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Background 

Respiratory allergic diseases have become an increasingly significant public health problem worldwide and 
have been responsible for high socioeconomic costs [1]. Epidemiologic studies report a global increase in 
recent years in the prevalence of asthma and other allergic diseases [2]. It is well known that the main site 
of inflammation are the airways. However, different studies have demonstrated a correlation between 
systemic inflammation and respiratory allergies as asthma [3] or allergic rhinitis [4]. Chronic systemic 
inflammation plays a pivotal role in of cardiovascular diseases (CVD) [5] and recently, different clinical 
studies demonstrated the involvement of allergic respiratory pathologies in the development of CVD [6-8]. 
In addition, an impairment of endothelial function, attributed principally to a disruption in nitric oxide (NO) 
metabolism (bioavailability, use/response, production, release, and degradation), leads to CVD [9]. 
However, the mechanism of action between respiratory allergies, endothelial dysfunction and CVD is still 
unclear and only few previously studies demonstrated an effective endothelial dysfunction in mouse 
models of respiratory allergic response [10,11]. 

Aim 

During this year, we sought to understand the molecular mechanisms leading to impaired vascular 
reactivity in a mouse model of OVA-induced respiratory allergy. 

Methods 

Allergic sensitization and challenge of Balb/c mice 

Male, 5-6-week-old BALB/C were divided into two treatment groups, and subsequently sensitized and 
challenged with ovalbumin (OVA-challenged group) or vehicle (control group). The OVA-challenged group 
received intraperitoneal (i.p.) injections of 100μl/mice of 100μg OVA adsorbed in 100 μl of Alum 
(Alhydrogel 2%) on days 0 and 14, followed by intranasal instillation of 35μl/mice of 100μg OVA in 35 μl 
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sterile PBS, from days 21 to 27. The control group received intraperitoneal injections of 100 μl/mice of 100 
μl sterile PBS with 100μl Alum (Alhydrogel 2%) and intranasal instillation of 35μl/mice of sterile PBS at the 
same time points. On day 28, blood, lungs and thoracic aortas were collected from both groups. 

Lung histology 

Mice were euthanized by CO2 asphyxiation. Left lung lobes were fixed overnight in 10% buffered formalin, 
after fixation, paraffin blocks were prepared. Tissue sections were stained with haematoxylin and eosin 
(H&E). 

IgE measurement 

IgE levels in serum were determined using ELISA kit (BD Bioscience). 

Vascular assessment in isolated aortic rings and cumulative dose-response protocols 

Twenty-four hours after the last intranasal challenge, mice were sacrificed, and thoracic aortas were 
isolated and placed in cold physiological saline solution (PSS). Blood, surrounding the connective tissue and 
perivascular fat were removed and 2 mm long rings were prepared. Endothelium-intact isolated aortic rings 
were suspended between 2 mounting posts of a DMT 610M 4 channel myograph system (DMT-USA 
International, Atlanta, GA) between an isometric force transducer and length positioning support post and 
bathed in PSS warmed to 37 °C and gassed continuously with a gas mixture of 95% O2 and 5% CO2. A 
resting tension of 10 mN was imposed on all rings; the rings were allowed to equilibrate in PSS for 30 min 
prior to the start of pharmacological assessment. Following equilibration, rings were stimulated with 62.5 
mM of a K+ PSS solution for 10 min to test viability, the rings were then rinsed with PSS until force returned 
to passive tension level. Cumulative dose-response curves for the α- adrenergic agonist phenylephrine 
(Phe, 0.01-30 μM) were performed; after that, tissues were washed for a minimum of 60 min before 
examining the endothelium-dependent relaxation response of 1 μM PE pre-constricted tissues to 
acetylcholine (0.001-10 μM); then the tissues were washed before examining relaxation response to 
sodium nitroprusside (SNP) (0.001-30 μM) in 1 μM PE pre-constricted tissues pre-treated with L-NAME (NO 
synthase inhibitor 100 µM). 

RNA extraction, cDNA synthesis and quantitative RT-PCR  

Total RNA was extracted from homogenized mice aorta tissues using the Direct-zol™ RNA Miniprep Plus kit 
(Zymo Research). RNA purity and quantity were measured by Nano-Drop spectrophotometry (Thermo 
Fisher). Samples required 260/280 ratios > 1.5 for inclusion. Reverse transcription was performed using 
400ng of RNA using High Capacity cDNA reverse transcription kit (Applied Biosystems, USA). Real-time PCR 
reactions were performed on the 7900HT instrument (Applied Biosystems, USA) using commercially 
available TaqMan assays for Nox4 (Cybb), p22-phox (Cyba), Nox1, Nox4, Il-33, Ccl4, Ccr1, Ccr3, Ccr4 and 
Ccr5. Other cytokines, chemokines, growth factors, and other immune response genes were analysed with 
96 TaqMan® Gene Expression Assays (Thermo Fisher). TATA box binding protein (Tbp) was selected as a 
constitutive gene for all real-time PCR experiments due to high stability of expression across all tissues 
examined. 

Results and conclusions 

Lung morphology and serum IgE levels were used to assess the local and systemic induction of allergic 
respiratory disease. In line with previous findings [10,11], our results showed a significant decrease in 
vasorelaxation in response to acetylcholine in the thoracic aorta of OVA-challenged mice compared to the 
CTR group. On the contrary, no significant difference was observed using SNP that cause an endothelial-
independent relaxation. RT-PCR revealed increased pro-inflammatory genes expression in OVA-challenged 
aortas compared to CTR (e.g. Ptgs2, the gene encoding cyclooxygenase 2 [12], Smad7 a transforming 
growth factor b (TGF-b) modulator [13] and Fibronectin-1 (FN1) an atherosclerosis promoting gene [14]). 
Notable differences were also observed in the expression of several chemokines receptors and their ligands 
such as C-C chemokine receptor type 5 (CCR5), CCR3, CCL5 (RANTES), CCL2 and CCL4 (MIP-1β). Our findings 
suggest that the activation of several immune/inflammatory mediators may be involved in respiratory 
allergy-induced endothelial dysfunction. We are currently finalising the last experiments with a view to 
submit the full set of results for publication in the near future. 
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