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BETting on Novel Treatments for Asthma: Bromodomain 4 Inhibitors

Asthma is a chronic lung disease with features of both airway
inflammation and structural remodeling (1). Airway remodeling is a
progressive reorganization of the cellular constitution of the airway
wall, characterized by subepithelial fibrosis, mucous metaplasia,
myofibroblast differentiation, and myocyte hyperplasia and
hypertrophy (2). Airway smooth muscle (ASM) cells are believed to
be the primary cells that contribute to airway inflammation and
remodeling (3), although fibroblasts and myofibroblasts in the
subepithelial layer participate in active fibrotic remodeling.

Epigenetic mechanisms contribute to airway remodeling in
asthma (3, 4). One important aspect of the epigenetic landscape is
the covalent modification of histones. Histones can undergo several
types of modification, including acetylation, methylation, and
phosphorylation; acetylated histones are usually associated with
transcriptional activation (5). Bromodomain (BRD) is a structural
motif within a family of proteins that recognize acetyl-lysine
residues in histone and nonhistone proteins, thereby functioning as
“readers” that orchestrate gene transcription (6). The BRD and
extraterminal (BET) proteins, which include BRD2, BRD3, BRD4,
and BRDT, are the best characterized of the BRD-containing
protein family in mammals (5). In the inflammatory response,
BRD4 functions as a coactivator for the transcriptional activation
of NF-kB via binding with the acetylated p65 (encoded by
the RelA gene) to transcribe a number of proinflammatory genes
(7). Proinflammatory stimuli provoke broad transcriptional
reprogramming by acetylating lysines on histone proteins (3, 8).
Inhibitors of the BET proteins displace BET bromodomains from
chromatin by competitively binding to the acetyl-lysine recognition
pocket, thus blocking transcription of target genes (Figure 1).
Earlier studies demonstrated that BRD inhibitors inhibit ASM cell

proliferation and prevent the production of proinflammatory
cytokines by ASM in patients with asthma (4), supporting the
concept that this approach may be effective for controlling airway
remodeling in asthma. However, the precise relationship between
inflammation and epigenetic reprogramming in airway remodeling
is not well understood.

In this issue of the Journal, Tian and colleagues (pp. 68–83)
report that BRD4 inhibitors suppress inflammation-driven
airway remodeling using in vitro and in vivo approaches (9).
They report that BRD4 is required for polyinosinic:polycytidylic
acid (poly(I:C))-activated, Toll-like receptor 3 (TLR3)-dependent
epithelial–mesenchymal transition (EMT) of airway epithelial
cells. Blocking BRD4 with siRNA significantly reduced poly(I:C)-
induced BRD4 expression and decreased mRNA expression of core
mesenchymal regulators (SNAI1 and ZEB1), the intermediate
filament protein vimentin (VIM), extracellular matrix–associated
genes (FN1, Col1A, and MMP9), and the secreted cytokine IL-6.
The authors then used their recently synthesized, highly selective
BRD4 inhibitors, ZL0420 and ZL0454 (which have 30-fold greater
selectivity for binding BRD4 compared with the BRD2 isoforms),
in the same cell culture system and obtained results similar to those
achieved with BRD4 siRNA. EMT is a developmental program that
has been proposed to contribute to organ fibrosis (10), which
appears to be targeted by BRD4 inhibitors. In the mice treated with
poly(I:C) and BRD4 inhibitors, significant downregulation of
EMT-related genes, decreased interstitial collagen deposition,
reduced subepithelial myofibroblast expansion, and improved
airway physiology were observed. Poly(I:C)-induced RelA-BRD4
binding was disrupted by these BRD4 inhibitors in association with
blockade of the EMT program.
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Figure 1. Schematic model of poly(I:C)-induced airway inflammation and remodeling. The acetylation of p65/RelA is recognized by BRD4 as part of a
transcriptional complex that regulates gene expression. Inhibitors of BRD4 displace these BRD-containing proteins by competitively binding to the acetyl-
lysine recognition pockets, significantly inhibiting transcription of target genes. Ac = acetylation; BRD4 = bromodomain 4; EMT = epithelial–mesenchymal
transition; poly(I:C) = polyinosinic:polycytidylic acid; TLR3 = Toll-like receptor 3.
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The study by Tian and colleagues (9) provides convincing
in vitro and in vivo data indicating that BRD4 inhibition can
prevent poly(I:C)/TLR3-induced airway remodeling. In addition to
efficacy end-points in this murine model, they assessed the toxicity
of these selective BRD4 inhibitors by analyzing blood chemistry,
examining morphological changes in lung, kidney, and liver.
Although no toxicity was identified, further safety studies in
humans are warranted. They also compared their BRD4 inhibitors
with other widely used nonselective BET inhibitors, JQ1 and
RVX208, and demonstrated that these newer inhibitors have
improved efficacy. Some BET inhibitors, such as RVX208, are
already in clinical trials (11). Interestingly, the authors found that
RVX208 did not improve airway remodeling in their experimental
model, although JQ1 performed better. Due to its short half-life,
JQ1 is not an ideal drug for clinical use (12). To obtain a more
comprehensive understanding of the role of these inhibitors in
regulating gene transcription on a genome-wide scale, RNA
sequencing of tissue or single cells could be used. Chromatin
immunoprecipitation sequencing could also be used to study more
direct effects on selected genes regulated by BRD4. A limitation of
this study from the standpoint of potential therapeutic applications
is the timing of the drug treatments. Mice were pretreated with
the inhibitors before poly(I:C) was administered. A curative
model rather than a preventive approach would engender greater
enthusiasm for further clinical development.

This study, along with others (13–15), highlights the important
role of BET proteins in asthma and airway remodeling. Most clinical
trials of BRD inhibitors have been for treatment of solid tumors
or hematological malignancies (16). Currently, there are no BET
inhibitors in clinical trials for asthma (www.clinicaltrials.gov). Based
on these promising preclinical studies, we can expect an acceleration
in the clinical development of this class of drugs for asthma and
potentially other inflammatory and fibrotic lung disorders. n
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