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METHODS 

Animal studies   

All animals presented in this study were housed in a room with a 12:12-h light-dark cycle and 

maintained with constant temperature and continuous access to food and water. Wild-type and 

Slo1 knockout littermates (BKCa-/- or Kcnma1-/-) used in this study were previously described 

[1]. For the chronic hypoxia-induced pulmonary hypertension model, 12-16 weeks-old male adult 

male C57BL/6J mice (20–22 g) were purchased from Charles River Laboratories and randomly 

distributed into two groups. Mice were placed either in normobaric, hypoxic chambers 

(FiO2=0.1) for 4 weeks or control mice were kept in normobaric normoxia (FiO2=0.21). The 

oxygen content was monitored and controlled by an automated OxyCycler system (BioSpherix, 

Lacona, NY, USA) using constant gas buffering with N2. Chambers were opened two times per 

week for feeding and cleaning. All experiments were approved by the local authorities according 

to the national regulations for animal experimentation (Austrian Ministry of Education, Science 

and Culture, BMWF-66.010/0076-II/3B/2011.) 

Electrophysiology 

The whole-cell patch-clamp technique on hPASMC was used as previously described, to 

measure the macroscopic potassium (K+) currents under voltage clamp[2]. For the recording of 

calcium-activated K+ channels (KCa) and whole cell K+ current, the bath solution (in mmol/L): 

NaCl 130, KCl 5.5, CaCl2 1.5, MgCl2 1, glucose 10, Na2HPO4 0.5, KH2PO4 0.5, HEPES 10; 

adjusted to pH 7.3 with NaOH was used, and a pipette solution (in mmol/L): KCl 120,  MgCl2 1, 

CaCl2 2, Na2ATP 2, EGTA 3, HEPES 10; pH adjusted to 7.2 with KOH. The free [Ca2+], 

calculated using Maxchelator (http://www.stanford.edu/%7Ecpatton/maxc.html), was 900 nM, 

which promotes KCa channel activation. The KCa currents were obtained under whole-cell 

patch-clamp conditions, from a holding potential of –20 mV, with 10 mV depolarizing pulses 
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lasting 400 ms, to +50 mV. The whole cell K+ current was obtained under whole-cell patch-

clamp conditions, from a holding potential of –80 mV, with 10 mV depolarizing pulses lasting 400 

ms, to +50 mV. Pipettes pulled from borosilicate glass tube (GC 150, Clark Electromedical 

Instruments, Pangbourne, UK) were fabricated on a P-97 electrode puller (Sutter Instruments, 

Novato, CA, USA) and fire-polished to give a final resistance of 2 – 3 MΩ for whole-cell 

recording. The effective corner frequency of the low-pass filter was 0.5-5 kHz and the frequency 

of digitization was at least twice that of the filter. No leak subtraction was made. The resting 

membrane potential was measure under current clamp as previously described [3,4]. Briefly, 

donor and IPAH PASMCs (between passages 2-5) were grown on 12 mm coverslips and serum 

starved for a day before the measurement. The coverslips were mounted in a perfusion chamber 

and perfused with a bath solution composed of (in mM) NaCl 141, KCl 4.7, HEPES 10, glucose 

10, CaCl2 1.8, MgCl2 1.2, pH 7.4 (NaOH), with a perfusion rate of 1 ml/min. Borosilicate glass 

micropipettes of 3-5 MΩ resistance were filled with a pipette solution composed of (in mM) NaCl 

10, KCl 125, K2ATP 5, HEPES 10, EGTA 5, MgCl2 4, pH 7.2 (KOH). The liquid junction 

potential was calculated with Clampex 10.0 (AxoPatch) and correction was done for each 

recording. 15 sec continuous Em recording was averaged for every minute. Only those 

experiments where the seal resistance was continuously higher than 5 MΩ at baseline/after DHA 

effect and constant for at least 3 minutes were used for the analyses. 

Hemodynamic assessment of RVSP  

Mice treated under chronic hypoxia or normoxia were anesthetized using isoflurane narcosis and 

then placed on a controllable heated pad to maintain body temperature at 38°C. The mice were 

restrained in a stable fixed position and heart rate was continuously monitored by ECG for the 

duration of the experiment. Heart catheterization was performed under 2-4% constant isoflurane, 

using the closed chest technique through a small incision on the submandibular area, as 

described previously[5]. The right ventricle was catheterized via the right jugular vein and 
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pressure values were monitored continuously in order to determine the position of the catheter. 

When the pressure sensor was positioned in the ventricle,, right ventricular systolic pressure 

(RVSP) was obtained. The left jugular vein was prepared for introduction of DHA in a small bolus 

(10µM in 100µl in saline). Data was collected using SPR-671 1.4F catheters (Millar Instruments 

Inc., Houston, TX, USA) coupled to a Millar PCU-2000 pressure control unit and PowerLab 8/30 

acquisition system (AD Instruments, Spechbach, Germany). Pressure values were analyzed with 

Powerlab Pro Software (AD Instruments). After haemodynamic measurements, animals were 

euthanized by overdose of isoflurane.  En-block lungs and hearts were perfused with PBS via 

the right ventricle with efflux through a small opening in the left atrium. The hearts were placed in 

PBS solution and kept on ice. After removing the atria from the ventricles, the right ventricle (RV) 

was removed from the left ventricle & septum (LV+S) and the separated regions were blotted dry 

and weighed to obtain the ratio of the right heart to the left ventricle plus septum (RV/ (LV+S)).  

Isolated perfused and ventilated mouse lungs 

For perfusion and ventilation an open-chest mouse lung preparation was used as described 

previously in detail [6]. Mice were sacrificed by overdose of intra-peritoneal injection of ketamine 

(200 mg kg−1) and xylazine (20 mg kg−1) and anticoagulated with heparin (1000 U/kg). A water 

jacketed chamber (type 839, Hugo Sachs Elektronik, March-Hugstetten, Germany) served as an 

artificial thorax. Lungs were first ventilated with room air (positive pressure ventilation, 250 μl 

tidal volume, 90 breath/min and 2 cmH2O positive end-expiratory pressure). Using a peristaltic 

pump (ISM834A V2.10, Ismatec, Glattbrugg, Switzerland), 37 °C buffer was perfused via a 

catheter in the pulmonary artery. In parallel with the onset of artificial perfusion, ventilation was 

changed from room air to a pre-mixed gas (21% O2 5.3% CO2, balanced with N2), the artificial 

thorax was closed and the lungs were ventilated with negative pressure using a VCM ventilator 

module/PLUGSYS device (Hugo Sachs Elektronik, March-Hugstetten, Germany). For 

inspiration, negative pressure was adjusted to result in a tidal volume of 250μl. End-expiratory 
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pressure was held constant at −2 cmH2O. A breath frequency of 90 per minute was used with 

50% inspiration time. A deep inspiration was performed every 4 min with −20 cmH2O. PAP was 

continuously monitored and the difference in PAP mean was expressed in cmH2O. DHA (10 µM) 

induced changes in the PAP upon U46619 (100 nM) pretone is expressed as percentage of 

vasodilation and calculated as follows (PDHA-PMP)/(PMP-PB)X100. PB is the baseline PAP, PMP is 

the maximal pretone PAP and PDHA is the PAP after the exposure of DHA in the presence of 

pretone. 

Measurement of the vascular tension development  

Intrapulmonary arteries were mounted under the microscope in a wire microvascular myograph 

(Danish Myo Technology A/S, Aarhus, Denmark) using 40 µm diameter tungsten wire [7]. The 

myograph chambers were connected to force transducers for isometric measurements 

(PowerLab, ADInstruments). The chamber contained PSS (5 ml) equilibrated with 5% CO2 in 

artificial air (20.9% O2, 74% N2) (pH 7.4). After the myograph had reached 37°C, basal tension of 

2mN was applied and the arteries were allowed to stabilize for 45 minutes. To test the viability of 

the preparation, tissues were challenged three times with a maximally depolarizing stimulus of 

PSS containing 120 mmol/L KCl (KPSS; isotonic replacement of NaCl by KCl) for 15 min. 

Tissues which exhibited a contractile force of <2 mN upon three KPSS challenge were not used 

in the experiments. Intrapulmonary arteries were preconstricted with the thromboxane A2 

receptor agonist U46619 (300 nM) and allowed to steady-state plateau,  followed by DHA, which 

was introduced in accumulative doses. To study the role of BKCa channel- or endothelium-

mediated effects of DHA, the isolated, second-order intra-pulmonary arteries were treated with 

ITX (100nM) or L-NAME (300µM) or endothelium-denuded and then preconstricted with the 

thromboxane A2 receptor agonist U46619 (300 nM), followed by increasing concentrations of 

DHA. Endothelium was denuded mechanically by rubbing the lumen of the pulmonary artery with 
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a human hair. The denuded artery was checked for intact endothelium-dependent vasodilation 

as demonstrated by more than a 50% vasodilatory response with acetylcholine[8] . 

Double immunolabelling 

The presence of the BKCa channels (Alomone labs, Israel) and alpha smooth muscle actin (α-

SMC) (R & D Systems, USA) in human, and mouse lung tissue was assessed on paraffin-

embedded sections. Sections were deparaffinized, rehydrated and treated with heat-induced 

antigen retrieval in buffer pH 6. Non-specific binding was blocked with 10% BSA prior to 

overnight incubation with primary antibodies at 4°C. After washing steps, the sections were 

incubated with anti-goat immunoglobulin labelled with Alexa Fluor 488 (Invitrogen – Vienna, 

Austria, 1:500), anti-rabbit Alexa Fluor 555 (Invitrogen) for 1 h. Sections were washed and 

mounted with DAPI-containing medium (Vector Laboratories). To test the BKCa antibody 

specificity, their blocking peptides were used (Alomone labs, Israel) as well the  stainings 

performed in the lung tissue of BKCa+/+ or BKCa-/- mice. The stainings were imaged on a laser-

scanning confocal microscope (Zeiss LMS 510 META; Zeiss, Jena, Germany) with Plan-

Neofluar (40×/1.3 Oil DIC) objective. 

Laser capture microdissection (LCM)  

Frozen lung pieces collected from healthy donors and IPAH patients were cut into 10 µm 

sections, stained with hematoxylin for contrast, fixed with ethanol and air-dried on PEN-

MembraneSlide (Leica, Wetzlar, Germany) for laser-assisted microdissection as described 

previously. Pulmonary arteries (intima and media) of 50-300µm diameter were selected and 

marked and isolated with the Arcturus® LCM System. Captured vessels were immediately 

transfered into RNA lysis buffer and were snap frozen. RNeasy Micro Kit was utilized to isolate 

RNA (RNeasy Micro Kit, Qiagen, Hilden, Germany)[9]. 

Quantitative Real-time PCR (qPCR) 
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Real-time PCR was used for relative quantification of gene expression in LCM material isolated 

from pulmonary arteries of healthy donor and IPAH patients. The analyses were performed in an 

ABI 7700 Sequence Detection System (Applied Biosystems) using a reaction mix containing 

cDNA samples, SYBR Green (Qiagen, Hilden, Germany), as well as forward- and reverse 

primers. The amplification protocol was 1× (50°C, 2 min); 1× (95°C, 6 min); 45× (95°C, 5s; 60°C, 

5s; 73°C, 10s). The data for the amplification curves were acquired after the extension phase at 

73°C. Specificity of the amplification reaction was confirmed by analyzing the obtained melting 

curves. The obtained Ct values were normalized to internal control beta-2-macroglobulin (B2M) 

using the following formula: ΔCt = Ct (reference gene) – Ct (target gene). Each gene expression 

was measured in duplicates. Samples from n = 7-8 donors and n = 7-8 IPAH were investigated. 

Primers used for the RT-PCR  are KCNMA1-forward (5-CAAGTGATGCCAAAGAAGT-3) reverse 

(5-TGACGGCTGCTCATCTTCAA-3), KCNMB1-forward (5-GCACGGGAAGACTAAAT-3), 

reverse (5-CAAAGGGCTCGTGTCTCTCC-3), KCNMB2-forward (5-GCACCGGATCGCTGTCAT 

TA-3), reverse (5-TGGCAAAAAGACCTCCGGTA-3), KCNMB3-forward (5-TTTTCTCAGACC 

CCTGGCCT-3), reverse (5-GAAAGGCTGTCCTCCCCTG-3) and KCNMB4-forward (5-GACATT 

TGTGGTGGGCGTTC-3) reverse (5-TTCTTCATGGCTTCCGCCTT -3) 
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Supplementary figure legends 

Supplementary figure 1. DHA evokes pulmonary vasodilation in isolated perfused lungs. 

(A) Representative mean pulmonary artery pressure tracing recorded in the isolated perfused 

ventilated mouse lung model under DHA application and after preconstriction with U46619 

(100nM) and consecutive DHA treatment (10 µM). (B) Whiskers plot summarizes the changes in 

mPAP upon acute DHA administration with and without pretone (n=5). 

Supplementary figure 2. PPARδ and PKC are not involved in the DHA induced activation 

of BKCa channel in hPASMC. Bar graph summarizes relative changes in the DHA-induced 

BKCa current with and without inhibitors PPARδ (GSK 0660) and PKC (U73122) in primary 

hPASMCs (n=5). 

Supplementary figure 3. (A) Double immunofluorescence stainings of mice and human lungs 

showing antibody specificity for BKCa with employment of specific blocking peptide along with 

antiBKCa antibody (red) and alpha smooth muscle actin (green) in pulmonary artery.(B) Double 

Immunofluorescent staining of BK alpha subunit in BKCa+/+ and BKCa-/- mice for specificity for 

the antibody used (scale bar 20µM). 

Supplementary figure 4. Proposed schematic representation of DHA-induced alterations in 

primary PASMCs from IPAH patients and the participation of KCa channels for its vasodilatory 

action in pulmonary hypertension. The membrane potential in PASMCs of IPAH patients is 

depolarised despite increased expression of BKCa channels. The exposure to DHA activates the 

KCa current, resulting in hyperpolarisation of the membrane potential leading to reduced 

intracellular calcium and consequently to vasodilation in pulmonary hypertension. 
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