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Introduction
● The popularity of e-cigarettes is outpacing that of 

traditional tobacco products (“E-cigarette use among 
youth…” 2016).

● JUUL is a popular e-cigarette which accounted for 63% 
of e-cigarette sales in 2020 (Conway 2020).

● Use of e-cigarettes is significantly associated with 
worsened symptoms of asthma and chronic obstructive 
pulmonary disorder (COPD) (Osei et al. 2020).

● JAK/STAT6 is an inflammatory signal transduction 
pathway involved in the development of asthma and 
COPD (Walford and Doherty 2013).

● A colorimetric assay of HEK 293 IL-13 Sensor cells can 
be used to measure the effect of JUUL aerosol extract 
and e-liquid on the signaling activity of JAK/STAT6 for 
which IL-4 and IL-13 are the ligands.

Questions Asked
● Can JUUL aerosol extract or e-liquid activate 

JAK/STAT6 in the absence of ligand? 

● Does JUUL aerosol extract or e-liquid have a 
synergistic or antagonistic effect on JAK/STAT6 
signaling activity? 

● Do different JUUL flavors impact JAK/STAT6 
signaling? 

Methods

Aerosol Extract 
(10, 5, 2.5, 1.25 
v/v% in DMEM)

E-liquid
(0.4, 0.2, 0.1, 0.05 

v/v% in DMEM)

IL-13 No IL-13 IL-13 No IL-13

Treatments applied to HEK293 IL-13 Sensor Cells
Cells incubated for 18 hours

Quanti-Blue assay (signaling activity) and 
Cell Titer-96 assay (number of cells) 

*All treatments applied in quadruplicate

Results
● Cells exposed to 10% (3.78, 95% CI = 3.21, 4.36) and 5% (3.70, 95% CI 

= 3.61, 3.81) JUUL Virginia Tobacco extract with IL-13 had significantly 
greater mean signaling activity per cell than the control (3.29, 95% CI = 
3.17, 3.41).

● Mean signaling activity per cell for those treated with JUUL Mint aerosol 
extract and with IL-13 was lower than the control (3.50, 95% CI = 3.35, 
3.65) for cells treated with 2.5% (3.25, 95% CI = 3.04, 3.46) and 1.25% 
(3.04, 95% CI = 2.82, 3.26) aerosol extract.

● Cells treated with 0.4% (3.85, 95% CI = 3.51, 4.20) Menthol e-liquid had 
significantly higher level of mean signaling activity than the control (3.50, 
95% CI = 3.18, 3.81).

CONCLUSIONS
● E-cigarette aerosol extract and e-liquid do not activate 

JAK/STAT6 in the absence of ligand.

● JUUL Virginia Tobacco extract and Menthol e-liquid may have a 
slight synergistic effect with IL-13.

● JUUL Mint extract may have a slight antagonistic effect with 
IL-13.
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Figure 1. 96-well plate of Quanti-Blue and Cell 
Titer-96 assays applied to HEK293 IL-13 Sensor 
Cells Figure 2. JAK/STAT6 pathway in HEK293 

IL-13 Sensor Cells 
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