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RNAi screen identifies DNA repair genes involved in cell chemosensitivity
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INTRODUCTION
Personalized medicine is an approach to improve treatment of an individual patient by taking into 
account the specifics of an individual’s physiology. One aspect of this is an assessment of patient’s 
genomic profile. More specifically, the evaluation of DNA repair efficiency provides a unique opportunity 
to apply targeted cancer therapies (PARP inhibitors are the best known example). The main aim of this 
study was to identify other DNA repair pathways involved in cell chemosensitivity by RNAi knockdown 
screening in the hTERT RPE-1 cell line.

As defects in DNA repair leave behind “scars” 
characteristic of a particular pathway, whole 
genome sequencing data can be used to analyze 
these “scars” and conclude which DNA repair 
pathway has failed. These “scars” are called 
Mutation Signatures. For example signature 3 is 
observed in cancers carrying BRCA1/2 mutations 
(HR-related genes). Signature 4 shows mutations 
caused by tobacco smoking and might indicate 
NER-deficiency. Signature 6, which is characterized 
by C>T mutations, is strongly associated with the 
inactivation of DNA mismatch repair (MMR) genes 
(Alexandrov et al., Nature 2013).

RESULTS

RNAi SCREEN
NER and FA deficiencies increase sensitivity 
to cisplatin in hTERT RPE-1 cells. 
We evaluated the impact of knockdowns of ERCC1 
NER-related and FD2 FA-related genes to prove the 
specific effect of NER or FA inhibition on sensitivity to 
popular chemotherapeutic, such as cisplatin.

We observed that silencing of ERCC1 and 
FD2 drastically increase sensitivity of the 
hTERT RPE-1 cells to alkylating-agent – 
cisplatin. Conversely, knockdowns of MSH2 
and MSH6 MMR-related genes retain the 
viability as wild-type cells after cisplatin 
treatment. Furthermore, we evaluated 
several different DNA repair deficiencies. Cell 
viability was assessed by Alamar Blue assay 
after specific knockdown and 5-day cell 
treatment. Confirmation of knockdowns was 
assessed by western blot analyses. 

MUTATION SIGNATURES IN HUMAN CANCER

1. Cancer patients - DNA isolation from patient’s 
 blood and biopsy samples.
2. Whole genome sequencing (WGS) and data 
 processing.
3. Whole-genome profiling and cancer signatures – 
 DNA repair pathway analysis.
4. Prediction of response to treatment.
5. Patient sequencing report.
6. Selection of personalized treatment.
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To confirm the observations from RNAi screen we decided to use CRISPR-Cas9-mediated genome 
editing to generate ERCC1KO/KO cell line. Timeline of experiment included: in silico design via the 
CRISPR Design Tool (https://benchling.com), clonal expansion and functional validation. Individual 
clones isolated from cell populations transfected with sgRNA were assayed by PCR, reflecting a 
deletion of ~320 bp long. We successfully created bi-allelic knockout of ERCC1 (green arrow).
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CONCLUSIONS
ERCC1 NER-related and FD2 FA-related genes increase the susceptibility to cisplatin. Thus, 
knowledge about NER and FA activity could be used to select the appropriate treatment for patients.
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