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Are Electronic Cigarettes Harmful?
Mucin May Be the Key
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Electronic cigarettes (e-cigarettes) are devices that produce va-
por by heating a liquid containing propylene glycol (PG), vege-
table glycerin (VG), water, flavors, and nicotine [1]. E-cigarettes
are presented as a healthier alternative to tobacco smoking, and
thereby attract traditional smokers or non-smokers. In recent
years, the use of e-cigarettes has increased dramatically among
young people. However, the direct effects of e-cigarettes on
health remain unclear, particularly on the respiratory system.

The airway epithelium acts as the first-line barrier against in-
vading respiratory pathogens and noxious stimuli, and interacts
with other immune cells to maintain homeostasis. The mucus
layer covering the airway epithelium plays an essential role in
host defense by removing pathogens via mucociliary clearance
[2]. It is now evident that mucociliary dysfunction underlies sev-
eral chronic respiratory diseases, such as chronic rhinosinusitis
(CRS), asthma, chronic obstructive pulmonary disease, and cys-
tic fibrosis [2].

In the current issue of Clinical and Experimental Otorhino-
laryngology, Song et al. [3] investigated the effect of e-cigarette
vapor on airway epithelial cells in the context of the expression
of two major mucin proteins, MUC5AC and MUC5B. The au-
thors reported that in vitro stimulation with e-cigarette vapor
induced MUC5AC, but not MUC5B, upregulation in airway epi-
thelial cells, including human pulmonary mucoepidermoid car
cinoma cell lines and human primary nasal epithelial cells. In-
triguingly, vapor-induced MUC5AC upregulation was observed
regardless of the presence of nicotine stimulation, indicating that
vapor alone exerts considerable effects on airway epithelial cells.
Using inhibitors and siRNAs specific to each pathway, they also
revealed that the ERK1/2, p38, and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-xB) pathways are re-
quired for vaporinduced MUC5AC upregulation in airway epi-
thelial cells.

Given that an increased mucin concentration and an altered

MUC5AC/MUCSB ratio are key pathologic features in smokers
and patients with chronic airway diseases, MUC5AC upregula-
tion in airway epithelial cells may be indicative of detrimental
effects of e-cigarette use. A previous study also described that
aerosolized PG and VG exposure increased intracellular levels of
MUCS5AC in human bronchial epithelial cells [4]. In line with this,
proteomic analyses revealed that MUC5AC, but not MUC5B,
expression was significantly higher in bronchial brush samples
from e-cigarette users than in samples from non-smokers [4]. In
addition, expression of immune-related genes was found to be
decreased in nasal scrape samples from e-cigarette users [5], and
MUC5AC expression was upregulated in mouse nasal epithelial
cells following in vivo stimulation with PG and VG [4]. These
findings suggest that e-cigarettes may induce impairment of the
immune response in the upper airway mucosa. In this regard,
future studies should address whether e-cigarettes aggravate
chronic upper airway diseases, including CRS and allergic rhini-
tis. Furthermore, it would be of interest to delineate differences
in vaporinduced changes between the upper airway and lower
airway.

Although accumulating evidence suggests deleterious effects
of e-cigarettes on respiratory health, the current understanding
is still limited. Considering that decades-long tobacco smoking
is needed for the development of chronic lung diseases, cohort
studies with long-term follow-up of e-cigarette users are needed.
In addition, more in-depth investigations using in vitro and ani-
mal models would provide mechanistic insights into e-cigarette-
induced changes in the airway epithelium.
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