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Abstract 

Epigenetic alterations such as histone acetylation, regulates the signaling outcomes and phenotypic 

responses of fibroblasts following growth factor stimulation. The bromodomain and extra-terminal 

domain containing proteins (Brd) bind to acetylated histone residues resulting in recruitment of 

components of the transcriptional machinery and subsequent gene transcription. Given the central 

importance of fibroblasts in tissue fibrosis, we sought to determine the role of Brd proteins in human 

lung fibroblasts (LFs) following growth factor stimulation and in the murine bleomycin model of lung 

fibrosis. Here we demonstrate using siRNA against human Brd2 and Brd4 and pharmacological Brd 

inhibitors, that Brd2 and Brd4 are essential in mediating the phenotypic responses of LFs downstream 

of multiple growth factor pathways. Growth factor stimulation of LFs causes increased histone 

acetylation, association of Brd4 with growth factor-responsive genes, and enhanced transcription of 

these genes that could be attenuated with pharmacological Brd inhibitors.  Importantly, lung fibrosis 

induced following intratracheal bleomycin challenge in mice could be prevented by pre-treatment of 

animals with pharmacological inhibitors of Brd proteins. This study is the first demonstration of a role 

for Brd2 and Brd4 proteins in mediating the responses of LFs following growth factor stimulation and 

in driving the induction of lung fibrosis in mice in response to bleomycin challenge. 
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Introduction 

The diverse responses of ex vivo cultured fibroblasts to exogenously applied growth factors including 

PDGF-BB and TGFβ1 have been widely studied with changes in proliferation (Bonner et al., 1990), 

migration (Suganuma et al., 1995), extracellular matrix production (Eickelberg et al., 1999; Zhao, 

1999), contraction (Wen et al., 2001), and cytokine release (Pelaia et al., 2007) reported. The role of 

epigenetic alterations in driving these diverse phenotypic responses has not been extensively studied 

to date, although some reports suggest that histone acetylation may orchestrate the responses of 

fibroblasts following stimulation of these growth factor pathways. For instance, it has been 

demonstrated that P300 is involved in the Smad-dependent induction of type I collagen gene 

(COL1A2) expression in human skin fibroblasts following TGFβ stimulation which was dependent on 

histone acetyltransferase activity of the protein (Ghosh et al., 2000).  Further studies from the same 

group demonstrated accumulation of p300 on consensus Smad-binding DNA sequences and histone 

H4 hyperacetylation at the COL1A2 locus following TGFβ stimulation of fibroblasts (Ghosh et al., 

2009). Likewise, PDGF-BB mediated vascular smooth muscle cell migration and proliferation is 

associated with increased histone H3 acetylation likely through the up-regulation of P300 and 

subsequent chromatin remodeling  (Azahri et al., 2012). 

Proteins containing evolutionary conserved protein folds called bromodomains (Brd) that recognize 

acetylated lysines residues on core histones couple histone modifications to gene transcription through 

the recruitment of co-activator proteins involved in transcriptional initiation and elongation  (Sanchez 

and Zhou, 2009). Recently small molecule acetyl-lysine mimetics (I-BET, JQ1) have been identified 

that compete with members of the BET (bromodomains and extra-terminal) family of Brds that 

include Brd2, 3, and 4 for binding to acetylated lysine residues (Chung et al., 2011; Filippakopoulos 

et al., 2010; Nicodeme et al., 2010). Compelling data generated using these molecules has 

demonstrated that Brd members are implicated in a wide range of inflammatory diseases (Nicodeme 

et al., 2010) and malignancies (Delmore et al., 2011; Filippakopoulos et al., 2010),.  
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The findings highlighted above, prompted us to assess the contribution of Brd proteins in regulating 

the phenotypic responses of LFs following TGFβ1 and PDGF-BB stimulation. Here we demonstrate 

that treatment of LFs with TGFβ1 results in dynamic acetylation of lysine 5 of histone H4 (AcH4K5), 

a histone modification reported to be a binding site for Brd family members including Brd4 (Liu et al., 

2008). Chromatin-immunoprecipitation / quantitative PCR (Ch-IP qPCR) using anti-Brd4 antibodies 

demonstrates that the promoters of IL-6, αSMA, and PAI-1 are occupied by Brd4 following TGFβ1 

stimulation.  Consequently, the transcription of a number of TGFβ1-responsive genes can be reduced 

by pre-incubation of LFs with JQ1. The functional consequences of pharmacological inhibition of Brd 

proteins is manifested in a reduction in LF proliferation, migration, extracellular matrix production, 

cytokine secretion, and filamentous αSMA induction mediated by TGFβ1 and PDGF-BB. We also 

demonstrate using siRNA treatment, that Brd2 and Brd4 are involved in mediating these responses in 

LFs stimulated with TGFβ1.  

The significant role of LFs in contributing to the aberrant accumulation of extracellular matrix and 

subsequent scarring of the interstitial space of the lung in diseases such as idiopathic pulmonary 

fibrosis (IPF) (Scotton and Chambers, 2007) also prompted us to assess the impact of Brd inhibitors 

on the development of bleomycin-induced pulmonary fibrosis. Here we also provide the first 

demonstration that orally bioavailable Brd inhibitors are capable of preventing the development of 

experimental pulmonary fibrosis in mice.  

In summary, our study represents that first demonstration that Brd containing epigenetic readers 

orchestrate the phenotypic responses of LFs downstream of multiple growth factor pathways that have 

been implicated in driving interstitial lung fibrosis. In addition, we also provide the first 

demonstration that orally bioavailable Brd inhibitors are capable of preventing the development of 

experimental pulmonary fibrosis in mice. Taken together, our data strongly suggests that Brd 

inhibitors may represent attractive clinical development candidates for the treatment of interstitial 
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lung fibrosis particularly as they appear to exhibit pleiotropic action downstream of multiple 

profibrotic pathways 

Materials and Methods: 

Cell culture: 

LFs obtained from healthy, non-smoking donors, (Lonza Rockland Inc., Rockland, ME, USA) were 

grown at 370C in a humidified 5% CO2 atmosphere in complete medium (FGM-2 containing 2% (v/v) 

foetal bovine serum (FBS) and additional supplements according to the manufacturer’s instructions). 

Where indicated, LFs were serum starved conditions (FGM-2 containing 0.1% (v/v) FBS and 

additional supplements according to the manufacturer’s instructions).  For all experiments LFs were 

used between passages 5 and 9. 

Antibodies and reagents: 

Human PDGF-BB, TGFβ1 (Peprotech, Rocky Hill, NJ, USA), SB525334 (EMD4 Biosciences, 

Rockland, MA, USA), JQ1 [[(S)-4-(4-Chloro-phenyl)-2, 3, 9-trimethyl-6H-1-thia-5, 7, 8, 9 atetraaza-

cyclopenta[e]azulen-6-yl]-acetic acid tert-butyl ester] and I-BET [7-(3,5-Dimethyl-4-isoxazolyl)-1,3-

dihydro-8-methoxy-1-[(1R)-1-(2-pyridinyl)ethyl]-2H-imidazo[4,5-c]quinolin-2-one] that represent 2 

well characterized small molecule Brd antagonists were synthesized as previously described 

(Filippakopoulos et al., 2010), (Nicodeme et al., 2010). BioCoatTM Collagen I 96-well clear black 

plates, 8μm pore size 24 well BD FalconTM cell culture inserts, Cytofix / Cytoperm fixation / 

permeabilization solution kit, mouse anti-human Smad2/3 antibody (BD Biosciences, Franklin Lakes, 

NJ, USA), BrdU proliferation assay kit (Calbiochem, San Diego, CA, USA), Odyssey blocking buffer 

(LI-COR Biosciences, Lincoln, NE, USA), DAPI [4',6-diamidino-2-phenylindole], Lipofectamine 

RNAiMax, Polyvinylidene fluoride (PVDF), 4-12% (w/v) SDS-PAGE gels (Invitrogen, Grand Island, 

NY, USA), AlphaLisa IL-6 kit (Perkin Elmer, Waltham, MA, USA), Gurr fixative solution, 

methylene blue stain (BDH Chemicals, Bridgeport, NJ, USA), RNeasy plus mini kit, quantitative 
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PCR probe / primer sets for human fibronectin 1, collagen 1A1, 18S ribosomal RNA, Brd2, Brd3, 

Brd4, pre-designed short interfering RNA (siRNA) for human Brd2, Brd3, Brd4, TGFβ receptor I 

(TGFβRI), RT2 profiler PCR human wound healing array, Ch-IP EpiTect Ch-IP One-Day kit  (Qiagen 

Inc., Valencia, CA, USA), AffinityScript qPCR cDNA synthesis kit (Stratagene, Santa Clara, CA, 

USA),  RIPA buffer, rabbit anti-human pSmad2 antibody, rabbit anti-human pERK1/2 antibody, (Cell 

Signaling Technology, Danvers, MA, USA), mouse anti-human ERK1/2 (Santa Cruz Biotechnology, 

Santa Cruz, CA, USA), BioFX® Colorimetric detection system (BioFX Laboratories Inc., Owings 

Mills, MD, USA), BCA protein assay kit (Thermo Scientific, Hudson, NH, USA). Antibodies for Ch-

IP were rabbit anti-human AcH4K5 antibody (Epigentek, Farmingdale, NY, USA), rabbit anti-human 

Brd4 (Active Motif, Carlsbad, CA, USA), rabbit anti IgG (Abcam, Cambridge, MA, USA). EpiTect 

Ch-IP qPCR primers for the human IL-6, αSMA and PAI-1 promoters within -1kb and +1kb of the 

transcriptional start sites (TSS), (Qiagen Inc., Valencia, CA, USA).  

Assessment of proliferation using BrdU incorporation 

LFs were seeded in BioCoat™ Collagen I 96-well clear black plates at a density of 8 x 103 cells / well 

and incubated overnight in complete medium after which the cells were starved with basal media 

containing 0.1% (v/v) FBS for 24 hours. The cells were incubated with JQ1 and / or I-BET for 2 hours 

at the concentrations indicated and were then stimulated with PDGF-BB (100 ng/mL) for 48 hours. 

Proliferation was assessed by determining the incorporation of BrdU using a BrdU proliferation assay 

kit in accordance with the manufacturer's protocol. The degree of BrdU incorporation was assessed 

using an EnVision® Multi-label Reader (Perkin Elmer Inc., San Jose, CA, USA). 

Filamentous αSMA induction     

LFs were seeded in BioCoat™ Collagen I 96-well clear black plates at a density of 2 x 104 cells / well 

and incubated overnight in complete medium after which the cells were starved with basal media 

containing 0.1% (v/v) FBS for 24 hours. The cells were incubated with JQ1 and / or I-BET for 2 hours 

at the concentrations indicated and were then stimulated with TGFβ1 (10 ng/mL) for 48 hours. Cells 
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were permeabilized, fixed, and washed with Cytofix / Cytoperm fixation / permeabilization solution 

kit as indicated by the manufacturer’s instructions. The cells were blocked using Odyssey Blocking 

buffer for 1 hour at room temperature after which the cells were incubated with mouse anti-αSMA 

antibody (1:200) for 3 hours at room temperature. Following extensive washing the cells were 

incubated with goat anti-mouse IgG Alexa Fluor488-conjugated secondary antibody (1:200) for 2 

hours which was followed by a further extensive washing. The fixed cells were counterstained with 

DAPI and images obtained (5x objective) and examined using an ArrayScan VTI HCS Reader 

(Thermo Scientific, Hudson, NH, USA) and quantitation conducted via the Cellomics target activation 

Bioapplication. After counterstaining the nuclei with DAPI, the cells were detected on the primary 

channel by a Hoechst-associated filter dependent upon size, shape and intensity thresholding.  αSMA-

Alexa-488 positive cells were identified on separate secondary channel using FITC- associated filters 

dependent upon intensity thresholding. The mean average intensity of αSMA / cell was calculated by 

the ArrayScan software as the total intensity of αSMA / field divided by the total number of cells / 

field. For the analysis 1000 cells were counted / well. 

Migration  

LF migration was performed using the BD Falcon HTS multiwell insert system as previously 

described (Goncharova et al., 2006). Briefly, 1.5 x 105 cells resuspended in 0.5 mLs basal media 

containing 0.1% (v/v) FBS containing vehicle, JQ1 (10 μmol/L) or I-BET (30 μmol/L), was added to 

the top chamber of the transwell plate and 1 mL of basal media containing 0.1% (v/v) FBS was added 

to the bottom chamber. After 2 hours of incubation, vehicle or PDGF-BB (100 ng/mL) was added to 

the bottom chamber of the transwell plate and the plate incubated overnight at 370C. The migrated 

cells were fixed by dipping the upper chamber in Gurr fixative solution for 5 minutes, air-dried and 

then stained with methylene blue solution for 5 minutes. The migrated cells were visualized on the 

fluorescence microscope and images captured. For quantification the stained cells were permeabilized 

with 1 mol/L HCl to dissolve the cell contents and release the methylene blue dye which was 
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subsequently measured colorimetrically using an EnVision® Multi-label Reader (Perkin Elmer Inc., 

San Jose, CA, USA). 

IL-6 secretion 

LFs were plated at 1 x 104 cells / well in 96 well plates in complete media and incubated overnight at 

370C. Media was removed and replaced with fresh complete medium and the cells treated with 

vehicle, JQ1 or I-BET for 1 hour at 370C after which the cells were stimulated TGFβ1 (10 ng/mL).  

Plates were incubated for an additional 24 hours at 370C prior to the removal of supernatant for IL-6 

analysis. IL-6 levels were assessed using a standard alphaLISA kit according to the recommended 

protocol.  All measurements were conducted using a PHERAstarPLUS luminescence microplate reader 

(BMG Labtech Inc., Cary, NC, USA). 

Knockdown of gene expression using siRNA 

Pre-designed short interfering RNA (siRNA) for Brd2, Brd3, Brd4, and TGFβRI were used to alter 

expression in LFs. For siRNA transfections, LFs were plated in 96 well plates in complete media at 

50% confluency and were transfected with Lipofectamine RNAi Max / siRNA mixtures following the 

manufacturer's instructions for 48 hours. The cells were then treated with TGFβ1 (10 ng/mL) in basal 

media containing 0.1% (v/v) FBS for 48 hours and the FMT assay conducted as outlined above. 

Knockdown of gene expression was assessed by quantitative real-time PCR (qPCR) as outlined 

below.  

Quantitative real-time PCR (qPCR) 

Total RNA was extracted using the RNeasy plus Mini kit and then transcribed to cDNA using 

AffinityScript QPCR cDNA Synthesis Kit. qPCR reactions were performed on an Mx3000P™ Real-

Time PCR System (Agilent Technologies Inc., Santa Clara, CA, USA). The resulting amplification 

and melt curves were analyzed to ensure specific PCR product. Threshold cycle (CT) values were 

used to calculate the fold change in transcript levels. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on October 31, 2012 as DOI: 10.1124/mol.112.081661

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL#81661 

 

11 

 

Western blotting 

Cells were lysed in RIPA buffer containing a protease inhibitor cocktail. Protein concentrations were 

determined by the BCA method. Equal amounts of proteins were resolved on 4-12% (w/v) SDS-

PAGE and transferred onto PVDF membranes. After blocking with non-fat dried milk, the 

membranes were incubated with rabbit anti-human pSmad2 (S465/467) (1:1,000) or mouse anti-

human Smad2/3 (1:1,000) overnight at 40C followed by detection using horseradish peroxidase-

labeled secondary antibodies. The proteins were visualized using the enhanced BioFX® colorimetric 

detection system. 

Smad2 nuclear translocation 

LFs were seeded in 96 well plates and then serum starved with basal media containing 0.1% (v/v) 

FBS for an additional 24 hours. Cells were then treated with vehicle or TGFβ1 (10 ng/ml) in basal 

media containing 0.1% (v/v) FBS for the indicated times. Cells were permeabilized, fixed, and 

washed with Cytofix / Cytoperm fixation / permeabilization solution kit as indicated by the 

manufacturer’s instructions and blocked using Odyssey Blocking buffer for 1 hour at room 

temperature.  The cells were co-stained with DAPI to visualize the nuclei and with mouse anti-human 

Smad2/3 antibody (1:500). DAPI counterstained nuclei were detected on the primary channel by a 

Hoechst-associated filter dependent upon size, shape and intensity thresholding. Smad2/3-Alexa-488 

stained cells were identified on a separate secondary channel using FITC-associated filters. An 

ArrayScan VTI HCS Reader (Thermo Scientific, Hudson, NH, USA) was used for image acquisition 

(10x objective) and quantitation conducted using the Cellomics  cytoplasm-to-nucleus Bioapplication. 

The cytoplasm-to-nucleus translocation algorithm divides the cell into two regions (the nucleus and 

the cytoplasm) based on the nuclear staining. The response variable for the assay is the difference 

between the average intensity of the nuclear and the cytoplasmic regions.  For the analysis 500 cells / 

well were counted. 

Human wound healing RT2 profiler PCR array  

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on October 31, 2012 as DOI: 10.1124/mol.112.081661

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL#81661 

 

12 

 

LFs were seeded in 6 well plates in complete media and then serum starved in basal media containing 

0.1% (v/v) FBS overnight. Vehicle or TGFβ1 (10 ng/mL) was applied in basal media containing 0.1% 

(v/v) FBS to the cells for 12 hours. Total RNA was extracted using the RNeasy plus Mini kit and then 

cDNA prepared as described above. The expression of genes related to wound healing were analyzed 

using the RT2 profiler PCR human wound healing genearray via qPCR. qPCR reactions were 

performed on an Mx3000P™ Real-Time PCR System (Agilent Technologies Inc., Santa Clara, CA, 

USA). The raw data was analyzed using the ddCt method and normalized to the housekeeping genes 

on the array (B2M, HPRT1, RPL13A, GAPDH, ACTB) following the manufacturer’s instructions. 

Fold stimulation was assessed by comparing normalized CT values of the treated samples to untreated 

baseline controls and up-regulated genes were considered to be those that demonstrated > 2-fold up-

regulation over baseline.  CT values of 35 or greater were considered to represent expression below 

the level of detection.   

Ch-IP / qPCR 

LFs were stimulated with vehicle or 10  ng/mL TGFβ1 for 1 hour and Ch-IP was performed using a 

Ch-IP EpiTect Ch-IP One-Day kit (Qiagen, Valencia, CA) according to the manufacturer’s 

instructions. Briefly, following stimulation cells were treated with 1% (v/v) formaldehyde for 10 

minutes at 370C to cross-link proteins to DNA. The cross-linking reaction was terminated by addition 

of stop buffer. To generate DNA-fragments of approximately 500 to 1500 bps in length, the cross-

linked chromatin was sonicated on ice for 7 minutes using an Ultrasonic processor (Sigma) at 15 

seconds on and 30 seconds off. Ch-IP assays were performed using 1x106 cells / 8μg antibody using 

Ch-IP grade antibodies. Antibody complexes were recovered by incubation with protein-A agarose 

with rocking for at least 1 hour at 40C. After reversal of the cross-links, qPCR was performed on an 

Mx3000P™ Real-Time PCR System (Agilent Technologies Inc., Santa Clara, CA, USA). The 

resulting amplification and melt curves were analyzed to ensure specific PCR product. Threshold 

cycle (CT) values were used to calculate the fold-enhancement.   
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Murine model of pulmonary fibrosis 

Animals 

Male C57BL6/J mice (7-9 weeks old) were purchased from the Jackson Laboratory (Bar Harbor, 

ME), housed under pathogen-free conditions with food and water ad libitum.  All animal care and 

experimental procedures were approved by the Roche Animal Care and Use Committee which is a 

facility accredited by the American Association for the Accreditation of Laboratory Animal Care 

(AAALAC).   

Administration of JQ1 and bleomycin  

Animals were administered bleomycin (2 U/kg) or normal saline (NS) as described previously 

(Phillips et al., 2011). Animals were fed either normal chow diet (Purina Rodent Chow #5001) or 

Purina Rodent Chow #5001 mixed with JQ1 and a coloring dye to identify the correct formulation for 

each group. For the JQ1-treated group 998.0333 g Purina Rodent Chow #5001, 1.66667 g of JQ1, and 

0.15 g FD&C Red Dye #40 was prepared to achieve a daily dose of 200 mg/kg. The dose was 

calculated on the assumption that the mice would consume 2.5 g per day and food consumption was 

monitored.  Animals remained on this diet beginning 1 day prior to bleomycin challenge until the end 

of the study (7 days post-bleomycin challenge).  

Assessment of inflammation and fibrosis 

At the end of the study, mice were euthanized and bled to measure compound levels in the plasma. 

Subsequently bronchoalveolar lavage (BAL) was performed, and total cell counts were performed as 

previously described (Phillips et al., 2011). For the analysis of 4-hydroxyproline, BALF samples were 

extracted with acetonitrile at volume of 1:6, respectively.  After centrifugation, acetic acid (0.1% in 

water) was then added to the supernatants at volume of 1.5:1, respectively. Samples were mixed and 

centrifuged before injection for LC/MS/MS analysis.  LC/MS/MS analysis was conducted by gradient 

HPLC with selective reaction monitoring (SRM). The calibration range was 40- 2,000 ng/mL.  Since 
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the control BALF matrix contained a basal level of HP (approximately 200 ng/mL), the calibration 

curve is corrected with the basal concentration determined by the standard addition.  The LC-MS/MS 

system used for the analysis consisted of an AB-Sciex API4000 with an electrospray source 

connected to an Agilent 1200 pump, an Waters 2777 autosampler, and an Agilent 1100 series column 

oven.  Chromatographic analysis was conducted by HILIC HPLC with an Ascentis Express HILIC 

(30 x 2.1 mm, 2.7 um) column.  The SRM transition is m/z 132 to m/z 41. 

 Results 

Brd2 and Brd4 mediate phenotypic responses of LFs downstream of growth factor signaling 

Stimulation of LFs with increasing concentrations of TGFβ1 resulted in a marked induction in the 

expression of filamentous αSMA (Figure 1A and 1B), a marker that has previously been reported to 

indicate fibroblasts undergoing transition to a more synthetic, myofibroblast phenotype (Liu et al., 

2004). As expected, the TGFβ1 (10 ng/mL)-mediated increase in αSMA was significantly attenuated 

following pre-treatment of the cells with the TGFβR1 receptor kinase inhibitor, SB525334 with an 

IC50 of 108.7 nM (Figure 1C and 1D). Pre-treatment of LFs with the Brd small molecule inhibitors 

also significantly inhibited the induction of αSMA following TGFβ1 treatment (10 ng/mL) with an 

IC50 of 42.8 nM and 438.9 nM for JQ1 and I-BET respectively (Figure 1C and 1D) indicating a role 

for Brd proteins in mediating this response. In order to assess the involvement of Brd2, Brd3 and Brd4 

in mediating αSMA induction in LFs, the cells were transfected with 4 individual siRNA sequences to 

Brd2, Brd3 and Brd4 for 48 hours prior to stimulation with TGFβ1 (Figure 2A). Transfection of LFs 

with all Brd2, Brd3 and Brd4 siRNA sequences resulted in knockdown of mRNA expression to 

varying degrees (Figure 2A).  Although the siRNA sequences reduced the expression of Brd2, Brd3 

and Brd4, only transfection of LFs with multiple Brd2 and Brd4 siRNA sequences significantly 

attenuated the response (Figure 2B and 2C). Thus, it appears from the data the Brd2 and Brd4 likely 

play significant roles in mediating αSMA induction in LFs in response to TGFβ1 stimulation. The 

observed differences in sensitivity to inhibition of αSMA induction in LFs following TGFβ1 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on October 31, 2012 as DOI: 10.1124/mol.112.081661

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL#81661 

 

15 

 

stimulation in cells previously transfected with Brd2, Brd3, or Brd4 siRNAs may be related to the 

recently reported ability of Brd isoforms to selectively bind to unique and in some cases, overlapping 

gene promoters (Leroy et al., 2012) 

To assess the functional involvement of Brd proteins in additional LF phenotypic responses 

downstream of growth factor signaling, JQ1 and I-BET were assessed for the capability to antagonize 

proliferation, migration, extracellular matrix production and cytokine production. Treatment of LFs 

with TGFβ1 (10 ng/mL) for 48 hours induced expression of extracellular matrix proteins collagen IA1 

by 10.5 ± 1.7 fold and fibronectin 5.7 ± 0.6 fold (Figure 3A and 3B). Pre-treatment of LFs with JQ1 

or I-BET inhibited TGFβ1-induced expression of collagen IA1 (Figure 3A) and fibronectin (Figure 

3B). I-BET has previously been reported to inhibit the expression of key inflammatory genes in 

activated macrophage including cytokines such as IL-6 (Nicodeme et al., 2010). Similar to the 

findings in activated macrophage, pre-treatment of LFs with JQ1 and I-BET also inhibited TGFβ1-

mediated secretion of IL-6 in a concentration-dependent manner with IC50 of 3.2 nM and 220.8 nM 

respectively (Figure 3C).  

LFs were also treated with PDGF-BB in order to assess the effects of JQ1 and I-BET on the mitogenic 

and migratory responses of these cells. In the conventional transwell system, stimulation of LFs with 

PDGF-BB (100 ng/mL) resulted in a 2.58 ± 0.23-fold enhancement of migration compared to vehicle 

(Figure 4A and 4B). Pre-treatment of LFs with JQ1 and I-BET partially but significantly (p < 0.05) 

inhibited the migratory responses mediated by PDGF-BB to 1.65 ± 0.15-fold and 1.86 ± 0.15-fold 

over vehicle respectively (Figure 4A and 4B). LFs also undergo a significant mitogenic response 

following stimulation with PDGF-BB (100 ng/mL) that was antagonized in a concentration-dependent 

manner by pre-treatment with JQ1 and I-BET (Figure 4C). These data demonstrate that Brd proteins 

play a significant role in choreographing selective phenotypic responses of LFs following stimulation 

with growth factors such as TGFβ1 and PDGF-BB.     

The impact of Brd inhibitors on upstream signaling and gene transcription in LFs 
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Consistent with the reported mode of action of JQ1 and I-BET (Chung et al., 2011; Filippakopoulos et 

al., 2010; Nicodeme et al., 2010), upstream signaling components of the PDGF-BB (data not shown) 

and TGFβ1 pathways were unaffected by pre-incubation of LFs with these molecules. The stimulation 

of LFs with TGFβ1 (10 ng/mL) resulted in phosphorylation Smad2 that was unperturbed by pre-

treatment of the cells with JQ1 and I-BET (Figure 5B). As loading controls we assessed the total level 

of protein per well via Coomassie Blue staining (Figure 5A) and also assessed the expression of total 

Smad2 in our protein extracts (Figure 5C). Furthermore, nuclear translocation of Smad2 following 

TGFβ1 stimulation of LFs was evident with maximal translocation occurring 30 minutes after the 

addition of the stimulus (Figure 5D and 5E). Pre-treatment of LFs with JQ1 (1μM) had no discernible 

effect on the nuclear translocation of Smad2 following TGFβ1 stimulation (Figure 5D and 5E).  

We also conducted experiments to assess whether the transcription of TGFβ1-responsive genes were 

sensitive to inhibition by Brd inhibitors. LFs were pre-treated with vehicle or JQ1 (1 μM) for 2 hours 

and then stimulated with TGFβ1 (10 ng/mL) for 12 hours and gene transcription assessed using a 

commercially available genearray (Figure 6). The transcription of most of the TGFβ1-responsive 

genes tested were significantly inhibited by pre-treatment with JQ1 suggesting that Brd proteins may 

be widely involved in regulating the transcriptional responses following TGFβ1 pathway activation in 

LFs.   These data also imply that the levels of acetylation on lysine residues of histone H3 and H4 

known to be bound by Brd2 and Brd4 should be dynamically regulated in a ligand-sensitive manner. 

To test this hypothesis, LFs were stimulated with TGFβ1 (10 ng/mL) for 1, 6 and 12 hours and Ch-IP 

was conducted using anti-AcH4K5 antibody followed by qPCR against sequences corresponding to 

the promoters of the IL-6, PAI-1, and αSMA genes within 1Kb upstream and downstream of their 

transcriptional start sites.  In these experiments we observed significant association of AcH4K5 with 

the IL-6, PAI-1, and αSMA promoters within 1 hour of TGFβ1 stimulation (Figure 7A). We have 

also used 2 additional complementary methods to assess global AcH4K5 levels and have 

demonstrated statistically significant increases in AcH4K5 levels following stimulation of LFs with 
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TGFβ1 (10ng/ml) consistent with Ch-IP qPCR data highlighted above (supplementary Figure 1A and 

B). Using the Ch-IP qPCR approach, we also assessed whether Brd4 associates with the promoters of 

the IL-6, PAI-1 and αSMA in a ligand-dependent manner. For these experiments we chose to focus 

on 1 hour of stimulation with TGFβ1 as the level of AcH4K5 associated with the IL-6 and PAI-1 

promoters was maximal at this time point.  Similar to the data observed with AcH4K5, we also 

detected increased association of Brd4 with the IL-6, PAI-1, and αSMA promoters within 1Kb of the 

transcriptional start site of each gene promoter after 1 hour of TGFβ1 stimulation compared to 

vehicle-treated cells (Figure 7B).  

The impact of a Brd inhibitor on bleomycin-induced lung injury 

Due to the significant effects of Brd inhibition on the phenotypic responses of LFs to growth factor 

stimulation and the association of aberrant growth factor activation of LFs in mediating the fibrotic 

responses in interstitial fibrotic diseases (Gunther et al., 2012; Scotton and Chambers, 2007; Selman 

et al., 2011), we next assessed the impact of JQ1 on the development of bleomycin-induced 

pulmonary fibrosis. We observed a statistically significant increase in the numbers of inflammatory 

cells recovered in the BAL fluid 7 days post-intratracheal bleomycin instillation (Figure 8A), which 

was accompanied by a significant increase in collagen production (Figure 8B). Animals fed chow 

containing JQ-1 (calculated to provide a 200mg / kg daily dose of JQ1) had an attenuated 

inflammatory response (Figure 8A) and reduced levels of 4-hydroxyproline (a surrogate marker of 

lung collagen) (Figure 8B) compared to animals fed normal chow diet.   
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Discussion 

To our knowledge this is the first published report demonstrating a role for Brd proteins in 

orchestrating the phenotypic responses of LFs downstream of growth factor signaling and in the 

development of experimental pulmonary fibrosis in mice.  

Most of the previous work examining the role of Brd proteins in regulating cellular responses, 

particularly Brd4,  has focused on the ability of these proteins to bind to acetylated histone residues. 

The molecular mechanisms leading to commitment of gene transcription in a Brd4-dependent manner 

are incompletely understood, however binding to acetylated lysines residues on histone H4 represents 

an early event in the process followed by recruitment of positive transcriptional elongation factor b 

(pTEFb) and the general initiation cofactor, Mediator that are necessary to allow RNA polymerase II 

to become appropriately phosphorylated and activated to permit transcription (Chiang, 2009). Our 

data suggests that these events are likely to occur following activation of the TGFβ and PDGF 

pathways in LFs allowing for the wide-scale induction of transcription and subsequent alterations in 

the phenotypic responses of LFs including enhanced migration, proliferation, extracellular matrix 

production, and cytokine release. We have not defined the mechanisms that lead to enhanced 

AcH4K5 levels in LFs following TGFβ1 stimulation, however other studies have shown that the 

histone acetyltransferase, P300 can mediate the acetylation of histone H4 following TGFβ1 challenge 

in skin fibroblasts that leads to induction of extracellular matrix protein production (Bhattacharyya et 

al., 2005; Ghosh et al., 2009; Ghosh et al., 2000). In addition to binding directly to acetylated lysine 

residues on modified histones, Brd4 has also been demonstrated to modulate cell signaling events by 

binding to acetylated, non-histone proteins such as the gammaherpes virus 68 orf73 protein (Ottinger 

et al., 2009)  and the RelA subunit of the NF-κB complex (Brasier et al., 2011; Huang et al., 2009), 

the latter example leading to enhanced transcription of NF-κB and the NF-κB-dependent 

transcriptional response (Huang et al., 2009). As several components of growth factor pathways, 

including the TGFβ pathway have been shown to be dynamically acetylated including Smad3 
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(Oussaief et al., 2009), we cannot exclude the possibility that Brd4 acts to modulate the phenotypic 

responses of LFs downstream of growth factor activation by binding to acetylated histones and non-

histone proteins alike.  

An appreciation of the complexity involved in the epigenetic regulation of gene transcription is 

rapidly becoming apparent and examples of this can be found in the regulation of wound healing 

responses in fibroblasts. For instance, there have been several reports highlighting the role of HDACs 

in facilitating the profibrotic responses of fibroblasts through the use of pan HDAC inhibitors (Guo et 

al., 2009) and more specific class I HDAC inhibitors (Davies et al., 2012). In contrast, several studies 

have shown that HATs such as P300 mediate histone acetylation leading to enhanced TGFβ / Smad 

signaling and profibrotic responses (Ghosh et al., 2000), (Bhattacharyya et al., 2005). The apparent 

ambiguity in these findings is likely related to the myriad of different sites on chromatin that can be 

modified by acetylation and other post-translational modifications culminating in distinctly different 

phenotypic outcomes (Shahbazian and Grunstein, 2007).  Interestingly, P300 has been demonstrated 

to be recruited to the COL1A2 promoter leading to hyperacetylation of histone H4 following TGFβ1 

stimulation of normal human skin fibroblasts (Ghosh et al., 2009), a histone modification that would 

be expected to lead to enrichment of Brd4 proteins on affected promoters (Chiang, 2009). In contrast, 

hyperacetylation of histone H3 induced following the addition of the class I HDAC inhibitor 

Spiruchostatin A has been associated with the inhibition of profibrotic responses of LFs from 

unaffected donor controls and IPF patients (Davies et al., 2012). In the case of the cardiac myocyte, 

studies have shown that different HDAC isoforms can exert opposing effects on the hypertrophic 

response of this cell type.  For instance, the class II HDAC, HDAC5 suppresses cardiac myocyte 

hypertrophy by inhibiting the activity of the transcription factor, MEF2 (Vega et al., 2004). In 

comparison, the class I HDACs, HDAC1 and HDAC2 mediate cardiac hypertrophy possibly through 

the induction of autophagic responses  (Cao et al., 2011). Although the exact molecular mechanisms 

involved in the dichotomous regulation of cardiac myocyte hypertrophy have not been completely 
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elucidated in the aforementioned studies, they serve to powerfully underscore the fact that differential 

histone acetylation can lead to dramatically divergent functional outcomes.    

Our data suggests that Brd proteins, particularly Brd2 and Brd4, are involved on orchestrating the 

responses of LFs in to growth factors like PDGF-BB and TGFβ1. Interestingly, these pathways have 

previously been linked to the development of interstitial lung diseases like IPF (Bonniaud et al., 2005; 

Hetzel et al., 2005; Lomas et al., 2012). The molecular complexity associated with the development 

and progression of IPF likely represents one of the main reasons why there is a paucity of efficacious 

treatments available for this indication. Indeed all targeted therapies have been disappointingly 

ineffectual in clinical studies (Selman et al., 2011) underscoring the necessity to identify new 

approaches that may deliver significant efficacy. Observations from other studies suggest that aberrant 

histone post-translational modifications may be responsible for the dysregulated expression of genes 

encoding proteins that have anti- and pro-fibrotic qualities. For instance, inappropriate hyper-

methylation of histones through the action of the histone methyltransferases G9a and SUV39H1, has 

been demonstrated to lead to the reduced expression of the anti-fibrotic chemokine gamma interferon 

(IFNγ)-inducible protein of 10 kDa (IP-10), in lung fibroblasts from patients with IPF (Coward et al., 

2010). Additional studies have demonstrated that the cell-surface glycoprotein, Thy-1 that is normally 

expressed on fibroblasts and is postulated to act as a fibrosis suppressor, is epigenetically silenced by 

histone H3 acetylation and DNA promoter hypermethylation (Sanders et al., 2011). Targeting the 

epigenetic machinery of the LF to effect chromatin remodeling may provide significantly improved 

efficacy over more targeted pathway-based approaches.  Indeed, we have also demonstrated, in 

addition to the TGFβ and PDGF-BB signaling pathways, that the lyso-phosphatidic acid (LPA) 

pathway, which has recently generated significant academic and research attention as an important 

pathway mediating organ fibrosis (Castelino et al., 2011; Swaney et al., 2011; Swaney et al., 2010), 

induces proliferation of LFs that can be inhibited by pretreating cells with Brd inhibitors 

(Supplementary Figure 2).  
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Our data demonstrating that oral delivery of a small molecule Brd inhibitor prevented the 

development of bleomycin-induced pulmonary fibrosis in C57BL6/J mice further suggests that Brd 

inhibition may represent a novel, efficacious treatment option for IPF and warrants further research in 

this area. Although it is generally accepted that LFs play a fundamental role in driving interstitial lung 

fibrosis (Scotton and Chambers, 2007), other cell types have been recognized to co-ordinate the 

fibrotic response such as pulmonary macrophages (Bargagli et al., 2011; Gibbons et al., 2011) perhaps 

through the generation of chemokines like CCL18 that have been shown to directly mediate fibrotic 

responses of fibroblasts (Luzina et al., 2006a; Luzina et al., 2006b; Prasse et al., 2006) and to be 

associated with mortality (Prasse et al., 2009). In this regard, Brd4 has been demonstrated to control 

inducible gene expression in macrophage by binding to AcH4K5/8/12 on modified genes (Hargreaves 

et al., 2009). Interestingly we have also observed inhibition of CCL18 expression and secretion from 

macrophage using JQ1 and I-BET (Supplementary Figure 3).  

In summary, we provide experimental evidence that suggest Brd proteins participate in mediating the 

phenotypic responses of LFs downstream of growth factor pathway activation. In addition, we provide 

the first experimental evidence that Brd inhibition prevents the development of experimental 

pulmonary fibrosis in C57BL6/J mice. Taken together, our data suggests that Brd inhibitors may 

represent a novel therapeutic approach for the treatment of interstitial fibrotic diseases of the lung 

such as IPF. 
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Figure legends 

Figure 1:  TGFβ1-mediated αSMA induction in LFs is inhibited by small molecule Brd inhibitors. 

(A) LFs were stimulated with increasing concentrations of TGFβ1 (ng/mL) for 48 hours and then 

filamentous αSMA assessed by high content imaging. Images are representative of 3 independent 

experiments performed in duplicate. Scale bar = 25 μm. (B) The mean intensity of αSMA was 

assessed by high content imaging algorithm (Cellomics target activation Bioapplication). LFs were 

counterstained with DAPI to permit cell identification. A minimum of 1000 objects (cells) were 

scanned and the mean average intensity of αSMA / normalized to valid objects (cells) calculated. (C) 

LFs were pre-treated for 2 hours with increasing concentrations (μM) of SB525334, I-BET, JQ1, or 

vehicle (0.1% (v/v) DMSO) and then stimulated with TGFβ1 (10 ng/mL) for 48 hours. Filamentous 

αSMA was assessed by high content imaging. Images are representative of 3 independent 

experiments performed in duplicate. Scale bar = 25 μm. (D) The mean intensity of αSMA was 

assessed by high content imaging algorithm (Cellomics target activation Bioapplication). LFs were 

counterstained with DAPI to permit cell identification. A minimum of 1000 objects (cells) were 

scanned and the mean average intensity of αSMA / normalized to valid objects (cells) calculated. 

Figure 2: Brd2 and Brd4 siRNA inhibit TGFβ1-mediated αSMA induction in LFs. (A) LFs were 

transfected with negative control siRNA (All stars,  2 nM) or 4 individual pre-designed siRNAs / gene 

(2 nM) for Brd2 (Brd2-5, 2-6, 2-7, 2-8) Brd3 (Brd3-5, 3-6, 3-7, 3-8), Brd4 (Brd4-6, 4-7, 4-8, 4-9) for 

48 hours and knockdown assessed by qPCR. Data shown is representative of 3 independent 

experiments performed in quadruplicate and is expressed as the mean % knockdown relative to 

negative control siRNA and is the mean ± S.D. The Brd expression was normalized to the expression 

of the housekeeping gene, GAPDH. (B) LFs were transfected with siRNA (2 nM) including negative 

control siRNA (All stars), positive control siRNA (TGFβR1-6), 4 independent Brd2 siRNA (Brd2-5, 

2-6, 2-7, 2-8), 4 independent Brd3 siRNA (Brd3-5, 3-6, 3-7, 3-8), or 4 independent Brd4 siRNA 

(Brd4-6, 4-7, 4-8, 4-9) for 48 hours and then stimulated with vehicle or TGFβ1 (10 ng/mL) for 48 
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hours and then filamentous αSMA assessed by high content imaging. Images are representative of 3 

independent experiments performed in duplicate. Scale bar = 25 μm. (C) The mean intensity of 

αSMA was assessed by high content imaging algorithm (Cellomics target activation Bioapplication). 

LFs were counterstained with DAPI to permit cell identification. A minimum of 1000 objects (cells) 

were scanned and the mean average intensity of αSMA / normalized to valid objects (cells) 

calculated. The hatched lines represent the difference in average raw intensity of αSMA staining in 

TGFβ1-stimulated LFs pre-treated with negative control and positive control siRNAs. Statistical 

analysis was conducted by 1-way analysis of variance followed by Dunnett’s post-hoc t-test. ***, p < 

0.001, values differ significantly.  

Figure 3: Brd inhibitors attenuate TGFβ1-mediated extracellular matrix proteins and IL-6 secretion in 

LFs. LFs were pre-treated for 2 hours with increasing concentrations (μM) of  JQ1, I-BET or vehicle 

and then stimulated with TGFβ1 (10 ng/mL) for 48 hours. (A) Collagen 1A1 (COL1A1) (B) and 

fibronectin (FN) expression was assessed by qPCR. Data shown is representative of 3 independent 

experiments performed in duplicate. Expression levels were normalized to ribosomal 18S and are 

expressed as the mean fold expression of the untreated (vehicle-treated) sample ± S.D. Statistical 

analysis was conducted by 1-way analysis of variance followed by Dunnett’s post-hoc t-test. . ***, p 

< 0.001; **, p < 0.01, values differ significantly. (C) LFs were pre-treated for 1 hour with increasing 

concentrations (μM) of I-BET, JQ1, or vehicle and then stimulated with TGFβ1 (10 ng/mL) for 48 

hours and supernatants harvested to assess IL-6 levels by ELISA. Data shown is representative of 3 

independent experiments performed in duplicate and is the mean ± S.D. 

Figure 4: Brd inhibitors inhibit PDGF-BB mediated LF migration and proliferation. (A) LFs were 

seeded in the upper chamber (1.5 x 105 cells / well) of a BD Falcon HTS multiwell 24 well plate and 

were pre-treated with vehicle (0.1% (v/v) DMSO), I-BET (30 μM), or JQ1 (10 μM) for 2 hours. The 

bottom chamber of the BD Falcon HTS multiwell 24 well plate received vehicle or PDGF-BB (100 

ng/mL) overnight at 370C. LF migration to the bottom chamber was assessed by staining the inverted 
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filter with methylene blue and images obtained at 20x magnification using a Zeiss Axiovert 40 CFL 

microscope with mounted Optronics MicroFire Digital Microscope camera. The images are 

representative of 3 independent experiments. Scale bar = 100 μm. (B) Quantification of migration 

assessed by the degree of methylene blue staining of LF bound to the inverted filter of the BD Falcon 

HTS multiwell 24 well plate. Data shown is the fold migration-mediated by PDGF-BB compared to 

the corresponding vehicle control and is the mean ± S.E.M. for 3 independent experiments performed 

in triplicate. Statistical analysis was conducted by 1-way analysis of variance followed by Dunnett’s 

post-hoc t-test. **, p < 0.01; *, p < 0.05, values differ significantly. (C) LFs were pre-treated for 2 

hours with increasing concentrations (μM) of  I-BET, JQ1, or vehicle (0.1% (v/v) DMSO) and then 

stimulated with PDGF-BB (100 ng/mL) for 48 hours. Proliferation was assessed by Brdu 

incorporation. The data shown is the mean incorporation of Brdu indicated in relative fluorescent 

units (RFU) and is representative of 3 independent experiments performed in duplicate. 

Figure 5: Upstream TGFβ1 signaling is unaffected by Brd inhibition. (A) LFs were pre-treated for 2 

hours with I-BET (1 and 10 μM), JQ1 (1 and 10 μM), or vehicle (0.1% (v/v) DMSO) and then 

stimulated with vehicle (0.1% (v/v) DMSO) or TGFβ1 (10 ng/mL) for 30 minutes and protein levels 

stained by Coomassie Blue, (B) phospho Smad2 (C) and total Smad2/3 levels detected by western 

blotting and the positions of molecular weight markers are shown in kilodaltons. (D) LFs were pre-

treated for 2 hours with JQ1 (1 μM), or vehicle (0.1% (v/v) DMSO) and then stimulated with vehicle 

(0.1% (v/v) DMSO) or TGFβ1 (10 ng/mL) for the times indicated and the intracellular localization of 

total Smad2/3 determined by high content analysis. The images presented are representative of 3 

independent experiments performed in triplicate. Scale bar = 50 μm. (E) The nuclear translocation of 

Smad2/3 was assessed by high content imaging algorithm (Cellomics cytoplasm to nucleus 

translocation Bioapplication) by assessing the ratio of intensity of total Smad2/3 antibody staining in 

the cytoplasm and nucleus and the data was normalized to vehicle (0.1% (v/v) DMSO) pre-treated 

controls. The data is representative of 3 independent experiments performed in triplicate and is the 

mean ± S.E.M..  
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Figure 6: Gene transcription following TGFβ1 stimulation of LFs is inhibited by pre-treatment with 

JQ1. LFs were pre-treated for 2 hours with JQ1 (1 μM), or vehicle (0.1% (v/v) DMSO) and then 

stimulated with vehicle (0.1% (v/v) DMSO) or TGFβ1 (10 ng/mL) for12 hours to assess gene 

transcription.  Data is the mean ± S.E.M. of 3 independent experiments and expression is the fold 

stimulation over vehicle normalized to the housekeeping gene, 18S. Statistical analysis was conducted 

by 2-tailed, unpaired student’s t-test. ***, p < 0.001; **, p < 0.01; *, p < 0.05, values differ 

significantly.  

Figure 7: TGFβ1 mediates increased levels of associated AcH4K5 and Brd4 with gene promoters in 

LFs. (A) LFs were stimulated with vehicle or TGFβ1 (10 ng/mL) for 1, 6, and 12 hours. Ch-IP was 

conducted using IgG control antibody or anti-AcH4K5 antibody followed by qPCR using primers 

complementary to regions 1Kb upstream and downstream of the transcriptional start sites of the 

human IL-6, PAI-1, and αSMA promoters. The data is the mean ± S.E.M. for 3 independent 

experiments performed 2-4 times and is expressed as fold enrichment based on the ratio of TGFβ1-

treated values normalized to the vehicle-treated values. (B) LFs were stimulated with vehicle or 

TGFβ1 (10 ng/mL) for 1 hour. Ch-IP was conducted using IgG control antibody or anti-Brd4 

antibody followed by qPCR using primers complementary to regions 1Kb upstream and downstream 

of the transcriptional start sites of the human IL-6, PAI-1, and αSMA promoters. The data is the mean 

± S.E.M. for 3 independent experiments performed 2-4 times and is expressed as fold enrichment 

based on the ratio of TGFβ1-treated values normalized to the vehicle-treated values. 

Figure 8: JQ-1 attenuates bleomycin-induced lung injury.  (A) Inflammatory cell infiltration and (B) 

levels of 4-hydroxyproline in the BAL fluid are elevated in response to bleomycin compared to saline-

treated animals 7 days post-challenge.  These responses are attenuated in animals fed chow containing 

JQ1 compared to animals fed a normal chow diet (vehicle). Data shown is the mean ± S.E.M. for n=5 

animals (saline-treated) and n=10 animals (bleomycin-treated). Statistical analysis was conducted by 
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one-way analysis of variance using a Dunnett’s post-hoc test comparing all treatment groups to the 

bleomycin-treated vehicle control and significance is denoted as *** p < 0.001. 
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Supplementary materials and methods 

Peripheral blood monocyte-derived macrophage isolation 

Human peripheral blood monocytes were isolated from peripheral blood by positive selection using 

human CD14 microbeads (Miltenyi Biotec, Cambridge, MA, USA) following the manufacturer’s 

protocol.  Isolated monocytes were grown in culture medium containing RPMI, 10% (v/v) heat 

inactivated serum and supplemented with human M-CSF (100 ng/mL) (R&D Systems, Minneapolis, 

MN, USA)  at a density of 5x104 cells / 200 L / well in 96 well plate or 5 x106 cells / 10 mL in 10 cm2 

dish for 5 days .  At the end of 5 days, the cells were  cultured in medium with 100 ng/mL human M-

CSF + 20 ng/mL human IL-4 (R&D Systems, Minneapolis, MN, USA)+ 20 ng/mL human IL-10 (R&D 

Systems, Minneapolis, MN, USA) for a further 3 days in the presence of vehicle or increasing 

concentrations of I-BET and / or JQ1.  

Determination of macrophage CCL18 secretion 

The levels of CCL18 in the culture medium were measured using the human CCL18 Duoset ELISA 

development system (R&D Systems, Minneapolis, MN, USA) at indicated time points following the 

manufacturer’s protocol. Measurements were performed using the Spectramax reader (Molecular 

Devices). 

Assessment of proliferation using BrdU incorporation 

LFs were seeded in BioCoat™ Collagen I 96-well clear black plates (BD Biosciences, Franklin Lakes, NJ, 

USA) at a density of 8 x 103 cells / well and incubated overnight in complete medium after which the 

cells were starved with basal media containing 0.1% (v/v) FBS , 0.1% (v/v) fatty acid-free BSA for 24 

hours. The cells were incubated with vehicle or Brd inhibitors for 2 hours at the concentrations 

indicated and were then stimulated with LPA (18:1) (Enzo Life Sciences, Inc., Farmingdale, NY, USA) 

or vehicle at the indicated concentration for 48 hours. Proliferation was assessed by determining the 

incorporation of BrdU using a BrdU proliferation assay kit (Calbiochem, San Diego, CA, USA) in 

accordance with the manufacturer's protocol. The degree of BrdU incorporation was assessed using an 

EnVision® Multi-label Reader (Perkin Elmer Inc., San Jose, CA, USA). 

Assessment of global AcH4K5 / total histone H4 levels using Epigentek quantification kits 

LFs were seeded in 100 x 15mm2 cell culture treated dishes at a density of 4 x 106cells/dish and 

incubated overnight in complete medium. The cells were serum starved with fibroblast basal medium 

2 (FBM-2) with 0.1% (v/v) FBS for 24 hours after which the cells were incubated with TGF1 

(10ng/ml) or vehicle for 1 hour. Histone extraction was performed using an EpiQuik Nuclear 

Extraction kit in accordance with the manufacturer's protocol (Epigentek, Farmingdale, NY, 

USA).Total histone H4 was measured using an EpiQuik total histone H4 quantification kit in 

accordance with the manufacturer's protocol (Epigentek, Farmingdale, NY, USA). AcH4K5 levels 

were measured using an EpiQuik global AcH4K5 quantification kit in accordance with the 

manufacturer's protocol (Epigentek, Farmingdale, NY, USA). 

Assessment of global AcH4K5 / total histone H4 levels by high content screening 
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LFs were seeded in BioCoat™ Collagen I 96-well clear black plates at a density of 2 x 104 cells / well and 

incubated overnight in complete medium after which the cells were starved with fibroblast basal 

media containing 0.1% (v/v) FBS for 24 hours. The cells were incubated then stimulated with TGF1 

(10 ng/mL) or vehicle for 1 hour. Cells were permeabilized, fixed, and washed with Cytofix / 

Cytoperm fixation / permeabilization solution kit as indicated by the manufacturer’s instructions. The 

cells were blocked using Odyssey Blocking buffer for 1 hour at room temperature after which the cells 

were incubated with rabbit anti-AcH4K5 antibody (Cell Signaling Technology Inc., Danvers, MA, 

USA) at 1:200 or rabbit anti- total histone H4 antibody (Abcam, Cambridge, MA, USA) at 1:200 for 3 

hours at room temperature . Following extensive washing the cells were incubated with Alexa Fluor® 

488 Goat Anti-Rabbit secondary antibody (Life Technologies, Norwalk, CT, USA) at 1:200 for 2 hours 

which was followed by a further extensive washing. The fixed cells were counterstained with DAPI 

and images obtained (5x objective) and examined using an ArrayScan VTI HCS Reader (Thermo 

Scientific, Hudson, NH, USA) and quantitation conducted via the Cellomics target activation 

Bioapplication. 

Supplementary results 
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Figure 1S: Global AcH4K5 / histone H4 levels are elevated in LFs following stimulation with TGF1 

(10ng/ml) for 1 hour compared to vehicle. (A) AcH4K5 / histone H4 ratio was assessed using the 

EpiQuik Global Acetyl Histone H4K5 and Total Histone H4 Quantification Kits. (B) AcH4K5 / 

histone H4 ratio was assessed by high content screening. The data shown the mean and S.E.M. of 3 

independent experiments performed in quadruplicate and is presented as the fold change of global 

AcH4K5 levels compared to total histone H4 levels normalized to the vehicle control. Statistical 

analysis was conducted by 2-tailed, unpaired student’s t-test; **, p < 0.01; *, p < 0.05, values differ 

significantly. 
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Figure 2S: Brd inhibitors inhibit LPA-mediated LF proliferation. LFs were pre-treated for 2 hours 

with increasing concentrations of I-BET, JQ1, or vehicle and then stimulated with LPA (15 M) or 

vehicle for 48 hours. Proliferation was assessed by Brdu incorporation. The data shown is the 

incorporation of Brdu indicated in relative fluorescent units (RFU) and is the mean and S.E.M. of an 

experiment performed in triplicate. 
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Figure 3S: Brd inhibitors inhibit CCL18 secretion from peripheral blood monocyte-derived 

macrophage. Macrophage were treated for 3 days with increasing concentrations of I-BET, JQ1, or 

vehicle in the continued presence of M-CSF (100 ng/mL), IL-4 (20 ng/mL), IL-10 (20 ng/mL). The 

data shown is CCL18 levels in supernatant (pg/mL) and is the mean and S.E.M. The data is 

representative of 3 independent experiments performed in duplicate. 
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