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ResultsBackground

ConclusionsReferences
• Volunteers with a history of allergic rhinitis and a positive skin prick test to Der f as 

determined at the consent visit were invited to participate in a screening nasal 
allergen challenge to demonstrate a clinical response to Der f. During the screening 
challenge participants completed a total nasal symptom score at baseline and peak 
nasal inspiratory flow measurement, changes in which were recorded after graded 
doses to nasal allergen until a provocative dose of allergen was determined. 

• Participants returned at least 9 weeks later for baseline nasal epithelial cell sampling.
• Six non-smokers and three smokers underwent a second nasal allergen challenge 

during which epithelial lining fluids and nasal epithelial cells were sampled for pre-
and post- allergen challenge levels of inflammatory mediators using the Mesoscale 
Human Cytokine 30-Plex Kit. Serum levels of inflammatory mediators and nasal fluid 
cellularity were also collected.

• Smoking diaries were reviewed at all visits. 
• Baseline versus post-allergen challenge cytokine levels were compared by paired t-

tests within each cohort. 

The relationship between tobacco smoke exposure and airway disease is well
established in the medical literature and includes environmental tobacco smoke
(ETS) as well as active cigarette smoking (1-3). Though the role of tobacco smoke in
the inception of allergic disease has been well documented in epidemiologic studies
and in animal models, its effects on existing allergic airway inflammation are less
well established. In general, tobacco smoke appears to be pro- inflammatory,
triggering an influx of white blood cells (primarily neutrophils) and inflammatory
cytokines such as interleukin 6 (IL-6), interleukin 8 (IL-8), and tumor necrosis factor
alpha (TNF-α) (4). Smoking also appears to suppress innate immune responses,
creating susceptibility to viral respiratory infections (5, 6). Tobacco smoke may
augment allergic inflammation resulting from allergic rhinitis and/or asthma. On a
cellular level, ETS suppresses T helper type 1 (Th1) responses that target
intracellular bacteria and viruses and enhances T helper type 2 (Th2) responses that
generate allergic inflammation.(7, 8). ETS exposure has been shown to increase
production of Th2 cytokines such as IL-4, 5, 13, as well as allergic antibody, IgE, and
increases recruitment of eosinophils to the airways in animal models (7,9).

In a human cross-sectional study, serum IgE and blood eosinophil counts were
higher in smokers than in non-smokers, and similar findings were seen in studies of
children residing in homes of smokers (10-12). Allergic rhinitics exposed to tobacco
smoke show increased levels of the eosinophil chemoattractant, eotaxin-1, in the
nasal mucosa compared to age-matched allergic rhinitics without tobacco smoke
exposure (13), and repeated exposure to cigarette smoke increased eosinophilic
airway inflammation (14). Coupled with nasal ragweed allergen challenge, allergic
rhinitics exposed to ETS demonstrated increased production of ragweed-specific IgE
and nasal Th2 cytokines IL-4, IL-5, and IL-13 (15).

In addition to Th2 cytokines, there are several cytokines derived from other types
of T helper lymphocytes and epithelial cells that are important in inducing airway
inflammation, including IL-9, IL-22, IL-13, IL-31, IL-33, IL-25 (16). The
chemoattractants MIP-1a (CCL3) and MIP-1b (CCL4) have been implicated in the
recruitment of inflammatory cells to the nasal mucosa and may be important for
prolonged inflammation (17).

The goal of this pilot study was to evaluate the effects of smoking on nasal
allergic inflammatory responses following nasal allergen challenge with
Dermatophagoides farinae (Der f) in allergic rhinitics sensitized to house dust mite,
comparing the effects to those seen in non-smokers.

Methods
• In this proof-of-concept study, smokers appeared to

have a less robust response to nasal allergen
challenge than non-smokers, which may be related to
effects on the nasal immune response that need further
investigation.

• The study was greatly limited by challenges in
recruiting cigarette smokers that self-identified as
having allergic rhinitis, perhaps reflecting changes in
perception of nasal symptoms among smokers.

• Future directions include investigation of responses in
e-cigarette users.
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Smoker Non-smoker
# of participants 3 6

Mean age in years 34.6 27.5

% female 33 50

% African American, non-Hispanic 67 33

% Caucasian, non-Hispanic 0 50

% Hispanic 33 17

Mean BMI 32.2 27.9

Table 1. Study Participant Characteristics 

Figure 1. Pre- and Post- Nasal Challenge Measurement of nasal cytokines and chemokines 
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Figure 2. Study Design


