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ABSTRACT 

Background: Ragweed (Ambrosia artemisiifolia) is a strong elicitor of allergic airway inflammation with worldwide increasing prevalence. Various components of ragweed pollen are thought to play a role in the development of allergic responses.  Aim of the study was to identify critical factors for allergenicity of ragweed pollen in a physiologic model of allergic airway inflammation.  
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Methods: Aqueous ragweed pollen extract, the low molecular weight fraction or the major allergen Amb a 1 were instilled intranasally on 1 - 11 consecutive days and allergic airway inflammation was evaluated by bronchoalveolar lavage, lung histology, serology, gene-expression in lung tissue and measurement of lung function. Pollen-derived adenosine was removed from the extract enzymatically in order to analyze its role in ragweed-induced allergy. Migration of human neutrophils and eosinophils towards supernatants of ragweed-stimulated bronchial epithelial cells was analyzed.   
Results: Instillation of ragweed pollen extract, but not of the major allergen or the low molecular weight fraction, induced specific IgG1, pulmonary infiltration with inflammatory cells, a Th2-associated cytokine signature in pulmonary tissue and impaired lung function. Adenosine aggravated ragweed-induced allergic lung inflammation. In vitro, human neutrophils and eosinophils migrated towards supernatants of bronchial epithelial cells stimulated with ragweed extract only if adenosine was present.  
Conclusions: Pollen-derived adenosine is a critical factor in ragweed-pollen induced allergic airway inflammation. Future studies aim at therapeutic strategies to control these allergen-independent pathways.  
Key words 

Adenosine, adjuvant, allergic inflammation, ragweed, sensitization 

Abbreviations 

ADO   adenosine 
BAL   bronchoalveolar lavage 
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BALF   bronchoalveolar lavage fluid 
i.n.   intranasal 
i.p.   intraperitoneal 
NHBE cells  normal human bronchial epithelial cells 
OVA   chicken ovalbumin 
RWE   ragweed pollen extract 
<3kDa   low molecular weight fraction of ragweed pollen extract 
>3kDa   high molecular weight fraction of ragweed pollen extract 
 

INTRODUCTION 

Ragweed (Ambrosia artemisiifolia) pollen is a major cause for hay fever and allergic asthma in Northern America and currently spreads as a neo-allergen in Europe, becoming one of the main causes for allergic reactions in late summer or autumn (1). Amb a 1 has been identified as the major ragweed allergen and belongs to the pectate lyase family of proteins (2-4). The status as neo-allergen in European populations and its high allergenicity makes ragweed an ideal allergen to study the course and adjuvant factors of allergic sensitization towards pollen.  The sensitization process is initially driven by an epithelial response to an allergen, which results in a pathogenic Th2-response in atopic eczema, allergic rhinitis, and allergic asthma 
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(5-7). It is still incompletely understood how these initial steps are elicited and which pollen-intrinsic co-factors play a role in triggering the induction of allergen-induced airway inflammation.  In the context of sensitization by pollen grains, it has been shown that pollen is not only a carrier of allergen, but also contains bioactive pollen-associated lipid mediators (PALMs) (8). These small molecular biogenic cofactors lead to the breaking of immunological tolerance by recruiting inflammatory cells like eosinophils and neutrophils to the site of allergic sensitization (9-11), or generating a Th2-favouring micromilieu in pollen-exposed tissues (12-14). Adenosine, which has been increasingly implicated in the pathophysiology of asthma (15, 16), has been recently found to be contained in pollen grains of different plant species (17), giving rise to speculations of its possible role in pollen-induced allergic reactions. In a murine model it was shown that elevated endogenous adenosine levels in adenosine deaminase deficient mice induce pulmonary inflammation with infiltration of eosinophils, mucus hypersecretion and airway obstruction (18) and that exogenous adenosine challenge in sensitized mice leads to enhanced influx of inflammatory cells into the lung (19). Aim of this study was to analyze the sensitizing and proinflammatory properties of ragweed pollen extract (RWE) in an in vivo model that mimics the physiologic route of pollen exposure to the airways. We demonstrated that intranasal (i.n.) instillations with RWE lead to a rapid Th2-biased sensitization and inflammatory airway infiltration, initiated by influx of neutrophils and followed by eosinophils and lymphocytes. These subsequent innate and adaptive immune 
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responses were modulated by adenosine contained naturally in ragweed pollen, which resulted in a significant augmentation of the elicitation phase.   
METHODS 
Animals Female, 6-10 weeks old BALB/c mice were obtained from Charles River (Sulzfeld/Germany), housed under specific pathogen free conditions in individually ventilated cages (VentiRack; Biozone, Margate/UK) and fed by standard diet. The study was conducted under federal guidelines for the use and care of laboratory animals and was approved by the Government of the District of Upper Bavaria and the Animal Care and Use Committee of the Helmholtz Center Munich. 
 

Allergen sensitization protocol 

Mice were sensitized by bilateral i.n. instillations of RWE pollen extract (10mg/ml; 10µl/nostril) or its fractions once a day for up to 11 days. Control animals received the same amount of PBS. For i.p. sensitization, mice were injected with 1.5 µl RWE absorbed to 2 mg alum (ImjectAlum, Thermo Fischer Scientific, Rockford, IL) in 200 µl PBS. 
 
Analysis of bronchoalveolar lavage, lung histology, and allergen specific serology 

Measurement of IgE, bronchoalveolar lavage and lung histology were performed as described previously (20). Mucus hypersecretion and inflammatory cell infiltration were 
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graded in a blinded fashion on a scale from 0 to 4 (0=none, 1=mild, 2=moderate, 3=marked, 4=severe), reflecting the degree of the pathological alteration (20). For measurement of Amb a 1-specific IgG1, 96-well plates were coated with Amb a 1 and mouse plasma was added. Subsequently, a biotinylated detection antibody (BD Biosciences, Heidelberg), streptavidin-horseradish peroxidase (Calbiochem, Bad Soden/Germany) and tetramethylbenzidine (Fluka, Neu-Ulm/Germany) were used according to manufacturer instructions. 
 
RNA extraction and real-time PCR 

RNA extraction and real-time PCR were performed as described previously (21).  
 
Lung function analysis 

Lung function analysis was performed 24h after the last intranasal exposure in intubated, mechanically ventilated animals (n=6-10/group; Buxco® Research Systems, Wilmington, NC, USA) (22).  
 
Neutrophil and eosinophil migration assay  

Normal human bronchial epithelial (NHBE) cells were incubated for 24h with indicated stimulants in basal medium. The chemotactic activity of NHBE supernatants was evaluated by measuring neutrophil and eosinophil migration, as described previously (10, 23). The 
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granulocyte migration index was calculated in relation to the migration towards supernatants of unstimulated NHBE cells (Migration index=number of migrated stimulated cells/number of migrated control cells). Additional details on pollen cultivation and preparation of extracts and methods utilized in this study are provided in the Supporting Information (Data S1). 
 

Data analysis 

Results are shown as boxplots indicating minimum, 25% percentile, median, 75% percentile, and maximum, or as mean ± SD. Statistical significance was determined by Mann-Whitney U test and by two-way ANOVA with post-hoc Bonferroni test for lung function analysis. Results were considered significant as p ≤ 0.05. 
 
RESULTS 

Eleven i.n. instillations induce lung inflammation, IgG1 secretion and airway 

hyperresponsiveness 

In order to assess the kinetic of sensitization and elicitation of allergic airway inflammation on cellular and serologic level, BALB/c mice were instilled once, three, eight, or 11 times i.n. with RWE. Control mice were either instilled i.n. 11 times with PBS or left untreated (Fig. 1A). In RWE-instilled mice, total BAL cells increased with increasing numbers of instillations. Numbers of macrophages did not change, but the number of neutrophils in BALF started to increase after three instillations, peaked after 8 instillations and decreased again after 11 
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instillations. Lymphocytes and eosinophils started to rise after 8 instillations, but increased significantly after 11 instillations. Eleven PBS instillations led to a minor increase of total cells, neutrophils and lymphocytes, which did not reach statistical significance (Fig. 1B). In plasma, Amb a 1 specific IgG1 was initially detectable after 8 i.n. instillations, but showed significantly higher titers after 11 instillations (Fig. 1C). The level of Amb a 1 specific IgE was under detection limit (data not shown). Eleven RWE instillations significantly increased airway resistance and decreased dynamic compliance following increasing methacholine concentrations compared to PBS (Fig. 1D). To assess the kinetic of the serologic allergic response, mice were treated 11 times i.n. with RWE and boosted on days 21-23 (Fig. 1A). Total IgE was slightly, but significantly elevated on day 12 and more pronounced on day 24 after the booster instillations. Likewise, levels of Amb a 1 specific IgG1 were elevated significantly on day 12, but also reached much higher levels on day 24 (Fig. 1E). 
 
Eleven days of RWE instillation induce a systemic ragweed-specific Th2-response  

In order to judge the potential of intranasally administered RWE to induce systemic Th2-responses, intranasal RWE exposure was compared to classical i.p./alum sensitization protocol. Non-i.p.-sensitized (NS) mice were instilled on 11 consecutive days with RWE (NS/RWE) or with PBS (NS/PBS). Classically sensitized mice were i.p. injected with RWE (S) in combination with alum and instilled with PBS (S/PBS), (Fig. 2A).   On day 12, splenocytes of mice of all three groups were restimulated ex vivo with culture media, OVA (protein-control), Amb a 1, or RWE. After six days of restimulation, splenocytes 
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of i.p.-sensitized mice as well as mice that had received RWE only intranasally, secreted significantly increased levels of IL-5 and IL-13 compared to non-sensitized animals (Fig. 2B). In contrast, levels of IFN-γ showed no significant changes. Medium and protein-controls did not affect cytokine secretion.   
Only total ragweed is capable to induce allergic lung inflammation  Because pollen release allergens and a multitude of low molecular weight substances (8), we analyzed if either the major allergen Amb a 1 or the low molecular weight fraction of RWE (<3kDa RWE) are dominant in induction of airway inflammation. Mice were instilled with PBS, Amb a 1, <3kDa RWE, Amb a 1 in combination with <3kDa RWE, or total RWE (Fig. 3A). Total cell number and macrophages were increased significantly after instillation with Amb a 1, Amb a 1 plus <3kDa, and total RWE compared to controls (PBS) (Fig. S2B). Neutrophils were increased significantly in all groups compared to PBS, including the group instilled with the <3kDa. Lymphocyte and eosinophil counts were increased significantly only in animals treated with total RWE when compared to PBS-treated animals (Fig. 3B). Only total RWE, but neither the low molecular weight fraction nor Amb a 1 induced Amb a 1 specific IgG1 (Fig. 3C). Importantly, instillation of Amb a 1 or <3kDa RWE alone had only a minor effect on lung histopathology, whereas the instillation of Amb a 1 in combination with <3kDa RWE led to mild cell infiltration (score >1, Fig. S2C; Fig. S2D) as well as a minor increase in Amb a 1 specific IgG1 (Fig. 3C), suggesting an adjuvant effect of low molecular weight substances. A marked to severe inflammatory infiltrate and mucus hyper-secretion were observed only after intranasal instillation with total RWE (Fig. S2C, Fig. S2D). 
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Only total RWE instillation promotes a proinflammatory micromilieu in pulmonary 

tissue 

To decipher the pulmonary micromilieu of intranasally sensitized mice, quantitative real time PCR (qPCR) of lung tissue was performed after 11 intranasal instillations (Fig. 3D, Fig. S2E). Instillation of total RWE induced a significant increase of mRNA expression of typical Th2-associated cytokines (IL-4, IL-5 and IL-13) as well as IL-10. As expected, RWE instillation did not affect expression of the Th1 cytokine IFN-γ or TNF-α. The markers for alternative activation of macrophages Arg1, as well as mucin genes (Muc 2 and Muc 5ac) were upregulated by total RWE. Furthermore, instillation of total RWE led to a higher expression of IL-22 and GM-CSF, but had no effect on IL-33. Lastly, total RWE increased the expression of CCL24 and, although not significantly, of CCL11, crucial chemokines in eosinophil chemotaxis. Importantly, gene expression of the before mentioned genes remained unaffected by instillation with all investigated fractions of pollen extract including Amb a 1.   
 
Adenosine depletion abrogates RWE-induced local and systemic Th2 responses 

Adenosine was identified to be a potent immunoregulatory substance in pollen (17). In order to evaluate the effect of pollen-derived adenosine, adenosine was digested from total RWE by adenosine deaminase treatment (Fig. S1A-C). Mice were i.n. instilled on 11 consecutive days with RWE, with RWE depleted of adenosine (RWE w/o ADO) or with adenosine (ADO) alone (Fig. 4A). Depletion of adenosine from RWE prevented the increase of total cells in BALF significantly when compared to total RWE. This prevention could be 
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attributed mainly to a significant reduction of lymphocyte and eosinophil infiltration. Adenosine instillation alone did not affect cell numbers in BALF (Fig. 4B). After 11 instillations of RWE w/o ADO, plasma levels of Amb a 1 specific IgG1 were significantly lower when compared to mice instilled with total RWE (Fig. 4C). In order to evaluate the systemic effects of adenosine in RWE, splenocytes were isolated and restimulated ex vivo with medium, control protein (OVA), Amb a 1, or RWE. In supernatants of Amb a 1- or RWE-restimulated splenocytes from mice instilled with RWE w/o ADO, the production of IL-5, IL-13 (and even IFN-γ) was significantly lower when compared to mice instilled with total RWE (grey shaded bars compared to dark grey bars) (Fig. 4D). No regulation was detected upon mock-stimulation with OVA.  
 
Adenosine-reconstitution reestablishes lung inflammation and hyperresponsiveness 

To verify whether adenosine removal abrogates airway inflammation, adenosine was added in the original concentration to the adenosine-depleted RWE. Mice were instilled i.n. either with RWE w/o ADO or with RWE w/o ADO supplemented with adenosine (RWE w/o ADO +ADO, Fig. 5A). Reconstitution of adenosine significantly increased total cell counts in BALF, mainly by increasing the number of eosinophils. No significant effect was observed for other BAL cells (Fig. 5B). Lung function tests showed that RWE w/o ADO failed to induce the RWE-dependent increased airway hyperresponsiveness. Importantly, reconstitution of adenosine in RWE w/o ADO+ADO significantly increased airway resistance compared to RWE w/o ADO, demonstrating an important role of adenosine in pollen-induced airway inflammation (Fig 5C).   
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Ragweed pollen-derived adenosine augments the elicitation phase of ragweed 

allergy 

To clearly delineate the impact of adenosine during the sensitization and the elicitation phase of allergic airway inflammation, two different approaches were used (Fig. 6A).  A limited number of instillations of total RWE did not lead to a detectable cellular infiltration in BALF or to type 2 associated cytokine production from restimulated splenocytes (Fig. 6B, C left). In contrast, instillation with RWE w/o ADO resulted in enhanced antigen-specific secretion of IL-5 and IL-13 from restimulated splenocytes (Fig. 6C, left), but had no effect on BALF cellular influx (Fig. 6B, left). To address the impact of pollen-derived adenosine uniquely during the elicitation phase, mice were i.p. treated with RWE/alum to guarantee efficient sensitization to RWE (Fig. 2B) and then challenged with RWE or RWE w/o ADO (Fig. 6A, right). A strong influx of neutrophils, eosinophils and lymphocytes into the BALF was observed upon challenge with RWE (Fig. 6B, right). Interestingly, instillation with adenosine-depleted RWE almost completely prevented cellular influx and reduced production of IL-5/IL-13 effector cytokines by splenocytes (Fig. 6B, C right).  Taken together, pollen-derived adenosine was necessary for exacerbation of allergic airway inflammation during the elicitation phase in sensitized animals. 
RWE induces secretion of neutrophil and eosinophil chemoattractants by human 

bronchial epithelial cells  

Intranasal RWE induced a significant granulocyte infiltration into the lung in the in vivo model (Fig. 1B). To evaluate this effect also in a human in vitro setting, we analyzed the 
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effect of the supernatants of RWE, RWE w/o ADO, or ADO-stimulated normal human bronchial epithelial (NHBE) cells on neutrophil and eosinophil migration. We observed an increased IL-8 secretion induced by RWE (Fig. 7A) and an enhanced neutrophil migration towards the supernatants of RWE-stimulated NHBE cells (Fig. 7B). Stimulation of NHBE cells with RWE w/o ADO significantly reduced neutrophil migration towards NHBE supernatants. This effect was mirrored by reduced levels of IL-8 secretion by NHBE-cells in the absence of ADO. Stimulation of NHBE cells by adenosine alone neither led to neutrophil migration by NHBE supernatants, nor to an induction of IL-8 secretion (Fig. 7A, B). Similarly to neutrophils, eosinophil migration was increased towards supernatants of NHBE cells stimulated with total RWE. This increase was significantly reduced by removal of adenosine form the ragweed extract (Fig. 7C).  
 

DISCUSSION In this study shows that i.n. exposure with an aqueous ragweed pollen extract rapidly induced a Th2-biased sensitization and allergic airway inflammation. Neutrophils most likely played a crucial role, as they were the first cells to infiltrate the lung upon in vivo sensitization. Subsequent eosinophil and lymphocyte accumulation in the lung indicated the development of an allergic adaptive immune response that was strongly dependent on adenosine. Furthermore, human neutrophils and eosinophils migrated towards the supernatants of human bronchial epithelial cells stimulated by total ragweed extract. Currently, there is no in vivo model of allergic airway responses available allowing the examination of the pro-allergic properties of ragweed via the physiological mucosal route. Instead, most models of allergic airway inflammation use intraperitoneal chicken 
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ovalbumin (OVA) in combination with alum as adjuvant. Although there are some asthma and conjunctivitis models which use ragweed for sensitization, all of these models need alum as adjuvant (24, 25). Only few models exist that elicit sensitization against natural allergens in wild type mice, such as house dust mite or Cupressaceae pollen, without using adjuvant substances (26, 27). Our model is characterized by rapid sensitization and induction of allergic airway inflammation upon nasal exposure to ragweed pollen as an environmentally relevant allergen without use of any additional adjuvants.   Human migrant studies revealed that manifestation of atopic diseases in most cases requires more than two years, with repeated periods of pollen exposure (28, 29). However, here ragweed-specific T- and B cell response were detected after 11 days of intranasal instillation of RWE, which corresponds to about half of the duration of a typical birch pollen season, or about one fourth of a ragweed pollen season (30). This observation in allergy-prone BALB/c mice, which serve as a surrogate for susceptible human individuals, provides experimental support for the clinical observation that even adult migrants or local residents, which are exposed to potent (neo-)allergens, can rapidly develop sensitization upon allergen exposure. Therefore, even after short-term exposure during a period of high pollen counts, early testing for newly developed sensitizations should be considered, when clinical symptoms and allergen exposure are indicative for a neo-sensitization. Analysis of the differential impact of total RWE, Amb a 1 and the low molecular weight fraction revealed that only instillation with total RWE induced a complete allergic airway inflammation. However, the low molecular weight fraction induced isolated proinflammatory influx of neutrophils into the lung, confirming a physiological in vivo 
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relevance of human in vitro studies (10, 11). In contrast, cultured human bronchial epithelial cells secreted large amounts of IL-8 and induced recruitment of neutrophils only upon stimulation with total RWE. Additionally, only total RWE, but not Amb a 1 alone nor in combination with the low-molecular weight fraction, was able to induce ragweed-specific IgG1. Thus, additional components present in total RWE were crucial for the development of allergic lung inflammation.  Besides a typical Th2 expression pattern in lung tissue, an elevated expression of Arg1 suggested alternative activation of macrophages (31). This macrophage population can promote disease progression and therefore enforce a chronic allergic airway inflammation (32). Further, mucins (Muc2 and Muc5ac) were up regulated after i.n. instillation of RWE correlating well with secretory cell hyperplasia in histological lung sections of RWE-treated mice (33).  Adenosine is an important mediator, is known for its role in inflammation, but it also exerts immune regulatory and suppressive effects and acts on a wide range of cells (34). Both, endogenous and exogenous adenosine sources have been implicated in the asthma pathogenesis with increased adenosine levels in BALF that correspond with airway inflammation and tissue damage (35). Furthermore, exogenous adenosine causes potently bronchoconstriction in asthmatic patients but not in healthy subjects (15). In a murine asthma model adenosine challenge significantly enhanced the influx of inflammatory cells into the lung (19). Adenosine has been shown to mediate asthma features through its receptors in experimental models, especially through A2A and A2B receptor signaling (36, 37). Furthermore, an adenosine A3 receptor knockout mouse showed decreased 
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neutrophils recruitment into the lung (38). Adenosine also may promote type 2 immunity as recent studies suggest, that A2B adenosine receptor signaling attenuates chronic pulmonary inflammation (39) and induces protective antihelminth type 2 immune responses (40). In the present study, we showed an important effect of pollen-derived adenosine for neutrophil and eosinophil migration in a human in vitro setting as well as for the reduction of symptoms in a novel allergic airway inflammation model. More precisely, adenosine had an effect as a cofactor in combination with the proteins contained in RWE, as there was no effect of adenosine instillation alone or the adenosine rich <3kDa RWE fraction. Moreover, in a previous human in vitro study, pollen-derived adenosine was shown to drive dendritic cell primed T cell responses towards a regulatory response, and the effect was less pronounced if dendritic cells were derived from pollen-sensitized donors. This suggested a protective role of adenosine during sensitization, whereas it might act aggravating in already sensitized individuals (17). This principle was confirmed by our in 

vivo study exploring the effect of adenosine in the early sensitization and elicitation phase of ragweed-specific airway inflammation.   Taken together, we propose a physiological in vivo model that mimics mucosal exposure of ragweed pollen to the airways. We demonstrated that as early as 11 days after intranasal allergen exposure, clinically relevant sensitization can be induced and allergic airway inflammation elicited. Thus, even short-term exposure to potent allergens sources can induce clinically relevant de-novo sensitizations. As pollen-derived adenosine seems to play an important adjuvant role during sensitization and elicitation of disease, these 
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findings potentially define adenosine receptors as drug targets for prevention and treatment of IgE-mediated allergies.  
Acknowledgments We thank Alexandra Seisenberger, Johanna Grosch, Benjamin Schnautz, Katja Haslauer, and Brigitte Look for excellent technical assistance. We thank Stefan Haak and Jenny Westphal for fruitful discussions. Ragweed seeds were kindly provided by Dr. Beate Alberternst (Friedberg). 
 
Figure Legends 

Figure 1 Intranasal ragweed extract induces allergic airway inflammation, A, Experimental 

setup. B, BAL cell analysis. C, Amb a 1 specific IgG1 levels. n=6 mice/group; *p≤0.05; **p≤0.01 vs 

untreated. D, Lung function analysis performed 24h after 11 intranasal exposures. n=10 

mice/group *p≤0.05, **p≤0.01 vs PBS at same methacholine concentrations. E, Total IgE and 

Amb a 1 specific IgG1 levels of extended protocol. n=6 mice/group; *p≤0.05, **p≤0.01 vs PBS. 

Representative data of two independent experiments.   

Figure 2 Intranasal ragweed instillation induces systemic Th2-response. A, Experimental setup. 

Mice were non-sensitized (NS), i.n. treated with PBS or RWE, or i.p.-sensitized with RWE/alum 

(S) plus i.n. PBS. B, Splenocytes were restimulated with medium, OVA [10 µg/ml], Amb a 1 [10 

µg/ml] or RWE [1,25 mg/ml]. Supernatants were analyzed for indicated cytokines. Data: 
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Mean+SD. n=6 mice/group. *p≤0.05, **p≤0.01 vs NS/PBS. #p<0.05 versus OVA-restimulated 

cells. Representative data of two independent experiments.   

Figure 3 Intranasal instillation of RWE induces airway inflammation. A, Experimental setup. B, 

BAL cell analysis. C, Amb a 1 specific IgG1 levels. D, Gene expression in pulmonary tissue. 

Pulmonary tissue was analyzed for mRNA-expression of indicated genes. Relative mRNA 

expression levels were calculated using the 2-ΔΔCtmethod. GAPDH:  housekeeping gene  Data are 

displayed as boxplots. n=6 mice/group. *p≤0.05; **p≤0.01 vs PBS. Data are representative of 

two independent experiments.   

Figure 4 Depletion of adenosine decreases Th2 response. A, Experimental setup. B, BALF 

analysis. Data: Boxplot-analysis. C, Amb a 1 specific IgG1 levels. D, Splenocytes restimulation 

with medium, OVA, Amb a 1 or RWE. Supernatants were analyzed for indicated cytokines. Data 

are expressed as mean+SD. n=6 mice/group. *p≤0.05, **p≤0.01 vs PBS; +p≤ 0.05, ++p≤0.01 vs 

RWE. Representative data of two independent experiments. 

Figure 5 Adenosine supplementation reestablished allergic airway inflammation. A, 

Experimental setup. B, BAL cell analysis. Data are displayed as boxplots. n=6 mice/group. 

*p≤0.05,  **p≤0.01 vs RWE w/o ADO. C, Lung function analysis was performed 24h after the 

last of 11 intranasal exposures. n=6-10 mice/group. *p≤0.05 vs PBS; +++p≤0.001 vs RWE at same 

methacholine concentrations. 

Figure 6 Pollen-derived adenosine exacerbates the elicitation phase. A, Experimental setup. B, 

BAL cell analysis. n=6 mice/group. **p≤0.01. Data are displayed as boxplots. n=6 mice/group. C, 
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Splenocytes were restimulated with medium, OVA, Amb a 1  or RWE. Supernatants were 

analyzed for indicated cytokines. Data are expressed as mean+SD. n=6 mice/group. *p≤0.05. 

Figure 7 Neutrophils and eosinophils migrate towards supernatants of RWE-stimulated NHBE 

cells. A, IL-8 production by NHBE-cells (stimulus indicated) B, Neutrophil migration and C, 

eosinophil migration towards supernatants of NHBE-cells stimulated with RWE, adenosine-

depleted RWE, or adenosine alone. n=4 experiments, *p≤0.05, **p≤0.01 vs PBS; +p≤0.05, 

++p≤0.01 vs RWE. 
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