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Y08197 is a novel and selective CBP/EP300 bromodomain
inhibitor for the treatment of prostate cancer
Ling-jiao Zou1,2,3, Qiu-ping Xiang1,2,3, Xiao-qian Xue4, Cheng Zhang1,5, Chen-chang Li1, Chao Wang1,2, Qiu Li1,2, Rui Wang1,
Shuang Wu1,5, Yu-lai Zhou5, Yan Zhang1,2,3 and Yong Xu1,3

In advanced prostate cancer, CREB (cAMP-responsive element-binding protein) binding protein (CBP) and its homolog EP300 are
highly expressed; targeting the bromodomain of CBP is a new strategy for the treatment of prostate cancer. In the current study we
identified Y08197, a novel 1-(indolizin-3-yl) ethanone derivative, as a selective inhibitor of CBP/EP300 bromodomain and explored
its antitumor activity against prostate cancer cell lines in vitro. In the AlphaScreen assay, we demonstrated that Y08197 dose-
dependently inhibited the CBP bromodomain with an IC50 value at 100.67 ± 3.30 nM. Y08197 also exhibited high selectivity for
CBP/EP300 over other bromodomain-containing proteins. In LNCaP, 22Rv1 and VCaP prostate cancer cells, treatment with Y08197
(1, 5 μM) strongly affected downstream signaling transduction, thus markedly inhibiting the expression of androgen receptor (AR)-
regulated genes PSA, KLK2, TMPRSS2, and oncogenes C-MYC and ERG. Notably, Y08197 potently inhibited cell growth in several AR-
positive prostate cancer cell lines including LNCaP, 22Rv1, VCaP, and C4-2B. In 22Rv1 prostate cancer cells, treatment with Y08197
(1, 4, 16 μM) dose-dependently induced G0/G1 phase arrest and apoptosis. Furthermore, treatment with Y08197 (5 μM) significantly
decreased ERG-induced invasive capacity of 22Rv1 prostate cancer cells detected in wound-healing assay and cell migration assay.
Taken together, CBP/EP300 inhibitor Y08197 represents a promising lead compound for development as new therapeutics for the
treatment of castration-resistant prostate cancer.
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INTRODUCTION
Prostate cancer (PCa) has the highest number of new cancer cases
and the second highest cancer mortality rate in men in the United
States; PCa accounted for almost one in five new cancer diagnoses
in 2018 [1]. Since androgen receptor (AR) signaling has a pivotal
role in PCa, androgen deprivation therapy with surgical or
chemical castration is the first option for PCa treatment. Despite
the initial benefit, patients often progress to a lethal type of PCa
known as castration-resistant prostate cancer (CRPC). Second-
generation AR-axis inhibitors, such as the androgen synthesis
inhibitor abiraterone acetate (ABI) and the androgen signaling
inhibitor enzalutamide (Enz), have been approved by the FDA for
metastatic CRPC in 2011 and 2012, respectively. Although both
drugs benefit patients and result in improved survival, approxi-
mately one-third of patients demonstrate no serum PSA (Prostate
specific antigen) response to these drugs [2–4]. The remaining
patients may acquire secondary resistance, which is marked by a
restoration of AR signaling and serum PSA levels [5]. There are
multiple mechanisms of resistance, including AR amplification,
point mutations (particularly in the AR ligand binding domain
(LBD)), and the expression of various AR splice variants, such as

AR-V7 [6, 7]. Current therapeutic development is still largely
focused on antiandrogens that have increased potencies com-
pared to the potencies of previous therapeutics. Therefore,
alternative strategies for the development of new therapies for
CRPC treatment are urgently needed.
To overcome the acquired secondary resistance, alternative

strategies to tackle AR signaling were developed. Agents
disrupting AR N-terminal domain (NTD) functionality without
directly targeting the AR LBD or promoting AR degradation are
promising solutions that are currently under investigation [8–13].
Sadar and others have shown that EPI-001 covalently binds to the
AR NTD, blocking the transcriptional activity of AR and AR splice
variants and reducing the growth of CRPC xenografts [14, 15].
Raina and others have demonstrated that the small molecule
PROTAC inhibitor ARV-771, an AR transcriptional coactivator BET
degrader, showed potent suppression of AR signaling, AR levels
and tumor growth in a CRPC mouse xenograft model [16]. We
have proven that retinoic acid receptor-related orphan receptor γ
(RORγ) acts as an upstream determinant of AR gene expression
and that RORγ antagonists can potently inhibit the growth of
various AR-positive xenograft tumors in mice [17, 18].
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Nuclear receptor signaling is dependent on a number of
transcriptional coactivators that enhance the binding of the
receptor to chromatin and promote the transcriptional activation
of target genes [19]. The CREB (cAMP-responsive element-binding
protein) binding protein (CBP) and its homolog, EP300, are
fundamental coactivators among a large number of transcription
factors [20]. Mechanistically, CBP and EP300 interact with the AR
NTD to potentially stabilize both the N/C interactions and the
binding of AR to AREs (AR response elements) [21]. CBP and EP300
act as steroid receptor coactivators for various nuclear receptors,
including the retinoid X receptor (RXR), estrogen receptor (ER)
and AR [22–25], which have been implicated in the development
of various cancers, inflammatory conditions, and other diseases
[26–29]. In advanced PCa, CBP and EP300 are highly expressed,
and androgen deprivation leads to the upregulation of both
proteins [19, 30]. Therefore, interrupting the interaction of AR with
its coactivator CBP by targeting the bromodomain of CBP may be
an efficient strategy to block AR signaling. The CBP bromodomain
may represent a potential therapeutic target for PCa. Recently,
we and others have proven that CBP and EP300 bromodomain
inhibition with small molecule inhibitors could suppress PCa
growth in vitro and in vivo [31, 32]. We have also reported the
fragment-based virtual screen and medicinal chemistry optimiza-
tion of a series of 1-(1H-indol-1-yl)ethanone derivatives as CBP
and EP300 bromodomain inhibitors, which inhibited cell growth
in several PCa cell lines and reduced the expression of AR, AR-V7
and PSA [32].
In this study, we report that Y08197, a novel 1-(indolizin-3-yl)

ethanone derivative optimized from our previous study [32],
potently and selectively binds to the CBP bromodomain. Y08197
markedly inhibits cell growth, proliferation and migration in
several PCa cell lines. Y08197 also reduces the expression of
PSA, KLK2, TMPSS2 and other oncogenes in LNCaP, 22Rv1, and
VCaP cells. Y08197 represents a promising lead compound for
further optimization. Thus, this study further validates that the
disruption of interactions between an AR and its coactivator
CBP may be a promising strategy for the treatment of CRPC and
other diseases.

MATERIALS AND METHODS
Compounds
Y08197 (3-Acetyl-N-(2-fluoro-5-(hydroxymethyl)-3-(1-methyl-1H-
pyrazol-4-yl)phenyl)-7-methoxyindolizine-1-carboxamide) was
synthesized by the Guangzhou Institutes of Biomedicine and
Health, Chinese Academy of Sciences (Guangzhou, China).
Chemical formula: C23H21FN4O4, MW: 436.44. CPI-637 and enzalu-
tamide were purchased from Selleck.

Protein expression and purification
The bromodomains were expressed as a His6-fusion protein with a
TEV (Tobacco Etch Virus) cleavage site between His6 and the
bromodomain using the pET24a expression vector (Novagen). The
cDNA sequences encoding the bromodomain of human CBP
(residues R1081-G1197), EP300 (residues A1040-G1161), BRD4(1)
(residues N44-E168), BRD7 (residues E1-R108), PCAF (residues
G715-D831), BAZ2B (residues S1858-S1972), TRIM24(1) (residues
G896-E1014), TAF1(1) (residues R1377-D1503), ASH1L (residues
E2433-E2564), ATAD2A (residues Q981-R1108), and BRPF1 (resi-
dues E627-G740) were synthesized by Genscript. The BL21 (DE3)
cells that were transformed with these expression plasmids were
grown in LB broth at 25 °C to an OD600 of approximately 1.0 and
then were induced with 0.1 mM isopropyl-β-D-1-thiogalactopyr-
anoside (IPTG) at 16 °C for 16 h. The cells were harvested by
centrifugation (6000 × g for 15 min at 4 °C, JLA 81000 rotor, on a
Beckman Coulter Avanti J-20 XP centrifuge) and were frozen at
−80 °C as pellets for storage. The cells were resuspended in

extract buffer (50 mM HEPES (2-[4-(2-Hydroxyethyl)-1-piperazinyl]
ethanesulfonic acid), pH 7.5 at 25 °C, 500 mM NaCl, 5 mM
imidazole, 5% glycerol, and 0.5 mM TCEP (tris(2-carboxyethyl)
phosphine hydrochloride)) and were high-pressure homogenized
using a JN3000 PLUS high-pressure homogenizer (JNBIO, Guangz-
hou, China) at 4 °C. The lysate was collected on ice and was
centrifuged at 12 000 × g for 40 min. The supernatant was loaded
onto a 5mL NiSO4-loaded HisTrap HP column (Ni-NTA, GE
Healthcare, NJ, USA). The column was washed with 20mL of
extract buffer (50 mM HEPES, pH 7.5 at 25 °C, 500mM NaCl, 50 mM
imidazole). The protein was eluted with a 50–500mM imidazole
gradient in elution buffer (50 mM HEPES, pH 7.5 at 25 °C, 500 mM
NaCl, 500 mM imidazole). The protein was concentrated and
further purified by a gel filtration column (HiLoad, Superdex 75,
16/60, GE Healthcare, USA). The sample purity of each fraction
was examined by SDS-PAGE, and the sample concentration was
determined by a Bradford assay. The purified proteins were
concentrated in gel filtration buffer (10 mM HEPES pH 7.5 at 25 °C,
150mM NaCl, 0.5 mM TCEP) and were stored at −80 °C for an
AlphaScreen assay or a TSA.

AlphaScreen assay
Interactions between bromodomain-containing proteins (BCP)
and ligands were assessed by luminescence-based AlphaScreen
technology using a histidine detection kit from PerkinElmer
(Norwalk, CT, USA). All of the reactions contained BCP bound to
nickel acceptor beads (5 μg/mL) and biotinylated and acetylated
histone H4 peptides bound to streptavidin donor beads (5 μg/mL)
in the presence or absence of the indicated amounts of Y08197
or CPI-637. The C-terminal biotinylated tetra-acetylated histone
peptide H4 (bH4KAc4) sequence was H-SGRGK(Ac)GGK(Ac)GLGK
(Ac)GGAK(Ac)RHRK-Biotin-OH (synthesized by Genscript). The
experiments were conducted with a protein/peptide ratio for
the sensitive signal as follows: CBP:bH4KAc4= 150 nM:50 nM.
All reagents were diluted in buffer (50 mM MOPS (pH 7.4),
50 mM NaF, 50 μM CHAPS, and 0.1 mg/mL bovine serum albumin)
and were allowed to equilibrate at room temperature prior
to being added into low-volume 384-well plates (ProxiPlate-384
Plus, PerkinElmer, USA). The plates were wrapped in foil to protect
the reagents from light. Then, the plates were incubated at room
temperature for 2.5 h and were read on an EnSpire plate reader
(PerkinElmer, USA). When excited by a laser beam at 680 nm,
the donor beam emits singlet oxygen that activates the
thioxene derivatives in the acceptor beads, which releases
photons of 520–620 nm as the binding signal. All experiments
were performed in triplicate on the same plate. The results were
based on an average of three experiments, and the standard
errors were typically less than 10% of the measurements.

Thermal stability shift assay (TSA)
Thermal stability shift assays were carried out using the Bio-Rad
CFX96 Real-Time PCR system. All reactions were buffered in
10mM HEPES, pH 7.5, 150 mM NaCl at final concentrations of
10 μM for the proteins and 200 μM for the compounds. The 20 μL
reaction mixture was added to the wells of a 96-well PCR plate.
SYPRO Orange (ABI, Sigma) was added as a fluorescence probe at
a dilution of 1:1000 and was incubated with the compounds
on ice for 30min. The total DMSO concentration was restricted
to 1% or less. The excitation and emission filters for the SYPRO
Orange dye were set to 465 and 590 nm, respectively. The
temperature was increased at steps of 0.3 °C per minute from
30 to 75 °C, and the fluorescence readings were taken at each
(0.3 °C) interval. All experiments were performed in triplicate.
The melting temperatures (Tm) were calculated by fitting the
sigmoidal melting curve to the Boltzmann equation using
GraphPad Prism. ΔTm is the difference in the Tm values calculated
for the reactions with and without compounds.
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Cell culture, RNA isolation, and quantitative real-time PCR
LNCaP, 22Rv1, C4-2B, and VCaP PCa cells were cultured in RPMI-
1640 containing 10% FBS (Fetal bovine serum) at 37 °C in 5%
CO2 incubators. For qRT-PCR analysis, LNCaP, 22Rv1, and VCaP
cells were seeded at 1.5 × 105 cells per well in 12-well plates.
Twenty-four hours later, the cells were treated with compounds
(1 and 5 μM, respectively) for 48 h. The total RNA was then
isolated with the Eastep Super Total RNA Extraction Kit
(Promega, USA), and the cDNA was synthesized from 1000 ng
total RNA using the All-in-oneTM First-Strand cDNA Synthesis
Kit (Genecopoeia, USA). qRT-PCR was performed in triplicate
using standard SYBR green reagents. The full-length AR (AR-FL),
AR-V7, PSA (KLK3), KLK2, TMPRSS2, C-MYC and ERG gene
expression levels were assessed by real-time PCR and were
normalized to the expression levels of β-actin. The primer
sequences for qRT-PCR are listed in Table 1.

Cell lysates and Western blot analysis
The 22Rv1 cells were treated with the vehicle or different
concentrations of Y08197, CPI-637 or Enz for 48 h before
being harvested for a Western blot analysis. The cells were lysed
in RIPA buffer plus 1% PMSF (Phenylmethylsulfonyl fluoride)
and then were separated on a denaturing polyacrylamide gel
according to the manufacturer’s instructions. The proteins were
transferred to a PVDF (Polyvinylidene fluoride) membrane
and were blocked for 2 h in a 5% nonfat milk solution (Tris-
buffered saline, 0.1% Tween (TBS-T), 5% nonfat dry milk). The
membranes were incubated overnight with the following
antibodies: AR (Abclonal; A2053), C-MYC (Santa Cruz; sc-40),
ERG (Abcam; ab87105), PSA (Biowold; BS6241) and GAPDH
(Abclonal; AC001). Then, the membranes were incubated
with HRP-linked secondary antibodies (Proteintech, SA00001;
Abclonal, AS014). Finally, the signal was detected using a
Minichemi imager.

PSA luciferase reporter gene assay
LNCaP cells were seeded into 24-well plates and were
transiently transfected using Lipofectamine 3000 (Invitrogen,
USA) according to the manufacturer’s instructions. LNCaP cells
were cotransfected with 200 ng PSA-Luc reporter plasmid and
10 ng Renilla luciferase expression plasmid per well. Chemicals

were added 24 h after transfection. The cells were harvested
after another 24 h for a luciferase assay using the dual-
luciferase reporter assay system (Promega, USA). The luciferase
activities were normalized to the Renilla activity, which was
cotransfected as an internal control. All of the assays were
performed in triplicate, and the standard deviations were
calculated accordingly.

Cell viability and cell colony formation assays
For the cell viability assessment, the cells were seeded into 384-
well plates at 500–1000 cells per well (optimum density for
growth) in a total volume of 20 μL of media. After 12 h, 10 μL of
the appropriate chemical compound with a twofold serial dilution
was added to a final volume of 30 μL of media to each well with
a final concentration of 5 nM to 100 μM. The measurement
was conducted 96 h after seeding the LNCaP, C4-2B, 22Rv1, PC-3
cells, 144 h after seeding the VCaP cells and 72 h after seeding
the Du145 cells. Then, 25 μL of Cell-Titer GLO reagents (Promega,
USA) was added, and the luminescence was measured on a
GLOMAX Microplate Luminometer (Promega, USA) according
to the manufacturer’s instructions. The estimated in vitro half-
maximal inhibitory concentration (IC50) values were calculated
using GraphPad Prism 6 software.
For the C4-2B and 22Rv1 colony formation assay, 2000 cells

per well were seeded into a six-well plate. The cells were
cultured with the vehicle or the indicated concentrations of
compounds for 14 d with 3 mL medium. When the cell colony
was first visible, the medium was removed, and the plates
were washed once with 2 mL PBS (Phosophate-buffered saline).
The cell colonies were stained with 2.5% crystal violet (in MeOH)
for 2 h. The plates were scanned with an HP scanner.

Cell cycle determination
22Rv1 cells were collected and dispersed into six-well plates with
3 × 105 cells per well. The different concentrations of Y08197,
CPI-637 and Enz were used to treat the cells for 48 h. The cells
were collected and fixed with 70% ethanol overnight. After
washing twice with PBS, the cells were resuspended in 500 µL of
PBS containing 50 µg/mL propidium iodide (PI) and 100 μg/mL
RNase A for 60 min at 20 °C in the dark. The flow cytometry
analysis was performed using a BD LSR Fortessa SORP Flow
Cytometer (BD Biosciences, San Jose, CA, USA), and the data were
analyzed using Modfit LT 5.0 software.

Cell apoptosis examination
The levels of apoptosis were investigated using the Annexin V-
FITC Apoptosis Detection Kit (KeyGEN; KGA106). 22Rv1 cells were
seeded into a six-well plate and were incubated in gradient
concentrations of Y08197, CPI-637, and Enz for 48 h. The cells
were washed twice with PBS and were resuspended in 500 µL
of PBS containing 5 μL of Annexin V-FITC and 5 µL of the PI
Staining Solution for 15 min. The flow cytometry analysis was
performed using a BD LSR Fortessa SORP Flow Cytometer
(BD Biosciences, San Jose, CA, USA), and the data were analyzed
using FlowJo_V10 software.

Wound-healing assay
22Rv1 cells were seeded into a 12-well plate and were allowed to
grow to nearly 100% confluence in the culture medium.
Subsequently, a cell-free line was manually drawn by scratching
the confluent cell monolayer with a 10 μL pipet tip. The wounded
cell monolayer was washed three times with PBS and was
incubated in RPMI-1640 (containing 2% FBS) with the vehicle, 5
μM Y08197, CPI-637 or Enz for 48 h. One scratched field was
chosen at random, and the images were captured with a bright-
field microscope (CKX41; Olympus). The percentage of wound
closure was measured using Adobe Photoshop 7.0.1 (Adobe
Systems Inc., San Jose, CA, USA).

Table 1. Primers used to detect gene expression at mRNA level

Gene name Primer sequences (5′-3′)

AR-FL F: ACATCAAGGAACTCGATCGTATCATTGC

R: TTGGGCACTTGCACAGAGAT

AR-V7 F: CAGGGATGACTCTGGGAGAA

R:GCCCTCTAGAGCCCTCATTT

PSA F: CACAGGCCAGGTATTTCAGGT

R: GAGGCTCATATCGTAGAGCGG

KLK2 F: CAACATCTGGAGGGGAAAGGG

R: AGGCCAAGTGATGCCAGAAC

TMPRSS2 F: CAAGTGCTCCAACTCTGGGAT

R: AACACACCGATTCTCGTCCTC

C-MYC F: GGCTCCTGGCAAAAGGTCA

R: CTGCGTAGTTGTGCTGATGT

ERG F: CGCAGAGTTATCGTGCCAGCAGAT

R: CCATATTCTTTCACCGCCCACTCC

β-Actin F: GAGAAAATCTGGCACCACACC

R: ATACCCCTCGTAGATGGGCAC
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Cell migration assay
Cell migration assays were evaluated in 8.0 mm Transwell
chambers (Corning Costar, USA). A total of 5 × 104 22Rv1 cells
with either the vehicle, 5 μM Y08197, CPI-637 or Enz were plated
in the top chamber with medium that did not contain FBS.
Complete media was added to the lower chamber as a
chemoattractant. After 48 h of incubation at 37 °C in 5% CO2,
the nonmigrating cells were gently removed with a cotton
swab. The migrated cells that were located on the lower side
of the membranes were fixed with 4% formaldehyde and
were stained with 0.25% crystal violet. The migrated cells were
quantitated by counting the cells and were graphed in
three randomly selected fields. The images were captured with
a bright-field microscope (CKX41; Olympus).

Statistical analysis
Numerical data from at least three individual experiments
are shown as the mean ± SD unless otherwise indicated.
Statistical significance was assessed by using unpaired two-
tailed Student’s t test. In statistical comparisons, a P value
< 0.05 was used to indicate a statistically significant difference
except the data of the PSA-luciferase reporter assay.

RESULTS
Y08197 is a potent and selective CBP bromodomain inhibitor
The inhibition of Y08197 (Fig. 1a) against the recognition of
acetylated histones by the CBP bromodomain was evaluated
using an AlphaScreen assay (Fig. 1b). The histidine-tagged CBP
bromodomain was immobilized on Ni-coated acceptor beads, and
the biotinylated H4Kac4 peptide was immobilized on streptavidin-
coated donor beads. The donor beads contained a photosensitizer
that converts ambient oxygen into singlet oxygen upon activation
with light at 680 nm. If the acceptor beads are brought within
close proximity of the donor beads by a bromodomain-acetylated
lysine interaction, energy is transferred from the singlet oxygen
to the thioxene derivatives in the acceptor beads, and this
results in light emission at 520–620 nm. The addition of a CBP-
bromodomain inhibitor blocks the signal conduction by acceptor
bead-immobilized CBP and by donor bead-immobilized H4Kac4.
Y08197 potently and dose-dependently inhibited the CBP
bromodomain with an IC50 value of 100.67 ± 3.30 nM (Fig. 1c).
Since the structures of the bromodomain pockets are highly
similar, we also investigated the selectivity profile of Y08197 for
the CBP and EP300 bromodomains over those from other proteins
from different subgroups of the bromodomain family. Using a
thermal stability shift assay (TSA), the abilities of Y08197 and CPI-

Fig. 1 Y08197 is a selective CBP bromodomain inhibitor. a The chemical structures of Y08197, CPI-637 and Enz. b The schematic
representation of the AlphaScreen (Amplified Luminescent Proximity Homogeneous Assay Screen) assay. c Y08197 and CPI-637 dose-
dependently inhibited the CBP bromodomain and acetylated histone H4 peptide interactions as determined by AlphaScreen assays. The IC50
was calculated from the AlphaScreen assay. The data are expressed as the means ± SD and are represented from at least three independent
experiments. d The selectivity of Y08197 and CPI-637 against bromodomain-containing proteins. The bromodomain selectivity profiles were
determined by a thermal shift assay. Compound concentration, 200 μM; protein concentration, 10 μM

CBP inhibitor Y08197 for prostate cancer
LJ Zou et al.

1439

Acta Pharmacologica Sinica (2019) 40:1436 – 1447



637 to maintain stability on 11 BCPs were profiled. The results
demonstrate that Y08197 exhibited potent inhibition only on
the CBP and EP300 bromodomains with minimal inhibition
activity on the remaining tested proteins (Fig. 1d). However,
CPI-637 showed slight additional inhibitory activity on BRD4
and BRD7 in addition to CBP and EP300 (Fig. 1d). These findings
suggest that Y08197 is a potent and selective inhibitor of the
CBP and EP300 bromodomains in vitro.

The CBP inhibitor Y08197 inhibits AR signaling in prostate
cancer cells
To better understand how Y08197 inhibits the expression of AR,
AR-V7, AR-regulated genes and some oncogenes, a qRT-PCR

analysis was performed in LNCaP, 22Rv1 and VCaP cells with
the treatment concentrations of 1 and 5 μM, respectively. As
shown in Fig. 2b, c, the AR-regulated genes PSA (KLK3), KLK2,
and TMPRSS2 were significantly suppressed at the mRNA level
upon Y08197 treatment compared to Enz in 22Rv1 and VCaP
cells. CPI-637, a CBP inhibitor from Constellation Pharmaceuti-
cals, exhibited a similar inhibitory activity as that of Y08197.
As indicated by the qRT-PCR assays shown in Fig. 2, the C-MYC
mRNA level was suppressed upon Y08197 treatment, especially
in LNCaP and 22Rv1 cells. ERG is a potential PCa therapeutic
target, and its transcription factor product is aberrantly
upregulated in PCa due to chromosomal rearrangements
between the androgen-regulated genes TMPRSS2 and ERG

Fig. 2 The CBP inhibitor Y08197 inhibits AR signaling at mRNA level in prostate cancer cells. qRT-PCR analysis of indicated genes in LNCaP (a),
22Rv1 (b) and VCaP (c) cells treated with 1 or 5 μM of Enz, CPI-637 or Y08197 for 2 d. The data are expressed as the mean ± SEM (n= 3).
*P < 0.05, **P < 0.01 by two-tailed Student’s t test
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[33–35]. Here, a qRT-PCR analysis (Fig. 2c) showed that the ERG
mRNA levels were also suppressed upon Y08197 treatment in
VCaP cells. In addition, the CBP bromodomain inhibitors Y08197
and CPI-637 can also suppress the mRNA expression of full-
length AR (AR-FL) transcripts in LNCaP cells and can suppress the
expression of AR-V7 in 22Rv1 cells; no obvious activity was
observed upon AR inhibitor Enz treatment.
Furthermore, a Western blot analysis was performed to analyze

how Y08197 influenced the protein expression status in
22Rv1 cells. As shown in Fig. 3a, Y08197 has a modest inhibitory
activity towards the protein expression of AR-FL and AR-V7 at 1
and 4 μM, respectively, which is consistent with the mRNA
expression inhibition shown in Fig. 2. For C-MYC, Y08197
displayed a significant dose-dependent inhibitory activity similar
to that of CPI-637, which suppressed nearly 50% of the protein
expression when the treatment concentration was reduced to a
relatively low level at 1 μM. Figure 3a shows that Y08197
exhibited no inhibitory activity towards the protein expression
of ERG until the treatment concentration was increased to 8 μM.
As PSA is currently a well-recognized biomarker for PCa, in

addition to PSA mRNA and protein expression, a PSA promoter-
driven luciferase reporter assay was also designed as a surrogate
to further evaluate the potential impact of Y08197 on PSA
transcription. Y08197 dose-dependently inhibited the PSA repor-
ter activity and displayed a comparable inhibitory effect to that of
CPI-637 on the mRNA, transcription and protein levels (Figs. 2, 3).
The results suggest that the CBP bromodomain inhibitor Y08197
could effectively influence related gene expression and could
inhibit AR signaling in AR-positive PCa cells.

The CBP inhibitor Y08197 inhibits prostate cancer cell line
proliferation
To investigate the cellular antiproliferation activities, we per-
formed cell viability assays in the AR-positive PCa cell lines LNCaP,
C4-2B, 22Rv1 and VCaP and in the AR-negative PCa cell lines
Du145 and PC-3 (Fig. 4). The second-generation androgen
receptor antagonist Enz and the CBP bromodomain inhibitor
CPI-637 were used as references. The results indicate that the CBP
bromodomain inhibitor Y08197 inhibited AR-positive PCa cell
growth with higher potency than that exhibited by Enz (Fig. 4). In
AR-negative PCa cell lines, Y08197 showed a minimum inhibitory
rate in PC-3 and Du145 cells (Fig. 4).
To further investigate the long-term growth inhibition effects,

colony formation assays with C4-2B and 22Rv1 cells were
performed for the CBP inhibitors Y08197 and CPI-637 and the
AR antagonist Enz (Fig. 5). Similar to the cell viability assay, Enz
showed no inhibitory activity for 22Rv1 cell colony formation
under the treatment concentration range. The Y08197 compound
reduced the colony formation abilities of C4-2B and 22Rv1 in a
dose-dependent manner. The colony formation was reduced to
less than 10% in 22Rv1 cells at 16 μM and in C4-2B cells at 4 μM.
Consistent with the cell viability assay data, the Y08197 compound
showed a moderate antiproliferation activity.
As CBP and EP300 have been investigated to be involved in the

development of various diseases, the antiproliferation activity of
Y08197 was also evaluated against a wide range of cancer cell
lines (Supplementary Fig. S1). Y08197 displayed approximately
twofold more potent inhibitory activities than those of CPI-637
against the breast cancer cell lines MCF-7 (ER positive) and Hs578T

Fig. 3 The CBP inhibitor Y08197 inhibits AR signaling at transcription and protein levels in prostate cancer cells. aWestern blot analysis of AR-
FL, AR-VS, C-MYC, ERG, PSA in 22Rv1 cells treated with Enz, CPI-637 or Y08197 for 2 d. GAPDH served as the loading control. b PSA
transcriptional activity was evaluated by luciferase reporter assays in LNCaP cells transfected with PSA-luc reporter plasmid. The cells
were treated with the vehicle or with 0.4, 2.0 or 10.0 μM of Enz, CPI-637 or Y08197. The data are expressed as the mean ± SEM (n= 3). *P < 0.01,
**P < 0.001, ***P < 0.0001 by two-tailed Student’s t test
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(triple negative), with IC50 values of 10.61 and 4.02 μМ,
respectively. Y08197 also showed obvious antiproliferation activity
against HT-29 human colon cancer cells and HeLa cervical cancer
cells with IC50 values of 2.12 and 12 μM, respectively. However, no
significant inhibition by Y08197 was observed in the osteosar-
coma cell line U2OS, the non-small-cell lung cancer cell line A549
or the lung cancer cell line H1975. The growth inhibitory activities
of the compound against lung fibroblast cells HFL-1 were also
evaluated to monitor the potential toxic effects. As shown in
Supplementary Fig. S1, Y08197 exhibited lower cytotoxic effects
than the effects of CPI-637 against normal cells and had a
suppression level of 50%, even when the concentration was as
high as 100 μM; this indicates that the cytotoxic effect of Y08197
was minimal.

The CBP inhibitor Y08197 induces G1 phase arrest and apoptosis in
22Rv1 cells
MYC is a transcription factor that regulates the global gene
expression through heterodimerization with the protein myc-
associated factor X (MAX) [36, 37]. Through the genome-wide
regulation of gene expression, MYC was identified to be related to
diverse cellular processes, including cell proliferation, cell cycle,
apoptosis and metabolism [38–40].
Considering the significant suppression of Y08197 on the

expression of C-MYC, we investigated the mechanisms underlying
the cell proliferation inhibition induced by Y08197 in PCa. For this,
22Rv1 cells were exposed to different concentrations of Y08197 (0,
1, 4, 16 μM) for 96 h. Then, the cell cycle distribution was
determined by flow cytometry. The effect of CPI-637 and Enz on

Fig. 4 The CBP inhibitor Y08197 inhibits prostate cancer cell line proliferation. a Cell viability was measured by Cell-Titer GLO for the
LNCaP, C4-2B, 22Rv1, VCaP, Du145, PC-3 prostate cancer cells treated with the indicated concentrations of Enz, CPI-637 or Y08197.
The experiments were performed in triplicate. b The half-maximum inhibitory concentration (IC50) values for all compounds in each cell
line are shown
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cell cycle progression in 22Rv1 cells was also investigated. After
96 h treatment in 22Rv1 cells, Y08197 significantly arrested cell
cycle progression at the G1 phase (Fig. 6). Exposure to 16 μM of
Y08197 arrested 76.34% of the cells in G1 phase compared with
62.40% of the control cells (Fig. 6a). However, Enz showed no cell
cycle progression arrest activity under the treatment conditions
we set (Fig. 6b).
We then proceeded to test the effect of Y08197 on apoptosis in

22Rv1 cells. As illustrated in Fig. 7, Y08197 triggered dose-
dependent apoptosis in 22Rv1 cells at a concentration of 16 μM;
the ratio of apoptosis in 22Rv1 cells was 6.77% (Fig. 7a) compared
with 3.94% in the untreated control cells. Consistent with the
results of the cell cycle arrest, Enz still exhibited no apoptosis
induction activity under the treatment conditions (Fig. 7b). These
results demonstrate that Y08197, a new inhibitor of the CBP
bromodomain, induced G1 phase cell cycle arrest and apoptosis,
which suppressed the proliferation of 22Rv1 cells.

The CBP inhibitor Y08197 decreases the invasive capacity of
22Rv1 cells
The most prevalent PCa gene fusion joins the 5′ untranslated region
of an androgen-regulated gene, TMPRSS2, with the members of the
E-twenty six (ETS) transcription factor family (ERG or ETV1) through

frequent chromosomal rearrangements [41]. Such ERG gene fusions
occur during the initiation of PCa progression, which can then lead
to the transition from high-grade prostatic intraepithelial neoplasia
lesions to invasive carcinoma [42, 43]. The TMPRSS2-ERG fusion
product was shown to drive a unique transcriptional program,
inducing DNA damage, and to promote invasion and metastasis [44].
Encouraged by the promising suppression of ERG gene

expression by Y08197 that was seen in the qRT-PCR and
Western blot analysis, the migration inhibitory effect of Y08197
on 22Rv1 PCa cells (ERG-positive line) was initially investigated
with the well-established wound-healing assay. Compared with
the untreated control, treatment with Y08197 inhibited the
migration of 22Rv1 cells, which retarded the wound-healing
speed by 15.75% (Fig. 8b). The migration inhibitory potency of
Y08197 in 22Rv1 PCa cells was further evaluated by a Transwell
migration assay. 22Rv1 cells were treated with 5 μM Y08197 for
48 h, and the number of cells that migrated to the other side of
the filter membrane was quantified. It was shown that Y08197
attenuated the migration of 22Rv1 cancer cells by 18.7% at 5 μM
(Fig. 8d). Together, these data demonstrate that Y08197 is able
to decrease ERG-induced cell invasive capacity.

DISCUSSION
Histone modifications, including acetylation and deacetylation,
are the major driving force for epigenetic gene regulation [45]
and have been shown to be important in the dysregulation of
genes involved in all of the hallmarks of cancer [46]. Histone
acetylation marks are written by histone acetyltransferases
(HATs), read by bromodomains (BRDs), and erased by histone
deacetylases (HDACs) [47, 48]. Several inhibitors of histone
deacetylases have been approved for clinical application in
cancer treatment [49]. The enzymes mediating histone mod-
ification represent new generation targets for small molecule
intervention.
Prostate cancer is the most common malignancy and is the

second leading cause of cancer mortality among men. In PCa,
the AR transcriptional coactivators CBP and EP300, bearing both
the HAT domain and the bromodomain, are highly upregulated
and may induce the transcription of AR-responsive genes [50].
Therefore, inhibiting AR signaling by blocking the CBP/EP300
bromodomain should inhibit resistance to current therapies and
could have a significant potential for the treatment of PCa.
Recently, a few selective CBP bromodomain inhibitors, such as
SGC-CBP30, I-CBP112 and GNE-049, have been reported to have
potent antitumor activity in vitro and in vivo. However, most of
these CBP bromodomain inhibitors have been investigated for
use in the treatment of hematological malignancies, and none of
them have progressed to clinical development.
Based on this, the aim of this study was to design and identify

CBP/EP300 bromodomain inhibitors with a novel scaffold for the
treatment of CRPC. We rationally designed and synthesized
Y08197, a 1-(indolizin-3-yl)ethanone derivative, as a CBP/EP300
bromodomain inhibitor through structure-based optimization.
Our data show that Y08197 dose-dependently inhibited the
CBP bromodomain activity, with an IC50 value of 100 nM.
Y08197 showed excellent selectivity for the CBP and the EP300
bromodomain over the other nine BCPs from different subgroups
of the bromodomain family. These results indicate that Y08197
is a potent and selective inhibitor of the CBP and the EP300
bromodomain and deserves further evaluation.
Since CBP and EP300 act as coactivators of AR signaling, their

inhibitor Y08197 strongly affected AR downstream signaling
transduction. The inhibition of AR and AR-V7 was modest in
22Rv1 cells at both the mRNA and protein expression levels.
Y08197 efficiently inhibited the mRNA expression of the AR-
regulated genes PSA, KLK2, TMPRSS2, and the oncogenes C-MYC
and ERG. The protein expression results confirmed that Y08197

Fig. 5 The CBP inhibitor Y08197 inhibits prostate cancer cell line
growth in the long term. Enz, CPI-637 or Y08197 inhibited the
colony formation of C4-2B (a) and 22Rv1 (b) prostate cancer cells.
The cells were cultured and treated with DMSO at 1, 4, or 16 μM
for 14 d followed by staining
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dose-dependently suppressed the expression of the oncogenes
C-MYC and ERG, indicating the induction of cell cycle
arrest, apoptosis and migration incapacitation. However,
Y08197 showed no obvious inhibition of PSA protein expression
in 22Rv1 cells, which was consistent with the result of CPI-637.
These results suggested that Y08197 exerted great influence
on AR downstream signaling in different PCa cell lines and
may strongly inhibit PCa cell proliferation and migration.

Y08197 exhibited potent antiproliferation effects on AR-positive
PCa cell lines. Colony formation assays showed that Y08197 was
able to inhibit PCa cell proliferation for a relatively long term.
Because CPI-637 is also a CBP bromodomain inhibitor, its efficacy
on PCa growth has been compared accordingly. Our data suggest
that Y08197 and CPI-637 exhibit similar potencies and comparable
pharmacological efficacies in PCa. As CBP and EP300 have been
reported to be involved in the development of diverse diseases,

Fig. 6 The CBP inhibitor Y08197 induces G1 phase arrest in 22Rv1 cells. a The effects of Enz, CPI-637 or Y08197 on 22Rv1 cell cycle distribution.
22Rv1 cells were treated with Enz, CPI-637 or Y08197 at the indicated concentrations for 96 h. The cell cycle distribution was determined by
LSRFortessa after propidium iodide staining and was analyzed with ModFitLT. The quantification results are presented (b). The bars represent
the mean ± SD
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we also evaluated Y08197 on a panel of various cancer cell lines as
well as human normal cells. The results indicate that Y08197
potentially inhibited the human colon cancer cell line HT-29 and
some other cancer cells with high sensitivity, while the cytotoxic
effect towards the lung fibroblast cell line HFL-1 was minimal.
Mechanistic insights have shown that such CBP bromodomain
inhibition, regardless of Y08197 or CPI-637, led to the induction of
G0/G1 phase arrest rather than G2/M phase arrest as well as
apoptosis in a dose-dependent manner. We further noted that
Y08197 and CPI-637 could inhibit cell migration; this indicates the

potential beneficial effects of Y08197 and CPI-637 on PCa
metastasis.
In summary, these findings further validate that the modulation

of CBP activity with small molecules represents a promising
strategy for the treatment of CRPC and other diseases. The CBP
bromodomain inhibitor Y08197 represents a promising starting
point for further optimization and may ultimately provide a new
class of therapeutics for the treatment of CRPC. It will also be
interesting to examine combination therapies involving Y08197
with antiandrogens, such as Enz.

Fig. 7 The CBP inhibitor Y08197 induces apoptosis in 22Rv1 cells. a Enz, CPI-637 or Y08197 induced apoptosis in 22Rv1 cells. The cells were
treated with Enz, CPI-637 or Y08197 for 96 h, and the percentages of cells in different apoptosis phases were determined by LSRFortessa and
were analyzed with Flowjo VX. The quantification results are presented (b). The bars represent the mean ± SD
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