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SUPPLEMENTAL MATERIAL 

 

Aldabbous et al. Neutrophil extracellular traps (NETs) promote angiogenesis: evidence from 

vascular pathology in pulmonary hypertension. 

 

Supplemental Materials and Methods 

 

Supplementary Table I. Patients’ characteristics 

Data presented as median (range) 

 Healthy 

Volunteers 

N=24 

CTEPH(Imperial 

Cohort) 

N=26 

CTEPH(Cambridge 

Cohort) 

N=21 

IPAH 

N=52 

Females/males 20/4 14/12 8/13 40/12 

Ages, years 

(range) 

49.39 ±10.3 

(31-76 ) 

 

67.8±15.3 

(31-86) 

 

58.33±15.4 

 (24-79) 

54±17.2 

(21-85) 

 

Endothelin receptor 

antagonist 

- 11 - 41 

Prostacyclin 

analogs  

- 1 - 12 

Phosphodiesterase 

5 inhibitors 

- 13 8 45 

Anticoagulants - 24 20 45 

Ca Channel 

blockers 

- 1 1 4 

Statins - 8 6 15 

Antiarrhythmics  5 1 15 

Diuretics - 14 9 28 

Beta blockers - 1 2 2 

Angiotensin 

receptor antagonists 

- 4 2 4 

ACE inhibitors - 6 2 3 
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SUPPLEMENTAL FIGURES AND FIGURE LEGENDS 

 

 

Figure I 

 

 

 

Figure I. The levels of NET markers in plasma of CTEPH patients (Cambridge cohort, n=21). (A) 

DNA, (B) myeloperoxidase (MPO) and (C) neutrophil elastase (NE). **p<0.01; ***p<0.001, 

comparison with healthy controls.  
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Figure II 

 

 

Figure II. Histological analysis of IPAH lung tissues and CTEPH thrombus. (A) L-endoglin (green) 

and vWF (red) staining in IPAH lung. Enlarged images of the boxed area are shown in the last row. 

An arrow points to endothelial cells highly expressing L-endoglin, while an arrowhead points to 

endothelial cells within a well differentiated vessel, showing low level of L-endoglin expression. 

Staining representative of n=6. (B) Images show corresponding staining for DNA (blue), citrullinated 

histone C3 (Cit-H3) (red) and a merged image in CTEPH thrombus. Arrows in the enlarged boxed 

areas point to the areas of NETosis marked by co-localization of DNA and Cit-H3 staining. On the 

right, the two black-and-white images show details of DNA and Cit-H3 staining. Bar=50µm.  
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Figure III 

 

Figure III. Images of NETs and NET markers. (A) Images of fluorescent DNA staining in 

unstimulated human neutrophil cultures (Control) and in PMA-stimulated neutrophil cell cultures 

(NETs).  White arrow points to NETs. Bar=50µm. (B) Images of DNA, MPO and Cit-H3 staining in 

control, untreated neutrophils and PMA-treated neutrophils, as indicated. The cells were fixed and 

stained with NET markers without a prior permeabilisation so that only externalised, NETs-associated 

MPO and Cit-H3 can be seen. Bar=10µm.  
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Figure IV 

 

 

 

 

Figure IV. Separation of NETs and endothelial cells in Transwell dishes. (A) Schematic diagram of 

the experimental setup. NETs were placed in the top chamber, while HPAECs were grown in the 

bottom chamber, separated from NETs by a semi-permeable membrane pore size 0.4µm. (B) Changes 

in DNA concentration in the bottom chamber during 24 hour experiment. Black bar shows DNA 

concentration in the top chamber (medium with NETs), while grey bars show DNA concentration in 

the bottom chamber after 2hours, 4 hours and 24 hours of incubation.  
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Figure V. 

 

 

Figure V.  NETs promote pro-thrombotic responses in HPAECs. (A) vWF surface expression and (B) 

total protein expression of vWF in HPAECs treated with NETs for 4 or 24 hours, as indicated. (C) 

Aggregation of fluorescently labelled platelets on NETs-treated HPAECs (expressed as surface 

coverage), with or without anti-vWF antibodies, as indicated. (D) Top row: surface deposition of vWF 

(red) in NETs-treated HPAECs. Cell nuclei are shown in blue. Bottom row: video stills show platelet 

aggregation on the surface of HPAECs treated with NETs for 4 or 24 hours, as indicated. Flow 

direction is indicated with an arrow. Bar=10 µm.   
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Figure VI. 

Figure VI. The effect of NETs on pro-angiogenic cytokine expression in HPAECs. (A) representative 

examples of microarray membranes incubated with NETs (0.3µg/mL DNA), cell lysates from 

untreated (Control) HPAECs and HPAECs treated with NETs, as indicated. A schematic diagram of 

the microarray layout is shown below.  Graph in (B) shows changes in the levels of various pro-

angiogenic factors induced by NETs (fold-change compared to untreated controls). n=3. 
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Figure VII. 

 

Figure VII. NETs-induced changes in the pro-angiogenic cytokine expression in HPAECs. (A-E) 

relative changes in the levels of pro-angiogenic factors: MMP-9, PDGF-BB, HB-EGF, LAP (TGFβ1) 

and uPA in NETs-treated HPAECs, as indicated; human angiogenesis microarray. *p<0.05; p<0.01; 

***p<0.001, comparisons with untreated controls; ##p<0.01, ###p<0.001, comparisons with NETs-

treated HPAECs. n=3.  
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Figure VIII. 

 

Figure VIII. Changes in distribution of the actin cytoskeleton and vascular endothelial cadherin (VE-

cadherin) in HPAECs. HPAECs were left untreated or were treated with NETs for 24 hours, as 

indicated. Bar=10µm.  
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Figure IX. 

 

 

Figure IX. Cell migration in HPAECs cultured with NETs with, or without DNAse1 or MPO 

inhibitor for 24 hours, as indicated (Oris assay). In Oris assay, the number of fluorescently-labelled 

cells that migrated into the circular “wound” area in each well of a 96-well plate, was estimated by 

measurement of fluorescence intensity and expressed as % of untreated controls. *p<0.05, comparison 

with untreated controls; 
##

p<0.01, 
###

p<0.001, comparison with NETs-treated HPAECs, n=3  
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Figure X. 

 

Figure X. The effect of HPAEC conditioned media on PASMCs growth and ET-1 release.  (A) 

Conditioned medium from HPAEC/NETs cultures increases proliferative activity of human 

pulmonary artery smooth muscle cells (SMCs). Conditioned media were collected from the bottom 

chamber of Transwell dishes, while HPAECs (with or without NETs) were grown in the top chamber. 

PASMC were then incubated in the conditioned media for 24 hours before the measurement of cell 

proliferation in MTS assay. 
**

p<0.01, comparison with HPASMCs grown in conditioned medium 

from untreated HPAECs; n=3. (B) ET-1 levels in conditioned media from HPAECs (24 hour 

incubation). *p<0.05, n=4. 
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Figure XI. 

 

 

Figure XI. The effect of CLIC4 gene silencing on NET-induced spheroid sprouting. The graph shows 

changes in the total spheroid area in cells overexpressing AdGFP (adenoviral control) or 

AdCLIC4shRNA-GFP  48 hours post-infection. The cells were left untreated or were treated with 

NETs, as indicated. Representative images of HPAEC spheroids are shown above the graph, while 

western blots with expression levels of CLIC4 are shown on the right. *p<0.05; p<0.01; **p<0.01, 

comparisons with controls; 
###

p<0.001, comparison between AdGFP+NETs and 

AdCLIC4shRNA+NETs. n=3.  

  



13 
 

 

Figure XII 

 

  

 

Figure XII. Images of human and mouse NETs. DNA staining with Hoechst. Bar=100µm. 

 


