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Abstract 

Cysteinyl leukotrienes (cys-LTs) LTC4, LTD4 and LTE4 are important mediators of 

airway narrowing and eosinophilia in bronchial asthma. Cys-LTs act through specific 

receptors (CysLTi and CysLTi), with CysLT, thought to mediate bronchoconstrictor 

and eosinophilotactic activities. CysLT, was early identified as a potential drug target 

and subsequently, oral CysLT receptor antagonists (LTRA) such as montelukast and 

zafirlukast were introduced into clinical practice in 1996-1998 as the first novel class 

of asthma medication in over 20 years. LTRAs generally show good clinical efficacy, 

but as with other drugs, the degree of beneGt varies between patients for reasons that 

remain unclear, although genetic factors may be involved. In 1999, the gene encoding 

the CysLT] receptor was cloned and mapped to chromosome Xql3-21. The CysLT; 

receptor gene was cloned in 2000 and comparison of its tissue distribution with that of 

CysLT] suggests a role in the cardiovascular system as well as in immune functions. 

The availability of cDN As and other tools has paved the way to a better understanding 

of these important receptors. The main aim of this study was to investigate the genetic 

and immunological factors that may regulate the expression and activity of the 

CysLTi receptor. Such factors may contribute to variable tissue responsiveness to cys-

LTs and to variable clinical responses to LTRA. 

Detection of novel mutations in the CysLT 1 receptor gene was performed by solid-

phase chemical cleavage of mismatches (CCM). A polymorphism in the coding 

region was detected in 13 out of 30 asthmatic samples, and subsequent sequencing 

identified a nt927 T to C transition, which did not result in an amino acid substitution. 

Oligonucleotide ligation assays (OLA) were used to genotype two polymorphsisms 

(T617G and G898A) previously reported by other workers in 60 asthmatic and 90 

non-asthmatic individuals from the Southampton area, but neither polymorphism was 

found, indicating an allele frequency of less than 0.004. To validate OLA, two 

fragments containing the 617G and 898A alleles respectively were cloned into the 

pUClS vector. OLA of these engineered pUC18 constructs confirmed the specificity 

and sensitivity of the assay. Together, the data suggest that CysLT] receptor gene 

polymorphisms are either common and conservative (not affecting the amino acid 

sequence), or non-conservative and very rare in the population studied. 



Eosinophils are key sources of cys-LTs and other mediators in asthma, and 

recruitment of eosinophils to the asthmatic lung depends at least in part on their 

responsiveness to cys-LTs, mediated by CysLT, and/or CysLTz receptors. The 

constitutive expression of these receptors was characterised in eosinophils and other 

leukocyte sub-types, and their modulation by immunopharmacological factors was 

investigated by flow cytometry, immunohistochemistry and Western blotting. 

Eosinophils transcribed mKNA for both CysLT, receptor and CysLT] receptor as 

confirmed by DNA sequencing of the RT-PCR products, but flow cytometry showed 

that only CysLTi receptor protein, but not CysLTi receptor, was expressed on the 

eosinophil surface, while both receptors were readily detectable on blood monocytes. 

T-lymphocytes also showed significant CysLT; receptor expression, while these cells 

mostly lacked CysLT] receptor. In eosinophils, there was no difference in constitutive 

CysLT, receptor expression between normal and atopic subjects. Treatment of 

eosinophils for 18-24h with the CysLTi receptor agonist LTD4 or the antagonist MK-

571 did not affect CysLTi receptor expression. Culture of eosinophils for 18 hours 

with GM-CSF (10 ng/ml) increased CysLTi receptor immunofluorescence from 2.40 

units (range 0.17-7.76) to 3.00 units (0.60 to 16.32; p=0.032, n=10), with analogous 

but non-significant responses to IL-3 (p=0.141). Literleukin (IL)-5, TGF-P, EOF, 

LTD4 and MK-571 had no effect. The novel finding eosinophils express CysLTi but 

not CysLTz receptors on their surface suggests that that CysLTi alone mediates the 

chemotactic effects of cys-LTs on these cells. Upregulation of CysLT i receptor by 

eosinophilopoietic cytokines such as GM-CSF may enhance eosinophil responses to 

cys-LTs in the asthmatic airway. 
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1.1. Asthma 

1.1.1. Definition and diagnosis 

Asthma is a chronic inflammatory disorder of the airways in which many cells play a 

role, in particular mast cells, eosinophils, and T lymphocytes. In susceptible 

individuals this inflammation causes recurrent episodes of wheezing, breathlessness, 

chest tightness and cough, particularly at night and/or in the early morning. These 

symptoms are usually associated with widespread but variable airflow limitation that 

is at least partly reversible either spontaneously or with treatment. The inflammation 

also causes an associated increase in airway responsiveness to a variety of stimuli 

(GINA guidelines) (NIH/NHLBI, 1995). 

Diagnosis of asthma is based on the typical symptoms mentioned above, with 

physical examinations showing signs of dyspnoea, wheeze, and hyperinflation, and 

measurements of lung function such as PEF (peak expiratory flow) or FEV, (forced 

expiratory volume in the first second) showing variable impairment of lung functions. 

A variation of more than 20% is diagnostic of asthma, the magnitude of variability 

being broadly proportional to disease severity (Quackenboss, 1991). A provocation 

concentration of histamine or methacholine that causes a 20% fall in FEV| (PC20) 

below 8 mg/ml (methacholine) or 16 mg/ml (histamine) indicates bronchial 

hyperresponsiveness (BHR) (Hargreave, 1981), which is supportive evidence of an 

asthma diagnosis. 
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1.1.2. Epidemiology 

Asthma is increasing in prevalence worldwide, afkcting on average about 10% of 

children and 5% of adults. The prevalence shows great variability from country to 

country, with rates higher than average in industrialised countries, and the highest 

rates being seen in New Zealand and the UK. Asthma morbidity, assessed by the 

number of prescriptions for asthma therapy and the rate of hospital admissions, is 

rising. Asthma can have a m^or impact on quality of life, and is a m^or cause of 

absences from school and work. The reasons for the increase in prevalence of asthma 

are poorly understood, although numerous theories involving economic, social and 

immunological factors have been proposed. One theory proposes that improved 

standards of hygiene and access to antibiotics in industrialised countries has reduced 

the likelihood of encountering infections that trigger Thl-type immune responses in 

early life. The TH2 phenotype that predominates prenatally thus persists longer into 

childhood and predisposes to allergic, TH2-type responses to environmental antigens. 

Atopy, defined as the propensity for developing IgE-mediated responses to common 

enviroimiental allergens, is well established as a key risk factor for the development 

of asthma (Peat & Li, 1999). Atopy can be assessed by total serum IgE, allergen 

specific IgE, and skin prick tests to common allergens. Although asthma and atopy 

are closely linked, their relationship is complex, as many asthmatics are not atopic, 

and many atopic individuals do not have asthma. Exposure to air pollutants, 

occupational sensitisers, viral infections and some drugs (e.g. NSAIDs) is also 

associated with the development or exacerbations of asthma. 
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1.1.3. Pathogenesis of asthma 

The current concept of asthma pathogenesis is that a characteristic chronic 

inflammatory process involving the airway wall causes the development of airflow 

limitation and increased responsiveness, thereby predisposing the airways to narrow 

in response to a variety of stimuli. The features of the airway inflammation are an 

increased number of activated eosinophils, mast cells, and T lymphocytes in the 

airway mucosa and lumen, and an increased thickness of the reticular layer of the 

basement membrane (sub-epithelial fibrosis). Bronchoscopy studies using 

bronchoalveolar lavage (BAL) fluid and bronchial biopsy specimens have 

demonstrated that a variety of cells and mediators is involved, with IgE and mast cells 

prominent in the acute response, and eosinophils and their granule proteins active in 

the late response. Bronchoconstriction in the early response is driven by mast cell-

derived cysteinyl-leukotrienes and histamine, and these mediators generated by 

eosinophils, basophils, and monocytes also contribute to the late response. T-

lymphocytes, particularly Th2 cells, are thought to orchestrate these mast cell and 

eosinophil responses through their production of cytokines such as interleukin (IL)-4, 

IL-5, IL-9, and IL-1 (Figure 1.1). 

Airway remodelling is another key feature in asthma, but its relationship to airway 

inflammation is controversial. In established asthma, a major part of the BHR can be 

separated fi-om the inflammatory response and most likely represents structural 

changes in the airways with extensive epithelial damage, deposition of extracellular 

matrix proteins throughout the airways and other features of remodelling, which 

include epithelial goblet cell metaplasia, smooth muscle hypertrophy, and increases in 

nerves and blood vessels. 
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Figure 1.1. The key inflammatory cells and cellular mediators in asthma pathogenesis 
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1.1.4. Eosinophils in asthma 

Eosinophils are cells of granulocyte lineage that are generated in the bone marrow. 

The development and differentiation of eosinophils within the bone marrow are 

promoted by cytokines such as IL-3, IL-5 and granulocyte-macrophage colony-

stimulating factor (GM-CSF) (Clutterbuck gf a/., 1989). Eosinophils require IL-3 for 

initial commitment and then IL-5 and GM-CSF for maturation and cell priming, with 

IL-5 having the most cell-specific effects on the differentiation and production of 

eosinophils (Clutterbuck gf a/., 1989; Weller, 1992). lL-3, IL-5, and GM-CSF activate 

eosinophils m vz/ro to prolong their survival and enhance their capacity for LTC4 

formation (Rothenberg e/ a/., 1988; Rothenberg gf a/., 1989) (Owen e/ 1987). 

Recruitment of eosinophils from blood to tissues initially involves their adherence to 

endothelial cells and subsequent migration into inflamed tissues. Normal endothelial 

cells can interact with inflammatory cells to mediate their adherence properties but 

these are enhanced by inflammatory cytokines that induce increased expression of 

specialized adhesion molecules, e.g. ICAM-1, ECAM-1 and VCAM. The cytoplasmic 

granules of eosinophils contain a number of basic proteins including eosinophil 

cationic protein (ECP) and m^or basic protein (MBP). These are released on 

activation and degranulation of eosinophils and can damage the upper and lower 

respiratory epithelium. Activated eosinophils also synthesise and release 

proinflammatory mediators such as cysteinyl-leukotrienes (cys-LTs), which can cause 

bronchoconstriction, plasma exudation, mucus secretion and eosinophil recruitment 

(see sectionl.2.3). Activated eosinophils are believed to be major contributors to the 

chronic inflammation of asthma. 
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1.2. Cysteinyl-leukotrienes in asthma 

Cysteinyl-ieukotrienes (cys-LTs) were identified as a result of the search for the 

chemical structure of the smooth muscle contractile activity known as slow-reacting 

substance of anaphylaxis (SRS-A) (Murphy ef aZ., 1979). SRS was first identified by 

Kellaway and Trethewie in 1938-40 (Kellaway & Trethewie, 1940), and its 

production during anaphylactic reactions and possible role in asthma were reported by 

Brocklehurst (Brocklehurst, 1960). Samuelsson's group identified leukotriene (LT)B4 

as a dihydroxylated derivative of arachidonic acid, and showed that SRS comprised 

leukotriene (LT) C4, a member of a distinct leukotriene sub-fiamily characterised by a 

cysteine containing side-chain (Samuelsson, 1983). SRS-A from a variety of species 

was shown to comprise variable mixtures of the cysteine-containing leukotrienes C4, 

D4, and E4 (Morris e/ a/., 1980). In the early 1980s, chemical synthesis of standard 

leukotrienes by the 1990 Nobel laureate, E.J.Corey (Corey, 1982) accelerated the pace 

of research to characterise their biological actions in humans, and the development of 

chromatographic and immunological techniques for their measurement enabled 

studies of their involvement in asthma and other inflammatory diseases (Hayes et al., 

1983). 

1.2.1. Leukotriene synthesis 

Cysteinyl-leukotrienes (cys-LTs) are mediators generated from the 20-carbon omega-

6 unsaturated fatty acid arachidonic acid (AA) by a specific synthesis pathway of 

which the key enzyme is 5-lipoxygenase (5-LO) (Rouzer ef a/., 1986) (Figure 1.2). 
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Figure 1.2. Schematic of 5-lipoxygenase pathway 
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The initial step in LT biosynthesis is the release of free AA &om membrane 

phospholipids of the nuclear envelope or lipid bodies through the action of a 

phospholipase A2 (PLAz), and/or by the successive action of other phospholipases (e.g. 

PLC) and a diglyceryl lipase. After its presentation to 5-LO by the nuclear envelope 

protein 5-lipoxygenase activating protein FLAP (Dixon et al., 1990), arachidonate is 

oxidised by 5-LO to the unstable epoxide intermediate LTA4 (Rouzer e/ a/., 1986). This 

is a 2-step process involving oxygenation at the C-5 position of AA to form 5-

hydroperoxy-6,8,ll,14-eicosatetraenoic acid (5-HPETE) and subsequent conversion to 

LTA4 by the same enzyme. LTA4 may then be conjugated with reduced glutathione by 

LTC4 synthase (Penrose g/ a/., 1995), an enzyme with structural homology to FLAP, to 

produce LTC4, the first member of the cys-LT family. Based on studies with human 
22 



eosinophils, LTC4 is secreted from the cell via a specific carrier-mediated process (Lam 

gf o/., 1989). Subsequently, LTC4 is converted into LTD4 and LTE4 by cleavage of y-

glutamic acid and glycine moieties, respectively. Depending on cell type, LTA4 can 

also be transformed by the action of LTA4 hydrolase into LTB4, a 5,12-dihydroxy acid 

with potent neutrophil chemotactic activity. LTs elicit their effects by interaction with 

specific receptors, the CysLT, and CysLT] receptors for LTC4, LTD4 and LTE4, and 

BLTl and BLT2 for LTB4. 

1.2.2. Cell sources of leukotrienes 

The cellular sources of LT biosynthesis depend on the variable presence of the 

appropriate enzymes. LTA4 production is thought to be limited to cells of myeloid 

lineage such as eosinophils, monocytes, macrophages, mast cells, basophils and B 

lymphocytes, because the distribution of 5-LO and FLAP is mainly restricted to these 

cells (Chanarin & Johnston, 1994). LTA4 hydrolase and LTC4 synthase are more 

widely distributed, so the final synthesis of LTB4 and cys-LTs can occur in a broader 

range of cells by transcellular synthesis of the short-lived precursor LTA4 from a 5-

LO/FLAP-expressing leukocyte to another cell expressing only the downstream 

enzyme(s). An example is the ability of vascular endothelial cells to generate LTB4 

when adherent neutrophils donate LTA4. Platelets can converts donated LTA4 to LTC4 

because they express LTC4 synthase. In addition, LTC4 can also be synthesised from 

LTA4 by microsomal glutathione S-transferase type II (MGSTII). Cys-LTs are 

generated from eosinophils, monocytes, macrophages, mast cells and basophils after 

challenge with calcium ionophore A23187 or a cell-specific stimulus such as 

crosslinked IgE. Lymphocytes generally do not produce LTs, although small amounts 

of LTB4 may be generated by B cells (Jakobsson ef 1992; Odlander ef a/., 1988). 
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The m^or LT products of stimulated mast cells, basophils and eosinophils are cys-LTs, 

while the principal LT product of human neutrophils is LTB4. Monocytes and 

macrophages can release both LTB4 and cys-LTs aAer stimulation (Weller er a/., 1983). 

In asthma, the relative contributions of mast cells, basophils, eosinophils and 

monocyte-macrophages to acute and chronic cys-LT production are unclear. It is 

suggested that cys-LT release during the early airway response (EAR) to inhaled 

allergen challenge depends on mast cells, while the late airway response (LAR) may 

depend at least in part on leukotrienes produced by eosinophils, monocytes and 

basophils (O'Sullivan et al, 1998), with the latter also contributing histamine. In 

persistent asthma, eosinophils may be an important source of LTC4. The levels of cys-

LT in induced sputum show a highly significant correlation with the percentage of 

sputum eosinophils (r=0.84), while prostanoid concentrations showed no correlation 

(Macfarlane ef a/., 2000). These data may indicate a self-sustaining cycle of cys-LT 

synthesis and eosinophil migration in the asthmatic airway. In mild allergic asthma 

patients with seasonal symptoms, the number of cells within the bronchial mucosa 

expressing the terminal enzyme for cys-LT synthesis, LTC4 synthase, rose 4- to 5-fbld 

in the pollen season compared to pre-season, and the majority of these cells were 

eosinophils, with lesser numbers being monocytes and mast cells (Seymour er a/., 

2001). Similar results were seen in bronchial biopsies of moderate-severe asthmatics 

and in aspirin-intolerant asthmatics (Cowburn et al., 1998). 
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1.2.3. Actions of cys-LTs in asthma 

Of the different mediators thought to be involved in asthma, cys-LTs are considered to 

be among the most important because they participate in both the bronchoconstriction 

and the inflammatory components of the disease. 

Airway smooth muscle contraction and proliferation The cys-LTs directly constrict 

airway smooth muscle, being among the most powerful bronchoconstrictor agents yet 

identified. When inhaled, cys-LTs cause bronchoconstriction in both normal volunteers 

and asthmatic subjects (Barnes ef <3/., 1984) (Griffin aZ., 1983) (Adelroth ef a/., 

1986). Dahlen and colleagues extended the early work of Brocklehurst using human 

tissue and showed that LTC4 and LTD4 caused contraction of isolated bronchial 

preparations (Dahlen e/ a/., 1980). On a molar basis, LTC4 and LTD4 are approximately 

1000- to 3000-fold more potent and LTE4 is 100-300-fold more potent (Barnes et al, 

1984). The onset of cys-LT induced bronchoconstriction is slower than that of 

histamine, but significantly more prolonged. This observation is consistent with the 

original characterisation of the cys-LTs as a "slow-reacting substance of anaphylaxis" 

(Brocklehurst, 1960). Furthermore, production of cys-LTs has been directly correlated 

with smooth muscle contraction upon immunological challenge in human isolated 

bronchi (Bollagf a/., 1997, Bjorck, 1993 ). 

Mucus secretion and plasma leakage The cys-LTs induce mucus secretion in human 

airways (Marom ef a/., 1982) and probably inhibit mucus clearance by reducing ciliary 

action. The cys-LTs also increase vascular permeability in the airway by an action 

specifically located on the postcapillary venules by contracting endothelial cells and 

inducing gaps in the endothelium (Joris gf a/., 1987). The increased airway mucus, in 
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combination with various proteins and cellular debris, increases mucus viscosity and 

may lead to airway occlusion in severe disease. 

Eosinophil recruitment In asthma, the number of eosinophils in the circulation and in 

BAL fluid correlates with asthma severity (Bousquet ef a/., 1990). The cys-LTs are 

potent and selective chemoattractants for eosinophils. In man, inhalation of LTE4 

provokes an influx of granulocytes in the airway mucosa, most of which are eosinophils 

(Laitinen ef a/., 1993). In addition to LTE4, it has been recognised that LTD4 is also a 

potent and specific chemoattractant for human eosinophils in vitro, an effect that is 

inhibited by CysLT; recepotor antagonists (Spada ef a/., 1994). 

Cys-LT production and levels in vivo 

In humans, cys-LT production has been quantified in blood, BAL fluid, sputum and 

urine. Blood levels of LTC4 and LTD4 increase in asthma during episodes of wheezing 

(Okubo et al, 1987). Five minutes after allergen exposure, LTC4 levels in the BAL 

fluid increased 10 fold, whereas atopic non-asthmatic subjects had much lower levels, 

and non-atopic individuals did not have detectable LTC4 levels (Wenzel et al, 1990). 

Elevations in urinary LTE4 excretion were also reported after challenge of atopic 

asthmatic subjects with allergen, and in acute severe asthmatics admitted to hospital 

(Taylor g/ a/., 1989). Cys-LTs thus not only have biologic properties that mimic 

asthma, but also produce relevant symptoms including bronchoconstriction and airway 

eosinophilia when administered to patients with asthma. They are also produced in 

appropriate quantities after challenge with relevant stimuli, including allergen, and in 

spontaneous disease (Taylor et al., 1989). 
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1.3. Leukotriene receptors 

The classification and nomenclature for human LT receptors have been formulated by 

the International Union of Pharmacology (lUPHAR) Working Committee based on 

functional studies of a large number of LT antagonists of diverse chemical structures 

(Coleman er a/., 1995). The receptor mediating the effects of LTB4 was initially 

designated BLT, novy sub-classified into BLTl and BLT2, while the two known 

subtypes of CysLT receptors have been designated CysLTi and CysLTi. The classical 

receptor in human bronchi that is antagonised by most leukotriene receptor antagonists 

(LTRAs) is termed CysLTi, whereas the receptor that is insensitive to CysLT, 

antagonists, is named CysLTi. Most of actions of the cys-LTs relevant to asthma 

appear to be mediated by the CysLT, receptor subtype (Metters, 1995; Piper, 1983; 

Serhan ef a/., 1996). CysLT, corresponds to the LTD4 receptor previously described 

pharmacologically in animals and humans, while CysLT? corresponds to the 

pharmacologically characterised LTC4/D4 receptor. 

1.3.1. G-protein coupled receptors 

Leukotriene receptors are all G-protein coupled receptors (GPCR). GPCRs make up a 

superfamily of integral membrane proteins, each consisting of seven transmembrane 

helices that are connected by loops (Figure 1.3). The N-terminal extremity is always 

located on the extracellular side while the C-terminus extends into the cytoplasm. 

When bound to their ligands, GPCRs are stabilized in an active conformation and 

stimulate heterotrimeric guanine-nucleotide-binding regulator proteins (G proteins) 

through their intracellular domains. The interaction of the receptor with an agonist 

promotes the dissociation of G proteins into Gq and Gpy subunits (Figure 1.3). The G 

protein subunits (both Go and Ggy) then amplify and propagate signals inside the cell by 

27 



modulating the activity of one or more effector molecules, including adenylyl cyclases, 

phospholipases and ion channels. In turn, the activity of these effector enzymes and ion 

channels regulates the production of second messenger molecules, which elicit cellular 

responses by activating different signalling pathways (Figurel.3). GPCRs are 

commonly designated as therapeutic drug targets. Genetic variations and 
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polymorphisms of GPCRs have functional and therapeutic implications and 

associations with human diseases. 

1.3.2. BLT receptors 

The first leukotriene receptor to be characterised was the high affinity LTB4 receptor, 

originally termed BLT but now specified as the BLT, receptor (Yokomizo gf a/., 1997). 

This high affinity receptor was identified using a cDNA subtraction strategy from 

retinoic acid-differentiated HL-60 human leukaemia cells (Yokomizo ef oA, 1997). It 

encodes a protein of 352 amino acids. The human BLTl receptor was localised to 

chromosome 14qll.2-ql2 (Owman a/., 1996). No inflammatory disease or other 

disease linkage has been ascribed to this region. Northern blotting of various human 

tissues revealed that the highest expression of BLTl mRNA is in leukocytes, followed 

by spleen and thymus, where the expression is much lower (Yokomizo ef a/., 1997). 

Activation of this receptor results in both calcium flux (via Gq) and inhibition of cyclic 

AMP (Gi). Chinese hamster ovary (CHO) cells expressing recombinant BLT, 

demonstrated dose-dependent chemotaxis to LTB4 with an EC50 of 1.1 nM (Yokomizo 

era/., 1997). 

The second LTB4 receptor, BLT2 was identified in 2000 by the same workers 

(Yokomizo a/., 2000a) and by other groups (Kamohara e/ 6/7., 2000; Tryselius gf a/., 

2000). The BLT2 gene encodes a protein of 358 amino acids with 45.2% amino acid 

identity with BLTl. The BLT2 gene is located within 10 kb of the BLTl gene. The 

promoter region of BLTl is localised within the open reading frame of BLT2. Northern 

blot analysis showed that BLT2 mRNA is expressed most abundantly in spleen, 

followed by liver, ovary, and leukocytes, with weak expression in many other human 

30 



tissues. The mRNA in purified subpopulations of leukocytes from peripheral blood was 

examined using real time quantitative RT-PCR (TaqMan®) analysis. BLT2 mKNA was 

expressed in mononuclear cells including lymphocytes and monocytes, as well as in 

neutrophils and eosinophils, whereas BLTl mRNA expression was restricted to 

neutrophils and eosinophils (Kamohara g/ a/., 2000). Chinese hamster ovary (CHO) 

cells expressing recombinant BLTl demonstrated dose-dependent chemotaxis to LTB4 

with an EC50 of 23 nM (Yokomizo ef a/., 1997). This is higher than that of CHO-

hBLTl cells by two orders of magnitude, suggesting that BLT2 is a low affinity, but 

still potent chemotactic receptor for LTB4. BLT2 signals through calcium mobilization 

(Gi) and inhibition of cyclic AMP, the latter action being mediated by a pertussis toxin-

insensitive protein (Gz) (Yokomizo ef aZ., 2000b). 

1.3.3. The CysLT I receptor 

1.3.3.1. Molecular biology and genetics of the CysLT, receptor 

Characterisation of the CysLT, receptor was achieved by two groups during their 

efforts to identify ligands for orphan GPCRs (Lynch gf a/., 1999; Sarau gf a/., 1999). 

The CysLT 1 receptor is a putative seven transmembrane domain G protein-coupled 

receptor. The cDNA of the CysLT 1 receptor is 1014 bp in size and encodes 337 amino 

acids (Lynch et al., 1999). The CysLT 1 gene has been mapped by monochromosomal 

somatic-cell-hybrid and radiation-hybrid analyses to Xql3-Xq21. The genomic 

sequence can be accessed on the internet (OMIM 300201). 

Cloning of the CysLT, receptor has facilitated investigation of the expression of this 

receptor. In Northern analyses on human tissues, the highest expression of CysLTt was 



seen in peripheral blood leukocytes, followed by spleen, lung, pancreas, small intestine 

and a number of other tissues (Sarau gf a/., 1999). In normal human lung, by m 

hybridisation and by Northern blotting, Lynch and colleagues (Lynch e/ a/., 1999) 

showed strong expression of the CysLT, receptor mRNA in lung smooth muscle cells 

and interstitial macrophages, with little expression in epithelial cells. Lung tissue from 

asthmatic subjects has not been examined to date. The findings in normal lung were 

confirmed with immunohistochemical localisation of the receptor using a specific 

CysLT, receptor antiserum (Figueroa ef a/., 2001). 

With a panel of peripheral blood cell markers, Figueroa and colleagues further found 

that the receptor is expressed in eosinophils, monocyte/macrophages, B lymphocytes 

and in CD34^ granulocytic prectirsor cells. They also reported reire expression in T cells 

and neutrophils. RT-PCR has shown the receptor mRNA in a number of cell lines 

including THF-1 cells and the human lymphoblastic U937 cell line (Lynch et al, 

1999). Based on the findings of CysLT, receptor in human peripheral blood cells, a 

model of the development of CysLT, receptor expression has been proposed (Figure 

1.4). It suggests that a pluripotent, CD34^ hematopoietic progenitor cell may be primed 

to differentiate to mature blood cells by a variety of cytokines through their appropriate 

receptors, and by cys-LT activation of the CysLT, receptor (Figueroa g/ a/., 2001). 
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1.3.3.2. Pharmacology of CysLTi receptors 

It is suggested that the m^or intracellular signalling pathway for cys-LT activation of 

recombinant CysLT, receptors is via calcium release (Lynch e/ a/., 1999) (Chan g/ a/., 

1994). The lack of efkct of pertussis toxin on cys-LT-induced fimctional responses 

suggests that the G protein involved in human embryonic kidney (HEK)-293-CysLTi 

cells is of the Gq/i i rather than the Gi/o class (Sarau g/ a/., 1999). The rank order of 

ligands on calcium mobilisation was LTD4>LTC4>LTE4 (EC^o values of: LTD4=2.5 

nM, LTC4=24 nM and LTE4 = 240 nM) in CysLTi receptor cDNA-transfected HEK-

293 cells (Sarau gf a/., 1999) and LTD4»LTE4=LTC4 (IC50 values of: LTD4 =0.9 

nM, LTC4 = 350nM and LTE4 = 200 nM) in CysLT, receptor cDNA-transfected Cos-

7 cells (Lynch g/ a/., 1999). The CysLT] antagonists montelukast (Singulair), 

zafirlukast (Accolate) and pranlukast (Onon), all displayed high affinity for the 

CysLT] receptor (Lynch er a/., 1999), but not the CysLT^ receptor (Heise gf a/., 

2000). 

1.3.3.3. Cytokine modulation of the CysLTi receptor 

As CysLT, receptor was cloned recently, understanding of the factors that modulate 

CysLT I expression is limited. James and colleagues reported that CysLTi receptor 

expression on human airway myocytes and myofibroblasts was not altered either by 

treatment with its high affinity agonist LTD4 for 24 hours or by treatment with its 

antagonist MK-571 (James gf a/., 2001). However, several studies have shown 

upregulation of CysLTi receptors by cytokines (Thivierge gf a/., 2000; Thivierge g/ 

oA, 2001). Thivierge and colleagues showed that CysLT 1 receptor mRNA in an 

eosinophilic lineage of the HL-60 cell line (HL-60/eos) was increased 2- to 15-fbld 
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following treatment with IL-5 (1-20 ng/ml). The effect was seen after 2 hours, was 

maximal by 4 hours and was maintained at 8 hours. The upregulation at the mKNA 

level was accompanied by augmented CysLT, receptor protein expression on the cell 

surface and by enhanced responsiveness to LTD^ as determined by measures of 

calcium influx and chemotactic activity (Thivierge gr a/., 2000). Using similar 

methodology, the same group also reported that IL-13 and IL-4, but not interferon-y 

(IFN-y), were able to induce CysLT, receptor expression in human monocytes and 

macrophages (Thivierge aZ., 2001). IFN-y, however, was able to induce CysLTi 

receptor mRNA and protein expression in cultured human airway smooth muscle 

(HASM) cells (Amrani gf a/., 2001), suggesting that both T-helper-1 (Thl) and TH2-

type cytokines can alter CysLTi receptor expression. Whether the CysLT] receptor in 

eosinophils is regulated by its agonist (e.g. LTD4) or antagonist (eg. MK-571), or 

whether eosinophilopoietic cytokines, such as IL-3, IL-5, or GM-CSF, regulate 

CysLT, receptor on human eosinophils in human is not known. 

Epidermal growth factor (EOF) and tumour growth factor (TGF-p) are implicated in 

remodelling changes in the asthmatic airway. EOF and TGF-p expression is increased 

in the airways of asthmatics (Holgate, 2000; Redington e/ a/., 1997). EOF induces 

actin mobilisation via the secondary release of leukotrienes, while TGF-p markedly 

increases 5-LO and LTC4 synthase transcription in human blood monocytes and other 

cells (Brungs gf a/., 1994; Peppelenbosch ef a/., 1995; Peppelenbosch ef a/., 1992; 

Peppelenbosch ef a/., 1993; Steinhilber gf a/., 1995). In parallel studies in the group, 

TGFP induced a phenotypic change in human airway fibroblasts towards a contractile, 

myofibroblast phenotype; flow cytometry showed that this was accompanied by 

increased expression of LTC4 synthase and CysLT, receptor, and by reduced 



expression of LTA4 hydrolase and BLTl receptors (James et al., 2002). 5-LO and 

FLAP were unchanged. This work suggests that TGF-P can switch the phenotype of 

fibroblasts to one better able both to synthesise and respond to cysteinyl-LTs. The 

effects of EGF and TGF-P on CysLTi receptor and CysLTa receptor expression on 

human leukocytes are unknown. 

1.3.4. The CysLT] receptor 

Evidence for a second CysLT receptor in humans came from studies of vascular 

tissue. Labat and colleagues showed that CysLTi antagonists including MK-571, ICI-

198615 and SKF 104353, despite their ability to block LTC4- and LTD4-induced 

airway smooth muscle contractions, failed to inhibit the cysLT-induced contractile 

responses of venous preparations from human lung (Labat ef a/., 1992). Contractions 

of human pulmonary vessels were antagonized by the experimental compound 

BAYu9773, a dual antagonist of CysLT] and CysLTz receptors (Labat gf a/., 1992). 

These findings provide pharmacological evidence for a second cysteinyl-LT receptor 

found in human pulmonary veins. The data tally with animal experiments showing the 

existence of two receptors in rodents, an LTD4 receptor and a second receptor that 

also binds LTC4 

The cloning and characterization of the CysLT2 receptor was achieved by several 

groups identifying ligands for orphan GPCRs (Heise a/., 2000[Heise, 2000 #38; 

Takasaki g/ a/., 2000). cDNA of the CysLT] receptor was cloned using the oligo 

capping technique (Heise gr a/., 2000). It contains 1041 nucleotides and encodes 346 

amino acids with a calculated molecular mass of 39,635 Da. This polypeptide has 

38% amino acid identity to the human CysLT, receptor. The gene was mapped to 



chromosome 13ql4.2 by radiation hybrid and somatic cell hybrid analyses. The 

marker closest to the CysLTi receptor gene was D13S153, which has been associated 

with atopic asthma in both a UK population (Cookson, 1999) and a Japanese 

population study (Kimura e/ a/., 1999). The rank order of potency of leukotriene 

agonists to compete with [''HJ-LTD4 for binding to the CysLT] receptor was 

LTD4=LTC4»LTE4 (Heise ef 6//., 2000). 

The expression pattern of CysLT2 receptor is substantially different from that of 

CysLT; receptor. By Northern blot, the CysLT2 receptor has been shown to be most 

highly expressed in heart, spleen, lymph node, peripheral blood leukocytes, several 

CNS areas, and adrenal medulla (Heise g/ a/., 2000). The expression in the heart, 

adrenal glands and brain appears unique to CysLT2 receptor. In contrast to CysLT] 

receptor, which was highly expressed in human lung smooth muscle cells, CysLT] 

receptor mRNA was only weakly expressed in these cells. Intriguingly, m 

hybridisation showed abundant expression in macrophages in close proximity to 

airway smooth muscle cells in the lung (Heise er a/., 2000). In peripheral blood 

leukocytes, CysLT] mRNA was detected in greater than 20% of human blood 

monocytes and strongly expressed in purified human eosinophils, as assessed by m 

.yzYw hybridisation (Heise ef a/., 2000). Using competitive RT-PCR, Mita and 

colleagues showed that human eosinophils express almost twice as much CysLTz 

receptor mRNA as CysLT, receptor mRNA, whereas CysLT t receptor mRNA 

predominated over CysLT; receptor mRNA expression in the other leukocyte types 

examined, including neutrophils and monocytes (Mita g/ a/., 2001). However, there is 

very little information available about CysLT] receptor protein expression, which is 

more meaningful than mRNA from a functional viewpoint. Pharmacological studies 
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suggest a role of CysLT] in regulating the vascular actions of cysteinyl-LTs, at least 

in part by the secondary release of vasodilator and vasoconstrictor prostanoids, and 

possibly, endothelin (Ortiz gf a/., 1995). 

1.4. Leukotriene modifiers (LM) 

Leukotriene modifiers can be divided into four kinds of drugs (table 1.1): 5-LO 

inhibitors that interact directly with 5-LO to prevent conversion of arachidonic acid 

(AA) to LTA4, FLAP antagonists that bind to FLAP and prevent AA presentation to 

Table 1.1. Principal Drugs that act on the 5-LO pathway 

Generic name Compound Trade name 

Zafirlukast * 

Montelukast* 

Pobilukast 

Pranlukast ** 

Tomelukast 

Verlukast 

Zileuton *** 

ICI-204,219 

MK-476 

SK&F 104353 

ONO-1078/ SB 205312 

LY171883 

MK-679 

A-64077 

MK-886 

MK-0591 

BAYxl005 

LY-293,111 

U-75302 

Accolate 

Singulair 

Onon, Ultair 

Zyflo 

^Licensed in UK, USA and else where for asthma therapy; ** licensed in Japan, *** 
licensed in USA but not UK. 



5-LO, and CysLT, receptor antagonists that specifically block the effects of the cys-

LTs at their target organ receptor. Compounds that block the BLTl receptor have also 

been developed e.g. LY-293,111. 5-LO inhibitors and FLAP antagonists also inhibit 

production of LTB4, which may or may not be of added therapeutic relevance. There 

are currently three cysteinyl-LT receptor antagonists (pranlukast, montelukast, 

zafirlukast) that have received approval for clinical use in asthma and a single 5-

lipoxygenase inhibitor, zileuton, which is only approved for use in the USA. The 

leukotriene modifiers are the first entirely new class of drugs for the treatment of 

asthma to be introduced in more than 25 years. 

Animal models Inhaled ovalbumin challenge of sensitised guinea pigs induces a four-

fold eosinophil infiltrate of the bronchial submucosa at 12 hours, and this is blocked 

by MK-571, but not by histamine H] or Hz receptor antagonists or by a 

cyclooxygenase inhibitor (Foster, 1991). In the cynomolgus monkey, airway 

eosinophilia and bronchial hyperresponsiveness after inhaled antigen are blocked by a 

CysLT] receptor antagonist (ICI-98,615) (Turner ef a/., 1994) and in sheep by the 5-

LO inhibitor zileuton (Abraham, 1992). These findings also confirmed the 

contribution of endogenous cys-LTs to allergen-induced eosinophilia. 

Clinical trials Clinical trials have been performed that measured improvements in 

baseline FEVi, and in the case of LT synthesis inhibitors, the decreases in urinary 

excretion of LTE4. In allergen-induced asthma, LT modifiers including the CysLTi 

receptor antagonist zafirlukast (Taylor ef <3/., 1991) and MK-571 (Rasmussen e/ a/.. 



1992) significantly reduce bronchoconstriction during the early asthmatic response 

and partially attenuate it during the early hours of the late asthmatic response, but they 

have not proved effective in inhibiting allergen induced airway hyperresponsiveness. 

These results and those of other groups indicate that cys-LTs mediate about 70-80% 

of the bronchoconstriction during the early response, assessed as area-under-the-curve 

(AUC), and also mediate about 50-60% of the bronchoconstriction (AUG) during the 

late asthmatic response. In exercise-induced bronchoconstriction (EIB), the CysLT; 

antagonists MK-571 (Maiming g/ a/., 1990) and zafirlukast (Finnerty a/., 1992) 

inhibited the maximal bronchoconstrictor response after exercise by 50 to 80 percent, 

and significantly reduced the time for recovery to baseline, which supports an 

important role of the cys-LTs in exercise-induced airway obstruction. However, the 

degree of protection achieved with leukotriene modifiers varies among patients; 

administration of a CysLT i receptor affords complete protection in some patients, but 

very little in others (Malmstrom e/ a/., 1999). 

Aspirin-intolerant asthma (AIA) patients experience severe asthma episodes following 

exposure to aspirin and other NSAIDs. These COX inhibitors may trigger the acute 

release of cysteinyl-LTs by removing the inhibitory influence of a prostaglandin, 

probably PGEz (Sestini e/ aZ., 1996). Even in the absence of NSAID exposure, these 

patients have chronic overproduction of cysteinyl-LTs, as judged by urinary LTE4 and 

BAL fluid cys-LT levels (Christie ef o/., 1991); (Kumlin a/., 1992), associated with 

severe persistent asthma. In AIA patients, pre-treatment with the CysLT, receptor 

antagonist MK-679 (Dahlen ef aZ., 1993) prevented the bronchoconstrictor response 

after inhalation of lysine-aspirin; pre-treatment with the 5-LO inhibitor ZD-2138 

(Nasser et al., 1994) inhibited the bronchonstriction that occurred after oral 
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administration of aspirin, and pre-treatment with zileuton prevented all physiological 

responses after oral aspirin, including the rhinoconjunctival and dermal symptoms. 

These results using aspirin provocation suggest that LM may be the treatment of 

choice for patients with AIA. 

In mild to moderate asthma, oral administration of LT modifiers improves airway 

function, decreases the need for rescue treatment with ^-adrenergic agonists, reduces 

asthma symptoms scores, and decreases the fi-equency of asthma exacerbations and 

the requirements for inhaled and oral glucocorticoids to maintain control of asthma, 

thus exerting a glucocorticoid-sparing effect. Reiss and collegues (1998) reported that 

408 chronic persistent asthma patients treated for 12 weeks with 10 mg Montelukast 

daily, had a 13% improvement in FEVi, a 27% reduction in (3-adrenergic-agonist use, 

and a 20 % decrease in day time symptoms (Reiss g/ a/., 1998). Similarly, a study of 

70 chronic persistent asthma patients treated with zafirlukast (40mg twice daily) for 6 

weeks, showed an 11 % improvment in FEVi, 31% reduction in ^-adrenergic agonist 

use, and 28 % and 46% decreases in day time and night time symptoms respectively 

(Spector et al., 1994). A study of 122 chronic persistent asthma patients treated with 

600 mg ziluton 4 times daily for 6 months showed 15% improvement in FEV,, 30% 

reduction in (3-adrenergic agonists use, and 36 % and 33% decreases in day-time and 

night-time symptoms respectively (Liu gf oZ., 1996) . All the data indicate that each 

class of LT modifiers has provided a similar degree of benefit, which imply that their 

effect on the CysLT receptors is a mechanism responsible for clinical efficacy, and 

that additional blockade of LTB4 synthesis by 5-LO inhibitors provides no extra 

clinical benefit. 
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1.5 Genetics of asthma 

The pathogenesis of asthma involves genetic and environmental interactions. It has 

long been known that asthma and related atopic diseases cluster in families. A number 

of studies have shown that the risk of asthma and allergic disease in offspring is 

higher when one or both parents are asthmatic, compared to when neither parent is 

affected (Jenkins e/ a/., 1993). The inheritance mode in asthma is polygenic with 

many genetic loci participating. 

1.5,1. Genetic variation and susceptibility 

Variation in DNA sequences occurs once in approximately every 200-500 base pairs. 

Most genes in humans therefore can be expected to have variations. Sequence 

variations occurring in over 1% of the population are called polymorphisms and those 

that occur in less than 1% are mutations. The risk of developing asthma depends on a 

complex interaction among common alleles, each exerting a small effect, which 

together combine to give the end phenotype. 

Polymorphisms contribute to human diversity, including our responses to 

environmental stimuli. Genetic epidemiology has provided statistical methods 

including linkage and association studies for measuring the effects of polymorphisms 

on a clinical phenotype. There are also pharmacogenetic studies that link 

polymorphisms to drug effect. Polymorphisms are likely to underlie much of the 

variable response to asthma medications. Polymorphism may occur in gene coding 
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regions and such mutations may alter the amino acid sequence of proteins leading to 

abnormal enzyme, receptor or ion channel function. Polymorphism may also occur in 

the promoter region, which may lead to altered transcription of the gene such that the 

final protein is expressed in abnormal amounts. 

1.5.2.Cand:date genes 

A candidate gene is a particular gene that has a strong possibility of influencing a 

disease. One of the ways to identify genetic effects in asthma is the candidate gene 

approach, in which polymorphisms in a known gene are examined and the frequencies 

of alleles compared in affected and unafkcted individuals from a population. A 

number of mutations have been described for candidate genes that influence functions 

relevant to known disease mechanisms in asthma and allied disorders (Table 1.2). For 

example, in the promoter region of the IL-4 gene, a polymorphism at -589 involving a 

C to T substitution results in increased transcription of IL-4 and therefore increased 

involvement of IL-4 activity manifested by enhanced IgE production (Rosenwasser er 

67/., 1995). 
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Table 1.2. Candidate genes in asthma and allergy and their chromosomal locations 
(Adapted from Holgate, 1999, J Allergy Clin Immunol 104: 1139-1146). 

Candidate Chromosome 

location 

Function 

IL-3 5q31-33 Eosinophil and basophil growth factor 

IL-4 5q31-33 IgE switching, TH2 polarisation, up-

regulation of VCAM-1, induction of mucus 

genes 

IL-9 5q31-33 Mast cell growth factor 

P2-adrenoceptor 5q31-33 Cyclic AMP-dependent signalling 

LTC4 synthase 5q35 Cysteinyl-leukotriene generation 

MHC class II 6q21.3-23 Antigen recognition 

TNF-a 6p21.3-2.3 Pleiotropic pro-inflammatory cytokine 

5-lipoxygenase lOqll.2 Leukotriene synthesis 

FcsRIp chain l l q l3 Regulation of IgE signalling 

CC16 (CCIO, 

uteroglobin) 

llql2-13 Lung anti-inflammatory protein 

NOS-1 12q24.3 Neural nitric oxide production 

TCRa chain 14qll.2 Antigen-driven immune responses 

IL-4ra 16pl2 IL-4 receptor signalling 

TGF-p, 19ql3.1-13.3 Increased IgE synthesis, profibrotic cytokine 

VCAM-1, vascular cell adhesion 

affinity receptor of IgE; NOS-1, 

molecule-1; LTC4, leukotriene C4; FcsRI, high 

nitric oxide synthase-1; TCR, T-cell receptor. 
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S-Lipoiygenase (5-LO) 

5-LO is the first committed enzyme in the biosynthetic pathway leading to the 

production of leukotrienes. The 5-LO gene (AL0X5) was characterised and mapped 

to chromosome lOqll.2 (Funk, 1989). It spans approximately 82kb, and is composed 

of 14 exons and 13 introns. The G+C rich 5' flanking sequence has promoter activity 

and is notable for the absence of TATA or CCAAT sequences. A series of naturally 

occurring mutations has been identified within the G+C-rich transcription factor-

binding region in the promoter. These include deletion of one or two, or the addition 

of one, zinc finger (SPl/Egrl) binding sites in the region 176 to 147 bp upstream from 

the ATG translation start site, where there are normally 5 Spl binding motifs 

(GGCGGG) in tandem. When transfected, the mutant alleles (4 Spl and 3 Spl) result 

in reduced SPl/Egrl binding, and reporter gene transcription is reduced by 20% and 

40% respectively compared with the wild-type sequences (Silverman ef a/., 1998). An 

association study between the 5-LO gene promoter genotype and response to the 5-

LO inhibitor ABT-761 (300 mg/day for 10 weeks) in 114 asthmatics showed that 

asthma patients who were homozygous for one or more of the 5-LO mutants were 

extremely resistant to treatment with the 5-LO inhibitor ABT-761. while a marked 

lung function improvement occurred in patients who were homozygous wildtype (5 

Spl/5 Spl) or heterozygous (Drazen ef 1999). This means that the 5-LO mutants 

are recessive. The homozygous mutant group accounted for only about 5% of the 

asthmatic population. The 5-LO polymorphisms therefore may account for some, but 

not all, of the variation seen in clinical response to anti-leukotriene therapy. 

LTC4S 
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In the gene encoding LTC4 synthase (LTC4S), the terminal enzyme for cysteinyl-

leukotriene synthesis, an A to C transversion polymorphism at the -444 position of 

the promoter region has been reported to be strongly associated with aspirin-intolerant 

asthma (AIA) (odds ratio 3.89) in East European patients (Sanak a/., 1997). 

However, other workers have disputed the link between LTC4S -444 and aspirin-

intolerance in US patients (Van Sambeek ef a/., 2000). 

Nevertheless, this base transversion creates an extra binding site for the HFTH-2 

transcription factor, possibly leading to increased enzyme transcription. The C/C or 

C/A allele may be found more commonly in patients with severe asthma, or be 

associated with a sub-group of patients in whose asthma leukotrienes play a 

particularly prominent role relative to other mediators. It may thus identify patients 

who respond well to anti-leukotriene therapy. Eosinophils isolated from carriers of the 

mutant LTC4S -444 allele have a greater ability to produce LTC4 on ex v/vo 

activation, and these patients have a tendency towards enhanced responsiveness to 2 

weeks therapy with the oral CysLT, receptor antagonist zafirlukast (Sampson e/ a/., 

2000). Asano and colleagues reported that among Japanese asthmatic patients, C-444 

allele carriers respond significantly better to four weeks treatment with an oral 

CysLTi receptor antagonist, pranlukast, than the A-444 allele homozygotes (Asano g/ 

a/., 2002). The similar findings of different groups suggest that the presence of 

LTC4S A-444C polymorphism at the LTC4S gene may contribute to subgroups of 

responders and non-responders to CysLT, receptor antagonists. 

p2 adrenoceptor 
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Studies on the genetics of the P2 adrenoceptor are well advanced and in some respects 

provide a paradigm for studies on the CysLT receptors described later. The P2 

adrenoceptor, a candidate gene in asthma, is a member of the family of 'seven-

transmembrane region' G-protein coupled receptors (GPCR). It is encoded by a gene 

on chromosome 5q31-33, a locus that has a strong linkage with asthma and atopy 

(CSGA, 1997). The main clinical interest in these polymorphisms lies in the 

possibility that they may determine the extent to which P2-agonists dilate the 

asthmatic airway. Persistent daily use of P2-agonists has been shown to downregulate 

expression of the receptor on the airway smooth muscle. Genetic variation in the 

receptor may modulate bronchodilator responses through changes in the expression 

and coupling of Pa-adrenoceptors in airway cells. A number of polymorphisms of the 

P2 adrenoceptor have been described (Reihsaus e/ a/., 1993) that appear to alter the 

behaviour of the receptor following agonist exposure. These include Arg-Gly 16, Glu-

Gln 27, and Thr-IIe 164. The Gly 16 receptor downregulates to a greater extent 

following exposure to an agonist (Reihsaus ef 6//., 1993) and is associated with 

increased airway hyperreactivity (Holroyd ef a/., 1995), nocturnal symptoms (Turki ef 

a/., 1995) and asthma severity (Holloway a/., 2000). The Glu 27 form appears to 

protect against downregulation and is associated with less reactive airways (Green et 

aZ., 1995). 

With the recent cloning and characterisation of the CysLT, receptor (Sarau et al, 

1999) (Lynch gf a/., 1999), it is interesting to investigate polymorphisms in this gene 

and their association with asthma. Polymorphisms in the CysLT 1 gene may alter the 

ability of cys-LTs and / or the LTRAs (montelukast etc.) to bind to the receptor. 

Polymorphisms that affect the expression of the CysLT 1 receptor might also modulate 
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variable tissue responsiveness to cys-LTs and variable clinical responsiveness to the 

CysLTi receptor antagonists. 

1.6. Aims of the project 

The study of the cys-LTs has been ongoing for more than 60 yearS. Great efforts have 

been put into the characterization of their receptor targets ever since the discovery of 

SRS-A. Recently the molecular cloning of both CysLTi receptor (Lynch gf a/., 1999) 

(Sarau e/ a/., 1999) and CysLT2 receptor (Heise gf a/., 2000; Takasaki er a/., 2000) 

has opened nevy avenues for the CysLTR exploration. 

CysLT] receptor is the molecular target of the anti-leukotriene drugs used in asthma 

therapy (zafirlukast, montelukast, pranlukast). The cloning of the CysLT, receptor in 

1999 (Lynch ef a/., 1999; Takasaki ef a/., 2000) made it possible to search for 

polymorphisms in this gene that might alter its expression on airv^ay cells, or alter its 

amino acid coding sequence leading to abnormal receptor proteins. Such anomalous 

receptor proteins may bind agonists and antagonists with differing affinities or alter 

their ability to induce or block an intracellular signal (Green gf a/., 1995) and 

therefore explain the heterogeneity observed in clinical response to CysLTi receptor 

antagonists (Malmstrom er a/., 1999). 

The first aim of this PhD project was to search for novel polymorphisms in the 

CysLTi receptor, and to genotype any novel polymorphisms, together with some 

polymorphisms that were concurrently described by others (Bolk et al, 2000) in a 

large group of asthmatic families recruited from the Southampton area. The approach 
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was to examine whether these polymorphisms are associated with asthma phenotyic 

markers. 

It is well established that eosinophils are key inflammatory cells in the asthmatic 

airway and that cys-LTs contribute to eosinophil migration in asthmatic subjects. 

Figueroa and colleagues (Figueroa g/ a/., 2001) confirmed the expression of CysLTi 

receptor mRNA and protein in normal human blood eosinophils, but there is little 

information on the possible expression of CysLT] receptor on these cells, or on 

possible differences in the expression of either CysLT] or CysLT] receptors in 

patients with asthma or other inflammatory diseases. Mita and colleagues (Mita eZ a/., 

2001) used RT-PCR to demonstrate significantly more mRNA for CysLT2 receptor in 

normal eosinophils than for CysLT i receptor, suggesting a significant role for CysLT] 

receptor in these cells. However, that study failed to sequence the RT-PCR products 

for the two receptors to confirm their identity, and did not attempt to quantify the 

receptors at the protein level. The second aim of the project is therefore to fully 

characterise the expression of CysLT, receptor and CysLT] receptor at the mRNA and 

protein levels in eosinophils immunomagnetically-purified from the blood of normal 

subjects. As cys-LTs may have chemotactic and immunomodulatory actions on other 

leukocyte sub-types, the detailed analysis of CysLTi receptor and CysLTz receptor on 

eosinophils took place within the context of a wider survey of their constitutive 

expression on other leukocytes including monocytes, neutrophils, and lymphocyte 

subsets (CDS pan-T-lymphocytes, CD4 T-helpers, CDS suppressor/cytotoxic T-cells, 

and CD3-negative B-cells). Expression of CysLT receptors was also compared 

between normal eosinophils and those from atopic subjects with a history of allergic 
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disease. Differences in expression could underlie differences in response, and might 

arise from either genetic or immunological factors. 

The third aim of the project was to investigate: (a), whether the expression of 

CysLT I receptors on human blood eosinophils may be altered by exposure to a potent 

CysLT I receptor agonist (LTD4) or a potent and specific CysLT, receptor antagonist 

(MK-571). Such tachyphylaxis following LTD4 or LTRA treatment might lead to 

downregulation of functional responses to persistent exposure to cys-LTs in vzvo, 

while modulation of the receptors in response to MK-571 might suggest that the 

efficacy of oral LTRA therapy in asthma patients may vary with continued use. (b). 

whether eosinophil expression is regulated by growth factors (EGF, TGPP) implicated 

in in remodelling changes in the asthmatic airway. EGF induces actin mobilisation via 

the secondary release of leukotrienes, while TGPP markedly increases 5-LO and 

LTC4 synthase transcription in human blood monocytes and other cells (Brungs g/ a/., 

1994; Peppelenbosch g/ aZ., 1995; Peppelenbosch er a/., 1992; Peppelenbosch gf a/., 

1993; Steinhilber e/ of/., 1995). (c). whether eosinophil expression of CysLT] receptor 

is modulated by a range of eosinophilopoietic cytokines (GM-CSF, IL-3, and IL-5) 

that have been shown not only to be critical in eosinophil differentiation, migration 

and activation (Takafiiji gf a/., 1991); Silberstein gf aA, 1989; Rothenberg et al.,1988), 

but also to modulate the capacity of these cells to synthesise cys-LTs, due at least in 

part to their ability to upregulate expression of key enzymes of the 5-LO pathway, 

particularly FLAP (Cowbum gr a/., 1999; Pouliot ĝ  a/., 1994). An ability of these 

cytokines to upregulate CysLT; receptors on eosinophils would be understandable in 

the context of their upregulation of cys-LT biosynthesis, and the outcome would be 

enhanced functional responses to autocrine or paracrine cys-LT production in 
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eosinophils and other cells within the asthmatic airway, compared to those found in 

normal airways. The results fi-om experiments to investigate these three hypotheses 

are described in chapters 3, 4, and 5 respectively. 
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Chapter Two 

Materials and Methods 
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2.1. Materials 

Primers (ordinary, biotin labelled, MWG Biotech Int., Germany 

phosphorylated, fluorescent labelled) (Website: www.mwgbiotech.com) 

Streptavidin coated magnetic beads Promega, Southampton, UK 

Agarose Sigma, Poole, Dorset, UK 

Bovine serum albumin 

Chloroform 

Ethidium bromide 

Glycine 

Hydrogen peroxide 

Hydroxalamine hydrochloride (H3N0 HCl) 

Isopropanol 

Paraformaldehyde 

PCR reagents (Mg^^, lOx PGR buffer, 

Jumpstart DNA polymerase, dNTP) 

Propidium Iodide 

Pyridine 

Saponin 

TEMED 

Trypan Blue 

Tween 

GysLTz receptor blocking peptide Cayman Chemicals, MI, USA 

LTD4 Rabbit anti-human CysLT? (N-Term) 

MK571 

http://www.mwgbiotech.com


ABI PRISM BigDye"^ Terminator 

Cycle Sequencing Ready Reaction Kit 

Fluorescent dCTPs Rl 10 

Gene Scan 2500 (Rox) size standard 

Perkin Elmer Applied biosystems, 

Warrington, UK 

Piperidine solution (CsH, iN) Fisher Scientific International 

Company, Loughborough, UK 

Diff^Quik® staining set Dade Behring AG), Diidingen, 

Switzerland). 

lOx PBS 

EDTA 

EGF 

Foetal calf serum 

Glycerol 

Human serum AB type 

RPMI1640 

Trizol 

Gibco, Life Technologies Ltd, Paisley, 

UK 

Recombinant IL-3, IL-S, TGFp, GM-CSF 

anti-human CCR3-FITC 

R&D Systems, Minneapolis, USA 

Onmiscript reverse transcription kit Qiagen, Crawley, UK 

Biotinylated swine anti-rabbit antibody 

Biotinylated rabbit anti-mouse antibody 

Biotinylated rabbit anti-goat antibody 

Rabbit immunoglobulins 

Goat serum 

DAKO Ltd, High Wycombe, UK 

Lymphoprep Robbins Scientific, Solihull, UK 
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Goat anti-rabbit/phycoerythrin antibody 

Rabbit anti-goat/fluorescein antibody 

Southern Biotechnologies, 

Cambridge, UK 

ECL Plus Western blotting detection 

reagents 

Hybond-ECL membrane 

Amersham Pharmacia Biotech, Little 

Chalfbnt, UK 

CD3, CD 14, CD 16 Micro Beads 

MACS magnetic columns (CS type) 

Miltenyi Biotec Ltd, Bisley, UK 

Acrylamide bis solution 

Ammonium persulphate (APS) 

Kaleidoscope prestained standards 

Sodium dodecyl sulphate (SDS) 

Bio-Rad, Hemel Hempstead, UK 

Goat anti-human CysLT, antibody Gift from Dr. J Evans (Merck &Co, 

West Point, PA, USA) 

1 Ox Reaction Buffer for Taq DNA ligase 

DNA polymerase I Lg. Frag, (klenow) 

EcoRI 

Hind III 

T4PNK 

Taq DNA ligase 

New England Biolabs, Hitchin, UK 

2.2 Solid phase chemical cleavage 

Mutation detection in CysLTi receptor gene was carried out using solid phase 

chemical cleavage of mismatches (CCM) (Rowley a/., 1995). The technique is 
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shown schematically in Figure 2.1. Negative control (probe DNA and target DNA 

firom the same individual) and positive control (P2-AR), which has been shown to 

demonstrate 5 polymorphisms in its 943bp PGR product (Ian Sayers, personal 

communication), were included. 

2.2.1. Subjects 

A large DNA bank was available for the study. Caucasian families (n=341) were 

recruited from the Southampton area with at least two biological siblings (aged 5-21 

years) with a current physician diagnosis of asthma and taking asthma medication on 

a regular basis. Diagnoses were confirmed with an extensive asthma questionnaire. 

Serum total IgE levels were determined using a UniCAP system (Pharmacia 

Diagnostic), and levels of specific IgE for grass, housedust mite, cat, dog, 

and tree allergens were determined by radioallergosorbent test (RAST). Skin-prick 

tests were also performed for the same common allergens. Baseline lung function was 

assessed by forced expiratory volume in one second (FEV1, best of 3 values within 

5%), performed at least 14 days after any respiratory tract infection. Bronchial 

responsiveness was measured as the provocation concentration of inhaled 

methacholine required to reduce FEV, by 20% (PC20 FEV|). Healthy, non-asthmatic 

controls with no family history of asthma or allergy were recruited from the same 

Southampton area as the main study (n=184, age 18-60 years). Ethical approval was 

obtained firom the Southampton and South West Hampshire, and the Portsmouth and 

South East Hampshire, Local Research Ethics Committees. Genomic DNA was 
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PGR 

Probe 
Q dCTP 

o biotin 

streptavidin 

Hybrid formation 

Add streptavidin-
magnetic beads 
Add hydroxylamine-H 

Add piperidine &denature 

Full length product 
and cleavage products 

gel image 

full length product 3— 

cleaved product 2 — 

Electrophoresing and collecting 
data on ABIPrism 377 

electropherogram 

cleaved product 1 

Figure 2.1. Schematic diagram of sohd-phase chemical cleavage of mismatches 
(CCM). The probe and target are internally labelled with fluorescent dCTP during PCR. 
When forming heteroduplexes, mismatched C residues are modified by hydroxylamine 
(H) to create DNA with piperidine at that site. 
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extracted from 10 ml of blood using a genomic DNA MaxiPrep kit (Qiagen, Crawley, 

UK). Thirty DNA samples &om unrelated asthmatic individuals were randomly 

chosen from the above DNA bank for solid phase chemical cleavage. 

2.2.2. Polymerase chain reaction 

Two sets of PGR products were generated using two sets of primers (one set 

biotinylated) on regions of interest. One set of PGR was the ''probe", and the 5'ends 

of the primers were biotin labelled. The DNA template was from a non-asthmatic 

individual. Another set was the 'targets"; the primers were not labelled and the DNA 

templates were from the non-asthmatic individual and 30 asthmatic individuals. Both 

probe and targets were internally labelled using fluorescent dUTP. The PGR reaction 

mixture contained lOmM Tris-HCL (pH 8.3), 50mM KCL, 0.2mM dNTPs, 

fluorescently labelled [RllO] dUTP (Perkin Elmer), 0.2p,M forward and reverse 

primers and 25U/ml JumpStart Taq DNA Polymerase (Sigma), Mg^^. The reaction 

volume for targets was 50 p.1 and the volume for probe was 400 p,l. PGR cycling 

conditions were an initial 10 minutes at 96°G, followed by 30 seconds at 94°G, 30 

seconds at 54 °C for the exon region, 58 °G for the pre-exon region), and 2 minutes at 

72°G for 36 cycles. 

Two regions of GysLT] receptor gene were amplified, one being the coding region 

and the other the region ahead of ATG (translation start site) (-1752-231). The sizes 

of PGR product for the two regions were 1595 bp and 1923 bp respectively. The PGR 

conditions were Mg^^ 2.5 mM, annealing temperature 54 °G, Mg^^ 2.0 mM, aimealing 

temperature 58°C respectively according to optimization. The primers were designed 
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using Oligo 5.0 software (National Biosciences, Inc). The primer sequences for 

probes are as follows: 

For region. 

Forward (LTR1-993U21B): 5' TTTTCTGGATACCTGTAGGAT 3' 

Reverse (LTR1-567L21B): 5'GCTTGCATGTATTTTTATTGA 3' 

For fAe rgg/oM aAeat/ 

Forward (5'LTR1P461U19B): CGGTGTTTGGTTTTTGTTC 

Reverse: (LTR1P363L21) 5' GGCTGACTTCTTGTGATAGGT 

The primers for targets were the same but not biotin labelled: 

For coding region: 

Forward (LTR1-993U21): 5' TTTTCTGGATACCTGTAGGAT 3' 

Reverse (LTR1-567L21): 5'GCTTGCATGTATTTTTATTGA 3' 

For the region ahead of ATG: 

Forward (5'LTR1P461U19): CGGTGTTTGGTTTTTGTTC 

Reverse (LTR1P363L21): 5' GGCTGACTTCTTGTGATAGGT 

The PCR product for probe was cleaned using QIAquick PCR purification kit 

(Qiagen). The final elution volume was 50|nl in dHiO. The probe concentration was 

measured by GeneQuant spectrophotometer (Pharmacia). The 5pi of "probe" and 

"targets" were run on 1% agarose gels, stained with ethidium bromide (1 pg/ml) 

(Sigma, UK) for 30 minutes and visualized using a Fluorimager 595 fluorescent 

scanning system (Molecular Dynamics, Little Chalfbnt, UK). Dark and sharp bands 

on the gel are crucial for the success of CCM. 
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2.2.3. Heteroduplex formation 

50ng of Probe was mixed with targets (approximately 20 times excess of probe, to 

facilitate heteroduplex formation) in annealing buffer (lOOmM Tris-HCL PH8.0, 

50mM NaCL, 40mM MgCLi), incubated at 95 °C for 5 mins, and kept at 65 °C for 60 

mins, then 55°C for 60mins. The reaction volume was 30 ^1. 

2.2.4. Solid-phase chemical cleavage of mismatch detection 

The streptavidin coated magnet beads (Promega) were prepared by taking 20 |j,l for 

each reaction, washing twice with 0.5 ml of Ix binding buffer (5mM Tris pH 7.5, 0.5 

mM EDTA, IM NaCl), resuspending in 2 x binding buffer (30 pi per reaction) and 

aliquotting 30 pi to 1.5 ml Eppendorf tubes. 30 pi of DNA from the last step (see 

2.2.3) was added to the washed beads, mixed and incubated at room temperature for 

15 to 30 minutes, occasionally mixing or leaving on wheel. The tubes were placed on 

a magnet (Dynal MPC9600) to separate the climiped beads, and the liquid was 

removed. The beads with boimd DNA were then gently resuspended in 25 pi of 

hydroxylamine solution [(1.6 g hydroxylamine hydrochloride in 5.7 ml water (4 M) 

and the pH was adjusted to 6.0 with approximately 1.14 ml diethylamine (2.3 M)] and 

incubated at 37 °C for 1 to 2 hours. The beads were again separated with the magnet 

to remove the reagents, resuspended in 6 pi of piperidine solution (1 pi of 2M 

piperidine, 3 pi deionised fbrmamide, 1 pi Gene Scan-2500 [ROX] size standard 

(Perkin Elmer) and 1 pi of loading buffer (Perkin Elmer)) and heated to 90°C fbr 30 

min. The tubes were then put on ice before being placed on the magnet and 2 pi 

supernatant were loaded on a 12 cm 6 % long ranger sequencing gel (6M urea + 0.5 x 

TBE buffer) on the ABI Prism DNA sequencer (equipped with Genescan software). 
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The gel was run at 750 V, 60 mA, 200 W and 51 °C for 5 hours. Data were collected 

and analysed using Genescan software. 

2.3. DNA Sequencing 

To identify and confirm the polymorphisms detected by CCM, three DNA samples 

with cleavage and three without cleavage were sequenced by ABIPrism^"^ 377 

sequencer. 

2.3.1. PCR 

100 |il of PCR reaction were performed using primers LTR1-993U21 and LTRl-

567L21 (described in section 2.2.2). 

2.3.2. Purification of PCR product 

The PCR products were purified using Qiaquick PCR purification kit to remove 

primers, dNTP (deoxynucleoside triphosphates) and salts, as these will interfere with 

the critical ratio of dNTPs to ddNTPs (dideoxynucleoside triphosphates) in the Ready 

Reaction Mix. 5 volume of Buffer PB was added to 1 volume of the PCR sample and 

applied to a Qiaquick column for 1 minute, and then centrifuged for 1 minute at 

13000 rpm. The Qiaquick column contains a silica gel membrane, which binds DNA 

in the presence of high concentration of salts in the Buffer PB. Primers, dNTP, salts 

and polymerase was washed into collection tube and discarded. After washing with 

0.75 ml of Buffer PE, DNA was eluted from the column by the addition of 50 p,! of 

UHQ H2O, centrifuged and collected in a clean 1.5 ml eppendof The purified PCR 

product were run in agarose gel to check the DNA quality and quantified by Gene 

Quant spectrophotometer (Amersham Pharmacia Biotech). 
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2.3.3. Sequencing reaction 

For the sequencing reaction, 30-90ng of purified PGR product as DNA sequencing 

template, 3.2 pmol primer, 4.0 ^1 of BigDye^^Terminator Ready Reaction mix 

(Perkin Elmer Applied Biosystems) (containing BigDye^^" ,̂ deoxynucleoside 

triphosphates, fluorescein labelled dideoxynucleoside triphosphates AmpliTaq® FS 

enzyme, magnesium chloride), 4|Lil of Sxsequencing buffer was added to a standard 

PGR tube, and UHQ water was added to make up to 20 pi of reaction volume. The 

reaction tube was placed in a thermal cycler undergoing 25 cycle of 96 °C for 10 

seconds, 50 °C for 5 seconds, 60 °C for 4 minutes. Working from primer, Taq 

polymerase randomly adds dNTP or ddNTP that are complementary to the DNA 

template, and the new DNA strand is terminated by the addition of ddNTP. 

The primers used for sequencing were as follows: 

LTR1-567L21 (for the polymorphism in coding region) (sequence see section 2.2.2) 

LTR1-461U19 (for ther first polymorphism in the region —1752-+231 (sequence see 

section 2.2.2) 

LTR1-891U21: (for the second polymorphism in the region -1752-+231) 

TGTAGGTTGCCTGTTCACTCT 

2.3.4. Ethanol precipitation 

The sequencing reaction products were subject to ethanol precipitation to remove 

excess dye terminators and to concentrate the product. Briefly, One-tenth volume of 

sodium acetate (3 M) and 2.5 volumes of 100% ethanol were added to the DNA 

solution and mixed by vortexing. The nucleic acids were left to precipitate at -20°C 

overnight or at -70°C for I hr, pelleted by centrifugation at 13000rpm for 20 minutes, 

and the supernatant was discarded. To remove excess salt from the samples, 250 |il of 
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70 % ethanol were added and mixed by vortexing briefly. The DNA precipitated out 

of solution while the salt remained in the aqueous phase. The sample was pelleted by 

centrifugation and dried in a hot block at 95 °C fbr 1 minute. 

2.3.5. Loading samples and running sequencing gels 

The DNA pellet was resuspended in 5 pi deionized formamide and 1 pi loading buffer 

(25mM EDTA with Dextran) and heated at 90 °C for 5 minutes to denature the double 

stranded DNA and placed on ice until ready to load. Two pi of sample was loaded on 

5% Gene-page-plus gel (6M urea) (Amresco, Ohio, USA), and run on ABI 377 

sequencer at module 36E-1200 at 51 °C fbr 7 hours. 

DNA sequences were analysed using ABI Sequencing analysis software and 

compared using ABI Seq navigator software. In later experiments, after sequencing 

RT-PCR products of CysLTi receptor and CysLT] receptor (see 2.6.4.4), BLAST 

(Basic Local Alignment Search Tool, http://www.ncbi.nlm.nih.gov/blast/) were used 

to confirm their sequences were in alignment with the published cDNA sequence. 

2.4. Oligonucleotide ligation assay (OLA) 

OLA (Oligonucleotide ligation assay) was performed according to published protocol 

(Tobe a/., 1996) with some modifications. It was used to genotype the two 

polymorphisms in the coding region identified by BoUc eind colleagues (Bolk ef a/., 

2000). The technique is shown schematically in Figure 2.2. The ligation determines 

whether or not two ac^acent probes (a joining probe labelled with biotin, an allele 

specific probe labelled with fluorescein) become covalently joined by a DNA ligase 

when hybridised to a complementary target DNA sequence (PGR amplicon or 

genomic DNA). For success ligation, promers must lie directly next to each other in a 

5' to 3' oritation with no interval and must have perfect complimentarity with the 
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Figure 2.2. Scheme of the oligonucleotide ligation assay (OLA) procedure. Following the 
amplification of a region of the genome containing a diallelic sequence variation, PCR products 
are mixed with a joining probe (JP) labelled with biotin (B) and an allele-specific probe (AP) 
labelled with fluorescein (F). Following ligation, the biotinylated JPs are captured on 
streptavidin-coated microtitre wells and an ELISA is performed with horseradish peroxidase 
(HRP)-labeled antifluorescein (aF) antibody and a substrate (S), to determine whether the allele 
specific probe has been covalently linked to the biotinylated probe during the ligation. 
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target sequence. Even a single nucleotide mismatch between the primer and target 

will inhibit primer joining discriminating the SNP allele. To visualise the success of 

ligation, enzyme-linked immunsorbent assays (ELISA) was performed with 

horseadish peroxidase labelled anti-fluorescein antibody and a substrate, which 

facilitate high throughput genotyping. 

2.4.1. Subjects 

The DNA samples used were from the same DMA bank described previously (see 

2.2.1). Altogether, 60 asthmatic families (include 60 unrelated asthmatic individuals 

(asthmatic sibl, age 5-21 yrs, 29 males and 31 females) and 90 healthy unrelated 

controls (age 18-60 yrs, 43 males, 47 females) from the above DNA bank were 

examined. 

2.4.2. PCR 

The primers used for PCR were LTR1-993U21 and LTR1-567L21 (described in 

section 5'-TTT TCT GGA TAC CTG TAG GAT-3' and 5'OCT TGC ATG TAT TTT 

TAT TGA - 3 ' to generate the 1595 bp PCR product covering the coding region of 

CysLT). The reaction volume was 25 pi. The optimised PCR conditions were 

Mg^^2.5mM, aimealing temperature 54''C, 36 cycles. 

2.4.3. Oligonucleotide ligation 

Twenty microlitres of PCR product was diluted in 50 pi of dilution buffer containing 

0.1 % Triton-X-100. 10 pi of the diluted PCR products was mixed with 10 pi of a 

solution containing 2x ligase buffer (20 mM KCl, 20 mM (NH4)2S04, 40 mM Tris-

HCl, 4 mM MgS04, 0.2% Triton X-100, pH 8.8), 2.5 u Taq DNA ligase (New 

England Biolabs), 1 pmol of allele specific probe and 1 pmol of joining probe. Four 
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separate reactions were set up to detect 617T, 617G, 898G and 898A alleles 

respectively for each individual. The reactions were placed in a thermocycler for 50 

cycles. Each cycle consisted of 93°C for 1 min and 58 °C for 2 min for the 617T or 

617G alleles or 65°C for 2 min for the 898G or 898A alleles. 

Probes were; 

617 joining probe 

617T probe 

617G probe 

5' TGT CTG TTA CAC AAT GAT CA 3' (5' phosphate 

modified, 3' Biotin labelled) 

5' ATC CCT TTT GTT ATT ATA AT 3' (5' fluorescein 

labelled) 

5' ATC CCT TTT GTT ATT ATA AG 3' (5' fluorescein 

labelled 

898 joining probe 5' GTA ACT TAG GAA AGG TG 3 ' (5' phosphate modified, 

3' Biotin labelled) 

898G probe 5' CCT ATA TTT CTT TTC TGG GG 3 ' ( 5 ' fluorescein labelled) 

898A probe 5' CCT ATA TTT CTT TTC TGG GA 3' (5' fluorescein labelled) 

2.4.4. ELISA 

Following ligation, the reactions were stopped by the addition of 10^1 of 0.1 M 

EDTA in 0.1% Triton X-100 and transferred to a 96-well flat bottom microtitre plate. 

The plate had been coated with streptavidin (Sigma) (50 |il of 25p.g/ml incubated at 4 

°C overnight) and blocked with 200 ^l/well of 0.5% bovine serum albumin (Sigma) in 

1 X PBS for 1 hour prior to use to eliminate non-specific binding sites within the 

wells. Ligation products were captured on the streptavidin plate at room temperature 

for 1 hour and the plate was washed twice with NaOH buffer (0.0IM 

NaOH/0.05%Tween 20) followed by two washes with Tris buffer (100 mM Tris-HCl 
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(pH 7.5)/l 50mM NaC10.05%Tween 20). 50pl of 1 to 1000 dilution of horseradish 

peroxidase-labelled anti-fluorescein (DAKO) in Ix PBS with 0.5% BSA was added to 

each well. After incubation for 1 hour at RT, the plates were washed six times with 

Tris buffer and 50 pi of the horseradish peroxidase substrate TMB (Sigma) was added 

to the wells. The plates were incubated for an additional 10 min at RT, and then 25|il 

of amplifier (2 M sulphuric acid) were added to each well. Finally the optical density 

was measured at 450 nm on an OD reader. 

2.5. Site directed mutagenesis for OLA validation 

To validate the OLA method, site directed mutagenesis was performed to generate the 

fragment containing the mutant alleles (617G or 898A). 

2.5.1. Overlap extension PCR 

Overlap extension PCR was used to generate the mutant type of the CysLTi gene. The 

principle is described by Ho et al (Ho gf a/., 1989) and is shown in Fig.2.3. The 

fragments AB and CD were generated by PCR. Note that primers B and C are 

mutagenic primers containing non-complementary bases that will introduce the 

desired change into the gene. Following the generation of fragments AB and CD, they 

were run on a 1% agarose gel, stained with ethidium bromide and visualized under 

UV. The DNA bands were excised from the gel and purified using a Qiaquick gel 

purification kit (Qiagen). A 1:1 molar ratio of each fragment was mixed and used as a 

template for the second round of PCR using primers A and D. This amplification 

reaction produces the desired mutant fusion product AD. The PCR cycling conditions 

were an initial 10 minutes at 96°C, followed by 30 seconds at 94°C, 30 seconds at 

annealing temperature, 2 minutes at 72°C fbr extension for 36 cycles and a final 
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genomic DNA 

(1) 
d 

a+b 

fragment AB 
(2) c+d 

fragment CD 

(3) 

mutant fusion product 

F i g u r e 2. 3. A schematic diagram of site-directed mutagenesis by overlap extention 
PGR. The dsDNA and synthetic oligos are represented by lines with arrows indicating 
the 5' to 3' orientation. The site of mutagenesis is indicated by a small black rectangle. 
Primers are denoted by lower-case letters and PGR products are denoted by the two 
corresponding upper case letters. The boxed portion of the figure represents the 
proposed intermediate steps taking place during the course of reaction (3), where the 
denatured fragments anneal at the overlap and are extended 3' by DNA polymerase 
(dotted line) to form the mutant fusion product. By adding additional primers "a "and 
"d" the mutant fusion product is further amplified by PGR. 
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extension for 7 minutes. Primers and specific conditions were described in table 2.1. 

Reaction volumn was 100 pi containing 2.5 Mm MgCb. annealing temperature was 

50 °C (except * = 54 °C) 

Table 2.1. Sequence of primers used in overlap extension PCR 

Fragment Upper primer Lower primer Fragment 

5'-3' 5'-3' length (bp) 

A,B, cca caa aaa gat gag aaa aat aat cat tgt gta aca gac act tat aat aac 150 

C,D, ttt gtt att ata agt gtc tgt tac a ctt tct ggg tac ata agt cac 365 

A,D, cca caa aaa gat gag aaa aat aat ctt tct ggg tac ata agt cac 483 

A2B2 cca caa aaa gat gag aaa aat aat cct aaa gtt act ccc aga aaa g 423* 

C2D2 ctt ttc tgg gag taa ctt tag g ctt tct ggg tac ata agt cac 83* 

A2D2 cca caa aaa gat gag aaa aat aat ctt tct ggg tac ata agt cac 483* 

The overlap extension PCR products AiD, for the 617G mutant and A2D2 for the 

898A mutant was run on 1 % agarose gel and purified using Qiaquick gel purification 

kit (Qiagen), the final elution volume was 30 pi. 

2.5.2, Cloning PCR fragments into pUC18 

Blunt cloning was used to clone the mutagenesised PCR fragment into pUClS and 

propagated in JM 109 competent cells (Promega) in order to generate enough pure 

mutant type DNA to be used in OLA and sequencing. The technique is shown 

schematically in figure 2.4. 
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Figure 2.4. A schematic diagram of blunt cloning of mutagenesed CysLTjR fragments 

containing 617G or 898A alleles to generate positive controls for these alleles in the 

oligonucleotide ligation assay (OLA). 
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2.5.2.1. Blunting and phosphorylation the PCR fragments 

Before cloning the PCR product into pUC18, blunting (cutting the overhang of dATP 

at the 3' end added by Taq DNA Polymerase during PCR reaction) and 

phosphorylation of the PCR product was carried out in a reaction volume of 40pl 

containing 1-2 pg gel purified G-agment A,D| or A2D2, 5 units of DNA polymerase I 

(Klenow fragment) (New England Biolabs) which has 3'-5' exonuclease activity, 5 

unit polynucleotide kinase (New England Biolabs), lOpM dithiotheitol (DTT), dATP 

(0.5 mM) and Ix Klenow buffer (0.5mM Tris.HCl, O.lmM MgCb) (New England 

Biolabs). The reaction was incubated at 37°C for 1 hour and 65 °C for 40 minutes to 

heat inactivate enzymes. 

2.5.2.2. DNA extraction and precipitation: 

To avoid enzyme activity left in the blunting and phosphorylation reaction causing the 

re-ligation of the vectors themselves, the above product was subject to DNA 

extraction twice to remove the protein. The product was expanded to 200 p.1 by adding 

UHQ and treated with an equal volume of phenol; chloroform: isoamyl alcohol 

(25:24:1) to remove enzymes, and then precipitated using ethanol and resuspended in 

25 pi UHQ. 5 pi of the product was used to quantify the DNA and run on 2 % agarose 

gel. The band on the gel should be sharp and clean before ligation with pUClS. 

2.5.2.3. Ligation 

The ligation was carried out using the Ready-To-Go^'^ pUClS Sma I/BAP +Ligase 

kit (amersham pharmacia boitech) (Figure 2.5). The DNA was cleaved using the 

restriction enzyme Sma I and dephosphorylated using bacterial alkaline phosphatase 

(BAP). Each tube contains lOOng of pUClS Smal/BAP and 6 Weiss units of 
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polylinker 

Hindlll Sma I EcoR I 

pUC18 
2686bp 

Figure 2.5. Structure of pUClS. It is a double-stranded DNA containing an 

ampiciliin resistance gene and the lacZ gene. The ampicillin resistance gene 

permits selection for cells containing the vector. The lacZ gene produces a 

fragment of B-galactosidase, which together with another fragment of B-

galactosidase produced by the host cell, will catalyse X-gal to form a blue 

product. When disrupted by insertion, the absence of B-galactosidase activity 

will lead to the colony appearing white on X-gal/IPTG plate. 
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FPLCpw/'g^'^T4 DNA ligase, 66mM Tris-HCl (pH 7.6), 6.6 mM MgCb. 0.1 mM ATP, 

0.1 mM spermidine, 10 mM DTT, and stabilizers. 

The amount of insert DNA to be added was calculated according to the formula: 

ng of insert = [(ng of vector x kb size of insert x molar ratio of insert : vector ] /kb 

size of vector, the molar ratio of insert : vector that gives the best result = 3 : 1 , with 

the size of pUC 18 = 2.7 kb. 

Approximately 50ng of A,D| or 100 ng of A2D2 in a volume of 20^1 of UHQ water 

&om step 2.5.2.2 was added to a tube containing lOOng pUC18 (Ready-To-Go pUClS 

Smal/BAP + Ligase) and incubated at room temperature for 3-5 minutes. Then it was 

mixed gently and centrifuged briefly. The reaction was incubated in a water bath at 16 

°C overnight. A negative control (religation control) was carried out in which DNA 

was omitted. 

2.5.2.4. Transformation 

10 pi (50ng) of the ligated plasmid DNA containing AiD, or A2D2 insert was added to 

100 p,l JM109 competent cells (high efficiency) (Promega) and mixed gently. The 

sample was immediately placed on ice for 10 min, heat shocked for 45-50 sec in a 

water bath at exactly 42°C, and then placed on ice for 2 min. To each sample 900 |il 

of SOC medium (Promega) was added and the samples incubated for 60 min at 37°C 

with shaking at approximately 225 rpm. 200 |j,l of the transformation mix was plated 

onto onto Luria Broth /ampicillin (lOOpg/ml) plates with IPTG and X-Gal on the agar 

surface and incubated for 16 hr at 37°C. 20 pi of 50mg/ml X-gal and 40 pi of 

40mg/ml IPTG were spread on the agar surface and absorbed for 30 min at 37 °C 

prior to plating cells. 0.1 ng of control DNA (supercoiled plasmid DNA (Promega) 

was also transformed into lOOpl JM109 competent cells as a positive control. The 



plasmid religation control from the previous step was also "transformed" as a 

background control, which should not form colony on ampicillin plate if no re-

ligation of the plasmid itself occurred in the previous step. 

IPTG/X-gal was applied in order to detect recombinants. pUC 18 contains the 

P-lactamase gene (Lac Z gene) which is disrupted when DNA fragment is inserted 

into the polylinker. When no insert has occurred the colony appears blue, because the 

catalysis of X-gal by ^-lactamase. When it is disrupted by insertion, it will cause the 

absence of G-galactosidase activity and the colony will be white on X-gal/IPTG plate. 

IPTG act as an inducer for the Lac Z gene expression. 

2.5.2.5. Colony screening 

PGR was used to screen the white colony for the right insert. Ten to 20 white colonies 

were picked up and placed into 100|il sterile water and mixed by pipette to dissolve 

the colony. 2ul of the colony dissolved in water was added to 18 pi of PGR reaction 

mix containing dH20, Ixbuffer, 0.2 pMdNTPs, 2.0 Mg^^, 0.2 pM M13/pUC 

sequencing primer(-47) and 0.2 pM M13/pUC reverse sequencing primer)(—48) (New 

England Biolabs), and 0.025u/pl Jumpstart Taq polymerase. The size of the PGR 

products was checked on 2 % agerose gel. The positive colonies with the right size of 

insert were selected and 50|il of the same colony solutions were transferred to 5 ml 

Luria broth containing 100 |ng/ml ampicillin for 16 hr at 37°G with shaking to 

propagate plasmid DNA. 

2.5.2.6. Mini-prep of plasmid and digestion with restriction nuclease. 

Plasmid DNA was isolated from 1.5 ml E. coli culture using Promega Wizard Plus 

minipreps DNA purification systems (Promega protocols and application guide, 3'̂ '' 

edtion, P78). The plasmid DNA was double digested using EcoRI and Hindlll to 

74 



check the right insertion of the clone. The plasmid DNA containing the correct size of 

the insertion was selected and fiirther sequenced using ABI377 (see section 2.3) to 

confirm the existence of the CysLT, gene fragment containing the engineered mutant 

allele. 

2.5.2.7. Midi-prep of plasmid 

Once confirmed by sequencing, the same clone was propagated in 50 ml Luria Broth 

with ampicillin (100|ig/ml) and plasmid DNA was extracted using Qiagen Midi-Prep 

(Qiagen Plasmid Purification Handbook, pi2). 

2.5.3. Oligonucleotide ligation assay on mutant fragments 

Oligonucleotide ligation assay (OLA) was performed on the pure plasmid containing 

mutant allele (617 G or 898A) in order to verify the OLA method. Further more, with 

DNA containing the 617T, 617G, 898G or 898A allele available as positive controls, 

90 unrelated non-asthmatic individuals were re-genotyped using OLA. 

2.6. Investigation of mRNA and protein expression of leukotriene 

receptors on human blood leukocytes 

2.6.1. Subjects 

Blood donors were healthy adult volunteers and mild adult atopics (aged 22-60), as 

defined by a clinical history of asthma, eczema, or hay fever, and symptoms on 

exposure to common aeroallergens, including pollens and house dust mites. The 

donors were taking no systemic medication. Normal subjects were used in cytokine 

modification of CysLTi receptor experiment. Some atopics were chosen in order to 
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obtain more eosinophils. All subjects gave written informed consent to a protocol that 

had been approved by the Southampton and SW Hampshire Local Research Ethics 

Committee. 

2.6.2. Eosinophil purification 

Eosinophils were isolated from peripheral blood as described previously (Cowbum g/ 

al, 1999; Hansel et al, 1991b) with minor modifications (Figure 2.6). The initial 

density gradient centrifugation medium was changed from Percoll '̂*^ (density 1.082 

g/1.) (Sigma) to Lymphoprep^^ (density 1.077g/l) (Axis-Shield, Po CAS, Norway). 

Blood (100ml) was collected &om a forearm vein into 10 ml tubes containing EDTA , 

aliquotted and layered onto equal volumes of Lymphoprep^"^. After centrifugation at 

2000 rpm for 30 minutes with no brake or acceleration, the upper two layers 

containing plasma, platelets, basophils and mononuclear cells were carefully 

aspirated, and the granulocyte-rich red pellet was subjected to a hypotonic lysis in 

distilled water for 45 sec to remove erythrocytes. The remaining granulocytes were 

washed to remove debris and a second lysis (30 seconds) was performed if the pellet 

was still red. After washing, each pellet (from 50 ml of blood) were re-suspended in 

0.5ml phosphate-buffered saline (PBS) containing 2% foetal calf serum (FCS) (Gibco, 

Paisley, U.K) and incubated for 30 min with 50|il of anti-CD16, 20)j.l of anti-CD14 

and 10 ^1 of anti-CD3 MACS magnetic microbeads (Miltenyi Biotech, Surrey, UK) to 

immunomagnetically label the contaminating neutrophils, monocytes, and T-

lymphocytes respectively. Cells were passed through a MACS column type C 

(Miltenyi Biotech, Surrey, UK) (capacity: 10^ total cells) within a strong magnetic 

field and unlabelled eosinophils were eluted into PBS/2% FCS. Eosinophil viability 

was routinely checked by exclusion of Trypan blue (0.04%), and their purity by Diff-
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Figure 2.6. A schematic diagram of immunomagnetic purification of human blood 

eosinophils and neutrophils. 
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Quik" differential count (Dade Behring AG), Diidingen, Switzerland). Flow 

cytometry was also used to examine viability (with propidium iodide) and purity (by 

CD 16 or CCR3 immunofluorescence) as described in section 2.6.5. Negative 

immunomagnetic selection of eosinophils typically yielded 5-20 million eosinophils 

per 100 ml blood of >98% purity and >98% viability. 

In some experiments where neutrophils were needed, neutrophils were obtained by 

eluting the column without the magnet after eosinophils had been eluted. In some 

experiments where peripheral blood mononuclear cells (PBMCs) were needed. 

PBMCs were obtained from the interface after density gradient separation and washed 

three times with PBS/2% PCS or PBS for western blottoing at 800 rpm for 10 minutes 

to remove any contaminating separation medium, platelets and plasma. 

2.6.3. Culture of eosinophils 

Purified eosinophils were cultured at 37°C under 5% CO] in pre-warmed 1640 

medium containing 2 mM L-Glutamine (Gibco, Paisley, UK), lOOu/ml penicillin and 

100 p,g /ml streptomycin (Gibco, Paisley, UK). Eosinophils were distributed into a 24 

well plate at 1x10^ cells/ml/well, and allowed to equilibrate at 37°C for 10 minutes 

before the addition of stimuli. Cells were then incubated with 10 ng/ml of GM-CSF. 

IL-5, IL-3, TGF-p(R&D systems), EGF (Gibco Life Technologies Ltd), Paisley, UK), 

4nM LTD4 (Cayman Chemical) or 10 nM of the CysLT, receptor antagonist MK571 

(Cayman Chemical) in different wells for 18 hours. Cells cultured with medium only 

were included as negative control. Cultured eosinophils were subject to flow 

cytometry experiments. Eosinophils were also cultured for 24, 48and 72 hours with 

different doses (Ing/ml, lOng/ml, 100 ng/ml) of IL-5 or GMCSF in experiments to 

investigate dose and time response of these cytokines on CysLT i receptor expression 
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by flow cytometry. Eosinophils cultured with 10 ng/ml GM-CSF or medium for 24 

hours were also used in Western blotting experiments. 

2.6.4. RNA isolation, reverse transcription and PCR amplification 

2.6.4.1. RNA isolation 

Total cellular RNA was extracted from purified cells (eosinophils, neutrophils or 

PBMCs) (5x10^ cells) using the Trizol purification method as recommended by the 

manufacturer (Gibco, Paisley, UK). Briefly, 1ml Trizol was added to 5x10^ purified 

cells and after homogenisation and addition of glycogen, 200 ^1 of chloroform was 

applied to the samples followed by vortexing for 30 seconds. After centrifugation at 

13,000 rpm for 15 minutes at 4 °C, the upper aqueous phase containing RNA was 

collected and precipitated with isopropranol overnight at - 2 0 °C. The RNA pellet was 

washed twice in 80% cold ethanol, allowed to air dry and resuspended in 20 |il 

DNase-free water. Extra care was taken to ensure that almost no ethanol was left 

around the RNA pellet, as ethanol may inhibit enzyme activities. 

2.6.4.2. Reverse transcription 

For the synthesis of cDNA, the Omniscript RT kit (Qiagen, Crawley, UK) was used. 

Briefly, 2|ig RNA was incubated for 60 minutes at 37°C with reverse transcription 

buffer (10 mM Tris-HCl, 50mM KCl, 0.1% Triton X-100), dNTP mix (0.5 mM each 

dNTP), 1|J.M oligo-dT primer, 10 unit DNAse, 4 units Omniscript reverse 

transcriptase and DEPC-treated water in a final volume of 20 pi. 
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2.6.4.3. Polymerase Chain Reaction 

To amplify the specific cDNAs of interest, PGR was carried out using the following 

primer sequences, designed from the known gene sequences of CysLTi receptor and 

CysLT2 receptor using Oligo Primer Analysis Software version 5 (National 

Biosciences, Inc.). APRT (adenine phosphoribosyl transferase ), a house keeping 

gene, was used as a positive control for RT-PCR. 

Forward (CysLT,R-716U23) 5'-CCG CTG CCT TTT TAG TCA GTT TC- 3' 

Reverse (CysLT,R-941L23) 5'-GGG TAG ATA AGT CAC OCT GGA CA- 3' 

Forward (CysLT2R-2197U21) 5'-GGA GTA GAG GGC AAA TAG CAA- 3' 

Reverse (CysLT2R-2676L17) 5'-GAG TGA GGA GGG GGA GG- 3' 

Forward 5 ' -GCTGCGTGCTCATCCGAAAG-3 ' 

Reverse 5'-CCT TAA GCG AGG TCA GCT CC-3' 

PGR was performed in a 25|li1 reaction mixture containing Ipl of reverse transcription 

products, PGR buffer (50 mM KGl, lOmM Tris-HGl, pH8.3, 0.01% gelatin), MgCl] 

(ImM for APRT or 1.5 mM for GYSLTRl and GYSLTR2), dNTP 0.2 

Jumpstart^"^ Taq polymerase (0.025 U/^il) (Sigma, Poole, UK), 0.2|iM of each 

forward and reverse primer and DEPC-treated water. Thirty-five PGR cycles were 

carried out at: 94°G for 20 sec, 54°G (for CYSLTRl and CYSLTR2) or 56°G (for 

APRT) for 30 sec followed by 72°C for 40 sec. PGR product lengths for GYSLTRl, 

CYSLTR2 and APRT were 248bp, 495bp and 246bp respectively. PGR products were 

separated on 3% agarose gels and stained vyith ethidium bromide (1 ng/ml) (Sigma, 
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UK) for 30 minutes. The gel was scanned using a Fluorimager 595 fluorescent 

scanning system (Molecular Dynamics, Little Chalfbnt, UK). No PGR products were 

obtained when reverse transcriptase was omitted, indicating that there was no DNA 

contamination. 

2.6.4.4. DNA sequencing of RT-PCR product 

The RT-PCR products were purified and subjected to automated DNA sequencing by 

a fluorescent dye terminator method (see section 2.3) to confirm the 

authentic/expected sequences for CysLT, receptor and CysLT2 receptor. Primers used 

for sequencing were the same as the primers used for RT-PCR. 

2.6.5. Immunocytochemistry 

Immunoreactivity for CysLT i receptor and CysLT] receptor was visualised on the 

surface of eosinophils by immunocytochemistry (ICH). A three-step indirect staining 

method was applied (Figure 2.7). 

Eosinophils were cytocentrifuged for 5 minutes at 400 rpm onto glass slides (50,000 

cells per slide) and allowed to air-dry overnight at room temperature. Cytospins were 

then fixed in 100% methanol for 15 min, air dried and treated with sodium azide 

(0.1%) and hydrogen peroxide (0.3%) for 30 minutes to irreversibly inhibit 

endogenous peroxidases. After washing 3 times in Tris-buffered saline (TBS) with 

O.IM HEPES (pH 7.6) at 5 min intervals, the slides were drained and incubated for 30 

min with Dulbecco's modified Eagle's medium (DMEM) containing 10% FCS and 

1% BSA to minimize non-specific background staining. Primary antibodies were 

applied at appropriate concentrations (anti-CysLT,R 1:1000, anti-CysLT2R 1:800, 

EG2 (Pharmacia & Upjohn Diagnostics AB, Milton Keynes, UK) (1:500) as 
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Figure 2.7. Principle of three-step indirect-immunostaining of IHC. 

determined by prior titration and slides were incubated overnight at room temperature. 

After washing three times with TBS, biotinylated secondary antibodies were applied 

for 2 hours, namely biotinylated rabbit anti-goat IgG (1:10000), biotinylated swine 

anti-rabbit IgG (1:200), and biotinylated rabbit anti-mouse IgG (1:300) (DAKO, High 

Wycombe, UK) for CysLTi receptor, CysLTz receptor and EG2 primary antibodies 

respectively. After fiirther washes (three x 3min) cells were incubated with 

streptavidin-biotin-horseradish peroxidase (SAB-HRP) conjugate (1:200 in Tris-HCl 

buffer) for 2 hours, washed 3 times and visualized using 3 -amino -9-ethylcarbazo le 

(AEC) chromagen for 20 minutes. Slides were then washed in running tap water for 5 

minutes and the cell nuclei were counterstained using Meyer's haematoxylin for 90 

seconds. Following the application of Crystal Mount (Biomedia) to the slides, they 

were baked for 20 minutes at 80°C and mounted with coverslips using DPX. 
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2.6.6. SDS-PAGE electrophoresis and Western blotting 

SDS-PAGE (sodium dodecyl sulphate-polyacrylamide gel electrophoresis) separates 

proteins by molecular weight. By transferring proteins to nitrocellulose membrane 

and immrmostaining. the target protein can be identified and quantified. Protein 

extracts were obtained by lysing cells in 1% Triton-X-lOO/PBS lysis buffer with 

protease inhibitors (Complete "^mini protease inhibitor cocktail tablets)(Roche). After 

sonication and centrifugation, the supernatant was prepared in an equal volume of 

double strength SDS reducing buffer (250mM Tris PH6.8, 4% SDS, 10% glycerol, 

0.006% bromophenol blue, 2% P-mercaptoethanol) and then separated by 12% SDS-

PAGE gels (0.04 A for 1 hour) in Bio-Rad mini-Protean II apparatus. The same 

amounts of cellular protein were loaded into each lane of the gel, with total cellular 

protein being measured using the Bio-Rad DC Protein Assay (Bio-Rad) following the 

manufacturer's protocol. Separated protein bands were then semi-dry transferred to 

nitrocellulose membrane (Amersham Pharmacia Biotech) at 0.01 A overnight. After 

blocking non-specific binding sites on the membrane using PBS containing 0.05% 

Tween 20 and 5% dry milk powder, the blots were incubated with the goat anti-

CysLT] receptor polyclonal antibody (1:2500) or rabbit anti-CysLTi receptor 

polyclonal antibody (1:250) for 1 hour at room temperature. Following three washes 

with PBS containing 0.05% Tween 20, the membranes were incubated with 

biotinylated rabbit anti-goat IgG (1:4000) for 1 hour for CysLT, receptor or with 

biotinylated swine anti-rabbit IgG (1:4000) for CysLT2 receptor. After 3 washes, they 

were incubated with streptavidin-biotin-horseradish-peroxidase (SAB-HRP) (1:4000). 

After further washing, bound antibodies were detected using the Enhanced 

Chemiluminescence Plus (ECL Plus) system as described by the manufacturer 

(Amersham Pharmacia Biotech). FLAP in MNCs was also investigated using the 
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same procedure to validate the technique of western blotting in eosinophils. The 

primary antibody was rabbit anti-human FLAP (1:1000), and the secondary antibody 

was biotin-labelled swine anti-rabbit IgG (1:4000). 

2,6.7. Immunofluorescence flow cytometry 

2.6.7.1. Extracellular staining 

To investigate cell surface proteins, 10^ cells were incubated for 30 minutes at 4°C 

with either goat anti-human CysLTi receptor antibody (gift of Dr J Evans, Merck & 

Co., West Point, PA, USA) (1:100) or with rabbit anti-human CysLT] receptor 

antibody (Alexis Corporation) (1:40). The CysLT, receptor antibody is polyclonal and 

recognises the whole human protein, while the polyclonal CysLT] receptor antibody 

recognise the N-terminal peptide of the CysLT2 receptor protein. In parallel, goat 

serum and rabbit IgG were used as isotype controls in the absence of the CysLTi 

receptor and CysLT] receptor primary antibodies respectively. Cells were then 

washed three times in FACS buffer (PBS, 1% BSA, 0.1% sodium azide), and 

incubated for 30 min in the dark with the rabbit anti-goat fluorescein isothiocyanate 

(FITC)-labelled (1:50) or goat anti-rabbit phycoerythrin (PE)-labelled (1:50) 

secondary antibodies. Cells were washed 3 times and resuspended in 250 |il FACS 

buffer before single-color immunofluorescence analysis of 10"̂  cells was performed on 

a flow cytometer (FACScan, Becton Dickinson, Oxford, UK). FACS data were 

analysed using WinMDI 2.8 software. 

FACS analysis requires the use of isotype controls for for each primary antibody to 

confirm the specificity of the antibody and to enable subtraction of background 

staining. Protein expression was recorded as the median fluorescence intensity after 
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subtraction of isotype control or percentage of positively stained cells compared to 

isotype control. The appropriate concentration of primary antibody (CysLTiR) was 

titrated using a known dilution of secondary antibody. The dilutions were 1:640, 

1:320, 1:160, 1:80, 1:40, 1:20 and 1:10. The median fluorescence intensity was 

selected as the Y-axis and concentration of the primary antibody as X-axis to plot the 

graph (Figure 2.8). The highest antibody dilution that gives a specific CysLTi 

receptor immunofluorescence against a minimal background from the isotype control 

was chosen as the optimal concentration. 
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Figure 2.8. Titrtion of CysiLTR antibody for flow cytometry. 

2.6.7.2. Validation of flow cytometry of CysLT] receptor expression on 

eosinophils. 

When investigating CysLT i receptor immunofluorescence by flow cytometry on 

eosinophils cultured for 18 hours, a second, smaller peak commonly occurred in the 

histogram as shown in Figure 2.9.A, even in the isotype controls. This suggested a 

sub-population of cells with extremely high levels of non-specific or artefactual 
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Figure 2.9. Validation of gating for viable eosinophils by flow cytometry. The 

histograms are from eosinophils cultured for 18 hrs with goat serum used as isotype 

control for the CysLTjR antibody, followed by incubation with rabbit anti-goat IgG-

FITC. A. Histogram of immunofluorescence (IgG-FITC) obtained prior to the 

application of propidium iodide (PI). The second peak represented 15% of cultured 

eosinophils. B PI-PE (Phycoerythrin) display (histogram and dot plot) of the eosinophil 

stained with propidium iodide (lOpg/ml). A gate was placed to remove Pl-positive 

cells. C. The second peak disappeared (0% cells) after Pl-positive cells were gated out, 

with the remaining single red peak representing live cells. 
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fluorescence, and it was investigated whether possible causative factors such as 

autofluorescence, inappropriate primary antibody concentration, and apoptosis or 

necrosis of a proportion of the cell population was involved. Autofluorescence in 

particular is a recognised problem that occurs commonly in eosinophils. To reduce 

autofluorescence, the culture medium was changed from RPMI 1640 containing 

phenol red to RPMI 1640 without phenol red, and electronic compensation was used 

to correct for the autofluorescence when collecting data, but the second peak still 

appeared. To reduce the possibility of the second peak emerging due to a high level of 

non-specific binding by either the primary or secondary antibodies (goat anti-CysLTi 

receptor and rabbit anti-goat IgG-FITC respectively), these antibodies were re-titrated 

over a dilution range 6om 1:640 to 1:10 to optimise conditions and maximise specific 

binding, but the second spurious peak remained over a range of dilutions. 

To investigate whether a small sub-population of necrotic or apoptotic cells was 

responsible for avoid uptake of the primary antibody leading to the spurious second 

peak, the cells were stained with the nuclear dye propidium iodide (Sigma) at a final 

concentration of 10 p-g/ml before the cells underwent flow cytometry. Propidium 

iodide is a red fluorescent dye that is uptaken avidly by dead cells, and this enabled 

the identification of a subpopulation of structurally-intact but non-viable cells to be 

gated out during data analysis (Figure 2.9.B and C). This method was adopted 

routinely for flirther experiments. 

2.6.7.3. Intracellular staining 

The total cellular expression of target proteins both on the cell membrane and within 

the cell was investigated in parallel experiments with parafbrmaldehyde-fixed and 

87 



saponin-permeabilised cells. Fixation byl% paraformaldehyde in PBS was for 10 

min, followed by washing in PBS and incubation with 0.1 M glycine buffer for 10 

min to prevent antibody/parafbrmaldehyde cross-linking. After two further washes, 

eosinophil concentrations were adjusted to 10^ per ml of saponin buffer (PBS, 0.5% 

saponin, and 0.5% bovine serum albumin (BSA) containing 10% human serum to 

minimise non-specific antibody binding, and left on ice for 30 min. Subsequent 

staining procedures were as described above in non-permeabilised cells, with the 

substitution of saponin-containing buffer for the normal FACS buffer. After a final 

wash, cells were resuspended in FACS buffer to avoid cells being further damaged by 

saponin. 

2.6.7.4. Dual-color staining 

To relate CysLT: expression to specific cell markers on eosinophils (EG2). 

neutrophils (CD 16) monocytes (CD 14) and T-cells (CD3, CD4, CDS), dual-colour 

immunofluoresence was performed. The procedure is similar to the single color 

staining except that at the secondary antibody staining stage, anti-CD 14-FlTC (1:50) 

(monocyte marker), anti-CD3-FITC (1:50) (T cell marker), anti-CD4-FITC (1:50) (T 

helper marker), anti-CD8-FITC (T suppressor marker) (1:50), CD16-FITC 

(neutrophils) or CCR3-FITC (eosinophils) antibodies were also added. Isotype 

controls fbr each antibody were included. Acquisition was performed using FITC in 

FLl and PE in FL2. 



2.7. Measurement of shape changes in eosinophils using flow 

cytometry 

To measure the shape change of eosinophils after stimulation of LTD4 in the presence 

or absence of MK-571, the gated autofluoresence/forward scatter (GAFS) assay was 

used (Sabroe g/ a/., 1999). Briefly, 10 ml of blood was collected in EDTA tubes, and 

erythrocytes were removed twice by hypotonic lysed in distilled water (2 x 45 sec). 

The remaining mixed leukocytes were washed and resuspended in PBS containing 2% 

foetal calf serum (PCS). The cells were further washed with incubation buffer (FACS 

buffer containing ImM Ca^ ,̂ ImM Mg^^, lOmM HEPES, and 10 mM glucose), 

resuspended, and equilibrated in incubation buffer for 30 min at 37 °C. After 

incubation, the mixed leukocytes were washed in incubation buffer and aliquotted into 

separate FACS tubes (10^ cells in 100|il). The cell aliquots were preincubated with 

buffer or with lOOnM MK-571 at room temperature for 10 min, before the addition of 

lOOnM LTD4. The cells were then analysed on a FACScan flow cytometer (Becton 

Dickinson) at 5, 10, 20, and 30 minutes after the addition of LTD4. Data were 

acquired using the FL2-fluorescence channel on a sensitive setting, thus allowing 

eosinophils to be distingushed by their higher autofluorescence. 10̂  events were 

collected from the total cell population on each occasion. 

2.8. Statistical analysis 

As all datasets in this project are n<30, normality (Gaussian distribution) cannot be 

automatically assumed and comparisons between groups were initially performed by 

non-parametric analyses, principally Wilcoxon's signed rank test for paired data and 

the Mann Whitney U-test for unpaired data; p< 0.05 was accepted as significant. 
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Where the data are not obviously skewed, additional parametric tests were applied as 

indicated, principally paired or unpaired Student's t- test. All analyses were carried 

out using the Minitab statistical software package (Minitab Inc., State College, PA, 

USA). 
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Chapter Three 

Genetic Analysis of the CysLT 

Receptor 
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The CysLTi receptor is the molecular target of the anti-leukotriene drugs used in 

asthma therapy (zafirlukast, montelukast, pranlukast). Research into this gene and its 

regulation will facilitate a better understanding of the role of the CysLTt receptor in 

transducing the bronchoconstrictor, vasoactive, and leukotactic activities of the 

cysteinyl-LTs, and of how this role may differ in the inflamed asthmatic airway. The 

cloning of the CysLTi receptor in 1999 (Lynch ef a/., 1999; Takasaki e/ o/., 2000) 

made it possible to search for polymorphisms in this gene that might alter its 

expression on airway cells, or alter its amino acid coding sequence leading to 

abnormal receptor proteins. Such anomalous receptor proteins may bind agonists and 

antagonists with differing affinities or alter their ability to induce or block an 

intracellular signal (Green ef a/., 1995) and therefore explain the heterogeneity 

observed in clinical response to CysLTi receptor antagonists (Malmstrom g/ a/., 

1999). In addition, the inter-individual variability in response to anti-leukotriene 

medications observed clinically, suggests the possibility of genetic factors that 

influence the responses. The first aim of this PhD project was to search for novel 

polymorphisms in the CysLT] receptor, and to genotype any novel polymorphisms, 

together with some polymorphisms that were concurrently described by others (Bolk 

gf a/., 2000), in a large group of asthmatic families recruited from the Southampton 

area to examine whether these polymorphisms are associated with asthma phenotypes. 

3.1. Screening of the CysLT, receptor gene for polymorphisms 

At the start of this project, neither the genomic structure of the CysLT] receptor gene 

nor information on its promoter regions were available, although Dr Jilly Evans 

(Merck &Co, West Point, PA, USA) later supplied the CysLTi receptor genomic 

sequence. By using the Basic Local Alignment Search Tool (BLAST, NCBI web 
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site), the cDNA (RefSeq: NM-006639) was aligned with the genomic sequence 

provided by Dr. Jilly Evans and indicated that the coding region consists of a single 

exon with no introns. A number of other GPCRs also consist of a single exon, such as 

the Pi-adrenergic receptor (ADRB2), the melanocortin 4 receptor (MC4R), and the 

a2-adrenergic receptor A (ADRA2A). While the exact transcription initiation site had 

not been previously defined, and the promotor region was not known, the region from 

^ 9 to -29 bp from the first base pair of the known mRNA sequence contained a range 

of classical promoter motifs, including a TATA box and a CAAT box, suggesting that 

it was likely to be the principal CysLT, receptor promoter region or at least one of the 

promoter regions. This region within 1752 bp upstream of the ATG start codon was 

therefore the region that was scanned for possible novel promoter polymorphisms by 

solid-phase chemical cleavage of mismatches (CCM). Solid-phase CCM was also 

used to screen polymorphisms in the coding region. 

A polymorphism in the coding region of CysLT, receptor was detected in 13 out of 30 

asthmatic samples (Figure3.1) and two polymorphisms in the 1752 bp upstream 

region were detected in 14 out of 30 asthmatic samples (Figure 3.2) using CCM. By 

sequencing three samples with cleavage and three samples without cleavage, the 

polymorphisms detected by CCM were identified and confirmed. They were a T to C 

transition at nt927 (translation start site as +1) resulting in no amino acid change 

(nt927 is the third nucleotide of codon 309, encoding phenylalanine) (Fig3.3), an A to 

G transition at -1490 (A-1490G) (Figure 3.4), and a C to T transition at -958 (C-

958T) (Figure 3.5). The -1490G allele and -958T allele always occurred together in 

the 14 asthmatic samples, which indicate that they are in linkage disequilibrium, i.e. 

they are co-inherited due to their close physical proximity in the genome. 
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Figure 3.1. CCM on PGR fragments encompassing the coding region of GYSLTRl. 

The green arrows indicate the cleaved fragments of the PGR product at the 

polymorphic site, the black arrow indicates the intact PGR product. The numbers 

beside the arrows are sizes of the indicated fragments in base pairs (bp), as estimated 

by the genescan software using the size standards co-run in each lane. The lower panel 

is the negative control. The target and probe were from the same subject, therefore 

there was no sequence mismatches and no "bubble" was formed at the hybrid 

formation stage, consequently no cleavage took place. 
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