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Translational Relevance

Prostate cancer is the second most common carcinoma in North American men and one
of the leading causes of cancer-related death. Patients with advanced and metastatic
prostate cancer are typically treated with medical/surgical castration, as well as anti-
androgen therapies including abiraterone acetate and enzalutamide either in the hormone
sensitive or resistant settings. Developing novel therapeutic options that augment the
activity of these agents is an urgent clinical need. In the present study, we identified that
BCL-2 and IKKB inhibitors could specifically treat ENZ-resistance through a high-
throughput pharmacological screen. In addition, BCL-2 or IKKB blockade prevented the
emergence of ENZ resistance in xenograft models. Validation in clinical samples from
men with mCRPC suggested greater relevance of the IKKB pathway. Our findings
implicate the development of BCL-2 and IKKB dependencies in ENZ-resistant prostate
cancer cell lines, and highlight the need for human tissue validation studies in the
development of prostate cancer therapeutics.
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Abstract

Purpose: Although enzalutamide (ENZ) has been widely used to treat de novo or
castration-resistant metastatic prostate cancer, resistance develops, and disease
progression is ultimately inevitable. There are currently no approved targeted drugs to
specifically delay or overcome ENZ-resistance.

Experimental Design: We selected several ENZ-resistant cell lines that replicated
clinical characteristics of the majority of patients with ENZ-resistant disease. A high-
throughput pharmacological screen was utilized to identify compounds with greater
cytotoxic effect for ENZ-resistant cell lines, compared to parental ENZ-sensitive cells.
We validated the potential hits in vitro and in vivo, and used knock-down and over-
expression assays to study the dependencies in ENZ-resistant prostate cancer.

Results: ABT199 (BCL-2 inhibitor) and IMD0354 (IKKB inhibitor), were identified as
potent and selective inhibitors of cell viability in ENZ-resistant cell lines in vitro and in
vivo which were further validated using loss-of-function assays of BCL-2 and IKKB.
Notably, we observed that overexpression of BCL-2 and IKKB in ENZ-sensitive cell
lines was sufficient for the emergence of ENZ resistance. In addition, we confirmed that
BCL-2 or IKKB inhibitors suppressed the development of ENZ resistance in xenografts.
However, validation of both BCL-2 and IKKB in matched castration-sensitive/resistant
clinical samples showed that, concurrent with the development of
enzalutamide/abiraterone resistance in patients, only the protein levels of IKKB were
increased.

Conclusions: Our findings identify BCL-2 and IKKB dependencies in clinically relevant
ENZ-resistant prostate cancer cells in vitro and in vivo but indicate that IKKB
upregulation appears to have greater relevance to the progression of human castrate
resistant prostate cancer.
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Introduction

Other than skin cancer, prostate cancer is the most common cancer in North American
males and the second leading cause of cancer-related deaths (1). Androgen Deprivation
therapy, as well as anti-androgen therapies (such as enzalutamide (ENZ) and abiraterone
acetate (AA)), are now well-established treatments for both de novo and castration-
resistant metastatic disease (2,3). Unfortunately, despite significant efficacy, these
therapies are not curative, and resistance inevitably develops (4,5). For example, in the
castrate resistant setting with enzalutamide, the median time to PSA progression is only
approximately 11 months (6,7). Previous studies have suggested several possible
mechanisms of ENZ-resistance including androgen receptor gene amplifications,
mutations, and/or splice variants, activation of other pro-survival or proliferation
pathways including PISK/AKT (8), MEK/ERK (9) and glucocorticoid receptor (10), or
transformation into a neuroendocrine phenotype (11). There remains a need for additional
therapeutic strategies to delay the emergence of resistance, and to identify putative
biomarkers and targets that may indicate a higher probability of de novo or acquired
resistance. In this study, we carried out a chemical screen and identified two drugs,
Venetoclax (ABT199) and IMDO0354, targeting BCL-2 and IKKB respectively, as
potential therapies to target ENZ-resistant prostate cancer in vitro and in vivo. We
subsequently validated both the drugs and their genomic targets in several pre-clinical
assays and prostate cancer samples, to provide a basis for future clinical development.

Material and Methods
Cell lines and inhibitors

Human ENZ-sensitive, castration-resistant prostate cancer cell line 16D*® and ENZ-
resistant, castration-resistant prostate cancer cell lines including 34BEN“%, 40CENR and
30CEN“R \were acquired from the Vancouver Prostate Centre and derived as previously
described (12). They were maintained in RPMI-1640 supplemented with 10% fetal
bovine serum (FBS) at 37°C in 5% CO, atmosphere. Regular cell-line authentication was
done by short-tandem repeat profiling. Mycoplasma testing was routinely done with the
MycoAlert Mycoplasma Detection Kit (LT07-118, Lonza). ENZ-resistant cells were
routinely tested for their resistance by growing them in 20 uM ENZ for 2-week periods
and quantifying their growth rates. All ENZ-resistant and ENZ-sensitive lines were also
routinely tested for their ability to grow in phenol red-free RPMI-1640 supplemented
with 10% charcoal-stripped serum and quantifying their growth rates. Unless otherwise
5
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indicated, cells used for growth assays and drug screens, were plated in media
supplemented with 10% charcoal-stripped serum. Where appropriate in assays, ENZ
concentration was 20 uM. Enzalutamide, ABT199 and IMDO0354 were purchased from
Selleck Chemicals (Houston, TX). For experiments, cells were plated for 24 hours before
media was replaced with fresh drugs. Cells were incubated for 5-6 days without further
media changes.

Drug screening assay

Four prostate cancer cell lines (16D°RPC, 34BEN“R 40CEN“R and 30CEV“R) were
dissociated into single cells and seeded at 1000-1500 cells/well in 50 ul RPMI-1640
medium (supplemented with 10% charcoal stripped serum) in 384-well microplates.
Compounds were dissolved in DMSO as 10 mM stocks. Compound addition was
performed at Ontario Institute for Cancer Research (OICR) using HP Tecan D300 digital
dispenser. For each compound, 12-point, 2-fold serial dilutions were performed. Drug
effects were compared to cells optimally proliferating in 0.1% DMSO alone, while wells
filled with media served as background. CellTiter-Glo® (5 MI, Promega) was added after
five days, and fluorescence intensity measured after 20 minutes on a PHERAstar
microplate reader, equipped with a A540 excitation / A590 emission filter.

Proliferation and Annexin-V/PI assays

Cells were seeded into black, clear-bottom 96-well assay plates or 6-well plates (for
Annexin-V/Pl assays) and incubated for 24 hours prior to treatment with serially
increasing concentrations of enzalutamide, ABT199 or IMD0354. After five days of
exposure to drugs, Alamar Blue® (Life Technologies) reagent was added and incubated
for 4 hours. Fluorescence intensity was measured, and inhibition of proliferation was
calculated by normalizing to an untreated control. Apoptotic cells were analyzed by
FACS using the BioVision Annexin-V/PI kit as per the manufacturer’s instructions.

Soft agar assay

Wells in 96-well assay plates were coated by 0.6% agar. Cells (100/well) were seeded in
0.4% agar with DMSO, ABT199 or IMD0354 in RPMI-1640 supplemented with 10%
FBS (complete media). 0.5% agar in complete media with DMSO or inhibitors were
covered on top of the cells. After 14-day incubation at 37°C in 5% CO2 atmosphere,
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bright-field pictures were captured under microscope. Alamar Blue® (Life Technologies)
reagent was added and incubated for 4 hours. Fluorescence intensity was measured, and
fold changes were calculated by normalizing to the DMSO control of 16D%¢ cells.

Knocking-down and overexpression

The plasmids of BCL-2-GFP and IKKB-mCherry were purchased from GeneCopoeia
(Rockville, MD). Plasmid transfection was performed with Lipofectamine 3000 (Life
Technologies) in accordance with the manufacturer's guidelines. The siRNAs targeting
BCL-2 and IKKB were purchased from Dharmacon (Horizon Discovery). Transfection of
siRNAs at multiple concentrations was performed with Lipofectamine RNAIMAX (Life
Technologies) in accordance with the manufacturer's guidelines.

Western blot analysis

Cells were washed twice with cold PBS and scraped in 50 mM Tris HCI pH 8.0, 150 mM
NaCl, 1% NP-40, 0.5% sodium deoxycholate and 0.1% SDS supplemented with protease
and phosphatase inhibitors (Roche). Lysates were clarified by centrifugation and protein
concentration determined via BCA. 20-60ug reduced protein was resolved by NuPAGE
12% gels (Life Technologies) in MES gel running buffer. Proteins were transferred onto
PVDF membrane, blocked with 5% skim milk and probed overnight at 4°C with
antibodies listed in Supplementary Table 1. Bound protein was visualized using HRP-
conjugated secondary antibodies (GE Healthcare) and chemiluminesence. Western blots
analyzed using the mean greyscale value of inverted scanned Western blots in Adobe
Photoshop, and analysis of variance performed with the use of PRISM7 for MacOSX.

RNA extraction and quantitative RT-PCR

RNA was isolated using TRI reagent (Sigma) and samples were reverse transcribed using
gScript cDNA SuperMix (Quantas). Quantitative real-time PCR was performed on an
Eppendorf Realplex mastercycler using SYBR green (Quantas). Specific primers used are
listed in Supplementary Table 2.

Murine prostate tumor xenograft model
Male NOD/SCID mice (4-6 weeks old) were anaesthetized using 2% isoflurane

(inhalation) and 1 X 10% 16D°R"® or 30C™"#® prostate cancer cells suspended in 100 pl of
PBS with 50% Matrigel (BD Biosciences) were implanted subcutaneously into the dorsal

7
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flank on the right side of the mice. Once the tumors reached a palpable stage (~200 mm?®),
the animals were randomized and treated with vehicle (DMSO), 10 mg/kg enzalutamide
(dissolved in DMSO), 100 mg/kg ABT199 (dissolved in 50% PEG300 + 5% Tween 80 +
ddH,0) or 10 mg/kg IMD0354 (dissolved in 5% Tween 80 + 0.5% carboxymethyl
cellulose + ddH,0) intraperitoneally, every other day. Growth in tumor volume was
recorded using digital calipers, and tumor volumes were estimated using the formula
(n/6) (L X W?), where L is the length of tumor and W is the width. Animal survival was
determined based on the tumor sizes reaching maximal volumes allowable (1,500 mm?)
under the University Health Network Institutional Animal Care and Use Committee
(IACUC). At the endpoint, mice were sacrificed, and tumors were extracted. All cells
planned for inoculation into mice require the authentication of being free of all
mycoplasma contamination. Typically, gPCR profiling of mycoplasma contamination
was performed prior to inoculation. All experimental procedures were approved by the
University Health Network IACUC under the protocol AUP 5643.

Patients and tissue samples

Patients were identified from a population of men with castration-resistant prostate
cancer (CRPC) treated at the Royal Marsden NHS Foundation Trust (RMH) in
accordance with the Declaration of Helsinki. All patients had given written informed
consent and were enrolled in institutional protocols approved by the RMH (London, UK)
ethics review committee. Twenty (20) patients with sufficient formalin-fixed, paraffin
embedded (FFPE) diagnostic (archival) castration-sensitive prostate cancer (CSPC)
biopsies, and matched FFPE CRPC biopsies were identified. All CSPC biopsies
demonstrated adenocarcinoma and were from prostate needle biopsies (15), transurethral
resection on the prostate (TURP; 1), prostatectomy (2), transurethral resection on the
bladder (1) and a neck mass (1). CRPC tissue was obtained from metastatic biopsies of
bone (9), lymph node (8), TURP (1) and pelvis (soft tissue; 2). All tissue blocks were
freshly sectioned and only considered for IHC analyses if adequate material was present
(>50 tumour cells; reviewed by B.G.). Demographic and clinical data for each patient
were retrospectively collected independently from the hospital electronic patient record
system.

Tissue analysis

Immunohistochemistry (IHC) for BCL-2 and IKKB was performed on patient samples
described above. BCL-2 IHC was performed using the mouse anti-BCL-2 monoclonal
8
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antibody (Dako; M0887). Briefly, antigen retrieval was performed for 10 minutes with
Bond ER2 solution (Leica Biosystems) and anti-BCL-2 antibody (1:750 dilution)
incubated with tissue for 15 minutes and the reaction visualized using Bond Polymer
Refine (Leica Biosystems) system. Appendix tissue was used as a positive control. Cell
pellets from LNCaP95 cells treated with control and BCL-2 siRNA were used to confirm
specificity of the antibody for BCL-2 (Supplementary Fig. S1). Mouse IgGs were used as
negative controls. IKKB IHC was performed using the rabbit anti-IKKB monoclonal
antibody (Cell Signaling Technologies; D30C6). Briefly, antigen retrieval was performed
for 10 minutes with Bond ER2 solution (Leica Biosystems) and anti-IKKB antibody
(1:500 dilution) incubated with tissue for 15 minutes and the reaction visualized using
Bond Polymer Refine (Leica Biosystems) system. Appendix tissue was used as a positive
control. Cell pellets from DU145 cells treated with control and IKKB siRNA were used
to confirm specificity of the antibody for IKKB (Supplementary Fig. S2). Rabbit 1gGs
were used as negative controls.

Cytoplasmic BCL-2 and IKKB protein expression was determined for each case by a
pathologist blinded to clinical data using the modified H score (HS) method; a semi-
quantitative assessment of staining intensity that reflects antigen concentration. HS was
determined according to the formula: [(% of weak staining) x 1] + [(% of moderate
staining) x 2] + [(% of strong staining) x 3], yielding a range from 0 to 300.

Statistical analysis

HS were reported as median values with interquartile range (IQR). For paired, same
patient, CSPC and CRPC expression studies the Wilcoxon matched-pair signed rank test
(nonparametric; BCL-2) or paired student t-test (parametric; IKKB) was used to compare
differences in cytoplasmic protein expression levels. All analyses were conducted, and
graphs were generated, using GraphPad Prism v6.

Results

ENZ-resistant cell lines show greater tolerance to ENZ and exhibit T878A & F877L
AR point mutation

ENZ-sensitive CRPC cell line 16DF"¢ and ENZ-resistant cell lines 34BEN4R, 40CEN4R,
and 30CEN“R were established from LNCaP xenografts as previously described (12)
(Supplementary Fig. S3A). Initially, we characterized the three ENZ-resistant cell lines

9
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34BENR40CEN“R | and 30CEV“R, along with the ENZ-sensitive line 16D°F"C. While all
four lines had similar growth kinetics (Supplementary Fig. S3B), the ENZ-resistant lines
consistently showed greater tolerance to higher ENZ concentrations (mean 1Csy ranged
from 49.7 to 50.8 pM) when compared to the ENZ-sensitive 16D°FFC line (mean ICs of
12.3 uM) or the hormone-sensitive LNCaP parental line (mean 1Csp 9.6 uM,
Supplementary Fig. S3C and D). All tested cell lines were AR and PSA positive
(Supplementary Fig. S3E), and neither the ENZ-resistant 40CEV“R/30CEM4R lines nor the
ENZ-sensitive 16D“F"C line expressed AR-V7 (Supplementary Fig. S3F and G) or
neuroendocrine biomarkers including synaptophysin (SYP) and neuron-specific enolase
(NSE) (Supplementary Fig. S3H). However, we identified the known AR point mutation
T878A (formerly T877A) in both LNCaP and all the derivative cell lines. Furthermore,
all the ENZ-resistant cell lines (34BEV“R 40CN“R and 30CEN“R) harboured a
heterozygous mutation F877L (formerly F876L, Supplementary Fig. S31), which has
been reported to be a possible inducer of ENZ-resistance (14,15).

Drug screening: ENZ-resistant lines show greater sensitivity to BCL-2 and IKKB
inhibition.

To identify small-molecule inhibitors that may be used to target ENZ resistance, we
carried out pharmacological screens using the CellTiter-Glo® assay on the ENZ-sensitive
line and the three ENZ-resistant lines. Our compound pool consisted of two libraries,
‘OICR Kinase Inhibitor Library’ (480 compounds) and ‘OICR Tool Compound Library’
(300 compounds) (Supplementary Table 3). The initial screen with the two libraries was
performed using 40CN“R and 30CEN“R cell lines, in a randomized-plating manner
(Supplementary Fig. S4A). The drug effects were classified into four subsets: ‘cytotoxic’,
‘inactive’, ‘partial response’ and ‘cytostatic’ (Supplementary Fig. S4B). For all the 184
compounds that were classified as ‘cytotoxic’ in both 40CE“® and 30CEN“R
(Supplementary Fig. S4C), we performed a secondary screen using all the four cell lines
including 16D°R¢, 34BEN“R 40CENR and 30C™“". To identify inhibitors that
specifically target ENZ-resistant cells, we compared the 1C50 values for 16D“%"° and the
mean 1C50 values of the three ENZ-resistant cell lines (IC50 Meangnzr), and excluded
those compounds that had lower 1C50 values to 16D°R"C cell line compared to any of the
ENZ-resistant cell lines (138 compounds left, Supplementary Fig. S4D). To meet the
criteria that the inhibitors should have at least 2-fold greater effect to the ENZ-resistant
lines compared to the ENZ-sensitive line, i.e. IC50 Meangnzg/ IC50 (16D°FC) < 0.5, the
secondary pharmacological screen identified only two hits: Venetoclax (ABT199), a
BCL-2 inhibitor, and IMDO0354, an IKKB inhibitor (Supplementary Fig. S4E). BCL-2 is
10
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an anti-apoptosis canonical member of the BCL-2 family of regulator proteins whilst
IKKB (IKK-B, inhibitor of nuclear factor kappa-B kinase subunit beta) is an enzyme that
serves as a protein subunit of 1xB kinase.

Validation of BCL-2 or IKKB inhibitor effects

We used the Alamar Blue®-based proliferation assays to validate the in vitro effect of
ABT199 and IMDO0354. For ABT199, the mean 1Cs, ranged from 0.67 to 0.76 uM for the
ENZ-resistant lines, much lower than the ENZ-sensitive line 16D°%"° (mean 1Cs, of 35.3
uM) (Fig. 1A). For IMDO0354, the mean 1Cso ranged from 0.24 to 0.25 uM for the ENZ-
resistant lines, compared to the mean I1Cs of 0.64 uM for the ENZ-sensitive line 16D°?*©
(Fig. 1B). The two inhibitors have similar effects on ENZ-resistant cell lines in the
presence or absence of ENZ (Fig. 1C and D). In contrast, both hormone sensitive
(LNCaP) and castrate resistant (16D“%"®) cells were not as sensitive as the ENZ-resistant
lines to ABT199 or IMDO0354 (Fig. 1E and F). We validated this finding using the
Incucyte® Live-Cell Analysis Systems to measure the cell confluency. We observed that
with the treatment of ABT199 or IMDO0354, the cell growth of ENZ-resistant lines
including 40CEV“R and 30CE"“R was significantly slowed down compared to ENZ-
sensitive line 16D°FFC (Supplementary Fig. S5A and B). These data suggest that ABT199
and IMDO0354 decrease the cell proliferation of ENZ-resistant cell lines in vitro.

To determine if the sensitivity of the ENZ-resistant lines to ABT199 or IMD0354 is due
to increased cell death, we performed trypan blue counts after exposure to either drug for
5 days. We found that there was a significantly higher percentage of trypan blue positive
cells in the inhibitor-treated ENZ-resistant cell lines 40CEM“® and 30C™“*® when
compared to the ENZ-sensitive line 16D°®"C (Supplementary Fig. S5C). Also, the
treatment of ABT199 or IMDO0354 significantly repressed the soft agar-colony formation
of 40CEN“% and 30CEN“R cells, compared to 16D°F*° (Supplementary Fig. S5D and E).
To assess the contribution of apoptosis to the cell death effect with ABT199 or IMD0354,
we measured the protein cleavage of PARP1. Intriguingly, we observed that ABT199
triggered apoptosis in both 40CE“R and 30C™M“R cells while IMD0354 did not
(Supplementary Fig. S5F) despite evidence of cell death with trypan blue assays
(Supplementary Fig. S5C). We used Annexin-V staining to further validate whether the
cells will undergo apoptosis with the treatment of ABT199 at increasing concentrations
(2.5~10 uM). All ENZ-resistant cell lines underwent apoptosis in response to increasing
concentrations of ABT199, and the 30CE"“R cells showed a significant increase in

11
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sensitivity to the ABT199 at a concentration of 10 uM (p < 0.0001) (Supplementary Fig.
S5G).

We interrogated the effect of ABT199 and IMDO0354 on 16D°®"C or 30CENR
subcutaneous xenografts in vivo. Consistent with the in vitro results, the growth of
16D°R"C-derived xenografts responded to the treatment of ENZ, but neither ABT199 nor
IMD0354 alone (Fig. 1G), suggesting that the 16D°%"“ cells were not sensitive to the
inhibitors in vivo. Surprisingly, the treatment of ABT199 or IMD0354 alone appeared to
stimulate the growth of 16D"" xenografts (Fig. 1G). For 30C="“R-derived xenografts,
in the presence of pharmacological castration with ENZ, we found that the tumors were
resistant to ENZ as expected (Fig. 1H, ENZ + vehicle control). In contrast, the growth of
30C™N“R-derived xenografts was significantly diminished by the two inhibitors (ENZ +
vehicle vs. ENZ + ABT199, p < 0.001; ENZ + vehicle vs. ENZ + IMDO0354, p < 0.001),
strongly implying the sensitivity of 30CE"“% cells to ABT199 and IMDO0354. The body
weight of all the animals at the endpoint was equivalent, indicating that neither ABT199
nor IMDO0354 adversely affected animals’ well-being (Supplementary Fig. S5H). Taken
together, the inhibition of BCL-2 and IKKB, by ABT199 and IMDO0354 respectively,
showed selective targeting of ENZ-resistant cell lines and decreased cell growth both in
vitro and in vivo.

Knock-down of BCL-2 and IKKB mimics the effects seen via pharmacological
inhibition.

To further validate the BCL-2 or IKKB inhibitor effects, we performed genetic
manipulation for both BCL-2 and IKKB. We measured cell growth on ENZ-sensitive
(16D°FFC) and ENZ-resistant lines (40CEM“?) when transfected with increasing
concentrations of two independent siRNAs targeting BCL-2 or IKKB. The negative
control siRNA did not affect the cell growth of either 16DF"° or 40CEV“® (Fig. 2A). As
we increased the concentration of siBCL-2 (Fig. 2B and C) or silKKB (Fig. 2D and E),
the ENZ-resistant cell line 40CEN“R showed a greater repression of cell proliferation in a
dose-dependent manner, compared to the ENZ-sensitive cell line 16D°RF°. We confirmed
that the repression of cell growth with increased siRNA concentrations correlated with
decreased levels of BCL-2 or IKKB proteins (Fig. 2F and G). These data suggest that the
proliferation of ENZ-resistant cell lines is BCL-2 and IKKB dependent.

BCL-2 and IKKB are sufficient for the emergence of enzalutamide resistance.
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To further explore the BCL-2 and IKKB dependencies in ENZ resistance, we initially
determined the protein levels of BCL-2 and IKKB in the ENZ-sensitive cell line 16D°*F¢
and two of the ENZ-resistant cell lines including 40CEN“R and 30CE 4R, and observed that
the protein level of BCL-2 and IKKB in 40C™“R and 30C™"“R cells was much higher
compared to 16D°F"C (Fig. 3A). We generated 16D°F"° variants overexpressing BCL-2,
IKKB or both (Fig. 3B) which had similar growth kinetics as parental 16D cells
(Supplementary Fig. S6A), and showed greater tolerance to higher ENZ concentrations
(mean ICsp ranges from 27.5 to 52.7 uM) compared to the parental 16D°%" line (mean
ICso of 10.5 uM) (Fig. 3C and D). When treated with 20 uM ENZ, the proliferation of
16D°RP¢ was dramatically repressed (Fig. 3E), whereas the BCL-2 or IKKB-
overexpressing lines were partially resistant to ENZ treatment (Fig. 3F and G). The dual-
overexpressing variant showed complete ENZ resistance, comparable to the ENZ-
resistant lines used previously (Fig. 3H and | and Supplementary Fig. S6B). The direct
comparison for ENZ fold inhibition of cell viability between 16D“*"“ parental control
and BCL-2 and/or IKKB-overexpressing cells is also significant (Supplementary Fig.
S6C).

To further determine the role of IKKB in regulating ENZ resistance, we performed IKKB
knock-down assays using the two previously used silKKBs, and tested the cell growth in
the presence of ENZ. When transfected with 20 nM silKKBs, the ENZ-resistant 40CEN*R
cell line exhibited a greater sensitivity to ENZ (1C50: 17.58~19.01 uM vs. 58.27 uM of
negative control), whereas the knock-down of IKKB did not change the ENZ sensitivity
in ENZ-sensitive 16D°%C cell line (IC50: 10.91~12.81 uM vs. 11.93 uM of negative
control, Supplementary Fig. S6D).

As IKKB presumably activates NF-xB pathway, we assessed the NF-kB activity by
measuring the protein level of nuclear p65 and cytoplasmic IkBa. We observed no
nuclear expression of p65 and no change of IkBa level between 16D°?"C parental control
and its variants overexpressing BCL-2 and/or IKKB (Supplementary Fig. S6E),
indicating that the NF-xB pathway was not activated in this setting.

We also tested the expression of multiple AR downstream targets including KLKS3,
NKX3.1 and TMPRSS2 in the presence of ENZ in the 16D°?"® cell variants, and found
that the overexpression of BCL-2 and/or IKKB did not affect the decrease of all the three
AR targets with the treatment of ENZ (Supplementary Fig. S6F), suggesting that the ENZ
resistance induced by BCL-2 and/or IKKB overexpression may not be relevant to
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canonical AR signaling. These data of overexpression and knock-down assays, especially
the dual overexpression of BCL-2 and IKKB, suggest that the emergence of ENZ
resistance in prostate cancer is driven by BCL-2 and IKKB.

BCL-2 or IKKB inhibitor prevent the development of ENZ resistance in vivo

To explore the effect of the inhibitors to prevent the emergence of de novo resistance, we
treated the 16D°"F° tumor-bearing mice with ENZ in combination with vehicle control,
BCL-2 or IKKB inhibitor in two cohorts. For the first cohort, the drugs including ENZ,
ABT199 and IMDO0354 were administered to the animals when the tumor size reached
200 mm?, the time before ENZ-resistance developed. We found that the treatment of
ABT199 or IMDO0354 could significantly repress the tumor growth when the lesion
started to relapse from Day 28 (ENZ + Vehicle vs. ENZ + ABT199, p < 0.01; ENZ +
Vehicle vs. ENZ + IMDO0354, p < 0.001), suggesting that the inhibitor of BCL-2 or IKKB
suppresses the development of ENZ-resistance in 16D“*"C tumor-bearing mice (Fig. 4A
and Supplementary Fig. S7A). For the second cohort, we explored the effect of the drugs
on acquired ENZ-resistance. We treated the 16D“""C tumor-bearing mice with vehicle
control or ENZ alone when the tumor size reached 200 mm? After the ENZ-treated
tumors reached 300 mm? (meaning the emerged ENZ-resistance), we randomly grouped
the animals and administered them the BCL-2 or IKKB inhibitor or vehicle control in
addition. Consistently, we found the growth of the relapsed tumors was significantly
slowed by the treatment with ABT199 or IMD0354 (ENZ + Vehicle vs. ENZ + ABT199,
p < 0.01; ENZ + Vehicle vs. ENZ + IMD0354, p < 0.05) (Fig. 4B and Supplementary
Fig. S7B). Setting 15 mm of tumor’s length as endpoint, the Kaplan-Meier analysis
showed that ENZ in combination with ABT199 or IMDO0354 increased the endpoint-free
survival of 16D relapsed tumor-bearing mice, compared to the treatment of ENZ plus
vehicle control (p = 0.017 and p = 0.067, respectively, Fig. 4C and D). Taken together,
these results suggest that the BCL-2 or IKKB inhibitor not only prevents the emergence
of ENZ resistance, but also targets the ENZ-resistant disease in vivo.

Subsequently, we tested the AR genotype for the xenograft samples collected at the
endpoint, and found that in all cases no change from the implanted cells. All the relapsed
16D“RPC tumors in which ENZ was treated alone harbored the same AR T878A mutation
as the vehicle control-treated 16D°FF° tumors (Supplementary Fig. S7C and D), whereas
the ENZ-treated 30CEN“R xenografts exhibited both T878A and F877L mutation, similar
as the 30CEN*R cells (Supplementary Fig. S7E). We examined the expression of AR-V7
in the 16D°RPC xenograft tissues by qPCR, and found that AR-V/7 expression also did not
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change after the development of ENZ resistance in the ENZ-treated 16D“%"° tumors

(Supplementary Fig. S7F), which is consistent with the result in the ENZ-resistant cell
lines including 30CEN“R (Supplementary Fig. S3F and G). To determine whether the level
of BCL-2 or IKKB correlates with the emergence of ENZ resistance, we measured the
expression level of BCL-2 and IKKB by both gPCR and IHC assays among the xenograft
tissues from the animals that develop ENZ resistance. For BCL-2, the mRNA levels in
ENZ-resistant tissues were slightly upregulated, compared to the vehicle control tissues
(Supplementary Fig. S7G), and the BCL-2 protein levels measured by IHC did not
change (the HS values in all tested samples were defined as zero, data not shown).
However, we observed an increased level of IKKB mRNA in 4 out of 5 animals with
ENZ resistance (Supplementary Fig. S7G), and a strong uptrend for the IKKB protein
level, determined by IHC for cytoplasmic IKKB expression, in the ENZ-resistant tumors
(mean HS 250; 100.0-300.0), compared to the vehicle controls (mean HS 166.7; 0.0-
200.0) (Supplementary Fig. S7H), consistent with the protein level of IKKB in cell lines
(Fig. 3A). These in vivo data suggest that the inhibition of BCL-2 and IKKB disrupts the
emergence of de novo ENZ resistance potentially driven by the upregulation of IKKB.

Profiling of BCL-2 family members

To further clarify the underlying mechanism of sensitivity to BCL-2 inhibitor in ENZ-
resistant cell lines, we assessed the expression level of multiple BCL-2 family members
in the ENZ-sensitive cell line 16D°%", and the ENZ-resistant but ABT199-sensitive cell
lines including 40CEV“® and 30CEN“R, as well as the parental cell line LNCaP. To
determine which of the BCL-2 family proteins may be involved in the ABT-199-induced
cell death, we measured the protein level of multiple BCL-2 family members, including
BH3-only pro-apoptotic sensors, pro-survival proteins and apoptotic effectors, with and
without the treatment of 10 uM ABT-199 (Fig. 5A). Intriguingly, the levels of BCL-2,
BAK, and BAD were greater in untreated 40C="*" and 30C™ R cell lines compared to
LNCaP and 16D“FPC cells, with significantly higher levels of BCL-2 (p < 0.01), BAD (p
< 0.001) and BIM (p < 0.001) observed in the 30CEN“® cell line compared to all other
lines, supporting their increased sensitivity to ABT-199 (Fig. 5B). These results suggest
that BCL-2, BAD and BIM are potentially responsible for the sensitivity to ABT199 in
the ENZ-resistant cell lines.

Changes in BCL-2 and IKKB level in paired samples of human metastatic CRPC
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In order to examine the clinical utility of these findings, we explored whether the
expression level of BCL-2 and IKKB was induced by AR targeting therapy in a cohort of
twenty (20) prostate cancer patients who developed castration-resistant disease with
paired archival (castration-sensitive) and metastatic castration-resistant tissue biopsies
(Supplementary Table 4). H-Score (HS) were determined by IHC for cytoplasmic BCL-2
and IKKB protein expression in all patient biopsies (Fig. 6A and B). Cytoplasmic BCL-2
expression did not change significantly (p = 0.11) as patients progressed from CSPC
(median; IQR: HS 0.0; 0.0-23.8) to CRPC (HS 0.0; 0.0-12.5) (Fig. 6C). In contrast,
cytoplasmic IKKB expression increased significantly (p = 0.003) as patients progressed
from CSPC (median; IQR: HS 60.0; 22.5-100.0) to CRPC (HS 110.0; 80.0-160.0), and in
15 out of 20 cases the IKKB level of CRPC was increased compared to the matched
CSPC ones (Fig. 6D). We further classified the CRPC samples into 3 subgroups based on
the treatment followed by biopsy collection: post-AA, post-ENZ and post-ENZ plus AA.
For additional mechanisms known to cause ENZ resistance, we tested the nuclear
expression of AR-V7, and observed that the expression pattern of BCL-2, IKKB and AR-
V7 showed no difference between these 3 subgroups (Fig. 6E). Furthermore, we did a
correlation analysis between nuclear AR-V7 and cytoplasmic IKKB expression, but not
finding any correlation (Spearman’s correlation coefficient r = -0.06, p = 0.82, Fig. 6F).
These results suggest that, with the development of AA and/or ENZ resistance in
patients, the cytoplasmic level of IKKB is enhanced, which is consistent with our in vitro
data showing that the protein level of IKKB is much higher in ENZ-resistant cell lines
(Fig. 3A).

Discussion

There is a pressing need to identify pathways that contribute to prostate cancer disease
progression during and after effective androgen receptor blockade with drugs such as AA
and ENZ. In this paper, we initially modelled resistance with LNCaP derivative cell lines
that mimicked the majority of patients who relapse on AA and ENZ with an unchanged
non-neuroendocrine phenotype that continues to produce PSA. Herein, we have shown
that inhibition of either BCL-2 or IKKB is not only a strategy to selectively kill ENZ-
resistant prostate cancer cell lines and xenografts, but also a potential approach to prevent
the emergence of ENZ-resistance in xenografts. We found that although the increased
sensitivity to IMD0354 in ENZ-resistant cell lines is more modest (IC50: 0.20~0.29 uM
vs. 0.69 uM of 16D°R%), compared to ABT199 (IC50: 0.49~0.82 uM vs. 34.86 uM of
16D°RPC), it still met the criteria to identify hits in the drug screen (IC50 ratio
Meangnzr/16D°F"C < 0.5, Supplementary Fig. S4E). Furthermore, we have identified that
16
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while overexpression of either BCL-2 or IKKB can lead to partial ENZ resistance in cells
that were previously sensitive, the overexpression of both can fully mimic ENZ
resistance. Also, our results of BCL-2 profiling have suggested that several key members
of BCL-2 family define the increased sensitivity to ABT-199 in ENZ-resistant cell lines.

Interestingly, our in vivo data suggested that the BCL-2 and IKKB inhibitors, especially
IMDO0354, appeared to induce the growth of 16D“*"“-derived xenografts when they were
administered alone, compared to the vehicle control (Fig. 1G). This was not consistent
with our in vitro results, such as Alamar Blue assays (Fig. 1A~D), colony-formation
assays in soft agar (Supplementary Fig. S5D and E), and knock-down experiments (Fig.
2B~E), although is likely not relevant to clinical care as other in vivo experiments in this
study showed that ABT199 or IMDO0354 combined with ENZ could treat the acquired
ENZ-resistance (Fig. 1H) and prevent the development of ENZ-resistance (Fig. 4),
suggesting that the combination of ENZ and ABT199 or IMDO0354 may have therapeutic
potential.

Current publications have documented multiple AR-related mechanisms of ENZ
resistance, one of which is the point mutation F877L (14,15). Our sequencing data
identified the same mutation in all the ENZ-resistant cell lines including 34BEN“R,
40CENR  and 30CEV“R. However, in our xenograft experiment which were similar to the
original serial passaging process that generated the 34B=N“R 40CEN“R and 30CEN“R cell
lines, we did not find that this mutation appeared in any xenograft samples obtained from
the relapsed 16D°""° tumors after ENZ treatment (Supplementary Fig. S7D). These
results show that F877L mutation is not universally present as a mechanism of ENZ
resistance, confirming the heterogeneity of underlying mechanisms of ENZ resistance.
Other studies from clinical materials have also indicated that F877L is not the only
driving mutation of ENZ resistance (16,17).

IKKf is one of two catalytic subunits that makes up the Inhibitor of Nuclear Kappa B
Kinase (IKK) complex. The complex includes another catalytic subunit, IKKa, and a
regulatory subunit, NEMO (IKKy). The major role of this kinase complex is to
phosphorylate and inhibit the activities of the Inhibitor of Nuclear Kappa B protein (IxB)
family. The 1kB family serves to inhibit the activity of Nuclear Factor Kappa B (NF-kB)
proteins by forming heterodimers and sequestering them in the cytoplasm. Therefore,
IKKs serve as upstream activators of NF-«B signaling. The role of NF-xB in prostate
cancer progression to a castration resistant state has been well documented (18-20). NF-

kB functions as a master transcription factor that activates inflammatory
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cytokines/chemokines and underpins the synthesis of genes implicated in cell survival
and chemoresistance, angiogenesis and localized invasion (21-24). With ENZ-resistance
in particular, NFkB2/p52 has been shown to regulate androgen receptor splice variants
and upregulate glucose metabolism as means to mediate resistance (25). In our study
however, NF-xB signaling was not important in the resistance phenotype (Supplementary
Fig. S6E). The use of various inhibitors included in our compound library, such as Ro
106-9920, pyrrolidine dithiocarbamate and dimethylamino parthenolide, did not
selectively target ENZ-resistance cell lines (data not shown). Therefore, the effect of
IKK inhibition in our study may be through an NFkB-independent manner. While IkBs
have been the traditional substrates for IKKp, there is growing evidence that IKKf
targets a variety of substrates through NF-kB-independent mechanisms. Some of these
substrates include B-catenin, IRS-1, Dok1, TSC1, Cyclin D1 and Aurora A (26). Given
the evidence that knock-down of IKKB sensitize ENZ-resistant cell line 40CEN“% to ENZ
(Supplementary Fig. S6D), it may be possible that IKKB expression in prostate cancer
can activate one or more of these alternate pathways leading to ENZ resistance. For
example, the over-expression of Aurora A signaling has been reported to drive the
emergence of ENZ-resistant neuroendocrine prostate tumors (27,28).

The expression and involvement of BCL-2 in prostate cancer and its association with the
emergence of CRPC has been documented since the early 1990s (29-31). BCL-2 protein
levels are often increased in tumor cells following androgen ablation therapy (32,33), and
likely act to confer an apoptosis-resistant phenotype in the malignant population (34-36).
Using RNA-seq analyses to test ENZ-resistant cells generated by a xenograft-based
model, Li et al. also reported similarly that BCL-2 is highly up-regulated in ENZ-
resistant prostate cancer, and that ABT199 can repress the tumor growth of ENZ-resistant
xenografts (37). Relevant to this finding, one of the strengths of our study has been the
ability to validate our findings in two clinical cohorts. In the larger cohort from the Royal
Marsden, surprisingly, we detected no up-regulation in BCL-2 in the presence of
AA/ENZ compared to the hormone sensitive samples wusing standard
immunohistochemistry, which may imply that our pre-clinical findings have limited
clinical relevance or limitations of our assay in small tissue samples. Current clinical
trials exploring the utility of combining ENZ with Venetoclax (NCT 03751436) are
quantifying this benefit. The IKKB expression levels in post-AA/ENZ treatment
specimens exhibited a significant up-regulation compared to the pre-treatment CSPC
counterparts (Fig. 6D), consistent with the in vitro data in the ENZ-resistant cell lines.
The reason for the dissociation between the pre-clinical and clinical findings with BCL-2
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reinforce the importance of validated pre-clinical findings in human tissue prior to
embarking on clinical trials with targeted therapies.

Further research is required to understand the co-dependency of IKKB and BCL-2 in
ENZ-resistance. Previous reports demonstrated that BCL-2 is transcriptionally regulated
by the NF-xB pathway in prostate cancer (38), suggesting that BCL-2 is a downstream
target gene of NF-xB signaling. However, we found that IKKB-overexpressing 16D""°
cell line had a similar sensitivity to ABT199, compared to the parental 16D“*¢ cells, and
unlike ABT199 induced apoptosis, the type of cell death triggered by IMD-0354
remained uncharacterized (data not shown). Given that IKKB may be acting in a NF-kB-
independent manner, we hypothesize that BCL-2 and IKKB may represent two
independent mechanisms in the development of ENZ resistance.

Although multiple pathways likely converge to drive the emergence of ENZ resistance,
understanding the contribution of BCL-2 and IKKB to this disease is critical for better
implementation of current therapies for CRPC and may have implications across the
disease spectrum in particular in de novo metastatic disease where outcomes remain
inadequate despite recent therapeutic advances. Taken together, data from our drug
screen and the accompanying in vitro/vivo validation implicate BCL-2 and IKKB
dependencies in ENZ-resistant prostate cancer, suggesting their potential as novel
therapeutic agents for the treatment of the disease, both of which require further
validation and verification in larger human cohorts.
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Figure Legends

Figure 1. ENZ-resistant cell lines are more responsive to the pharmacological
inhibition of BCL-2 and IKKB than ENZ-sensitive cells.

A~F. Cell viability after 6 days of growth in varying concentrations of ABT199 or
IMDO0354 without ENZ or with 20 uM ENZ, with 1C50 values (uM) indicated at bottom.
A. with ABT199 alone; B. with IMDO0354 alone; C. with ABT199 and ENZ; D. with
IMDO0354 and ENZ. E. with ABT199 alone (the IC50 values could not be accurately
determined within the scope of the experiment); F. with IMD0354 alone.

G. Tumor growth of 16D°RFC xenografts with the treatment of vehicle control (DMSO),
10 mg/kg ENZ, 100 mg/kg ABT199 or 10 mg/kg IMDO0354, when the tumor size exceeds
200 mm°.

H. Tumor growth of 30CEV“R xenografts with the treatment of vehicle control (DMSO),
100 mg/kg ABT199 or 10 mg/kg IMDO0354, in combination with 10 mg/kg ENZ, when
the tumor size exceeds 200 mm®. *** p < 0.001.

Figure 2. Knockdown of BCL-2 or IKKB mimics the effects of each inhibitor.

A~E. Growth kinetics of ENZ-sensitive 16D%"® cells (top) or ENZ-resistant 40CEN“R
cells (bottom) when transfected with increasing concentrations of negative control SiRNA
(siCtrl, A), siBCL-2 #1 (B), siBCL-2 #2 (C), silKKB #1 (D) or silKKB #2 (E).

F~G. Western blots confirming the knock-down efficiency for BCL-2 (F) and IKKB (G)
in 16D°RPC and 40CEV“R cell lines. Untreated 40CEN“R cells served as positive control of
BCL-2 expression. 3-Actin used as loading control.

Figure 3. BCL-2 and IKKB are sufficient for enzalutamide resistance.
A. Basal protein levels of BCL-2 and IKKB in cell lines. B-Actin used as loading control.
B. Western blots confirming the endogenous and artificial expression of BCL-2 and
IKKB in 16D"C cell line variants. Untreated 40CEN“R cells served as positive control of
endogenous BCL-2 expression. B-Actin used as loading control.
C. Representative curve of cell viability of 16D“*"C cell line variants after 6 days of
growth in varying concentrations of ENZ, with 1C50 values (uM) indicated at bottom.
D. Means and standard deviations of ENZ I1C50 of three independent experiments for
each cell line. ***, p < 0.001.
E~H. Growth kinetics of 16D°% cell line variants in the absence and presence of 20 uM
ENZ. E. 16D parental cells; F. 16D°*"°-BCL-2 variant; G. 16D“*"“-IKKB variant;
H. 16D°""C-2xOE variant expressing both BCL-2 and IKKB.
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I. Quantification of cell confluency at last timepoint. *, p < 0.05.

Figure 4. BCL-2 or IKKB inhibitor prevents the development of ENZ-resistance in
Vivo.

A. Tumor growth of 16D“®*C-derived xenografts with the treatment of vehicle control
(DMSO0), 100 mg/kg ABT199 or 10 mg/kg IMDO0354, in combination with 10 mg/kg
ENZ, when the tumor size exceeds 200 mm®. Means and standard errors of the mean
(SEMs) are shown. ** p < 0.01. ***, p < 0.001. p-values were calculated using
Bonferroni's multiple comparisons test.

B. Tumor growth of 16D“*"“-derived xenografts with the treatment of vehicle control
(DMSO) or 10 mg/kg ENZ, when the tumor size exceeds 200 mm?®. After the size of
ENZ-treated tumor reaches 300 mm?®, the mice are additionally treated with vehicle
control (DMSO), 100 mg/kg ABT199 or 10 mg/kg IMDO0354 (indicated). Means and
standard errors of the mean (SEMs) are shown. *, p < 0.05. **, p < 0.01. p-values were
calculated using Bonferroni's multiple comparisons test.

C. Survival curves reported as a Kaplan-Meier plot. Endpoint: 1,500 mm?® of tumor’s
volume.

D. Statistical analyses for pair-wise comparison (log-rank test). p-values are indicated.

Figure 5. Protein level of BCL-2 family members.

A. Representative Western blots in LNCaP, 16D“®F¢, 40C™"“R and 30CEV“R cell lines
treated with vehicle or 10 uM ABT199 using antibodies to PUMAa, PUMAB, NOXA,
BIM, BAD, tBID, MCL-1, BCL-2, BCL-XL, BAX, BAK and a-tubulin as house-
keeping control. kDa shown are that reporting in PhosphoSitePlus.

B. Bar graphs of densitometry from Panel A. 3-4 independent experiments, one-way
ANOVA p-values are indicated.

Figure 6. BCL-2 and IKKB protein expression as prostate cancer patients develop
treatment resistance.

A. Representative micrographs of BCL-2 detection by immunohistochemistry in matched
diagnostic (archival) castration-sensitive prostate cancer (CSPC) and metastatic
castration-resistant prostate cancer (CRPC) biopsies (scale bar: 100 pm).

B. Representative micrographs of IKKB detection by immunohistochemistry in matched
diagnostic (archival) castration-sensitive prostate cancer (CSPC) and metastatic
castration-resistant prostate cancer (CRPC) biopsies (scale bar: 100 pum).

C. Expression (H-score) of cytoplasmic BCL-2 expression in 20 patients with matched
diagnostic (archival) CSPC (grey) and metastatic CRPC (red) biopsies. Left, median H-
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score and interquartile range is shown. p-value was calculated using Wilcoxon matched-
pair signed rank test. Right, demonstration with matched samples highlighted.

D. Expression (H-score) of cytoplasmic IKKB expression in 20 patients with matched
diagnostic (archival) CSPC (grey) and metastatic CRPC (red) biopsies. Left, median H-
score and interquartile range is shown. p-value was calculated using paired student t-test.
Right, demonstration with matched samples highlighted.

E. Expression (H-score) of cytoplasmic IKKB, cytoplasmic BCL-2 and nuclear AR-V7 in
20 patients with metastatic CRPC biopsies was determined. Biopsies were divided by
those biopsies taken following abiraterone acetate (AA, n =29), enzalutamide (ENZ,
n=7) or both (A+E, n = 4). Median H-score, interquartile range and full range is
shown. *, 2 biopsies missing. ~, 1 biopsy missing.

F. Expression (H-score) of cytoplasmic IKKB and nuclear AR-V7 in 17 patients with
metastatic CRPC biopsies was determined. Biopsies taken following abiraterone acetate
(grey), enzalutamide (blue) or both (orange) are shown. Spearman’s correlation
coefficient is shown.

27

Downloaded from clincancerres.aacrjournals.org on April 7, 2021. © 2021 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/

Fig. 1

A B C
BCL-2 Inhibitor IKKB Inhibitor BCL-2 Inhibitor
- 1 EDCRPC - 1 EDCRPC
-~ 34BENR o 34REVR
< 1001 &% - 40CER < 1001 &5 . - 40CEF . 100- - 16D + DMSO
2 - 30CEVR 2 ° . o 30CEVR S - 40CE%® + DMSO
.4’-5"‘ o -%" -%‘ o 40C™® + ENZ
g S 5 -+ 30C™® + DMSO
P PN o 30C=R + ENZ
= = =
0 50+ 0 50 m 50
‘E © o
5 S 5
< = <
® o
D 1 1 i D 1 i I D T T T T 1
-3 -2 -1 0 1 2 -3 -2 -1 0 1 2 -3 -2 -1 0 1 2
Log [ABT199] uM Log [IMD0354] uM Log [ABT199] uM
16DCRPC| 34BENR | 40CENR| 30CENR 16DCRPC| 34BENZR| 40CEN2R| 30CENR 16D + DMSO | 40C"R + DMSO | 40C"“R + ENZ | 30C™"R + DMSOQ | 30C"R* + ENZ
|C50 35.26 0.6696 | 0.7398 | 0.7556 |C50 0.6392 | 0.2423 | 0.2423 | 0.2488 IC50 ~ 146648 0.6084 0.5913 0.6467 0.5878
D E F
IKKB Inhibitor BCL-2 Inhibitor IKKB Inhibitor
--= 16DCRPC - 16DCRPC
-~ LNCaP 1 -+~ LNCaP
— 100- -~ 16D + DMSO S 100 a 100¢
& - 40CER 4+ DMSO = <
z -+ 40C®* + ENZ £ g
E -~ 30C""R + DMSO E E
30CENR + ENZ o o
Author Manusqript Pubgﬁéj OnIineFirs on February 4, 2021; DOI: 10..1158/10 0432 R-20-3260 E E
Author manuscripts hav oa) npeisrfj/l- ed and accepted for publication but havéinot yeteen edited. m 50_ m 50_
o © ‘E
= g 8
< < <
D | | | ] | D | | | | | | D | | | | | |
-3 ) -1 0 1 2 -1 0 1 2 -2 -1 0 1
Log [IMDO0354] pM Log [ABT199] uM Log [IMD0O354] uM
16DCRPC + DMSO | 40CEVR+ DMSQO | 40CEVR + ENZ | 30CENR + DMSO | 30CEVR + ENZ LNCaP | 16D°R"c LNCaP | 16D
IC50 0.6449 0.2170 0.1935 0.1790 0.2286 IC50 ~1894 | ~ 231 IC50 06133 | 0.6494
5 H
16D-~"* Xenografts 30CE"“R Xenografts
2000- 900-
o \Vehicle -~ ENZ (10 mg/kg) + Vehicle
ENZ (10 mg/kg) + ABT199 (100 mg/kg)
s ENZ (10 mg/kg) -
1500 « ABT199 (100 mg/kg) = _ _ -o- ENZ (10 mg/kg) + IMD0354 (10 mg/kg)
E -o- IMDO0354 (10 mg/kg) E 600-
@D @D * %k
N N G
0 1000+ 0
G G
E E 300- 4
500-
u 1 | | | | | | 1 u 1 | | | | 1
0 5 10 15 20 25 0 10 20 30 40

Days of Treatment Days of Treatment

Downloaded from clincancerres.aacrjournals.org on April 7, 2021. © 2021 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/

Fig. 2

A SiCtrl B SiBCL-2 #1 C SiBCL-2 #2
0 nM siRNA
100 100 100 I - 5 nM siRNA
- il ' i ' . 10 nM siRNA
< mH HH;“ ~ (Y - mm“m L 20 nM siRNA
3 HHH{ S }l”w S ”lm
;¢ ”! : | !l :
3 2 H” E I*{“l E H”I
L £ 50 l = 50- i H = 50 ”
G ” G l{» {l G }
) 1“”” ) mhﬂ ; it
B it
illii“ “!!{ii ""II
D I I 1 D 1 I I D 1 1 1
0 50 100 150 0 50 100 150 0 50 100 150
Time (Hrs) Time (Hrs) Time (Hrs)
« 0 nM siRNA
« 5 nM siRNA
100- ””H“ 100+ RN TTIT 100- {lii[lm : 1D"nM5'5iRNA
— ”[ — ;"i:!ii!;i et —_ l “”L; B b « 20 nM siRNA
) ”l ) RENTLN T ) it l i
S S [ % 5 {,{ gt . & [l &
i c c i ] [[ "}" S [l il
8 g ” g ‘i }!Ii I‘Il.'-' g 1}} l“ H{{ ii}'
I = 50 [ = 50- AR e = 50+ : I it
5 l 3 it o G i }i it
© ”I! O Iii!i:."'- O !hi]'} }I{‘li}}
il , Ji"°
{[llii ,;;lll:i‘ ii!!zls..l
D I I 1 D 1 I I D 1 1 1
0 50 100 150 0 50 100 150 0 50 100 150
Time (Hrs) Time (Hrs) Time (Hrs)
D | E . F
silKKB #1 SilKKB #2
16DCRPC 40CENZR
Author M ipt Published OnlineFirst on Feb 4, 2021; DOI: 10.1158/1078-0432.CCR-20-3260 . D nM SIRNA 4OCENZRSICtr| SIBCL-Z #1 SICtrI SIBCL-Z #1
Author manfiscripts have been peer reviewed and actepted for publication but have not yet been edited. . 5nM siRNA 20nr M 5nM 10nM 20nM 20nM 5nM 10nM 20 nM
1007 I 1007 L.eseets o+ 10nMSiRNA [ T
—_ Hi*ﬂ . lii:i . LR « 20 nM siRNA
, = 3 ”Hm}}l{l > i‘ﬁ':::':';;}ll” | p——— e
o FEREN
2 E i”““ E ;i**.-iw" 16DCRPC 40CENZR
= £ 50 “]l € 50 i{{;[}{ 40CENR o\ siBCL-2 #2 SiCtrl SIBCL-2 #2
O ””n O ””l 20nM 5nM 10nM 20nM  20nM 5nM  10nM 20 nM
L ”i! ””””” — "y = - . . |BCL2
ol
Di ; ' : D!} . . | W S o o oy || ™ e e W | 3-Actin
0 50 100 150 0 50 100 150
Time (Hrs) Time (Hrs)
G
g nﬂ Slgmi 16DCRPC 40CENZR
- nivl sl
1001 : uilimg-{ 1001 Csve.. = 10nMSsiRNA siCtrl SilKKB #1 siCtrl SilKKB #1
— }% {l l]l]*{!i g - LI If{l“* + 20 nM siRNA 20nM  5nM  10nM 20nM  20nM  5nM  10nM 20 nM
EE i'lii ..E,E i..[ I .
o o I H i{{ii ~ | l Hl 1 — - — IKKB
@D @D
- i 2 ' l[
S 2 } l [l” SLILTL }" H YT Lt ——— O O | -Actin
" 5 ] { {} : 'I’iii e >0 : L
S i l [t S .o i I i siCtrl SilKKB #2 sictrl SilKKB #2
im ” l!' .':i;rll 20nM  5nM  10nM  20nM  20nM  5nM  10nM 20 nM
1L N R . - |y -~ e IKKB
D I I I D I 1 1 .
0 50 100 150 0 50 100 150 — — — — | D D WP W .Actin

Time (Hrs) Time (Hrs)

Downloaded from clincancerres.aacrjournals.org on April 7, 2021. © 2021 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/

('\,
’ Q Q/
A B & O O O’ O’ C -o= 1BDCRPC
& & & ol & & 54'2 c‘}g 9 CRPC
& G g O 3 3 Q Q < gp.- 16D“R"“-BCL-2
RS SR S NS z -~ 16DC°°C- |KKB
n— =1 BCL2 e~ 16D“R"C.2xOE
%W 2 60-
e g | BCLZ " iy BN (endogenous) ®
=
@) W BCL2GFP T 40-
— Ay KB IKKB S
. 0 . : : !
[ -1 0 L 2 3
Log [Enzalutamide] puM
16DCRPC | 16D°RPC-BCL-2 | 186DCRPCIKKB | 16D°RPe-2x0E
. Fkk : |C50 10.52 43.99 27.48 52.73
| |
D Bl:l' . *kk : E F
' ' CRPC CRPC_ )
ek _:{_ 16D 16D BCL-2
s ' ' 291 o +pmso 120 DMSO
+ o +
- e +ENZ +ENZ
S 40+ = 100- &W 1004 ° uﬁpﬁm@
Q i i ineFi F 2021; DOI: 10.1158/1078-0432.CCR-20-3260
% Author manuscripts have been peer reviewed%for publication but have not yet beenged. BD- §§§§ g BD- ﬁﬁﬁg
0 2 #% 2 o eCis:
- -
o 201 o 60 - # H HE z 60 - o° I}iii}ii
) o)
> = = }
< S # HHE . © IE
- 8 wo] i Sl it
] 3¢
F{ L
D Gl | | | 2':] 20
% e & &
O \y af
Ry & &7 L 0 " ; : 01 ' : :
& ‘5‘ & 0 50 100 150 0 50 100 150
S & &
NO N N Time (Hrs) Time (Hrs)
G H
|10 = = = ] +DMSO
CRPC_ CRPC_
16D |IKKB 16D 2x0E 100 —] —] —] B +ENZ
120- 120- 10 H |
o +DMSO o +DMSO
j00{ * N4 100{ * "V 000000000000 = o
< 80- H < 80- 5 }EE C
o=
: 3 H}HHHH : 0" EE} S 40-
o :
5 Q HH} 5 uﬁii 20-
¢ 40 EH o 40- Dli
QI
2D. 20‘ D | | | | | | | |
- &
& e ® &
{} %(:J Q‘Df\k_ Dﬂj"
0 ' ; : 0 ' : : T &7 & &
0 50 100 150 0 50 100 150 "'5’ Q 3
. . @ “53 ;...Eb
D loaded f li T”‘-II‘-IE (I-,IAr$} 2021. © 2021 Al i A iation for C R h TImE (Hrs) H


http://clincancerres.aacrjournals.org/

Fig. 4
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