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Abstract

Background: Ovarian cancer is the major cause of death from gynecological malignancy
with a 5 year survival of only ~30% due to resistance to platinum and paclitaxel-based first
line therapy. Dysregulation of the PI3BK/mTOR and RAS/ERK pathways is common in
ovarian cancer, providing potential new targets for 2" line therapy.

Methods: We determined the inhibition of proliferation of an extensive panel of ovarian
cancer cell lines, encompassing all the major histotypes, by the dual PIS3K/mTOR inhibitor
PF-04691502 and a MEK inhibitor, PD-0325901. In addition, we analysed global gene
expression, mutation status of key PIBK/mTOR and RAS/ERK pathway members and
pathway activation to identify predictors of drug response.

Results: PF-04691502 inhibits proliferation of the majority of cell lines with potencies that
correlate with the extent of pathway inhibition. Resistant cell lines were characterized by
activation of the RAS/ERK pathway as indicated by differential gene expression profiles
and pathway activity analysis. PD-0325901 suppressed growth of a subset of cell lines
that were characterized by high basal RAS/ERK signalling. Strikingly, using PF-04691502
and PD-0325901 in combination resulted in synergistic growth inhibition in 5/6 of PF-
04691502 resistant cell lines and 2 cell lines resistant to both single agents showed robust
synergistic growth arrest. Xenograft studies confirm the utility of combination therapy to
synergistically inhibit tumour growth of PF-04691502-resistant tumours in vivo.
Conclusions: These studies identify dual targeted inhibitors of PI3K/mTOR in combination
with inhibitors of RAS/ERK signalling as a potentially effective new approach to treating

ovarian cancer.



1. Introduction

Ovarian cancer has the highest mortality rate among all gynecological cancers (" largely
due to the late diagnosis. Most patients respond to debulking surgery and treatment with a
combination of taxane and platinum-based therapy, but later develop disease recurrence
due to intrinsic and acquired resistance. Thus novel strategies are required to better treat
this disease at diagnosis and/or provide an effective second line treatment. Dysregulation
of both the PI3K pathway and RAS/ERK pathway are highly prevalent in all histotypes of
ovarian cancer and hence targeting these pathways may provide a novel alternative to

conventional therapy. ¢

PI3K initiates a signalling cascade that activates mTORC1 via AKT and subsequent
phosphorylation of many factors that impact on cell metabolism, angiogenesis, cell growth,
proliferation and survival. ¢ RAS signalling via RAF and MEK leads to the activation of
both extracellular signal-related kinase (ERK) 1 and ERK2. ERK phosphorylates several
cytosolic and nuclear proteins, including transcription factors that regulate the cell cycle. ©
Currently, inhibitors of RAF and MEK are the most advanced in the clinic for blocking ERK
signalling, ' ' while for the PI3K pathway there are many agents targeting different
members of the pathway (PI3K, AKT, mTORC1, mTOR) including some that inhibit
multiple components (PI3K and mTOR). ® The dual PI3K and mTOR inhibitors have
shown great promise in preclinical models. ¥ PF-04691502 (PF502) is an ATP-
competitive inhibitor of PI3K and both mTOR complexes ¥ and is currently in several
clinical trials ¥, PD-0325901 (PD901) is a selective inhibitor of both MEK isoforms

(MEK1/MEK2) and thus prevents activation of ERK and is also currently in a clinical trial.

(16)



Given the high frequency of activating events in both the PI3K and RAS pathways we
sought to determine the efficacy of PF502 and PD901 on a panel of 30 ovarian tumour cell
lines. In addition, we performed global mMRNA expression profiling, complemented with
targeted mutation and pathway activity analysis to identify potential predictive and
response biomarkers. These analyses identified RAS signalling as a key mediator of
PF502 resistance and established the rationale for combination therapies with PF502 and

PD901 in ovarian cancer.



2. Materials and Methods

2.1.Cell Lines
Individuality of ovarian cell lines listed in Supplementary Table S1 was routinely confirmed

by a PCR based short tandem repeat (STR) analysis using 6 STR loci.

2.2.Therapeutics
2-amino-8-[trans-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-methoxypyridin-3-yl)-4-
methylpyrido[2,3-d]pyrimidin-7(8H)-one  (PF-04691502) ¥ and  N-[(2R)-2,3-
dihydroxypropoxy]-3,4-difluoro-2-[(2-fluoro-4iodophenyl)amino]-Benzamide (PD-0325901)

(17.18) were obtained from Pfizer Oncology.

2.3.Cell Proliferation Assay

Cells were drug treated for 72hrs, and cell number assessed via an imaging system
(Incucyte, Essen Instruments) or the sulforhodamine B assay; cells were less than 90%
confluent in control wells at the end of incubation. GI50 was determined using GraphPad
Prism. For PF502, GI50 values followed a Gaussian distribution so the mean (232nM) of
all 30 cells was used to define cells as resistant or sensitive. For PD901, as the G150’s did
not follow a Gaussian distribution the geometric mean (1.21 uM) was used to define cells

as resistant or sensitive.

To assess drug synergy dose response curves were generated for both single agents and
their combination. A mutually nonexclusive combination index (Cl) was determined using
CalcuSyn (Biosoft) where: Cl<1 synergy; CI>1 antagonism; Cl=1 additive. " The

combination ratio was fixed and based on the GI50 for each drug, where the highest and



lowest combination ratio was 8 times and 1/8th the G150, respectively. Cell lines resistant
to PD901 were treated with a fixed concentration of 100nM PD901 in combination with a

dose range of PF502.

2.4.Cell Death Assay
Cell death was determined using propidium iodide (Pl) staining followed by flow cytometry

(LSRII) and data analyzed using FCS express software (De Novo Software).

2.5.Immunoblotting
Cells were lysed in RIPA buffer, subjected to SDS-PAGE, immunoblotted, and protein

bands visualized and quantified (ImageQuant :GE Healthcare: Supplementary Methods) .

2.6.Gene Expression

Cells were harvested at 50-80% confluency. RNA was extracted (QIAGEN RNeasy kit), in
vitro transcribed and biotin labelled cRNA was fragmented and hybridized to Affymetrix
1.0ST expression array as per manufacturer’s instructions (accession number GSE43765).
Differential gene expression was determined using the Limma R package after RMA
normalization and background correction. ®°) Genes that had a >1.4 fold change in
expression between resistant and sensitive were included in the MetaCore pathway

analysis (http://thomsonreuters.com/metacore).

2.7.Gene Mutational Analysis
Genomic DNA was extracted using the QlAamp DNA Blood Mini kit (QIAGEN). PCR

primers and annealing temperatures are in Supplementary Table S2. Cycle sequencing



was performed using the BigDye Terminator v3.1 Cycle Sequencing Kit and analyzed on a

3130 Genetic Analyzer (Applied Biosystems).

2.8.Human Ovarian Cancer Xenograft Assays

Female Balb/c nude mice were injected subcutaneously with 5x10° cells in 0.05mL of 50%
Matrigel. When tumours reached ~100mm?, mice were randomized into groups of 10 and
daily oral gavaged with vehicle, 10mg/kg PF502, 1mg/kg PD901 or PF502 plus PD901.
For immunoblotting, tumours were frozen and protein extracted from 4 mice, 4hrs after a

single drug treatment. "

2.9.Gene Set Enrichment Analysis
For Gene Set Enrichment Analysis (GSEA) 1,000 iterations were performed using the
default weighted enrichment statistic and a signal-to-noise metric to rank genes based on

their differential expression across sensitive and resistant cell lines. 2

2.10.Statistical Analysis

Student’s t-test or one-way analysis of variance followed by Tukey’s Multiple Comparison
Test was performed using GraphPad PRISM. To calculate the correlation between two
variables a two-tailed Spearman correlation test was performed. Chi-square tests were
used to assess associations between mutation status and sensitivity. Differences of

p<0.05 were considered significant. All data are expressed as mean + SEM.



3. Results

3.1.PF502 and PD901 inhibit ovarian cancer cell proliferation

The PF502 concentration, that inhibited proliferation by 50% (G150) ranged from 16nM to
640nM (Fig. 1A) whereas response to PD901 showed a bimodal pattern, with a subset of
cells that were highly sensitive (GI50’'s 3nM to 300nM: Fig. 1B). All cell lines showed

sensitivity to at least one of the two agents.

3.2.PF502 and PD901 induces cell death

PF502 induced cell death in all cell lines and significantly correlated (Spearman correlation
test r = -0.66, p<0.0001) with the drugs ability to inhibit cell proliferation (Fig. 1C). In
contrast, in PD901 sensitive cells there was minimal cell death and even less in resistant

cell lines (Fig. 1D).

3.3.PF502 inhibits PIBK/AKT/mTOR pathway signalling

To assess if PF502 was effectively inhibiting its targets a subset of sensitive and resistant
cell lines were treated with either 100nM or 1uM PF502 and phosphorylation of
components of the PISK/mMTOR pathway measured. Phosphorylation of PRAS40 (P-
PRAS) was used as a measure of AKT activity, P-AKT (S473) as a measure of AKT and
mTORC2 activity, and both P-rpS6 and P-4EBP1 as a measure of mTORC1 activity. At
100nM, PF502 decreased the phosphorylation of all proteins measured and was a highly
potent inhibitor of AKT phosphorylation in PF502 sensitive compared to resistant cell lines
(Fig. 2). The response to PF502 in resistant cell lines of all phospho-proteins measured
was less robust indicating that resistance is associated with the inability of PF502 to

effectively inhibit PISBK/AKT/ mTORC1 signalling.



10

3.4.PD901 effectively inhibits MEK activity in resistant and sensitive cells.

To assess if PD901 effectively inhibited MEK activity we treated cells with either 100nM or
1uM PD901 and determined phosphorylation of ERK (P-ERK) in a subset of resistant and
sensitive cell lines. P-ERK was completely inhibited with 100nM PD901 in both resistant
and sensitive cell lines (Fig. 3), demonstrating that drug resistance was not due to failure

to inhibit MEK.

3.5.PI3K & RAS/ERK pathway analysis in ovarian cancer cell lines

To evaluate if the activation state of PI3K or RAS/ERK pathways influence ovarian cancer
cell sensitivity to PF502 and/or PD901 we determined PTEN protein levels, activating
mutations in PIK3CA, AKT1, BRAF and KRAS genes and then correlated these results
with sensitivity to the inhibitors. 25 cell lines (83%) expressed <50% PTEN protein
compared to HOSE (Fig 4.B), 6 cell lines (20%) had activating mutations in the PIK3CA
gene, 5 cell lines (17%) had activating mutations in either BRAF or KRAS and no
mutations in AKT1 were detected (Fig.4A). Loss of PTEN protein or PIK3CA mutations did
not correlate with either sensitivity to PF502 or resistance to PD901. However, activating
KRAS or BRAF mutations were associated with increased resistance to PF502 (4/5 cell
lines with mutations were resistant: Fig. 4A), and all cell lines with these mutations were

sensitive to PD901.

PI13K and RAS/ERK pathway activation was further assessed by measuring P-PRAS40, P-
rpS6 and P-ERK (Fig. 4B). P-PRAS40 was elevated in 16 (563%) of ovarian cancer cell
lines, however, consistent with the genomic analysis, there was no correlation with P-

PRAS levels and sensitivity to PF502 or resistance to PD901, suggesting that elevated
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AKT activity does not affect sensitivity to either of these inhibitors. Importantly however,
increased P-rpS6 levels and P-ERK correlated with resistance to PF502 (p< 0.02,

Spearman test: Supplementary Fig.S1).

3.6.Differential gene expression between PF502 and PD901 resistant and sensitive cell
lines

To identify molecular pathways that may confer sensitivity and/or resistance to either
PF502 or PD901 we examined the difference in gene expression between resistant and
sensitive cell lines using GSEA and MetaCore pathway analysis. Using GSEA two RAS
oncogenic signatures and a “basal” breast cancer phenotype, which is characterized by
RAS/ERK activation were enriched in PF502 resistant cell lines (Supplementary Table S3).
3) In contrast, RAS oncogenic signatures and the “basal” breast cancer phenotype, were
highly represented in PD901 sensitive cells (Supplementary Table S4). Metacore analysis
of differentially expressed genes was also indicative of RAS/ERK activation in PF502
resistant and PD901 sensitive cells, consistent with the GSEA. Furthermore, Metacore
analysis implicated cytokine signaling as potentially conferring PF502 resistance, which
also may reflect RAS/ERK activation ¥ (Supplementary Table S5). These data support
the mutational and western analysis that increased signalling in the RAS/ERK pathway
correlates with PF502 resistance and PD901 sensitivity. This data suggests that in ovarian
cancer cells increased RAS/ERK signalling confers sensitivity to PD901 and reinforces the
possibility that PD901 may prove effective in inhibiting the growth of PF502-resistant cell

lines.

3.7.PD901 and PF502 synergize in PF502 resistant cell lines
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Our protein, mutation and gene expression data all strongly indicate that activation of the
RAS/ERK pathway conferred resistance to PF502. Thus we investigated whether dual
inhibition of MEK and PISK/mTOR activity resulted in greater inhibition of proliferation
and/or cell death compared to single agent treatment. In 5 of 6 PF502 resistant cell lines a
combination of PF502 and PD901 resulted in a synergistic reduction in cell proliferation
(mutually nonexclusive Cl<1) whilst the other an additive response (Cl=1). Importantly, in
two PF502 and PD901 resistant cell lines (SKOV3 and JHOCS) there was a robust

synergistic response (Fig.5).

3.8.Pre-clinical efficacy studies

To confirm that resistance to PF502 and the synergistic effect with PD901 was relevant in
vivo, we tested anti-tumour effects in xenografts. ES2 tumours were relatively resistant to
PF502 with a small (17+3%) but significant decrease in tumour size following 19 days of
treatment, more sensitive to PD901 (37+3% decrease) and more potently inhibited when
these compounds are combined (75+3% decrease: Fig.6). Levels of P-AKT were barely
detectable in ES2 xenografts, consistent with cell culture data (Fig 2A) however P-PRAS
was effectively inhibited by PF502. Importantly PD901 was more effective than PF502 at
inhibiting P-rpS6 and the combination was more effective than single agent treatment.
Thus decreased P-rpS6 reflected inhibition of tumour growth and that RAS/ERK pathway

induced P-rpS6 ** is associated with PF502 resistance.

In a second human xenograft model using MCAS cells, which in vitro were relatively
resistant to PF502 but sensitive to PD901, PF502 alone significantly inhibited tumour
growth with a 68+3% decrease in tumour size following 19 days of treatment

(Supplementary Figure S2). Western analysis demonstrated that PF502 not only
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decreased PI3K/mTOR signaling (decreases in P-AKT, P-PRAS and P-S6) but also
decreased P-ERK, supporting the hypothesis that inhibition of both PI3K/mTOR and the

MAPK/ERK pathways effectively inhibits ovarian tumour growth.

4. Discussion

Both the PISBK/mMTOR and RAS/ERK pathways are highly dysregulated through gene
amplifications, gene deletions ? and mutations in all histotypes of ovarian cancer. ® In
this study we analyzed the response of an extensive panel of 32 ovarian cancer cell lines
to specific inhibitors of PI3K/mTOR (PF502) and RAS/ERK (PD901) signalling which are
currently in clinical trials. The majority of cells showed growth inhibition in response to
PF502 while there was a clear division between PD901 sensitive and resistant cell lines

with some cell lines not responding at all (up to 30uM).

To identify predictors of drug response, we analyzed global gene expression, mutation and
activation status of constituents of the PI3K and RAS/ERK pathways. Historically one of
the best predictors of sensitivity to kinase inhibitors has been the presence of an activating
mutation or other genomic alterations in the targeted kinase. ®® Our study indicates that
increased PI3K pathway signalling in ovarian cancer is unlikely to confer sensitivity to PI3K
pathway inhibitors, since PTEN loss or PIK3CA mutations did not correlate with PF502
response. Mutations in PIK3CA and loss of PTEN predict sensitivity to PI3K pathway
inhibitors in most ¢, but not all cases ©” and this may reflect differences in the genetic
backgrounds of the tumour cells and/or the specificity of the individual inhibitors. In
contrast, mutations in KRAS and BRAF did confer sensitivity to MEK inhibition by PD901,

and furthermore GSEA also identified activation of the RAS pathway as conferring
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sensitivity. This is consistent with previous studies that demonstrated that mutations in

KRAS and BRAF confer sensitivity to MEK inhibition in several different cancer types '3

including ovarian. %

Identification of predictors of drug resistance will be essential for optimizing treatment
regimes. Our analysis focused on signatures of resistance to PF502 given its potency in
inhibiting growth of the majority of cell lines. Protein, mutational and genomic analysis
implicated activation of the RAS/ERK pathway as conferring PF502 resistance, consistent
with similar findings in other systems. % %37 Thjs resistance is likely due to known effects
of the RAS/ERK pathway on rpS6 phosphorylation, translation (25) gene transcription and
cell cycle progression. ¥ Strikingly, in combination experiments the majority of PF502
resistant cell lines showed a synergistic response when treated with both PF502 and
PD901 and this was also evident in vivo in the ES2 xenograft model. Importantly, in those
cell lines that were resistant to both PF502 and PD901 individually, the combination
potently inhibited cell growth. These data suggest that while PI3K/mTOR signalling is vital
for ovarian cancer cell proliferation, optimal inhibition of tumour growth will require
targeting the PISK/mTOR and RAS/ERK pathways in combination. Indeed, xenograft
studies with the MCAS cell line that was PF502 resistant but PD901 sensitive, revealed in
vivo sensitivity to single agent treatment with PF502 that correlated with additional

inhibition of the RAS/ERK pathway.

P-rpS6 level reflected PF502 efficacy in cell lines and in vivo efficacy of PF502, PD901
and their combination, thus is a potential tumor response biomarker. The failure of PF502
to effectively inhibit AKT or mTORC1 activity in resistant cell lines requires further

investigation. Cellular availability of PF502 is unlikely the cause as it is not a substrate for
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the multidrug resistance protein 1, is not rapidly metabolized *® and our pathway analysis
reveals that in some resistant cell lines the drug is able to effectively inhibit one target but
not another. A more likely explanation is that other pathways feed into the PI3K pathway,
such as RAS/ERK or DNA-dependent protein kinase both of which can phosphorylate

components of the PI3K pathway leading to its activation.*>*”

In summary, the majority of ovarian cancer cell lines responded to the PI3K/mTOR
inhibitor, PF502 making this a potential novel treatment for ovarian cancer. In contrast, the
obvious dichotomy in response to MEK inhibition by PD901 and the correlation of
increased signalling in the RAS/ERK pathway with PD901 sensitivity suggests that MEK
inhibitors are only likely to be effective as single agents in BRAF and KRAS mutant
ovarian tumours. Concomitant inhibition of the MEK and PI3K/mTOR pathways resulted in
effective inhibition of cell proliferation and induction of cell death in PF502-resistant cells
and inhibited tumour growth in vivo, indicating that combination therapy with selective
PI3K/mTOR and RAS/ERK pathway inhibitors might provide an effective new treatment
option for ovarian cancer. Assessment of the effectiveness of this approach and further

definition of signatures of patient response will await future clinical trials.
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Figure Legends:

Figure 1. Sensitivity of ovarian cancer cells to PF502 and PD901.

Cell proliferation G150 values (mean + SEM, n>3) for a panel of ovarian cancer cell lines
treated with either PF502 (A) or PD901 (B). Percent cell death following treatment with
either 1TuM PF502 (C) or 1uM PD901 (D) for 72hrs. Cell death was determined for all cell
lines in response to PF502 and for a subset of PD901 sensitive and resistant cell lines.
Each bar represents the average of at least 2 independent experiments.

Figure 2. PF502 is a more potent inhibitor of the PI3K/mTOR pathway in sensitive
compared to resistant cells.

A, Five PF502 sensitive (blue bars) and 8 resistant cells (green bars) were treated for 1hr
with vehicle, 100nM PF502 (first bar) or 1uM PF502 (second bar). Following
immunoblotting, phosphorylated proteins were quantitated by densitometry and then
expressed as a percent of the control (DMSO). Each bar represents the mean of at least 2
biological repeats. B, representative immunoblots of a selection of the ovarian cell lines
treated with PF502.

Figure 3. PD901 inhibits ERK phosphorylation in both sensitive and resistant cells.
P-ERK and total ERK immunoblots of a subset of PD901 sensitive (A) and resistant cell
lines (B) after treatment for 1hr with vehicle (DMSQO), 100nM PD901 or 1uM PD901.

Figure 4. Mutations in and protein expression of components of the PI3K/mTOR and
RAS/ERK pathways.

A, cell lines are in order of their sensitivity to PF502. lllustrated are activating mutations in
PIK3CA (blue) and RAS/RAF (green). B, heat map of expression of PTEN protein and
phosphorylated proteins in exponentially growing cells. The levels of PTEN protein, P-
PRAS, P-rpS6 and P-ERK1/2 were quantitated from immunoblots as described in
Materials and Methods. Numbers and colors represent percent of HOSE cell expression
and are the average of at least two biological repeats.

Figure 5. A Combination of PF502 and PD901 synergistically inhibits proliferation of
PF502 resistant cells.

A, Combination Index of a subset of PF502 sensitive (open square) and resistant (closed
square) cell lines. A combination index of Cl<1 indicates synergy, CI>1 indicates



antagonism, and Cl=1 indicates additive effect. Shown are the mean + SEM of at least 3
independent experiments for each cell line. B, representative PF502 dose response
curves in the absence (open circles) or presence (closed circles) of 100nM PD901. Dose
response curves for PF502 only, were corrected for vehicle treatment control and the
combination were corrected for response in the presence of 100nM PD901. C, Cell death
in response to 72h treatment with 1uM PF502 (grey bar), 1uM PD901 (white bar) or their
combination (black bar). Single agent PD901 response is stacked onto PF502 response
whilst the combined treatment is shown as a single bar. Shown is the mean of at least 2
independent experiments for each cell line.

Figure 6. In vivo effects of PF502 and PD901 as single agents and in combination on ES2
xenograft tumour growth and PISK/mTOR signalling.

ES2 tumour bearing mice were treated daily with vehicle, 7.5 mg/kg PF502, 1 mg/kg
PD901 or PF502 and PD901 in combination. A, Tumour volume graphed as mean + SEM,
n=9-10. ANOVA, followed by Turkeys’ multiple comparison test. *, p< 0.0001 between
each other for all treatments at 19 days. B, Immunoblot of tumours harvested 4 hours after
mice were injected with single dose of vehicle control, PF502, PD901 or their combination.
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Sheppard Figure 3
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Sheppard Figure 5
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Sheppard Figure 6
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Supplementary Figure S1: Correlation between PF502 sensitivity and
components of the PI3K and RAS/ERK pathway

Each dot represents a single cell line where both sensitivity to PF502 and levels
of PTEN protein, P-PRAS, P-rpS6 and P-ERK1/2 were quantitated as described
in Materials and Methods. A significant correlation was observed between P-
rpS6 and PF502 sensitivity and also P-ERK and PF502 sensitivity (Pearson’s
Correlation: p < 0.05) but not with P-PRAS and PTEN.
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Supplementary Figure S2: In vivo effects of PF502 as a single agent on
MCAS xenograft tumour growth and PI3K/mTOR signalling.

MCAS tumour bearing mice were treated daily with vehicle, 10 mg/kg
PF502. A, Tumour volume graphed as mean + SEM, n=9-10. Unpaired t test.
*, p< 0.0001. B, Immunoblot of tumours harvested at 19 days.



Supplementary Table S1: Ovarian cancer cell lines and their corresponding histotype and source

Cell Line Histotype Source
2008 Endometrioid Stephen Howell at University of California, San Diego
59M Endometrioid European Collection of Cell Cultures
A2780 mixed histology | European Collection of Cell Cultures
CAOV3 Serous National Cancer Institute
CH1 Serous Lloyd Kelland at the Institute of Cancer Research, Sutton, UK
EFO21 Serous Deutsche Sammlung von Mikroorganismen und Zellkuturen
EFO27 Mucinous Deutsche Sammlung von Mikroorganismen und Zellkuturen
ES2 Clear Cell American Type Culture Collection
FUOV1 Serous Deutsche Sammlung von Mikroorganismen und Zellkuturen
iGROV Serous National Cancer Institute
JHOC5 Clear Cell RIKEN
JHOC7 Clear Cell RIKEN
JHOC9 Clear Cell RIKEN
JHOM1 Mucinius RIKEN
JHOS3 Serous RIKEN
KURAMOCHI Unknown Health Science Research Resources Bank
MCAS Mucinous Health Science Research Resources Bank
OAW28 Serous European Collection of Cell Cultures
OAW42 Serous European Collection of Cell Cultures
OoVao Serous American Type Culture Collection
OVCA432 Serous Dr Nuzhat Ahmed at the Womens Cancer Research Centre, Royal Women's Hospital, Melbourne
OVCAR3 Serous National Cancer Institute
OVCAR4 Serous National Cancer Institute
OVCAR5 Unknown National Cancer Institute
OVCARS8 Serous National Cancer Institute
RMGI Clear Cell Health Science Research Resources Bank
RMGII Clear Cell Health Science Research Resources Bank
SKOV3 Serous National Cancer Institute
TOV112D Endometrioid American Type Culture Collection
TOV21G Clear Cell American Type Culture Collection



Supplementary Table S2: Primers and annealing temperatures used to amplify
targets for sequencing BRAF and KRAS

Annealing

Target Forward primer (5’°-3’) | Reverse primer (5°-3’) Temperature
(°C)

BRAF exon 15 ctaaactcttcataatgcttgctct | ccacaaaatggatccagacaactgttca | 65

PIK3CA exon 9 ctgtgaatccagaggggaaa | gtcacaggtaagtgctaaaatg 60

PIK3CA exon 20 | cgacagcatgccaatctctt cagtgtggaatccagagtgagct 60

KRAS exon 2 ggcctgctgaaaatgactga gtcctgcaccagtaatatgce 60

KRAS exon 3 tcaagtcctttgcccatttt tgcatggcattagcaaagac 60




Supplementary Table S3 : GSEA analysis of differentially expressed genes between
PF502 resistant and sensitive cells

RANKING ENRICHED IN PF502 RESISTANT SIZE  ES cF;RZ
1 CHARAFE BREAST CANCER LUMINAL VS BASAL DN 432 071 0.000
2 CHARAFE BREAST CANCER LUMINAL VS MESENCHYMAL DN~ 435 067 0.000
3 RAS ONCOGENIC SIGNATURE UP 174 071 0.000
4 HUANG DASATINIB RESISTANCE UP 74 079 0.000
5 RICKMAN TUMOR DIFFERENTIATED WELL VS MODERATELY DN 108 0.74  0.000
6 SENESE HDAC1 TARGETS UP 424 063 0.000
7 RICKMAN TUMOR DIFFERENTIATED WELL VS POORLY DN 356 062 0.000
8 HINATA NFKB TARGETS FIBROBLAST UP 66 075 0.000
9 REN ALVEOLAR RHABDOMYOSARCOMA DN 398 060 0.000
10 BASAKI YBX1 TARGETS UP 271 062 0.000
11 RUIZ TNC TARGETS DN 138 0.66 0.000
12 SENESE HDAC1 AND HDAC2 TARGETS UP 218 063 0.000
13 BILD HRAS ONCOGENIC SIGNATURE 242 061 0.000
14 AMIT EGF RESPONSE 480 HELA 155 0.63 0.000

RANKING ENRICHED IN PF502 SENSITIVE SIZE  ES cF;RZ
1 NAKAYAMA SOFT TISSUE TUMORS PCA1 DN 77 -71 0.000
2 NIKOLSKY BREAST CANCER 19Q13.1 AMPLICON 22 -87  0.000
3 CHARAFE BREAST CANCER LUMINAL VS MESENCHYMAL UP 412 -54  0.000
a RICKMAN TUMOR DIFFERENTIATED WELL VS POORLY UP 225 -56  0.000
5 REACTOME AMINE COMPOUND SLC TRANSPORTERS 25 .76  0.004
6 BECKER TAMOXIFEN RESISTANCE UP 40 -68 0.012
7 RICKMAN HEAD AND NECK CANCER A 87 -58 0013
8 KOBAYASHI EGFR SIGNALING 24HR UP 99 -56 0012
9 CORRE MULTIPLE MYELOMA DN 50 -61 0012
10 RICKMAN HEAD AND NECK CANCER B 50 -61 0.021
11 EINAV INTERFERON SIGNATURE IN CANCER 27 -69 0.028
12 REACTOME MYOGENESSIS 29 -69 0.027
13 KUUSELO PANCREATIC CANCER 19Q13 AMPLIFICATION 25  -69  0.033
14 WU ALZHEIMER DISEASE DN 14 -80 050

Top fourteen gene sets enriched in PF502 resistant and sensitive cell lines are
shown. Size refers to the number of genes in the gene set and ES is the enrichment
score that reflects the degree to which a gene in the gene set is over represented at
the extremes (top or bottom) of our differentially expressed ranked list. FDR, is the
false discovery rate.



Supplementary Table S4 : GSEA analysis of differentially expressed genes
between PD901 resistant and sensitive cells

ENRICHED IN PD901 RESISTANT SIZE  ES cF;RZ
1 NIKOLSKY BREAST CANCER 8Q23 Q24 AMPLICON 146 0.62 0.000
2 VALK AML CLUSTER 2 29 078 0.000
3 NIKOLSKY BREAST CANCER 8Q12 Q22 AMPLICON 122 057 0.001
4 BASAKI YBX1 TARGETS DN 345 047 0.020
5 SCHUETZ BREAST CANCER DUCTAL INVASIVE DN 84 055 0.038
6 NIKOLSKY BREAST CANCER 1Q21 AMPLICON 37 064 0037
7 CHARAFE BREAST CANCER LUMINAL VS MESENCHYMAL UP 412 044 0.072
8 HALMOS CEBPA TARGETS DN 39 059 0.091
9 TSAI DNAJB4 TARGETS UP 13 077 0084
10 REACTOME AMINE COMPOUND SLC TRANSPORTERS 25 067 0.084
1 KUUSELO PANCREATIC CANCER 19Q13 AMPLIFICATION 25 067 0.082
12 NIKOLSKY BREAST CANCER 7P15 AMPLICON 1 081 0093
13 SMID BREAST CANCER RELAPSE IN BRAIN UP 38 061 0092
14 REACTOME CELL CELL ADHESION SYSTEMS 58 056 0.098

ENRICHED IN PD901 SENSITIVE SIZE  ES CF]RZ
1 CHARAFE BREAST CANCER LUMINAL VS BASAL DN 432 .57 0.000
2 RICKMAN TUMOR DIFFERENTIATED WELL VS POORLY DN 356 -56 0.000
3 RICKMAN TUMOR DIFFERENTIATED WELL VS MODERATELY DN 108  -65  0.000
4 RAS ONCOGENIC SIGNATURE UP 174  -60 0.000
5 CHARAFE BREAST CANCER LUMINAL VS MESENCHYMAL DN~ 435  -52  0.000
6 REN ALVEOLAR RHABDOMYOSARCOMA DN 398 -53  0.000
7 BASAKI YBX1 TARGETS UP 271 -55  0.000
8 BILD HRAS ONCOGENIC SIGNATURE 242 -54  0.000
9 WU CELL MIGRATION 183 -54 0.001
10 NAKAMURA METASTASIS MODEL DN 41 -67 0003
11 XU HGF SIGNALING NOT VIA AKT1 6HR 24 .75 0,003
12 REACTOME TELOMERE MAINTENANCE 72 -59 0003
13 BRUECKNER TARGETS OF MIRLET7A3 DN 71 -60 0.003
14 KEGG COMPLEMENT AND COAGULATION CASCADES 67 -60 0.004

Top fourteen gene sets enriched in PD901 resistant and sensitive cell lines. Size
refers to the number of genes in the gene set and ES is the enrichment score that
reflects the degree to which a gene in the gene set is over represented at the
extremes (top or bottom) of our differentially expressed ranked list. FDR, is the false
discovery rate.



Supplementary Table S5 : GeneGo Pathway analysis of differentially expressed genes
between PF502 resistant and sensitive cells. Pathways that were significantly enriched
(FDR 0.05)

PATHWAYS ENRICHED IN PF502 RESISTANT

Cell adhesion ECM remodeling
Cell adhesion Chemokines and adhesion
Immune response IL-18 signaling
Immune response HMGB1/RAGE signaling pathway
Development Regulation of epithelial-to-mesenchymal transition (EMT)
Immune response IL-17 signaling pathways
Immune response Oncostatin M signaling via MAPK in human cells
Development TGF-beta-dependent induction of EMT via MAPK
Development EGFR signaling pathway

0 Development ERBB-family signaling

= ©O© 0O N O O b WODN -

PATHWAYS ENRICHED IN PF502 SENSITIVE

Cell adhesion ECM remodeling

Development WNT signaling pathway. Part 2

Cytoskeleton remodeling TGF, WNT and cytoskeletal remodeling
Development Regulation of epithelial-to-mesenchymal transition (EMT)
Cell adhesion Tight junctions

GTP metabolism

D O WON -

PATHWAYS ENRICHED IN PD901 RESISTANT

1 Development TGF-beta-dependent induction of EMT via SMADs
2 Development Regulation of epithelial-to-mesenchymal transition (EMT)

PATHWAYS ENRICHED IN PD901 SENSITIVE

Blood coagulation Blood coagulation
Cell adhesion ECM remodeling
Retinol metabolism
Cell adhesion PLAU signaling
Transcription Role of VDR in regulation of genes involved in osteoporosis
Normal and pathological TGF-beta-mediated regulation of cell proliferation
Signal transduction Erk Interactions: Inhibition of Erk
Cell adhesion Cell-matrix glycoconjugates
Development ERBB-family signaling
0 Development Regulation of epithelial-to-mesenchymal transition (EMT)

= O 0 N O OO b WDN -

Pathways that had a false discovery rate (FDR) of less than 5% percent were considered
significant. There were 82 pathways enriched in PF502 resistant cells of which 10 are shown. All
significant pathways enriched in PF502 sensitive , PD901 resistant and PD901 sensitive are
shown.



Supplementary Methods:
Immunoblotting

Exponentially growing cells were lysed in RIPA buffer (1mmol/L EDTA; 1%
NP40; 0.5% sodium deoxychlorate; 0.1% SDS; 50mmol/L sodium fluoride;
1mmol/L sodium pyrophosphate in PBS) plus phosphatase inhibitor cocktail
(Roche). Protein concentrations were determined by DC Protein assay
(BioRad). Lysates were subjected to SDS-PAGE, transferred to PDVF,
immunoblotted and proteins visualized by Western Lightening Plus Enhanced
Chemiluminescence (PerkinElmer) and the band density quantified using
ImageQuant TL Software, Version 7.0 (GE Healthcare). Primary antibodies
include: p-AKT S473 (Cell Signaling (CS)#4058), pPRAS40 T246 (CS#2997),
p-rpS6 S240/244 (CS#2215), p4E-BP1 S65 (CS#9451), pERK T202/Y204
(CS#9106), ERK1 (Santa Cruz-94), actin (MP Biomedicals #691001). Anti-
mouse and anti-rabbit horseradish peroxidase-conjugated secondary
antibodies were used (BioRad #170-6516, #170-6515).
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