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Cell Culture 

THP-1 and U937 cells were cultured routinely in RPMI supplemented with 10% heat-

inactivated foetal calf serum (FCS), 2 mM L-glutamine and 1% (v/v) penicillin/streptomycin. 

THP-1/U937 monocytic cells were differentiated into macrophages by stimulation with 100 

ng/ml phorbol 12-myristate 13-acetate (Sigma-Aldrich, Dorset, UK) for 24 h. Adhered cells 

were washed with PBS and rested in media for 3 days before use. A549 epithelial cells were 

cultured routinely in DMEM low glucose (1%) media supplemented with 10% FCS, L-

glutamine, and penicillin/streptomycin. Human diploid myeloid leukaemia cells (PLB-985) 

were cultured routinely in RPMI supplemented with 10% FCS, L-glutamine, penicillin and 

streptomycin. PLB-985 cells were differentiated to neutrophils by addition of 1.25% DMSO 

to media for 7 days. The adhered cells were washed with PBS and rested in media for 3-6 h 

before use. The human bronchial epithelial cell line 16HBE14o- (HBE), the CF bronchial 

epithelial cell line CFBE41o- homozygous for the F508del mutation (CFBE), the human 

tracheal epithelial cell line 9HTEo- (HTE), and the CF tracheal epithelial cell line CFTE29o- 

homozygous for the F508del mutation (CFTE) were cultured in Minimum Essential Medium 

supplemented with 10% FCS, L-glutamine and  penicillin/streptomycin. Bone marrow-

derived macrophages (BMDMs) were prepared by culturing bone marrow from C57BL/6 

mice in DMEM with 10% FCS supplemented with 20% supernatant from an M-CSF-

expressing cell line (L929). On day 7 of culture, cells were plated for subsequent 

experiments. 

 

Recombinant protein production 

E. coli BL21(DE3)[pLysS] (Novagen, Nottingham, UK) were transformed with a pET21d 

plasmid vector containing the coding sequence from eppin IMAGE clone construct 5165509 

(Human Genome Centre, Geneservice Ltd, Cambridge, UK) and also encoding an N-terminal 

hexa-histidine sequence to allow Ni2+-NTA purification (Qiagen Ltd., West Sussex, UK). 

 

RNA extraction and RT-PCR 



Total RNA was isolated from cultured cells using TRI Reagent® as per manufacturer’s 

instructions. Following DNase I treatment (Invitrogen), 1 µg of total RNA was reverse 

transcribed as previously described [1]. cDNA was amplified with GoTaq Green Master Mix 

(Promega UK, Southampton) with the following primers (Invitrogen): 5′-

ACAAGAAGTGTTGTGTCTTCAGCTGCGG-3′ and 5′-TGGCAGCCACCATAGACAAACATGGAGC -3′ 

for eppin 2; 5’- TTTTGCCAAGGAGTGCTAAAGA-3’ and 5’- AACCCTCTGCACCCAGTTTTC-3’ for 

IL-8 and  5′-GAA GGT GAA GGT CGG AGT CA-3′ and 5′-TTC ACA CCC ATG ACG AAC AT-3′ for 

GAPDH. After a hot start, the amplification profile for eppin was 35 cycles at 95°C for 30s 

(denaturation) and 68°C for 1 min (annealing and extension) 30 cycles of 94°C for 2 min 

(denaturation), 55 °C for 1 min (annealing), and 72°C for 1 min (extension) for IL-8 and 25 

cycles of 94°C for 1 min, 58 °C for 1 min, and 72°C for 1 min for GAPDH. Eppin PCR products 

were sequenced (QUB Genomics Core Technology Unit, Belfast) to verify gene identity. The 

PCR products were analysed by electrophoresis in 2% agarose gels containing 1 µg/ml 

ethidium bromide and images were captured using the Syngene G:Box and GeneSnap 

software (SynGene UK, Cambridge). Agarose gels were analysed by densitometry and 

compared in a semi-quantitative manner using GeneTools software (Syngene UK). All 

expression values were normalised to respective loading controls. 

 

Analysis of secreted eppin 

Cell culture supernatant was mixed with methanol, chloroform and ddH2O in the ratio 

1:4:1:3, mixed and centrifuged at 13,000 rpm for 5 min. The upper methanol/ddH2O layer 

was discarded and the interface layer (containing protein) was retained and washed three 

times with methanol, vortexed and centrifuged at 13,000 rpm for 10 min. All liquid was 

removed and the remaining pellet was air-dried, resuspended in reducing sample treatment 

buffer and analysed by SDS-PAGE. Eppin was detected using a polyclonal goat anti-eppin 

antibody (Santa Cruz Biotechnology, Heidelberg, Germany) followed by a HRP-conjugated 

donkey anti-goat secondary antibody, visualised by chemiluminescence (GE Healthcare UK, 

Buckinghamshire,) using the Syngene G:Box and GeneSnap software (SynGene UK, 

Cambridge). Samples precipitated as above were separated on a 15% SDS-PAGE and stained 

with Colloidal Blue Stain (Novex, Life Technologies Ltd.). Gel slices were removed from the 

gel and subjected to trypsin digest prior to analysis. One dimensional nano-Liquid 



Chromatography coupled to ESI-MS-MS (1D nLC-MS-MS, Reverse Phase Chromatography) 

was carried out by Fingerprints Proteomics Facility (College of Life Sciences, University of 

Dundee, UK) to identify proteins using a 4000 QTRAP tandem MS system (Applied 

Biosystems). 

 

Human lung tissue 

Lungs harvested from potential donors that were found to be unsuitable for transplantation 

were obtained from IIAM (International Institute for Advancement of Medicine). Ethical 

approval for the use of these samples was obtained from the Queen’s University Belfast 

School of Medicine, Dentistry and Biomedical Science Research Ethics Committee. The lungs 

were perfused ex vivo based on previously described methods [2, 3]. Briefly, the right or left 

lung was perfused with perfusate solution (DME H-21 with 5% bovine serum albumin, 900 

ml) and inflated with 10 cm H2O CPAP and kept at a constant temperature of 38°C. Whole 

blood (100 mL) obtained from a healthy volunteer was incubated for 1 hour ± 6 mg of LPS 

and then added to the perfusate for 4 hours. Experimentation ceased 4 hr after LPS 

instillation, upon which tissue samples for histology were taken from the perfused lobes [2]. 

Lung tissue sections from CF patients were obtained from the University of Newcastle. 

Ethical approval for the use of these tissue samples was obtained from Newcastle and North 

Tyneside Ethics Committee (reference number 11/NE/0291).   

 

Immunostaining of human tissue for eppin  

Lung tissue was blocked with 10% goat serum (Vector Laboratories, Peterborough, UK) for 1 

hr at room temperature, then incubated overnight at 4°C with rabbit anti-eppin antibody 

(1:50; Santa Cruz), rabbit anti-eppin (1:100; Abbexa, abx001761) or an equivalent amount of 

rabbit IgG.  After washing in PBST, sections were incubated with the avidin-biotin complex 

conjugated with horseradish peroxidise (ABC kit, Vector Laboratories) for 30 min at room 

temperature. Eppin was detected using 3,3-diaminobenzidine (DAB) (Dako UK Ltd., 

Cambridgeshire), followed by counterstaining with Harris haematoxylin solution for 3 min. 

The sections were washed in running tap water, blued in 0.2% ammonia water, rinsed in tap 

water, and de-hydrated through a water-to-ethanol gradient consisting of 70% ethanol, 95% 



ethanol and absolute ethanol for 5 min each. Following two changes of histoclear, the slides 

were mounted in DPX mounting media (Fisher Scientific UK, Leicestershire) and visualised 

using a Leica DM5500B microscope. Images were captured using the Leica AL image 

software. 

 

Analysis of eppin in human bronchoalveolar lavage fluid (BALF) and sputum  

Eppin levels were evaluated in BALF samples obtained from patients within 48 hours of 

Acute Respiratory Distress Syndrome (ARDS) onset and healthy controls. Ethical approval for 

the use of these samples (ISRCTN70127774 and NCT01659307) were granted by the local 

institution and the local research ethics committee (REC numbers 06/NIR02/77 and 

12/NI/0082 respectively). Bronchoalveolar lavage was performed according to standard 

guidelines and as previously described [4, 5]. Briefly, three successive 60 ml aliquots of 0.9% 

saline were instilled into a subsegment of the right middle lobe and each aspirated 

immediately with low suction. BALF return was measured and immediately placed on ice 

until transferred to the laboratory for processing. BALF was centrifuged at 900 x g for 5 min 

at 4°C. The supernatant was removed and stored at -80°C until required. Sputum from CF 

patients was obtained anonymously from the adult CF Centre at Belfast City Hospital. 

Sputum samples were in excess to requirements for diagnostic purposes. Permission to use 

sputum samples, which would have been disposed of, for validation purposes was given by 

the Director of R&D, Belfast Health and Social Care Trust. Sputum was frozen immediately at 

− 80 °C and used the next day after thawing at room temperature. ARDS and CF sputum 

samples were separated by denaturing SDS-PAGE using 15% polyacrylamide gels and blotted 

onto nitrocellulose membrane. Membranes were blocked in 5% Marvel Milk for 1 hour 

room temperature with shaking. The membranes were then probed with rabbit anti-human 

eppin antibody (1:1000 in 5% Marvel Milk, Abbexa, abx001761) overnight 4 ̊C with shaking 

and goat anti-rabbit HRP (1:3000 in 5% Marvel Milk) secondary for 1 hour room 

temperature with shaking. Wash steps were carried out using Tris-buffer saline 

supplemented with 0.1% tween. Western Lighting chemiluminescence Ultra substrate was 

used to detect protein and membranes were visualised using Syngene Gbox and GeneSnap 

software (SynGene UK). 

 



Bacterial membrane permeabilisation assay 

Pseudomonas aeruginosa ATCC 27853 and Staphylococcus aureus ATCC 25923 were 

routinely maintained at 37°C on Colombia Blood Agar plates with 5% sheep blood (Southern 

Group Laboratories, Northamptonshire, UK). Bacteria for the assay were grown to log-phase 

in Trypticase soy broth (Oxoid Limited, Hampshire, UK) inoculated from the agar plates. Log-

phase bacterial suspensions were pelleted and washed twice in 5% TSB, then adjusted to 

OD600 ≈ 0.7 in 5% TSB. Bacteria were then incubated for 2 h in the dark at 37°C in a 96-well 

black flat-bottomed plate with 5 μM SYTOX® Green nucleic acid stain (Invitrogen) and either 

5% TSB, LL-37 or eppin. Relative fluorescence was measured by excitation at 480 nm and 

emission between 510 and 700 nm, using a SPECTRAmax Gemini XS fluorescence microplate 

reader (Molecular Devices UK Ltd., Berkshire).  

 

Radial Diffusion Assays  

Mueller Hinton broth (Oxoid, Thermo Scientific) was inoculated with bacteria from growing 

agar plates and incubated overnight aerobically at 37°C. The following day, 100 μl of 

overnight culture was grown to mid-logarithmic phase. The cultures were pelleted by 

centrifugation at 3600 x g for 10 min at 4°C, washed twice in ice-cold, sterile 10 mM NaPB 

pH 7.4, then resuspended in the same buffer. The OD600 of this bacterial suspension was 

adjusted to ≈ 0.4 using a spectrophotometer, and 100 μl (approximately 5 x 106 bacterial 

cells) mixed thoroughly with 10 ml molten base agarose to form an underlay gel. Wells of 

2.5 mm diameter were punched in the agarose and 3 μl of each test sample added. The 

insect antimicrobial peptide, cecropin A, and sterile water were included as positive and 

negative controls respectively. Plates were then incubated for 3 hr at 37°C to allow diffusion 

of the protein from the wells through the agarose gel, after which 10 ml molten overlay 

agarose was poured over the base and allowed to solidify. The plates were incubated 

overnight at 37°C, treated with conditioning media for 10 min, and then stained using a 

dilute solution of Coomassie brilliant blue. Inhibition of bacterial growth was indicated by 

clear zones around the punched wells, and images were captured using the Syngene G:Box 

and GeneSnap software (SynGene UK, Cambridge). 

 



Preparation of cytoplasmic and nuclear extracts  

THP-1 monocytic cells were pre-treated with eppin for 1 h and stimulated with LPS (Sigma-

Aldrich) for 0 - 120 min as indicated in the figure legends. Cytoplasmic and nuclear extracts 

were prepared as described previously [6]. Total protein concentrations were determined 

using the BCA method (Pierce BCA Assay, Fisher Scientific UK). 

 

Western blotting 

Equal concentrations of cytoplasmic extracts were separated by 10% SDS-polyacrylamide gel 

electrophoresis and transferred onto nitrocellulose. Cytoplasmic extracts were 

immunoblotted for IκBα (Cell Signaling Technology, Danvers, MA) and phosphorylated forms 

of IκBα (Ser32/36; Cell Signaling Technology). Equal loading of samples was confirmed by 

immunoblotting for GAPDH (Santa Cruz). Proteins were detected using the appropriate HRP-

conjugated secondary antibody (Fisher Scientific UK) and visualised as described previously.  

 

NF-κB activity ELISA 

The effect of eppin on p65 binding activity was determined in nuclear extracts using the 

TransAM NF-κB ELISA (Active Motif, Belgium) according to manufacturer’s instructions. 

 

Electrophoretic mobility shift assay (EMSA) 

EMSA was performed as described previously [7, 8]. Briefly, SLPI and eppin (0.5 and 1 μg) 

were incubated with double-stranded biotinylated NF-κB consensus oligonucleotide (5′-

AGTTGAGGGGACTTTCCCAGGC-3′; Invitrogen) for 30 min at room temperature in binding 

buffer (4% [vol/vol] glycerol, 1 mM EDTA, 10 mM Tris-HCl, pH 7.5, 100 mM NaCl, 5 mM DTT, 

and 0.1 mg/ml nuclease-free BSA) and 2 μg poly (dI-dC•dI-dC):poly(dI-dC•dI-dC). Reaction 

mixtures were electrophoresed on 15% polyacrylamide gels, transferred to nitrocellulose in 

1X TBE and cross-linked on a UV transilluminator for 10 min. Detection of protein–DNA 

complexes was performed using the Pierce Chemiluminescent Nucleic Acid Detection 

Module (Fisher Scientific UK). Images were captured using the Syngene G:Box and 

GeneSnap software (SynGene UK). 



 

Effect of recombinant eppin in a murine model of LPS-induced lung inflammation 

Recombinant eppin (10 μg) was given intravenously followed by Pseudomonas LPS (20 

μg/mouse, Sigma-Aldrich), which was instilled intratracheally under anaesthesia. After 4 h, 

the mice were sacrificed and BAL fluid collected as previously described [9]. BAL cells were 

pelleted by centrifugation at 2200 rpm for 10 min at 4°C and total cells counts were 

performed using a haemocytometer. Differential cell counts were enumerated on cytospins 

and stained with May-Grünwald Giemsa (VWR, UK) where at least 400 cells per slide were 

counted as previously described [9] . 

 

Cytokine ELISAs 

IL-8 and MIP-2 levels were quantified using commercially available ELISA kits (R&D Systems) 

according to manufacturer’s instructions. 

 

Viability Assay 

THP-1 cells were treated in the absence or presence of eppin (0 – 10 μg/ml) for 24 hr and 

cell viability was determined using the Vision Blue Quick Cell Viability Assay reagent (Source 

Bioscience, Nottingham, UK) as per the manufacturer’s instructions 
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