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- ABSTRACT- 

Background 

Cysteinyl leukotrienes (LT), C4, D4, and E4 which are lipid mediators 

released from the immune cells, regulate the airway inflammation, 

hyperreactivity and permeability in allergic inflammation by interacting with 

LT-related receptors, including CysLTR1, CysLTR2 and purinergic receptor 

P2Y12 (P2Y12R). The latter, P2Y12R expressed on surface of platelets and 

eosinophils, is involved in cell activation. Platelets can modulate asthma 

pathogenesis by releasing intracellular granules, priming leukocytes for 

activation and facilitating eosinophil migration by forming the platelet-

eosinophil aggregation (PEA) via surface ligands. The adherent platelets in 

PEA are the plentiful source for LT overproduction, thereby possibly 

enhancing the inflammatory response. To date the antiplatelet drugs, such as 

prasugrel, and clopidogrel, were found to inhibit the bronchial-

hyperreactivity, platelet activation and eosinophil degranulation in animal 

studies and clinical trials. Therefore, we hypothesized that the combination 

of the antagonists to CysLTR1 (montelukast, [Mon]) and to P2Y12R on 

platelets (clopidogrel, [Clo]) could elicit the synergistic effect on suppressing 

the airway inflammation.  

Objective  

Firstly, we investigated the distribution ratio and characteristics of the 

CysLT-related receptors in our asthma mouse model. Secondly, we evaluated 

the synergistic effects of the combination therapy (Clo/Mon) in a mouse 

model of asthma and elucidated the mechanism by which the combination 

therapy exerts the effects. Lastly, we attempted to find the clinical 

effectiveness of Clo on asthma patients who used clopidogrel.       

Materials & Methods 
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To investigate the localization and interactions of CysLTRs, BALB/c mice 

were subjected to ovalbumin (OVA) to induce allergic asthma. Some mice 

were administered the antagonists of CysLTR1, CysLTR2, and P2Y12R, 

which is montelukast sodium hydrate, HAMI 3379 and clopidorgrel 

hydrogen sulfate, respectively. The expression levels of CysLTR1, CysLTR2, 

and P2Y12R on lung tissues and inflammatory cells were evaluated by 

Western blot, flow cytometry, and double fluorescence staining.  

To assess the therapeutic effect of Clo/Mon, a mouse model of 

eosinophilic asthma was established. In addition to two times of sensitization 

on days 0, 14, BALB/c mice were challenged  with OVA 0.2% on days 28-

30 and with OVA 1% on days 42-44. Mice were either administered Clo 

(10mg/kg), Mon (10mg/kg), both drugs or dexamethasone (1 mg/kg) (Dex) 

for 30 minutes before OVA (1%) challenges on days 42-44. Mice were 

assayed for airway hyperresponsiveness (AHR) to methacholine (MCh) by 

FlexiVent® and sampling. The levels of interleukin (IL)-4, IL-5, IL-13, 

platelet factor 4 (PF4) and eosinophil peroxidase (EPX) in bronchoalveolar 

lavage (BAL) fluid were measured by ELISA kits. Histological 

characteristics were analyzed in mouse lung tissues. As in in vitro assay, 

platelets and eosinophils were isolated separately and co-cultured, in addition 

to adenosine diphosphate (ADP) 10µM, LTC4 (200 nM), LTE4 (200 nM), 

Mon (1 µM), Clo (1 µM), Clo/Mon (1 µM), anti-CD40L antibody (100 

ng/mL), tirofiban hydrogen sulfate (1 µM). The percentages of PEA and P-

selectin expression in whole blood, BAL fluid and in in vitro assay were 

assessed by flow cytometry and immunohistochemistry.  

To assess the effects of Clo in patients with asthma, we conducted a 

retrospective, cross-sectional study on the basis of electronic medical records 

from 1998 to 2015 in Ajou Medical Center, Suwon, South Korea. The 
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inclusion criteria were patients who had been diagnosed as having asthma 

and/or allergic rhinitis (AR) and had been administered Clo more than 7 days 

after the asthma diagnosis. Patients without the complete blood count (CBC) 

during the exposure period to Clo were excluded from the study. A total of 

596 subjects were recruited and changes of the eosinophil count, including 

the percentage (%) and absolute counts (x10
4
 cells) were analyzed.      

Results 

Expression of CysLTR1 and P2Y12R were significantly up-regulated in lung 

tissues (P<0.05 for each) of mice after being sensitized and challenged 

(OVA/OVA). The ratio of CysLTR1: CysLTR2: P2Y12R in lungs of negative 

control (NC) mice was shifted from 1:0.43:0.35 to 1:0.65:1.34 in OVA/OVA 

mice. The administration of Mon significantly diminished the up-regulation 

of CysLTR1, CysLTR2, and P2Y12R (P<0.05 for each), while the effects of 

HAMI 3379 and Clo suppressed predominantly the expression of CysLTR2 

and P2Y12R, respectively.  

On the basis of CysLTR1: P2Y12R expression ratio (1:1.34) in the 

asthma mouse, we introduced Mon:Clo at the ratio 1:1. Clo/Mon attenuated 

the increased AHR at higher concentration of MCh; the total and eosinophil 

counts were more effectively diminished than single treatment (P<0.05 for 

each). The levels of IL-4, IL-13, PF4 and EPX were reduced in BAL fluid 

from the mice treated with Clo/Mon (P<0.05 for each). The inflammatory 

cell count, mucus containing cells in the bronchi were attenuated 

significantly by Clo/Mon (P<0.05 for each). Clo/Mon reduced ADP-induced 

PEA formation in whole blood (P<0.05) and BAL fluid.   

In patients with asthma and/or AR, we observed a decrease in the 

percentage of blood eosinophil (%) and absolute eosinophil counts (x10
4
 

cells) after using Clo for more than 60 days, however, no significant 
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difference was observed.  

Conclusions 

The upregulation of CysLTR1 and P2Y12R may involve in the allergic 

inflammation of asthmatic airway. Combination of Mon and Clo attenuated 

synergistically the airway inflammation and hyperresponsiveness by 

inhibiting the ADP-mediated PEA formation. Further studies are required to 

elucidate the effectiveness of antiplatelet drugs in asthma treatment.  

Keywords: Asthma, clopidogrel, cysteinyl leukotriene receptors, 

montelukast, P2Y12R.  
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CHAPTER-I 

Characterization of Cysteinyl Leukotriene-Related 

Receptors and Their Interactions in a Mouse Model of 

Asthma 
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I. INTRODUCTION 

Asthma is a chronic airway inflammatory diseases, characterized by episodes 

of shortness of breath with various phenotypes (Fahy, 2015). Asthma is 

estimated to affect around 300 million people worldwide and the prevalence 

still rises to date (Rusca and Monticelli, 2011; Grainge et al., 2016). There 

are several distinct phenotypes of asthma that have been described, resulted 

from the integration of genetic susceptibility, immune disturbances and 

environmental influences. Airway inflammation, bronchial 

hyperresponsiveness, and airway remodeling are hallmarks in the 

pathogenesis of asthma (Erle and Sheppard, 2014; Pelaia et al., 2015). The 

utility of corticosteroids is agreed by the current guidelines as the 

conventional therapy for asthma control (2009; 2018). In spite of that, there 

is a subgroup of patients who manifested severe or difficult-to-control 

asthma, together with the complex inflammatory profiles (Pelaia et al., 2015). 

Thus, there is an urge to identify the novel pathways in the pathogenesis of 

severe asthma and to elucidate the potentials therapies for asthmatic patients. 

In this study, we focused on intersection between cysteinyl leukotrienes (LT) 

and platelets-dependent pathways and elucidated the utility of antiplatelet 

drugs, such as Clopidogrel (Clo) in asthma treatment.  

LTs (C4, D4, and E4) are crucially involved in modulation of airway 

inflammation and remodeling (Drazen, 1998; Henderson Jr et al., 2002) 

through interacting with receptors which belong to the G-protein-coupled 

receptor, termed CysLTR1 and CysLTR2 (Dahlen, 2000) to induce 

inflammatory responses, such as recruitment of inflammatory cells, cell-cell 

adhesion, vascular leakage, and platelet activation in asthma (Bautz et al., 

2001; Parameswaran et al., 2002; Profita et al., 2008; Cummings et al., 2013). 

A wealth of evidence proved that LTE4 is the most potent mediator in 
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evoking eosinophil and basophil influx into bronchial mucosa and in 

enhancing airway hyperresponsiveness as well as vascular permeability 

(Gauvreau et al., 2001; Lee et al., 2009). LTs interact to CysLTR with 

different affinities as described in Table 1. Recent data showed that LTE4 

functions as a full agonist for CysLT1R on mast cells (Foster et al., 2016; 

Lazarinis et al., 2018). Despite, LTE4 is suggested to bind to CysLTR1 and 

CysLTR2 with low affinities (Suh et al., 2016). Recently, new evidence 

reported a novel receptor for LTE4, 2-oxoglutarate receptor 1 or GPR99 

(Kanaoka and Boyce, 2014). The newly discovered GPR99 was identified to 

mediate LTE4-induced vascular permeability in mice lacking 

CysLTR1/CysLTR2 (Maekawa et al., 2008; Kanaoka et al., 2013) and was 

indispensable for mucin production in GPR99-/- mice (Bankova et al., 2016). 

In addition, the purinergic receptor P2Y12 (P2Y12R) also showed a 

significant effect on LTE4-induced airway inflammation in a mouse model of 

asthma (Paruchuri et al., 2009) and involves eosinophil degranulation, 

neutrophil migration and activation (Neves et al., 2010; Liverani et al., 2013; 

Muniz et al., 2015). Despite contrasting results on the LTE4-P2Y12R axis, 

the P2Y12R antagonist was able to inhibit LTE4-induced eosinophil 

degranulation and eosinophilic inflammation in a mouse asthma model (Suh 

et al., 2016).  

The distribution of CysLTR1 and CysLTR2 along airway and on 

peripheral blood cells were reported in various studies (Figueroa et al., 2001; 

Profita et al., 2008; Kanaoka and Boyce, 2014). Recent studies discovered 

the localization of P2Y12R in the epithelial layer and on surface of 

neutrophils, and eosinophils (Liverani et al., 2013; Shirasaki et al., 2013; 

Muniz et al., 2015). Considering that the expression levels of CysLTRs could 

be strongly associated with biological functions of LTs, we aimed to 



4 

 

investigate the distribution of CysLTRs and interactions of CysLTR 

antagonists with other receptors using a mouse model of asthma.     
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Table 1. CysLT-related receptors: coupling to G proteins, agonists and antagonists 

Receptors Primary coupling Agonists Antagonists References 

CysLTR1 Gq/G11 

PLC stimulation 

LTD4>LTC4>LTE4 MK571, montelukast, 

zafirlukast 

(Rovati and Capra, 2007; Burke et 

al., 2016) 

CysLTR2 Gq/G11 

PLC stimulation 

LTC4=LTD4>LTE4 HAMI3379 (Rovati and Capra, 2007; Burke et 

al., 2016) 

GPR 99 Gq/G11 

PLC stimulation 

Oxoglutarate, LTE4 

 

 (Kanaoka et al., 2013) 

GPR 17 Gi/Go 

AC inhibition  

LTC4>LTD4 MK571, montelukast, 

zarfilukast 

(Rovati and Capra, 2007) 

P2Y12R Gi/Go  

AC inhibition 

PLC, RhoA stimulation 

Co-receptor for LTE4 

 

Clopidogrel (Erb and Weisman, 2012; Steinke 

et al., 2014) 

 

AC, adenylate cyclase; LT, cysteinyl leukotrienes; MIP-1β, macrophage inflammatory protein 1 beta; GM-CSF, Granulocyte-macrophage 

colony-stimulating factor; PLC, phospholipase C 
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II. MATERIALS AND METHODS 

A. Species  

BALB/c mice, 6-week-old, female, weighing from 20 ± 2 g, were received 

from Jackson Laboratory (Bar Harbor, ME, USA) and housed under specific 

pathogen-free conditions with food and water ad libitum on a 12-hour light dark 

cycle.  

 

 

B. Ethics statement 

All experiments using animals conducted in this study were approved by the 

Institutional Animal Care and Use Committee of Ajou University (IACUC 2013-

0068)  

 

C. Establishment of an acute model of eosinophilic asthma 

The experimental protocol for allergen sensitization and challenge was 

modified from a previous study (Takeda et al., 2005). Briefly, BALB/c mice were 

intraperitoneally administered 10 ug of ovalbumin (OVA) (ThermoFisher Scientific, 

Pittsburgh, PA, USA) in 1 mg of alum (Imject Alum; Pierce, Rockford, IL, USA) 

on days 0 and 14. On days 28, 29, and 30, mice were subjected to airway allergen 

challenges by nebulization with 1% OVA for 20 minutes, using an ultrasonic 

nebulizer (NE-SM1, KTMED Inc, Seoul, South Korea).  

 

D. Protocols of drug administration 

Mice were given either clopidogrel hydrogen sulfate (10 mg/kg) orally, 

montelukast sodium (10 mg/kg) orally, or HAMI 3379 (10 mg/kg) intraperitoneally 

30 minutes prior to OVA challenge. Forty-eight hours after the last challenge, mice 

were assayed for further experiments. Each experiment was conducted with at least 
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5 mice in each group. (Fig.1)  

 

E. Platelet depletion 

Forty eight hours prior to assay, mice were administered intraperitoneally 

monoclonal rat IgG directed against mouse CD42b (2 μg/g) diluted in 100 μl of 

sterile phosphate-buffered saline (PBS) 1X solution. Platelet counts were 

determined by peripheral blood smear stained with Wright-Giemsa staining. Blood 

was obtained by cardiac puncture using 1 mL syringes containing 10% sodium 

citrate 0.1M. Platelets were counted at X40 magnification under a microscope. 

(Fig.2) 

 

 

Figure 1. Schema of ovalbumin-induced allergic asthma model and drug 

treatment. The OVA-induced allergic asthma model were administered Mon (10 

mg/kg), HAMI 3379 (3 mg/kg) and Clo (10 mg/kg) prior to exposure to OVA 

aerosols for 20 minutes during the secondary challenge period. Mice were assayed 

48 hours later. 
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Figure 2. Experimental procedure of platelet depletion. (A) Administration of 

rat IgG directed against mouse CD42b. (B) Effects of anti-mouse GPIb (CD42b) 

antibody on platelet count. Peripheral blood smears were made from 10 μl of blood 

and cells were labeled by Wright Giemsa staining. N=3 per group.  

 

F. Airway resistance measurement 

Airway resistance to inhaled methacholine (MCh; Sigma Aldrich) was 

measured using the flexiVent system (SCIREQ, Montreal, QC, Canada) as 

described elsewhere (Tarkowski et al., 2007). Forty-eight hours after the last 

challenge, mice were anesthetized with an intraperitoneal injection of pentobarbital 

sodium. The trachea was exposed and a cannula was intubated. After being 

connected to a computer-controlled small-animal ventilator, mice were ventilated 

with a tidal volume of 10 mL/kg at a frequency of 150 breaths /minute. Mice were 

exposed to increasing doses of MCh (0, 1.56, 3.12, 6.25, 12.5 and 25 mg/mL) and 

the peak values of airway resistance to the inhaled MCh were recorded. 

 

G. Collection of bronchoalveolar lavage (BAL) fluid and differential cell 

count analysis  

BAL fluid was harvested via the tracheal cannula by flushing 1 mL of Hank's 

balanced salt solution plus 2% bovine serum albumin (BSA) (Sigma Aldrich). The 
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total number of cells was counted using Trypan blue with a hemocytometer, then 

an aliquot of cell suspension was cytospun onto microscopic slides. Slides were 

immersed in Hematoxylin and counterstained with Eosin (HE) (Agilent 

Technologies, Santa Clara, CA, USA) (Suh et al., 2016). The number of 

macrophage, lymphocyte, neutrophils and eosinophils was determined using the 

morphological characteristics.  

 

H. Processing of mouse lung tissues and histological analysis 

Mouse lungs were harvested and fixed by immersing in 4% 

paraformaldehyde for 5 days. Then, mice lung were embedded to make a paraffin 

section and cut into 5-μm-thick sections. Tissue sections were analyzed using 

ImageJ (National Institutes of Health, Bethesda, MD). The numbers of 

inflammatory and mucus-containing cells were quantified on slides prepared with 

HE and periodic-acid-Schiff (PAS) stain, respectively. On the slides stained with 

HE, the number of inflammatory cells per µm
2 

of perivascular and peribronchial 

area was counted. The percentage of PAS positive area in the bronchial epithelium 

was determined.  

 

I. Cytokine levels in lung BAL fluid 

After being centrifuged, the BAL fluid was stored at -70
0
C until further 

analysis. The levels of interleukins (IL)-4, IL-5, and IL-13 (obtained from 

eBioscience, San Diego, CA), in BAL fluid were measured using a sandwich 

enzyme-linked immunosorbent assay (ELISA), according to the manufacturer’s 

instructions.  

 

J. Double immunofluorescence staining 
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Immunohistochemistry (IHC) was performed on 5- μm-thick paraffin 

sections. Tissue sections were deparaffinized with sodium citrate buffer (pH 6.0) 

and sequentially incubated with blocking buffer (0.05% PBS-Tween 20 containing 

5% BSA) for 1 hour at room temperature (RT), and then with anti-CysLTR1, anti-

CysLTR2, and anti-P2Y12R antibodies overnight at 4°C in a humidified chamber. 

The sections were incubated for 1 hour with FITC-conjugated anti-rabbit or anti-

goat antibodies at RT, then mounted with the mounting solution containing 4',6-

diamidino-2-phenylindole (0.5 μg/mL) (Vector, Burlingame, CA, USA).  

BAL cells (2 to 5 × 10
4
 cells/mL) were re-suspended in RPMI-1640 medium 

supplemented with 10% fetal bovine serum, 100 U/mL penicillin G sodium, and 

100 μg/mL streptomycin sulfate (all from Gibco, Grand Island, NY, USA). Cells 

were seeded onto Poly-L-lysine coated coverslips and allowed to sit for 2 hours at 

37°C. Next, cells were fixed with 4% paraformaldehyde for 20 minutes at RT and 

consecutively incubated with blocking buffer (5% BSA plus 10% normal horse 

serum in PBS 1X) for 1 hour. The coverslips were incubated with primary 

antibodies against CysLTR1, CysLTR2, and P2Y12R for 1 hour at 37°C, and then 

with appropriate secondary antibodies for 50 minutes at 37°C. Finally, the 

coverslips were inverted onto the microscopic slides and mounted with mounting 

medium for fluorescence containing DAPI (Vector). Fluorescence intensities of 

CysLTR1, CysLTR2, and P2Y12R were analyzed using Image J as previously 

described (McCloy et al., 2014).  

To qualify the background signals for immunostaining, we incubated tissues 

with IgG isotype control for goat (sc-2028, Santa Cruz) and rabbit (Nb810-56910, 

Novus Biologicals Littleton, CO, USA) 

 

K. Evaluation of CysLTR expression by Western blot and flow cytometry 
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Mouse lungs were harvested and the right lobes were homogenized to isolate 

single cell suspension as previously described (Liu et al., 2014). Briefly, mouse 

lungs were chopped into small pieces and incubated with collagenase type IV 

(ThermoFisher Scientific) for 30 minutes. Next, tissue suspension was filtered 

through a 40-µm nylon cell strainer. Red blood cells were lysed using ammonium 

chloride solution. Single cells were harvested after the last washing with PBS 1X. 

In some experiments, the cells were lysed in RIPA buffer containing protease 

inhibitor cocktail (Thermo Fisher Scientific). A total protein amount of 50 μg from 

each cell lysate was loaded onto a 10% SDS‐PAGE gel, subjected to 

electrophoresis, and transferred to polyvinylidene fluoride membranes. Then, the 

membranes were blocked by 5% skim milk in PBS containing 0.05% Tween‐20 

and incubated overnight with the first antibodies in PBS containing 5% BSA. 

Membranes were washed and incubated with the respective secondary antibodies 

conjugated to horseradish peroxidase. Signals were visualized using enhanced 

chemilunescence and β-actin (Santa Cruz Biotechnology) was used as an internal 

control. 

For flow cytometry, single cell suspension was re-suspended in PBS 1x. 

Cells were subsequently incubated with fluorescein isothiocyanate (FITC)-

conjugated anti-mouse CD3 antibody, phycoerythrin (PE)-conjugated anti- mouse 

CD4 antibody, rabbit anti-CysLTR1 antibody, goat anti-P2Y12R, and goat anti-

CysLTR2 antibody. In some experiments, cells were stained with unconjugated 

primary antibodies and subsequently incubated with the respective fluorescence-

conjugated secondary antibodies. Signals were analyzed by BD FACS Canto II 

flow cytometry and at least 5,000-10,000 events were collected for each 

experiment.  

 

L. Antibodies, reagents.  



12 

 

Antibodies used against mouse target proteins were, anti-CysLTR1 N 

terminal (ab95492, Abcam, Cambridge, UK); anti-CysLTR2 (sc-27097, Santa Cruz 

Biotechnology, Dallas, TX, USA); anti-P2Y12R (ab184411, Abcam); anti-major 

basic protein (MBP) (sc-13912, Santa Cruz Biotechnology); anti-eosinophil 

cationic protein (ECP) antibodies (sc-135469, Santa Cruz Biotechnology); anti-β-

actin (sc-1616, Santa Cruz Biotechnology). Alexa Fluor 488-conjugated goat anti-

rabbit IgG and Alexa Fluor 594 or fluorescein isothiocyanate (FITC)-conjugated 

rabbit anti-goat IgG were purchased from ThermoFisher Scientific (Waltham, MA, 

USA). FITC-conjugated anti-mouse CD3 antibody and phycoerythrin (PE)-

conjugated anti-mouse CD4 antibody were applied for flow cytometry 

(eBioScience, San Diego, CA, USA).  

Montelukast sodium hydrate and clopidogrel hydrogen sulfate were from 

Sigma Aldrich (St. Louis, MO, USA). HAMI 3379, a selective CysLTR2 antagonist, 

was obtained from Cayman Chemical (Ann Arbor, MI, USA). CysLTR antagonists 

were diluted with dimethyl sulfoxide (DMSO), yielding 1% DMSO.  

 

M. Statistical analysis 

Data are presented as the mean ± SEM. Comparisons between the study 

groups were made by the Mann-Whitney U test, except otherwise indicated. All 

data were analyzed using SPSS version 23.0 (SPSS Inc, Chicago, IL, USA), and 

a P value of less than 0.05 was considered statistically significant.   
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III. RESULTS 

A. Expression of P2Y12R in lung tissues from platelet-depleted mice 

To determine the expression of P2Y12, the signals of P2Y12 were detected 

through Western blot after depleting platelets with antiplatelet antibody. The 

expression of P2Y12 was increased markedly following OVA challenge in OVA-

sensitized mice compared to OVA-sensitized and saline-challenged mice (Fig.3) 

 

Figure 3. The expression of P2Y12 in lung tissue after platelet depletion (Plt-/-). 

(A) P2Y12R levels in lung tissue. Immunofluorescence labelling and confocal 

microscopy were performed in lung sections using antibodies to the P2Y12R 

counterstained with DAPI. Representative images from at least 5 mice per group 

were shown. Isotype IgG was used to evaluate the background of immunostaining. 

(B) P2Y12 levels were determined by Western blot in lung tissue from saline-

challenged mice (Plt-/- NC) or OVA-sensitized and OVA-challenged mice (Plt-/- 

OVA). Then, β-actin was used as a loading control. *P <0.05 versus OVA/OVA 

group. P values were analyzed by Mann-Whitney U test.  
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B. Expressions of CysLTR1, CysLTR2, and P2Y12R in lung tissues and T 

cells  

The expressions of CysLTR1 and P2Y12R in the whole lung tissue were 

analyzed by Western blot analysis. They were increased in OVA-sensitized and –

challenged (OVA/OVA) mice compared to NC mice (P=0.042 and P=0.043, 

respectively) (Fig. 4A). The level of CysLTR2 was also increased in the OVA/OVA 

mice, but did not reach statistically significance. The ratio of the receptors 

CysLTR1: CysLTR2:P2Y12R shifted from 1:0.43:0.35 in the NC mice to 1: 0.65: 

1.33 in the OVA/OVA mice (Fig. 4B). Moreover, the expressions CysLTR1, 

CysLTR2, and P2Y12R were amplified on CD3+/CD4+ T cells derived from lungs 

of OVA/OVA mice compared to those of NC mice (P < 0.05 for each) (Fig. 4C).     

Figure 4. The increased level of expression of CysLTR1, CysLTR2 and 

P2Y12R in lung homogenate after ovalbumin (OVA) challenge. (A) The relative 

fold induction of CysLT-related receptor. (B) The ratio of receptors. The relative 

intensities of CysLTR2 and P2Y12R, as measured by western blot, were 

normalized to that of CysLTR1. (C) Expression of receptors on CD4+ T cells from 

mouse lungs. (D) Representative flow cytometric images were shown. Data are 
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presented as means ± SD. P values were calculated using Mann-Whitney U test. *, 

P<0.05; N=5 mice per groups. 

 

C. Effects of CysLTR antagonists on the expression of CysLTRs in lung 

tissues  

The distribution of CysLTRs in bronchial lumen and lung parenchyma was 

examined using immunohistochemistry. Mon, HAMI 3379, or Clo were 

administered to asthmatic mice in order to evaluate the interactions among the the 

expression of CysLTRs (Fig. 5). MBP and ECP were applied to label the 

eosinophils which were infiltrated into the lung parenchyma. CysLT1R, CysLT2R, 

and P2Y12R were found to be expressed on both epithelial cells lining the airway 

and MBP or ECP positive cells distributed along the lung parenchyma. Signals for 

CysLTR1, CysLTR2, and P2Y12R were enhanced in the OVA/OVA mice compared 

to the NC mice (P<0.05 for each). Specifically, the increased expression level of 

CysLTR1 was reversed significantly in Mon- and HAMI 3379-treated mice 

(P=0.008 for each), but not in Clo-treated mice. For CysLTR2, only HAMI 3379 

significantly decreased the CysLTR2 expression level (P=0.008). For P2Y12R, 

treatment with either Mon, HAMI 3379 or Clo significantly down-regulated its 

expression level (P<0.05 for each), among which the effect of Clo on P2Y12R 

expression was the most significant.  

 
























