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ABSTRACT

Sensitivity to aspirin, non-steroidal anti-inflammatory drugs (NSAIDs) and also

dietary salicylate is an increasingly important and observed phenomenon. The reliable

diagnósis ol individuals with these disorders is of great importance, given the use of

these drugs as a prophylactic medication. Many of the symptoms seen in patients

associated with this sensitivity to these drugs include dermatitis, nasal polyps,

persistent cough, rhinitis, skin problems, stomach irritation, swelling of face and

uttiruriu are also seen in salicylate intolerance. These symptoms are similar to those

seen in the allergic patient, however, the reaction to salicylate is not an allergy. A
major clinical problem is that no current method of food intolerance or allergy in vitro

tesiing and diagnosis has currently been established to predict those people with this

condition.

This study was designed to search for new markers, which could be used to predict

with high specificity and sensitivity, subjects with aspirin induced asthma (AIA). This

was done by investigating patients with known aspirin sensitivity and comparing them

with healthy individuals and atopic non-aspirin sensitive patients. All subjects used

(male/females- age range 2I-68 years old) were divided into 4 groups (atopic aspirin

sensitive, non-atopic aspirin sensitive, atopic non-aspirin sensitive, and healthy

volunteers) according to the clinical history and confirmed positive skin test to

common allergens. Flow cytometer was used to assess the role of activated basophils

in AIA and detect the expression of CD63 in their blood after stimulation of the cells

with L-ASA. A posterior rhinomanometer was used to assess a challenge technique

that was sensitive to local stimulation by L-ASA. Cytokine (IL-4) expression in

lymphocytes was determined using ELISA and n--4 messenger RNA levels

investigated using RT-PCR. The release of PGFzo from plasma protein on those

patients was detected by ELISA. The results obtained in this study, suggest that up

iegulation of CD63 expression by aspirin and Nasal airways resistance test (NART)

following aspirin challenge, may prove to be useful diagnosis tool in these patients.

The study also indicates that lymphocyte responses as evidenced by IL-4 release are

not affected by salicylate sensitivity. The significance of these results is also

discussed.
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Chapter One

General introduction



L. Overview

Sensitivity to aspirin (acetylsalicylic acid) (ASA) is a distinct clinical syndrome,

which is charactenzedby an adverse reaction to aspirin. This condition is becoming

increasingly recognized as the use of aspirin as a prophylactic reaction becomes more

widespread. Many patients suffer a myocardial infarction (MI) each year; those who

survive are significantly at risk of dying (33Vo) in the month following the myocardial

infarction, and another L\Vo in the first year post-infaction (Cambria-Kiely and

Gandhi, 2OO2). There is good evidence that the long-term use of aspirin reduces

mortality in high-risk patients, as it prevents platelet aggregation, thus inhibiting both

primary and secondary causes of MI. A single 75mg-100mg dose of ASA can

completely block thromboxane (TXA2¡ production for the life of a platelet. Because

platelets lack the machinery necessary to synthesis new protein, the defect induced by

aspirin cannot be repaired during their life span (approximately 8 -10 days) (Szczeklik

etal,2}}L,Douglas et al, 1993).

Low doses of ASA protect against thrombotic occlusion of coronary arteries, cerebral

arteries and vascular grafts. However, many patients with coronary artery disease

(CAD) are denied treatment with aspirin because of a history of sensitivity to aspirin

or other non-steroidal anti-inflammatory drugs (NSAIDs) causing them to develop

asthma, urticaria and angioedema. These patients can be accutely sensitive to small

doses of aspirin. Aspirin triggers asthma in these individuals by inhibiting the

cyclooxygenase pathway of arachidonic acid metabolism( Patrono1994, Szczeklik et

al, 2001). Aspirin causes a special type of asthma, termed aspirin-induced asthma

(AIA). Nearly one third of all patients with documented myocardial infarctions are

not prescribed aspirin when they are discharged from hospital because they have a
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history of aspirin sensitivity and this can be therapeutically disadvantageous.

However, I5Vo of those patients are unaware that they are sensitive to aspirin

(Szczeklik et al,200I). This is because there is no in vitro test to identify them, and

the mild reactions to aspirin are generally not recognized due to the delay between

ingesting the aspirin and the onset of symptoms (Schaefer and Gore, 1999)'

AIA is an aggressive inflammatory disease of the mucosa that causes increased

severity of asthma, and rhinitis attacks. These studies suggest that about I0-23Vo of

patients with nasal polyps are sensitive to these drugs. Patients experience a range of

symptoms from urticaria, angiodema or anaphylaxis after ingesting aspirin or non-

steroidal anti-inflammatory drugs (NSAIDs) (Szczeklik et al, 2000, Feldman et al,

2000 ). Beside these, there are an unidentified percentage of individuals who respond

acutely to these drugs although they have no personal or family history of allergy, no

response to skin prick testing to all aeroallergens and normal serum levels of total and

specific IgE. These patients are termed (non-atopic)(Cotran et al, 1999)' It is

important to define this group since 10-407o of asthmatics are non-atopic (Pearson

and Suarez-mendez, 1990, Schaefer and Gore,1999, Mita 2001)'

Since there is no reliable in vitro test to identify aspirin sensitive individuals, one has

to rely on oral challenge tests. Oral challenge with aspirin and NSAIDs, caused

bronchoconstriction in IgVo of adult asthmatic patients and I0-207o of both children

and adults (Cowburn and Sladek, 1998). However, oral challenge testing is time

consuming, unpleasant for patients with asthma, and too dangerous for patients who

develop angioedema (Pierzchalska et al, 2000). Furthermore, aspirin induced adverse

skin reactions cannot reliably be diagnosed based on history alone, since only 2l%o of

patients with a clear cut history of provoked skin eruptions had positive oral

a
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provocation tests (Wedi and Kapp, 2000). These two techniques (aspirin challenge

and skin test) cannot provide reliable predictive tests for drug allergies. Therefore, it

would be beneficial to find new objective reproducible markers for aspirin sensitivity

that can be used to develop an effective test for identifying those patients that are

sensitive to aspirin (Vervloet and Durham, 1998, Wedi and Kapp, 2000). Such

markers could be used not only to identify this group, but also to obtain information

about the mechanism underlying this syndrome, and the host response (Wedi and

Kapp,2000).

Unwanted immune responses to aspirin and other NSAIDs are similar to allergic or

type I hypersensitivity reactions. The exact mechanisms involved are still unclear, and

since drug-specific IgE assays are unlikely to be useful, there is no currently reliable,

sensitive and specific biochemical diagnostic test that can identify the population at

risk. (Abuaf et al, 1999, Cozon et al,1999, May et al, t999)'

1.L Risk factors implicated in AIA.

In general, risk factors associated with the disease include genetic predisposition,

family history, dietary or environmental exposures that can cause a person to develop

symptoms. Although these factors can increase a person's risk, they do not necessarily

cause the disease, and infact a combant of these factors may be necessary to (Vervloet

and Durham, !998, Puijenbroek et al, 2002)

1.L.L Virus infection

Initial reports indicate a higher incidence of viral infection is associated with aspirin

induced asthma (AIA). The first symptoms of this condition are often a flulike viral

respiratory infection, followed by a prolonged and perennial rhinitis (I-ee 1993,Plaza

15¡95). However, there is no clear explanation offered as to how a virus infection

4



could be linked with the cyclo-oxygenase mechanisms. One hypothesis suggests that

aspirin induced asthma results after long-term exposure to a virus, where cytotoxic

lymphocytes are produced. PGE2 (produced primarily by pulmonary alveolar

macrophages) will suppress the activity of these cells. Cyclo-oxygenase analgesics

will block PGEz production, and allow cytotoxic lymphocytes to attack and kill target

(virus infected) cells. During this reaction lysosomal enzyme, toxic oxygen

intermediates and mediators will be released, which will precipitate asthma' Avoiding

anti-cyclo-oxygenase activity may therefore prevent acute attacks. However, this will

not stop the chronic viral infection. A study showed those with Rey's syndrome

should avoid aspirin, this is a r^Íe disorder in children, it is a combination of a liver

disorder and encephalopathy, which can follow an acute viral illness and has a 20-

40Vo mortality rate. However, there is no clear implication for the role of aspirin in

the causation of this syndrome (Brody 1998, Rang1999, Szczeklik and Sanak, 2000)'

1.1.2 Heredity

Adverse drug reactions occur mainly in middle age and are twice as common ln

women as in men, it is thought that genetic factors play an important role in these

conditions (Vervoet and Durham, 1998). However, Schaefer and Gore found that,

while a few of the families they studied had "aspirin trait" which is asthma and nasal

polyposis. Most of them had no family history of asthma or aspirin sensitivity

(Schaefer and Gore, lggg). szczeklik, 1986 found only two cases of familial

intolerance to aspirin among 600 pateints with proven aspirin induced asthma'

Szczeklik suggestes that HLA type, that predisposes people to reactions to aspirin, is

HLA-DQw2. About two-thirds of the patients with ASA had an increased frequency

of HLA-DQw2, while those with other types of asthma and a good tolerance to

aspirin did not (Sanak and Szczeklik, 2000, Vervloet and Durham, 1998)' Several
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other studies have confirmed this finding, however, in contrast some studies have

shown no significant differences in the frequencies of any DRBI, DQA1, or DQB1

alleles in aspirin sensitive patients and asthma and aspirin-tolerant control

(Nizankowska et aL,1997, Mullarkey et al, 1986). Some studies attempt to study other

allele such as (HLA-DRBl), the data suggested that this allele was associated with

aspirin-induced asthma, exclusively in atopic patients (Quiralte et al, 1999, Vervloet

and Durham, 1993). Several studies have found several times more infiltrating

eosinophils which are a site of cysteinyl leukotriene synthesis in bronchial biopsies

taken from patients with aspirin induced asthma (AIA), than in aspirin tolerant

patients (Kawagishi 2002, Szczeklik and Nizankowska, 2000). Other investigation

have shown an over expression of LTC¿ synthesis, perhaps because of genetic

polymorphism of the gene encoding LTC¿, in support of this they also found that the -

aaaC allele (lacking cytosine 444) is more common in aspirin sensitive asthmatics than

in patients with aspirin tolerant asthma (ATA) and normal subjects (Szczeklik and

Sanak, 2000, Szczeklik and Nizankowska 2000). Although genetic factors may play a

role and alter the risk of developing an allergic diseases, it is the change in the

enviroment that most likely to account (Holgate 2001).

1.L.3 Gender

Several reports indicate that AIA is more common in women (Pearson and Suarez-

mendez,1990, Szczeklik et al, 2000). Studies have indicated that disease development

seems to be constant throughout the life in males, in contrast to females where it is

increased 6-fold during the re-productive years. This may be attributed to a hormonal

effect, which one study related to gonadal hormone control (Maggi et al, 1981).

6



Several reports concern the effect of gender on the disposition and pharmacokinetics

of aspirin and salicylate. These reports found that the time taken to reach maximum

plasma concentration of salicylate was longer in females. However, the administration

of sodium salicylate to male and female subjects showed no gender dependent

differences in the time taken to reach the peak concentrations or respective volumes

of distribution for aspirin and other NSAIDs (Pearson and Suarez-mendez, 1990,

Schiavino et al, 2000 ,ZambrasÞj and Dunn, 1992).

L.2 Allergy

Allergy is an abnormal reaction to ordinarily harmless substances, regardless of

whether that reaction was exaggerated as in hypersensitivity, or diminished as in

immunity. The word "allergy" derived from the Greek words allos meaning other and

ergon meaning work or action. It has been suggested that "allergy" be replaced by the

more specific designation "disease of immediate hypersensitivity".

IgE is immunoglubulin class mediates the immediate hypersensitivity reaction that is

involved in allergic reactions. IgE functions by sensitising the effector cell, which, in

response to stimulus, secretes mediators of immediate hypersensitivity. Two common

effector cells are mast cells and basophils. Both of these all types have thousands of

receptors for IgE molecules. Re-exposure to the same antigen results in binding of the

antigen to cell surface, IgE, triggering the release of intracellular granules that spill

out their contents onto neighbouring cells, including blood vessels and nerve cells

(Bochner and Sterbinsky, 1991). Mast cells and basophils may also be triggered by

several other stimuli, such as complement components C5a and C3a (anaphylatoxins),

both of which act by binding to their receptors on the mast cell membrane, some

7



drugs such as codeine and morphine, mellitin (present in bee venom), and physical

stimuli such as cold, heat and sunlight (Abrahamsen et aL,200I, Kumar etal,1992)'

1.2.L Type I: immediate (anaphylactic hypersensitivity)

Type I hypersensitivity is the rapidly occurring reaction that follows the combination

of an antigen with an antibody. This happens when the antigenic material which is not

in itself noxious (such as grass pollen, products of dust mite, food or some drugs)

evokes the production of IgE, which binds to the surface of mast cells and combines

and cross-links with it. This will leads to the release of pre-formed mediators

including histamine, heparin, platelet activation and the biochemical cascade

producing membrane active "fusogens" such as lyso-phosphatidic acid, which will

facilitate granular membrane fusion and degranulation of the mast cells (Oettgen and

Geha, lggg,Moodycliffe et al, !995, Sainte-Laudy et al, 1998)'

The cyclo-oxygenase and 5-lipoxygenase pathways form arachidonic acid metabolites

during the mast cell and basophil activation. This results in the release of newly

synthesized mediators such as prostaglandins, leukotrienes and thromboxanes that

produce an acute inflammatory reaction. Recently, type I immediate hypersensitivity

has been defined as having two phases; the first is an initial response, charactenzed by

vasodilatation, Vascular leakage, and smooth muscle spasm which usually becomes

obvious within 5-30 minutes after exposure to an allergen and tends to drop in 60

minutes, and the second or "late phase" reaction occurs 2-8 hours later without

additional exposure to antigen and can last for several days (Puijenbroek et at,2002,

Rang et al, 1996). This late phase is charactenzed by the intense infiltration of

eosinophils, neutrophils, basophils and monocytes into tissues as well as tissue

destruction in the form of mucosal epithelial cell damage. Type I responses may be

8



localised to the nose (hay fever), skin (urticaria), the bronchial tree (the initial phase

of asthma) and the gastrointestinal tract (Figure 1.1)(Moodycliffe et aI,1995, Cotran

et al,1999).

Figure 1.1: Type I immediate hypersensitivity

The activation of mast cell after cross binding with IgE and the antigen leads to

the granules mediators' release. (Taken from Roitt 1991)

1.2.2 Cells involved in allergic reactions

1.2.2.1 Mononuclear cells

These are composed of two types of cells. The first type are the monocytes and

macrophages these process antigens for presentation to lymphocytes, as well as

stimulating mediator release from mast cells. The second type are the lymphocytes,
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the primitive cells that originate from bone maffow develop into two major

lymphocyte subsets.

B cells differentiate in the bone marrow and enter to the circulation as mature cells' T

cells require a period of differentiation in the thymus. B-lymphocytes produce

antibody molecules under the influence of T cells. T cells regulate the switching of B

cells through two signal process immunoglobulins (Frew 1998). As T cells develop,

they become either CD4* helper or CD8* cytotoxic. It is the CD4* T -cells that are

involved in the regulation of immune responses. CD4+ helper T cells have been

subdivided into two groups, T¡¡1 and Ts2. The function that these helper T- cells (T"t -

T¡12) provide to B cells activates molecules called cytokines, which bind to and

stimulate, B cells and other lymphocytes and monocytes (Minty et al, t997)

Several studies have found that CD4+ T cells are the only cells in the immune system

that can both directly recognize a\lergic peptides and can release interleukins.

Furthermorc, CD4* T cells direct humoral immunity and immediate hypersensitivity

reactions, which provides defences against extra cellular pathogens. TH1 and Tn2 cells

represent the later stage of differentiation from ThO cells. When T¡12 activated a

number of intermediate cytokine profile are displayed such as IL-4, IL-10 which

activate the B cell to switch to IgE, also these cytokines (tr--4,IL-10) are important to

mast cells proliferation and granules degradation (Seah et al, 2001)' tr--5 is another

cytokine that produced by T¡¡2, and has an important role in eosinophil proliferation

(Table 1.l)(Romagnani 200I, Broide 2001)'
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Type of cell T I
H T 2

H

Cytokines produced IL-2,IFN-Y n--4,n--5,IL-6, IL-10

Cell types helped Macrophages, Cytotoxic T cells B cells

Immunity generated Cell- mediated Antibody - mediated

Cells suppressed TrQ Tn1

Table 1.1: The properties of Tu1 and Tn2 cells

Through the inflammatory cascade mechanism, IL-4 regulates differentiation of naïve

T (H) cells to develop a Tuz phenotype and stimulates B cells to produce IgE. The

roles of lymphocytes and the production of cytokines by them in the human body will

be discussed in more details in chapter (4-5).

L.2.2.2 Basophils

Basophils are small polymorphonucleated cells charactenzed by their intracellular

basophilic granules. Several studies have suggested a major role for basophil as

producers of various biologically active mediators. It is well known that basophils

possess a marked modulating activity of inflammatory reactions, immune responses

and cellular proliferation. They differ from other cells such as mast cells and

eosinophils in three ways. Firstly, in their response to diverse agonists, secondly, in
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