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PARP1 inhibitor olaparib (Lynparza) exerts synthetic lethal 
effect against ligase 4-deficient melanomas
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ABSTRACT

Cancer including melanoma may be ‘‘addicted” to double strand break (DSB) 
repair and targeting this process could sensitize them to the lethal effect of DNA 
damage. PARP1 exerts an important impact on DSB repair as it binds to both single- 
and double- strand breaks. PARP1 inhibitors might be highly effective drugs triggering 
synthetic lethality in patients whose tumors have germline or somatic defects in 
DNA repair genes. We hypothesized that PARP1-dependent synthetic lethality could 
be induced in melanoma cells displaying downregulation of DSB repair genes. We 
observed that PARP1 inhibitor olaparib sensitized melanomas with reduced expression 
of DNA ligase 4 (LIG4) to an alkylatimg agent dacarbazine (DTIC) treatment in vitro, 
while normal melanocytes remained intact. PARP1 inhibition caused accumulation 
of DSBs, which was associated with apoptosis in LIG4 deficient melanoma cells. Our 
hypothesis that olaparib is synthetic lethal with LIG4 deficiency in melanoma cells 
was supported by selective anti-tumor effects of olaparib used either alone or in 
combination with dacarbazine (DTIC) in LIG4 deficient, but not LIG4 proficient cells. 
In addition, olaparib combined with DTIC inhibited the growth of LIG4 deficient human 
melanoma xenografts. This work for the first time demonstrates the effectiveness of 
a combination of PARP1 inhibitor olaparib and alkylating agent DTIC for treating LIG4 
deficient melanomas. In addition, analysis of the TCGA and transcriptome microarray 
databases revealed numerous individual melanoma samples potentially displaying 
specific defects in DSB repair pathways, which may predispose them to synthetic 
lethality triggered by PARP1 inhibitor combined with a cytotoxic drug.

INTRODUCTION

While melanomas can be successfully treated in 
the early stages, the appearance of metastasis in distant 
organs worsens prognosis and drops median survival 

below nine months [1]. Despite of the recent advances 
in melanoma treatment, including immunotherapies 
and targeted therapies, a resistance is developed in 
the majority of patients [2] indicating that genotoxic 
therapies might still be needed. It has been suggested 
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increased DNA damage induced by radiation exposure in 
LIG4-/- HCT116 colon carcinoma cell line [19].

Although downregulation/mutation of LIG4 (and its 
partner XRCC4) was detected only in approximately 7% 
of cutaneous melanomas in TCGA database (Figure 1), 
inhibition/inactivating mutation of other members of 
D-NHEJ potentially impairing DSB repair activity by the 
pathway were detected, too [20]. Moreover, transcriptome 
analysis by microarrays of 229 melanoma cell lines 
detected downregulation of at least one member of 
D-NHEJ pathway (including LIG4) in numerous samples 

established from patients manifesting different stages of 
malignancy (Figure 7A). The 229 melanoma cells were 
grouped by their molecular phenotype, proliferative, 
intermediate and invasive. The proliferative phenotype is 
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expression of MITF and high expression of WNT5A, 
and intermediate phenotype have approximately equal 
expression of MITF and WNT5A. From the analysis, 
it seems that the invasive phenotype has greater 
downregulation in the D-NHEJ genes than proliferative, 

Figure 7: Transcriptome microarrays analysis of expression of the genes in A. D-NHEJ pathway, and B. HR pathway 
from 229 melanoma cell lines established from patients manifesting the following phenotypes: A- proliferative, C- 
invasive, and B- intermediate. Percent above column color bar represents number of samples with at least one downregulated gene 
within the phenotype group.


