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Reagents 

The ecto-ATPase inhibitor ARL 67156 trisodium salt [1], apyrase (from potatoes, 

Grade VI), ATP disodium salt, TRIS maleate salt sucrose buffer, calcium chloride 

(CaCl2), lead nitrate (Pb(NO3)2), ammonium sulfide ((NH4)2S) were purchased from 

Sigma-Aldrich (Munich, Germany).  

 

Recruitment of subjects 

Twenty-eight adults with COPD and twenty-seven control subjects participated in the 

sputum study. Patients were enrolled at the outpatient clinic during regular visits at 

the Dept. of Pulmonology, University Medical Centre, Freiburg, Germany. Control 

subjects were volunteers working at the department or were enrolled through 

advertisements at university areas. Subject recruitment took place from March to 

December 2013. 

Patients had known COPD previously established by a respiratory specialist [2], and 

were in stable condition. Inclusion criteria were ex-smoking status (stopped smoking 

>6 months ago), current dyspnoea, symptoms of chronic cough or sputum production, 

post-bronchodilator FEV1/FVC<0.70 and FEV1<80% predicted without reversibility 

(FEV1 increase<200 ml and <12%). Exclusion criteria for patients included fever, 

antibiotic use, COPD exacerbation or systemic corticosteroid use in the past 4 

weeks; current cancer or pulmonary malignancy in the past; other chronic pulmonary 

disease; current systemic infection; airway allergies in the history. Spirometric 

classification of patients was performed according to Rabe et al. [2]. 

The control group includes non-smoking, current smoking (older than 35 years and 

≥10 pack-years) or ex-smoking (older than 35 years, ≥10 pack-years, stopped 

smoking >6 months ago) subjects. Spirometric values were in the normal range 

without past bronchial reversibility (if applicable). Exclusion criteria were symptoms of 



 

 

upper or lower airway infections, fever or antibiotic use for any reason in the past 4 

weeks; current cancer or pulmonary malignancy in the past; any chronic pulmonary 

disease or current acute pulmonary disease; current systemic infection; airway 

allergy in the past.  

The study was conducted in line with the recommendations contained in the 

Declaration of Helsinki and was approved by the local ethics committee of University 

Medical Center, Freiburg, Germany. All participants gave their written informed 

consent. 

 

Sputum collection and processing 

Induced sputum was collected from control subjects. Sputum induction was 

performed (n=17) or spontaneous sputum (n=11) was collected from patients with 

COPD according to previously published guidelines [3]. Samples were processed 

within 2 hours after collection using the method of plug selection. 0.1% freshly made 

dithiotreitol (Sigma-Aldrich, Munich, Germany) was added to the sputum in 4:1 weight 

ratio and homogenized on ice for 15 min, then filtered through a 40 m nylon mesh 

(Becton Dickinson, Heidelberg, Germany). The suspension was twice centrifuged to 

discard cell debris, and the pellet was resuspended in 1-3 ml phosphate buffer saline 

supplemented with 0.5% bovine serum albumin. Total cell count was calculated in a 

haemocytometer and cell viability was assessed in trypan blue exclusion assay 

(Sigma-Aldrich). Cytospins were prepared and stained with Diff-Quik (Medion 

Diagnostics, Gräfelfing, Germany). Differential cell counts were performed on 400 

non-squamous cells and expressed as percentages. Absolute cell numbers were 

calculated as (%cell×total non-squamous cell count)/sputum weight.  



 

 

ATP degradation assay was performed in the supernatant on the day of sputum 

collection (control subjects: n=27; patients with COPD: n=23). Total RNA was 

isolated from the cell pellet (control subjects: n=27; patients with COPD: n=26). 

Clinical characteristics, post-bronchodilator spirometric values and sputum results of 

non-smoking, smoking, ex-smoking control subjects and ex-smoking patients with 

COPD are shown in Table 2 in the main manuscript.  

 

Acute and chronic mouse models of CS-induced lung inflammation and 

emphysema  

In the acute model, mice were exposed to whole smoke of five cigarettes 

(commercial Virginia filter cigarettes [Marlboro Red, Philip Morris, Munich, Germany]: 

12 mg tar, 0.9mg nicotine) or room air for 20 minutes on three consecutive days in 

Makrolon cages (Tecniplast, Buguggiate, Italy) as previously described [4-6]. The 

smoke was generated by burning a cigarette and was introduced into the chamber 

with the airflow from a mechanical ventilator (7025 Rodent Ventilator, Ugo Basile; 

Biological Research Instruments, Comerio, Italy), at the rate of 250 ml/minute. The 

smoke stream was diluted 1:8 with room air from another ventilator. When needed 

mice were given treatment intratracheally prior to the smoke exposure: animals were 

anesthetized by intraperitoneal injection of ketamine-xylazine and received an 

intratracheal injection of the indicated compounds in a total volume of 80 l. One 

hour after the last smoke challenge, mice were sacrificed and bronchoalveolar lavage 

(BAL) was performed as previously reported [7], lung samples were stored for RNA 

isolation. 

In the chronic model, mice were exposed daily either to the smoke of three cigarettes 

or to room air on five days per week for 4 or 7 months as previously described [5, 6]. 

When indicated animals received 200 l 4 IU/ml Grade VI apyrase or vehicle (PBS) 



 

 

intraperitoneally prior to smoke exposure in the last three months. At the end of the 

respective time period, animals were sacrificed; BAL was performed followed by lung 

resection and fixation in formalin for histologic analysis.  

 

Enzyme histochemistry on murine lungs 

For localization of adenosine triphosphatase (ATPase) activity, a lead phosphate 

method was applied [8]. In brief, frozen lung sections were incubated for 30min at 

37°C with TRIS-maleate sucrose buffer (TMS: 50mM TRIS-maleate, pH 7.4, 0.25M 

sucrose), containing 2mM levamisole. The enzyme reaction was performed in TMS 

buffer containing 300M ATP, 2mM MgCl2 and 2mM lead nitrate (Pb(NO3)2) for 60-

90min at 37°C. Control slides were incubated without nucleotide. Then sections had 

been washed two times with TRIS-maleate buffer and one time with demineralized 

water. As a result of nucleotidase activity, a brown lead orthophosphate deposit was 

visualized by incubating sections in a 0.5% aqueous solution of ammonium sulfide 

((NH4)2S) for 30 sec. Subsequently, the sections were washed with water, 

dehydrated in graded ethanol and mounted with entellan (Merck, Darmstadt, 

Germany). Practically, no brown staining was observed in lung cryosections in the 

absence of nucleotide substrate (data not shown). Similarly, lung sections from Cd39 

knock-out animals did not show ATPase activity (Figure S1). 

 

https://www.google.com/search?client=firefox-a&hs=Q8R&sa=X&rls=org.mozilla:de:official&biw=1680&bih=897&q=darmstadt+germany&stick=H4sIAAAAAAAAAGOovnz8BQMDgzMHnxCnfq6-gVFaeY6ZEgeImVJkbKillZ1spZ9flJ6Yl1mVWJKZn4fCscpITUwpLE0sKkktKu7ZtiX63bfJci8kP22Wv_l1usuDQxEAinABnWAAAAA&ei=S5U9U_vvJdKv7Ab6qYCgAQ&ved=0CNQBEJsTKAIwFA
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FIGURE S1 Pulmonary ATPase activity was not observed in Cd39-/- mice as 

assessed by lead staining. 

 

 


