graphs) xenografts. Each circle represents 

individual patient: blue, gray and red circles indicate lower than average, 

average and higher than average expression levels in BRCA/DNA-PK -deficient 

AML (top graph), BRCA-deficient ALL (middle graph) and BRCA/DNA-PK –

proficient ALL (bottom panel) xenograft cells. (B) Number of cells from 

individual primary xenognaft samples treated with DNR, BMN673, and DNR + 

BMN673; *p<0.05 in comparison to all other groups. (C, D) NSG mice (6 

mice/group) were injected with 1 x 106 primary leukemia xenograft cells and 

treated with diluents (C), doxorubicin + cytarabine (DA), BMN673, and DA + 

BMN673. (C) Mean ± SD percentage of human CD45+ cells in peripheral 

blood leukocytes; *p<0.001 in comparison to other groups. Representatives of 

flow cytometry detecting human CD45+ leukemia cells (red dots) and mouse 

peripheral blood leukocytes (black dots) 1 week after treatment. (D) Median 

survival time ± SD; *p<0.001 and **p<0.002 in comparison to DA.
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Patients with acute leukemia display a wide range of BRCA1 and 2 expression 

based on microarray.  For further studies we chose patients with high BRCA1 

and 2, symbolized by red dots, and low BRCA1 and 2 symbolized by blue dots.  

We validated high and low levels of BRCA1 in proliferating leukemia cells.  

The aptamer exerted anti-leukemia activity in brca1/2 low patients but not in 

brca1/2 high patients either alone or in combination with daunarubicin.



Double strand breaks are extremely lethal and if not repaired even a single 

unrepaired double strand break can lead to cell death.  CML cells deal with 

increased amounts of these breaks by stimulating the major DNA repair 

pathways, homologous recombination and non homologous end joining.  There 

are small amounts of DNA damage in normal cells.  In CML cells however, the 

amount of DNA damage is much higher.
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GEMA to select “BRCA-deficient” AML/ALL patients. Gene expression 

analysis by quantization of the expression patterns of BRCA-pathway genes by 

qRT-PCR, mRNA microarrays and flow cytometry. Mutation analysis by 

detection of particular genetic aberration (mutation, chromosomal 

translocation).
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Gene Mutation profiling identified “DNA-PK and BRCA deficient” 

leukemias. (A-C) Non-transformed (Normal) murine bone marrow cells and 

these expressing MLL-AF9, AML1-ETO, HOXA9+MEIS1 were examined. (A) 

Western analysis, (B) clonogenic assay in the presence [+/+, filled bars] or 

absence [-/-, transparent bars] of Parp1, and (C) sensitivity to olaparib. (D-E) 

Olaparib (1.25 mM) eliminated Lin-CD34+CD38-CFSEmax quiescent LSCs and 

proliferating Lin-CD34+CD38+ LSCs and Lin-CD34+ LPCs from (D) MLL-AF9 

and (E) AML1-ETO AML patients cells (n=3 for each translocation).
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Given BCR-ABLs wide influence on many cellualr pathways, identification of a 

so-called gene B is difficult, however since CML cells have so many double 

strand breaks we focused on the recombination pathway.  In normal cells, the 

left arm of this pathway is used involving BRCA1/2 with the RAD52 pathway 

used only as a backup which was confirmed by immunofluorescence.  In CML 

cells however, the BRCA1 protein is downregulated by BCR-ABL leaving these 

cells to be heavily reliant on RAD52 for double-strand break repair.  This was 

also confirmed by immunofluorescence studies.
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Since there are currently no published Rad52 inhibitors, we along with two of 

our collaborators have independently conducted large scale screens for 

candidate RAD52 inhibitors that have resulted in a total of three candidate 

Rad52 inhibitors that all target Rad52 via a different mode of action
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qRT-PCR identifies individual patients with BRCA-deficient and DNA-PK-

deficient ALLs which are sensitive to BMN673. (A) qRT-PCR analysis of the 

expression of DSB repair genes in 9 primary ALL xenografts. BRCA-deficient 

and/or DNA-PK-deficient (>2-fold downregulation in comparison to mean 

expression level for at least one gene in BRCA and/or DNA-PK pathways; blue 

bars) and BRCA-proficient/DNA-PK-proficient (red bars) samples; samples 

used in further analyses are marked by asterisks. (B) Number of primary ALL 

xenograft cells from individual BRCA-deficient and/or DNA-PK-deficient (blue 

bars) and BRCA-proficient/DNA-PK-proficient (red bars) samples treated with 

DNR, BMN673, and DNR + BMN673. (C) Cumulative mean percentage ± SD 

of the results from samples examined in section B; *p<0.02 and **p=0.002.
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GEMA to select “BRCA-deficient” AML/ALL patients. Gene expression 

analysis by quantization of the expression patterns of BRCA-pathway genes by 

qRT-PCR, mRNA microarrays and flow cytometry. Mutation analysis by 

detection of particular genetic aberration (mutation, chromosomal 

translocation).
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Microarrays identify individual patients with BRCA-deficient and DNA-

PK-deficient AMLs which are sensitive to BMN673. (A) Microarray analysis 

of the expression of DSB repair genes in 186 AML patients. (B) BRCA-

deficient/DNA-PK-deficient (row Z-score <-1.5 for at least one gene in BRCA 

and DNA-PK pathways) and BRCA-proficient/DNA-PK-proficient (row Z-

score >-.075 for all genes in BRCA and DNA-PK pathways) samples; samples 

used in further analyses are marked by asterisks. (C) Flow cytometry analysis of 

the indicated DSB repair proteins in AMLs from individual patients; *p<0.05 in 

comparison to BRCA-proficient/DNA-PK-proficient cells. (D) DSBs detected 

by g-H2AX immunofluorescence in untreated controls and in BRCA-

deficient/DNA-PK-deficient (blue) and BRCA-proficient/DNA-PK-proficient 

(red) cells treated with daunorubicin (DNR), BMN673, and DNR + BMN673; 

*p<0.05 in comparison to DNR. (E) Survival of Lin- AML cells from BRCA-

deficient/DNA-PK-deficient (blue, n=9) and BRCA-proficient/DNA-PK-

proficient (red, n-4) samples treated with BMN673 (left panel) and DNR + 

BMN673 (right panel). (F) Number of proliferating Lin-CD38-CTVlow and 

quiescent Lin-CD38-CTVmax cells from individual BRCA-deficient/DNA-PK-

deficient (blue) and BRCA-proficient/DNA-PK-proficient (red) samples treated 

with DNR, BMN673, and DNR + BMN673. (G) Cumulative mean percentage 

± SD of the results from samples examined in previous section; *p<0.02 and 

**p<0.05.
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