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Abstract

Pis a promising new therapeutic approach for 
the treatment of cancers that show homologous 

We developed three-dimensional cancer organoids 
derived from genetically engineered mouse models 

Unlike conventional cell lines or mammospheres, 

and rapidly expanded in vitro
transplanted organoids give rise to mammary 
tumors that recapitulate the epithelial morphology 
and preserve the drug response of the original 

powerful tool for genetic studies of tumor biology 
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Cancer Chess:

Molecular Insights 

Into PARPi Resistance

Adapted from: 
Marco Barazas, Stefano Annunziato, et al.

Cancer Drug Resistance
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Introduction

We have previously demonstrated that mammary adenocarcinomas that arise 
in 

expression of basal markers, genomic instability and hypersensitivity to DNA-targeting 

these cell lines are useful, they exhibit limitations such as phenotypic and genetic 
uniformity and divergence from the primary tumor during adaptation to in vitro

in vitro

cultures preserve important features of the original tumor, such as cellular heterogeneity 

organoid lines that provide more physiological models in which to study drug resistance 

drug response of the original tumor both in vitro and after orthotopic transplantation 

Results

mammary tumor tissues, yielding mammary tumor organoid cultures that could 
be rapidly expanded and cultured in vitro 

(KP) and 

months to adapt to in vitro 
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 To assess the potential of mammary carcinoma organoids to form tumors in 
vivo

correlated with the number of cells transplanted, suggesting that organoids undergo 
polyclonal expansion in vivo 

in vitro transformation, as organoids 

that normal mammary organoids and tumor organoids showed similar proliferation 
rates in vitro 
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sample) and tumors obtained following organoid transplantation (in vivo 
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organoids and the corresponding tumor outgrowths to determine whether they 

of , , and were conserved in both organoids and organoid-derived 

Original tumor pair Tumor-derived organoids Organoid-derived tumors

Orthotopic

transplantation
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Unsupervised hierarchical clustering revealed a high similarity between the patterns of 

models was preserved following transplantation, as determined by morphology and 

in vivo and the clonal evolution 
of organoid-derived tumors, we barcoded individual cells in organoids by lentiviral 

selection, the barcoded organoids were transplanted into syngeneic wild-type mice 

x

x x

exhibit high clonal heterogeneity in vivo and give rise to tumors that preserve the 

in vivo and are 
particularly compatible with in vivo 

Analysis of PARPi response in vivo and in vitro
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next studied the in vitro and in vivo 

olaparib resistance to be stable following re-transplantation of the original tumor 

lines in vitro and in parallel we transplanted the organoid lines orthotopically into wild-
type animals and tested the olaparib response of the organoid-derived mammary 

in vitro and in vivo 

respective olaparib-sensitive and olaparib-resistant phenotypes described for the 
donor tumors, demonstrating that organoid-derived tumors can recapitulate the 

in vitro 

cultures, we performed an in vitro 

both in vitro and in vivo 
 Given the low olaparib IC

in vitro

and which faithfully recapitulated the phenotype of the original donor tumors 

in 
vitro 
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Functional analysis of drug-resistance mechanisms

in vitro and 
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in vivo

that GEMM-derived mammary tumor organoid models can be employed to study 

Finally, we explored the utility of GEMM-derived mammary tumor organoids for rapid 
in vivo 

demonstration, we inactivated 

treatment in vivo
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and deletions (indels) were measured using the tracking of indels by decomposition 

-targeted cells (data not shown), with 

expected, tumors derived from transplantation of 
organoids exhibited a limited response to olaparib compared with the control tumors 

mutations in the locus were strongly enriched in vehicle-treated tumors 

a further enrichment in frameshift mutations following olaparib treatment, and 

Notably, these results demonstrate that GEMM-derived mammary tumor organoids can 

in vivo characterization of 
targeted organoids can be readily performed as a result of the short latency period and 

Discussion

and 

and 
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basic mechanisms of DNA repair, as illustrated by a recent description of a previously 

derived from these resistant tumors may be useful for identifying and targeting new 

, 
organoid lines derived from drug-naive tumors provide a rapid and straightforward 

mutations in protein-coding cancer genes in tumors that show a mutational signature 

the limitations of these in vitro 
retain critical characteristics of the original tumors and combine the ease of genetic 

organoids especially suitable for genetic and pharmacologic screens in vivo

tumor displayed in vitro 

in vivo
drug resistance in vitro and highlights the need for additional studies to further improve 

in vitro and in vivo responses 
in vivo tumor microenvironment, 

in vivo 

drug resistance in vivo

Materials and Methods

A detailed step-by-step protocol, including the primary in vitro procedures with mouse 
mammary tumor organoids, is available through Protocol Exchange 
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Establishment and maintenance of mammary tumor organoid lines 

Fresh or cryopreserved mammary tumor pieces were minced and digested in Advanced 

The DNase solution was discarded after centrifugation as before and the pellet was 

Noggin-conditioned medium

 Passaging of organoids was performed either via mechanical disruption using a 

Mice, generation of mammary tumors and orthotopic transplantations 

All animal experiments were approved by the Animal Ethics Committee of The 
Netherlands Cancer Institute and performed in accordance with the Dutch Act on Animal 

, , 
, and 
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(length and width in millimeters), and tumor volume (in mm ) was calculated by using the 

 when the tumor 

 For the transplantation of organoid lines, organoids were used at a size 

Drugs and treatment of tumor-bearing mice

Treatment of mice transplanted with tumor pieces was initiated when tumors reached 

due to the accelerated growth 

In addition to sterile collection of multiple tumor pieces for grafting experiments (as 

Genomic DNA extraction from tumor and organoid samples was performed 

F, , F, , and alleles was performed as previously 
described F 

loxP
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Immunohistochemistry 

O

O

in volume, the 

Antibodies
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-transformed read counts from 

however, distances between samples were calculated using the original bin size of 

sample read counts were generated by counting aligned reads with a mapping 

ratios were determined by calculating the log  ratio of each samples counts compared 
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the samples were clustered by the log  ratios using unsupervised hierarchical clustering 

Cell viability assay

For cell viability assays, organoids were dissociated into single cells as described above, 

were performed at least in duplicate and data were analyzed with GraphPad Prism 

Organoid transduction 

gene, the oligos Fwd-
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envelope, were produced by transient co-transfection of four plasmids as previously 

experiment, the medium was refreshed twenty-four hours after infection and 
knockout experiments, 

(Fwd-

downstream of the 

Library representation analysis 

To ensure single integration events following lentiviral transduction, the lentiviral 

x, 
x x 

mm
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-
-

-
-

barcodes: CGTGAT, ACATCG, GCCTAA, TGGTCA, CACTGT, ATTGGC, GATCTG, TCAAGT, 
CTGATC, AAGCTA, GTAGCC, TACAAG, TTGACT, GGAACT, TGACAT, GGACGG, CTCTAC, 

Statistics 

in vitro cytotoxic assays), nonlinear regression model was 
applied and P 

t

n n 
donor: n n 

n 
n n 

n n n 
n n n 

n 

Life Sciences Reporting Summary 
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tumors to PARPi treatment. (A-E) 
Mice orthotopically transplanted 
with olaparib-naïve or –resistant 

n n 
A, 

n B, 

tumors (n n 
other treatment groups) C

n D 

n 
vehicle, n E were 
treated with either vehicle A-E, olaparib 
A-D E

tumor volume (ratio of tumor volume 
to initial size at start of treatment) 
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in vitro  (A-B) In vitro 
A B

P values were determined 
(C) In vitro 

P values were determined as described 
for A-B
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mammary tumors to olaparib treatment
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Animals were treated with either vehicle or 
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tumor volume (ratio of tumor volume to initial 
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Addendum

in vivo. Hereto, 

We next used this versatile platform to evaluate two other known resistance factors 

the treatment duration has been prolonged to extend the evaluation window, this 

in vivo 

that resistant tumors were hallmarked by non-functional allelic variants (Addendum 
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 isogenic in vivo (A) Kaplan-Meier curves 

(B
(C) (D) Immunohistochemistry 
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