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Supplemental Methods: 

Flow cytometry 

The right lung lobe from each animal was digested in collagenase IV/DNase I solution to isolate 

leukocytes (references E5-E8). Immune cells were stained with cell type-specific antibodies for flow 

cytometry analysis to determine the numbers and phenotype of various immune subsets (references 

E5-E8). For intracellular staining, cells were treated with permeabilizing solution (BD Biosciences) 

and then stained with specific antibodies as described previously (references E6, E7). Samples were 

acquired using LSRII-A flow cytometer and data analyzed by FlowJo software. List and source of 

fluorochrome conjugated antibodies is provided in Table E4 and the gating strategy is shown in 

Figure 5E in online supplement.  

 

Lung histology  

Left lung lobes from all mice were sent to IDEXX BioAnalytics in 10% formalin and processed as 

reported previously (reference E5). Each lung lobe was trimmed to provide a piece of lung for 

cryomicrotomy. The remaining lung tissue was processed for paraffin embedding, sectioned and 

stained with hematoxylin and eosin (H&E). All sections were examined microscopically by a 

veterinary pathologist. Microscopic changes that were observed in the lung were graded, as to 

severity, using a modification of a published scoring system for evaluation of lung changes in mouse 

lung models of acute pneumonia (reference E9). Morphologic changes were chosen based on reports 

of vaping-related pathologies (reference E10).  
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Multiplex cytokine/chemokine assay 

Concentrations of various cytokines/chemokines in the BAL were measured by Luminex multiplex 

cytokine/chemokine assay using MILLIPLEX MAP Kit (Millipore, Cat# MCYTOMAG-70K-27) following 

the manufacturer’s instructions. Data acquisition was performed on FLEXMAP 3D (Luminex Corp. 

Austin, TX, USA). During data analysis, limit of detection (LOD) was used for any data points with 

values <LOD. 

 

Total BAL protein determination 

The level of total proteins in the BAL was determined by BCA protein assay kit (Cat#23225) from 

Pierce as per manufacturer’s protocol. 

 

Albumin leak measurement 

The levels of albumin in the BAL were quantified by ELISA using Bethyl Laboratories (Montgomery, 

TX, USA) reagents and plates were developed with 3,3’,5,5’-tetramethylbenzidine (TMB) from 

eBioscience Inc. (San Diego, CA, USA), and absorbance read at 450 nm as described previously 

(references E5-E8).  

 

In vivo FITC-dextran leak measurement 

Systemic leak of FITC-dextran from lungs of animals, as an index of lung endothelial damage, was 

determined by intratracheally instilling mice with a 50 L aliquot of 200 mg/mL FITC-dextran in 1x 

PBS (10 g/mouse). One hour later, mice were bled to collect the plasma by centrifugation, and FITC 

fluorescence in plasma was measured using Exci485/Emi528 wavelengths in a Synergy H1 Hybrid 

plate Reader (BioTek). Fluorescence values were calculated using slope and intercept 

measurements from a standard curve. 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thorax-2022-218743–932.:922 78 2023;Thorax, et al. Bhat TA



3 

 

Neutrophil elastase (NE) assay 

Neutrophil elastase (NE) levels in the BAL and lungs were quantified by using Neutrophil 

Elastase/ELA2 DuoSet ELISA kit (DY4517-05) from R&D Systems (Minneapolis, MN, USA) following 

the manufacturers protocol. 

 

Myeloperoxidase (MPO) assay 

In this assay, MPO generates HClO (hypochlorous acid) from H2O2 and Cl-, that reacts with taurine to 

generate taurine chloramine. Taurine chloramine subsequently reacts with chromophore TNB to 

eliminate the color at 412 nm and the absorbance is inversely proportional to the amount of MPO 

enzyme present in the sample. Briefly, enzyme reaction for each sample was initiated in the presence 

or absence of MPO substrate in a 96-well ELISA plate and incubated at 25oC for 1 hour according to 

the manufacturer’s protocol. This incubation generated taurine chloramine. The reaction was stopped 

by adding a stop mix reagent and plate incubated at room temperature for another 10 minutes. TNB 

reagent was then added to all samples and incubated for 10 minutes at room temperature. 

Absorbance at 412 nm was recorded in Synergy H1 Hybrid plate Reader (BioTek)”. Data are depicted 

as the difference in the absorbances at OD412nm in each sample after the reaction was carried either 

in the presence or absence of the substrate and calculated as A412nm = (A412nm) sample blank - 

(A412nm)sample. 

 

Oil Red O Staining of BAL cells and lung tissue 

Oil Red O strongly stains lipids in cells and is readily visualized by bright field and fluorescent 

microscopy. Cells were stained with oil Red O stain as described previously (reference E5). Briefly, 

cells in BAL were harvested, washed and live/dead cell counts performed using trypan blue dye. 

Cytospin slides were prepared by cytocentrifuging 50×104 live BAL cells in 100 μL of 10% fetal calf 

serum in PBS at 1500 rpm for 5 min. Slides were air-dried for 10 min at room temperature and then 
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fixed in 3.7% paraformaldehyde in Hanks' balanced salt solution for 10 min at room temperature. 

Slides were gently washed twice in distilled water and then placed in absolute propylene glycol for 5 

min. This was followed by staining with 0.5% oil Red O solution (Cat# O1516, Sigma Aldrich, St. 

Louis, MO) for 10 min at 60°C temperature. Slides were rinsed for 5 min in 85% propylene glycol, 

washed twice in distilled water and counterstained with hematoxylin solution for 30 secs to stain 

nuclei. Slides were mounted with aqueous mounting medium and red-stained cells counted by 

scoring at least 10 microscopic fields at 200x magnification. For tissue histology, mouse lung tissues 

(left lung lobes) were sent to IDEXX BioAnalytics (IDEXX BioAnalytics, Atlanta, GA, USA) in 10% 

formalin and processed for staining as described previously (references E5). Briefly, lung tissue was 

trimmed to provide a piece for cryomicrotomy. Lung tissue for cryomicrotomy was snap-frozen in 

optimal cutting temperature (OCT), sectioned on a cryostat and stained with Oil Red O. All sections 

were examined microscopically by a veterinary pathologist. 

 

Antioxidant Assay 

Antioxidant capacity in the BAL and lung lysates was measured using Cayman’s antioxidant assay kit 

(Cat# 709001, Ann Arbor, MI, USA) that relies on the ability of antioxidants in the sample to inhibit the 

oxidation of ABTS® (2,2’-Azino-di-[3-ethylbenzthiazoline sulphonate]) to ABTS®•+ by metmyoglobin. 

The amount of ABTS®•+ produced was monitored by reading the absorbance at 750 nm in Synergy 

H1 Hybrid plate Reader (BioTek). The antioxidants in the sample cause suppression of the 

absorbance at 750 nm to a degree which is proportional to their concentration. The capacity of the 

antioxidants in the sample to prevent ABTS® oxidation is compared with that of Trolox standard, a 

water-soluble tocopherol analogue, and is quantified as millimolar Trolox equivalents. 
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Isolation of human neutrophils. 

Human neutrophils were purified from the peripheral whole blood from donors using a Miltenyi Biotec 

MACSxpress Whole Blood Neutrophil Isolation Kit following a step-by-step protocol from the 

manufacturer (Cat. No. 130-104-434, Miltenyi Biotec). Multiple human donors kindly provided the 

whole blood, four Asian Americans (one female and three males) and four Caucasian Americans (one 

female and three males). Subject ages varied from 28 years to 59 years. 

 

In-Vitro Exposure Conditions 

Cells in in vitro assays were directly exposed to freshly generated aerosol puffs in a closed exposure 

system where air-liquid interface (ALI) chambers were kept inside a 370C incubator. For ALI 

experiments, we used the same closed-system vaping devices and refill liquid formulations as used 

during in vivo exposure experiments. Aerosols from CBD-containing Calm-Vape and nicotine-

containing Juul (Nic-Vape) were generated using a Borgwaldt LX-1 (Richmond, VA, United States) 

single-port piston-operated machine. All ALI exposures were done for 1 hour, after which cells were 

provided with fresh complete culture media and transferred to 370C degrees, CO2 incubator for 24-

hour recovery, following which assays were performed (see below). During cell exposure to machine-

generated aerosols, the basal side of the permeable support was constantly submerged in serum-free 

media so that basal side of the cells remains in contact with the media for the entire duration of the 

exposure. Cells used in in vitro experiments were directly exposed to freshly generated puffs. Before 

performing the actual experiments, we standardized the puff-protocol using these cell types for a 

particular cell-density. Our standardized exposure conditions closely match the Health Canada 

Intense (HCI) puffing protocol and was a 3-sec puff every 30 sec, with a 55-ml puff volume. We 

estimated that each puff delivered approximately 55.9 µg CBD and 62.2 µg nicotine. Cells were 

exposed to 110 total puffs over the period of 1 hour. Each puff was automatically initiated by vaping 

devices. ALI chamber was cleaned with methanol and distilled water between each of the four 
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exposure conditions. A detailed schema of our in vitro exposure system has been published 

previously (E2) (https://tobaccocontrol.bmj.com/content/25/Suppl_2/ii81.long#DC2). 

 

In Vitro exposures and Cytotoxicity Assays 

Human small airway epithelial cells (SAEC) (LONZA, USA; Catalog #: CC-2547S) were cultured in 

complete growth medium (LONZA, USA bullet kit (Catalog #: CC-3118)) to confluence. Cells were 

harvested and seeded onto 6-well culture inserts (0.5 million cells/well (for FITC-dextran permeability 

assay, 1 million cells/insert)) overnight before exposures. For purified human neutrophil assays, fresh 

patient-derived neutrophils were harvested and immediately seeded onto 6-well culture inserts (0.8 

million cells/well) in RPMI-1640 culture media, neutrophils don’t attach but remain in suspension and 

need to be seeded onto culture inserts at a density/volume that is sufficient, to make a monolayer on 

the surface of the insert for the ALI exposures. Cells were directly exposed for 1 hour to air, nicotine-

containing aerosols or CBD aerosols using a closed air-liquid interface (ALI) system in which apical 

surface of cells does not touch medium while basolateral side remains in contact with the serum-free 

media in the bottom chamber. Aerosols from CBD Calm-Vape and nicotine-containing Juul pods were 

generated using a Borgwaldt LX-1 (Richmond, VA, United States) single-port piston-operated 

smoking machine. The Juul device was used to aerosolize both the products. Exposure protocol 

followed was as follows: 3-sec puff duration every 30 seconds in a 55 mL puff volume for a total of 

110 puffs over the period of 1 hour. CBD and nicotine products used for in vitro experiments were 

identical to those used for in vivo experiments. We have estimated that each puff in ALI exposures 

contained approximately 55.9 µg CBD and 62.2 µg nicotine. At the end of 1-hour exposures in ALI 

system, inserts with human SAECs and neutrophils were removed from ALI chambers, transferred to 

new 6-well plates with fresh complete media, and incubated in a 370C incubator with 5% CO2 for 24 

hours. SAEC cytotoxicity was determined by trypan blue-dye exclusion and lysosomal neutral red dye 

uptake procedures. Trypan blue dye stains dead cells that can be counted under bright-field 
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microscope, while neutral red dye stains lysosomes in viable cells which can be scored by measuring 

the absorbance of cell-extracted dye at 540 nm following the manufacturer’s instructions (Bio Vision, 

USA). Neutrophil cytotoxicity was measured by trypan blue dye-exclusion assay as well as by 

Annexin V-FITC detection apoptosis assay using a kit from Invitrogen (Invitrogen, USA) following 

manufacturer’s instructions. Unexposed neutrophils as experimental control was kept in growth media 

in the incubator for the entire duration of the experiment. 

For human neutrophil experiments, cells from multiple donors were utilized as follows:  For trypan 

blue method: a) Unexposed control n=6 independent experiments performed in triplicate representing 

technical replicates (n=6 donors); b) Air control and Nic-Vape exposures, n=7 independent 

experiments performed in triplicate (n=7 donors); b) CBD-Vape n= 8 independent experiments done 

in triplicate (n=8 donors). For apoptosis assay: n=5 independent experiments done in triplicate per 

exposure group (n=5 donors). For NE assay: n=6 independent experiments done in triplicate per 

group (n=6 donors). Experiments with human SAECs were done three independent times in triplicate 

using 3 different commercial cell vials (ampoules) from LONZA, and these cells were from two 

donors, one vial from a healthy 56-year-old Hispanic male and two vials from a healthy 40-year-old 

Caucasian male. 

 

FITC-dextran permeability assay 

One million human SAECs/culture insert in a 6-well plate format were cultured in complete growth 

media overnight and next day directly exposed at the air-liquid interface (ALI) to 110 puffs of air, 

nicotine or CBD aerosols for 1 hour (3-sec puff duration) as described above for “in vitro cytotoxicity 

assays”. Upon completion of the exposures, FITC-dextran at 10 mg/mL concentration in phenol-free 

high glucose Dulbecco’s Minimum Essential Medium with L-glutamine and HEPES was added to the 

apical chamber, FITC-free media was added in the bottom chamber and incubated for 2.5 hours. 

Samples were harvested from the basolateral chamber (bottom chamber) and fluorescence was 
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quantified using Exci485/Emi528 wavelengths in a Synergy H1 Hybrid plate Reader (BioTek). The 

paracellular permeability was quantified by measuring the FITC-dextran concentration in samples 

from basolateral chamber by employing a standard curve.  
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Table E3: Summary of comparisons for male vs female mice for all parameters measured. 

Study Outcomes Markers CBD-vape Male vs Female 

1. Lung Damage Total Protein levels in BAL Equivalent 

FITC-dextran levels in blood Equivalent 

Albumin levels in BAL Equivalent 

Neutrophil Elastase levels in BAL Equivalent 

Neutrophil Elastase levels in lungs Equivalent 

MPO activity in BAL Equivalent 

MPO activity in lungs Equivalent 

2. Inflammatory 
Markers 

 
  

IL-6            Equivalent 

IL1-alpha Equivalent 

G-CSF Equivalent 

IL-5 Equivalent 

KC Equivalent 

IL-2 Equivalent 

IL-10 Equivalent 

IFN-g Equivalent 

3. Immune cells 
 
 
 
  

Total lung immune infiltrate Equivalent 

#Neutrophils Equivalent 

#CD8+ T cells Equivalent 

#CD4+ T cells Equivalent 

#CD19+ B Cells Equivalent 

#CD4+ IL-17A+T Cells Equivalent 

#CD4+ RORgt+ T Cells Equivalent 

#CD4+ Foxp3+ T Cells Equivalent 

#CD11c+ Siglec-F+ macrophages Equivalent 

#CD11c+ CD206+ interstitial macrophages Equivalent 

#CD11c+ Arginase-1+ macrophages Equivalent 

4. Oxidative 
Stress 

Total antioxidant levels in lungs and BAL Equivalent 
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Table E4: Detailed list (vendor, marker, fluorophore, and catalogue number) of various fluorochrome-
conjugated antibodies used in this study. 
 

No Vendor Marker Fluorophore Cat no

1 Biolgend CD3 APC-Cy7 100222

2 BD CD45 BUV395 564279

3 Ebiosciences CD19 SB 600 63-0193-82

4 Biolgend CD8 PE-Cy7 100722

5 Ebiosciences CD4 eFluor-450 48-0042-82

6 Invitrogen IL-17 A PerCpCy5.5 45-7177-82

7 Ebiosciences Roγt PE 12-6988-82

8 ThermoFisher/InV Foxp3 Alexa-488 53-5773-82

9 Biolegend live/dead Zombie UV 423108

No Ventor Marker Fluorophore Cat no

1 BD F/480 BV510 BD  743280

2 BD CD45 BUV395  BD 564279

3 Ebiosciences CD11b Ax700 56-0112-82

4 Biolegend CD68/IC PE 137014

5 ThermoFisher Siglec-F SB600  63-1702-82

6 BD CD11c APC-Cy7 561241

7 Biolegend CD206 Percp Cy5.5 141716

8 ThermoFisher Arginase-1/IC Efluor-450 48-3697-82

9 ThermoFisher Inos/IC PE-Cy7 25-5920-82

10 Ebiosciences Ly6G FITC 11-5931-85

11 Biolegend live/dead Zombie UV 423108

 Panel of antibodies for lymphoid cells 

 Panel of antibodies for myeloid cells
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6G- population were gated for CD11b+CD68+ macrophages (Q). SSC+CD45+ cells were again gated 

for CD11b-CD11c+ (R). CD11b-CD11c+cells are gated for F4/80+ Siglec-F+ (S), F4/80+ CD206+ (T), 

F4/80+ Arginase-1+ (U), and F4/80+ INOS+ (V). Numbers indicate the frequencies of respective 

immune cell subsets gated. 
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