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Highlights:

BRCA-deficient TNBC show increased PARPi sensitivity.

Resistance associated with homologous recombination (HR) restoration is frequent.

An HR impairing and BRCA-deficiency inducing pharmacologic approaches is of substance.
Two CDK-inhibitors (CDKi ), dinaciclib and SR-4835 were tested.

CDKi impaired HR and increased olaparib sensitivity in TNBC cell lines and PDX models.

Abbreviations:

BRCA1-WT, BRCA1 wild type gene; BRCAness, BRCA-deficiency; CDK, Cyclin Dependent Kinase; CDKi,
CDK inhibitors; CDDP, cisplatin; CTD, carboxy terminal domain; DSB, double strand DNA break; HRD,
homologous recombination deficient or deficiency; IC50, median inhibitory concentration; PARPi,
PARP inhibitor; PDX, patient derived tumor xenograft; TNBC, Triple Negative Breast Cancer.
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Abstract:
One in three Triple Negative Breast Cancer (TNBC) is Homologous Recombination Deficient (HRD)

and susceptible to respond to PARP inhibitor (PARPi), however, resistance resulting from functional
HR restoration is frequent. Thus, pharmacologic approaches that induce HRD are of interest. We
investigated the effectiveness of CDK-inhibition to induce HRD and increase PARPi sensitivity of TNBC
cell lines and PDX models. Two CDK-inhibitors (CDKi), the broad range dinaciclib and the CDK12-
specific SR-4835, strongly reduced the expression of key HR genes and impaired HR functionality, as
illustrated by BRCA1 and RAD51 nuclear foci obliteration. Consequently, both CDKis showed
synergism with olaparib, as well as with cisplatin and gemcitabine, in a range of TNBC cell lines and
particularly in olaparib-resistant models. In vivo assays on PDX validated the efficacy of dinaciclib
which increased the sensitivity to olaparib of 5/6 models, including two olaparib-resistant and one
BRCA1-WT model. However, no olaparib response improvement was observed in vivo with SR-4835.
These data support that the implementation of CDK-inhibitors could be effective to sensitize TNBC to

olaparib as well as possibly to cisplatin or gemcitabine.
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Introduction

BRCA1, BRCA2 and RAD51 proteins are central actors of homologous recombination (HR), which is
the most accurate DNA double strand break (DSB) repair pathway (1). Patients with constitutional
mutations in the BRCA1 or BRCA2 genes are prone to develop breast and ovarian cancer (2). Tumors
that develop on BRCA-deficient background show Homologous Recombination Deficiency (HRD) and
are characterized by elevated genetic instability and increased sensitivity to treatment, in particular
to PARP-inhibitors (PARPi) or platinum salts (1),(3). The elevated sensitivity to treatment of BRCA-
deficient cancers has long been associated with faulty DSB repair resulting from dysfunctional HR,
but recent works have elegantly shown that the BRCA1, BRCA2 and RAD51 proteins play also
important roles in the protection and repair of DNA replication forks (4),(5). Hence, increased genetic
instability and accrued treatment sensitivity of BRCA-deficient tumors may result from the
combination of faulty DSB repair and elevated levels of DNA replication stress.

HRD in breast and ovarian cancer has originally been associated with somatic mutations and
epigenetic silencing of BRCA1 and BRCA2, as well as, more recently, of PALB2, RAD51B, RAD51C or
RAD51D which belong to the HR pathway (1). Interestingly, triple negative breast cancer (TNBC) and
high grade ovarian cancers (HGOC) present the highest prevalence with respectively up to 35 and
50% of the tumors showing HRD (1 ),(2). Hence, innovative treatment protocols taking into account
this HRD deficiency have been applied to these cancers. The central role of the PARP1 and PARP2
enzymes in DNA repair and particularly in HR have made PARPi molecules of choice on the basis of a
synthetic lethal interaction between BRCA1/2 and PARP1 inactivation (6). As a matter of fact, PARPi
have shown interesting results in treatment of BRCA-deficient ovarian cancers, as well as of breast
cancers with constitutional BRCA1 or BRCA2 mutations (7),(8). However, BRCA-deficient models
rapidly develop resistance to PARPi (9). Mechanisms leading to PARPi resistance in BRCA-deficient
tumors frequently rely on complete or partial restoration of HR, either by the reactivation of a
functional or hypomorphic BRCA1/2 variant or through the inactivation of the Shieldin complex due
the loss of expression of either 53BP1, RIF1 or REV7 (10). Hence, despite their good initial response
to treatment, BRCA-deficient cancer remains in need of a therapeutic approach that could reverse
treatment resistance or reduce its occurrence. Ideally, such molecules should impact on the HR
pathway and render it dysfunctional, thus, inducing a pharmacological BRCA-deficiency.

Among the different pathways considered, regulation by cyclin dependent kinases (CDKs) appeared
of particular interest. CDKs belong to a large family of proteins broadly involved in either cell cycle or
transcriptional regulation (11). In terms of functional impact on HR, CDK1 and CDK2 appear of
interest. Indeed, in addition to their highly-documented role in cell cycle regulation, CDK1/2 also
phosphorylate and regulate key actors of HR, such as BRCA1, BRCA2, PALB2 and CtIP (12).

Furthermore, CDKs regulating transcription, such as CDK7, CDK9 and CDK12 have also attracted
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attention as potential therapeutic targets in relation to HR. These CDKs phosphorylate specific serine
residues of the C terminal domain (CTD) of the large subunit of RNApol Il at different time points
during transcription; CDK7 at initiation, CDK9 at early elongation, CDK12 at late stages of elongation
and RNA processing (13). Their attenuation and/or pharmacological targeting have been proposed to
reduce expression levels of principal HR genes and impact HR functionality (14). Noticeably, CDK12
has been proposed as playing a prominent role in the transcription and RNA processing of large
genes belonging to DNA repair and HR (15),(16).

We, thus, evaluated whether attenuation/inhibition of CDKs could be an effective approach to impair
the efficacy of HR and increase the sensitivity to treatment in triple negative breast cancer (TNBC)
models. To this aim, we assessed the efficacy of two CDK inhibitors bearing different ranges of
specificity. The first one, dinaciclib, is a broad range CDK-inhibitor, reported to target CDK1, CDK2,
CDK5 and CDK9 and has more recently been proposed to target CDK12 (17). The second one, SR-
4835 was specifically developed to target CDK12 and closely related CDK13 (18). Data presented in
the present work show that treatment of TNBC cell lines with dinaciclib and SR-4835, both result in a
sharp decrease of BRCA1 and RAD51 expression, as well as of BRCA1 and RAD51 nuclear foci
formation upon genotoxic treatment, a marker of HR functionality (19), (20). Consistent with this
broad impact on HR, dinaciclib and SR-4835 increased the sensitivity to cisplatin (CDDP), gemcitabine
and to the PARPi olaparib of a series of TNBC models including BRCA-proficient, BRCA-deficient and
importantly, also of olaparib-resistant cell lines. We, next, explored the efficacy of dinaciclib and SR-
4835 in an in vivo setting using a set of TNBC and ovarian cancer PDX models, of which we had
determined the response to olaparib (20). Noticeably, dinaciclib showed remarkable efficacy and
improved the response to olaparib in most PDX tested, including two olaparib resistant and one
BRCA1-WT model, resulting in an improved response associated with a strong reduction of the
BRCA1 and RAD51 nuclear foci. On the other hand, SR-4835, while showing an in vitro efficacy
equivalent to that of dinaciclib, produced no improvement of the olaparib response in any of the PDX
models tested.

Overall, these data support that the implementation of CDKi, in particular dinaciclib, could be an
effective approach to sensitize TNBC to olaparib and suggest that they could also be advantageous

used in combination with cisplatin or gemcitabine.
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Materials and Methods

Cell lines and CRISPR-Cas9 engineered mutants.

SUM159PT and SUM149PT TNBC cell lines a generous gift from Dr S Ethier (MUSC, Charleston, SC),
were maintained in Ham’s F-12 medium (Gibco™, Fisher Scientific, lllkirch-Graffenstaden, France)
supplemented with 5% FBS, 10pg/ml insulin, 1ug/ml hydrocortisone and 1% antibiotic-antimycotic
(100X) (Gibco™, Fisher Scientific, lllkirch-Graffenstaden, France). UWB1.289PT cell line was obtained
from the American Type Culture Collection (ATCC) and maintained in the 50% RPMI-1640 (Gibco™),
50% MEGM (MEGM Bullet Kit; CC-3150, Lonza, Basel, Switzerland) and supplemented with 3% FBS, 1%
Antibiotic-antimycotic (100X) (Gibco™, Fisher Scientific, lllkirch-Graffenstaden, France). For CRISPR-
Cas9 KO clone generation, SUM159PT cells were first transduced with a plasmid vector containing
doxycycline inducible lentiviral expression of SpCas9 (pCW-Cas9, #50661, Addgene). Lentiviral
transduction was performed on 70% confluent cell cultures. Viral particles were added in the fresh
medium containing 8ug/ml polybrene. After 16h the medium was changed and 2ug/ml puromycin
added for a 5day selection. Next, cells were transduced with two lentiviral plasmid vectors expressing
sgBRCA1 (kind gift from Yea-Lih Lin, IGH, Montpellier) and selected with 400ug/ml G418 for 10 days or
with RAD51C or RAD51D gRNAs (Synthego Corp. Redwood City, CA. USA). Cas9 expression was induced
by adding 1ug/ml of doxycycline for 6 days. Next, clones were obtained by limit dilution of the cells
and then analyzed by Sanger sequencing and western blotting to isolate BRCA1 knock out clones. All
cell lines and selected clones were genetically typed by Eurofins Genomics cell line authentication

(Eurofins Genomics, Les Ulis, France).

Cell viability tests

The median inhibitory concentration (IC50) was determined for each individual compound or drug
combination using the cell counting kit-8 (CCK-8, Tebubio, Houdan, France), in which cell viability is
measured with a colorimetric assay based on the reduction by cellular dehydrogenases of the water-
soluble tetrazolium salt (WST-8) which is transformed in formazan (yellow). The level of yellow dye,
which is directly proportional to the number of living cells, was measured by colorimetry at 540nm
using the Pherastar instrument (BMG labtek) microplate reader. In short, 1500 cells were seeded
onto 96-well flat-bottom plates on day 1. On day 2 cells were exposed for 24 h to increasing
concentrations of the tested drugs. The medium was then replaced and cells were grown for 2
doubling times at 37°C and 10ul of CCK-8 were added to each well. Average +/- standard deviation

values of three independent experiments were plotted using GraphPad Prism software.

Determination of drug synergism
About 1500 cells were seeded in individual 96 flat-bottom well plates and once attached

combination treatments were tested in a matrix configuration at growing concentrations (drug 1 in
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the X axis and drug 2 in the Y axis). Cells were exposed to the drugs for 24 h after which cell viability
was determined as described in cell viability tests. Synergism was determined as previously described

(23).

Flow cytometry determination of cell cycle changes and cell mortality upon treatment

Approximately 1x10° cells were grown for 24 h in 10 cm Petri dishes and subjected to olaparib,
dinaciclib, olaparib+dinaciclib, SR-4835 or olaparib+SR-4835 treatment for 24 h. After 24 h, drugs
were removed and fresh medium added. Cell aliquots were collected at time points Oh, 24 h, 48 h
and 72 h. At each time point, cells were washed once with icecold PBS, trypsinized and counted. Cells
were fixed in ice-cold 70% ethanol, washed in ice-cold PBS before being suspended in 0.5 ml staining
solution and stored at -20°C until analysis. For cell cycle analysis, DNA was counterstained with
1pg/ml DAPI and cells incubated at RT for 30min. FACS analysis was performed using a Gallios Flow
instrument (Beckman Coulter, Villepinte, France). DNA fluorescence was collected in linear mode,
cell debris and doublets were excluded. Settings were identical in each channel and 10 000 cells were
analyzed per aliquot. Each experiment was performed three times. Quantification of cell death was
done on cell pellets rinsed once in cold PBS and a second time in cold BBA buffer (sterile 0.2mM
HEPES pH7.4, 1.4M NacCl, 25mM CaCl2). Cells were distributed and resuspended in 50ul BBA buffer +
1ul annexinV (#11828681001 Sigma Aldrich) and 1ug/ml propidium iodide (PI) and incubated at RT

for 30min. Then 200ul PBS were added and cells analyzed.

Protein extraction and western blotting

Protein extracts were prepared by lysing either tumor tissue or cell line pellets on ice for 30 min in
50mM Tris-HCl pH7.4, 100mM NaCl, 50mM NaF, 40mM B-glycerophosphate, 5mM EDTA, 1% Triton
X100, 1uM aprotinin, PMSF, 1uM leupeptin, 1uM pepstatin, followed by a short centrifugation to
pellet debris. Protein concentrations were measured using the BCA kit (#23221, Pierce). SDS-PAGE
gel electrophoresis was carried out on 30ug protein in 6.5% and 7.5% for <200kDa and > 200 kDa
proteins respectively. Subsequently proteins were transferred onto nitrocellulose membranes
(#1030000, Amersham), incubated overnight at 4°C with the primary antibody. Antibodies used are
listed in a separate section. Membranes were then washed and incubated with the appropriate
secondary antibody in 5% non-fat dry milk in TBST (20mM Tris-HCl pH7.4, 150mM NacCl, 0.1%
Tween20) for 2H at room temperature and revealed by incubation with Chemiluminescent HRP

Substrate (#WBKLS0500, Millipore).

Immunofluorescence
For cell lines, cells were grown on 12mm diameter slides coverslips in 24 well-plate for 24 h and drugs
were added at the predetermined IC50 concentration. After 24 h drugs were washed off and cells

prepared. For tumor tissues, 6pum cryosections were prepared from OCT embedded deep frozen tissue
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and mounted on Fisherbrand™ Superfrost™ Plus Microscope Slides (Fisher Scientific, lllkirch-
Graffenstaden, France) and stored at -80°C until use. Cells and tumor sections were sequentially
subjected to mild extraction 5min in cold PBS containing 0.4% Triton X100, fixed in in PBS containing
4% PFA. Blockage/permeabilization was performed for 1 h at RT in 3% BSA and 0.2% Triton X100
diluted in PBS (solution 1). Next the primary antibody was diluted in solution 1 and incubated overnight
at 4°C, after which the secondary antibody in solution 1 was incubated at room temperature for 1 h.
Between each step, slides were washed 3 times with PBS. Tumor cryosections were immersed in 0.1%
SBB (Sigma Aldrich, Saint Quentin Fallavier, France) and 70% ethanol for 20 min at room temperature
to reduce tissue autofluorescence and subsequently washed three times for 5 minutes in PBS with
0.02% Tween 20. DNA was counterstained with 1pug/ml DAPI (Fisher Scientific, lllkirch-Graffenstaden,
France) to stain the nuclei and coverslips were mounted with MWL4-88 Citifluor (#17977-150
CliniSciences, Nanterre, France) and stored at 4°C. Antibodies used are described in the Antibody
section. Immunofluorescence images were acquired using Zeiss AXIO Imager.M2 microscope using a
63X-immersion oil lens and generated using Zeiss Blue software. Cells with =5 foci in the nucleus were
scored using CellProfiler (version 2.2.0, Broad Institute), as described (19), (20). At least three biological

replicates (both vehicle- and olaparib-treated) were analyzed.

Antibodies

Immunofluorescence; rabbit anti-RAD51 PC130 1:300 (Merck Millipore Sigma Aldrich, Saint Quentin
Fallavier, France,), rabbit anti-geminin 52508 1:200 (Cell Signaling Technology, OZYME, Saint Cyr
I’Ecole, France), mouse anti-BRCA1 sc-6954 1:100 (Santa Cruz Biotechnology, Heidelberg, Germany),
mouse anti-y-H2AX 1:4000 (H2-3F4, kind gift from Dr. Mustapha Oulad-Abdelghani, MAB-IGBMC
llIkirch-Graffenstaden), rabbit anti-53BP1 NB100-304 1:500 (Bio-technee LTD, Abington, UK).
Secondary antibodies; goat anti-mouse Alexa Fluor 488 (Abcam ab150113, 1:1000), goat anti-rabbit
Alexa Fluor 555 ab150078 1:1000 (Abcam, Cambridge, UK).

Western blotting; BRCA1 9010 1:500 (Cell Signaling Technology OZYME, Saint Cyr I’'Ecole, France),
BRCA2 A303-434A 1:1000 (Bethyl OZYME, Saint Cyr I’Ecole, France), PARP1 WH0000142M1 1:1000
(Sigma Aldrich, Saint Quentin Fallavier, France), RAD51 8875, 1:1000 (Cell Signaling Technology
OZYME, Saint Cyr I'Ecole, France) and alfa tubulin T9026 1:20000 (Sigma Aldrich, Saint Quentin
Fallavier, France); secondary antibodies goat anti-mouse-HRP 70745 1:10000 (Cell Signaling
Technology OZYME, Saint Cyr I'Ecole, France) and goat anti-rabbit-HRP 7076 1:10000 (Cell Signaling

Technology OZYME, Saint Cyr I’'Ecole, France).

TNBC and HGSOC PDX models and in vivo treatment
TNBC and Ovarian cancer PDX models establishment was as described (21), (22). PDX models are

described in Table 2. The study was reviewed and approved by the ethics committees for animal
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experimentations of the University of Montpellier (CEEA-LR-12028). PDX models were established
from fresh tumor fragments obtained from the Pathology Department at the Comprehensive Cancer
Center of Montpellier (ICM) after informed consent of the patients. Establishment of PDX models
was reviewed and approved by the institutional review board. Approximately 50 mm3 PDX fragments
were grafted subcutaneously into the flank of 3-4 week old Swiss-nude female mice (Charles Rivers,
Saint-Germain-sur-I’Arbresle, France). The present study comprised six experimental arms; vehicle,
olaparib, dinaciclib, olaparib + dinaciclib, SR-4835 and olaparib + SR-4835 each comprising 8 mice.
When median tumor volume reached 100-150 mm3, mice were randomly distributed in the six arms
and treatment was started. Olaparib (Lynparza, AstraZeneca) was administered orally 5 times/week
for 5 weeks at 100 mg/kg. Dinaciclib (Accord Healthcare, Middlesex, UK) was administered by intra-
peritoneal (IP) injection twice per week for 5 weeks at 30mg/kg, SR-4835 (MedChemExpress, #HY-
130250, Monmouth Junction, NJ 08852, USA) was administered orally twice a week at 30 mg/kg for 5
weeks. Complementary tests were made in which SR-4835 was injected IP at 30 mg/kg twice a week
for 5 weeks. At treatment end, mice were euthanized to collect tumor samples for further

biochemical (RNA and proteins) or histological analyses.

Transcriptome analysis

Expression profiling was performed on Affymetrix Human Genome GeneChip HG133Plus at the MGX-
transcriptome platform (BioCampus-IRMB) according to the manufacturer’s recommendation. Raw
feature data were normalized using Robust Multi-array Average (RMA) method (R package affy).
between drug-treated cells paired with DMSO-treated cells were identified using the differential
gene expression analysis method (R Package”DESeq2”). Differentially expressed genes were ranked
by their p-value. Differentially expressed genes were annotated with GSEA using Hallmark gene set

(www.gsea-msigdb.org/gsea/index.jsp).

RT gPCR

Total RNA was isolated from cell lines lysed in TRIzol (Invitrogen, Fisher Scientific, Illkirch-
Graffenstaden, France), while PDX tumors were lysed using Lysing Matrix D (MP Biomedicals™,
Doornveld, France). Subsequently, the RNA was extracted using the RNeasy Kit (Qiagen, Les Ulis,
France) following manufacturer instructions. cDNAs were synthesized from 1ug of total RNAs using
random hexamers and SuperScript Ill Reverse transcription (Invitrogen, Fisher Scientific, Illkirch-
Graffenstaden, France). Real-time qPCR was performed on a LightCycler 480 SW 1.5 apparatus (Roche,
Meylan, France) with ONEGreen® FAST QPCR PREMIX (Ozyme, Saint Cyr I'Ecole, France) and designed
human specific primers (Table 1). Results were quantified with a standard curve generated by serial
dilutions of a reference cDNA preparation. GAPDH transcripts were used for normalization. The fold

. . -AACT
change in gene expression was calculated as: Fold change =2""".
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Statistical analysis

Data expressed as mean values +/- SD of three independent experiments were analyzed using
GraphPad Prism version 8.1 for Windows (GraphPad Software, Boston, Massachusetts USA) using a
two-tailed unpaired Student t test. In vivo tumor growth data were analyzed according to non-linear
guadric fit model using the equation of Y=100*exp(-1*(A*X + B*X”2)) on GraphPad Prism version 8.1

(GraphPad Software, Boston, Massachusetts USA).

Results

CDK-inhibitors, dinaciclib and SR-4835, synergistically increase the efficacy of olaparib

The median inhibitory concentrations (IC50) for olaparib, CDDP, gemcitabine, dinaciclib and SR-4835
were determined in a set of 13 TNBC and 5 ovarian cancer cell lines comprising 5 BRCA1-WT, 9
BRCA1-deficient or HRD-deficient (RAD51C and RAD51D KO) and 5 BRCA1-deficient models selected
for olaparib resistance using the cell counting kit-8 (CCK-8) assay that measures cell viability
(Supplementary Figure 1A). IC50 determination resulted from 12 replicated experiments (3 biological
replicates and 4 technical replicates). As expected, BRCA1-deficient cell models were the most
sensitive to olaparib. Moreover, we noted that BRCA1-deficient cell lines were more sensitive to
dinaciclib in comparison with their olaparib resistant counterparts. Other tested drugs did not show
statistically significant differences in sensitivity according to their BRCA status (Figure 1A).

Next, using two-drug combinations and viability tests, we assessed the existence of synergistic
interactions between olaparib and dinaciclib or olaparib and SR-4835. The two drug combinations to
be tested, olaparib+dinaciclib (ola+dina) or olaparib+SR-4835 (ola+SR), were distributed in a matrix
configuration at growing concentrations and cell viability was determined. Three TNBC cell lines, two
BRCA1-WT (BT549 and SUM159) and one BRCA1-null (MDA-MB-436) were used as models and
synergism was computed as described (23) (Figure 1B-C). Remarkably, both dinaciclib and SR-4835
used at concentrations ranging 0.5 to 15nM (Figure 1B-C) showed synergy with olaparib in the 3 cell
lines. Next, in combination with olaparib, we introduced dinaciclib or SR-4835 at fixed concentrations
(1nM or 10nM) to assess if this was associated with a significant reduction in IC50 concentrations of
olaparib. Noticeably, dinaciclib and SR-4835 at 1 or 10nM induced a 10 to 100-fold sensitivity
increase in the cell lines tested (Figure 1D). However, this sensitivity increase varied according to the
cell line, being most potent on models that had acquired resistance to olaparib and least effective in
olaparib sensitive BRCA1-deficient models (Supplementary Figure 1B). We also assessed and
compared the impact of these combinations on cell mortality of dinaciclib or SR-4835 introduced in
combination with olaparib in the BRCAI-WT SUM159B1 cell line and its isogenic BRCA1-deficient
SUM159B1KO cells, we engineered from SUM159B1 cells by CRISPR. Remarkably, in comparison with

olaparib used as a single drug, both ola+dina and ola+SR combinations increased up to 4fold the
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mortality in the BRCA-proficient SUM159B1 cells (Figure 1E). However, in the BRCA1-KO
SUM159B1KO cells, which expectedly showed superior sensitivity to olaparib, the potentiating effect
of dina and SR was more modest, increasing the short term mortality at 24 h of drug exposure, but
showing no advantage over olaparib alone at 72 h (Figure 1F).

Dinaciclib and SR-4835 downregulate HR gene expression and impede HR functionality

Dinaciclib and SR-4835 have both been reported to induce concentration-dependent reduction of the
phosphorylation at the Serine 2 residue of the RNA pol Il CTD domain, resulting in downregulated
expression of a wide range of genes including those belonging to the HR pathway (17), (18). Here, we
analyzed gene expression changes induced in SUM159B1. Whole genome Affymettrix RNA profiling
showed that both dinaciclib and SR-4835 strongly impinged on cell cycle regulation and checkpoints
and DNA repair pathways (Supplementary Figure 2A, B). To confirm the impact of these drugs on
DNA repair genes, we next monitored by RT-QPCR the mRNA levels of 8 selected genes in BRCA1-WT
SUM159B1 cells exposed for 24h exposure to 10nM of either dinaciclib or SR-4835. While ola+SR
treatment resulted in a 3 to 30fold reduction of mMRNA expression for the 8 genes, ola+ dina treated
cells showed a strong reduction only for BRCA1, BRCA2, ATR and ATM mRNA expression (Figure 2A).
At the protein level, however, ola+ dina and ola+SR treated cells displayed similar reduced protein
expression for BRCA1, BRCA2 and RAD51, which appeared obliterated (Figure 2B). Surprisingly, while
ATM and ATR mRNA expression levels were strongly decreased upon CDKi treatment, no apparent
reduction was observed at the protein level at the time point analyzed, possibly resulting from
different protein half-lives.

Because the capacity of a tumor to form BRCA1 and RAD51 nuclear foci is an accepted readout of HR
functionality, we assessed the number of foci-positive cells in olaparib-treated SUM159B1, in
comparison with SUM159B1 treated with ola+dina or ola+SR (19), (20). In accordance with the
decreased BRCA1 and RAD51 abundance, the number of BRCA1 and RAD51 foci positive SUM159B1
cells was severely reduced by ola+dina and ola+SR treatment (Figure 2C, D, E). Importantly, cells
treated with either dinaciclib or SR-4835 alone showed no increase in BRCA1 or RAD51 foci numbers
(Figure 2D, E). However, we noted that BRCA2 and FANCD2 nuclear foci, two key HR or DDR actors,
were also severely reduced in ola+dina and ola+SR treated cells (Supplementary Figure 3A, B). This
suggested that both dinaciclib and SR-4835 had the potency to impair HR and the DDR response.

We were interested to test which of the genetic attenuation of CDK9, CDK12 or CDK13, by means of
siRNA, phenocopied best the effect of dinaciclib and SR-4835 on BRCA1 and RAD51 foci formation in
presence of olaparib. Interestingly, both CDK9 and CDK12 attenuation resulted in the reduction of
BRCA1 and RAD51 foci with equivalent efficacy (Figure 2H). However, we were intrigued to see that
CDK13 attenuation strongly reduced RAD51 foci, while it appeared to have no or little impact on

BRCA1 foci formation (Figure 2H, 1).
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However, HR functionality being strictly restricted to S and G2 cell cycle phases, it was important to
verify whether dinaciclib or SR-4835 treated cells were not depleted in S phase cells, thus, explaining
reduced BRCA1 and RAD51 nuclear foci. The FACS cell cycle analysis did not reveal any G1 block nor
major shift in cell cycle distribution when we compared olaparib with ola+dina or ola+SR treated cells
(Supplementary Figure 3C).

Dinaciclib and SR-4835 revert HR restoration and reinstate sensitivity in olaparib-resistant cell models
Emergence of olaparib resistance (ola-res) in BRCA-deficient models is frequently associated with
restoration of HR proficiency (10). We selected 3 ola-res models from 3 BRCA1-deficient cell lines by
cultivating them with gradually increased olaparib concentrations (20). The parental BRCA1-deficient
cell lines corresponded to SUM159B1KO, SUM149PT which bear a frameshift mutation in exon 11
(2288delT) and UWB1.289PT ovarian cancer cells also mutated in exon 11 (2594delC). Parental cells
either did not express the BRCA1 protein or expressed a 100kD form corresponding to the
hypomorphic §11-BRCA1 variant (Supplementary Figure 4) (24). Noticeably, ola-res daughter cells
reexpressed at various levels the full length BRCA1 protein (SUM159B1BO-Re and SUM149-ola-Re) or
showed a strong overexpression the 611-BRCA1 variant (UWB.289-ola-Re) suggesting restored HR
functionality (Supplementary Figure 4). In coherence with a reinstatement of HR competence in the
three ola-res clones, these cells presented restored capacities of BRCA1 and RAD51 foci formation
upon olaparib treatment, in comparison with their BRCA1-deficient parental cells (Figure 3).
Noticeably, the restored capacity to form BRCA1 and RAD51 foci observed in ola-res cells was
obliterated by ola+dina or ola+SR treatment (Figure 3). These results were in coherence with the
strong reduction of olaparib IC50 concentrations observed in these ola-res models treated with
dinaciclib or SR-4835 combinations indicating that both CDKi were able to revert the functional
restoration of HR in these models and reinstate their sensitivity to olaparib (Figure 1D).

Overall, these data suggested that combination treatments based on dinaciclib or SR-4835 could be a
solution to induce pharmacological BRCAness and increase treatment sensitivity in TNBC.

Dinaciclib significantly increased the olaparib response of PDX models.

Our next step aimed at validating the in vitro observations made on cell line models in a preclinical in
vivo setting. To this aim, we selected 6 PDX models (5 TNBC and one High Grade Ovarian Carcinoma),
characterized in a previous work (20), of which we determined the sensitivity to olaparib (Table 2).
The six PDX bore different BRCA1 profiles; 2 were BRCA1-WT (b3804, b1995), 3 bore a promoter
hypermethylation that silenced the BRCA1 gene (b3977, 15b0018, b4122), while the last model
(010047) displayed a large deletion in the BRCA1 gene spanning exons 8 through 13 (20). PDX were
grafted subcutaneously onto 8 Swiss-nude mice per experimental group and tumor volumes were
monitored twice per week in the 6 experimental groups tested over the duration of the assay. Mice

in group 1 received the vehicle, in group 2 they were administered 100 mg/kg olaparib orally
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5days/week for 5 weeks, in group 3 two intraperitoneal (IP) injections of 30 mg/kg dinaciclib per
week for 5 weeks, in group 4 five oral administrations per week of 100mg/kg olaparib and two (IP)
injections of 30 mg/kg dinaciclib per week for 5 weeks, group 5 two oral administration of 30 mg/kg
of SR-4835 twice a week for 5 weeks, group 6 five oral administrations per week of 100mg/kg
olaparib and two oral administration of 30 mg/kg per week of SR-4835 for 5 weeks.

As shown in Figure 4A and Supplementary Figure 5, four of six PDXs progressed under olaparib
(b3804, b1995, b3977, 15b0018), while two models showed either stabilized growth (b4122) or
tumor regression (010047). It was of note that, under ola + dina treatment, five of six PDX models
either regressed (b4122, 010047) or showed stabilized growth (b1995, b3977, 15b0018) (Figure 4A,
Supplementary Figure 5). On the other hand, PDX b3804 progressed both under olaparib and in ola
+dina treated mice, albeit at a slightly reduced pace (Supplementary Figure 5). However, in group 6
(ola + SR) all PDX models progressed under treatment (Supplementary Figure 6). These data led us to
withhold further in vivo work with SR-4835 and to re-focus our investigation on dinaciclib only.

We also tested the impact of ola + dina treatment on BRCA1 and RAD51 nuclear foci formation in
vivo. BRCA1 and RAD51 immunofluorescence labeling was performed on 5 pm sections of PDX
tumors collected within 24h after the last drug administration (Figure 4B). As expected tumors issued
from olaparib-treated PDXs showed strongly increased BRCA1 and RAD51 foci-positive cell numbers
(except PDX b4122 which was clearly BRCA-deficient). Consistently with our in vitro observations,
PDX tumors from ola + dina treated models all showed severely reduced foci formation in
comparison with tumors treated with olaparib alone (Figure 4C, D). These data, thus, indicated the in
vivo potency of dinaciclib, as it induced HR impairment, even in a BRCA1-WT context, and resulted in

increased responsiveness to olaparib in 5/6 PDX models tested in this work.
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Discussion

BRCA-deficient tumors, as a consequence of homologous recombination deficiency (HRD), show
improved response to PARPi or platinum salts (1). However, these tumors invariably develop
resistance to treatment, which, in a sizeable fraction of cases, is associated with partial or complete
functional restoration of HR, hence emphasizing the need of pharmacologic approaches to induce
BRCA-deficiency (9), (10). A number of pathways impinging on the functionality of the BRCA-pathway
are being explored in search of effective inhibitors (25). Among these cyclin dependent kinases
(CDKs) are of particular interest.

CDKs form a family of 20 serine/threonine kinases that regulate cell cycle progression and
proliferation at different levels (11). Noticeably, a subset of CDKs have been shown to impact on DNA
repair and homologous recombination (HR) pathways. Indeed, CDK1 and/or CDK2 have been shown
to phosphorylate and activate BRCA1, BRCA2, PALB2 and CtIP (26),(12), while CDK9 and CDK12 have
been proposed to regulate mRNA expression of key HR genes (27). Genetic attenuation of CDK12 has
been shown to result in downregulated expression of large size genes including BRCA1, BRCA2 or
ATM (17),(18). Furthermore, CDK12 inactivation has been associated with impaired DNA repair gene
expression in ovarian cancer (28) and its identification in a genome wide screen for synthetic lethal
interactions with PARP1/2 inhibition reinforced its status as a therapeutic target of choice (29). The
CDK12 and CDK9 proteins share extensive structural similarities, especially at proximity of the ATP
binding site. This led to show that CDK9 inhibitors, such as flavopiridol or dinaciclib, were also active
against CDK12 (17). Furthermore, some authors suggested that CDK9 attenuation, despite having a
wider impact on gene expression than CDK12, may also result in reduced DNA repair gene expression
(30). The siRNA attenuation data presented in this work clearly confirmed the impact of CDK12
downregulation on HR functionality, but also showed that CDK9 attenuation had a sizeable impact.
This suggested that targeting CDK9 concomitantly to CDK12 could be of benefit compared with
CDK12 alone.

In this work, we aimed at comparing the relative efficacies in terms of HR impairment and induction
of BRCA-deficiency of two CDK inhibitors (CDKis) bearing different ranges of specificities; dinaciclib
and SR-4835. Dinaciclib was shown to target CDK1, CDK2, CDK5, CDK9 in a 3 to 12nM range, as well
as CDK12 at 50nM (31), whereas SR-4835 inhibits CDK12 and CDK13 in the 10 to 100nM range and
has little reported activity against CDK1, CDK2 or CDK9 (18). Our data indicated that both inhibitors
induced HR deficiency with similar potencies on cultured cell models. Indeed, dinaciclib as well as SR-
4835 treatment induced an important reduction of mRNA and protein expression levels of key HR
actors such as BRCA1, BRCA2, PALB2 or RAD51. Their negative impact on BRCA-proficiency was
further confirmed by the strongly reduced capacity to form nuclear BRCA1, BRCA2, RAD51 and
FANCD?2 foci in dinaciclib and SR-4835 treated models. Overall, dinaciclib and SR-4835 also disrupted

13



O© o0 39 N N B~ W N ==

W W W W W W N N N N N N DN N N N e e e e e e e
N A W D = O OV 0 N &N N A W ND=DO VL NN NP W N = O

these markers of HR functionality with equivalent efficacy in cell lines with acquired olaparib
resistance, indicating that both CDKis may be therapeutic tools of interest. In line with their capacity
to induce BRCA-deficiency, both dinaciclib and SR-4835 interacted synergistically with olaparib in a
number of the cell models tested here, allowing to reduce olaparib concentrations up to 1000fold.
Interestingly, we performed a pilot investivation which showed similar concentration reductions
when we combined dinaciclib or SR-4835 with cisplatin or gemcitabine, thus indicating that
synergism could be extended to other drugs beyond olaparib (Supplementary Figure 7). Noticeably,
however, the relative synergistic efficacy of dinaciclib or SR-4835 varied substantially according to
the cell model, suggesting it could be affected by tumor-specific genetic or epigenetic background.
Interestingly, tested in vivo on PDX models, dinaciclib showed remarkable efficacy and, thus,
validated in vitro observations. Indeed, five of six PDX treated with dinaciclib + olaparib showed a
clearly improved response compared with models treated with olaparib alone. This was noted in two
BRCA1-deficient models in which response was improved by 50 to 70%, as well as in one olaparib
non-responsive BRCA1-WT and two olaparib-resistant BRCA1-deficient PDXs. Furthermore, in
olaparib + dinaciclib treated PDXs BRCA1 and RAD51 foci formation was obliterated, indicating the
impact of dinaciclib on HR functionality in an in vivo context. The anti-tumor efficacy of dinaciclib has
been studied in diverse cancer types either as a single agent or in various combinations. As a single
agent, it has shown limited impact on tumor growth despite its association with significant
downregulation of MYC and CCND1 expression, as well as a strong reduction of CDK1 and RB
phosphorylation (32,33) (34,35). Interestingly, dinaciclib-treated tumors displayed increased
immunogenicity due to accrued neoantigen presentation and showed a clear synergism with anti-
PD1 treatment (36). Hence, in addition to improving the tumor response to PARPi or platinum salts,
dinaciclib could be an interesting lever to improve the anti-tumor immune response. Furthermore,
dinaciclib is reported in 18 ongoing clinical trials, among which one in combination with the PARPi
veliparib (NCI-2011-03458) showing that the combination treatment was well tolerated by patients
and showed limited anti-tumor activity in non-BRCA1 carriers. However, dinaciclib was administered
twice during the course of the treatment and the half-life of dinaciclib may be too short for this
regimen (37). On the other hand, our SR-4835 in vivo results did not match expectations raised by in
vitro observations. Indeed, no improvement in terms of tumor growth was seen in any of the four
PDX models treated with SR-4835, either in single drug administration or in combination with
olaparib. As SR-4835 was administered orally at 30mg/kg, we wondered whether insufficient stability
may have limited the efficacy of the drug. As a potential alternative, we tested intraperitoneal
injection of SR-4835 on two PDX models, which did not show any apparent benefit, presented
multiples signs of renal and hepatic toxicity. Our data, thus, suggest that despite its proven efficacy in

vitro, the modest potency of SR-4835 in vivo may be related to limited bioavailability.
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In conclusion, the data presented here strongly support the great potential of CDK9 and/or CDK12
inhibitors, in terms of pharmacologic BRCAness induction. Indeed, both dinaciclib and SR-4835
impacted HR functionality as illustrated by the clear reduction of BRCA1 and RAD51 foci formation in
treated cell models that was associated with the reversion of olaparib resistance in cell models. The
fact that dinaciclib potently induced HR deficiency at nanomolar concentrations in BRCA1-proficient
or olaparib resistant PDX strongly suggest that it could be of interest in the clinic to induce
pharmacologic BRCAness and prevent or delay emergence of PARPi resistance (17). It is of note that
dinaciclib has been FDA approved and could, thus, be the subject of clinical trials adjusted at patients

with BRCA-deficient breast or ovarian tumors who recurred after a PARPi first line treatment.
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Gene Forward Reverse
BRCA1 TCCAAACCTGTGTCAAGCTG CTTATTCCATTCTTTTCTCTCACACAG
BRCA1 GATTCTGCAAAAAAGGCTGCT CAGATGCTGCTTCACCCTGA
BRCA2 TACAGTTGGCTGATGGTGGA CCATAGCTGCCAGTTTCCAT
53BP1 TGGTTCCATCAGTCAGGTCA CCTCAGCACCAAGGGAATGT
RAD51 CAGTGATGTCCTGGATAATGTAGC TTACCACTGCTACACCAAACTCAT
PALB2 CCCAGCATCAGATCATTGTG ATGAAATGGAGCCGTGAAAG
CHEK1 GCTCCTCTAGCTCTGCTGCATAAA ACTCTGACACACCACCTGAAGTGA
ATM CTGCAGAGAAACACGGAAAC CCTGTGCACCATTCAAGAAC
ATR CCAGGCATCCTCCTATTTTTC TTTTCACCATGACGGTCTCC
PARP1 GAGTCGAGTACGCCAAGAGC TCAGAGAACCCATCCACCTC
GAPDH TGCACCACCACCTGCTTAGC GGCATGGACTGTGGTCATGAG

Table 1: list of primers used in Q-RTPCR experiments. Sequences are presented 3’ to 5’
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Cancer Grade BRCA1l BRCA1 protein Olaparib 53BP1 PARP1
. BRCA2 status . .
PDX type /Stage Status expression response Protein Protein
ID
Full length and WT/normal Non
b3804 TNBC  SBRIII WT . . . detectable normal
611 variant expression responsive
WT/normal Non
b1995 TNBC  SBRIII WT Full length . . detectable normal
expression responsive
WT/normal Non Not
b3977 TNBC  SBRIII Me/Me Not detectable . ) reduced
expression responsive detectable
15b001 WT/normal Non
TNBC SBRII Me/Me Not detectable ) . detectable reduced
8 expression responsive
WT/normal ) Not
b4122 TNBC  SBRIII Me/Me Not detectable . Responsive normal
expression detectable
st Mut Del WT
age
010047 HGOC v & exon 8 Not detectable no protein Responsive  detectable normal
13 expression

Table 2: principal characteristics of the PDX models used in this study. HGOC: High Grade Ovarian
Carcinoma. SBRIII: Scarff, Bloom and Richardson tumor grade IIl. WT: Wild type sequence. Me/Me
homozygous hypermethylation of the promoter. Non-responsive indicates a tumor that progressed

under olaparib treatment. Responsive: stabilized or reduced tumor size under treatment.
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Figure legends

Figure 1: dinaciclib and SR-4835 increase the sensitivity of TNBC cells to olaparib. A: TNBC cell lines
show differential drug sensitivity according to their BRCA1 status; IC50 box plots stratified according
BRCA1-WT (BRCA-proficient), BRCA1-Def (BRCA-deficient), BRCA1-Def-RE (olaparib resistant). B:
dinaciclib is synergistic in combination with olaparib as shown by synergy matrices of dinaciclib and
olaparib combination treatment in BT-549, SUM159 and MDA-MB-436 cell lines. Numbers on the X
and Y indicate nanomolar drug concentrations. Synergy is indicated by red boxes corresponding to
above than expected levels of toxicity. Green boxes indicate antagonism and black boxes correspond
to additive effect. Blue arrow-heads indicate the range of synergistic dinaciclib concentrations. C:
synergy matrices of SR-4835 in combination with olaparib. Experimental setting was identical to that
used with dinaciclib. D: dinaciclib and SR-4835 introduced at 1nM or 10nM reduce the
concentrations of olaparib needed to reach IC50 in TNBC BCCLs by a factor 10 to 1000 (see also
Supplementary Figure 1B). IC50 concentrations were normalized to those measured with olaparib in
mono and concentration reduction levels were determined calculating the ratio
IC50combo/IC50mono. E, F: cell mortality assessed by FACS quantification of the annexin and/or PI
positive cell fractions in SUM159B1 and SUM159B1KO. Statistical significance was determined using
the Student t test; * indicates p=0.05, ** p=0.01, *** p=0.001.

Figure 2: respective impact of dinaciclib and SR-4835 on HR gene expression and nuclear foci
formation in the BRCA1-WT SUM159 BCCL. A: level of mRNA expression changes resulting from
combos with dinaciclib (dina) or SR-4835 (SR). mRNA gene expression levels were determined by Q-
RTPCR and presented as fold change differences in treated vs. control (DMSO) conditions. B: impact
of dinaciclib and SR-4835 on protein expression of the principal actors of the HR pathway in SUM-159
BRCA1-WT cells. C, D, E: dinaciclib and SR-4835 reduce olaparib induced BRCA1 and RAD51 nuclear
foci formation, examples of immunofluorescence fields (C), quantification of BRCA1 nuclear foci (D),
quantification of RAD51 nuclear foci (E). F, G: siRNA attenuation of CDK9 or CDK12 or CDK13 RNA
expression has differential impact on RAD51 and BRCA1 nuclear foci formation, examples of
immunofluorescence fields (F), quantification of BRCA1 (green bars) and RAD51 (ref bars) nuclear
foci (G). Nuclear foci were quantified on a minimum of 200 cell nuclei per microscopic field.

Figure 3: Dinaciclib and SR-4835 treatment reduce BRCA1 and RAD51 nuclear foci formation in
olaparib-resistant BRCA1-deficient cell models. A: immunofluorescence detection of BRCA1 and
RAD51 nuclear fociin BRCA1KO SUM159B1KO and its olaparib resistant variant SUM159B1KO-Re. B,
C: BRCA1 and RAD51 nuclear foci quantification in SUM159B1KO and SUM159B1KO-Re. D:
immunofluorescence detection of BRCA1 and RAD51 nuclear foci in SUM149PT (BRCA1 deficient) and
SUM149-RE (olaparib resistant variant). E, F: BRCA1 and RAD51 foci quantification in SUM149PT and
SUM149-RE. G: immunofluorescence detection of BRCA1 and RAD51 nuclear fociin UWB1.289PT
(BRCA1 deficient) and UWB1.289RE (olaparib resistant variant). H, I: quantification of BRCA1 and
RAD51 fociin UWB1.289PT and UWB1.289RE. BRCA1 and RAD51 nuclear foci were scored as in
Figure 2.

Figure 4: dinaciclib increases olaparib sensitivity of PDX models. A: tumor volume changes of
individual PDX grafts observed in the 3 treatment arms (vehicle (grey), olaparib (blue), olaparib +
dinaciclib(red)). Tumor volume changes normalized on starting PDX graft volumes were computed at
the end of treatment. B: BRCA1 and RAD51 Immunofluorescence staining in sections from PDX
tumors sampled at treatment end. C, D : Quantification of BRCA1 and RAD51 foci in the respective
PDX models. Nuclear foci numbers were scored as in Figure 2. Statistical significance was determined
using the Student t test; * indicates p=0.05, ** p=0.01, *** p=0.001.
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Figure 2: respective impact of dinaciclib and SR-4835 on HR gene expression and nuclear foci formation in the
BRCA1-WT SUM159 BCCL. A: level of mRNA expression changes resulting from combos with dinaciclib (dina) or SR-
4835 (SR). mRNA gene expression levels were determined by Q-RTPCR and presented as fold change differences in
treated vs. control (DMSO) conditions. B: impact of dinaciclib and SR-4835 on protein expression of the principal actors
of the HR pathway in SUM-159 BRCA1-WT cells. C, D, E: dinaciclib and SR-4835 reduce olaparib induced BRCA1 and
RAD51 nuclear foci formation, examples of immunofluorescence fields (C), quantification of BRCA1 nuclear foci (D),
quantification of RAD51 nuclear foci (E). F, G: siRNA attenuation of CDK9 or CDK12 or CDK13 RNA expression has
differential impact on RAD51 and BRCA1 nuclear foci formation, examples of immunofluorescence fields (F),
quantification of BRCA1 (green bars) and RAD51 (ref bars) nuclear foci (G). Nuclear foci were quantified on a minimum
of 200 cell nuclei per microscopic field.
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Figure 3: Dinaciclib and SR-4835 treatment reduce BRCA1 and RAD51 nuclear foci formation in olaparib-
resistant BRCA1-deficient cell models. A: immunofluorescence detection of BRCA1 and RAD51 nuclear foci in
BRCA1KO SUM159B1KO and its olaparib resistant variant SUM159B1KO-Re. B, C: BRCA1 and RAD51 nuclear foci
quantification in SUM159B1K0 and SUM159B1KO-Re. D: immunofluorescence detection of BRCA1 and RAD51
nuclear foci in SUM149PT (BRCAL1 deficient) and SUM149-RE (olaparib resistant variant). E, F: BRCA1 and RAD51
foci quantification in SUM149PT and SUM149-RE. G: immunofluorescence detection of BRCA1 and RAD51
nuclear foci in UWB1.289PT (BRCA1 deficient) and UWB1.289RE (olaparib resistant variant). H, I: quantification
of BRCA1 and RAD51 foci in UWB1.289PT and UWB1.289RE. BRCA1 and RAD51 nuclear foci were scored as in
Figure 2.
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Figure 4: dinaciclib increases olaparib sensitivity of PDX models. A: tumor volume changes of individual PDX grafts
observed in the 3 treatment arms (vehicle (grey), olaparib (blue), olaparib + dinaciclib(red)). Tumor volume changes
normalized on starting PDX graft volumes were computed at the end of treatment. B: BRCA1 and RAD51
Immunofluorescence staining in sections from PDX tumors sampled at treatment end. C, D : Quantification of BRCA1
and RAD51 foci in the respective PDX models. Nuclear foci numbers were scored as in Figure 2. Statistical significance
was determined using the Student t test ; * indicates p=0.05, ** p=0.01, *** p=0.001.



Figure 1: dinaciclib and SR-4835 increase the sensitivity of
TNBC cells to olaparib. A: TNBC cell lines show differential
drug sensitivity according to their BRCA1 status; IC50 box
plots stratified according BRCA1-WT (BRCA-proficient),
BRCA1-Def (BRCA-deficient), BRCA1-Def-RE (olaparib
resistant). B: dinaciclib is synergistic in combination with
olaparib as shown by synergy matrices of dinaciclib and
olaparib combination treatment in BT-549, SUM159 and
MDA-MB-436 cell lines. Numbers on the X and Y indicate
nanomolar drug concentrations. Synergy is indicated by red
boxes corresponding to above than expected levels of toxicity.
Green boxes indicate antagonism and black boxes correspond
to additive effect. Blue arrow-heads indicate the range of
synergistic dinaciclib concentrations. C: synergy matrices of
SR-4835 in combination with olaparib. Experimental setting
was identical to that used with dinaciclib. D: dinaciclib and SR-
4835 introduced at 1nM or 10nM reduce the concentrations
of olaparib needed to reach IC50 in TNBC BCCLs by a factor 10
to 1000 (see also Supplementary Figure 1C). IC50
concentrations were normalized to those measured with
olaparib in mono and concentration reduction levels were
determined calculating the ratio IC50combo/IC50mono (see
Supplementary Figure 1B for IC50 changes in indvidual cell
lines). E, F: cell mortality assessed by FACS quantification of
the annexin and/or PI positive cell fractions in SUM159B1 and
SUM159B1KO.



A

- Drug Olaparib CODP  |Gemcitabin Dinacitflib SR-4835- Mutations in other DDR
BRCA-status Cell line % (CDKi)  (CDK12/13i) genes
[ BRCAwt BT-549 16741 15427 22.46 40.13 2066  FANCL, POLQ
BRCAwt HCC-1143 777.4 919.6 10.23 9.327 2221 ERCC6
4 BRCAwt SUM159 B1.22 (WT) 17457 6221 6.496 13.25 74.89
BRCAwt SUM159 WT 11481 2833 33.08 32.34 66.96
| Ectopic BRCAL UWB1 +B1 315610 29635 12.13 2272 36.2
[ CRISPR BRCA1-null SUM159 B1.22.2 (KO) 2928 1328 7.53 0.9434 63.04
CRISPR RAD51C-null SUM159.RAD51C-KO 764.8 1265 66.36 11.34 21.18
CRISPR RAD51D-null SUM159.RAD51D-KO 77.9 291.4 14.1 24.6 18.39
| Breaznun MDA-MB-436 4928 10730 15.21 16.13 7877 FANCI
BRCA1 methylated HCC-38 2015 5247 56.43 1.304 8067 TOP1,53BP1
BRCA1 methylated OVCAR8 9141 3059 6.683 0.6877 264  ATM, CDC25A, REV3L
BRCA1-Delta 11 SUM149 PT 205438 6964 19.45 3.542 11.83  FANCD2
BRCA1-Delta11 UWB1PT 4008 5448 95.8 6.204 191.1  BRIP1, MSH2
[ BRCA-defola.resistant SUM159B122.2KO-Re 60415 1025 173.4 13.9 15.97
- BRCA-def ola.resistant HCC-38 Re 34281 1552 24.81 8.55 27.95
BRCA1-deficent < BRCA-def ola.resistant OVCAR8 Re 303104 3746 15.97 28.38 110.9
Olaparib resistant BRCA-def ola.resistant SUM149 Re 682569 11806 88.01 111.1 13.33
| BRCA-def ola.resistant UWB1 R BULK 330692 67770 30.77 15.74 155.6
N Ola/Dina ratio Ola/Dina ratio ratio ratio
BRCA-status Cell line Drug Olaparib 1{1M mono/combo ID/nM mono/combo Ola/SR 1nM mono/combo Ola/SR 10nM mono/combo
BRCAWt BT-549 16741 12998 13 7990 21 1197 14.0
BRCAWt HCC-1143 777.4 9341 01 4195 02 10115 0.08 3154 0.2
BRCAWt SUM15981 17457 47 37246 403 4317.8 535 3262 15315 11
BRCAWt SUM159 11481 21 125 50810 02 70165 0.16 892.5 13.0
Ectopic BRCA1 UWB1+B1 315610 67821 47 45746 6.9 12348 25.56 1424 216
CRISPR BRCA1-null SUM159B1.22.2(KO) 2928 485 603.0 44 663.2 337 87.0 3812 038
CRISPR RAD51C-null SUM159.RAD51C-KO 7650 5525 01 1288 06 40.03 19.11 320 2.0
CRISPRRAD51D-null  SUM159.RAD51D-KO  78.0 2534 31 7723 0.00 1360 0.06 10.55 7.4
BRCAL-null MDA-MB-436 4928 5325 0.9 5916 038 207.0 24.0 a7 12.00
BRCA1 methylated HCC-38 2015 7725 03 2207 913 8231 024 302.0 6.7
BRCA1-Delta 11 SUM149 PT 205438 45074 46 1046 196.4 4185 49.1 355 578.7
BRCA1-Delta 11 UWB1PT 4008 4767 0.8 284 14.1 186 21.55 30565 0.1
BRCA-def ola.resistant  SUM159B1KO-Re 60415 172000 0.4 600 100.7 51600 12 17800 34
BRCA-defola.resistant  SUM149-ola-Re 682569 71847 95 756.2 902.6 51200 13.33 an 1446.1
BRCA-defola.resistant __ UWBL1.289-ola-Re 330692 19688 16.8 1679 197.0 81 4082.6 4357 76.0

Supplementary Fig 1: relative levels of sensitivity to olaparib, CDDP, gemcitabine, dinaciclib and
SR-4835 in our panel of BRCA1 proficient, BRCA1 deficient and BRCA1 deficient - olaparib
resistant cell line models. A: mean drug concentrations (nM) used to reach IC50 in individual cell
lines. B: combinations of dinaciclib and SR-4835 reduce the olaparib concentrations needed to
reach IC50 (compare olaparib, ola + dina values and ola + SR). Dinaciclib and SR-4835 were
introduced at 2 fixed concentrations; 1 and 10 nM. The levels of olaparib IC50 reduction obtained
with dinaciclib or SR-4835 co-treatment are indicated in the IC50-combo/IC50-mono column.

Cell viability curves used to determine IC50 levels in panel A and panel B are presented in annexe
at the end of the Supplementary Figures. IC50 determination resulted from 12 replicated

experiments (3 biological replicates and 4 technical replicates).
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Supplementary Figure 2: dinaciclib and SR-4835 downregulate common pathways but can affect different genes. A: number
of genes respectively downregulated in SUM159B1 treated with dinaciclib and SR-4835 and impinged corresponding pathways.
B: selection of most significantly downreglulated pathways by dinaciclib and SR-4835.
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Supplementary Fig 3: A, B : Dinaciclib and SR-4835 addition results in the reduction
of BRCA2 and FANCD2 nuclear foci numbers in olaparib-treated SUM159 cells.
Nuclear foci were scored as in Figure 2 C: cell cycle profiles of dinaciclib and SR-
4835 treated SUM159 cells determined by FACS analysis do not show major
changes in comparison with olaparib treated cells.
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Supplementary Figure 4: Protein expression profiles of the principal HR actors in
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Supplementary Fig 5: mean tumor volume changes of the 6 PDX models tested for the
response to olaparib-mono and olaparib+dinaciclib combination. Mean tumor volume (TV)
curves are presented for each experimental arm (vehicle, Olaparib, dinaciclib,
olaparib+dinaciclib). These curves correspond to PDX tumor volume changes presented in Figure
4A. Olaparib was administrated by oral gavage at 100mg/kg 5days/week for Sweeks. Dinaciclib
was injected intraperitoneally at 30mg/kg twice every week for Sweeks.
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Supplementary Fig 6: mean tumor volume changes of the 6 PDX models tested for the
response to olaparib-mono and olaparib+dinaciclib combination. Mean tumor volume (TV)
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curves are presented for each experimental arm (vehicle, Olaparib, SR-4835, olaparib+SR-4835).

Olaparib was administrated by oral gavage at 100 mg/kg 5days/week for 5 weeks. SR-4835 was
administrated orally at 30mg/kg twice every week for 5 weeks.



Ratio Ratio Ratio Ratio

Drug cDDP CDDP/Dina mono/ CDDP/Dina mono/ CDDP/SR mono/ CDDP/SR mono/
cell line 1nM combo 10nM combo 1nM combo 10nM combo
BT-549 15427 1559 9.9 640.5 24.1 576.2 26.8 40.0 387.8
SUM159 B1.22 (WT) 6221 6.8 917.6 4.0 1530.4 9151.0 0.7 164.6 37.8
SUM159 WT 2833 5037 0.6 4632 0.6 1360.0 2.1 1195.0 2.4
SUM159 PURO (51Cwt) 8980 7566 1.2 5778 1.6 7608.0 1.2 5420.0 1.7
SUM159 BLAST (51Dwt) 2200 4720 0.5 674.5 3.3 8963.0 0.2 3603.0 0.6
SUM159 mean 5058.5 4332.4 1.2 2772.0 1.8 6770.0 0.7 2595.7 1.9
UWB1 +B1 29635
SUM159 B1.22.2 (KO) 1328 10.4 127.7 4.4 300.0 1521.0 0.9 5705.0 0.2
SUM159.RAD51C-KO 1265 4165 0.3 3004 0.4 4468.0 0.3 5562.0 0.2
SUM159.RAD51D-KO 291.4 908 0.3 490.5 0.6 728.0 0.4 437.0 0.7
MDA-MB-436 10730 60.2 178.3 5.7 1881.1 2387.0 4.5 1291.0 8.3
HCC-38 5247
OVCAR8 3059
SUM149 PT 6964 3287 2.1 633.4 11.0 895.0 7.8 98.7 70.5
UWBL1PT 5448 423.2 13.0 98.4 55.4 49.0 111.3 43.0 127.0
SUM159B122.2.0laRe
HCC-38-Re
SUM149 Re 11806 2003 6.0 304.7 38.7 253.7 46.5 160.3 73.6
UWB1 R BULK 67770 4178 16.2 2608 26.0 85.2 795.6 87.0 781.2
B
- Drug IC50 Gemcitabine Gem/Dina mono/ Gem/Dina mono/ Gem/SR mono/ Gem/SR mono/
Cell line nM combo 10nM  combo 1nM combo 10nM combo
BT-549 22.46 14.3 1.6 8.73 2.6 7.25 3.1 3.72 6.0
SUM159 B1.22 (WT) 6.5 0.2 31.7 0.42 15.3 0.9 7.3 7.4 0.9
SUM159 WT 33.1 41.0 0.8 4.34 7.6 34.5 1.0 28.0 1.2
SUM159 PURO (51Cwt) 84 24 3.5 11 7.7 27 3.1 11.5 7.3
SUM159 BLAST (51Dwt) 35 0.75 45.3 1.2 28.3 7.3 4.8 7.1 4.9
UWB1+B1 12.13
SUM159 B1.22.2 (KO) 7.5 0.34 21.8 0.22 33.4 10.9 0.7 21.1 0.4
SUM159.RAD51C-KO 72 32 2.3 23 3.1 55 1.3 15.0 4.8
SUM159.RAD51D-KO 18.2 8.2 2.2 11 1.7 1.4 13.0 6.5 2.8
MDA-MB-436 15.2 1.8 8.6 5.2 2.9 1.8 8.6 0.44 34.6
HCC-38 56.4
OVCAR8 6.7
SUM149 PT 19.45 14.4 13 0.65 29.6 1.7 11.3 0.2 96.0
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Supplementary Figure 7: CDKi administered in combination enhance the efficacy of CDDP and gemcitabine by a
factor 10 to 100. A: dinaciclib and SR-4835 introduced at fixed concentrations of 1nM or 10nM reduce the
concentrations of CDDP needed to reach IC50 in TNBC BCCLs by a factor 10 to 100 as indicated in the column IC50
combo/IC50 mono. B: same as A but with gemcitabine. C, D: box plot representation of IC50 changes induced by
combination treatments. Concentrations were normalized to their levels measured with CDDP or gemcitabine
mono and concentration reduction levels were determined calculating the ratio combo/mono.



Annexe:
Cell viability curves for the IC50 determination in breast

and ovarian cancer cell lines
Single drug administration :
Olaparib, Cis-platin (CDDP), Gemcitabine, Dinaciclib, SR-4835
Combinations :
Olaparib + Dinaciclib, Olaparib+ SR-4835, CDDP+ Dinaciclib, CDDP+
SR-4835, Gemcitabine + Dinaciclib, Gemcitabine + SR-4835
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Gemcitabine mono
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