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p300 and CBP are paralogous epigenetic regulators that are considered promising therapeutic targets for

cancer treatment. Small molecule p300/CBP inhibitors have so far been unable to differentiate between

these closely related proteins, yet selectivity is desirable in order to probe their distinct cellular functions.

Additionally, in multiple cancers, loss-of-function CREBBP mutations set up a paralog dependent synthetic

lethality with p300, that could be exploited with a selective therapeutic agent. To address this, we

developed p300-targeting heterobifunctional degraders that recruit p300 through its HAT domain using

the potent spiro-hydantoin-based inhibitor, iP300w. Lead degrader, BT-O2C, demonstrates improved

selectivity and a faster onset of action compared to a recently disclosed A 485-based degrader in HAP1

cells and is cytotoxic in CIC::DUX4 sarcoma (CDS) cell lines (IC50 = 152–221 nM), significantly reducing

expression of CDS target genes (ETV1, ETV4, ETV5). Taken together, our results demonstrate that BT-O2C

represents a useful tool degrader for further exploration of p300 degradation as a therapeutic strategy.

Introduction

CREB-binding protein (CBP, CREBBP, KAT3A) and E1A-
binding protein (EP300, p300, KAT3B) are paralogous, multi-
domain proteins that act as chromatin regulators and
transcriptional co-activators. They contain an
acetyltransferase (KAT) domain that catalyzes lysine
acetylation at thousands of sites, often associated with
transcriptional machinery, including the histone H3, lysine
27 acetylation (H3K27ac) mark at regulatory elements such as
enhancers and promoters.1–3 Transcription factors associate
with stretches of H3K27ac marked chromatin (known as
‘super-enhancer’ elements) and result in gene transcription

that ultimately establishes cell identity and fate.4 p300/CBP
are implicated in multiple diseases including cancer5 and
small molecule inhibition of their KAT domains is considered
a promising therapeutic strategy for a number of cancer
types.6,7 On-target toxicity and altered acetyl-CoA metabolism
as an acquired resistance mechanism, however, represent
potential liabilities of p300/CBP KAT inhibitors.6,8,9

CBP and p300 are multidomain proteins sharing 61%
overall sequence identity but retain much higher sequence
identity in their KAT domains (86%)5 (Fig. 1A). Small
molecule inhibitors exhibiting selectivity for p300/CBP KAT
domains have recently been discovered, offering useful
chemical tools for probing acetyltransferase inhibition as a
therapeutic strategy.1,9–14 Given the sequence similarity
between p300 and CBP KAT domains, it is unsurprising that
these small molecule inhibitors do not differentiate between
the paralogs. Tools to aid in understanding differential roles
for p300 and CBP are desirable, however, since it is well
established that they present distinct genomic binding
patterns.5,15–19 Furthermore, it has been shown that loss-of-
function aberrations in the CREBBP gene, commonly present
in multiple human cancer types (including lymphoma,
leukemia, lung and bladder), set up a paralog dependent
synthetic lethality with p300.20 A small molecule capable of
selective ablation of p300 function could exploit this synthetic
lethal relationship in cancers with loss-of-function CREBBP
mutations.

RSC Med. Chem., 2025, 16, 2049–2060 | 2049This journal is © The Royal Society of Chemistry 2025

a Bio-Techne (Tocris), The Watkins Building, Atlantic Road, Avonmouth, Bristol,

BS11 9QD, UK. E-mail: hannah.maple@bio-techne.com
b Lillehei Heart Institute, Minneapolis, USA
c Department of Pediatrics, University of Minnesota, Minneapolis, MN, 55455, USA
dKrantz Family Center for Cancer Research, Massachusetts General Hospital,

Charlestown, MA, 02129, USA
e Department of Medicine, Harvard Medical School, Boston, MA, 02115, USA

† Electronic supplementary information (ESI) available: Fig. S1 – ATP viability
assay in HAP1 cells. Fig. S2 – degradation profiles of p300 and CBP in HAP1
cells using a HiBiT assay. Fig. S3 – ATP viability assay in CIC::DUX4 sarcoma cell
lines. Fig. S4 – degradation profiles in NCC-CDS-X1 cells using capillary
electrophoresis. Fig. S5 – histone lysine acetylation in NCC-CDS-X1 cells.
Chemical synthesis – full experimental. Fig. S6–S8 – analytical characterization
data for BT-O2C. See DOI: https://doi.org/10.1039/d4md00969j

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

3 
C

ig
gi

lta
 K

ud
o 

20
25

. D
ow

nl
oa

de
d 

on
 1

9/
07

/2
02

5 
4:

09
:2

1 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

http://crossmark.crossref.org/dialog/?doi=10.1039/d4md00969j&domain=pdf&date_stamp=2025-05-20
http://orcid.org/0000-0003-0375-5145
http://orcid.org/0000-0002-7549-9446
http://orcid.org/0000-0003-3772-4013
http://orcid.org/0000-0002-7198-2019
http://orcid.org/0000-0001-5050-0562
https://doi.org/10.1039/d4md00969j
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4md00969j
https://rsc.66557.net/en/journals/journal/MD
https://rsc.66557.net/en/journals/journal/MD?issueid=MD016005


2050 | RSC Med. Chem., 2025, 16, 2049–2060 This journal is © The Royal Society of Chemistry 2025

An alternative small molecule approach to achieve
enhanced selectivity between closely related proteins is
targeted protein degradation (TPD). TPD utilizes small
molecules termed proteolysis targeting chimeras (PROTACs)
or degraders, to degrade a target protein. Degraders are
heterobifunctional small molecules that bind to a target
protein and an E3 ligase, forming a ternary complex and
facilitating ubiquitin transfer and polyubiquitination of the
target protein, directing it to the proteasome for
degradation. The degrader itself can engage in multiple
rounds of target protein degradation, providing a catalytic
mode of action and the potential for sub-stoichiometric
dosing.22

Degraders present opportunities to achieve enhanced
selectivity through formation of distinct E3 ligase-target
interfaces in the ternary complex, influenced through subtle
differences in the degrader chemical structure. For example,
degraders developed from the pan-selective kinase inhibitor
foretinib were able to achieve p38-MAPK family isoform
selectivity. Degraders selective for both p38α and p38δ were
developed through alterations in the exit vector of the E3
ligase ligand used, ultimately driving selectivity through
altering the ternary complex structure.23,24

A bromodomain-recruiting dual p300/CBP degrader
‘dCBP-1’ was recently developed to provide a chemical
tool to explore the phenotypic consequences of p300/CBP
chemical knockdown.25 dCBP-1 treatment in multiple
myeloma cellular models potently downregulated levels of
oncogenic MYC and caused near complete loss of H3K27
acetylation, which could not be recapitulated with
equivalent doses of p300/CBP inhibitors. A further study
demonstrated that it is possible to degrade p300 with
some selectivity by converting the p300/CBP HAT-domain
inhibitor A 485 (Fig. 1B) into a degrader, called ‘JQAD1’.
JQAD1 treatment caused loss of H3K27ac at core
regulatory circuitry enhancers and was shown to
selectively degrade p300 in neuroblastoma cell lines,
however after 48 hour administration, degradation of CBP
was also observed.19

A p300/CBP inhibitor structurally related to A 485 was
recently disclosed and demonstrated improved activity in a
number of different models (iP300w, Fig. 1B).9–12 A co-crystal
structure of p300 in complex with iP300w reveals that the
solvent facing acetamide moiety offers a potential exit vector
for degrader design (Fig. 1C). Here we investigate iP300w as a
warhead ligand for degrader development with the aim of

Fig. 1 (A) p300 and CBP domain schematic (upper) with KAT domain sequence alignment for p300 and CBP (lower). Conserved regions are
highlighted black21 and key residues mediating iP300w binding through H-bonds and Van der Waals interactions are underlined orange.10

Sequence alignment generated with using EMBL-EBI EMBOSS Needle pairwise sequence alignment tool (UniProt and NCBI accession numbers:
Q09472 and NP_004371). (B) Chemical structures of iP300w and A 485, with the solvent facing exit vector region highlighted blue. (C) Co-crystal
structure of p300 in complex with iP300w (PDBID 7LJE) with the acetamide exit vector indicated (black dashed circle).10
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developing a more selective chemical tool for p300
degradation.

Results & discussion

Having identified a viable solvent-facing exit vector for linker
attachment, the iP300w warhead ligand was synthesized with
a modified chemical handle allowing for degrader assembly.
A carboxylic acid was installed in place of the terminal
N-methylacetamido functionality appending the pyrazole
group. Chemical synthesis proceeded according to the
published route11 whereby a Bucherer–Bergs reaction and
oxone-mediated benzylic oxidation sequence produced spiro-
hydantoin 2, and subsequent alkylation deploying
homochiral bromide 4 gave rise to key intermediate 5. Suzuki
coupling enabled facile installation of the required pyrazole
unit bearing a pendant tert-butyl ester which, after a two-
stage reduction and fluorination progression, could be
deprotected to unveil carboxylic acid 9 ready for degrader
construction (Scheme 1).

A series of degraders was then designed and prepared by
coupling pre-assembled degrader building blocks (E3 ligase
ligand and linker constructs with amino-functionalized
termini) to the modified iP300w warhead ligand by means of
conventional amide coupling chemistries (Table 1). The

degrader panel was designed to explore recruitment of two
E3 ligases most commonly harnessed for degrader
development: cereblon (CRBN) and von Hippel–Lindau (VHL)
using different ligands and exit vectors. A range of linkers
were explored using PEG and alkyl chains together a
rigidified linker to develop a preliminary understanding of
the effect of linker length and type on the degradation
profile. The list of putative structures was filtered to select a
panel of compounds that fall within physicochemical
guidelines for degraders including HBD ≤5 and TPSA ≤250
Å2.23,26,27

The published A 485-based p300 degrader, JQAD1
(Table 2) contains a relatively long (C11) alkyl linker and
utilizes 5′ pomalidomide as the E3 ligase ligand. We therefore
designed an iP300w-based degrader (BT-O2C) as a ‘matched
pair’ compound, mimicking the linker length and E3 ligase
ligand of JQAD1, while taking account for the overall longer
warhead ligand exit vector provided by iP300w. A matched-
pair negative control compound for BT-O2C was also
synthesized (BT-O2C-N), incorporating the well-established
N-methyl ‘bump’ on the glutarimide moiety to remove E3
ligase binding capability.

We assessed p300/CBP degradation in the human haploid
cell line HAP1 using a HiBiT cellular degradation assay.29

Briefly, p300 or CBP were endogenously N-terminal tagged

Scheme 1 Synthesis of iP300w-based degraders. Reagents & conditions: (a) KCN, (NH4)2CO3, EtOH, H2O, 70 °C; (b) sodium
2-iodobenzenesulfonic acid, Bu4N(HSO4), Oxone, MeCN, 65 °C; (c) bromoacetyl bromide, DCM, RT; (d) K2CO3, DMF, 5 °C, followed by
preparative chromatography; (e) tert-butyl 2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrazol-1-yl]acetate Pd(dppf)Cl2·CH2Cl2, K2CO3,
1,4-dioxane, H2O, 95 °C; (f) NaBH4, THF, MeOH, 0 °C; (g) DAST, DCM, −70 °C; (h) HCl (4 M in 1,4-dioxane), RT; (i) [amino-linker-E3 ligand],
HATU, DIPEA, DMF, RT.
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Table 1 Chemical structures of iP300w-based degraders synthesized together with selected, calculated physicochemical properties: clogP, hydrogen
bond donor count (HBD), hydrogen bond acceptor count (HBA), number of rotatable bonds (RB), topological surface area (TPSA). Physicochemical
properties were calculated using ChemDraw® version 15.0.0 with the following exceptions: clogP, calculated using the consensus value from
SwissADME (http://www.swissadme.ch)28

Compound Exit vector E3 ligase ligand Linker clog P HBD HBA RB TPSA (Å2)

BT-O2C –C(O)NH– A 4.7 4 16 21 210

BT-O2D –C(O)NH– B 3.3 4 16 17 210

BT-O2E –C(O)NH– B 4.0 4 16 19 210

BT-O2F –C(O)NH– B 4.8 4 16 21 210

BT-O2G –C(O)NH– B 3.1 4 17 19 219

BT-O2H –C(O)NH– B 3.2 4 19 25 238

BT-O2I –C(O)NH– C 4.7 5 16 24 226

BT-O2J –C(O)NH– C 5.3 5 16 26 226

BT-O2K –C(O)NH– D 5.9 5 16 26 226

BT-O2L –C(O)NH– D 6.4 5 16 26 226

BT-O2M –C(O)– E 3.9 2 18 15 196

BT-O2N –C(O)– F 4.0 2 15 15 162

BT-O2O –C(O)– G 4.1 3 16 16 170

BT-O2P –C(O)– H 3.6 2 17 15 196
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with a HiBiT tag using CRISPR/Cas9 genome editing in a
HAP1 cell line stably expressing LgBiT. A luminescence read-
out was used to assess protein levels across a period of 48
hours following treatment with degraders over a
concentration range (100 nM–10 μM). dCBP-1 was used as a
positive control for dual degradation of both targets.
Degradation at the 48 hour timepoint (Fig. 2) revealed that
several iP300w-based degraders induce degradation of p300,
with limited degradation of CBP. The CRBN-recruiting
compounds (BT-O2C-H) showed a preference toward longer
linker lengths, with negligible degradation for the shortest
linker length (BT-O2D). The VHL-recruiting compounds
based on the prototypical VHL ligand, VH 032 (BT-O2I, BT-
O2J), did not degrade either target, while compounds based
on the VH 101 scaffold using the phenolic exit vector (BT-
O2K, BT-O2L) exhibited potent p300 degradation. The

degraders incorporating a rigidified linker and diverse CRBN-
recruiting ligands (BT-O2M-P) exhibited overall lower activity.
Interestingly the phenyl dihydrouracil- and phenyl amino
glutarimide-based degraders (BT-O2N and BT-O2O,
respectively) show an apparent reversal in activity, with some
limited degradation of CBP observed with negligible effect on
p300. The A 485-based JQAD1 clearly degraded p300 as
expected, but also induced marked degradation of CBP at the
48 hour timepoint, to a greater degree than the iP300w-based
series. The control degrader, dCBP-1 potently degraded both
targets, as expected. To assess potential confounding results
due to compound-induced toxicity, we additionally assessed
viability of HAP1 cells following 24 hour treatment with
selected degraders. No significant loss of viability was
observed up to the maximum treatment concentration (10
μM) (Fig. S1†).

Full HiBiT assay degradation profiles of lead compounds
BT-O2C and BT-O2F, together with dCBP-1 and JQAD1 (Fig. 3,
degradation profiles for all compounds tested provided in
Fig. S2†) revealed differences in onset of degradation across
the different series. dCBP-1 potently degraded both target
proteins within 1 hour, while JQAD1 exhibited a much slower
onset of action; selective p300 degradation was observed only
after 24 hours with maximal degradation at 48 hours and
concomitant degradation of CBP at this timepoint. In
contrast, the iP300w-based degraders displayed potent
degradation after 6 hours incubation and reached Dmax at 24
hours. The negative control for BT-O2C, BT-O2C-N showed
no evidence of target degradation as expected (Fig. 3).

Table 2 Percentage degradation of CBP and p300 measured from HiBiT
assay and immunoassay data. Immunoassay data is normalized using the
loading control and then provided as percent degradation relative to a
DMSO-only control

Compound

% CBP degradation (24
hours, 100 nM)

% p300 degradation (24
hours, 100 nM)

HiBiT assay Immunoassay HiBiT assay Immunoassay

dCBP-1 89% 86% 91% 83%
JQAD1 23% −10% 37% −13%
BT-O2F −6% −17% 60% 55%
BT-O2C −1% −12% 57% 43%

Fig. 2 Summary of p300 and CBP degradation data using a HiBiT assay. Normalized protein abundance is represented as the area under the curve
(AUC) over a 48 hour time course HiBiT degradation assay for CBP (left) and p300 (right). AUCs are normalized on a 0 to 1 scale, where 1
represents no degradation over the time course.
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Fig. 3 Degradation profiles of p300 and CBP following compound treatment using a HiBiT assay in a HAP1 cell line. Degraders were dosed from
100 nM to 10 μM. Readout is normalized protein abundance (y axis) versus hours after degrader treatment (x axis). Briefly, p300 or CBP were
endogenously N-terminal tagged with a HiBiT tag using CRISPR/Cas9 genome editing in a HAP1 cell line stably expressing LgBiT. A luminescence
read-out was used to assess protein levels over a time period of 48 hours following treatment.
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Lead degraders were next assessed by immunoassay
using capillary-based electrophoresis (Simple Western™
technology by Bio-Techne) and validated selective antibodies
for CBP and p300 (Fig. 4). HAP1 cells treated with
compounds for 24 hours revealed that BT-O2C potently
degrades p300 while sparing CBP, while JQAD1 exhibits
limited activity against either protein (Fig. 4A). BT-O2F also
(but to a slightly lesser extent) degraded p300 with
selectivity over CBP, while BT-O2H and BT-O2K were less
potent compounds in this assay (Fig. 4B). It is interesting to
note that the Simple Western platform and HiBiT assay
data, while directionally consistent display some clear
differences. For example, higher Dmax values were observed
for BT-O2C, BT-O2H, BT-O2F and dCBP-1 by immunoassay
compared to the HiBiT assay. Additionally, JQAD1 appeared
almost inactive by immunoassay, compared to clear p300
degradation in the HiBiT assay at the same concentrations
and timepoint. Quantifying the percentage degradation of
lead compounds and controls at a single dose and
timepoint highlights these differences clearly (Table 2).

The reason for these differences is not altogether clear,
but does highlight the importance of employing multiple,
orthogonal assays where possible to assess degradation. It is
possible that proteasomal degradation of HiBiT-tagged p300/
CBP could in some instances leave the HiBiT 11mer peptide

intact and able to bind LgBiT, providing a degree of false
negative readout.30 It has also been noted that the HiBiT tag,
while minimal in size, can cause stabilization of proteins
when introduced at the N-terminus.31

To assess mechanism of action for BT-02C, HAP1 cells
were co-treated with degrader and either the neddylation
inhibitor MLN 4924, or the proteasome inhibitor carfilzomib
(Fig. 5). Degradation of p300 was rescued by co-treatment
with either inhibitor, demonstrating that BT-O2C is
mechanistically dependent on both neddylation to activate
the CUL4CRBN and on proteasome activity.

The effect of p300-targeting degraders in CIC-DUX4
sarcoma (CDS) cell lines was then assessed. CDS is a rare and
aggressive cancer occurring predominantly in children and
young adults. The CIC::DUX4 fusion resulting from aberrant
translocation results in the expression of the oncoprotein
CIC::DUX4 and transcriptional activation. A direct interaction
between CIC::DUX4 and p300 has recently been proven,32

adding to the body of evidence suggesting that
pharmacological perturbation of p300 may represent an
attractive therapeutic intervention for CDS.11,12,32

Cell viability was measured in two CDS cell lines, NCC-
CDS1-X1 and KITRA, following treatment with lead degrader
BT-O2C, JQAD1 and the parent inhibitor compounds iP300w
and A 485 for 48 or 72 hours (Fig. S3†). BT-O2C and JQAD1

Fig. 4 Assessment of p300 and CBP degradation following compound treatment. Capillary electrophoresis (Wes™ platform, powered by Simple
Western technology) measurements of p300 and CBP levels were made following treatment with (A) DMSO, dCPB-1, iP300w, JQAD1 or BT-O2C
and (B) DMSO, BT-O2F, BT-O2H or BT-O2K. HAP1 cells were incubated with the compounds (or DMSO-only vehicle control) indicated at 3
concentrations (100 nM, 1 μM and 10 μM) for 24 hours prior to lysis and analysis. Vinculin is shown as the loading control for each.
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displayed broadly similar potencies in both cell lines. IC50

values calculated from this data at the 72 h timepoint in
NCC-CDS-X1 cells were 152 ± 39 nM (BT-O2C) and 173 ± 53
nM (JQAD1), and at the same timepoint in KITRA cells, IC50

values were 221 ± 46 nM (BT-O2C) and 104 ± 19 nM (JQAD1).
Both degrader compounds were overall less potent than
parent inhibitors iP300w and A 485, which could plausibly be
attributed to reduced cell permeability for the degrader
molecules versus the inhibitors.

To further evaluate the effect of degradation versus
inhibition in the NCC-CDS-X1 cell line, expression of CDS
target genes ETV1, ETV4 and ETV5 were monitored by RT-
qPCR following 6 hour compound treatment (Fig. 6). Genes
involved in cell cycle regulation (P21 and CCNE1), and known
p300 target, c-MYC, were also monitored. BT-O2C reduced
CDS target gene expression, displaying significantly more
activity than JQAD1 in this experiment. BT-O2C and the
negative control, BT-O2C-N lacked statistically significant
differences in response in this experiment and so
degradation was assessed in this cell line by capillary
electrophoresis (Fig. S4†). BT-O2C was unable to induce
degradation of p300 under these conditions. The effect of
compound treatment on histone acetylation was next
assessed in NCC-CDS-X1 cells. H3K18 and H3K27 are well
characterized substrates of p300/CBP; inhibition or
degradation of p300/CBP will result in a loss of the
H3K18ac and H3K27ac marks. Cells were treated with the
inhibitors iP300w and A 485 (both at 0.25 μM) or degraders

JQAD1 and BT-O2C (both at 4 μM) for 24 hours (Fig. S5†).
As expected, iP300w and A 485 treatment significantly
reduces the acetylation marks. In contrast no clear effect
was observed following treatment with JQAD1, while a slight
decrease in H3K27 acetylation was observed following BT-
O2C treatment.

During preparation of this manuscript, a p300-selective
degrader (MC-1) was reported, utilizing a HAT-domain
inhibitor and recruiting VHL as the E3 ligase.33 In addition
to the growing number of dual p300/CBP degraders (HAT and
BRD-domain targeting) and inhibitors, we anticipate that the
paralog-targeting degraders (JQAD1, MC-1 and BT-O2C) will
be helpful tools to further understand p300 and CBP biology
and their potential as therapeutic targets.

Conclusion

The exquisite selectivity that heterobifunctional degraders (or
PROTACs) can confer offers an attractive approach to
targeting closely related proteins. Here we pursued the
selective degradation of the chromatin regulator, p300, over
its paralog CBP. Targeting p300 selectively offers the potential
to exploit the paralog dependent synthetic lethality resulting
from cancers with loss-of-function CREBBP mutations.
Further there is growing evidence that p300 inhibition or
degradation offers a potential therapeutic approach to target
the aggressive pediatric soft tissue tumor, CDC-DUX4
sarcoma. We developed iP300w-based degraders that elicit
proteasome-mediated degradation of p300 with improved
selectivity over CBP and faster onset of degradation. Lead
degrader BT-O2C was profiled for activity in CIC::DUX4
sarcoma cell lines and demonstrated a dose-responsive
potent cytotoxic effect. We further demonstrate that BT-O2C
treatment significantly reduces expression of CIC::DUX4
target genes ETV1, ETV4 and ETV5 but its activity was not
statistically distinguishable from a matched pair negative
control (BT-O2C-N) and degradation of p300 was not
observed in this cell line. We anticipate that BT-O2C will be a
useful tool compound for further exploration of p300
degradation as a therapeutic strategy but note that
differences in response between cell lines should be taken
into careful account.

Methods
Chemical synthesis

See ESI† for synthetic methods.

Cell lines

HAP1 cells [male] were obtained from Horizon Discovery and
grown in IMDM media supplemented with 10% fetal bovine
serum (FBS). NCC-CDS-X1 (CIC-DUX4 sarcoma cell line, a
generous gift from Tadashi Kondo) cells were cultured in
RPMI with 10% FBS, Glu and P/S, Kitra-SRS (CIC-DUX4
sarcoma cell line, a generous gift from Hidetatsu Otani) cells
were cultured in DMEM/10% FBS/Glu/P/S.11 Their identity as

Fig. 5 Evaluating mechanism of action for BT-O2C in HAP1 cells.
Capillary electrophoresis (Wes platform, powered by Simple Western
technology) measurements of p300 and CBP levels were made
following treatment with vehicle (lane 1) or compound BT-O2C (100
nM) for 24 hours (lane 2). In lanes 3 and 4, MLN 4924 or carfilzomib
were added after 22 hours incubation with BT-O2C (100 nM) to block
neddylation or the 26S proteasome, respectively. Samples were lysed
and analyzed after 24 hours. Vinculin is shown as the loading control
for each.
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CDS cells was confirmed by PCR for CIC-DUX4. The
immortalized human myoblast LHCN-M2 cell line was
cultured in proliferation medium: F10 supplemented with
20% FBS, 2-mercaptoethanol 1× (GIBCO), 10−9 M
dexamethasone (Sigma), 10 ng mL−1 bFGF (Peprotech), and
Glu/P/S.34 All cells were cultured at 37 °C in a 5% CO2

atmosphere.

HiBiT assays

HiBiT assays were performed as previously described.29 In
brief, HAP1-HiBiT cells were seeded into 384 well plates in
IMDM-0 (GIBCO 12440-053) + 2% FBS (GIBCO A52567-01)
+ 1% PenStrep (GIBCO 15140-122). Cells are incubated at
37 °C, 5% CO2 overnight. The following day 20 μL of a
1% endurazine solution in IMDM was added and
incubated for 3 hours at 37 °C, 5% CO2. Compounds were
delivered to the assay plate with a JANUS workstation
pintool, plates were sealed and loaded onto a Perkin
Elmer Envision plate reader. Luminescence readings were
taken at indicated time points.

Capillary electrophoresis (Simple Western technology)

Simple Western assays were performed as previously
described.25 In brief, cells were plated into 6-well plates
followed by overnight incubation before treatment. Cells were
harvested and lysed in RIPA buffer containing HALT protease
inhibitor cocktail (Pierce). Protein extraction was facilitated
by passing all samples through a gauge 28 Micro-Fine IV
insulin syringe (BD). Capillary-based immunoassays were
performed using a standard Wes platform, powered by
Simple Western technology. Lysates were loaded onto Wes
plates at 0.8 μg μL−1 total protein. Wes staining was
conducted using the following antibodies: vinculin (Bethyl,
A302-535A), CBP (Cell Signaling, D6C5), p300 (Cell Signaling,
D2X6N).

Western blot

Cell lysates were prepared using RIPA buffer supplemented
with a protease inhibitor cocktail (Complete, Roche). Proteins
were separated on 10% SDS-PAGE gels and transferred to
PVDF membranes. The membranes were incubated with
primary antibodies diluted in 5% skim milk in TBST

Fig. 6 Effect of p300-targeting degraders in CIC-DUX4 sarcoma (CDS) cell lines. RT-qPCR for CIC::DUX4 target genes ETV1, ETV4, and ETV5, cell
cycle regulation genes P21 and CCNE1, and c-MYC in NCC-CDS-X1 cells following 6 h treatment with compounds. Control is DMSO-only.
Compound concentrations are: iP300w and A 485, 250 nM; JQAD1, BT-O2C and BT-O2C-N, 4 μM. Gene expression levels normalized to the
expression of actin (ACTB). Data is presented as mean ± SEM; *p < 0.05 compared to the control, by one-way ANOVA (n = 4).
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overnight at 4 °C. Following primary antibody incubation,
the membranes were incubated with HRP-conjugated
secondary antibody for 1 hour at RT. After washing with
TBST, protein bands were visualized using Pierce ECL
Western blotting substrate (Thermo Scientific). The primary
antibodies used for Western blot analysis were GAPDH-HRP
(1 : 5000, Proteintech 60004), rabbit anti-histone H3K18Ac (1 :
500, Abcam ab1191), and rabbit anti-histone H3K27Ac (1 :
500, Abcam ab1791, lot: GR3297878-1). The secondary
antibody was HRP-conjugated anti-rabbit (1 : 5000, Jackson
ImmunoResearch 111-035-003, lot: 149393).

Cell viability (ATP) assay

Cell lines were plated in a 96-well dish (1 × 105 cells per well),
and the following day were treated with iP300w or its
stereoisomers. ATP assays were performed using CellTiter-
Glo® Luminescent Cell Viability Assay (Promega) according
to the manufacturer's instructions. Luminescence was
analyzed on POLARstar Optima Microplate Reader (BMG
Labtech, Offenburg, Germany).

RNA isolation and quantitative real-time RT-PCR (RT-qPCR)

RNA was extracted using an RNA extraction kit (Zymo) and
cDNA was made using 500 ng of total RNA with oligo-dT
primer and Verso cDNA Synthesis Kit (Thermo Scientific)
following the manufacturer's instructions. qPCRs were
performed by using Premix Ex Taq or SYBR-Green Master
Mixes (Takara). The following probes: B2M (Hs00187842_m1)
and MYC (Hs00153408_m1); and primer sets ETV1 (F: 5′ GGC
TGT ATC AGA GCG TAT TGT C and R: 5′ CAC TGG GTC GTG
GTA CTC CT), ETV4 (F: 5′ GTC ACT TCC AGG AGA CGT GG
and R: 5′ ATA GGC ACT GGA GTA AAG GCA C) and ETV5 (F:
5′ TCT GAG CTG TCG TCT TGT AGC C and R: 5′ GTT ATT
GGC TTG AAC CCA GAG G), P21 (F: 5′ GTC AGG CTG GTC
TGC CTC CG and R: 5′ CGG TCC CGT GGA CAG GAG CAG),
CCNE1 (F: 5′-TTT TTG CAG GAT CCA GAT GA and R: 5′-TGC
ACG TTG AGT TTG GGT AA) and ACTIN (F: 5′-TGG CCG TCA
GGC AGC TCG TA and R: 5′-GCG ACG AGG CCC AGA GCA
AG) were used. Gene expression levels were normalized to
that of B2M or ACTIN and analyzed with 7500 System
Software using the ΔCT method (Applied Biosystems).

Data availability

The data supporting this article have been included as part
of the ESI.†
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