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ABSTRACT

Resistance to androgen receptor (AR) blockade in castration resistant prostate cancer (CRPC)
is associated with sustained AR signaling, including through alternative splicing of the AR
(AR-SV). Inhibitors of transcriptional co-activators that regulate AR activity, including the
paralogue histone-acetyltransferase proteins, p300 and CBP, are attractive therapeutic targets
for lethal prostate cancer (PC). Herein, we validate targeting p300/CBP as a therapeutic
strategy for lethal PC, and describe CCS1477, a novel small-molecule inhibitor of the
p300/CBP conserved bromodomain. We show that CCS1477 inhibits cell proliferation in PC
cell lines and decreases AR and C-MYC regulated gene expression. In AR-SV driven
models CCS1477 has anti-tumor activity, regulating AR and C-MYC signaling. Early clinical
studies suggest that CCS1477 modulates KLK3 blood levels and regulates CRPC biopsy
biomarker expression. Overall, CCS1477 shows promise for the treatment of patients with

advanced PC.
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STATEMENT OF SIGNIFICANCE

Treating CRPC remains challenging due to persistent AR signaling. Inhibiting transcriptional
AR co-activators is an attractive therapeutic strategy. CCS1477, an inhibitor of p300/CBP,
inhibits growth and AR activity in CRPC models, and can impact metastatic CRPC target

expression in serial clinical biopsies.
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INTRODUCTION

Prostate cancer (PC), one of the commonest malignancies in men, is a leading cause of male
cancer-related death globally and is rapidly increasing in incidence in Asia (1). Prostate
carcinogenesis, as well as prostate tumor growth, is driven by activation of the androgen
receptor (AR) (2-4). The AR, a nuclear steroid hormone receptor, functions as a transcription
factor that regulates the expression of multiple genes that are key to PC growth and
proliferation. Consistent with this, therapies that target AR signaling have been successful in
improving the outcome of patients with castration sensitive and castration resistant prostate
cancer (CRPC) (5-8). Despite this, advanced PC remains fatal, and improved therapeutic

strategies remain an urgent unmet medical need.

The development and progression of CRPC is characterized by continued AR signaling either
through overexpression of the AR, mutations of the AR ligand binding domain (LBD),
tumor-derived androgen production, expression of constitutively active AR splice variants
(AR-SVs) of which AR-V7 remains the best studied, or increased expression of AR co-
regulators including the transcription factor co-activator proteins p300/CBP (9-26). p300 and
CBP are paralogous, highly conserved proteins that serve as transcriptional regulators. Their
functional activity is, at least in part, mediated by two conserved regions: a catalytic histone
acetyltransferase domain and a bromodomain. These domains interact with a plethora of
transcription factors, as well as the general transcriptional machinery, and therefore regulate
multiple cellular processes (27). Importantly, they have been described as potent co-
activators of the AR and perturbation of p300/CBP function in PC models has been reported
to decrease AR function and reduce tumor cell growth (25, 28-38). Taken together, targeting
p300/CBP is an attractive therapeutic strategy to abrogate persistent AR signaling in
advanced PC.

Herein, we show for the first time that targeting p300/CBP blocks AR and AR-SV signaling,
and characterize an orally bioavailable, potent, and selective inhibitor of the p300/CBP
bromodomain, CCS1477. We demonstrate that CCS1477 impacts AR and MY C signaling in
cell line and patient-derived xenografts, as well as in serial tumor biopsies acquired from an
ongoing first in human phase I trial (NCT03568656).
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RESULTS

3.1 CBP and p300 mRNA in primary, and castration resistant, prostate cancer.

Since CBP and p300 are known co-activators of the androgen receptor (AR), which enhance
AR activity, we determined the association of CBP and p300 mRNA expression with an AR
signature in primary prostate cancer (PC) and metastatic castration resistant PC (mCRPC)
(30, 33, 34, 38). The AR signature was determined using two previously described gene
expression signatures (Supplementary Table 1) (39, 40). Analysis of mMRNA sequencing data
from 550 primary PC samples, and 120 mCRPC samples demonstrated that CBP and p300
MRNA expression significantly (all p=<0.001) associated with the AR signature in primary
PC and mCRPC (Figure la-d) (41, 42). In addition, CBP and p300 mRNA expression
significantly (all p=<0.001) associated with AR mRNA expression (Supplementary Figure
la-d). Consistent with these data, and their role in AR activation, CBP and p300 mRNA
expression significantly (all p=<0.001) associated with a previously described acquired
androgen deprivation therapy (ADT) resistance signature in primary PC and mCRPC (Figure
le-h; Supplementary Table 2) (43). Furthermore, we also identified CBP and p300 mRNA
expression, along with AR mRNA expression, to be highly expressed in primary PC and
mMCRPC biopsies (Figure 1i; Supplementary Figure 1e) (25, 26, 41), with CBP and p300
MRNA expression being significantly (p=<0.001) co-expressed in mMCRPC (Supplementary
Figure 1f). Taken together, these results support the interrogation of targeting p300 and CBP
as a means to block AR signaling in prostate cancer.

3.2 CBP and p300 protein in castration sensitive and castration resistant prostate

cancer.

To investigate nuclear CBP and p300 protein expression in PC, we evaluated tumor samples
from 43 patients with matched castration sensitive PC (CSPC) and CRPC biopsies
(Supplementary Table 3). CBP and p300 antibody specificity for immunohistochemistry
(IHC) was confirmed using siRNA knockdown in HeLa cells (Supplementary Figure 2a-b).
H-scores (HS) were determined by IHC for nuclear CBP and p300 protein expression in all
patient biopsies (Figure 1j-1). Nuclear CBP protein expression did not significantly (p=0.28)
change as tumors progressed from CSPC (median; IQR: HS 100; 50-160) to CRPC (HS 140;
80-180) (Figure 1j-k). Similarly, nuclear p300 protein expression did not significantly
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(p=0.09) change as tumors progressed from CSPC (median; IQR: HS 110; 75-170) to CRPC
(HS 115; 80-175) (Figure 1j and I). However, all forty-three patients had tumors expressing
nuclear CBP and p300 protein at CRPC, and consistent with the mRNA expression data there
was a significant (r=0.50; 95% CI 0.22-0.70; p=<0.001) association between nuclear CBP
and p300 protein expression (Supplementary Figure 2c). Following this, HS were
determined by IHC for nuclear full-length AR (AR-FL; 41 patients) and AR-V7 (43 patients)
protein expression in CRPC using already validated assays (44). Nuclear CBP and p300
protein expression did not significantly correlate with nuclear AR-FL or AR-V7 protein
expression in CRPC (Supplementary Figure 2d-g). Interestingly, in patients who did not
receive treatment with curative intent (radiotherapy or surgery) at diagnosis (n=27), patients
with lower nuclear p300 protein expression (HS < 123.3; n=18) at CSPC had a significantly
longer median time to CRPC (21.0 vs 10.1 months; HR 0.25; 95% CI 0.08-0.83; p=<0.001),
and a trend towards improved overall survival (50.9 vs 37.2 months; HR 0.51; 95% CI 0.18-
1.48; p=0.12), when compared those patients with higher nuclear p300 protein expression
(HS > 123.3; n=9) (Supplementary Figure 2h-i). In contrast, nuclear CBP protein expression
at diagnosis had no impact on time to CRPC or overall survival in those patients treated with
systemic therapy alone (Supplementary Figure 2j-k). These data suggest that CBP and p300
are highly expressed, and that p300 may impact benefit from PC endocrine treatments.

3.3 CBP and p300 knockdown regulates androgen receptor signaling in a C-MYC

independent manner in cell line models of castration resistant prostate cancer.

Having shown that CBP and p300 are highly expressed, and associate with AR signaling in
CRPC, we investigated the impact of CBP and p300 knockdown on AR signaling in cell line
models of CRPC. We determined the impact of individual (CBP or p300), and combined
CBP and p300 knockdown, by siRNA for 72-hours studying AR-FL and AR-V7 expression,
C-MYC expression, KLK3 expression, and AR signaling in 22Rv1 (Figure 2a-c) and
LNCaP95 (Figure 2d-f) cells. In both the castration resistant, AR-SV expressing, models
22Rv1 (Figure 2a-b) and LNCaP95 (Figure 2d-e), knockdown of p300 and combined CBP
and p300 knockdown reduced C-MYC protein expression, KLK3 protein expression and
multiple AR driven transcripts (KLK2, KLK3, FKBP5 and TMPRSS2), more than CBP
knockdown alone. Consistent with our knockdown experiments, pharmacological inhibition
of p300/CBP suppressed C-MYC expression in models of multiple myeloma (45). Next, to
determine whether the impact of CBP and p300 on AR signaling was through a C-MYC

10
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dependent mechanism, we analyzed C-MYC knockdown in 22Rv1 and LNCaP95 cells; C-
MYC knockdown increased AR-FL and AR-V7 protein expression and increased expression
of AR regulated genes, as previously described (Figure 2a-b and d-e) (44). Consistent with
the impact of p300, and combined CBP and p300 knockdown on AR signaling, these
approaches inhibited the growth of 22Rv1 and LNCaP95 cells to a greater extent than CBP
and C-MYC knockdown (Figure 2c and f). The impact of CBP and p300 knockdown on AR
and C-MYC signaling was confirmed in both 22Rv1, and the CRPC cell line C4-2, using
doxycycline-inducible shRNA (Figure 2g-i; Supplementary Figure 3a-c). Induction of CBP
and p300 shRNA for 48-hours led to reduced protein expression in 22Rv1 (Figure 2h) and
C4-2 (Supplementary Figure 3b), and associated suppression of downstream targets of AR
and C-MYC (Figure 2g; Supplementary Figure 3a). Critically, re-expression of CBP and
p300 protein, following CBP and p300 knockdown, led to reactivation of AR and C-MYC
signaling, and in part, rescued the growth of 22Rvl and C4-2 cells (Figure 2g-i;
Supplementary Figure 3a-c). Although some differences were seen between siRNA and
shRNA, which are likely in part due to the different methods utilized, the data clearly
implicate CBP and p300 as critical regulators of AR signaling and cell proliferation, with this
activity being independent of C-MYC in these models of CRPC.

3.4 CCS1477 binds to CBP and p300 bromodomains with high affinity and selectivity.

CCS1477 was developed as a potent, selective and orally bioavailable inhibitor of the
conserved bromodomain of p300 and CBP (Figure 3a). In a surface plasmon resonance
(SPR) assay, CCS1477 binds to p300 and CBP with Kds of 1.3 and 1.7 nM respectively, and
with 170/130-fold selectivity compared with BRD4 with a Kd of 222 nM (Figure 3b).
CCS1477 binding to cellular histones in an in-cell BRET assay, gave an ICso of 19 nM for
p300 and 1060 nM for BRDA4. In a bromoscan assay of 32 bromodomains (Supplementary
Table 4), CCS1477 had only minimal binding to BRD2, 3, 4, 9 and WDR9 (14-33% of
control at 1 uM); there was also no biochemical inhibitory activity in a screen of 97 kinases
(Supplementary Table 5), and a safety screen of 44 receptors, enzymes and ion channels
(Supplementary Table 6) at 10 uM (data not shown). Following this characterization of
CCS1477, a number of PC cell lines representative of hormone dependent and CRPC were
treated with CCS1477 at a range of concentrations. The most potent growth inhibitory
activity of CCS1477 was observed in VCaP, 22Rv1 and LNCaP95 (all ICsy < 100 nM) that
express both AR-FL and AR-V7. In contrast, CCS1477 had less impact on the growth of AR

11
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negative, hormone independent, cell lines (ICs, > 1000 nM) (Figure 3c). These data were
further independently validated in the CRPC cell line C4-2 (Supplementary Figure 4a).

3.5 CCS1477 treatment induces significant transcriptional alterations, distinct from
BRD4 inhibition.

Next, the CRPC cell line 22Rv1 was selected to investigate the impact of CCS1477 treatment
on its transcriptome through RNA-sequencing (at derived 1Csy; 96 nM, Figure 3d).
Importantly, principal component analyses (PCA) suggested a high level of concordance
between biological replicates as shown in sample clustering within treatment groups
(Supplementary Figure 4b). Significant transcriptional alterations were identified after drug
treatment, with 3406 transcripts induced and 3262 repressed (Supplementary Figure 4c). To
investigate pathways associated with the gene expression changes seen, gene set enrichment
analyses (GSEA) was performed using the Hallmarks gene set from the molecular signatures
database (MSigDB) (46, 47). Few pathways displayed enrichment after CCS1477 treatment,
with those identified relating mainly to cell cycle and DNA-repair related pathways (Figure
3e); critically, those with attenuated enrichment after CCS1477 treatment included androgen
response and MYC targets pathways, validating p300/CBP knockdown data, and further
implicating these in modulating these key PC signaling pathways (Figure 3e).

Having demonstrated CCS1477 selectivity for p300 and CBP over BRD4 in SPR analysis,
we next compared the transcriptional impact of a known BET inhibitor (JQ1) on
transcriptomic profiling in 22Rv1 cells (Supplementary Figure 4b). Interestingly, samples
treated with JQ1 or CCS1477 displayed a high degree of separation after PCA, suggesting
that these samples have distinct transcriptional alterations after drug treatment
(Supplementary Figure 4b). Further supporting this concept, differential expression analyses
in JQ1 treated cells resulted in a significant increase in altered transcripts when compared to
CCS1477 treated cells (Supplementary Figure 4c-d). In order to determine downstream
pathways driven by gene expression events after drug treatment, GSEA was performed
(Supplementary Figure 4e). Interestingly, while a number of pathways were identified after
either drug treatment, CCS1477 treatment was associated with an increased number of altered
pathways compared to JQ1, suggesting that while CCS1477 impacted a smaller repertoire of
gene expression changes compared to JQ1, these were highly coordinated to impact specific

pathways. Furthermore, CCS1477 GSEA was exclusively associated with de-enrichment of
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the androgen response pathway, further supporting a key role for p300/CBP in regulating this
pathway in PC.

Finally, having shown that CCS1477 and JQ1 impact distinct transcriptional changes in
CRPC cells, we explored whether CCS1477 could overcome acquired resistance to JQ1
therapy. JQ1 resistant 22Rv1 cells were generated by culture in the presence of increasing
concentrations of JQ1, or vehicle, over the course of 6-months, and then confirmed (parental
vs resistant 1Csp; 60 vs 7300 nM) (Supplementary Figure 4f) with resistance to multiple BET
inhibitors (JQ1, OTX-015, I-BET151; all > 100-fold). Importantly, consistent with distinct
transcriptional changes, JQ1 resistant 22Rv1 cells were more sensitive to CCS1477
treatment, confirming the selectivity of this p300 and CBP inhibitor being distinct from that
of BRD4 inhibitors (Supplementary Figure 4f). Taken together, these data demonstrate
CCS1477 as a potent, and selective, inhibitor of the bromodomains of CBP and p300, with
the ability to regulate PC growth and key PC signaling pathways, distinct from BRD4

inhibition.

3.6 CCS1477 inhibits androgen receptor signaling in cell line models of castration

resistant prostate cancer expressing androgen receptor splice variants.

Having shown that CCS1477 impacts AR and C-MYC signaling in 22Rv1 cells, we next
further evaluated the impact of CCS1477 on AR and C-MYC signaling across multiple cell
line models of CRPC. 22Rvl, LNCaP95 and C4-2 cells were treated with increasing
concentrations of CCS1477 for longer (48-hours; 22Rv1 and LNCaP95; Figure 4a-d) or
shorter (16-hours; 22Rv1 and C4-2; Supplementary Figure 5a-b) exposures, and the impact
on AR-FL and AR-V7 expression, C-MYC expression, and downstream AR and C-MYC
signaling determined. CCS1477 reduced expression of AR regulated genes (KLK2, KLK3 and
TMPRSS2) in both 22Rv1 and LNCaP95 cells at 48-hours (Figure 4a and ¢). CCS1477 also
reduced C-MYC protein expression in both 22Rv1 and LNCaP95 cells, and AR-V7 protein
expression in 22Rv1 cells; without clear impact on AR-FL protein expression in 22Rv1 and
LNCaP95 cells (Figure 4b and d). In addition, CCS1477 reduced C-MYC mRNA, and
downstream AR and C-MYC signaling in 22Rv1 and C4-2 cells at 16-hours (Supplementary
Figure 5a-b). Interestingly, there was also a more marked effect on AR transcript at 16-
hours, compared to 48-hours, which may be a time-dependent effect with apparent increase

over time (Supplementary Figure 5c). Interestingly, treatment with CCS1477 at the highest
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concentrations tested led to increased expression of CBP and p300 mRNA (Figure 4a and c).
We next determined whether CCS1477 impacted the recruitment of CBP, p300 and AR-FL to
known AR binding sites whose gene expression was significantly downregulated by
CCS1477 treatment (KLK3, TMPRSS2, FKBP5 ANKRD30B and CHRNAZ2), and to known
CBP binding sites (TFF1 and TGFA enhancer) (48, 49). 22Rv1 and C4-2 cells were treated
with 500nM CCS1477 or vehicle (5 hours) prior to stimulation with 10nM
dihydrotestosterone (3 hours) and the impact on CBP, p300 and AR-FL recruitment to
identified binding sites was determined by chromatin immunoprecipitation (Figure 4e;
Supplementary Figure 5d). Interestingly, CCS1477 reduced the recruitment of CBP, p300
and AR-FL to those AR binding sites whose gene expression was downregulated in response
to CCS1477 treatment, in both 22Rv1 and C4-2 cells (Figure 4e; Supplementary Figure 5d).
Furthermore, CCS1477 reduced the recruitment of CBP and p300 to known CBP binding
sites in both cell lines, with low levels of AR-FL found at both these sites (Figure 4e;
Supplementary Figure 5d). Taken together, these data suggest that CCS1477 regulates AR
signaling by impacting the recruitment of CBP, p300 and AR-FL to known AR binding sites,
and has the potential to abrogate persistent AR signaling in CRPC.

3.7 CCS1477 inhibits tumor growth and androgen receptor signaling in a 22Rv1 mouse

xenograft model.

Having demonstrated that CCS1477 inhibits AR and C-MYC signaling, and PC cell growth,
we sought to determine if CCS1477 inhibited the growth of 22Rv1 mouse xenografts. We
first evaluated, in a mouse pharmacokinetic study, the time course of CCS1477 and exposure
relationship to in vitro cell proliferation and binding characteristics (Supplementary Figure
6a). A single oral dose of 30 mg/kg resulted in free blood concentrations (corrected for
protein binding) that were in excess of the 22Rv1 cell line proliferation I1Cso (96 nM) and the
p300 in-cell binding ICsp (19 nM, NanoBRET) for 10-hours. At no time did the free blood
concentrations approach the in-cell binding 1Csy; for BRD4 (1060 nM). In 22Rv1l mouse
xenografts, oral dosing with CCS1477 significantly (p=<0.001) impacted tumor growth at
10mg/kg daily (QD), 20 mg/kg QD, and 30 mg/kg every other day (QOD) (Figure 5a). All
doses tested were well tolerated with no change in body weight or condition of the animals
(data not shown). Interestingly, despite treatment being stopped after 28-days, tumor growth
inhibition was sustained until day 52, when the study was terminated (Figure 5a); there were

no detectable levels of CCS1477 in plasma or tumor at this time (data not shown). The effects
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of CCS1477 on AR-FL, AR-V7 and C-MYC protein expression, and AR regulated genes
(KLK3 and TMPRSS2) were examined in tumors collected at day-7, day-28 and day-52
(Figure 5b-c and e; Supplementary Figure 6b-c). After 7-days of treatment, CCS1477 had
reduced AR-FL, AR-V7 and C-MYC protein expression, at all doses tested (Figure 5c). In
addition, TMPRSS2 but not KLK3 gene expression was reduced (Figure 5b). At the end of
the treatment period at day-28, AR-FL and AR-V7 protein expression were reduced in all
dosing groups, as was C-MYC at the 30 mg/kg QOD dosing group (Figure 5c). In addition,
TMPRSS2 gene expression continued to be suppressed by CCS1477 at day-28 and at this
time point the 20 mg/kg QD and the 30 mg/kg QOD doses decreased KLK3 gene expression
(Figure 5b). At day-52, after 24 days without CCS1477 treatment, all protein biomarkers had
returned to control levels but there was prolonged reduction in KLK3 and TMPRSS2 gene
expression, particularly at the 30 mg/kg QOD dose (Supplementary Figure 6b-c). In addition
to tumor pharmacodynamics analyses, plasma KLK3 levels increased in the vehicle group
between day 0 and 28, reflecting the increase in tumor volume during this time (Figure 5d).
Treatment with CCS1477 at all doses, caused a decrease in the plasma KLK3 concentrations
(Figure 5d). Finally, RNA-sequencing analysis of tumors treated with 20mg/kg QD for 28
days demonstrated de-enrichment of signatures of AR and AR-V7 signaling when compared
to vehicle, with the AR response pathway identified as one of the top de-enriched pathways
(Figure 5e; Supplementary Table 7). Although there was a trend towards de-enrichment of
MYC targets, in contrast to the 22Rv1 cell line experiments, this was not significant (Figure
5e). Taken together, these data demonstrate that inhibition of CBP and p300 by CCS1477
suppresses growth of a 22Rvl mouse xenograft model with associated reduction in AR

signaling.

3.8 CCS1477 inhibits tumor growth and androgen receptor signaling in a patient-

derived model of treatment-resistant lethal prostate cancer.

We next investigated CCS1477 in a patient-derived model of treatment-resistant lethal PC;
utilizing a patient-derived xenograft (PDX; CP50) resistant to enzalutamide treatment, that
has an amplified AR and expresses AR-V7 as well as amplified AKT2 and C-MYC (44). CP50
PDX was derived from the lymph node biopsy of a CRPC patient that had progressed through
all standard of care treatments, and was further passaged in castrate mice to develop CP50c
PDX (Figure 6a). Since 20mg/kg CCS1477 QD had blocked tumor growth with
pharmacodynamic studies indicating AR signaling regulation in 22Rv1l mouse xenografts,
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this dose and schedule was explored in the CP50c PDX. CP50c PDX were treated orally with
20 mg/kg CCS1477 QD, or vehicle, continuously until tumors exceeded the legal limit
(Figure 6b). Treatment of CP50c with CCS1477 significantly (p=0.02) reduced tumor
growth when compared to vehicle (Figure 6c), and significantly (p=<0.001) prolonged
survival (time to 300% growth) (Figure 6d). At 8-days, CCS1477 QD decreased C-MYC
gene and protein expression but had limited impact on AR-FL and AR-V7 protein
expression, or on KLK3 and TMPRSS2 gene expression, when compared to vehicle (Figure
6e-f). In contrast, RNA-sequencing analysis of tumors treated with 20mg/kg CCS1477 QD
for 8-days demonstrated de-enrichment of signatures of AR and AR-V7 signaling when
compared to vehicle (Figure 6g). Consistent with this, the AR response pathway was
identified as one of the top downregulated pathways, along with other pathways, including
MY C targets, important for PC progression (Figure 6g; Supplementary Table 8). These data
show that CCS1477 inhibits AR signaling and tumor growth in advanced, treatment
resistance, CRPC.

3.9 CCS1477 modulates plasma KLK3 levels and regulates key prostate cancer

therapeutic targets in patients with advanced prostate cancer.

CCS1477 has now entered a first in human phase | trial (NCT03568656). We next
determined whether CCS1477 recapitulated the preclinical data presented, in patients with
MCRPC treated on this trial. We investigated plasma KLK3 levels and pharmacodynamic
regulation of specific proteins (AR-FL, AR-V7, C-MYC, KLK3, CBP, p300 and Ki67) by
IHC in two patients treated with CCS1477 in the dose-escalation phase of this ongoing
clinical trial. C-MYC antibody specificity for IHC was confirmed using siRNA knockdown
in HeLa cells (Supplementary Figure 7a). Patient 1 was administered 50 mg CCS1477 BD
on a 3-days-on- and-4 days-off-schedule (Figure 7a); he had an initial fall in plasma KLK3
which then stabilized (Figure 7a); study of pre-dose and post-dose biopsies (4-hours post
CCS1477 dose) demonstrated a reduction in AR-V7 and C-MYC protein expression (Figure
7b-c), but no change in AR-FL, KLK3, CBP, p300 or Ki67 protein levels (Figure 7b-c). In
contrast, patient 2 was treated with 25 mg CCS1477 BD continuously with plasma KLK3
levels continuing to rise despite this (Figure 7d), although pre- and post-dose (3-hours post
CCS1477 dose) biopsy studies demonstrated a post-dose reduction in C-MYC and Ki67
protein expression (Figure 7e-f) but no change in AR-FL, AR-V7, KLK3, CBP or p300
protein levels in keeping with the plasma KLK3 results (Figure 7e-f). Taken together, these
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preliminary data suggest that CCS1477 can modulate PC AR signaling, and consequently
plasma KLK3 levels; further analyses of this ongoing Phase | study is now required to
confirm these observations. Furthermore, the demonstration that CCS1477 impacts AR
signaling in models of CRPC suggests it could be utilized in combination with current AR
targeting therapies such as enzalutamide. Interestingly, treatment with CCS1477 significantly
(p=<0.001) reduced tumor growth when compared to enzalutamide in the LNCaP-Bic mouse,
and although treatment with CCS1477 and enzalutamide in combination further suppressed
growth, compared to CCS1477 alone, this did not reach statistical significance
(Supplementary Figure 7b). These data suggest that combination therapy with CCS1477 and

enzalutamide may merit further exploration.
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DISCUSSION

Persistent AR signaling is reported to remain key to driving the growth of most CRPC
tumors. Herein we describe studies validating p300 and CBP as PC therapeutic targets in
both CSPC and CRPC. We then report on a novel agent, CCS1477 that inhibits the
bromodomain of these paralogue proteins that are critical transcriptional co-activators of the
AR. We also show that targeting p300 and CBP via their conserved bromodomain can
abrogate the downstream oncogenic consequences of persistent AR activation in CRPC;
which is functionally distinct from BRD4 inhibition. We firstly show that p300 and CBP are
highly expressed in both CSPC and CRPC clinical samples, with this associating with AR
signaling and acquired ADT resistance signatures. The acquired ADT signature represents 49
AR bound genes that do not respond to hormone stimulation, but are differentially regulated
as resistance to hormone deprivation evolves in vitro (43). In addition, the acquired ADT
resistance signature associates with shorter time to biochemical recurrence following
prostatectomy, potentially identifying those primary PC where AR driven process are already
active and driving tumor progression (43). It is therefore unsurprising that p300 and CBP
associate significantly with both AR signaling and acquired ADT resistance signatures.
Furthermore, p300 expression associates with shorter time to CRPC suggesting a potential
role in endocrine resistance. Next, we investigated targeting CBP and p300, either separately
or in combination, through siRNA and shRNA knockdown in multiple CRPC cell lines and
demonstrated consistent reduction in expression of AR-FL, AR-V7 and C-MYC protein, with
associated downregulation of AR and C-MYC regulated transcripts, which is consistent with
other studies (34). Moreover, p300, and combined p300 and CBP, knockdown significantly
reduced the growth of CRPC cell lines. Furthermore, the re-expression of p300 and CBP, led
to reactivation of AR and C-MYC signaling, and in part, rescued the growth of 22Rv1 and
C4-2 cells. Overall, these data confirm that the CRPC cell lines depend on p300 and CBP, as
previously described (34). We also highlight that whilst C-MYC expression is impacted by
p300 and CBP reduction, as previously reported, direct targeting of C-MYC with siRNA does
not recapitulate the effects of p300 and CBP reduction but conversely increases expression of
AR-FL, AR-V7 and AR-regulated transcripts implying that the impact on AR signaling by
p300/CBP blockade remains independent of C-MYC (34, 45).

This is the first publication of the chemical structure of CCS1477; we show that it is a potent

and selective inhibitor (sparing BRD2/3/4) of the common bromodomain of p300/CBP. Other
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small molecule bromodomain inhibitors have been developed that target the BET proteins
BRD2, BRD3 and BRD4 (such as JQ1, OTX-015 and I-BET151) and evaluated in clinical
trials. These can impact AR signaling, but are limited by tolerability issues; BET inhibitors
have narrow therapeutic windows due to hematological toxicity (44, 50, 51). CCS1477 is,
however, 170-fold selective over BRD4, with minimal binding to BRD2/3, and demonstrates
distinct modulation of transcriptomic profiling and cellular pathways when compared to BET
inhibition. Consistent with this, we demonstrate that CCS1477 is active in in vivo models at
doses resulting in plasma concentrations that are well below the in-cell 1Cso for BRDA4.
Collectively these data indicate that the observed in vivo effects are attributable to inhibition
of p300/CBP and no involvement of BRD4. We also demonstrate that CCS1477 has anti-
tumor activity against multiple AR/AR-V7 dependent cell lines (LNCaP, LNCaP-AR, VCaP,
22Rv1, LNCaP95 and C4-2), and is less effective against two AR independent cell lines
(DU145 and PC3). In a dose-dependent fashion, CCS1477 recapitulated the SiRNA
p300/CBP knockdown model, reducing the expression of AR-driven and C-MYC driven
transcripts, consistent with other p300/CBP inhibitors (32). Furthermore, our data shows that
CCS1477 is likely to inhibit AR signaling through its ability to impact recruitment of CBP,
p300 and AR-FL to known AR binding sites and regulate associated gene expression. Whilst
these data are consistent with CCS1477 targeting the bromodomain of CBP and p300, we
cannot preclude additional effects of CCS1477 on histone acetylation as previously described
in lymphoma cell lines and for an alternative small-molecule inhibitor targeting the
bromodomain of CBP and p300 in prostate cancer cell lines (34, 52). It will be important to
further understand these underpinning mechanisms as these agents progress through clinical
development. Finally, there was a dose-dependent increase in mRNA expression of p300 and
CBP in CRPC cell lines after CCS1477 treatment; it will be important to further investigate
this, as this may represent a potential mechanism by which therapeutic resistance may occur

to such therapies.

We acquired in vivo evidence for the anti-tumor activity of CCS1477. In the 22Rv1 mouse
xenograft model, CCS1477 significantly inhibited tumor growth compared to vehicle. This
occurred in a dose-dependent manner with the most effective tolerated dose being 20 mg/kg.
CCS1477 reduced the transcription of key target genes in vivo including C-MYC, and
TMPRSS2 at 7-days; these changes were maintained at 28-days. Target protein expression
(AR-FL, AR-V7, C-MYC) was also downregulated at 7-days, and both AR-FL and AR-V7

were reduced at 28-days. RNA-sequencing analyses showed decreased AR regulated gene
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expression. Interestingly, when we continued to measure tumor volume, after stopping drug
treatment, we observed an unusually long continuation of tumor inhibition, although the
concentration of CCS1477 in plasma and tumor was undetectable 24-hours after the last dose
and CCS1477 is not an irreversible inhibitor. This may support the use of intermittent dosing
to maximize tolerability without compromising benefit and warrants clinical investigation.
Antitumor activity was also observed in the CP50c PDX model; CCS1477 at 20 mg/kg once-
daily increased median time to 300% growth from 38 to 56-days; mMRNA analyses confirmed
(day-8) reduction in AR and C-MYC signaling. Finally, we acquired preliminary data from
an ongoing first-in-human phase I trial (NCT03568656) in which men with mCRPC, heavily
pre-treated and resistant to standard therapies, were given oral CCS1477. Pharmacodynamic
studies on pre- and post-dose tumor biopsies demonstrated target engagement with drug-
induced reductions in C-MYC protein; patient 1 also had decreased AR-V7 and C-MYC
protein expression with a concomitant drop in serum KLKS3, while Patient 2 had decreased C-
MY C and Ki-67, with a stable KLK3.

Whilst we have targeted the bromodomain of these paralogues, we recognize that they can
also be targeted at the conserved histone acetyltransferase (HAT) catalytic domains or the
CH1/TAZ binding domains which may have different biological consequences. For example
targeting the p300/CBP bromodomain reduces acetylation of H3K27 specifically at
enhancers, whereas targeting the HAT catalytic domain has broader impact, reducing
acetylation of H3K18 as well as H3K27 (53). We note that HAT inhibitors of p300/CBP,
C646 and A-485, also induce cell death in androgen-dependent and castration resistant
prostate cancer cell lines (35, 54); these compounds do not, however, have drug-like
properties supporting clinical development. We also recognize that p300/CBP siRNA
knockdown was not completely replicated by CCS1477, and therefore inhibiting the

bromodomain may uniquely block the function of these proteins.

The clinical development of p300/CBP inhibitors may face other challenges. Firstly, CBP
and p300 inhibition may have an on-target impact on platelets, albeit reversible and may
require intermittent dose scheduling which is supported by the prolonged disease control seen
after stopping CCS1477 in our 22Rv1l mouse xenograft model (55). Secondly, predictive
biomarkers may be needed to identify which patients gain maximal clinical benefit from
these agents; both SPOP mutations and C-MYC overexpression are reported to contribute to

resistance to p300/CBP inhibition and need further investigation (56, 57). Finally, drug
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combinations may be necessary for their optimal clinical use; we report on CCS1477
administered with enzalutamide, while others have noted the potential for concomitant
p300/CBP inhibition with anti-PD-1 therapy (58). Studies exploring mechanisms of acquired
resistance are also needed, including studies of desensitization by p300/CBP overexpression
or through redundant alternative transcriptional coactivators enabling activated AR to

continue driving target gene expression.

In conclusion, targeting AR signaling through its co-activators p300 and CBP via their
bromodomain offers a new therapeutic strategy that merits evaluation in advanced prostate
cancer clinical trials in single agent and combination. Our early clinical findings that
CCS1477 modulation of plasma KLK3 levels and the reduced expression of key therapeutic

targets in advanced PC provides encouragement in the ongoing development of these agents.
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MATERIALS AND METHODS

Patient sample collection: Patients were identified from a population of men with metastatic
castration resistant prostate cancer (NCRPC) treated at the Royal Marsden Hospital. All
patients had given written informed consent and were enrolled in institutional protocols
approved by the Royal Marsden (London, UK) ethics review committee (reference no.
04/Q0801/60). Human biological samples were sourced ethically and their research use was
in accordance with the terms of the informed consent provided. We analyzed 43 patients with
sufficient formalin-fixed, paraffin-embedded (FFPE) diagnostic (archival) castration sensitive
biopsies, and matched FFPE CRPC biopsies (Supplementary Table 3). All CSPC biopsies
demonstrated adenocarcinoma and were from either prostate needle biopsy (n=34),
transurethral resection of the prostate (TURP; n=3) or prostatectomy (n=6). CRPC tissue was
obtained from metastatic biopsies of bone (n=26), lymph node (n=15), soft tissue (n=1) or
TURP (n=1). Additionally, pre- and post-dose biopsies were collected for two patients with
MCRPC enrolled in an ongoing first in human phase | trial of CCS1477 (NCT03568656).
Patient 1 was on a schedule of 50mg CCS1477 BD on a 3-days-on- and-4 days-off-schedule.
The pre-dose biopsy (lymph node) was collected in the second cycle on C2D14 (at the end of
4 days off, allowing for complete washout of CCS1477) and the post-dose biopsy sample
(lymph node) was collected 4 hours after drug administration on C2D15. Patient 2 was on a
schedule of 25 mg CCS1477 BD continuously, and a biopsy (lymph node) was taken prior to
trial initiation and then 3 hours after drug administration on C1D15 (lymph node).
Demographic and clinical data for each patient were retrospectively collected from the

hospital electronic patient record system.

Immunohistochemistry: All tissue blocks were freshly sectioned and only considered for
immunohistochemistry (IHC) analyses of CBP, p300, AR-FL, AR-V7, KLK3, Ki67 or C-
MYC if adequate material was present (=50 tumor cells; reviewed by pathologist BG). More
specific details on the immunohistochemistry assays used are available in Supplementary
Table 9. Nuclear and/or cytoplasmic protein expression was determined for each case by a
pathologist (BG) 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 no staining) x 0] + [(% of weak staining) x 1] +
[(% of moderate staining) x 2] + [(% of strong staining) x 3], yielding a range from 0 to 300

(59). Ki67 was reported as a percentage of cells positive for protein expression.
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Cell lines: All cell lines used in this study were grown in recommended media at 37°C in 5%
CO; and are detailed in Supplementary Table 10. All cell lines were tested for mycoplasma
using the VenorGem One Step PCR Kit (Cambio) and STR-profiled using the Cell

authentication service by Eurofins Medigenomix.

Development of JQ1 resistant 22Rv1 cell line: 22Rv1 cells were cultured in the presence of
JQ1 or vehicle control (0.1% DMSO). JQ1 doses were escalated from 30 nM (approximate
IC90 concentration) to 500 nM over the course of 6 months. JQ1 dose was escalated when
cells had good morphology, viability and growth rate and had been passaged at least twice in
the preceding dose.

Development of doxycycline-inducible cell lines and CBP/p300 re-expression: For
generation of inducible (shCON, shCBP, shp300) cell lines, 22Rv1 and C4-2 cells were
transduced with SMARTvector Human Inducible non-targeting mCMV-TurboGFP control
shRNA, CBP shRNA (Dharmacon V3SH11255-01EG1387) and p300 shRNA (Dharmacon
V3SH11255-01EG2033) lentiviral vectors. Transduced cells underwent at least three rounds
of antibiotic selection with puromycin and were validated for respective knockdown with
10ng doxycycline. Expression plasmids for CBP (OriGene Technologies , RC219036) and
p300 (OriGene Technologies, RC223265) were used for protein re-expression experiments in

doxycycline-inducible cell lines developed.

CCS1477: CCS1477 was synthesized according to processes described in the International
Patent Application, publication number W02018073586. For in vitro studies, CCS1477 was
prepared as a 10mM stock solution in DMSO and diluted in relevant assay media to obtain a
final assay concentration of <0.1% DMSO. For in vivo studies, CCS1477 was formulated in
5% DMSO0:95% methylcellulose (0.5% wi/v) and administered by oral gavage; 5%
DMSO0:95% methylcellulose (0.5% wi/v) was used in in vivo studies as vehicle controls.

In vitro binding assays: The affinity of CCS1477 binding to p300, CBP or BRD4
bromodomains was calculated from an assessment of kinetic binding parameters in a surface
plasmon resonance assay. CCS1477 binding was determined using a 5-point log dilution
from 10,000nM to 1nM. In-cell target engagement of CCS1477 to the p300 and BRD4
bromodomains was determined using a proximity-based NanoBRET assay (Promega), which
measured the ability of CCS1477 to inhibit the interaction between Histone H3.3 and p300 or
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BRD4 in transiently-transfected HEK293 cells. CCS1477 inhibition of p300 or BRD4
binding to cellular histones was measured over a concentration range of 10000 nM to 1 nM.

In vitro cell line proliferation studies: In vitro anti-proliferative activity was measured in
various prostate cancer cells treated with CCS1477 or BET inhibitors (JQ1, OTX-015, I-
BET151), specific sSiRNA or doxycycline-inducible sShRNA (with or without CBP or p300 re-
exppression) using CyQuant (Thermo Fisher Scientific), CellTiter Glo (Promega) or Quanti-
IT Pico Green dsDNA assay kit (Thermo Fisher Scientific) according to the manufacturer’s

instructions.

In vivo pharmacokinetic analyses: The in vivo pharmacokinetic properties of CCS1477 were
determined in male CD1 mice after oral administration of 3 and 30mg/kg. CCS1477 was
formulated in 5% DMSO0:95% methylcellulose (0.5% wi/v in water) and dosing was
administered by oral gavage. Blood samples were collected up to 12-hours following dosing,
for the measurement of blood concentrations of CCS1477 by LC-MS/MS.

In vivo cell line mouse xenograft studies: All animals were housed in pathogen-free
facilities.

All mouse work was approved by the Axis BioServices Animal Welfare and Ethical Review
Committee and conducted under license and within the guidelines of the Home Office
Animals (Scientific Procedures) Act 1986. Prostate xenograft tumors were established by
subcutaneous injection of either 22Rv1 or LNCaP-bic cells into non-castrated male athymic
nude mice. Once tumors had reached approximately 150 mm?, animals were randomized into
control and treated groups. In all studies, tumor volume (measured by caliper), animal body
weight and condition were monitored at least twice-weekly. Tumor samples were collected

for analyses of pharmacodynamics biomarkers.

In vivo patient-derived mouse xenograft studies: All animals were housed in pathogen free
facilities. All mouse work was carried out in accordance with the Institute of Cancer
Research guidelines, including approval by the ICR Animal Welfare and Ethical Review
Body, and with the UK Animals (Scientific Procedures) Act 1986. The CP50 patient derived
xenograft (PDX) was derived from a metastatic lymph node biopsy from a patient with
CRPC who had received all standard of care therapies for prostate cancer as previously

described (44). A further subset of CP50 PDX was developed that was grown and maintained
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exclusively in castrate mice and given the designation CP50c PDX. For short term analysis,
CP50c PDX fragments were grafted subcutaneously into NSG male castrated mice and drug
treatment commenced by oral gavage when tumors reached a size of 300 to 400 mm°. Mice
were treated daily for 8-days, after which tumors were harvested for analyses (short term).
For long term analysis, CP50c PDX fragments from CP50c PDX tumors that had been
passaged twice in castrated mice were grafted subcutaneously into castrated male NSG mice.
Animals were treated by oral gavage when tumors reached a size of around 300 to 400 mm®.
Measurements were taken every 2-3 days (and grouped by 5-day intervals) and the

experiment was terminated once tumors had reached a size of 1200 mm®.

Western blotting (cell line, 22Rv1 xenograft model and CP50c mouse xenograft model):
Cells were lysed with RIPA buffer (Pierce) supplemented with protease inhibitor cocktail
(Roche) and PhosStop phosphatase inhibitor mix (Roche). PDX lysate was obtained by
mechanical homogenization, and reconstituted in RIPA buffer. Protein extracts (20pg) were
separated on 4-12% NuPAGE® Bis-Tris gel (Invitrogen) by electrophoresis and
subsequently transferred onto Immobilon-P™ PVDF membranes of 0.45 um pore size
(Millipore). Details of primary antibodies used are provided in Supplementary Table 11.

Chemiluminescence was detected on the Chemidoc™ Touch imaging system (Bio-Rad).

Western blotting (doxycycline-inducible cell lines and CBP/p300 re-expression): Cell
lysates were extracted as previously described (60). 40-50ug of lysate was resolved by SDS-
PAGE, transferred to PVDF (polyvinylidene fluoride) membrane, and analyzed using CBP
(Cell signaling, D6C5), p300 (Active Motif, 61401), AR-FL and AR-V7 by molecular weight
(Bethyl Laboratories, N20), C-MYC (Santa Cruz, 910) and GAPDH (Santa Cruz, 6C5) at
1:1000 dilution.

RNA extraction: Cell line RNA was extracted using the RNeasy Plus Mini Kit (Qiagen) as
per manufacturer's instructions. Patient-derived xenograft (PDX) RNA was obtained by
mechanical homogenization, reconstituted with RNeasy RLT buffer, passed through a

Qiashredder tube (Qiagen), and further processed with RNeasy Plus Mini Kit as above.

SiRNA: Cells were transiently transfected with siRNA as indicated. All siRNA were ON-
TARGETplus pools (Dharmacon; Horizon), listed in Supplementary Table 12. The siRNA
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was used along with 0.4% mRNAiMax transfection reagent (Thermo Fisher Scientific) as per

manufacturer's instructions and incubated with cells as indicated.

Quantitative reverse transcription PCR (cell line and CP50c mouse xenograft models):
cDNA was synthesized using the Revertaid First Strand cDNA Synthesis kit (Thermo Fisher
Scientific). Quantitative reverse transcription PCR (qQRT-PCR) was carried out using a ViiA 7
Real-Time PCR System (Life Technologies) using the TagMan Universal PCR Master Mix
(Applied Biosystems). TagMan probes (Thermo Fisher Scientific) used are listed in
Supplementary Table 13. Fold change in mRNA expression levels was calculated by the
comparative Ct method, using the formula 2-(-(AACt). Cell line and CP50c mouse xenograft
models were normalized against the average of the three house-keeping genes GAPDH, B2M
and HPRT1.

Quantitative reverse transcription PCR (doxycycline-inducible cell lines and CBP/p300 re-
expression): Trizol (Invitrogen) was used to isolate RNA and SuperScript VILO (Invitrogen)
was used to generate cDNA following manufacturer’s instructions. PowerSybr
(ThermoFisher) and the ABI StepOne Real-Time PCR system were utilized in accordance
with manufacturer’s specifications to perform quantitative PCR (qPCR) analyses. Primers

used are listed in Supplementary Table 14.

Chromatin Immunoprecipitation. 22Rv1 and C4-2 cells were plated in hormone-deficient
media for 72 hours. Following which, cells were treated with vehicle (OnM) or CCS1477
500nM for 5 hours, followed by the addition of 10nM dihydrotestosterone for 3 hours.
Chromatin immunoprecipitation (ChIP) was performed as previously described (61). Briefly,
cells were cross-linked with 1% fresh formaldehyde for 10 minutes at room temperature.
Chromatin was sheared to 200-700bp using Diagenode Ultrasonicator for 30 cycles. Lysates
were incubated with CBP or p300 custom antibody, or AR-FL antibody (Millipore, 06-680).
ChIP DNA was extracted via phenol-chloroform method and qPCR was performed using
PowerUP SYBR (ThermoFisher). Genes selected for ChIP-gPCR were prioritized based on
statistically significant transcriptional downregulation after CCS1477 treatment (1.5 fold
change; p=<0.05) and known AR regulation: KLK3, TMPRSS2, FKBP5, ANKRD30B,
CHRNAZ2 (with TFF1 and TGFA representing known CBP binding sites) (48, 49). Primers
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were designed at AR target genes using previously described AR binding sites and are listed
in Supplementary Table 15 (62-64).

Quantitative reverse transcription PCR (22Rv1 xenograft model): A high capacity cDNA
reverse transcription kit (ThermoFisher) was used to generate cDNA with pre-amplification
of target sequences performed using TagMan Pre-Amp master Mix (ThermoFisher), both
according to the manufacturers’ instructions. PCR reactions were set up using TaqMan
Master Mix (ThermoFisher) and diluted pre-amplification reaction according to the
manufacturers’ instructions using TagMan primer probe sets specific for the relevant target
genes, listed in Supplementary Table 13. Analyses was performed using Bio-Rad CFX
manager software, and all data was normalized relative to housekeeping genes GAPDH and

RPLPO before normalization to vehicle control.

Plasma KLK3: Total and free-KLK3 was measured by ELISA in 50 pl serum (Abnova,
KA0208 and KA0209), according to the manufacturer’s instructions. Following incubation
with appropriate antibodies and washing, absorbance was measured at 450 nm within 15
minutes of assay completion using a Varioskan LUC apparatus (Thermo Fisher). Controls
were used to create a standard curve and total or free-KLK3 quantified using ScanlT RE4.0

software.

RNA-sequencing and analysis (22Rv1 cell line): 22Rv1 cells were seeded at equal density,
in hormone-deficient media. After 72-hours, cells were treated with either vehicle control,
100 nM JQ1, or 96 nM CCS1477. After 24-hours, cells were harvested and lysed, and RNA
was extracted using Trizol (Invitrogen), per manufacturer’s instruction. RNA-sequencing
libraries were subsequently constructed using the TruSeq Stranded Total RNA Library Prep
Gold Kit and sequenced on Illumina's NextSeq 500 sequencer at the Sidney Kimmel Cancer
Sequencing core facility using single-end 75 bp reads. RNA-sequencing analysis was
performed as previously described (65). Briefly, FASTQ files were aligned to the human
genome (GRCh37/hg19) using STAR (version 2.5.2a), counts generated using featureCounts
(version 1.5.0-p3), and differential expression, MA plots, and principal component analysis
performed using DESeq. RNA-seq data is accessible from The European Nucleotide Archive

(www.ebi.ac.uk/ena ) with accession number: PRIEB41478.
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RNA-sequencing and analysis (22Rvl mouse xenograft and CP50c PDX): 22Rv1 mouse
xenograft and CP50c PDX RNA quality was analyzed using the Agilent Tapestation RNA
ScreenTape. 500 ng of total RNA from each sample was first used in the NEBNext rRNA
Depletion Kit followed by the NEBNext Ultra Il Directional RNA Library Prep Kit,
according to the manufacturer’s instructions. Library quality was confirmed using the Agilent
Tapestation High Sensitivity DNA ScreenTape. The libraries were quantified and normalized
by qPCR using the KAPA Library Quantification Kit (Roche). Library clustering was
performed on a cBot with Illumina HiSeq PE Cluster Kit v3. The libraries were sequenced as
paired-end 101 base pair reads on an Illumina HiSeq 2500 with an Illumina HiSeq SBS Kit
v3. Base calling and quality scoring were performed using Real-Time Analyses (version
1.18.64) and FASTQ file generation and de-multiplexing using CASAVA. 22Rv1l mouse
xenograft and CP50c PDX reads were aligned to (human GRCh37/hg19 and mouse mm9
genome) using Tophat2 (v2.0.7). Gene expression, Fragments Per Kilobase of transcript per
Million mapped reads (FPKM), was calculated using Cufflinks (66). Androgen response
(Hallmark; H) was an accumulation measurement of AR pathway activity based on 100-
genes regulated derived from the Hallmark Androgen Response gene set from the Molecular

Signatures Database v7.1 (www.gsea-msigdb.org/) (Supplementary Table 16) (46, 47). AR

signature was an accumulation measurement of AR pathway activity based on 43-genes
regulated by AR in prostate cancer cell lines and metastatic prostate cancer patient samples as
previously described (Supplementary Table 1) (44). AR-V7 signature was an accumulation
measurement of 59-genes that associate with AR-V7 protein expression in CRPC biopsies as
previously described (Supplementary Table 17) (24). Signature scores were derived from the
sum of z-score for the signature genes. RNA-seq data is accessible from The European

Nucleotide Archive (www.ebi.ac.uk/ena ) with accession number: PRIEB41478.

Prostate cancer patient transcriptome analysis: Data from CRPC transcriptomes, generated
by the International Stand Up To Cancer/Prostate Cancer Foundation (SU2C/PCF) Prostate
Cancer Dream Team, were re-analyzed (41). The cancer genome atlas program (TCGA) data
was downloaded from
http://gdac.broadinstitute.org/runs/stddata__ 2016 _01 28/data/PRAD/20160128/. SU2C/PCF

transcriptome reads were aligned to the human reference genome and genome expression

determine as above. Androgen response (Hallmark; H), AR signature and AR-V7 signature
are described above (24, 44, 46, 47). The acquired androgen deprivation therapy (ADT)

resistance signature was an accumulation measurement of 49-putative AR target genes that
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do not respond to androgen stimulation, and associate with biochemical relapse, as previously
described (Supplementary Table 2) (43). Signature scores were derived from the sum of z-

score for the signature genes.

Statistical analyses: Spearman’s correlation was used to determine the association between
CBP and p300 mRNA levels and other characteristics such as AR signature, acquired ADT
resistance signature, and AR expression levels. For the analysis of patient biopsies, nuclear
CBP and p300 protein levels were reported as median values with interquartile ranges (IQR).
For paired, same patient, CSPC and CRPC expression studies, the Wilcoxon matched-pair
signed rank test was used to compare differences in protein expression levels. The correlation
between nuclear CBP and p300 protein expression, and both CBP and p300 with AR-FL and
AR-V7 protein expression, was determined using Spearman’s correlation. Time to CRPC was
defined as the time from diagnosis (date of diagnostic biopsy unless clinical diagnosis was
recorded as >1 month prior to biopsy) to documented progression (radiological, KLK3 or
change of treatment) on luteinizing hormone-releasing hormone (LHRH) agonist alone or
with anti-androgen if started before/or with LHRH agonist. Overall survival was defined as
time from diagnosis (defined above) to date of death or last follow up/contact. Patient
outcomes were compared by nuclear CBP and p300 protein expression (H-score) at
diagnosis; median overall survival and median time to CRPC were estimated using the
Kaplan-Meier method and respective hazard ratios were obtained by Cox regression.
Unpaired student t-tests were used to determine differences between mRNA expression of
control and treatment groups (CCS1477 or target siRNA) in cell line models. Unpaired
student t-tests were used to determine differences between mRNA expression and relative
growth of shCBP:EV compared to shCBP:CBP rescue, and shp300:EV compared to
shp300:p300 rescue, in doxycycline-inducible shRNA cell line models. Unpaired student t-
tests were used to determine differences between ChIP-qPCR studies of vehicle and
CCS1477 treatment in cell line models. Unpaired student t-tests were used to determine
differences in growth between mouse xenograft models treated with vehicle and various
doses of CCS1477 at the time points indicated. No adjustment for multiple testing has been
made. Analysis and presentation of all data was made using GraphPad Prism v7, and all
statistical analyses are detailed in individual figure legends.
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FIGURE LEGENDS

Figure 1: CBP and p300 expression and association with AR activity and acquired

endocrine resistance in primary, and castration resistant, prostate cancer.

(a-d) Association between primary prostate cancer (PC) CBP (a), metastatic castration
resistant prostate cancer (mMCRPC) CBP (b), primary PC p300 (c), and mCRPC p300 (d)
expression levels with androgen receptor (AR) signature from either TCGA primary PC
expression data (a, ¢; n=550) or SU2C/PCF mCRPC expression data (b, d; n=120). r-values
and p-values are shown and were calculated using Spearman’s correlation. (e-h) Association
between primary prostate cancer (PC) CBP (e), metastatic castration resistant prostate cancer
(mCRPC) CBP (f), primary PC p300 (g), and mCRPC p300 (h) expression levels with
acquired androgen deprivation therapy (ADT) resistance signature from either TCGA
primary PC expression data (e, g; n=550) or SU2C/PCF mCRPC expression data (f, h;
n=120). r-values and p-values are shown and were calculated using Spearman’s correlation.
(1) SU2C/PCF mCRPC transcriptome analyses of RNA-sequencing data from 120 patient
biopsies for CBP, p300 and AR expression divided into very high (upper 25% expressed
genes), medium high (50%-75% expressed genes), medium low (25%-50% expressed genes)
and very low (lower 25% expressed genes). (j) Nuclear protein expression (H-score) of CBP
and p300 in 43 matched, same patient, castration sensitive prostate cancer (CSPC; grey) and
CRPC (red). Median H-score and interquartile range is shown. p-values were calculated
using Wilcoxon matched-pair signed rank test. (k-1) Representative micrographs of CBP and
p300 detection by immunohistochemistry in matched, same patient, CSPC and CRPC
biopsies. Needle biopsies (NB), prostatectomies (prost), bone biopsies (bone) and lymph

node biopsies (LN) are shown. Scale bar represents 50 pum.

Figure 2: CBP and p300 protein knockdown impacts AR-V7 expression and AR
signaling independent of C-MYC expression in castration resistant prostate cancer

models.

(a-c) 22Rv1 and (d-f) LNCaP95 were transfected with a total of 100nM siRNA with 50nM of
either CBP, p300, p300 plus CBP, or C-MYC siRNA (made up to total with Control siRNA)
for 72 hours. The effect of each condition on AR-FL, AR-V7, KLK2, KLK3, FKBP5,
TMPRSS2, C-MYC, CBP and p300 mRNA expression (22Rv1 a; LNCaP95 d) and AR- FL,

35

Downloaded from cancerdiscovery.aacrjournals.org on January 22, 2021. © 2021 American Association for
Cancer Research.


http://cancerdiscovery.aacrjournals.org/

Author Manuscript Published OnlineFirst on January 11, 2021; DOI: 10.1158/2159-8290.CD-20-0751
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

AR-V7, C-MYC, KLK3, CBP, p300 and GAPDH protein expression was determined (22Rv1
b; LNCaP95 e). Mean mRNA expression (normalized to an average of
B2M/GAPDH/HPRT1 and control siRNA; defined as 1.0) with standard error of mean from
three individual experiments is shown. Growth assays by CellTitre-Glo were carried out
(22Rv1 c; LNCaP95 f) (normalized to control siRNA; defined as 1.0) with standard deviation
of an individual experiment with six replicates is shown. p-values (*p=<0.05, **p=<0.01,
***p=<0.001) were calculated for each condition compared to control siRNA (at equivalent
concentration) using unpaired student t-test. Western blots are shown in triplicate. (g-i)
22Rv1 cells with doxycycline-inducible short hairpin (sh) RNA to Control (shCON), CBP
(shCBP) or p300 (shp300) were treated with 10ng/ug doxycycline for 48 hours prior to
transfection with empty vector plasmid (EV), CBP plasmid (CBP rescue) or p300 plasmid
(p300 rescue). The effect of each condition on CBP, p300, AR-FL, AR-V7, KLK3, FKBP5,
TMPRSS2, C-MYC, ODC and CAD mRNA expression (g) and CBP, p300, AR-FL, AR-V7,
C-MYC and GAPDH protein expression (h) was determined after 48 hours. Mean mRNA
expression (normalized to 18S and shCON:EV; defined as 1.0) with standard error of mean
from three individual experiments is shown. p-values (*p=<0.05, **p=<0.01, ***p=<0.001)
were calculated for shCBP:EV compared to sShCBP:CBP rescue, and shp300:EV compared to
shp300:p300 rescue, using unpaired student t-test. Western blots demonstrate single
experiment. The effect of each condition on relative growth was determined after 5 days
using the PicoGreen dsDNA assay (i). Mean relative growth (normalized to baseline and
shCON:EV; defined as 1.0) with standard error of mean from three individual experiments is
shown. p-values (*p=<0.05, **p=<0.01, ***p=<0.001) were calculated for shCBP:EV
compared to shCBP:CBP rescue, and shp300:EV compared to shp300:p300 rescue, using
unpaired student t-test.

Figure 3: CCS1477, a selective p300/CBP inhibitor, downregulates AR and C-MYC

signaling, and inhibits the growth of prostate cancer models.

(a) Chemical structure of CCS1477. (b) A summary of the derived Kinetic parameters from
analysis of CCS1477 in a Surface Plasmon Resonance SPR assay (Ko, is the rate constant for
the association of the protein-ligand reaction, S.E. is the standard error of the mean, Ko is
the rate constant for the dissociation of the protein-ligand reaction, Kq is the equilibrium

constant for the dissociation equilibrium, Ty, is the half-life of the protein-ligand reaction).
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(c) Inhibition of cell proliferation by CCS1477 in prostate cancer cell lines representative of
hormone dependent, hormone independent or CRPC with the ICso determined by either Cell
Titre Glo or CyQuant. (d) Schematic of RNA-sequencing experimental setup. Briefly,
22Rv1 cells were grown in hormone-deficient media for 72 hours prior to treatment
CCS1477 (96 nM) or vehicle control. RNA-sequencing was performed in biological
triplicate. (e) Gene set enrichment analysis using the hallmarks pathway from the molecular
signatures database (FDR <0.25). Briefly, normalized RNA-sequencing counts were queried
for over-represented pathways with enrichment (left) and de-enrichment (right) after
CCS1477 treatment are shown. Leading edge plots for the top two de-enriched pathways
after CCS1477 treatment are shown. Normalized enrichment score (NES) and false discovery

rate (FDR) are shown.

Figure 4. CCS1477 inhibits AR and C-MYC signaling in cell line models of castration

resistant prostate cancer.

(a-b) 22Rv1 and (c-d) LNCaP95 were treated with vehicle (OnM = DMSO 0.1%) or various
concentrations of CCS1477 (1nM, 10nM, 30nM, 100nM, 300nM, 1000nM, 3000nM or
5000nM) for 48-hours (72 hours for b). The effect of each condition on AR-FL, AR-V7,
KLK2, KLK3, FKBP5, TMPRSS2, C-MYC, CBP and p300 mRNA expression (22Rv1 a;
LNCaP95 c¢) and AR-FL, AR-V7, C-MYC, and GAPDH protein expression was determined
(22Rv1l b; LNCaP95 d). Mean mRNA expression (normalized to an average of
B2M/GAPDH/HPRT1 and control siRNA; defined as 1.0) with standard error of mean from
three individual experiments is shown. p-values (*p=<0.05, **p=<0.01, ***p=<0.001) were
calculated for each treatment condition compared to vehicle using unpaired student t-test.
Single representative western blot shown from three separate experiments. (e) 22Rv1 cells
were plated in hormone-deficient media for 72 hours. Following which, cells were treated
with vehicle (OnM = DMSO 0.1%) or CCS1477 500nM for 8 hours, with 10nM
dihydrotestosterone (DHT) being added 3 hours before harvest. Chromatin
immunoprecipitation (ChIP) was performed with CBP, p300 and AR-FL antibodies, followed
by PCR with primers designed for known AR binding sites whose gene expression was
significantly downregulated by CCS1477 treatment (KLK3, TMPRSS2, FKBP5 ANKRD30B
and CHRNAZ2), and to known CBP binding sites (TFF1 and TGFA enhancer, enh). Mean

binding as percentage input with standard error of mean from three individual experiments is
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shown. p-values (*p=<0.05, **p=<0.01, ***p=<0.001) were calculated for vehicle compared
to CCS1477 treatment using unpaired student t-test.

Figure 5: CCS1477 decreases AR and AR-V7 signaling and inhibits growth in a 22Rv1

mouse xenograft model.

(a) Once 22Rv1 xenograft tumor volume reached 150mm? then treatment commenced with
either vehicle (measurements for n=9) or CCS1477 (measurements for n=4 per group),
administered by oral gavage, at 10 or 20 mg/kg once daily (QD) or at 30 mg/kg every other
day (QOD) for 28 days (vehicles collected at 26 days due to reaching a legal maximum).
Mean tumor volume with standard error of mean is shown. p-values (*p=<0.05, **p=<0.01,
***p=<0.001) were calculated for vehicle compared to CCS1477 at 10mg/kg QD, 20 mg/kg
QD, and 30 mg/kg QOD at 26 days using unpaired student t-test. (b) The effect of each
condition on C-MYC, KLK3 and TMPRSS2 mRNA expression was determined for 7 days
(left) and 28 days (26 days for vehicle) (right). Mean mRNA expression (normalized to an
average of GAPDH/RPLPO and vehicle treatment; defined as 1.0) with standard error of
mean from individual tumors in each group (3 per group in 7 days, 5 per group from 28 days)
are shown. p-values (*p=<0.05, **p=<0.01, ***p=<0.001) were calculated for each treatment
condition compared to vehicle using unpaired student t-test. (c) The effect of each condition
on AR-FL, AR-V7, C-MYC, and beta-actin protein expression was determined for 7 days
(left) and 28 days (26 days for vehicle) (right). (d) Blood plasma KLK3 protein levels
(ng/ml) were determined every 7 days by ELISA. Mean KLK3 protein levels with standard
deviation from mice in each treatment group are shown. () Gene set enrichment analysis of
RNA-sequencing for 26 days vehicle group and 28 days 20mg/kg CCS1477 QD group
comparing the androgen response (left), AR signature (center) and AR-V7 signature (right)

with normalized enrichment score (NES) and false discovery rate (FDR) are shown.

Figure 6: CCS1477 decreases AR and AR-V7 signaling and inhibits growth in a patient-
derived model of lethal prostate cancer.

(a) Patient-derived xenograft (PDX) CP50c was developed from lymph node biopsy from a
patient who had progressed through all standard-of-care treatments for CRPC. (b) Schematic
overview of CP50c PDX experimental design. Once CP50c PDX tumor volume reached

300mm? treatment, administered by oral gavage, commenced with either vehicle or 20 mg/kg
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CCS1477 daily (QD) until reaching 300% of starting volume (long term, n=6 per group),
with an additional subset treated for short term analysis at 8 days (n=4 per group for mRNA;
n=3 for western blot). (c-d) Mean growth (normalized to start; defined as 100%) with
standard error of mean was determined for each tumor. p-value (*p=<0.05, **p=<0.01,
***p=<0.001) was calculated for vehicle compared to CCS1477 at 20 mg/kg QD at 31 to 35
days using unpaired student t-test. (c). Time to reach 300% growth was used as a surrogate
endpoint for survival. Hazard ratio (HR) with 95% confidence intervals and p-values for
univariate cox survival model are shown (d). (e-f) The effect of 20mg/kg CCS1477 QD
compared to vehicle at eight-days on AR, AR-V7, KLK3, TMPRSS2, and C-MYC mRNA
expression (e) and on AR- FL, AR-V7, C-MYC, and GAPDH protein expression was
determined (f). Mean mRNA expression (normalized to an average of B2M/GAPDH/HPRT1
and vehicle treatment; defined as 1.0) with standard error of mean from individual tumors in
each group is shown. p-values (*p=<0.05, **p=<0.01, ***p=<0.001) were calculated for
each treatment condition compared to vehicle using unpaired student t-test. (g) Gene set
enrichment analysis of RNA-sequencing from vehicle group and 20mg/kg CCS1477 QD
group at 8-days comparing the androgen response (left), AR signature (center left), AR-V7
signature (center right) and MYC targets V2 (right) with normalized enrichment score (NES)
and false discovery rate (FDR) presented.

Figure 7: CCS1477 regulates key prostate cancer therapeutic targets and modulates
blood KLK3 in patients with castration resistant prostate cancer.

(a-f) Patient 1 (a-c) and patient 2 (d-f) were treated with CCS1477 within an ongoing Phase |
clinical trial (NCT03568656). Patient 1 (a-c) was treated orally with 50mg twice daily (BD)
on a 3- days-on-and-4 days-off-schedule. Blood KLK3 levels and timing of pre-dose (after 4-
days off treatment) and post-dose (4-hours post-CCS1477 dose) biopsies are shown (a). The
patient remains on trial. Quantification (b) and representative micrographs for haematoxylin
and eosin (H and E), AR-FL, AR-V7, C-MYC, KLK3, CBP, p300 and Ki67
immunohistochemistry pre-dose and post-dose are shown (c). Scale bar represents 200 um.
Patient 2 (d-f) was treated orally with 25mg BD continuously. Blood KLK3 levels and timing
of pre-dose (prior to starting treatment) and post-dose (3 hours post CCS1477 dose) biopsies
are shown (d). The patient has stopped treatment. Quantification (e) and representative
micrographs for H and E, AR-FL, AR-V7, C-MYC, KLK3, CBP, p300 and Ki67
immunohistochemistry pre-dose and post-dose are shown (f). Scale bar represents 200 pum.
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