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Supplemental Methods for Additional file 1: 
Figure S1: In vitro toxicity assay 
As a measure of acute cytotoxicity, we studied lactate dehydrogenase (LDH)- release into conditioned media 

by cells treated with vehicle or various concentrations (20 to 300 µM) of the PPI esomeprazole using a 

commercially available colorimetric assay (Sigma). The principle of this assay is based on the reduction of 

nicotinamide adenine dinucleotide (NAD) into NADH. This reduction, caused by leakage of LDH as a result of 

compromised cell-membrane integrity, is indicated by the formation of an indicator (tetrazolium dye). The 

resulting colored product was measured using a plate reader at 490 nm and the values were compared for 

statistical significance. 

 

Figure S2: Isolation of lung fibroblasts and immunofluorescence staining 
In brief, lung biopsies were obtained, de-identified and prepared for the isolation of fibroblasts by mincing, 

washing and seeding in tissue culture flasks in the presence of antibiotics. Fibroblasts were isolated and 

expanded using standard cell culture technique. The cells were characterized by immunofluorescence staining 

for several markers of the mesoderm lineage including fibroblast-specific protein 1 (FSP1) (rabbit; Abcam 

ab41532 at 1:150), vimentin (mouse; Sigma V5255 at 1:100 dilution), collagen IV (rabbit; Abcam ab6586 at 

1:100), α-smooth muscle actin (α-SMA) (mouse; Sigma A2547 at 1:400 dilution), skeletal myosin heavy chain 

(skeletal-MHC) (mouse; Abcam ab32330 at 1:300) and caldesmon (rabbit; Abcam ab32330 at 1:250). 



Supplemental Figures & Tables 



Figure S1: In vitro toxicity study. Lung fibroblasts were exposed to various concentration of PPI (20 to 300 µM 
esomeprazole) or vehicle and leakage of lactate dehydrogenase (LDH) was used to assess cell viability. Data is 
expressed as the percentage of viable cells in reference to the control treated group.  Cell lysis buffer was used 
as a positive control.  
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Figure S2: Immunofluorescence staining of various fibroblast and smooth muscle cell markers in lung fibroblasts 
isolated from IPF patients. DAPI was used to stain the nuclei and is shown in blue in each stain. DAPI = 4',6-
Diamidino-2-Phenylindole. FSP-1 = Fibroblast Specific Protein 1.  Scale = 50 µm 
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Figure S3: Estimation of soluble collagen levels in: A) bronchoalveolar fluid (BALF) and B) lung homogenates of 
bleomycin-injured animals that received vehicle or prophylactic PPI (esomeprazole) treatment. The levels of 
soluble collagen were determined by colorimetric Sircol assay following manufacturer’s recommended 
protocol.  The amount of collagen in the BALF and lung tissue samples was estimated from standard curves and 
was expressed as µg collagen per 200 µL BALF or µg collagen per lung lobe respectively. 
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Figure S4: H&E and Sirius Red stained lung sections showing marginal effect of therapeutically administered 
esomeprazole on A) inflammation and B) fibrosis in a rat model of bleomycin-induced lung injury. The known anti-
inflammatory/anti-fibrotic drug pirfenidone also shows minimal effect in this animal model. The animals were treated 
with vehicle, esomeprazole or pirfenidone for 18 days starting 10 days after inducing lung injury.   
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Figure S5: Overall score of DNA fragmentation in bleomycin-injured lung tissue of animals treated with vehicle or 
prophylactic PPI (esomeprazole at 30 mg/kg or 300 mg/kg). Multiple non-overlapping fields were scanned and 
average scores were recorded. Assay negative and positive controls are included as shown.  
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Figure S6: Immunofluorescence staining of lung tissues harvested from sham, bleomycin-injured and vehicle or 
bleomycin-injured and PPI (esomeprazole) treated animals. Paraffin-embedded sections were double stained for the 
pro-apoptotic marker p53 (green; Alexa Fluor 488 goat anti-mouse IgG) and the epithelial cell specific surfactant protein 
marker proSP-C (red; Alexa Fluor 594 goat anti-rabbit IgG) and show that the apoptosis of epithelial cells is reduced 
upon treatment with esomeprazole. The cell nuclei are shown in blue by DAPI staining.  



Figure S7: Venn diagram representation of microarray identified transcripts that are differentially regulated. Total 
RNA was extracted from the lungs of bleomycin-injured animals that received vehicle or esomeprazole treatment (in 
a prophylactic or therapeutic manner). Fisher's least significant difference was used for pairwise group comparisons 
and the total number of differentially regulated genes between any given groups is shown in brackets. The 
commonly regulated genes are shown by shaded areas in the figure. Veh = vehicle; Proph = prophylactic; Ther = 
therapeutic. 



Table S1: Determination of plasma and lung tissue drug concentration by liquid chromatography-mass 
spectrometry (LC-MS).  A) Animals from the low-dose (30 mg/kg) and high-dose (300 mg/kg) of prophylactic 
esomeprazole (n=5 each) were used to determine the concentration of esomeprazole in plasma (on study days 
15, 20 and 28) and B) lung tissue (at sacrifice). In C) Esomeprazole pharmacokinetics (PK) is shown by collecting 
blood at 0.5, 1, 2, and 3 hours post dosing (on study day 5). PK parameters including peak concentration (Cmax), 
time to peak concentration (Tmax) and area under the concentration/time curve (AUC) are shown. 

A 

Dosing day 

    Dose Group Dose Group 
Parameter Units 30 mg/kg 300 mg/kg 

Tmax hr 0.5 2 

Cmax ng/mL 52.5 7160 

Tlast hr 3 3 

Clast ng/mL 9.38 113 

AUClast hr*ng/mL 60.5 12600 

AUCINF_D_obs hr*kg*ng/mL/mg 2.68 51.7 

C 

Dosing of esomeprazole 

B 



Table S2: Immunohistochemical grading of bleomycin-injured and vehicle or prophylactic PPI (esomeprazole) 
treated rat lung tissues stained for A) the smooth muscle cell marker alpha smooth muscle actin (α-SMA) and B) 
the extracellular matrix component Collagen type 1 (Collagen 1) showing that treatment with prophylactic course 
of esomeprazole reduced their expression compared to vehicle treatment. Multiple non-overlapping fields were 
reviewed and representative images were scored. 1+ = minimal staining; 2+ = moderate staining; 3+ = intense 
staining.   

Group Alpha-SMA score Remark Col Type I score Remark 

Vehicle 2+ to 3+  
perivascular/ bronchiole staining; also 

staining in areas of thickened alveolar septa 2+ 

perivascular/ bronchiole staining; also 
positive staining in areas of increased 

cellularity and fibrosis 

PPI 1+ to 2+ perivascular/ bronchiole staining 1+ to 2+ 

perivascular/ bronchiole staining; also 
staining in focal areas of increased 

cellularity/fibrosis 



Table S3: Overall lung inflammation and fibrosis score in an animal model of bleomycin-
induced lung injury. Animals were therapeutically treated with two doses of esomeprazole 
(30 mg/kg/day or 300 mg/kg/day), vehicle or pirfenidone for up to 18 days. Subsequently, 
the lung tissues were harvested, stained and scored for inflammation and fibrosis as shown. 

Group Bleomycin 
Control 

Bleomycin + 
Esomeprazole 

low-dose  
Therapeutic 

Bleomycin + 
Esomeprazole 

high-dose  
Therapeutic 

Bleomycin + 
Pirfenidone 

# animals examined 10 10 8 9 

# without lung lesions 0 0 0 0 

Chronic inflammation 
(average score) 2.2 2.5 2.1 2.0 

Fibrosis (average score) 2.9 3.0 2.6 2.6 



Table S4: Demographics and clinical data of IPF patient subgroup without history of gastroesophageal reflux (GER)-
related symptoms.  



Table S5: Unadjusted Cox regression analysis of predictors of transplant-free survival time in IPF. 
Proton pump inhibitor (PPI) use is significantly associated with prolonged survival (p = 0.018).   



Table S6: Adjusted Cox regression analysis of predictors of transplant-free survival time in IPF. 
Both baseline forced vital capacity (FVC) and proton pump inhibitor (PPI) use are significantly 
associated with prolonged survival (p < 0.05).  
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