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Bromodomain and extra-terminal domain (BET) proteins are epigenetic modulators that regulate gene transcription

through interacting with acetylated lysine residues of histone proteins. BET proteins have multiple roles in

regulating key cellular functions such as cell proliferation, differentiation, inflammation, oxidative and redox

balance, and immune responses. As a result, BET proteins have been found to be actively involved in a broad

range of human lung diseases including acute lung inflammation, asthma, pulmonary arterial hypertension,

pulmonary fibrosis, and chronic obstructive pulmonary disease (COPD). Due to the identification of specific small

molecular inhibitors of BET proteins, targeting BET in these lung diseases has become an area of increasing

interest. Emerging evidence has demonstrated the beneficial effects of BET inhibitors in preclinical models of

various human lung diseases. 

BET  BRD4  inflammation  lung

1. Acute Lung Inflammation

BET proteins are important for regulating inflammatory and immune responses. Of the first two BET inhibitors

(BETi) discovered, JQ1 and I-BET , I-BET was initially found to regulate macrophage-driven inflammation .

Several other BETi also demonstrate anti-inflammatory effects in the lung caused by lipopolysaccharide (LPS). For

example, Chen and colleagues reported that the BETi CPI-203 remarkably suppressed Th17 cytokine production

(IL-17A, IL-22) by T cells from the lungs of cystic fibrosis patients . The authors further showed that CPI-203

treatment inhibited Th17 chemokines and cytokines in human bronchial epithelial cells derived from cystic fibrosis

and control donors. In addition, CPI-203 decreased the inflammatory response in mice with acute Pseudomonas

aeruginosa infection. During acute inflammation, adhesion of leukocytes to activated endothelial cells is an early

event. A previous study showed that the BETi JQ1 attenuated the production of adhesion molecules and pro-

inflammatory cytokines (e.g., IL-6 and IL-8) from human umbilical vein endothelial cells (HUVECs), and leukocyte

adhesion to activated endothelial cells (ECs) induced by TNF-α in vitro . The attenuation of NF-κB and p38

MAPK pathway activation by JQ1 may account for the effects of BET inhibition. Consistently, in LPS-induced acute

lung inflammation, JQ1 pretreatment decreased leukocyte infiltration into the lung and suppressed the expression

of VCAM-1, ICAM-1, and myeloid-related protein 14 (MRP14) . In another study, the bromodomain 2 (BD2)-

selective BETi RVX-297 also reduced proinflammatory mediators (IL-6 and IL-17) in the spleen and serum in a

mouse model of LPS-induced acute inflammation . The work by Liu et al.  showed that in

polyinosinic:polycytidylic acid (poly(I:C))-induced acute lung inflammation mouse model, two selective BRD4
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inhibitors (ZL0420 and ZL0454) more effectively blocked neutrophil infiltration into the lungs and cytokine

expression in the lungs than that of JQ1 or RVX-208. In addition, ZL0420 and ZL0454 also demonstrated strong

potency in inhibiting toll-like receptor 3 (TLR3)-dependent innate immune gene expression in human small airway

epithelial cells (hSAECs). These several lines of evidence support BET inhibition as an attractive strategy in

suppressing acute lung inflammation.

Respiratory viruses are key contributors to acute lung inflammation. Severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) is a strain of coronavirus that causes coronavirus disease 2019 (COVID-19) . To

search for potential drug targets, Gordon and colleagues identified 332 high-confidence protein–protein interactions

between SARS-CoV-2 and human proteins. Interestingly, BRD2 and BRD4, but not other BET family members,

were found on the list to interact with SARS-CoV-2 . Further mechanistic studies by Vann et al.  showed that

SARS-CoV-2 E protein interacts with human BRD4 through two different mechanisms, i.e., BD1 and BD2 of BRD4

binds to acetylated E protein at K53 and K63 sites and the ET domain of BRD4 interacts with an unacetylated motif

(SFYVYSRVKNLN) of the E protein. Further, JQ1 and OTX015 treatment reduced SARS-CoV-2 infection in vitro.

The data suggest that BRD4 contributes to SARS-CoV-2 infection. In addition, BRD2 and BRD3 regulate the

expression of the viral entry receptor angiotensin-converting enzyme 2 (ACE2) to facilitate the de novo viral

infection of SARS-CoV-2 while BRD4 is the least effective in this task . Of note however, the BETi JQ1 and

ABBV-744, when administered on the same day with SARA-CoV-2 infection in K1-hACE2 transgenic mice

constitutively expressing the human ACE2 receptor, enhanced the viral replication . These data underscore the

antiviral role of BET proteins post entry and raise concerns about BET protein inhibition in ongoing SARS-CoV-2

infections.

Acute respiratory distress syndrome (ARDS) is a serious pathological condition that is associated with severe

pulmonary inflammation, hypoxia, and edema . It is also one of the major complications in severe COVID-19

patients . The effects of BRD4 targeting in ARDS patients have been reported recently. In one study , BRD4

siRNA lipoplexes were found to suppress inflammatory infiltration of neutrophils and mast cells in the lungs of mice

challenged with LPS. Blocking BRD4 also attenuated cytokine storm and oxidative stress associated with ARDS.

Mechanistically, knockdown of BRD4 attenuated nuclear expression of NF-κB and STAT3, two critical downstream

targets of TLR-4 signaling activated by LPS. The same group also reported the induction of BRD4 by LPS in the

RAW264.7 macrophage cell line and the BEAS-2B bronchial epithelial cell line as well as in an LPS-promoted

tumor metastatic model . However, whether BET/BRD4 inhibition will block LPS-promoted tumor metastasis in

vivo remains to be tested.

2. Asthma

The T helper 2 (Th2) cell-mediated inflammatory response in the airways represents a key mechanism underlying

allergic asthma . Although much is known about the pathogenesis of allergic asthma, the mechanisms of Th2

cell differentiation remain largely unclear. A very recent study unveiled a novel role of BRD4 in Th2 cell

differentiation from mouse primary naïve CD4+ T cells . BRD4 in collaboration with Polycomb repressive

complex 2 (PRC2) repressed transcriptional expression of the Th2 negative regulators, Foxp3 and the E3-ubiquitin
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ligase Fbxw7. This in turn promoted lineage-specific differentiation of Th2 cells from mouse primary naïve CD4+ T

cells. Specifically, Fox3p was found to repress the Th2-specific transcription factor Gata3, while Fbxw7 promoted

ubiquitination-mediated protein degradation of Gata3. JQ1 treatment eliminated the repression of Foxp3 and

Fbxw7 by the BRD4 BD2 domain. This effect leads to the activation of Gata3-regulated genes including IL-4, IL-5,

and IL-13.

IL-9-producing helper T cells (Th9) are characterized by IL-9 expression and are characteristic of allergic lung

inflammation. A comprehensive study by Xiao and colleagues uncovered a novel role of BRD4 in Th9 cell induction

and IL-9 production with implications for the treatment of airway inflammation with BRD4 inhibition . The authors

first showed that OX40 (CD134) robustly induced CD4+ T cell differentiation into Th9 cells accompanied by the

assembly of super enhancers on the Il9 locus using H3K27Ac as an indicator of active enhancers. They identified

the enrichment of BRD4 to the Il9 super enhancer region (H2K27Ac) in OX40-induced Th9 cells. Further, they

found that JQ1 dramatically inhibited OX40 co-stimulation (with the Th9 cell medium containing TGF-β + IL-4)-

induced Th9 cell conversion from naïve CD4+ T cells (reduced from 70% to 11% with JQ1). Consistent effects

were found using siRNA targeting BRD4. Further, several mouse models were used to evaluate the effects of

BRD4 inhibition on airway inflammation. These include the OX40Ltg spontaneous airway inflammatory mouse

model, aerosolized OVA challenged mouse model (3 weeks after immunization with OVA in alum adjuvant), and an

adoptive transfer model in Rag-1 deficient mice with the transfer of OT-II cells with selective BRD4 knockdown.

BRD4 inhibition with JQ1 or BRD4 knockdown markedly reduced airway inflammation, as shown by the

suppressed proliferation of mucin-producing cells in the airways and inflammatory cell infiltration into the lungs, as

well as suppressed IL-9 levels in the bronchoalveolar lavage (BAL) compared to corresponding controls. These

data together demonstrate the crucial role of BRD4 in mediating airway inflammation via IL-9 secretion and imply a

novel strategy for targeting BRD4 in allergic airway inflammation.

The proinflammatory cytokine interleukin-17F (IL-17F) expression is also increased in the airways of asthmatics

and correlates with asthma severity . IL-17F induces the production of CXCL8 (IL-8) and the latter potentially

contributes to neutrophilic infiltration into the airway. BRD4 has been reported to mediate CXCL8 production and

CDK9 phosphorylation by IL-17F in human ASMCs , suggesting that BRD4 may be involved in neutrophilic

infiltration by modulating IL-17F/CXCL8 signaling.

Airway smooth muscle cell (ASMC) hyperproliferation and secretion of proinflammatory mediators contributes to

airway remodeling and inflammation in asthma . The response of ASMCs from healthy subjects and

asthmatics to the BETi JQ1 and I-BET762 in the presence of fetal calf serum (FCS) and TGF-β1 stimulation has

been reported previously . The study found that the proliferation and secretion of IL-6 and CXCL8 of ASMCs

from severe and non-severe asthmatics were more resistant to treatment with JQ1 and I-BET762. While c-Myc

knockdown significantly inhibited the proliferation of ASMCs derived from both healthy and asthma donors, JQ1

treatment had no effect on c-Myc mRNA levels, a reported target of BRD4 . The previous work also supports

c-Myc independent effects of JQ1 in the induction of cancer cell apoptosis , which seems to be cell-type

dependent. Instead, JQ1 was found to increase p21 and p27 and potentially induce cell cycle arrest. In addition,

JQ1 also attenuated the binding of BRD4 with the CXCL8 promoter. CXCL8 is a chemokine that contributes to
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steroid-resistant neutrophilic airway inflammation . Clifford and colleagues found that ASMCs from asthmatic

patients secrete higher levels of CXCL8 compared to that from healthy donor controls . They further found that

ASMCs from asthmatic donors demonstrate increased histone H3 lysine acetylation (H3K18Ac) and increased

binding of p300. BRD4 and BRD3 were found to bind to the CXCL8 promoters, which can be inhibited by different

BET inhibitors including PFI-1, I-BET, and JQ1. I-BET also disrupted the binding of BRD4 and RNA polymerase II

to the CXCL8 promoter, without affecting the binding of transcription factors, including NF-κB and C/EBPβ .

Conversely, in human bronchial epithelial cells, JQ1 impaired the binding of NF-κB p65 to the CXCL8 promoter .

In viral infection, the vaccinia virus protein F14 was recently shown to selectively inhibit a subset of NF-κB signaling

induced by TNF-α, i.e., suppressing BRD4 recruitment to the promoters of CCL2 and CXCL10. However, the

binding to the promoters of NFKB1A and CXCL8 was not affected. Interestingly, JQ1 treatment blocked the

induced binding of BRD4 to the promoters of CCL2 and CXCL10 but not to NFKBIA and CXCL8 promoters .

These findings suggest bromodomain-independent recruitment of BRD4 to the promoters of certain genes, while

the detailed mechanism(s) of this interaction remain(s) elusive.

The role of BRD4 in airway remodeling, another key feature of severe asthma, has gained much attention recently

. Two highly selective BRD4 inhibitors, ZL0420 and ZL0454, were compared to the non-selective pan-BET

inhibitors, JQ1 and RVX208 (also called apabetalone), with respect to their ability to reduce chronic airway

remodeling induced by TLR3 using a mouse model that mimics recurrent virus-induced asthma exacerbations .

The authors showed that BRD4 targeting by siRNA or specific BRD4 inhibitors (ZL0420 and ZL0454) dramatically

suppressed TLR3-mediated mesenchymal transition in hSAECs, as indicated by the suppressed induction of

genes including SNAI1, ZEB1, IL6, VIM, FN1, MMP9, and COL1A by poly(I:C) over 15 days. Both ZL0420 and

ZL0454 inhibited the acetylation at histone lysine residue 122 (H3K122Ac) induced by Poly(I:C) in hSAECs. This is

consistent with the reported intrinsic histone acetyltransferase (HAT) activity of BRD4 . The HAT activity of BRD4

towards H3K122Ac can be attenuated by the BETi I-BET , suggesting the dependence on its binding to BDs.

Further, the study examined the in vivo efficacy of BRD4 inhibitors on innate inflammation-driven airway

remodeling. The authors found that BRD4 inhibitors blocked TLR3 agonist-induced epithelial to mesenchymal

transition (EMT) in the lungs of mice receiving poly(I:C). Treated mice also demonstrated improved lung function

and pathological changes, as well as reduced collagen deposition in subepithelial and interstitial spaces.

Recently, Lu and colleagues also reported the implication of BRD4 in fine particulate matter 2.5 (PM2.5)-induced

airway hyperresponsiveness (AHR) . In the nose-only PM2.5 exposure model, PM2.5 induced AHR, lung

inflammation, and elevated expression of BRD4. Such effects were attenuated by the BRD4 inhibitor ZL0420. In

vitro experiments showed that PM2.5 induced hASMC contraction and migration, as well as elevated expression of

BRD4, vimentin, MMP2, and MMP9. Interestingly, these effects were reversed by ZL0420 and BRD4 siRNA in

hASMCs. The data suggest that BRD4 contributes to PM2.5-induced AHR and may represent a therapeutic target

for the treatment of inflammatory airway diseases.

Exacerbations of asthma are modulated by acute viral infection. Tian et al.  showed that RSV induces BRD4 to

complex with NF-κB/RelA. By doing so, BRD4 modulates the assembly of CDK9 and RNA polymerase II formation

on the promoters of IRF1, IRF7, and RIG-1, promoting their transcriptional elongation. In vivo, BRD4 inhibition with

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[36]

[37]

[38]



Bromodomain and Extra-Terminal Domain Proteins in Pulmonary Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/48658 5/15

JQ1 blocked poly(I:C)- and RSV-induced neutrophilia, mucosal chemokine production and airway obstruction. In

cat dander-induced asthma, Tian and colleagues  further showed that BRD4 was also induced to complex with

NF-κB/RelA in primary human hSAECs. The binding activates BRD4’s atypical HAT activity, leading to inflammatory

and profibrotic gene expression, which can be blocked by the BRD4 inhibitor ZL0454. ZL0454 also blocks epithelial

mesenchymal transition, myofibroblast expansion, IgE sensitization, and fibrotic changes in airways of naïve mice

associated with cat dander exposure. These findings together support the idea that BRD4 may serve as a potential

target in exacerbated asthma, regardless of the causes.

In summary, different layers of evidence support a critical role of BRD4 in allergic asthma and airway remodeling.

BRD4 affects multiple cell types to promote asthma by modulating the secretion of proinflammatory and profibrotic

mediators, cell differentiation, EMT, and imbalance of proliferation/apoptosis of ASMCs. Emerging evidence

strongly supports the targeting of BET/BRD4 in asthmatics in clinical trial testing.

3. Pulmonary Artery Hypertension (PAH)

PAH is a vascular disease that primarily affects the distal pulmonary arteries. It is characterized by increased

inflammation, vasoconstriction, and hyperproliferation of smooth muscle cells with suppressed apoptosis within the

arterial wall. It is a progressive disease that leads to pulmonary vascular resistance, right ventricle failure and

death. Previously, Courboulin and colleagues compared 337 microRNAs (miRNAs) between PAH and control lungs

and reported six upregulated miRNAs including miR21 and a single downregulated miRNA, namely miR-204 in

PAH . Later, Meloche and colleagues reported elevated BRD4 expression in the distal pulmonary arteries and

pulmonary arterial smooth muscle cells (PASMCs) of PAH patients. Further, this enhanced expression was shown

to be miR-204-dependent . In addition, these investigators showed that JQ1 treatment reversed established

PAH in the Sugen 5416/hypoxia rat model . They found that BRD4 targeting by JQ1, or siRNA suppressed pro-

survival signals (e.g., NFATc2, BCL-2 and survivin) and increased cell cycle arrest via p21 upregulation in

PASMCs, which may account for the observed effects of JQ1 in vivo. The miR-204-BRD4 axis has also been noted

in head and neck squamous cell carcinoma, in which miR-204 acts as a tumor suppressor by enhancing p27

mRNA stability through targeting BRD4 . Another pan-BET inhibitor, I-BET151, was also shown to ameliorate

right ventricle hypertrophy and pulmonary hypertension in rats induced by chronic hypoxia and pulmonary

inflammation . In addition, the BD2-selective BETi RVX208 also demonstrated benefits for PAH in the

Sugen/hypoxia and monocrotaline (MCT)+shunt-PAH rat models . RVX208 treatment reversed vascular

remodeling and improved lung hemodynamics. RVX-208 also reduced the pressure load to the right vesicle in a rat

PAH model induced by pulmonary artery banding. In vitro data showed that RVX-208 restored the altered

phenotypes of proliferation, apoptosis resistance, and inflammation of both PASMCs and PAECs derived from PAH

patients. The authors further identified two downstream targets of BRD4, FoxM1 and PLK1, implying the

modulation of DNA damage response as a contributor to PAH . The consistent finding was reported that JQ1

attenuated the inflammation (mRNA of IL-6 and CXCL8) and proliferation of human pulmonary microvascular

endothelial cells (HPMECs) from healthy subjects. These observations are related to reduced NF-κB/p65

recruitment to the native IL6 and CXCL8 reporters and the induced cell cycle arrest at G0/G1 by JQ1 . A recent
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pilot clinical trial in PAH patients also demonstrated the benefits of BET targeting. RVX-208 treatment for 16 weeks

decreased pulmonary arterial resistance and increased cardiac output, stroke volume, and compliance in all six

PAH patients . Future larger and placebo-controlled trials are warranted to assess the efficacy of BETi in PAH

patients. Together, these findings support further exploration of BRD4 as a novel therapeutic target in PAH.

4. Pulmonary Fibrosis

Largely due to the discovery of specific BET inhibitors , studies were enabled to explore the targeting of BET

protein in pulmonary fibrosis. Two papers from the same research group emerged a few years later that

investigated the role of BET proteins in pulmonary fibrosis, which represent a milestone for targeting BET/BRD4 in

this context. In the first study, Tang and colleagues  showed that the response of human lung fibroblasts (HLFs)

from healthy donors to TGF-β1 and PDGF-BB was mediated by BET proteins. Specifically, TGF-β1 induces the

acetylation of lysine 5 of H4 (H4K5ac, a reported BRD4 binding site ), and the binding of BRD4 to the promoters

of IL-6, α-smooth muscle actin (α-SMA), and plasminogen activator inhibitor-1 (PAI-1). Accordingly, pretreatment of

HLFs with JQ1 and I-BET blocked TGF-β1-induced transcription of these genes. Further, TGF-β1- and PDGF-BB-

mediated cell phenotype switching of HLFs, including proliferation, migration, and extracellular matrix production,

was also abolished by JQ1 and I-BET pretreatment. Interestingly, knockdown of BRD2 and BRD4, but not BRD3,

significantly blocked the induction of α-SMA by TGF-β1 in HLFs, indicating the differential effects of BET proteins in

mediating TGF-β1-induced myofibroblast differentiation. Of note, JQ1 treatment did not affect Smad2/Smad3

nuclear translocation, suggesting a null effect on Smad3 phosphorylation. In the bleomycin model of pulmonary

fibrosis, JQ1 treatment reduced total BAL fluid cells and collagen deposition, as indicated by hydroxyproline

content in the lungs of injured mice. In the second paper , the authors compared the response of HLFs from

idiopathic pulmonary fibrosis (IPF) lungs and tumor-free lungs (control) of tumor patients. They found that HLFs are

more responsive or activated in response to PDGF-BB treatment, as determined by cellular proliferation, migration,

and IL-6 release. However, JQ1 treatment inhibited these responses. Consistent with predictions from the in vitro

evidence, JQ1 dose-dependently suppressed inflammatory infiltration in the lungs of bleomycin-challenged mice

(21 days). In accord, pulmonary fibrosis, as indicated by collagen I expression, was also largely inhibited by JQ1.

Recently, Bernau and colleagues  further showed the efficacy of selective inhibition of the BRD4 BD1 domain in

reducing myofibroblast differentiation and reversing established pulmonary fibrosis in mice using the BRD4 BD1-

selective inhibitor ZL0591.

CG223, a novel quinolinone-based BETi, was also reported to attenuate bleomycin-induced pulmonary fibrosis in

mice . When given daily in the inflammatory phase of the bleomycin model (3 to 12 days after bleomycin

instillation), CG223 reduced the number of lymphocytes and neutrophils in BAL, collagen deposition in the lung,

and the Ashcroft score of mice that received bleomycin. Specifically, bleomycin induced the enrichment of BRD4 in

fibrotic lesions of the lungs of mice and the binding of BRD4 to the promoters of profibrotic genes including

thrombospondin 1 (Thbs1), integrin β3 (Itgb3), and smooth muscle alpha (α)-2 actin (Acta2). In vitro experiments

showed that CG223 dose-dependently inhibited TGF-β1-induced expression of these genes in primary lung

fibroblasts isolated from untreated C56BL/6 mice.
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Reactive oxygen species (ROS) are important mediators of TGF-β-induced myofibroblast differentiation. Inhibition

of ROS production attenuates lung injury in bleomycin-challenged mice . A gene array analysis  showed

increased NOX4 gene expression and decreased SOD2 expression in systemic sclerosis (SSc) and IPF lung

fibroblasts compared to non-fibrotic controls. In the same study, treatment with JQ1 was found to inhibit the TGF-

β1-induced NOX4 increase, SOD2 decrease, and Nrf2 inactivation. In accord, the production of ROS and

myofibroblast differentiation induced by TGF-β1 were also significantly blocked by JQ1 in HLFs. Further, the

authors found that BRD3 and BRD4, but not BRD2, bind to the promoters of NOX4 and mediate TGF-β1-induced

NOX4 expression. In addition, the BRD4/NOX4 axis has been implicated in age-related pulmonary fibrosis .

Inhibition of BET with OTX015 resolves established pulmonary fibrosis in 18-month-old mice that received

bleomycin for 21 days. Lung function and histology were largely restored by OTX015 treatment for 21 days after

the bleomycin challenge. In a brief report , JQ1 treatment was found to upregulate genes enriched in glutathione

metabolism and downregulate fibrosis-related genes in primary HLFs from an IPF patient via an RNA-sequencing

analysis. These studies suggest that BET proteins are also involved in regulation of oxidative/reductive balance to

promote myofibroblast differentiation.

Besides IPF, radiation-induced pulmonary fibrosis (RIPF) may likewise involve BET protein regulation. RIPF has

been reported to occur in about 16% of Hodgkin’s lymphoma patients  and in 70–80% of lung cancer patients

who received high-dose radiation . In a study evaluating the effect of JQ1 in RIPF , the authors found that

JQ1 protected normal lung tissue after irradiation, attenuated RIPF, lung inflammation, and collagen deposition in a

rat model of pulmonary damage with 20Gy radiation. Proteins, including BRD4 and c-Myc in the lungs of irradiated

mice, were reduced by JQ1, as well as collagen, TGF-β1, p-NF-κB p65, and p-Smad2/3. JQ1 also repressed the

radiation-induced myofibroblast differentiation of normal HLFs. These results provide evidence supporting the

targeting of BET/BRD4 as a candidate-effective strategy for the treatment of different forms of pulmonary fibrosis.

5. Chronic Obstructive Pulmonary Disease (COPD)

COPD is the third leading cause of death worldwide and appears to have an increasing trajectory . Currently,

there is no approved drug that can cure COPD. The pathogenesis of COPD is characterized by chronic

inflammation and oxidative stress. A previous study  showed that the BET inhibitors JQ1 and PFI-1 dramatically

reduced IL-6 and CXCL8 expression in human epithelial cells stimulated by IL-1β plus H O . JQ1 also inhibited the

recruitment of p65 and BRD4 to the promoters of IL-6 and CXCL8. BRD4, but not BRD2, was found to mediate IL-6

and CXCL8 release from human primary epithelial cells. The results suggest a role for BRD4 in inflammation- and

oxidative-stress-related proinflammatory cytokine production. Consistently, JQ1 treatment was also reported to

inhibit pro-inflammatory gene expression in alveolar macrophages from COPD patients . Alveolar macrophages

extracted from COPD transplanted lungs were stimulated with LPS in the presence or absence of JQ1. While LPS

induced a proinflammatory M1 macrophage phenotype, JQ1 treatment reversed these changes. There was no

difference between the expression of BET proteins (BRD2, 3, 4, and BRDT) in alveolar macrophages from COPD

patients and control subjects. In another study , JQ1 treatment ameliorated the oxidative stress of primary

ASMCs, monocytic cells and the THP-1 cell line. JQ1 activates the Nrf2-dependent transcription and expression of
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antioxidants including hemeoxygenase-1 (HO-1), NADPH quinone oxidoreductase 1 (NQO1), and the glutamate-

cysteine ligase catalytic subunit (GCLC). It also blocked H O -induced intracellular ROS production. All BET

proteins (BRD2, 3, and 4) were found to interact with the Nrf2 protein. BRD2 and BRD4 were also found to bind to

the promoters of NQO1 and HO-1 genes. Interestingly, neither the interaction between BET proteins and Nrf2 nor

the binding of BET proteins to the promoters of antioxidant genes (NQO1 and HO-1) was affected by JQ1

treatment, suggesting BD-independent activity of these BET proteins. These results indicate that BET proteins can

selectively modulate Nrf2-specific gene expression and thus may contribute to oxidative-stress-related diseases

such as COPD.

Small airway fibrosis occurs in COPD patients and contributes to obstructed air flow. The response of ASMCs

derived from COPD patients to a profibrotic stimulus, e.g., TGF-β1, differs from those in healthy controls. Work by

Zakarya and colleagues showed that there was higher mRNA expression of COL15A1 and TNC (tenascin C) in

ASMCs from COPD patients compared to non-COPD controls . Accordingly, elevated collagen 15α1 and TNC

staining were found in the lungs of COPD small airways in contrast to those from non-COPD controls. TGF-β1

treatment induced a more pronounced increase in COL15A1 and TNC mRNA levels in ASMCs from COPD

smokers versus non-COPD smokers, which were blocked by JQ1 treatment. JQ1 treatment was also found to

abolish H4 acetylation at the promoters of COL15A1 and TNC induced by TGF-β1 only in COPD ASMCs. By

contrast, H3 acetylation at the promoters of these two genes was minimally induced by TGF-β1, suggesting

differential regulation.

In a cigarette-smoke- and LPS-induced COPD model in mice , JQ1 treatment reversed histopathological

changes and the induced cytokine profile. The mean linear intercept, destructive index, and inflammatory score of

mice with induced COPD were dose-dependently improved by JQ1. JQ1 treatment also reduced the expression of

MMP2, MMP9, IL-1β, IL-17, IL-6, and TNF-α that were enhanced in COPD mice. In addition, the oxidative stress in

COPD mice as indicated by increased MDA levels and decreased SOD, HO-1, and T-AOC, was also significantly

improved by JQ1. These observed effects of JQ1 are associated with suppressed nuclear NF-κB p65, p65

acetylation (Lys310), and p65/DNA binding activity.

MiRNAs are known to be involved in the regulation of inflammation in different contexts. In COPD, several non-

coding RNAs including circulating RNA (circRNA), long non-coding RNA (lncRNA), and miRNA have been reported

to regulate airway epithelial cell apoptosis and inflammation induced by cigarette smoke. For example, both the

circRNA ankyrin repeat domain 1 (circANKRD11)  and circRNA oxysterol binding protein like 2 (circOSBPL2) 

were found to increase in the lungs of smokers with or without COPD. Downregulation of either mitigates cigarette

smoke-induced apoptosis, inflammation, and oxidative stress in human bronchial epithelial cells. Mechanistic links

to BRD4 were found for both circANDRD11 and circOSBPL2, with miR-I45-5p and miR-193a-5p as the

intermediate targets, respectively. In addition, miR-218  and miR-29b  are also associated with cigarette

smoke extract (CSE)-induced apoptosis and inflammation in human bronchial epithelial cell lines. Both miRNAs

were downregulated in COPD lungs, which correlate with lung function and inflammation. In contrast, BRD4 was

found to be increased in COPD patients and induced by CSE. Knockdown of BRD4 with siRNA blunted the CSE-

induced inflammatory cytokine expression and secretion (IL-6, CXCL8, and TNF-α). In addition, the long noncoding
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MIR155 host gene (MIR155HG) was found to inversely correlate with miR-218-5p in COPD lungs and CSE-

induced HPMECs . Further, LncRNA MIR155HG was found to downregulate miR-128-5p expression, through

which BRD4 was targeted indirectly. In conclusion, the LncRNA MIR15HG/miR-128-5p/BRD4 axis was implicated

in the cell apoptosis and inflammation of HPMECs. Despite these findings, the regulation of BRD4 by non-coding

RNAs in the pathogenesis of COPD remains largely unclear and an open research avenue.
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