
Cancer chess: molecular insights into PARP inhibitor
resistance
Barazas, M.

Citation
Barazas, M. (2021, December 14). Cancer chess: molecular insights into
PARP inhibitor resistance. Retrieved from
https://hdl.handle.net/1887/3247064
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3247064
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3247064


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: 32PDF page: 32PDF page: 32PDF page: 32

Abstract

The cancer genomics revolution has rapidly 
expanded the inventory of somatic mutations 

characterizing human malignancies, highlighting a 
previously underappreciated extent of molecular 

breast cancer, the most commonly diagnosed 
malignancy in women, this heterogeneity 
complicates the understanding of the stepwise 

disentangle this complexity and pinpoint which 
molecular perturbations are crucial to hijack the 
cellular machinery and lead to tumorigenesis and 
drug resistance, functional studies are needed in 
model systems that faithfully and comprehensively 
recapitulate all the salient aspects of their cognate 

cancer have been instrumental for the study of 
tumor initiation and drug response but also involve 
cost and time limitations that represent serious 

with the overwhelming amount of hypotheses that 
warrant in vivo
current breast cancer models and implementation 

summarize the current state of the art in modeling 
human breast cancer in mice, and we put forward 
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Main Text

Breast cancer is the most commonly diagnosed invasive cancer worldwide, with 

a spectrum of malignancies, encompassing several distinct biological entities and 

comprises several morphological and immunohistochemical phenotypes that can be 

mammary tumors mostly fall into the class of invasive ductal carcinomas (IDCs), followed 

+, 

decision-making, there are limitations in predicting disease prognosis and response 

that nearly half of the women with early breast cancer who are at high risk based on 

an extreme heterogeneity in the mutational landscape exists, which may account for 

mosaics of multiple clones of neoplastic cells, each characterized by a distinct genetic 

making the tumor mass not static but continuously shaped by a branching evolutionary 

mutations) from background alterations (passenger mutations) is a major goal in breast 
cancer research, as it can pinpoint evolutionary conserved processes that mammary 

how these signaling networks physiologically function, how they become aberrant, and 

 Given this complexity, genetically engineered mouse models (GEMMs) of breast 
cancer, together with patient-derived tumor xenografts (PDXs) and GEMM-derived 
tumor allografts, have proven valuable resources for deepening our understanding 
of how mammary tumors initiate, progress, metastasize, and respond to therapy in a 
physiologically relevant in vivo
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on de novo induced malignancies growing in intact organisms, rather than correlative 

characterization of mouse models for two breast cancer subtypes: ILCs and basal-like 

the relevant target cells of mouse models, recapitulating the key dependencies of the 

we will discuss how these models can be used for functional dissection of tumorigenic 
cascades, unraveling new therapeutic vulnerabilities and mechanisms of therapy 
resistance—in particular, in light of the advent of new technologies such as clustered 

Invasive lobular breast carcinoma (ILC) models

of cell adherens junctions because of mutations or methylation of the  gene, 

 alleles in mice 

genes and networks that collaborate with E-cadherin loss in mammary tumorigenesis, 
we used the Sleeping Beauty
mutagenesis screen in F F

in SB-induced 
several genes, some known to be mutated in human ILC, suggesting that mutagenesis 

targeted pathways and mutually exclusive insertions revealed the regulation of the 
actin cytoskeleton as a completely novel oncogenic pathway in both mouse and 
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Furthermore, recent genomic studies on collections of human ILCs have unveiled that, 

 or Akt mutants 

these allelic variants, we used a novel strategy for fast-track production of GEMMs, called 
GEMM-ESC, which is based on Flp-recombinase-mediated introduction of additional 
mutant alleles into the  locus of embryonic stem cells (ESCs) derived from existing 

with strong resemblance to human ILC in terms of morphology, gene expression, and 
invasiveness, on which we are now testing a panel of anticancer therapeutics to identify 

Basal-like breast cancer models

Basal-like breast cancers represent a heterogeneous class of malignancies with poor 

pathway because of germline or somatic mutations in  or  promoter 

mostly because of germline mutations in 

DSB-inducing drugs such as alkylating agents, poly ADP ribose polymerase inhibitors 

 To study tumorigenesis and drug resistance mechanisms, we developed several 
. In 

our 
inactivation of 

contrast to ILC, in which point mutations are the most common somatic alterations, 
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BRCA-mutated breast cancers 
are characterized by complex 
patterns of DNA copy number 
aberrations (CNAs), including 

losses of entire chromosome 

MYC  
loss as recurrent CNAs in both 
mouse and human -

Exploiting the GEMM-ESC 
strategy, we could model 
conditional overexpression 
of MYC in our 

and found that mammary 
tumor development was 
indeed strongly accelerated 
compared to the original line 

Preclinical trials in Brca-associated breast cancer models

Although phase-I and -II clinical trials are mostly carried out in heavily pretreated 

the opportunity to initiate treatment on naïve tumors in a clinically relevant in vivo 

agents showed heterogeneous responses between individual tumors but also marked 

y

Invasive lobular
carcinoma Human

WAPcre;Cdh1F/F;PtenF/F

mouse model

Morphology Lobular Lobular
Invasive Yes Yes
Grade Low Low
Mitotic index Low Low
ER expression Yes Yes
Molecular subtype Luminal Luminal
Collagen deposition Yes Yes
Stroma-rich Yes Yes

BRCA1-associated
breast cancer Human

K14cre;Brca1F/F;p53F/F

mouse model

Morphology Ductal Ductal
Invasive Yes Yes
Grade High High
Mitotic index High High
ER/PR expression No No
Molecular subtype Basal-like Basal-like
Genomically
instable

Yes Yes

HR-deficient Yes Yes

ILC, invasive lobular carcinoma; BRCA1, breast cancer gene 1;
GEMMs, genetically engineered mouse models; ER, estrogen receptor;
PR, progesterone receptor; HR, homologous recombination.
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could never be completely eradicated by maximum tolerated dose concentrations of 

switch-maintenance therapy for 
BRCA-

showed that alkylators such as nimustine could induce complete tumor eradication 
BRCA
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PARPi resistance mechanisms in Brca-associated breast cancer models

initially responded well to treatment but eventually relapsed and developed stable 

or (phospho)-proteomics, thereby taking advantage of the clean genetic background 

that  and 

export of olaparib from tumor cells (

clinical relevance of P-gp up-regulation as cause of drug resistance remains controversial 
, the human counterpart of , was recently found to be 

increased expression may result from complex genomic rearrangements that fuse a 
distant promoter to the  gene and thereby bypass the  promoter methylation 

 resulting in 
the 

with data from unbiased functional genetic screens in vitro

in vivo resistance 
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cross-resistant to topotecan and doxorubicin, they are still responsive to cisplatin, 

cancer A B) The DNA damage 
C) Genetic 

reactivation of -mutated alleles can occur because of alternative splicing, retromutations, or secondary mutations 
restoring the D) Transcription of silenced  alleles can be restored upon promoter demethylation 

DSB

BRCA1 (-) BRCA1 (-)
53BP1 (-)

NHEJ Resection

HR-deficient HR-restored

Rewiring DNA damage response

C D

Up-regulation of drug efflux pump

P-gp substrate
(i.e., olaparib)

Efflux pump

A B

promoter 1 2

promoter 1 2

promoter 1 2

promoter 1 2

2.     Gene fusion to heterologous promoter

1.     Promoter demethylation

Transcriptional reactivation

frameshift1 32

1 2

1 32

1 32

in-frame

1.     Alternative splicing

2.     Retromutation

3.    Secondary mutation

Genetic reactivation
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end, we generated several mouse models mimicking pathogenic  variants that 

the type and location of the 

tumor cells harboring the  allelic variant, which was modeled in mice 
by a  allele, can use a downstream alternative start site leading to the 

 allelic 

 PDX models provide a solution to narrow the gap between mouse and human 
cancer biology and as such represent a novel in vivo platform for studying therapy 

generate in the past, recent advances have made it possible to generate PDX 

underlying mechanism was dependent on the type of  inactivation: Whereas 
therapy-resistant  promoter 
demethylation, 
through secondary mutations that restored the 

a novel resistance mechanism involving gene fusions that placed  under 
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Taken together, these studies illustrate the power of mouse models in unraveling 

occur in a limited group of BRCA
It is noteworthy that resistance caused by mutations in additional DNA repair genes 

therefore be important to determine if and how each resistance mechanism can be 

jointly boosted the discrimination between passenger and driver mutations and the 

practical challenge for in vivo validation experiments, because of the considerable costs 

keep decreasing, research will shift from testing oncogenicity of single driver alleles 
to investigating the impact of multiple allelic variants on tumor development and 

hypomorphic, dominant-negative, and separation-of-function mutants at the base pair 

of transgenic facilities, warranting the development of new in vivo platforms for 

should sort out current temporal and economical limitations of GEMM establishment 
and bypass extensive mouse husbandry but also allow a high degree of manipulability 

 To develop such a platform for breast cancer, we explored the possibility of 
nongermline modeling of mammary tumors by exploiting intraductal injection in 
the nipple of adult female mice as a way to deliver high-titer lentiviral or adenoviral 

have shown that intraductally injected lentiviruses can target tumor-initiating cells 
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of both the basal and the luminal compartment, allowing modeling of both ILC and 

For example, intraductal injection of Cre-encoding lentiviruses in Pten  mice 
induced the formation of ILCs that were undistinguishable from the ILCs arising in the 
original Pten
recapitulate sporadic tumor initiation by allowing titratable and spatiotemporally 

 Importantly, the potential of nongermline modeling extends far beyond simple 

candidate genes even in the absence of germline conditional alleles: (a) vectors 

in vivo editing approaches, we and others 

Multiple applications for somatic genome engineering of the mammary tissue via intraductal injection to study 

Intraductal injections

CRISPR manipulation
of a gene

(e.g., sgPten)

CRISPR manipulation
of multiple genes

(e.g., sgPten/sgp53)

CRISPR modeling of large
chromosomal rearrangements

shRNA-mediated
downregulation of a gene

(e.g., shPten) Tagging/imaging
nascent tumors

Somatic Cre delivery
for ILC modeling

(e.g., to EcadF/F;PtenF/F)

In vivo screens for
novel TSG/oncogenes

Somatic Cre delivery
for TNBC modeling

(e.g., to Brca1F/F;p53F/F)

Study metastasis 
formation after primary

tumor removal

Overexpression of
oncogenic cDNAs

(e.g., p53 mutants)
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Mammary tumor organoids

Another exciting technological breakthrough came from the possibility to derive 

murine tumor organoid cultures retain key features of donor tumors, including cellular 

monolayer growth on plastic surfaces, tumor organoid cultures are much easier to 
ex vivo

introduce 
demonstrate that this permutation rendered the organoid-derived tumors refractory 

candidate drug resistance genes for their in vivo relevance, including candidates 

(
GEMM and PDX tumor organoids are particularly amenable for in vivo genetic screens 

ex vivo with desired genetic permutations and retransplanted in mice to 
evaluate in vivo

1-2 weeks

3D tumor organoid
derivation and modification

GEMM/PDX tumor Modified isogenic
GEMM/PDX tumor

2-3 weeks1-2 weeks
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Conclusion

A number of known and unknown biological discrepancies inevitably exist between 

Nevertheless, the systematic and synergistic deployment of complementary in vitro and 
in vivo platforms (GEMMs, PDX models, organoids, nongermline models) is envisioned to 

Cutting-edge mouse cancer clinics will enable so-called coclinical trials, in which clinical 

tumor growth dynamics, but instead of “whack-a-mole” treatment schedules, coclinical 
trials could assist in the design of more sophisticated and personalized regimens in 

the use of ever-smarter mouse models, which will ultimately lead to improved long-term 
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The landscape of cancer genes 

Landscape of somatic mutations in 

E-cadherin inactivation in 

Mammary-

Somatic inactivation of 

PTEN Loss in E-Cadherin-

Insertional mutagenesis 

Basal-like and triple-negative breast 
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Cross-species comparison of aCGH 

Selective 
induction of chemotherapy resistance of mammary tumors in a conditional mouse model for hereditary 

High sensitivity of 

in patients with platinum-sensitive relapsed serous ovarian cancer: a preplanned retrospective analysis of 

Genomic patterns 
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Mechanisms of Therapy 
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