27. Yang P, Chen W, Xu H, Yang J, Jiang J, Jiang Y, Xu G. Correlation of CCL8
expression with immune cell infiltration of skin cutaneous melanoma: potential as a
prognostic indicator and therapeutic pathway. Cancer Cell Int 2021: 21(1): 635.

28. Mukherjee M, Nair P. Autoimmune Responses in Severe Asthma. Allergy
Asthma Immunol Res 2018: 10(5): 428-447.

29. Ross SH, Cantrell DA. Signaling and Function of Interleukin-2 in T
Lymphocytes. Annu Rev Immunol 2018: 36: 411-433.

30. Blattman JN, Grayson JM, Wherry EJ, Kaech SM, Smith KA, Ahmed R.
Therapeutic use of IL-2 to enhance antiviral T-cell responses in vivo. Nat Med 2003:
9(5): 540-547.

31. Miller AM. Role of IL-33 in inflammation and disease. J Inflamm (Lond) 2011:
8(1): 22.

32. E-Cigarette Use Among Youth and Young Adults: A Report of the Surgeon
General, Atlanta (GA), 2016.

33. Dalle-Donne |, Garavaglia ML, Colombo G, Astori E, Lionetti MC, La Porta CAM,
Santucci A, Rossi R, Giustarini D, Milzani A. Cigarette smoke and glutathione: Focus
on in vitro cell models. Toxicol In Vitro 2020: 65: 104818.

34. Bazzini C, Rossetti V, Civello DA, Sassone F, Vezzoli V, Persani L, Tiberio L,
Lanata L, Bagnasco M, Paulmichl M, Meyer G, Garavaglia ML. Short- and long- term
effects of cigarette smoke exposure on glutathione homeostasis in human bronchial
epithelial cells. Cell Physiol Biochem 2013: 32(7): 129-145.

35. Zhao J, Zhang Y, Sisler JD, Shaffer J, Leonard SS, Morris AM, Qian Y, Bello D,
Demokritou P. Assessment of reactive oxygen species generated by electronic
cigarettes using acellular and cellular approaches. J Hazard Mater 2018: 344: 549-

557.



36. Lilly CM, Khan S, Waksmundzki-Silva K, Irwin RS. Vaping-Associated
Respiratory Distress Syndrome: Case Classification and Clinical Guidance. Crit Care
Explor 2020: 2(2): e0081.

37. Diabasana Z, Perotin JM, Belgacemi R, Ancel J, Mulette P, Delepine G, Gosset
P, Maskos U, Polette M, Deslee G, Dormoy V. Nicotinic Receptor Subunits Atlas in the
Adult Human Lung. Int J Mol Sci 2020: 21(20).

38. Rounds S, Lu Q. Cigarette smoke alters lung vascular permeability and
endothelial barrier function (2017 Grover Conference Series). Pulm Circ 2018: 8(3):
2045894018794000.

39.  Christiani DC. Vaping-Induced Acute Lung Injury. N Engl J Med 2020: 382(10):
960-962.

40. Dupuy PM, Lancon JP, Francoise M, Frostell CG. Inhaled cigarette smoke
selectively reverses human hypoxic vasoconstriction. Intensive Care Med 1995:
21(11): 941-944.

41. Horikawa K, Takatsu K. Interleukin-5 regulates genes involved in B-cell terminal
maturation. Immunology 2006: 118(4): 497-508.

42. Gour N, Wills-Karp M. IL-4 and IL-13 signaling in allergic airway disease.
Cytokine 2015: 75(1): 68-78.

43. Lerner CA, Sundar IK, Yao H, Gerloff J, Ossip DJ, McIntosh S, Robinson R,
Rahman I. Vapors produced by electronic cigarettes and e-juices with flavorings induce
toxicity, oxidative stress, and inflammatory response in lung epithelial cells and in
mouse lung. PLoS One 2015: 10(2): e0116732.

44. Sussan TE, Gajghate S, Thimmulappa RK, Ma J, Kim JH, Sudini K, Consolini
N, Cormier SA, Lomnicki S, Hasan F, Pekosz A, Biswal S. Exposure to electronic
cigarettes impairs pulmonary anti-bacterial and anti-viral defenses in a mouse model.

PL0S One 2015: 10(2): e0116861.



45.  Song MA, Reisinger SA, Freudenheim JL, Brasky TM, Mathe EA, McElroy JP,
Nickerson QA, Weng DY, Wewers MD, Shields PG. Effects of Electronic Cigarette
Constituents on the Human Lung: A Pilot Clinical Trial. Cancer Prev Res (Phila) 2020:
13(2): 145-152.

46. Wells JM, Parker MM, Oster RA, Bowler RP, Dransfield MT, Bhatt SP, Cho MH,
Kim V, Curtis JL, Martinez FJ, Paine R, 3rd, O'Neal W, Labaki WW, Kaner RJ,
Barjaktarevic I, Han MK, Silverman EK, Crapo JD, Barr RG, Woodruff P, Castaldi PJ,
Gaggar A, Spiromics, Investigators CO. Elevated circulating MMP-9 is linked to
increased COPD exacerbation risk in SPIROMICS and COPDGene. JCI Insight 2018:
3(22).

47. Baggio C, Velazquez JV, Fragai M, Nordgren TM, Pellecchia M. Therapeutic
Targeting of MMP-12 for the Treatment of Chronic Obstructive Pulmonary Disease. J
Med Chem 2020: 63(21): 12911-12920.

48. Larcombe AN, Janka MA, Mullins BJ, Berry LJ, Bredin A, Franklin PJ. The
effects of electronic cigarette aerosol exposure on inflammation and lung function in
mice. Am J Physiol Lung Cell Mol Physiol 2017: 313(1): L67-L79.

49. Yingst JM, Foulds J, Veldheer S, Hrabovsky S, Trushin N, Eissenberg TT,
Williams J, Richie JP, Nichols TT, Wilson SJ, Hobkirk AL. Nicotine absorption during
electronic cigarette use among regular users. PLoS One 2019: 14(7): e0220300.

50. In: Eaton DL, Kwan LY, Stratton K, eds. Public Health Consequences of E-
Cigarettes, Washington (DC), 2018.

51. Polosa R, Cibella F, Caponnetto P, Maglia M, Prosperini U, Russo C, Tashkin
D. Health impact of E-cigarettes: a prospective 3.5-year study of regular daily users

who have never smoked. Sci Rep 2017: 7(1): 13825.



52.  ShiH, Fan X, Horton A, Haller ST, Kennedy DJ, Schiefer IT, Dworkin L, Cooper
CJ, Tian J. The Effect of Electronic-Cigarette Vaping on Cardiac Function and
Angiogenesis in Mice. Sci Rep 2019: 9(1): 4085.

53. Oakes JM, Xu J, Morris TM, Fried ND, Pearson CS, Lobell TD, Gilpin NW,
Lazartigues E, Gardner JD, Yue X. Effects of Chronic Nicotine Inhalation on Systemic
and Pulmonary Blood Pressure and Right Ventricular Remodeling in Mice.

Hypertension 2020: 75(5): 1305-1314.



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. ¢) Cell proliferation of mMPASMC (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, mMPASMC 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-Il, normalised to the expression of B-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 (Kic). HPV was determined as the maximum
increase of pulmonary arterial pressure (APAP) during hypoxic ventilation. Ki 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 APAP and Kic 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 humber 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 puCT
measurements (n=9-12), air/tissue ratio (e), lung density (f), representative pCT
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 250um). 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 'BisSRNA' 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 (IMPASMC) treated with ECVE or NF ECVE from microarray analyses.

a-j) Correlation of mMRNA 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.
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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¢c*Gr-1- population was sub-gated to differentiate resident macrophages
(rAMs: CD11b"Siglec-F") and exudate macrophages (ExMAs: CD11b"Siglec-F°*). From the MonPh cluster, the
CD11c Gr-1* population was sub-gated to identify neutrophils (GR-1*Ly6G") 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-y — interferon gamma;
MMP — matrix metalloproteinase; TNF-a - 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). ¢) 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.



