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Abstract

Sby inhibitors of poly(ADP-ribose) polymerase 

interaction is counteracted by the restoration of 

additional factors involved in this process, we 

in vitro and in vivo

end resection and that the CST complex may act 

that, in addition to its role in protecting telomeres, 
the CST complex also contributes to protecting 
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161Chapter 2

Cancer Chess:

Molecular Insights 

Into PARPi Resistance

Adapted from: 
Marco Barazas

The CST Complex Mediates End 

Protection at Double-Strand Breaks 
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Introduction

BRCA

ovarian cancer because recent clinical studies indicate that a subset of prostate cancers 

 Despite this success, long-lasting clinical response rates in patients with advanced 
disease are limited by the development of resistance, the mechanisms of which have not 

;

intragenic 

antagonists partially restores end resection of DNA double-strand breaks (DSBs), none 

chromosomal termini, cells have evolved several mechanisms to protect telomeres 

single-stranded DNA (ssDNA) overhang is crucial in telomere maintenance because it is 
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 Besides the mechanisms that have evolved to protect telomeric overhangs from 

it was demonstrated that the binding of the CST complex to ssDNA is not particularly 

in , or its CST complex members  or , suppress the synthetic lethal interaction 

resistance in vivo

data demonstrate that the CST complex plays a more global role in DNA repair beyond 

Results

targeting  were deliberately removed from the library to avoid the possibility 



568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas
Processed on: 9-11-2021Processed on: 9-11-2021Processed on: 9-11-2021Processed on: 9-11-2021 PDF page: 164PDF page: 164PDF page: 164PDF page: 164

upstream regulatory factor 

 mouse embryonic stem cells (mESCs) infected with a genome-wide 

 and  scored among the 

targeting 

 scored among the top enriched genes and 

 The results from these three independent screens were collated to identify 

 was 

 (also known 
as 

 was a top hit in all 
three independent screens in both mouse and human cells, we prioritized this gene for 

and PARP Inhibition

putative oligonucleotide-binding (OB) fold domain of 
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-targeted cells showed resistance to 

 (A) 
(B) 

(C)  mouse embryonic stem cells (mESCs) were screened with a genome-wide library in two independent 

(D) A derivative of the  mutant 

Z scores were log-transformed and plotted based on the positive 
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(A) Schematic overview of the 
(B–D) 

(E) The indicated 

(F)

way ANOVA with Dunnett’s multiple comparisons test (**** 

(H-I)

 (H)

from each condition using TIDE software (I) (J)
targeting  and (E) (F) and 
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 We next investigated whether 

was performed in which the evolution of polyclonal populations was monitored by 

-targeted cells 
 frameshift mutations 

compared with untreated populations, which were kept in culture for the same 

we genetically inactivated the other two CST complex members  and , 
and treated these cells with olaparib under the same conditions as used 
for  or 

 These data were corroborated in 
assisted inactivation of  increased survival upon olaparib treatment, which was 

Furthermore, we targeted the CST complex members in  mESCs, 
Sco allele that can be inactivated by 

 mESCs, clonal outgrowth was observed for cells depleted of 
Sco allele 

outgrowth was due to a non-recombined Sco
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During the repair of DSBs, a critical decision is made between initiating repair via NHEJ 

 DSB end resection produces ssDNA overhangs, which are protected from 

in 

Cells. , , and  were targeted in 
and selection, the 

 (B)  alleles from surviving populations 
Sco (Sco) and recombined  (DelSco  (C) -mutant 

*

** ****
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(A-B)
 (A)

 (B) Am) point 

**  
 (C)

th to 
th

**** 



568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas568795-L-sub01-bw-Barazas
Processed on: 9-11-2021Processed on: 9-11-2021Processed on: 9-11-2021Processed on: 9-11-2021 PDF page: 170PDF page: 170PDF page: 170PDF page: 170

 mESC cells carrying a stably integrated 

and I-Sce

conditional SCo

 mouse 
 mutant 

in 
situ

with NHEJ being inhibited by long ssDNA overhangs, it was previously shown that 
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and subcloned to obtain 
clones showed heterozygous  allele disruption, and no homozygous knockouts 

 knockout clones were 

Interestingly, heterozygous knockout of 

(A–C)
(A)

(B)
(C) 

* **p 
(D-E) Heterozygous inactivation of (D) FACS 

(E)
by unpaired Student’s t test (** 
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Last, we explored the in vivo

of 

an in vivo

ex vivo and 
-

As expected, the 

 and 

in vivo
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Discussion

highlight the CST complex as a pathway for tumor cells to escape the synthetic lethal 

of these factors have been shown to contain direct DNA binding capacity and do not 

the CST complex is another trimeric complex that contains direct DNA binding capacity 

In Vivo. (A)

 (B) ex vivo manipulation of tumor 
 (C-D)

 (E)

**
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mutually exclusive with this model, it is conceivable that these complexes might 
contain specialized functions dependent on the ssDNA substrate since the CST complex 
has been reported to preferentially bind to and promote melting of G-rich regions and 

step in the regulation of DSB end stability (for instance, through steric hindrance) or 

only by shielding the ends of DSBs from end-processing activities but also by directly 

we expect that these alterations provide therapeutic vulnerabilities because we recently 

Materials and Methods

line was previously established from a 

was previously established from a  mouse mammary tumor and cultured as 
in vitro culture details and gene editing details are 

Plasmids

Plasmids and cloning methods are provided in the Supplementary Materials and 
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PARPis

CRISPR Library Screens

Alpha Track Assay

Focus Formation Experiments

Assessment of Telomere NHEJ

;
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CSR Assay

in vivo, we used 

In Vivo Studies

All animal experiments were approved by the Animal Ethics Committee of the 
Netherlands Cancer Institute (Amsterdam, the Netherlands) and performed in 

post 
hoc
and post hoc

parametric test and post hoc

* ** *** ****
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Contact for Reagent and Resource Sharing

Data and Software Availability

We wish to thank Piet Borst for critical reading of the manuscript, the members of 
the Preclinical Intervention Unit of the Mouse Clinic for Cancer and Aging (MCCA) at 
the Netherlands Cancer Institute (NKI) for their technical support with the animal 

Author Contributions

Conceptualization Methodology
Software and Formal Analysis Investigation

Resources, Writing
Supervision Funding 
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References

Mechanisms of Therapy 

High sensitivity of 
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Identifying drug-gene interactions 

Induction of linear tracks of 

A high-throughput 
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The shieldin complex 

an unusual stoichiometry, makes multipartite interaction with G-Tails, and unfolds higher-order G-tail 

Supplementary Materials and Methods

Cell culture

o

with a selectable conditional deletion (  and ;

, 
 

o oC to induce telomere 

o
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Transfection-based genome editing

Lentiviral transduction-based genome editing

 mES cells were 

Plasmids

backbone using custom DNA oligos (IDT) which were melted, annealed and 
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CRISPR library screens

and the NCBI search (terms: “DNA repair”, “DNA damage response”, “DNA 
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million (pptm) reads and fold change between starting and resistant population was 

Clonogenic survival assay

, and were targeted in  mouse embryonic stem (mES) 

mouse SCo 

;
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Competition assays

Alpha track assay
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Am point- source by moving the 

Foci formation experiments

st

nd
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Assessment of telomere NHEJ

;

o

o

or 

CSR assay
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in vivo, we 

mean of M-value (TMM) normalization was performed to obtain normalized expression 
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were subtracted to those of matched naïve tumors for downstream analysis which 
 

In vivo studies

o

single cells, washed in PBS, resuspended in tumor organoid medium and mixed in a 
 cells 

 cells were transplanted in the fourth right mammary fat 

, at which 

 when the tumor reached a volume 
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Supplementary Figures and Tables
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