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1. Introduction

The Androgen receptor (AR) persistently drives metastatic castration-resistant prostate cancer (mCRPC).
Annually, about 200,000 American men receive a prostate cancer diagnosis, with 30,000 facing lethal outcomes'.
The vast majority of these fatalities stem from mCRPC. In the current post-genomic landscape, delineating clear
genotype-phenotype links due to the disease's genetic underpinnings is pivotal for devising new molecular
precision oncology targets. Comprehensive genomic investigations have thoroughly cataloged the genetic shifts
prevalent in mCRPC, predominantly featuring anomalies in AR signaling (like AR and FOXA1), tumor
suppressor functions (TP53 and PTEN), and DNA repair pathways (BRCA1/2, ATM, and CDK12)?7. While the
evolution to castration-resistance is intricate, modifications concerning AR and its adjunct elements remain
crucial in the progression from localized ailment to mCRPC. Yet, second-generation AR adversaries have shown
diminished efficacy against mCRPC in patients harboring persistent genetic shifts that perpetually ignite AR
signaling®. Given the inevitable resistance against present-day AR-centric therapies, formulating innovative
therapeutic interventions that target AR or its associated signaling pathways is of paramount importance for
mCRPC patients.

AR and the mammalian switch/sucrose non-fermentable (mSWI/SNF) chromatin remodeling complex.
Upon transformation, the AR relocates to cancer-specific enhancers, termed neo-enhancers. Working
synergistically with other factors within the AR enhanceosome, it sustains the activation of these neo-enhancers,
propelling rapid cell proliferation’. In mCRPC, the reliance on the AR enhanceosome intensifies due to various
changes, such as AR amplification, mutations, splice variants, and modifications in AR-linked transcriptional
cofactors®®. Chromatin remodelers, essential multi-unit assemblies, harness ATP hydrolysis to modify
nucleosomes' positions and composition. This modification permits DNA-binding proteins like AR and
transcriptional apparatuses to access DNA, facilitating gene expression. Among the four chromatin remodeler
classes—mSWI/SNF, imitation SWI(ISWI), INO80, and nucleosome remodeling and deacetylation
chromodomain helicase DNA binding complexes®!’—it's noteworthy that mSWI/SNF complexes are crucial for
AR activity in prostate cancer cells!!"!3. Although comprehensive genomic studies indicate that mutations in
mSWI/SNF genes in prostate cancer are less frequent than in pancreatic or lung cancers, recent research suggests
that mSWI/SNF complexes play a tumor-promoting role in prostate cancer'®. This is especially evident in the
progression from CRPC to castration-resistant neuroendocrine prostate cancer (NEPC)!®. Such findings hint at
the mSWI/SNF complexes' regulatory influence on AR signaling and other prostate cancer-specific pathways,
making them pivotal in the onset and development of prostate cancer. These complexes, therefore, present
potential therapeutic targets, although treatments focusing on mSWI/SNF complexes for prostate cancer are still
in the pre-clinical phase.

AU15330, a proteolysis targeting chimera (PROTAC) SMARCAZ2/4 degrader with preferential activity in
AR/FOXAT1-positive prostate cancer cells. The mSWI/SNF complex modulates nucleosome positioning on
DNA, influencing numerous cellular processes related to chromatin structure through an ATP-dependent
mechanism. Each mSWI/SNF complex incorporates one of two distinct bromodomain-containing ATPases: either
SMARCA2 (BRM) or SMARCA4 (BRG1). Targeted inhibition of the ATPase component of mSWI/SNF
complexes has been suggested as a potential treatment for cancers harboring mS WI/SNF mutations'®. While many
contemporary therapeutics are small molecule-based and function by temporarily inhibiting protein activity, not
all biological targets are amenable to this mechanism of action (MOA). In contrast, PROTAC technology offers
an innovative approach. It modulates protein levels by leveraging the ubiquitin-proteasome system, leading to the
degradation of the targeted protein. This method not only offers enhanced selectivity over conventional small
molecule inhibitors but also presents a potential avenue to circumvent resistance mechanisms that are challenging
to address using traditional inhibitory MOAs!”.

In a recent collaboration with Aurigene Discovery Technologies, we introduced AU15330,a PROTAC compound
designed to degrade the ATPase subunits SMARCA2 and SMARCA4. AU15330 is composed of a bromodomain
ligand paired with a ligand for the VHL E3 ubiquitin ligase. When applied to various prostate cancer and
immortalized prostate epithelial cell lines, AU15330 effectively degrades SMARCAZ2/4. Notably, the presence of
the VHL ligand reduces the degradation effect of AU15330, aligning with its intended PROTAC design. After
testing AU15330's growth inhibition properties across diverse cancer cell lines—including prostate, breast, lung,
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colon, and pancreatic—we observed that it preferentially inhibits growth in all AR-positive prostate cancer lines
examined. However, immortalized prostate epithelial cells and AR-negative prostate cancer lines displayed
considerably reduced sensitivity to AU15330. This underscores the pivotal role mSWI/SNF complexes play in
AR/FOXA 1-driven prostate cancer cells.

Inhibition of AR signaling and heterochromatinization of enhancers by SMARCA2/4 degraders. Our
cytotoxicity analysis of AU-15330 revealed that AR/FOXA1-positive prostate cancer cells exhibit a unique
sensitivity to SMARCA2/4 depletion when exposed to this compound. To delve deeper into AU-15330's
mechanism of action in these cells, we conducted a global chromatin accessibility analysis using ATAC-seq. Our
findings indicated that AU15330 significantly promotes heterochromatinization in non-promoter, distal/cis-
regulatory elements. Notably, these chromatin alterations were absent when using a BRD4 degrader, which is
also known to inhibit CRPC cell growth effectively'®. This distinction points to a unique antitumor potency
mechanism derived from inhibiting mSWI/SNF.

Our de novo motif enrichment analysis on these heterochromatinized sites revealed AR, ETS, FOXAI1, and
HOXBI13 as the most significant motifs. This suggests that AU15330 targets AR/FOXAI1/ERG signaling by
specifically inducing heterochromatinization at their binding sites within enhancer regions. Furthermore,
AU15330 caused a pronounced compaction of newly identified enhancers for AR, FOXAT1, and MYC, which are
frequently amplified in mCRPC?!". This compaction was accompanied by a concurrent decrease in the expression
of these critical oncogenic drivers. Subsequent analysis of AR target gene expression in LNCaP and VCaP
prostate cancer cells showed a time and dose-dependent suppression post-AU15330 treatment. This aligns with
earlier studies emphasizing the AR's reliance on mSWI/SNF for its transcriptional activity'"!2. Nevertheless, the
specifics of how the mSWI/SNF complex amplifies AR/FOXA1 signaling remain elusive.

In this investigation, we aim to demystify the precise mechanism by which SMARCA degraders inhibit AR and
induce selective toxicity in AR/FOXA1-positive prostate cancer cells. Additionally, our research will provide
critical pre-clinical data on AU15330, both as an independent agent and in tandem with enzalutamide, setting the
stage for upcoming early-phase clinical trials for mCRPC patients.

2. Keywords:

Prostate cancer, Chromatin remodeling complexes, Androgen receptor (AR), Proteolysis targeting chimera
(PROTAC)

3. Accomplishments

What were the major goals of the project?

According to the Statement of Work (SOW), the major goal of this project from Oct 1st, 2022, to
September 30th, 2023, is to complete the Specific Aim 1 of the project. By completing the Specific Aim
1, we expected to:
a. Determine the efficacy of AU15330 as a monotherapy for CRPC treatment by using cell lines and
patient-derived xenografts in addition to transgenic mouse models of prostate cancer.
b. Establish candidate biomarkers of response to SMARCA?2/4 degrader treatment through molecular
profiling.

What was accomplished under these goals?
1) Major Activities & Specific objectives

The major activities of this project from Oct Ist, 2022, to September 30th, 2023, is to address the
Specific Aims 2 from three aspects (three major tasks as listed below):
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a.

Determine the efficacy of AU15330 as a monotherapy for CRPC treatment by using cell lines and

patient-derived xenografts in addition to transgenic mouse models of prostate cancer.
b. Establish candidate biomarkers of response to SMARCA2/4 degrader treatment through

molecular profiling.

2) Significant results or key outcomes

a.

Determine the efficacy of AU15330 as a monotherapy for CRPC treatment by using cell lines and

patient-derived xenografts in addition to transgenic mouse models of prostate cancer:

1.

Determine the efficacy of AU15330 as a monotherapy in PCa xenografts models: AU15330
targets and degrades the pivotal ATPase subunits (SMARCA2 and SMARCA4) of the
mSWI/SNF complex. In vitro studies revealed that this compound selectively inhibits the
growth of AR/FOXAI1 positive PCa cells. To determine its in vivo efficacy, we first utilized
the VCaP xenograft model. As anticipated, a dosage of 30 mg/kg AUI15330 potently
suppressed tumor growth, as shown in Fig la-b, without affecting animal body weights (Fig
Ic). Subsequently, we evaluated AU15330 using the 22RV1 xenografts model. While
AU15330 effectively degraded target proteins and hindered cellular proliferation in vitro,
dosages of both 30 mg/kg and 60 mg/kg failed to exhibit significant tumor growth inhibition
in vivo (Fig 2a-b). To further validate the in vivo tumor-suppressing capabilities of AU15330,
we employed the C42B xenografts model. As illustrated in Fig 2c¢, AU15330 indeed
demonstrated significant efficacy in inhibiting PCa tumor growth in vivo.
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Figure 1. Determine the efficacy of AU15330 as a monotherapy in PCa xenografts
models. a, b Tumor volume (measured twice per week using calipers) in the VCaP-
derived xenografts with AU15330. c. Animal body weight measurements showing the
effect of vehicle and AU15330 on animal weight in the VCaP xenografts.
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Figure 2. Determine the efficacy of AU15330 as a monotherapy in 22RV1 and C4-
2B xenografts models. a. Tumor volume (measured twice per week using calipers) in
the 22RV1-derived xenografts with AU15330. b. Animal body weight measurements
showing the effect of vehicle and AU15330 on animal weight in the 22RV 1 xenografts.
c. Tumor volume (measured twice per week using calipers) in the C4-2B-derived
xenografts with AU15330.

2. Determine the efficacy of AU15330 as a monotherapy in PCa PDX models: To extend our
investigation of AU15330's anti-tumor efficacy, we assessed its tumor growth inhibitory
effects in PDX. In the AR/FOXA1-driven PCa PDX model, MDA-PCa-146-12, AU15330
demonstrated a significant, albeit mild, growth inhibitory effect in the intact host (Fig 3a-b).
Given that this PDX originated from an mCRPC case, we sought to assess AU15330's efficacy
in a castrated host. Results presented in Fig 3c-d reveal a notably enhanced anti-tumor effect
of AU15330 under castrated conditions. This suggests that castration might be crucial for
accurately gauging AU15330's anti-tumor efficacy. To validate this hypothesis, we conducted
a monotherapy study using VCap xenografts in a castrated host. As depicted in Fig 3e,
AU15330's anti-tumor efficacy was indeed amplified.

3. Conduct a systematic profiling of tumor samples pre- and post-AU15330 treatment: We
utilized RNA-seq analysis to thoroughly assess transcriptomic changes before and after
AU15330 treatment. Rigorous bioinformatics and statistical analyses identified several genes
with elevated expression post-treatment. Notably, the ATP-binding cassette sub-family B
member 1 (ABCB1), also known as multidrug resistance protein 1 (MDR1), was among the
most upregulated genes post-treatment (Fig 4a). This ATP-dependent efflux pump is crucial
for expelling numerous foreign substances from cells. Previous studies have underscored its
role in fostering chemotherapy resistance in multiple cancers, including PCa. Post a month-
long treatment of 22RV1 cells with AU15330, we developed AU15330-resistant 22RV1 cell
lines, termed 22RV1 AUR. Immunoblotting analyses revealed a pronounced increase in
ABCBI levels in 22RV1_AUR compared to its parental cells (Fig 4b). Using genetic and
pharmacological approaches—either targeting ABCB1 via small harpin RNA or its specific
inhibitor, Zosuquidar—we observed a near-total reinstatement of AU15330's efficacy in




22RV1 cells (Fig 4c and 4d). This suggests a combined therapy of AU15330 and Zosuquidar
may further enhance AU15330's anti-tumor effects.
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Figure 3. Determine the efficacy of AU15330 as a monotherapy in PDXs. a. Tumor
volume (measured twice per week using callipers) in the MDA-PCA-12-derived PDX
with AU15330 in the intact host. b. Animal body weight measurements showing the
effect of vehicle and AU15330 on animal weight in the MDA-PCA-12-derived PDX in
the intact host. ¢. Tumor volume (measured twice per week using callipers) in the
MDA-PCA-12-derived PDX with AU15330 in the castrated host. d. Animal body
weight measurements showing the effect of vehicle and AU15330 on animal weight in
the MDA-PCA-12-derived PDX in the castrated host. e. Tumor volume (measured
twice per week using calipers) in the VCaP-derived xenografts with AU15330 in the
castrated host.
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Figure 4. To determine the role of ABCB1 in AU15330 treated tumors. a. RNA-seq
analysis of the tumor post AU-15330 treatment. b. Schematic illustration of 22RV1-
AUR establishment and immunoblots showing the ABCB1 expression in 22RV1 AUR
cells. Histone H3 is the loading control probed on a representative immunoblot. c.
Immunoblots showing the effect of AU15330 post ABCB1 knockdown. d. Animal body
weight measurements showing the effect of vehicle and AU15330 on animal weight in
the MDA-PCA-12-derived PDX in the castrated host. e. Dose-response curves of
22RV1_AUR cells to AUI5330 post genetical or pharmacological inactivating

ABCBI.

Reanalysis of ABCB1 expression in in vivo tumor specimens: We revisited the tumor samples

from this project's in vivo studies using immunoblotting and RT-qPCR. Our findings confirm
an increase in ABCB1 expression in several tumors post-AU15330 treatment (Fig 5). This
indicates that AU15330 exerts significant growth selection pressure on PCa cells, and pre-
existing ABCB1-expressing PCa cells might serve as a potential resistance mechanism against

AU15330.
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Figure 5. Reanalysis of ABCBI1 expression in

in vivo tumor specimens.

Immunoblotting and RT-qPCR to confirm an increase in ABCB1 expression in PCa
tumors post-AU15330 treatment.



What opportunities for training and professional development has the project provided?

During the course of this project, I earned a promotion to the position of Research Assistant Professor in
the Department of Pathology at the University of Michigan. Additionally, I was honored with a selection
as a Scientific Reviewer for the Prostate Cancer Research Program under the CDMRP Programs.

How were the results disseminated to communities of interest?

Nothing to Report

What do you plan to do during the next reporting period to accomplish the goals?

We are nearing successful completion of Specific Aim 2, as outlined in the Statement of Work (SOW).
Moving forward, and in alignment with our proposed plans in the SOW, our primary focus during the
upcoming reporting period will be to assess the combined efficacy of AU-15330 with enzalutamide,
especially in the context of enzalutamide-resistant CRPC.

4. IMPACT:

a. What was the impact on the development of the principal discipline(s) of the project?

b.

C.

d.

The mSWI/SNF complex is a pivotal chromatin remodeling entity that orchestrates the arrangement
and compaction of DNA within a cell's nucleus. Essential subunits of this complex, SMARCA2/4,
supply the energy necessary to uncoil DNA, thereby enabling access to enhancer elements that amplify
the expression of cancer-promoting genes. In our recent research, we've underscored the role of
mSWI/SNF complexes in granting oncogenes access to enhancers, thereby facilitating downstream
gene expression in malignancies. Disrupting SMARCA2/4 effectively severs the oncogenic "puppet
strings," impeding their control. By inactivating the mSWI/SNF complex, our study highlighted its
selective efficacy against specific cancer types, while remarkably sparing normal cells and tissues
from any toxic effects. This discovery illuminates a promising avenue for treating prostate cancers
driven by diverse genetic factors, encompassing approximately 90% of all prostate cancer cases. The
implications of our findings are twofold: they advocate for clinical trials employing compounds
targeting this pathway and hint at the potential of leveraging this strategy against other cancers reliant
on oncogenic transcription factors, including certain multiple myelomas and hematologic
malignancies.

What was the impact on other disciplines?
Nothing to Report
What was the impact on technology transfer?
Nothing to Report
What was the impact on society beyond science and technology?

Nothing to Report

5. Changes/Problems:

a.

Changes in approach and reasons for change

1. Describe any changes in approach during the reporting period and reasons for these changes.
Remember that significant changes in objectives and scope require prior approval of the agency.



6. Products:

There are two minor changes in approach during the reporting period:

1.

Within Major Task 1, our objective was to evaluate the anti-tumor efficacy of AU15330 across
several PCa models, notably the VCaP and 22RV1 xenografts. While AU15330's performance
aligned with our expectations in the VCaP model, it did not exhibit any discernible anti-tumor
effect in the 22RV1 xenografts. Consequently, we extended our assessment to another PCa
xenograft model, the C42B. Our subsequent findings clearly indicated that AU15330 effectively
inhibited PCa tumor growth in vivo.

As part of Major Task 1, our objective was to assess the efficacy of AU15330 using a GEMM
model of PCa. Drawing from our team's past findings, we've discerned three unique classes of
FOXAT1 alterations present in human PCa samples. Notably, the class-2 activating mutations,
primarily seen in metastatic prostate cancers, lead to truncation of FOXA1's C-terminal domain,
thereby amplifying its chromatin binding capabilities due to increased DNA affinity. Our ATAC-
seq analysis further emphasized that inactivating the SWI/SNF complex results in the selective
heterochromatinization of FOXA1 binding sites throughout the PCa cellular genome,
underscoring the pivotal role of SWI/SNF in FOXAl's oncogenic function.

With these insights, our aim shifted to testing AU15330 in a PCa GEMM model designed to
express the class-2 activating mutant FOXA1. We've successfully developed this targeted PCa
GEMM model. However, an intriguing observation emerged: when juxtaposed with the PCa Pten
null GEMM, the prostate-specific manifestation of the class-2 FOXA1 mutation seemed to
catalyze tumorigenesis more gradually than the Pten loss-of-function. This led us to infer that the
FOXA1 GEMM model might not be the optimal in vivo platform for gauging AU15330's potency.
Pivoting from this, we're now considering the use of PCa organoids cultivated from the FOXA1
GEMM. This strategy not only promises a more direct evaluation of AU15330's impact on cancer
cells but is also in line with our commitment to conserving animal resources.

b. Actual or anticipated problems or delays and actions or plans to resolve them.

We have described the encountered problems, and actions or plans to resolve them above.

c. Changes that had a significant impact on expenditures.

Nothing to Report

d. Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or
select agents.

Nothing to Report
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1.

Lanbo _ Xiao, Abhijit Parolia, Yuanyuan Qiao, Pushpinder Bawa Pushpinder, Sanjana
Eyunni, Rahul Mannan, Sandra E. Carson, Yu Chang, Xiaoju Wang, Yuping Zhang, Josh
Vo, Steven Kregel, Stephanie A. Simko, Andrew D. Delekta, Mustapha Jaber, Heng
Zheng, Ingrid Apel, Lisa McMurry, Fengyun Su, Rui Wang, Sylvia Wang, Sanjita Sasmal, Leena
K. Satyam, Subhendu Mukherjee, Chandrasekhar Abbinenl, Kiran Aithal, Mital S. Bhakta, Jay
Ghurye, Xuhong  Cao, Nora M.  Navone, Alexey = Nesvizhskii, Rohit =~ Mehra, Ulka
Vaishampayan, Marco Blanchette, Yuzhuo Wang, Susanta Samajdar, Murali Ramachandra, Arul
M. Chinnaiyan. Targeting SWI/SNF ATPases in enhancer-addicted prostate cancer. Abstract: The
switch/sucrose non-fermentable (SWI/SNF) complex plays a crucial role in chromatin remodeling
and is recurrently altered in over 20% of human cancers. Here, we developed a proteolysis
targeting chimera (PROTAC) degrader of ATPase subunits of the SWI/SNF complex, SMARCA?2
and SMARCAA4. Intriguingly, we found androgen receptor (AR)/forkhead box Al (FOXAI)-
positive prostate cancer to be exquisitely sensitive to dual SMARCA2 and SMARCA4 degradation
relative to benign prostate as well as other cancer cell lines, including those with inactivating
SMARCA4 mutations. Mechanistically, SWI/SNF inhibition rapidly compacts the cis-regulatory
elements that are bound and activated by transcription factors that drive cancer proliferation,
namely AR, FOXA1, ERG, and MYC. This ensues in chromatin untethering of these oncogenic
drivers, chemical decommissioning of their core enhancer circuitry, and attenuation of downstream
gene programs. Furthermore, we found SWI/SNF inhibition to disrupt super-enhancer and
promoter DNA looping interactions that wire supra-physiologic expression of the AR, FOXAI,
and MYC oncogenes, thereby tempering their expression in cancer cells. Monotherapy with the
SMARCA2/4 degrader induced potent inhibition of tumor growth in cell line-derived xenograft
models of prostate cancer and remarkably synergized with AR antagonists, inducing disease
remission in models of castration-resistant prostate cancer. We also found the combinatorial
treatment to significantly inhibit the growth of enzalutamide resistant disease using in vitro as well
as patient-derived xenograft models. Notably, no major toxicities were seen in mice upon
prolonged treatment with the SMARCA2/4 degrader, including no indications of
thrombocytopenia, gastrointestinal goblet cell depletion, or germ cell degeneration. Taken together,
these results suggest that impeding enhancer accessibility through SWI/SNF ATPase inactivation
represents a novel therapeutic approach in enhancer addicted human cancers.

Abhijit Parolia, Lanbo_Xiao, Yuanyuan Qiao, Pushpinder Bawa, Sanjana Eyunni, Eleanor
Young, Rahul Mannan, Sandra E. Carson, Yu Chang, Yuping Zhang, James George, Mustapha
Jaber, Fengyun Su, Rui Wang, Sanjita Sasmal, Leena Khare, Subhendu Mukerjee, Chandrasekhar
Abbinenl, Kiran Aithal, Xuhong Cao, Yuzhuo Wang, Susanta Samajdar, Murali
Ramachandra, Arul M. Chinnaiyan. Abstract: In mammalian cells, DNA is wrapped around
histone octamers (collectively referred to as nucleosomes) which form a physical barrier to all
DNA-based processes. The switch/sucrose non-fermentable (SWI/SNF) is a multi-subunit
chromatin remodeling complex that uses energy from ATP hydrolysis to reposition or eject
nucleosomes at non-coding regulatory elements, thereby enabling access to the underlying DNA
for transcriptional activation. Notably, the SWI/SNF complex plays a crucial role in chromatin
remodeling and is recurrently altered in over 20% of human cancers, with the revised complex in
cancer cells enabling central oncogenic gene programs. Yet, no studies have assessed the
therapeutic efficacy of complete SWI/SNF inactivation across human cancers. Here, we developed
a proteolysis targeting chimera (PROTAC) degrader of ATPase subunits of the SWI/SNF complex,
SMARCA?2 and SMARCAA4. In a panel with over 90 normal and cancer cell lines from 18 different
lineages, we found MY C-driven multiple myeloma and androgen receptor (AR)/forkhead box Al
(FOXA1)-positive prostate and breast cancers to be preferentially sensitive to dual SMARCA2
and SMARCA4 degradation relative to benign prostate as well as other cancer cell lines, including
cancer cell lines with inactivating SMARCA4 mutations. We found complete SWI/SNF ATPase
degradation to instantaneously compact the cis-regulatory elements that are bound and activated
by transcription factors that drive cancer proliferation, namely MYC, IRF4, TCF3, AR, FOXAI,
and ERG. This ensued in parallel untethering of these oncogenic drivers from the chromatin, with
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subsequent chemical decommissioning of their core enhancer circuitry and attenuation of
downstream gene programs. Furthermore, using chromatin conformation assays we found
SWI/SNF inactivation to disrupt super-enhancer and promoter DNA looping interactions that wire
supra-physiologic expression of the MYC, AR, ERG, IRF4, and TCF3 oncogenes themselves,
thereby tempering their expression in cancer cells. Treatment with the SMARCA2/4 degrader
alone induced potent inhibition of tumor growth in cell line-derived xenograft models of multiple
myeloma, as well as prostate cancer, and synergized with AR antagonists, inducing disease
remission in several drug-resistant disease models. Notably, no major toxicities were seen in mice
upon prolonged treatment with the SMARCA2/4 degrader, including no indications of
thrombocytopenia, gastrointestinal goblet cell depletion, or germ cell degeneration—all being
major toxicities associated with the BRD4-targeting therapeutics. To our knowledge, this study is
the first preclinical proof of concept that targeted obstruction of chromatin accessibility at non-
coding regulatory elements can be a potent therapeutic strategy in enhancer-addicted tumors,
warranting the safety and efficacy assessments of SWI/SNF inhibitors and degraders in human
clinical trials.

Palak Shah, Pushpinder Bawa, Lanbo _Xiao, Yelena Kleyman, Josh Vo, Saravana M.
Dhanasekaran, Jason Brown, Nicolette Loeding, Alexander Koons, Javed Siddiqui, Xuhong
Cao, Arul M. Chinnaiyan. Circular RNAs as non-invasive diagnostic biomarkers for prostate
cancer. Abstract: Prostate cancer is one of the most common cancers in men. The disease is largely
indolent in nature and treatment of low-risk prostate cancer is not always necessary. However, a
fraction of the patients will progress to aggressive disease which accounts for most of the cancer
related mortality. Detection methods accurately differentiating between high- and low-risk patients
for lethal prostate cancer is a critical need and currently, prostate biopsies and subsequent
histopathology and molecular profiling are the most definitive way to differentiate between these
two patient populations. But biopsies are invasive procedures associated with significant morbidity.
Hence, there exists a critical need to develop non-invasive and highly sensitive diagnostic
biomarkers to avoid unnecessary biopsies. Here, we propose to develop a novel biomarker panel
which constitutes of a class of RNA molecules called circular RNA (circRNA) to be detected in
liquid biopsies. Circular RNAs are covalently closed RNA structures, which are resistant to
degradation by exoribonucleases because of the absence of free termini in their nucleotide chain.
Due to their increased stability compared to their linear counterparts, circRNAs are ideal
candidates for biomarkers, especially in non-invasive liquid biopsies. Using MiOncoCirc, a
circRNA compendium from >2,000 primary and metastatic cancer tissues representing 40 cancer
types, we first identified 9 circRNAs that are specifically expressed in prostate adenocarcinoma
(PRAD) compared to all other cancer types. Next, we examined if these candidates are
differentially expressed between PRAD and normal prostate tissues. Based on higher levels of
expression which were statistically significant in the PRAD compared to normal prostate tissues,
we promoted 4 circRNAs to our biomarker panel. In addition, our panel also includes 2 circRNAs
that we predicted to arise from PRAD specific IncRNAs. To study the expression of the novel 6-
circRNA biomarker expression in high-risk prostate cancer patients we developed a capture-based
RNA sequencing assay. For the initial round we used this assay to test our pilot post-DRE patient
urine sample EDRN cohort and detected expression of the prostate cancer-specific circRNAs in a
subset of these post-DRE urine samples. We are in the process of expanding our test cohort which
will also contain additional clinical annotations such as Gleason score. Post cohort assembly we
intend to run our 6-circRNA capture assay on these samples to determine whether the expression
levels of candidate circRNAs are correlated with disease stage and other clinical parameters. Our
results will facilitate the rapid development of a diagnostic test using non-invasive urine samples
for the early detection of high-risk prostate cancer.

Tongchen He, Caleb Cheng, Abhijit Parolia, Alex Hopkins, Yuanyuan Qiao, Lanbo Xiao, Arul
Chinnaiyan. Overcoming acquired resistance to PROTAC degraders. Abstract: Proteolysis-
targeting chimera (PROTAC) technology has been widely investigated for cancer treatment and
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there have been several PROTAC degrader-based drugs used for clinical trials in the past few years.
PROTAC degraders are able to target crucial proteins traditionally thought to be “undruggable”,
such as transcriptional factors. Hence, there is increasing interest in these drugs due to their highly
efficacy and low off-target toxicity. However, upon further investigation, it has been found that
after a period of treatment with PROTAC degraders, cancer cells can acquire resistance to these
compounds. Thus, it is of increasing importance to figure out the mechanisms of the resistance and
to overcome the acquired resistance to these PROTAC degraders. In our study, we classified
resistance mechanisms of prostate cancer cells to PROTAC degraders into two classes and
identified factors that can induce them to preferentially develop specific resistance mechanisms.
Methods and Results: AU-15330 is a PROTAC that specifically degrades the subunits (BRGI,
PBRM1, BRM) of SWI/SNF complex. We treated 22rv1, a prostate cancer cell line, with different
AU-15330 concentrations over a month to establish AU-15330-resistant cell lines. Whole exome
sequencing (WES) analysis of these resistant cell lines found that the resistant cell lines that were
developed through high-dose (1uM) AU-15330 treatment acquired multiple point mutations within
or adjacent to the AU-15330 targeting bromodomain of BRG1. However, BRG1 point mutations
were absent in the resistant cell lines that developed through lower concentration of AU-15330
treatment (100nM). Instead, RNA-seq analysis revealed that ABCBI (also known as Multidrug
Resistance Protein 1) expression was upregulated in cells that developed resistance to AU-15330
at 100nM. This was further confirmed by Western blot and qPCR. Next, we overexpressed ABCBI1
in LNCaP and 22RV 1, and found that overexpression of ABCB1 indeed made prostate cancer cells
resistant to AU15330. In addition, we tested with several different potent PROTAC degraders
(ARDG616, ZBC260, etc) in ABCB1-expressing AU-15530 resistant cells, and found the ABCB1
expression drove the cells to become resistant to all tested PROATC degraders compared to the
parental cells. Lastly, we demonstrated that Zosuquidar, an ABCBI1 inhibitor, can overcome the
ABCBI-mediated resistance to AU-15330 and other PROTAC degraders, suggesting that
inhibiting ABCB1 might be a direct and effective strategy to restore PROTAC degrader’s potency
when ABCBI-mediated drug resistance is developed. Conclusion: Our study found that the
mechanisms of resistance of PROTAC degraders can vary and may be dependent on drug
concentrations. Such concepts may inform future clinical decision-making regarding drug dosing.

. Mota M, Sweha SR, Pun M, Natarajan SK, Ding Y, Chung C, Hawes D, Yang F, Judkins AR,
Samajdar S, Cao X, Xiao L, Parolia A, Chinnaiyan AM, Venneti S. Targeting SWI/SNF ATPases
in H3.3K27M diffuse intrinsic pontine gliomas. Proc Natl Acad Sci U S A. 2023 May
2;120(18):€2221175120. Abstract: Diffuse midline gliomas (DMGs) including diffuse intrinsic
pontine gliomas (DIPGs) bearing lysine-to-methionine mutations in histone H3 at lysine 27
(H3K27M) are lethal childhood brain cancers. These tumors harbor a global reduction in the
transcriptional repressive mark H3K27me3 accompanied by an increase in the transcriptional
activation mark H3K27ac. We postulated that H3K27M mutations, in addition to altering H3K27
modifications, reprogram the master chromatin remodeling switch/sucrose nonfermentable
(SWI/SNF) complex. The SWI/SNF complex can exist in two main forms termed BAF and PBAF
that play central roles in neurodevelopment and cancer. Moreover, BAF antagonizes PRC2, the
main enzyme catalyzing H3K27me3. We demonstrate that H3K27M gliomas show increased
protein levels of the SWI/SNF complex ATPase subunits SMARCA4 and SMARCAZ2, and the
PBAF component PBRM1. Additionally, knockdown of mutant H3K27M lowered SMARCA4
protein levels. The proteolysis targeting chimera (PROTAC) AU-15330 that simultaneously
targets SMARCA4, SMARCA?2, and PBRM1 for degradation exhibits cytotoxicity in H3.3K27M
but not H3 wild-type cells. AU-15330 lowered chromatin accessibility measured by ATAC-Seq at
nonpromoter regions and reduced global H3K27ac levels. Integrated analysis of gene expression,
proteomics, and chromatin accessibility in AU-15330-treated cells demonstrated reduction in the
levels of FOXO1, a key member of the forkhead family of transcription factors. Moreover, genetic
or pharmacologic targeting of FOXO1 resulted in cell death in H3K27M cells. Overall, our results
suggest that H3K27M up-regulates SMARCA4 levels and combined targeting of SWI/SNF
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ATPases in H3.3K27M can serve as a potent therapeutic strategy for these deadly childhood brain
tumors.

c. Original copy of journal article:
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The switch/sucrose non-fermentable (SWI/SNF) complex has acrucial rolein
chromatin remodelling' and is altered in over 20% of cancers®*. Here we developed a
proteolysis-targeting chimera (PROTAC) degrader of the SWI/SNF ATPase subunits,
SMARCA2 and SMARCAA4, called AU-15330. Androgen receptor (AR)* forkhead box Al
(FOXAI)* prostate cancer cells are exquisitely sensitive to dual SMARCA2 and
SMARCA4 degradation relative to normal and other cancer cell lines. SWI/SNF ATPase
degradation rapidly compacts cis-regulatory elements bound by transcription factors
that drive prostate cancer cell proliferation, namely AR, FOXA1, ERG and MYC, which
dislodges them from chromatin, disables their core enhancer circuitry, and abolishes

the downstream oncogenic gene programs. SWI/SNF ATPase degradation also
disrupts super-enhancer and promoter looping interactions that wire
supra-physiologic expression of the AR, FOXAI and MYC oncogenes themselves.
AU-15330 induces potent inhibition of tumour growth in xenograft models of prostate
cancer and synergizes with the AR antagonist enzalutamide, even inducing disease
remissionin castration-resistant prostate cancer (CRPC) models without toxicity.
Thus, impeding SWI/SNF-mediated enhancer accessibility represents a promising
therapeutic approach for enhancer-addicted cancers.

Ineukaryoticcells, DNAis wrapped around histone octamers (referred
to as nucleosomes), which form a physical barrier to DNA-based pro-
cesses*. Thus, gene expressionis regulated by modifying physical acces-
sibility of the DNA through nucleosomal remodelling and, wheninan
accessiblesstate, through binding of transcription factors®®. In this regu-
latory context, non-coding genomic elements called enhancers have
emerged as central hubs serving as integrative platforms for transcrip-
tion factor binding and activation of lineage-specific gene programs™,
Theenhancer elements canlie within untranslated or distal intergenic
regions and make loopinginteractions with their target gene promot-
ersto potentiate RNA polymerase Il (Polll)-mediated transcription®.

Incancer, geneticalterationsinvariably lead to an aberrant transcrip-
tional state that is often wired through expansion and remodelling of
the enhancer landscape™™. This includes de novo commissioning of
new enhancers (neo-enhancers) by reprogramming of pioneer factor

cistromes®, enhancer hijacking via structural rearrangements'", and/
or abnormal enhancer-promoter interactions viaalterationsin chro-
matin topology'®—all to enable hyper-expression of driver oncogenes.
Although there has been intense interest in therapeutically target-
ing aberrant enhancer function in cancer, the molecular machinery
responsible for enhancer maintenance and/or activation remains
poorly characterized.

Recent studies have uncovered alterations in genes encoding con-
stituent subunits of the SWI/SNF complex in over 20% of human can-
cers®. SWI/SNF is a multi-subunit chromatin-remodelling complex that
uses energy from ATP hydrolysis to reposition or eject nucleosomes
atnon-codingregulatory elements, thereby enabling free DNA access
for the transcriptional machinery'. In SWI/SNF-mutant tumours, the
residual complexisthought to enable oncogenic transcriptional pro-
grams and speculated to be a viable therapeutic target” . Although
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Fig.1|AU-15330, aspecific degrader of SWI/SNF ATPases, exhibits
preferential cytotoxicity in enhancer-binding transcription factor-driven
cancers. a, Structure of AU-15330 and schematic of SMARCA2, SMARCA4 and
PBRM1domains. AU-15330-targeted bromodomains (BD) are shown. QLQ,
conserved GIn, Leu, GIn motif containing domain; HSA, helicase/SANT-
associated domain; BRK, Brahma and Kismet domain; SnAC, Snf2 ATP coupling
domain; BAH1, bromo-adjacent homology domain 1; BAH2, bromo-adjacent
homology domain2.b, Immunoblots of SMARCA2, SMARCA4 and PBRM1on

inhibitors and degraders of ATPase and BRD7-BRD9 SWI/SNF subunits
have been recently developed®?, to our knowledge, no studies have
comprehensively assessed the therapeutic efficacy of SWI/SNF inactiva-
tionacross awide spectrum of cancers. To this end, we have developed
and characterized a highly-selective PROTAC degrader of both SWI/
SNF ATPase subunits—SMARCA2 (BRM) and SMARCA4 (BRG1)—that
are required for the nucleosomal-remodelling functions of SWI/SNF
complexes.

We found enhancer-binding transcription factor-addicted cancers
(for example, AR-FOXAI1-driven prostate cancer) to be exquisitely
and preferentially sensitive to SWI/SNF ATPase degradation, which
triggered an instantaneous, specific loss of physical accessibility and
transcription factor binding at enhancer elements, thereby disrupting
enhancer-wired oncogenic gene programs. To our knowledge, this
study is the first preclinical proof of concept that targeted obstruc-
tion of chromatin accessibility at enhancer elements may be a potent
therapeutic strategy in transcription factor-addicted tumours.

Results

We developed the PROTAC degrader, AU-15330, comprising a bait
moiety that binds the bromodomainin SMARCA2 and SMARCA4 and a
ligand moiety for the von Hippel-Lindau (VHL) ubiquitin ligase (Fig. 1a,
Extended DataFig.1a). AU-15330 also binds to the secondary SWI/SNF
module component PBRM1, which relies on the ATPase module for
assembly onto the core complex?®?. Although it binds to the same
bromodomain in target proteins as the PROTAC degrader ACBI1%,
AU-15330 comprises a distinct linker structure that largely dictates
aPROTAC's target selectivity and degradation kinetics?. Treatment
of several cell lines with AU-15330 led to time and dose-dependent
degradation of SMARCA2, SMARCA4 and PBRMI (Fig. 1b). Mass
spectrometry-based proteomics analysis confirmed SMARCA2,
SMARCA4 and PBRML1 as the only significantly downregulated

. Ewing sarcoma M Glioblastoma

-0.5

treatment of HEK 293 and HeLa cells with AU-15330 at increasing concentrations
or time durations. Vinculinis used asaloading control, andisprobedona
representativeimmunoblot. This experiment wasrepeated independently
twice. ¢, ICs,0f AU-15330 ina panel of human-derived cancer or normal cell
lines after 5 days of treatment. Known SMARCA4 loss-of-function (LOF)
alterations and multiple myeloma (MM) cell lines with MYC rearrangements
(MYC-R'ed) are identified below the graph. AR and FOXAlscores quantify their
transcriptional activities using cognate multi-gene signatures.

proteins (Extended Data Fig. 1b). Of note, we detected no change
in the abundance of other bromodomain-containing proteins or
non-targeted SWI/SNF subunits (Extended Data Fig. 1c, d). SWI/SNF
complexes have been shown to assemble in amodular manner, with
the ATPase module being the last to bind to the SMARCCI (also known
as BAF155)-containing core complex®. Accordingly, SMARCC1 nuclear
immunoprecipitation followed by mass spectrometry showed no
changesinthe sequential assembly of the core and secondary modules
but revealed detachment of ATPase module subunits upon AU-15330
treatment (Extended Data Fig. 1e).

Using apanel of normal and cancer cell lines from 14 distinct lineages,
we found AR and FOXA1-driven prostate cancer cells to be preferen-
tially sensitive to AU-15330 (half-maximal inhibitory concentrations
(IC4,) <100 nM; Fig.1c, Extended Data Fig. 1f, g, Supplementary Table 1).
ARFOXAL prostate cancer cells showed moderate sensitivity (ICs,
between100-400 nM), whereas normal and non-neoplastic prostate
cellswereresistant (ICs,>1,000 nM) to AU-15330. We observed asimilar
cytotoxicity profile for ACBI1 and BRMO14, an allosteric dual inhibitor
of SMARCA2 and SMARCA4 ATPase activity® (Extended Data Fig. 1h, i).
Notably, AR"FOXAL" prostate cancer cells were more sensitive to these
inhibitors than SMARCA4-null cancer cell lines. Several MYC-driven
multiple myeloma cells and oestrogen receptor- and/or AR-positive
breast cancer cells were also acutely sensitive to AU-15330 (Fig. 1c,
Extended Data Fig. 1j, k).

In several prostate cancer cell lines, we detected substantial
expression of both SWI/SNF ATPases, which were rapidly degraded
ina dose-dependent manner by AU-15330 (Extended Data Fig. 2a, b).
Concordantly, AU-15330 attenuated the growth of these cells and
induced apoptotic cell death, while having no anti-proliferative
effect on benign or non-neoplastic prostate cells (grey bars, Fig. 1c)
at parallel doses (Extended Data Fig. 1f, 2c-e). Treatment with either
the bromodomain ligand alone (AU-15139) or an inactive epimer
of AU-15330 (AU-16235) had no effect on target protein levels or
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Fig.2|SWI/SNF ATPase degradation disrupts physical chromatin
accessibility at the core-enhancer circuitry to disable oncogenic
transcriptional programs. a, ATAC-seq read-density heat maps from VCaP
cellstreated with DMSO or AU-15330 for indicated durations (n =2 biological
replicates). b, Genome-wide changesin chromatin accessibility upon AU-15330
treatment for 4 hin VCaP cells along with genomic annotation of sites that lose
physical accessibility (lost) or remain unaltered (retained). ¢, d, ChIP-seq
read-density heat maps for AR and FOXA1(c) and H3K27Ac (d) at the AU-15330
(AU)-compacted genomicsitesin VCaP cells after treatment with DMSO or
AU-15330 (1 uM) for indicated times and stimulation withR1881 (1 nM, 3 h).

e, RNA-seq heat maps for classical AR target genesin LNCaP, VCaP and LAPC4
prostate cancer cells with or without 24 h of AU-15330 treatment.

cancer cell survivaland growth (Extended Data Figs. 1f, g, 2f, g). Next,
competition of AU-15330 with afree VHL ligand (VL285), but not with
thalidomide, reversed degradation of SWI/SNF targets (Extended Data
Fig.2g) and rescued the growthinhibitory effectin a dose-dependent
manner (Extended DataFig. 2h). Furthermore, pre-treatment of VCaP
cells (an AR'FOXAL" prostate cancer cell line model) with bortezomib
(a proteasome inhibitor) or MLN4924 (a NEDDS8-activating enzyme
inhibitor) hindered target protein degradation, indicating that
AU-15330 requires the proteasome machinery and ubiquitination
cascade for its action (Extended Data Fig. 2g).

As SWI/SNF complexes actively remodel nucleosomal DNA packag-
ing, we profiled the effect of AU-15330 on physical chromatin acces-
sibility using the assay for transposase-accessible chromatin followed
by sequencing (ATAC-seq). We detected a rapid and near-complete
loss in chromatin accessibility at more than 30,000 sitesin VCaP cells
with aslittle as1h of AU-15330 treatment (Fig. 2a), which is within min-
utes of SMARCA2 and SMARCA4 degradation (Extended Data Fig. 3a);
approximately 25,000 genomic sites showed little to no change in
nucleosomal density (Extended Data Fig. 3b). Similar profound changes
in chromatin accessibility were not observed upon treatment with a
BRD4 degrader (ZBC-260; Extended Data Fig. 3a, b). In our genetic
models using CRISPR-Cas9 and shRNA-mediated targetinactivation,
we detected asignificant compaction of the chromatin only upon con-
currentloss of both SWI/SNF ATPases (Extended DataFig. 3¢, d). More
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than 90% of the AU-15330-compacted sites were within distal regulatory
regions, whichwere enriched for enhancers, whereas the retained sites
were predominantly within promoters (Fig. 2b). De novo motif and
binding analysis for the regulation of transcription (BART) analyses
of AU-15330-compacted sites identified DNA-binding elements for
major oncogenic transcription factors in prostate cancer, including
AR, FOXA1, HOXB13 and ERG (Extended Data Fig. 3¢, f). As expected,
retained promoter sites showed enrichment for Polll and E2F motifs
(Extended Data Fig. 3g). Interrogation of chromatin changesin LNCaP
cells upon AU-15330 treatment reproduced these findings (Extended
DataFig. 4a-c).

Concurrent with theloss of accessibility, chromatinimmunoprecipita-
tion followed by sequencing (ChIP-seq) revealed a decrease in chromatin
binding of AR, FOXA1, and ERGin VCaP cells within1h of AU-15330 treat-
ment (Fig. 2¢c, Extended DataFig.4d, e). We also detected disappearance
of the characteristic ‘valley’ pattern in the H3K27Ac ChIP-seq signal,
indicating the movement of flanking nucleosomes towards the centre
of AU-15330-compacted enhancers (Fig. 2d). At early time points, we
detected no loss in the abundance of the H3K27Ac mark; however, it
was significantly depleted 24 h after AU-15330 treatment (Extended
DataFig. 4f).Similar results were observed upon AU-15330 treatment of
LNCaP cells (Extended DataFig. 4g, h). Loss of AR, FOXAland H3K27Ac
ChlIPsignals was evident at enhancer sites of the classical AR target gene
KLK3 (Extended Data Fig. 4i). We found AR, FOXA1, ERG and SMARCC1
to co-occupy alarge fraction of H3K27Ac-marked regulatory elements
(Extended Data Fig. 5a-c). Furthermore, multiple core SWI/SNF com-
ponents were present in the mass spectrometry-based datasets of AR,
FOXAL, and ERG interactomes (Extended Data Fig. 5d), which we con-
firmed by reciprocal co-immunoprecipitation assays (Extended Data
Fig.5e). This positions SWI/SNF complexes as common chromatin cofac-
torsofthe oncogenic transcriptional machinery in prostate cancer cells.
As animportant control, we saw no changes in chromatin binding of
CTCF in AU-15330-treated cells (Extended Data Fig. 6a-d).

Global transcriptomic profiling with RNA sequencing (RNA-seq)
revealed significant downregulation of AR and FOXAl-regulated genes
inmultiple prostate cancer cells, as well as ERG-regulated transcriptsin
ERG fusion-positive VCaP cells. We also detected significant loss in the
expression of MYC target genes with AU-15330 (Fig. 2e, Extended Data
Fig. 6e,f). The global AU-15330 gene signature was highly concordant
with transcriptional changes associated with ARID1A loss (Extended
DataFig. 6g). However, neither BRD7 nor BRD9 degradation alone
attenuated the expression of classical AR, FOXAland ERG target genes
or the MYCgene to an extent comparable to AU-15330, suggesting that
canonical SWI/SNF (cBAF) complexes are the primary cofactors of
oncogenic enhancer-binding transcription factors (Extended Data
Fig.6h-j). The expressions of AR, MYCand FOXAI genesthemselves are
frequently amplified inadvanced prostate cancer by copy amplification
and/or enhancer duplication®?*%, We found that AU-15330 markedly
decreased expression of AR, FOXA1, MYCand TMPRSS2-ERG transcripts
to 40-60% of their baseline expression (Extended Data Fig. 7a), with
parallel decreases at the protein level (Fig. 3a). More severe transcrip-
tional attenuation of these oncogenes was noted upon BRD4 degrada-
tion by ZBC-260, with AU-15330 specifically abolishing expression of
additional driver oncogenes (Extended Data Fig. 7b), again suggesting
adistinct mechanism of action for AU-15330-mediated anti-tumour
cytotoxicity. Similar results were observed in genetic-inactivation
models (Extended Data Fig. 7c).

The hyper-expression of oncogenes like AR, FOXAI and MYCin can-
cer has been shown to be wired through looping interactions with
multi-enhancer clusters’>?*%, often referred to as super-enhancers.
Severalsuchregulatory clusters were identified in cis-proximity of the
AR,MYCand TMPRSS2-ERG genes (Fig.3b),and AU-15330 treatment led
toimmediate compaction of these sites and loss of H3K27Ac, AR and
FOXA1ChIP-seqsignal at the super-enhancers (Fig. 3c, Extended Data
Fig.7d). To detect changesin the interaction of super-enhancers with
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(HOMER). ¢, Normalized read density of ATAC-seq at super-enhancers
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quartiles1-3,and whiskers span quartiles1-3 + 1.5 x interquartile range.
d,H3K4me3 HiChIP-seq heat maps withinthe AR gene locusin VCaP cells with
orwithout AU-15330 (1 uM) treatment for 4 h (bin size =25 kb). ATAC-seq
read-density tracks from the same treatment conditions are overlaid. Grey
highlights mark enhancers; blue highlights the AR promoter. Loopsindicate
read-supported cisinteractions within thelocus. IR, interactionreads. e, APA
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with AU-15330 treatment (1 uM, 4 h).

their target gene promoters, we performed H3K4me3 (active promoter
mark) and H3K27Ac Hi-C coupled with ChIP-seq (HiChIP-seq) upon
AU-15330 treatment. SWI/SNF inactivation markedly disrupted the
three-dimensional looping interactions of cis-enhancers with the AR
gene promoter (Fig.3d, Extended Data Fig. 8a). Similar attenuation of
enhancer-promoter interactions was detected by H3K27Ac HiChIP-seq
at the FOXAI locus (Extended Data Fig. 8b), which is recurrently rear-
ranged in advanced prostate cancer®. Aggregate peak analyses (APA)
of enhancer-promoter interactions showed a marked attenuation of
contactstrengthand/or frequency starting as early as 2 hafter AU-15330
treatment, thatis, within1h of SMARCA2 and SMARCA4 degradation
(Fig. 3e, Extended Data Fig. 8c). At these early time points, we did not
detect a significant decrease in H3K27Ac signal at the compacted

enhancer sites (Fig. 2d), strongly suggesting that physical chromatin
accessibility and transcription factor binding serve as primary deter-
minants of functional enhancer-promoter interactions. Of note, we
found no change in the looping interactions between CTCF-bound
elements (Extended Data Fig. 8d, e). Together, these data show that
SWI/SNF ATPase inactivation specifically leads to genome-wide collapse
of the AR, FOXAL, ERG and MYC-activated core enhancer circuitry in
prostate cancer cells.

Next, we pharmacologically characterized AU-15330 in animal
models of advanced prostate cancer. Notably, prolonged AU-15330
treatments showed no evident toxicity inimmuno-competent mice
(Extended Data Fig. 9, Supplementary Text, Supplementary Table 3).
We first employed the VCaP castration-resistant prostate cancer (CRPC)
model (VCaP-CRPC) to assess the efficacy of AU-15330. As expected,
treatment of castrated male mice bearing the VCaP-CRPC xenografts
with enzalutamide (an AR antagonist) showed moderate anti-tumour
efficacy; however, treatment with AU-15330 led to potent inhibition
of tumour growth, triggering disease regression in more than 20%
of animals (Fig. 4a, b, Extended Data Fig. 10a, b). Treatment with the
combinatorial regimen (AU-15330 plus enzalutamide) induced the most
potent anti-tumour effect, with regression in all animals (Fig. 4a, b,
Extended Data Fig. 10b). Tumours showed robust downregulation of
SWI/SNF targets and AR, ERG, MYC and Ki67 after five days of AU-15330
treatment, bothwhen administered alone or with enzalutamide (Fig. 4c,
Extended Data Fig. 10c-e). No significant change in body weight was
noted throughout any of these treatments, nor was there any histo-
logic evidence of toxicity in essential organs at endpoint (Extended
DataFig.10f-h). AU-15330 also strongly inhibited the growth of C4-2B
cell line-derived CRPC xenografts in intact mice as a single agent and
synergized with enzalutamide (Fig. 4d, Extended Data Fig. 11a-d).
Aninvitro evaluation of drug synergism between AU-15330 and enza-
lutamide confirmed synergism of the two drugs in multiple prostate
cancer cell lines (Extended Data Fig. 11e-h), and pre-treatment with
either drugsignificantly reduced the IC,, value of the other (Extended
Data Fig. 11i,j).

Treatment with AU-15330 was similarly effective in inhibiting the
growth of enzalutamide-resistant cell lines, including derivatives of
VCaP and LNCaP cells (Extended Data Fig. 11k-1). The combinatorial
regimen also markedly inhibited tumour growth in MDA-PCa-146-12,
a patient-derived xenograft (PDX) model that is inherently resistant
to enzalutamide (Extended Data Fig. 12a-c). We further established a
CRPCvariant of the MDA-PCa-146-12 PDX by tumour implantationinto
castrated mice (Extended Data Fig.12a). Eveninthis highly aggressive
model, the combinatorial regimen induced significant tumour growth
inhibition, causing regression in more than 30% of animals (Fig. 4e,
Extended Data Fig. 12d). In all arms of these studies, we detected no
changes in animal body weights (Extended Data Fig. 12e, ). There
was also no sign of goblet cell depletion in the gastrointestinal tract
(Extended Data Fig.12g), no defectin germ cellmaturation and no tes-
ticular atrophy (Extended Data Fig. 12h, i) in AU-15330-treated mice—all
of which have beenreported as toxicities of therapiestargeted towards
BET proteins®,

Discussion

Wereport AU-15330 as anovel, highly specific and VHL-dependent PRO-
TAC degrader of SWI/SNF ATPase components (SMARCA2, SMARCA4
and PBRM1) that shows preferential cytotoxicity in enhancer-binding
transcription factor-addicted cancers at low nanomolar concentra-
tions. Our study identifies the SWI/SNF complex as a transcriptional
dependency in AR/FOXAl-driven prostate cancer. Mechanistically, we
show that complete inactivation of SWI/SNF ATPase induces a rapid,
near-complete and targeted loss of chromatin accessibility at the
core-enhancer circuitry of AR, FOXA1, MYC and ERG, thereby attenu-
atingtheir cancer-promoting transcriptional programs and tempering
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Fig.4|AU-15330inhibits tumour growthinpreclinical models of CRPCand
synergizes with enzalutamide. a, Tumour volume (measured twice per week
using callipers) in the VCaP-CRPC model with AU-15330 alone or in combination
with enzalutamide (two-sided t-test). Dataare mean +s.e.m. (vehicle:n=18;
AU-15330:n=20; enzalutamide: n =18; AU-15330 + enzalutamide: n = 16).

b, Waterfall plot depicting change in tumour volume after 33 days of treatment.
Response evaluation criteriain solid tumours (RECIST) was used to stratify
tumours: progressive disease (PD), atleasta20% increase in tumour size; stable
disease (SD), increase of <20% to a decrease of <30%; partial response (PR), at
leasta30% decrease. The vehicle and enzalutamide groups have 100%

PD;the AU-15330 group has 61% PD, 33% SD and 6% PR; and the AU-

15330 +enzalutamide group has 0% PD,12% SD and 88% PR. ¢, Representative
haematoxylinand eosin (H&E) staining and immunohistochemistry from the

the enhancer-wired supra-physiologic expression of driver oncogenes
(Fig. 4f). These findings are in line with those from recent studies that
have used chemical and/or genetic approaches to show that continu-
ous SWI/SNF-remodelling activity is needed to retain enhancersinan
open, nucleosome-free conformation®?°. To our knowledge, this is
the first study to demonstrate that physical chromatin accessibility
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distal enhancer .

VCaP-CRPC xenograft study (n =2 tumours per condition). Insetsin the H&E
images show expanded views of apoptotic cells.d, Tumour volume
measurements showing efficacy of AU-15330, enzalutamide or combined
treatmentin C4-2B-derived CRPC xenografts (n =20 per condition; two-sided
t-test). Dataare mean £s.e.m.e, Tumour volume measurements showing the
effect ofenzalutamide alone orin combination with AU-15330in the
castration-resistant MDA-PCa-146-12 PDX study (two-sided t-test). Dataare
mean ts.e.m.f,Mechanism of action of AU-15330-triggered cytotoxicity in
AR-FOXAl-signalling-driven prostate cancer. SWI/SNF ATPase degradation
inducesarapid, targeted loss in chromatin accessibility at the core-enhancer
circuitry of AR, FOXA1, ERGand MYC, thereby attenuating their
cancer-promoting transcriptional programs and tempering the
enhancer-wired supra-physiologic expression of driver oncogenes.

canbe modulated at non-coding regulatory elements as anovel thera-
peutic strategy in cancer treatment. Thus, recently developed SWI/
SNF ATPase inhibitors and degraders add to the growing arsenal of
chromatin-targeted therapeutics for directly combating enhancer
addiction in human cancers, warranting assessments of their their
safety and efficacy in clinical trials.
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Methods

Celllines, antibodies, and compounds

Most cell lines were originally obtained from ATCC, DSMZ, ECACC,
orinternal stock. C4-2B cells were provided by E. Keller (University of
Michigan). CWR-R1 cells and a series of enzalutamide-resistant pros-
tate cancer cell lines (LNCaP_Parental, LNCaP_EnzR, CWR-R1_Paren-
tal, CWR-R1_EnzR, VCaP_Parental and VCaP_EnzR) were provided
by D. Vander Griend (University of lllinois at Chicago)®. Bin-67 was
generously provided by B. Vanderhyden (Ottawa Hospital Research
Institute). All cells were genotyped to confirm their identity at the
University of Michigan Sequencing Core and tested routinely for
Mycoplasma contamination. LNCaP, 22RV-1, CWR-R1, PC-3, and DU145
were grown in Gibco RPMI-1640 +10% FBS (ThermoFisher). VCaP
was grown in Gibco DMEM +10% FBS (ThermoFisher). BIN-67 cell
lines were grown in custom media (20% fetal bovine serum (FBS),
40% Dulbecco’s modified Eagle’s medium, 40% Dulbecco’s modified
Eagle’s medium/Ham'’s F12). Sources of all antibodies are described
in Supplementary Table 2. AU-15330 was synthesized by Aurigene
(see Supplementary Text), dBRD9 and VZ 185 were purchased from
Tocris Bioscience, and enzalutamide was purchased from Selleck
Chemicals.

Computational modelling of AU-15330 - SMARCA2-BD binding
The binding model of AU-15330 in complex with SMARCA2-BD and
VHL was generated using Aurigene’s proprietary computing algorithm
ALMOND (algorithm for modeling neosubstrate degraders). The algo-
rithmis developed using the ICM-Pro integrated modelling platform
(http://www.molsoft.com/icm_pro.html) and trained to predict models
of ternary complexes of bi-functional molecules with very short or
no linkers. The process employs protein-protein docking simulation,
exhaustive conformational sampling, smallmolecule-protein docking,
and site-directed scoring of predicted ternary complex models. The
computed score estimates the force ofinduced interactionsin the pre-
dicted target-E3 ligase complex and is used as a basis for prioritization
of degrader binding models. The images were prepared using PyMOL
(https://www.schrodinger.com/products/pymol).

Cell viability assay

Cellswere plated onto 96-well platesin their respective culture medium
andincubated at 37 °Cinan atmosphere of 5% CO,. After overnightincu-
bation, aserial dilution of compounds was prepared and added to the
plate. The cells were furtherincubated for 5days, and the CellTiter-Glo
assay (Promega) was then performed according to the manufacturer’s
instruction to determine cell proliferation. The luminescence signal
fromeachwell was acquired using the Infinite M1000 Pro plate reader
(Tecan), and the data were analyzed using GraphPad Prism software
(GraphPad Software).

Incucyte proliferation assays/Caspase-3/7 green apoptosis assay
A total of 4,000 cells per well were seeded in clear 96-well plates.
After overnight incubation, compounds were added to the cells at
logarithmic dose series. One day and 8 days after seeding, cellular ATP
content was measured using CellTiterGlo (Promega). Measurements
after 8 days were divided by the measurement after 1 day (that is, the
TO plate) toderive fold proliferation. For online analysis of cell growth,
4,000 cells per well were seeded in clear 96-well plates (Costar no.
3513).IncuCyte Caspase-3/7 Green Apoptosis Assay Reagent (1:1,000,
Essen BioSciences no. 4440) was added, and cells were incubated at
37 °Cand 5% CO, overnight. On the next day, compounds were added
atthe desired concentration using the HP digital dispenser D300, and
plates were read in an Incucyte ZOOM. Every 2h, phase object conflu-
ence (percentage area) for proliferation and green object count for
apoptosis were measured. Values for apoptosis were normalized for
the total number of cells.

Western blot and immunoprecipitation

Cell lysates were prepared in RIPA buffers (ThermoFisher Scientific)
supplemented with cOmpleteTM protease inhibitor cocktail tablets
(Sigma-Aldrich), and total protein was measured by Pierce BCA Protein
Assay Kit (ThermoFisher Scientific). An equal amount of protein was
resolved in NuPAGE 3 to 8%, Tris-Acetate Protein Gel (ThermoFisher
Scientific) or NuPAGE 4 to 12%, Bis-Tris Protein Gel (ThermoFisher Sci-
entific) and blotted with primary antibodies. Following incubation with
HRP-conjugated secondary antibodies, membranes were imaged on
an Odyssey CLx Imager (LiCOR Biosciences). Immunoprecipitations
were performedin LNCaP and VCaP cells treated as described. 600 pg
of nuclear extractsisolated using the NE-PER Nuclear and Cytoplasmic
Extraction Reagents (ThermoFisher Scientific) were immunoprecipi-
tated with SMARCCI, AR, FOXAL, or ERG antibodies according to the
manufacturer’s protocol. Eluted proteins were subjected to western
blot or mass spectrometry analysis. For allimmunoblots, uncropped
and unprocessed images are provided in Supplementary Figure 1.

RNA isolation and quantitative real-time PCR

Total RNA was isolated from cells using the Direct-zol kit (Zymo), and
cDNA was synthesized from 1,000 ng total RNA using Maxima First
Strand cDNA SynthesisKit for PCR with reverse transcription (RT-PCR)
(Thermo Fisher Scientific). Quantitative real-time PCR (QPCR) was per-
formedintriplicate using standard SYBR green reagents and protocols
on a QuantStudio 5 Real-Time PCR system (Applied Biosystems). The
target mRNA expression was quantified using the AACt method and nor-
malized to ACTB expression. All primers were designed using Primer 3
(http://frodo.wi.mit.edu/primer3/) and synthesized by Integrated DNA
Technologies. Primer sequences are listed in Supplementary Table 2.

CRISPR knock-out and inducible shRNA knockdown

Guide RNAs (sgRNAs) targeting the exons of human SMARCA2/BRM or
SMARCA4/BRGI1were designed using Benchling (https://www.benchling.
com/).Non-targeting sgRNA, SMARCA2/BRM or SMARCA4/BRGI-targeting
sgRNAswere clonedinto lentiCRISPR v2 plasmid according to published
literature®; lentiCRISPR v2 plasmid was a gift from F. Zhang (Addgene
plasmid#52961). LNCaP cellswere transiently transfected with lentiCRISPR
v2encoding non-targeting or pool of threeindependent SMARCA2/BRM or
SMARCA4/BRGI-targeting sgRNAs. Twenty-four hours after transfection,
cells were selected with 1 ug ml™ puromycin for three days. Western blot
was performed to examine the knock-out efficiency. The sgRNA sequences
arelisted in Supplementary Table 2.

ATAC-seq and analysis

ATAC-seq was performed as previously described®. In brief, 50,000
cancer cells treated with AU-15330 or ZBC-260[30] were washed in
cold PBS and resuspended in cytoplasmic lysis buffer (CER-Ifrom the
NE-PERKit, Invitrogen, cat. no.78833). This single-cell suspension was
incubated onice for 5-8 min (depending on the cell line) with gentle
mixing by pipetting every 2 min. The lysate was centrifuged at1,300g
for 5 minat4 °C.Nucleiwere resuspendedin 50 pl of 1x TD buffer, then
incubated with 2-2.5 pl Tn5 enzyme for 30 min at 37 °C (Nextera DNA
Library PreparationKit; cat.no. FC-121-1031). Samples were immediately
purified by Qiagen minElute columnand PCR-amplified with the NEB-
Next High-Fidelity 2X PCR Master Mix (NEB; cat. no. M0541L) following
the original protocol®. qPCR was used to determine the optimal PCR
cyclesto prevent over-amplification. The amplified library was further
purified by Qiagen minElute column and SPRIbeads (Beckman Coulter;
cat. no. A63881). ATAC-seq libraries were sequenced on the lllumina
HiSeq 2500 (125-nucleotide read length, paired end).

Paired-end .fastq files were trimmed and uniquely aligned to the
GRCh38/hg38 human genome assembly using Novoalign (Novocraft)
(withthe parameters-rNone-k-q13-k-t60-0sam-a CTGTCTCTTATA-
CACATCT), and converted to .bam files using SAMtools (version 1.3.1).
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Reads mapped to mitochondrial or duplicated reads were removed by
SAMtools and PICARD MarkDuplicates (version 2.9.0), respectively.
Filtered .bam files from replicates were merged for downstream
analysis. MACS2 (2.1.1.20160309) was used to call ATAC-seq peaks.
The coverage tracks were generated using the program bam2wig
(http://search.cpan.org/dist/Bio-ToolBox/) with the following param-
eters: -pe-rpm-span-bw. Bigwig files were then visualized using the
IGV (Broad Institute) open-source genome browser, and the final figures
were assembled using Adobe Illustrator.

De novo and known motif enrichment analysis

All de novo and known motif enrichment analyses were performed
using the HOMER (v.4.10) suite of algorithms43. Peaks were called by
the findPeaks function (-style factor -0 auto) at 0.1% false discovery
rate; de novo motif discovery and enrichment analysis of known motifs
were performed with findMotifsGenome.pl (-size given-mask).
The top 10 motifs from the results are shown, and motifs were generally
ascribed to the protein family instead of specific family members
(unless known).

RNA-seq and analysis

RNA-seq libraries were prepared using 200-1,000 ng of total RNA.
PolyA+RNAisolation, cDNA synthesis, end-repair, A-base addition, and
ligation of the lllumina indexed adapters were performed according
tothe TruSeq RNA protocol (Illumina). Libraries were size selected for
250-300 bp cDNA fragments ona 3% Nusieve 3:1(Lonza) gel, recovered
using QIAEX Il reagents (QIAGEN), and PCR amplified using Phusion
DNA polymerase (New England Biolabs). Library quality was measured
on an Agilent 2100 Bioanalyzer for product size and concentration.
Paired-end libraries were sequenced with the lllumina HiSeq 2500,
(2x100 nucleotide read length) with sequence coverage to 15-20M
paired reads.

Libraries passing quality control were trimmed of sequencing adap-
tors and aligned to the human reference genome, GRCh38. Samples
were demultiplexed into paired-end reads using Illumina’s bcl2fastq
conversion software v2.20. The reference genome was indexed using
bowtie2-build, and reads were aligned onto the GRCh38/hg38 human
reference genome using TopHat2** with strand-specificity and allow-
ing only for the best match for each read. The aligned file was used to
calculate strand-specific read count for each gene using HTSeq-count
(version 0.13.5)*. EdgeR (version 3.34.1)* was used to compute dif-
ferential gene expression using raw read-counts as input. Heatmaps
were generated using the ComplexHeatmap® package in R. For gene
enrichmentanalysis (GSEA), we first defined ERG and FOXAl gene sig-
natures from VCaP or LNCaP cells treated with control siRNA or siRNA
targeting ERG* or FOXAI (generated in this study) containing 250 sig-
nificantly downregulated genes. For AR and MYC, the Hallmark gene
signatures were used. These gene signatures were used to perform a
fast pre-ranked GSEA using fgsea bioconductor package® in R. We used
the function fgsea to estimate the net enrichment score and p-value
of each pathway, and the plotEnrichment function was used to plot
enrichment for the pathways of interest.

ChIP-seq and data analysis

Chromatinimmunoprecipitation experiments were carried out using
the HighCell# ChIP-Protein G kit (Diagenode) as per the manufacturer’s
protocol. Chromatin from 5x10° cells was used for each ChIP reaction
with10 pgof the target protein antibody. In brief, cells were trypsinized
and washed twice with 1x PBS, followed by cross-linking for 8§ minin1%
formaldehyde solution. Crosslinking was terminated by the addition
of1/10 volume 1.25 M glycine for 5 min at room temperature followed
by cell lysis and sonication (Bioruptor, Diagenode), resulting in an
average chromatin fragment size of 200 bp. Fragmented chromatin
was then used for immunoprecipitation using various antibodies,
with overnight incubation at 4 °C. ChIP DNA was de-crosslinked and

purified using theiPureKit V2 (Diagenode) using the standard protocol.
Purified DNA was then prepared for sequencing as per the manufac-
turer’sinstructions (Illumina). ChIP samples (1-10 ng) were converted
to blunt-ended fragments using T4 DNA polymerase, Escherichia coli
DNA polymerase I large fragment (Klenow polymerase), and T4 poly-
nucleotide kinase (New England BioLabs (NEB)). A single adenine base
was added to fragment ends by Klenow fragment (3’ to 5’ exo minus;
NEB), followed by ligation of lllumina adaptors (Quick ligase, NEB).
The adaptor-ligated DNA fragments were enriched by PCR using the
Illumina Barcode primers and Phusion DNA polymerase (NEB). PCR
products were size-selected using 3% NuSieve agarose gels (Lonza) fol-
lowed by gel extraction using QIAEX Il reagents (Qiagen). Libraries were
quantified and quality checked using the Bioanalyzer 2100 (Agilent)
andsequenced on the lllumina HiSeq 2500 Sequencer (125-nucleotide
read length).

Paired-end, 125 bp reads were trimmed and aligned to the human
reference genome (GRC h38/hg38) with the Burrows-Wheeler Aligner
(BWA; version 0.7.17-r1198-dirty)*°. The SAM file obtained after alignment
was converted into BAM format using SAMTools (version 1.9). MACS2
(version 2.1.1.20160309) callpeak was used for performing peak calling
with the following option: ‘macs2 callpeak-call-summits-verbose 3 -g hs
-fBAM-nOUT-qvalue 0.05. For H3K27ac data, the broad option was used.
Using deepTools (version 3.3.1) bamCoverage, a coverage file (bigWig
format) for each sample was created. The coverage was calculated as
thenumber of reads per bin, where bins are short consecutive counting
windows. While creating the coverage file, the data was normalized with
respecttoeachlibrarysize. ChIP peak profile plots and read-density heat
maps were generated using deepTools, and cistrome overlap analyses
were carried out using the ChIPpeakAnno (version 3.0.0) or ChIPseeker
(version1.29.1) packagesin R (version 3.6.0).

HiChIPlibrary preparation and data analysis

HiChIP assay was performed on 5x10° DMSO or AU-15330 treated VCaP
cells. Frozen cells were resuspended in 1x PBS and crosslinked with
3 mM DSGand 1% formaldehyde. Washed cells were digested with 0.5 pl
MNase in100 pl of nuclease digest buffer with MgCl,. Cells were lysed
with1xRIPA, and clarified lysate (approximately 1,400 ng) was used for
ChIP. The antibody amount used per ChIP and vendor information are
asfollows: CTCF:1.14 pg of Cell Signaling cat. no. 3418; H3K4me3:3.4 pug
of Cell Signaling cat. no. 9751; H3K27ac: 0.4 pg of Cell Signaling cat. no.
8173.The Protein A/G bead pulldown, proximity ligation, and libraries
were prepared as described in the Dovetail protocol (Dovetail HiChIP
MNase Kit). Libraries were sequenced on an lllumina HiSeq 4000.

Raw fastq files were aligned using BWA mem (version 0.7.17-r1198-
dirty) with the -5SP options with an index containing only the main
chromosome from the human genome release hg38 (available from
the UCSC genome). The aligned paired reads were annotated with
pairtools (version 0.3.0) parse (https://github.com/open2c/pairtools)
with the following options—-min-mapq 40-walks-policy Sunique-
max-inter-align-gap 30 and the-chroms-path file corresponding to
the size of the chromosome used for the alignment index. The paired
reads were further processed toremove duplicated reads, sorted with
unaligned reads removed with the pairtools sort and the pairtools
dedup tools with the basic option to produce an alignment file in the
bam format as well as the location of the valid pair. The valid pairs were
finally converted tothe.cooland.mcool format using the cooler cload
and cooler zoomify tools (version 0.8.11)* and to the .hic format using
thejuicer tool (version 1.22.01)*.

For the generation of the aggregate peak analyses (APA) plots, we
used the HiCExplorer tools (version 3.7) and the hicAggregateContacts
command with-range 50000:100000-numberOfBins 30. Plots for all
chromosomes were individually computed and summated to gener-
ate the global APA plots. The ComplexHeatmaps package® in R was
used for the generation of the final heatmap. For the Hi-ChIP contact
heatmap, .hic files were uploaded to the WashU Epigenome Browser
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(https://epigenomegateway.wustl.edu/), and screenshots from gene
loci of interest were downloaded using the default viewing conditions.

Super-enhancer analysis

Super-enhancer regions were identified with findPeaks function
from HOMER (version v.4.10)* using options “-style super -0 auto”.
In addition, the option “-superSlope -1000” was added to include all
potential peaks, which were used to generate the super-enhancer plot
(super-enhancer score versus ranked peaks). The slope value of greater
than or equal to 1 was used to identify super-enhancer clusters. The
input files to findPeaks were tag directories generated from alignment
filesin SAM format with makeTagDirectory function from HOMER.

AU-15330 and enzalutamide formula for in vivo studies

AU-15330 was added in 40% of 2-hydroxypropyl-B-cyclodextrin
(HPBCD) and sonicated until completely dissolved, and then the
solution was further mixed with 5% dextrose in water (D5SW) to reach
afinal concentration of 10% HPBCD. AU-15330 was freshly prepared
right before administration to mice. AU-15330 was delivered to mice
by intravenous injection either through the tail vein or retro-orbital
injection unless otherwise indicated. Enzalutamide was added in 1%
carboxymethyl cellulose (CMC) with 0.25% Tween-80 and sonicated
untilhomogenized. Enzalutamide was delivered to mice by oral gavage.

Human prostate tumour xenograft models

Six-week-old male CB17 severe combined immunodeficiency (SCID)
mice were procured from the University of Michigan breeding colony.
Subcutaneous tumours were established atboth sides of the dorsal flank
of mice. Tumours were measured at least biweekly using digital calipers
following the formula (1/6) (L x W?), where L is length and Wis width
of the tumour. At the end of the studies, mice were killed and tumours
extracted and weighed. The University of Michigan Institutional Animal
Care and Use Committee (IACUC) approved all in vivo studies.

For the VCaP non-castrated tumour model, 3 x 10° VCaP cells were
injected subcutaneously into the dorsal flank on both sides of the mice
in a serum-free medium with 50% Matrigel (BD Biosciences). Once
tumoursreached a palpable stage (~200 mm?), mice were randomized
and treated with either 10, 30 mg kg™ AU-15330, or vehicle through
intravenous injection 5 days per week for 3 weeks.

For the VCaP castration-resistant tumour model, 3 x 10° VCaP cells
wereinjected subcutaneously into the dorsal flank on both sides of the
miceinaserum-free medium with 50% Matrigel (BD Biosciences). Once
tumours reached a palpable stage (~200 mm?), tumour-bearing mice
were castrated. Once tumours grew back to the pre-castration size,
mice were randomized and treated with either 60 mgkg™ AU-15330 or
vehicle by intranvenousinjection 3 days per week, and with or without
10 mg kg™ enzalutamide by oral gavage 5 days per week for 5 weeks.

For the C4-2B non-castrated tumour model, 1 x 10° cells were injected
subcutaneously into the dorsal flank on both sides of the miceina
serum-free medium with 50% Matrigel (BD Biosciences). Once tumours
reached a palpable stage (-100 mm?), mice were randomized and
treated with either 60 mg kg™ AU-15330 or vehicle by intravenous injec-
tion 3 days per week, and with or without 30 mg kg™ enzalutamide by
oralgavage 5days per week for 4 weeks. Following the IACUC guidelines,
inalltreatment arms the maximal tumour size did not exceed the 2.0 cm
limitin any dimension and animals with xenografts reaching that size
were duly euthanized. The raw tumour volumes and/or weights from
all animal efficacy studies are included in the Source Data files.

Prostate patient-derived xenograft models

The University of Texas M. D. Anderson Cancer Center PDX series
has been previously described*. PDXs were derived from men with
CRPC undergoing cystoprostatectomy using described protocols.
MDA-PCa-146-12 was derived from a CRPC patient diagnosed with Glea-
son 5+4=9 prostate adenocarcinoma. MDA-PCa-146-12 was derived

from a specimen obtained from the left bladder wall and demonstrated
conventional adenocarcinoma (AR"). PDXs were maintained in male
SCID mice by surgically implanting 2 mm? tumours coated with 100%
Matrigel to both flanks of mice. Once tumours reached ~200 mm?
in size, mice were randomized and divided into different treatment
groupsreceiving either 60 mg kg™ AU-15330 or vehicle by subcutaneous
injection 3 days per week, and with or without 10 mg/kg enzalutamide
by oral gavage 5 days per week for 3 weeks. For castration-resistant
MDA-PCa-146-12, tumours were established on castrated male SCID
mice. Once tumours reached ~100 mm?, mice were randomized and
divided into different treatment groups receiving either 60 mg kg™
AU-15330 or vehicle by intravenousinjection 3 days per week, and with
orwithout30 mg kg™ enzalutamide by oral gavage 5 days per week for
6 weeks. Following the IACUC guidelines, in all treatment arms the
maximal tumour size did not exceed the 2.0 cmlimitin any dimension
and animals with xenografts reaching that size were duly euthanized.
The raw tumour volumes and/or weights from all animal efficacy stud-
iesareincluded in the Source Data files.

Histopathological analysis of organs harvested for drug toxicity
For the present study, organs (liver, spleen, kidney, colon, smallintes-
tine, prostate, and testis) were harvested and fixed in 10% neutral buff-
ered formalin followed by embedding in paraffin to make tissue blocks.
These blocks were sectioned at 4 pm and stained with Harris haema-
toxylinand alcoholic eosin-Y stain (both reagents from Leica Surgipath)
and staining was performed on Leica autostainer-XL (automatic) plat-
form. The stained sections were evaluated by two different pathologists
using abrightfield microscopeinablinded fashion between the control
and treatment groups for general tissue morphology and coherence of
architecture. A detailed comprehensive analysis of the changes noted
atthe cellular and sub-cellular level were performed as described below
for each specific tissue.

Evaluation of liver. Liver tissue sections were evaluated for normal
architecture, and regional analysis for all three zones was performed
forinflammation, necrosis, and fibrosis.

Evaluation of spleen. Splenic tissue sections were evaluated for the
organization of hematogenous red and lymphoid white pulp regions
including necrosis and fibrotic changes if any.

Evaluation of kidney. Kidney tissue sections were examined for chang-
esnoted if any in all the four renal functional components, namely
glomeruli, interstitium, tubules, and vessels.

Evaluation of colon. Colonic tissue sections were examined for mu-
cosal (epithelium and lamina propria), sub-mucosal, and seromuscular
layer changes including crypt changes, goblet cells, inflammatory
infiltrate granulation tissue, and mucosal ulceration. A detailed gob-
let cell evaluation was also performed utilizing Alcian blue staining
wherein goblet cells and epithelial cells were counted in ten colonic
cryptepitheliain each experimental animal of the various subgroups.
Summation of all the goblet and epithelial cells was done, and a ratio
of goblet cell to epithelial cell (GC ratio) was calculated per sample.

Evaluation of small intestine. Small intestine tissue sections were
examined for mucosal changes such as villous blunting, villous: crypt
ratio, and evaluated for inflammatory changes including intraepithe-
liallymphocytes, extent (mucosal, sub-mucosal, serosal), and type of
inflammatory infiltrate including tissue modulatory effect.

Evaluation of prostate. Prostate tissue sections were evaluated to
note for any epithelial abnormality and stromal changes identified in
all four lobes (dorsal, anterior, lateral, and ventral). Additionally, any
overtinflammatory infiltrate was also examined.
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Evaluation of testis. Testicular tissues were examined for the archi-
tectural assessment of seminiferous tubules (orderly maturation of
germinal epithelial cells devoid of maturation arrest and Sertoli cell
prominence), Leydig cells, and interstitial reaction. For an in-depth
comprehensive analysis to comment upon the spermatogenesisina
semi-quantitative method, a testicular biopsy score count (Johnsen
score) in100 orderly cross-sections of seminiferous tubules in each
animal of all the subgroups at 20x magnification was performed.
Each of the 100 seminiferous tubules assessed was given a score
(scorerange: 0-10), and the average score was calculated (total sum
of score/100).

Alcianblue staining

Alcian blue staining was performed as per the manufacturer’s protocol
(Alcian Blue StainKit (pH 2.5) cat. no. ab150662). Following an overnight
incubation of tissue sections at 58 °C, slides were deparaffinized in
xylene followed by hydration in ethanol (100%, 70%) and water for
5min each.Slides were thenincubated inacetic acid solution for 3 min
followed by a 30 min incubation at room temperature in Alcian blue
stain (pH2.5). Excess Alcianblue was removed by rinsing slides in acetic
acid solution for1min, and three water washes for 2 min each. Nuclear
Fast Red solution was used as a counterstain for 5 min. Slides were
subsequently washed in running tap water, dehydrated in ethanol,
xylene, and mounted using EcoMount (Thermo Fisher, cat.no. EM897L).

Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed
paraffin-embedded 4 m sections of mouse or xenograft tissues. Slides
withtissue sections were incubated at 58 °C overnight and the next day
were deparaffinized inxylene, followed by serial hydration stepsin etha-
nol (100%,70%) and water for 5 mineach. Endogenous tissue peroxidase
activity was blocked by placing slides in 3% H,0,-methanol solutionfor1h
atroomtemperature. Antigen retrieval was performed by microwaving
slidesinasolution of citrate buffer (pH 6) for 15 min, followed by blocking
in2.5% normal horse serum (Vector Laboratories, cat. no.S-2012-50) for
2 h.Theslides were thenincubated in the following primary antibodies
overnight at 4 °C: BRG1 (Abcam cat. no. 108318, 1:100), AR (Millipore
cat.no. 06-680,1:2,000), BRM1 (Millipore Sigma cat. no. HPA02998]1,
1:100), FOXA1 (Thermo Fisher Scientific cat. no. PA5-27157,1:1,000),
ERG (CellSignaling Technology cat.no. 97249S,1:500). InmPRESS-HRP
conjugated anti-mouse-anti-rabbit cocktail from Vector Laboratories
(cat. no. MP-7500-50) was used as secondary antibodies (room
temperature, 1 h). Visualization of staining was done per the manufac-
turer’s protocol (Vector Laboratories, cat. no. SK-4100). Following DAB
staining, slides were dehydrated in ethanol, xylene (5 min each), and
mounted using EcoMount (Thermo Fisher, cat. no. EM897L).

TMT mass spectrometry

VCaP cells were seeded at 5 x 10° cells on a100 mm plate 24 h before
treatment. Cells were treated in triplicate by the addition of test com-
pounds. After 4 h, the cells were harvested and processed by using
EasyPep Mini MS Sample Prep Kit (Thermo Fisher, A40006). Samples
were quantified using a micro BCA protein assay kit (Thermo Fisher
Scientific) and cell lysates were proteolyzed and labelled with TMT
10-plexIsobaric Label Reagent (Thermo Fisher Scientific, 90110) essen-
tially following the manufacturer’s protocol. Briefly, upon reduction
and alkylation of cysteines, the proteins were precipitated by adding
6 volumes of ice-cold acetone followed by overnight incubation at
20 °C. The precipitate was spun down, and the pellet was allowed to air
dry. The pellet was resuspendedin 0.IM TEAB and digested overnight
with trypsin (1:50 enzyme:protein) at 37 °C with constant mixing using
athermomixer. The TMT 10-plex reagents were dissolved in 41 ml of
anhydrous acetonitrile, and labelling was performed by transferring
the entire digest to the TMT reagent vial and incubating it at room

temperature for 1 h. The reaction was quenched by adding 8 ml of 5%
hydroxylamine and a further 15 minincubation. Labelled samples were
mixed together and dried using a vacufuge. An offline fractionation
of the combined sample (200 mg) into 10 fractions was performed
using high pH reversed-phase peptide fractionation kit according to
the manufacturer’s protocol (Pierce, 84868). Fractions were dried and
reconstituted in12 ml of 0.1% formic acid/2% acetonitrile in preparation
for LC-MS/MS analysis.

To obtain superior accuracy in quantitation, we employed
multinotch-MS3* which minimizes the reporter ion ratio distortion
resulting from fragmentation of co-isolated peptides during MS analy-
sis. Orbitrap Fusion (Thermo Fisher Scientific) and RSLC Ultimate 3000
nano-UPLC (Dionex) was used to acquire the data. The sample (2 ml) was
resolved on a PepMap RSLC C18 column (75 mmi.d. x 50 cm; Thermo
Scientific) at the flowrate of 300 nl min™ using 0.1% formic acid/acetoni-
trile gradient system (2-22% acetonitrile in 150 min; 22-32% acetonitrile
in 40 min; 20 min wash at 90% followed by 50 min re-equilibration)
and direct spray into the mass spectrometer using EasySpray source
(Thermo Fisher Scientific). The mass spectrometer was set to collect
one MS1 scan (Orbitrap; 60K resolution; AGC target 2 x 10°; max IT
100 ms) followed by data-dependent, “Top Speed” (3 s) MS2 scans
(collision-induced dissociation; ion trap; NCD 35; AGC 5 x 10%; max
IT 100 ms). For multinotch-MS3, top 10 precursors from each MS2
were fragmented by HCD followed by Orbitrap analysis (NCE 55; 60K
resolution; AGC 5 x10*; max IT 120 ms, 100-500 m/z scan range). Pro-
teome Discoverer (v2.1; Thermo Fisher) was used for data analysis.
MS2 spectrawere searched against SwissProt human protein database
(release 11 November 2015; 42,084 sequences) using the following
search parameters: MS1 and MS2 tolerances were set to 10 ppm and
0.6 Da, respectively; carbamidomethylation of cysteines (57.02146 Da)
and TMT labelling of lysine and N-termini of peptides (229.16293 Da)
were considered static modifications; oxidation of methionine
(15.9949 Da) and deamidation of asparagine and glutamine (0.98401Da)
were considered variable. Identified proteins and peptides were
filtered toretain only those that passed FDR threshold. Quantitation was
performed using high-quality MS3 spectra (Average signal-to-noise
ratio of 20 and <30% isolation interference).

Meta-analyses of protein interactomes. Interactome proteomics data
of AR and ERG was downloaded from published literature®*®, The FOXA1
nuclear co-immunoprecipitation/mass spectrometry experiment was
performed in this study as described above. The protein interactomes
of AR, ERG, and FOXAlwere ranked based on FDR at the top10%, and the
intersection was taken from these three independent studies.

Assessment of drug synergism

To determine the presence of synergy between two drug treat-
ments, cells were treated with increasing concentrations of either
drug for 120 h, followed by the determination of viable cells using
the CellTiter-Glo Luminescent Cell Viability Assay (Promega). The
experiment was carried out in four biological replicates. The data
were expressed as percentage inhibition relative to baseline, and the
presence of synergy was determined by the Bliss method using the
synergy finder R package®".

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Data availability

All raw next-generation sequencing, ATAC, ChIP, RNA, and HiChIP-
seq data generated in this study have been deposited in the Gene
Expression Omnibus (GEO) repository at NCBI under accession code
GSE171592. Source data are provided with this paper.
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Extended DataFig.1| Conformational model of AU-15330 target
interactionand activity profilein diverse celllines. (a) Docking model of
AU-15330 (cyan sticks) withthe SMARCA2 and VHL complex. AU-15330 is
suggested tofitintothe pocket of SMARCA2 and VHL and capture several key
interactions. Key hydrogen bond interactions with protein residues (pink
sticksin SMARCAZ2, white sticks in VHL) are shown by yellow dashes. (b) Effects
of AU-15330 (1 1M, 4h) on the proteome of VCaP cells. Data plotted Log2 of the
fold change (FC) versus DMSO (dimethyl sulfoxide) control against -Log10 of
the p-valueper protein (FDR, false discoveryrate) from n =3 independent
experiments. All t-tests performed were two-tailed t-tests assuming equal
variances. TMT, tandem mass tag. (c) Heatmap showing TMT-based MS
abundance of detectable SWI/SNF components after 4h of treatment with AU-
15330 at1uM. Datafrom threeindependent replicates are shown. (d) Heatmap
of relative abundance of several bromodomain-containing proteins detected
viaTandem Mass Tag (TMT)-based quantitative MS upon 4h AU-15330
treatment. DMSO, dimethyl sulfoxide (vehicle). (e) Heatmap of mammalian
SWI/SNF (BAF) complex subunits splitinto three constituent modules

detected in SMARCCI (also known as BAF155) nuclear co-immunoprecipitation
followed by MS. Direct AU-15330 targets are inbold. (f) Dose-response curves
of cellstreated with AU-15330 and AU-16235 (inactive epimer of AU-15330).
Dataare presented as mean +/-SD (n = 6) from one-of-three independent
experiments. (g) Crystal violet staining showing the effect of AU-15330 on
colony formation. This experiment was repeated independently twice.

(h) Dose-response curves and IC;, of cells treated with AU-15330, ACBI1, and
BRMO14.Data are presented as mean +/-SD (n = 6) from one-of-three
independent experiments. (i) Imnmunoblots of noted proteinsin VCaP cells
treated with AU-15330, ACBI1, or BRMO14 at increasing concentrations for 24h.
Vinculinis the loading control probed on allimmunoblots. This experiment
wasrepeated independently twice. (j) Representativeimmunohistochemistry
images showing expression of indicated proteinsin patient-derived breast
cancer cell lines. (k) Immunoblots of noted proteinsin WA-72-P or WA-72-As
breast cancer cells treated with DMSO or AU-15330 at noted concentrations for
24h, Vinculinis theloading control probed on arepresentativeimmunoblot.
This experiment was repeated independently twice.
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Extended DataFig.2|See next page for caption.
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Extended DataFig. 2| Verification of PROTAC design of AU-15330 and
confirmation of on-target growth effects. (a) Immunoblots forindicated
proteinsin normal (RWPE) or PCacells (LNCaP, VCaP,22RV1, and LAPC4) treated
with AU-15330 at varied concentrations. Vinculinis the loading control probed
onarepresentativeimmunoblot. This experiment was repeated independently
twice. (b) Western blot analysis showing the time-dependent effect of AU-15330
onSMARCA2,SMARCA4, and PBRM1in RWPE, LNCaP, and VCaP cells. Vinculinis
theloading control probed on arepresentativeimmunoblot. This experiment
wasrepeated independently twice. (c) Immunoblotsin LNCaP and VCaP cells
examining time-dependent cleavage of PARP upon AU-15330 treatment. Vinculin
istheloading control probed onarepresentativeimmunoblot. This experiment
was repeated independently twice. (d) Dose-response curves of VCaP, LNCaP,
PNT2,PNT2,BPH]1, Bin67,and HEK293 cells treated with AU-15330, AU-15139,

or AU-16235. Data are presented as mean +/-SD (n = 6) from one-of-three
independent experiments. (e) Growth curves of non-neoplasticor PCacellsupon
treatment withincreasing concentrations of AU-15330. Bottom, rightmost panel

shows real-time assessment of apoptotic signalsin LNCaP cells after treatment
with DMSO or increasing AU-15330 concentrations. Data are presented as mean
+/-SD (n=5) fromone-of-threeindependent experiments. (f) (top) Chemical
structure of AU-15330, AU-16235 (an epimer control of AU-15330), and AU-15139
(parentbromodomain-binding ligand of AU-15330). (bottom) Immunoblots for
SMARCA4 and PBRM1in LNCaP and VCaP cells treated with AU-15330, AU-15139,
or AU-16235atindicated concentrations. Vinculinis the loading control probed
onallimmunoblots. Thisexperiment was repeated independently twice.

(g) Immunoblots of SMARCA4 and PBRM1in VCaP and LNCaP cells pre-treated
with VL285, MLN4924, bortezomib, or thalidomide for 1h, then treated with AU-
15330 at noted concentrations for 4h. Vinculinis the loading control probed on
allimmunoblots. This experiment was repeated independently twice. (h) Real-
time measure showing therescue effect of VHL ligand on AU-15330-mediated
growthinhibitionin VCaP and LNCaP cells. Dataare presented as mean +/-SD
(n=4)fromone-of-threeindependent experiments.
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Extended DataFig.3|SWI/SNF ATPases, SMARCA2and SMARCA4, mediate
chromatin accessibility at numerous sites across the genomeinPCacells.
(a, b) ATAC-seqread-density heatmaps from VCaP cells treated with DMSO
(solvent control), AU-15330, or ZBC-260 (a BRD4 degrader) for indicated
durations atgenomic sites thatare compacted (a) or remain unaltered (b) upon
AU-15330 treatment. Immunoblots show loss of target proteins upon
treatmentof cancer cells with AU-15330 (1 uM) for increasing durations or ZBC-
260 (10 nM) for 4h. Vinculinis the loading control probed on allimmunoblots.
Thisexperiment was repeated independently twice. Barplot shows the changes
inmRNA expression (RNA-seq) of AU-15330 (1 M) target genesin VCaP cells
treated for noted durations. (c) Schematic outlining the CRISPR/Cas9 and
shRNA-based generation of LNCaP cells with eitherindependent or
simultaneousinactivation of SWI/SNF ATPases, SMARCA2 and SMARCA4.
Immunoblots showing the decrease in target expressioninthe genetic models

shownabove. Vinculinis the loading control probed on arepresentative
immunoblot. Thisexperiment was repeated independently twice. (d) ATAC-
seqread-density heatmaps from genetically engineered LNCaP cells with
SMARCA2 and/or SMARCAA4 functionalinactivation at AU-15330-compacted
genomicsites. (e) Binding analysis for the regulation of transcription (BART)
prediction of specific transcription factors mediating the observed
transcriptional changes upon AU-15330 treatmentin LNCaP or VCaP cells. The
top 10 significant and strong (z-score) mediators of transcriptional responses
arelabeled (BART, Wilcoxon rank-sum test). (f) Top ten de novo motifs (ranked
by p-value) enriched within AU-15330-compacted genomicsites (HOMER,
hypergeometric test) in VCaP cells. (g) De novo motif analysis with top 10
motifs (ranked by p-value) enriched within genomic sites that retain chromatin
accessibility upon AU-15330 treatment in VCaP cells (HOMER hypergeometric
test).
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Extended DataFig.4|SWI/SNF inhibition condenses chromatin at
enhancer sitesbound by oncogenic transcriptionfactors ARand FOXAlin
PCacells. (a) ATAC-seq read-density heatmaps from LNCaP cells treated with
DMSO or AU-15330 for indicated durations at all genomic sites that lose
physical accessibility upon AU-15330 treatment. (b) Genome-wide changes in
chromatin accessibility upon AU-15330 treatment for 12hin LNCaP cells, along
withgenomic annotation of sites thatarelost or retained in the AU-15330-
treated cells. (c) De novo motif analysis with top 10 motifs (ranked by p-value)
enriched within AU-15330-compacted or unaltered genomic sitesin LNCaP
cells (HOMER, hypergeometric test). (d) ChIP-seq read-density heatmaps for
ERGat the AU-15330-compacted genomicsitesin VCaP cells after treatment
with DMSO or AU-15330 (1 uM) for indicated times and stimulation with R1881

(1nM, 3h). (e) Genome-wide changes in AR and FOXA1 ChIP-seq peaks upon
AU-15330 treatment (1M, 6h) in VCaP cells stimulated with R1881, a synthetic
androgen (1nM, 3h). (f) Immunoblots showing the changesinindicated
chemical histone marks upon treatment with AU-15330. Vinculinis the loading
control probed onarepresentativeimmunoblot. This experiment was
repeated independently twice. (g) ChIP-seq read-density heatmaps for AR,
FOXAL, and H3K27Ac at the compacted genomic sites in LNCaP cells after
indicated durations of treatment with AU-15330 (1 uM). (h) Genome-wide
changesin ARand FOXA1ChIP-seq peaksupon AU-15330 treatment (1 pM, 6h)
in LNCaP cells stimulated with R1881 (1nM, 3h). (i) ChIP-seq tracks for AR,
FOXAL, and H3K27Ac within the KLK2/3 gene locus in R1881-stimulated VCaP
and LNCaP cells with or without AU-15330 (AU).
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Extended DataFig. 6 | The canonical SWI/SNF complex is the primary
cofactor of enhancer-binding transcription factors and is essential for
enabling their oncogenic gene programes. (a, c) Genome-wide ChlP-seq read-
density heatmaps and Venn diagrams for CTCF in VCaP (a) or LNCaP (c) cells
treated with either DMSO or AU-15330 (1 uM) for 6h. Vinculinis the loading
control probed onarepresentativeimmunoblot. (b, d) Immunoblots of
indicated proteinsin VCaP (b) or LNCaP (d) cells treated with AU-15330 (1pM)
forincreasingtime durations. Total histone H3 is the loading control probed on
allimmunoblots. This experiment was repeated independently twice. (e) GSEA
plots for ERG, FOXA1, and MYC-regulated genes using the fold change rank-
ordered gene signature from AU-15330-treated (1nM, 24h) VCaP cells. NES, net

enrichmentscore;adj P, adjusted p-value; DEGs, differentially expressed genes.

(f, g) GSEA of FOXA1,MYC, or ARID1A-regulated genes (see Methods for gene
sets) inthe fold change rank-ordered AU-15330 gene signature inindicated PCa
cells. DEGs, differentially expressed genes. (n = 2 biological replicates, GSEA
enrichmenttest) (h, i) Expression ofindicated genes (QPCR) in VCaP (h) or
LNCaP (i) cellsupon treatment with DMSO, AU-15330, dBRD7 (BRD7 degrader),
or dBRD7/9 (dual BRD7 and BRD9 degrader) at 1uM for 24h. Dataare presented
asmean +/-SD (n =3, technical replicates) from one-of-two independent
experiments. (j) Immunoblots forindicated proteinsin LNCaP and VCaP cells
treated with AU-15330, dBRD9 (BRD9 degrader), or VZ185 (BRD7/9 degrader) at
indicated concentrations. Vinculinis the loading control probed onall
immunoblots. This experiment was repeated independently twice.
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Extended DataFig.7|SWI/SNF inhibition down-regulates the expression of
oncogenicdrivers throughdisruption of promoter and super-enhancer
interactions. (a, b) RNA expression (RNA-seq) heatmaps from VCaP or LNCaP
cellstreated with DMSO, AU-15330 (1uM), or ZBC-260 (BRD4 degrader) for the
noted durations. n =2, biological replicates. (c) RNA expression (QPCR) of
indicated genesinstable CRISPR-engineered LNCaP-sgNC (control) or LNCaP-
sgSMARCA2 (SMARCA2inactivation) cells that were treated with anon-target
control shRNA or two distinct shRNAs targeting the SMARCA4 gene. Dataare
presented as mean +/-SD (n =3, technical replicates) from one-of-two

independent experiments. Right,immunoblots showing expression of the
indicated proteinin CRISPR/shRNA-engineered LNCaP cells. Vinculinis the
loading control probed onarepresentativeimmunoblot. This experiment was
repeatedindependently twice. (d) Normalized read density of AR, FOXAland
H3K27Ac ChIP-seq signal at the super-enhancer sites (n =1,551sites) in VCaP
cellstreated with DMSO or AU-15330 (1 pM) for 4h or H3K27Ac with 24h AU-
15330 (two-sided t-test). Forall box plots, the center shows median, box marks
quartiles1-3,and whiskers span quartiles1-3 +1.5x IQR.
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Extended DataFig. 8|See next page for caption.
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Extended DataFig. 8| Enhancer-promoterinteractions atlociof oncogenic
transcription factors with AU-15330. (a) ATAC-seq and ChIP-seq tracks for
AR,FOXA1, and H3K27Ac withinthe AR gene locus in VCaP cells with or without
AU-15330 treatment (1M for 6h for AR and FOXA1; 1 uM for 24h for H3K27Ac).
(b) H3K27Ac HiChIP-seq heatmaps within the FOXAI genelocusin VCaP cells
plus/minus treatment with AU-15330 (1 pM) for 4h (bin size = 25Kb). ATAC-seq
read-density tracks from the same treatment conditions are overlaid. Grey
highlights mark enhancers, while the blue highlight marks the FOXAI promoter.
(c) Aggregate peak analysis (APA) plots for H3K4me3 (active promoter mark)
HiChlIP-seq datafor all possibleinteractions between putative enhancers and

gene promotersin VCaP cells plus/minus treatment with AU-15330 (1uM) for
noted durations. (d) APA plots for CTCF HiChIP-seq data for all possible
interactions between CTCF-bound insulator elementsin VCaP cells plus/minus
treatment with AU-15330 (1M, 4h). TAD, topologically associating domain.
(e) CTCF HiChIP-seq heatmapsinagene locus at Chrl4, including the FOXA1
topologically associating domain (TAD), in VCaP cells plus/minus treatment
with AU-15330 (1 uM) for 4h (bin size =100Kb). CTCF ChIP-seq read-density
tracks from VCaP cells plus/minus AU-15330 treatment (1uM) for 6h are
overlaid.
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Extended DataFig.9|AU-15330is well tolerated in mice and induces on-
targetdegradation of SMARCA2, SMARCA4, and PBRML. (a) Immunoblots
ofindicated proteinsin B16F10 and MC38 cells treated with DMSO or AU-15330
(100 nMor1puM).Vinculinistheloading control probed onarepresentative
immunoblot. Thisexperiment was repeated independently twice.

(b) Schematic outlining the AU-15330 in vivo study in non-tumor bearing CD-1
mice. Male mice were treated with vehicle (control) or AU-15330 at the
indicated concentration throughout the experiment. (c) Pharmacokinetics
profile of AU-15330 following intravenous (IV) injection in CD-1 mice. Mice
received asingleinjection atindicated concentration of AU-15330, and plasma
levels were determined by HPLC. Data are presented as mean+/-SD (n=6,
biological replicates). (d) Immunohistochemistry staining of SMARCA4/BRG1
was carried out using lung, small intestine, and prostate sections after

necropsy to show on-target efficacy of AU-15330 invivo (n = 2, biological
replicates). (e) Body weight measurements showing AU-15330 does not affect
weight of non-tumor bearing CD-1 mice. Dataare presented as mean +/-SD

(n= 6, biological replicates). (f) Major organ weight measurements (taken after
necropsy) showing AU-15330 does not affect their weight in non-tumor bearing
CD-1mice.Dataare presented as mean +/-SD (n = 6, biological replicates).

(g) Complete blood count showing AU-15330 does not affect the hematologic
system. Non-tumor bearing CD-1 mice were treated with vehicle or AU-15330 at
theindicated concentration throughout the treatment period, and whole
blood was then collected and processed. WBC, white blood cells; RBC, red
blood cells; PLT, platelets. Dataare presented as mean +/- SD (n = 6, biological
replicates).
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Extended DataFig.10|Combined invivo treatment with AU-15330 and
enzalutamide causes tumor regression in PCa xenografts without toxic
effects on other organs. (a) Schematic outlining the AU-15330 in vivo efficacy
study using the VCaP-CRPC xenograft model. VCaP cells were subcutaneously
grafted inimmunocompromised mice that were castrated after 2 weeks of
tumor growth toinduce disease regression. This was eventually followed by
tumor re-growthinthe androgen-depleted conditions, generating the
aggressive, castration-resistant tumors. (b) Individual tumors and weights
fromvehicle, enzalutamide, AU-15330, and AU-15330+enzalutamide groups
from VCaP-CRPC study (two-sided t-test). Data are presented as mean+/-SEM

(vehicle:n=18, enzalutamide:n=20,AU-15330: n =18, AU-15330+enzalutamide:

n=16).Forallbox plots, the center shows median, box marks quartiles 1-3,and
whiskers span the range. (c) Immunoblots of direct AU-15330 targets (upper)
and oncogenic transcription factors (bottom) from VCaP-CRPC xenografts
(n=4tumors/arm) after 5days of invivo treatment. Vinculinis the loading
control probed onarepresentativeimmunoblot. (d) Representative

immunohistochemistry images from the VCaP-CRPC xenograft study (n =2
tumors/arm) for SMARCA2 and SMARCA4. (e) Box plot of the percent of cells
with positive Ki-67 staining. Two-sided t-test shows significant differences
between vehicle vs. enzalutamide, AU-15330, or AU-15330+enzalutamide
groups. Dataare presented as mean +/- SEM (n = 4, biological replicates). For all
box plots, the center shows median, box marks quartiles 1-3, and whiskers span
therange. (f) Percent body weight measurement showing the effect of vehicle,
enzalutamide, AU-15330, and combination of AU-15330 and enzalutamide
throughout the treatment period (two-sided t-test). Dataare presented as
mean +/-SEM (vehicle:n =9, enzalutamide: n =10, AU-15330:n =9, AU-
15330+enzalutamide: n = 8). (g) H&E staining was carried out to examine the
effect of AU-15330 invivo using colon, spleen, liver,and kidney sections

after necropsy. Representative images of H&E staining are shown.

(h) Immunohistochemistry staining of SMARCA4/BRG1 was carried out using
liver and kidney sections after necropsy to show on-target efficacy of AU-15330
invivo.
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Extended DataFig.11|AU-15330 inhibits CRPC growth and synergizes with
the AR antagonist enzalutamide. (a) Schematic outlining the AU-15330 invivo
efficacy study usingthe C4-2B (CRPC) xenograft model. C4-2B-xenograft
bearing male mice were castrated and, upon tumor regrowth, randomized into
various treatment arms. (b) Body weight measurements showing the effect of
theindicated treatments on animal weight. Tumor-bearing SCID mice were
treated with theindicated drug throughout the treatment period, and the body
weight was measured atendpoint. Data are presented as mean +/-~SEM (n =10,
biological replicates). (c) Individual tumor volumes from different treatment
groups with p-values are shown (two-sided t-test). Dataare presented as mean
+/-SEM (n =20, biological replicates). (d) Immunoblots of direct AU-15330
targets (SMARCA2, SMARCA4, and PBRM1) in the whole cell lysate from C4-2B
xenografts fromall treatment arms after 5 days of invivo treatment (n=4,
biological replicates). Vinculinis the loading control probed ona
representative immunoblot. (e-g) VCaP, C4-2B, and LNCaP cells were treated

with AU-15330 and/or enzalutamide at varied concentrations to determine the
effecton cellgrowthand drug synergism, with assessments using the Bliss
Independence method. Red peaksinthe3D-plots denote synergy with the
average synergy scores noted above. Themean of three biological replicatesis
shownontop. Dataare presented as mean (n =4) fromone-of-three
independent experiments. (h) Crystal violet staining showing the synergistic
effect of AU-15330 and enzalutamide on colony formationin VCaP and LNCaP.
(i,j) Dose-response curves of VCaP cells treated with enzalutamide in
combination withDMSO or AU-15330 atindicated concentrations. Data are
presented as mean +/-SD (n =4) from one-of-threeindependent experiments.
(k) Dose-response curves of VCaP_Parental and VCaP_EnzR cells treated with
enzalutamide or AU-15330. Data are presented as mean +/-SD (n = 6) from one-
of-threeindependent experiments. (1) ICs, for AU-15330 in enzalutamide-
resistant (EnzR) LNCaP and VCaP cells after 5days of treatment.



Article

a
Tumor i T Euthanize Euthanize
l l AU-15330 60 mg/kg: 3 days/week i.v. l AU-15330 60 mg/kg: 3 days/week i.v. l
10 mg/kg: 5 day: po. 10 mg/kg: 5 daysiweek p.o.
MDA-PCa 146-12 Tumor volume Day 5 Day 22
~100 mm® Harvest samples for Endpoint
—
Liver, Spleen, Kidney,
Heart, Lung, Small
Intestine, Colon histology
’ . Sacrifice/ : ;
Tumor implantation Tumor implantation Treatment Euthanize Euthanize
l l l AU-15330 60mg/kg: 3 days/week i.v. l AU-15330 60mg/kg: 3 days/week i.v. J'
Tumor regresses and returns lide 10mg/kg: 5 day p.o. ide 10mg/kg: 5 day: p.o.
MDA-PCa 146-12 MDA-PCa 146-12 Tumor volume 5 Day 43
CRPC ~100 mm* Harvest samples for Endpoint
b g0 c d _
g -@- AU-15330+Enzalutamide 2.0~ — 1500 =3 Vehicle
= - Enzalutamide > 2 3 Enzalutamide
= -@- Vehicle = £
o~ g 6007 . 95 2 & 1000 3 AU15330+Enzalutamide
- I To g a
v 2 s ¢= g E
< o = < o X O
& 5 400 Y- 23
g8 g5 3850
=] Tr o <8
3E 3% 8%
= G 200 =9 g
s c E =
2 g =3
& 5
0 T T T T E
2 ot
0 5 10 15 20 = £50
Days of Treatment
€ MDA-PCa-146-12 xenograft model MDA-PCa-146-12 CRPC xenograft model
120 120
110
olteeae—gratt sttt o
S 90—teeees 82 o3 a3 &... <
€ a0 s
£ 70 [=)
3 60 2
z 50 g
& 404 —= Vehicle g 40- -~ Vehicle
o -
@ gg —e— Enzalutamide o gg_ —=- Enzalutamide
104 -+ AU-15330+Enzalutamide 18- -o- AU-15330+Enzalutamide
0 T T T T T 1
0 7 14 21 0 7 14 2 28 3B 42
Days of Treatment Days of Treatment
i
" L]
F Vehicle (n=9) 2 150-] ote °
. = = o2 * %
3 Enzalutamide (n=10) § oge s e 3
® 100 .
3
AU-15330 (n=10) =
z ﬁ 50_
4 AU-15330+ °
Enzalutamide (n=10)
‘k o 0 T T T T
2 @ @ N} P .2
. : & F o 2 &
Testes from animals from the C4-2B xenograft efficacy study at endpoint \\é\\ \qg“ \b"-’ ;\‘55@0‘
(i.e. 24 days of AU-15330 treatment). ,l;p\° y\P vp 151}"
<& <&
X

Extended DataFig.12|See next page for caption.



Extended DataFig.12|AU-15330 inhibits tumor growth ofan
enzalutamide-resistant patient-derived xenograft (PDX) model without
evident toxicities. (a) Schematics outlining the AU-15330 in vivo efficacy
studies using the MDA-PCa-146-12 (top) or the MDA-PCa-146-12-CRPC (bottom)
xenograft model. MDA-PCa-146-12-CRPC xenograft-bearing male mice were
castrated and, upon tumor regrowth, randomized into various treatmentarms
that were administered vehicle, enzalutamide, or the combination of AU-
15330+enzalutamide at indicated concentrations. (b) Tumor volume
measurements (caliper twice per week) showing efficacy of enzalutamide
alone orincombination with AU-15330in the enzalutamide-resistant MDA-
PCa-146-12PDX model (n =20/arm; two-sided t-test). Data are presented as
mean +/-SEM (vehicle: n =18, enzalutamide: n =18, AU-15330+enzalutamide:
n=16). (c) Individual tumor weights from different treatment groups fromthe
MDA-PCa-146-12 PDX study with p-valuesindicated (two-sided t-test). Dataare
presented as mean +/- SEM (vehicle: n =18, enzalutamide: n =18, AU-
15330+enzalutamide: n = 8). (d) Waterfall plot showing percent change from
baseline of individual tumors from the MDA-PCa-146-12-CRPC model with
indicated treatment group after 43 days of treatment. (e, f) Animal body weight
measurements showing the effect of vehicle, enzalutamide, and combination
of AU-15330 and enzalutamide on animal weight in the (e) MDA-PCa-146-12 or

the (f) MDA-PCa-146-12-CRPC PDX models. Tumor-bearing SCID mice were
treated with vehicle, enzalutamide, or acombination of AU-15330 and
enzalutamide at theindicated concentration throughout the treatment
period. Dataare presented as mean +/— SEM (for e, vehicle:n =9, AU-15330:
n=9,AU-15330+enzalutamide: n = 8; for f, vehicle:n =7, AU-15330:n =8, AU-
15330+enzalutamide: n = 8). (g) Representative Alcian blue staining images
fromthelargeintestinal tract harvested at the VCaP-CRPC efficacy study
endpoint (n=2/treatment group). Right, quantification of goblet:epithelial cell
densitiesinthe colon (two-sided t-test). Dataare presented as mean +/- SEM
(n=6,biological replicates). (h) Top, Representative H&E of the testis gland
harvested from DMSO or AU-15330-treated intact male mice after 21 days of
invivo treatment. Right, quantification of germ cell density and maturation
carried out using the Johnsen scoring system (two-sided t-test). Bottom, gross
images of the testis glands. Dataare presented asmean +/-SEM (n=6,
biological replicates). For allbox plots, the center shows median, box marks
quartiles1-3,and whiskers span the range. (i) Individual testes weight and
images from different treatment groups of the C4-2B xenograft efficacy study
atendpoint (i.e., after 24 days of treatment) with p-values indicated (two-sided
t-test). Dataare presented as mean +/- SEM (vehicle:n =9, enzalutamide:n =10,
AU-15330:n =10, AU-15330+enzalutamide: n =10).
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in reporting. For further information on Nature Research policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

|Z| The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

|Z| For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX O OO0 000F

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used for data collection.

Data analysis All custom codes used for data analyses are freely available from the following public repositories:
https://github.com/mcieslik-mctp/papy
https://github.com/mcieslik-mctp/hpseq
https://github.com/mcieslik-mctp/bootstrap-rnascape
https://github.com/mcieslik-mctp/codac
https://github.com/mcieslik-mctp/crisp
https://github.com/mcieslik-mctp/
https://github.com/mctp/
https://github.com/dovetail-genomics/dovetail_tools

Computational tools used:

GraphPad Prism 9 and in-built statistical tools
SAMtools (version 1.9 or 1.13)

PICARD Mark Duplicates (version 2.9.0)
HOMER (version v.4.10)

MACS2 (version 2.1.1.20160309)
bcl2fastg conversion software (v2.20)
BWA (version 0.7.17-r1198-dirty)
Pairtools (version 0.3.0)

EdgeR (version 3.34.1)

HTSeg-count (version 0.13.5)
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deepTools (version 3.3.1)
ChipPeakAnno (version 3.0.0)
ChipSeeker (version 1.29.1)

R (version 3.6.0)

Cooler (version 0.8.11)
juicertools(version 1.22.01)
HiCExplorer (version 3.7)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

All raw data for the graphs, immunoblots, and gel electrophoresis figures are included in the Source Data or Supplementary Information. All materials are available
from the authors upon reasonable request. All the raw next-generation sequencing, ATAC, ChIP, RNA, and HiChIP-seq data generated in this study have been
deposited in the Gene Expression Omnibus (GEO) repository at NCBI (accession code GSE171592).

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

[X] Life sciences [ ] Behavioural & social sciences | | Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes were empirically and statistically determined. For animal experiments, n=10-20 tumors were used for the pilot and efficacy
studies. Using 20 tumors per treatment group, the statistical power to detect a 50% decrease in the mean tumor volume or metastatic burden
in the treatment group is estimated to be 92.3% if the coefficient of variation (CV) is 40%. All in vitro experiments were performed with at
least 3 technical replicates across two independent experiments. All samples sizes for various assays are listed in the Methods section or the
figure legends.

Data exclusions  No data was excluded from the published publicly-available patient sequencing studies. For biological experiments, no data exclusions were
made.

Replication For all experiments, there are at least two independent biological repeats and multiple technical repeats in each. In all instances, all attempts
at replicating the experiments produced similar results.

Randomization  For animal studies, mice were randomly assigned to treatment groups. For all other in vitro experiments, we used a common cell suspension
to plate for both control and treatment groups.

Blinding All histo-pathological evaluations of tissues and IHC/staining-based scoring for drug toxicity studies were carried out in a blinded manner by
two independent pathologists. For all other experiments, the analyses did not require blinding as data quantification was carried out using
instruments and automated workflows with no manual steps.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods

>
n/a | Involved in the study n/a | Involved in the study gr
[ 1|X Antibodies ] ChIP-seq D)
|:| IZ Eukaryotic cell lines |:| Flow cytometry %
) ' oY}
IZ D Palaeontology and archaeology IZ D MRI-based neuroimaging 3
|:| IZ Animals and other organisms =
IZI |:| Human research participants >
IZ D Clinical data 8
X]|[] Dual use research of concern é
wv
C
Antibodies %
Antibodies used Target antigen; Vendor; Catalog number; Lot number; Application; Note 5
BAF155 Cell Signaling Technology 11956S, Clone:D7F8S, Lot: 4, Western Blot, Co-IP 1:1000
SMARCA2/BRM Bethyl laboratories A301-016A, Lot: 1, Western Blot 1:1000
SMARCA4/BRG1 Cell Signaling Technoly 522518, Lot: 1, Western Blot 1:1000
PBRM1 Bethyl laboratories A301-591A, Lot: 3, Western Blot 1:1000
BRD4 Cell Signaling Technology 13440S, Clone: E2A7X Western Blot 1:1000
BRD7 Proteintech 51009-2-AP Western Blot 1:1000
BRD9 Thermo Scientific PA5-113488, Lot: WE3273112, Western Blot 1:1000
Vinculin Millipore Sigma V9131 Western Blot 1:5000
VHL Thermo Fisher Scientific PA527322, Lot: UH2825110A, Western Blot 1:1000
AR Millipore Sigma 06-680, Lot: 3256650, Western Blot, Co-IP 1:1000
ERG Abcam ab92513 Western Blot, Co-IP 1:1000
FOXA1 Thermo Fisher Scientific PA5-27157 Western Blot, Co-IP 1:1000
c-Myc Cell Signaling Technology 5605S, Clone: D84C12, Western Blot 1:1000
PSA DAKO AO562, Lot: 00093790, Western Blot 1:4000
YY1 Diagenode C15410345 Western Blot 1:1000
MED1 Bethyl laboratories A300-793A Western Blot 1:1000
H3K27Me3 Diagenode C15410069 Western Blot 1:1000
H3K27Ac Cell Signaling Technology 8173, Clone: D5E4, Western Blot 1:1000
H3K4me3 Cell Signaling Technology 9751, Lot: 14, Clone: C42D8 Western Blot 1:1000
H3K4Me1 Abcam ab8895 Western Blot 1:1000
Cleaved PARP (Asp214) Cell Signaling Technology 9541, Clone: Asp214, Lot: 13, Western Blot 1:1000
SMARCA2/BRM Millipore sigma HPA029981 IHC 1:100
SMARCA4/BRG1 Abcam ab108318 IHC 1:100
AR Millipore Sigma 06-680 IHC 1:100
FOXA1 Thermo Fisher Scientific PA5-27157, Lot: VFS004672A, IHC 1:1000
ERG Cell Signaling Technology 972495, Clone: A7L1G, Lot: 1, IHC 1:500, ChIP-seq 10 mg/7-8M cells
AR Millipore/Sigma 06-680 ChIP-seq 10 mg/7-8M cells
FOXA1 Thermo Fisher Scientific PA5-27157 ChlIP-seq 10 mg/7-8M cells
H3K27Ac Abcam ab4729 ChiIP-seq 10 mg/10M cells
CTCF Cell Signaling Technology 3418, Clone: D31H2, Lot: 4, HiChIP-seq 1.14 mg per IP
H3K4me3 Cell Signaling Technology 9751, Clone:C42D8, Lot: 14, HiChIP-seq 3.4 mg per IP
H3K27Ac Cell Signaling Technology 8173, Clone: D5E4, HiChIP-seq 0.4 mg per IP
Validation All antibodies used in this study are from reputed commercial vendors and have been validated by the vendors (see website). QC

data is directly available from all the vendor listed above and these antibodies have been commonly used in other publications. These
details are included in the vendor web-links pasted below:

BAF155, https://www.cellsignal.com/products/primary-antibodies/smarcc1-baf155-d7f8s-rabbit-mab/11956
SMARCA2/BRM, https://www.bethyl.com/product/A301-016A/SMARCA2+BRM+Antibody

SMARCA2/BRG, https://www.sigmaaldrich.com/US/en/product/sigma/hpa029981

SMARCA4/BRG1, https://www.cellsignal.com/products/primary-antibodies/brgl-e9o6e-mouse-mab/52251
SMARCA4/BRG1, https://www.abcam.com/brgl-antibody-epr3912-ab108318.html

PBRM1, https://www.bethyl.com/product/A301-591A/PBRM1+Antibody

BRD4, https://www.cellsignal.com/products/primary-antibodies/brd4-e2a7x-rabbit-mab/13440

BRD7, https://www.ptgen.com/products/BRD7-Antibody-51009-2-AP.htm

BRD9, https://www.thermofisher.com/antibody/product/BRD3-Antibody-Polyclonal/PA5-113488

Vinculin, https://www.sigmaaldrich.com/US/en/product/sigma/v9131

VHL, https://www.thermofisher.com/antibody/product/VHL-Antibody-Polyclonal/PA5-27322

AR, https://www.emdmillipore.com/US/en/product/Anti-Androgen-Receptor-Antibody, MM_NF-06-680
ERG, https://www.abcam.com/erg-antibody-epr3864-ab92513.html

ERG, https://www.cellsignal.com/products/primary-antibodies/erg-a7l1g-rabbit-mab/97249

FOXA1, https://www.thermofisher.com/antibody/product/FOXA1-Antibody-Polyclonal /PA5-27157

c-Myc, https://www.cellsignal.com/products/primary-antibodies/c-myc-d84c12-rabbit-mab/5605

YY1, https://www.diagenode.com/en/p/yy1-polyclonal-antibody-50-ug

MED1, https://www.bethyl.com/product/A300-793A/MED1+Antibody

H3K27Me3, https://www.diagenode.com/en/p/h3k27me3-polyclonal-antibody-classic-50-mg-34-ml
H3K27Ac, https://www.cellsignal.com/products/primary-antibodies/acetyl-histone-h3-lys2 7-d5e4-xp-rabbit-mab/8173
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H3K27Ac, https://www.abcam.com/histone-h3-acetyl-k2 7-antibody-chip-grade-ab4729.html

H3K4Me1, https://www.abcam.com/Histone-H3-mono-methyl-K4-antibody-ChIP-Grade-ab8895.html?gclsrc=aw.ds |
aw.ds&gclid=CjwKCAjwzt6LBhBeEiwAbPGOgUFEY8GIMv4AWyw4MgVMXASeZXmac)3JbieaWOcgXasSovoW1pm9ypRoCEWMQAVD_Bw
E

H3K4Me3, https://www.cellsignal.com/products/primary-antibodies/tri-methyl-histone-h3-lys4-c42d8-rabbit-mab/9751

Cleaved PARP, https://www.cellsignal.com/products/primary-antibodies/cleaved-parp-asp2 14-antibody-human-specific/9541

CTCF, https://www.cellsignal.com/products/primary-antibodies/ctcf-d31h2-xp-rabbit-mab/3418

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s)

Authentication

Most cell lines were originally obtained from ATCC, DSMZ, ECACC, or internal stock. C4-2B cells were generously provided by
Evan Keller, Ph.D. at the University of Michigan (who originally purchased them from ATCC), CWR-R1 cells, and a series of
enzalutamide-resistant prostate cancer cell lines (LNCaP_Parental, LNCaP_EnzR, CWR-R1_Parental, CWR-R1_EnzR,
VCaP_Parental and VCaP_EnzR) were generated in the lab of and generously provided by Donald Vander Griend, Ph.D. at the
University of lllinois at Chicago. Hela cells were purchased from ATCC. All the cells were genotyped to confirm their identity
at the University of Michigan Sequencing Core and tested routinely for Mycoplasma contamination. Additionally, all the cell
lines were genotyped every two months to confirm their identity. LNCaP, 22RV-1, CWR-R1, PC-3, and DU145 were grown in
Gibco RPMI-1640 + 10% FBS (ThermoFisher, Waltham, MA). VCaP was grown in Gibco DMEM + 10% FBS (ThermofFisher,
Waltham, MA).

All cell lines were biweekly tested to be free of mycoplasma contamination and genotyped every month at the University of
Michigan Sequencing Core using Profiler Plus (Applied Biosystems) and compared with corresponding short tandem repeat
(STR) profiles in the ATCC database to authenticate their identity in culture between passages and experiments. In particular,
we ensured that the STR profile of Hela cells were always >90% similar to the original, early passage cells. Also, Hela cells
were cultured in a separate hood to avoid any cross-contamination.

Mycoplasma contamination All cells were biweekly tested for mycoplasma contamination using the MycoAlert PLUS Mycoplasma Detection Kit (Lonza)

and were found to be continually negative. More details are included in the Methods section

Commonly misidentified lines  None

(See ICLAC register)

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals
Field-collected samples

Ethics oversight

Efficacy studies: 4-6 week old male CB17 severe combined immunodeficiency (SCID) mice were procured from the University of
Michigan breeding colony. Pharmacokinetics study: 9-11 week old CD-1 male mice were used. All mice were maintained under the
conditions of pathogen-free, 12 hours light/12 hours dark cycle, temperatures of 18-23°C, and 40-60% humidity.

No wild animals were used in the study.
No field collected samples were used in the study.

The Institutional Animal Care & Use Committee (IACUC) ensures that the highest animal welfare standards are maintained along with
the conduct of accurate, valid scientific research through the supervision, coordination, training, guidance, and review of every
project proposed to include the use of vertebrate animals at the University of Michigan.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

ChlP-seq

Data deposition

|X| Confirm that both raw and final processed data have been deposited in a public database such as GEO.

|X| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links

We have deposited the raw as well as processed ATAC, RNA, ChIP and HiChIP sequencing files to the GEO superseries

May remain private before publication.  repository; accession #: GSE171592.

Files in database submission GSE171592  Targeting SWI/SNF ATPases in enhancer-addicted prostate cancer Oct 28, 2021

GSE171584  Targeting SWI/SNF ATPases in enhancer-addicted prostate cancer [ATAC-seq] Oct 28, 2021 approved None
GSM5227748 VCaP_DMSO_R1_8h (ATAC-seq) Oct 28, 2021 approved BED

GSM5227749  VCaP_DMSO_R2_8h (ATAC-seq) Oct 28, 2021 approved BED

GSM5227750 VCaP_DMSO_R1_24h (ATAC-seq) Oct 28, 2021 approved BED

GSM5227751  VCaP_DMSO_R2_24h (ATAC-seq) Oct 28, 2021 approved BED

GSMS5227752  VCaP_AU_R1_4h (ATAC-seq) Oct 28, 2021 approved BED

GSM5227753  VCaP_AU_R2_4h (ATAC-seq) Oct 28, 2021 approved BED

GSM5227754 VCaP_AU_R1_8h (ATAC-seq) Oct 28,2021 approved BED
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GSM5227755
GSM5227756
GSM5227757
GSM5227758
GSM5227759
GSM5227760
GSM5227761
GSM5227762
GSM5227763
GSM5227764
GSM5227765
GSM5227766
GSM5227767
GSM5227768
GSM5227769
GSM5227770
GSM5227771
GSM5227772
GSM5227773
GSM5227774
GSM5227775
GSM5227776
GSM5227777
GSM5655507
GSM5655508
GSM5655509
GSM5655510

VCaP_AU_R2_8h (ATAC-seq) Oct 28,2021 approved BED
VCaP_AU_R1_12h (ATAC-seq) Oct 28, 2021 approved BED
VCaP_AU_R2_12h (ATAC-seq) Oct 28, 2021 approved BED
VCaP_AU_R1_24h (ATAC-seq) Oct 28, 2021 approved BED
VCaP_AU_R2_24h (ATAC-seq) Oct 28, 2021 approved BED
VCaP_7BC260_R1_8h (ATAC-seq) Oct 28,2021 approved BED
VCaP_7ZBC260_R2_8h (ATAC-seq) Oct 28,2021 approved BED
VCaP_7BC260_R1_24h (ATAC-seq) Oct 28, 2021 approved BED
VCaP_7BC260_R2_24h (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_DMSO_R1_24h (ATAC-seq) Oct 28,2021 approved BED
LNCaP_DMSO_R2_24h (ATAC-seq) Oct 28,2021 approved BED
LNCaP_AU_R1_12h (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_AU_R2_12h (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_AU_R1_24h (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_AU_R2_24h (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_sgNC+shNC_R1_72h (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_sgNC+shNC_R2_72h (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_sgSMARCA2_R1 (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_sgSMARCA2_R2 (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_sgSMARCA4_R1 (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_sgSMARCA4_R2 (ATAC-seq) Oct 28, 2021 approved BED
LNCaP_sgSMARCA2+shSMARCA4_R1_72h (ATAC-seq) Oct 28,2021 approved BED
LNCaP_sgSMARCA2+shSMARCA4_R2_72h (ATAC-seq) Oct 28,2021 approved BED
AU-CBH-15330 @1uM for 0.5h-R1 Oct 28, 2021 approved BED
AU-CBH-15330 @1uM for 0.5h-R2 Oct 28, 2021 approved BED
AU-CBH-15330 @1uM for 1h-R1 Oct 28, 2021 approved BED
AU-CBH-15330 @1uM for 1h-R2 Oct 28, 2021 approved BED

GSE171589

GSM5228982
GSM5228983
GSM5228984
GSM5228985
GSM5228986
GSM5228987
GSM5228988
GSM5228989
GSM5228990
GSM5228991
GSM5228992
GSM5228993
GSM5228994
GSM5228995
GSM5228996
GSM5228997
GSM5228998
GSM5228999
GSM5655511
GSM5655512
GSM5655513
GSM5655514
GSM5655515
GSM5655516
GSM5655517
GSM5655518
GSM5655519

Targeting SWI/SNF ATPases in enhancer-addicted prostate cancer [ChIP-seq] Oct 28, 2021 approved None
VCaP_DMSO_6h_AR (ChIP-seq) Oct 28, 2021 approved BED
VCaP_AU_6h_AR (ChIP-seq) Oct 28,2021 approved BED
VCaP_DMSO_6h_FOXA1 (ChIP-seq) Oct 28, 2021 approved BED
VCaP_AU_6h_FOXA1 (ChIP-seq) Oct 28,2021 approved BED
VCaP_DMSO_6h_ERG (ChIP-seq) Oct 28, 2021 approved BED
VCaP_AU_6h_ERG (ChIP-seq) Oct 28,2021 approved BED
VCaP_DMSO_6h_CTCF (ChIP-seq) Oct 28,2021 approved BED
VCaP_AU_6h_CTCF (ChIP-seq) Oct 28, 2021 approved BED
VCaP_DMSO_24h_H3K27Ac (ChIP-seq) Oct 28,2021 approved BED
VCaP_AU_24h_H3K27Ac (ChIP-seq) Oct 28,2021 approved BED
LNCaP_DMSO_6h_AR (ChIP-seq) Oct 28, 2021 approved BED
LNCaP_AU_6h_AR (ChIP-seq) Oct 28,2021 approved BED
LNCaP_DMSO_6h_FOXA1 (ChIP-seq) Oct 28, 2021 approved BED
LNCaP_AU_6h_FOXA1 (ChIP-seq) Oct 28,2021 approved BED
LNCaP_DMSO_6h_CTCF (ChIP-seq) Oct 28, 2021 approved BED
LNCaP_AU_6h_CTCF (ChIP-seq) Oct 28, 2021 approved BED
LNCaP_DMSO_24h_H3K27Ac (ChIP-seq) Oct 28, 2021 approved BED
LNCaP_AU_24h_H3K27Ac (ChIP-seq) Oct 28, 2021 approved BED
VCaP_AU1lh_AR_Milli ~ Oct 28,2021 approved BED
VCaP_AU1lh_FOXA1-TFS  Oct 28, 2021 approved BED
VCaP_AU1lh_H3K27Ac_abcam Oct 28, 2021 approved BED
VCaP_AU2h_AR_Milli ~ Oct 28, 2021 approved BED
VCaP_AU2h_FOXA1-TFS  Oct 28, 2021 approved BED
VCaP_AU2h_H3K27Ac_abcam Oct 28, 2021 approved BED
VCaP_AU4h_AR_Milli ~ Oct 28,2021 approved BED
VCaP_AU4h_FOXA1-TFS  Oct 28, 2021 approved BED
VCaP_AU4h_H3K27Ac_abcam Oct 28, 2021 approved BED

GSE171523

GSM5226548
GSM5226549
GSM5226550
GSM5226551
GSM5226552
GSM5226553
GSM5226554
GSM5226555
GSM5226556
GSM5226557
GSM5226558
GSM5226559
GSM5226560
GSM5226561
GSM5226562
GSM5226563
GSM5226564
GSM5226565

Targeting SWI/SNF ATPases in enhancer-addicted prostate cancer [RNA-seq] Oct 28, 2021 approved None
VCaP_DMSO_R1_24h (RNA-seq) Oct 28,2021 approved TXT
VCaP_DMSO_R2_24h (RNA-seq) Oct 28,2021 approved TXT
VCaP_AU_R1_4h (RNA-seq) Oct 28,2021 approved TXT
VCaP_AU_R2_4h (RNA-seq) Oct 28,2021 approved TXT
VCaP_AU_R1_8h (RNA-seq) Oct 28,2021 approved TXT
VCaP_AU_R2_8h (RNA-seq) Oct 28,2021 approved TXT
VCaP_AU_R1_12h (RNA-seq) Oct 28, 2021 approved TXT
VCaP_AU_R2_12h (RNA-seq) Oct 28, 2021 approved TXT
VCaP_AU_R1_24h (RNA-seq) Oct 28,2021 approved TXT
VCaP_AU_R2_24h (RNA-seq) Oct 28, 2021 approved TXT
VCaP_7BC260_R1_8h (RNA-seq) Oct 28, 2021 approved TXT
VCaP_7ZBC260_R2_8h (RNA-seq) Oct 28, 2021 approved TXT
VCaP_7ZBC260_R1_24h (RNA-seq) Oct 28,2021 approved TXT
VCaP_7ZBC260_R2_24h (RNA-seq) Oct 28,2021 approved TXT
LNCaP_DMSO_R1_24h (RNA-seq) Oct 28, 2021 approved TXT
LNCaP_DMSO_R2_24h (RNA-seq) Oct 28, 2021 approved TXT
LNCaP_AU_R1_12h (RNA-seq) Oct 28,2021 approved TXT
LNCaP_AU_R2_12h (RNA-seq) Oct 28,2021 approved TXT
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Genome browser session
(e.g. UCSC)

Methodology

Replicates

Sequencing depth

Antibodies

Peak calling parameters

Data quality

Software

GSM5226566  LNCaP_AU_R1_24h (RNA-seq) Oct 28, 2021 approved TXT
GSM5226567  LNCaP_AU_R2_24h (RNA-seq) Oct 28, 2021 approved TXT
GSM5226568  LAPC4_DMSO_R1_24h (RNA-seq) Oct 28,2021 approved TXT
GSM5226569  LAPC4_DMSO_R2_24h (RNA-seq) Oct 28,2021 approved TXT
GSM5226570  LAPC4_AU_R1_24h_0.1uM (RNA-seq) Oct 28, 2021 approved TXT
GSM5226571  LAPC4_AU_R2_24h_0.1uM (RNA-seq) Oct 28, 2021 approved TXT
GSM5226572  LAPC4_AU_R1_24h_1uM (RNA-seq) Oct 28,2021 approved TXT
GSM5226573  LAPC4_AU_R2_24h_1uM (RNA-seq) Oct 28,2021 approved TXT
GSM5655526  VCaP_DMSO_2h_1 Oct 28,2021 approved TXT
GSM5655527  VCaP_DMSO_2h_2 Oct 28,2021 approved TXT
GSM5655528  VCaP_AU-15330_1 uM_0.5h_1 Oct 28, 2021 approved TXT
GSM5655529  VCaP_AU-15330_1 uM_0.5h_2 Oct 28, 2021 approved TXT
GSM5655530  VCaP_AU-15330_1 uM_1h_1 Oct 28,2021 approved TXT
GSM5655531  VCaP_AU-15330_1 uM_1h_2 Oct 28,2021 approved TXT
GSM5655532  VCaP_AU-15330_1 uM_2h_1 Oct 28, 2021 approved TXT
GSM5655533  VCaP_AU-15330_1 uM_2h_2 Oct 28,2021 approved TXT

GSE171591  Targeting enhancer addiction in prostate cancer by impeding

chromatin accessibility [HiChIP-seq] Oct 28, 2021 approved None

GSM5229035 VCaP_DMSO_4h_H3K4me3 (HiChIP-seq) Oct 28, 2021 approved HIC
GSM5229036  VCaP_AU_4h_H3K4me4 (HiChlP-seq) Oct 28,2021 approved HIC
GSM5229037 VCaP_DMSO_4h_H3K27Ac (HiChIP-seq) Oct 28,2021 approved HIC
GSM5229038 VCaP_AU_4h_H3K27Ac (HiChIP-seq) Oct 28, 2021 approved HIC
GSM5229039 VCaP_DMSO_4h_CTCF (HiChIP-seq) Oct 28,2021 approved HIC
GSM5229040 VCaP_AU_4h_CTCF (HiChlP-seq) Oct 28, 2021 approved HIC

No longer applicable

Multiple biological as well as technical replicates are included.

ATACseq: Sequenced to 65-70M total reads, paired-end mode, 125bp read lengths. Over 97% of uniquely mapped reads.
ChlPseq: Sequenced to 50-70M total reads, paired-end mode, 125bp read lengths. Over 97% of uniquely mapped reads.
RNAseq: Sequenced to 25-30M total reads, paired-end mode, 125bp read lengths. Over 97% of uniquely mapped reads.
HiChIPseq: Sequenced to 200-225M total reads, paired-end mode, 125bp read lengths. Over 95% of uniquely mapped reads.

See Supplementary Table 2.

MACS2 (Version 2.1.1.20160309) callpeak was used for performing peak calling with the following option: ‘macs2 callpeak—call-
summits—verbose 3 -g hs -f BAM -n OUT—qvalue 0.05'. For H3K27ac data, the broad option was used.

FastQC was used to quality check the raw sequencing data using standard metrics and default thresholds.

Using deepTools (version 3.3.1) bamCoverage, a coverage file (bigWig format) for each sample was created. The coverage was
calculated as the number of reads per bin, where bins are short consecutive counting windows. While creating the coverage file, the
data was normalized with respect to each library size. ChIP peak profile plots and read-density heat maps were generated using
deepTools, and cistrome overlap analyses were carried out using the ChIPpeakAnno (version 3.0.0) or ChIPseeker (version 1.29.1)
packages in R (version 3.6.0).
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