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qRT-PCR validation of 20 genes candidates identified in 

the RNA-seq approach (donor 1) 

Smoke 

machine 

Air ctl vs Aerosol 

Donor screen: Cytokine response of MucilAir™ cultures 

from 6 donors exposed to 3R4F smoke  

Exposure: Mass deposited at the surface of the transwell at 

equivalent smoking regime for 3R4F and Vype® ePen 

GOcircle plots of fold changes for the top enriched GO terms for 

MucilAir™ exposed to 3R4F smoke 

 

Electronic cigarettes (e-cigarettes) consumption has increased significantly over 

the last 5 years and potentially offers a safer alternative to combustible tobacco. 

Yet there is limited scientific evidence regarding their relative risk for health. The 

advance in molecular biology and computer sciences offers new perspective to 

apply innovative approaches to assess adverse biological responses for product 

risk assessment by combining omics screens with knowledge-base biological 

pathways. 

 

Our aim was to compare transcriptomic perturbations in primary airway 

epithelial cells after short repeated exposure to a reference cigarette smoke 

(3R4F) and e-cigarette (Vype® ePen) aerosols matched for puff profile and 

mass deposition. 

Figure 5: Volcano plots representing the differential expression of 44,184 

sequenced RNAs with the Log2 fold change as the X axis and the Log10 

pFDR (False Discovery Rate) as the Y axis for the following test conditions: 

• Air vs 3R4F (A) and Air vs Vype® ePen (B) 24hrs post exposure recovery 

• Air vs 3R4F (C) and Air vs Vype® ePen (D) 48hrs post exposure recovery 

• Air vs 3R4F and Air (E) vs Vype® ePen (F) adjusted for recovery time 

(123 RNAs (106 mRNA) at pFDR<0.1 and FC>1.5). 

Figure 6: Volcano plots representing the differential expression of 20 RNAs 

selected from the RNA-seq analysis that were verified by qRT-PCR 

performed on an experiment repeated independently. For 3R4F (A, B) and 

Vype® ePen (C, D) the 20 gene candidates were selected from the RNA-

seq genes with a pFDR<0.1 and <0.5, respectively. Samples were 

collected 24 hrs and 48 hrs post exposure of MucilAir™ cells. 

Figure 2: Individual value plots indicating the release of IL-8, VEGF, MMP-1 

and MMP-9, measured in MucilAir™ from 6 individual donors 24 hours after 

exposure to air control and 1:20 dilution of 3R4F (indicated by the blue and 

red dots respectively). Bars represent standard deviation of the mean. 

Figure 3: Per puff aerosol deposition on the transwell surface at a 1:20 

dilution on the RM20S expressed in mg/cm2/puff after 4x5 mins of smoking at 

HCI regime 1/20 dilution ratio.  

Figure 4: Volcano plots representing the differential level of 33 secreted 

cytokines in the culture media of MucilAir™ exposed to 3R4F (A, B) and 

Vype® ePen (C, D) at 24 hrs and 48 hrs post exposure. 

VEGF IL-8 

MMP-1 MMP-3 

Vype ePen 3R4F 
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Figure 7: GOcircle enrichment plots for the top 5 up- and down-regulated GO terms. The 

outer circle shows a scatter plot for each term of the logFC of the assigned genes. Red 

circles display up-regulation and blue ones down-regulation by default. The inner plot 

represent the top enriched categories (p<0.01) with a z-score color shading representing 

the number of up-regulated genes minus the number of down-regulated genes divided 

by the square root of the count. No enrichment was performed for the Vype ePen® as 

there was not enough responsive genes to perform the analysis. 

 

• Based on puff and deposition match, Vype® ePen had limited or no impact on 

transcriptional regulation and pro-inflammatory cytokines release compared to 3R4F 

at the tested smoking regime and intensity 

• 3R4F exposure gene ontology enrichment identified perturbations in oxidative stress 

response, inflammation and xenobiotics metabolism response pathways 

• Acute exposure testing and exposure based on nicotine match are required for 

thorough comparisons between products 

Conflict of interest statement: This study was funded BAT, all the authors were employees of BAT 

when this study was conducted. 

 

Reconstituted primary airway epithelium grown at the air liquid interface were 

exposed to air, 3R4F reference cigarette smoke, and Vype® ePen aerosol using 

a Borgwaldt RMS20 smoke machine (Figure 1). The product were smoked at 

the Health Canada Intense (HCI) regime (1/20 dilution ratio) for 5 mins 4 times 

with 30 mins rest between each smoke run. A one second activation was used 

for the Vype® ePen. Samples (RNA, media) were collected 24 hrs and 48 hrs 

post-exposure. The experiments were performed 3 times independently with 3 

cell inserts for each condition. Cytokines were quantified with the Meso Scale 

Discovery V-plex 30 cytokines and 3-Plex MMP kit. Total RNA was sequenced 

using the Illumina® HiSeq2000 flow cell v3. qRT-PCR Amplification was 

performed with the fast PCR 7500 Applied Biosystems platform.  

Figure 1: Schematic representation of the smoke machine connected to the 

incubation chambers where cell inserts are exposed to aerosols at the air liquid 

interface (ALI).  
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Electronic cigarettes (e-cigarettes) potentially offer a safer alternative to combustible tobacco. Yet there is limited scientific 

evidence regarding their relative risk for health. Since epidemiology is retrospective it cannot at this point guide regulatory 

decisions on novel nicotine delivery products. The advance in Molecular Biology and Computer Sciences offers new 

perspective to apply innovative approaches to assess adverse biological responses by combining omics screens with 

knowledge-base biological pathways.  

Our aim was to compare the effects of cigarette smoke versus e-cigarette aerosol on gene expression pathways. We 

therefore measured transcriptomic perturbations in primary airway epithelial cells (MucilAir™) after short repeated 

exposure to cigarette smoke (3R4F) and e-cigarette (Vype® ePen) aerosols matched for puff profile and mass deposition. 

 Deep RNA-sequencing and profiling of secreted inflammatory cytokines was performed for the tests and air controls. For 

3R4F and the e-cigarette, respectively, 123 versus no genes were differentially expressed at FC (fold change)>1.5 and 

pFDR<0.1 (Benjamini-Hochberg) after adjustment for replicates and recovery time. Since e-cigarette exposure did not 

result in any transcriptomic perturbations at pFDR<0.1, the pFDR was increased to 0.5. Even then, only 29 genes were 

identified for QRT-PCR validation. Gene enrichment analysis was conducted using IPA ingenuity® predicting a significant 

increase in tumor promotion (z-score>2) for 3R4F. No specific enrichment alert was evident for e-cigarettes at those 

exposure conditions. No differential splicing event could be detected. Out of a panel of 33 cytokines screened, 8 were up-

regulated (FC>1.5 p-value<0.05) following 3R4F smoke exposure only.  

In conclusion, e-cigs caused minimum gene expression perturbation compared to a conventional cigarette after short 

repeated exposure. 

Differential gene expression using RNA-seq profiling in a 

reconstituted airway epithelium, MucilAir™, exposed to 

conventional or electronic cigarettes aerosols 

Anisha Banerjee, Linsey Haswell, Andrew Baxter, Aleesha Parmar, David Azzopardi, Sarah 

Corke, David Thorne, Jason Adamson, Marrianna Gaca, Emmanuel Minet  

British American Tobacco R&D Centre, Southampton, SO15 8TL, UK 

Correspondence: emmanuel_minet@bat.com 

Conflict of interest statement: This study was funded BAT, all the authors were employees of BAT when this study was 

conducted. 

Related publication: 

Baxter, A., Thain, S., Banerjee, A., Haswell, L., Parmar, A., Phillips, G., Minet, E. Targeted omics analyses, and 

metabolic enzyme activity assays demonstrate maintenance of key mucociliary characteristics in long term 

cultures of reconstituted human airway epithelia. Toxicol In Vitro. 2015 Aug;29(5):864-75 

British American Tobacco 

R&D Centre 

Southampton SO15 8TL 

United Kingdom 

www.bat.com 

www.bat-science.com 

 

Society of Toxicology 

March 13-17th 2016 

New Orleans, LA 

USA 

 

Abstract N°: 3037 

Poster N°: P179 

http://www.bat.com/
http://www.bat-science.com/
http://www.bat-science.com/
http://www.bat-science.com/

