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Olaparib was the first PARP inhibitor to be approved by the US Food and Drug Administration 

(FDA) in 2014 for the treatment of ovarian cancer containing BRCA1/2 mutations.1 Since then, 

niraparib and rucaparib have been approved for the treatment of ovarian cancer and in 2018, 

olaparib and talazoparib received FDA approval for use in patients with germline BRCA-mutated, 

human epidermal growth factor receptor 2 (HER2)-negative, advanced breast cancer previously 

treated with chemotherapy and/or endocrine therapy.2 However, the prevalence of BRCA mutations 

is low and, as a consequence, PARP inhibitors are currently used to treat less than 10% of patients 

with breast cancer.3,4

Recent research has found that PARP inhibitors can be effective in patients without a BRCA mutation, 

since they also act through an alternative molecular pathway. In an expert interview, Dr Kraus 

describes this pathway and provides insights into the potential broader therapeutic applications of 

PARP inhibitors.

Q. What is the role of PARP-1 in the pathogenesis of cancer?
PARP-1 is a protein that resides in the cell nucleus where it plays a role in most, if not all, nuclear 

functions (e.g. DNA repair, transcription, RNA processing, RNA ribosomal transcription). PARP-1 uses 

these pathways to assist the cancer cell in its uncontrolled growth in a number of ways. These include 

promoting alternate or enhanced activities in these pathways, or perhaps reducing cell growth control 

through mutation or functional inactivation of PARP-1 or other key proteins. Essentially, it helps the 

cancer cell to harness normal pathways that exist in the cell for a pathological growth advantage.

Q.  What is known about the mechanism of action in of PARP 
inhibitors in BRCA1/2-mutant cells?

The BRCA1/2 proteins play a variety of roles in important DNA repair functions, including checkpoint 

activation, DNA replication, and DNA repair involving homologous recombination. When the genes 

encoding those proteins are mutated, it causes a variety of defects that impair the ability of the cell 

to maintain the integrity of its genome. Initially, defects in the pathways controlled by the BRCA1/2 

proteins can cause a growth advantage for the cell. If DNA replication and repair and the checkpoint 

pathways are not functioning properly, this may cause mutations in the genome and allow the cell to 

divide without repairing those mutations, causing a growth advantage. The PARP inhibitors promote a 

therapeutic condition known as synthetic lethality in BRCA1/2-mutated cells, meaning that there are 
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now two defects, one that comes from a genetic lesion and one that comes 

from the drug. Even the cancer cell is unable to overcome the genetic 

damage and the DNA replication stress caused by the combination of the 

drug and the genetic lesion, preventing the cancer cell from being able to 

grow and ultimately promoting the death of the cell.

Q.  Could you describe the alternative pathway 
that has been identified in BRCA1/2-intact 
breast cancer cells?

This alternative pathway, which has been identified in breast cancer cells 

that are intact for BRCA1/2, functions independently of DNA repair. This 

is a pathway that involves the production of ribosomal RNA, a special 

type of non-coding RNA that is critical for assembling ribosomes, which 

are used translate proteins from mRNAs in the cytosol of the cell. Protein 

translation is critical for the growth and proliferation of the breast cancer 

cell. The cancer cells are addicted to making as many proteins as possible 

so they can proliferate aggressively. PARP-1 plays a critical molecular role 

in ribosomal RNA production, which occurs in a specialized compartment 

in the cell nucleus called the nucleolus. Through its catalytic activity, which 

can be inhibited by PARP inhibitors, PARP-1 modifies a protein called 

DDX21, which is critical for ribosomal RNA transcription. Inhibiting this 

pathway reduces cellular ribosome content, which slows the growth of 

the cancer cells.

Q.  Are there any particular tumor types that are 
likely to respond to inhibition of this pathway?

We have found that the localization of DDX21 in the nucleolus is a good 

indicator of the activity of this alternate pathway, therefore we think that 

DDX21 may be a good biomarker. We are now surveying a broad range of 

cancers to see if a shift in localization of DDX21 can serve as a marker of 

PARP activity and possibly response to PARP inhibitors. Expanding this to 

additional cancer types beyond breast cancer is important for this research. 

We are looking at ovarian cancer, which was the first cancer for which PARP 

inhibitors were approved, and also prostate cancer and pancreatic cancer. 

Since this is a common pathway, it could play a role in response to PARP 

inhibitors in many other types of cancer.

Q.  What are the clinical implications of these 
findings?

These findings open up a new category of cancers that may show a clinical 

benefit from the use of PARP inhibitors. At the moment, the FDA has only 

approved the PARP inhibitors in BRCA1/2 mutant cells. Because we have 

identified an alternative pathway that does not require DNA damage or 

BRCA mutations, we may find additional patients who might be good 

candidates for the use of PARP inhibitors. This fits well with growing 

evidence from basic and preclinical studies, and even some clinical studies, 

showing that there is broader efficacy of PARP inhibitors beyond BRCA1/2-

mutated cancers.

Q.  What studies have been performed to date and 
what further studies are planned?

Much of the work done to date was to define the molecular mechanisms 

of this pathway. In addition, some studies in mouse xenograft models 

and patient samples helped to show that this pathway is active in human 

cancers.5 These have been exclusively in breast cancers and they clearly 

showed that PARP inhibitors were effective in BRCA1/2 intact breast 

cancers. They also showed that this pathway requires PARP-1 activity and 

that DDX21 plays a critical role in this pathway in human breast cancers. In 

the future, we will need prospective clinical studies to fully understand the 

clinical implications of these findings. 
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