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Figures 

Figure 1. Effect of in vitro ECVE or NF ECVE exposure on metabolic activity and 

proliferation 

a, b) Cell metabolic activity of primary mouse ATII cells (mATII, a, n=6), and primary 

mouse PASMC (mPASMC, b, n=5) after exposure to different concentrations of either 

nicotine-free e-cigarette vapour extract (NF ECVE), nicotine-containing e-cigarette 

vapour extract (ECVE) or conventional cigarette smoke extract (CSE). Data are 

presented as percent of control. c) Cell proliferation of mPASMC (n=8) after exposure 

to either 15% NF ECVE, 15% ECVE, 5% CSE or control. Data are presented as 

percent of control. d, e) Cell metabolic activity of primary human bronchial epithelial 

cells (HBEpC, d, n=6) and primary human PASMC (hPASMC, e, n=5) after exposure 

to different concentrations of either NF ECVE, ECVE or conventional CSE. Data are 

presented as percent of control. f) Cell proliferation of hPASMC (n=6) after exposure 

to either 15% NF ECVE, 15% ECVE, 5% CSE or control. Data are presented as 

percent of control. Controls were treated with medium without ECVE, NF ECVE or 

CSE. n of mATII cells, mPASMC and hPASMC represents independent isolations per 

group, n of HBEpC represents independent experiments per group. Statistical analysis 

was performed by one-way ANOVA with Tukeys post hoc-test. Significant p-values in 

comparison to respective controls are presented. Data are presented as mean ± SEM. 

Figure 2. The effects of ECVE or NF ECV on gene expression patterns, 

glutathione levels and protein expression of the autophagy-lysosome system. 

a, b) Gene ontology (GO) enrichment analysis of differentially expressed mRNA 

transcripts in primary mATII cells (a) and primary mPASMC (b) exposed to either 15% 

nicotine-free e-cigarette vapour extract (NF ECVE) or 15% nicotine-containing e-



cigarette vapour extract (ECVE). Bubble plots for enrichment analysis of GO terms are 

presented. The bubble areas indicate the number of genes in the sets, and the colour 

indicates if most of GO terms were up- (red), or downregulated (green). Yellow colour 

indicates that both up- and downregulated genes contribute to the enrichment. n=8. 

The y-axis [-log(p)] displays the significance level, the x-axis the percentage of 

expressed genes in the respective set of genes for a specific pathway. c) Level of the 

GSH/GSSG ratio in primary mATII cells exposed to either 15% NF ECVE, 15% ECVE, 

2.5% CSE or control medium without ECVE, NF ECVE or CSE. n=8 each. d) Protein 

expression of p62 and LC3-II, normalised to the expression of β-actin in primary 

mPASMC exposed to either 15% NF ECVE, 15% ECVE or control medium without 

ECVE or NF ECVE. n=4. n-numbers represent independent isolations per group. For 

statistical analysis of c,d one-way ANOVA with Tukeys post hoc-test was used. Data 

are presented as mean ± SEM. 

Figure 3. ECV inhalation increased endothelial permeability in isolated perfused 

and ventilated mouse lungs.  

a) Effect of nicotine-free e-cigarette vapour (NF ECV) or nicotine-containing e-cigarette 

vapour (ECV) on hypoxic pulmonary vasoconstriction (HPV). b) Effect of NF ECV or 

ECV on the capillary filtration coefficient (Kfc). HPV was determined as the maximum 

increase of pulmonary arterial pressure (ΔPAP) during hypoxic ventilation. Kfc was 

measured gravimetrically and calculated from the slope of lung weight gain induced by 

an increase of the pulmonary venous pressure from 2 to 10mmHg. Data are provided 

as percent change of ΔPAP and Kfc compared to the reference hypoxic manoeuvre or 

pressure challenge without NF ECV or ECV. n=5-6 isolated mouse lungs per group, 

control lungs were ventilated without NF ECV or ECV. Statistical analysis was 



performed by one-way ANOVA with Tukeys post hoc-test. Data are presented as mean 

± SEM. 

Figure 4. Effect of long-term in vivo exposure to ECV or NF ECV on pulmonary 

inflammation.  

a-d) Total number of cells (a), neutrophils (b), lymphocytes (c) and macrophages (d) 

in bronchoalveolar lavage (BAL) from mice exposed to nicotine-free e-cigarette vapour 

(NF ECV) or nicotine-containing e-cigarette vapour (ECV) for 8 months. e, f) Number 

of macrophages given for exudate macrophages (ExMAs, e) and residence 

macrophages (rAM, f). Values are given as percentage of total macrophages. a-f) n=5 

mice per group. g) Levels of selected inflammatory mediators in the bronchoalveolar 

lavage fluid (BALF=BAL supernatant) from mice exposed to NF ECV or ECV for 8 

months (n=10 mice per group). h) Number of CD45+ cells located around vessels, 

alveolar septa or bronchi in lung sections of mice exposed to NF ECV or ECV for 8 

months according to the following scale: 0 – little  number of  CD45+ cells, 1 – moderate 

number of CD45+ cells, and 2  – many CD45+ cells (n=6 lungs per group). i) Number 

of CD3+ cells per lung section area in mice exposed to NF ECV or ECV for 8 months 

(n=5 lungs per group). j) Representative images of lung sections from mice exposed 

to NF ECV or ECV stained for CD3+ and CD45+ cells. Control animals (Ctrl) received 

room air only. Statistical analysis: (a-g, i) one-way ANOVA with Tukeys post hoc-test. 

(h) Categorical analysis was done using pair-wise Wilcoxon-tests with continuity 

correction. Data are presented as mean ± SEM.  

 

Figure 5. Effect of long-term in vivo exposure to ECV or NF ECV on lung 

functional and structural parameters in mice.  



a-d) Lung functional parameters (n=9-11), static compliance (a), resistance (b), 

inspiratory capacity (c), pressure-volume loops (d) of mice exposed to nicotine-free e-

cigarette vapour (NF ECV), nicotine-containing e-cigarette vapour (ECV) or room air 

(control, ctrl) for 8 months. e-j) Lung structural parameters from in vivo µCT 

measurements (n=9-12), air/tissue ratio (e), lung density (f), representative µCT 

imaging (g) or histological analysis (n=6), airspace (h), mean linear intercept (i), 

representative pictures (j). Lung sections were stained with haematoxylin and eosin 

(scale bars 250μm). Statistical analysis: one-way ANOVA with Tukeys post hoc-test. 

Combined p-value from e, f, g): p=0.03 determined by meta-analysis according to the 

Fisher's method using 'BisRNA' R package. Data are presented as mean ± SEM.  

Figure 6. Effect of long-term in vivo exposure to ECV or NF ECV on the 

pulmonary circulation in mice. 

a, b) Hemodynamic measurements (n=9-12), right ventricular systolic pressure 

(RVSP, a) and systolic arterial pressure (SAP, b). c) Morphological analysis of 

pulmonary vessels. Data are given as percentage of fully, partially or not muscularised 

vessels of total vessel count (n=6). d) Heart ratio (ratio of the weight of the right 

ventricle (RV) and the left ventricle plus septum (LV+S)), n=10-11. The LV+S weight 

was not changed between the groups. e-h) Echocardiographic analysis of right 

ventricular wall thickness (RVWT, e), tricuspid annular plane systolic excursion 

(TAPSE, f) and cardiac index (g) (n=4-7 each); representative images of 

echocardiography (h). Data were assessed from mice either exposed to nicotine-free 

e-cigarette vapour (NF ECV), nicotine-containing e-cigarette vapour (ECV) or room air 

(Control, Ctrl) for 8 months. Statistical analysis was performed by one-way ANOVA 

with Tukeys post hoc-test. Data are presented as mean ± SEM. 
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Supplementary Figure 5. Comparison of gene expression patterns of mouse pulmonary arterial smooth 
muscle cells (mPASMC) treated with ECVE or NF ECVE from microarray analyses.
a-j) Correlation of mRNA transcript expression of microarray data between primary mPASMC cells either exposed to 
15% nicotine-free e-cigarette vapour extract (NF ECVE) or 15% nicotine-containing e-cigarette vapour extract 
(ECVE). Controls were treated with medium without ECVE or NF ECVE. Data show measured mRNA transcripts (a), 
or the subsets of the data from genes being annotated to KEGG pathways: “Metabolic pathways”(b), “Glycolysis/Glu-
coneogenesis” (c), “Phagosome” (d), “Cell cycle” (e), “Lysosome” (f), “Spliceosome” (g) “Focal adhesion” (h), “RNA 
transport” (i) and “Steroid hormone biosynthesis” (j). The colour of the points indicates the spatial density of the values 
(lowest density is black, highest density is yellow). The densities were obtained using a 2-dimensional Gaussian 
kernel estimator. The colouring visualizes the inner structure of dense clouds of overplotted points. “Up” and “Down” 
indicate up- or downregulation of the majority of respective mRNA transcripts in the specific pathway. n.s., not signifi-
cant changes. Data are derived from n=8 independent cell isolations per group.



FSC

BALa)

b)

CD45 CD11c Ly6G

SS
C

G
R

-1

SS
C

CD11b
Si

gl
ec

-F

Cells MonPh

Control

NF ECV

ECV

G
r-

1

Si
gl

ec
-F

Si
gl

ec
-F

Si
gl

ec
-F

SS
C

-A
SS

C
-A

SS
C

-A

10
2

10
3

10
4

10
5

G
r-

1
10

2
10

3
10

4
10

5

G
r-

1
10

2
10

3
10

4
10

5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

Monocytes

Lymphocytes

Lymphocytes

Lymphocytes

Monocytes

Monocytes

Monocytes

Lymphos

Monocytes

Neutros

Neutros

Neutros

Neutros

ExMA

ExMA

ExMA

ExMA

rMA

rMA

rMA

rMA

102 103 104 105 102 103 104 105 102 103 104 105

102 103 104 105 102 103 104 105 102 103 104 105

102 103 104 105 102 103 104 105 102 103 104 105

G
R

-1

Ly-6 CD11b CD45

Ly-6 CD11b CD45

Ly-6 CD11b CD45

In vivo



Supplementary Figure 6. Effect of long-term in vivo exposure to ECV or NF ECV on immune cell composi-
tion of bronchoalveolar lavage (BAL).
a) Flow cytometry gating strategy. First, the total BAL cells were gated with forward scatter (FSC) and side scatter 
(SSC). From the total BAL cells, the lymphocytes were gated based on  low FSC and low SSC within the CD45+ 
cluster. The mononuclear phagocytes (MonPh) were gated based on the higher FSC and/or SSC within the CD45+ 
cluster. From the MonPh cluster, the CD11c+Gr-1- population was sub-gated to differentiate resident macrophages 
(rAMs: CD11bhiSiglec-Fhi) and exudate macrophages (ExMAs: CD11bhiSiglec-Flow). From the MonPh cluster, the 
CD11c-Gr-1+ population was sub-gated to identify neutrophils (GR-1+Ly6Ghi) and monocytes (GR-1+Ly6G-). 
b) Representative flow cytometry plots of the bronchoalveolar lavage (BAL) from mice exposed to either 
nicotine-free e-cigarette vapour (NF ECV) or nicotine-containing e-cigarette vapour (ECV) for 8 months. Control 
animals received room air only. 
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Supplementary Figure 7. Multiplex analysis of bronchoalveolar lavage fluid (BALF).
a-d) Analysis of multiplex immunoassay screening for cytokines (a), chemokines (b), other pro-inflammatory mediators 
(c) and matrix metalloproteinases (d) in BALF from mice exposed to either nicotine-free e-cigarette vapour (NF ECV) 
or nicotine-containing e-cigarette vapour (ECV) for 8 months. Control animals were treated with room air only. 
Statistical analysis was performed by one-way ANOVA with Tukeys post hoc-test. n=10 mice per group. No significant 
differences could be observed between the Control, NF ECV and ECV groups. 
Abbreviation: CCL – (C-C motif) ligands; CRP – c reactive protein; EMMPRIN – extracellular matrix metalloproteinase 
inducer; GF - CSF – granulocyte-macrophage colony-stimulating factor; IL – Interleukin; IFN-γ – interferon gamma; 
MMP – matrix metalloproteinase;TNF-α - tumor necrosis factor alpha.
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Supplementary Figure 8. Effect of long-term in vivo exposure to ECV or NF ECV on  nicotine, cotinine concentrations 
and on hematocrit. 
 a, b) Concentrations of nicotine (a) and cotinine (b) in the plasma of mice exposed to nicotine-free e-cigarette vapour (NF ECV) 
or nicotine-containing e-cigarette vapour (ECV) for 6h (n=5). c) Nicotine and cotinine concentration in the plasma of mice 
exposed to conventional CS for 6h (n=6). d) Mouse weight during the time course of exposure to NF ECV or ECV for 8 months.  
n=12 mice per group. e) Hematocrit (n=9-12) of mice exposed to NF ECV or ECV for 8 months. Control animals were treated 
with room air only. Statistical analysis was performed by one-way ANOVA with Tukeys post hoc-test. Data are presented as 
mean ± SEM. 
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