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Abstract

Introduction—Acute exacerbations of chronic lung disease account for substantial morbidity 

and health costs. Repeated inflammatory episodes and attendant bronchoconstriction cause 

structural remodeling of the airway. Remodeling is a multicellular response to mucosal injury that 

results in epithelial cell state changes, enhanced extracellular deposition and expansion of pro-

fibrotic myofibroblast populations.

Areas covered—This manuscript overviews mechanistic studies identifying key sentinel cell 

populations in the airway and how pattern recognition signaling induces maladaptive mucosal 

changes and airway remodeling. Studies elucidating how NFκB couples with an atypical histone 

acetyltransferase, bromodomain containing protein 4 (BRD4) that reprograms mucosal fibrogenic 

responses are described. The approaches to development and characterization of selective 

inhibitors of epigenetic reprogramming on innate inflammation and structural remodeling in pre-

clinical models are detailed.

Expert commentary—Bronchiolar cells derived from Scgb1a1-expressing progenitors function 

as major sentinel cells of the airway, responsible for initiating anti-viral and aero-allergen 

responses. In these sentinel cells, activation of innate inflammation is coupled to neutrophilic 

recruitment, mesenchymal transition and myofibroblast expansion. Therapeutics targeting the 

NFkB-BRD4 may be efficacious in reducing pathological effects of acute exacerbations in chronic 

lung disease.
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1. Introduction

Allergic asthma (AA) and chronic obstructive pulmonary disease (COPD) are chronic 

inflammatory diseases of the airways. In its classic form, AA is a disease manifested by 

reversible airway obstruction and Th2 lymphocytic inflammation, characterized by 

submucosal eosinophil accumulation, IgE production and atopy (1). Asthma affects ~ 8% of 

the US population, now > 25 million (M) in number (2). Worldwide, the WHO estimates 

235 M people suffer from from asthma. By contrast, COPD is manifested by fixed airway 

obstruction with a neutrophilic inflammation, etiologically associated with environmental 

exposures, such as smoke or occupational exposure (3). COPD affects ~30 M people in the 
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US and predicted to be the 4th leading cause of death by 2020 (4). Worldwide, preventable 

chronic lung disease accounts for 5–6% of deaths (5).

Although distinct in their etiology, both AA and COPD share components of airway 

inflammation, structural remodeling and their disease course punctuated by intermittent 

exacerbations (6). The presence of overlapping pathophysiologies and causes of 

exacerbations has led to a re-examination of the whether both diseases share common 

origins but are expressed differently through individual variation, a concept known as the 

‘Dutch’ hypothesis (7). Approximately 15–20% of patients with COPD have features of 

airway reversibility and eosinophilia. Conversely, a subset of asthmatics develop fixed 

airway obstruction. These common features have led to the acceptance of the Asthma-COPD 

overlap syndrome (ACOS) as a distinct disease entity (8). Although COPD intervention has 

focused on reducing environmental smoke exposure, large scale prospective observational 

studies have identified a potential role of early viral encounters in reduced pulmonary 

capacity later in life (7). Irrespective of their etiologies, obstructive lung diseases share 

common triggers, inflammatory responses and some features of remodeling (9), whose 

mechanism will be examined in this review.

1.1 Acute exacerbations (AEs) in chronic lung disease

Exacerbations are intermittent episodes of acute decompensation provoked by mucosal 

inflammation that are clinically manifested by worsening symptoms due to decreases in 

expiratory airflow. In AA, AEs are responsible for approximately 15.0 M outpatient visits, 2 

M emergency room visits, and 500,000 hospitalizations annually in the US (10). These 

events diminish the quality of life in patients and their families. Similarly AEs of COPD are 

associated with enhanced morbidity, mortality and decreases in life quality (11). Patients 

with COPD experience a median of 1.2–2.4 AEs annually (12), which are more clinically 

significant with advanced disease (GOLD stage) due to greater degrees of resting lung 

impairment. Like AA, hospitalizations from AEs in COPD are major drivers of health care 

costs worldwide (13).

1.2 Etiologies of AEs

AEs are provoked by viral and environmental exposures. In adults with AA, viral respiratory 

tract infections, principally rhinovirus (RV) represents the most common virus isolated 

during AEs (14). In children with AA, episodes of wheezing are due to both RV and 

Respiratory Syncytial Virus (RSV) infections (15). COPD AEs are associated with active 

viral infections, changes in bacterial colonization and/or environmental exposures (smoking, 

air pollution) (16, 17). Formally, epidemiological studies can only conclude that AEs are 

associated with active viral replication. Elegant human challenge studies with the common 

cold virus, RV (18) and RSV (19) have shown that viral infections themselves are sufficient 
to produce AEs in patients with AA or COPD.

1.3 Impact of AE on long term airway function

In addition to precipitating acute decompensations in air exchange provoking unscheduled 

health care visits, large scale prospective observational studies in difficult-to-treat asthma 

have shown that AEs are associated with accelerated loss of lung function. For example, in 
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the 3-year prospective observational study of difficult-to-treat asthma (TENOR), a study 

involving about 4,800 patients, found that the forced expiratory volume (ppFEV1) declined 

faster in those participants with one or more AE annually (20). This finding was consistent 

over all age categories. Similarly, frequent AEs in COPD are associated with more rapid loss 

in airway flow (16). These studies have raised the intriguing possibility that AEs themselves 

result in structural remodeling of the airway. Loss in pulmonary function probably occurs 

through multiple mechanisms including the effects of bronchoconstriction and/or innate 

inflammation (21). Because the effects of inflammation are greater in magnitude than those 

of bronchoconstriction (21), this review will focus on mechanistic relationship between 

innate inflammation and remodeling.

1.4 Airway remodeling

Airway remodeling is a collective term that refers to structural changes in the airways 

resulting in enhanced collagen deposition in the subepithelial basement membrane (lamina 

reticularis), disruption of the epithelial barrier, epithelial cell-state change (mucous 

metaplasia and/or mesenchymal transition), and smooth muscle hypertrophy (22). 

Collectively, this process narrows the small airways, producing obstruction and reduced lung 

compliance accounting for enhanced morbidity and mortality (23). Enhanced mucus 

production from expansion of submucosal goblet cell population and hypertrophy of airway 

smooth muscle layers enhances small airway obstruction. These process both contribute to 

reduce lung compliance and airway hyperreactivity (24). Additionally, remodeling-

associated epithelial injury and cell-state change enhance mucosal permeability. This 

process may account, in part, for defective innate immune response, and enhanced antigen 

penetration, further predisposing asthmatics to developing non-specific atopy. The reader is 

referred to an ATS-Research Statement that treats the problem of airway remodeling in some 

depth (25). This latter analysis emphasizes the progressive, irreversible, nature of airway 

remodeling.

1.5 Mucosal host response is a mediator of AEs

Human challenge models of RNA viruses and allergens have provided unequivocal proof 

that these agents trigger a robust innate inflammatory response. Subjects with AA 

challenged intranasally with RV trigger a rapid oxidative response, associated with 

epithelial-derived chemokine secretion (IL-33), clinical symptoms and Th2 cell 

inflammation, including delayed eosinophilia (18, 26, 27). Similar studies with RSV 

challenges have found that viral replication occurs throughout the lower airway epithelium, 

associated with initial neutrophil response, and activation of CD8 memory T cells (19). RV 

challenges in subjects with COPD also indicate exaggerated neutrophilic responses, clinical 

symptomatology followed by CD8+/CD4+ T cell recruitment into the lung (28). Segmental 

allergen challenges in humans have also provided evidence for epithelial chemokine 

response coupled with eosinophilia (29). These studies consistently have found that the 

airways of AA and COPD elicit more robust oxidative response, chemokine expression and 

clinical symptoms than normal controls.
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1.6 Pattern recognition receptor (PRR) and toll-like receptor (TLR) signaling in AEs

Airway epithelial cells are a major component of the pulmonary innate defense responsible 

for forming a semi-impermeabile barrier and inducible secretion of anti-bacterial mucins and 

inflammatory chemokines (30). Inducible innate defenses are triggered by pathogen-

assocated molecular patterns (PAMPS), molecules derived from microbial replication, and 

danger associated molecular patterns, molecules released by cell stress and/or death. These 

patterns are recognized via families membrane-associated, endosomal or cytosolic PRRs 

expressed in respiratory epithelial cells (31, 32). The binding of ligands to their cognate 

receptors results in the activation of epithelial cell–intrinsic signaling pathways, activating 

oxidative stress and intracellular signaling pathway including mitogen-associated protein 

kinases and IκB kinases (30). Viral PAMPs, notably double-stranded (ds) RNA, are bound 

by membrane-associated TLR3 and intracellular RIG-I (33, 34). These pathways have been 

extensively reviewed (35, 36) and modeled mathematically (37, 38); only the salient features 

are elaborated here.

Activation of the innate pathway converges on two primary arms controlling inflammatory 

and anti-viral response. Of these, NFκB plays a major role in innate inflammation, 

controlling the expression of inflammatory chemokines as well as the mucosal IFNs. NFκB 

activation involves a serine phosphorylation of RelA triggered by nuclear oxidative stress, 

promoting RelA to bind bromodomain-containing protein 4 (BRD4) (39, 40). NFκB 

mediated recruitment of BRD4 to latent innate genes promotes their rapid expression 

through a process of transcriptional elongation (41, 42). In this manner, the NFκB-BRD4 

complex directly activates immediate-early inflammatory CXC chemokines, and indirectly 

activates mucosal type I and III interferons (IFNs) via the IFN regulatory factor (IRF)-RIG-I 

pattern recognition receptor “cross-talk pathway” (37, 43). A characteristic of the innate 

pathway is the presence of coupled, positive activation loops mediated by chemokines and 

IFNs that potentiate an anti-viral response (37,38). These cytokines also activate airway 

dendritic cells, causing their migration to draining pulmonary lymph nodes triggering the 

pulmonary adaptive immune response (44).

1.7 Airway epithelial cells are primary sentinels of virus and aero-allergens

The airway epithelium is an important regulator of airway physiology and homeostasis. 

Because aero-allergens and pathogens primarily encounter the epithelium, the epithelium 

plays a major role in sensing the presence of environmental oxidants and invading viruses 

(30). A number of studies have revealed dynamic responses of airway epithelial cells are 

initiated via PRRs and TLRs by activated by allergens and respiratory viruses. These 

receptor-mediated signaling produce acute oxidative injury (35, 45), disruption of cilia 

function, epithelial apoptosis, disruption of epithelial barrier function (46–49), chemokine 

production, and neutrophilic inflammation (50, 51). Systems level studies of epithelial 

responses to viral infection have shown large dynamic genomic responses to viral replication 

(40), consistent with their prominent innate function.

1.8 Unique roles of bronchiolar-derived epithelial cells

For the purposes of this review, the airway epithelium can be divided into three anatomically 

distinct regions: trachea, bronchioles and alveoli. Comparison of airway epithelial cells 
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derived from these regions shows marked phenotypic diversity. Epithelium from the large 

airways are pseudostratified columnar cells, whereas bronchiolar cells are cuboidal, and 

alveolar cells are simple squamous monolayers (52). Ciliated and secretory airway cells in 

the trachea trigger innate defenses by muco-ciliary escalator activity and mucin secretion 

that bind pathogens and facilitate their clearance. By contrast, epitheilial cells of the 

bronchioles inducibly synthesize and secrete over 400 proteins as free and membrane-bound 

nanoparticles (exosomes). These include CXC and CC-type chemokines, type I and III IFNs, 

as well as IFN stimulated genes (ISGs) (53). Interestingly, and of relevance to the 

pathogenesis of Th2 inflammation and remodeling, bronchiolar-derived airway epithelial 

cells produce more Th2-polarizing chemokines, such as MIP1α, MCP, TSLP, CCL20 and 

IL6 than do tracheal epithelial cells (53, 54).

A previously unresolved problem has been identification of the initial innate sentinel cells, 

e.g., those responsible for triggering innate inflammation. Candidates include alveolar 

macrophages, intraepithelial lymphocytes, natural killer cells, and the epithelium itself. 

Recent advances using tissue-specific knockouts have provided new major insights into the 

identity of airway sentinels in response to luminal virus. An interesting epithelial population 

found in the bronchiolar alveolar junction expresses both secretoglobin (Scgb1a1) and 

surfactant; these cells function as progenitor cells responsible for populating the distal 

bronchioles in response to injury (55). Recent work in small animal models selectively 

depleting NFκB/RelA in these bronchiolar stem cells by Cre recombinase (55) have 

provided definitive proof that derivatives of these cells (55, 56), are the major functionally 

important innate sensors of viral infection (Figure 1). Mice with deletion of NFκB/RelA in 

the Scgb1a1 progenitor-derived population have significantly reduced inflammation and 

remodeling in response to RSV infection (56). Similarly, TLR3-driven viral inflammation is 

also mediated by the same bronchiolar-derived epithelial cells. Like that of RSV, deletion of 

NFκB/RelA in the Scgb1a1+ progenitors mice respond to TLR3 agonism with reduced 

neutrophilia, epithelial dependent chemokine expression and myofibroblast expansion (57). 

It is important to note that poly(I:C) mimics acute aspects of RNA virus infections (58), 

producing inflammatory signatures characteristic of COPD and airway hyper reactivity (59).

Previous work also indicated that the Scgb1a1 –derived bronchiolar cell mediates 

inflammation, airway hyperreactivity and remodeling via the canonical NFκB pathway in 

response to the house dust mite allergen (60). Collectively these data are consistent that this 

unique bronchiolar progenitor epithelial cell population originating from Scgb1a1- 

expressing progenitors secretes unique Th2 polarizing cytokines and remodeling factors, and 

activation is required for innate inflammatory response in the airway via chemokine induced 

neutrophil recruitment.

1.9 Epithelial response to oxidative injury

TLR signaling mediates the interface between innate inflammation, cellular injury and 

adaptive immunity (61). This family of PRRs recognize molecular patterns produced by 

viral infection, allergen exposure, and smoke/ozone inhalation. Liganded TLRs induce 

oxidative injury, a second messenger that results in defects in epithelial barrier function and 

stimulates the release of growth factors and cytokines linked to airway remodeling (35, 62). 
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The concept that epithelial injury/defective repair is linked to airway fibrosis (63) was 

directly demonstrated in studies using targeted injury of alveolar epithelial cells via cell 

type-specific diphtheria receptor expression (64) and in bleomycin-induced pneumonitis, a 

model that produces a temporal sequence of acute epithelial injury followed by 

inflammation and remodeling (65). Using novel TLR-induced airway remodeling programs 

on epithelial-specific gene knockouts, selective small molecule inhibitors and systems levels 

studies, fundamental insights were generated that the NFκB transcription factor mediates 

TLR-induced mesenchymal transition, myofibroblast expansion, and extracellular matrix 

deposition (41, 57, 62, 66). These studies detailed that a prominent epithelial cell-state 

transcription occurs in the remodeling process.

1.10 Linkage of NFκB signaling to mesenchymal transition and airway remodeling

In addition to its central role in inflammation, NFκB plays an essential role in controlling 

gene regulatory programs driving cell-state change, a process referred to as epithelial 

mesenchymal transition [EMT, (62, 67, 68)]. High throughput RNA-seq studies of normal 

human airway cells have discovered that the core regulatory network of TGFβ-induced EMT 

in normal epithelial cells, the so-called type II EMT (67), substantially overlaps with the 

NFκB pathway (68). Using selective inducible knockouts in bronchiolar-derived basal cell 

progenitors, it was found that NFκB signaling drives the transition to a committed 

mesenchymal phenotype (66). These findings led to the discovery that tonic (or repetitive) 

NFκB signaling in the airway produces EMT in vivo (69). In this latter study, repetitive AEs 

provoked by exposure to TLR3 agonists activates EMT, remodeling and expansion of 

myofibroblast population(s).

Previous mechanistic studies in vitro showed that the TLR-induced NFκB complexes with 

the coactivator bromodomain containing (BRD4), a multifunctional protein with intrinsic 

RNA polymerase kinase (70) and atypical histone acetyltransferase (HAT) (71) activity. 

Through its sequence specific DNA-binding activity, NFκB redistributes BRD4 to innate 

inflammatory genes as well as the core EMT regulators SNAI1, ZEB1 and TWIST1 (62, 

72). NFκB-dependent activation of the core EMT regulators results in expression of collagen 

I (COL1) and fibronectin (FN1), a fibrotic response characteristic of airway remodeling and 

expansion of the subepithelial basement membrane (Figure 2).

Although these fundamental studies were initially developed in vitro, evidence that NFκB 

mediates mesenchymal transition, myofibroblast expansion, and pulmonary fibrosis has been 

developed in in vivo (62). In mice, acute TLR3 activation induces CXCL8/IL-8 expression 

and neutrophilia, but chronic TLR3 activation produces airway epithelial mesenchymal 

transition, expansion of the myofibroblast population, and fibrosis (62). Activation of the 

BRD4 kinase and atypical HAT activity in the airway mucosa has been demonstrated in 

response to TLR3 activation (69) and viral replication (41, 56). Here, the unique, BRD4-

dependent histone acetylation on Lys 122 is induced by virus or allergen, and this induction 

is NFκB-dependent. Viral and allergen-induced NFκB-BRD4 complex formation was been 

demonstrated through proximity ligation assays, a technique to detect molecular interactions 

between the two proteins. Finally, using highly selective BRD4 inhibitors, it was found that 

inhibition of BRD4 HAT activity interferes with epithelial cell state transition, remodeling, 
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airway hyperreactivity and myofibroblast expansion (73). These studies validate the central 

relevant of the NFκB-BRD4 pathway in airway remodeling in a mouse model of AEs.

1.11 Linkage of mesenchymal transition to myofibroblast expansion

A central effector cell for airway fibrosis is the myofibroblast, a pleiotropic mesenchymal-

derived cell involved in the excessive deposition of extracellular matrix in the lamina 
reticularis. Myofibroblasts are a highly dynamic population distributed throughout the 

subepithelium and stroma whose number increase in response to viral infections and the 

active progression of asthma (74). Myofibroblasts originate from a variety of sources, 

primarily from resident mesenchymal cells, but also from epithelial and endothelial cells 

undergoing EMT, as well as circulating bone marrow stem cells (“fibrocytes”) (75, 76). The 

myofibroblast population derived from resident fibroblasts and bone marrow-derived 

fibrocytes increases in refractory asthma (77), acute AEs or actively progressing chronic 

obstructive pulmonary disease (COPD) (74).

A close bidirectional interrelationship exists between epithelium and myofibroblasts. In 

response to injury, epithelial cells secrete TGFβ, epidermal growth factor (EGF) connective 

tissue growth factor (CTGF), and fibrogenic cytokines (IL-6, TSLP, IL-33, IL-25 and 

others). These are paracrine-acting myofibroblast growth factors whose function is critical 

for injury-repair processes in airway disease. Fibroblasts from asthmatic biopsies express a 

more differentiated phenotype and are hyperresponsive to TGFβ1, indicating that these cells 

have been reprogrammed by the chronic injury (78). In pulmonary fibrosis, fibroblasts 

upregulate ROS, angiotensin II and trigger EMT through ECM interactions (79, 80); the role 

of fibroblasts in epithelial cell-state changes in asthma/COPD are under-investigated.

In lung tissues, expansion of the myofibroblast population is demonstrated by quantifying a 

double-labeled population of COL1+/SMA+ cells underneath the epithelial layer. In a mouse 

model model of chronic AEs, studies have shown that expansion of the myofibroblast 

population was dependent on the TLR3-IKK-NFκB pathway, being induced by luminal poly 

(I:C) and inhibited by the selective IKK inhibitor, BMS345541 (62). These studies have 

been extended using several strategies to inhibit the NFκB-BRD4 pathway, including RelA 

mucosal knockout and BRD4 inhibition, have all resulted in the reduction of both 

mesenchymal transition and expansion of the myofibroblast population (56, 57, 81), 

indicating linkage of these processes (Figure 3).

1.12 Development of highly selective BRD4 inhibitors

In addition to its function as an atypical HAT, BRD4 is also a chromatin organizing protein 

that connects RelA to CDK9 of the positive transcriptional elongation complex as well as 

AP2 adapter, SWI/SNF, and DNA directed RNA Pol II complex (57, 82). Within chromatin, 

BRD4 recognizes acetylated lysine (KAc) residues on transcription factors and histones 

through its bromodomain (BD). Structure-guided drug design has been used to develop 

nonselective inhibitors of the BRD family for potential applications in cancer, metabolic and 

cardiovascular disease (83). Newer, more selective BRD4 inhibitors targeting airway 

remodeling have been developed using a pharmacophore model. This model involves a polar 

head that interact with Asn140 in the KAc binding pocket and a tail that forms hydrogen 
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bonds with Tyr97 in the BD domain (84). These BRD4 inhibitors, ZL-0420 and −0454, 

display nanomolar binding affinities for BRD4, while exhibiting approximately 30~60-fold 

selectivity over BRD2 BDs (84). The effect of these selective inhibitors to block formation 

of H3K122 Ac and inflammation validate BRD4 as a target for treatment of acute lung 

inflammation mediated by the RIG-I and the TLR3 PRRs (41, 56, 81).

2. Expert Commentary

The epithelium has emerged as a major sentinel cell of acute exacerbations in chronic 

airways disease. The epithelium is dynamically reprogrammed in response to injury to 

promote innate inflammation, neutrophilic recruitment, mesenchymal transition and 

subepithelial myofibroblast expansion. Recent work has focused on the unique properties of 

the bronchiolar cells derived from Scgb1a1-expressing progenitors cell as a major viral 

sentinel cells, responsible for initiating anti-viral and aero-allergen responses. PRR 

activation induces a temporally coordinated gene program by activation of the NFκB/RelA 

transcription factor. The activated NFκB complex controls epigenetic reprogramming of 

innate and fibrogenic gene programs. Systems-level genomic and proteomics studies show 

epithelial cell-type differences in innate cytokine production in response to RSV infection. 

Bronchiolar-derived epithelial cells selectively secrete TSLP, CCL20 and IL6, NFκB-

dependent proteins that promote Th2 and mucin expression important in the pathogenesis of 

RSV-induced lower respiratory tract infections. These differences in chemokine expression 

patterns exhibited by epithelial cells from different regions are immunologically significant 

and play an important role in airway remodeling. Mesenchymal transition is provoked by 

repetitive innate stimuli and mediated by NF-κB/RelA. Upon complexing with BRD4, 

NFκB indirectly induces atypical BRD4 HAT activity. Structure-based drug design has been 

used to advance the pharmacopeia of BRD4 inhibitors. These compounds are highly 

selective inhibitors of BRD4 that reduce neutrophilic airway inflammation and prevent 

epithelial cell state change and myofibroblast expansion in response to viral and aero-

allergen exposures.

3. Five year view

Recent advances on detailed mechanisms of the activation of the innate immune response 

have advanced the central role of the NFκB-BRD4 pathway in inflammation-mediated 

airway remodeling. The unifying conceptual link between innate inflammation, epigenetic 

changes and triggering the fibrotic pathway represents an important advance. Over the next 

five years, development of inhibitors of this pathway will be progressing in preclinical space 

with evaluation in clinical applications. The availability of therapeutics that mitigate AEs 

and their sequelae in airway remodeling will stimulate work in detection of inflammation/

remodeling using advanced imaging and biomarker identification to monitor the effect of 

these agents.

Acknowledgments

Funding acknowledgements: NIAID 2P01AI062885, NCATS UL1TR00237

Brasier Page 8

Expert Rev Respir Med. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Busse WW, and Lemanske RF. Asthma. New England Journal of Medicine. 2001;344:350–62. 
[PubMed: 11172168] 

2. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M, Johnson CA, et al. Trends in asthma 
prevalence, health care use, and mortality in the United States, 2001–2010. NCHS data brief. 
2012(94):1–8.

3. Celli BR, MacNee W, and Force AET. Standards for the diagnosis and treatment of patients with 
COPD: a summary of the ATS/ERS position paper. The European respiratory journal : official 
journal of the European Society for Clinical Respiratory Physiology. 2004;23(6):932–46.

4. Decramer M, and Vestbo J. Global strategy for the diagnosis, management, and prevention of 
COPD. http://www.goldcopd.com/uploads/users/files/GOLD_Report_2014_Oct30.pdf.

5. Ferkol T, and Schraufnagel D. The Global Burden of Respiratory Disease. Annals of the American 
Thoracic Society. 2014;11(3):404–6. [PubMed: 24673696] 

6. Jeffery PK. Remodeling and inflammation of bronchi in asthma and chronic obstructive pulmonary 
disease. Proc Am Thorac Soc. 2004;1(3):176–83. [PubMed: 16113432] 

7. Bui DS, Burgess JA, Lowe AJ, Perret JL, Lodge CJ, Bui M, et al. Childhood Lung Function Predicts 
Adult Chronic Obstructive Pulmonary Disease and Asthma-Chronic Obstructive Pulmonary Disease 
Overlap Syndrome. Am J Respir Crit Care Med. 2017;196(1):39–46. [PubMed: 28146643] 

8. Postma DS, and Rabe KF. The Asthma-COPD Overlap Syndrome. N Engl J Med. 2015;373(13):
1241–9. [PubMed: 26398072] 

9. Kim SR, and Rhee YK. Overlap Between Asthma and COPD: Where the Two Diseases Converge. 
Allergy, Asthma & Immunology Research. 2010;2(4):209–14.

10. Dougherty RH, and Fahy JV. Acute Exacerbations of Asthma: Epidemiology, Biology and the 
Exacerbation-Prone Phenotype. Clinical and experimental allergy : journal of the British Society 
for Allergy and Clinical Immunology. 2009;39(2):193–202. [PubMed: 19187331] 

11. Seemungal TA, Donaldson GC, Paul EA, Bestall JC, Jeffries DJ, and Wedzicha JA. Effect of 
exacerbation on quality of life in patients with chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med. 1998;157(5 Pt 1):1418–22. [PubMed: 9603117] 

12. Donaldson GC, Seemungal TA, Bhowmik A, and Wedzicha JA. Relationship between exacerbation 
frequency and lung function decline in chronic obstructive pulmonary disease. Thorax. 
2002;57(10):847–52. [PubMed: 12324669] 

13. Chapman KR, Bourbeau J, and Rance L. The burden of COPD in Canada: results from the 
Confronting COPD survey. Respiratory medicine. 2003;97 Suppl C:S23–31.

14. Johnston NW, and Sears MR. Asthma exacerbations · 1: Epidemiology. Thorax. 2006;61(8):722–8. 
[PubMed: 16877691] 

15. Rossi GA, and Colin AA. Infantile respiratory syncytial virus and human rhinovirus infections: 
respective role in inception and persistence of wheezing. European Respiratory Journal. 
2015;45(3):774–89. [PubMed: 25359340] 

16. Donaldson GC, Seemungal TA, Patel IS, Bhowmik A, Wilkinson TM, Hurst JR, et al. Airway and 
systemic inflammation and decline in lung function in patients with COPD. Chest. 2005;128(4):
1995–2004. [PubMed: 16236847] 

17. Mallia P, Contoli M, Caramori G, Pandit A, Johnston SL, and Papi A. Exacerbations of asthma and 
chronic obstructive pulmonary disease (COPD): focus on virus induced exacerbations. Curr Pharm 
Des. 2007;13(1):73–97. [PubMed: 17266589] 

18. Jackson DJ, Makrinioti H, Rana BM, Shamji BW, Trujillo-Torralbo MB, Footitt J, et al. IL-33-
dependent type 2 inflammation during rhinovirus-induced asthma exacerbations in vivo. Am J 
Respir Crit Care Med. 2014;190(12):1373–82. [PubMed: 25350863] 

19. Jozwik A, Habibi MS, Paras A, Zhu J, Guvenel A, Dhariwal J, et al. RSV-specific airway resident 
memory CD8+ T cells and differential disease severity after experimental human infection. Nature 
communications. 2015;6:10224.** Elegant human challenge studies describe significant lower 
airway inflammation and epithelial responses to RSV infection.

20. Calhoun WJ, Haselkorn T, Miller DP, and Omachi TA. Asthma exacerbations and lung function in 
patients with severe or difficult-to-treat asthma. The Journal of allergy and clinical immunology. 

Brasier Page 9

Expert Rev Respir Med. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.goldcopd.com/uploads/users/files/GOLD_Report_2014_Oct30.pdf


2015;136(4):1125–7 e4. [PubMed: 26104221] * A key prospective study linking frequent 
exacerbations to loss of expiratory capacity in severe asthma at all age categories.

21. Grainge CL, Lau LCK, Ward JA, Dulay V, Lahiff G, Wilson S, et al. Effect of Bronchoconstriction 
on Airway Remodeling in Asthma. New England Journal of Medicine. 2011;364(21):2006–15. 
[PubMed: 21612469] 

22. Bergeron C, Tulic MK, and Hamid Q. Airway remodelling in asthma: from benchside to clinical 
practice. Canadian respiratory journal. 2010;17(4):e85–93. [PubMed: 20808979] 

23. Takizawa H Remodeling in small airways of asthma. Respiratory Medicine CME. 2008;1(2):69–
74.

24. Holgate ST, Holloway J, Wilson S, Bucchieri F, Puddicombe S, and Davies DE. Epithelial-
mesenchymal communication in the pathogenesis of chronic asthma. Proc Am Thorac Soc. 
2004;1(2):93–8. [PubMed: 16113419] 

25. Prakash YS, Halayko AJ, Gosens R, Panettieri RA Jr., Camoretti-Mercado B, Penn RB, et al. An 
Official American Thoracic Society Research Statement: Current Challenges Facing Research and 
Therapeutic Advances in Airway Remodeling. Am J Respir Crit Care Med. 2017;195(2):e4–e19. 
[PubMed: 28084822] 

26. Calhoun WJ, Dick EC, Schwartz LB, and Busse WW. A common cold virus, rhinovirus 16, 
potentiates airway inflammation after segmental antigen bronchoprovocation in allergic subjects. J 
Clin Invest. 1994;94(6):2200–8. [PubMed: 7989575] 

27. Message SD, Laza-Stanca V, Mallia P, Parker HL, Zhu J, Kebadze T, et al. Rhinovirus-induced 
lower respiratory illness is increased in asthma and related to virus load and Th1/2 cytokine and 
IL-10 production. Proc Natl Acad Sci U S A. 2008;105(36):13562–7. [PubMed: 18768794] 

28. Mallia P, Message SD, Gielen V, Contoli M, Gray K, Kebadze T, et al. Experimental rhinovirus 
infection as a human model of chronic obstructive pulmonary disease exacerbation. Am J Respir 
Crit Care Med. 2011;183(6):734–42. [PubMed: 20889904] 

29. Frew AJ, St-Pierre J, Teran LM, Trefilieff A, Madden J, Peroni D, et al. Cellular and mediator 
responses twenty-four hours after local endobronchial allergen challenge of asthmatic airways. 
Journal of Allergy and Clinical Immunology. 1996;98(1):133–43. [PubMed: 8765827] 

30. Whitsett JA, and Alenghat T. Respiratory epithelial cells orchestrate pulmonary innate immunity. 
Nat Immunol. 2015;16(1):27–35. [PubMed: 25521682] ** An authoritative review describing the 
regional differences in pulmonary innate immunity.

31. Akira S, and Takeda K. Toll-like receptor signaling. Nature Reviews Immunology. 2004;4(7):499–
511.

32. Akira S, Uematsu S, and Takeuchi O. Pathogen Recognition and Innate Immunity. Cell 
(Cambridge MA). 2006;124(4):783–801.

33. Liu P, Jamaluddin M, Li K, Garofalo RP, Casola A, and Brasier AR. Retinoic Acid-Inducible Gene 
I Mediates Early Antiviral Response and Toll-Like Receptor 3 Expression in Respiratory Syncytial 
Virus-Infected Airway Epithelial Cells. The Journal of Virology. 2007;81(3):1401–11. [PubMed: 
17108032] 

34. Alexopoulou L, Holt AC, Medzhitov R, and Flavell RA. Recognition of double-stranded RNA and 
activation of NF-[kappa]B by Toll-like receptor 3. Nature (London). 2001;413(6857):732–8. 
[PubMed: 11607032] 

35. Choudhary S, Boldogh I, and Brasier AR. Inside-out signaling pathways from nuclear reactive 
oxygen species control pulmonary innate immunity. Journal of innate immunity. 2016.

36. Hoffmann A, and Baltimore D. Circuitry of nuclear kappaB factor signaling. Immunological 
Review. 2006;210:171–86.

37. Bertolusso R, Tian B, Zhao Y, Vergara LA, Sabree A, Iwanaszko M, et al. Dynamic Cross Talk 
Model Of The Epithelial Innate Immune Response To Double-Stranded Rna Stimulation: 
Coordinated Dynamics Emerging From Cell-Level Noise. PLoS ONE. 2014;9(4):e93396. 
[PubMed: 24710104] 

38. Czerkies M, Korwek Z, Prus W, Kochanczyk M, Jaruszewicz-Blonska J, Tudelska K, et al. Cell 
fate in antiviral response arises in the crosstalk of IRF, NF-kappaB and JAK/STAT pathways. 
2018;9(1):493.

Brasier Page 10

Expert Rev Respir Med. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



39. Brasier AR, Tian B, Jamaluddin M, Kalita MK, Garofalo RP, and Lu M. RelA Ser276 
phosphorylation-coupled Lys310 acetylation controls transcriptional elongation of inflammatory 
cytokines in respiratory syncytial virus infection. J Virol. 2011;85(22):11752–69. [PubMed: 
21900162] ** The first description of inducible transcriptional elongation mediated by the BRD4 
complex in response to viral infection.

40. Tian B, Zhang Y, Luxon BA, Garofalo RP, Casola A, Sinha M, et al. Identification of NF-kappaB-
dependent gene networks in respiratory syncytial virus-infected cells. J Virol. 2002;76(13):6800–
14. [PubMed: 12050393] 

41. Tian B, Yang J, Zhao Y, Ivanciuc T, Sun H, Garofalo RP, et al. Bromodomain Containing 4 
(BRD4) Couples NFκB/RelA With Airway Inflammation And The IRF-RIG-I Amplification Loop 
In Respiratory Syncytial Virus Infection Journal of Virology. 2017;91:doi: 10.1128/JVI.00007-17

42. Tian B, Zhao Y, Kalita M, Edeh CB, Paessler S, Casola A, et al. CDK9-dependent transcriptional 
elongation in the innate interferon-stimulated gene response to respiratory syncytial virus infection 
in airway epithelial cells. J Virol. 2013;87(12):7075–92. [PubMed: 23596302] 

43. Fang L, Choudhary S, Tian B, Boldogh I, Yang C, Ivanciuc T, et al. Ataxia Telangiectasia Mutated 
Kinase Mediates NF-kappaB Serine 276 Phosphorylation and Interferon Expression via the IRF7-
RIG-I Amplification Loop in Paramyxovirus Infection. J Virol. 2015;89(5):2628–42. [PubMed: 
25520509] 

44. Holt PG, Strickland DH, Wikstrom ME, and Jahnsen FL. Regulation of immunological 
homeostasis in the respiratory tract. Nature reviews Immunology. 2008;8(2):142–52.

45. Boldogh I, Basci A, Choudhary B, Dharajiya N, Alam R, Hazdra T, et al. ROS generated by pollen 
NADPH oxidase provide a signal that augments antigen-induced allergic airway inflammation. 
Journal of Clinical Investigation. 2005;115(8):2169–79. [PubMed: 16075057] 

46. Rezaee F Polyinosinic:polycytidylic Acid Induces Protein Kinase D-dependent Disassembly of 
Apical Junctions and Barrier Dysfunction in Airway Epithelial Cells. The Journal of allergy and 
clinical immunology. 2011;128:1216–24. [PubMed: 21996340] 

47. Liesman RM, Buchholz UJ, Luongo CL, Yang L, Proia AD, DeVincenzo JP, et al. RSV-encoded 
NS2 promotes epithelial cell shedding and distal airway obstruction. The Journal of Clinical 
Investigation. 2014;124(5):2219–33. [PubMed: 24713657] 

48. Lambrecht BN, and Hammad H. The airway epithelium in asthma. Nat Med. 2012;18(5):684–92. 
[PubMed: 22561832] 

49. Xiao C, Puddicombe SM, Field S, Haywood J, Broughton-Head V, Puxeddu I, et al. Defective 
epithelial barrier function in asthma. The Journal of allergy and clinical immunology. 2011;128(3):
549–56 e1–12.

50. Hosoki K, Redding D, Itazawa T, Chakraborty A, Tapryal N, Qian S, et al. Innate mechanism of 
pollen- and cat dander-induced oxidative stress and DNA damage in the airways. The Journal of 
allergy and clinical immunology. 2017.

51. Peebles RS, and Graham BS. Pathogenesis of Respiratory Syncytial Virus Infection in the Murine 
Model. Proceedings of the American Thoracic Society. 2005;2(2):110–5. [PubMed: 16113477] 

52. Crystal RG, Randell SH, Engelhardt JF, Voynow J, and Sunday ME. Airway Epithelial Cells. 
Proceedings of the American Thoracic Society. 2008;5(7):772–7. [PubMed: 18757316] 

53. Zhao Y, Jamaluddin M, Zhang Y, Sun H, Ivanciuc T, Garofalo RP, et al. Systematic Analysis of 
Cell-Type Differences in the Epithelial Secretome Reveals Insights into the Pathogenesis of 
Respiratory Syncytial Virus-Induced Lower Respiratory Tract Infections. Journal of immunology 
(Baltimore, Md : 1950). 2017;198(8):3345–64.* An unbiased proteomic study of the regional 
differences in the innate immune response between bronchiolar- and tracheal derived epithelial 
cells.

54. Olszewska-Pazdrak B, Casola A, Saito T, Alam R, Crowe SE, Mei F, et al. Cell-specific expression 
of RANTES, MCP-1, and MIP-1alpha by lower airway epithelial cells and eosinophils infected 
with respiratory syncytial virus. J Virol. 1998;72(6):4756–64. [PubMed: 9573240] 

55. Rawlins EL, Okubo T, Xue Y, Brass DM, Auten RL, Hasegawa H, et al. The role of Scgb1a1+ 
Clara cells in the long-term maintenance and repair of lung airway, but not alveolar, epithelium. 
Cell Stem Cell. 2009;4(6):525–34. [PubMed: 19497281] 

Brasier Page 11

Expert Rev Respir Med. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



56. Tian B, Yang J, Zhao Y, Ivanciuc T, Sun H, Wakamiya M, et al. Central Role of the NF-kappaB 
Pathway in the Scgb1a1-Expressing Epithelium in Mediating Respiratory Syncytial Virus-Induced 
Airway Inflammation. J Virol. 2018;92(11).** Tissue selective knockout of the NFkB arm of the 
innate pathway in bronchiolar-derived epithelial cells shows reduction in inflammation, AHR and 
disease in a mouse model.

57. Tian B, Liu Z, Yang J, Sun H, Zhao Y, Wakamiya M, et al. Selective Antagonists of the 
Bronchiolar Epithelial NF-kappaB-Bromodomain-Containing Protein 4 Pathway in Viral-Induced 
Airway Inflammation. Cell Rep. 2018;23(4):1138–51. [PubMed: 29694891] ** This study 
demonstrates that the NFkB pathway in the bronchiolar-derived epithelial cell is responsible for 
inducible BRD4 HAT activity. Application of selective BRD4 inhibitors reduce viral 
inflammation.

58. Stowell NC, Seideman J, Raymond HA, Smalley KA, Lamb RJ, Egenolf DD, et al. Long-term 
activation of TLR3 by poly(I:C) induces inflammation and impairs lung function in mice. Respir 
Res. 2009;10:43. [PubMed: 19486528] 

59. Harris P, Sridhar S, Peng R, Phillips JE, Cohn RG, Burns L, et al. Double-stranded RNA induces 
molecular and inflammatory signatures that are directly relevant to COPD. Mucosal immunology. 
2013;6(3):474–84. [PubMed: 22990623] 

60. Tully JE, Hoffman SM, Lahue KG, Nolin JD, Anathy V, Lundblad LKA, et al. Epithelial NF-κB 
Orchestrates House Dust Mite–Induced Airway Inflammation, Hyperresponsiveness, and Fibrotic 
Remodeling. The Journal of Immunology. 2013.

61. Bezemer GF, Sagar S, van Bergenhenegouwen J, Georgiou NA, Garssen J, Kraneveld AD, et al. 
Dual role of Toll-like receptors in asthma and chronic obstructive pulmonary disease. Pharmacol 
Rev. 2012;64(2):337–58. [PubMed: 22407613] 

62. Tian B, Zhao Y, Sun H, Zhang Y, Yang J, and Brasier AR. BRD4 Mediates NFkB-dependent 
Epithelial-Mesenchymal Transition and Pulmonary Fibrosis via Transcriptional Elongation. The 
American Journal of Physiology -Lung Cellular and Molecular Physiology 2016;311(6):L1183–
L201. [PubMed: 27793799] * A key mechanistic study demonstrating that NFkB mediates 
epithelial cell-state change in normal epithelial cells.

63. Holgate ST, Lackie PM, Davies DE, Roche WR, and Walls AF. The bronchial epithelium as a key 
regulator of airway inflammation and remodelling in asthma. Clinical & Experimental Allergy. 
1999;29:90–5. [PubMed: 10421830] 

64. Sisson TH, Mendez M, Choi K, Subbotina N, Courey A, Cunningham A, et al. Targeted injury of 
type II alveolar epithelial cells induces pulmonary fibrosis. Am J Respir Crit Care Med. 
2010;181(3):254–63. [PubMed: 19850947] 

65. Schiller HB, Fernandez IE, Burgstaller G, Schaab C, Scheltema RA, Schwarzmayr T, et al. Time- 
and compartment-resolved proteome profiling of the extracellular niche in lung injury and repair. 
Mol Syst Biol. 2015;11(7):819. [PubMed: 26174933] 

66. Tian B, Widen SG, Yang J, Wood TG, Kudlicki A, Zhao Y, et al. NFκB is a Master Transcription 
Factor Mediating Partial-to Fully Committed Epithelial-Mesenchymal Transition. Journal of 
Biological Chemistry. 2018;in press.

67. Kalluri R, and Weinberg RA. The basics of epithelial-mesenchymal transition. J Clin Invest. 
2009;119(6):1420–8. [PubMed: 19487818] 

68. Tian B, Li X, Kalita M, Widen SG, Yang J, Bhavnani SK, et al. Analysis of the TGFbeta-induced 
program in primary airway epithelial cells shows essential role of NF-kappaB/RelA signaling 
network in type II epithelial mesenchymal transition. BMC Genomics. 2015;16(1):529. [PubMed: 
26187636] 

69. Tian B, Patrikeev I, Ochoa L, Vargas G, Belanger KK, Litvinov J, et al. NF-kappaB Mediates 
Mesenchymal Transition, Remodeling, and Pulmonary Fibrosis in Response to Chronic 
Inflammation by Viral RNA Patterns. Am J Respir Cell Mol Biol. 2017;56(4):506–20. [PubMed: 
27911568] 

70. Devaiah BN, Lewis BA, Cherman N, Hewitt MC, Albrecht BK, Robey PG, et al. BRD4 is an 
atypical kinase that phosphorylates serine2 of the RNA polymerase II carboxy-terminal domain. 
Proc Natl Acad Sci U S A. 2012;109(18):6927–32. [PubMed: 22509028] 

Brasier Page 12

Expert Rev Respir Med. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



71. Devaiah BN, Case-Borden C, Gegonne A, Hsu CH, Chen Q, Meerzaman D, et al. BRD4 is a 
histone acetyltransferase that evicts nucleosomes from chromatin. Nat Struct Mol Biol. 
2016;23(6):540–8. [PubMed: 27159561] 

72. Brown JD, Lin CY, Duan Q, Griffin G, Federation AJ, Paranal RM, et al. NF-kappaB directs 
dynamic super enhancer formation in inflammation and atherogenesis. Mol Cell. 2014;56(2):219–
31. [PubMed: 25263595] 

73. Tian B, Liu Z, Litvinov J, Maroto R, Jamaluddin M, Rytting E, et al. Efficacy of Novel Highly 
Specific Bromodomain-Containing Protein 4 Inhibitors in Innate Inflammation-Driven Airway 
Remodeling. Am J Respir Cell Mol Biol. 2018.** Demonstration that the TLR3 agonists activate 
mucosal BRD4 and small molecule inhibitors of BRD4 interfere with inflammation-remodeling.

74. Karvonen HM, Lehtonen ST, Harju T, Sormunen RT, Lappi-Blanco E, Mäkinen JM, et al. 
Myofibroblast expression in airways and alveoli is affected by smoking and COPD. Respiratory 
Research. 2013;14(1):84. [PubMed: 23937155] 

75. Kim KK, Kugler MC, Wolters PJ, Robillard L, Galvez MG, Brumwell AN, et al. Alveolar 
epithelial cell mesenchymal transition develops in vivo during pulmonary fibrosis and is regulated 
by the extracellular matrix. Proc Natl Acad Sci U S A. 2006;103(35):13180–5. [PubMed: 
16924102] 

76. Phillips RJ, Burdick MD, Hong K, Lutz MA, Murray LA, Xue YY, et al. Circulating fibrocytes 
traffic to the lungs in response to CXCL12 and mediate fibrosis. J Clin Invest. 2004;114(3):438–
46. [PubMed: 15286810] 

77. Carroll NG, Perry S, Karkhanis A, Harji S, Butt J, James AL, et al. The airway longitudinal elastic 
fiber network and mucosal folding in patients with asthma. Am J Respir Crit Care Med. 
2000;161(1):244–8. [PubMed: 10619827] 

78. Dube J, Chakir J, Laviolette M, Saint Martin S, Boutet M, Desrochers C, et al. In vitro procollagen 
synthesis and proliferative phenotype of bronchial fibroblasts from normal and asthmatic subjects. 
Lab Invest. 1998;78(3):297–307. [PubMed: 9520943] 

79. Thannickal VJ. Mechanisms of pulmonary fibrosis: role of activated myofibroblasts and NADPH 
oxidase. Fibrogenesis & tissue repair. 2012;5(1):S23. [PubMed: 23259497] 

80. Royce SG, Tan L, Koek AA, and Tang ML. Effect of extracellular matrix composition on airway 
epithelial cell and fibroblast structure: implications for airway remodeling in asthma. Annals of 
allergy, asthma & immunology : official publication of the American College of Allergy, Asthma, 
& Immunology. 2009;102(3):238–46.

81. Tian B, Hosoki K, Liu Z, Yang J, Sun H, Zhou J, et al. Mucosal Bromodomain-Containing Protein 
4 (BRD4) Regulates Aeroallergen-induced Airway Remodeling and Sensitization Journal Allergy 
and Clinical Immunology. 2019;in press.

82. Zhang Y, Sun H, Zhang J, Brasier AR, and Zhao Y. Quantitative Assessment of the Effects of 
Trypsin Digestion Methods on Affinity Purification-Mass Spectrometry-based Protein-Protein 
Interaction Analysis. J Proteome Res. 2017;16(8):3068–82. [PubMed: 28726418] 

83. Liu Z, Wang P, Chen H, Wold EA, Tian B, Brasier AR, et al. Drug Discovery Targeting 
Bromodomain-Containing Protein 4. J Med Chem. 2017;60(11):4533–58. [PubMed: 28195723] 

84. Liu Z, Tian B, Chen H, Wang P, Brasier AR, and Zhou J. Discovery of potent and selective BRD4 
inhibitors capable of blocking TLR3-induced acute airway inflammation. European Journal of 
Medicinal Chemistry. 2018;151:450–61. [PubMed: 29649741] 

Brasier Page 13

Expert Rev Respir Med. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4.

Key Issues

1. The mucosal NFκB pathway is responsible for acute innate inflammation and 

anti-viral IFN production.

2. Repetitive or tonic activation of the NFκB pathway results in epigenetic 

reprogramming of the mucosa resulting in cell state transition, EMT and 

mucous metaplasia.

3. Chronic activation of NFκB repositions the atypical histone acetyltransferase, 

BRD4 onto chromatin of fibrogenic genes, resulting in their activation and 

stimulation of remodeling.

4. An essential role of bronchiolar derived cells from Scgb1a1-expressing 

progenitors in mediating TLR induced neutrophilia, Th2 polarization, 

extracellular matrix deposition and myofibroblast expansion has been 

identified.

5. The BRD4 bromodomain is a therapeutic target in AEs mediated by virus or 

aero-allergens.

6. Structure-based drug design has yielded novel, highly selective inhibitors of 

BRD4.

7. BRD4 inhibitors are potent anti-inflammatory and anti-remodeling agents.
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Figure 1. 
The role of the airway epithelial cell in acute exacerbation. Schematic model of the 

bronchiolar-derived airway cell in sensing the presence of pathogen associated molecular 

patterns. Although other epithelial cells express toll like receptors to sense viral patterns, 

allergens and danger signals, the bronchiolar cells release distinct patterns of fibrogenic 

cytokines (IL-6), Th2-polarizing cytokines (TSLP), mucogenic cytokines (CCl-20) and 

exosomal cargo. These factors are responsible for neutrophilic inflammation and shape Th2 

polarization and airway remodeling.
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Figure 2. 
NFκB-BRD4 signaling in innate inflammation and remodeling. Schematic model of 

mucosal epithelial cell in the bronchiolar epithelium. TLR liberates NFκB from sequestered 

cytoplasmic stores, in cooperation with oxidative stress generated by activated TLR RelA is 

phosphorylated on Ser residue 276, a post-translational modification required for binding to 

BRD4. Transient, short term activation of NFκB results in highly inducible gene expression 

of innate response genes. By contrast, persistent activation of NFkB signaling results in 

activation of mesenchymal core regulatory proteins and the fibrotic pathway. NFκB•BRD4 

complex links innate inflammation with epigenetic programming and airway remodeling.
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Figure 3. 
Linkage of innate inflammation with mesenchymal transition. Repetitive oxidative stress 

mediated by TLR3 agonists (virus), TLR4/2 agonists [aero-allergens, such as cat dander 

(CD) or house dust mite (HDM)] exposure activates NFκB/RelA to complex with the BRD4 

coactivator in the airway epithelial cells and upregulates its atypical histone acetyltransferase 

(HAT) activity. Subsequently, mesenchymal transition and production of fibrogenic 

cytokines induces airway remodeling including myofibroblast transdifferentiation, and 

extracellular matrix formation.
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