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Abstract
Background Patients with triple-negative breast cancer (TNBC) expressing the androgen receptor (AR) respond poorly to 
neoadjuvant chemotherapy, although AR antagonists have shown promising clinical activity, suggesting these tumors are 
AR-dependent. cAMP responsive element binding protein (CREB)-binding protein (CBP) and p300 are transcriptional co-
activators for the AR, a key driver of AR+ breast and prostate cancer, and may provide a novel therapeutic target in AR+ 
TNBC.
Objectives The aim of this study was to determine the therapeutic potential of FT-6876, a new CBP/p300 bromodomain 
inhibitor, in breast cancer models with a range of AR levels in vitro and in vivo.
Methods Effects of FT-6876 on the CBP/p300 pathway were determined by combining chromatin immunoprecipitation 
(ChIP) with precision run-on sequencing (PRO-seq) complemented with H3K27 acetylation (Ac) and transcriptional profil-
ing. The antiproliferative effect of FT-6876 was also measured in vitro and in vivo.
Results We describe the discovery of FT-6876, a potent and selective CBP/p300 bromodomain inhibitor. The combination of 
ChIP and PRO-seq confirmed the reduction in H3K27Ac at specific promoter sites concurrent with a decrease in CBP/p300 
on the chromatin and a reduction in nascent RNA and enhancer RNA. This was associated with a time- and concentration-
dependent reduction in H3K37Ac associated with a decrease in AR and estrogen receptor (ER) target gene expression. 
This led to a time-dependent growth inhibition in AR+ models, correlated with AR expression. Tumor growth inhibition 
was also observed in AR+ tumor models of TNBC and ER+ breast cancer subtypes with consistent pharmacokinetics and 
pharmacodynamics.
Conclusion Our findings demonstrate FT-6876 as a promising new CBP/p300 bromodomain inhibitor, with efficacy in 
preclinical models of AR+ breast cancer.
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Key Points 

FT-6876 reduced CBP/p300 activity and androgen 
receptor transcriptional activity, leading to antiprolifera-
tive activity in androgen receptor-positive breast cancer 
models in vitro and in vivo.

Mechanistically, FT-6876 blocks CBP/p300 binding to 
chromatin, affecting androgen receptor signaling and cell 
proliferation.

Dose-dependent pharmacokinetic/pharmacodynamic 
modulation resulting in tumor stasis in the androgen 
receptor-positive breast cancer model MDA-MB-453 
was observed at well-tolerated doses of FT-6876, sug-
gesting it is a promising therapeutic approach for andro-
gen receptor-positive breast cancer.

http://crossmark.crossref.org/dialog/?doi=10.1007/s11523-023-00949-7&domain=pdf
http://orcid.org/0000-0003-1143-2805
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1 Introduction

Breast cancer is a heterogeneous disease and has been 
classified into four major subtypes based on differential 
gene expression patterns, namely (1) luminal A (estrogen 
receptor-positive [ER+] and/or progesterone receptor-
positive [PR+] human epidermal growth factor receptor 2 
[HER2]-negative [HER2‒]); (2) luminal B (ER+ and/or 
PR+ HER2+); (3) HER2-enriched (HER2 overexpression, 
ER− and PR−); and (4) basal-like/triple-negative breast 
cancer (TNBC; ER−, PR−, and HER2−) [1–3]. A subset of 
TNBC, the luminal androgen receptor (AR) type, is AR+ 
and expresses a gene signature reminiscent of ER+ luminal 
breast cancer [3, 4]. This has been shown to result from the 
binding of the AR to ER-specific cis-acting regulatory ele-
ments in a transcriptionally competent manner, leading to 
the expression of ER genes. This subset of breast cancers 
may be sensitive to the abrogation of AR transcriptional 
function [5].

TNBC accounts for approximately 10–20% of all breast 
cancers, and approximately 20–30% of those are AR+ [2, 
6]. Preclinical and clinical data reports have provided an 
indication of the efficacy of anti-androgen therapies for 
AR+ TNBC [5, 7, 8]. In addition, biomarker-driven treat-
ment strategies have led to the recent approvals of poly 
(ADP-ribose) polymerase (PARP) inhibitors and an immune 
checkpoint inhibitor for a subset of women with TNBC [9]. 
Despite these advances, luminal AR-subtype TNBC has a 
poorer prognosis compared with other types of TNBC and 
remains a high unmet medical need and an area of active 
therapeutic research [2, 10].

Studies have demonstrated that AR can substitute for ER 
and drive transcription of ER target genes, supporting TNBC 
tumor cell survival and proliferation [3, 11]. This AR-driven 
transcription is dependent on multiple essential co-factors, 
among which are the structurally related cAMP responsive 
element binding protein (CREB)-binding protein (CBP) and 
p300 [12, 13]. CBP and p300 are transcriptional co-activa-
tors for several oncogenic signaling pathways, including for 
AR and ER, that are implicated in the stimulation of tumor 
growth, apoptotic resistance, and angiogenesis [13–16]. 
Both CBP and p300 are large multidomain proteins, con-
taining acetyl-lysine binding bromodomains (BRDs) and 
lysine acetyltransferase (HAT) domains [17, 18]. CBP and 
p300 are recruited to chromatin where they serve as a scaf-
fold for the assembly of additional co-factors participating in 
the AR transcriptional complex [14, 16, 18, 19]. CBP/p300 
catalyze the acetylation of histone and nonhistone proteins to 
regulate gene expression, protein stability, and other cellular 
functions. The BRD is essential to the histone acetyltrans-
ferase activity of CBP/p300 that augments coactivation for 
AR signaling [20, 21]. In addition, the CBP/p300 complex 

has been shown to interact directly with AR at both the N- 
and C-terminus (including truncated forms of AR that lack 
the ligand-binding domain) [22–24] and to acetylate AR on 
lysine residues (K630, K632, and K633) in the hinge region, 
thereby stabilizing the receptor [14, 25, 26].

Since ARs must complex with co-activator proteins to 
drive target gene expression, inhibitors of these transcrip-
tional co-activators provide potential alternative therapeutic 
targets beyond antagonists of ligand binding [20]. This may 
be particularly pertinent for AR+ tumors that are resist-
ant to androgen antagonists due to the expression of splice 
variants, such as the AR-v7, which lack the ligand-binding 
domain [27, 28]. The CBP/p300 complex has emerged as a 
promising therapeutic target, along with several inhibitors in 
development that target either the HAT region or the BRD 
[20, 28–31].

In this study, we describe the discovery of FT-6876, a 
novel, small-molecule inhibitor of the BRD of CBP/p300, 
and present preclinical data demonstrating the antitumor 
activity of FT-6876 in AR+ breast cancer cell lines and 
patient-derived xenograft (PDX) models.

2  Methods

2.1  Study Design

The overall objectives of this study were to discover novel 
compounds that can inhibit acetylated lysine-containing pro-
teins from binding to the BRDs of CBP/p300 proteins, and 
subsequently to assess the potential to inhibit AR+ breast 
cancer. Except where indicated, all experiments were con-
ducted at Forma Therapeutics, Inc. (Watertown, MA, USA).

2.2  Chemicals

Experimental synthesis procedures for FT-6876 are 
described in detail in the following patent filings: 
WO2019055869, WO2019055877, WO2020006483, 
US20200002332, and WO2020190791. The synthetic AR 
agonist R1881 (metribolone) was obtained from Sigma-
Aldrich (St Louis, MO, USA), and enzalutamide was pur-
chased from MedChemExpress (Monmoth Junction, NJ, 
USA). All compounds were dissolved in dimethylsulfoxide 
(DMSO) and used at the concentrations indicated.

2.3  Bromodomain Assays

The potency of CBP/p300 inhibitors was determined using 
time-resolved fluorescence resonance energy transfer (TR-
FRET) biochemical assays with CBP and p300.

BRD-containing proteins bind acetylated lysines on 
histone and nonhistone proteins. In the TR-FRET assays, 
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test compounds compete with the ligand for BRD bind-
ing, thereby reducing the TR-FRET signal. The assay was 
built using a glutathione-S-transferase (GST) fusion protein 
with the BRDs of CBP, p300, and BRD4, and a fluorescein 
amidites-labeled acetylated histone peptide. The addition of 
a terbium-labeled anti-GST antibody creates a FRET signal 
when the labeled histone peptide is bound to the BRD. The 
presence of a compound interacting with the BRD of the 
target protein displaces the labeled histone peptide, inter-
rupting the FRET signal.

Nanoliter quantities of CBP/p300 inhibitors in 10-point, 
threefold serial dilutions in DMSO were predispensed into 
1536-well assay plates. All assays were performed in a final 
volume of 6 μL in assay buffer containing 50 mM HEPES, 
0.5 mM glutathione, 0.01% bovine gamma globulin, 0.005% 
bovine serum albumin (BSA), and 0.01% Triton X-100. The 
highest concentration of compound and final concentra-
tions of protein and ligands for the three assays are shown 
in Table 1. Assay plates were pre-stamped with compound, 
and 3 μL of protein (×2) and 3 μL of peptide ligand (×2) 
were added. Prior to measuring the FRET signal, plates 
were incubated at room temperature for the times shown in 
Table 1. The TR-FRET signal was read on the PHERAstar 
microplate reader with a homogeneous time-resolved fluo-
rescence optic module (337/520/490) [BMG LABTECH 
Inc., Cary, NC, USA].

For all assays, data were reported as percentage inhibition 
compared with control wells. The half maximal inhibitory 
concentration  (IC50) values were determined by curve fit-
ting of the standard four-parameter logistic fitting algorithm 
included in the Activity Base software package: IDBS XE 
Designer Model 205, and data were fit using the Levenburg 
Marquardt algorithm.

AlphaScreenTM was used to determine the  IC50 against a 
range of 10 BRD-containing proteins representing the vari-
ous branches of the BRD tree. AlphaScreen assays were con-
ducted at Reaction Biology (Malvern, PA, USA) following 

the procedure described previously [12]. The buffer for 
BRD was 50 mM HEPES-HCl, pH 7.5, 100 mM NaCl, 0.1% 
BSA, 0.05% 3-[(3-cholamidopropyl) dimethylammonio]-
1-propanesulfonate, and 1% DMSO. Ligands were his-
tone H4 peptide (1‒21) K5/8/12/16Ac-Biotin, histone 
H3 (1‒21) K9/14Ac-Biotin-OH, and histone H3 (1-30) 
K14/18/23/27Ac-GG-Biotin. FT-6876 was tested in 10-dose 
 IC50 mode with threefold serial dilutions starting at 10 µM 
against ATAD2, BPTF (PHD-BRD), BRD4-T, BRPF3, 
BRWD1-2, CECR2, CREBBP, SMARCA4, SP140, and 
TAF1-2. Control compounds (JQ-1, bromosporine, SGC-
CBP30, PFI-3) were tested in 10-dose  IC50 with threefold 
serial dilution starting at 10, 25, 50, 75, or 100 µM. The  IC50 
curve was fit using GraphPad Prism 4 software (GraphPad 
Prism, La Jolla, CA, USA).

2.4  Western Blot, High‑Content Analysis

The effect of FT-6876 on H3K27Ac in MDA-MB-453 cells 
was evaluated by Western blot and a high-content assay. For 
the Western blots, cells were exposed to a range of concen-
trations of FT-6876 for the indicated periods: 24 h for the 
dose response or 1, 2, 4 or 8, or 24 h for the time course. 
MDA-MB-453 cells were plated at 300,000 cells per well in 
a six-well dish in Leibovitz’s L-15 medium supplemented 
with 10% fetal bovine serum (FBS; Gibco, USA). For the 
wash-off arm of the study, cells were treated with FT-6876 
for 24 h and then incubated in the absence of compound for 
an additional 24 or 48 h prior to the preparation of lysates. 
For the washout study, MDA-MB-453 cells were exposed 
to DMSO or FT-6876 for 24 h and then washed off for 
24 and 48 h prior to preparation of lysates. Lysates were 
prepared in E-PAGE loading buffer (Invitrogen, Waltham, 
MA, USA), boiled for 10–15 min, and analyzed by Western 
blot. The antibodies (Cell Signaling) were diluted 1:1000 
for anti-H3K27Ac (clone D5E4), 1:2000 for anti-total H3 
(clone 3H1), and 1:10,000 for anti–β-actin (clone AC-74). 

Table 1  Concentration of assay components and incubation times

aa amino acid, RT room temperature
*ARTKQTARKSTGG(KAc)APR(KAc)QLAT(KAc)AAR(KAc)SAPGG(K5Fam)
† SGRG(KAc)GG(KAc)GLG(KAc)GGA(KAc)RHRKVGG(K5Fam)

Assay target CBP p300 BRD4

FT-6876 highest concentration 1.7‒4.2 µM 1.7 µM 33 µM and subsequent half-log 
dilutions

Final protein concentration 0.5 nM CBP (N-terminal GST-
CREBBP [aa1081-1197])

2.5 nM p300 (N-terminal GST-
p300 [aa1040-1161])

1.5 nM BRD4 tandem domains

Final concentrations of ligands 25 nM tetra-acetylated H3 peptide* 
and 0.5 nM anti-GST-terbium

12.5 nM tetra-acetylated H3 
peptide* and 0.5 nM anti-GST-
terbium

10 nM tetra-acetylated H4  peptide† 
and 0.5 nM anti-GST-terbium

Incubation time (RT) 2 h 2 h 2‒4 h
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The secondary antibodies were anti-rabbit IgG, DyLight 800 
diluted 1:10,000 (SeraCare Life Sciences, Milford, MA). 
The blots were scanned and analyzed on a LI-COR Odyssey 
image analyzer. H3K27Ac levels were normalized to β-actin.

For the high-content assay, MDA-MB-453 cells were 
plated in a 96-well plate with black walls and a clear bot-
tom and treated with 0.3 mM FT-6876 or DMSO for 24 h. 
Paraformaldehyde (Electron Microscopy Sciences, Hatfield, 
PA, USA) was added to a final concentration of 4%, and the 
cells were incubated for 15 min at room temperature. The 
cells were washed with phosphate-buffered saline (PBS) 
(×3) and then blocked/permeabilized with 0.5% Triton and 
1% BSA in PBS for 1 h at room temperature. The cells were 
washed in PBS (×3) prior to adding anti-H3K27Ac Alexa 
647 antibody (Cell Signaling) with 4′,6-diamidino-2-phe-
nylindole Alexa 385 (ThermoFisher, Waltham, MA, USA) 
and Texas Red-X phalloidin Alexa 591/608 in PBS/0.1%, 
Triton 1%, BSA, and incubating overnight at 4 °C. The cells 
were washed with PBS (×3) and read on a CellInsight CX7 
High-Content Imager (ThermoFisher Scientific, Waltham, 
MA, USA).

2.5  Gene Expression Assays

For quantitative polymerase chain reaction (qPCR) assays, 
MDA-MB-453 cells were adapted to growth at 37 °C, 5% 
 CO2 in minimal essential media with 10% FBS, 2% l-glu-
tamine, 1% non-essential amino acids, 1 mM sodium pyru-
vate, and 1.5 g/uL sodium bicarbonate. Cells were plated 
at 0.5 million cells/well in a six-well dish and incubated 
for 24 h to allow attachment. On day 1, the medium was 
replaced with a formulation containing 10% charcoal-
stripped serum, and the cells were incubated for an addi-
tional 5 days. The cells were then treated with 10 nM R1881 
for 24 h, washed with PBS (×1), and treated with either 
0.156, 0.625, or 2.5 μM FT-6876, or 0.1% DMSO for an 
additional 24 h. RNA was prepared using the RNeasy Mini 
RNA isolation kit with a Qiacube according to the manufac-
turer (Qiagen, Hilden, Germany). A two-step RT-qPCR was 
performed using cDNA prepared using the iScript cDNA 
synthesis kit (Bio-Rad, Hercules, CA, USA) and TaqMan 
Fast Advanced Master Mix (ThermoFisher) and TaqMan 
gene expression assays (Invitrogen, Waltham, MA, USA). A 
total of 100 ng complementary DNA (cDNA) was used per 
qPCR reaction, and the delta-delta-Ct comparative method 
was used to analyze the modulation of gene expression in 
the treated groups versus DMSO.

RNA sequencing (RNA-Seq) was carried out on RNA 
prepared from MDA-MB-453 cells treated with 2 µM 
FT-6876 for 24 h. Sequencing libraries were prepared with 
TruSeq Stranded mRNA Library Preparation kits and were 
subjected to Illumina sequencing  (Q2 Solutions EA Genom-
ics). PRO-Seq was performed as previously described [32].

Chromatin immunoprecipitation and sequencing (ChIp-
Seq) was performed on MDA-MB-453 cells treated with 
FT-6876 (Active Motif, Carlsbad, CA, USA). MDA-MB-453 
cells were cultured in charcoal-stripped serum for 5 days, 
challenged with 10 nM R1881 for 24 h, and then exposed 
to 2 μM FT-6876 for 24 h. The cells were fixed in 1.1% for-
maldehyde solution with 10 mM NaCl, 5 mM HEPES, and 
0.1 mM EDTA for 15 min at room temperature. Fixation was 
stopped with 0.125 M glycine, and the cells were snap frozen 
in 0.5% Igepal/PBS with 1 mM phenylmethylsulfonyl fluo-
ride. Immunoprecipitation was carried out on 30 mg chro-
matin with anti-H3K27Ac (Active Motif; catalog # 39133), 
anti-CBP (Cell Signaling Technology, Danvers, MA, USA; 
catalog # 7425BF), or anti-p300 (Santa Cruz Biotechnol-
ogy, Dallas, TX, USA; catalog # sc-585). Sequencing was 
performed using the Illumina NextSeq 500 System.

2.6  Proliferation and Washout Assays

MDA-MB-453 cells were purchased from the American 
Type Culture Collection (ATCC, Manassas, VA, USA) and 
cultured in L-15 media supplemented with 10% FBS in 
atmospheric air. For the colony formation assay, 3000 cells/
well were plated in a 12-well dish and incubated overnight 
for adherence. The following day, FT-6876 (nine-point titra-
tion, final highest concentration 10 μM, half-log dilution) 
was added to the cells, which were subsequently incubated 
for 5 or 10 days continuously. For the washout arm of this 
study, cells were exposed to compound for the indicated 
period of 1, 3, or 5 days before the cells were washed with 
PBS and compound-free media were added to each well. 
Incubation of the cells was continued for a total of 10 days. 
The impact of FT-6876 on colony formation was determined 
by staining with a crystal violet solution. Results are aver-
ages of two independent experiments. In both arms of the 
study, the growth inhibitory effect was assessed by the con-
centration inhibiting growth by 50%  (IC50) using a nonlinear 
regression equation and a variable slope (GraphPad Prism).

A CellTiter-Glo® 2.0 (CTG) assay (Promega, Madison, 
WI, USA) was used to determine the effects of FT-6876 and 
enzalutamide on the viability of MDA-MB-453 cells after 10 
days of treatment. MDA-MB-453 cells were plated at 3000 
cells/well in a 96-well cell culture plate and incubated over-
night for adherence. FT-6876 and enzalutamide were tested 
in a threefold, nine-point titration with a top dose of 10 µM 
for FT-6876 and 30 µM for enzalutamide in triplicate. Cells 
were incubated for 10 days, with media and test compounds 
replenished on day 5. Plates were read on the EnSpire plate 
reader (PerkinElmer, Waltham, MA, USA).  IC50 values were 
determined, and dose-response curves were generated using 
nonlinear regression analyses in XLFit.

Proliferation assays were conducted in a panel of breast 
cancer cell lines with a range of AR mRNA expression, at 
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Pharmaron, Inc. (Beijing, China). Breast cell lines were 
obtained from the ATCC and DSMZ (German Collection 
of Microorganisms and Cell Cultures GmbH) and cultured 
according to the distributor’s recommendations. Cells were 
plated at a density of 300‒3000 cells/well, depending on the 
proliferation rate of the cell line, in 96-well plates in tripli-
cate and allowed to attach overnight. The following day, cells 
were exposed to FT-6876 continuously for 10 days. Media 
were replaced every 3 days with fresh compound. At the end 
of the incubation period, cell viability was assessed using the 
CTG assay. The growth inhibitory effect was assessed using 
the concentration that inhibited growth by 50%, a nonlin-
ear regression equation, and a variable slope (XLFit); each 
value represents the average result from two independent 
experiments. The mRNA expression for the AR (HUGO: 
AR) was downloaded from https:// depmap. org/ portal/ gene/ 
AR? tab= chara cteri zation (release 21Q4) and aligned to the 
 IC50 values obtained for the cell lines tested (note no AR 
expression for MFM-223; electronic supplementary material 
[ESM] Table S1).

2.7  In Vivo Studies, Animal Models

For all studies using experimental animals, the animals’ care 
was in accordance with institutional guidelines.

2.8  Pharmacology

The pharmacodynamic effects of a single dose of FT-6876 
in MDA-MB-453 xenografts were evaluated at Pharmaron 
(Beijing, China). All the procedures related to animal care 
were performed according to guidelines approved by the 
Institutional Animal Care and Use Committee of Pharmaron 
following the guidance of the Association for Assessment 
and Accreditation of Laboratory Animal Care.

The MDA-MB-453 tumor cell line was maintained 
in vitro as a monolayer culture in a modified L-15 medium 
supplemented with 10% heat-inactivated FBS at 37 °C in 
atmospheric air. The tumor cells were routinely subcultured 
once a week using trypsin-EDTA treatment so as not to 
exceed four to five passages. The cells growing in an expo-
nential growth phase were harvested and counted for tumor 
inoculation.

Female nonobese, diabetic, severe combined immu-
nodeficiency (NOD SCID) mice aged 6–8 weeks (body 
weight 18–22 g) were obtained from Beijing AniKeeper 
Biotech Co., Ltd (Beijing, China). For tumor development, 
each mouse was inoculated subcutaneously on the right 
flank with MDA-MB-453 cells (1 ×  107) in 0.1 mL of 1:1 
L-15 Medium/Matrigel mixture (BD Biosciences). Treat-
ments were started when the mean tumor volume reached 
~319  mm3. Mice were administered 10, 30, or 100 mg/
kg FT-6876, or vehicle, as a single oral dose made up to a 

volume of 10 mL/kg. Vehicle was 0.5% carboxymethylcel-
lulose (CMC), 0.5% Tween 80 (Sigma-Aldrich) pH 8.0. All 
study animals were monitored for body weight.

Plasma and tumor samples were collected at different 
time points throughout 24 h after oral administration. Plasma 
samples and tumor samples were used for pharmacokinetic 
and pharmacodynamic measurements, respectively. The 
liquid chromatography-tandem mass spectrometry method 
was used to determine the drug concentration in plasma. 
H3K27Ac was measured by Western blot, and ER/AR target 
genes (XBP1, SPDEF) were assessed by qPCR. All gene 
expression was normalized to GAPDH expression.

For analysis of tumor volume, treatments were started 
when the mean tumor volume reached ~160  mm3. Tumor-
bearing mice were staged by tumor size and assigned to 
treatment groups so that each group had an equivalent dis-
tribution of tumor sizes. FT-6876 was administered once per 
day on a 4 days on/3 days off schedule for 39 days. Toler-
ability was assessed by daily body weight measurements 
and any abnormal effects or clinical signs. Tumor size was 
measured twice weekly with a caliper. The group mean and 
standard deviation were calculated for tumor volume and 
body weight.

2.9  PDX Screen

An efficacy screen of FT-6876 in a panel of human breast 
cancer PDX (XenoSTART-PDX, San Antonio, TX, USA) 
models in immune-deficient mice was conducted at South 
Texas Accelerated Research Therapeutics, LLC (San Anto-
nio, TX, USA). The PDX tumors were established by pas-
sage of tumor fragments (~70 mg) subcutaneously into 6- to 
12-week-old female CB-17 SCID and athymic nude mice, 
obtained from Charles River Laboratories (Wilmington, 
MA, USA). Tumors were monitored until they reached a 
mean tumor volume of 125–150  mm3; animals were then 
randomized (stratified by tumor volume) to vehicle (0.5% 
CMC, 0.5% Tween80, pH 8.5; pH 8.0) prior to dosing or 
a 50 mg/kg oral dose of FT-6876 4 days per week for 45 
days. Each model included eight animals treated with vehi-
cle and one animal treated with FT-6876. For hormone-
dependent models, animals were supplemented with exog-
enous estradiol via drinking water throughout the duration 
of the study. All animals received fresh  DietGel® sup-
plementation, daily, throughout the duration of the study. 
Tumor size and body weight were measured twice per 
week. Tumor growth inhibition (TGI) was calculated as 
follows: (%TGI = 1 − (TV[FT − 6876]final − TV[FT − 6876]initial)∕

(TV[vehicle]final − TV[vehicle]initial) where TV is tumor 
volume. ER and AR expression were evaluated using 
immunohistochemistry on PDX TMA (Invitrogen Cat# 
MA5-14501 and Novus Cat# NBP2-12502, respectively). 

https://depmap.org/portal/gene/AR?tab=characterization
https://depmap.org/portal/gene/AR?tab=characterization
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Reference samples were used to determine the threshold H 
score for positivity. HER2 status was from XenoSTART.

2.10  Statistical Analyses

Except where indicated, results are presented as mean and 
standard deviation and were calculated using GraphPad 
Prism. For all statistical analyses, p < 0.05 was considered 
significant.

3  Results

3.1  Discovery of FT‑6876

FT-6876 was discovered using a de novo design approach. 
The previously described compound Structural Genomics 
Consortium (SGC)-CBP30 is a selective CBP/p300 binder 
with 40-fold selectivity over BRD4 and other BRD and bro-
modomain extraterminal domain (BET) family members but 
has poor microsomal stability [33–35]. Even weak binders 
(1–10 µM) to BET bromodomains elicit robust biological 
effects in cells and in vivo (crystal structures of DMSO or 
N-methyl-2-pyrrolidione [NMP] bound to BRD4 or CBP 
[Protein Data Bank identification: 3P1D, 4IOR, 4J1P], 
and resveratrol or RVX-208 are only µM binders) [24, 34, 
36–41]. To clearly define the biologic/pharmacologic effect 
of binding to the BRD of CBP/p300 and understand its effect 
on HAT activity, we designed CBP/p300 BRD binders with 
very high selectivity over BET and other BRDs.

Overlays of proprietary crystal structures for benzylpip-
erazine (BZP) and tetrahydroquinoline (THQ)-derived BET 
ligand scaffolds with SGC-CBP30 showed high congruity 
with the central phenyl ring common to both ligand classes 
(Fig. 1a).

Modeling studies established that a five-membered het-
eroaryl ring fused to this core phenyl group, exemplified 

by structure 1 in Fig. 1b, could provide suitable vectors by 
which to append CBP/p300-BRD compatible moieties and 
explore R1 (ZA channel) and either R2 or R3 (lipophilic 
area underneath R1173). Examples with distinct connec-
tivity, such as 2 (R1/R3) and 3 (R1/R2) in Fig. 1b, were 
synthesized and yielded a spectrum of CBP affinities and 
selectivity over BRD4. A crystal structure of compound 4 
in Fig. 1b (CBP  IC50 ~2 µM; BRD4 >25 µM) validated the 
general design hypothesis (Fig. 1c). The crystal structure of 
4 (Fig. 1b) suggested that projecting moieties into the ZA 
channel to fill the lipophilic space between L1109 on one 
side and L1119 and L1120 on the other side could provide 
productive hydrophobic binding contacts that affect potency 
and selectivity.

Moving from an indazole to an imidazole provided 
options to tether substitution to explore the ZA channel in 
a synthetically more facile way. Examples such as 6 or 7 
(Fig. 1b) bound CBP in a consistent manner with an attached 
propyl methyl sulfone occupying a similar area and a meth-
ylene or ethano-linked phenyl group slotting in comparable 
fashion underneath R1173. Moieties such as the alkyl methyl 
sulfones, and other heteroatom-containing groups, including 
polar and basic functions, yielded varying degrees of selec-
tivity and microsomal stability. It was the unprecedented 
inclusion of acidic groups as part of projecting a five- to six-
membered ring in the ZA channel that delivered substantial 
increases in both selectivity over BET BRD binding and 
enhanced rodent and human microsomal stability. Among 
the various changes evaluated, the addition of a 3(R)-car-
boxy moiety to a cyclohexyl ring generated FT-6876; it 
maintained potency while solubility and microsomal stabil-
ity improved due to a reduction in lipophilicity (logD = 2.2). 
X-ray crystal structure of FT-6876 complexed with the BRD 
of CBP confirmed that the central imidazo THQ core of 
FT-6876 binds a narrow cleft and projects the 2-benzyl 
substituent onto a lipophilic surface beneath the guanidine 
moiety of R1173 (Fig. 1d). The cyclohexane carboxylic acid 
reaches into the wider ZA channel. Key recognition features 
of FT-6876 include the conserved residue N1168 (bi-dentate 
hydrogen bond with carbamate) and a key structural water 
molecule that also binds Y1125.

3.2  FT‑6876 is a Potent, Selective, CBP/p300 
Bromodomain Inhibitor

The potency and selectivity of CBP/p300 inhibition was 
determined using TR-FRET biochemical assays. Results 
showed that FT-6876 is a potent inhibitor of tetra-acetylated 
histone H3 binding to the BRDs of CBP and p300, with  IC50 
values of 0.005 and 0.002 µM, respectively. Good selec-
tivity was observed over other BRD-containing proteins, 
with >400-fold selectivity against BRD4  (IC50 value 2.32 

Fig. 1  FT-6876 is a pentacyclic carboxylic acid inhibitor of the bro-
modomains of CBP and p300. a Aligned crystal structures 5VOM 
(left: with a BZP BRD4 ligand in blue) and 4NR7 (middle: with 
SGC-CBP30 in orange). The right: common phenyl ring in both 
cores with adjacent overlapping functionality. b Structures leading to 
development of FT-6876. c The crystal structure of 4 suggested that 
projecting moieties into the ZA channel to fill the lipophilic space 
between L1109 on one side, and L1119 and L1120 on the other side, 
could provide productive hydrophobic binding contacts affecting 
potency and selectivity. d X-ray crystal structure of FT-6876 in com-
plex with the BRD of CBP. Left: the central imidazo tetrahydroqui-
noline core of FT-6876 binds a narrow cleft and projects the 2-benzyl 
substituent onto a lipophilic surface beneath the guanidine moiety of 
R1173. The cyclohexane carboxylic acid reaches into the wider ZA 
channel; right: key recognition features of FT-6876 include the con-
served N1168 (bi-dentate hydrogen bond with carbamate) and a key 
structural water molecule that also binds Y1125. BZP benzylpipera-
zine, BRD binding bromodomain

◂
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µM) (Table 2). FT-6876 was found to be highly selective 
against other BRDs representing branches of the BRD tree, 
including >5000-fold selectivity against BRD9  (IC50 value  
26.7 µM).

3.3  FT‑6876 Reduces H3K27 Acetylation 
in MDA‑MB‑453 Cells

CBP and p300 are histone acetyltransferases that modify 
histone and nonhistone proteins at specific lysine residues. 
Histone H3 is a core component of the nucleosome and is 
acetylated at lysine 27 (H3K27Ac) by CBP/p300. Inhibition 
of CBP/p300 leads to a reduction in H3K27Ac, which can in 
turn inhibit transcription as the chromatin converts from an 
open, transcriptionally active form to a compact form that 
is less transcriptionally active.

MDA-MB-453 cells were exposed to a range of FT-6876 
concentrations for 24 h, and the impact on H3K27Ac was 
assessed by Western blot. A concentration-dependent reduc-
tion in this histone marker was observed, with substantial 
reduction evident at 0.10 µM, the lowest concentration tested 
(Fig. 2a). These results were confirmed using high-content 
image analysis, which showed a reduction in H3K27Ac 
across the population of the cells. A uniform reduction (53% 
of control) in H3K27Ac occurred following treatment with 
0.3 μM FT-6876 (Fig. 2b). FT-6876 induced the rapid reduc-
tion in H3K27Ac, as demonstrated by Western blot, after 
1 h of exposure (Fig. 2c). We tested the persistence of the 

reduction in H3K27Ac in a compound washout study, in 
which cells were exposed to FT-6876 for 24 h followed by 
wash-off. Levels of acetylation returned to baseline by 24 h 
post removal of the compound, indicating the reduction in 
acetylation was reversible and reflecting the dynamic state 
of histone acetylation in the cell (Fig. 2d).

3.4  FT‑6876 Modulates Estrogen Receptor (ER) 
and Androgen Receptor (AR) Gene Expression 
in MDA‑MB‑453 Cells

Our hypothesis was that modulation of CBP/p300 with 
FT-6876 alters chromatin compaction and, when in the 
vicinity of AR-responsive genes, selectively reduces AR 
transcriptional activity at these loci. The TNBC cell line 
MDA-MB-453 expresses high levels of AR, making it 
particularly useful for studying androgen regulation of 
gene expression. If the proposed mechanism of action of 
FT-6876 on AR and ER signaling is correct, the impact 
on the expression of genes related to AR and ER signaling 
should be preferentially affected compared with other genes 
expressed in MDA-MB-453 cells. RNA-Seq was performed 
on MDA-MB-453 cells treated with FT-6876 for 24 h. Gene 
set enrichment analysis (GSEA; 50 hallmarks of cancer 
pathways) of the RNA-Seq data is shown in Fig. 3a. This 
confirmed the activity of FT-6876 in targeting AR and ER 
signaling with a significant modulation of the pathway over 
24 h, in addition to cell cycle-related genes including the 
E2F and Myc pathways (corrected p-values =  10–8 to  10–10).

In AR-expressing TNBC cells, the transcriptional signa-
ture of ER has been shown to be orchestrated by the AR 
and dependent on FoxA1 [3]. The effect of FT-6876 on AR 
and ER transcription was validated by examining the effect 
of the compound on AR and ER target genes using qPCR. 
When MDA-MB-453 cells were exposed to the synthetic 
AR agonist R1881 (metribolone), the impact on the AR tar-
get gene SPDEF and ER target gene AQP3 was evaluated. 
Both SPDEF and AQP3 were upregulated by R1881, and 
the induced expression of these genes was reduced by treat-
ment with FT-6876 (Fig. 3b). Taken together, the data dem-
onstrate that FT-6876 modulates AR and ER target genes 
in a concentration-dependent manner in the TNBC model 
MDA-MB-453.

To further evaluate the mechanism of action of FT-6876, 
it was desirable to determine whether the compound would 
displace CBP and/or p300 at sites where a reduction in 
H3K27Ac and subsequent reduction in gene expression were 
observed. MDA-MB-453 cells were exposed to FT-6876 and 
analyzed using ChIP-Seq with anti-acetylated H3K27, CBP, 
and p300 antibodies. One of the genes of interest was the 
ER target gene AQP3 that, as shown above, was upregulated 
following R1881 exposure and downregulated in the pres-
ence of FT-6876. In the promoter region of AQP3, R1881 

Table 2  Potency and selectivity against other bromodomains

IC50 half maximal inhibitory concentration, TR-FRET time-resolved 
fluorescence resonance energy transfer
a AlphaScreenTM

b TR-FRET assay

Bromodomain (TR-FRET assay) FT-6876  IC50 (µM)

CBP 0.005
p300 0.002
BRD4 2.32

Bromodomain FT-6876  IC50 (µM)

CBPa 0.06
BRD4a 5.7
TAF1-2a 8.7
ATAD2a > 10
BPTFa > 10
BRPF3a > 10
BRWD1a > 10
CECR2a > 10
SMARCA4a > 10
SP140a > 10
BRD9b 26.7
ASH1Lb > 30
BRWD3b > 30
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increased H3K27Ac at CBP and p300 overlapping peaks 
(Fig. 3c), coincident with the increased expression of AQP3. 
The addition of FT-6876 reduced H3K27Ac, concurrent 
with a reduction in CBP and p300 binding as well as a reduc-
tion in AQP3 expression. The results support the hypoth-
esis that displacement of CBP and p300 from the chromatin 
reduces local H3K27Ac and leads to decreased target gene 
expression. Notably, this region was confirmed as a binding 
site for ER based on the CistromeDb public database (avail-
able online at http:// crist ome. org/ db/#/).

Inhibition of CBP/p300 markedly impacts gene transcrip-
tion by RNA polymerase II [42]. To assess the immediate 

effects of CBP/p300 inhibition on gene transcription in 
MDA-MB-453 cells, we performed precision run-on fol-
lowed by sequencing (PRO-Seq) in cells treated with either a 
DMSO control or FT-6876 at 2 µM. Cells were harvested 1 h 
after exposure to DMSO or FT-6876 to assess the immediate 
and primary transcriptional effect of FT-6876. We noted 691 
genes were differentially expressed (adjusted p-value < 0.1); 
628 were downregulated and 63 were upregulated. Pathways 
significantly associated with the 628 repressed genes were 
Estrogen Response Early, Sox4 Targets Up, and MAP Kinase 
Activity (adjusted p value < 0.1).

Fig. 2  FT-6876 reduces 
H3K27Ac in MDA-MB-453 
cells. a Reduction in H3K27Ac 
after exposure to increasing 
concentrations of FT-6876. 
Representative Western blot of 
MDA-MB-453 cells exposed 
to DMSO or FT-6876 at the 
indicated concentrations for 
24 h. b Uniform reduction on 
H3K27Ac in cells after expo-
sure to FT-6876. Representa-
tive high-content image shows 
MDA-MB-453 cells treated 
with DMSO or 0.3 μM FT-6876 
for 24 h. c Rapid reduction in 
H3K27Ac after exposure to 
FT-6876. Western blot target 
engagement time course of 
MDA-MB-453 cells exposed 
to DMSO or FT-6876 at the 
indicated concentrations for 1, 
2, 4, 8, or 24 h. d H3K27Ac 
reduction returned to base-
line following removal of the 
compound. DAPI 4′,6-diami-
dino-2-phenylindole, DMSO 
dimethylsulfoxide

MDA-MB-453 cells treated for 24 hours
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Fig. 3  FT-6876 modulates 
ER and AR target genes in 
MDA-MB-453 cells. a GSEA 
of RNA-Seq data from MDA-
MB-453 cells exposed to 2 μM 
FT-6876 for 24 h. b ChIP-Seq. 
Reduction in H3K27Ac and 
CBP/p300 binding in the pro-
moter region of the ER target 
gene, AQP3 in MDA-MB-453 
cells treated with FT-6876. 
The area outlined by the dot-
ted green lines indicates the 
signal induced by R1881 and 
the impact of FT-6876 on the 
induced peaks. c mRNA expres-
sion of AR (SPDEF) and ER 
(AQP3) target genes was deter-
mined by qPCR after exposure 
to AR agonist R1881 ± increas-
ing concentrations of FT-6876. 
AR androgen receptor, ChIP-Seq 
chromatin immunoprecipitation 
sequencing, DMSO dimethyl-
sulfoxide, ER estrogen receptor, 
FDR false discovery rate, GSEA 
gene set enrichment analysis, 
NES normalized enrichment 
scores, qPCR quantitative poly-
merase chain reaction, RNA-Seq 
RNA sequencing
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In addition to the read-out for transcriptional output at 
gene bodies, PRO-Seq quantifies transcription genome-wide 
at coding and noncoding regions alike [32]. Of particular 
interest is transcription that can be detected at enhancer ele-
ments (eRNAs) that harbor high levels of H3K27Ac and 
occupancy of CBP/p300 assessed using ChIP-Seq [43]. To 
identify eRNA locations, we used the machine-learning 
algorithm Transcription Fit (Tfit) to look for sites of bidirec-
tional transcription [44]. As an example, the GATA3 locus 
harbors a bidirectional transcription start site upstream of 
its promoter region and itself is significantly repressed by 
FT-6876 (Fig. 4a). This finding is consistent with the role 
of the ER in GATA3 expression [45].

Using the Tfit method combined with DeSeq2, we 
assessed the differential expression status of all bidirectional 
transcription start sites (Fig. 4b). We noted a significant 
population of 444 bidirectional transcripts that were signifi-
cantly downregulated (adjusted p-value <10–1) 1 h follow-
ing FT-6876 treatment in MDA-MB-453 cells. To search 
for common transcription factor regulators of these 444 
genes, we used the Gene Transcription Regulation Database 
(GTRD; https:// gtrd. biouml. org/# !) [46] of curated ChIP-Seq 
studies combined with the algorithm Giggle [47] to iden-
tify significant enrichment of transcription factor binding at 
these loci. We noted an overwhelmingly significant number 
of ChIP-Seq studies for the estrogen receptor 1 (ESR1), AR, 
and CCCTC-binding factor (CTCF) [Fig. 4c]. This com-
plements the previous Estrogen Response Early pathway 
enrichment result computed from the orthogonal differential 
expression status at gene bodies. Taken together, these PRO-
Seq analyses further support the notion that FT-6876 inhibits 
the transcription of AR and ER target genes.

3.5  FT‑6876 Demonstrates a Differential 
Antiproliferative Effect in AR+ and AR− Breast 
Cancer Cell Lines

The antiproliferative effect of FT-6876 was evaluated in 
a time-course study with a washout in a colony formation 
assay in MDA-MB-453 cells. In this assay, FT-6876 inhib-
ited cell proliferation with an  IC50 of 100 nM following 10 
days of continuous exposure and was approximately 90 
times more potent at inhibiting proliferation following 10 
days of exposure relative to 3 days and washout, suggesting 
extended exposure to this class of epigenetic modifiers is 
necessary to reveal the full extent of the antiproliferative 
activity (Fig. 5a). We found that 5 days was sufficient to 
induce the irreversible inhibition of proliferation, although 
with slightly lower potency than with 10 days of continuous 
exposure (0.58 μM and 0.10 μM, respectively). Enzaluta-
mide, tested side by side with FT-6876, had an  IC50 of 11.7 
μM following 10 days of continuous exposure and was 45 

times less active than FT-6876 at inhibiting proliferation of 
these AR+ cells (Fig. 5b).

To determine whether sensitivity to FT-6876 is corre-
lated to mRNA expression of AR, the antiproliferative effect 
of FT-6876 was measured across a panel of 27 breast can-
cer cell lines with a range of AR expression levels (ESM 
Table S1). In general,  IC50 values were low in cell lines with 
high levels of AR expression, and higher in cell lines with 
lower levels of AR expression (Fig. 5c).

3.6  FT‑6876 Induces Pharmacodynamic 
and Antitumor Effects in MDA‑MB‑453 
Xenografts In Vivo

The pharmacokinetic profile and pharmacodynamic activ-
ity of FT-6876 in vivo were examined in NOD SCID mice 
bearing MDA-MB-453 xenografts. After a single dose of 
FT-6876 (10, 30, or 100 mg/kg) was administered, plasma 
and tumors were collected at different time points over the 
next 24 h. FT-6876 induced a time- and exposure-dependent 
reduction in H3K27Ac (Fig. 6a). A single dose of FT-6876 
reduced H3K27Ac levels relative to baseline within 2 h, with 
levels returning to baseline over 24 h (Fig. 6a). Transcription 
of downstream ER/AR target genes (XBP1, SPDEF) was 
also reduced following a single 30 mg/kg dose and tracked 
with the level of unbound FT-6876 in plasma (Fig. 6b). An 
immunohistochemical staining analysis in MDA-MB-453 
xenografts after 21 days of treatment with FT-6876 showed 
the modulation of H3K27Ac was maintained for the dura-
tion of treatment. The proliferation index (Ki67) was signifi-
cantly reduced by FT-6876, with mean histoscores of 178 
in the vehicle group and 101 in the FT-6876 group (t-sta-
tistic = 4.729, two-tailed test; p < 0.0004; degrees of free-
dom = 13) [Fig. 6c]. Pharmacodynamic effects were con-
sistent with the effects on tumor growth in MDA-MB-453 
xenografts; long-term treatment with FT-6876 induced 
tumor stasis in this model (Fig. 6d), whereas body weight 
remained stable (Fig. 6e).

3.7  FT‑6876 Induces Antitumor Effects 
in Patient‑Derived Xenografts

The activity of FT-6876 was evaluated in a panel of PDX 
models of breast cancer (South Texas Accelerated Research 
Therapeutics, San Antonio, TX, USA). The panel included 
40 tumor models with different AR status across TNBC, 
HER2, and ER+ subtypes. TGI >60 % was observed in 
20%, 31%, and 38% of ER+, HER2+, and TNBC subtypes, 
respectively (Figs. 7a, b). When analyzed by AR expression 
levels (12/39 models were AR+), the proportion of ER+ 
and TNBC xenografts with high response rates increased to 
67% and 50%, respectively, in AR+ models, compared with 

https://gtrd.biouml.org/#!
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0% and 41% in AR low models. Results of the study using 
patient-derived tumor models further support our hypothesis 
that AR+ breast cancer cells are more sensitive to CBP/p300 
inhibition.

4  Discussion

Breast cancer is the most common type of cancer in women, 
with rates surpassing lung cancer [48]. The International 
Agency for Research on Cancer estimates there were 2.3 
million cases of breast cancer and more than 680,000 deaths 
globally in 2020 [48]. The most aggressive subtype of breast 
cancer, TNBC, has limited treatment options; these tumors 
are refractory to hormone therapy due to the lack of ER and 
PR expression, as well as a lack of HER2 amplification [5]. 
The recent approval of PARP inhibitors and immune check-
point modulators for the treatment of TNBC increases treat-
ment options for these patients, although additional targeted 
therapies are needed [49]. Traditionally, drugs targeting tran-
scription factors and their co-activators have been challeng-
ing to develop, although advances over the last several years 
in the design and development of small-molecule inhibitors 
of BRDs, initially targeting the BET family, have stimulated 
efforts toward finding inhibitors of additional BRDs [50, 51].

In this study, we present FT-6876, a novel, potent, and 
selective small-molecule inhibitor of the BRDs of CBP/
p300. These highly related multidomain proteins catalyze 
the acetylation of histone and nonhistone proteins. The AR 
is an example of a nonhistone substrate of acetylation, which 
stabilizes the protein and increases AR signaling [14, 16, 
52]. Indeed, mutations at specific lysine residues on AR 
that mimic acetylation have been shown to increase both 
the expression of specific AR genes involved in the cell cycle 
(i.e., genes encoding cyclin D1 and cyclin E) and prostate 
cancer cell proliferation [23]. Our results demonstrated 
FT-6876 rapidly and reversibly reduced H3K27Ac in AR+ 
cells, thereby reflecting the dynamic state of histone modi-
fication in cells. High-content analysis confirmed the reduc-
tion in H3K27Ac occurred uniformly across the population 
of cells. This confirmed the proposed activity and is consist-
ent with findings for CBP30, another CBP/p300 inhibitor, 
that decreased the level of H3K27Ac at AR-binding sites in 
MDA-MB-453 cells [53].

Results from ChIP-Seq, RNA-Seq, and PRO-Seq stud-
ies reported in this current study support the proposed 
mechanism of action, whereby FT-6876 displaces CBP/
p300 from chromatin, thus reducing H3K27Ac and target 
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gene expression. Reduction of H3K27Ac at the regulatory 
region of the ER target gene AQP3 was associated with the 
concomitant decrease in CBP and p300 occupancy at this 
site and a reduction in the mRNA level of this gene. GSEA 
revealed impacts of the compound on Myc, cell cycle (E2F), 
ER, and AR pathways in line with the inhibition of prolifera-
tion in cell lines in vitro and tumor growth in PDX models 
in vivo. We observed a preferential effect of sensitivity to 
FT-6876 on AR+ cell lines in vitro and patient-derived mod-
els in vivo. The dose-dependent modulation of proximal and 
distal pharmacodynamic biomarkers, H3K27Ac and ER/AR 
genes translated into a dose-dependent TGI.

This study has several limitations. The current manuscript 
provides significant evidence of the displacement of CBP 
and p300 from chromatin with FT-6876. Other reports in 
the literature have already shown significant evidence of 
the structure of CBP and p300 and the interaction between 
the bromodomain and the histone acetyl transferase domain 
[21, 54]; therefore, it has not been included in our report. 
FT-6876 would be a suitable candidate for further charac-
terization of the structural rearrangement induced by binding 
of the compound. A further limitation of this work is that 
the studies on the cellular mechanism of action of FT-6876 
rely on immortalized human cancer cell lines, which may 
not fully recapitulate the activity of the compound in human 
disease. This limitation has been somewhat mitigated by the 
demonstration of anti-tumor activity of FT-6876 in a panel 

of human PDX models in vivo. In addition, although the 
PDX screen indicates an enrichment of responsive models 
in AR+ PDX models, future studies would need to address 
patient selection options for the clinical study. Determina-
tion of AR status in breast cancer using immunohistochem-
istry has been the subject of several publications [55, 56] 
and should be further characterized for FT-6876. Finally, a 
potential option for patient selection is to build on the results 
from the PDX screen and develop a gene signature to be 
used in clinical studies.

5  Conclusion

We have discovered FT-6876, a novel inhibitor of the bro-
modomain of CBP/p300. Our results confirm the proposed 
mechanism of action of FT-6876. Disruption of AR signal-
ing via the inhibition of CBP/p300 BRD provides an alterna-
tive mechanism for the modulation of AR- and ER-depend-
ent transcription to complement direct antagonism of the 
receptor–ligand interaction. Taken together, our results sup-
port the use of FT-6876 to study the biology of CBP/p300 in 
the context of nuclear hormone receptor regulation. Clinical 
trials to test this hypothesis are ongoing with the investiga-
tional CBP/p300 inhibitors FT-7051 (NCT04575766) and 
CCS-1477 (NCT03568656).

Fig. 5  Antiproliferative effect 
of FT-6876. a Time-dependent 
growth inhibition in a colony 
formation assay in MDA-
MB-453 cells. b Inhibition of 
MDA-MB-453 cellular growth 
after 10 days of continuous 
exposure to FT-6876 or enzalu-
tamide. c Effect of FT-6876 in 
a panel of 27 breast cancer cell 
lines with a range of AR expres-
sion levels (ESM Table S1). 
AR androgen receptor, IC50 half 
maximal inhibitory concentra-
tion
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Fig. 6  FT-6876 induces pharmacodynamic and antitumor effects in 
MDA-MB-453 xenografts. a The plasma concentration of FT-6876 
and H3K27Ac was measured in NOD SCID mice bearing MDA-
MB-453 xenografts after a range of FT-6876 doses. Solid lines 
show free plasma concentration of FT-6876, and dotted lines show 
H3K27Ac tumor levels expressed as percentage control. b After a 
single FT-6876 30 mg/kg dose, free plasma concentration of FT-6876 

and H3K27Ac, as well as transcription of downstream ER/AR target 
genes (XBP1, SPDEF), were measured in tumors. c Representative 
images of tumor areas stained for Ki67 and H3K27Ac. d, e Tumor 
volumes and mouse body weight, respectively, measured over time in 
the different cohorts of animals. AR androgen receptor, ER estrogen 
receptor, NOD nonobese diabetic, SCID severe combined immunode-
ficiency
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