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To the Editor:

Numerous epidemiologic studies have reported associations between exposure to air 

pollutant and increased risk of allergic diseases, with a recent study estimating that 8–20% 

of asthma emergency room visits worldwide could be attributed to ozone exposure and 4–

9% to exposure to particulate matter smaller than 2.5μm (PM2.5)1. Traffic pollution derived 

diesel particles represent a major source of PM2.5 in large urban centers and have been 

linked to increased susceptibility to asthma development and asthma exacerbations2. To 

determine the mechanisms behind these associations, we utilized a murine model of severe 

allergic airway disease where mice are co-exposed to diesel exhaust particles (DEP) and the 

common aeroallergen house dust mite (HDM) as previously described3. We demonstrated 

that exposure to DEP resulted in elevated BALF IL-17A levels and neutrophilia but none of 

the features associated with allergic airway inflammation3. However, when mice were 

exposed to both DEP and HDM, we observed increased HDM-induced Th2 responses and 

airway hyperresponsiveness (AHR) compared to mice exposed to HDM alone.3 The 

mechanism behind this DEP-induced increase in allergic Th2 responses remains poorly 

understood.

One likely mechanism could involve the production by stressed epithelial cells of innate 

cytokines like TSLP, IL-25 and IL-33, which promote and amplify Th2 responses via innate 

cells, skew dendritic cells toward a pro-Th2 phenotype, or directly act on Th2 cells in vivo4. 

Indeed, DEP has been reported to induce TSLP secretion by bronchial epithelial cells 

(HBEC)5. In vitro, monocyte-derived dendritic cells co-cultured with DEP-treated HBEC 
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demonstrated a pro-Th2 phenotype characterized by elevated surface expression of OX40 

Ligand and increased ability to induce IL-5 production by CD4+ T-cells5. Since in vivo DEP 

exposure does not induce IL-5 or eosinophilia but rather IL-17A and neutrophilia3, we 

compared the kinetics of TSLP mRNA generation in DEP-exposed HBEC with mRNA 

levels for cytokines known to promote Th17 differentiation (IL-1β and IL-6) and neutrophil 

recruitment (IL-8). Normal HBEC cells from the HBEC3 cell line (obtained from Dr John 

D. Minna, University of Texas Southwestern Medical Center) were cultured in 6 well plates 

until 80–90% confluence in 2ml of media (Keratinocyte-SFM + EGF and Bovine Pituitary 

Extract; Gibco). Cells were starved overnight in serum-free media before being stimulated 

with increasing doses of DEP (Figure 1A). We measured mRNA levels of CYP1A1, which 

is dose dependently induced by polycyclic aromatic hydrocarbons present on DEP (Figure 

1A). When exposed to 5μg of DEP/cm2, HBEC undergo oxidative stress without any sign of 

cell death (data not shown), and mRNA for the anti-oxidant HMOX1 is induced within 3h of 

DEP exposure (Figure 1A). This early increase in oxidative stress is associated with dose 

dependent increases in IL-1β and, to a lesser extent, IL-6 mRNA levels, whereas IL-8 and 

TSLP are induced later (Figure 1B, 1C). This is in sharp contrast to stimulation with 

25μg/ml of HDM, which strongly induces TSLP and IL-8 mRNA and to a lesser degree 

IL-1β within 3–4h (Figure 1D). Taken together, these data suggest that DEP-exposed 

epithelial cells will likely skew dendritic cells to promote Th17 differentiation in the 

draining lymph nodes upon migration, rather than promote Th2 differentiation.

A recent study suggested that exposure to PM2.5 aggravates allergic airway inflammation 

through TSLP, based on a Western blot showing a dose dependent increase in TSLP lung 

levels following co-exposure to OVA and increasing doses of PM2.5
6. In order to determine 

if there is a causal link between TSLP and the synergistic increase in allergic airway 

inflammation observed in our model following DEP and HDM co-exposure, we exposed 6–8 

week-old BALB/c mice lacking the receptor for TSLP and wild type control mice to 9 

intratracheal exposure to either saline, DEP, HDM or HDM+DEP over a 3-week period 

(Figure 2A). A low dose of HDM (10μg of Dermatophagoides pteronyssinus extract from 

Greer Laboratories containing 2.2μg of protein, 0.1μg of Der p1 and 0.3 EU of endotoxin) 

was used to assess the impact of co-exposure to DEP (C-DEP was generated from a 4-

cylinder Deutz diesel engine at the EPA and a detailed characterization has been published 

elsewhere7).

Exposure to DEP alone induced an increase in the recruitment of alveolar macrophages and 

neutrophils to the BALF, but not eosinophils (Figure 2B, 2C). HDM+DEP co-exposure 

induced an increase in BALF eosinophil, neutrophils, macrophages and CD4+ T-cell levels 

compared to exposure with HDM alone (Figure 2B, 2C). In HDM+DEP exposed TSLP 

receptor deficient mice, BALF levels of macrophages, neutrophils, dendritic cells, and T 

cells were unchanged (Figure 2B), but BALF eosinophilia was significantly decreased 

compared to wild type control mice (Figure 2C). A similar decrease in lung tissue eosinophil 

levels was observed in HDM+DEP exposed TSLPR deficient mice (data not shown). Airway 

IL-13 levels were assessed in lung homogenates and normalized to total amount of protein 

(Figure 2D). The synergic increase in IL-13 lung levels observed following HDM+DEP co-

exposure was significantly reduced in TSLP receptor deficient mice (Figure 2D). Taken 
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together, these findings demonstrate that TSLP partially mediates type 2 inflammation in 

this model of pollution-induced severe allergic airway disease.

We next assessed mucus secretion using PAS stained lung sections and airway 

hyperresponsiveness (AHR) to increasing doses of methacholine using Scireq FlexiVent 

apparatus (Figure 2E, 2F). Exposure to DEP alone did not promote mucus production or 

airway resistance, whereas exposure to HDM did induce both and co-exposure to HDM

+DEP further increased AHR (Figure 2E, 2F). The partial decrease in pulmonary IL-13 

levels observed in HDM+DEP exposed TSLP receptor deficient mice did not lead to 

decreased airway resistance or a noticeable decrease in mucus production, as AHR and 

number of mucus positive cells were similar in wild type mice co-exposed to HDM+DEP 

(Figure 2E, 2F). Thus, TSLP is not responsible for the synergic increased in AHR observed 

following co-exposure to DEP and HDM.

Studies investigating the importance of TSLP in murine models of allergic airway disease 

have yielded conflicting results, including models that utilize airway exposure to HDM8, 9. 

Our interpretation of these apparently contradictory findings is that in murine models 

resulting in severe allergic Th2 inflammation, where mice are sensitized intraperitoneally in 

the presence of a Th2 skewing adjuvant (e.g. OVA/Alum model) or when mice are sensitized 

and challenged through the airways with large doses of HDM (25μg of protein in the study 

by Chen et al), TSLP is involved in sensitization, Th2 inflammation and AHR9. In contrast, 

when mice are exposed to suboptimal doses of HDM (2.2μg of protein in our case and 5–

6μg in the study by Chu et al), TSLP has little to no impact on allergic airway disease8.

Thus, strength and limitations of our study include the use of full KO mice to assess the role 

of TSLP in the lungs, the use of a physiologically relevant three week model that is ideally 

suited to uncover a synergic contribution of DEP to allergic airway inflammation but is too 

short to assess the impact of TSLP on remodeling. The relative contribution of innate and 

adaptive lung cells to the observed modest contribution of TSLP to type 2 inflammation in 

this model of pollution-induced severe allergic airway disease remains to be investigated.

We demonstrate herein that in DEP-mediated increased allergic airway inflammation, the 

mixed Th2/Th17 responses driving disease severity are not dependent on TSLP, and may 

therefore rely on other epithelial-derived stress induced cytokines (IL-1α, IL-25, IL-33)4. 

Thus, while targeting TSLP in asthmatics has shown promising results10, our findings 

suggest that severe asthmatic patients with pollution-induced disease symptoms may not 

benefit from anti-TSLP therapy.
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Figure 1: Delayed TSLP induction by DEP stimulated bronchial epithelial cells.
HBECs were grown in 6 well plates to 90% confluence and starved over-night before 

stimulation with 0.2, 1 or 5μg/cm2 of DEP (A). Media was removed and replaced with 

TRIZOL 3h30 and 24h later. (A) CYP1A1 and HMOX-1 mRNA levels; (B) IL-1β and IL-6 

mRNA levels and (C) TSLP and IL-8 mRNA levels were determined by real time 

quantitative PCR and normalized to GAPDH. (D) IL-1β, IL-8 and TSLP mRNA levels 

following exposure to 5μg/cm2 of DEP, 25μg/ml of HDM or both (data compiled from two 

separate experiments).
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Figure 2: TLSP contributes to HDM+DEP induced eosinophilia but is not required for HDM
+DEP induced AHR.
(A) Experimental protocol. (B) BALF levels of Gr-1+ neutrophils, SiglecF+CD11c+ 

macrophages, CD4+ T-cells, and SiglecF+ eosinophils (C) were assessed by flow cytometry 

(n=4–7 mice/group; 1 way-ANOVA, * p<0.05 ** p<0.01, *** p<0.001, n.s.= not 

significant). (D) IL13 levels were assessed in lung homogenates by ELISA and normalized 

to total lung protein levels. (E) Representative PAS stained lung sections. (F) Airway 
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resistance was measured a day after the last challenge using FlexiVent (n=7–13 mice/group 

from two separate experiments; 2-way ANOVA, ** p<0.01, *** p<0.001).
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