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1. INTRODUCTION

While PCa tumors respond to the androgen deprivation therapies (ADTs), including more aggressive AR
signaling inhibition (ARSi) agents, tumor cells eventually escape from these therapies and develop resistance to
become castration-resistant PCa (CRPC). One of the major mechanisms is epigenetic reprogramming driven by
the altered expression and activity of histone modifier proteins. Lysine-specific demethylase 1 (LSD1, KDM1A)
is well known for its function to demethylate histone 3 lysine 4 and repress gene transcription. However, LSD1
can also function as a coactivator of AR in PCa cells with an unclear mechanism. We reported previously that
LSD1 is associated with FOXA1 and activates AR-dependent enhancers to facilitate the transcription of
androgen-regulated genes. Our recent data suggest that LSD1 functions to maintain the accessibility of AR-
regulated enhancers through promoting the chromatin binding of FOXA1, a critical pioneer factor of AR. Inhibition
of LSD1 globally impairs the chromatin binding of FOXA1 and thus disrupts FOXA1-dependent AR cistrome,
resulting in the suppression of PCa growth in vitro and in vivo. Mechanistically, we found that LSD1 can directly
demethylate FOXA1 at K270 and this demethylation stabilizes FOXA1 chromatin binding and opens the
chromatin structure at the enhancers. Our new data indicate that LSD1-mediated demethylation of FOXA1 may
play an important role in recruiting BRD4 and supporting super-enhancers that are associated with the activation
of oncogenic transcriptional programs, such as MYC signaling. Mechanistically, LSD1 and BRD4 can form
nuclear condensates that potently regulate transcription. Therefore, our current progress supports the hypothesis
that LSD1 inhibitors can synergize with BET inhibitors in treating CRPC.

2. KEYWORDS
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3. ACCOMPLISHMENTS
¢ What were the major goals of the project?

Specific Aim 1: Identify mechanisms of action by which LSD1 maintains FOXA1 chromatin binding and
subsequent AR recruitment.

Major Task 1: Determine the role of LSD1 on chromatin structure and enhancer distributions

We have established LSD1 knock-out cell lines using the CRISPR/CAS9 method and used small molecular
inhibitors that are currently in clinical trials to inhibit LSD1 activity. The downregulation of LSD1 significantly
impaired FOXA1 chromatin binding and the subsequent AR recruitment, and resulted in the repression of
FOXAA1 targets and AR signaling (including full-length AR and its PCa-specific splice variant AR-V7).

Month 1-12, Percentage of completion: 100%
Major Task 2: Determine the role of FOXA1 as a critical LSD1 substrate

We have developed stable cell lines overexpressing wild-type FOXA1 and K270R mutant. Our data have
demonstrated that the K270R mutant has enhanced chromatin binding and is not responding to LSD1
inhibition.

Month 6-30, Percentage of completion: 100%
Major Task 3: Identify the additional components of the AR enhancer-associated LSD1/FOXA1 complex

We have identified BRD4 as a major component of the LSD1/FOXA1 complex by directly interacting with
FOXA1. LSD1 and BRD4 can form nuclear condensates.

Month 24-36, Percentage of completion: 100%

Specific Aim 2: Assess the therapeutic potential of LSD1 inhibitors in CRPC models.

Major Task 4: Determine the therapeutic efficacy of LSD1 inhibitor treatment alone and in combination with
enzalutamide or bromodomain inhibitor in CRPC patient-derived xenograft models.

We have shown that LSD1 inhibitor treatment can repress tumor growth in multiple CRPC PDX models. A



comprehensive RNA-seq analysis using tumor samples from these xenograft studies has been done. We
have identified MYC, E2F, FOXA1, and AR as maijor targets of LSD1 activation function, and interferon
pathway and intrinsic immune response as major targets of LSD1 repression function. Moreover, we have
demonstrated that the combination treatment of LSD1 inhibitor and BET inhibitor can synergistically repress
CRPC tumor growth in vivo.

Month 1-36, Percentage of completion: 90%

What was accomplished under these goals?

Major Activities: Through the support of this grant, | have been able to continue my proposed research at
University of Massachusetts Boston. We have made significant progress for both specific aims. A manuscript
summarizing critical targets of LSD1 in CRPC and demonstrating its activity in supporting super-enhancers
is currently in revision for publication. For research networking, | have continued a monthly joint lab meeting
with collaborators - Drs. Steven P. Balk (Beth Israel Deaconess Medical Center) and Housheng Hansen He
(University of Toronto) to discuss the project progress and plan the experiments. In addition, | have actively
participated in various seminars and meetings within the Harvard Cancer Center Program, such as the Dana-
Farber Cancer Institute prostate cancer SPORE seminars. | have also attended the SBUR (Society for basic
Urological Research) annual meeting (Nov 4-7, 2021, remote) and AACR annual meeting (April 8-13, 2022,
remote) and supported graduate students to present the progress of this project in those meetings.

Specific Objectives: Specific aim 1 is to identify mechanisms of action by which LSD1 maintains FOXA1
chromatin binding and subsequent AR recruitment. Specific aim 2 is to assess the therapeutic potential of
LSD1 inhibitors in CRPC models.

Significant Results: For aim 1, we have completed the proposed studies. We identified BRD4 as a binding
partner of FOXA1 and demonstrated that LSD1 may form nuclear condensates with BRD4 to regulate super-
enhancers. For aim 2, we tested LSD1 inhibitors in two CRPC cell lines-derived xenograft models and four
CRPC PDX models. The RNA-seq analysis was performed in the xenograft tumor samples to identify LSD1
inhibition-targeted pathways. We also demonstrated that co-targeting LSD1 and BRD4 can synergistically
repress tumor growth in vivo. Important results were
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BRD4 binding at super-enhancers is dependent on FOXA1. MYC gene expression is well-known for its
regulation by Super-Enhancers (SEs) occupied by master regulators such as BRD4. Since LSD1 can function
to increase chromatin
accessibility by promoting the | A
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resistant to LSD1 inhibition (Fig.
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markedly decreased by LSD1-i
in the WT cell line but was not
affected in the K270R mutant
cell line. These results suggest
that unmethylated FOXA1 may
recruit BRD4 to the chromatin.
Next, we sought to investigate
the interaction between FOXA1

Figure 2. BRD4 binding at MYC super-enhancer is dependent on FOXA1. (A) The
genome view of indicated ChIP-seq peaks in an identified super-enhancer (SE)
upstream of MYC locus, which contains two genomic regions, SE1 and SE2, based on
strong enhancer markers. (B) Top-ranked motifs from BRD4 ChIP-seq in 22Rv1 cells.
(C) Stable 22Rv1 cells expressing V5-tagged WT FOXA1 or K270R mutant (grown in
hormone-depleted medium) were pretreated with doxycycline to induce FOXA1
expression, and then treated with DMSO or ORY-1001. (D) Immunoprecipitation (IP) of
LSD1 or BRD4 in 22Rv1 cells (grown in hormone-depleted medium) followed by
immunoblotting of FOXA1, BRD4, and LSD1. (E) IP of BRD4 followed by immunoblotting
of FOXA1 in 35CR and 96CR xenograft tissue. (F) Heatmap view of ChIP-seq intensity

and BRD4. In 22Rv1 cells
cultured under hormone-
depleted conditions, LSD1 interacted with FOXA1, consistent with the previous study (Fig. 2D). However,
LSD1 did not seem to directly interact with BRD4, whereas FOXA1 strongly interacted with BRD4. Moreover,
we can also detect the interaction between BRD4 and FOXA1 in the tumor samples of LuCaP35CR and 96CR
PDXs (Fig. 2E). To further examine whether BRD4 binding is globally associated with LSD1 and FOXA1, we
performed BRD4 ChIP-seq in LNCaP cells under hormone-depleted conditions, and BRD4 binding was
associated with LSD1, FOXA1, and active enhancer marks (Fig. 2F). Together, these results suggest a
framework of LSD1, FOXA1, and BRD4, in which LSD1-demethylated FOXA1 can recruit BRD4 to chromatin,
and the association between FOXA1 and BRD4 may be important for enhancer activation.

of LSD1, BRD4, FOXA1, H3K27ac, and H3K4me2 in LNCaP cells.

LSD1 and BRD4 form nuclear condensates. It has been well characterized that phase separation, via
recruiting a high density of transcriptional apparatus, occurs on the SEs to drive robust transcription, and the
intrinsically disordered regions of proteins are attributed to the formation of biomolecular condensates. Indeed,




the N-terminus of LSD1 (aa 1-165) was predicted to be highly disordered and may contribute to the

condensate formation (Fig. 3A).
Under high-resolution confocal
microscopy in CWR22Rv1 cells,
we observed that LSD1 exhibited
similar puncta-like staining as
BRD4, which is a characteristic of
LLPS (Fig. 3B). Treating cells with
1,6-hexanediol, which is a
commonly used compound for
disrupting biomolecular
condensates, reduced the puncta-
like formation of LSD1 and BRD4.
More importantly, LSD1 inhibition
in CWR22Rv1 cells disrupted the
puncta-like formation of BRDA4
(Fig. 3C), suggesting that LSD1
may function to stabilize the
BRD4-enriched nuclear
condensates which potentially
interact with super-enhancers.
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Figure 3. LSD1 is enriched in super-enhancers. (A) PONDR (VSL2) scores of LSD1
proteins for disordered regions. (B) Representative immunofluorescent images of
LSD1 or BRD4 in 22Rv1 cells, before and after treatment with 3% hexanediol. (C)
Representative immunofluorescent images of BRD4 in 22Rv1 cells treated with DMSO
or GSK2879552.

LSD1-i and BET-i synerqistically suppress CRPC tumor growth. To further determine whether the combination

treatment can effectively target
CRPC, we assessed the
effects of the combination
treatment in two CRPC PDX
models, LuCaP77CR and
LuCaP35CR. Significantly, the
combo treatment achieved
almost a complete blockade of
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tumor growth in the 35CR
model (Fig. 4, left). Even
though 77CR tumors grew
much more robustly, the
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Figure 4. LSD1 inhibitor can synergize with BRD4 inhibitor to treat CRPC tumors.
(Castrated SCID mice bearing 35CR or 77CR xenografts were treated with vehicle, I-
BET762 (16mg/kg, daily), ORY-1001 (0.03mg/kg, every two days), or the combination.
Tumor volume was measured by caliper.

seem to eventually relapse
(Fig. 4, right).

Summary of results: These findings present a global view of LSD1 targeted pathways in CRPC in vivo and
suggest that LSD1 inhibition can suppress multiple oncogenic transcription programs, including MYC. The
findings further suggest that BRD4 can be recruited to chromatin by unmethylated FOXA1 and that LSD1 and
BRD4 may form nuclear condensates and are co-enriched at the super-enhancers. Moreover, LSD1 inhibitors
can act in synergy with BET inhibitors in treating CRPC tumors.

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

Nothing to Report

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?

For Aim 1, we have met our goals. For Aim 2, we will focus on analyzing the RNA-seq analyses using the
tumor samples obtained from LSD1 inhibitor-treated PDX models and will perform single-cell RNA
sequencing on a selected model. Moreover, we will also perform RNA-seq analyses on the CRPC tumor
samples receiving the combination treatment of LSD1 inhibitor and BRD4 inhibitor.

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

Our data have identified major targets of LSD1 inhibition in vivo, which will provide a foundation for the future
development of LSD1-targeted therapies. Moreover, our data also suggest a novel function of LSD1 in
regulating the formation of BRD4-enriched nuclear condensates and the activity of super-enhancers. These
findings provide a strong rationale for combining LSD1 inhibitor with BET inhibitor to target MYC signaling
and super-enhancer-driven oncogenic transcription networks.
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