Supplementary Figure Legends

[bookmark: _GoBack]Figure S1: Marker genes for key HBE cell types. (a)Heatmap showing expression levels of cluster marker genes. (b) Violin plots showing expression levels marker genes. (c) Cell cycle score embedded in UMAPs.

Figure S2: Expression levels of key marker genes in HBE cell populations. Violin plots showing expression levels of (a) ciliated 4 cluster marker genes, (b) ciliated 1 cluster marker genes and (c) club cluster marker genes. (d) Expression patterns of CP, MYB and CDK1. (e) Expression patterns of BPIFB1 and SERPINB3.

Figure S3: Consistency of identifying similar cell populations between our scRNA-Seq data and published scRNA-Seq data (PRJEB44878) of HBE cells in ALI cultures. (a) UMAP plot of main clusters’ annotation between our ALI data and previous study (PRJEB44878) using the published markers (BC1: Basal cells; BC2/3: BC proliferating & squamous; CC1: Ciliated cells; CC2: CC II; CC3: CC intermediate; IC: Intermediate cells; SC1: Secretory cells; SC2: SC proinflam; SC3:SC mucous). (b) Correlation heatmap between our ALI data cell types and PRJEB44878. (c) Expression heatmap of the key markers for clusters between our ALI data and PRJEB44878.

Figure S4: ECE exposure leads to no significant differences in proliferation of HBE cells or basal cells from healthy nonsmokers. (a)Immunostaining for Ki67 (green), CDH1 (red)and DAPI staining (blue) in HBE cells from healthy nonsmokers at the ALI after 9 day DMEM/F-12 medium (n = 5), ECE (n = 5) or CSE(n = 5) treatment. (b) Ratio of CDH1+ cells that are Ki67+. 3653, 2821 and 2108 Ki67+ cells were analyzed for controls, ECE and CSE treatment respectively. 15240, 14763 and 11758 CDH1+ cells were analyzed for controls, ECE and CSE treatment, respectively.
(c) Immunostaining for Ki67 (green), TP63 (red)and DAPI staining (blue) in HBE cells from healthy nonsmokers at the ALI after 9 day DMEM/F-12 medium (n = 5), ECE (n = 5) or CSE (n = 5) treatment. (d)Ratio of TP63+ cells that are Ki67+. 3430, 3306 and 2118 Ki67+ cells were analyzed for controls, ECE and CSE treatment, respectively. 14216, 14421and 9773 CDH1+ cells were analyzed for controls, ECE and CSE treatment, respectively. Scale bars: 100 μm. Unpaired Student’s t-test, mean ±s.d.

Figure S5: ECE exposure causes no significant differences in proliferation of HBE cells or basal cells from COPD smokers. (a) Immunostaining for Ki67 (green), CDH1 (red) and DAPI staining (blue) in HBE cells from COPD smokers at the ALI after 9 day DMEM/F-12 medium (n = 5), ECE (n = 5) or CSE (n = 5) treatment. (b) Ratio of CDH1+ cells that are Ki67+. 1608, 996 and 1175 Ki67+ cells were analyzed for controls, ECE and CSE treatment, respectively. 8581, 5445 and 6026 CDH1+ cells were analyzed for controls, ECE and CSE treatment respectively.
(c) Immunostaining for Ki67 (green), TP63 (red) and DAPI staining (blue) in HBE

cells from COPD smokers at the ALI after 9 day DMEM/F-12 medium (n = 5), ECE (n = 5) or CSE (n = 5) treatment. (d) Ratio of TP63+ cells that are Ki67+. 1852, 1421 and 1381 Ki67+ cells were analyzed for controls, ECE and CSE treatment, respectively. 8884, 5988 and 5838 CDH1+ cells were analyzed for controls, ECE and CSE treatment, respectively. Scale bars: 100 μm. Unpaired Student’s t-test, mean ± s.d.

Figure S6: ECE exposure leads to reduced transepithelial electrical resistance (TEER) of HBE cells from healthy nonsmokers and COPD smokers. (a) TEER measurements for HBE cells from healthy nonsmokers at the ALI after 16 day DMEM/F-12 medium (n = 3), ECE (n = 3) or CSE (n = 3) treatment. (b) TEER measurements for HBE cells from COPD smokers at the ALI after 16 day DMEM/F- 12 medium (n = 3), ECE (n = 3) or CSE (n = 3) treatment. Scale bars: 100 μm.one- way ANOVA with Tukey’s multiple comparison test, mean ±s.d.

Figure S7: Low dose DAPT treatment partially restores ECE treatment-induced remodeling of HBE cells from healthy nonsmokers and COPD smokers. (a) Timeline for ECE and DAPT administration. (b) Immunostaining for acetylatedα- tubulin (green), MUC5AC (red) and DAPI staining (blue) in HBE cells from healthy nonsmokers at the ALI after 16 day DMEM/F-12 medium (n = 3) or ECE (n = 3) treatment, or 16 day ECE and 7 day 2.5 μM DAPT (n = 3). (c) Quantification of the relative number of acetylated α-tubulin+ cells and MUC5AC+ cells. (d) Immunostaining for acetylated α-tubulin (green), MUC5AC (red) and DAPI staining (blue) in HBE cells from COPD smokers at the ALI after 16 day DMEM/F-12 medium (n = 3) or ECE (n = 3) treatment, or 16 day ECE and 7 day 2.5 μM DAPT
(n = 3). (f) Quantification of the relative number of acetylated α-tubulin+ cells and MUC5AC+ cells. Scale bars: 100 μm. one-way ANOVA with Tukey’s multiple comparison test, mean ±s.d.

Figure S8: Low dose DAPT treatment partially restores CSE treatment-induced remodeling of HBE cells from healthy nonsmokers and COPD smokers. (a) Timeline for CSE and DAPT administration. (b) Immunostaining for acetylated α- tubulin (green), MUC5AC (red) and DAPI staining (blue) in HBE cells from healthy nonsmokers at the ALI after 16 day DMEM/F-12 medium (n = 3) or CSE (n = 3) treatment, or 16 day CSE and 7 day 2.5 μM DAPT (n = 3). (c) Quantification of the relative number of acetylated α-tubulin+ cells and MUC5AC+ cells. (d) Immunostaining for acetylated α-tubulin (green), MUC5AC (red) and DAPI staining (blue) in HBE cells from COPD smokers at the ALI after 16 day DMEM/F-12 medium (n = 3) or CSE (n = 3) treatment, or 16 day CSE and 7 day 2.5 μM DAPT
(n = 3). (f) Quantification of the relative number of acetylated α-tubulin+ cells and MUC5AC+ cells. Scale bars: 100 μm. one-way ANOVA with Tukey’s multiple comparison test, mean ±s.d.

Figure S9: DBZ treatment partially restores ECE treatment-induced remodeling of HBE cells from healthy nonsmokers and COPD smokers. (a) Timeline for ECE and DAPT administration. (b) Immunostaining for acetylated α-tubulin (green), MUC5AC (red) and DAPI staining (blue) in HBE cells from healthy nonsmokers at the ALI after 16 day DMEM/F-12 medium (n = 3) or ECE (n = 3) treatment, or 16 day ECE and 7 day 0.5 μM DBZ (n = 3). (c) Quantification of the relative number of acetylated α-tubulin+ cells and MUC5AC+ cells. (d) Immunostaining for acetylated α- tubulin (green), MUC5AC (red) and DAPI staining (blue) in HBE cells from COPD smokers at the ALI after 16 day DMEM/F-12 medium (n = 3) or ECE (n = 3) treatment, or 16 day ECE and 7 day 0.5 μM DBZ (n = 3). (e)Quantification of the relative number of acetylated α-tubulin+ cells and MUC5AC+ cells. Scale bars: 100 μm. one-way ANOVA with Tukey’s multiple comparison test, mean ±s.d.

 Figure S10: DBZ treatment partially restores CSE treatment-induced remodeling of HBE cells from healthy nonsmokers and COPD smokers. (a) Timeline for CSE and DAPT administration. (b) Immunostaining for acetylatedα- tubulin(green), MUC5AC (red) and DAPI staining (blue) in HBE cells from healthy nonsmokers at the ALI after 16 day DMEM/F-12 medium (n = 3), or CSE(n = 3) treatment, or 16 day CSE and 7 day 0.5 μM DBZ (n = 3) treatment. (c) Quantification of the relative number of acetylated α-tubulin+ cells and MUC5AC+ cells. (d) Immunostaining for acetylated α-tubulin (green), MUC5AC (red) and DAPI staining (blue) in HBE cells from COPD smokers at the ALI after 16 day DMEM/F-12 medium (n = 3) or CSE (n = 3) treatment, or 16 day CSE and 7 day 0.5 μM DBZ
(n = 3) treatment. (e) Quantification of the relative number of acetylated α-tubulin+ cells and MUC5AC+ cells. Scale bars: 100 μm. one-way ANOVA with Tukey’s multiple comparison test.

Table S1: Healthy nonsmoker and COPD patient information for Figure 1 to Figure 7

	
	Sex
	Age (yr)
	Smoke
	COPD stage

	Patient 1
	male
	76
	Yes
	III

	Patient 2
	male
	68
	Yes
	IV

	Patient 3
	male
	77
	Yes
	III

	Patient 4
	male
	72
	Yes
	III

	Patient 5
	male
	80
	Yes
	II

	Healthy nonsmoker 1
	male
	68
	No
	-

	Healthy nonsmoker 2
	female
	63
	No
	-

	Healthy nonsmoker 3
	male
	63
	No
	-

	Healthy nonsmoker 4
	male
	62
	No
	-

	Healthy nonsmoker 5
	female
	75
	No
	-



Table S2: The analysis of the main components in ECE and CSE used for HBE cells treatment in this study by GC-MS 

	
	Propylene glycol (PG)
	Glycerol (Gly)
	Benzoic acid
	Menthone
	Menthol racemic
	WS-23

	E-cig (mg/kg)
	7621.5
	11605.1
	ND
	ND
	406.4
	ND

	T-cig (mg/kg)
	ND
	ND
	ND
	ND
	ND
	ND

	The detection
limit (mg/kg)
	119.8
	121.4
	12.9
	11.7
	12.5
	12.0

	
	Nicotine
	Glycerol
triacetate
	WS-3
	WS-5
	Ethyl alcohol
	

	E-cig (mg/kg)
	1304.9
	ND
	ND
	ND
	865.9
	

	T-cig (mg/kg)
	1022.7
	294.3
	ND
	ND
	ND
	

	The detection
limit (mg/kg)
	36.5
	11.9
	11.8
	16.6
	50.0
	



ND means the content was less than the detection limit.WS-23, N,2,3-trimethyl-2isopropl butanamide.WS-3, N-Ethyl-5-methyl-2-(1-methylethyl)cyclohexanecarboxamide.WS-5, N- [(ethoxycarbonyl)methyl)-p-menthane-3-carboxamide.

Table S3: Healthy nonsmoker, E-cigarette user, cigarette smoker and COPD patient information for Figure 8


	
	Sex
	Age (yr)
	Smoke
	COPD stage

	Healthy nonsmoker 1
	male
	40
	No
	-

	Healthy nonsmoker 2
	male
	40
	No
	-

	Healthy nonsmoker 3
	male
	41
	No
	-

	Healthy nonsmoker 4
	male
	41
	No
	-

	Healthy nonsmoker 5
	male
	46
	No
	-

	Healthy nonsmoker 6
	male
	31
	No
	-

	Healthy nonsmoker 7
	male
	47
	No
	-

	E-cigarette user 1
	male
	35
	Yes
	-

	E-cigarette user 2
	male
	34
	Yes
	-

	E-cigarette user 3
	male
	38
	Yes
	-

	E-cigarette user 4
	male
	25
	Yes
	-

	E-cigarette user 5
	male
	42
	Yes
	-

	E-cigarette user 6
	male
	46
	Yes
	-

	E-cigarette user 7
	male
	41
	Yes
	-

	Cigarette smoker 1
	male
	31
	Yes
	-

	Cigarette smoker 2
	male
	41
	Yes
	-

	Cigarette smoker 3
	male
	45
	Yes
	-

	Cigarette smoke 4
	male
	41
	Yes
	-

	Cigarette smoker 5
	male
	39
	Yes
	-

	Cigarette smoker6
	male
	47
	Yes
	-

	Cigarette smoker 7
	male
	46
	Yes
	-

	COPD smoker 1
	male
	43
	Yes
	II

	COPD smoker 2
	male
	48
	Yes
	II

	COPD smoker 3
	male
	51
	Yes
	II

	COPD smoker4
	male
	52
	Yes
	II

	COPD smoker 5
	male
	53
	Yes
	II

	COPD smoker 6
	male
	53
	Yes
	II

	COPD smoker 7
	male
	54
	Yes
	II




