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BETting on next-generation bromodomain inhibitors

Matthew K Collins, Cindy H Chau, Douglas K Price, William D Figg

Molecular Pharmacology Section, Genitourinary Malignancies Branch, Center for Cancer Research, National Can-
cer Institute, National Institutes of Health, Bethesda, MD, USA

Received June 1, 2020; Accepted July 31, 2020; Epub August 15, 2020; Published August 30, 2020

Abstract: Within the last decade, bromodomain and extraterminal (BET) domain inhibitors were introduced as the 
first in a wave of new agents known as bromodomain inhibitors. These original examples exhibited anti-inflammatory 
and anticancer properties, and some have progressed to human clinical trials. BET proteins and their conserved 
N-terminal bromodomains, BD1 and BD2, have been implicated in the regulation of transcription. The early-gen-
eration BET inhibitors showed equal affinity for BD1 and BD2, and therefore the differential roles of BD1 and BD2 
remain poorly understood. A recent study published in Science by Gilan et al. outlines the transcriptional and phe-
notypic effects of inhibiting BD1 and BD2 individually, specifically in the context of cancer and immunoinflammatory 
pathologies. These findings suggest that BD1 and BD2 have separate and distinct roles in transcriptional regula-
tion, and that BD1- and BD2-selective agents may exhibit higher clinical efficacies in solid tumors, such as prostate 
cancer, with fewer off-target side effects seen with early generation compounds.
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The bromodomain and extraterminal (BET) do- 
main family of proteins is comprised of the epi-
genetic reader proteins BRDT, BRD2, BRD3, 
and BRD4, each of which contains two N- 
terminal bromodomains (BD1 and BD2) [2]. 
Early studies utilizing first-generation BET inhib-
itors showed this family of proteins is involved 
in the coordination and regulation of transcrip-
tional programs essential to normal develop-
ment, injury and infection response, and onco-
genic gene expression [3, 4]. While early pre- 
clinical studies showed the efficacy of BET inhi-
bition in both nonmalignant [5-7] and malig-
nant [8-10] pathologies, limited duration of 
responses and off-target side effects have pre-
vented their approval and subsequent thera-
peutic use [11, 12].

The first-generation BET inhibitors demonstrate 
equal affinity for the two N-terminal bromodo-
mains BD1 and BD2. As such, little is currently 
understood about the individual and differen-
tial roles of BD1 and BD2 in transcriptional 
regulation. A recent study published in Science 
by Gilan et al. outlines the development and 
characterization of novel next generation BET 
inhibitors, iBET-BD1 and iBET-BD2, that exhibit 

high specificity for BD1 and BD2, respectively 
[1]. Using a pan-BET inhibitor (I-BET151) as a 
comparator, the researchers identified differen-
tial requirements of BD1 and BD2 in induction 
and maintenance of gene expression in in vitro 
and in vivo models of cancer and immunoin-
flammatory pathologies.

In this study, surface plasmon resonance (SPR) 
binding showed domain selectivity for iBET-BD1 
and iBET-BD2, while time-resolved fluores-
cence resonance energy transfer (TR-FRET) 
assays demonstrated the specificity of these 
inhibitors to the bromodomains of the BET fam-
ily of proteins. These inhibitors maintained their 
selectivity and specificity in various cellular 
orthogonal assays. In comparison, most BET 
inhibitors lack the specificity and/or potency to 
discriminate between BD1 and BD2 inhibition. 

The authors then sought to determine the 
effects of each inhibitor and the role of their 
respective target in cancer. In cancer cell prolif-
eration studies, iBET-BD1 demonstrated high 
potency in inhibiting cell proliferation and induc-
ing cell cycle arrest and apoptosis, mimicking 
the effects of the pan-BET inhibitor I-BET151. 
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iBET-BD1-treated cells also displayed a global 
transcriptome profile similar to cells treated 
with I-BET151, while transcription levels were 
largely unaffected by treatment with iBET-BD2. 
iBET-BD1 was able to displace chromatin-
bound BRD2, BRD3, and BRD4, while iBET-BD2 
was mostly ineffective. In an in vivo acute 
myeloid leukemia (AML) mouse model, treat-
ment with iBET-BD1 led to increased survival 
when compared to treatment with iBET-BD2. 
Taken together, these results suggest that BD1 
plays a larger role than BD2 in affecting tran-
scriptional changes that lead to cancer cell sur-
vival and proliferation, which provide evidence 
for BD1 as a therapeutic target for certain 
malignancies. 

In contrast to the evidence supporting BD1 hav-
ing a greater impact than BD2 on cancer cells, 
a study published in Nature by Faivre et al. illus-
trates the effects of BD2 inhibition on preclini-
cal models of prostate cancer [13]. The authors 
demonstrate the antiproliferative activity of 
ABBV-744, a preferential BD2 inhibitor, pre-
dominantly in prostate cancer cell lines that 
express the full length androgen receptor (AR). 
Xenograft studies show the consistency of the 
anticancer properties of ABBV-744 in vivo, 
reducing tumor volume while mitigating toxici-
ties seen with pan-BET inhibitors. Further stud-
ies are needed to determine the cause of the 
inconsistency of anticancer properties between 
ABBV-744 and iBET-BD2. 

In the nonmalignant setting, Gilan et al. illus-
trate the effects of these inhibitors on the imm- 
unoinflammatory response. Using a model that 
measures transcriptional responses to stimula-
tion with interferon-γ (IFN-γ), the researchers 
show that I-BET151, iBET-BD1, and iBET-BD2 
all inhibited the cell-surface expression of 
major histocompatibility complex I (MHC-I) and 
the underlying IFN-γ-responsive transcripts, 
which include those in the MHC-I-presenting 
pathway. Only iBET-BD2 left the baseline tran-
scriptional level unaltered. Chromatin immuno-
precipitation sequencing (ChIP-seq) analyses 
additionally showed reduced IFN-γ-induced re- 
cruitment of BET proteins to target genes in the 
presence of any of the three inhibitors individu-
ally. Using functional in vitro assays, the au- 
thors then demonstrated that treatment with 
iBET-BD2 inhibits the production of several key 
proinflammatory mediators while leaving cell 

viability and proliferation largely unaltered. In 
vivo, iBET-BD2 reduced production of T-cell 
dependent primary antibodies (IgM), displaying 
similar immunomodulatory properties to iBET-
BD1 and I-BET151. These results combined 
suggest that BD2 inhibition prohibits the in- 
duction of gene expression, while leaving base-
line transcription programs unaltered, and pro-
vide evidence for BD2 as a potential therapeu-
tic target in various immunoinflammatory path- 
ologies.

To investigate the efficacy of BD2 inhibition in 
preclinical models of inflammatory diseases, 
the authors developed another BD2-selective 
inhibitor, GSK620, with improved oral bioavail-
ability compared to iBET-BD2. In an inflamma-
tory arthritis model in rats, a mouse model  
of imiquimod-induced psoriasis, and a mouse 
model of nonalcoholic fatty liver disease, 
GSK620 displayed improved efficacies in 
reducing the respective disease-relevant proin-
flammatory genes and their associated symp-
tomatic manifestations compared to experi-
mental comparators and/or clinical standards 
of care. This demonstrates the preclinical value 
of BD2 inhibition and the subsequent preven-
tion of inducible gene expression in immunoin-
flammatory diseases. 

BET inhibitors represent a novel class of poten-
tial therapeutics in the treatment of various 
cancers and immunoinflammatory diseases. 
Due to their robust preclinical activities, a mul-
titude of newly-developed BET inhibitors are 
currently under investigation in open clinical tri-
als for solid and hematological malignancies. 
Most of these BET inhibitors under clinical in- 
vestigation are pan-BET inhibitors, and the 
BD1- or BD2-selective agents remain predomi-
nantly in the preclinical stages of development 
[14]. ABBV-744 represents the lone BET inhibi-
tor selective for BD2 under clinical investiga-
tion, currently in Phase I for Acute Myeloid 
Leukemia (AML) (ClinicalTrials.gov identifier 
NCT03360006). As newer-generation BET in- 
hibitors progress into clinical investigation, effi-
cacy and tolerability profiles of BD1- and BD2-
selective agents will begin to take shape. 
Further mechanistic studies are required, how-
ever, to fully elucidate the roles of BD1- and 
BD2-dependent transcriptional programs in 
both malignant and nonmalignant pathologies 
to reveal additional therapeutic opportunities. 
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Previous studies support the clinical investiga-
tion of BET inhibitors in patients with castra-
tion-resistant prostate cancer refractory to 
second-generation antiandrogens (abiraterone 
or enzalutamide) as they were shown to inhibit 
AR splicing and persistent AR signaling [15]. 
The development of selective next generation 
BET inhibitors is highly anticipated and should 
be a promising therapeutic approach to over-
come AR aberrant signaling and resistance to 
existing approved therapies.

Acknowledgements

This work was supported by the Intramural 
Research Program of the Center for Cancer 
Research, National Cancer Institute, National 
Institutes of Health.

The content of this publication does not neces-
sarily reflect the views or policies of the De- 
partment of Health and Human Services, nor 
does mention of trade names, commercial 
products, or organization imply endorsement 
by the U.S. Government.

Disclosure of conflict of interest

None.

Address correspondence to: William D Figg, Mole- 
cular Pharmacology Section, Genitourinary Malign- 
ancies Branch, Center for Cancer Research, Na- 
tional Cancer Institute, National Institutes of Health, 
9000 Rockville Pike, Building 10/Room 5A01, 
Bethesda, MD 20892, USA. Tel: 240-760-6179;  
Fax: 240-858-3020; E-mail: figgw@mail.nih.gov

References

[1] Gilan O, Rioja I, Knezevic K, Bell MJ, Yeung 
MM, Harker NR, Lam EYN, Chung CW, Bambo-
rough P, Petretich M, Urh M, Atkinson SJ, Bassil 
AK, Roberts EJ, Vassiliadis D, Burr ML, Preston 
AGS, Wellaway C, Werner T, Gray JR, Michon 
AM, Gobbetti T, Kumar V, Soden PE, Haynes A, 
Vappiani J, Tough DF, Taylor S, Dawson SJ, 
Bantscheff M, Lindon M, Drewes G, Demont 
EH, Daniels DL, Grandi P, Prinjha RK and Daw-
son MA. Selective targeting of BD1 and BD2 of 
the BET proteins in cancer and immunoinflam-
mation. Science 2020; 368: 387-394.

[2] Zeng L and Zhou MM. Bromodomain: an ace-
tyl-lysine binding domain. FEBS Lett 2002; 
513: 124-8.

[3] Tough D, Tak P, Tarakhovsky A and Prinjha R. 
Epigenetic drug discovery: breaking through 

the immune barrier. Nat Rev Drug Discov 
2016; 15: 835-853.

[4] Dawson M. The cancer epigenome: concepts, 
challenges, and therapeutic opportunities. Sci-
ence 2017; 355: 1147-1152. 

[5] Nicodeme E, Jeffrey KL, Schaefer U, Beinke S, 
Dewell S, Chung CW, Chandwani R, Marazzi I, 
Wilson P, Coste H, White J, Kirilovsky J, Rice 
CM, Lora JM, Prinjha RK, Lee K and Tarak-
hovsky A. Suppression of inflammation by a 
synthetic histone mimic. Nature 2010; 468: 
1119-23.

[6] Klein K, Kabala PA, Grabiec AM, Gay RE, 
Kolling C, Lin LL, Gay S, Tak PP, Prinjha RK, Os-
pelt C and Reedquist KA. The bromodomain 
protein inhibitor I-BET151 suppresses expres-
sion of inflammatory genes and matrix degrad-
ing enzymes in rheumatoid arthritis synovial 
fibroblasts. Ann Rheum Dis 2016; 75: 422-9.

[7] Middleton SA, Rajpal N, Cutler L, Mander P, 
Rioja I, Prinjha RK, Rajpal D, Agarwal P and Ku-
mar V. BET inhibition improves NASH and liver 
fibrosis. Sci Rep 2018; 8: 17257.

[8] Dawson MA, Prinjha RK, Dittmann A, Giotopou-
los G, Bantscheff M, Chan WI, Robson SC, 
Chung CW, Hopf C, Savitski MM, Huthmacher 
C, Gudgin E, Lugo D, Beinke S, Chapman TD, 
Roberts EJ, Soden PE, Auger KR, Mirguet O, 
Doehner K, Delwel R, Burnett AK, Jeffrey P, 
Drewes G, Lee K, Huntly BJ and Kouzarides T. 
Inhibition of BET recruitment to chromatin as 
an effective treatment for MLL-fusion leuke-
mia. Nature 2011; 478: 529-533. 

[9] Delmore JE, Issa GC, Lemieux ME, Rahl PB, Shi 
J, Jacobs HM, Kastritis E, Gilpatrick T, Paranal 
RM, Qi J, Chesi M, Schinzel AC, McKeown MR, 
Heffernan TP, Vakoc CR, Bergsagel PL, Ghobri-
al IM, Richardson PG, Young RA, Hahn WC, An-
derson KC, Kung AL, Bradner JE and Mitsiades 
CS. BET bromodomain inhibition as a thera-
peutic strategy to target c-Myc. Cell 2011; 146: 
904-917.

[10] Zuber J, Shi J, Wang E, Rappaport AR, Her-
rmann H, Sison EA, Magoon D, Qi J, Blatt K, 
Wunderlich M, Taylor MJ, Johns C, Chicas A, 
Mulloy JC, Kogan SC, Brown P, Valent P, Brad-
ner JE, Lowe SW and Vakoc CR. RNAi screen 
identifies Brd4 as a therapeutic target in acute 
myeloid leukemia. Nature 2011; 478: 524-
528. 

[11] Dawson M, Stein E, Huntly B, Karadimitris A, 
Kamdar M, de Larrea CF, Dickinson M, Yeh P, 
Daver N, Chaidos A, Tallman M, Jimenez R, 
Horner T, Baron J, Brennan J, Ferron-Brady G, 
Wu Y, Karpinich N, Kremer B, Dhar A, and 
Borthakur G. A phase i study of GSK525762, a 
selective bromodomain (BRD) and extra termi-
nal protein (BET) inhibitor: results from part 1 
of phase I/II open label single agent study in 



BD1- and BD2-selective inhibition in cancer and immunoinflammation

132 Am J Clin Exp Urol 2020;8(4):129-132

patients with acute myeloid leukemia (AML). 
Blood 2017; 130: 1377. 

[12] Berthon C, Raffoux E, Thomas X, Vey N, Go-
mez-Roca C, Yee K, Taussig DC, Rezai K, 
Roumier C, Herait P, Kahatt C, Quesnel B, Mi-
challet M, Recher C, Lokiec F, Preudhomme C 
and Dombret H. Bromodomain inhibitor 
OTX015 in patients with acute leukemia: a 
dose-escalation, phase 1 study. Lancet Hae-
matol 2016; 3: e186-95. 

[13] Faivre EJ, McDaniel KF, Albert DH, Mantena 
SR, Plotnik JP, Wilcox D, Zhang L, Bui MH, 
Sheppard GS, Wang L, Sehgal V, Lin X, Huang 
X, Lu X, Uziel T, Hessler P, Lam LT, Bellin RJ, 
Mehta G, Fidanze S, Pratt JK, Liu D, Hasvold 
LA, Sun C, Panchal SC, Nicolette JJ, Fossey SL, 
Park CH, Longenecker K, Bigelow L, Torrent M, 
Rosenberg SH, Kati WM and Shen Y. Selective 
inhibition of the BD2 bromodomain of BET pro-
teins in prostate cancer. Nature 2020; 578: 
306-310. 

[14] Cochran A, Conery A and Sims R. Bromodo-
mains: a new target class for drug develop-
ment. Nat Rev Drug Discov 2019; 18: 609-
628.

[15] Welti J, Sharp A, Yuan W, Dolling D, Nava Ro-
drigues D, Figueiredo I, Gil V, Neeb A, Clarke M, 
Seed G, Crespo M, Sumanasuriya S, Ning J, 
Knight E, Francis JC, Hughes A, Halsey WS, 
Paschalis A, Mani RS, Raj GV, Plymate SR, Car-
reira S, Boysen G, Chinnaiyan AM, Swain A and 
de Bono JS; International SU2C/PCF Prostate 
Cancer Dream Team. Targeting bromodomain 
and extra-terminal (BET) family proteins in cas-
tration-resistant prostate cancer (CRPC). Clin 
Cancer Res 2018; 24: 3149-3162.


