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ABSTRACT 

The house dust mite, Dermatophaqoides pteronyssinus, produces 

potent allergens which are the most important cause of perennial rhinitis 

and extrinsic asthma in this country. The aim of this study was to 

purify the allergenic activity of D.pteronyssinus in order to have a 

better understanding of properties of allergens and also as a pre-

requisite for studies on the antibody (ab) response to mites. 

A partially purified allergen, w a s obtained from D.pterony-

ssinus culture by gel filtration and block electrophoresis. This 

preparation (MW 15-25,000 daltons) had very good skin test reactivity 

and could be used in an antigen binding radioimmunoassay to measure IgG, 

IgA and IgE antibody (ab) to D. pteronyssinus. The a H e r 9 e n w a s 

further purified by preparative isoelectricfocusing (IEF). The antigenic 

activity eluted from IEF fractions was predominantly distributed in two 

peaks, fraction 5 (Fr. 5) (pi /f.7-5.if) and fraction Ik (Fr. 1/f) (pi 6.6-

7.1) which showed complete immunological cross-reactivity. The amino-

acid composition of the fractions was almost identical and each fraction 

migrated as a single homogeneous band on gel electrophoresis (MW 2Jf,000 

daltons). The protein present in Fr. 5 and Fr.l^f,which bears the common 

antigenic determinant P^, was shown to be the major allergen of 

D.pteronyssinus. Allergic individuals had very similar skin test 

responses to purified preparations of P^ and to crude mite' extract. 

In addition, serum IgE ab to P^ accounted for up to three-quarters of 

the IgE ab to the crude extract. Antigen P^ is present on a heat-

sensitive, soluble glycoprotein which is abundant in extracts of mite 

culture. The physical properties (molecular size and solubility) and 

quantities of antigen P.. appear to be important in determining it's 
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allergenicity. These properties are in keeping with those of other 

major allergens derived from pollens. 

The antigen binding assay was used to investigate the antibodies 

to D.pteronyssinus in serum from patients with perennial rhinitis, 

asthma and atopic dermatitis. It was also used to investigate the 

role of IgG 'blocking* ab in patients treated with injections of 

D.pteronyssinus extract (hyposensitization). In two studies treated 

patients were clinically improved following hyposensitization, but 

this did not appear to be related either to changes in IgG ab levels 

cr to suppression of IgE ab responses. 

In the past the use of heterogeneous extracts of house dust and 

mite culture as a source of mite allergens has given unsatisfactory 

results. Using the purified allergen it will be possible to make 

quantitative studies of allergen exposure and to investigate the 

cellular basis of the immune response to inhaled allergens. 
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1. Historical Background 

The term "allergy", meaning "changed reactivity", was introduced 

by von Pirquet (1906) to describe the abnormal response of a host to a 

foreign antigen (the allergen). Allergic reactions were considered to 

represent a "supersensitive" (hypersensitive) form of immunity which 

resulted in local or systemic tissue damage. At that time the most 

well documented allergic reactions were anaphylaxis, serum sickness 

and "hypersensitivity of infection" (reactions to bacteria and fungi). 

All these reactions were specific for a given allergen and only occurred 

in previously sensitized hosts. They were distinguished on the basis 

of the time course of the response (immediate or delayed), the nature of 

the allergen and the route of sensitization. Immediate reactions were 

demonstrated using the cutaneous skin test. A drop of allergen solution 

was applied to the skin which was then "pricked" with a fine needle to 

allow the solution to penetrate the epidermis. The development of a 

wheal and flare at the test site within 15-20 minutes indicated sensitivity. 

This test was used to diagnose allergic diseases such as asthma, hay 

fever and food intolerance which were known to be acquired through 

natural exposure to environmental allergens and in which symptoms 

developed immediately following allergen challenge. Coca and Cooke 

(1923), in their classification of allergic reactions, proposed the 

term "atopy" (from the Greek "atopia", meaning strange disease) to 

describe these conditions which were also linked to heredity (Cooke 

and Vander Veer, 1916). The term atopy indicates immediate sensitivity 

to one or more common environmental allergens. 

In 1921 Prausnitz and Kustner injected serum from atopic patients 

into the skin of non-atopic individuals and showed that the sensitized 
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sites would give a positive skin test on challenge with the specific 

allergen. These experiments demonstrated that atopic sensitivity was 

mediated by a serum factor. The technique of Prausnitz and Kustner, 

the P-K test, was widely used to investigate atopy and to make semi-

quantitative assessments of patients sensitivity to allergen. Coca 

and Grove (1925) investigated the properties of the transferable serum 

factor which they termed "atopic reagin". The factor was found in 

serum from all atopic subjects and remained fixed in normal human skin 

most 

for several weeks but could not sensitize animal tissue. It did not 

fix complement and was partially destroyed by heating at 56°C for 

30 minutes. Little more became known about the nature of atopic 

reagin until the advent of high resolution protein separation tech-

niques about 30 years later. 

Fractionation studies, using serum from atopic patients, initially 

associated reaginic activity with fast moving y-globulin (Kuhns, 1S54; 
Stanworth, 1959) 

Humphrey and Porter, 1957;/and later with the newly discovered immuno-

globulin, IgA (Heremans and Vaerman, 1962; Fireman, Vannier and 

Goodman, 1963). In the early 1960's most immunologists believed that 

IgA was the reaginic antibody (ab). Contrary to this view, some 

preparations of specific IgA ab were not active in P-K tests (Ishizaka, 

Ishizaka and Lee, 1966) and serum from allergic individuals with IgA 

deficiency contained reagin (see Loveless, 1966). The situation was 

finally resolved by the classic experiments of Ishizaka and colleagues. 

They showed that the activity of antiserum raised against reagin-rich 

fractions of serum could not be absorbed by IgG, IgM, IgA or IgD, or 

other myeloma proteins. Following successive- absorptions the antiserum 
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still showed a line on Immunoelectrophoresis against the reagin-rich 

fraction which was shown to be allergen specific by autoradiography 

(Ishizaka, Ishizaka and Hornbrook, 1966). The carrier of reaginic 

activity was ascribed to a unique class of immunoglobulin, y E o r IgE. 

Subsequently, it was shown that the P-K titre of serum from atopic 

patients correlated with the concentration of IgE ab, measured by 

antigen binding assay, but not with other classes (Ishizaka, Ishizaka 

and Hornbrook, 1967). 

Further studies on the properties of IgE were facilitated by the 

independant discovery of two .IgE myeloma proteins; IgE (ND) in Sweden 

(Johansson and Bennich, 1967) and IgE (PS) in the United States 

(Ogawa et al, 1969). These proteins had the characteristic structure 

of immunoglobulins, being composed of two heavy chains and two light 

chains. Physicochemically, IgE differed from other monomeric immuno-

globulins in having a slightly higher molecular weight (190,000 daltons) 

and S 2 Q w (8.0) and a higher carbohydrate content (12%). The most 

important distinguishing feature of IgE was that the Fc portion had 

a very high affinity for surface receptors on mast cells. The cross-

linking of mast cell bound IgE by allergen resulted in degranulation 

and the release of potent pharmacological agents, e.g. histamine and 

serotonin which mediated the symptoms of atopic disease. This mecha-

nism is the Type I reaction of Gell and Coombs (1968). It is distinct 

from antibody dependant cell-mediated hypersensitivity (Type II), 

complex mediated hypersensitivity (Type III) and delayed hypersensi-

tivity (Type IV). 
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With the availability of myeloma proteins a variety of methods 

were developed for measuring IgE including radioactive radial immuno-

diffusion (Rowe, 1969), solid phase radioimmunosorbent assays 

(Johansson, Bennich and Wide, 1968; Wide, 1971) and double antibody 

inhibition radioimmunoassays (Ishizaka, Tomioka and Ishizaka, 1970; 

Gleich, Averbeck and Swedlund, 1971). The levels of IgE in serum 

were shown to be several orders of magnitude lower than for other 

immunoglobulins, ranging from 2-200 International Units IgE/ml in 

serum from non-atopic individuals (equivalent to 5-500 ng IgE/ml). 

Elevated levels of serum IgE were found in patients with hay fever, 

asthma, eczema and the Wiscott-Aldrich syndrome (Bennich and Johansson, 

1971). The highest levels (up to 200,000 units/ml) were found in 

patients infected with parasitic worms (helminths), which have an 

adjuvant effect on IgE production (Jarrett and Stewart, 1972; Strejan, 

1975). The role of IgE in some of these conditions, e.g. eczema and 

helminth infection remains to ba established. However, much progress 

has been made in our understanding of atopy by the development of 

in vitro methods of assessing ab to allergens, e.g. the histamine 

release assay (Lichtenstein and Osier, 1964)? the radioallergosorbent 

test (Wide, Bennich and Johansson, 1967) and antigen binding assays 

(Ishizaka et al, 1967; Yunginger and Gleich, 1973; Platts-Mills et al, 

1976, 1978). 

2. The properties of allergens 

Von Pirquet (1906) originally used the term allergen to describe 

any substance which could induce hypersensitivity. Later, the agents 

5 



responsible for immediate reactions were described more specifically 

as "atopic allergens" (Coca and Cooke, 1923). For the purposes of this 

thesis the term allergen will be restricted to those substances which 

stimulate IgE-mediated allergic reactions. Even so, the term still 

has some subtle differences in meaning. Thus while an allergen may 

be the source of the basic material, e.g. grass pollen, house dust, 

it may also be an aqueous extract or a highly purified protein derived 

from that source. There are a wide variety of common allergens which 

may be characterized by their routes of exposure. Individuals may be 

exposed by inhalation, e.g. pollens, dust; ingestion, e.g. milk, eggs, 

fish; or injection, e.g. insect venoms, penicillin. Inhalant allergens 

are further distinguished by the very small doses (sub p,g quantities) 

that are encountered during natural exposure. 

Studies on the immune response in atopic individuals have been 

greatly enhanced by the use of highly purified allergens (Marsh, 1975; 

King, 1976). The first allergen to be obtained in a purified form was 

antigen E of ragweed pollen; an acidic glycoprotein molecular weight 

38,000 daltons (King and Norman, 1962). Subsequently, purified allergens 

were obtained from rye grass pollen (Johnson and Marsh, 1965a) , cod-

fish (Elsayed and Aas, 1970) and vespid venoms (Shipolini et al, 1971). 

As a result of these studies it became apparent that allergens could 

be categorized as being either "major" or "minor" depending on their 

relative activities in a group of sensitive patients. Major allergens 

are defined by their ability to induce a ++ positive skin test at high 
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dilution « 1 0 y.g/ml) in >90% of allergic individuals (Marsh, 1975). 

The incidence of positive skin tests to minor allergens is much lower 

1320 



than this, though a small proportion of patients may be more sensitive 

to the minor allergen. Ragweed antigen E and the Group I protein of 

rye grass pollen (Rye I) are examples of major allergens. Minor 

allergens such as ragweed Ra3, Ra4 (BPA-R), and Ra5 and rye grass 

group II and group III proteins have also been highly purified 

(Johnson and Marsh, 1965a; Underdown and Goodfriend, 1969; Griffiths 

and Brunet, 1971; Lapkoff and Goodfriend, 1974). Most major allergens, 

and some minor allergens, exist as "isoallergens" (analagous to iso-

enzymes) (Johnson and Marsh, 1965b)'. These are closely related 

molecular species which are antigenically identical but have slightly 

different physiochemical characteristics, e.g. molecular size and 

isoelectric point. 

Although it has been known for many years that house dust is a 

potent allergen and an important cause of rhinitis and asthma the 

purification of house dust allergens has met with little success. 

Positive immediate skin reactions to extracts of house dust were 

first reported over 50 years ago (Kern, 1921; Cooke, 1922). Early 

work on the isolation of dust allergens involved the extraction of 

large quantities of dust in ammonia solution followed by precipita-

tion with organic solvents (Sutherland, 1S42). The preparations 

obtained v/ere largely carbohydrate in nature and polydisperse on 

electrophoresis (Rimington, Stillwell and Maunsell, 1947). The skin 

test reactivity of fractions separated by electrophoresis was widely 

distributed in both highly coloured and colourless solutions (Rimington 

et al, 19^7; Vannier and Campbell, 1961). Berrens pursued these 
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rather crude fractionation techniques and reported the purification 

of a house dust allergen (allergen E) , which was a brown coloured, 

polydisperse glycoprotein, molecular weight 20-25,000 daltons 

(Berrens and Young, 1961). While the physicochemical properties 

of this allergen have been studied in great detail (Berrens, 1970, 

1974) it's allergenic!ty has not been fully established. Recent 

work has shown that comparatively high concentrations of allergen E 

(0.4-2.0 p.g/ml) are required to elicit a positive skin test (Weemaes, 

Stoop and Berrens, 1977) and at present most workers do not consider 

this fraction to be a highly purified allergen (Marsh, 1975; King, 

1976). The purification of specific allergens from crude dust 

extracts is extremely difficult because house dust, unlike most 

other allergens, is a heterogeneous material and some components, 

e.g. animal danders and fungal spores are themselves potent allergens. 

Most recent studies have been aimed at comparing the allergenicity of 

individual dust components obtained from a homogeneous source with 

that of crude dust extract (Voorhorst et al, 1967; Aalberse, 1974). 

Amongst these components mites, animal danders and fungi appear to 

be most important. 

3. The relationship between house dust and mite allergens 

Mites belong to an order of the class Arachnida, the Acari. 

Phylogenetically, they are more closely related to spiders, scorpions 

and ticks than to insects, being non-segnented and having eight, rather 
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than six, legs in the adult form. The sub-order Acaridae contains 

the two families which are most important in allergy, the Pyroglyphidae 

and the Tyroglyphidae (for classification see Appendix A.I.). Prior 

to 1960 there had been several reports that mites were involved in 

allergic and respiratory disease. Ancona (1923) reported "epidemic 

asthma" in 23 workers handling grains infested with Pyemotes ventri-

cosus. Later, occupational asthma and pulmonary acariasis due to 

foodstuffs infested with other "storage" mites, including Acarus siro, 

Glycyphaqus, Tyrophagus and Carpoglyphus sp, was also described (Storm 

van Leewen, 1925; Soysa and Jayawandena, 1945; Carter and D'Abrera, 

1946; Taboada, 1954). Mites were also found in house dust (Dekker, 1928), 

but their importance v/as not fully realised until 1964 when Voorhorst, 

Spieksma-Boezema and Spieksma suggested that the pyroglyphid mite, 

Dermatophagoides pteronyssi.nus, was the major house dust allergen. 

Several lines of evidence were put forward to support this view. 

Large numbers of D.pteronyssinus were found in dust samples from 

Holland and other European countries (up to 500/g dust). There was 

a very good correlation between skin tests to D.pteronyssinus and 

house dust and the allergenic!ty of dust v/as proportional to the 

content of live mites. Furthermore, patients presented with the 

symptoms of dust allergy (rhinitis and asthma) more frequently during 

the mites breeding season when, presumably, there was more'allergen in 

the environment. 

The observations of the Dutch workers aroused great interest 

amongst biologists and acarologists, as well as allergists, because 

D.pteronyssinus (the house dust mite) was a virtually unknown mite 
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species. It was probably first isolated as D.scheremetewsky by 

Bogdanov during an outbreak of scabies in Moscow in 1854. The modern 

nomenclature is based on a synonymous species, Mealia pteronyssinus 

(Troussart, 1897). The life-cycle proceeds from the egg to a six-

legged larva and then passes through several eight-legged, nymphal 

stages until the mature adult finally emerges after 20-30 days. 

Adult mites live for 8-10 weeks. They range from 250-400p, in 

length and have a finely striated cuticle which bears hair-like -

projections termed "setae" (Fig.I^L). The family Pyroglyphidae 

(Cunliffe, 1958) has been extensively described by Fain (1965, 1966) 

according to the size and shape of the body (idiosoma) and the leg 

segments, and the position and distribution of the setae. 

The close association of D.pteronyssinus with Man derives from 

the food requirements and environmental factors which influence mite 

growth. The mites natural food is desquamated human skin scales which 

are abundant on household floors, in mattresses and padded furniture, 

and on clothes. On average the human sheds ^ 5 g of skin scales per 

week (Kligman, 1964). Much smaller amounts ( ̂ 2 0 0 mg) will support 

a growing colony of D.pteronyssinus for up to six months; by which 

time the population may have reached several thousands (Spieksma, 

1967). The optimal conditions for mite growth in the laboratory, 

on cultures of human "whiskers" supplemented v/ith powdered yeast, 

are a temperature of 25°C and 75-80% relative humidity. Cultures of 

D.pteronyssinus can be maintained at temperatures of 15-30°C but the 

population stops growing if the relative humidity falls below 70% 

(Spieksma, 1970). Conversely, at relative humidities of >85% the 
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Scanning electron micrograph of Dermatophagoldes pteronyssinus. 

The particles (top left) are mite faeces. I am very grateful to 

M r . E.R. Tovey and M r . J. Clark for providing this figure. 
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cultures usually become overgrown by moulds. Humidity is one of the 

most important factors which influence mite growth. Under natural 

conditions mites obtain water directly with their food, or as a 

product of metabolism, or by both passive and active absorption from 

the surrounding air. The latter mechanism appears to be most import-

ant in enabling mites to survive large fluctuations in humidity 

(Arlian, 1977). For example, the relative humidity in a bed, when 

occupied, may be much higher than the minimum necessary for mite 

growth. The absorption of water at such times enables mites to 

survive when conditions are less favourable, i.e. when the bed is 

unoccupied (Wharton, 1976). Mites also develop quiescent protonymphs 

which survive prolonged periods of low humidity. 

The family Pyroglyphidae contains two other species of allergenic 

importance, Dermatophagoides farinae and Euroglyphus maynei, which are 

also widely distributed in house dust samples. Many v/orkers prefer to 

work with D.farinae because it is easily grown on cultures of dogmeal 

and shows some cross-allergenicity with D.pteronyssinus (Pepys, Chan 

and Hargreave, 1968). Attempts to culture E.maynei in the laboratory 

have not been successful and little is known of the allergenicity of 

this species. A good correlation between skin tests to all three 

species has been reported (Voorhorst, Spieksma and Varekamp, 1969). 

Studies on the distribution and allergenicity of Dermatophaqoides sp. 

in relation to house dust allergy have, in most cases, confirmed the 

original observations of Voorhorst et al (1964). The genus has a 

worldwide distribution in areas where climatic conditions are compat-

ible with mite growth (van Bronswijk and Sinha, 1971). Thus 



D.pteronyssinus was found in dust samples from Europe, Asia and Africa 

(Oshima, 1967; Maunsell, Wraith and Cunnington, 1968; Miyamoto et al, 

1968; Voorhorst et al, 1969; Anderson and Cunnington, 1974; Buchanan 

and Jones, 1974) and could account for 70% of the mites in dust 

(Spieksma and Spieksma-Boezeman, 1967). In North America D.farinae 

was the most prevalent species (Wharton, 1970, 1976). The ubiquitous 

occurrence of mites in dust samples from many countries appeared to 

explain the "universal" nature of the house dust allergen. 

A great deal of evidence accumulated which supported the concept 

of "allergenic identity" between dust and mite allergens. There was 

a very good correlation between skin test responses to Dermatophagoides 

sp. and to house dust extract (Pepys et al, 1968; Spieksma and Vcorhorst, 

1969; Mijamoto, Oshima and Ishizaki, 1969; Biliotti et al, 1972). 

Furthermore, Voorhorst et al (1967) analysed 100 dust samples and 

showed that the skin test reactivity of each extract correlated with 

the number of mites it contained. Similar findings were also reported 

in England (Maunsell et al, 1968) and Japan (Miyamoto et al, 1970). 

Following the introduction of the radioallergosorbent test (RAST) to 

measure IgE ab to allergens a very good correlation was found between 

IgE ab to Dermatophagoides sp. and IgE ab to dust in serum (Morita et al, 

1975; Virchow, Roth and Moller, 1976). It was also shown that mite 

extracts could inhibit the house dust RAST (Aalberse, 1974, 1978) and 

that rabbit anti-mite antibody could absorb out house dust allergens 

(Ricci, Biliotti and Romagnani, 1975). These results were confirmed 

in vivo. There was good agreement between P-K tests performed with 

extracts of house dust and of mites and P-K reactions to dust could be 

neutralized by Dermatophagoides allergens (Miyamoto et al, 1968; 

Kabasawa et al, 1976). 
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Several workers argued against the view that mites were the most 

important source of dust allergens. Berrens (1970, 197i|) maintained 

that the conditions which favoured the growth of mites were also ideal 

for the generation of glycoprotein allergens, such as allergen E , by 

the non-specific chemical degradation of animal and plant material. 

In a detailed study of 20 highly dust allergic individuals Kawai et al 

(1972) did not find any correlation between leucocyte sensitivity to 

extracts of D.pteronyssinus and house dust using a quantitative hista-

mine release assay. Over half their subjects were 10-100 fold more 

sensitive to the dust extract. Moreover, rabbit anti-mite antibody 

failed to block dust-induced histamine release in the majority (19/20) 

of patients. In retrospect, these findings probably reflect the low 

incidence of D.pteronyssinus on the east coast of the United States. 

On the west coast a good correlation was found between sensitivity to 

mites and dust using histamine release assays and eosinophil migration 

tests (Bullock and Frick, 1972). 

The clinical significance of house dust mites 

Unlike some mites, e.g. the scabies mite, house dust mites are not 

infectious agents. They have been mainly implicated in diseases 

mediated by immediate hypersensitivity, particularly perennial rhinitis 

and asthma, which are commonly associated with house dust allergy 

(Kern, 1921; Cooke, 1922). In Europe exposure to mites is almost 

unavoidable, consequently sensitization occurs at an early age and 

most allergic reactions to dust are seen in children (Sarsfield, 197i+). 

Mite sensitivity generally declines with age and children often show 

'spontaneous cure' by the time of puberty. Unfortunately, highly 
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atopic individuals may have become sensitized to other environmental 

allergens by then and they continue to suffer from allergic disease. 

Many years before D.pteronyssinus was isolated clinicians observed 

that asthma was common in people who lived in damp houses built on 

poorly drained soils. They knew that symptoms improved if patients 

moved to drier areas in the mountains or beside the sea (Storm van Leewen, 

1927). In Switzerland the incidence of asthma decreased proportionately 

at higher altitudes and correlated with the lower mite content of dust 

obtained from these areas (Voorhorst, Spieksma and Varekamp, 1969; 

Spieksma, 1970). All this circumstantial evidence supported the view 

that dust-induced asthma was attributable to mite allergy. The hypo-

thesis was further supported by the demonstration of mite-specific IgE 

in the majority of symptomatic individuals. Positive immediate skin 

test responses to extracts of Dermatophagoides sp. were reported in over 

80% of children with asthma (Maunsell et al, 1968; Morrison-Smith et al, 

1969; Kabasawa et al, 1976) and in adult patients up to 60 years of age 

(McAllen, Maunsell and Assem, 1970; Kurimoto and Baba, 1978). Nasal 

and bronchial provocation tests with mite extracts were also demonstrated 
a " 

in^high proportion of patients (Sarsfield, 1974; Pauli et al, 1979)„ In 

one study more than half the patients gave positive bronchial responses 

to lp-g or less of D.pteronyssinus allergen: an amount which was consid-

ered to be less than the weight of a whole live mite (McAllen et al, 

1970). Much larger quantities of allergen were required for provoca-

tion tests than for skin tests. However, positive reactions were 

generally obtained with snaHer amounts of mite allergens than house dust 

allergens (Mijamoto et al, 1968; Pauli et al, 1979). Mite-specific 



IgE was demonstrable in serum from most asthmatic patients using the 

RAST (Mijamoto et al, 1974; Turner, Baldo and Anderson, 1975; Kurimoto 

and Baba, 1978) or by passive sensitization of the skin (Mijamoto et al, 

1968; Kabasawa et al, 1976) or normal human tissue (Assem and McAllen, 

1970). These studies also showed a good correlation between the 

presence of serum ab and the results of challenge tests. 

The precise mechanism by which allergens induce the symptoms of 

asthma is not known. Extrinsic asthma is frequently a chronic condi-

tion and symptoms may occur at times when there is no apparent exposure 

to allergens. It seems likely that the allergic reaction to mites and 

other allergens provides the initial stimulus for asthmatic attacks. 

Mites themselves are too large to penetrate the smaller airways. How-

ever, there is some evidence that the allergen is present in the 

secretions or excretions of mites; probably in the faecal particles 

which are 10-50y, in diameter (Voorhorst et al, 1964? 1967; Halmai 

and Alexander, 1971). The smaller particles could act as aeroallergens 

and enter the lungs in sufficient quantities to cause symptoms and 

possibly to cause bronchial hyper-reactivity. 

5. Aims of the present studies 

The correlation between sensitivity to mites and to house dust 

is by now well established. However, studies on the humoral and 

cellular response to D.pteronyssinus have been severely limited 

because purified allergens v/ere not available. The aim of these 

studies was to purify an allergen from mite culture which could be 

radiolabelled and used in an antigen binding assay to measure class 
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specific ab to D.pteronyssinus. There was an urgent need for such an 

assay to compare the ab response to mites in atopic and non-atopic 

individuals, to assess the ab response following desensitization 

treatment and to investigate the site of ab production. In addition, 

it was hoped that more knowledge of the properties of mite allergens 

would add to our understanding of inhalant allergens in general. 

This thesis is arranged in four chapters each with four sections 

an Introduction, Methods, Results and Discussion. The Methods are 

given in outline only, but contain sufficient information for the 

interpretation of the Results. Full details of all experimental 

protocols are given in the Appendices. There is also a General 

Discussion. 
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C H A P T E R I 

Partial purification of a D.pteronyssinus allergen 
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1.1 Introduction 

The purification of mite allergens has been hampered by technical 

difficulties in growing mite cultures with a high allergen content. 

Previously,cultures of D.pteronyssinus were grown on human skin scales, 

animal danders and fishme^.l (Spieksma, 1967, 1976; Miyamoto, Ishii and 

Sasa, 1975). Extracts of these cultures were extremely heterogeneous 

and often included culture medium components which were potentially 

allergenic, e. g. fish proteins. This type of extract v/as used in 

early gel filtration studies which established that mite allergens 

and house dust allergens fluted in the same molecular weight range 

(10-63,000 daltons) (Miyamoto, Oshima and Ishizaki, 1969; Romagnani 

et al, 1972). The quantities of crude mite allergen used in those 

studies (lO-lOOmg) were generally too low for purification purposes. 

In the early 1970's Bencard Limited developed a successful method for 

the continuous culture of large numbers of D.pteronyssinus (several 

thousand mites per gram of culture) on non-ectodermal mammalian tissue 

in streams of humidified air. These cultures gave a much higher yield 

of mite allergens (l-2g extract/lOOg culture) and have been used 

throughout the present studies on allergen purification. 

This chapter describes the preparation of a partially purified 

allergen from D,pteronyssinus culture by gel filtration and prepara-

tive electrophoresis. The allergen was radiolabelled and used in an 

antigen-binding assay to measure IgG, IgA and IgE ab to D.pteronyssinus. 

These assays can give quantitative measurements of the amount of ab 

in serum (Mulligan, Osier and Rodriguez, 1966) and have been applied 

to different ab classes (Osier, Mulligan and Rodriguez, 1966; Newcomb 
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and Ishizaka, 1967). Antigen binding techniques rely on the use of 

purified or at least partially purified allergens. They have 

previously been used to investigate the ab response in grass pollen 

and ragweed hay fever (Yunginger and Gleich, 1973; Platts-Mills et al, 

1976, 1978) but have not oeen used in mite allergy because purified 

allergens were not available. 

1.2 Methods 

lOOg D.pteronyssinus whole culture (Bencard Limited, Betchworth, 

England) was extracted in 1L BBS by stirring overnight at 

The extract was centrifuged (23,000g for 60 minutes) and the dark 

brown supemate was concentrated down to 50ml over an Amicon PM10 

membrane filter (Amicon, Lexington, Mass. U.S.A.). This membrane 

concentrated molecules with a molecular weight of >10,000 daltons. 

Residual low molecular weight material was removed by extensive 

dialysis against three 2L changes of BBS over two days. The non-

dialyzable material contained D.pteronyssinus allergens and soluble 

culture medium components with a molecular weight of >8,000 daltons. 

This-preparation was termed Extract I (Exl). Fractionation of ExI 

by gel filtration and pevikon block electrophoresis yielded a parti-

ally purified allergen, Fractions isolated during the purifi-

cation procedure were assessed by skin testing, direct RAST and 

immunodiffusion. Quantitative intradermal skin tests were carried 

out using serial ten-fold dilutions of allergens from 10p,g/ml down 

to 10"" p.g/ml in 0.05% human serum albumin in 0.9% phenol saline. 

The solutions were sterilized by passage through an 0./}5y.m Millipore 

filter. Skin tests were performed by successive intradermal injec-

tion of 0.05ml of increasing concentrations of allergen. The diameter 
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of the wheal and flare at the test site was recorded after 15-20 

minutes. Intradermal skin testing was used to compare the aller-

genic potency of F^P^ ^ ^ ExI. The antigens present in these fractions 

were also compared by Laurell electrophoresis using rabbit antiserum 

to Extract I (rabbit anti-ExI). 

125 

The F ^ i P r e P a r a t i o n was labelled with I and used in an 

antigen binding assay to measure ab to D.pteronyssinus in serum from 

mite-allergic individuals and non-allergic controls. The fluid phase 

ab was allowed to combine with radiolabelled F. P_ and then all the ab 4 1 

of one class was precipitated with monospecific antiserum; anti-IgG, 

anti-IgA or anti-IgE (Fig. 1.1). The radioactivity bound by the 

washed precipitates was directly related to the quantity of class-

specific anti-mite ab. The assay for IgE ab was compared with other 

methods of measuring IgE ab to D.pteronyssinus, i.e. P-K testing and 

the RAST. The P-K tests were performed using sera from five healthy, 

mite-allergic individuals (Australia antigen negative) which were 

fractionated with saturated ammonium sulphate to obtain IgE rich 

fractions (33-50% cut). These fractions were diluted from 1:10 to 

1:1600 in human serum albumin in phenol saline and sterilized through 

an 0.if5pm Millipore filter. Two non-allergic recipients (total serum 

IgE 31ng/ml and 175ng/ml) were injected intradermally with 0.05ml of 

suitable dilutions of the fractions and after 24 hours each site was 

challenged with 0.05ml of a lp,g/ml solution of ExI. The wheal and 

flare reactions were recorded after 15-20 minutes. 

Further details of the methods used in this chapter are given in 

Appendix A2, A3 and A4. 

91 
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0.1ml serum dilution 

+ 

1?5 
0.1ml I F j P 1 ( f^ 7ng) 

+ 

(0.1ml IgE myeloma protein diluted 1:100) 

Incubate for 4 hours at room temperature 

+ 

0.1ml goat anti-IgG, anti-IgA or anti-IgE 

Incubate overnight at 

Wash the precipitate 4 times and count the 

residual radioactivity in a Y- c o u n"ter 

Figure 1.1 

Assay for IgG, IgA and IgE antibody to D.pteronyssinus 
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1.3 Results 

1.3.1 Preparation of the partially purified allergen F^Pi 

The components of D.pteronyssinus ExI were initially separated 

according to molecular size by gel filtration through Sephadex G-100. 

The eluted fractions showed two protein peaks: a small peak eluted 

with the void volume (MW >100,000 daltons) and a very broad peak 

eluted with MW 5-65,000 daltons as indicated by the positions of 

BSA (63,000 daltons) and cytochrome 'C' (12,500 daltons) markers 

(Fig. 1.2). The eluate was divided into six fractions (Fl-6) which 

were tested in vivo by skin testing and in vitro by direct RAST to 

determine the distribution of D. pteronyssinus allergens. A semi-

quantitative evaluation of the results is given in Fig. 1.2. The 

dilutions of F3 and F4 required to give a positive skin response 

(>6 x 6mm wheal) were 10-100 fold greater than for other fractions 

in the six mite-allergic subjects tested. Some highly sensitive 

individuals (4/6) gave positive skin responses to F3 and F4 at very 

-4 -5 

high dilution, i.e. 10 -10 p,g/ml. These two fractions appeared to 

contain potent D.pteronyssinus allergens with very similar skin test 

reactivity. Serum IgE ab to the six fractions was assessed by direct 

RAST using ten sera from mite-allergic individuals. The overall 

pattern of results was very similar to that obtained by skin testing 

(Fig. 1.2). Representative data for six sera are given in Table 1.1. 

In most cases there was significant binding to paper discs coupled to 

F2-5 when compared with control discs coupled to human serum albumin. 

All ten sera showed maximal binding to discs coupled to F4. There 

was no significant binding to any of the fractions by four control 

sera. The direct RAST results suggested that a higher proportion 
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Figure 1.2 

Fractionation of Dermatophagoides pteronyssinus Extract X o n Sephadex 

G-100. Approximately lOOmg ExI was applied to an upward f l o w , gravity 

fed Sephadex G-100 column (75 x 2.5cm) equilibrated in BBS a t if°C. 

Samples of 6.3ml were collected at a flow rate of lOml/hr. Six frac-

tions were pooled (1-6) and the skin test reactivity of each fraction 

was assessed by intradermal skin testing. Each fraction w a s also 

coupled to cellulose discs and used for RAST. Typical results are 

shown on a semi-quantitative basis (+ to ++++). 
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TAB IE 1. 1 

Assessment of Sephadex G-100 fractions of D.pteronyssinus 

(a) 
ExI by Direct RAST 

Radioactivity (cpm) bound by paper discs coupled to:-

Sephadex G-,100 fraction 
Human 
Serum 

Albumin Serum 1 2 _3 4 _5 6 ExI 

Human 
Serum 

Albumin 

J.L. 1690 3443 3920 4743 1807 799 6224 650 

S.J. 587 732 657 780 558 500 891 582 

M.B. 624 1152 1507 1953 948 498 3083 460 

M.K. 762 2362 3608 4844 1046 867 5776 570 

A.B. 1611 3419 4067 6257 2002 879 7461 635 

P.K. 564 964 1388 1734 796 523 2247 563 

(b) 
Controls 490179 529t79 466±53 506i90 581±104 484 ± 57 546 ±: L02 480±40 

(a) One microgram of each fraction (protein content determined by the 

method of Lowry et al, 1951) was coupled to a paper disc. Allergen-

coupled discs were incubated with 0.lml 1:12.5 dilution of serum 
125 

- followed by 2ng I-labelled goat anti-IgE (total radioactivity 

added = 35,000 cpm). 

(b) Values are the mean 1 one standard deviation of four sera from 

skin test negative persons. 
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of the serum IgE ab was directed against allergens present in F^, 

therefore, this fraction was selected for further purification. 

The proteins present in Fif were further analysed by pevikon 

block electrophoresis and the electrophoretic sub-fractions were 

assayed for protein content and tested on immunodiffusion against 

rabbit anti-ExI. The fraction was resolved into two protein peaks 

(Fig. 1.3). The larger peak, ' mi-9 r ated faster than albumin, 

was dark brown in colour and showed no reactivity on immunodiffusion. 

The smaller peak, mi9 r a"ted with P-mobility, had a faint brown 

colour and was strongly reactive on immunodiffusion, showing one 

major and one minor precipitin line against the rabbit antiserum 

(data not shown). The i r a c"tion was rechroma to graphed over 

Sephadex G-100 and it eluted as a single, apparently homogeneous, 

peak MW 15-25,000 daltons. This preparation was used for radio-

labelling and for comparison with ExI and is hereafter referred to 

as F. P.. 
k 1 

The degree of purification was assessed by comparing the 

antigenic composition of F^P^ with that of ExI by Laurell electro-

phoresis. The analysis showed that at least 15 different components 

of D.pteronyssinus culture formed precipitin arcs against rabbit 

anti-ExI (Fig. l./ja). In contrast, only one major precipitin arc 

and 2-3 smaller, more weakly staining arcs were detected in F^P^ 

using the same antiserum (Fig. 1.4b). The predominant antigen in 

F^P^ appeared to correspond to the largest, most heavily stained 

precipitin arc in ExI. The laurell analyses showed that a consider-

able degree of purification had been achieved and, even though the 
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Figure 1. 3 

Pevikon block electrophoresis of Sephadex G-100 Fraction Arrow 

indicates the position at which 30mg F ^ v/as applied to the block. 

The protein concentration was determined by the method of Lowry et al 

(1951). 
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Figure 1.4(a) 

Laurell electrophoresis of D.pteronyssinus Extract I. 
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+ 

Figure 1.4(b) 

Laurell electrophoresis of the partially purified D.pteronyssinus 

allergen, F P . 
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F^P^ was not completely pure, the results justified further studies 

on the allergenicity of this preparation. 

1.3.2. Use of F,P^ in an antigen-binding assay to measure ab to 
D.pteronyssinus 

During the course of these studies several attempts had been made 

125 
to establish antigen-binding assays using I-labelled ExI or Sephadex 

G-100 fractions 3 and These assays were not very sensitive because 

125 

the labelled allergens had low specific activity « 2 0 % I was 

incorporated into protein) and gave high levels of non-specific 

binding. Some sera from mite-allergic individuals did show signifi-

cant binding compared to control sera, but the differences were always 125 

less than ten-fold. The radiochemical properties of I-labelled 

F^P^ were much better than those of the impure extracts (see Appendix 

A.2.5) and this preparation could be used in an antigen binding assay 

to measure IgG, IgA and IgE ab to D.pteronyssinus (Fig. 1.1, Appendix 125 

4.1). Initially, the assay was set up using 7ng I-labelled 

tube; an amount of antigen similar to that used in antigen binding 

assays for pollen allergens (Platts-Mills et al, 1976, 1978). The 

effect of antigen concentration was investigated by varying the amount 

of F^P^ added over a 4 log range, from 0.5ng to 5p.g F^P^/tube. The 

greatest differences in binding between sera from allergic and non-

allergic individuals were achieved by adding 0.5-5ng F^P^/-babe for 

both IgG and IgE ab (Figs. 1.5a and 1.5b). At higher antigen concen-

trations (over 50ng F^P^/tube) the absolute.level of radioactivity 

bound by non-allergic sera (i.e. non-specific, non-antibody binding) 

increased and the sensitivity of the assay was progressively reduced. 
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Figure 1.5(a) 

Effect of antigen dose on antigen binding by IgG ab. Six sera diluted 

1:12.5 were incubated for 4 hours with 0.1ml of serial ten-fold dilu-
125 

tions of a solution containing 5p.g I F^P^ and 95y.g cold F ^ P ^ in 2ml 

(total F^P^ concentration = 50p.g/ml). The radioactivity bound by serum 

from skin test positive (© @) and skin test negative (O O) indivi-

duals following precipitation with anti-IgG is shown. The percentage 

of radioactivity bound by an allergic serum (top line in Fig.) and a 

non-allergic serum (bottom line in Fig. ) for each quantity of 

added is also shown. 
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0.5 
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5 50 500 

F4 PI (ng/tube) 

5,000 

Percent radioactivity bound by IgE 

Allergic 18.10 3.19 0.78 0.29 0.16 
Non-allergic 3.65 0.66 0.26 0.18 0.16 

Figure 1.5(b) 

Effect of antigen dose on antigen binding by IgE a b . Legend as for 

Fig. 1.5(a). Sera from skin test positive (© 0) and skin test 

negative (O 0) individuals were precipitated with anti-IgE. 
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Similar increases in the negative background were observed using 

IgG and IgE myeloma sera which contained high levels of immunoglobulin 

without allergen specificity (data not shown). These data suggested 

that the increased binding by non-allergic sera was truly non-specific 

and not mediated by low-ciffinity ab. Although maximal differences in 

binding appeared to be achieved using 0.5ng F^P^/tube, the radioactivity 

(cpm) added at this level was so low that the non-specific binding 

could not be distinguished from the background 'noise' of the y-counter. 

Therefore, all assays for each class of ab were routinely carried out 

125 
using 7ng I-labelled 

The antigen binding assay was used to measure ab to D.pteronyssinus 

in serum from 34 allergic persons who had positive- prick tests to a 

commercially available D.pteronyssinus extract (Bencard Limited) and 

31 non-allergic persons with negative prick tests. The majority of 

the sera from prick test positive persons contained detectable IgG 

(32/34) , IgA (22/34) and IgE (27/34) binding activity (BA) for F ^ 

(Fig. 1.6). In these sera the relationship between classes was usually 

IgG -BA > IgE BA > IgA BA and IgE BA was never found in the absence of 

IgG BA. The allergic group included 28 persons who had perennial 

rhinitis and/or asthma related to house dust sensitivity, and six 

persons with rhinitis whose symptoms did not seem to be caused by 

house dust. Sera from these six, 'asymptomatic' persons lacked 

detectable IgE BA and IgA BA, but 4/5 contained low levels of IgG BA 

(<20 units BA/ml). Similarly, neither IgE BA nor IgA BA was detected 

in sera from prick test negative persons though 10 sera contained 

detectable IgG BA. The high incidence of BA for in sera from 

allergic persons suggested that this preparation contained a major 

allergen from D.pteronyssinus. 

O 9 
o O 



2,000 n 

E 
CO 
S 200 -

-i—» 
* > 

o 
CD 
cn 
C 
£ 2 0 --o 
.E 
CO 

•8 

•I 
•t 

i 

2 - 1 

0x2 0x12 0x7 

IgG IgA IgE 

Skin test positive 

0x21 0x31 0x31 

IgG IgA IgE 

Skin test negative 

Figure 1.6 

IgG, IgA and IgE BA for s e r u m skin test positive and 

skin test negative persons measured by antigen binding radioimmuno-

assay. The minimum detectable level of BA (units/nil) is indicated 

by the solid line. The number of sera without detectable BA is shown 

below this line. 
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The clinical symptoms, intradermal skin test reactivity and serum 

ab levels of 15 prick test positive persons are shown in Table 1.2. 

Quantitative intradermal skin tests were used to compare the aller-

genic potency of F^P^ ^ ^ ExI. All 14 persons tested showed positive 

reactions to both extracts. Although skin sensitivity amongst 

different subjects varied over a four log range, each individual 

responded to similar dilutions of the two allergens. The majority 

of the patients reacted to a higher dilution of F^P^ than ExI 

(Table 1.2) suggesting that the minimum quantity of F^P^ required to 

give a positive skin test was about one-fifth the quantity of ExI. 

To check the specificity of the skin tests five non-allergic persons 

were tested with 10y.g F ^ P n o n e gave a positive reaction. Two 

persons with grass pollen hay fever who were sensitive to 10" p.g 

Rye I also failed to react to 10p,g F^P^. ^ 9 e n e r a l » intradermal 

skin test reactivity did not correlate with measurements of serum 

IgE ab or total IgE (e.g. compare J.L. and S.S. in Table 1.2). 

However, there was a very good correlation between IgE BA for F^P^ 

and IgE ab to D. pteronyssinus measured either by P-K testing or by 

RAST. The IgE rich serum fractions from five prick test positive 

persons all gave positive P-K tests, whereas two sera from prick test 

negative persons and from the persons with grass pollen hay fever 

described above were completely negative. The P-K test was A/ 5-fold 

more sensitive than the other methods of measuring serum IgE ab. 

Thirty-three of the sera from skin:test positive persons were assayed 

for IgE ab by antigen binding assay and RAST. The results (Fig. 1.7) 

showed an excellent quantitative correlation between the two methods 

by linear regression analysis (r = 0.94? P <0.001). Analysis of the 

levels of BA in Fig. 1.6 showed a very good correlation between IgE BA 
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TABLE 1.2 

Antibody levels in fifteen prick-test-posith'= subjects IlSSessed by intradermal skin-testing, antigen-binding assay, RAST, and P.K. t~stin!r 

DA for F4Pl 

Jntr~dcrm~1 skin-tcstt Ratio Total 
Subject Symptoms attributable· Extract I F"P1 RASTt ISG IgE IgA ISG P.1\.. IgE 

(Age) to house dust allergy· '1Iglml' '/lg/ml' Rast units/ml units/ml units/ml units/ml DA:lgE DA titrc§ (ng/ml) 

J.S. (17) Rhinitis (grass, egg) n.d. n.d. 2125 563 184 27 3.1: 1 1600 8850 
(666) 

J.L. (19) Rhinitis, asthma 10- 5 10- 5., 775 1040 135 119 7-7: 1 400 2059 
(136) 

M.D. (18) Rhinitis, facial swelling 10-5 10- 505 91 330 28 <4 11·8:1 200 1728 
(43) 

S.J. (39) Rhinitis, asthma (grass) 10-'''' 10-5 <8 34- 6 <4- 5-9: 1 25 146 
(17) 

ItG. (30) Asymptomatic (grass) 10- 3 10- 3 10 <4 <4 <4 10 1620 
« 4) 

i\1.K. (24) Rhinitis 10-5 10- 6 325 443 130 13 304:1 1824 
S.D. (16) Asthma 10- 5 10- 6 425 201 143 104 1-4:1 1162 
S.M. (27) Rhinitis 10-4 10-5 53 258 20 19 13-6:1 192 
W.M. (50) Rhinitic (grass) 10-' 10-5.' n.d. 81 21 14 3-85: 1 1483 
P.]. (19) Mild rhinitis (grass) 10-4 10-5 . 66 113 14 <4. 8·\: 1 28SB 
D.T.R.(45) Rhinitis 10-4 10- 5 25 72 14 8 5·1: 1 643 
K.D. (20) Asymptomatic (grass) 1,)-205 to- 3 <8 10 <4- <4- 1248 
P.l\1. (40) Asymptomatic (C:lt) 10-3 10- 3 <8 <4- <4- <4 ' - 147i 
5.5. (39) Rhinitis (grass) . 10- 5 10-5-5 10 236 12 9·g 1%:1 377 
K.M. (26) Rhinitis (gr:lss) 10- 6 10- 6 141- 55 47 11 1·2: 1 655 

• Othcr allergens giving clinical symptoms and posith-c skin-tcsts :Ire indiC:lted in p:lrcnthescs. Gr:lss = grass pollen. 
t For both intradermal skin-testing and PK-testing a WhC.ll of 6 X 6 mm was rCI,':lrdcd as positivc. Log dilutions of allergen solutions wcre uscd­

intradcrmal skin-tests wcre assessed to the nC:lrcst ! log to distinguish strongly posith'c rcsults. 
t RAST units were obtained by reference to :l control curve ..J 

§ l'K titres arc the mean values obtained from tc:;ts on two recipients. The IgE DA (units/ml) of the IbE-rieh serum fractions used in PK-testing is 
gh'en in pucntheses. 
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X F, P_) ana 

h 1 
Correlation between the antigen binding assay (using 

RAST (using D.pteronyssinus Extract I) for measuring IgE ab to 

D. pteronyssinus in the serum of prick test positive persons. The 

minimal level of sensitivity of each assay is indicated ( -). 
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and IgG BA (r = 0.87, p <0.001) and IgE BA and total IgE (r = 0.63, 

p < 0.001), and a modest correlation between IgG BA and total IgE 

(r = 0.38, p <0.02). 

1.4 Discussion 

The results describe the preparation of a partially purified 

allergen,F^P^, from an aqueous extract of D.pteronyssinus culture 

using conventional protein separation techniques. At each stage 

during the purification fractions were chosen because they showed 

the greatest biological activity in vivo and in vitro. This selec-

tion process was aimed at identifying the major allergen(s) from 

D.pteronyssinus, rather than attempting to characterize each indivi-

dual allergen within the extract. The assessments of biological 

activity were based primarily on the interaction of allergen with 

specific IgE ab (skin testing and direct HAST) and also on antigenic 

analyses using hyperimmune rabbit antiserum. Intradermal skin tests . 

were preferred for use in vivo because they require very small quanti-

ties (p.g) of allergen and allow several different fractions to be 

tested in the same individual. Furthermore, they show an excellent 

correlation (>90%) with the results of bronchial challenge tests 

(Cavanaugh, Bronsky and Buckley, 1977) and are less likely to induce 

hazardous clinical side-effects, e.g. 'late' reactions. 

The gel filtration results were in close agreement with those of 

previous workers who showed that the most allergenic fractions of 

D.pteronyssinus (assessed by skin testing, direct RAST and RAST inhibi-

tion) eluted with MW 10-30,000 daltons (Miyamoto et al, 1969; 
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Romagnani et al, 1972, 1976; Holford-Strevens, 1972). Further puri-

fication of the most active gel filtration fraction (F^) by electro-

phoresis resulted in the isolation of the F^P^ preparation. The 

electrophoretic mobility of F^P^ w a s v e r Y similar to that reported 

by Ito (1975) for the main allergenic component of D.farinae. The 

large peak of rapidly migrating material, F^P^* w a s a s s u m e c * to comprise 

the culture medium components which, according to the manufacturer, 

are only very weakly immunogenic in rabbits. 

The results of skin testing and in vitro measurements of IgE ab 

suggested that F^P^ contained the major allergens from D.pteronyssinus. 

However, despite the very good quantitative correlation between skin 

tests to F^P^ D.pteronyssinus ExI (Table 1.2), it was disappoint-

ing that the increased reactivity of F^P^ was only about 5-fold. On 

Laurell electrophoresis one of the antigens present in high concentra-

tion in ExI appeared to be the major antigen in F^P^ (Fig. 1.4). If ' 

this assumption proved correct and the antigen was also allergenic, 

then any "enrichment" achieved during the purification would have 

little effect on the skin tests because they are only sensitive to 

10-fold differences in allergen concentration. The in vitro measure-

ments of IgE ab complemented the skin test data and showed an excel-

lent quantitative correlation between IgE ab to F^P^ and IgE ab to 

D.pteronyssinus in serum (Table 1.2, Fig. 1.7). Most allergic indivi-

duals had detectable IgG, IgA and IgE BA for F^P^ and the proportion of 

125 

I-labelled F^P^ which could be bound by IgG ab could be as high as 

68% (Appendix A.4.1). This comparison of in vitro techniques suggested 

that individuals who made an ab response to D.pteronyssinus also made 
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an ab response to A 1 1 these data made it extremely likely that 

F^P^ contained the major allergen of D.pteronyssinus. However, the 

results with did not exclude the possibility that other fractions 

of mite extract, e.g. gel filtration fractions 3 and 5 also contained 

potent allergens. 

The use of radiolabelled F^P^ in an antigen binding assay to 

measure ab to D.pteronyssinus offered several advantages over previous 

methods of measuring allergen-specific ab. The most important feature 

was the ability to measure IgG and IgA ab as well as IgE ab. In the 

past, the only method for measuring IgG ab was radioimmunoelectro-

125 

phoresis, using I-labelled crude mite antigen (D'Souza et al, 1973; 

Ito, 1975). This semi-quantitative technique lacked sensitivity and 

could not detect IgG ab in the majority of sera. Most attempts to use 

the RAST to measure ab other than IgE were unsuccessful because the 

background binding by non-allergic sera was too high. The results of 

a modified RAST for measuring IgG and IgA ab to D.pteronyssinus are 

shown in Fig. 1.8. Significant differences between sera from allergic 

and non-allergic individuals were only obtained for IgE ab. The non-

specific binding is probably due to the very high serum concentrations 

of these immunoglobulins (l-12mg/ml) compared to IgE ( ** lp,g/ml) and 

the much lower proportion of immunoglobulin that is allergen-specific. 

Recently, solid phase assays for IgG ab have been developed using 

125 

I-labelled Staphylococcal protein A , instead of anti-IgG, to bind 

the allergen-ab complex (Hamilton, Sobotka and Adkinson, 1979; 

Delespesse, Debisschop and Flament, 1979). These assays appear to be 

less sensitive than the IgE RAST, but may be suitable for assaying sera 

with high levels of IgG ab, e.g. from patients receiving desensitization 

treatment. 
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Modified RAST for measuring IgG and IgA ab to D. pteronyssinus. Sera 

from 18 skin test positive and 18 skin test negative individuals v/ere 

incubated overnight at dilutions of 1:12.5 (A) and 1:25 (B) w i t h 

D. pteronyssinus ExI RAST discs. After extensive washing the discs 
125 

were incubated with 2ng I-labelled anti-IgE, anti-IgA. or.-anti-IgG 

(total radioactivity added = 37,000, 49,000 and 46,000 c p m , respectively) 

The percentage radioactivity bound to the disc, after further extensive 

washing, is shown for each class of ab. The background binding 

(0.8-1.2%) using bovine serum albumin instead of serum is also indi-

cated ( ). ' * 
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The other advantages of the antigen binding assay include measure-

ments of IgG, IgA and IgE ab in parallel, so that the quantities of 

each class can be directly compared; low non-specific binding, which 

is useful for assays on nasal secretions and saliva; and, finally, 

more economical use of allergen. Solid phase techniques require mg 

quantities of allergen for routine purposes, whereas antigen binding 

assays can be carried out for several months using only 5-lOp-g 

labelled allergen. This is particularly useful for measuring ab to 

highly purified allergens which are often only available in small 

amounts. The main disadvantage v/ith antigen binding assays for IgE 

ab is the requirement for large quantities of IgE myeloma serum 

(20p,g/assay) as carrier to form a precipitate. These myelomas are 

extremely rare, so the serum is unlikely to be available for general 

use. The IgE assay in its present form is essentially a research tool. 

However, " triple antibody assays" have been developed in which the 

first ab is incubated with a second ab derived from another species 

(e.g. rabbit anti-IgE) and then precipitated with a third ab (e.g. 

goat-anti rabbit IgG)(Platts-Mills and Ishizaka, 1975). This modifi-

cation has recently been used to measure IgE ab to D.pteronyssinus 

125 
using I-labelled crude mite antigen (Sano and Ito, 1978;. 

The nature of the ab response to D.pteronyssinus will be discussed 

more fully in Chapter III. The results of these preliminary studies 

suggested that the response was very similar to the ab response to 

Rye I in serum from patients with hay fever (Platts-Mills et al, 

1978). 

A 9 



C H A P T E R I I 

Purification and characterization of 

the major allergen from D.pteronyssinus -

-Antigen P-. 
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2.1 Introduction 

Although the F^P^ P r e P a r a t i o n appeared to contain the most 

potent D.pteronyssinus allergens it was clearly not fully purified. 

Studies on cellular and genetic mechanisms in allergy and on allergen 

exposure and standardization are dependent upon the use of allergens 

which have been purified to homogeneity (>99.5% pure). The isolation 

of these "ultra-pure" allergens is essential in order to exclude 

immune responses to highly allergenic trace impurities (Marsh et al, 

1980). This chapter describes further studies on the immunological 

and physico-chemical properties of the allergens present in F. P_ which 
4 J-

facilitated the purification of the major allergen of D.pteronyssinus -

antigen P^. 

2.2 Methods 

The protein composition of F^P^ w a s i n v e s t i g a t e d by analytical 

IEF and 'immunoisoelectricfocusing'. The components were then separa-

ted by preparative IEF and the antigenic activity of the isolated 

fractions was detected by inhibition radioimmunoassay and by immuno-

diffusion using rabbit anti-ExI. Most of the antigenic activity was 

distributed in two protein peaks, designated Fr.5 and Fr.14. These 

fractions were compared with ExI and an extract of the D.pteronyssinus 

culture medium by immunodiffusion. Each fraction was also radiolabelled 

and compared with the other by cross-inhibition of radioimmunoassay. 

The allergenic potency of Fr.5 and Fr.14 was compared with'ExI by 

intradermal skin testing. The physico-chemical properties of the two 

fractions were determined from the IEF studies, amino acid and carbo-

hydrate analyses and SDS polyacrylamide gel electrophoresis. 

44 



Antigen P^ was defined on the basis of the immunological and 

physico-chemical criteria described above. The importance of antigen 

P^ as an allergen of D.pteronyssinus was assessed using RAST absorp-

tion (Appendix A.if. 2) to estimate the amount of allergen-specific IgE 

in sera from mite-allergic individuals. 

Further details of the methods used in this chapter are given in 

Appendix B. 

2.3 Results 

2.3.1 Purified allergens from isoelectricfocusing 

Although F^P^ showed only one major band on Laurell electrophoresis 

it showed multiple bands on analytical IEF over a wide pi range 

(pi if-7, see Fig. 2.3). This suggested either that the preparation 

contained other proteins which could be separated by IEF, or that the 

allergen was present in multiple isoelectric forms. The latter possi-

bility was supported by the results of 'immunoisoelectricfocusing'. 

When the IEF separated allergens were electrophoresed into agarose 

containing rabbit antiserum to ExI, a single line of antigenic identity 

with no spurs was demonstrated across the IEF spectrum (Fig. 2.1). 

There appeared to be three peaks of antigenic activity which showed 

complete cross-reactivity. Preparative IEF was used to obtain larger 

quantities of allergens for further immunochemical analysis. The 

antigenic activity of the preparative IEF fractions eluted almost in 

parallel with protein and was predominantly distributed in two peaks, 

fraction 5 (Fr. 5) and Fr. lif, with pi's of if,7-5.if and 6.6-7.1 respec-

tively (Fig. 2.2). There was also a smaller intermediary peak, Fr.10, 

with pi 5. 8-6.2. The separation of Fr. 5, Fr. 10 and Fr. lif was checked 
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'Immuiioisoelectricfocusing' of F^P^. /approximate pi values 

shown. 



© 4 8 12 16 20 24 28 © 

Fraction number 

Figure 2.2 

Preparative isoelectricfocusing of The pH (© ©) , protein 
content (absorbance at 280nm) (o o) and F. P_ content (A of 

h 1 

each fraction is shown. The quantity of F^P^ v/as determined by 

inhibition radioimmunoassay using immunosorbent purified rabbit 

antibody to ExI. Fr. 5 and Fr. Ik were pooled as indicated (ESS8). 
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by analytical IEF in polyacrylamide gel (Fig. 2.3). The two major 

fractions, Fr.5 and Fr.lif were completely separated from one another 

though each fraction showed more than one band. Also shown are the 

IEF spectra of F^P^, ExI and a preparation of ExI which precipitated 

with 50% saturated ammonium sulphate. In spite of the considerable 

antigenic differences between F^P^ and ExI there were very few 

differences between these preparations on IEF. 

2.3.2. Immunological properties of IEF purified allergens 

The pooled fractions, Fr.5, Fr.10 and Fr.lif, were tested on 

immunodiffusion against rabbit antiserum to ExI (anti-Exl)^ Each 

fraction showed a single line of complete identity with the other 

fractions (Fig. 2.if). This line was identical with the major line 

against ExI (Fig. 2.5a) but did not cross-react with highly concen-

trated extract of the D.pteronyssinus culture medium which also 

showed a single immunodiffusion line (Fig. 2.5b). The culture 

medium line showed complete identity with one of the lines against 

ExI (Fig. 2.5c). The IEF fractions were also compared using cross-

inhibition of radioimmunoassay. Dilutions of cold Fr. 5 or Fr. lif 

125 

were used to inhibit the binding of I-labelled Fr. 5 or Fr. lif by 

either IgG or IgE ab from a mite-allergic person. The inhibition 

curves were very similar using either the homologous or the hetero-

logous antigen as inhibitor (Fig. 2.6). In both cases binding could 

be inhibited by up to 9if% using the opposite fraction. These findings 

were confirmed by RAST absorption using Fr.5 coupled to sepharose 

beads. Overnight incubation with this immunosorbent completely 
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Figure 2.k 

Immunodiffusion analysis I. IEF fractions of F. P . Fr. 5, Fr, 10 
4 l 

and Fr. lif v/ere tested against rabbit antisera to whole D.pteronyssinus 

culture (anti-ExI). 

50 



® ® 
O O / ~ \ © 

anti-Exl 
anti-Exl 

B 
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I m m u n o d i f f u s i o n a n a l y s i s I I . C o m p a r i s o n o f I E F F r . 5 a n d F r . l i f 

w i t h E x I a n d a n e x t r a c t o f t h e c u l t u r e m e d i u m ( C M ) . A l l f r a c t i o n s 

w e r e t e s t e d a g a i n s t r a b b i t a n t i - E x l . 
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r e m o v e d ( > 9 5 % ) t h e b i n d i n g a c t i v i t y f o r r a d i o l a b e l l e d F r . l i f f r o m a l l 

t e n s e r a f r o m a l l e r g i c i n d i v i d u a l s t e s t e d ( d a t a n o t s h o w n ) . 

I n k e e p i n g w i t h t h e v i e w t h a t F r . 5 a n d F r . l i f w e r e a n t i g e n i c a l l y 

i d e n t i c a l , b o t h f r a c t i o n s g a v e s i m i l a r s k i n t e s t r e s p o n s e s i n a l l e r g i c 

i n d i v i d u a l s . Q u a n t i t a t i v e i n t r a d e r m a l s k i n t e s t s o n e l e v e n s k i n t e s t 

p o s i t i v e i n d i v i d u a l s a n d f o u r n o n - a l l e r g i c c o n t r o l s s h o w e d a g o o d 

c o r r e l a t i o n b e t w e e n s e n s i t i v i t y t o e a c h p u r i f i e d f r a c t i o n a n d s e n s i -

t i v i t y t o E x I ( T a b l e 2 . 1 ) . W i t h F r . 5 t w o i n d i v i d u a l s g a v e p o s i t i v e ( + + ) 

- 5 

r e a c t i o n s u s i n g 1 0 p - g / m l o f p u r i f i e d a l l e r g e n ( i . e . * * 5 p g ) . O n e 

s u b j e c t ( N . J . ) w h o w a s o n l y w e a k l y s e n s i t i v e t o m i t e s g a v e a + + s k i n 

r e s p o n s e t o a 1 0 0 - f o l d h i g h e r d i l u t i o n o f E x I t h a n o f t h e p u r i f i e d 

f r a c t i o n s , s u g g e s t i n g t h a t h e w a s p r o b a b l y r e a c t i n g t o d i f f e r e n t 

a l l e r g e n s i n t h e c r u d e m i t e e x t r a c t . 

O n t h e b a s i s o f a l l t h e s e i m m u n o l o g i c a l c r i t e r i a F r . 5 a n d F r . l i f 

w e r e c o n s i d e r e d t o s h a r e i d e n t i c a l a n t i g e n i c d e t e r m i n a n t s . 

2 . 3 . 3 P h y s i c o - c h e m i c a l c h a r a c t e r i z a t i o n o f I E F p u r i f i e d a l l e r g e n s 

B o t h F r . 5 a n d F r . l i f s h o w e d t h e t y p i c a l a b s o r p t i o n s p e c t r a o f 

p r o t e i n s i n t h e u l t r a v i o l e t s p e c t r o p h o t o m e t e r w i t h a b s o r p t i o n m a x i m a 

a t 2 7 6 - 2 7 8 n m . T h e a m i n o a c i d c o m p o s i t i o n o f e a c h f r a c t i o n w a s v e r y 

s i m i l a r a p a r t f r o m s l i g h t d i f f e r e n c e s i n t h e n u m b e r s o f g l y c i n e a n d 

v a l i n e r e s i d u e s ( T a b l e 2 . 2 ) . T h e d i f f e r e n c e i n a m i n o a c i d c o n t e n t 

w a s e s t i m a t e d u s i n g t h e S A Q s y s t e m f o r r e l a t e d n e s s a m o n g s t p r o t e i n s 

( M a r c h a l o n i s a n d W e l t m a n , 1 9 7 1 ) . T h i s s y s t e m i n v o l v e s s u m m i n g t h e 

s q u a r e s o f t h e d i f f e r e n c e s i n a m i n o a c i d s ( e x p r e s s e d a s r e s i d u e s / 1 0 0 
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TABLE 2.1 

I n t r a d e r m a l s k i n t e s t s w i t h D . p t e r o n y s s i n u s a l l e r g e n s 

M i n i m u m c o n c e n t r a t i o n o f a l l e r g e n g i v i n g a p o s i t i v e 

s k i n t e s t ( p . g / m l ) . ^ 

S u b j e c t E x t r a c t I F r . 5 F r . Ik 

V / . S . 1 0 - 1 1 0 ° 1 0 ° 

T . S . 1 0 - * 1 0 ~ * 1 0 - 3 - 5 

N . D . 1 0 - 5 1 0 - 5 1 0 - * 

A . J . i c r * io- k- 5 1 0 - * 

M . C . IO
1 1 0 ° 1 0 1 

N . J . I D " 2 1 0 ° 1 0 ° 

M . K . i o - 5 1 0 - 5 1 0 - * - 5 

J . S . i o - 2 - 5 I D " 2 - 5 - 2 1 0 * 

E . T . I D " 3 I D " 3 ' 5 1 0 - 3 

S . J . - 3 5 1 0 ° 1 0 " * 1 0 - 3 

R . B . 1 0 - 3 - 5 1 0 " * 1 0 - 3 - 5 

C o n t r o l s x k >10
1 M 0

1 
^ O

1 

I n t r a d e r m a l s k i n t e s t s w e r e c a r r i e d o u t u s i n g 0 , 0 5 m l o f s e r i a l 

t e n f o l d d i l u t i o n s o f a l l e r g e n s . A w h e a l o f > 6 x 6mm w a s 

r e g a r d e d a s a p o s i t i v e ( + + ) r e s p o n s e . V a l u e s w e r e e x t r a p o l a t e d 

t o t h e n e a r e s t -J- l o g w h e n t h e l o w e r d i l u t i o n g a v e a s t r o n g l y 

p o s i t i v e r e a c t i o n . 1 0 ^ = l p , g / m l . N e g a t i v e s k i n t e s t s a t 

l O p - g / m l a r e r e c o r d e d a s > 1 0 ^ . 
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TABLE 2.5 

A m i n o a c i d a n a l y s i s o f F r , 5 a n d F r . 1 4 ^ 

R e s i d u e s p e r 1 0 0 r e s i d u e s 
o f a m i n o - a c i d s ^ . , ( b ) R e s i d u e s p e r 

A s x 

T h r 

S e r 

G l x 

P r o 

G l y 

A l a 

i C y s 

V a l 

M e t 

l i e u 

L e u 

T y r 

P h e 

H i s 

L y s 

A r g 

F r . 5 F r . 1 4 m o l e c i 

1 4 . 3 1 3 . 9 2 4 

4 . 6 4.4 8 

7 . 6 7 . 8 1 3 

1 2 . 2 1 2 . 9 2 1 

k« 9 5 . 2 9 

1 1 . 6 1 0 . 3 2 0 

9 . 5 9 . 3 1 7 

2 . 0 1 .0 4 

k.2 5 . 2 7 

1 . 2 1 . 2 2 

6 . 3 6.4 1 1 

4 . 3 4.4 8 

5 . 2 5 . 4 9 

2 . 3 2 . 2 4 

2 . 4 2 . 6 4 

2 . 1 2 . 1 4 

5 . 4 5 . 6 1 0 

( a ) T w e n t y m i c r o g r a m s o f F r . 5 a n d F r . 1 4 w e r e h y d r o l y s e d i n v a c u o w i t h 

1 m l 6 N H C 1 f o r 2k h o u r s a t 1 1 0 ° C a n d a p p l i e d t o a B e c k m a n M o d e l 

1 2 0 C a m i n o a c i d a n a l y s e r . I a m g r a t e f u l t o D r . A . S . R . D o n a l d f o r 

p e r f o r m i n g t h e a m i n o - a c i d a n a l y s e s . 

( b ) C a l c u l a t i o n s o f t h e n u m b e r s o f a m i n o - a c i d s p e r m o l e c u l e w e r e 

m a d e f o r F r . 5 , a s s u m i n g a MW o f 2k>000 d a l t o n s , a c a r b o h y d r a t e 

c o n t e n t o f 8.4% a n d t h a t n o o t h e r c o m p o n e n t s w e r e p r e s e n t . 

V a l u e s a r e g i v e n t o t h e n e a r e s t i n t e g e r . 
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r e s i d u e s o f a m i n o a c i d s ) o f t h e t w o p r o t e i n s b e i n g c o m p a r e d t o o b t a i n 

a n ' S A Q 1 v a l u e . T h e l a r g e r t h i s v a l u e t h e g r e a t e r t h e d i f f e r e n c e i n 

a m i n o a c i d c o n t e n t . V a l u e s o f > 1 0 0 u n i t s u s u a l l y i n d i c a t e c o m p l e t e l y 

n o n - i d e n t i c a l p r o t e i n s . U s i n g t h e S A Q s y s t e m F r . 5 a n d F r . l i f d i f f e r e d 

b y < i f u n i t s , i n d i c a t i n g t h a t t h e y w e r e " i d e n t i c a l p r o t e i n s " . I n 

c o n t r a s t , w h e n F r . 5 w a s c o m p a r e d w i t h t h e p u b l i s h e d a m i n o a c i d a n a l y s i s 

o f t h e p u r i f i e d p o l l e n a l l e r g e n R y e I ( s e e M a r s h , 1 9 7 5 ) i t d i f f e r e d b y 

l i f O u n i t s . P r e l i m i n a r y a n a l y s e s u s i n g g a s c h r o m a t o g r a p h y s h o w e d t h a t 

F r . 5 a n d F r . l i f w e r e g l y c o p r o t e i n s c o n t a i n i n g g a l a c t o s e , m a n n o s e , 

N - a c e t y l g l u c o s a m i n e a n d N - a c e t y l g a l a c t o s a m i n e ( D r . E . F . H o u n s e l l -

p e r s o n a l c o m m u n i c a t i o n ) . F u c o s e a n d s i a l i c a c i d w e r e n o t d e t e c t e d 

i n e i t h e r f r a c t i o n . T h e c a r b o h y d r a t e c o m p r i s e d r o u g h l y 8 % a n d 5 % o f 

t h e t o t a l p r o t e i n i n F r . 5 a n d F r . l i f r e s p e c t i v e l y . 

O n S D S p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s ( S D S - P A G E ) e a c h f r a c t i o n 

m i g r a t e d a s a s i n g l e h o m o g e n e o u s b a n d w i t h a n a p p a r e n t m o l e c u l a r w e i g h t 

o f 2 i f , 0 0 0 d a l t o n s ( F i g . 2 . 7 ) . T h e f r a c t i o n s m i g r a t e d t o t h e s a m e 

p o s i t i o n a s t h e m o s t h e a v i l y s t a i n i n g b a n d i n F ^ P - p E x I a n d t h e 5 0 % 

S A S f r a c t i o n o f E x I . T h i s s u g g e s t e d t h a t t h e g l y c o p r o t e i n p r e s e n t i n 

F r . 5 a n d F r . l i f w a s a m a j o r c o m p o n e n t o f c r u d e m i t e e x t r a c t . S i n c e F r . 5 

a n d F r . l i f c o u l d n o t b e d i s t i n g u i s h e d i m m u n o l o g i c a l l y , b y a m i n o - a c i d 

a n a l y s i s o r S D S - P A G E , i t s e e m e d l i k e l y t h a t t h e y r e p r e s e n t e d m i n o r 

s t r u c t u r a l m o d i f i c a t i o n s o f a s i n g l e g l y c o p r o t e i n . T h e c o m m o n a n t i g e n 

p r e s e n t i n F r . 5 a n d F r . l i f w a s d e s i g n a t e d D e r m a t o p h a g o i d e s p t e r o n y s s i n u s 

a n t i g e n P , . 
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E x l M F 4 P 2 F r . 5 F r . 1 4 K 5 0 % R y e 1 

S A S 

Figure 2.7 

Analysis of D.pteronyssinus antigens by SDS-PAGE. The migration 

of several marker proteins was compared with F r . 5 , F r . F . P 
-+ I 

and ExI. M = marker solution containing catalase (MW 60,000), 

peroxidase (MW if0,000) myoglobin (MW 17,000), haemoglobin (MW 15,000) 

and cytochrome 'C' (MW 13,000). )<( = purified kappa light chain 

(human Bence-Jones protein) (MW 22,500). 50% SAS = an enriched 

preparation of ExI which precipitated in the presence of 50% 

saturated ammonium sulphate. Rye I = the group I protein of rye 

grass pollen. 
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T h e s t a b i l i t y o f a n t i g e n P ^ w a s a s s e s s e d b y i n c u b a t i n g s m a l l 

q u a n t i t i e s ( 5 - 5 0 v L g ) o f E x I o r F ^ P ^ f o r a 9 ^ v e n t i m e a t d i f f e r e n t 

t e m p e r a t u r e s o r i n b u f f e r s a t d i f f e r e n t p H . T h e P ^ c o n t e n t w a s t h e n 

a s s a y e d b y i n h i b i t i o n r a d i o i m m u n o a s s a y ( A p p e n d i x B . 2 ) . T h e r e s u l t s 

s h o w e d t h a t a n t i g e n P ^ w a s s t a b l e i n a q u e o u s s o l u t i o n a t t e m p e r a t u r e s 

u p t o 3 7 ° C , l o s t 5 0 % o f i t s a n t i g e n i c i t y a f t e r o n e h o u r a t 5 6 ° C a n d 

was c o m p l e t e l y d e n a t u r e d a t 8 0 ° C ( T a b l e 2 , 3 ) . F o l l o w i n g p r o l o n g e d p H 

t r e a t m e n t ( 1 6 h o u r s ) t h e a n t i g e n r e m a i n e d s t a b l e a t p H 6 - 8 , l o s t 5 0 % 

o f i t s a n t i g e n i c i t y a t p H 9 . i f , 7 5 % a t p H i f . O a n d w a s d e n a t u r e d a t p H 2 . 0 

o r 1 2 . 0 . 

2 . 3 . if a n t i b o d i e s t o a n t i g e n P ^ i n a l l e r g i c i n d i v i d u a l s 

T h e r e s u l t s i n T a b l e 2 . 1 s h o w e d t h a t s k i n t e s t r e a c t i v i t y t o 

p u r i f i e d p r e p a r a t i o n s o f a n t i g e n P ^ c o r r e l a t e d w i t h r e a c t i v i t y t o 

c r u d e m i t e e x t r a c t i n s e v e n s y m p t o m a t i c , m i t e a l l e r g i c s u b j e c t s w h o 

w e r e h i g h l y s e n s i t i v e t o E x I ( + + r e a c t i o n w i t h < 1 0 ^ p - g / m l ) . i n s e r u m 

t h e r e w a s a v e r y g o o d q u a n t i t a t i v e c o r r e l a t i o n b e t w e e n I g E a b t o P ^ 

m e a s u r e d b y a n t i g e n b i n d i n g a s s a y a n d I g E a b t o D . p t e r o n y s s i n u s 

m e a s u r e d b y H A S T ( r = 0 . 8 2 , p < 0 . 0 0 1 , n = 3 0 ) . T h e q u a n t i t i e s o f 

I g E a b t o E x I a n d t o P ^ w e r e d i r e c t l y c o m p a r e d b y R A S T a b s o r p t i o n 

u s i n g s i x s e r a f r o m m i t e a l l e r g i c i n d i v i d u a l s ( T a b l e 2 . i f ) . I n t h e s e 

s a m p l e s I g E a b t o E x I a n d t o P 1 f o r m e d f r o m 1 5 - 3 6 % a n d 9 - 2 1 % o f t h e 

t o t a l I g E r e s p e c t i v e l y . A m u c h h i g h e r p e r c e n t a g e o f t h e t o ' t a l I g E 

w a s d i r e c t e d a g a i n s t e a c h a l l e r g e n i n t w o p r e p a r a t i o n s o f i m m u n o -

s o r b e n t p u r i f i e d a n t i - m i t e a b ( f r o m p a t i e n t s MK a n d D B ) . I n a l l 

c a s e s I g E a b t o P ^ a c c o u n t e d f o r a l a r g e p r o p o r t i o n ( u p t o 7 2 % ) o f 

t h e I g E a b t o E x I . T h e q u a n t i t i e s o f I g E B A . i n u n a b s o r b e d s e r u m 
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T A B L E 2.3 

E f f e c t o f 1 h o u r s h e a t a n d 16 h o u r s a t d i f f e r e n t 

p H o n t h e : s t a b i l i t y o f a n t i g e n V 

' A n t i g e n P ^ ( p - g ) a f t e r 1 h o u r a t v a r i o u s t e m p e r a t u r e s 

i p e r a t u r e 
100° ( ° C ) 20° 37° 56° 80° 100° A u t o c l a v e 

E x I if. 8 5.1 2.6 <0.05 <0.05 <0.05 
F P Vi 26.3 28.2 lif. 5 0.7 <0.05 <0.05 

1 A n t i g e n P . . ( p , g ) a f t e r 16 h o u r s i n c u b a t i o n i n b u f f e r s a t 
d i f f e r e n t p H . 

P H 2.0 k . o 6.0 8.0 9. if 12.0 

E x I <0 . 8 2.3 11.7 10.0 6.7 <0.5 
F P *if 1 <0.05 16.0 56.3 6if.O 33.5 <0.5 

* T h e e f f e c t o f b o t h p a r a m e t e r s o n t h e q u a n t i t i e s o f a n t i g e n P ^ i n 

E x I o r F ^ P ^ w a s a s s e s s e d b y i n h i b i t i o n r a d i o i m m u n o a s s a y u s i n g a 

s t a n d a r d p r e p a r a t i o n o f a n t i g e n P ^ ( I E F F r . 1 ^ ) ( A p p e n d i x B . 2 ) . 

A l l a s s a y s w e r e p e r f o r m e d u s i n g t w o d i l u t i o n s o f a l l e r g e n s o l u t i o n s . 

I n t e r a s s a y v a r i a t i o n v / a s ^ 1 0 % . R e s u l t s a r e t h e m e a n v a l u e s o f 

t w o e x p e r i m e n t s . 

( a ) S a m p l e s w e r e i n c u b a t e d f o r o n e h o u r i n 0 . 1 m l B B S ( p H 8 . 0 ) a t 

t h e t e m p e r a t u r e s s h o w n . 

( b ) S a m p l e s v / e r e i n c u b a t e d i n 0 . 1 m l o f 0 . 1 M b u f f e r s a t t h e p H 

i n d i c a t e d . T h e p H w a s n e u t r a l i z e d w i t h 0 . 1 m l 0 . 3 M p h o s p h a t e 

b u f f e r p H 7 . 7 p r i o r t o a s s a y . 
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TABLE 2.4 

E s t i m a t i o n o f t h e a b s o l u t e q u a n t i t i e s o f I g E a b t o M i t e A l l e r g e n s 

( c ) 
( a ) % T o t a l I g E ( d ) 

I g E B A ( b ) d i r e c t e d E s t i m a t i o n 
f o r P]_ T o t a l I g E a g a i n s t P j / E x 1 o f 1 u n i t o f 

P a t i e n t S a m p l e u n i t s / m l u n i t s / m l E x 1 Pj_ % I q E B A ( n g ) 

S . B . s e r u m 2 0 4 7 0 8 3 6 1 6 4 4 1 . 3 3 

P . P . s e r u m 5 7 6 1 , 1 1 6 3 0 1 5 5 0 0 . 7 0 

T . V / . s e r u m 9 9 1 8 0 2 9 2 1 7 2 0 . 9 2 

D . J . s e r u m 1 8 0 8 1 6 1 8 9 5 0 0 . 9 8 

) s e r u m 2 3 4 6 0 6 1 5 1 0 6 7 0 . 6 2 
M . K . 

) S p . A b ( e ) ) S p . A b ( e ) 1 8 , 0 0 0 1 9 , 9 0 0 6 1 4 0 6 5 1 . 0 6 

) s e r u m 8 5 2 1 2 , 4 8 0 1 2 6 5 0 2 . 1 1 
D . B . } ( e ) } ( e ) 2 8 , 0 0 0 5 1 , 8 4 0 5 0 3 0 6 0 1 . 3 3 

( a ) M e a s u r e d o n u n a b s o r b e d s a m p l e s b y a n t i g e n b i n d i n g r a d i o i m m u n o a s s a y . 

( b ) M e a s u r e d o n u n a b s o r b e d s a m p l e s b y d o u b l e a n t i b o d y i n h i b i t i o n 

r a d i o i m m u n o a s s a y . 1 u n i t o f I g E w a s a s s u m e d t o b e e q u i v a l e n t 

t o 2 . 4 n g ( B a z a r a l a n d H a m b u r g e r , 1 9 7 2 ) . 

( c ) T h e r e s u l t s , e x p r e s s e d a s a p e r c e n t a g e o f t h e t o t a l I g E , a r e t h e 

q u a n t i t y o f I g E a b s o r b e d b y E x I o r P-^ i m m u n o s o r b e n t m i n u s t h e 

I g E a b s o r b e d b y a n H S A i m m u n o s o r b e n t . 

( d ) T h e q u a n t i t y o f I g E r e p r e s e n t e d b y 1 u n i t o f I g E B A w a s 

c a l c u l a t e d a s f o l l o w s : -

1 u n i t = T o t a l I g E ( u n i t s / m l ) x 2 . 4 x % t o t a l I g E d i r e c t e d a g a i n s t P i 
I g E B A f o r ( u n i t s / m l ) 

( e ) I m m u n o s o r b e n t p u r i f i e d s p e c i f i c a n t i b o d y t o E x I . 
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s a m p l e s w e r e c o m p a r e d w i t h t h e q u a n t i t y o f I g E a b s o r b e d b y R A S T b e a d s 

c o a t e d w i t h P ^ a n d u s e d t o m a k e a n e s t i m a t e o f t h e a m o u n t o f I g E 

r e p r e s e n t e d b y o n e u n i t o f I g E B A ( T a b l e 2 . i f ) . T h e s e c a l c u l a t i o n s 

g a v e a m e a n v a l u e o f 1 . 1 3 £ O . i f i f n g I g E a b / u n i t I g E B A . W h e n t h i s 

v a l u e w a s a p p l i e d t o t h e p r e v i o u s m e a s u r e m e n t s o f I g E B A o n s e r a u s e d 

i n C h a p t e r I ( i n c l u d i n g 2 0 o t h e r s e r a f r o m s k i n t e s t p o s i t i v e i n d i -

v i d u a l s ) I g E a b t o P 1 a c c o u n t e d f o r 8 . if t 1 1 . 5 % ( n = 5 i f ) o f t h e t o t a l 

I g E . C a l c u l a t i o n s o n s e r a f r o m t w o o t h e r g r o u p s o f m i t e a l l e r g i c 

i n d i v i d u a l s ( s e e C h a p t e r I I I ) s h o w e d t h a t I g E a b t o P 1 a c c o u n t e d f o r 

1 0 . 8 ± 7 . 1 f % ( n = 6 0 ) a n d 1 7 . i f t 1 2 . 1 % ( n = i f i f ) o f t h e t o t a l I g E . T h e 

m e a n v a l u e f r o m a l l t h e s e s t u d i e s ( 1 2 % ) i s v e r y s i m i l a r t o t h o s e 

r e p o r t e d u s i n g p u r i f i e d m a j o r a l l e r g e n s f r o m p o l l e n s ( Z e i s s e t a l , 

1 9 7 3 ; S c h e l l e n b u r g a n d A d k i n s o n , 1 9 7 5 ; P l a t t s - M i l l s e t a l , 1 9 7 8 ) . 

2 . 3 . 5 F u r t h e r a n a l y s e s o f t h e c o m p o n e n t s o f D ^ p j g r o n v s s i n u s c u l t u r e 

A m o d i f i e d s c h e m e f o r t h e p r e p a r a t i o n o f a n t i g e n s a n d a l l e r g e n s 

f r o m D . p t e r o n y s s i n u s c u l t u r e i s g i v e n i n F i g . 2 . 8 . A l m o s t a l l t h e 

a n t i g e n P ^ ( > 9 0 % b y r a d i o i m m u n o a s s a y ) w a s r e c o v e r e d b y f r a c t i o n a t i o n 

o f E x I w i t h 5 0 % s a t u r a t e d a i o m o n i u m s u l p h a t e ( S A S ) . G e l f i l t r a t i o n o f 

t h e r e — d i s s o l v e d 5 0 % S A S p r e c i p i t a t e r e s u l t e d i n a s h a r p p e a k o f h i g h 

m o l e c u l a r w e i g h t m a t e r i a l ( ' H M W ' ) ( > 1 0 0 , 0 0 0 d a l t o n s ) a n d a v e r y b r o a d 

p e a k o f l o w e r m o l e c u l a r w e i g h t m a t e r i a l ( 5 - 5 0 , 0 0 0 d a l t o n s ) . F r a c t i o n s 

c o m p r i s i n g t h e ' H M W 1 p e a k w e r e e x t r e m e l y t u r b i d a n d s h o w e d a m u c h 

h i g h e r a b s o r b a n c e a t 2 8 0 n m t h a n t h e l o w e r m o l e c u l a r w e i g h t f r a c t i o n s . 

T h e ' H M W ' f r a c t i o n g a v e t w o l i n e s o n i m m u n o d i f f u s i o n a g a i n s t r a b b i t 

a n t i - E x l w h i c h d i d n o t c r o s s - r e a c t w i t h t h e l i n e a g a i n s t a n t i g e n P ^ 

( d a t a n o t s h o w n ) . F r a c t i o n s w i t h MW 1 5 - 2 5 , 0 0 0 d a l t o n s w e r e f u r t h e r 
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Purification of Allergens from D. pteronyssinus culture 

Dry D.pteronyssinus culture (Bencards) 
(lOOg) 

Step 1. 
Extract with 1.5L saline. 
Centrifuge to remove culture 
medium solids. Concerlrate 
supernate over Amicon PMIO 
filter. 

Aqueous D.pteronyssinus extract (Ex I) 
(1200mg) 

Step 2. 
Dialyse exhaustively 
Fractionate with saturated 
a'mmonium sulphate (SAS) 

50% SAS precipitate 
(150mg) 

Step 3. 

High MW peak 
(> 100,000 daltons) 

(20mg) 

Step 4. 

Step 5. 

Fr.5(pl 4.7-5.4) 
(~6mg) 

"F4Pj" 
(20mg) 

Antigen P| 

Gel filtration on Sephadex G-100 

Fraction MW 15^25.000 daltons 
(60mg) 

Pevikon block electrophoresis 

Preparative isoelectricfocusing (IEF) 

'Fr. 14 (pi 6L 6-7.1) 
(~3mg) 

F i g u r e 2 . 8 

M o d i f i e d p r o c e d u r e f o r t h e p u r i f i c a t i o n o f a l l e r g e n s f r o m . P . p t e r o n y s s i n u s 

c u l t u r e . A p p r o x i m a t e y i e l d s o f p r o t e i n a r e g i v e n i n p a r e n t h e s e s . V a l u e s 

w e r e d e t e r m i n e d u s i n g a t r i c h l o r o a c e t i c a c i d m o d i f i c a t i o n of t h e L o w r y 

t e c h n i q u e ( B e n s a d o u n a n d W e i n s t e i n , 1 9 7 6 ) . 

62 



p u r i f i e d b y p e v i k o n b l o c k e l e c t r o p h o r e s i s . B y t h i s s t a g e t h e b u l k 

o f t h e h i g h l y c o l o u r e d m a t e r i a l h a d b e e n r e m o v e d a n d m o s t o f t h e p r o t e i n 

m i g r a t e d w i t h ( 3 - m o b i l i t y a s 

U s i n g t h e m o d i f i e d p u r i f i c a t i o n p r o c e d u r e t h e y i e l d o f a n t i g e n P ^ 

( l O m g ) f r o m t h e t o t a l p r o t e i n e x t r a c t e d f r o m m i t e c u l t u r e ( 1 2 0 0 m g ) 

w a s a b o u t 1 % ( F i g . 2 . 8 ) , i . e . v e r y s i m i l a r t o t h e y i e l d o f p u r i f i e d 

a l l e r g e n s f r o m p o l l e n e x t r a c t s ( s e e M a r s h , 1 9 7 5 ) . A y i e l d o f 6 % w a s 

o b t a i n e d f r o m t h e 5 0 % S A S p r e c i p i t a t e o f E x I . W h i l e t h e s e y i e l d s m a y 

n o t a p p e a r t o b e v e r y h i g h , i n m o s t c a s e s t h e y i e l d w a s s a c r i f i c e d i n 

o r d e r t o o b t a i n f r a c t i o n s w i t h h i g h a n t i g e n i c p u r i t y . 

F r a c t i o n s i s o l a t e d u s i n g t h e m o d i f i e d p u r i f i c a t i o n p r o c e d u r e w e r e 

a n a l y s e d b y S D S - P A G E ( F i g . 2 . 9 ) . T h e s a m p l e s w e r e t r e a t e d w i t h S D S 

a l o n e a n d b o i l e d f o r 2 m i n u t e s b e f o r e b e i n g a p p l i e d t o t h e g e l . T h i s 

r e s u l t e d i n m o r e c l e a r l y d e f i n e d b a n d s . p a r t i c u l a r l y f o r E x I a n d t h e 

5 0 % S A S f r a c t i o n . T h e ' H M W 1 f r a c t i o n , s o m e w h a t s u r p r i s i n g l y , s h o w e d 

a m a j o r b a n d a t 1 7 , 2 0 0 d a l t o n s a n d t h r e e o t h e r b a n d s b e l o w 2 0 , 0 0 0 

d a l t o n s b u t v e r y l i t t l e h i g h e r m o l e c u l a r w e i g h t m a t e r i a l . B o t h E x I 

a n d t h e 5 0 % S A S f r a c t i o n s h o w e d a d e n s e l y s t a i n i n g b a n d a t 2 8 , 5 0 0 

d a l t o n s w h i c h w a s n o t s e e n o n t h e p r e v i o u s g e l ( F i g . 2 . 7 ) . A n e x t r a c t 

o f t h e D . p t e r o n y s s i n u s c u l t u r e m e d i u m s h o w e d o n e m a j o r b a n d - , 

MW A ' 5 5 , 0 0 0 d a l t o n s . 

O n i m m u n o d i f f u s i o n i t w a s p o s s i b l e t o i d e n t i f y m o s t o f t h e a n t i -

g e n i c c o m p o n e n t s o f E x I ; 2 l i n e s d e r i v e d f r o m t h e ' H M W ' f r a c t i o n , 
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M P i F 4 P 1 H M W E X I 50% 
SAS 

CM M 

Figure 2.9 

Further analysis of D.pteronyssinus allergens on SDS-PAGE. 

M = marker solution containing catalase, peroxidase, 71 light 

chain and myoglobin. HMW = 'high molecular weight' fraction 

(>100,000 daltons on gel filtration). CM = highly concentrated 

culture medium extract. 

1378 



2 - 3 l i n e s f r o m F ^ P ^ a n d a s i n g l e l i n e f r o m t h e c u l t u r e m e d i u m 

c o m p o n e n t . T h e a n t i g e n s p r e s e n t i n D . p t e r o n y s s i n u s e x t r a c t s h a v e 

b e e n a n a l y s e d b y D r s . H . L o w e n s t e i n a n d P . L i n d i n C o p e n h a g e n u s i n g 

c r o s s e d I m m u n o e l e c t r o p h o r e s i s ( C I E ) . T h e s e w o r k e r s k i n d l y o f f e r e d 

t o a n a l y s e F ^ P ^ a n d a n t i g e n P ^ i n t h e i r C I E r e f e r e n c e s y s t e m . T h e i r 

r e s u l t s ( T a b l e 2 . 5 ) s h o w e d t h a t a n t i g e n P ^ c o r r e s p o n d e d t o a n t i g e n 

D p . / f 2 w h i c h t h e y c o n s i d e r e d t o b e t h e m a j o r I g E b i n d i n g p r o t e i n i n 

c r o s s e d r a d i o i m m u n o e l e c t r o p h o r e s i s ( C R I E ) . A n t i g e n D p . i f 2 w a s t h e 

o n l y a l l e r g e n i c c o m p o n e n t i d e n t i f i e d i n e i t h e r p r e p a r a t i o n . I n a 

q u a n t i t a t i v e C I E a n a l y s i s l p . g F ^ P ^ a n d / a n t i g e n P ^ c o n t a i n e d a n a m o u n t 

o f D p . 1 ^ 2 c o r r e s p o n d i n g t o 3 9 u g a n d 1 9 p . g o f w h o l e D . p t e r o n y s s . i n u s 

c u l t u r e e x t r a c t r e s p e c t i v e l y . 

2 . if D i s c u s s i o n 

S e v e r a l l i n e s o f e v i d e n c e s u g g e s t e d t h a t , a n t i g e n P ^ w a s t h e m a j o r 

a l l e r g e n f r o m D . p t e r o n y s s i n u s . T h e r e w a s a v e r y g o o d q u a n t i t a t i v e 

c o r r e l a t i o n b o t h i n v i v o a n d i n v i t r o b e t w e e n I g E a b t o a n t i g e n P ^ a n d 

t o E x I . P o s i t i v e s k i n r e s p o n s e s c o u l d b e i n d u c e d w i t h a s l i t t l e a s 

5 p g o f t h e p u r i f i e d a l l e r g e n s ( T a b l e 2 . 1 ) a n d m o r e t h a n 9 0 % o f i n d i v i -

d u a l s w h o g a v e p o s i t i v e p r i c k t e s t s t o D . p t e r o n y s s i n u s h a d d e t e c t a b l e 

s e r u m I g E a b t o a n t i g e n P ^ . T h e R A S T a b s o r p t i o n e x p e r i m e n t s s h o w e d 

t h a t u p t o t h r e e - q u a r t e r s o f t h e m i t e - s p e c i f i c a b w a s d i r e c t e d a g a i n s t 

a n t i g e n P ^ . T h e s e r e s u l t s w e r e f u r t h e r s u p p o r t e d b y t h e i n d e p e n d e n t 

o b s e r v a t i o n t h a t a n t i g e n P . ^ w a s t h e m a j o r I g E b i n d i n g p r o t e i n i n C R I E . 

A l t h o u g h i t w a s c l e a r t h a t a n t i g e n P ^ w a s t h e m a j o r D . p t e r o n y s s i n u s 

a l l e r g e n , t h e r e w a s s o m e e v i d e n c e t h a t t h i s a n t i g e n d i d n o t a c c o u n t 

f o r t h e t o t a l a l l e r g e n i c a c t i v i t y o f m i t e e x t r a c t . F o r e x a m p l e , o n e 
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TABLE 2.5 

A n a l y s i s o f F ^ P ^ a n d a n t i g e n P ^ b y c r o s s e d i m m u n o e l e c t r o p h o r e s i s 

N u m b e r o f a n t i g e n s 
A l l e r g e n f o u n d C l a s s i f i c a t i o n * 

F ^ 5 D p - 4 2 , D p - 3 0 

P x 2 D p - 4 2 

* B a s e d o n a s t a n d a r d D . p t e r o n y s s i n u s e x t r a c t ( D p 0 4 7 5 ) w h i c h g a v e 

4 9 i m m u n o p r e c i p i t a t e s a g a i n s t r a b b i t a n t i b o d i e s t o w h o l e 

D . p t e r o n y s s i n u s c u l t u r e . 
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s u b j e c t w a s 1 0 0 - f o l d m o r e s e n s i t i v e t o E x I o n s k i n t e s t i n g ( T a b l e 2 . 1 ) 

a n d i n s o m e s e r a a s o m e w h a t l o w e r p r o p o r t i o n ( < 5 0 % ) o f t h e I g E a b w a s 

s p e c i f i c f o r a n t i g e n P 1 ( T a b l e 2 . i f ) . T h i s e v i d e n c e s u g g e s t e d t h a t 

t h e r e a r e m i n o r D . p t e r o n y s s i n u s a l l e r g e n s w h i c h a l s o e l i c i t t h e 

f o r m a t i o n o f I g E a b . 

T h e S D S - P A G E a n a l y s e s s h o w e d t h a t a n t i g e n P ^ w a s p r e s e n t o n a 

s i n g l e p o l y p e p t i d e c h a i n , MW 2 i f , 0 0 0 d a l t o n s . S t e w a r t a n d T u r n e r 

( 1 9 8 0 a ) r e p o r t e d a s i m i l a r m o l e c u l a r w e i g h t f o r t h e m o s t p o t e n t 

Do p t e r o n y s s i n u s a l l e r g e n ( 2 6 , 0 0 0 d a l t o n s ) , h o w e v e r , t h i s v a l u e i s 

s l i g h t l y h i g h e r t h a n w o u l d b e e x p e c t e d f r o m t h e r e s u l t s o f g e l 

f i l t r a t i o n ( 7 , 5 0 0 - 2 0 , 0 0 0 d a l t o n s ) ( C h a p t e r I , s e e a l s o A l l e n e t a l , 

1 9 6 9 ; K a b a s a w a a n d I s h i i , 1 9 7 9 ) . I n p r e l i m i n a r y s e d i m e n t a t i o n 

v e l o c i t y e x p e r i m e n t s a n t i g e n P ^ s h o w e d a c o n t i n u o u s b o u n d a r y b e t w e e n 

0 . 5 - 2 3 ( d a t a n o t s h o w n ) . T h e s e S v a l u e s a r e c o m p a t i b l e w i t h t h e 

g e l f i l t r a t i o n d a t a a n d s u g g e s t t h a t t h e m o l e c u l a r w e i g h t o f a n t i g e n 

P ^ i s s l i g h t l y o v e r - e s t i m a t e d o n S D S - P A G E . S e v e r a l f a c t o r s a r e k n o w n ' 

t o a f f e c t t h e m o b i l i t y o f p r o t e i n s o n S D S - P A G E , e . g . p r o t e i n c h a r g e , 

d e g r e e o f g l y c o s y l a t i o n a n d n u m b e r o f d i s u l p h i d e b o n d s ( P a y n e , 1 9 7 6 ) . 

B e c a u s e a n t i g e n P ^ i s p r e s e n t o n a g l y c o p r o t e i n i t p r o b a b l y b i n d s 

f e w e r S D S m o l e c u l e s a n d t h e r e f o r e h a s a r e d u c e d e l e c t r o p h o r e t i c 

m o b i l i t y . 

I n a p r e v i o u s s t u d y R o m a g n a n i e t a l ( 1 9 7 6 ) d e m o n s t r a t e d e x t e n s i v e 

c r o s s - r e a c t i v i t y b e t w e e n I E F f r a c t i o n s o f c r u d e m i t e e x t r a c t b y R A S T 

i n h i b i t i o n a n d c o n c l u d e d t h a t t h e e x t r a c t c o n t a i n e d " o n e m a j o r 

a l l e r g e n e x i s t i n g i n m u l t i p l e m o l e c u l a r f o r m s " . T h e r e s u l t s w i t h 
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a n t i g e n P ^ c e r t a i n l y c o n f i r m t h o s e o r i g i n a l o b s e r v a t i o n s . A n t i g e n P ^ 

o c c u r s i n a t l e a s t t w o i s o a l l e r g e n i c f o r m s w h i c h e x h i b i t m a r k e d l y 

d i f f e r e n t i s o e l e c t r i c p o i n t s ( p i 4 . 7 - 5 . 4 a n d 5 . 6 - 7 . 1 ) . T h e p r e s e n c e 

o f a c o m m o n a n t i g e n i c d e t e r m i n a n t o n i s o e l e c t r i c v a r i a n t s o f t h e 

s a m e p r o t e i n i s n o t u n u s u a l , a n d h a s b e e n r e p o r t e d p r e v i o u s l y f o r 

s e v e r a l a l l e r g e n s i n c l u d i n g R y e I ( J o h n s o n a n d M a r s h , 1 9 6 5 b ) , 

C l a d o s p o r i u m h e r b a r u m a l l e r g e n 3 2 ( A a k r u s t a n d B o r c h , 1 9 7 9 ) a n d 

h a z e l p o l l e n a l l e r g e n s H I a n d H I I ( B o r c h , S k a l h e g g a n d S l e t t e n , 1 9 8 0 ) . 

I n a l l t h e s e c a s e s t h e p i v a l u e s o f t h e i s o a l l e r g e n s d i f f e r e d b y 

< 1 p i u n i t . W i d e v a r i a t i o n s i n p i o c c u r i n s o m e m o l e c u l e s s u c h a s 

t h e i m m u n o g l o b u l i n s ( A w d e h , W i l l i a m s o n a n d A s k o n a s , 1 9 6 8 ) a n d L a m i n o -

a c i d o x i d a s e ( W e l l n e r a n d H a y e s , 1 9 7 3 ) . H o w e v e r , t h e s e a r e l a r g e r 

m o l e c u l e s w i t h a r e l a t i v e l y c o m p l e x s u b - u n i t s t r u c t u r e . T h e w i d e -

s p r e a d d i s t r i b u t i o n o f t h e i s o a l l e r g e n s o f a n t i g e n P - ^ s e e m s r e m a r k a b l e 

f o r a m o l e c u l e w h i c h h a s a l o w m o l e c u l a r w e i g h t a n d i s h o m o g e n e o u s o n 

S D S - P A G E . T h e h e t e r o g e n e i t y o f t h e t w o i s o a l l e r g e n s , F r . 5 a n d F r . 1 4 > 

o n I E F ( F i g . 2 . 3 ) c o u l d b e e x p l a i n e d i n p a r t b y t h e d i f f e r e n c e s i n 

t h e i r c a r b o h y d r a t e c o n t e n t , t h o u g h d i f f e r e n c e s i n a m i d e c o n t e n t a n d 

c o n f o r m a t i o n a l c h a n g e s m a y a l s o b e i n v o l v e d ( W i l l i a m s o n , S a l a m a n a n d 

K r e t h , 1 9 7 3 ; R i g h e t t i a n d D r y s d a l e , 1 9 7 6 ) . A t p r e s e n t , i t i s n o t 

p o s s i b l e t o s a y w h e t h e r t h e g l y c o p r o t e i n b e a r i n g a n t i g e n P ^ i s 

s y n t h e s i z e d i n a h e t e r o g e n e o u s f o r m , o r w h e t h e r t h e I E F c h a n g e s 

o c c u r p o s t - s y n t h e t i c a l l y , i n t h e m i t e s ' d i g e s t i v e t r a c t ; o r a s a 

c o n s e q u e n c e o f p r o l o n g e d h i g h - d e n s i t y c u l t u r e ; o r d u r i n g t h e p r e l i m -

i n a r y e x t r a c t i o n p r o c e d u r e s e m p l o y e d b y t h e m a n u f a c t u r e r . H o w e v e r , 

i t i s c l e a r f r o m t h e p r e s e n t d a t a t h a t a n a l y t i c a l I E F w o u l d n o t b e 

a u s e f u l t e c h n i q u e f o r s t a n d a r d i z i n g m i t e e x t r a c t s . 
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T h e f i n d i n g t h a t a n t i g e n P - ^ w a s s u s c e p t i b l e t o h e a t i n g f o r 

o n e h o u r a t 5 6 ° C w a s s u r p r i s i n g , s i n c e i n t h e p a s t m i t e c u l t u r e s 

w e r e r o u t i n e l y t r e a t e d f o r s i x h o u r s a t 6 0 ° C t o k i l l t h e l i v e m i t e s 

( V o o r h o r s t a n d S p i e k s m a , 1 9 6 9 ) a n d m i t e a l l e r g e n s h a v e b e e n r e p o r t e d 

t o b e h e a t s t a b l e ( R i c c i , B i l i o t t i a n d R o m a g n a n i , 1 9 7 5 ; N a k a g a w a 

e t a l , 1 9 7 7 ) . A t p r e s e n t , t h e r e i s n o c l e a r e x p l a n a t i o n f o r t h e s e 

f i n d i n g s . I t i s p o s s i b l e t h a t ' d r y ' m i t e c u l t u r e s a r e l e s s s u s c e p t -

i b l e t o h e a t t h a n t h e s o l u b l e a l l e r g e n . E q u a l l y , a r e d u c t i o n o f 5 0 % 

i n t h e a l l e r g e n i c i t y o f m i t e c u l t u r e w o u l d p r o b a b l y n o t h a v e b e e n 

d e t e c t e d p r e v i o u s l y b y s k i n t e s t i n g . 

O n e o f t h e a i m s o f s t u d y i n g p u r i f i e d a l l e r g e n s i s t o u n d e r s t a n d 

t h e m e c h a n i s m b y w h i c h t h e s e m o l e c u l e s e l i c i t I g E a b f o r m a t i o n . I t 

h a s b e e n p r o p o s e d t h a t a l l e r g e n s r e q u i r e a d i v a l e n t s t r u c t u r e t o 

c r o s s - l i n k s u r f a c e r e c e p t o r s o n m a s t c e l l s ( S t a n w o r t h , 1 9 7 3 ) a n d 

a l s o t h a t t h e r e a r e c h e m i c a l l y - d e f i n e d a l l e r g e n i c d e t e r m i n a n t s 

( N - g l y c o s i d i c a l l y l i n k e d p r o t e i n - s u g a r r e s i d u e s ) ( B e r r e n s 1 9 7 0 , 1 9 7 4 ) . 

A l t h o u g h t h e s e f a c t o r s m a y m a k e s o m e c o n t r i b u t i o n t o w a r d s b i o l o g i c a l 

a c t i v i t y t h e y a r e c l e a r l y n o t e s s e n t i a l f o r a l l e r g e n i c a c t i v i t y . 

T h u s b o t h l o w m o l e c u l a r w e i g h t , m o n o v a l e n t a l l e r g e n s , e . g . r a g w e e d 

R a 5 a n d a l l e r g e n s w h i c h l a c k c a r b o h y d r a t e , e . g . a l l e r g e n M h a v e b e e n 

d e s c r i b e d ( L a p k o f f a n d G o o d f r i e n d , 1 9 7 4 ; E l s a y e d a n d A a s , 1 9 7 0 ) . 

M o s t m a j o r a l l e r g e n s d e r i v e d f r o m p o l l e n s , c o d f i s h , a n i m a l d a n d e r s 

a n d v e s p i d v e n o m s a r e p r o t e i n s o r g l y c o p r o t e i n s w i t h MW 1 0 - 4 0 , 0 0 0 

d a l t o n s . T h e y u s u a l l y c o m p r i s e a h i g h p r o p o r t i o n o f t h e e x t r a c t a b l e 

p r o t e i n i n c r u d e a l l e r g e n e x t r a c t s a n d a r e . a l l r a p i d l y s o l u b l e i n 

a q u e o u s s o l u t i o n ( S t a n w o r t h , 1 9 5 7 ; K i n g , 1 9 7 9 ; B o r c h , S k a l h e g g a n d 
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S l e t t e n , 1 9 8 0 ) . A n t i g e n P i h a s v e r y s i m i l a r p h y s i c a l p r o p e r t i e s t o 

t h e o t h e r m a j o r a l l e r g e n s . I t f o r m s t h e m o s t p r e d o m i n a n t c o m p o n e n t 

o n i m m u n o d i f f u s i o n ( F i g . 2 . 5 ) a n d S D S - P A G E ( F i g s . 2 . 7 a n d 2 . 9 ) a n d 

r a d i o i m m u n o a s s a y r e s u l t s s u g g e s t t h a t a n t i g e n c o m p r i s e s 1 0 - 2 0 % o f 

t h e p r o t e i n i n c r u d e m i t e e x t r a c t . R e c e n t w o r k h a s s h o w n t h a t 

a n t i g e n P ^ e l u t e s r a p i d l y ( > 9 0 % w i t h i n 2 m i n u t e s ) f r o m m i t e c u l t u r e s 

a n d s a m p l e s o f h o u s e d u s t ( T o v e y , C h a p m a n a n d P l a t t s - M i l l s - m a n u -

s c r i p t i n p r e p a r a t i o n ) . T h e r e s e e m s t o b e a r e l a t i o n s h i p b e t w e e n 

t h e s e s i m p l e , p h y s i c a l p r o p e r t i e s a n d a l l e r g e n i c a c t i v i t y . T r a c e r 

e x p e r i m e n t s i n a n i m a l s s u g g e s t t h a t a n t i g e n s w i t h a m o l e c u l a r w e i g h t 

l e s s t h a n 5 0 , 0 0 0 d a l t o n s w o u l d r e a d i l y p e n e t r a t e m u c o s a l s u r f a c e s , 

w h e r e a s l a r g e r m o l e c u l e s w o u l d b e e x c l u d e d ( S c h n e e b u r g e r a n d K a r n o v s k y , 

1 9 7 1 ) . S m a l l e r m o l e c u l e s ( < 1 0 , 0 0 0 d a l t o n s ) h a v e f e w e r a n t i g e n i c 

d e t e r m i n a n t s a n d w o u l d b e e x p e c t e d t o b e l e s s i m m u n o g e n i c ( C r u m p t o n , 

1 9 7 5 ) . I n a d d i t i o n , t h e s e m o l e c u l e s w o u l d p r o b a b l y p a s s t h r o u g h 

c a p i l l a r y m e m b r a n e s a n d b e r a p i d l y d i l u t e d i n t h e b l o o d s t r e a m i n v i v o ' 

( Y o f f e y a n d C o u r t i c e , 1 9 7 0 ) . T h u s m a j o r a l l e r g e n s c a n p e n e t r a t e 

m u c o s a l s u r f a c e s , a r e r a p i a l y s o l u b l e i n e x t r a c e l l u l a r f l u i d s a n d 

a r e p r e s e n t i n s u f f i c i e n t q u a n t i t i e s t o c a u s e i m m e d i a t e s y m p t o m s . 

I t h a s b e e n r e p o r t e d t h a t t h e h i g h m o l e c u l a r w e i g h t f r a c t i o n s o f m i t e 

e x t r a c t ( > 2 7 4 » 0 0 0 d a l t o n s ) c o n t a i n l e c t i n - b i n d i n g a l l e r g e n s w h i c h a r e 

a c t i v e i n R A S T a n d C R I E ( B a l d o a n d U h l e n b r u c k , 1 9 7 7 ; S t e w a r t a n d 

T u r n e r , 1 9 8 0 b ) . A c c o r d i n g t o t h e a b o v e c r i t e r i a t h e s e f r a c t i o n s w o u l d 

n o t b e e x p e c t e d t o b e a l l e r g e n i c . H o w e v e r , t h e S D S - P A G E a n a l y s e s 

( F i g . 2 . 9 ) i n d i c a t e t h a t t h e h i g h m o l e c u l a r . w e i g h t m a t e r i a l d i s s o c i a t e s 

i n t o s e v e r a l s u b - u n i t s , MW < 2 0 , 0 0 0 d a l t o n s , w i t h a m a j o r b a n d a t 

1 7 , 2 0 0 d a l t o n s . T h e s e s u b - u n i t s c o u l d b e t h e a c t i v e m o i e t y o f t h e 

h i g h m o l e c u l a r w e i g h t a l l e r g e n . 
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C H A P T E R I I I 

T h e a n t i b o d y r e s p o n s e t o D . p t e r o n y s s i n u s 

rN A < I 



3 . 1 I n t r o d u c t i o n 

U n d e r c o n d i t i o n s o f n a t u r a l e x p o s u r e , a n t i b o d i e s t o i n h a l a n t 

a l l e r g e n s , e . g . p o l l e n g r a i n s , a r e i n d u c e d b y m i n u t e d o s e s ( n g ) o f 

a l l e r g e n e n t e r i n g v i a t h e n a s a l m u c o s a . T h i s t y p e o f e x p o s u r e g e n e r -

a t e s a r e s p o n s e w h i c h , i n m o s t p a t i e n t s w i t h h a y f e v e r , i n c l u d e s I g G , 

I g A a n d I g E a b ( Y a g i e t a l , 1 9 6 3 ; I s h i z a k a , I s h i z a k a a n d H o r n b r o o k , 

1 9 6 7 ; P l a t t s - M i l l s e t a l , 1 9 7 8 ) . O n c e i n d u c e d , t h e r e s p o n s e i s n o t 

t h o u g h t t o b e a f f e c t e d b y d r u g s u s e d t o a l l e v i a t e a l l e r g i c s y m p t o m s 

e . g . a n t i - h i s t a m i n e s , t o p i c a l s t e r o i d s o r d i - s o d i u m c r o m o g l y c a t e , a n d 

c a n b e r e g a r d e d a s c h a r a c t e r i s t i c o f e s s e n t i a l l y ' u n t r e a t e d ' p a t i e n t s . 

T h e a b r e s p o n s e m a y s u b s e q u e n t l y b e c h a n g e d f o l l o w i n g t h e ' s y s t e m i c ' 

a d m i n i s t r a t i o n o f s o l u b l e a l l e r g e n i n a c o u r s e o f d e s e n s i t i z a t i o n 

t r e a t m e n t ( h y p o s e n s i t i z a t i o n o r i m m u n o t h e r a p y ) . T h e r e a r e p o t e n t i a l 

d i f f e r e n c e s i n t h e q u a n t i t i e s a n d d i s t r i b u t i o n o f a b b e t w e e n ' u n t r e a t e d * 

a n d ' t r e a t e d ' p a t i e n t s . T h e r e f o r e , e a c h t y p e o f r e s p o n s e s h o u l d b e 

c o n s i d e r e d s e p a r a t e l y . T h i s c h a p t e r d e s c r i b e s t h e a b r e s p o n s e t o 

D . p t e r o n y s s i n u s i n b o t h g r o u p s o f p a t i e n t s . 

' D e s e n s i t i z a t i o n w a s f i r s t i n t r o d u c e d b y N o o n ( 1 9 1 1 ) , w i t h t h e 

r a t i o n a l e o f r a i s i n g n e u t r a l i z i n g a b t o " p o l l e n t o x i n " . T h e t r e a t -

m e n t w a s l a t e r u s e d f c r a w i d e v a r i e t y o f a l l e r g e n s , i n c l u d i n g h o u s e 

d u s t . E a r l y a t t e m p t s t o d e s e n s i t i z e p a t i e n t s w i t h a s t h m a a s s o c i a t e d 

w i t h i m m e d i a t e r e a c t i o n s t o d u s t i n v o l v e d i n j e c t i o n s o f h i g h c o n c e n -

t r a t i o n s o f d u s t e x t r a c t s , o f t e n w i t h q u i t e d r a m a t i c ( a n a p h y l a c t i c ) 

s i d e - e f f e c t s ( S p i v a c k e a n d G r o v e , 1 9 2 5 ) . N o n e t h e l e s s , i n t h o s e 

u n c o n t r o l l e d s t u d i e s , a n d o t h e r s i n v o l v i n g a t o t a l d o s e o f 5 - 2 0 m g 

h o u s e d u s t ( M a u n s e l l , W h e t n a l l a n d R i m i n g t o n , 1 9 4 7 ) , t h e r e w a s a 
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m a r k e d i m p r o v e m e n t i n p a t i e n t s ' s y m p t o m s . M o r e r e c e n t l y , t h e r e h a v e 

b e e n s e v e r a l t r i a l s o f t h e e f f i c a c y o f d e s e n s i t i z a t i o n u s i n g d i l u t e 

e x t r a c t s o f h o u s e d u s t , D . f a r i n a e o r D . p t e r o n y s s i n u s . T r e a t m e n t w i t h 

h o u s e d u s t w a s i n e f f e c t i v e i n t h e s h o r t t e r m ( 1 5 w e e k s ) ( B r i t i s h 

T u b e r c u l o s i s A s s o c i a t i o n , 1 9 6 8 ) b u t c a u s e d s y m p t o m a t i c i m p r o v e m e n t 

a n d a r e d u c t i o n i n b r o n c h i a l s e n s i t i v i t y w h e n c o n t i n u e d f o r a 2 - 3 y e a r 

p e r i o d ( A a s , 1 9 7 1 ) . A q u e o u s e x t r a c t s o f m i t e c u l t u r e s w e r e m o r e 

e f f e c t i v e t h a n h o u s e d u s t ( M a u n s e l l , W r a i t h a n d H u g h e s , 1 9 7 1 ) a n d 

t h e i m p r o v e m e n t i n s y m p t o m s w a s , i n s o m e c a s e s , a c c o m p a n i e d b y a 

r e d u c t i o n i n e i t h e r b r o n c h i a l o r n a s a l s e n s i t i v i t y ( S m i t h , 1 9 7 1 ; 

A s s e m a n d M c A l l e n , 1 9 7 3 ; D ' S o u z a e t a l , 1 9 7 3 ) . C o n t r a d i c t o r y r e s u l t s 

w e r e o b t a i n e d w i t h t y r o s i n e a d s o r b e d m i t e e x t r a c t ( M i g e n ) . I n d e t a i l e d 

s t u d i e s W a r n e r e t a l ( 1 9 7 8 ) r e p o r t e d s y m p t o m a t i c i m p r o v e m e n t a s s o c i a t e d 

w i t h a r e d u c t i o n i n t h e u s e o f b r o n c h o d i l a t o r d r u g s , a n d a l s o a l o w e r 

i n c i d e n c e o f l a t e r e a c t i o n s t o b r o n c h i a l c h a l l e n g e . H o w e v e r , o t h e r 

w o r k e r s u s i n g t h e s a m e t r e a t m e n t a n d s i m i l a r m e t h o d s o f a s s e s s m e n t 

f o u n d n o i m p r o v e m e n t ( G a d d i e , S k i n n e r a n d P a l m e r , 1 9 7 6 ) . I t i s d i f f i -

c u l t t o m a k e d i r e c t c o m p a r i s o n s b e t w e e n a n y o f t h e s e t r e a t m e n t s b e c a u s e 

o f d i f f e r e n c e s i n t h e s e l e c t i o n o f p a t i e n t s , t r e a t m e n t r e g i m e s a n d 

m e t h o d s o f a s s e s s m e n t . A t b e s t , u p t o 8 0 % o f t h e t r e a t e d p a t i e n t s 

w e r e i m p r o v e d b y d e s e n s i t i z a t i o n . 

A l t h o u g h d e s e n s i t i z a t i o n h a s b e e n p r a c t i s e d f o r n e a r l y 7 0 y e a r s 

t h e m e c h a n i s m b y w h i c h i m p r o v e m e n t o c c u r s i s p o o r l y u n d e r s t o o d . I t 

h a s b e e n t h o u g h t t o b e d u e t o t h e p r o d u c t i o n o f I g G ' b l o c k i n g ' a n t i -

b o d i e s i n t h e s e r u m ( C o o k e e t a l , 1 9 3 5 ; L o v e l e s s , 1 9 ^ 0 ) w h i c h p r e v e n t 

t h e i n t e r a c t i o n b e t w e e n a l l e r g e n a n d m a s t c e l l b o u n d I g E a b . I n c r e a s e s 
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i n I g G . a b f o l l o w i n g d e s e n s i t i z a t i o n h a v e b e e n d e m o n s t r a t e d i n t h e 

s e r u m a n d n a s a l s e c r e t i o n s o f h a y f e v e r p a t i e n t s b y a n t i g e n b i n d i n g 

a s s a y ( Y u n g i n g e r a n d G l e i c h , 1 9 7 3 ; P l a t t s - M i l l s e t a l , 1 9 7 6 ; 1 9 7 9 ) 

a n d b y i n h i b i t i o n o f h i s t a m i n e r e l e a s e i n v i t r o ( L i c h t e n s t e i n , N o r m a n 

a n d W i n k e n w e r a e r , 1 9 7 1 ; L e v y e t a l , 1 9 7 1 ; L i c h t e n s t e i n e t a l , 1 9 7 3 ) . 

H o w e v e r , t h e r e h a v e b e e n v e r y f e w s t u d i e s o n ' b l o c k i n g ' a b t o m i t e s 

b e c a u s e s u i t a b l e a s s a y s v / e r e n o t a v a i l a b l e . 

T h i s c h a p t e r d e s c r i b e s t h e u s e o f t h e a n t i g e n b i n d i n g a s s a y f o r 

a n t i g e n P ^ t o a s s e s s t h e a b r e s p o n s e t o D . p t e r o n y s s i n u s i n p a t i e n t s 

f r o m H o n g K o n g w h o t o o k p a r t i n a d o u b l e - b l i n d , p l a c e b o - c o n t r o l l e d 

t r i a l o f d e s e n s i t i z a t i o n ( G a b r i e l e t a l , 1 9 7 7 ) . C l i n i c a l l y , t h e 

D . p t e r o n y s s i n u s t r e a t e d ( D P ) p a t i e n t s s h o w e d s i g n i f i c a n t b e n e f i t d u r i n g 

m a i n t e n a n c e t h e r a p y v / h e n c o m p a r e d w i t h t h e p l a c e b o - t r e a t e d ( ' p l a c e b o ' ) 

c o n t r o l s . T h e a i m o f t h e p r e s e n t s t u d i e s w a s t o s t u d y t h e r e l a t i o n s h i p 

b e t w e e n i m p r o v e m e n t i n s y m p t o m s a n d c h a n g e s i n a b p r o d u c t i o n . 

3 . 2 M e t h o d s 

3 . 2 . 1 P a t i e n t s 

T h e ' L o n d o n ' p a t i e n t s p r e s e n t e d w i t h s y m p t o m s o f r h i n i t i s o r 

a s t h m a a t N o r t h w i c k P a r k H o s p i t a l A l l e r g y C l i n i c . T h e m a j o r i t y h a d 

p o s i t i v e s k i n t e s t s t o D . p t e r o n y s s i n u s . O n l y o n e o f t h e s e p a t i e n t s 

h a d r e c e i v e d d e s e n s i t i z a t i o n t r e a t m e n t . N a s a l w a s h i n g s w e r e c o l l e c t e d 

a s d e s c r i b e d b y P l a t t s - M i l l s e t a l ( 1 9 7 6 ) . 1 0 m l B B S v / a s i n s t i l l e d 

i n t o e a c h n o s t r i l a n d a l l o w e d t o d r a i n o u t . . F r o m 2 0 - i f O m l w a s h i n g s 

w e r e c o n c e n t r a t e d t o l - 2 m l u s i n g a c o l l o d i m b a g a p p a r a t u s ( U M 1 0 0 , 

S c h l e i c h e r a n d S c h u l l , V J . G e r m a n y ; a n d s t o r e d a t - 2 0 ° C . S a l i v a w a s 



c o l l e c t e d w i t h o u t s t i m u l a t i o n , b y a s k i n g p a t i e n t s t o s a l i v a t e i n t o a 

c o n t a i n e r w i t h o u t c o u g h i n g a n d t o a v o i d s e c r e t i o n s f r o m t h e b a c k o f 

t h e m o u t h . T h e s a m p l e s w e r e c e n t r i f u g e d a n d s t o r e d a t - 2 0 ° C . 

T h e ' H o n g K o n g ' p a t i e n t s w e r e a l l C h i n e s e , g a v e a t h r e e y e a r 

h i s t o r y o f s e a s o n a l o r p e r e n n i a l r h i n i t i s , a n d h a d p o s i t i v e s k i n 

t e s t s a n d n a s a l c h a l l e n g e t e s t s t o D . p t e r o n y s s i n u s ( G a b r i e l e t a l , 

1 9 7 7 ) . P a t i e n t s w e r e s t r a t i f i e d b y a g e a n d r a n d o m l y a l l o c a t e d t o 

t r e a t m e n t w i t h e i t h e r g r a d e d d o s e s o f D . p t e r o n y s s i n u s e x t r a c t ( f r o m 

O . O O O i f t o 0 . 2 % , n = 2 9 ) o r s a l i n e p l a c e b o ( n = 2 9 ) . T h e c o u r s e 

c o n s i s t e d o f 1 8 - 2 2 w e e k l y i n j e c t i o n s f o l l o w e d b y 1 2 m o n t h l y m a i n t e n -

a n c e d o s e s . S e r u m s a m p l e s w e r e t a k e n b e f o r e t r e a t m e n t , a t t h e e n d o f 

t h e w e e k l y c o u r s e ( 4 m o n t h s ) a n d a f t e r 1 2 m o n t h s o f t r e a t m e n t , i . e . 

a b o u t 6 m o n t h s a f t e r s t a r t i n g t h e m a i n t e n a n c e c o u r s e . P a t i e n t s 

r e c o r d e d d a i l y t h e s e v e r i t y o f t h e i r s y m p t o m s o f s n e e z i n g , o b s t r u c -

t i o n , d i s c h a r g e a n d a s t h m a o n a f o u r - p o i n t s c a l e ( n i l , m i l d , m o d e r a t e . 

o r s e v e r e ) . T h e s e v a l u e s w e r e u s e d t o c a l c u l a t e p a t i e n t s ' s y m p t o m 

s c o r e d t h r o u g h o u t t r e a t m e n t . P r e v i o u s l y , G a b r i e l e t a l ( 1 9 7 7 ) 

c a l c u l a t e d s y m p t o m s c o r e s a s t h e r a t i o o f t h e n u m b e r o f m o d e r a t e o r 

s e v e r e s y m p t o m d a y s t o t h e t o t a l n u m b e r o f s y m p t o m d a y s . I n t h e 

p r e s e n t s t u d i e s t h e s y m p t o m s c o r e s w e r e m o d i f i e d f r o m t h e o r i g i n a l 

d i a r y s c o r e c a r d s a s f o l l o w s : -

S y m p t o m s c o r e = N o . o f m o d e r a t e o r s e v e r e s y m p t o m d a y s x k 

+ 

T o t a l n u m b e r o f s y m p t o m d a y s 
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T h e f a c t o r o f 4 w a s i n t r o d u c e d t o g i v e f u r t h e r w e i g h t t o m o d e r a t e 

o r s e v e r e s y m p t o m s a n d t o e x t e n d t h e r a n g e o f p o s s i b l e s c o r e s . T h u s 

a p a t i e n t w h o e x p e r i e n c e d a l l t h r e e s y m p t o m s ( s n e e z i n g , o b s t r u c t i o n 

a n d d i s c h a r g e ) o n e a c h o f t h e 2 8 d a y s a s s e s s e d c o u l d a c h i e v e a 

m a x i m u m s y m p t o m s c o r e o f ( 3 x 2 8 x 4 ) + ( 3 x 2 8 ) = 4 2 0 . 

T h e c o - o p e r a t i o n o f D r . L . E . H i l l , S i s t e r M . G a b r i e l , D r . H . K . N g 

a n d D r . V 7 . G . L . A l l a n i n p r o v i d i n g t h e s e r a a n d d i a r y s c o r e c a r d s f r o m 

t h e H o n g K o n g p a t i e n t s i s g r a t e f u l l y a c k n o w l e d g e d . I w o u l d a l s o l i k e 

t o t h a n k D r . A . J . N u n n f o r p r o v i d i n g t h e o r i g i n a l a s s e s s m e n t s o f t h e 

s c o r e c a r d s a n d f o r s t a t i s t i c a l a d v i c e . 

3 . 2 . 2 M e a s u r e m e n t o f a n t i b o d i e s t o D . p t e r o n y s s i n u s 

I g G , I g A a n d I g E a b t o D . p t e r o n y s s i n u s w a s m e a s u r e d b y a n t i g e n 

b i n d i n g a s s a y u s i n g t h e p a r t i a l l y p u r i f i e d a l l e r g e n , F ^ P ^ . A s s a y s o n 

n a s a l w a s h i n g s a n d s a l i v a w e r e c a r r i e d o u t u s i n g 0 . 1 m l a n d 0 . 2 m l o f 

e a c h u n d i l u t e d s a m p l e r e s p e c t i v e l y , , S o m e m i d - a n d p o s t - t r e a t m e n t s e r a 

f r o m - D P p a t i e n t s c o n t a i n e d l a r g e q u a n t i t i e s o f I g G B A a n d h a d t o b e 

a s s a y e d a t h i g h d i l u t i o n ( 1 : 1 0 0 a n d 1 : 2 0 0 ) . I n s e r a w i t h > 1 0 f o l d 

e x c e s s o f I g G B A o v e r I g A B A o r I g E B A i t w a s d i f f i c u l t t o m a i n t a i n 

a n t i g e n e x c e s s a n d t h e m i n o r c l a s s e s m i g h t h a v e b e e n u n d e r e s t i m a t e d . 

F o r t h e s e s e r a I g E B A f o r F ^ P ^ w a s e s t i m a t e d f r o m t h e R A S T v a l u e s f o r 

D . p t e r o n y s s i n u s ( s e e A p p e n d i x A . 4 . 1 ) . R A S T a s s a y s a n d m e a s u r e m e n t s o f 

t o t a l I g E w e r e c a r r i e d o u t a s d e s c r i b e d i n A p p e n d i c e s A . 4 . 2 a n d B . 2 . 
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3 . 2 . 3 S t a t i s t i c a l M e t h o d s 

L i n e a r r e g r e s s i o n a n a l y s i s w a s u s e d t o c o m p a r e I g G B A a n d I g E B A , 

t o t a l I g E a n d I g E B A a n d t h e R A S T v a l u e s f o r D . p t e r o n y s s i n u s a n d 

D . f a r i n a e . 

T h e ^ t e s t w i t h Y a t e s c o r r e c t i o n w a s u s e d t o c o m p a r e t h e i n c r e a s e 

i n I g G B A i n t h e D P a n d ' p l a c e b o ' p a t i e n t s . T h e S p e a r m a n R a n k c o r r e l a -

t i o n w a s u s e d t o c o m p a r e p r e - a n d p o s t - t r e a t m e n t I g G B A . I t w a s a l s o 

u s e d t o c o m p a r e c h a n g e s i n s y m p t o m s c o r e s w i t h t h e d i f f e r e n c e s i n 

I g G B A a n d t h e r a t i o s o f I g G B A a n d I g G B A : I g E B A i n p r e - a n d p o s t -

t r e a t m e n t s e r a . 

3 . 3 R e s u l t s 

T h e a n t i g e n b i n d i n g a s s a y s w e r e c a r r i e d o u t u s i n g a p r e p a r a t i o n 

o f F ^ P ^ w h i c h c o n t a i n e d > 9 0 % a n t i g e n P ^ . C o m p a r a t i v e e x p e r i m e n t s 

u s i n g p u r e a n t i g e n P ^ a n d F ^ P ^ , w i t h d i f f e r e n t c o n t r o l c u r v e s f o r 

e a c h a l l e r g e n , g a v e e x a c t l y t h e s a m e v a l u e s f o r I g G B A a n d I g E B A i n 

f i v e s e r a f r o m a l l e r g i c p a t i e n t s ( d a t a n o t s h o w n ) . T h e r e f o r e , f o r t h e 

p u r p o s e s o f t h i s c h a p t e r , m e a s u r e m e n t s o f B A f o r e a c h a l l e r g e n c a n b e 

r e g a r d e d a s e q u i v a l e n t . 

3 . 3 . 1 A n t i b o d i e s t o m i t e s i n s e r a f r o m ' u n t r e a t e d ' p a t i e n t s 

A n t i g e n b i n d i n g a s s a y s o n 5 8 p r e - t r e a t m e n t s e r a f r o m ' H o n g K o n g ' 

p a t i e n t s s h o w e d t h e s a m e p a t t e r n o f a b r e s p o n s e a s t h e ' I o n d o n ' s e r a 

d e s c r i b e d i n C h a p t e r I . A l l b u t o n e o f t h e s e r a c o n t a i n e d I g G B A a n d 

I g E B A f o r a n t i g e n P ^ i n q u a n t i t i e s w h i c h w e r e g e n e r a l l y h i g h e r t h a n 

f o r t h e ' L o n d o n ' s e r a . I n b o t h g r o u p s t h e r e w a s a n e x c e l l e n t 
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q u a n t i t a t i v e c o r r e l a t i o n b e t w e e n I g E B A a n d I g G B A ( r = 0 . 8 7 , p < 0 . 0 0 1 , 

F i g . 3 . 1 ) . T h e q u a n t i t a t i v e c o r r e l a t i o n b e t w e e n I g E B A a n d t o t a l I g E 

w a s a l s o c o n f i r m e d f o r t h e ' H o n g K o n g ' s e r a ( r = 0 . 7 6 , p < 0 . 0 0 1 ) . 

I g A B A w a s a s s a y e d i n p a r a l l e l w i t h t h e o t h e r c l a s s e s i n 2 0 s e r a : t h e 

l e v e l s w e r e l o w e r t h a n I c G B A o r I g E B A i n a l l 1 6 s e r a w i t h d e t e c t a b l e 

I g A B A ( F i g . 3 . 4 ) . 

A f u l l y q u a n t i t a t i v e R A S T , w i t h s e p a r a t e c o n t r o l c u r v e s f o r e a c h 

a l l e r g e n , w a s u s e d t o c o m p a r e I g E a b t o D . p t e r o n y s s i n u s a n d t o D . f a r i n a e . 

A h i g h p r o p o r t i o n o f s e r a c o n t a i n e d I g E a b t o b o t h m i t e s , w i t h a n 

e x c e l l e n t q u a n t i t a t i v e c o r r e l a t i o n b e t w e e n t h e t w o s p e c i e s ( r = 0 . 9 0 , 

p < 0 . 0 0 1 , F i g . 3 . 2 ) . T h e s e r e s u l t s s u g g e s t t h a t t h e m i t e s p r o d u c e s o m e 

c r o s s - r e a c t i n g a l l e r g e n ( s ) . I n k e e p i n g w i t h t h e p r e v i o u s s t u d y 

( G a b r i e l e t a l , 1 9 7 7 ) t h e I g E a b l e v e l s o f t h e ' p l a c e b o ' p a t i e n t s 

w e r e 2 - 3 f o l d h i g h e r t h a n t h o s e o f t h e D P p a t i e n t s ( T a b l e 3 . 1 ) . 

3 . 3 . 2 A n t i b o d i e s t o D . p t e r o n y s s i n u s i n s e c r e t i o n s f r o m ' u n t r e a t e d * 
" Ln p a t i e n t s 

A n t i b o d i e s w e r e a s s a y e d i n n a s a l s e c r e t i o n s a n d s a l i v a f r o m 

' L o n d o n ' p a t i e n t s w i t h r h i n i t i s a n d / o r a s t h m a ( s k i n t e s t p o s i t i v e ) 

o r w i t h r h i n i t i s a l o n e ( s k i n t e s t n e g a t i v e ) ( F i g . 3 . 3 ) . T h e m a j o r i t y 

o f s k i n t e s t p o s i t i v e p a t i e n t s h a d d e t e c t a b l e I g G , I g A a n d I g E B A i n 

t h e i r n a s a l s e c r e t i o n s . I n c o n t r a s t t o t h e r e s u l t s o b t a i n e d w i t h s e r u m 

( F i g . 3 . 4 ) , t h e q u a n t i t i e s o f I g A B A i n s e c r e t i o n s w e r e v e r y s i m i l a r t o 

t h o s e o f I g G B A a n d I g E B A . N a s a l s e c r e t i o n s f r o m s k i n t e s t n e g a t i v e 

p a t i e n t s h a d n o d e t e c t a b l e I g G B A o r I g E B A , b u t 2 / 5 h a d l o w l e v e l s o f 

I g A B A . I n g e n e r a l , I g G , I g A a n d I g E B A w e r e n o t d e t e c t e d i n s a l i v a , 
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patients. The dotted line shows the minimum level of sensitivity 
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IgG BA, IgA BA and IgE BA for antigen P^ in nasal secretions and saliva 
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tive patients with perennial rhinitis and/or asthma (©); 5 skin test 
negative patients with rhinitis alone (A); and 1 skin test positive 
asthmatic who had received desensitization treatment (C3). Geometric 
mean values for each clas's of BA are shown ( )„ The number of samples 
which lacked detectable BA are shown below the dotted line. 
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t h o u g h o n e s a m p l e ( f r o m a p a t i e n t w h o h a d b e e n d e s e n s i t i z e d ) c o n t a i n e d 

g o o d l e v e l s o f a l l t h r e e c l a s s e s ( F i g . 3 . 3 ) . N a s a l s e c r e t i o n s a n d 

s a l i v a f r o m f i v e n o n - a l l e r g i c c o n t r o l s c o n t a i n e d n o d e t e c t a b l e B A . 

3 . 3 . 3 A n t i b o d y r e s p o n s e f o l l o w i n g d e s e n s i t i z a t i o n 

T a b l e 3 . 1 s h o w s g e o m e t r i c m e a n v a l u e s f o r t h e s e r u m a b l e v e l s o f 

2 9 D P a n d 2 9 ' p l a c e b o ' p a t i e n t s d u r i n g t r e a t m e n t . T h e D P p a t i e n t s 

s h o w e d a m e a n r i s e i n I g G B A o f s i x - f o l d w i t h a m a x i m u m r i s e o f 

f i f t y - f o l d . A n i n c r e a s e o f m o r e t h a n t w o - f o l d w a s f o u n d i n 2 7 o f 

t h e D P p a t i e n t s a n d i n o n l y o n e o f t h e ' p l a c e b o ' p a t i e n t s ^ ^ = 4 3 . 2 , 

p < 0 . 0 0 1 ) . T h e r e w a s l i t t l e c h a n g e i n I g E B A ( m e a s u r e d e i t h e r b y 

a n t i g e n - b i n d i n g a s s a y o r b y e x t r a p o l a t i o n f r o m R A S T ) i n e i t h e r t h e 

D P o r ' p l a c e b o ' p a t i e n t s . F o r a s e l e c t e d g r o u p o f 1 0 D P a n d 1 0 ' p l a c e b o ' 

p a t i e n t s ( a l l w i t h p r e - t r e a t m e n t I g G B A : I g E B A o f l e s s t h a n 8 : 1 ) I g G , 

I g A a n d I g E B A w a s m e a s u r e d i n p a r a l l e l ( F i g . 3 . 4 ) . T h e r e s u l t s d e m o n -

s t r a t e t h a t t h e r e s p o n s e t o a c t i v e t r e a t m e n t w a s a s e l e c t i v e r i s e i n • 

I g G B A . T h e m a x i m u m r i s e o c c u r r e d d u r i n g a n d a t t h e e n d o f t h e w e e k l y 

c o u r s e o f i n j e c t i o n s ( m e a n i n c r e a s e 3 . 9 f o l d ) w i t h a n a p p a r e n t p l a t e a u 

d u r i n g t h e m a i n t e n a n c e t r e a t m e n t ( m e a n i n c r e a s e 1 . 5 f o l d ) . I n g e n e r a l , 

t h e l e v e l s o f I g A B A w e r e v e r y l o w a n d o n l y 2 D P p a t i e n t s s h o w e d a n 

i n c r e a s e i n I g A B A o f m o r e t h a n t w o - f o l d . 

T h e a b r e s p o n s e o f t h e ' H o n g K o n g ' • p a t i e n t s w a s c o m p a r e d w i t h t h a t 

o f 4 4 p a t i e n t s r e s i d e n t i n t h e U . K . w h o h a d b e e n t r e a t e d w i t h t y r o s i n e 

a d s o r b e d m i t e e x t r a c t ( M i g e n ) ( W a r n e r e t a l , 1 9 7 8 ) . T h e r e l a t i o n s h i p 

b e t w e e n c l a s s e s i n p r e - t r e a t m e n t s e r a w a s v e r y s i m i l a r t o t h a t o f b o t h 
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D P Pa t i e n t s 'Placebo ' patients 
A B C 

Figure 3.4 

I g G B A , I g A B A a n d I g E B A f o r a n t i g e n P ^ i n s e r a f r o m a s e l e c t e d g r o u p 

o f D P a n d ' p l a c e b o ' p a t i e n t s . T h e s e r u m s a m p l e s a r e i n d i c a t e d : 

A = p r e - t r e a t m e n t , B = m i d - t r e a t m e n t ( 4 m o n t h s ) , C = p o s t - t r e a t m e n t 

( 1 2 m o n t h s ) . S e r a w i t h o u t d e t e c t a b l e I g A B A a r e s h o w n b e l o w t h e d o t t e d 

l i n e . T h e m e a n p o s t - t r e a t m e n t : p r e - t r e a t m e n t r a t i o ( p o s t : p r e ) f o r e a c h 

c l a s s o f B A i s s h o w n . 



t h e ' L o n d o n ' a n d ' H o n g K o n g ' p a t i e n t s a n d , a g a i n , t h e r e w a s a v e r y 

g o o d c o r r e l a t i o n b e t w e e n I g G B A a n d I g E B A ( r = 0 . 7 7 , p < 0 . 0 0 1 ) . I n 

m a r k e d c o n t r a s t t o t h e ' H o n g K o n g ' s t u d y , p a t i e n t s t r e a t e d w i t h M i g e n 

d i d n o t s h o w a s e l e c t i v e i n c r e a s e i n I g G B A d u r i n g t r e a t m e n t ( F i g . 3 . 5 ) . 

T h e r e w a s a s m a l l r i s e i n a l l t h e a b l e v e l s o f M i g e n - t r e a t e d p a t i e n t s 

c o m p a r e d w i t h a s l i g h t - f a l l i n ' p l a c e b o ' - t r e a t e d p a t i e n t s . H o w e v e r , 

o n l y t w o M i g e n - t r e a t e d p a t i e n t s s h o w e d a n i n c r e a s e i n I g G B A o f m o r e 

t h a n t w o - f o l d . 

I a m v e r y g r a t e f u l t o D r . M . W . T u r n e r f o r p r o v i d i n g s e r u m s a m p l e s 

f r o m p a t i e n t s t r e a t e d w i t h M i g e n . 

3 . 3 . 4 R e l a t i o n s h i p b e t w e e n I g G B A r e s p o n s e a n d s y m p t o m s 

I n t h e i r o r i g i n a l s t u d y G a b r i e l e t a l ( 1 9 7 7 ) c o m p a r e d t h e e f f e c t 

o f d e s e n s i t i z a t i o n o n t h e s y m p t o m s o f 2 3 D P a n d 2 7 ' p l a c e b o ' p a t i e n t s . 

T h e D P p a t i e n t s s h o w e d s i g n i f i c a n t i m p r o v e m e n t f r o m f o u r m o n t h s o n w a r d s 

a n d w e r e i m p r o v e d i n a l l s y m p t o m s o v e r t h e l a s t t h r e e m o n t h s o f t r e a t -

m e n t ( p < 0 . 0 1 ) . T h e p r e s e n t s t u d i e s i n c l u d e d a t a f r o m a f u r t h e r 6 D P 

a n d 2 ' p l a c e b o ' p a t i e n t s , f o r w h o m b o t h s y m p t o m s c o r e s a n d s e r a w e r e 

a v a i l a b l e a t o n e y e a r . T h e r e w a s a f a u l t i n t h e d e s i g n o f t h e ' H o n g 

K o n g ' s t u d y i n t h a t t h e r e w a s n o ' r u n i n ' p e r i o d p r i o r t o t r e a t m e n t t o 

a s s e s s w h e t h e r t h e s y m p t o m s o f t h e t w o g r o u p s o f p a t i e n t s w e r e c o m p a r -

a b l e . H o w e v e r , b o t h g r o u p s r e c o r d e d v e r y s i m i l a r s y m p t o m s d u r i n g t h e 

f i r s t 2 8 d a y s o f t r e a t m e n t . T h e r e f o r e , s y m p t o m s c o r e s d u r i n g t h i s 

' b a s e l i n e ' p e r i o d w e r e c o m p a r e d w i t h t h o s e o b t a i n e d d u r i n g t h e f i n a l 

m o n t h o f t h e t r i a l , i . e . o n e y e a r a f t e r c o m m e n c i n g t r e a t m e n t . T h e 

s y m p t o m s c o r e s w e r e b a s e d o n p a t i e n t s o w n a s s e s s m e n t o f s y m p t o m s ( s e e 
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F i g u r e 3 . 5 

X g G B A , I g A B A a n d I g E B A f o r a n t i g e n P ^ i n s e r a f r o m a s e l e c t e d g r o u p 

o f M i g e n - t r e a t e d a n d ' p l a c e b o ' - t r e a t e d p a t i e n t s . S e r u m s a m p l e s w e r e 

t a k e n p r e - t r e a t m e n t ( A ) , a t 6 m o n t h s ( D ) a n d a t 1 2 m o n t h s ( E ) . T h e 

m i n i m u m l e v e l o f s e n s i t i v i t y f o r I g A B A ( ) a n d p o s t — t r e a t m e n t : p r e -

t r e a t m e n t r a t i o s ( p o s t : p r e ) f o r e a c h c l a s s o f B A a r e s h o w n . 
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M e t h o d s ) a n d r a n g e d f r o m 0 - 3 6 0 o u t o f a m a x i m a l p o s s i b l e r a n g e o f 

0 - 4 2 0 . T h e s e v a l u e s w e r e r a n k e d a n d c o m p a r e d w i t h t h e c h a n g e s i n 

I g G B A ( T a b l e 3 . 2 ) . T h e r e w a s a s l i g h t i n v e r s e c o r r e l a t i o n b e t w e e n 

I g G B A a n d s y m p t o m s c o r e s p r e - t r e a t m e n t ( p < 0 . 0 2 ) b u t n o c o r r e l a t i o n 

a f t e r t r e a t m e n t . T h e c h a n g e s i n s y m p t o m s c o r e s d u r i n g t r e a t m e n t ( A S ) 

w e r e c o m p a r e d w i t h t h e a b s o l u t e i n c r e a s e i n I g G B A a n d w i t h t h e r a t i o 

o f I g G B A p o s t - t r e a t m e n t : p r e - t r e a t m e n t . N e i t h e r c o m p a r i s o n c o r r e l a t e d 

w i t h t h e c h a n g e i n s y m p t o m s c o r e s i n e i t h e r t h e D P o r ' p l a c e b o ' 

p a t i e n t s . S i m i l a r l y , t h e r e w a s n o c o r r e l a t i o n b e t w e e n s y m p t o m s c o r e s 

a n d t h e r a t i o o f I g G B A : I o E B A p o s t - t r e a t m e n t t o I g G B A : I g E B A p r e -

t r e a t m e n t . T h u s t h e r e w a s n o e v i d e n c e t h a t t h e i m p r o v e m e n t i n s y m p t o m s 

w a s m e d i a t e d b y f e e d b a c k i n h i b i t i o n o f I g E a b b y I g G a b a s h a d b e e n 

s u g g e s t e d f r o m w o r k i n e x p e r i m e n t a l a n i m a l s ( T a d a a n d O k u m u r a , 1 9 7 1 ) . 

3 . 3 . 5 T i m e c o u r s e o f b i n d i n g b y I g G a b 

I n v i e w o f t h e l a c k o f c o r r e l a t i o n b e t w e e n I g G B A a n d s y m p t o m 

s c o r e s , f u r t h e r s t u d i e s w e r e d e s i g n e d t o a s s e s s w h e t h e r e x c e s s I g G a b 

w o u l d b e a b l e t o ' b l o c k ' t h e b i n d i n g o f a n t i g e n t o m a s t c e l l s i n v i v o . 

A l l e r g i c s y m p t o m s u s u a l l y d e v e l o p w i t h i n 1 5 m i n u t e s o f e x p o s u r e t o 

v e r y s m a l l q u a n t i t i e s o f a l l e r g e n ( < l n g ) . T h e a i m o f t h e s e e x p e r i -

m e n t s w a s t o u s e t h e a n t i g e n b i n d i n g a s s a y a s a m o d e l t o i n v e s t i g a t e 

t h e r a t e a t w h i c h I g G a b c o u l d b i n d l i m i t i n g q u a n t i t i e s o f a l l e r g e n , 

1 2 5 

i . e . 7 n g , I n g a n d 0 . 2 n g I - l a b e l l e d F ^ P ^ . I n i t i a l l y , t h e a n t i g e n - a b 

r e a c t i o n w a s s t o p p e d u s i n g t h e s t a n d a r d m e t h o d o f p r e c i p i t a t i o n w i t h 

m o n o s p e c i f i c a n t i - I g G ( A p p e n d i x A . 2 . 2 ; A . 4 . 1 ) . I n t h o s e e x p e r i m e n t s 

4 0 - 9 0 % o f t h e m a x i m a l a n t i g e n b i n d i n g o c c u r r e d w i t h i n t h e f i r s t 1 5 

m i n u t e s ( d a t a n o t s h o w n ) s u g g e s t i n g e i t h e r t h a t b i n d i n g o c c u r r e d v e r y 
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r a p i d l y o r t h a t i t c o n t i n u e d a f t e r t h e a d d i t i o n o f a n t i - I g G . T o 

i n v e s t i g a t e t h e s e p o s s i b i l i t i e s t h e r e a c t i o n w a s s t o p p e d b y t h e a d d i -

t i o n o f a 5 0 - f o l d e x c e s s o f c o l d a n t i g e n p r i o r t o t h e a n t i - I g G . U n d e r 

t h o s e c o n d i t i o n s l e s s t h a n 2 0 % o f m a x i m a l b i n d i n g o c c u r r e d w i t h i n 1 5 

m i n u t e s , s u g g e s t i n g t h a t a n t i - I g G a l o n e w a s n o t a s e f f e c t i v e i n s t o p -

p i n g t h e r e a c t i o n i n v e r y s h o r t t i m e p e r i o d s . T h e r e s u l t s o b t a i n e d 

u s i n g t h e c o l d a n t i g e n s y s t e m s h o w e d t h a t t h e b i n d i n g o f v e r y l o v / 

1 2 5 

c o n c e n t r a t i o n s o f I - l a b e l l e d a l l e r g e n o c c u r r e d s l o w l y , e v e n i n 

p o s t - t r e a t m e n t s e r a w i t h 1 0 - 3 0 f o l d h i g h e r l e v e l s o f I g G B A ( F i g . 3 . 6 ) . 

T h e r e a c t i o n c u r v e s f o r p r e - a n d p o s t - t r e a t m e n t s e r a f r o m t h e s a m e 

i n d i v i d u a l w e r e v e r y s i m i l a r , w i t h m a x i m a l b i n d i n g a f t e r e i g h t h o u r s 

i n c u b a t i o n . T h e q u a n t i t i e s o f b o u n d b y t w o o f t h e s e r a s h o w n i n 

F i g . 3 . 6 a r e g i v e n i n T a b l e 3 . 3 . P o s t - t r e a t m e n t s e r a f r o m b o t h 

p a t i e n t s c o u l d b i n d m o r e t h a n I n g o u t o f 7 n g a f t e r 1 2 0 m i n u t e s . 

H o w e v e r , w h e n t h e a n t i g e n c o n c e n t r a t i o n w a s r e d u c e d l e s s b i n d i n g 

o c c u r r e d , s o t h a t < 0 . 5 n g w a s b o u n d w h e n I n g w a s a d d e d a n d m u c h l o w e r 

q u a n t i t i e s , 0 . 1 5 a n d 0 . 3 6 n g , w e r e b o u n d i n t h e f i r s t 3 0 m i n u t e s . 

M y g i n d ( 1 9 7 9 ) h a s s h o w n t h a t a l l e r g i c s y m p t o m s o c c u r w i t h i n a m i n u t e 

o f n a s a l c h a l l e n g e w i t h a l l e r g e n . T h e p r e s e n t r e s u l t s s h o w t h a t 

e x c e s s I g G a b w o u l d n o t b i n d s u f f i c i e n t a l l e r g e n t o p r e v e n t s y m p t o m s 

i n s u c h a s h o r t t i m e . 

3 . 4 D i s c u s s i o n 

T h e a d v a n t a g e s o f a n t i g e n b i n d i n g a s s a y s c o m p a r e d w i t h o t h e r 

m e t h o d s o f a s s e s s i n g a l l e r g e n - s p e c i f i c a b w e r e d i s c u s s e d i n C h a p t e r I . 

T h e r e s u l t s d e s c r i b e d i n t h i s C h a p t e r i l l u s t r a t e t h e u s e o f t h e s e 

a s s a y s f o r m e a s u r i n g a b i n s e r u m a n d s e c r e t i o n s f r o m b o t h ' u n t r e a t e d ' 
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F i g u r e 3 . 6 

T i m e c o u r s e f o r b i n d i n g F P b y s e r a f r o m D P t r e a t e d * H b n g K o n g * 

p a t i e n t s . P r e - t r e a t m e n t ( ) o r p o s t - t r e a t m e n t ( ) s e r a f r o m 4 

p a t i e n t s , N o ' s 4 1 0 ( O ) , 4 1 7 ( © ) , 4 3 0 U ) o r 4 5 4 ( 0 ) , w e r e i n c u b a t e d 

w i t h I n g ( 2 4 , 0 0 0 c p m ) o r 0 . 2 n g ( 5 , 3 0 0 c p m ) o f I - l a b e l l e d F ^ f o r 

t h e g i v e n t i m e s . T h e a s s a y v / a s s t o p p e d b y t h e a d d i t i o n o f a 5 0 - f o l d 

e x c e s s o f c o l d a n t i g e n t h e n I g G a b w a s p r e c i p i t a t e d v / i t h a n t i - I g G 

f o r 2 h o u r s a t 3 7 ° C . T h e p o s t - t r e a t m e n t : p r e - t r e a t m e n t r a t i o s o f I g G B A 

i n d i f f e r e n t s e r a w e r e 4 : 1 ( O ) , 1 0 : 1 ( © ) , 3 3 : 1 ( A ) a n d 3 : 1 ( ^ ) . 
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a n d ' t r e a t e d ' p a t i e n t s . T h e o n l y l i m i t a t i o n c o n c e r n e d m e a s u r e m e n t s 

o f I g A B A a n d I g E B A i n t h e p r e s e n c e o f v e r y h i g h l e v e l s o f I g G B A , 

u s u a l l y i n p o s t - t r e a t m e n t s e r a . T h i s p r o b l e m w a s o v e r c o m e f o r I g E a b 

b y e x t r a p o l a t i n g v a l u e s f o r I g E B A f o r f r o m t h e R A S T v a l u e s f o r 

D . p t e r o n y s s i n u s . I n t e r f e r e n c e b y I g G a b c a n b e a p r o b l e m i n s o m e 

R A S T s y s t e m s , b u t o n l y w h e n ' l o w c a p a c i t y ' i m m u n o s o r b e n t s a r e u s e d , 

o r w h e n t h e I g G a b i s p r e s e n t i n 1 0 - 1 0 0 0 f o l d m o l a r e x c e s s ( L y n c h e t a l , 

1 9 7 5 ; P a u l l e t a l , 1 9 7 8 ) . T h e r a t i o s o f I g G B A : I g E B A i n p o s t - t r e a t m e n t 

' H o n g K o n g ' s e r a w e r e n e v e r g r e a t e r t h a n 5 0 : 1 . M o r e o v e r , a t l o w e r 

r a t i o s t h e r e w a s g o o d a g r e e m e n t b e t w e e n v a l u e s f o r I g E B A o b t a i n e d b y 

a n t i g e n b i n d i n g a s s a y a n d R A S T c o n v e r s i o n ( R e s u l t s , s e c t i o n 3 . 3 . 3 a n d 

A p p e n d i x A . 4 . 1 ) . T h e s e o b s e r v a t i o n s s u g g e s t e d t h a t i n t h e g i v e n 

c i r c u m s t a n c e s t h e R A S T w a s n o t u n d u l y a f f e c t e d b y I g G a b a n d t h a t 

t h e R A S T c o n v e r s i o n s y s t e m p r o v i d e d a u s e f u l a s s e s s m e n t o f I g E a b i n 

m i d - a n d p o s t - t r e a t m e n t s e r a . 

I n p r e v i o u s c h a p t e r s i t w a s n o t e d t h a t t h e r e w a s a m a r k e d 

s i m i l a r i t y b e t w e e n t h e a b r e s p o n s e t o p u r i f i e d D . p t e r o n y s s i n u s a l l e r g e n s 

( F ^ P ^ a n d a n t i g e n P ^ ) a n d p u r i f i e d p o l l e n a l l e r g e n s ( e . g . R y e I a n d 

a n t i g e n E ) i n ' u n t r e a t e d ' p a t i e n t s . T h e e s s e n t i a l f e a t u r e s o f t h i s 

r e s p o n s e m a y b e s u m m a r i z e d a s f o l l o w s : -

( i ) M o s t a l l e r g i c i n d i v i d u a l s h a v e a l l e r g e n - s p e c i f i c I g G , 

I g A a n d I g E a b i n t h e i r s e r u m a n d n a s a l s e c r e t i o n s 

( R e s u l t s , s e c t i o n s 3 . 3 . 1 , 3 . 3 . 2 ) ( I s h i z a k a , I s h i z a k a a n d 

H D m b r o o k , 1 9 6 7 ; T s e , W i c h e r a n d A r b e s m a n , 1 9 7 3 ; P l a t t s -

M i l l s e t a l , 1 9 7 6 , 1 9 7 8 ; D e u s c h l , J o h a n s s o n a n d 

F a g e r b e r g , 1 9 7 7 ) . 
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( i i ) T h e r e i s a n e x c e l l e n t q u a n t i t a t i v e c o r r e l a t i o n b e t w e e n 

I g G a b a n d I g E a b ( F i g . 3 . 1 ) . 

( i i i ) A l l e r g e n - s p e c i f i c I g E a c c o u n t s f o r a h i g h p r o p o r t i o n o f 

t h e t o t a l s e r u m I g E ( C h a p t e r I I , s e c t i o n 2 * 3 . 4 ) ( G l e i c h 

a n d J a c o b , 1 9 7 5 ; S c h e l l e n b u r g a n d A d k i n s o n , 1 9 7 5 ) . 

( i v ) N o n - a l l e r g i c i n d i v i d u a l s g e n e r a l l y h a v e n o d e t e c t a b l e 

I g A a b o r I g E a b i n e i t h e r s e r u m o r n a s a l s e c r e t i o n s , 

b u t 2 0 - 3 0 % h a v e l o w l e v e l s o f s e r u m I g G a b ( C h a p t e r I , 

F i g . 1 . 6 ) ( L e v i n e , S t e m b e r a n d F o t i n o , 1 9 7 2 ; B l a c k e t a l , 

1 9 7 6 ) . 

T h i s c o m m o n p a t t e r n o f h u m o r a l i m m u n e r e s p o n s e s t o i n h a l a n t 

a l l e r g e n s h a s i m p l i c a t i o n s f o r t h e s i t e o f a b p r o d u c t i o n a n d f o r 

g e n e t i c a n d o t h e r f a c t o r s w h i c h i n f l u e n c e t h e d e v e l o p m e n t o f a t o p y . 

T h e r e i s g o o d e v i d e n c e - t h a t a b t o p o l l e n a l l e r g e n s a r e p r o d u c e d 

l o c a l l y , e i t h e r i n t h e n a s a l m u c o s a o r t h e d r a i n i n g l y m p h n o d e s 

( N a k a j i m a , G i l l e s p i e a n d G l e i c h , 1 9 7 5 ; H u g g i n s a n d B r o s t o f f , 1 9 7 5 ; 

M e r r e t t e t a l , 1 9 7 6 ; P l a t t s - M i l l s , 1 9 7 9 ) . O k u d a ( 1 9 7 5 ) f i r s t d e m o n -

s t r a t e d I g E a b t o D . f a r i n a e i n n a s a l f l u i d u s i n g t h e R A S T „ T h e p r e s e n t 

r e s u l t s s h o w t h a t n a s a l s e c r e t i o n s c o n t a i n I g G a b a n d I g A a b a s w e l l a s 

I g E a b . T h e p r e s e n c e o f a b i n n a s a l s e c r e t i o n s b u t n o t i n s a l i v a 

s u g g e s t e d t h a t a b t o D . p t e r o n y s s i n u s w a s l o c a l l y p r o d u c e d . H o w e v e r , 

t o b e c e r t a i n o f t h i s , o n e w o u l d w a n t t o c o m p a r e t h e " s p e c i f i c a c t i v i -

t i e s " ( r a t i o o f t o t a l i m m u n o g l o b u l i n t o a b o f t h a t c l a s s ) o f a b t o 

D . p t e r o n y s s i n u s i n s e r u m a n d s e c r e t i o n s a s h a s b e e n d o n e f o r R y e I 

( P l a t t s - M i l l s , 1 9 7 9 ) . 
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I t h a s b e e n p r o p o s e d t h a t t r a n s i e n t I g A d e f i c i e n c y i n i n f a n c y i s 

o n e o f t h e f a c t o r s i n f l u e n c i n g t h e d e v e l o p m e n t o f a t o p y i n l a t e r l i f e 

( T a y l o r e t a l , 1 9 7 3 ; S o o t h i l l e t a l , 1 9 7 6 ) . I n s u p p o r t o f t h i s v i e w 

i t w a s r e p o r t e d t h a t s e r u m f r o m n o n - a l l e r g i c i n d i v i d u a l s c o n t a i n e d 

h i g h e r l e v e l s o f I g A a b t o a l l e r g e n s t h a n t h a t f r o m a l l e r g i c i n d i v i -

d u a l s ( S t o k e s , T a y l o r a n d T u r n e r , 1 9 7 4 ; T a y l o r , 1 9 7 4 ) . T h e p r e s e n t 

r e s u l t s c l e a r l y c o n f l i c t w i t h t h o s e e a r l i e r o b s e r v a t i o n s s i n c e b o t h 

s e r u m a n d n a s a l s e c r e t i o n s f r o m a l l e r g i c i n d i v i d u a l s c o n t a i n e d I g A a b 

t o D . p t e r o n y s s i n u s , w h e r e a s s a m p l e s f r o m n o n - a l l e r g i c i n d i v i d u a l s d i d 

n o t ( R e s u l t s , s e c t i o n s 3 . 3 . 1 a n d 3 . 3 . 2 ) . I t s e e m s l i k e l y t h a t t h e 

p r e v i o u s a s s e s s m e n t s o f I g A a b , u s i n g t h e R A S T , r e p r e s e n t e d m i n o r 

v a r i a t i o n s i n t h e R A S T b a c k g r o u n d , a s h a s b e e n d i s c u s s e d i n C h a p t e r I 

( F i g . 1 . 8 ) . T h e r e s u l t s o b t a i n e d b y a n t i g e n b i n d i n g a s s a y , p a r t i c u l a r l y 

t h e h i g h l y s i g n i f i c a n t , c o r r e l a t i o n s b e t w e e n IgE a b a n d IgG a b , s u g g e s t 

t h a t f a c t o r s c o n t r o l l i n g t h e d e v e l o p m e n t o f i n h a l a n t a l l e r g y a c t u p o n 

a l l t h r e e a b c l a s s e s , r a t h e r t h a n o n a n y o n e c l a s s a l o n e . 

I t w a s c l e a r f r o m t h e ' H o n g K o n g ' s t u d y t h a t t h e r e w a s a s e l e c t i v e 

r i s e i n s e r u m I g G a b f o l l o w i n g d e s e n s i t i z a t i o n w i t h a q u e o u s D . p t e r o n y s -

s i n u s e x t r a c t . H o w e v e r , s e v e r a l l i n e s o f e v i d e n c e s u g g e s t e d t h a t 

i n c r e a s e s i n I g G a b w e r e n o t d i r e c t l y r e l a t e d t o i m p r o v e m e n t i n 

c l i n i c a l s y m p t o m s . F i r s t l y , p a t i e n t s ' s y m p t o m s w e r e m o s t i m p r o v e d 

d u r i n g t h e l a s t t h r e e m o n t h s o f t r e a t m e n t , w h e r e a s t h e i n c r e a s e i n 

I g G a b w a s m o s t m a r k e d d u r i n g t h e f i r s t f o u r m o n t h s ( F i g . 3 . 4 ) . 

S e c o n d l y , t h e r e w a s n o c o r r e l a t i o n b e t w e e n c h a n g e s i n s y m p t o m s c o r e s 

a n d t h e l e v e l s o f I g G a b i n p r e - o r p o s t - t r e a t m e n t s e r a . T h i r d l y , 

p a t i e n t s t r e a t e d w i t h M i g e n s h o w e d n o s i g n i f i c a n t i n c r e a s e i n s e r u m 

I g G a b ( F i g . 3 . 5 ) b u t n o n e t h e l e s s s h o w e d s i g n i f i c a n t c l i n i c a l i m p r o v e -

m e n t ( W a r n e r e t a l , 1 9 7 8 ) . A p a r t f r o m t h e s e s t u d i e s t h e r e h a v e b e e n 

v 
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v e r y f e w r e p o r t s o f q u a n t i t a t i v e c h a n g e s i n I g G a b d u r i n g d e s e n s i t i -

z a t i o n w i t h m i t e e x t r a c t s . H o w e v e r , m a n y s u c h s t u d i e s h a v e b e e n 

c a r r i e d o u t o n d e s e n s i t i z a t i o n i n g r a s s p o l l e n a n d r a g w e e d h a y f e v e r , 

t h o u g h t h e r e s u l t s a r e e q u i v o c a l . S e v e r a l s t u d i e s s h o w e d a n a s s o c i a -

t i o n b e t w e e n i n c r e a s e s i n s e r u m I g G a b a n d i m p r o v e m e n t i n s y m p t o m s 

( S a d a n e t a l , 1 9 6 8 ; L e v y e t a l , 1 9 7 1 ) a n d i n s o m e c a s e s t h e r e w a s a 

d i r e c t c o r r e l a t i o n ( S t a r r a n d W e i n s t o c k , 1 9 7 0 ; L i c h t e n s t e i n , N o r m a n 

a n d W i n k e n w e r d e r , 1 9 7 1 ) . O t h e r w o r k e r s f a i l e d t o c o r r e l a t e r i s e s i n 

I g G a b w i t h i m p r o v e m e n t i n s y m p t o m s ( I r o n s , P r u z a n s k y a n d P a t t e r s o n , 

1 9 7 5 ; A h l s t e d t a n d E r i k s s o n , 1 9 7 7 ) . T h e r e i s e v i d e n c e t h a t I g G a b , 

w h e t h e r i n d u c e d b y d e s e n s i t i z a t i o n o r b y p a s s i v e i m m u n i z a t i o n , o f f e r s 

p r o t e c t i o n a g a i n s t s y s t e m i c r e a c t i o n s i n b e e s t i n g a l l e r g y ( S o b o t k a 

e t a l , 1 9 7 6 ; V a l e n t i n e e t a l , 1 9 7 6 ; L e s s o f , S o b o t k a a n d L i c h t e n s t e i n , 

1 9 7 7 ) . H o w e v e r , t h e a b r e s p o n s e t o b e e v e n o m a l l e r g e n s i s s l i g h t l y 

d i f f e r e n t f r o m t h a t t o i n h a l a n t a l l e r g e n s ( K e m e n y , L e s s o f a n d T r u l l , 

1 9 8 0 ) b e c a u s e t h e q u a n t i t i e s o f a l l e r g e n i n v o l v e d a r e m u c h l a r g e r 

( i 0 - 1 0 0 y , g d o s e s ) a n d t h e r o u t e o f e x p o s u r e i s d i f f e r e n t . 

T r a d i t i o n a l l y , t h e a n t i g e n - a n t i b o d y i n t e r a c t i o n h a s b e e n r e g a r d e d 

a s a v e r y f a s t r e a c t i o n ( H o o k e r a n d B o y d , 1 9 3 5 ) , f o r w h i c h t h e r a t e -

l i m i t i n g s t e p i n v i t r o i s t h e t i m e o f m i x i n g t h e r e a g e n t s ( S t e w a r d , 

1 9 7 7 ) . O n t h i s b a s i s , i t s e e m e d r e a s o n a b l e t o a s s u m e t h a t h i g h l e v e l s 

o f s e r u m I g G a b ( p r o d u c e d f o l l o w i n g d e s e n s i t i z a t i o n ) w o u l d ' b l o c k ' t h e 

b i n d i n g o f a l l e r g e n t o m a s t c e l l s a t m u c o s a l s u r f a c e s . P r e v i o u s l y , i n 

a n t i b o d y - h a p t e n s y s t e m s , i t w a s d i f f i c u l t t o p e r f o r m k i n e t i c e x p e r i -

m e n t s b e c a u s e o f t e c h n i c a l p r o b l e m s i n m e a s u r i n g t h e v e r y l o w c o n c e n t r a -

t i o n s o f h a p t e n ( < 1 0 ~ M ) a t w h i c h t h e t i m e o f m i x i n g w a s n o t r a t e -
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l i m i t i n g ( F r o e s e a n d S e h o n , 1 9 7 1 ) . T h e p r e s e n t s t u d i e s d e m o n s t r a t e 
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t h a t u s i n g I - l a b e l l e d a l l e r g e n s o f h i g h s p e c i f i c a c t i v i t y i t i s 

p o s s i b l e t o a s s e s s r e a c t i o n r a t e s a t v e r y l o w a n t i g e n c o n c e n t r a t i o n s 

( 1 0 - 1 0 M ) . T h e r e s u l t s i n F i g . 3 . 6 a n d T a b l e 3 . 3 s h o w t h a t a t s u c h 

c o n c e n t r a t i o n s t h e a n t i g e n - a n t i b o d y r e a c t i o n o c c u r s q u i t e s l o w l y . 

T h u s , e v e n i n t h e p r e s e n c e o f a n a p p a r e n t e x c e s s o f I g G a b , t h e 

a m o u n t o f a l l e r g e n l e f t u n b o u n d a f t e r 5 m i n u t e s w o u l d p r o b a b l y b e 

s u f f i c i e n t t o c a u s e s y m p t o m s i n h i g h l y a l l e r g i c i n d i v i d u a l s ( T a b l e 3 . 3 ) . 

T h e s e r e s u l t s c e r t a i n l y t h r o w d o u b t o n t h e a b i l i t y o f I g G a b t o b l o c k 

h i s t a m i n e r e l e a s e i n v i v o . S i m i l a r d o u b t s h a v e a l s o b e e n r a i s e d b y 

o t h e r w o r k e r s u s i n g r a b b i t a n t i s e r a t o i n h i b i t h i s t a m i n e r e l e a s e f r o m 

h u m a n b a s o p h i l s ( S c h u m a c h e r a n d J e f f e r y , 1 9 7 9 ) . I t i s p o s s i b l e t h a t 

I g G a b i n n a s a l s e c r e t i o n s w o u l d h a v e m o r e e f f e c t i v e ' b l o c k i n g ' a c t i v i t y 

t h a n t h a t f o u n d i n s e r u m . H o w e v e r , t h e l e v e l s o f I g G B A a n d I g A B A i n 

n a s a l s e c r e t i o n s a r e l o w , f o r b o t h D . p t e r o n y s s i n u s ( c o m p a r e F i g s . 3 . 1 , 

3 . 3 a n d 3 . 4 ) a n d p o l l e n a l l e r g e n s , a n d s h o w o n l y a m o d e s t r i s e d u r i n g 

t r e a t m e n t ( D e u s c h l , J o h a n n s o n a n d F a g e r b e r g , 1 9 7 7 ; P l a t t s - M i l l s e t a l , 

1 9 7 6 ) . T h e s e r e s u l t s s u g g e s t t h a t t h e q u a n t i t y o f l o c a l a b p r o d u c e d 

i n r e s p o n s e t o s y s t e m i c i m m u n i z a t i o n w o u l d n o t b e e f f e c t i v e i n p r e v e n t -

i n g a l l e r g e n s f r o m r e l e a s i n g h i s t a m i n e i n v i v o . 

O b v i o u s l y , ' b l o c k i n g ' b y I g G a b i s n o t t h e o n l y p o s s i b l e m e c h a n i s m 

o f d e s e n s i t i z a t i o n . E x p e r i m e n t s i n a n i m a l s h a v e s u g g e s t e d t h a t t h e 

p r o d u c t i o n o f I g E a b m i g h t b e s p e c i f i c a l l y s u p p r e s s e d ( T a d a , 1 9 7 5 ; 

T a k a t s u a n d I s h i z a k a , 1 9 7 6 ) a n d i n h u m a n s p r o l o n g e d d e s e n s i t i z a t i o n 

c a n c a u s e a r e d u c t i o n i n I g E a b ( L e v y e t a l , 1 9 7 1 ; L i c h t e n s t e i n e t a l , 

1 9 7 3 ) . T h e r e w a s n o e v i d e n c e f r o m t h e p r e s e n t s t u d i e s f o r s p e c i f i c 
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s u p p r e s s i o n o f I g E a b . I n t h e ' H o n g K o n g ' s t u d y t h e r e w a s a p r o g r e s -

s i v e f a l l i n I g E a b i n b o t h g r o u p s o f p a t i e n t s ( F i g . 3 . 4 ) a n d i n t h e 

' M i g e n ' s t u d y I g E a b w a s s l i g h t l y e l e v a t e d i n t h e t r e a t e d g r o u p 

( F i g . 3 . 5 ) . T h e i n t e r p r e t a t i o n o f c h a n g e s i n s e r u m I g E a b i s f r a u g h t 

w i t h d i f f i c u l t i e s , s i n c e n e i t h e r t h e l e v e l o f a b n o r t o t a l I g E i s 

n e c e s s a r i l y r e l a t e d t o t h e s e v e r i t y o f s y m p t o m s ( L i c h t e n s t e i n e t a l , 

1 9 7 3 ) . F u r t h e r m o r e , t h e l e v e l s o f I g E a b m a y b e b o o s t e d b y s e a s o n a l 

e x p o s u r e t o a l l e r g e n s ( Y u n g i n g e r a n d G l e i c h , 1 9 7 3 ) . E x p o s u r e t o m i t e 

a l l e r g e n s i s l e s s c l e a r l y d e f i n e d o n a s e a s o n a l b a s i s t h a n p o l l e n 

a l l e r g e n s a n d t h i s f u r t h e r c o m p l i c a t e s t h e i n t e r p r e t a t i o n o f c h a n g e s 

i n I g E a b i n t h e s e p a t i e n t s . 

S t u d i e s o n d e s e n s i t i z a t i o n i n r a g w e e d h a y f e v e r s u g g e s t t h a t 

c h a n g e s i n c e l l u l a r s e n s i t i v i t y a n d r e a c t i v i t y s h o w t h e b e s t c o r r e l a -

t i o n w i t h i m p r o v e m e n t i n c l i n i c a l s y m p t o m s ( S a d a n e t a l , 1 9 6 8 ; P r u z a n s k y 

a n d P a t t e r s o n , 1 9 6 8 ; L e v y e t a l , 1 9 7 1 ; I r o n s , P r u z a n s k y a n d P a t t e r s o n * . 

1 9 7 5 ) . I n m o s t c a s e s a r e d u c t i o n i n s y m p t o m s w a s a s s o c i a t e d w i t h 

d e c r e a s e d h i s t a m i n e r e l e a s e f r o m c i r c u l a t i n g l e u c o c y t e s . 

I t h a s a l s o b e e n s u g g e s t e d t h a t r e d u c t i o n s i n c e l l u l a r s e n s i t i v i t y a r e 

n o n - s p e c i f i c a n d c o u l d a f f e c t r e a c t i v i t y t o o t h e r - a l l e r g e n s ( L i c h t e n s t e i n 

a n d L e v y , 1 9 7 2 ) . S o f a r , n o c o n s i s t e n t c h a n g e s i n c e l l u l a r h i s t a m i n e 

r e l e a s e h a v e b e e n o b s e r v e d f o l l o w i n g d e s e n s i t i z a t i o n w i t h m i t e e x t r a c t s 

( A s s e m a n d M c A l l e n , 1 9 7 3 ; D ' S o u z a e t a l , 1 9 7 3 ) . H o w e v e r , t h e a v a i l a b i -

l i t y o f a p u r i f i e d a l l e r g e n f r o m D . p t e r o n y s s i n u s ( a n t i g e n P ^ ) s h o u l d 

g r e a t l y i m p r o v e f u t u r e s t u d i e s o n c e l l u l a r r e a c t i v i t y . 
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I n t r o d u c t i o n 

A t o p i c d e r m a t i t i s ( C o c a , 1 9 3 i + ) i s a n i n f l a m m a t o r y d i s e a s e o f t h e 

s k i n , c h a r a c t e r i z e d b y p r u r i t i s , s c a l i n g , v e s i c u l a t i o n a n d l i c h e n i f i -

c a t i o n a s w e l l a s o e d e m a o f t h e e p i d e r m i s . M i l d f o r m s o f t h e d i s e a s e 

a r e l o c a l i s e d t o c e r t a i n a r e a s , n o t a b l y t h e f l e x u r e s . H o w e v e r , i n 

s e v e r e c a s e s t h e e c z e m a c a n i n v o l v e m o s t p a r t s o f t h e b o d y . A t o p i c 

d e r m a t i t i s i s v e r y c o m m o n i n i n f a n t s , o f t e n c a u s i n g r e t a r d e d g r o w t h 

b e c a u s e o f p r o t e i n l o s s t h r o u g h t h e s k i n , e x c e s s i v e u s e o f s t e r o i d 

d r u g s a n d r e c u r r e n t b a c t e r i a l i n f e c t i o n . S o m e c h i l d r e n m a y ' o u t g r o w ' 

t h e d i s e a s e a t a n e a r l y a g e ; i n o t h e r s i t m a y p e r s i s t i n t o a d o l e s c e n c e 

a n d a d u l t h o o d . 

A t o p i c d e r m a t i t i s c o m m o n l y o c c u r s i n p e r s o n s w h o h a v e a f a m i l y 

h i s t o r y a n d a p e r s o n a l h i s t o r y o f i m m e d i a t e h y p e r s e n s i t i v i t y t o 

e n v i r o n m e n t a l a l l e r g e n s . F o l l o w i n g t h e d i s c o v e r y o f I g E i t s o o n 

b e c a m e c l e a r t h a t p a t i e n t s w i t h a t o p i c d e r m a t i t i s h a d v e r y h i g h l e v e l s 

o f t h i s i m m u n o g l o b u l i n i n t h e i r s e r u m ( J u h l i n e t a l , 1 9 6 9 ; B e n n i c h a n d 

J o h a n n s o n , 1 9 7 1 ) . S u b s e q u e n t s t u d i e s c o n f i r m e d t h e s e o b s e r v a t i o n s a n d 

e s t a b l i s h e d t h a t t h e l e v e l s o f I g E w e r e d i r e c t l y r e l a t e d t o t h e s e v e r i t y 

o f t h e d i s e a s e ( O g a w a e t a l , 1 9 7 1 ; S t o n e , M u l l e r a n d G l e i c h , 1 9 7 3 ; 

C l e n d e n n i n g e t a l , 1 9 7 3 ; G u r e v i t c h , H e i n e r a n d R e i s n e r , 1 9 7 3 ; C h u r c h , 

K l e b a n a n d B e l l a n t i , 1 9 7 6 ; O ' L o u g h l i n e t a l , 1 9 7 7 ) . T h u s p a t i e n t s 

w i t h t h e m o s t s e v e r e a n d w i d e s p r e a d e c z e m a h a d t h e h i g h e s t l e v e l s o f 

s e r u m I g E ( u p t o 3 0 , 0 0 0 I n t e r n a t i o n a l U n i t s / m l ) . 

D e s p i t e t h e s t r o n g c o r r e l a t i o n w i t h a t o p i c s e n s i t i v i t y , i t h a s 

b e e n i m p o s s i b l e t o p r o v e a n y s p e c i f i c r o l e f o r I g E i n t h e a e t i o l o g y 
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o f t h e d i s e a s e . I n d e e d , t h e f a i l u r e t o c o n s i s t e n t l y p r o d u c e e c z e m a -

t o u s l e s i o n s o n c h a l l e n g e w i t h a l l e r g e n a n d t h e o f t e n i n c o n c l u s i v e 

e f f e c t s o f a l l e r g e n a v o i d a n c e , h a s l e a d m a n y d e r m a t o l o g i s t s t o r e j e c t 

I g E - m e d i a t e d m e c h a n i s m s ( N o r i n s , 1 9 7 1 ) . T h e r e a r e d i f f i c u l t i e s i n t h e 

d i a g n o s i s o f i m m e d i a t e h y p e r s e n s i t i v i t y i n e c z e m a p a t i e n t s . W h i l e s k i n 

t e s t s p r o v i d e a n e x c e l l e n t d i a g n o s t i c t o o l f o r p a t i e n t s w i t h h a y f e v e r 

a n d a s t h m a , t h e y a r e l e s s u s e f u l i n a t o p i c d e r m a t i t i s b e c a u s e g e n e r a l -

i z e d s e n s i t i v i t y o f t h e s k i n m a y g i v e ' f a l s e p o s i t i v e ' r e s u l t s . I n 

s e v e r e c a s e s , t h e s k i n m a y b e s o i n f l a m e d t h a t i t i s i m p o s s i b l e t o 

p e r f o r m a d e q u a t e s k i n t e s t s a n d t h e s e m a y g i v e ' f a l s e n e g a t i v e ' r e s u l t s . 

V e r y h i g h l e v e l s o f s e r u m I g E a l s o i n c r e a s e t h e n o n - s p e c i f i c b i n d i n g 

i n t h e R A S T ( K e m e n y , L e s s o f a n d T r u l l , 1 9 8 0 ) s u c h t h a t ' f a l s e p o s i t i v e ' 

r e s u l t s m a y b e o b t a i n e d , p a r t i c u l a r l y w i t h i l l - d e f i n e d a l l e r g e n s , e . g . 

f o o d a l l e r g e n s . I n g e n e r a l , t h e r e i s a p o o r c o r r e l a t i o n b e t w e e n s k i n 

t e s t s a n d R A S T d e t e r m i n a t i o n s f o r I g E a b t o f o o d a l l e r g e n s ( H o f f m a n 

a n d H a d d a d , 1 9 7 4 ; H o f f m a n e t a l , 1 9 7 5 ) . 

I t h a s b e e n d e m o n s t r a t e d i n p r e v i o u s c h a p t e r s t h a t a l l e r g e n -

s p e c i f i c I g E c a n a c c o u n t f o r a h i g h p r o p o r t i o n o f t o t a l I g E . T h e r e f o r e , 

a c c u r a t e m e a s u r e m e n t s o f I g E a b s h o u l d g i v e a b e t t e r g u i d e t o p a t i e n t s ' 

s e n s i t i v i t y a n d a l l o w a m o r e c r i t i c a l e v a l u a t i o n o f t h e i m p o r t a n c e o f 

s p e c i f i c a l l e r g e n s . T h i s c h a p t e r d e s c r i b e s m e a s u r e m e n t s o f a b t o 

i n h a l a n t a n d n o n - i n h a l a n t a l l e r g e n s , a n d t o o t h e r p r o t e i n a n t i g e n s , 

i n s e r u m f r o m p a t i e n t s w i t h a t o p i c d e r m a t i t i s . A l l t h e a n t i b o d i e s 

w e r e m e a s u r e d u s i n g a n t i g e n b i n d i n g a s s a y s , t h e r e s u l t s o f w h i c h a r e 

u n a f f e c t e d b y t h e t o t a l c o n c e n t r a t i o n o f I g E i n t h e s e r u m ( C h a p t e r I ) . 

1 0 0 



4 . 2 M e t h o d s 

4 , 2 . 1 P a t i e n t s 

A l l t h e p a t i e n t s ( a g e d 2 - 6 0 ) p r e s e n t e d w i t h a t o p i c d e r m a t i t i s a t 

d e r m a t o l o g y o r a l l e r g y c l i n i c s e i t h e r i n N e w A d d e n b r o o k e s H o s p i t a l , 

C a m b r i d g e o r N o r t h w i c k P a r k H o s p i t a l , H a r r o w . T h e r e w e r e 2 1 p a t i e n t s 

f r o m ' C a m b r i d g e ' a n d 2 9 p a t i e n t s f r o m ' H a r r o w ' . S o m e p a t i e n t s a l s o 

s u f f e r e d r e s p i r a t o r y s y m p t o m s , i . e . h a y f e v e r , p e r e n n i a l r h i n i t i s o r 

a s t h m a . W h e r e v e r p o s s i b l e t h e p a t i e n t s w e r e p r i c k t e s t e d , a s p a r t o f 

t h e i r c l i n i c a l a s s e s s m e n t , w i t h a b a t t e r y o f c o m m o n a l l e r g e n s i n c l u d -

i n g h o u s e d u s t , D . p t e r o n y s s i n u s , m i x e d g r a s s p o l l e n s , t r e e p o l l e n s , 

a n i m a l d a n d e r s ( h o r s e , c a t , d o g ) , m i l k a n d e g g ( B e n c a r d L t d . B e t c h w o r t h , 

S u r r e y ) . T h e s k i n t e s t s w e r e c l a s s i f i e d a c c o r d i n g t o t h e d i a m e t e r o f 

t h e w h e a l o n a s e m i - q u a n t i t a t i v e b a s i s , a s f o l l o w s : -

W h e a l d i a m e t e r ( m m ) 1 - 2 3 - 4 5 - 6 > 7 

C l a s s i f i c a t i o n £ + + + + + + 

S e r u m w a s o b t a i n e d f r o m e a c h p a t i e n t a n d s t o r e d a t - 2 0 ° C p r i o r t o u s e . 

C o n t r o l s e r a w e r e o b t a i n e d f r o m 2 0 l a b o r a t o r y p e r s o n n e l ( a g e d 

2 0 - 5 0 ) w i t h n o a l l e r g i c s y m p t o m s , t h o u g h t w o i n d i v i d u a l s g a v e p o s i t i v e 

p r i c k t e s t s t o g r a s s p o l l e n . 

I a m v e r y g r a t e f u l t o D r s . M . d i P r i s c o F u e n m a j o r a n d R . H . C h a m p i o n 

f o r s u p p l y i n g s e r u m s a m p l e s a n d a l l t h e s k i n t e s t d a t a o n p a t i e n t s 

f r o m ' C a m b r i d g e ' . 
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4 . 2 . 2 A n t i b o d y m e a s u r e m e n t s 

T h e I g G a n d I g E a b m e a s u r e m e n t s w e r e m a d e b y d o u b l e a n t i b o d y 

a n t i g e n b i n d i n g a s s a y ( A p p e n d i x A . 4 . 1 ) . A n t i b o d i e s t o D . p t e r o n y s s i n u s 

A n t i g e n P ^ , R y e I , b e e v e n o m p h o s p h o l i p a s e A a n d h o r s e d a n d e r a l l e r g e n s 

N o s . 6 a n d 1 1 ( L o w e n s t e i n , M a r k u s s e n a n d W e e k e , 1 9 7 G ) w e r e m e a s u r e d i n 

s e r u m s a m p l e s . A n t i b o d i e s t o d i p h t h e r i a t o x i n a n d P - l a c t o g l o b u l i n w e r e 

m e a s u r e d i n a m m o n i u m s u l p h a t e f r a c t i o n s o f s e r u m , e n r i c h e d f o r e i t h e r 

I g G a b o r I g E a b ( s e e A p p e n d i x A . 4 . 1 ) . 

T o t a l s e r u m I g E v / a s m e a s u r e d b y d o u b l e a n t i b o d y i n h i b i t i o n r a d i o -

i m m u n o a s s a y ( A p p e n d i x B . 2 ) . 

4.3 Results 

S e r u m s a m p l e s w e r e o b t a i n e d f r o m a l l 5 0 p a t i e n t s w i t h a t o p i c 

d e r m a t i t i s . S o m e o f t h e s a m p l e s w e r e r a t h e r s m a l l « 0 . 5 m l ) , s o t h a t 

i t w a s n o t p o s s i b l e t o a s s a y a b t o e a c h a l l e r g e n i n a l l c a s e s . T h e . 

n u m b e r s o f s e r a a s s a y e d r a n g e d f r o m 4 4 - 5 0 . 

4.3.1 Antibodies to inhalant allergens 

T h e r e s p o n s e t o i n h a l a n t a l l e r g e n s , p a r t i c u l a r l y D . p t e r o n y s s i n u s , 

w a s t h e m o s t s t r i k i n g f e a t u r e o f t h e a b r e s p o n s e i n t h e a t o p i c d e r m a -

t i t i s p a t i e n t s . T w e n t y - s i x o f t h e t h i r t y - f i v e p a t i e n t s w i t h p o s i t i v e 

s k i n t e s t s ( + t o + + + ) t o D . p t e r o n y s s i n u s h a d d e t e c t a b l e I g G B A a n d 

I g E B A f o r a n t i g e n P ^ i n t h e i r s e r u m ( F i g . 4.1). I n c o n t r a s t , o n l y 

o n e o f t h e e l e v e n p a t i e n t s w i t h a n e g a t i v e o r e q u i v o c a l ( i ) s k i n t e s t 

h a d d e t e c t a b l e B A f o r a n t i g e n P . . . T h e a b l e v e l s o f t h e s k i n t e s t 
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F i g u r e 1 

I g G B A a n d I g E B A f o r a n t i g e n P ^ i n s e r a f r o m p a t i e n t s w i t h r h i n i t i s , 

a s t h m a o r a t o p i c d e r m a t i t i s . P a t i e n t s w e r e c l a s s i f i e d a s s k i n t e s t 

p o s i t i v e ( 0 ) , s k i n t e s t n e g a t i v e ( 0 ) o r s k i n t e s t s n o t d o n e ( A ) . T h e 

e c z e m a t o u s l e s i o n s o n 2 p a t i e n t s ( Q ) d i d n o t p e r m i t a d e q u a t e s k i n 

t e s t i n g . A l s o s h o w n a r e t h e g e o m e t r i c m e a n v a l u e s ( ) a n d t h e 

m i n i m u m l e v e l o f s e n s i t i v i t y ( ) f o r e a c h c l a s s o f B A . S e r a w i t h o u t 

d e t e c t a b l e B A a r e s h o w n b e l o w t h e d a s h e d l i n e . 
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p o s i t i v e p a t i e n t s w e r e o n a v e r a g e m u c h h i g h e r t h a n t h o s e o f p a t i e n t s 

w i t h p e r e n n i a l r h i n i t i s o r a s t h m a a l o n e ( F i g . 4 . 1 ) . T h e g e o m e t r i c 

m e a n v a l u e s f o r I g G B A a n d I g E B A ( T a b l e 4 . 1 ) w e r e 3 - 4 f o l d a n d 

6 - f o l d h i g h e r , r e s p e c t i v e l y , t h a n f o r p a t i e n t s w i t h r h i n i t i s o r 

a s t h m a . T h e r e s u l t s w e r e f u r t h e r a n a l y s e d a c c o r d i n g t o w h e t h e r o r 

n o t p a t i e n t s w i t h a t o p i c d e r m a t i t i s h a d a d d i t i o n a l r e s p i r a t o r y 

s y m p t o m s ( r h i n i t i s o r a s t h m a ) . T w i c e a s m a n y ( 1 9 / 2 4 ) o f t h e p a t i e n t s 

w i t h r e s p i r a t o r y s y m p t o m s h a d d e t e c t a b l e I g G B A a n d I g E B A . Q u a n t i -

t a t i v e l y , t h e m e a n l e v e l s o f I g G B A w e r e ^ 2 - f o l d h i g h e r i n t h e 

g r o u p w i t h r e s p i r a t o r y s y m p t o m s , b u t t h e r e w a s v e r y l i t t l e d i f f e r e n c e 

i n t h e l e v e l s o f I g E B A ( T a b l e 4 . 1 ) . T h e q u a n t i t i e s o f I g E B A p r o d u c e d 

b y m a n y a t o p i c d e r m a t i t i s p a t i e n t s w e r e s i m i l a r t o , a n d i n a f e w c a s e s 

e x c e e d e d , t h e q u a n t i t i e s o f I g G B A . A l t h o u g h a l l s e r a v / i t h d e t e c t a b l e 

I g E B A c o n t a i n e d I g G B A , t h e m e a n r a t i o o f I g G B A : I g E B A i n t h e a t o p i c 

d e r m a t i t i s g r o u p w a s l o w e r t h a n f o r p a t i e n t s w i t h r h i n i t i s o r a s t h m a 

( F i g . 4 . 1 a n d T a b l e 4 . 1 ) . 

A l s o s h o w n i n T a b l e 4 . 1 a r e t h e g e o m e t r i c m e a n v a l u e s f o r t o t a l 

s e r u m I g E i n t h e v a r i o u s p a t i e n t g r o u p s . A s e x p e c t e d , t h e m e a n l e v e l s 

f o r p a t i e n t s v / i t h a t o p i c d e r m a t i t i s w e r e s e v e r a l f o l d h i g h e r t h a n f o r 

p a t i e n t s w i t h r h i n i t i s o r a s t h m a a l o n e a n d w e r e m o s t h i g h l y e l e v a t e d 

i n t h e g r o u p w i t h a d d i t i o n a l r e s p i r a t o r y s y m p t o m s . T h e l a t t e r f i n d -

i n g s a r e i n a g r e e m e n t w i t h t h o s e o f J o h n s o n e t a l ( 1 9 7 4 ) . D e s p i t e t h e 

s i g n i f i c a n t d i f f e r e n c e s i n a b s o l u t e l e v e l s o f I g E , t h e p e r c e n t a g e o f 

t h e t o t a l I g E d i r e c t e d a g a i n s t a n t i g e n P ^ w a s v e r y s i m i l a r i n a l l 

p a t i e n t g r o u p s ( T a b l e 4 . 1 ) . 



T A B L E i f . 1 

C o m p a r i s o n o f t o t a l I g E l e v e l s a n d I g G B A a n d I g E B A f o r a n t i g e n P j 

i n p a t i e n t s w i t h r h i n i t i s , a s t h m a o r a t o p i c d e r m a t i t i s - m e a n d a t a 

B A f o r a n t i g e n P 1 

I g G B A I g E B A 

( u n i t s / m l ) 

( a ) 
.(b) ( c ) T o t a l I g E ' ' I g E B A 

( I n t e r n a t i o n a l % t o t a l I g E 
u n i t s / m l ) 

R h i n i t i s 

( n = 2 2 ) 

. 1 4 8 

(22/22) 

3 3 

(22/22) 

2 7 6 

( 3 9 - 1 , 8 8 0 ) 

8 . 1 ± 7 . 9 

A s t h m a 

( n = 2 0 ) 

168 

( 1 9 / 2 0 ) 

4 8 

(18/20) 
4 7 3 

( 6 1 - 1 2 , 5 0 0 ) 

6 . 2 £ 5 . 2 

A t o p i c d e r m a t i t i s 

( a l l p a t i e n t s , n = 5 0 ) 

A t o p i c d e r m a t i t i s , 
m i n i m a l r e s p i r a t o r y 
s y m p t o m s , ( n = 2 5 ) 

( d ) 

5 5 0 

( 3 5 / 5 0 ) 

3 1 3 

( 1 3 / 2 5 ) 

3 4 0 

( 2 9 / 5 0 ) 

2 9 4 
( 1 0 / 2 5 ) 

1 , 7 4 6 

( 1 8 - 2 5 , 5 0 0 ) 

9 4 8 

(18-20,000) 

6 . 8 ± 5 . 4 

6 . 6 t 4 . 9 

A t o p i c d e r m a t i t i s , w i t h 
r h i n i t i s , o r a s t h m a , 
( n = 2 4 ) 

5 8 4 3 3 3 

( 2 2 / 2 4 ) ( 1 9 / 2 4 ) 

3 , 0 7 6 

( 2 6 9 - 2 5 , 5 0 0 ) 

6 . 9 ± 5 . 9 

( a ) . G e o m e t r i c m e a n d a t a b a s e d o n p o s i t i v e r e s u l t s . T h e i n c i d e n c e o f 
p o s i t i v e B A i s s h o w n i n p a r e n t h e s e s . 

( b ) G e o m e t r i c m e a n d a t a . V a l u e s g i v e n i n p a r e n t h e s e s i n d i c a t e t h e 
r a n g e o f r e s u l t s o b t a i n e d . 

( c ) C a l c u l a t e d a s d e s c r i b e d i n C h a p t e r I I ( R e s u l t s , s e c t i o n 2 . 3 . 4 ) ? 
a s s u m i n g 1 u n i t o f I g E B A f o r a n t i g e n P ^ t o b e e q u i v a l e n t t o l n g 
I g E . V a l u e s r e p r e s e n t t h e a r i t h m e t i c m e a n £ o n e s t a n d a r d 
d e v i a t i o n . 

( d ) P a t i e n t s w i t h n o h i s t o r y o f r e s p i r a t o r y s y m p t o m s . O n f u r t h e r 
q u e s t i o n i n g , s o m e p a t i e n t s r e p o r t e d o c c a s i o n a l m i l d s u m p t o m s 
e . g . n a s a l o b s t r u c t i o n a n d d i s c h a r g e . 
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T h e l e v e l s o f I g G B A a n d I g E B A f o r R y e I , t h e m a j o r a l l e r g e n 

f r o m r y e g r a s s p o l l e n , i n s e r a f r o m s k i n t e s t p o s i t i v e a n d s k i n t e s t 

n e g a t i v e p a t i e n t s w i t h a t o p i c d e r m a t i t i s a r e s h o w n i n F i g . 4 . 2 . M o s t 

o f t h e s k i n t e s t p o s i t i v e p a t i e n t s h a d v e r y h i g h l e v e l s o f B A ; t h e 

g e o m e t r i c m e a n v a l u e s f o r b o t h I g G B A ( 1 2 4 5 u n i t s / m l ) a n d I g E B A 

( 8 0 2 u n i t s / m l ) b e i n g g r e a t e r t h a n t h o s e r e p o r t e d f o r p a t i e n t s w i t h 

g r a s s p o l l e n h a y f e v e r ( I g G B A , 8 6 9 u n i t s / m l a n d I g E B A , 2 4 8 u n i t s / m l ) 

( P l a t t s - M i l l s e t a l , 1 9 7 8 ) . I n k e e p i n g w i t h t h e r e s u l t s o b t a i n e d w i t h 

a n t i g e n P ^ , t h e r a t i o o f I g G B A : I g E B A f o r R y e I w a s m u c h l o w e r i n t h e 

a t o p i c d e r m a t i t i s g r o u p ( 1 . 5 : 1 , F i g . 4 . 2 ) . O n e o f t h e s k i n t e s t n e g a -

t i v e p a t i e n t s h a d h i g h l e v e l s o f I g G B A ( 2 , 5 0 0 u n i t s / m l ) a n d I g E B A 

( 5 8 8 u n i t s / m l ) f o r R y e I , a n o t h e r h a d h i g h I g G B A ( 8 2 5 u n i t s / m l ) 

w i t h o u t d e t e c t a b l e I g E B A . T h e o t h e r v a l u e s f o r I g G B A i n p a t i e n t s 

w i t h n e g a t i v e s k i n t e s t s t o g r a s s p o l l e n w e r e q u i t e l o w ( < 2 5 0 u n i t s / m l ) . 

S i m i l a r l o w l e v e l s o f I g G B A a r e f o u n d i n 2 0 - 3 0 % o f s e r a f r o m n o r m a l 

i n d i v i d u a l s ( D i s c u s s i o n , C h a p t e r I I I ) . 

S e v e r a l o f t h e ' C a m b r i d g e ' p a t i e n t s h a d s t r o n g l y p o s i t i v e s k i n 

t e s t s ( + + + ) t o h o r s e d a n d e r a l l e r g e n s w h i c h w e r e a s s u m e d t o r e f l e c t 

i n c r e a s e d e x p o s u r e i n t h a t p r e d o m i n a n t l y r u r a l a r e a . N o n e o f t h e 

' H a r r o w ' p a t i e n t s h a d b e e n s k i n t e s t e d t o h o r s e d a n d e r . N o n e t h e l e s s , 

i t w a s c o n s i d e r e d w o r t h w h i l e t o i n v e s t i g a t e t h e a b r e s p o n s e t o t w o 

p u r i f i e d h o r s e d a n d e r a l l e r g e n s ( N o . 6 a n d N o . 1 1 ) ( L o w e n s t e i n , 

M a r k u s s e n a n d W e e k e , 1 9 7 6 ) i n b o t h g r o u p s o f p a t i e n t s t o s e e w h e t h e r 

t h i s m i g h t b e r e l a t e d t o a l l e r g e n e x p o s u r e . T h e l a c k o f a s u i t a b l e 

s t a n d a r d s e r u m m e a n t t h a t i t w a s n o t p o s s i b l e t o c o n s t r u c t a c o n t r o l 

1 0 6 
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S e r u m a n t i b o d i e s t o R y e I . P a t i e n t s w i t h a t o p i c d e r m a t i t i s w e r e s k i n 

t e s t e d w i t h g r a s s p o l l e n a n d c l a s s i f i e d a s s k i n t e s t p o s i t i v e ( © ) , 

s k i n t e s t n e g a t i v e ( 0 ) , s k i n t e s t s n o t d o n e ( A ) o r n o t p o s s i b l e ( Q . ) . 

S e r a w i t h o u t d e t e c t a b l e B A a r e s h o w n b e l o w t h e m i n i m a l l e v e l o f s e n s i -

t i v i t y f o r e a c h a s s a y ( ) . 
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c u r v e . t o m a k e t h e a n t i g e n - b i n d i n g a s s a y s f o r h o r s e a l l e r g e n s f u l l y 

q u a n t i t a t i v e . H o w e v e r , s e m i - q u a n t i t a t i v e a s s e s s m e n t s o f b i n d i n g 

a c t i v i t y f o r e a c h a l l e r g e n w e r e m a d e , b a s e d o n t h e i n c r e a s e i n b i n d -

i n g r e l a t i v e t o f i v e s e r a f r o m n o n - a l l e r g i c i n d i v i d u a l s ( F i g . 4 . 3 ) . 

A l l o f t h e s i x s e r a f r o m ' C a m b r i d g e ' p a t i e n t s w i t h s t r o n g l y p o s i t i v e 

s k i n t e s t s h a d d e t e c t a b l e I g G o r I g E a b t o h o r s e a l l e r g e n s N o . 6 o r 

N o . 1 1 , o r - b o t h . T w o ' C a m b r i d g e ' p a t i e n t s w i t h e q u i v o c a l s k i n t e s t s 

h a d d e t e c t a b l e I g G a b b u t l a c k e d I g E a b . T h e m a j o r i t y o f s e r a , f r o m 

p a t i e n t s o n w h o m s k i n t e s t s w e r e n o t d o n e , d i d n o t c o n t a i n a b t o 

h o r s e a l l e r g e n s . H o w e v e r , t h r e e o f t h e s e s e r a ( t w o f r o m ' H a r r o w ' , 

o n e f r o m ' C a m b r i d g e ' ) c o n t a i n e d b o t h I g G a n d I g E a b a n d a f u r t h e r 

t w o s a m p l e s c o n t a i n e d I g G a b w i t h o u t d e t e c t a b l e I g E a b ( F i g . 4 . 3 ) . 

T a b l e 4 . 2 s u m m a r i z e s t h e r e l a t i o n s h i p b e t w e e n s k i n t e s t s a n d I g E 

a b l e v e l s i n a r e p r e s e n t a t i v e s e r i e s o f 1 5 p a t i e n t s w i t h a t o p i c d e r m a -

t i t i s . T h e p a t i e n t s w e r e c h a r a c t e r i z e d b y m u l t i p l e p o s i t i v e s k i n t e s t s 

a s s o c i a t e d w i t h v e r y h i g h l e v e l s o f s e r u m I g E . W i t h a f e w e x c e p t i o n s 

( C . T . , N . G . , T a b l e 4 . 2 ) , m o s t p a t i e n t s w i t h p o s i t i v e s k i n t e s t s t o 

h o u s e d u s t , D . p t e r o n y s s i n u s a n d g r a s s p o l l e n s a l s o h a d d e t e c t a b l e 

I g E B A f o r a n t i g e n P ^ a n d R y e I . F u r t h e r m o r e , t h e o v e r a l l i n c i d e n c e 

o f p o s i t i v e s k i n t e s t s t o i n h a l a n t a l l e r g e n s w a s m u c h g r e a t e r t h a n 

t h a t t o f o o d a l l e r g e n s ( m i l k a n d e g g ) . N o t a b l e a m o n g s t t h e s e f i g u r e s , 

w a s t h e h i g h i n c i d e n c e o f p o s i t i v e s k i n t e s t s t o c a t a l l e r g e n s a n d 

s e v e r a l p a t i e n t s r e p o r t e d e x a c e r b a t i o n o f s y m p t o m s f o l l o w i n g e x p o s u r e 

t o c a t s . A s m a l l e r g r o u p o f p a t i e n t s s h o w e d p o s i t i v e s k i n t e s t s t o 

m i l k a n d e g g s , o n e o f w h o m w a s a l s o m i l k i n t o l e r a n t ( R . L . , T a b l e 4 - 2 ) . 
s k i n t e s t 

S o m e o f t h e s e p a t i e n t s a p p e a r e d t o b e a l m o s t e x c l u s i v e l y p o s i t i v e t o 
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S e m i - q u a n t i t a t i v e a s s e s s m e n t o f I g G a n d I g E a n t i b o d i e s t o h o r s e 

a l l e r g e n s , N o . 6 a n d N o . 1 1 . P o s i t i v e b i n d i n g a c t i v i t y w a s g r a d e d 

a s > 2 s t a n d a r d d e v i a t i o n s a b o v e b a c k g r o u n d ( + ) ; > 5 x b a c k g r o u n d ( + + ) ; 

a n d > 1 0 x b a c k g r o u n d ( + + + ) . T h e n e g a t i v e b a c k g r o u n d ( - ) w a s d e f i n e d 

a s t h e m e a n t-2 s t a n d a r d d e v i a t i o n s o f t h e v a l u e s o b t a i n e d f r o m 5 s e r a 

f r o m n o n - a l l e r g i c c o n t r o l - s . P a t i e n t s w e r e c l a s s i f i e d a s s k i n t e s t 

s t r o n g l y p o s i t i v e ( + + t o + + + ) ( 0 ) , s k i n t e s t e q u i v o c a l ( i ) ( A ) , o r 

s k i n t e s t n o t d o n e ( A ) . 
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TABLE 4.2 

ComEarison of skin tests, total IgE and IgE BA 

in 15 Eatients with atoEic dermatitis 

Skin test resIX'nses to:-
(a) 

IgE BA (uni ts/ml) (b) 
Subject, Total IgE for 
age/sex H.D. D.pt. Pollen Milk Egg Cat Horse units/ml Antigen PI Rye I 

DB, 22/M ++ +++ +++ +++ +++ 12,500 1,225 3,000 
1-'1. PL, 35/F ++ +++ ++ + 
r\' 

+ +++ +++ 6,240 240 101 

0 CH, 14/M n.d. +++ +++ + + n.d. 20,000 800 4,438 

CT, 10/F + ++ ++ +++ +++ ++ 5,750 575 <40 

SC, 6/M + + + + 512 142 444 

RP, 26/F + ++ ++ n.d. + + n.d .. 3,875 432 444 

RB, 35/F ++ ++ +++ + + ++ n.d. 25,500 420 9,563 

NG, 10/F + ++ +++ +++ 11,250 544 588 

RS, 7/M + + + n.d. n.d. ++ n.d. 2,700 <3 <40 

GY, 6/M + + +++ + +++ n.d. 800 <3 1,807 

EG, 34/F + ++ ++ ++ 3,625 <3 <40 

RL, 3/M n.d. \ + ± +++ ++ n.d. n.d. 345 <3 <40 

MW, 2/F ± ++ ++ n.d. 8~280 128 <25 

CF, 101M ++ +++ +++ ++ n.d. 1,550 459 213 

JH, 60/M ++ ++ ++ ++ n.d. 14,500 175 3,163 

Preva1ence(c) 70% 66% 16% 32% 66% 



F00tnotes to Table 4.2 

(a) Skin tests were performed using the 'prick' technique. Gradings represent >7mm wheal (+++) , 5-6mm wheal (++), 

3-4mm wheal (+), 1-2mm wheal (!) or negative (-). H.D. = house dust, D.pt. = D.pteronyssinus, n.d. = not done. 

(b) Values for IgE BA for antigen Pl and Rye I were obtained from different control curves (see Appendix A.4.1) 

and are not directly comparable. One unit IgE BA, for antigen Pl approximates to lng IgE (Chapter II) 

whereas 1 unit IgE BA for Rye I represents O.1-O.3ng IgE (Platts-Mills et al, 1978). 

(c) Overall prevalence of positive skin tests (+ to +++) for all patients on whom skin tests were perform~d. 



f o o d s ( e . g . E . G . , R . L . , M . W . , T a b l e 4 . 2 ) a n d m o s t h a d u n d e t e c t a b l e 

l e v e l s o f I g E B A f o r a n t i g e n P ^ a n d R y e I i n t h e i r s e r u m . 

4 * 3 . 2 A n t i b o d i e s t o n o n - i n h a l a n t a l l e r g e n s 

T h e s e s t u d i e s w e r e u n d e r t a k e n t o i n v e s t i g a t e p o t e n t i a l d i f f e r -

e n c e s i n t h e a b r e s p o n s e t o i n h a l a n t a l l e r g e n s a n d t o o t h e r p r o t e i n s 

a d m i n i s t e r e d i n l a r g e r d o s e s b y d i f f e r e n t r o u t e s ( i n g e s t i o n o r i n j e c -

t i o n ) . T h e p r o t e i n s i n c l u d e d t w o n o n - i n h a l a n t a l l e r g e n s , ( 3 - l a c t o -

g l o b u l i n a n d p h o s p h o l i p a s e A ( t h e m a j o r a l l e r g e n f r o m b e e v e n o m ) a n d 

a n o t h e r p r o t e i n t o w h i c h m o s t i n d i v i d u a l s a r e c o m m o n l y e x p o s e d , t h a t 

i s d i p h t h e r i a t o x o i d . I n e a c h c a s e , t h e a b r e s p o n s e o f t h e p a t i e n t s 

w i t h a t o p i c d e r m a t i t i s w a s c o m p a r e d w i t h t h a t o f 2 0 n o n - a l l e r g i c 

c o n t r o l s . 

M e a s u r e m e n t s o f I g G B A a n d I g E B A f o r { 3 - l a c t o g l o b u l i n a r e s h o w n 

i n F i g . 4.4. T h e r e w a s a h i g h i n c i d e n c e o f I g G B A ( > 8 0 % ) i n b o t h 

s k i n t e s t p o s i t i v e a n d s k i n t e j t n e g a t i v e p a t i e n t s , w i t h G . M . v a l u e s 

o f 4 6 6 u n i t s / m l a n d 1 8 3 u n i t s / m l , r e s p e c t i v e l y . A s m a l l e r p e r c e n t a g e 

( ^ ' 5 0 % ) o f n o n - a l l e r g i c c o n t r o l s h a d d e t e c t a b l e I g G B A a n d t h e l e v e l s 

w e r e l o w e r t h a n f o r p a t i e n t s w i t h a t o p i c d e r m a t i t i s ( G . M . 8 1 u n i t s / m l ) . 

T h e f i n d i n g s f o r I g E B A i l l u s t r a t e s o m e o f t h e p r o b l e m s i n a s s e s s i n g 

I g E a b t o f o o d a l l e r g e n s . S i x o f t h e t e n p a t i e n t s w i t h p o s i t i v e s k i n 

t e s t s t o m i l k h a d I g E B A f o r ( 3 - l a c t o g l o b u l i n . U s i n g s e r a f r o m t h r e e 

o f t h e s e p a t i e n t s , t h e p r e s e n c e o f I g E a b t o 8 - l a c t o g l o b u l i n w a s 

c o n f i r m e d b y P - K t e s t i n g ( P i n F i g . 4.4) ; t h e s e r a g i v i n g p o s i t i v e 

P - K t e s t s a t d i l u t i o n s o f 1 : 5 0 - 1 : 5 0 0 . S o m e o f t h e p a t i e n t s w i t h 

n e g a t i v e s k i n t e s t s ( 8 / 2 6 ) a l s o s h o w e d p o s i t i v e b i n d i n g i n t h e a s s a y 
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F i g u r e 4 . 4 

I g G B A a n d I g E B A f o r p - l a c t o g l o b u l i n i n a m m o n i u m s u l p h a t e f r a c t i o n s 

o f s e r a f r o m p a t i e n t s v / i t h a t o p i c d e r m a t i t i s a n d f r o m n o n - a l l e r g i c 

c o n t r o l s . S k i n t e s t r e s p o n s e s t o m i l k a r e s h o w n a s p o s i t i v e ( G ) ; 

n e g a t i v e ( 0 ) ; n o t d o n e ( A ) ; o r n o t p o s s i b l e ( Q ) . A l s o s h o w n a r e 

t h e g e o m e t r i c m e a n v a l u e s ( ) a n d t h e m i n i m a l l e v e l o f s e n s i t i v i t y 

f o r e a c h c l a s s o f B A ( ) . F i v e s e r a w e r e a l s o u s e d . i n P - K t e s t s 

a n d a r e r e c o r d e d a s P - K p o s i t i v e ( ' p ' ) o r P - K n e g a t i v e ( , n ' ) „ 



f o r I g E a b , b u t t w o o f t h e s e s e r a d i d n o t r e a c t i n P - K t e s t s a t a 

1 : 4 d i l u t i o n ( n i n F i g . 4 - 4 ) . T h e m a j o r i t y o f s e r a f r o m n o n - a l l e r g i c 

c o n t r o l s c o n t a i n e d n o d e t e c t a b l e I g E B A . H o w e v e r , t w o s e r a f r o m 

p e r s o n s w i t h e l e v a t e d t o t a l I g E ( 3 0 0 a n d 3 , 0 0 0 I . U . / m l ) a n d p o s i t i v e 

s k i n t e s t s t o g r a s s p o l l e n d i d s h o w p o s i t i v e I g E b i n d : m g . T h e 

p r e s e n c e o f I g E a b t o P - l a c t o g l o b u l i n i n s e r a f r o m c h i l d r e n a n d 

a d u l t s w i t h n o a l l e r g i c s y m p t o m s t o m i l k h a s b e e n d e m o n s t r a t e d p r e v -

i o u s l y b y P a r i s h ( 1 9 7 1 ) u s i n g r a d i o i m m u n o d i f f u s i o n . B y a n i n t e r e s t -

i n g a n a l o g y w i t h t h e p r e s e n t f i n d i n g s , s o m e o f t h o s e s e r a c o u l d n o t 

p a s s i v e l y s e n s i t i z e m o n k e y s k i n o r i s o l a t e d m o n k e y b a s o p h i l s ( P a r i s h , 

1 9 7 1 ) . 

N e i t h e r p a t i e n t s n o r c o n t r o l s s h o w e d a s i g n i f i c a n t a b r e s p o n s e 

t o p h o s p h o l i p a s e A . V e r y l o w l e v e l s o f I g G B A « 5 0 u n i t s / m l ) w e r e 

d e t e c t e d i n s e r a f r o m t w o p a t i e n t s a n d o n e c o n t r o l , b u t n o n e o f t h e 

s e r a c o n t a i n e d d e t e c t a b l e I g E B A . 

T h e a b r e s p o n s e t o d i p h t h e r i a t o x o i d w a s a s s e s s e d u s i n g r a d i o -

l a b e l l e d d i p h t h e r i a t o x i n ( t h e t o x o i d l a b e l s p o o r l y u s i n g t h e s t a n d a r d 

c h l o r a m i n e T t e c h n i q u e ) . T h e r e s u l t s s h o w e d a h i g h i n c i d e n c e o f I g G 

a n t i t o x i n i n s e r a f r o m b o t h p a t i e n t s a n d c o n t r o l s ( F i g . 4 . 5 ) , s u g g e s t -

i n g t h a t m o s t i n d i v i d u a l s h a d b e e n i m m u n i z e d a g a i n s t d i p h t h e r i a . 

P a t i e n t s w i t h a t o p i c d e r m a t i t i s a p p e a r e d t o h a v e h i g h e r l e v e l s o f 

I g G a n t i t o x i n . H o w e v e r , t h e q u a n t i t i e s o f I g G a n t i t o x i n i n c o n t r o l 

s e r a w e r e s i m i l a r t o t h o s e i n s e r a f r o m a t o p i c d e r m a t i t i s p a t i e n t s 

a g e d o v e r 2 0 ( G . M . v a l u e s 4 8 u n i t s / m l a n d 8 0 u n i t s / m l r e s p e c t i v e l y ) . 

T h i s s u g g e s t e d t h a t t h e h i g h e r l e v e l s o f I g G a n t i t o x i n o c c u r r i n g i n 

114. 
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I g G a n d I g E d i p h t h e r i a a n t i t o x i n l e v e l s i n a m m o n i u m s u l p h a t e f r a c t i o n s 

o f s e r a f r o m p a t i e n t s w i t h a t o p i c d e r m a t i t i s a n d f r o m n o n - a l l e r g i c 

c o n t r o l s . 
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t h e y o u n g e r p a t i e n t s ( a g e d u n d e r 2 0 ) w e r e t h e r e s u l t o f m o r e r e c e n t 

i m m u n i z a t i o n . I n c o n t r a s t t o p r e v i o u s r e s u l t s o b t a i n e d u s i n g R A S T 

( N a g e l e t a l , 1 9 7 9 ) , n e i t h e r p a t i e n t s n o r c o n t r o l s h a d d e t e c t a b l e I g E 

a n t i t o x i n . S o m e o f t h e a d u l t p a t i e n t s d e v e l o p e d e c z e m a l o n g a f t e r 

d i p h t h e r i a i m m u n i z a t i o n a n d m i g h t n o t b e e x p e c t e d t o m a k e a n I g E a n t i -

t o x i n r e s p o n s e . B u t a t l e a s t f i v e i n f a n t s , u n d e r f i v e y e a r s o l d , h a d 

e c z e m a a t t h e t i m e o f m a x i m u m e x p o s u r e t o d i p h t h e r i a t o x o i d , y e t n o n e 

m a d e I g E a n t i t o x i n . 

4.4 D i s c u s s i o n 

T h e r e s u l t s s h o w t h a t p a t i e n t s v / i t h a t o p i c d e r m a t i t i s m a k e I g G 

a n d I g E a b r e s p o n s e s t o a v a r i e t y o f c o m m o n e n v i r o n m e n t a l a l l e r g e n s . 

T h i s w a s i l l u s t r a t e d b y t h e r e s p o n s e t o t w o m a j o r i n h a l a n t a l l e r g e n s , 

a n t i g e n P ^ a n d R y e I . T h e r e v / a s k a h i g h i n c i d e n c e o f B A f o r b o t h 

a l l e r g e n s w h i c h s h o w e d a g o o d c o r r e l a t i o n w i t h t h e r e s u l t s o f s k i n 

p r i c k t e s t s . T h e q u a n t i t i e s o f B A w e r e s i g n i f i c a n t l y h i g h e r i n 

p a t i e n t s w i t h a t o p i c d e r m a t i t i s t h a n i n o t h e r , n o n - e c z e m a t o u s , 

a l l e r g i c p a t i e n t s . I t w a s a l s o a p p a r e n t t h a t t h e r e w a s a l o w e r 

r a t i o o f I g G B A : I g E B A i n t h e a t o p i c d e r m a t i t i s g r o u p . S u b s e q u e n t 

a n a l y s e s o f d a t a f r o m p a t i e n t s w i t h e c z e m a , a s t h m a o r r h i n i t i s ( F i g . 

4 . 1 ) » s h o w e d t h a t t h e r e w a s a n i n v e r s e c o r r e l a t i o n b e t w e e n t h e r a t i o 

o f I g G B A : I g E B A f o r a n t i g e n P ^ a n d t o t a l s e r u m I g E ( r = - 0 . 4 8 ? 

p < 0 . 0 1 , n = 7 1 ) . C o m p a r i s o n o f t h e v a l u e s o b t a i n e d o n p r e - t r e a t m e n t 

s e r a f r o m t h e ' H o n g K o n g ' a n d ' M i g e n ' p a t i e n t s ( C h a p t e r I I I ) c o n f i r m e d 

t h i s c o r r e l a t i o n ( r = - 0 . 5 0 , p < 0 . 0 1 , n = 1 0 3 ) . T h e s e f i n d i n g s c o u l d 

r e f l e c t p r o g r e s s i v e s a t u r a t i o n o f m a s t c e l l r e c e p t o r s , r e s u l t i n g i n 

h i g h e r l e v e l s o f s e r u m I g E a b a n d h e n c e a r e d u c t i o n i n t h e r a t i o o f 
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I g G B A : I g E B A . A l t e r n a t i v e l y , i t h a s b e e n s u g g e s t e d t h a t t h e s e r u m 

h a l f - l i f e o f I g E i s l o n g e r i n p a t i e n t s w i t h v e r y h i g h s e r u m I g E 

( W a l d m a n e t a l , 1 9 7 6 ) , s o t h e l o w e r r a t i o c o u l d b e d u e t o s l o w e r 

r e m o v a l o f I g E f r o m t h e s e r u m o f t h e s e p a t i e n t s . 

T h e r e s u l t s c o n f i r m e d t h a t a l l e r g e n s N o . 6 a n d N o . 1 1 a r e i m p o r t a n t 

a l l e r g e n s o f h o r s e d a n d e r ( L o w e n s t e i n , M a r k u s s e n a n d W e e k e , 1 9 7 6 ) . 

N o n e o f t h e ' H a r r o w ' p a t i e n t s g a v e a c l i n i c a l h i s t o r y o f h o r s e d a n d e r 

a l l e r g y a n d o n l y 2 o u t o f 2 3 o f t h e s e p a t i e n t s h a d d e t e c t a b l e I g G a n d 

I g E a b . B y c o n t r a s t , o n e t h i r d ( 7 / 2 1 ) o f t h e ' C a m b r i d q e ' p a t i e n t s h a d 

p o s i t i v e s k i n t e s t s a n d d e t e c t a b l e I g G a n d I g E a b t o h o r s e a l l e r g e n s 

( F i g . 4 . 3 ) . A s s u m i n g , a s s e e m s l i k e l y , t h a t t h e ' H a r r o w ' a n d ' C a m b r i d g e ' 

p a t i e n t s d i f f e r i n t h e i r e x p o s u r e t o h o r s e a l l e r g e n s , t h e n t h e r e s u l t s 

s u g g e s t t h a t t h e d e v e l o p m e n t o f a l l e r g e n - s p e c i f i c a b r e s p o n s e s i n a t o p i c 

d e r m a t i t i s i s d e p e n d e n t u p o n a d e q u a t e a l l e r g e n e x p o s u r e . 

T h e a b r e s p o n s e t o n o n - i n h a l a n t a l l e r g e n s w a s c l e a r l y d i s t i n c t 

f r o m t h a t t o i n h a l a n t a l l e r g e n s . I n k e e p i n g w i t h p r e v i o u s f i n d i n g s 

( D a n n a e u s e t a l , 1 9 7 7 , 1 9 7 8 ) , t h e r e w a s a h i g h i n c i d e n c e o f I g G a b t o 

P - l a c t o g l o b u l i n i n s e r a f r o m b o t h s k i n t e s t p o s i t i v e a n d s k i n t e s t 

n e g a t i v e i n d i v i d u a l s . A t o p i c p a t i e n t s t e n d e d t o h a v e h i g h e r I g G a b 

l e v e l s t h a n t h e n o n - a l l e r g i c c o n t r o l s ( F i g . 4.4). H o w e v e r , a s w i t h 

t h e r e s p o n s e t o d i p h t h e r i a t o x i n , t h i s w a s t o s o m e e x t e n t a g e r e l a t e d 

s i n c e p a t i e n t s a g e d u n d e r 2 0 h a d h i g h e r I g G B A f o r p - l a c t o g l o b u l i n 

( G . M . 3 5 8 u n i t s / m l ) t h a n t h o s e a g e d o v e r 2 0 ( G . M . 1 7 2 u n i t s / m l ) . A 

s t r i k i n g f e a t u r e o f t h e r e s p o n s e w a s t h e v e r y h i g h r a t i o o f I g G B A : 



I g E B A ( 1 8 : 1 i n t h e s k i n t e s t p o s i t i v e g r o u p , F i g . 4 . 4 ) . T h i s f i n d -

i n g d i f f e r s f r o m t h a t o f D a n n a e u s e t a l ( 1 9 7 7 , 1 9 7 8 ) w h o f o u n d 

s i m i l a r q u a n t i t i e s o f I g G a b a n d I g E a b . H o w e v e r , t h o s e w o r k e r s 

w e r e u s i n g t w o d i f f e r e n t s o l i d p h a s e a s s a y s t o c o m p a r e t h e q u a n t i t i e s 

o f a b . 

P r e v i o u s l y , I g E a b t o ( 3 - l a c t o g l o b u l i n , a n d o t h e r f o o d a l l e r g e n s , 

h a s b e e n a s s e s s e d b y r a d i o i m m u n o d i f f u s i o n , p a s s i v e s e n s i t i z a t i o n 

t e c h n i q u e s , t h e R A S T a n d e n z y m e - l i n k e d i m m u n o s o r b e n t a s s a y s ( P a r i s h , 

1 9 7 1 ; K l e t t e r e t a l , 1 9 7 1 ; H o f f m a n e t a l , 1 9 7 5 ; D a n n a e u s e t a l , 1 9 7 7 , 

1 9 7 8 ; F a l l s t r o m , A h l s t e d t a n d H a n s o n , 1 9 7 8 ) . I n g e n e r a l , t h e r e h a s 

b e e n a r e l a t i v e l y p o o r c o r r e l a t i o n b e t w e e n i n v i t r o a s s e s s m e n t s o f 

I g E a b , s k i n t e s t s a n d c l i n i c a l s y m p t o m s . T h i s i n p a r t r e p r e s e n t s 

t e c h n i c a l p r o b l e m s i n t h e a s s a y s y s t e m s a n d a l s o t h e d i f f e r e n t i m m u n o . 

l o g i c a l a n d n o n - i m m u n o l o g i c a l m e c h a n i s m s w h i c h m a y b e r e s p o n s i b l e f o r 

f o o d a l l e r g y ( M a t t h e w s a n d S o o t h i l l , 1 9 7 0 ; W a l k e r - S m i t h , 1 9 7 5 ) . I n 

t h e p r e s e n t s t u d i e s , I g E B A f o r P - l a c t o g l o b u l i n w a s f o u n d i n s e r a 

f r o m m o s t i n d i v i d u a l s w i t h p o s i t i v e s k i n t e s t s t o m i l k . T h e f i n d i n g 

t h a t ^ 3 0 % o f s e r a f r o m s k i n t e s t n e g a t i v e , m i l k t o l e r a n t , a l l e r g i c 

i n d i v i d u a l s a l s o h a d I g E a b w h i c h b o u n d | 3 - l a c t o g l o b u l i n i s i n c l o s e 

a g r e e m e n t w i t h t h e s t u d i e s o f P a r i s h ( 1 9 7 1 ) . T h e i n t e r p r e t a t i o n o f 

t h e s e f i n d i n g s i s d i f f i c u l t b e c a u s e s o m e o f t h e s e r a w e r e n o t a c t i v e 

i n P - K t e s t s ( F i g . 4.4). I t h a s b e e n s u g g e s t e d t h a t t h e s e a n t i b o d i e s 

r e p r e s e n t " n o n - a n a p h y l a c t i c a l l y s e n s i t i z i n g I g E " ( P a r i s h , 1 9 7 1 ) . T h e 

c u r r e n t d a t a i s i n a d e q u a t e t o r e s o l v e t h i s i s s u e . 

1 i 8 



I n r e c e n t y e a r s t h e r o l e o f i n h a l a n t a l l e r g e n s i n a t o p i c d e r m a t i -

t i s h a s b e e n l a r g e l y o v e r l o o k e d . H o w e v e r , s e v e r a l e a r l y i n v e s t i g a t o r s 

r e c o g n i s e d t h e i m p o r t a n c e o f h o u s e d u s t , p o l l e n a n d a n i m a l d a n d e r 

a l l e r g e n s i n c a u s i n g s y m p t o m s a n d u s e d a l l e r g e n a v o i d a n c e a n d a p p r o p -

r i a t e d e s e n s i t i z a t i o n a s t r e a t m e n t ( H i l l , 1 9 3 7 ; Z a k o n a n d T a u b , 1 9 3 8 ; 

T u f t , 1 9 ^ 9 ) . R e c e n t l y , m a n y d e r m a t o l o g i s t s a n d a l l e r g i s t s h a v e 

o b s e r v e d t h a t p a t i e n t s w i t h a t o p i c d e r m a t i t i s o f t e n h a v e p o s i t i v e 

s k i n t e s t s t o h o u s e d u s t m i t e s , p o l l e n s a n d d a n d e r ( s e e T a b l e 4 . 2 ) , 

b u t h a v e f a i l e d t o r e l a t e t h i s t o t h e a e t i o l o g y o f t h e d i s e a s e . 

I n h a l a n t a l l e r g e n s a r e t h e m o s t c o m m o n a l l e r g e n s i n t h e U . K . I t i s 

n o t s u r p r i s i n g , t h e r e f o r e , t h a t t h e s e p a t i e n t s s h o u l d m a k e a b r e s p o n s e s , 

b u t t h e m a g n i t u d e o f t h e s e r e s p o n s e s i s m u c h g r e a t e r t h a n f o r o t h e r 

a l l e r g i c p a t i e n t s ( F i g . 4.1) a n d m i g h t w e l l b e o f s o m e s i g n i f i c a n c e . 

T h e r e s u l t s w i t h h o r s e a l l e r g e n s s u g g e s t t h a t t h e s p e c i f i c i t y o f 

r e s p o n s e i s r e l a t e d t o a l l e r g e n e x p o s u r e . I n a d d i t i o n , t h e r e s p o n s e 

t o n o n - i n h a l a n t a l l e r g e n s s u g g e s t s t h a t a l l e r g e n d o s a g e i s i m p o r t a n t . 

T h e r e s p o n s e s t o { 3 - l a c t o g l o b u l . i n a n d t o d i p h t h e r i a t o x i n w e r e p r i m a r i l y 

I g G a b a n d a r e p r o b a b l y t y p i c a l o f t h e r e s p o n s e t o h i g h d o s e i m m u n i z a -

t i o n . T h e f a i l u r e o f e c z e m a p a t i e n t s t o m a k e I g E a b r e s p o n s e s t o 

d i p h t h e r i a t o x i n o r t o p h o s p h o l i p a s e A , p r o v i d e s g o o d e v i d e n c e t h a t 

t h e h y p e r - r e s p o n s i v e n e s s ( i n t e r m s o f I g E p r o d u c t i o n ) i s n o t r e l a t e d 

t o ' p o l y c l o n a l ' a c t i v a t i o n o f I g E B c e l l s . F u r t h e r m o r e , t h e r e l a t i v e l y 

p o o r r e s p o n s e t o { 3 - l a c t o g l o b u l i n s u g g e s t s t h a t t h e r e i s n o ' a d j u v a n t ' 

e f f e c t o n e x i s t i n g I g E a b r e s p o n s e s , a n a l a g o u s t o t h a t c a u s e d b y 

p a r a s i t i c i n f e c t i o n ( J a r r e t t a n d S t e w a r t , 1 9 7 2 ; S t r e j a n , 1 9 7 5 ; T u r n e r , 

F e d d e m a a n d Q u i n n , 1 9 7 9 ) . 
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It is clear that patients with atopic dermatitis make IgG and 

IgE ab responses to a large number of allergens in the environment. 

In particular, they produce large quantities of allergen-specific 

IgE. Clinically, it seems that any attempt to either exclude or 

implicate a role for IgE in eczema must take these allergens into 

account. To this end, the availability of purified allergens for 

use in antigen binding assays should facilitate more quantitative 

assessments of patients' sensitivity. Although more work needs to 

be done on assays for food allergens, it should be possible to use 

antigen binding assays to measure the ab responses of individual 

patients to a battery of highly purified allergens. This will reduce 

the possibility of 'false positive' results which can be obtained in 

some IgE RAST systems. Further work on the role of IgE in eczema 

will require more accurate assessments of allergen exposure, to study 

the effects of allergen avoidance, and also functional assessments of 

patient's cellular reactivity. 
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O v e r t h e p a s t 2 0 y e a r s , a l l e r g e n s h a v e b e e n p u r i f i e d f r o m m a n y 

d i v e r s e s o u r c e m a t e r i a l s a n d t h e p r o p e r t i e s o f s o m e 2 0 - 3 0 m a j o r a n d 

m i n o r a l l e r g e n s h a v e b e e n d e s c r i b e d i n d e t a i l . O n l y o n e o f t h e s e 

a l l e r g e n s , r a g w e e d a n t i g e n E , i s a v a i l a b l e c o m m e r c i a l l y . T h i s u n d e r -

l i n e s t h e f a c t t h a t p u r i x r i e d a l l e r g e n s h a v e f o u n d l i t T l e p l a c e i n 

r o u t i n e c l i n i c a l a l l e r g y . M o s t c l i n i c a l t e s t s , e . g . s k i n t e s t i n g 

a n d t h e R A S T a r e c a r r i e d o u t u s i n g i l l - d e f i n e d c r u d e a l l e r g e n e x t r a c t s . 

I n m o s t c a s e s , p u r i f i e d a l l e r g e n s h a v e b e e n u s e d f o r r e s e a r c h s t u d i e s 

o n c e l l u l a r , h u m o r a l a n d g e n e t i c f a c t o r s w h i c h i n f l u e n c e i m m e d i a t e h y p e r -

s e n s i t i v i t y . T h i s d i s c u s s i o n w i l l b e c o n c e r n e d w i t h s o m e o f t h e c l i n i c a l 

a p p l i c a t i o n s o f a n t i g e n P ^ , b u t w i l l c o n c e n t r a t e m a i n l y o n t h e b i o l o g i c a l 

s i g n i f i c a n c e o f t h e p r o p e r t i e s o f t h i s m a j o r i n h a l a n t a l l e r g e n . 

1 . C l i n i c a l r e l e v a n c e o f a n t i g e n P ^ 

P u r i f i e d a l l e r g e n s c o u l d b e u s e d t o b r i n g a b o u t s u b s t a n t i a l i m p r o v e -

m e n t s i n a l l e r g e n s t a n d a r d i z a t i o n . A t p r e s e n t , t h e r e i s n o i n t e r -

n a t i o n a l l y a c c e p t e d m e t h o d f o r c o m p a r i n g t h e a l l e r g e n i c p o t e n c y o f m i t e 

e x t r a c t s . C o m m e r c i a l m a n u f a c t u r e r s u s e d i f f e r e n t c o n d i t i o n s f o r g r o w i n g 

a n d e x t r a c t i n g m i t e s a n d p r o d u c e e x t r a c t s w h i c h v a r y i n a l l e r g e n c o n t e n t 

( T o v e y a n d V a n d e n b u r g , 1 9 7 9 ) a n d i n t h e a m o u n t o f c u l t u r e m e d i u m d e r i v e d 

i m p u r i t i e s ( C h a p t e r I ) . T r a d i t i o n a l l y , a l l e r g e n e x t r a c t s h a v e b e e n 

s t a n d a r d i z e d a c c o r d i n g t o t h e i r p r o t e i n n i t r o g e n c o n t e n t ( 1 p r o t e i n 

n i t r o g e n u n i t , P N U = O . O l y i g p r o t e i n n i t r o g e n ) o r t h e q u a n t i t y o f a l l e r g e n 

u s e d f o r e x t r a c t i o n ( t h e a l l e r g e n e x t r a c t e d f r o m l ) i g s o u r c e m a t e r i a l = 

1 N o o n u n i t ) . B o t h P N U a n d N o o n u n i t s h a v e p r o v e d u n r e l i a b l e m e t h o d s o f 

a s s e s s m e n t . F o r e x a m p l e , t w o c o m m e r c i a l m i t e e x t r a c t s a n a l y s e d d u r i n g 

t h e . p r e s e n t s t u d i e s h a d t h e s a m e P N U , y e t d i f f e r e d b y 2 2 - f o l d i n t h e i r 
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a n t i g e n P ^ c o n t e n t d e t e r m i n e d b y r a d i o i m m u n o a s s a y . M o d e r n a p p r o a c h e s 

t o s t a n d a r d i z a t i o n h a v e b e e n a i m e d a t e i t h e r c o m p a r i n g t h e m a j o r a l l e r g e n 

c o n t e n t o r t h e t o t a l a l l e r g e n i c a c t i v i t y w i t h i n a n e x t r a c t . 

A n t i g e n P ^ c o u l d b e u s e d t o s t a n d a r d i z e D . p t e r o n y s s i n u s e x t r a c t s 

i n t h e s a m e w a y t h a t a n t i g e n E a n d R y e I h a v e b e e n u s e d t o s t a n d a r d i z e 

p o l l e n e x t r a c t s ( B a e r e t a l , 1 9 7 0 , 1 9 7 4 ) . A s s h o w n a b o v e , q u a n t i t a t i v e 

d i f f e r e n c e s b e t w e e n t h e a n t i g e n P ^ c o n t e n t o f m i t e e x t r a c t s c a n b e 

d e m o n s t r a t e d u s i n g t h e i n h i b i t i o n r a d i o i m m u n o a s s a y ( A p p e n d i x B . 2 ) . 

H o w e v e r , f o r r o u t i n e u s e r a d i a l i m m u n o d i f f u s i o n w o u l d p r o b a b l y b e t h e 

m e t h o d o f c h o i c e . T h e l i m i t a t i o n s w h i c h p r e v i o u s l y a p p l i e d t o r a d i a l -

i m m u n o d i f f u s i o n , i . e . t h e p r o d u c t i o n o f l a r g e q u a n t i t i e s o f m o n o s p e c i f i c 

a n t i s e r u m , h a v e b e c o m e l e s s i m p o r t a n t w i t h t h e a d v e n t o f t e c h n i q u e s f o r 

t h e c o n t i n u o u s p r o d u c t i o n o f m o n o c l o n a l a n t i b o d i e s ( K o h l e r a n d M i l s t e i n , 

1 9 7 5 ) . A t t e m p t s t o p r o d u c e m o n o c l o n a l a n t i b o d i e s t o a n t i g e n P ^ h a v e 

a l r e a d y b e g u n . T h e s e a n t i b o d i e s c o u l d b e u s e d i n e i t h e r r a d i a l i m m u n o , -

d i f f u s i o n o r r a d i o i m m u n o a s s a y a n d o f f e r o n e o f t h e b e s t l o n g t e r m 

p r o s p e c t s f o r s t a n d a r d i z i n g m i t e e x t r a c t s . 

T h e r e i s s o m e c o n c e r n t h a t s t a n d a r d i z a t i o n u s i n g m a j o r a l l e r g e n s 

d o e s n o t r e f l e c t t h e t o t a l a l l e r g e n i c a c t i v i t y o f a n e x t r a c t . O t h e r 

m e t h o d s a r e a v a i l a b l e w h i c h s a t i s f y t h i s r e q u i r e m e n t , n o t a b l y q u a n t i t a -

t i v e I m m u n o e l e c t r o p h o r e s i s ( L o w e n s t e i n , 1 9 7 8 ) a n d R A S T i n h i b i t i o n 

( A a l b e r s e , 1 9 7 4 ; G l e i c h e t a l , 1 9 7 4 ) . H o w e v e r , t h e s e t e c h n i q u e s a l s o 

h a v e t h e i r p r o b l e m s : q u a n t i t a t i v e e l e c t r o p h o r e s i s a s s u m e s t h a t a l l t h e 

a l l e r g e n s a r e a n t i g e n i c i n r a b b i t s a n d R A S T i n h i b i t i o n a s s u m e s t h a t a l l 

t h e a l l e r g e n s w i l l b i n d t o c y a n o g e n b r o m i d e a c t i v a t e d i m m u n o s o r b e n t s . 
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N o n e t h e l e s s , q u a n t i t a t i v e d i f f e r e n c e s b e t w e e n m i t e e x t r a c t s h a v e b e e n 

d e m o n s t r a t e d b y R A S T i n h i b i t i o n ( T o v e y a n d V a n d e n b u r g , 1 9 7 8 , 1 9 7 9 ) . 

I n f u t u r e i t s h o u l d b e p o s s i b l e t o s t a n d a r d i z e m i t e e x t r a c t s a c c o r d i n g 

t o b o t h t h e i r a n t i g e n P ^ c o n t e n t ( i n p , g / m l ) a n d t h e d i l u t i o n r e q u i r e d 

t o c a u s e 5 0 % R A S T i n h i b i t i o n o f a p o o l e d i n t e r n a t i o n a l r e f e r e n c e s e r u m . 

T h e o t h e r a r e a s w h e r e i t m i g h t b e c o n s i d e r e d t h a t a n t i g e n P ^ h a s 

c l i n i c a l a p p l i c a t i o n a r e i n d i a g n o s i s , e . g . s k i n t e s t i n g a n d i n v i t r o 

a s s e s s m e n t s o f I g E a b , a n d i n d e s e n s i t i z a t i o n t r e a t m e n t . I n g e n e r a l 

p r a c t i c e , t h e d i a g n o s i s o f a l l e r g y i s u s u a l l y b a s e d o n c l i n i c a l h i s t o r y 

a n d s k i n t e s t s . W h i l s t t h e r e a r e g o o d r e a s o n s f o r u s i n g D . p t e r o n y s s i n u s 

e x t r a c t s i n s t e a d o f h o u s e d u s t e x t r a c t s f o r s k i n t e s t i n g , t h e r e i s n o 

r e a l c a s e f o r u s i n g a n t i g e n P ^ i n p l a c e o f a p r o p e r l y s t a n d a r d i z e d 

D . p t e r o n y s s i n u s e x t r a c t . I n d e e d , i t w o u l d b e u n a d v i s a b l e t o s k i n t e s t 

w i t h a n t i g e n P ^ a l o n e b e c a u s e o f d a n g e r s o f u n d e r d i a g n o s i s o f m i t e 

a l l e r g y i n s o m e 5% o f c a s e s . T h e q u e s t i o n a s t o w h e t h e r a n t i g e n P ^ 

s h o u l d b e u s e d i n i n v i t r o m e a s u r e m e n t s o f m i t e s p e c i f i c a b i s l e s s 

c l e a r c u t . A t p r e s e n t , a D . p t e r o n y s s i n u s R A S T i s m a r k e t e d c o m m e r c i a l l y 

a s a n a i d t o d i a g n o s i s , y e t y i e l d s n o m o r e c l i n i c a l i n f o r m a t i o n t h a n a 

s k i n t e s t . I f a b m e a s u r e m e n t s a r e t o b e u s e d i n d i a g n o s i s o f a l l e r g y 

i t c o u l d b e a r g u e d t h a t i t w o u l d b e m o r e w o r t h w h i l e t o m e a s u r e b o t h I g G 

a n d I g E a b b y a n t i g e n b i n d i n g a s s a y . T h e p r o b l e m s v / i t h e s t a b l i s h i n g 

r o u t i n e a n t i g e n b i n d i n g a s s a y s , i . e . e x c e s s i v e u s e o f a n t i s e r a a n d I g E 

m y e l o m a s e r a ( C h a p t e r I ) m a y w e l l b e o v e r c o m e b y t h e d e v e l o p m e n t o f 

' m i c r o ' a s s a y s p e r f o r m e d i n m i c r o t i t r e p l a t e s ( N e w t o n , P e r e i r a a n d 

F a r r a n t - s u b m i t t e d f o r p u b l i c a t i o n ) . A p a r t f r o m r e q u i r i n g s m a l l e r 

q u a n t i t i e s o f r e a g e n t s , t h e s e a s s a y s c a n b e w a s h e d , w i t h o u t c e n t r i f u g a t i o n , 



o n a n a u t o m a t e d h a r v e s t e r s u i t a b l e f o r p r o c e s s i n g s e v e r a l h u n d r e d 

s a m p l e s / d a y . I t i s q u i t e c o n c e i v a b l e , t h e r e f o r e , t h a t ' m i c r o ' a s s a y s 

f o r m e a s u r i n g I g G a n d I g E a b t o s e v e r a l c o m m o n a l l e r g e n s c o u l d b e 

e s t a b l i s h e d i n ' a l l e r g y r e f e r r a l ' l a b o r a t o r i e s . A s w a s m e n t i o n e d i n 

C h a p t e r I V , t h i s t y p e o f - a s s e s s m e n t m i g h t b e a p a r t i c u l a r l y u s e f u l a i d 

t o t h e d i a g n o s i s o f a t o p i c d e r m a t i t i s . 

T h e u s e o f a n t i g e n P ^ i n d e s e n s i t i z a t i o n w o u l d n o t a p p e a r t o b e 

j u s t i f i e d u n t i l t h e e f f i c a c y o f t h i s t r e a t m e n t i s m o r e c l e a r l y e s t a b l i -

s h e d . I t i s s t i l l n o t c L - : & r w h i c h p a t i e n t s a r e l i k e l y t o b e n e f i t f r o m 

d e s e n s i t i z a t i o n . M o r e o v e r , t h e m e c h a n i s m s o f d e s e n s i t i z a t i o n r e m a i n 

p o o r l y u n d e r s t o o d . D e s e n s i t i z a t i o n u s i n g r a g w e e d a n t i g e n E o r p a r t i a l l y 

p u r i f i e d g r a s s p o l l e n c o m p o n e n t s w a s f o u n d t o b e n o m o r e e f f e c t i v e t h a n 

u s i n g c r u d e p o l l e n e x t r a c t s ( F r a n k l a n d a n d A u g u s t i n , 1 9 5 4 ; N o r m a n , 

W i n k e n w e r d e r a n d L i c h t e n s t e i n , 1 9 6 8 ) . T h e o r e t i c a l l y , d e s e n s i t i z a t i o n 

w i t h m a j o r a l l e r g e n s a l o n e m i g h t e x c l u d e o t h e r a l l e r g e n s w ? i i c h m a y a l s o 

c o n t r i b u t e t o w a r d s s y m p t o m s ( N o r m a n , 1 9 8 0 ) . 

2 . ' T h e p r o p e r t i e s o f a n t i g e n P ^ 

I t w a s c o n c l u d e d i n C h a p t e r I I t h a t t h e p h y s i c a l p r o p e r t i e s o f 

a n t i g e n P ^ , i . e . m o l e c u l a r s i z e , s o l u b i l i t y a n d c o n c e n t r a t i o n i n c r u d e 

m i t e e x t r a c t s d e t e r m i n e i t s i m p o r t a n c e a s a n a l l e r g e n . C o m p a r i s o n s o f 

t h e p r o p e r t i e s o f a n t i g e n P ^ w i t h t h o s e o f o t h e r p u r i f i e d a l l e r g e n s 

s u p p o r t t h e v i e w t h a t t h e s e m o l e c u l e s d o n o t s h a r e p h y s i c o - c h e m i c a l l y 

d e f i n e d , a l l e r g e n i c d e t e r m i n a n t s ( M a r s h , 1 9 7 5 ; A a s , 1 9 7 8 ; K i n g , 1 9 7 9 ) . 

I t s e e m s u n l i k e l y , t h e r e f o r e , t h a t f u r t h e r b i o c h e m i c a l a n a l y s e s , e . g . 

a m i n o a c i d s e q u e n c i n g o r c a r b o h y d r a t e a n a l y s i s w i l l y i e l d m u c h m o r e 
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i n f o r m a t i o n a b o u t t h e a b i l i t y o f a n t i g e n P t o s t i m u l a t e I g E a b p r o d u c -

t i o n . M o r e d e t a i l e d b i o c h e m i c a l s t u d i e s w i l l o b v i o u s l y b e u s e f u l i n 

d e t e r m i n i n g t h e s t r u c t u r e o f a n t i g e n P ^ , i t ' s s u s c e p t i b i l i t y t o e n z y m i c 

a n d c h e m i c a l d e g r a d a t i o n a n d t h e m o l e c u l a r i n t e r a c t i o n s b e t w e e n i t s 

i s o a l l e r g e n s . G r e a t e r k n o w l e d g e o f t h e p h y s i c o - c h e m i c a l p r o p e r t i e s o f 

a n t i g e n P ^ w i l l a l s o m a k e i t e a s i e r t o a n a l y s e D . p t e r o n y s s i n u s f r a c t i o n s 

f o r m i n o r a l l e r g e n s . T h e w i d e s p r e a d d i s t r i b u t i o n o f a n t i g e n P ^ o n I E F 

w i l l u n d o u b t e d l y c o m p l i c a t e f u r t h e r s e p a r a t i o n p r o c e d u r e s . H o w e v e r , 

u s i n g t h e r a d i o i m m u n o a s s a y i t w i l l b e p o s s i b l e t o e n s u r e t h a t p o t e n t i a l 

m i n o r a l l e r g e n s a r e n o t c o n t a m i n a t e d w i t h t r a c e a m o u n t s o f a n t i g e n P ^ 

b e f o r e t h e y a r e t e s t e d f o r a l l e r g e n i c a c t i v i t y i n m i t e a l l e r g i c i n d i v i -

d u a l s . 

I n t h e i r e a r l y w o r k , V o o r h o r s t a n d c o l l e a g u e s ( 1 9 6 4 , 1 9 6 7 ) s u g g e s -

t e d t h a t m i t e s " s e c r e t e d o r e x c r e t e d " a l l e r g e n s . S i n c e t h e n t h e r e h a s 

b e e n m u c h s p e c u l a t i o n a b o u t t h e o r i g i n s a n d f u n c t i o n s o f m i t e a l l e r g e n s , 

t h o u g h v e r y l i t t l e e x p e r i m e n t a l e v i d e n c e h a s b e e n f o r t h c o m i n g . U s i n g 

i n h i b i t i o n r a d i o i m m u n o a s s a y i t h a s b e e n p o s s i b l e t o a s s a y t h e a n t i g e n P ^ 

c o n t e n t o f i s o l a t e d c o m p o n e n t s o f D . p t e r o n y s s i n u s c u l t u r e , i . e . m a l e , 

f e m a l e a n d j u v e n i l e m i t e b o d i e s , m i t e c u t i c l e s , e g g s a n d f a e c e s ( T o v e y , 

C h a p m a n a n d P l a t t s - M i l l s , 1 9 8 1 ) . T h e r e s u l t s s h o w e d t h a t > 9 5 % o f t h e 

a n t i g e n P ^ a c c u m u l a t i n g i n c u l t u r e w a s d e r i v e d f r o m m i t e f a e c e s -

s p h e r i c a l p a r t i c l e s a b o u t 1 0 - 4 0 p . i n d i a m e t e r ( s e e G e n e r a l ' I n t r o d u c t i o n , 

F i g . I . 1 ) . T h e s e p a r t i c l e s a r e a n a l o g o u s t o p o l l e n g r a i n s i n t h a t t h e y 

a r e r o u g h l y t h e s a m e s i z e a n d s h a p e , r e a d i l y b e c o m e a i r b o r n e a n d c o n t a i n 

h i g h l y c o n c e n t r a t e d , s o l u b l e a l l e r g e n . T h e d e p o s i t i o n o f f a e c a l p a r t i -

c l e s o n t h e n a s a l m u c o s a c o u l d w e l l c a u s e r h i n i t i s . I t i s a l s o p o s s i b l e 

t h a t m i t e a l l e r g e n s c o u l d b e c a r r i e d t o t h e l u n g s o n f a e c a l p a r t i c l e s o f 

i 9 Q i C \) 



^ l O p . d i a m e t e r a n d t h e r e b y i n i t i a t e t h e s y m p t o m s o f a s t h m a ( T o v e y , 

C h a p m a n , W e l l s a n d P l a t t s - M i l l s - s u b m i t t e d f o r p u b l i c a t i o n ) . T h u s , 

t h e r e i s a s t r i k i n g s i m i l a r i t y b e t w e e n b o t h t h e p h y s i c a l p r o p e r t i e s 

a n d t h e ' p a c k a g i n g ' o f t h e t w o m o s t i m p o r t a n t i n h a l a n t a l l e r g e n s w h i c h 

a p p e a r s t o b e d i r e c t l y r e l a t e d t o t h e i r a b i l i t y t o i n d u c e i m m e d i a t e 

h y p e r s e n s i t i v i t y . 

F a e c a l p a r t i c l e s c o m p r i s e s e v e r a l c o m p a c t e d f o o d b a l l s s u r r o u n d e d 

b y a p e r i t r o p h i c m e m b r a n e ( W h a r t o n , 1 9 7 6 ) . A n t i g e n P ^ c o u l d b e d e r i v e d 

f r o m e i t h e r o f t h e s e c o m p o n e n t s a s a p r o d u c t o f d i g e s t i o n o r a s a d i g e s -

t i v e e n z y m e . T h e s e p o s s i b i l i t i e s a r e c u r r e n t l y u n d e r i n v e s t i g a t i o n 

u s i n g f l u o r e s c e n t a n d p e r o x i d a s e l a b e l l i n g t e c h n i q u e s w i t h p u r i f i e d 

h u m a n a n t i - m i t e a n t i b o d y t o l o c a t e t h e a l l e r g e n b y e l e c t r o n m i c r o s c o p y . . 

I t r e m a i n s t o b e e s t a b l i s h e d h o w f a r t h e r e l a t i o n s h i p b e t w e e n 

a n t i g e n P ^ a n d D . p t e r o n y s s i n u s p e r t a i n s t o o t h e r m i t e s p e c i e s . T h a t 

i s , w h e t h e r a n t i g e n P ^ c r o s s - r e a c t s w i t h o t h e r m i t e a l l e r g e n s a n d 

w h e t h e r t h o s e a l l e r g e n s a r e a l s o c a r r i e d i n f a e c e s . R e c e n t l y , t h e r e 

h a s b e e n r e n e w e d i n t e r e s t i n o c c u p a t i o n a l a s t h m a i n d u c e d b y ' s t o r a g e ' 

m i t e s ( A c a r u s , T y r o p h a q u s a n d G l y c y p h a q u s s p ; A p p e n d i x A . l ) . T h i s 

c o m p l a i n t i s c o m m o n a m o n g s t f a r m e r s , m i l l e r s a n d b a k e r s , w h o b e c o m e 

s e n s i t i z e d b y h a n d l i n g m i t e - i n f e s t e d h a y o r c e r e a l p r o d u c t s a n d s h o w 

p o s i t i v e s k i n t e s t s a n d b r o n c h i a l p r o v o c a t i o n t e s t s t o ' s t o r a g e ' m i t e 

e x t r a c t s ( C u t h b e r t e t a l , 1 9 7 9 ; I n g r a m e t a l , 1 9 7 9 ; W r a i t h , C u n n i n g t o n 

a n d S e y m o u r , 1 9 7 9 ) . I n a d d i t i o n t o o c c u p a t i o n a l e x p o s u r e , i n d i v i d u a l s 

m a y e n c o u n t e r d i f f e r e n t p o p u l a t i o n s o f m i t e s i n t h e i r o w n h o u s e d u s t , 

d e s p i t e t h e p r e d o m i n a n c e o f D e r m a t o p h a g o i d e s s p . A p p r e c i a b l e n u m b e r s 
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o f ' s t o r a g e ' m i t e s a n d T a r s o n e m i d a e a r e s o m e t i m e s f o u n d v K o r s g a a r d a n d 

H a l l a s , 1 9 7 9 ; W r a i t h , C u n n i n g t o n a n d S e y m o u r , 1 9 7 9 ) a n d i n s o m e h o u s e s 

i n t h e U . K . E . m a y n e i c a n r e p l a c e D . p t e r o n y s s i n u s a s t h e d o m i n a n t s p e c i e s 

( B l y t h e , W i l l i a m s a n d M o r r i s o n - S m i t h , 1 9 7 4 ; B u r r e t a l , 1 9 8 0 ) . D e r m a t o -

p h a g o i d e s s p h a v e b e e n s t u d i e d i n p r e f e r e n c e t o t h e s e o t h e r m i t e s 

b e c a u s e , a l l e r g e n i c a l l y , t h e y a r e m o s t i m p o r t a n t a n d b e c a u s e t h e y c o u l d 

r e a d i l y b e g r o w n i n i n v i t r o c u l t u r e s . C o m p a r a b l e q u a n t i t i e s o f ' s t o r a g e ' 

m i t e c u l t u r e s h a v e n o t b e e n a v a i l a b l e a n d s o m e m i t e s p e c i e s , e . g . 

E . m a y n e i h a v e p r o v e d a l m o s t i m p o s s i b l e t o c u l t u r e . 

C l i n i c a l a n d i m m u n o l o g i c a l i n v e s t i g a t i o n s o f a l l e r g i c r e a c t i o n s 

t o E . m a y n e i a n d ' s t o r a g e ' m i t e s w i l l r e q u i r e f u r t h e r a s s e s s m e n t s o f t h e i r 

a n t i g e n i c a n d a l l e r g e n i c c r o s s - r e a c t i v i t y . P r e v i o u s s t u d i e s , u s i n g s k i n 

t e s t i n g a n d i m m u n o d i f f u s i o n ( P e p y s , C h a n a n d H a r g r e a v e , 1 9 6 8 ; V o o r h o r s t , 

S p i e k s m a a n d V a r e k a m p , 1 9 6 9 ; D a s g u p t a a n d C u n l i f f e , 1 9 7 0 ; B i l i o t t i , 

R o m o g n a n i a n d R i c c i , 1 9 7 5 ) , s u g g e s t t h a t p y r o g l y p h i d m i t e s p r o d u c e 

c o m m o n a l l e r g e n s t h a t a r e n o t s h a r e d w i t h ' s t o r a g e ' m i t e s a n d t h a t 

c r o s s - r e a c t i v i t y a m o n g s t m i t e s p e c i e s i s p h y l o g e n e t i c a l l y r e l a t e d 

( B l y t h e , 1 9 7 6 ) . T h e R A S T r e s u l t s ( C h a p t e r s I - I I I ) , w h i c h s h o w e d a n 

e x c e l l e n t c o r r e l a t i o n b e t w e e n I g E a b t o a n t i g e n P ^ , D . p t e r o n y s s i n u s 

a n d D . f a r i n a e , s u g g e s t e d t h a t a n t i g e n P ^ m i g h t b e a n a n t i g e n i c d e t e r -

m i n a n t c o m m o n t o m o s t m i t e s p e c i e s . H o w e v e r , t h e D . f a r i n a e e x t r a c t 

u s e d f o r R A S T c o n t a i n e d v e r y s m a l l q u a n t i t i e s o f a n t i g e n P ^ ( ^ 1 0 p , g / m l ) 

a n d g a v e v e r y p o o r l i n e s a g a i n s t r a b b i t a n t i s e r u m t o D . p t e r o n y s s i n u s 

( a n t i - E x l ) o n i m m u n o d i f f u s i o n . O n t h e b a s i s o f t h i s e v i d e n c e , i t s e e m s 

t h a t o t h e r a l l e r g e n s a l s o c r o s s - r e a c t b e t w e e n D e r m a t o p h a g o i d e s s p . 

S m a l l s c a l e c u l t u r e s o f o t h e r m i t e s a r e a v a i l a b l e ( W r a i t h , C u n n i n g t o n 
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a n d S e y m o u r , 1 9 7 9 ) a n d i t w i l l b e p o s s i b l e t o d e t e r m i n e t h e i r a n t i g e n 

P ^ c o n t e n t . A b e t t e r a s s e s s m e n t o f t h e a l l e r g e n i c i m p o r t a n c e o f t h e s e 

m i t e s w i l l a l s o b e p o s s i b l e , u s i n g t h e a n t i g e n b i n d i n g a s s a y t o m e a s u r e 

I g E a b t o a n t i g e n P ^ i n s e r a f r o m i n d i v i d u a l s v / h o g i v e s k i n t e s t r e a c -

t i o n s t o d i f f e r e n t m i t e s . R e p o r t s t h a t t h e r e m a y b e c r o s s - r e a c t i o n s 

b e t w e e n d u s t m i t e s a n d s c a b i e s m i t e s a n d l o c u s t s ( F a l k a n d B o l l e , 1 9 8 0 ; 

B u r g e e t a l , 1 9 8 0 ) n e e d f u r t h e r i n v e s t i g a t i o n . H o w e v e r , e x t r a c t s o f 

t w o l o c u s t s p e c i e s ( L o c u s t a m i g r a t o r i a a n d S c h i s t o c e r c a g r e g a r i a ) d i d * 

n o t r e a c t o n i m m u n o d i f f u s i o n w h e n t e s t e d v / i t h t h e a n t i - D . p t e r o n y s s i n u s 

s e r u m u s e d i n t h e p r e s e n t s t u d i e s . 

I t i s w e l l e s t a b l i s h e d t h a t t h e s y m p t o m s o f h a y f e v e r r o u g h l y 

c o r r e l a t e w i t h a s s e s s m e n t s o f a l l e r g e n e x p o s u r e m a d e u s i n g ' r o t o s l i d e ' 

p o l l e n c o u n t s . A l t h o u g h i t i s p o s s i b l e t o d e t e c t m i t e f a e c e s i n d u s t , 

t h e ' c o u n t i n g ' o f f a e c a l p a r t i c l e s w o u l d n o t b e s u f f i c i e n t l y a c c u r a t e 

t o p r o v i d e a n a s s e s s m e n t o f a l l e r g e n e x p o s u r e s i m i l a r t o p o l l e n c o u n t s . 

U s u a l l y , m i t e s a r e p h y s i c a l l y s e p a r a t e d f r o m d u s t s a m p l e s a n d t h e n 

c o u n t e d u n d e r l i g h t m i c r o s c o p y . M i t e c o u n t s s h o w a r e a s o n a b l e c o r r e l -

a t i o n w i t h t h e s k i n t e s t r e a c t i v i t y o f d u s t e x t r a c t s ( V o o r h o r s t e t a l , 

1 9 6 7 ; M a u n s e l l , W r a i t h a n d C u n n i n g t o n , 1 9 6 8 ) , b u t a r e t o o t i m e c o n s u m i n g 

f o r l a r g e n u m b e r s o f s a m p l e s a n d r e q u i r e c o n s i d e r a b l e t e c h n i c a l e x p e r -

t i s e . T h e i n h i b i t i o n r a d i o i m m u n o a s s a y f o r a n t i g e n P ^ p r o v i d e s a q u a n t i -

t a t i v e m e t h o d f o r m e a s u r i n g t h e a l l e r g e n c o n t e n t o f d u s t e x t r a c t s w h i c h 

s h o w s a n e x c e l l e n t c o r r e l a t i o n w i t h m i t e c o u n t s ( F i g . D . 1 ) . T h e r e s u l t s 

s h o w t h a t t h e a n t i g e n P ^ c o n t e n t o f d i f f e r e n t d u s t e x t r a c t s v a r i e s 

c o n s i d e r a b l y , e x t e n d i n g o v e r a f o u r l o g r a n g e . S o m e s a m p l e s c o n t a i n 

f e w m i t e s ( < 1 0 m i t e s / g d u s t ) b u t a p p r e c i a b l e q u a n t i t i e s o f a l l e r g e n 

( > 2 0 0 n g ) , s u g g e s t i n g t h a t a n t i g e n P ^ p e r s i s t s i n t h e e n v i r o n m e n t w h e n 

J. 2 9 



100,000 n 

- 10,000 -
CO 
Hi 

" O 

c n 
C 

c 
cu 

. H 1 

c. < 

1,000 

1 0 0 -

10 

r = 0.79 
p < 0.001 

• • • • 

e o » 

<10 10 100 

D.pteronyssinus mites/g dust 

n i 1 
1,000 10,000 100,000 

F i g u r e D . l 

M i t e a l l e r g e n c o n t e n t o f h o u s e d u s t e x t r a c t s a s s e s s e d u s i n g t h e i n h i b i -

t i o n r a d i o i m m u n o a s s a y f o r a n t i g e n P ^ a n d b y c o u n t i n g t h e n u m b e r s o f 

D . p t e r o n y s s i n u s . S a m p l e s o f h o u s e d u s t w e r e s i e v e d t h r o u g h a n 0 . 3 m m 

m e s h t o o b t a i n t h e f i n e d u s t . F o r r a d i o i m m u n o a s s a y , l O O m g e a c h d u s t 

w a s e x t r a c t e d i n 2 m l b o r a t e b u f f e r e d s a l i n e ( p H 8 . 0 ) f o r 2 h o u r s , 

c e n t r i f u g e d a n d a s s a y e d a t a p p r o p r i a t e d i l u t i o n s . F o r c o u n t i n g , m i t e s 

w e r e r e c o v e r e d f r o m a n o t h e r l O O m g d u s t b y f l o t a t i o n i n s a t u r a t e d N a C l / 

2 0 % s u c r o s e , s t a i n e d w i t h c r y s t a l v i o l e t a n d e x a m i n e d o n l i n e d f i l t e r 

p a p e r u n d e r a s t e r e o m i c r o s c o p e . T h e t w o m e t h o d s w e r e c o m p a r e d b y 

l i n e a r r e g r e s s i o n a n a l y s i s o f t h e l o g g e d d a t a . 
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m i t e p o p u l a t i o n s a r e r e d u c e d . T h e r e s u l t s o b t a i n e d v / i t h t h e s e s a m p l e s 

s u g g e s t t h a t t h e a l l e r g e n c o n t e n t o f s o m e h o u s e s w o u l d b e u n d e r -

e s t i m a t e d i f i t w e r e b a s e d o n m i t e c o u n t s a l o n e . 

A i r s a m p l i n g e x p e r i m e n t s h a v e s h o w n t h a t i n a i r b o r n e d u s t a n t i g e n P ^ 

i s n o t a s s o c i a t e d w i t h m i t e b o d i e s , b u t v / i t h p a r t i c l e s < 5 0 p . i n d i a m e t e r , 

s o m e o f w h i c h h a v e b e e n i d e n t i f i e d a s m i t e f a e c e s ( T o v e y , C h a p m a n , W e l l s 

a n d P l a t t s - M i l l s - s u b m i t t e d f o r p u b l i c a t i o n ) . T h e s e e x p e r i m e n t s , c a r r i e d 

o u t i n h o u s e s i n t h e H a r r o w a r e a , s u g g e s t t h a t e x p o s u r e t o a n t i g e n P ^ 

c a n b e o f t h e o r d e r 2 - 5 0 n g / h o u r w h e n t h e d u s t i n a r o o m i s d i s t u r b e d . 

S e v e r a l f a c t o r s a r e l i k e l y t o a f f e c t t h e d e g r e e o f e x p o s u r e , i n c l u d i n g 

t h e t o t a l q u a n t i t y o f d u s t , t h e a l l e r g e n c o n t e n t o f t h e d u s t ( b o t h o f 

w h i c h m a y v a r y i n d i f f e r e n t p a r t s o f t h e s a m e h o u s e ) a n d t h e e x t e n t t o 

w h i c h t h e d u s t i s d i s t u r b e d . S o m e h o u s e s c o n t a i n v e r y l i t t l e a n t i g e n P ^ 

( < 5 0 n g / g d u s t ) , s o t h a t i t i s i m p o s s i b l e t o d e t e c t a i r b o r n e a l l e r g e n 

a f t e r d i s t u r b i n g t h e d u s t o r a f t e r p r o l o n g e d s a m p l i n g ( 8 h o u r s ) . O n t h e 

o t h e r h a n d , i n h o u s e s c o n t a i n i n g 1 0 - 7 0 , 0 0 0 n g a n t i g e n P ^ / g d u s t e x p o s u r e 

t o 2 - 3 0 n g a l l e r g e n w o u l d n o t b e u n c o m m o n i f t h e d u s t w e r e d i s t u r b e d f o r 

1 h o u r . I t h a s b e e n e s t i m a t e d t h a t e x p o s u r e t o p o l l e n a l l e r g e n s i s 

a b o u t l p - g / y e a r ( M a r s h , 1 9 7 5 ) . C l e a r l y , a n y o n e f i g u r e c o u l d n o t 

a c c u r a t e l y r e f l e c t e x p o s u r e t o m i t e s . O n a y e a r l y b a s i s p e o p l e l i v i n g 

i n h e a v i l y i n f e s t e d h o u s e s a r e l i k e l y t o b e e x p o s e d t o l a r g e r q u a n t i t i e s 

o f m i t e a l l e r g e n s t h a n p o l l e n a l l e r g e n s . N o n e t h e l e s s , t h e t o t a l d o s e 

o f t h e s e i n h a l a n t a l l e r g e n s i s m i n u t e w h e n c o m p a r e d w i t h t h e d o s e s o f 

a n t i g e n s , e . g . t o x o i d s u s e d f o r t h e r a p u t i c i m m u n i z a t i o n s . 

A c c u r a t e m e a s u r e m e n t s o f t h e a l l e r g e n c o n t e n t o f d u s t s a m p l e s a r e 

a n e s s e n t i a l p r e r e q u i s i t e f o r c o n t r o l l e d s t u d i e s o n t h e u s e o f a l l e r g e n 
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a v o i d a n c e i n t h e t r e a t m e n t o f a s t h m a . S u c c e s s f u l s t u d i e s o n a l l e r g e n 

a v o i d a n c e w e r e f i r s t r e p o r t e d o v e r 5 0 y e a r s a g o b y S t o r m v a n L e e u w e n 

( 1 9 2 7 ) . H e t r e a t e d 5 0 0 a s t h m a t i c p a t i e n t s b y a d m i s s i o n t o a n ' a l l e r g e n -

f r e e ' c h a m b e r m a i n t a i n e d a t l o w h u m i d i t y ( 2 0 - 3 0 % ) a n d f o u n d t h a t 7 5 % o f 

p a t i e n t s w e r e ' c u r e d ' o f a s t h m a w i t h i n a f e w w e e k s . R e c e n t l y , p h y s i c a l 

m e t h o d s , s u c h a s w r a p p i n g m a t t r e s s e s i n p o l y t h e n e , r e m o v i n g f u r n i s h i n g s 

a n d c a r p e t s , a n d r e g u l a r v a c u u m c l e a n i n g , h a v e b e e n u s e d t o r e d u c e 

o v e r a l l m i t e i n f e s t a t i o n ( S a r s f i . e l d e t a l , 1 9 7 4 ) . T h e s e m e t h o d s h a v e 

b e e n s t u d i e d i n a c o n t r o l l e d t r i a l ( B u r r e t a l , 1 9 8 0 ) , b u t w e r e n o t 

c o n s i d e r e d g r e a t l y b e n e f i c i a l . S p e c i f i c e r a d i c a t i o n o f t h e m i t e h a s 

b e e n a t t e m p t e d u s i n g a c a r i c i d e s , p e r t i c i d e s o r d i s i n f e c t a n t s ( v a n 

B r o n s w i j k a n d K o e k k o e k , 1 9 7 1 ; L e y s e n , R e y b r o u c k a n d V a n d e r V o o r d e , 

1 9 7 4 ; P e n a u d e t a l , 1 9 7 5 ) . I t h a s a l s o b e e n s u g g e s t e d t h a t s p r a y i n g 

m a t t r e s s e s w i t h l i g h t o i l e f f e c t i v e l y r e d u c e s t h e c o n c e n t r a t i o n o f a i r -

b o r n e a l l e r g e n ( T o v e y , T a m m a n d V a n d e n b u r g , 1 9 7 7 ) . H o w e v e r , s o f a r 

n e i t h e r p h y s i c a l n o r c h e m i c a l m e t h o d s o f m i t e c o n t r o l h a v e b e e n s h o w n 

t o c a u s e a s i g n i f i c a n t r e d u c t i o n i n a l l e r g e n c o n c e n t r a t i o n s . 

• U l t i m a t e l y , t h e d e m o n s t r a t i o n t h a t i n h a l a n t a l l e r g e n s a r e a n i m p o r t -

a n t c a u s e o f a s t h m a o r e c z e m a w i l l r e q u i r e t h a t t h e e x p e r i m e n t s o f 

S t o r m v a n L e e u w e n b e r e p e a t e d u n d e r c a r e f u l l y c o n t r o l l e d , a l l e r g e n -

f r e e c o n d i t i o n s . T h e s e f a c i l i t i e s c a n q u i t e e a s i l y b e e s t a b l i s h e d i n 

h o s p i t a l s o r r e s e a r c h i n s t i t u t e s . T h u s i n f u t u r e i t w o u l d b e p o s s i b l e 

t o c h a l l e n g e m i t e a l l e r g i c i n d i v i d u a l s w i t h d u s t c o n t a i n i n g k n o w n 

c o n c e n t r a t i o n s o f a n t i g e n P ^ u n d e r c o n d i t i o n s w h i c h r e s e m b l e n a t u r a l 

e x p o s u r e . 
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3 . I m m u n e r e s p o n s e s t o a n t i g e n P ^ 

T h e r e s u l t s i n C h a p t e r I I I c l e a r l y d e m o n s t r a t e t h a t m i t e a l l e r g i c 

i n d i v i d u a l s p r o d u c e I g G , I g A a n d I g E a n t i b o d i e s t o a n t i g e n P ^ i n t h e i r 

s e r u m a n d n a s a l s e c r e t i o n s . T h e r o l e o f I g E a b i n c a u s i n g s y m p t o m s i s 

w e l l e s t a b l i s h e d , b u t c o m p a r a t i v e l y l i t t l e i s k n o w n o f t h e f u n c t i o n a l 

s i g n i f i c a n c e , i f a n y , o f t h e o t h e r c l a s s e s . T r a d i t i o n a l l y a s c r i b e d 

' b l o c k i n g ' r o l e s f o r b o t h I g G a n d I g A a b a r e n o t b o r n e o u t b y t h e 

p r e s e n t s t u d i e s ( C h a p t e r I I I ) . O n t h e o t h e r h a n d , m o r e r e c e n t f u n c -

t i o n s a t t r i b u t e d t o n o n - r e a g i n i c , a l l e r g e n - s p e c i f i c a b , s u c h a s i m m u n e 

e x c l u s i o n v i a I g A a b ( S t o k e s , S o o t h i l l a n d T u r n e r , 1 9 7 5 ) a n d m e d i a t i o n 

o f s y m p t o m s v i a h e a t s t a b l e , ' s h o r t t e r m s e n s i t i z i n g ' I g G a b ( P a r i s h , 

1 9 7 0 ; B r y a n t , B u r n s a n d L a z a r u s , 1 9 7 3 , 1 9 7 5 ; P e p y s e t a l , 1 9 7 9 ) d e s e r v e 

c o n s i d e r a t i o n . S e c r e t o r y I g A i s c e r t a i n l y i n v o l v e d i n t h e e x c l u s i o n o f 

' h i g h d o s e ' a n t i g e n s , e . g . v i r u s p a r t i c l e s , b a c t e r i a a n d b a c t e r i a l 

e n t e r o t o x i n s a t m u c o s a l s u r f a c e s ( T o m a s i a n d B i e n e n s t o c k , 1 9 6 8 ; H e r e m a n s , 

1 9 7 4 ) . A t t h i s l e v e l , a n t i g e n u p t a k e i s p r e v e n t e d b y t h e f o r m a t i o n o f 

i m m u n e c o m p l e x e s w h i c h a r e t h e n c l e a r e d o r d e g r a d e d i n t h e m u c o u s 

( W a l k e r a n d I s s e l b a c h e r , 1 9 7 7 ) . F o r h i g h d o s e a n t i g e n s t h e s e f u n c t i o n s 

a p p e a r t o b e c o m m o n t o b o t h a l l e r g i c a n d n o n - a l l e r g i c i n d i v i d u a l s . I t 

i s n o t c l e a r w h e t h e r e x c l u s i o n o f ' l o w d o s e ' i n h a l a n t a l l e r g e n s c o u l d 

o p e r a t e i n a s i m i l a r m a n n e r . N o n - a l l e r g i c a d u l t i n d i v i d u a l s d o n o t 

p r o d u c e a l l e r g e n - s p e c i f i c I g A a b i n e i t h e r t h e i r s e r u m o r n a s a l s e c r e -

t i o n s ( C h a p t e r I I I ) . M o r e o v e r , t h e q u a n t i t i e s o f I g A a b p r o d u c e d b y 

a l l e r g i c i n d i v i d u a l s a r e v e r y l o w . T h u s t h e p r e s e n t r e s u l t s s u g g e s t 

t h a t a l l e r g e n e x c l u s i o n b y I g A a b i s u n l i k e l y , a l t h o u g h i t i s p o s s i b l e 

t h a t m e a s u r e m e n t s o f I g A a b i n s e r u m a n d s e c r e t i o n s d o n o t a c c u r a t e l y 

r e f l e c t t h e l o c a l c o n c e n t r a t i o n o f I g A a b i n t h e s u b - m u c o s a . 
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' S h o r t t e r m s e n s i t i z i n g ' a n t i b o d i e s h a v e b e e n i m p l i c a t e d i n 

a l l e r g i c d i s e a s e b e c a u s e t h e y c a n p a s s i v e l y s e n s i t i z e h u m a n o r m o n k e y 

s k i n f o r 2 - 4 h o u r s . T h e y a r e t h o u g h t t o b e o f t h e I g G ^ s u b - c l a s s 

( S t a n w o r t h a n d S m i t h , 1 9 7 3 ) a n d i t h a s b e e n r e p o r t e d t h a t I g G a b t o 

p o l l e n s , c a s t o r b e a n a n d m i t e s i s p r e d o m i n a n t l y I g G ^ ( D e v e y a n d P a n z a n i , 

1 9 7 5 ; V a n d e r G i e s s e n e t a l , 1 9 7 6 ; E t i e v a n t e t a l , 1 9 7 9 ) . T h e a n t i g e n 

b i n d i n g a s s a y c o u l d n o t b e u s e d t o m e a s u r e I g G s u b - c l a s s a n t i b o d i e s t o 

a n t i g e n P ^ b e c a u s e i t i s d i f f i c u l t t o o b t a i n s u f f i c i e n t q u a n t i t i e s o f 

s u b - c l a s s s p e c i f i c a n t i s e r a . I t i s p o s s i b l e t h a t a l l e r g e n - s p e c i f i c 

I g G a b r e s p o n s e s s h o w s u b - c l a s s r e s t r i c t i o n , t h o u g h a s y e t t h e r e i s 

n o d i r e c t e v i d e n c e t h a t ' s h o r t t e r m s e n s i t i z i n g ' a n t i b o d y c a u s e s 

s y m p t o m s i n e i t h e r m i t e o r p o l l e n a l l e r g y . 

I n t e r e s t i n g l y , i t h a s n o t b e e n p o s s i b l e t o d e m o n s t r a t e p r e c i p i t i n s 

t o a n t i g e n P ^ i n m i t e a l l e r g i c p a t i e n t s ' s e r a . A t f i r s t , i t w a s a s s u m e d 

t h a t t h i s r e f l e c t e d t h e l o w c o n c e n t r a t i o n o f a l l e r g e n - s p e c i f i c a b , 

t h o u g h s o m e w o r k e r s c l a i m e d t o d e t e c t a n t i - m i t e p r e c i p i t i n s u s i n g m i c r o -

i m m u n o d i f f u s i o n t e c h n i q u e s ( H o l f o r d - S t r e v e n s e t a l , 1 9 7 0 ; R o m a g n a n i e t a l , 

1 9 7 3 ) . S o m e s e r a c o n t a i n e d l a r g e q u a n t i t i e s o f I g G B A a n d I g E B A f o r 

a n t i g e n P ^ ( 5 - 1 5 , 0 0 0 u n i t s / m l , C h a p t e r I I I ) , e q u i v a l e n t t o l - l O ^ i i g a n t i -

b o d y , b u t c o n s i s t e n t l y f a i l e d t o p r e c i p i t a t e o n i m m u n o d i f f u s i o n o r 

L a u r e l l e l e c t r o p h o r e s i s a g a i n s t d i f f e r e n t c o n c e n t r a t i o n s o f a n t i g e n P ^ 

o r c r u d e m i t e e x t r a c t . F u r t h e r m o r e , s e v e r a l p r e p a r a t i o n s o f i m m u n o -

s o r b e n t p u r i f i e d h u m a n a n t i - m i t e a b , c o n t a i n i n g 2 0 - 1 0 0 , 0 0 0 u n i t s I g G B A / 

m l , a l s o f a i l e d t o p r e c i p i t a t e . T h e s e r e s u l t s s u g g e s t t h a t t h e r e a s o n s 

f o r ' n o n - p r e c i p i t a t i o n ' a r e m o r e f u n d a m e n t a l t h a n l o w a b c o n c e n t r a t i o n . 

V e r y l o w d o s e i m m u n i z a t i o n , w i t h o u t a d j u v a n t , m i g h t r e s u l t i n a 



r e s t r i c t e d ( ' o l i g o c l o n a l ' ) I g G a n d I g E a b r e s p o n s e , d i r e c t e d a g a i n s t 

o n l y a f e w d e t e r m i n a n t s o n t h e a l l e r g e n m o l e c u l e . T h i s a l s o i m p l i e s 

t h a t t h e I g G a n d I g E a n t i b o d i e s a r e d i r e c t e d a g a i n s t t h e s a m e d e t e r -

m i n a n t s . T h e s i z e o f a n t i g e n P ^ ( 2 4 » 0 0 0 d a l t o n s ) i s c o n s i s t e n t w i t h 

h a v i n g f e w a n t i g e n i c d e t e r m i n a n t s , a s s u m i n g 1 - 5 d e t e r m i n a n t s p e r 1 0 , 0 0 0 

d a l t o n s f o r a t y p i c a l p r o t e i n ( C r u m p t o n , 1 9 7 5 ; A r n o n a n d G e i g e r , 1 9 7 7 ) . 

I n s u c h c i r c u m s t a n c e s , t h e a n t i g e n - a n t i b o d y r e a c t i o n w o u l d l e a d t o t h e 

f o r m a t i o n o f l i n e a r c o m p l e x e s , w i t h o u t t h e c r o s s - l i n k a g e r e q u i r e d f o r 

p r e c i p i t a t i o n . T h i s p o s s i b i l i t y c o u l d b e t e s t e d u s i n g m o n o c l o n a l a n t i -

b o d i e s t o d i f f e r e n t d e t e r m i n a n t s o n a n t i g e n P ^ t o i n h i b i t t h e b i n d i n g 

o f t h e a l l e r g e n t o h u m a n a n t i b o d i e s . 

M a r s h ( 1 9 7 5 ) h a s p r o p o s e d t h a t t h e a b i l i t y t o r e c o g n i s e l i m i t i n g 

l o w d o s e s ( n g ) o f e n v i r o n m e n t a l a l l e r g e n s i s c r u c i a l t o t h e d e v e l o p m e n t 

o f a l l e r g y . T h e e f f e c t o f a n t i g e n d o s a g e i s e x e m p l i f i e d b y t h e r e s u l t s 

i n C h a p t e r s I I I a n d I V s h o w i n g t h a t a t o p i c i n d i v i d u a l s d i f f e r e d f r o m 

n o n - a t o p i c i n d i v i d u a l s i n t h e i r r e s p o n s e t o i n h a l a n t a l l e r g e n s , b u t 

n o t . i n t h e i r r e s p o n s e t o s y s t e m i c i m m u n i z a t i o n w i t h p r o t e i n a n t i g e n s . 

L o w " d o s e i m m u n i z a t i o n i s a l s o n e c e s s a r y f o r t h e p r o d u c t i o n o f I g E a b 

r e s p o n s e s i n e x p e r i m e n t a l a n i m a l s . T h e c l a s s i c a n i m a l m o d e l f o r I g E a b 

p r o d u c t i o n i s t h a t d e v i s e d b y L e v i n e a n d c o - w o r k e r s ( L e v i n e a n d V a z , 

1 9 7 0 ; V a z , V a z a n d L e v i n e , 1 9 7 1 ) . T h e y s h o w e d t h a t c e r t a i n s t r a i n s o f 

m i c e , e . g . S W R , C 5 7 B L a n d C ^ H p r o d u c e d p e r s i s t e n t I g G a n d I g E a b 

r e s p o n s e s t o o v a l b u m i n w h e n i m m u n i z e d w i t h 0 . 1 - l y . g a n t i g e n i n a l u m , 

b u t n o t a t h i g h e r d o s e s ( 1 0 - 1 0 0 p , g ) . O t h e r m o u s e s t r a i n s , e . g . A / J , 

C B A / J f a i l e d t o p r o d u c e p e r s i s t e n t I g E a b r e s p o n s e s w h a t e v e r a n t i g e n 

d o s e w a s u s e d , t h o u g h t r a n s i e n t r e s p o n s e s w e r e o b t a i n e d a t t h e h i g h e r 



d o s e s . . A p a r t f r o m a n t i g e n d o s e , t h e o t h e r f e a t u r e s o f t h e m o u s e m o d e l 

t h a t r e l a t e t o h u m a n a l l e r g y a r e t h a t t h e s a m e s t r a i n s t e n d t o p r o d u c e 

I g E a b a n d t h a t I g G a b i s a l w a y s p r o d u c e d i n p a r a l l e l w i t h I g E a b 

( P r o u v o s t - D a n o n e t a l , 1 9 7 7 ) . T h e r e i s a c l e a r a n a l o g y b e t w e e n t h e 

p r o d u c t i o n o f I g G , I g A a n d I g E a b t o a l l e r g e n s i n a t o p i c b u t n o t i n 

n o n - a t o p i c h u m a n s a n d t h e ' h i g h r e s p o n d e r ' a n d ' l o w r e s p o n d e r ' m o u s e 

s t r a i n s . I n m a n , t h e g e n e t i c f a c t o r s r e l a t e d t o a t o p y a r e t h o u g h t t o 

i n c l u d e g e n e ( s ) c o n t r o l l i n g t o t a l s e r u m I g E ( n o t l i n k e d t o t h e m a j o r 

h i s t o c o m p a t i b i l i t y c o m p l e x - H L A ) ; s p e c i f i c H L A - l i n k e d i m m u n e r e s p o n s e 

( I r ) g e n e s ; a n d a n t i g e n , n o n - s p e c i f i c ' g e n e r a l i z e d h y p e r - r e s p o n s i v e n e s s ' 

( L e v i n e , S t e m b e r a n d F o t i n o , 1 9 7 2 ; B a z a r a l , O r g e l a n d H a m b u r g e r , 1 9 7 4 ; 

M a r s h , B i a s a n d I s h i z a k a , 1 9 7 4 ; M a r s h e t a l , 1 9 8 0 ) . T h e e x c e l l e n t 

q u a n t i t a t i v e c o r r e l a t i o n b e t w e e n I g G a n d I g E a b t o m a j o r i n h a l a n t 

a l l e r g e n s ( C h a p t e r I I I ) s u g g e s t s t h a t t h e p u t a t i v e I r g e n e s c o n t r o l 

t h e p r o d u c t i o n o f a l l t h r e e c l a s s e s o f a b , i n p a r a l l e l . R e c e n t w o r k 

o n a b r e s p o n s e s t o t h e m i n o r r a g w e e d a l l e r g e n , R a ^ , i l l u s t r a t e s t h e 

r e l a t i o n s h i p b e t w e e n a l l e r g e n d o s a g e a n d e x p o s u r e a n d g e n e t i c f a c t o r s . 

C o m p a r e d t o a n t i g e n E , R a ^ i s a m i n o r c o m p o n e n t o f r a g w e e d p o l l e n a n d 

o n l y 6 0 % o f a n t i g e n E s e n s i t i v e i n d i v i d u a l s b e c o m e a l l e r g i c t o R a ^ . 

H o w e v e r , t h e a b r e s p o n s e t o R a ^ i s s i m i l a r t o t h a t o f t h e m a j o r a l l e r g e n . 

I t i n c l u d e s b o t h I g G a n d I g E a b a n d c a n o n l y b e b o o s t e d ( f o l l o w i n g 

d e s e n s i t i z a t i o n ) i n s k i n t e s t p o s i t i v e i n d i v i d u a l s ( P l a t t s - M i l l s , 

C h a p m a n a n d M a r s h , 1 9 8 1 ) . 

G e n e t i c d i f f e r e n c e s b e t w e e n a t o p i c a n d . n o n - a t o p i c i n d i v i d u a l s m u s t , 

i n p a r t , b e e x p r e s s e d a t t h e c e l l u l a r l e v e l , t h o u g h t h e e x a c t m e c h a n i s m s 

i n v o l v e d r e m a i n u n c l e a r . M o s t c e l l u l a r s t u d i e s i n m a n h a v e i n v o l v e d t h e 
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u s e o f a l l e r g e n - s t i m u l a t e d p e r i p h e r a l b l o o d l e u c o c y t e s e i t h e r i n 

h i s t a m i n e r e l e a s e e x p e r i m e n t s o r i n l y m p h o c y t e t r a n s f o r m a t i o n e x p e r i -

m e n t s . T h e r e h a v e a l s o b e e n s t u d i e s e n u m e r a t i n g d i f f e r e n t c e l l t y p e s 

i n a l l e r g i c a n d n o n - a l l e r g i c i n d i v i d u a l s . P r e l i m i n a r y e x p e r i m e n t s h a v e 

s h o w n t h a t a n t i g e n P. . w i l l i n d u c e h i s t a m i n e r e l e a s e f r o m t h e l e u c o c y t e s 

o f m i t e a l l e r g i c s u b j e c t s , b u t n o t f r o m t h o s e o f n o n - a l l e r g i c c o n t r o l s . 

T h e s e r e s u l t s a r e i n k e e p i n g w i t h t h e b e h a v i o u r o f a n t i g e n P ^ i n i n v i v o 

c h a l l e n g e t e s t s a n d p r o v i d e f u r t h e r e v i d e n c e t h a t t h e p r o p e r t i e s o f 

a n t i g e n P ^ a r e c o n s i s t e n t w i t h t h o s e o f o t h e r m a j o r a l l e r g e n s . A l t h o u g h 

t h e h i s t a m i n e r e l e a s e a s s a y p r o v i d e s a u s e f u l m e t h o d f o r m o n i t o r i n g 

c e l l u l a r r e a c t i v i t y , e . g . d u r i n g d e s e n s i t i z a t i o n ( D i s c u s s i o n , C h a p t e r I I I ) , 

i t o b v i o u s l y c a n n o t b e u s e d t o a s s e s s t h e r o l e o f n o n - h i s t a m i n e c o n t a i n -

i n g c e l l s a n d d o e s n o t n e c e s s a r i l y r e f l e c t a n y i m m u n o l o g i c a l f u n c t i o n . 

A l l e r g i c r e a c t i o n s a r e t h e r e s u l t o f c o m p l e x i n t e r a c t i o n s b e t w e e n 

s e v e r a l c e l l t y p e s , i n c l u d i n g T a n d B l y m p h o c y t e s , b a s o p h i l s , e c s i n o p h i I s 

a n d m a s t c e l l s . T h e r e s u l t s o f l y m p h o c y t e t r a n s f o r m a t i o n e x p e r i m e n t s , 

u s i n g p o l l e n e x t r a c t s ( B r o s t o f f a n d R o i t t , 1 9 6 9 ; B l a c k e t a l , 1 9 7 6 ) a n d 

m i t e ' e x t r a c t s ( R o m a g n a n i e t a l , 1 9 7 3 ; R i c c i , B i l i o t t i a n d R o m a g n a n i , 

1 9 7 5 ) ; s u g g e s t t h a t a l l e r g i c i n d i v i d u a l s h a v e a l l e r g e n - s p e c i f i c , 

s e n s i t i z e d T c e l l s i n t h e c i r c u l a t i o n . T h e r e i s a l s o g o o d e v i d e n c e 

t h a t ' I g E p r o d u c t i o n i n e x p e r i m e n t a l a n i m a l s i s u n d e r T c e l l c o n t r o l 

( T a d a , 1 9 7 5 ; I s h i z a k a , 1 9 7 6 ) . T h e r e l a t i o n s h i p b e t w e e n T c e l l f u n c t i o n 

a n d a t o p y i s s t i l l d i s p u t e d . K a t z ( 1 9 7 8 , 1 9 8 0 ) h a s p r o p o s e d t h a t I g E 

p r o d u c t i o n i n n o n - a l l e r g i c i n d i v i d u a l s i s a c t i v e l y s u p p r e s s e d b y T c e l l s . 

H e ' s u g g e s t s t h a t i n a l l e r g i c i n d i v i d u a l s t h e s u p p r e s s o r m e c h a n i s m f a i l s , 

p o s s i b l y a s a r e s u l t o f e n v i r o n m e n t a l i n f l u e n c e s , e . g . v i r a l i n f e c t i o n , 
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r e s u l t i n g i n " a l l e r g i c b r e a k t h r o u g h " ; a c o n c e p t b a s e d o n l y o n c h a n g e s 

i n I g E p r o d u c t i o n . A l t e r n a t i v e l y , i t h a s b e e n s u g g e s t e d t h a t s i n c e 

a n t i b o d i e s t o i n h a l a n t a l l e r g e n s a r e p r o d u c e d l o c a l l y , i n l y m p h o i d 

t i s s u e d r a i n i n g t h e n a s a l m u c o s a , t h a t a t o p i c i n d i v i d u a l s h a v e h i g h l y 

s e n s i t i v e l o c a l i m m u n i t y ( P l a t t s - M i l l s , 1 9 7 9 ) . T h i s i s t h o u g h t t o b e 

a f u n c t i o n o f i m p r o v e d a n t i g e n r e c o g n i t i o n b y T c e l l s o r m a c r o p h a g e s , 

p a r t i c u l a r l y f o r t h e l o w d o s e s o f i n h a l a n t a l l e r g e n s t h a t a r e e n c o u n t e r e d 

d u r i n g n a t u r a l e x p o s u r e . T h e c o n c e p t o f i m p r o v e d l o c a l i m m u n i t y i s 

s u p p o r t e d b y t h e p r e s e n t s t u d i e s ( C h a p t e r I I I ) . I t a l s o t a k e s i n t o 

a c c o u n t r e c e n t w o r k s u g g e s t i n g t h a t t h e r e i s e x t e n s i v e c o - o p e r a t i o n 

b e t w e e n T c e l l s , b a s o p h i l s a n d m a s t c e l l s ( A s k e n a s e , 1 9 7 9 ) . H a y f e v e r 

s u b j e c t s s h o w i n c r e a s e d r e c r u i t m e n t o f m a s t c e l l s a n d b a s o p h i l s t o t h e 

n a s a l m u c o s a d u r i n g t h e p o l l e n s e a s o n ( O k u d a a n d O t s u k a , 1 9 7 7 ; H a s t i e , 

H e r o y a n d L e v y , 1 9 7 9 ) w h i c h c o u l d b e i n f l u e n c e d b y c h e m o t a c t i c f a c t o r s 

p r o d u c e d b y T c e l l s . 

O n e o f t h e a i m s o f i n v e s t i g a t i n g c e l l u l a r a s p e c t s o f a l l e r g y i s t o 

d e v e l o p b e t t e r m e t h o d s o f c o n t r o l l i n g I g E a b r e s p o n s e s f o r t h e r a p e u t i c 

p u r p o s e s . S e v e r a l y e a r s a g o i t w a s s u g g e s t e d t h a t l o c a l d e s e n s i t i z a t i o n 

m i g h t b e a b e t t e r f o r m o f t r e a t m e n t t h a n t h e s y s t e m i c a d m i n i s t r a t i o n o f 

a l l e r g e n ( T a y l o r a n d S h i v a l k a r , 1 9 7 2 ) . T h e r e h a v e b e e n p r e l i m i n a r y 

r e p o r t s t h a t l o c a l d e s e n s i t i z a t i o n i s s u c c e s s f u l i n t r e a t i n g h a y f e v e r 

( J o h a n s s o n , D e u s c h l a n d Z e t t e r s t r o m , 1 9 7 9 ) , t h o u g h f e w d i r e c t c o m p a r i s o n s 

w i t h c o n v e n t i o n a l d e s e n s i t i z a t i o n h a v e y e t b e e n m a d e . T h e r e s u l t s i n 

C h a p t e r I I I i n d i c a t e t h a t e v e n i f l o c a l l y a p p l i e d a l l e r g e n s u b s t a n t i a l l y 

i n c r e a s e d I g G a n d I g A a b p r o d u c t i o n i n t h e n o s e , t h e s e a n t i b o d i e s w o u l d 

p r o b a b l y s t i l l b e i n e f f e c t i v e i n ' b l o c k i n g ' t h e i n t e r a c t i o n b e t w e e n 

a l l e r g e n a n d l o c a l h i s t a m i n e c o n t a i n i n g c e l l s . L o c a l d e s e n s i t i z a t i o n 



i s m o r e l i k e l y t o o p e r a t e v i a a c e l l u l a r m e c h a n i s m , e . g . b y p r i m i n g 

l o c a l ' s u p p r e s s o r T c e l l s ' o r b y r e d u c i n g t h e r e a c t i v i t y o f m a s t c e l l s 

a n d b a s o p h i l s i n t h e m u c o s a , t h a n b y i n d u c i n g s i g n i f i c a n t c h a n g e s i n 

a b p r o d u c t i o n . T h e r e v / a s n o e v i d e n c e f r o m t h e p r e s e n t s t u d i e s t h a t 

s y s t e m i c d e s e n s i t i z a t i o n c a u s e d s u p p r e s s i o n o f I g E a b r e s p o n s e s . H o w -

e v e r , e x p e r i m e n t s i n a n i m a l s h a v e s h o w n t h a t t h e a d m i n i s t r a t i o n o f 

u r e a d e n a t u r e d a l l e r g e n s o r a l l e r g e n - h a p t e n c o n j u g a t e s c a n i n h i b i t 

I g E a b p r o d u c t i o n ( I s h i z a k a , O k u d a i r a a n d K i n g , 1 9 7 5 ; L i u a n d K a t z , 

1 9 7 9 ; K u d o e t a l , 1 9 7 8 ) . I t h a s a l s o b e e n s h o w n t h a t I g E B c e l l s c a n 

b e m a d e t o l e r a n t b y g i v i n g a l l e r g e n s l i n k e d t o h i g h m o l e c u l a r w e i g h t 

c a r r i e r s , e . g . p o l y e t h y l e n e g l y c o l ( L e e a r i d S e h o n , 1 9 7 7 ) . T h e s e p r o c e -

d u r e s a r e c r i t i c a l l y d e p e n d e n t o n t h e i m m u n i z a t i o n s c h e d u l e s u s e d a n d 

t h e r e i s l i t t l e e v i d e n c e t h a t t h e y c a n b e u s e d t o s u p p r e s s I g E r e s p o n s e s 

w h i c h h a v e b e e n e s t a b l i s h e d f o r 1 - 2 m o n t h s . U n l e s s t h e l a t t e r s i t u a t i o n 

c a n b e a c h i e v e d , i t r e m a i n s d o u b t f u l w h e t h e r a n y o f t h e s e t r e a t m e n t s 

w i l l b e o f p r a c t i c a l u s e i n m a n . 

I t i s c l e a r t h a t f u r t h e r s t u d i e s o n t h e c e l l u l a r b a s i s o f i m m e -

d i a t e h y p e r s e n s i t i v i t y i n m a n w i l l r e q u i r e b e t t e r a s s e s s m e n t s o f 

f u n c t i o n a l a c t i v i t y i n v i t r o . R e c e n t s t u d i e s h a v e s h o w n t h a t t h e 

m i n u t e q u a n t i t i e s o f I g E p r o d u c e d b y p e r i p h e r a l b l o o d l y m p h o c y t e s 

i n v i t r o c a n b e m e a s u r e d u s i n g h i g h l y s e n s i t i v e r a d i o i m m u n o a s s a y s 

( U r e n a e t a l , 1 9 7 8 ; F i s e r a n d B u c k l e y , 1 9 7 9 ; T j i o e t a l , 1 9 7 9 ; S a x o n 

a n d S t e v e n s , 1 9 7 9 ) . I t w i l l n o w b e p o s s i b l e t o u s e a n t i g e n P ^ , a n d 

o t h e r p u r i f i e d a l l e r g e n s , t o i n d u c e I g E a b p r o d u c t i o n i n v i t r o t o 

d e t e r m i n e w h e t h e r t h e c o n t r o l s o n I g E p r o d u c t i o n o b s e r v e d i n a n i m a l s 

a r e r e l e v a n t t o m a n . T h e i m p r o v e m e n t s i n c e l l s e p a r a t i o n t e c h n i q u e s 



t h a t h a v e o c c u r r e d d u r i n g t h e l a s t d e c a d e w i l l f a c i l i t a t e s t u d i e s o n 

c e l l u l a r c o - o p e r a t i o n u s i n g p u r i f i e d p o p u l a t i o n s o f T c e l l s , B c e l l s , 

b a s o p h i l s a n d e o s i n o p h i l s . T h e s e s t u d i e s a l s o o f f e r t h e o p p o r t u n i t y 

t o d e v e l o p a f u n c t i o n a l a s s e s s m e n t o f a l l e r g e n - m e d i a t e d T c e l l r e a c t i -

v i t y w h i c h c a n b e u s e d i n c l i n i c a l i n v e s t i g a t i o n s o f a l l e r g i c d i s e a s e . 

I n c o n c l u s i o n , a n t i g e n P ^ c a n b e u s e d a s a m o d e l f o r t h e i n v e s t i -

g a t i o n o f m i t e a l l e r g y a n d h o u s e d u s t a l l e r g y . T h e p r e s e n t s t u d i e s 

h a v e c o n c e n t r a t e d o n t h e p r o p e r t i e s o f a n t i g e n P ^ w h i c h a r e o f a l l e r -

g e n i c i m p o r t a n c e a n d o n q u a n t i t a t i v e a s s e s s m e n t s o f a n t i b o d y r e s p o n s e s 

t o a n t i g e n P ^ i n d i f f e r e n t p a t i e n t g r o u p s . P r e l i m i n a r y w o r k s u g g e s t s 

t h a t a n t i g e n P ^ w i l l b e u s e f u l i n a s s e s s i n g a l l e r g e n e x p o s u r e , i n 

d e s i g n i n g s u i t a b l e a l l e r g e n a v o i d a n c e r e g i m e s a n d i n c e l l u l a r s t u d i e s 

o n t h e c o n t r o l o f I g E p r o d u c t i o n . I n t h i s r e s p e c t , o n e o f t h e m a i n 

a d v a n t a g e s o f a n t i g e n P ^ , c o m p a r e d w i t h p o l l e n a l l e r g e n s , i s t h a t i t 

i s a n a l l e r g e n s u i t a b l e f o r s t u d y i n g t h e a e t i o l o g y o f p e r e n n i a l r h i n i t i s , 

a s t h m a a n d a t o p i c d e r m a t i t i s i n p a r a l l e l . 
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A P P E N D I X 

I'll 



A . 1 C l a s s i f i c a t i o n o f M i t e s 

T h e o r d e r A c a r i n a c o m p r i s e s a l l t h e f a m i l i e s o f m i t e s ( F i g „ A . 1 . 1 ) . 

T h e m o s t p o t e n t a l l e r g e n s h a v e b e e n a s s o c i a t e d w i t h t h e h o u s e d u s t 

m i t e s a n d t h e ' s t o r e d f o o d ' m i t e s . T h e d i s t r i b u t i o n o f h o u s e d u s t 

m i t e s i s d i s c u s s e d i n t h e G e n e r a l I n t r o d u c t i o n . S t o r a g e m i t e s u s u a l l y 

i n f e s t g r a i n , f l o u r , c e r e a l p r o d u c t s a n d a n i m a l f o o d s t u f f s k e p t i n 

d a m p c o n d i t i o n s . T h e y a r e a l s o f o u n d i n o l d h a y a n d i n b a r n d u s t a n d 

s o m e s p e c i e s o f t e n o c c u r i n h o u s e d u s t ( i n c l u d i n g b e d r o o m a n d m a t t r e s s 

d u s t ) . T h e C h e y l e t i d a e o r ' p r e d a t o r ' m i t e s a r e l a r g e m i t e s ( ^ 6 0 0 p , 

i n l e n g t h ) w h i c h f e e d o n o t h e r s p e c i e s p r e s e n t i n h o u s e d u s t . T h e y 

a r e n o t c o n s i d e r e d t o b e a l l e r g e n i c . I n a d d i t i o n t o t h e p r o m i n e n t 

a l l e r g e n s t h e o r d e r A c a r i n a c o n t a i n s m a n y m o r e s p e c i e s o f m e d i c a l , 

h o r t i c u l t u r a l a n d v e t e r i n a r y i m p o r t a n c e , i n c l u d i n g t h e s c a b i e s m i t e , 

t h e r e d s p i d e r m i t e ( a n o r c h a r d p e s t ) a n d t h e c h i c k e n m i t e . 

A . 2 P r e p a r a t i o n o f r e a g e n t s 

A . 2 . 1 R a b b i t a n t i s e r u m t o D . p t e r o n y s s i n u s 

T w o N e w Z e a l a n d W h i t e r a b b i t s w e r e i n j e c t e d i n t r a m u s c u l a r l y w i t h 

l m g D . p t e r o n y s s i n u s E x t r a c t I i n c o m p l e t e F r e u n d ' s a d j u v a n t ( D i f c o 

L a b s , D e t r o i t , M i c h i g a n , U . S . A . ) a t f o r t n i g h t l y i n t e r v a l s . T h e r a b b i t s 

w e r e b l e d e l e v e n d a y s a f t e r t h e f i f t h i n j e c t i o n a n d t h e s e r u m ( r a b b i t 

a n t i - E x l ) w a s s e p a r a t e d a n d s t o r e d a t - 2 0 ° C . 

A . 2 . 2 C l a s s s p e c i f i c a n t i s e r a f o r u s e . i n a n t i g e n - b i n d i n g r a d i o -
i m m u n o a s s a y s 

T h e s p e c i f i c i t y o f a n t i g e n - b i n d i n g a s s a y s i s d e t e r m i n e d b y t h e u s e 

o f a n t i s e r a d i r e c t e d a g a i n s t i m m u n o g l o b u l i n h e a v y c h a i n s . T h e s e r e a g e n t s 



.. 

!---~ 

r-.~ . j 
W 

" ! 

.. '". 

.; 

. '.' 

... 

Classification of the order Acarina 

Sarcoptidae 

I 
Sarcoptes 
( scabies 
mite) 

Sarcoptiformes 
I 

Oribatei Acaridae 

I 
Cheyletus· 
( 'predator' 

mite) 

I 
Pyroglyphldae 

Euroglwhus • 

E. maynel 
L longior 

I 

Dermatophagoldes • 

D. pteror.ysslnus 
D. farlnae 

I. 

House dust mites 

Prostigmata 

I 
Metatetranychl:s 
(red spider mite) 

Acarus' 

A.slro 

• 0 Genera commonly found In house dust . 

Figure A.I.I 

Acarina 

Trombidiformes 
I 

I I 

- I 
Tarsoneminl 

I 
I 

Demodax Tarsonemus e pyemotes 
i hair follicle 
mite) 

Tyroglyphldae 

I 
. Tyrophagus' 

T. putrcscentla2 
Clycyphagus • 

G. destructor 
G. domestlcu5 

(grain mite) 

Cohierla 

G. fusca 

Stored food mites 

This classification Is based on that or Voorhorst. Sple~sma and Varekamp (1969) 

.' 

I • 

" 
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.1 

Parasitiformes 
I 

Ixodides 

Ixodes 

Carpoglyphus 

Gamasides 

I 
Dermanyssus 
(chicken mite I 

Rhlzoglyphus . 

I 
Onychopalpida 



a r e b e s t p r e p a r e d u s i n g F c f r a g m e n t s o r p u r i f i e d m y e l o m a p r o t e i n s a s 

i m m u n o g e n s ( P l a t t s - M i l l s a n d I s h i z a k a , 1 9 7 5 ; P l a t t s - M i l l s e t a l , 1 9 7 8 ) . 

T h e p r e p a r a t i o n s s o m e t i m e s c o n t a i n t r a c e a m o u n t s o f i m p u r i t i e s o r 

i r r e l e v a n t a n t i g e n s , e . g . l i g h t c h a i n s w h i c h c a n b e r e c o g n i s e d b y a n 

a n i m a l s i m m u n e s y s t e m , p a r t i c u l a r l y w h e n i m m u n i z e d i n a d j u v a n t s . T h e 

r e s u l t i n g a n t i s e r a u s u a l l y c o n t a i n s m a l l q u a n t i t i e s o f a n t i b o d i e s 

d i r e c t e d a g a i n s t c o n t a m i n a t i n g d e t e r m i n a n t s a n d t h e s e h a v e t o b e 

a b s o r b e d o u t . A n t i g e n - b . i n d i n g a s s a y s , e s p e c i a l l y f o r t h e I g G c l a s s , 

r e q u i r e s u b s t a n t i a l q u a n t i t i e s o f a n t i s e r u m ; o f t h e o r d e r 0 . 0 5 - 0 . 2 m l 

p e r a s s a y . H i g h t i t r e a n t i s e r a a r e c o n v e n i e n t l y p r e p a r e d b y i m m u n i z -

i n g a l a r g e m a m m a l w i t h a n t i g e n e m u l s i f i e d i n c o m p l e t e F r e u n d ' s 

a d j u v a n t . 

F o r t h e p r e s e n t s t u d i e s g o a t s w e r e i m m u n i z e d w i t h t h e F c f r a g m e n t 

o f I g G f r o m n o r m a l s e r u m ; I g A m y e l o m a p r o t e i n ; o r I g E m y e l o m a p r o t e i n 

( P S ) . T h e F c f r a g m e n t w a s p r e p a r e d b y p a p a i n d i g e s t i o n ( P o r t e r , 1 9 5 9 ) 

u s i n g h u m a n I g G ( L i s t e r y - g l o b u l i n , E l s t r e e , H e r t s ) w h i c h h a d b e e n 

p u r i f i e d b y D E A E i o n - e x c h a n g e c h r o m a t o g r a p h y . T h e F c a n d F a b f r a g m e n t s 

w e r e s e p a r a t e d f r o m u n d i g e s t e d I g G b y g e l f i l t r a t i o n a n d i s o l a t e d i n 

p u r e f o r m b y p e v i k o n b l o c k e l e c t r o p h o r e s i s . T h e p u r i f i e d I g A a n d I g E 

m y e l o m a p r o t e i n s w e r e a l r e a d y a v a i l a b l e w i t h i n t h e l a b o r a t o r y . T h r e e 

g o a t s w e r e i n j e c t e d i n t r a m u s c u l a r l y w i t h 0 . 2 - 1 . 0 m g a n t i g e n e m u l s i f i e d 

i n c o m p l e t e F r e u n d ' s a d j u v a n t a t f o r t n i g h t l y i n t e r v a l s . E l e v e n d a y s 

a f t e r t h e t h i r d i n j e c t i o n t h e g o a t s w e r e t e s t b l e d a n d t h e a n t i s e r a 

c h e c k e d f o r s p e c i f i c i t y a n d t i t r e . E a c h a n i m a l v / a s b l e d 2 0 0 - 4 0 0 m l . a t 



2 - 3 w e e k l y i n t e r v a l s a n d b o o s t e d p e r i o d i c a l l y u n t i l h y p e r i m m u n e . T h e 

a n t i s e r a w e r e m a d e m o n o s p e c i f i c b y p a s s a g e o v e r i m m u n o s o r b e n t c o l u m n s . 

A n t i - I g G w a s a b s o r b e d w i t h F a b , I g A a n d I g E . A n t i — I g A w a s a b s o r b e d 

w i t h s e r u m f r o m a n I g A d e f i c i e n t p a t i e n t w h o s e s e r u m c o n t a i n e d < 0 . 0 1 p , g 

I g A / m l ( C a s s i d y , O l d h a m a n d P l a t t s - M i l l s , 1 9 7 9 ) . A n t i - I g E w a s a b s o r b e d 

w i t h n o r m a l h u m a n I g G . 

A . 2 . 3 . I m m u n o s o r b e n t s 

I m m u n o s o r b e n t s w e r e p r e p a r e d b y c o u p l i n g t h e p r o t e i n s t o S e p h a r o s e - 2 B 

u s i n g t h e c y a n o g e n b r o m i d e t e c h n i q u e ( A x e n , P o r a t h a n d R n i b a c h , 1 9 6 7 ) . 

T h e r e a c t i o n b e t w e e e n C N B r a n d t h e p o l y s a c c h a r i d e m a t r i x o f S e p h a r o s e 

p r o d u c e s r e a c t i v e i m i d o c a r b o n a t e s w h i c h f o r m c o v a l e n t b o n d s w i t h p r o t e i n 

a m i n o g r o u p s ( A x e n a n d E r n b a c h , 1 9 7 1 ) . T h e p r o t o c o l f o r c y a n o g e n 

b r o m i d e a c t i v a t i o n i s g i v e n b e l o w : -

( i ) 2 0 m l S e p h a r o s e - 2 B ( P h a r m a c i a , U p p s a l a , S w e d e n ) w a s w a s h e d 

- t h r e e t i m e s ( 2 , 0 0 0 g x 1 0 m i n s . ) w i t h 2 0 m l d i s t i l l e d w a t e r 

a n d p o u r e d i n t o a 1 0 0 m l b e a k e r . 

( i i ) l g C N B r ( E a s t m a n - K o d a k , L i v e r p o o l , U . K . ) w a s w e i g h e d o u t o n 

a p a n b a l a n c e i n a f u m e c u p b o a r d , a n d t r a n s f e r r e d t o a 

5 0 m l f l a s k c o n t a i n i n g 2 0 m l d i s t i l l e d w a t e r . T h e - f l a s k w a s 

s t o p p e r e d a n d t h e s o l u t i o n w a s s t i r r e d u n t i l a l l t h e C N B r 

h a d d i s s o l v e d ( a b o u t 2 0 m i n s . ) . 

( i i i ) T h e C N B r s o l u t i o n w a s p o u r e d i n t o t h e b e a k e r c o n t a i n i n g 

t h e w a s h e d S e p h a r o s e a n d s t i r r e d g e n t l y . T h e p H w a s m o n i -

t o r e d i m m e d i a t e l y a n d m a i n t a i n e d a t p H 1 0 - 1 1 b y a d d i n g d r o p s 

o f 2 M N a 0 H a s t h e a c t i v a t i o n p r o c e e d e d . " 
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( i v ) A f t e r 1 0 m i n s t h e a c t i v a t e d S e p h a r o s e w a s t r a n s f e r r e d i n t o 

a s i n t e r e d g l a s s f u n n e l o n a s i d e - a r m v a c u u m f l a s k a n d 

w a s h e d w i t h 1 5 v o l s . ( i . e . 3 0 0 m l ) d i s t i l l e d w a t e r f o l l o w e d 

b y 1 5 v o l s . 0 . 1 M c a r b o n a t e - b i c a r b o n a t e b u f f e r p H 9 . 0 . T h e 

S e p h a r o s e w a s t h e n a i r - d r i e d t o a m o i s t c a k e a n d t r a n s f e r r e d 

t o 2 0 m l u n i v e r s a l t u b e s . 

( v ) A s o l u t i o n o f p r o t e i n i n 0 . 1 M c a r b o n a t e - b i c a r b o n a t e p H 9 . 0 

w a s a d d e d t o t h e a c t i v a t e d S e p h a r o s e a n d r o t a t e d o v e r n i g h t 

a t 4 ° C o n a v e r t i c a l r o t a t o r . B e t w e e n 5 - 5 0 m g o f p r o t e i n w a s 

g e n e r a l l y u s e d . E x t r a b u f f e r w a s a d d e d t o e n s u r e t h a t t h e 

m i x t u r e r e m a i n e d f l u i d w h i l e b e i n g r o t a t e d . 

( v i ) T h e c o u p l e d S e p h a r o s e w a s t r a n s f e r r e d t o t h e s i n t e r e d g l a s s 

f u n n e l a n d w a s h e d w i t h 1 0 0 m l v o l u m e s o f 0 . 1 M b o r a t e b u f f e r 

p H 8 . 5 , 0 . 1 M a c e t a t e b u f f e r p H 4 . 1 a n d t r i s - B C l p H 8 . 0 . T h e 

b o r a t e a n d a c e t a t e b u f f e r s a l s o c o n t a i n e d 1 M s o d i u m c h l o r i d e . 

T h e i m m u n o s o r b e n t w a s p o u r e d i n t o a c o l u m n a n d w a s h e d w i t h 

2 0 0 m l B B S p r i o r t o u s e . 

N . B . C y a n o g e n b r o m i d e i s e x t r e m e l y p o i s o n o u s a n d s t e p s ( i i ) t o ( i v ) 

w e r e c a r r i e d o u t i n a f u m e c u p b o a r d . W a s h i n g s c o n t a i n i n g c y a n i d e 

r e s i d u e s w e r e s t o r e d i n s t r o n g s o d i u m h y p o c h l o r i t e s o l u t i o n ( ' C h l o r o s ' 

D u r h a m C h e m i c a l D i s t r i b u t o r s , B i r t l e y , C o . , D u r h a m ) f o r o n e w e e k b e f o r e 

b e i n g w a s h e d d o w n t h e s i n k . 

T h e p H t i t r a t i o n s t e p ( i i i ) c a n b e o m i t t e d b y u s i n g C N B r d i s s o l v e d 

i n a c e t o n i t r i l e ( 2 g C N B r / m l a c e t o n i t r i l e ) ( M a r c h . P a r i k h a n d C u a t r e c a s a s , 

1 9 7 4 ) . 
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A . 2 . 4 - P u r i f i e d a n t i b o d i e s t o D . p t e r o n y s s i n u s 

T h e u s e o f i m m o b i l i z e d a n t i g e n t o p r e p a r e s p e c i f i c a b b y ' i m m u n o -

a d s o r p t i o n 1 w a s f i r s t d e s c r i b e d b y C a m p b e l l , L e u s c h e r a n d L e r m a n ( 1 9 5 1 ) . 

T h e m e t h o d i n v o l v e s t h e a d s o r p t i o n o f a n t i s e r u m o n t o a n t i g e n c o u p l e d t o 

a s o l i d m a t r i x , e . g . a g a r o s e o r c e l l u l o s e . A f t e r w a s h i n g t o r e m o v e 

n o n - s p e c i f i c a l l y b o u n d p r o t e i n t h e s p e c i f i c a b i s e l u t e d u s i n g b u f f e r s 

a t e x t r e m e s o f p H o r h i g h i o n i c s t r e n g t h s a l t s o l u t i o n s . T h e p r i n c i p l e 

o f t h e t e c h n i q u e h a s b e e n u s e d - i n o t h e r s y s t e m s i n v o l v i n g a s p e c i f i c 

i n t e r a c t i o n b e t w e e n a l i g a n d a n d i t s c o m b i n i n g s i t e , e . g . e n z y m e -

s u b s t r a t e o r h o r m o n e - r e c e p t o r a n d i s c o m m o n l y k n o w n a s a f f i n i t y 

c h r o m a t o g r a p h y ( C u a t r e c a s a s a n d A n f i n s e n , 1 9 7 1 ) . 

R a b b i t a b t o E x I w a s p r e p a r e d b y p a s s i n g 2 0 m l h y p e r i m m u n e a n t i -

s e r u m o v e r a 2 5 m l c o l u m n o f E x I i m m u n o s o r b e n t a t a f l o w r a t e o f 1 0 - 1 5 

m l / h r . T h e c o l u m n w a s w a s h e d w i t h 2 0 0 m l B B S a n d t h e n e l u t e d w i t h 

1 0 0 m l 0 . 5 M g l y c i n e - N C l p H 2 . 8 . F r a c t i o n s o f 5 m l w e r e c o l l e c t e d i n 

t u b e s c o n t a i n i n g 1 m l 2 M t r i s - H C l p H 8 . 5 a n d m i x e d i m m e d i a t e l y t o 

n e u t r a l i z e t h e p H . T h e f r a c t i o n s w e r e p o o l e d o n t h e b a s i s o f p r o t e i n 

c o n t e n t ( a b s o r b a n c e a t 2 8 0 n m ) a n d c o n c e n t r a t e d b y n e g a t i v e p r e s s u r e 

d i a l y s i s . 

H u m a n a b t o E x I w a s p r e p a r e d u s i n g 2 2 0 m l s e r u m f r o m s e v e r a l 

d i f f e r e n t a l l e r g i c d o n o r s . T h e s e r u m f r o m e a c h d o n o r w a s e q u i l i b r a t e d 

i n 0 . 1 M e t h y l e n e d i a m i n e t e t r a c e t i c a c i d a n d p a s s e d o v e r a 2 . 5 m l c o l u m n . 

T h e e l u t e d f r a c t i o n s w e r e a s s a y e d f o r I g E a b b y a n t i g e n b i n d i n g a s s a y , 

p o o l e d a n d c o n c e n t r a t e d d o w n t o 1 m l . I n e a c h c a s e * * 2 0 % o f t h e 

a p p l i e d a b w a s r e c o v e r e d . 
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A , 2 . 5 . I o d i n a t i o n o f p r o t e i n s 

B o t h a n t i g e n b i n d i n g a s s a y s a n d t h e R A S T r e l y o n t h e u s e o f 

1 2 5 

p r o t e i n s l a b e l l e d t o h i g h s p e c i f i c a c t i v i t y w i t h I . T h i s i s o t o p e 

i s p r e f e r r e d b e c a u s e o f i t s l o n g h a l f l i f e ( 6 0 d a y s ) h i g h i s o t o p i c 

a b u n d a n c e a n d g r e a t e r c o u n t i n g e f f i c i e n c y ( H u n t e r , 1 9 7 8 ) . I t i s a 1 3 1 l o w e r e n e r g y y - e n \ i t t e r t h a n I a n d h e n c e i s m u c h s a f e r f o r r o u t i n e 

u s e i n t h e l a b o r a t o r y . M o s t p r o t e i n s c a n b e l a b e l l e d d i r e c t l y w i t h 

1 2 5 I b y a s u b s t i t u t i o n r e a c t i o n i n w h i c h i o d i n e a t o m s r e p l a c e h y d r o g e n 

a t o m s i n t h e a r o m a t i c r i n g o f t y r o s i n e g r o u p s . F r e e i o d i n e i s g e n e r -

1 2 5 

a t e d b y t h e o x i d a t i o n o f c a r r i e r - f r e e i s o t o p e ( N a I ) u s i n g c h i o r a -

m i n e T . T h e r e a c t i o n i s s t o p p e d b y a d d i n g e i t h e r a r e d u c i n g a g e n t 

e . g . s o d i u m m e t a b i s u l p h i t e o r a s a t u r a t e d s o l u t i o n o f t y r o s i n e . M i l d e r 

l a b e l l i n g p r o c e d u r e s h a v e b e e n d e v e l o p e d f o r p r o t e i n s w h i c h m a y b e 

d e n a t u r e d b y c h l o r a m i n e T ( a p o w e r f u l o x i d i s i n g a g e n t ) . T h e s e i n c l u d e 

e n z y m i c o x i d a t i o n u s i n g l a c t o p e r o x i d a s e ( M o r r i s o n , B a y s e a n d W e b s t e r , 

1 9 7 1 ) , a n d d i r e c t s u b s t i t u t i o n u s i n g c h l o r o g l y c o u r i l i n s t e a d o f 

c h l o r a m i n e T ( M a r k w e l l a n d F o x , 1 9 7 8 ) . P r o t e i n s w h i c h l a c k t y r o s i n e 

c a n b e l a b e l l e d i n d i r e c t l y u s i n g t h e B o l t o n - H u n t e r r e a g e n t ; t h e 

N ' h y d r o x y s u c c i n i m i d e e s t e r o f p - h y d r o x y p h e n y l p r o p i o n i c a c i d . T h i s 

e s t e r i s l a b e l l e d i n d e p e n d e n t l y w i t h c h l o r a m . i n e T a n d i s s u b s e q u e n t l y 

c o n d e n s e d w i t h p r o t e i n a m i d e g r o u p s ( B o l t o n a n d H u n t e r , 1 9 7 3 ) . 

T h e p r o c e d u r e f o r r a d i o l a b e l l i n g w i t h c h l o r a m i n e T u s e d i n t h e s e 

s t u d i e s w a s d e v e l o p e d b y D r . T . K i s h i m o t o a s a m o d i f i c a t i o n o f t h e 

t e c h n i q u e d e s c r i b e d b y K l i n m a n a n d T a y l o r ( 1 9 6 9 ) . T h e r e a c t i o n w a s 

s t a r t e d b y t h e a d d i t i o n o f 4 0 ' p . g f r e s h l y p r e p a r e d c h l o r a m i n e T t o a 

r e a c t i o n m i x t u r e c o n t a i n i n g 1 0 ~ 5 0 p g p r o t e i n ( i . e . 1 0 - 5 0 j i L o f a l m g / m l 

4 /f O 
J L ' i O 
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s o l u t i o n ) , 0 . 0 5 m l 0 . 3 M p h o s p h a t e b u f f e r p H 7 . 5 a n d l . O m C i N a I 

i n a v o l u m e o f < 0 . 2 m l . A f t e r 6 5 s e c o n d s t h e r e a c t i o n w a s s t o p p e d b y 

a d d i n g ^ O ^ g s o d i u m m e t a b i s u l p h i t e a n d t h r e e m i n u t e s l a t e r t h e r e a c t -

a n t s w e r e d i l u t e d w i t h 2 m l O . L + % b o v i n e s e r u m a l b u m i n i n B B S ( B S A B B S ) 

a n d 0 . 0 5 m l 1% p o t a s s i u m i o d i d e . U n b o u n d i o d i n e w a s s e p a r a t e d f r o m 

t h e l a b e l l e d m a t e r i a l b y d i a l y s i s a g a i n s t t w o c h a n g e s o f B B S o v e r 

4 0 h o u r s . E s t i m a t e s o f t h e l a b e l l i n g e f f i c i e n c y w e r e o b t a i n e d b y 

c o m p a r i n g t h e c o u n t s p e r m i n u t e ( c p m ) o f t h e d i a l y s i s f l u i d s a n d 

t h o s e o f t h e l a b e l l e d p r o t e i n a s a p e r c e n t a g e o f t h e t o t a l r a d i o -

a c t i v i t y . T h e s p e c i f i c a c t i v i t y o f t h e l a b e l l e d p r o t e i n s i s g i v e n 

i n T a b l e A . 2 . 5 . 1 . T h e s p e c i f i c a c t i v i t i e s o f s o m e o f t h e a l l e r g e n s , 

e . g . R y e I a n d P h o s p h o l i p a s e A w e r e l o w e r t h a n f o r h o r m o n e s w i t h 

s i m i l a r m o l e c u l a r w e i g h t s , e . g . g r o w t h h o r m o n e , w h i c h c a n h a v e 

s p e c i f i c a c t i v i t i e s o f > 1 0 0 p , C i / y . g p r o t e i n . H o w e v e r , t h e q u a n t i t i e s 

o f a l l e r g e n s u s e d f o r l a b e l l i n g ( 1 0 - 5 0 p . g ) w e r e m u c h h i g h e r t h a n t h o s e 

n o r m a l l y u s e d f o r h o r m o n e s ( l - 2 p - g ) a n d w h e n s m a l l e r q u a n t i t i e s w e r e 

u s e d h i g h e r s p e c i f i c a c t i v i t i e s w e r e o b t a i n e d , e . g . 1 0 - j i g P ^ h a d a 

s p e c i f i c a c t i v i t y o f 6 7 . l ) i C i / p . g . H e a v i l y i o d i n a t e d p r o t e i n s , w i t h 

1 2 . 5 a m e a n n u m b e r o f > 2 a t o m s ' I / m o l e c u l e , g e n e r a l l y s h o w r e d u c e d 

i m m u n o r e a c t i v i t y a n d a r e m o r e l i k e l y t o b e a f f e c t e d b y r a d i a t i o n 

1 2 5 

d a m a g e ( B o l t o n , 1 9 7 7 ) . T h e I s u b s t i t u t i o n v a l u e s f o r t h e p r o t e i n s 

d e s c r i b e d h e r e w e r e w e l l b e l o w t h e l i m i t s a t w h i c h t h i s t y p e o f 

d a m a g e m i g h t b e c o m e a p r o b l e m . 



TABLE A.2.5.1 

R a d i o c h e m i c a l p r o p e r t i e s o f " * " ^ I - l a b e l l e d p r o t e i n s ^ 5 ^ 

P r o t e i n 
( M . W . ) 

M e a n n u m b e r ( b ) 

R a d i o a c t i v i t y . 1 2 5 . i n c o r p o r a t e d p . C i I p e r 
o f • ^ " ' i a t o m s 

p e r 
. ( i n t o p r o t e i n % p . g p r o t e i n m o l e c u l e c p m / n g p r o t e i n 

F P 
4 1 

(24,000) 

A n t i g e n P ^ 
(24,000) 

R y e I 
( 2 7 , 5 0 0 ) 

P h o s p h o l i p a s e A 
( 1 9 , 5 0 0 ) 

H o r s e A l l e r g e n 
N o . 6 

( 1 9 , 0 0 0 ) 

H o r s e A l l e r g e n 
N o . 1 1 

( 5 0 p 0 0 ) 

5 3 

6 7 

60 

8 5 

7 0 

3 5 

3 5 . 4 

6 7 . 1 

1 1 . 9 

2 1 . 3 

1 7 . 3 

3 4 . 5 

0 . 3 8 

0 . 7 4 

0 . 1 5 

0 . 1 9 

0 . 1 5 

0.82 

4 3 , 0 0 0 

7 8 , 5 0 0 

10,400 

2 4 , 1 5 0 

24,000 

40,600 

D i p h t h e r i a T o x i n 
( 7 2 , 0 0 0 ) 

A n t i - I g E 
( 1 5 0 , 0 0 0 ) 

I g E ( N D ) 
( 1 9 0 , 0 0 0 ) 

80 

88 

8 4 

2 6 . 7 

22.1 

1 3 . 9 

0.86 

1 . 5 6 

1.22 

2 3 , 3 0 0 

3 2 , 5 0 0 

18,400 
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F o o t n o t e s t o T a b l e A . 2 . 5 . 1 

( a ) A l l c a l c u l a t i o n s w e r e m a d e o n t h e t h i r d d a y a f t e r l a b e l l i n g 

( n o t c o r r e c t e d f o r d e c a y ) . 

( b ) A s s u m i n g 1 0 0 % i s o t o p i c a b u n d a n c e . 

( c ) F r o m 8 5 - 9 0 % o f t h e r a d i o l a b e l l e d m a t e r i a l w a s p r e c i p i t a b l e w i t h 

t r i c h l o r o a c e t i c a c i d . 

151. 



A . 3 . E l e c t r o p h o r e t i c t e c h n i q u e s 

A . 3 . 1 . P e v i k o n b l o c k e l e c t r o p h o r e s i s 

T h e m a i n a d v a n t a g e s o f P e v i k o n ( a c o p o l y m e r o f p o l y v i n y l c h l o r i d e 

a n d p o l y v i n y l a c e t a t e ) o v e r o t h e r s u p p o r t i n g m e d i a , e . g . s t a r c h f o r 

e l e c t r o p h o r e s i s a r e t h a t i t c a u s e s l o w e l e c t r o e n d o s m o t i c e f f e c t s a n d 

d o e s n o t i n t e r f e r e w i t h a s s a y s f o r p r o t e i n s o r c a r b o h y d r a t e s ( M u l l e r -

E b e r h a r d , 1 9 6 0 ) . F u l l d e t a i l s o f t h e p r e p a r a t i o n o f p e v i k o n a n d t h e 

a p p a r a t u s u s e d i n t h i s s t u d y a r e g i v e n b y C a m p b e l l e t a l ( 1 9 7 0 ) . 

B r i e f l y , 5 0 0 g P e v i k o n C - 8 7 0 ( S h a n d o n S o u t h e r n L t d . , R u n c o r n , C h e s h i r e ) 

w a s w a s h e d t h r e e t i m e s i n 4 L d i s t i l l e d w a t e r a n d o n c e i n 4 L 0 . 1 M 

b a r b i t a l b u f f e r , p H 8 . 6 . T h e p e v i k o n w a s r e s u s p e n d e d i n ^ 2 0 0 m l 

b u f f e r a n d t h e t h i c k s l u r r y w a s p o u r e d i n t o a 5 0 x 1 0 x 1 c m e l e c t r o -

p h o r e s i s f r a m e c o v e r e d w i t h p l a s t i c s h e e t i n g . S u r p l u s b u f f e r w a s 

a b s o r b e d w i t h t h i c k w a d s o f p a p e r t o w e l s a n d e x c e s s p e v i k o n v / a s 

r e m o v e d w i t h a w i d e s p a t u l a . T h e b l o c k w a s t r i m m e d s o t h a t a f l a t , 

l e v e l s u r f a c e v / a s o b t a i n e d . A b s o r b e n t c o t t o n w i c k s ( 1 0 x 2 0 c m ) w e r e 

a p p l i e d t o e a c h e n d o f t h e b l o c k a n d s e c u r e d v / i t h d a m p p e v i k o n . T h e 

e n d s , o f t h e p l a s t i c s h e e t i n g v / e r e f o l d e d o v e r t h e p e v i k o n a n d t h e 

b l o c k w a s e q u i l i b r a t e d i n b u f f e r f o r 3 0 m i n u t e s p r i o r t o u s e . 

A p p l i c a t i o n o f s a m p l e A 1 c m s e g m e n t o f p e v i k o n w a s r e m o v e d 

t o f o r m a t r o u g h 1 0 c m f r o m t h e c a t h o d i c e n d o f t h e b l o c k . ' A p p r o x i m -

a t e l y 3 0 m g o f m i t e f r a c t i o n 4 ( F 4 - C h a p t e r I ) i n 5 m l b a r b i t a l b u f f e r 

w a s m i x e d w i t h w a s h e d , d r y p e v i k o n a n d f i l l e d i n t h e t r o u g h . T h e 

s a m p l e w a s e l e c t r o p h o r e s e d f o r 2 6 h o u r s a t 2 6 0 V a n d 5 0 m A a t 

T h e b l o c k w a s t h e n d i v i d e d i n t o 1 c m s e g m e n t s w h i c h w e r e e l u t e d t w i c e 

x t) 2) 



w i t h 5 m l B B S . T h e e l u a t e s w e r e p o o l e d o n t h e b a s i s o f t h e i r p r o t e i n 

c o n t e n t ( L o w r y e t a l , 1 9 5 1 ) a n d r e a c t i v i t y o n i m m u n o d i f f u s i o n a g a i n s t 

r a b b i t a n t i s e r u m t o c r u d e m i t e e x t r a c t . 

A . 3 . 2 . L a u r e l l E l e c t r o p h o r e s i s 

C r o s s e d i m m u n o e l e c t r o p h o r e s i s ( L a u r e l l , 1 9 5 5 ) h a s b e e n w i d e l y 

u s e d t o a n a l y s e a l l e r g e n e x t r a c t s . T h e t e c h n i q u e i n v o l v e s t w o d i m e n -

s i o n a l e l e c t r o p h o r e s i s i n a g a r o s e , w i t h t h e s e c o n d d i m e n s i o n g e l 

c o n t a i n i n g a n t i s e r u m d i r e c t e d a g a i n s t t h e w h o l e e x t r a c t . D u r i n g 

e l e c t r o p h o r e s i s t h e a n t i g e n - a n t i b o d y c o m p l e x e s f o r m p r e c i p i t i n a r c s 

a t e q u i v a l e n c e w h i c h m a y b e v i s u a l i z e d u s i n g c o n v e n t i o n a l p r o t e i n 

s t a i n i n g t e c h n i q u e s . T h e m e t h o d i s o u t l i n e d i n F i g . A . 3 . 2 . 1 . S e m i -

q u a n t i t a t i v e a s s e s s m e n t s o f t h e c o n c e n t r a t i o n o f i n d i v i d u a l c o m p o n e n t s 

c a n b e m a d e b y c o m p a r i n g t h e a r e a b e n e a t h t h e p r e c i p i t i n a r c s w i t h 

t h a t o f a k n o w n s t a n d a r d ( A x e l s o n , K r o l l a n d W e e k e , 1 9 7 3 ) . M o d i f i c a -

t i o n s o f t h e t e c h n i q u e h a v e b e e n d e v e l o p e d f o r a l l e r g e n a s s a y a n d t o 

m a k e q u a l i t a t i v e a s s e s s m e n t s o f a l l e r g e n - » s p e c i f i c I g E ( s e e L o w e n s t e i n , 

1 9 7 8 ) . 

P r o t o c o l 

T w e n t y m i l l i l i t r e s 1 % a g a r o s e ( I n d u b i o s e A 3 7 , L ' I n d u s t r i e 

B i o l o g i q u e F r a n c a i s , C l i c h y , F r a n c e ) i n 0 . 1 M b a r b i t a l b u f f e r p H 8 . 6 

( t h e e l e c t r o p h o r e s i s b u f f e r ) w a s p o u r e d o n t o a c l e a n 8 x 8 c m g l a s s 

p l a t e t o f o r m a g e l 1 - 2 mm t h i c k . A l l e r g e n e x t r a c t s w e r e a p p l i e d t o 

s a m p l e w e l l s c u t l . Q c m f r o m t h e c a t h o d e a n d 1 . 5 c m a p a r t . F o l l o w i n g 

e l e c t r o p h o r e s i s i n t h e 1 s t d i m e n s i o n ( s e e F i g . A . 3 . 2 . 1 . f o r d e t a i l s ) 

e a c h g e l s e g m e n t c o n t a i n i n g s e p a r a t e d a l l e r g e n s w a s t r a n s f e r r e d t o 

i rr o 1 u o 



2nd Dimensi.on 
. kOV x 16mA 

for 16 hours at 10 

.5 cm 



a n o t h e r 8 x 8 c m g l a s s p l a t e c o a t e d w i t h ' s t i c k i n g a g a r ' . T w e l v e 

m i l l i l i t r e s 1% b u f f e r e d a g a r o s e a t 5 6 ° C w a s c a r e f u l l y m i x e d w i t h 0 . 1 m l 

r a b b i t a n t i - E x l ( s o t h a t t h e f o r m a t i o n o f a i r b u b b l e s w a s a v o i d e d ) a n d 

p o u r e d o n t o e a c h p l a t e o n a l e v e l s u r f a c e . W h e n t h e g e l s h a d s e t ( a f t e r 

a b o u t 1 0 m i n s . ) e l e c t r o p h o r e s i s i n t h e 2 n d d i m e n s i o n w a s c a r r i e d o u t . 

T h e g e l s w e r e t h e n d r i e d a n d s t a i n e d w i t h C o o m a s s i e B l u e R - 2 5 0 . 

T h e t e c h n i q u e w a s m o d i f i e d t o i n c l u d e i s o e l e c t r i c f o c u s i n g i n t h e 

f i r s t d i m e n s i o n ( ' i m m u n o i s o e l e c t r i c f o c u s i n g ' ) . A n a l y t i c a l I E F i n t h i n 

l a y e r p o l y a c r y l a m i d e g e l w a s c a r r i e d o u t a s d e s c r i b e d i n A p p e n d i x B . 1 . 1 . 

T h e 0 . 5 c m s t r i p o f I E F g e l c o n t a i n i n g F ^ P ^ . w a s t r a n s f e r r e d t o a t r o u g h 

c u t i n t o a p r e - f o r m e d s e c o n d d i m e n s i o n g e l ( F i g . A . 3 . 2 . 2 . ) . T h e I E F 

s t r i p w a s s e c u r e d b y f i l l i n g t h e t r o u g h w i t h 1 % b u f f e r e d a g a r o s e . 

A . k m M e t h o d s f o r m e a s u r i n g a l l e r g e n - s p e c i f i c a n t i b o d i e s 

A . k » 1 » A n t i g e n b i n d i n g r a d i o i m m u n o a s s a y s 

S p e c i f i c I g G , I g A a n d I g E a b t o a l l e r g e n s w e r e m e a s u r e d b y d o u b l e 

a n t i b o d y a n t i g e n b i n d i n g r a d i o i m m u n o a s s a y s b a s e d o n t h e t e c h n i q u e u s e d 

f o r m e a s u r i n g c l a s s - s p e c i f i c a b t o d i p h t h e r i a t o x i n ( P l a t t s - M i l l s a n d 

I s h i z a k a , 1 9 7 5 ) . A l l t h e a s s a y s f o l l o w e d a s i m i l a r p r o t o c o l t o t h a t 

o u t l i n e d i n C h a p t e r I . T h e p a r t i a l l y p u r i f i e d a l l e r g e n F ^ P ^ w a s u s e d 

f o r m e a s u r i n g a b t o D . p t e r o n y s s i n u s . S e r u m d i l u t i o n s w e r e i n c u b a t e d 

1 2 5 

w i t h 7 n g I - l a b e l l e d F ^ P ^ f o r k h o u r s a t r o o m t e m p e r a t u r e . S p e c i f i c 

a b w a s p r e c i p i t a t e d o v e r n i g h t a t b y a d d i n g m o n o s p e c i f i c g o a t 

a n t i s e r a . T h e p r e c i p i t a t e s w e r e w a s h e d f o u r t i m e s w i t h B B S a n d c o u n t e d 

i n a Y -counter ( N E 1 6 0 0 , N u c l e a r E n t e r p r i s e s L t d . E d i n b u r g h , U . K . ) . 

A l l a s s a y s w e r e p e r f o r m e d i n p l a s t i c t u b e s ( 7 5 x 1 2 m m ) c o a t e d w i t h -



F i g u r e A . 3 . 2 . 2 ' I m m u n o i s o e l e c t r i c f o c u s i n g 1 

T h e I E F g e l v / a s p l a c e d i n a t r o u g h c u t 0 . 8 c m f r o m t h e c a t h o d e . T h e 

s e c o n d d i m e n s i o n a g a r o s e g e l c o n s i s t e d o f 2 0 m l 1 % a g a r o s e a n d 0 .1ml 

r a b b i t a n t i - E x I i n . O . I M b a r b i t a l b u f f e r , p H 8 . 6 . E l e c t r o p h o r e s i s a t 

l \ 0 V x 1 6 m A w a s c a r r i e d o u t f o r 1 6 h o u r s a t 1 0 ° C . 
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B S A t o r e d u c e n o n - s p e c i f i c b i n d i n g . F o r c o a t i n g , t u b e s w e r e f i l l e d 

v / i t h 2 % B S A B B S , e m p t i e d a n d d r a i n e d o n p a p e r t o v / e l s u n t i l d r y . T h e y 

c o u l d b e s t o r e d d r y a t r o o m t e m p e r a t u r e f o r u p t o 6 m o n t h s p r i o r t o 

u s e . 

T h e q u a n t i t y o f a n t i s e r u m n e c e s s a r y t o f o r m a p r e c i p i t a t e w a s 

e s t i m a t e d b y a s e m i - q u a n t i t a t i v e p r e c i p i t i n t e s t ( C a m p b e l l e t a l , 1 9 7 0 ) . 

C a r r i e r i m m u n o g l o b u l i n s w e r e a d d e d t o s a m p l e s c o n t a i n i n g i n s u f f i c i e n t 

i m m u n o g l o b u l i n t o f o r m a p r e c i p i t a t e . T h e c a r r i e r p r o t e i n f o r t h e I g E 

a s s a y w a s 0 . 1 m l o f a 1 : 1 0 0 d i l u t i o n o f P S m y e l o m a s e r u m ( 1 9 . 5 m g / m l 

I g E ) . F o r t h e I g A a s s a y s 0 . 1 m l o f a 1 : 5 0 d i l u t i o n o f a n I g A m y e l o m a 

s e r u m w a s u s e d . I n g e n e r a l , I g G c a r r i e r ( 0 . 1 m l o f a 1 : 1 0 0 d i l u t i o n o f 

I g G m y e l o m a s e r u m ) w a s n e c e s s a r y o n l y f o r t h e c o n t r o l c u r v e a n d f o r 

s e r a d i l u t e d m o r e t h a n 1 : 5 0 . T h e r a d i o a c t i v i t y b o u n d b y p r e c i p i t a t e s 

o f c a r r i e r i m m u n o g l o b u l i n s w a s < 0 . Z f % o f t h e r a d i o a c t i v i t y a d d e d . 

C a l c u l a t i o n o f r e s u l t s 

. . I n i t i a l l y , s e r a f r o m m i t e a l l e r g i c p a r e n t s v / e r e s c r e e n e d t o f i n d 

1 2 5 

s a m p l e s w h i c h b o u n d a h i g h p r o p o r t i o n ( > 6 0 % ) o f I - l a b e l l e d F ^ P ^ . A 

p o o l o f s e r u m f r o m t h r e e p a t i e n t s w h o h a d b e e n d e s e n s i t i z e d w i t h a q u e o u s 

D . p t e r o n y s s i n u s e x t r a c t c o u l d b i n d 6 8 % o f t h e r a d i o a c t i v i t y a d d e d . T h i s 

p o o l ( c o n t r o l s e r u m ) w a s a r b i t r a r i l y d e f i n e d a s c o n t a i n i n g ' 1 3 , 0 0 0 u n i t s 

I g G b i n d i n g a c t i v i t y ( B A ) f o r F ^ P ^ / m l . S e r i a l t w o - f o l d d i l u t i o n s o f 

t h e c o n t r o l s e r u m f r o m 1 : 1 0 0 t o 1 : 5 1 , 2 0 0 w e r e a s s a y e d f o r I g G B A a n d 

t h e r e s u l t s ( c o n t r o l c u r v e ) w e r e p l o t t e d o n a l o g - l i n e a r s c a l e . T h e 

r a d i o a c t i v i t y b o u n d b y s e r u m s a m p l e s w a s c o n v e r t e d t o v a l u e s f o r I g G B A 

b y r e f e r e n c e t o t h i s c o n t r o l c u r v e s e t u p i n p a r a l l e l v / i t h e a c h a s s a y 
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( F i g . A . 4 . 1 . 1 . ) . A s s a y s f o r I g G B A w e r e p e r f o r m e d u s i n g 0 . 1 m l s e r u m 

d i l u t e d 1 : 1 2 . 5 , 1 : 2 5 a n d 1 : 5 0 . R e s u l t s w e r e c a l c u l a t e d a s t h e m e a n 

o f t h e t h r e e v a l u e s . T h e q u a n t i t i e s o f I g E B A ( a n d I g A B A ) w e r e 

l o w e r t h a n f o r I g G B A . H o w e v e r , t h e d i l u t i o n c u r v e s f o r I g E B A c o u l d 

b e s u p e r i m p o s e d o n t h o s e f o r I g G B A ( F i g . A . 4 . I . 2 . ) , a n d t h e r e f o r e 

q u a n t i t a t i v e r e s u l t s f o r a l l t h r e e c l a s s e s w e r e o b t a i n e d b y e x t r a p o l a -

t i o n f r o m t h e I g G B A c o n t r o l c u r v e . A s s a y s f o r I g E a n d I g A B A w e r e 

c a r r i e d o u t u s i n g l o w e r d i l u t i o n s o f s e r u m ( 1 : 6 , 1 : 1 2 . 5 a n d 1 : 2 5 ) . 

S e r a c o n t a i n i n g h i g h l e v e l s o f B A w e r e d i l u t e d f u r t h e r s o t h a t > 8 0 % 

o f t h e r a d i o a c t i v i t y w a s n o t b o u n d b y a n y c l a s s o f a b , i . e . t h e 

a n t i g e n e x c e s s w a s a t l e a s t f o u r - f o l d . F o u r s e r a f r o m n o n - a l l e r g i c 

p e r s o n s w e r e t e s t e d i n e a c h a s s a y t o d e f i n e t h e n e g a t i v e b a c k g r o u n d . 

A r e s u l t t w o s t a n d a r d d e v i a t i o n s a b o v e t h i s b a c k g r o u n d w a s r e g a r d e d 

a s p o s i t i v e . 

T h e a n t i g e n b i n d i n g a s s a y s f o r m e a s u r i n g a b t o R y e I , p h o s p h o l i p a s e 

A ( P I A ) a n d d i p h t h e r i a t o x i n w e r e b a s e d o n t h o s e d e s c r i b e d b y P l a t t s -

M i l l s e t a l ( 1 9 7 8 ) , S o b o t k a e t a l ( 1 9 7 6 ) a n d P l a t t s - M i l l s a n d I s h i z a k a 

( 1 9 7 5 ) . I a m v e r y g r a t e f u l t o D r . D . M a r s h f o r p r o v i d i n g R y e I a n d t o 

P r o f e s s o r M . L e s s o f f o r p r o v i d i n g P L A . T h e a s s a y s f o r a b t o h o r s e 

a l l e r g e n s N o . 6 a n d N o . 1 1 ( k i n d l y p r o v i d e d b y D r . H . L o w e n s t e i n ) a n d t o 

P - l a c t o g l o b u l i n ( B D H , P o o l e , D o r s e t ) w e r e d e v e l o p e d u s i n g l O n g , 5 n g a n d 

1 2 5 

3 n g o f e a c h I - l a b e l l e d a l l e r g e n r e s p e c t i v e l y . A h i g h p r o p o r t i o n 

1 2 5 

( ^ 5 % ) o f t h e I - l a b e l l e d P - l a c t o g l o b u l i n b o u n d n o n - s p e c i f i c a l l y t o 

t h e p l a s t i c a s s a y t u b e s , t h u s r e d u c i n g t h e s e n s i t i v i t y o f t h e a s s a y . 

T h i s b a c k g r o u n d w a s r e d u c e d t o < 0 . 4 % o f t h e r a d i o a c t i v i t y a d d e d b y 

t r a n s f e r r i n g e a c h p r e c i p i t a t e t o a n o t h e r t u b e a f t e r t h e s e c o n d w a s h . 
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F i g u r e A . 1 . 1 

C o n t r o l c u r v e f o r I g G tsA f o r F ^ J P ^ . S e r i a l d i l u t i o n s o f t h e c o n t r o l s e r u m 
1 2 5 c o n t a i n i n g 1 3 , 0 0 0 u n i t s I g G B A / n l v / e r e a s s a y e d u s i n g 7 n g I - l a b e l l e d 

1 2 5 
F 4 P 1 ( 2 0 8 ? 0 0 0 C P " 1 I ) a n d a n t i - I g G t o p r e c i p i t a t e ( o © ) . T h e d a s h e d " 

l i n e s s h o w t h e r a d i o a c t i v i t y b o u n d b y 3 d i l u t i o n s o f a t e s t s e r u m a n d 

t h e m e t h o d o f e x t r a p o l a t i o n u s e d t o o b t a i n u n i t s o f B A . A l s o s h o w n i s 

t h e v a l u e r e p r e s e n t i n g < ^ 2 0 % b i n d i n g o f t h e a d d e d F ^ P ^ ( * * * * ) . V a l u e s 

b e l o w t h i s l e v e l l i e w i t h i n t h e u s e f u l l i m i t s o f t h e a s s a y ( i . e . t h e r e 

i s > 4 - f o l d a n t i g e n e x c e s s ) . T h e I g G B A o f a 1 : 1 2 . 5 d i l u t i o n o f t h e t e s t 

s e r u m l i e s j u s t w i t h i n t h e 2 0 % l i m i t . A t l o w e r d i l u t i o n s , e . g . 1 : 6 v a l u e s 

f o r I g A B A o r I g E B A w o u l d b e l e s s r e l i a b l e a n d m i g h t b e u n d e r e s t i m a t e d 

b e c a u s e t h e o v e r a l l a n t i g e n e x c e s s w o u l d b e < 4 - f o l d . T h i s c o n t r o l c u r v e 

w o u l d b e o b t a i n e d s o o n a f t e r l a b e l l i n g F ^ P ^ . B e c a u s e t h e q u a n t i t y o f 

a n t i g e n a d d e d i s c o n s t a n t t h e c o u n t s w i l l f a l l p r o g r e s s i v e l y , . i . e . 4 0 , 0 0 0 

c p m b o u n d a f t e r 6 0 d a y s , 2 0 , 0 0 0 c p m b o u n d a f t e r 1 2 0 d a y s , e t c . T h e 

l a b e l l e d a l l e r g e n s c a n u s u a l l y b e u s e d f o r 6 m o n t h s t h o u g h t h e s e n s i t i v i t y 

g r a d u a l l y b e c o m e s r e d u c e d . 
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F i g u r e A . 4 . 1 . 2 

R a d i o a c t i v i t y b o u n d b y d i l u t i o n s o f t h r e e s e r a f r o m m i t e - a l l e r g i 

p e r s o n s p r e c i p i t a t e d b y a n t i I g G ( o © ) o r a n t i I g E ( o o ) . 
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7 n g I F , P , w e r e a d d e d t o e a c h t u b e . 
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A d e s c r i p t i o n o f t h e c o n t r o l s e r a u s e d a s S t a n d a r d s i n a n t i g e n b i n d i n g 

a s s a y s i s g i v e n i n T a b l e A . 1 . 1 . 

A c c u r a t e m e a s u r e m e n t s o f B A c a n o n l y b e o b t a i n e d i f t h e a n t i g e n 

e x c e s s o v e r a l l c l a s s e s i s a t l e a s t f o u r - f o l d . I t w a s d i f f i c u l t t o 

m a i n t a i n a n t i g e n e x c e s s i n t h e P - l a c t o g l o b u l i n a n d d i p h t h e r i a t o x i n 

a s s a y s b e c a u s e o f t h e h i g h l e v e l s o f I g G a b . T h e s e a s s a y s w e r e t h e r e -

f o r e r e p e a t e d o n s e r u m f r a c t i o n s w h i c h v / e r e e n r i c h e d f o r I g G o r I g E 

t o e n s u r e t h a t m e a s u r e m e n t s o f I g E E A w e r e n o t u n d e r e s t i m a t e d . T h e 

f r a c t i o n s w e r e o b t a i n e d b y p r e c i p i t a t i o n w i t h 3 3 % a n d 3 3 - 5 0 % s a t u r a t e d 

a m m o n i u m s u l p h a t e ( S A S ) ( C a r s o n , M e t z g e r a n d B a z i n , 1 9 7 5 ) . B r i e f l y , 

0 . 2 m l s e r u m w a s d i l u t e d w i t h 0 . 2 m l B B S , p r e c i p i t a t e d w i t h 0 . 2 m l S A S 

a n d s t i r r e d v i g o r o u s l y o n a v o r t e x m i x e r . A f t e r 3 0 m i n s . t h e p r e c i p i -

t a t e ( 3 3 % c u t ) w a s r e m o v e d b y c e n t r i f u g a t i o n ( 3 , 0 0 0 g x 1 5 m i n s . ) a n d 

r e s u s p e n d e d w i t h O . i + m l B B S . T h e s u p e r n a t a n t w a s m i x e d w i t h a f u r t h e r . 

0 . 2 m l S A S t o o b t a i n a 3 3 - 5 0 % S A S c u t . D i l u t i o n s o f t h e 3 3 % a n d 3 3 - 5 0 % 

S A S f r a c t i o n s w e r e u s e d i n a s s a y s f o r I g G B A a n d I g E B A r e s p e c t i v e l y . 

T h e p r o b l e m o f m a i n t a i n i n g a n t i g e n . e x c e s s o v e r a l l c l a s s e s o f a b 

a l s o a r o s e w i t h s o m e m i d - a n d p o s t - t r e a t m e n t s e r a f r o m p a t i e n t s w h o 

h a d r e c e i v e d d e s e n s i t i z i n g i n j e c t i o n s o f D . p t e r o n y s s i n u s e x t r a c t , 

T h e s e s e r a c o n t a i n e d v e r y h i g h l e v e l s o f I g G B A f o r F ^ P . ^ a n d t h e r a t i o 

o f I g G B A : I g E B A c o u l d b e > 2 0 : 1 . V a l u e s f o r I g E B A w e r e e s t i m a t e d f r o m 

t h e R A S T r e s u l t s f o r D . p t e r o n y s s i n u s w h i c h w e r e n o t a f f e c t e d t o t h e 

s a m e e x t e n t b y I g G a b ( s e e C h a p t e r I I I ) . T h e R A S T r e s u l t s w e r e d i v i d e d 

b y 2 : 3 9 ( t h e m e a n r a t i o o f R A S T : I g E B A i n p r e - t r e a t m e n t s e r a ) t o o b t a i n 



T A B L E A . 4 . 1 . 1 

C o n t r o l s e r a u s e d i n a n t i g e n b i n d i n g a s s a y s 

A s s a y f o r a b t o : -

R y e I 

P h o s p h o l i p a s e A 

D i p h t h e r i a t o x i n 

C o n t r o l s e r u m ( a ) 

1 3 , 0 0 0 u n i t s B A / m l * 

1 0 0 , 0 0 0 u n i t s B A / m l * 

1 0 , 0 0 0 u n i t s B A / m l * 

4 0 I n t e r n a t i o n a l U n i t s o f 
A n t i t o x i n x 1 0 - 3 / m l 

E s t i m a t e o f t h e 
q u a n t i t y o f I g G a b 

r e p r e s e n t e d b y 
1 u n i t o f a c t i v i t y 

1 . 1 n g 

0 . 2 - 0 . 7 n g 

n . d . 

( b ) 

( c ) 

1 0 n g ( d ) 

P - l a c t o g l o b u l i n 5 , 0 0 0 u n i t s B A / m l n . d . 

C a ) V a l u e s r e p r e s e n t u n i t s o f I g G b i n d i n g a c t i v i t y . 

( b ) C a l c u l a t e d f r o m R A S T a b s o r p t i o n e x p e r i m e n t s ( C h a p t e r I I ) . 

( c ) R a n g e o f e s t i m a t e s o b t a i n e d b y d i r e c t b i n d i n g , R A S T e l u t i o n 

a n d R A S T a b s o r p t i o n ( P l a t t s - M i l l s e t a l , 1 9 7 8 ) . 

( d ) - B a s e d o n a s e r u m w h i c h h a d b e e n s u b s t a n d a r d i z e d a g a i n s t h o r s e 

a n t i t o x i n b y t o x i n n e u t r a l i z a t i o n i n r a b b i t s k i n ( P l a t t s - M i l l s 

a n d I s h i z a k a , 1 9 7 5 ) . 

* S e r u m o b t a i n e d f r o m p a t i e n t ( s ) w h o h a d r e c e i v e d d e s e n s i t i z i n g 

i n j e c t i o n s o f a l l e r g e n e x t r a c t s . 
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e s t i m a t e d u n i t s o f I g E B A f o r F . P _ . T h e m e a n d i f f e r e n c e b e t w e e n t h e 
4 1 

m e a s u r e d I g E B A a n d t h a t e s t i m a t e d b y R A S T c o n v e r s i o n w a s < 2 0 % i n 

p o s t - t r e a t m e n t s e r a f r o m 1 0 D P a n d 1 0 ' p l a c e b o ' p a t i e n t s ( C h a p t e r I I I ) . 

A . 2 . T h e r a d i o a l l e r g o s o r b e n t t e s t ( R A S T ) 

T h e R A S T i s t h e m o s t w i d e l y u s e d i n v i t r o t e s t f o r m e a s u r i n g 

I g E a b t o a l l e r g e n s . I n i t s o r i g i n a l f o r m ( W i d e , B e n n i c h a n d J o h a n s s o n , 

1 9 6 7 ) a l l e r g e n - c o u p l e d s e p h a r o s e b e a d s w e r e i n c u b a t e d f o r s e v e r a l h o u r s 

1 2 5 w i t h s e r u m t h e n w a s h e d e x t e n s i v e l y a n d i n c u b a t e d w i t h I - l a b e l l e d 

a n t i - I g E . T h e c o u n t s b o u n d b y t h e b e a d s ( a f t e r f a r t h e r w a s h i n g t o 

1 2 5 

r e m o v e e x c e s s I ) w e r e d i r e c t l y r e l a t e d t o t h e c o n c e n t r a t i o n o f 

a l l e r g e n s p e c i f i c I g E i n t h e s e r u m . F o r m o s t a l l e r g e n s t h e r e w a s a 

v e r y g o o d c o r r e l a t i o n b e t w e e n t h e R A S T a n d i n v i v o m e t h o d s o f a s s e s s -

i n g I g E a b , e . g . s k i n t e s t s a n d p r o v o c a t i o n t e s t s ( W i d e e t a l , 1 9 6 7 ; 

B e r g , B e n n i c h a n d J o h a n s s o n , 1 9 7 1 ; B e n n i c h a n d J o h a n s s o n , 1 9 7 1 ) . T h e 

t e c h n i q u e a c h i e v e d w i d e s p r e a d c l i n i c a l a p p l i c a t i o n f o l l o w i n g t h e i n t r o -

d u c t i o n o f p a p e r d i s c s a s i m m u n o s o r b e n t ( C e s k a , E r i k s s o n a n d V a r g a , 

1 9 7 2 ) . U s i n g t h e d i s c R A S T i n m i c r o t i t r e p l a t e s l a r g e n u m b e r s o f 

s a m p l e s c o u l d b e p r o c e s s e d q u i c k l y w i t h o u t l o s s o f s e n s i t i v i t y . 

F u r t h e r m o r e , t h e u s e o f a s i n g l e r a d i o l a b e l l e d r e a g e n t ( a n t i - I g E ) 

t o m e a s u r e I g E a b t o d i f f e r e n t a l l e r g e n s w a s i d e a l f o r c l i n i c a l 

p u r p o s e s . 

T h e r e s u l t s o f t h e R A S T a r e o f t e n e x p r e s s e d s e m i - q u a n t i t a t i v e l y 

e i t h e r a s ' % c o u n t s b o u n d ' o r o n a 1 t o k p l u s b a s i s , e . g . ' P h a d e b a s ' 

R A S T ( P h a r m a c i a , S w e d e n ) . T h i s m a k e s i t d i f f i c u l t t o c o m p a r e r e s u l t s 

o b t a i n e d i n d i f f e r e n t l a b o r a t o r i e s a n d r e d u c e s t h e s e n s i t i v i t y o f t h e 
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assay. The RAST can be quantitated using a control serum given units 

of RAST activity to form a control curve. Values for unknown sera are 

extrapolated from the curve and expressed in RAST units/ml. This 

method gives extremely accurate quantitative results and can distinguish 

levels of IgE ab in different sera over a range of 2 - 3 orders of 

magnitude. Recently, RAST techniques have been developed (for experi-

mental purposes) which allow the absolute amount of allergen-specific 

IgE to be determined in ng. These methods, RAST absorption (Gleich 

and Jacob, 1 9 7 5 ) and RAST elution (Schellenburg and Adkinson, 1 9 7 5 ) , 

involve measuring the IgE either absorbed by or eluting from allergen-

coupled sepharose beads. 

RAST for measuring IgE antibody 

T h e m e t h o d o f C e s k a e t a l ( 1 9 7 2 ) w a s u s e d . P a p e r d i s c s w e r e 

a c t i v a t e d v / i t h c y a n o g e n b r o m i d e u s i n g a m o d i f i c a t i o n o f t h e t e c h n i q u e 

d e s c r i b e d i n A p p e n d i x A . 2 . 3 . 5 g p r e - s w o l l e n p a p e r d i s c s ( W h a t m a n 

G r a d e 5 4 1 , 0 . 6 c m d i a m e t e r ) w e r e a c t i v a t e d w i t h 5 g C N B r i n 1 5 0 m l 

d i s t i l l e d w a t e r , w a s h e d w i t h 4 L 0 . 0 0 5 M s o d i u m b i c a r b o n a t e f o l l o w e d 

b y 1 L a c e t o n e a n d s t o r e d i n a d e s s i c a t o r u n t i l d r y . T h e a c t i v a t e d 

d i s c s c a n b e s t o r e d d r y a t - 2 0 ° C f o r u p t o o n e y e a r p r i o r t o u s e . 

1 5 m g a l l e r g e n w a s c o u p l e d t o a b o u t 1 0 0 0 d i s c s ( 2 - 3 g ) i n 2 5 m l 0 . 1 M . 

s o d i u m b i c a r b o n a t e f o r 2 4 h o u r s a t 4 ° C . T h e d i s c s w e r e i n c u b a t e d 

v / i t h 0 . 1 M e t h a n o l a m i n e f o r 2 h o u r s , w a s h e d s u c c e s s i v e l y w i t h 0 . 1 M 

s o d i u m b i c a r b o n a t e , 0 . 1 M s o d i u m a c e t a t e p H 4 - 0 a n d B B S a n d t h e n 

d e s s i c a t e d . 

T h e p r o t o c o l f o r t h e R A S T i s s h o w n i n F i g . A . 4 . 2 . 1 . A s s a y s v / e r e 

c a r r i e d o u t i n t h e w e l l s o f f l a t - b o t t o m e d m i c r o t i t r e p l a t e s ( S t e r i l i n , 
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A l l e r g e n c o u p l e d p a p e r d i s c 

A d d 0 . 1 m l s e r u m d i l u t i o n 

I n c u b a t e o v e r n i g h t a t r o o m t e m p e r a t u r e 

W a s h f i v e t i m e s w i t h H A S T b u f f e r 

1 2 5 
A d d 2 n g I - l a b e l l e d a n t i - I g E ( 0 . 0 5 m l ) 

W a s h f i v e t i m e s w i t h R A S T b u f f e r 

T r a n s f e r t h e d i s c t o a p l a s t i c t u b e a n d 

c o u n t t h e r a d i o a c t i v i t y b o u n d t o t h e d i s c 

F i g u r e A . 2 . 1 T h e r a d i o a l l e r g o s o r b e n t t e s t 
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T e d d i n g t o n , U . K . ) . S e r a w e r e r o u t i n e l y a s s a y e d a t 1 : 1 2 . 5 a n d 1 : 2 5 

d i l u t i o n s o r a h i g h e r o r l o w e r d i l u t i o n s w h e r e n e c e s s a r y . T h e R A S T 

b u f f e r c o n t a i n e d 0 . 5 % s o d i u m a z i d e a n d 0 . 5 % T w e e n - 2 0 ( S i g m a , P o o l e , 

D o r s e t ) i n 0 . 2 % B S A B B S , p H 7 . 5 . T h e d i s c s w e r e w a s h e d b y f i l l i n g 

t h e w e l l s w i t h R A S T b u f f e r a n d t h e n a s p i r a t i n g t h e s u p e r n a t a n t . 

A n t i - I g E w a s p u r i f i e d f r o m g o a t a n t i s e r u m b y a f f i n i t y c h r o m a t o g r a p h y 

u s i n g a n i m m u n o s o r b e n t c o l u m n l i n k e d t o p u r e P S m y e l o m a p r o t e i n . 

T h e R A S T r e s u l t s w e r e q u a n t i t a t e d b y r e f e r e n c e t o a c o n t r o l c u r v e 

a n a l a g o u s t o t h o s e u s e d f o r a n t i g e n b i n d i n g a s s a y s . T h e R A S T c u r v e w a s 

o b t a i n e d b y a s s a y i n g I g E a b i n t w o - f o l d d i l u t i o n s o f a n a l l e r g i c s e r u m 

w i t h h i g h l e v e l s o f I g E a b . T h i s c o n t r o l s e r u m c o u l d b i n d ' " 5 0 % o f 

t h e r a d i o a c t i v i t y a d d e d a t a 1 : 6 d i l u t i o n a n d s h o w e d s i g n i f i c a n t b i n d -

i n g ( 2 - 3 % ) a t a 1 : 6 ^ 0 0 d i l t u i o n . T h e c o n t r o l s e r u m w a s d e f i n e d t o 

c o n t a i n 6 ^ 0 0 R A S T u n i t s / m l f o r b o t h D . p t e r o n y s s i n u s a n d D . f a r i n a e o n 

t h e b a s i s o f t h e d i l u t i o n c u r v e s ( F i g . A . 4 . 2 . 2 ) . T h e n e g a t i v e b a c k - • 

g r o u n d w a s d e f i n e d b y t h e m e a n l e v e l f o r s e r a f r o m f i v e n o n - a l l e r g i c 

i n d i v i d u a l s . V a l u e s w h i c h w e r e g r e a t e r t h a n t w o s t a n d a r d d e v i a t i o n s 

a b o v e t h e m e a n w e r e r e g a r d e d a s p o s i t i v e . T h e n o n - s p e c i f i c b i n d i n g 

b y c o n t r o l s e r a w a s 0 . 8 % o f t h e r a d i o a c t i v i t y a d d e d . 

R A S T a b s o r p t i o n 

R A S T a b s o r p t i o n w a s c a r r i e d o u t a s d e s c r i b e d b y G l e i c h a n d J a c o b 

( 1 9 7 5 ) . D i l u t i o n s o f s e r u m ( 1 : 2 - 1 : 2 0 ) o r s p e c i f i c a b ( 1 : 2 0 0 - 1 : ^ 0 0 ) 



serum dilution 1:25600 1:6400 1:1600 1:400 1:100 1:25 1:6 

RAST (units/ml) 0.25 1 4 16 64 256 512 

F i g u r e A . k . 2 . 2 • — 

T y p i c a l R A S T c o n t r o l c u r v e s . S e r i a l d i l u t i o n s - o f t h e c o n t r o l s e r u m 

w e r e i n c u b a t e d w i t h R A S T d i s c s c o u p l e d t o c r u d e e x t r a c t s o f e i t h e r 

D . p t e r o n y s s i n u s ( O 0 ) o r D . f a r i n a e ( © 0 ) . T h e q u a n t i t y o f 
1 2 5 

I - l a b e l l e d a n t i - I g E b o u n d a t d i f f e r e n t s e r u m d i l u t i o n s a n d t h e 

e q u i v a l e n t v a l u e i n R A S T u n i t s / m l i s s h o w n . T o t a l r a d i o a c t i v i t y 

a d d e d = 5 6 , 0 0 0 c p m . 
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w e r e a b s o r b e d o v e r n i g h t w i t h 0 . 5 m l 2 % s e p h a r o s e b e a d s c o u p l e d t c E x I , 

a n t i g e n P ^ ( I E F F r . 5 ) o r h u m a n s e r u m a l b u m i n . T h e b e a d s w e r e s e d i -

m e n t e d b y c e n t r i f u g a t i o n ( 2 , 0 0 0 g x 1 5 m i n s . ) a n d t h e s u p e r n a t a n t w a s 

r e m o v e d a n d a s s a y e d f o r t o t a l I g E ( A p p e n d i x B . 2 . ) . 
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B . 1 . P r e p a r a t i o n a n d a n a l y s i s o f p r o t e i n s 

B . 1 . 1 . I s o e l e c t r i c f o c u s i n g 

I s o e l e c t r i c f o c u s i n g i s a m e t h o d o f s e p a r a t i n g p r o t e i n s a c c o r d i n g 

t o t h e i r b e h a v i o u r o n e l e c t r o p h o r e s i s i n a p H g r a d i e n t . P r o t e i n s , b e i n g 

a m p h o t e r i c , m i g r a t e u n t i l t h e y r e a c h t h e p H a t w h i c h t h e i r n e t c h a n g e 

i s z e r o a n d c o n c e n t r a t e o r ' f o c u s ' a t t h a t p o i n t ( t h e i s o e l e c t r i c 

p o i n t , p i ) ( K o l i n , 1 9 5 8 ) . T h e p i i s a n i n t r i n s i c p r o p e r t y o f a g i v e n 

p r o t e i n w h i c h i s e x p l o i t e d b y I E F . T h e t e c h n i q u e i s d e p e n d e n t o n t h e 

g e n e r a t i o n o f s t a b l e , c o n t i n u o u s p H g r a d i e n t s u s i n g c a r r i e r a m p h o l y t e s . 

T h e s e m o l e c u l e s s h o u l d h a v e g o o d b u f f e r i n g c a p a c i t y , h i g h c o n d u c t i v i t y 

a n d s o l u b i l i t y ( S v e n s s o n , 1 9 6 2 ) . O t h e r d e s i r a b l e p r o p e r t i e s i n c l u d e 

l o w l i g h t a b s o r p t i o n a t 2 8 0 n m a n d l o w m o l e c u l a r w e i g h t . M o l e c u l e s 

w i t h s u c h p r o p e r t i e s w e r e f i r s t s y n t h e s i z e d a s i s o m e r s o f p o l y a m i n o -

p o l y c a r b o x y l i c a c i d s ( a m p h o l i n e ) ( V e s t e r b u r g , 1 9 6 9 ) . A m p h o l i n e h a s 

b e e n s h o w n t o b e n o n - t o x i c ( W a d s t r o m e t a l , 1 9 7 4 ) a n d i s , t h e r e f o r e , 

p a r t i c u l a r l y s u i t a b l e f o r u s e i n a l l e r g e n p u r i f i c a t i o n . I E F i s a n 

e x t r e m e l y h i g h r e s o l u t i o n t e c h n i q u e w h i c h c a n s e p a r a t e p r o t e i n s t h a t 

d i f f e r b y < 0 . 0 1 p i u n i t s . I t i s a l s o t h e e a s i e s t m e t h o d f o r d e t e r m i n -

i n g t h e p i . T h e r e s u l t s a r e u s u a l l y r e p o r t e d a s ' a p p a r e n t ' p i b e c a u s e 

r e s u l t s m a y v a r y s l i g h t l y w i t h d i f f e r e n t I E F t e c h n i q u e s a n d m a y a l s o 

d i f f e r f r o m v a l u e s o b t a i n e d b y o t h e r p h y s i c o c h e m i c a l m e t h o d s . 

I n t h e s e s t u d i e s b o t h a n a l y t i c a l a n d p r e p a r a t i v e I E F w a s c a r r i e d 

o u t u s i n g t h e L K B 2 1 1 7 M u l t i p h o r w i t h a c o n s t a n t w a t t a g e p o w e r p a c k 

( L K B 2 1 0 3 - L K B - P r o d u c k t o r R B B r o m m a , S w e d e n ) . C a r r i e r a m p h o l i n e , 

a n a l y t i c a l p o l y a c r y l a m i d e g e l s a n d U l t r o d e x w e r e a l s o o b t a i n e d f r o m 

L K B . 
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A n a l y t i c a l I E F 

T h i n l a y e r p o l y a c r y l a m i d e g e l I E F ( A v / d e h , W i l l i a m s o n a n d A s k o n a s , 

1 9 6 8 ) v / a s c a r r i e d o u t a s d e s c r i b e d b y K a r l s s o n e t a l ( 1 9 7 3 ) . A l l e r g e n 

s o l u t i o n s ( 1 - 2 m g / m l ) w e r e a b s o r b e d o n t o 0 . 5 x 1 . 0 c m s t r i p s o f f i l t e r 

p a p e r ( W h a t m a n 3 M ) a n d a p p l i e d t o t h e s u r f a c e o f a p o l y a c r y l a m i d e I E F 

g e l . T h i s g e l v / a s 1mm t h i c k a n d c o n t a i n e d 5 % a c r y l a m i d e a n d 2 . 4 % 

a m p h o l i n e p H 3 . 5 - 1 0 . C e l l u l o s e e l e c t r o d e s t r i p s s o a k e d i n 1 M N a O H o r 

1 M w e r e u s e < i t o f o r m t h e c a t h o d e a n d a n o d e r e s p e c t i v e l y . T h e 

g e l v / a s i n i t i a l l y f o c u s e d a t 1 0 W f o r 1 5 m i n u t e s . T h e s a m p l e s t r i p s 

w e r e t h e n r e m o v e d a n d t h e f o c u s i n g v / a s c o n t i n u e d a t 1 5 W f o r 7 5 m i n u t e s . 

T h e g e l w a s s t a i n e d w i t h 0 . 5 % C o o m a s s i c B l u e R - 2 5 0 a t 5 6 ° C f o r 2 0 

m i n u t e s a n d d e s t a i n e d i n e t h a n o l - a c e t i c a c i d - w a t e r ( 3 : 1 : 8 ) . 

P r e p a r a t i v e I E F 

P r e p a r a t i v e I E F w a s c a r r i e d o u t i n f l a t b e d s o f g r a n u l a t e d g e l 

( R a d o l a . 1 9 6 9 ) . A g e l c o n t a i n i n g 4 . 0 % ( w / v ) U l t r o d e x , 3 . 5 % ( v / v ) 

a m p h o l i n e s p H 3 . 5 - 1 0 , 0 . 5 % ( v / v ) a m p h o l i n e s p H 9 - 1 1 a n d 1 2 m g F ^ P ^ i n 

1 0 0 m l d i s t i l l e d w a t e r w a s p o u r e d i n t o a 2 4 . 5 x 1 1 . 0 x 0 . 5 c m a c r y l i c 

f r a m e c o n t a i n i n g e l e c t r o d e s t r i p s s o a k e d i n e i t h e r 1 M N a O H ( - ) o r 

1 M H ^ P O ^ ( + ) . T h e g e l v / a s a i r d r i e d o n a l e v e l s u r f a c e u n t i l t h e 

m o i s t u r e c o n t e n t w a s r e d u c e d b y ^ 3 5 % u s i n g a h a i r d r i e r p o s i t i o n e d 

3 0 c m a b o v e t h e g e l . I t w a s t h e n f o c u s e d a t a c o n s t a n t 8W f o r 1 5 - 1 6 

h o u r s a t 1 0 ° C . A f t e r f o c u s i n g t h e g e l w a s c u t i n t o 0 . 5 c m s e c t i o n s 

a n d e a c h s e c t i o n w a s e l u t e d t w i c e w i t h 2 . 5 m l B B S . T h e p H , p r o t e i n 

c o n t e n t ( a b s o r b a n c e a t 2 8 0 n m ) a n d F , P . c o n t e n t o f t h e f i r s t e l u a t e 
4 1 

w a s m e a s u r e d . T w o f r a c t i o n s , F r . 5 a n d F r . 1 4 w e r e p o o l e d a n d c o n c e n -

t r a t e d d o w n t o 2 m l , C a r r i e r a m p h o l i n e s w e r e s e p a r a t e d f r o m p r o t e i n 



b y g e l f i l t r a t i o n t h r o u g h a 3 5 . 0 x 1 . 0 c m c o l u m n o f S e p h a d e x G - 5 0 . 

T h i s m e t h o d w a s n o t w h o l l y s u c c e s s f u l b e c a u s e t h e p r o t e i n f r a c t i o n s 

s t i l l c o n t a i n e d t r a c e a m o u n t s o f a m p h o l i n e . T h e r e s u l t s w e r e i n 

a g r e e m e n t w i t h t h o s e o f B ^ u m a n n a n d C h r a m b a c h ( 1 9 7 5 ) w h o s h o w e d t h a t 

s o m e a m p h o l i n e p r e p a r a t i o n s c o n t a i n e d h i g h m o l e c u l a r w e i g h t s p e c i e s 

( 2 0 - 3 0 , 0 0 0 d a l t o n s ) . T h i s p r o b l e m m a y b e r e s o l v e d b y t h e u s e o f l o w 

m o l e c u l a r w e i g h t a m p h o l y t e s « 1 , 0 0 0 d a l t o n s ) w i t h v e r y g o o d i s o e l e c t r i c 

p r o p e r t i e s w h i c h h a v e r e c e n t l y b e e n d e s c r i b e d ( L a a s , O l s s o n a n d 

S o d e r b u r g , 1 9 8 0 ) . 

B . 1 . 2 . P o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s 

P o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s i n s o d i u m d o d e c y l s u l p h a t e 

( S D S - P A G E ) i s c o m m o n l y u s e d f o r d e t e r m i n i n g t h e m o l e c u l a r w e i g h t s o f 

p r o t e i n s a n d o t h e r m a c r o m o l e c u l e s . M o s t p r o t e i n s f o r m n e g a t i v e l y 

c h a r g e d , r o d l i k e p a r t i c l e s w h e n t h e y b i n d S D S w h i c h s e p a r a t e a c c r o d -

i n g t o m o l e c u l a r w e i g h t o n e l e c t r o p h o r e s i s ( S h a p i r o , V i n u e l a a n d M a i z e l , 

1 9 6 7 ) . A c c u r a t e v a l u e s f o r t h e m o l e c u l a r w e i g h t a r e o b t a i n e d b y 

c o m p a r i n g t h e e l e c t r o p h o r e t i c m o b i l i t y o f t h e t e s t s a m p l e w i t h t h a t 

o f k n o w n s t a n d a r d s . T h e c o n c e n t r a t i o n o f a c r y l a m i d e c a n b e a d j u s t e d 

t o m a k e g e l s v / i t h a r a n g e o f p o r e s i z e s e s p e c i a l l y d e s i g n e d f o r t h e 

s e p a r a t i o n o f p r o t e i n s i n a g i v e n m o l e c u l a r v / e i g h t r a n g e . S D S - P A G E 

c a n a l s o b e u s e d t o a s s e s s t h e h o m o g e n e i t y a n d s u b - u n i t s t r u c t u r e o f 

p r o t e i n s . 

A n a l y t i c a l S D S - P A G E w a s p e r f o r m e d i n a s l a b g e l a p p a r a t u s 

( S t u d i e r , 1 9 7 3 ) u s i n g a d i s c o n t i n u o u s b u f f e r s y s t e m ( L a e m m l i , 1 9 7 0 ) . 
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T h e r e a g e n t s u s e d w e r e o f a n a l y t i c a l g r a d e ; a c r y l a m i d e w a s o b t a i n e d 

f r o m E a s t m a n K o d a k , L i v e r p o o l , U . K . , T E M E D ( N N N ' N ' - t e t r a m e t h y l e -

t h y l e n e d i a m i n e ) a n d s o d i u m d o d e c y l s u l p h a t e " s p e c i a l l y p u r i f i e d f o r 

b i o c h e m i c a l w o r k " w e r e o b t a i n e d f r o m B . D . H . P o o l e , D o r s e t . A c r y l a m i d e 

m o n o m e r v / a s c r o s s - l i n k e d u s i n g N - N ' - d i a l l y l - t a r t a r d i a m i d e ( D A T D , 

A l d r i c h C h e m i c a l C o . M i l w a u k e e , W i s c o n s i n , U . S . A . ) a t a n a c r y l a m i d e : D A T D 

r a t i o o f 3 8 : 1 ( A n k e r , 1 9 7 0 ) . T h e r e s o l v i n g g e l c o n t a i n e d 1 5 % a c r y l a -

m i d e i n 0 . 3 8 M t r i s - H C L p H 8 . 8 . I t w a s o v e r l a i d w i t h a s p a c e r g e l 

c o n t a i n i n g 5 % a c r y l a m i d e i n 0 . 1 3 M t r i s - H C L p H 6 . 8 . B o t h g e l s c o n t a i n e d 

0 . 1 % S D S a n d v / e r e p o l y m e r i z e d u s i n g f r e s h l y p r e p a r e d a m m o n i u m p e r -

s u l p h a t e s o l u t i o n a s c a t a l y s t . T h e g e l f o r m u l a t i o n s v / e r e m o d i f i e d 

f r o m t h o s e o f P a y n e ( 1 9 7 6 ) . S a m p l e w e l l s ( 0 . 5 c m ) w e r e f o r m e d i n t h e 

s p a c e r g e l b e t w e e n t h e ' f i n g e r s ' o f a t e f l o n c o m b . E a c h w e l l w a s 

w a s h e d f r e e o f u n p o l y m e r i z e d a c r y l a m i d e p r i o r t o u s e . A l l e r g e n 

s o l u t i o n s c o n t a i n i n g 5 - 1 0 p , g p r o t e i n ( 1 m g / m l ) w e r e b o i l e d f o r 2 m i n u t e s 

i n h % S D S , 0 . 1 M d i t h i o t h r e i t o l a n d 8 M u r e a a n d a p p l i e d t o t h e s a m p l e 

w e l l s . E l e c t r o p h o r e s i s w a s c a r r i e d o u t f o r 3 - 4 h o u r s a t 1 5 m A u s i n g 

e l e c t r o d e b u f f e r c o n t a i n i n g 0 . 0 2 5 M t r i s , 0 . 1 9 M g l y c i n e a n d 0 . 1 % S D S 

p H 8 . 3 . 

B . 2 . I n h i b i t i o n r a d i o i m m u n o a s s a y s f o r a l l e r g e n a s s a y a n d t h e 
m e a s u r e m e n t o f t o t a l I g E 

I n h i b i t i o n r a d i o i m m u n o a s s a y ( R I A ) w a s f i r s t d e v e l o p e d t o a s s a y 

h o r m o n e s ( Y a ? L O W a n d B e r s o n , 1 9 6 0 ) a n d h a s s i n c e a c h i e v e d w i d e s p r e a d 

a p p l i c a t i o n i n m a n y b r a n c h e s o f s c i e n t i f i c r e s e a r c h . T h e a s s a y s r e l y 

o n t h e u s e o f c o l d a n t i g e n t o i n h i b i t t h e b i n d i n g o f e x c e s s r a d i o l a b e l l e d 

a n t i g e n t o a f i x e d a m o u n t o f a b . T h e a n t i g e n - a n t i b o d y c o m p l e x i s 
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s e p a r a t e d f r o m f r e e a n t i g e n ( e . g . b y p r e c i p i t a t i o n u s i n g a s e c o n d a b ) 

a n d t h e r a d i o a c t i v i t y c o u n t e d ; t h e n u m b e r o f c o u n t s b o u n d b e i n g 

i n v e r s e l y p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n o f i n h i b i t o r . D i l u t i o n s 

o f k n o w n c o n c e n t r a t i o n s o f c o l d a n t i g e n a r e u s e d t o f o . v . m a c o n t r o l 

c u r v e f r o m w h i c h v a l u e s f o r u n k n o w n s a m p l e s a r e o b t a i n e d . 

D o u b l e a n t i b o d y i n h i b i t i o n r a d i o i m m u n o a s s a y s u s u a l l y r e q u i r e 

p u r i f i e d a n t i g e n s b u t o n l y i n s u f f i c i e n t q u a n t i t i e s ( i i g ) t o r a d i o l a b e l . 

T h e i n h i b i t i o n R I A f o r F ^ P ^ v / a s d e v e l o p e d u s i n g i m m u n o s o r b e n t p u r i f i e d 

1 2 5 r a b b i t a n t i - E x I , I - l a b e l l e d F ^ P ^ a n d g o a t a n t i - r a b b i t I g G ( g o a t -

a n t i R a I g G ) t o p r e c i p i t a t e . I n i t i a l l y , d i r e c t b i n d i n g c u r v e s v / e r e 

s e t u p t o d e t e r m i n e t h e d i l u t i o n o f r a b b i t a n t i - E x I w h i c h w o u l d b i n d 

1 2 5 

^ 6 0 % a d d e d I - l a b e l l e d F . P . i n t h e a b s e n c e o f i n h i b i t o r ( F i g . B . 2 . 1 ) 

T h e c u r v e s h o w s t h a t a b o v e 6 0 % b i n d i n g t h e r e i s p r o g r e s s i v e a n t i b o d y 

e x c e s s . T h e r e f o r e , m u c h l a r g e r q u a n t i t i e s o f c o l d a n t i g e n w o u l d b e 

r e q u i r e d t o i n h i b i t t h e a s s a y a n d t h e s e n s i t i v i t y w o u l d b e r e d u c e d . 

C o n v e r s e l y , a t < 2 5 % b i n d i n g ( ' a n t i g e n e x c e s s ' ) m a x i m u m i n h i b i t i o n 

w o u l d b e a c h i e v e d w i t h s m a l l e r q u a n t i t i e s o f a n t i g e n t h e r e b y r e d u c i n g 

t h e r a n g e o f p o s s i b l e r e s u l t s . O n t h e b a s i s o f t h e s e c r i t e r i a 0 . 1 m l 

o f 1 : 2 0 , 0 0 0 r a b b i t a n t i - E x I w a s u s e d t o a s s a y f o r F ^ P ^ . a t l w a s 

d i l u t e d i n 1 : 5 0 n o r m a l r a b b i t s e r u m a n d i n c u b a t e d s u c c e s s i v e l y w i t h 1 2 5 

0 . 1 m l d i l u t e d s a m p l e f o l l o w e d b y 7 n g I - l a b e l l e d F ^ P ^ ( i n 0 . 1 m l ) 

f o r 2 h o u r s . T h e c o m p l e x w a s p r e c i p i t a t e d w i t h 0 . 1 m l g o a t - a n t i R a 

I g G d i l u t e d 1 : 6 , s u f f i c i e n t t o p r e c i p i t a t e a l l t h e r a b b i t I g G , f o r 

1 6 h o u r s a t 4 ° C . T h e p r e c i p i t a t e s w e r e t h e n w a s h e d t h r e e t i m e s i n 

B B S a n d t h e r a d i o a c t i v i t y c o u n t e d i n a Y - c o u n " t e r . S a m p l e s v / e r e 
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F i g u r e B . 2 . 1 

A n t i g e n b i n d i n g c a p a c i t y o f r a b b i t a n t i - E x l . S e r i a l d i l u t i o n s o f 
1 2 5 

r a b b i t a n t i - E x l w e r e i n c u b a t e d w i t h 7 n g I - l a b e l l e d F . P., f o r 4 h o u r s 
4 1 

a n d t h e n p r e c i p i t a t e d w i t h g o a t a n t i - R a l g G . T h e r a d i o a c t i v i t y b o u n d 

b y t h e w a s h e d p r e c i p i t a t e s i s s h o w n ( 0 0 ) . T o t a l r a d i o a c t i v i t y 

a d d e d = 1 2 0 , 0 0 0 c o u n t s / 1 0 0 s e c o n d s . 



d i l u t e d t h r o u g h o u t i n 0 . 3 % B S A B B S . S e r i a l t w o - f o l d d i l u t i o n s o f c o l d 

w e r e m a c * e f r o m l p - g / m l t o l n g / m l a n d u s e d t o c o n s t r u c t a c o n t r o l 

c u r v e f r o m w h i c h v a l u e s f o r u n k n o w n s a m p l e s w e r e o b t a i n e d ( F i g . B . 2 . 2 ) . 

T h e a s s a y w a s m o d i f i e d f o r t h e d e t e r m i n a t i o n o f a n t i g e n P ^ b y u s i n g 

1 2 5 

2 n g I - l a b e l l e d F r . 1 4 a n d d i l u t i o n s o f c o l d F r . 1 4 f o r t h e c o n t r o l 

c u r v e . B o t h a s s a y s w e r e d e p e n d e n t o n t h e a v a i l a b i l i t y o f s t a n d a r d 

p r e p a r a t i o n s o f c o l d a n t i g e n w i t h a d e f i n e d p r o t e i n c o n t e n t . T h e 

m e t h o d o f L o w r y e t a l ( 1 9 5 1 ) w a s u s e d t o d e t e r m i n e t h e p r o t e i n 

c o n c e n t r a t i o n o f F ^ P ^ a n d a m i n o - a c i d a n a l y s i s v / a s u s e d f o r t h e 

d e t e r m i n a t i o n o f p r o t e i n i n F r . 1 4 ( C h a p t e r I I ) . 

T h e d o u b l e a n t i b o d y i n h i b i t i o n r a d i o i m m u n o a s s a y f o r I g E ( I s h i z a k a 

e t a l , 1 9 7 0 ; G l e i c h e t a l , 1 9 7 1 ) v / a s c a r r i e d o u t u s i n g i m m u n o s o r b e n t 

1 2 5 

p u r i f i e d r a b b i t a n t i - I g E , 3 n g I - l a b e l l e d I g E ( N D ) a n d g o a t a n t i - R a 

I g G t o p r e c i p i t a t e . A l l t h e r e a g e n t s v / e r e a l r e a d y a v a i l a b l e w i t h i n 

t h e l a b o r a t o r y . T h e r a b b i t a n t i b o d y h a d b e e n r a i s e d a g a i n s t a d i f f e r -

e n t I g E m y e l o m a p r o t e i n ( P S ) t o a v o i d i d i o t y p i c c r o s s - r e a c t i v i t y . T h e 

s e r u m u s e d f o r t h e c o n t r o l c u r v e h a d b e e n s u b s t a n d a r d i z e d a g a i n s t t h e 

W . H . O . r e f e r e n c e s t a n d a r d 7 5 / 5 0 2 ( N a t i o n a l I n s t i t u t e f o r B i o l o g i c a l 

S t a n d a r d s a n d C o n t r o l , L o n d o n ) a n d c o n t a i n e d 5 , 0 0 0 I n t e r n a t i o n a l 

U n i t s I g E / m l . 
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Antigen concentration (|ig/ml) 

F i g u r e B . 2 . 2 

I n h i b i t i o n c u r v e s f o r a l l e r g e n a s s a y . D i f f e r e n t c o n c e n t r a t i o n s o f 
1 2 5 

c o l d F , P o f P w e r e u s e d t o i n h i b i t t h e b i n d i n g o f 7 n g I - l a b e l l e d 
1 2 5 

F , P . (0 © ) o r 2 n d I - l a b e l l e d P . ( 0 0 ) t o r a b b i t a n t i - E x I , 
4 1 1 

r e s p e c t i v e l y . T h e c o m p l e x e s w e r e p r e c i p i t a t e d w i t h g o a t - a n t i F a l g G . 

T o t a l r a d i o a c t i v i t y a d d e d = 5 0 , 0 0 0 c o u n t s / 1 0 0 s e c o n d s ( F ^ P ^ ) a n d 

4 4 , 0 0 0 c o u n t s / 1 0 0 s e c o n d s ( P , ) . , 
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b o d i e s i n i n f a n t s w i t h g a s t r o i n t e s t i n a l i n t o l e r a n c e t o c o w ' s m i l k 
p r o t e i n . I n t . A r c h s . A l l e r g y a p p l . I m m u n o l . , 5 6 : 9 7 - 1 0 5 . 

F i r e m a n , P . , V a n n i e r , W . E . a n d G o o d m a n , H . C . ( 1 9 6 3 ) . T h e a s s o c i a t i o n 
o f s k i n - s e n s i t i z i n g a n t i b o d y w i t h t h e g l o b u l i n s i n s e r a " f r o m r a g -
w e e d s e n s i t i v e p a t i e n t s . J . e x p . M e d . , 1 1 7 : 6 0 3 - 6 1 9 . 

F . i s e r , P . M . a n d B u c k l e y , R . H . ( 1 9 7 9 ) . H u m a n I g E b i o s y n t h e s i s i n v i t r o : 
s t u d i e s w i t h a t o p i c a n d n o r m a l b l o o d m o n o n u c l e a r c e l l s a n d s u b -
p o p u l a t i o n s . J . I m m u n o l . , 1 2 3 : 1 7 8 8 - 1 7 9 4 . 

F r a n k l a n d , A . W . a n d A u g u s t i n , R . ( 1 9 5 ^ ) . P r o p h y l a x i s o f s u m m e r h a y 
f e v e r a n d a s t h m a : c o n t r o l l e d t r i a l c o m p a r i n g c r u d e g r a s s p o l l e n 
e x t r a c t s w i t h i s o l a t e d m a i n c o m p o n e n t . L a n c e t , i _ : 1 0 5 5 - 1 0 5 7 . 

F r o e s e , A . a n d S e h o n , A . H . ( 1 9 7 1 ) . D e t e r m i n a t i o n o f t h e k i n e t i c s o f 
a n t i b o d y - h a p t e n r e a c t i o n s w i t h t h e t e m p e r a t u r e - j u m p m e t h o d . I n 
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C h a s e , M . W . , A c a d e m i c P r e s s , N e w Y o r k , V o l . I l l , p p . 4 1 2 . 

G a b r i e l , M . , N g , H . K . , A l l a n , W . G . L . , H i l l , L . E . a n d N u n n , A . J . ( 1 9 7 7 ) . 
S t u d y o f p r o l o n g e d h y p o s e n s i t i z a t i o n w i t h D . p t e r o n y s s i n u s e x t r a c t i n 
a l l e r g i c r h i n i t i s . C l i n i c a l A l l e r g y , _ 7 : 3 2 5 - 3 3 6 . 

G a d d i e , J . , S k i n n e r , C . a n d P a l m e r , K . N . V . ( 1 9 7 6 ) . H y p o s e n s i t i z a t i o n 
w i t h h o u s e d u s t m i t e v a c c i n e i n b r o n c h i a l a s t h m a . B r i t . M e d . J . , 
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G e l l , P . G . H . a n d C o o m b s , R . R . A . ( 1 9 6 8 ) . I n C l i n i c a l A s p e c t s o f 
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G l e i c h , G . J . , A v e r b e c k , A . K . a n d S w e d l u n d , H . A . ( 1 9 7 1 ) . M e a s u r e m e n t 
o f I g E i n n o r m a l a n d a l l e r g i c s e r u m b y r a d i o i m m u n o a s s a y . J . L a b . 
C l i n . M e d . , 7 7 : 6 9 0 - 6 9 8 . 

G l e i c h , G . J . a n d J a c o b , G . L . ( 1 9 7 5 ) . I m m u n o g l o b u l i n E a n t i b o d i e s t o 
p o l l e n a l l e r g e n s a c c o u n t f o r h i g h p e r c e n t a g e s o f t o t a l i m m u n o g l o b u l i n 
E p r o t e i n . S c i e n c e , 1 9 0 : 1 1 0 6 - 1 1 0 8 . 

G l e i c h , G . J . , L a r s o n , J . B . , J o n e s , R . T . a n d B a e r , H . ( 1 9 7 4 ) . M e a s u r e -
m e n t o f t h e p o t e n c y o f a l l e r g y e x t r a c t s b y t h e i r i n h i b i t o r y c a p a c i t i e s 
i n t h e r a d i o a l l e r g o s o r b e n t t e s t . J . A l l e r g y C l i n . I m m u n o l . , 5 3 : 1 5 8 - 1 6 9 . 

G r i f f i t h s , B . W . a n d B r u n e t , R . ( 1 9 7 1 ) . I s o l a t i o n o f a b a s i c p r o t e i n 
a n t i g e n o f l o w r a g w e e d p o l l e n . C a n a d . J . B i o c h e m . , 4 9 : 3 9 6 - 4 0 0 . 
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H a l m a i , Z . a n d A l e x a n d e r , F . A . R . ( 1 9 7 1 ) . S t u d i e s o n t h e h o u s e d u s t 
a l l e r g e n . A l l e r g i e u n d I m m u n o l . , 1 7 : 6 9 - 7 1 . 

H a m i l t o n , R . G . , S o b o t k a , A . K . a n d A d k i n s o n , N . F . ( 1 9 7 9 ) . S o l i d p h a s e 
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H i l l , L . W . ( 1 9 3 7 ) . S e n s i t i v i t y t o h o u s e d u s t a n d g o o s e f e a t h e r s i n 
i n f a n t i l e e c z e m a . T h e r o l e o f s p e c i f i c a l l e r g e n s . J . A l l e r g y , _ 9 : 3 7 - 4 7 . 

H o f f m a n , D . R . a n d H a d d a d , Z . H . ( 1 9 7 4 ) . D i a g n o s i s o f I g E - m e d i a t e d 
r e a c t i o n s t o f o o d a n t i g e n s b y r a d i o i m m u n o a s s a y . J . A l l e r g y C l i n . 
I m m u n o l . , 5 4 : 1 6 5 - 1 7 3 . 

H o f f m a n , D . R . , Y a m a m o t o , F . Y . , G e l l e r , B . a n d H a d d a d , Z . H . ( 1 9 7 5 ) . 
S p e c i f i c I g E a n t i b o d i e s i n a t o p i c e c z e m a . J . A l l e r g y C l i n . I m m u n o l . , 
5 5 : 2 5 6 - 2 6 7 . 

H o l f o r d - S t r e v e n s , V . ( 1 9 7 2 ) . I n v e s t i g a t i o n o f c e r t a i n c o m m o n i n h a l a n t 
a l l e r g e n s o f a n i m a l o r i g i n . P h . D . T h e s i s , U n i v e r s i t y o f L o n d o n . 
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A l l e r g e n s a n d a n t i g e n s o f D e r m a t o p h a g o i d e s f a r i n a e . C l i n . E x p . I m m u n o l . , 
_ 6 : 4 9 ^ 5 9 . 

H o o k e r , S . B . a n d B o y d , W . C . ( 1 9 3 5 ) . A f o r m u l a t i o n o f t h e s e r o l o g i c a l 
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J . G e n . P h y s i o l . , 1 9 : 3 7 3 - 3 7 8 . 

185. 



H u g g i n s , K . J . a n d B r o s t o f f , J . , ( 1 9 7 5 ) . L o c a l p r o d u c t i o n o f s p e c i f i c 
I g E a n t i b o d i e s i n a l l e r g i c - r h i n i t i s p a t i e n t s v / i t h n e g a t i v e s k i n t e s t s . 
L a n c e t , i i : 1 4 8 - 1 5 0 . 

H u m p h r e y , J . H . a n d P o r t e r , R . R . ( 1 9 5 7 ) . R e a g i n c o n t e n t o f c h r o m a t o -
g r a p h i c f r a c t i o n s o f h u m a n g a m m a g l o b u l i n . L a n c e t , JL : 1 9 6 - 1 9 7 . 

H u n t e r , W . M . ( 1 9 7 8 ) . R a d i o i m m u n o a s s a y . I n H a n d b o o k o f e x p e r i m e n t a l 
I m m u n o l o g y , E d . W e i r , D . M . , B l a c k w e l l S c i e n t i f i c P u b l i c a t i o n s , 
3 r d E d i t i o n , p p . 1 4 . 1 - 1 4 . 4 0 . 

I n g r a m , C . G . , S y m i n g t o n , I . S . , J e f f e r y , I . G . a n d C u t h b e r t , O . D . ( 1 9 7 9 ) . 
B r o n c h i a l p r o v o c a t i o n s t u d i e s i n f a r m e r s a l l e r g i c t o s t o r a g e m i t e s . 
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I r o n s , J . S . , P r u z a n s k y , J . J . a n d P a t t e r s o n , R . ( 1 9 7 5 ) . I m m u n o t h e r a p y : 
M e c h a n i s m s o f a c t i o n s u g g e s t e d b y m e a s u r e m e n t s o f i m m u n o l o g i c a n d 
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I s h i z a k a , K . ( 1 9 7 6 ) . C e l l u l a r e v e n t s i n t h e I g E a n t i b o d y r e s p o n s e . 
A d v a n c . I m m u n o l . , 2 3 : 1 - 7 5 . 

I s h i z a k a , K . , I s h i z a k a , T . a n d H o m b r o o k , M . M . ( 1 9 6 6 ) . P h y s i c o c h e m i c a l 
p r o p e r t i e s o f h u m a n r e a g i n i c a n t i b o d y . I V . P r e s e n c e o f a u n i q u e 
i m m u n o g l o b u l i n a s a c a r r i e r o f r e a g i n i c a c t i v i t y . J . I m m u n o l . , 9 7 : 7 5 - 8 5 . 

I s h i z a k a , K . , I s h i z a k a , T . a n d H o m b r o o k , M . M . ( 1 9 6 7 ) . A l l e r g e n b i n d i n g 
a c t i v i t y o f y E , y G a n d yA a n t i b o d i e s i n s e r a f r o m a t o p i c p a t i e n t s . 
I n v i t r o m e a s u r e m e n t s o f r e a g i n i c a n t i b o d y . J . I m m u n o l . , 9 8 : 4 9 0 - 5 0 1 . 

I s h i z a k a , K . , I s h i z a k a , T . a n d L e e , E . H . ( 1 9 6 6 ) . P h y s i c o c h e m i c a l 
p r o p e r t i e s o f r e a g i n i c a n t i b o d y . I I . C h a r a c t e r i s t i c p r o p e r t i e s o f 
r e a g i n i c a n t i b o d y d i f f e r e n t f r o m yA i s o h a e m a g g l u t i n i n a n d y D g l o b u l i n . 
J . A l l e r g y , 3 7 : 3 3 6 - 3 4 9 . 

I s h i z a k a , K . , O k u d a i r a , H . a n d K i n g , T . P . ( 1 9 7 5 ) . I m m u n o g e n i c p r o p e r t i e s 
o f m o d i f i e d a n t i g e n E . I I . A b i l i t y o f u r e a - d e n a t u r e d a n t i g e n a n d 
< x - p o i y p e p t i d e c h a i n t o p r i m e c e l l s s p e c i f i c f o r a n t i g e n E . J . I m m u n o l . , 
1 1 4 : 1 1 0 - 1 1 5 . 

I s h i z a k a , K . , T o m i o k a , H . a n d I s h i z a k a , T . ( 1 9 7 0 ) . M e c h a n i s m s o f 
p a s s i v e s e n s i t i z a t i o n . P r e s e n c e o f I g E a n d I g G m o l e c u l e s o n h u m a n 
l e u c o c y t e s . J . I m m u n o l . , 1 0 5 : 1 4 5 9 - 1 4 6 7 . 

I t o , K . ( 1 9 7 5 ) . P r e c i p i t i n t o m i t e d e t e c t e d i n a s t h m a t i c p a t i e n t s . 
A c t a A l l e r g o l o g i c a , 3 0 : 1 9 4 - 2 0 8 . 

J a r r e t t , E . E . E . a n d S t e w a r t , D . C . ( 1 9 7 2 ) . P o t e n t i a t i o n o f r a t ( r e a 
g i n i c ) a n t i b o d y b y h e l m i n t h i n f e c t i o n . S i m u l t a n e o u s p o t e n t i a t i o n o f 
s e p a r a t e r e a g i n s . I m m u n o l o g y , 2 3 : 7 4 9 - 7 5 5 . 

J o h a n s s o n , S . G . O . a n d B e n n i c h , H . ( 1 9 6 7 ) . I m m u n o l o g i c a l s t u d i e s o f 
a n a c y p i c a l ( m y e l o m a ) i m m u n o g l o b u l i n . I m m u n o l o g y , 1 3 : 3 8 1 - 3 9 4 . 

J o h a n s s o n , S . G . O . , B e n n i c h . H . a n d V J i d e , L . ( 1 9 6 8 ) . A n e w c l a s s o f 
i m m u n o g l o b u l i n i n h u m a n s e r u m . I m m u n o l o g y , 1 4 : 2 6 5 - 2 7 2 . 



J o h a n s s o n , S . G . O . , D e u s c h l , H . a n d Z e t t e r s t r o m , 0 . ( 1 9 7 9 ) . U s e o f 
g l u t a r a l d e h y d e - m o d i f i e d T i m o t h y g r a s s p o l l e n e x t r a c t i n n a s a l h y p o -
s e n s i t i z a t i o n t r e a t m e n t o f h a y f e v e r . I n t . A r c h s . A l l e r g y a p p l . 
I m m u n o l . , 6 0 ; 4 4 7 - 4 6 0 . 

J o h n s o n , E . E . , I r o n s , J . S . , P a t t e r s o n , R . a n d R o b e r t s , M . ( 1 9 7 4 ) . 
S e r u m I g E c o n c e n t r a t i o n i n a t o p i c d e r m a t i t i s . J . A l l e r g y C l i n . I m m u n o l . , 
5 4 : 9 4 - 9 9 . 

J o h n s o n , P . a n d M a r s h , D . G . ( 1 9 6 5 a ) . T h e i s o l a t i o n a n d c h a r a c t e r i z a -
t i o n o f a l l e r g e n s f r o m t h e p o l l e n o f r y e g r a s s ( L o l i u m p e r e n n e ) . E u r . 
P o l y m e r J . , 1 : 6 3 - 7 7 . 

J o h n s o n , P . a n d M a r s h , D . G . ( 1 9 6 5 b ) . ' I s o a l l e r g e n s ' f r o m R y e g r a s s 
p o l l e n . N a t u r e , 2 0 6 : 9 3 5 - 9 3 7 . 

J u h l i n , L . , J o h a n s s o n , S . G . O . , B e n n i c h , H . , H o g m a n , C . a n d T h y r e s s o n , N . 
( 1 9 6 9 ) . I m m u n o g l o b u l i n E i n d e r m a t o s e s . A r c h s . D e r m a t o l . , 1 0 0 : 1 2 - 1 6 . 

K a b a s a w a , Y . a n d I s h i i , A . ( 1 9 7 9 ) . S t u d i e s o n t h e p h y s i c o - c h e m i c a l 
p r o p e r t i e s o f t h e h o u s e d u s t m i t e ( D e r m a t o p h a g o . i d e s p t e r o n y s s i n u s ) 
a l l e r g e n s i n v o l v e d i n r e a g i n i c r e a c t i o n . J a p . J . e x p . M e d . , 4 9 : 5 1 - 5 7 . 

K a b a s a w a , Y . , I s h i i , A . , M u r a t a , H . a n d T a k o a k a , M . ( 1 9 7 6 ) . C l i n i c a l 
s i g n i f i c a n c e o f h o u s e d u s t m i t e ( D e r m a t o p h a g o i d e s p t e r o n y s s i n u s ) i n 
a s t h m a t i c c h i l d r e n i n J a p a n . A c t a A l l e r g o l o g i c a _ 3 1 , 4 4 2 - 4 5 4 . 
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b r e a k t h r o u g h " a n d i m b a l a n c e i n n o r m a l ' d a m p i n g ' o f I g E a n t i b o d y p r o d u c -
t i o n . I m m u n o l o g i c a l R e v i e w s , 4 1 : 7 7 - 1 0 8 . 

K a t z , D . H . ( 1 9 8 0 ) . R e c e n t s t u d i e s o n t h e r e g u l a t i o n o f I g E a n t i b o d y 
s y n t h e s i s i n e x p e r i m e n t a l a n i m a l s a n d m a n . I m m u n o l o g y , 4 1 : 1 - 2 4 . 

K a w a i , T . , M a r s h , D . G . , L i c h t e n s t e i n , L . M . a n d N o r m a n , P . S . ( 1 9 7 2 ) . 
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5 0 : 1 1 7 - 1 2 7 . 

K e m e n y , D . M . , L e s s o f , M . H . a n d T r u l l , A . K . ( 1 9 8 0 ) . I g E a n d I g G a n t i -
b o d i e s t o b e e v e n o m a s m e a s u r e d b y a m o d i f i c a t i o n o f t h e R A S T m e t h o d . 
C l i n i c a l A l l e r g y , 1 0 : 4 1 3 - 4 2 1 . 
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K i n g , T . P . ( 1 9 7 6 ) . C h e m i c a l a n d b i o l o g i c a l p r o p e r t i e s o f s o m e a t o p i c 
a l l e r g e n s . A d v a n c . I m m u n o l . , 2 3 : 7 7 - 1 0 5 . 
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K i n g , T . P . a n d N o r m a n , P . S . ( 1 9 6 2 ) . I s o l a t i o n s t u d i e s o f a l l e r g e n s 
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N o r i n s , A . L . ( 1 9 7 1 ) . A t o p i c d e r m a t i t i s . P a e d . C l i n . N . A m e r . , 1 8 : 8 0 1 - 8 3 8 . 
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A c a r i n a ) a s f l o o r m i t e s v / i t h s p e c i a l r e f e r e n c e t o t h e i r m e d i c a l i m p o r t -
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m i t e s . C l i n i c a l A l l e r g y , 1 0 9 - 1 1 4 . 

P e p y s , J . , C h a n , M . a n d H a r g r e a v e , M . E . ( 1 9 6 8 ) . M i t e s a n d h o u s e d u s t 
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P l a t t s - M i l l s , T . A . E . ( 1 9 7 9 ) . L o c a l p r o d u c t i o n o f I g G , I g A a n d I g E 
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h y p o s e n s i t i z a t i o n t h e r a p y . J . A m e r . M e d . A s s n . , 2 0 3 : 8 0 5 - 8 0 6 . 
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n a t i o n a l W H O - I A B S S y m p o s i u m o n S t a n d a r d i z a t i o n a n d C o n t r o l o f A l l e r g e n s 
a d m i n i s t e r e d t o M a n . " G e n e v a 1 9 7 4 . D e v e l o p . B i o l . S t a n d a r d , 2 9 : 1 2 3 - 1 3 1 . 
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a m o u n t s o f a n t i g e n - s p e c i f i c h u m a n I g E b y a r a d i o a l l e r g o s o r b e n t t e s t 
( R A S T ) e l u t i o n t e c h n i q u e . J . I m m u n o l . , 1 1 5 : 1 5 7 7 - 1 5 8 3 a n d E r r a t u m ( 1 9 7 6 ) 
1 1 7 : 3 5 5 . 
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S c h n e e b e r g e r , E . E . a n d K a r n o v s k y , M . J . ( 1 9 7 1 ) . T h e i n f l u e n c e o f i n t r a -
v a s a l a r f l u i d v o l u m e o n t h e p e r m e a b i l i t y o f n e w b o r n a n d a d u l t m o u s e 
l u n g s t o u l t r a s t r u e t u r a l p r o t e i n t r a c e r s . J . C e l l . B i o . , 4 9 : 3 1 9 - 3 3 4 . 

S c h u m a c h e r , M . J . a n d J e f f e r y , S . E . ( 1 9 7 9 ) . E f f e c t s o f q u a n t i t y a n d 
q u a l i t y o f I g G a n t i b o d y o n b l o c k i n g o f a l l e r g e n i c h i s t a m i n e r e l e a s e 
i n v i t r o . I n t . A r c h s . A l l e r g y a p p l . I m m u n o l . , 5 8 : 3 8 - 4 3 . 

S h a p i r o , A . L . , V i n u e l a , E . a n d M a i z e l , J . V . ( 1 9 6 7 ) . M o l e c u l a r v / e i g h t 
. e s t i m a t i o n o f p o l y p e p t i d e c h a i n s b y e l e c t r o p h o r e s i s i n . ' v D S - p o l y a c r y l a m i d e 

g e l s . B i o c h e m . B i o p h y s . R e s . C o m m u n . , 2 8 : 8 1 5 - 8 2 0 . 

' S h i p o l i n i , R . A . , C a l l e v / a r t , G . L . , C o t t r e l l , R . C . , D o o n a n , S . , V e r n o n , C . A . 
a n d B a n k s , B . E . C , ( 1 9 7 1 ) . P h o s p h o l i p a s e A f r o m b e e v e n o m . E u r . J . 
B i o c h e m . , 2 0 : 4 5 9 - 4 6 8 . 
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S m i t h , A . P . ( 1 9 7 1 ) . H y p o s e n s i t i z a t i o n w i t h D e r m a t o p h a c o i d e s p t e r o n y s s i n u s 
a n t i g e n : T r i a l i n a s t h m a i n d u c e d b y h o u s e d u s t . B r i t . M e d . J . , _ 4 : 2 0 4 - 2 0 6 . 

S o b o t k a , A . K . , V a l e n t i n e , M . D . , I s h i z a k a , K . a n d L i c h t e n s t e i n , L . M . 
( 1 9 7 6 ) . M e a s u r e m e n t o f I g G b l o c k i n g a n t i b o d i e s : D e v e l o p m e n t a n d a p p l i -

c a t i o n o f a r a d i o i m m u n o a s s a y . J . I m m u n o l . , 1 1 7 : 8 4 - 9 0 . 

S o o t h i l l , J . F . , S t o k e s , C . R . , T u r n e r , M . W . , N o r m a n , A . P . a n d T a y l o r , B . 
( 1 9 7 6 ) . P r e d i s p o s i n g f a c t o r s a n d t h e d e v e l o p m e n t o f r e a g i n i c a l l e r g y 

i n i n f a n c y . C l i n i c a l A l l e r g y , 6 _ : 3 0 5 - 3 1 9 . 

S o y s a , E . a n d J a y a w a r d e n a , M . D . S . ( 1 9 4 5 ) . P u l m o n a r y a c a r i a s i s : A 
p o s s i b l e c a u s e o f a s t h m a . B r i t . M e d . J . , J L : 1 

S p . i . e k s m a , F . T h . M . ( 1 9 6 7 ) . T h e h o u s e d u s t m i t e D e r m a t o p h a g o i d e s p t e r o n y s -
s i n u s ( T r o u s s a r t , 1 8 9 7 ) p r o d u c e r o f t h e h o u s e d u s t a l l e r g e n ( A c a r i : 
P s o r o p t i d a e ) . P h . D . T h e s i s , L e i d e n . 

S p i e k s m a , F . T h . M . ( 1 9 7 0 ) . B i o l o g i c a l a s p e c t s o f t h e h o u s e d u s t m i t e 
( D e r m a t o p h a g o i d e s p t e r o n y s s i n u s ) i n r e l a t i o n t o h o u s e d u s t a t o p y . 

C l i n . e x p . I m m u n o l . , 6_: 6 1 - 7 0 . 

S p i e k s m a , F . T h . M . ( 1 9 7 6 ) . C u l t u r e s o f h o u s e d u s t m i t e s o n a n i m a l s k i n 
s c a l e s . A l l e r g o l . e t I m m u n o p a t h o l . , 4 . : 4 1 9 - 4 2 8 . 

S p i e k s m a , F . T h . M . a n d S p i e k s m a - B o e z e m a n , M . I . A . ( 1 9 6 7 ) . T h e m i t e f a u n a 
o f h o u s e d u s t w i t h p a r t i c u l a r r e f e r e n c e t o t h e h o u s e d u s t m i t e 
D e r m a t o p h a g o i d e s p t e r o n y s s i n u s ( T r o u s s a r t , 1 8 9 7 ) ( P s o r o p t i d a e : 
S a r c o p t i f o r m e s ) . A c a r o l o g i a , 9 i 2 2 6 - 2 4 1 . 

S p i e k s m a , F . T h . M . a n d V o o r h o r s t , R . ( 1 9 6 9 ) . C o m p a r i s o n o f s k i n r e a c t i o n s 
t o e x t r a c t s o f h o u s e d u s t , m i t e s a n d h u m a n s k i n s c a l e s . A c t a A l l e r g o -
l o g i c a , 2 4 : 1 2 4 - 1 4 6 . 

S p i v a c k e , C . A . a n d G r o v e , E . F . ( 1 9 2 5 ) . S t u d i e s i n h y p e r s e n s . i t i v e n e s s . 
X I V : A s t u d y o f t h e a t o p e n i n h o u s e d u s t . J . I m m u n o l . , 1 0 : 4 6 5 - 4 7 0 . 

S t a n w o r t h , D . R . ' ( 1 9 5 7 ) . T h e i s o l a t i o n a n d i d e n t i f i c a t i o n o f h o r s e 
d a n d r u f f a l l e r g e n . B i o c h e m . J . , 6 5 : 5 8 2 - 5 9 8 . 
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S t a n w o r t h , D . R . ( 1 9 5 9 ) . S t u d i e s o n t h e p h y s i c o - c h e m i c a l p r o p e r t i e s 
o f r e a g i n t o h o r s e d a n d r u f f . I m m u n o l o g y , 2:384-402. 

S t a n w o r t h , D . R . ( 1 9 7 3 ) . I m m e d i a t e h y p e r s e n s i t i v i t y - t h e m o l e c u l a r -
b a s i s o f t h e a l l e r g i c r e s p o n s e . N o r t h - H o l l a n d P u b l i s h i n g C o . , A m s t e r d a m , 
p p . 1 2 7 - 1 8 4 . 

S t a n w o r t h , D . R . a n d S m i t h , A . K . ( 1 9 7 3 ) . I n h i b i t i o n o f r e a g i n - m e d i a t e d 
P C A r e a c t i o n s i n b a b o o n s b y t h e h u m a n I g G / j . s u b - c l a s s . C l i n i c a l A l l e r g y , 
2 1 : 3 7 - 4 2 . 

S t a r r , M . S . a n d W e i n s t o c k , M . ( 1 9 7 0 ) . S t u d i e s i n p o l l e n a l l e r g y . I I I . 
T h e r e l a t i o n s h i p b e t w e e n b l o c k i n g a n t i b o d y l e v e l s a n d s y m p t o m a t i c r e l i e f 
f o l l o w i n g h y p o s e n s i t i z a t i o n w i t h a l l p y r a l i n h a y f e v e r p a t i e n t s . I n t . 
A r c h . A l l e r g y , 3 8 : 5 1 4 - 5 2 1 . 

S t e w a r d , M . W . ( 1 9 7 7 ) . A f f i n i t y o f t h e a n t i b o d y - a n t i g e n r e a c t i o n a n d 
i t s b i o l o g i c a l s i g n i f i c a n c e . I n I m m u n o c h e m i s t r y : A n a d v a n c e d t e x t -
b o o k , E d . G l y n n , L . E . a n d S t e w a r d , M . W . , W i l e y - I n t e r s c i e n c e , N e w Y o r k , 
p p . 2 3 3 - 2 6 2 . 

S t e w a r t , G . A . a n d T u r n e r , K . J . ( 1 9 8 0 a ) . P h y s i c o c h e m i c a l a n d i m m u n o -
c h e m i c a l c h a r a c t e r i z a t i o n o f t h e a l l e r g e n s f r o m t h e m i t e D e r m a t o p h a g o i d e s 
p t e r o n y s s i n u s . . A u s t . J . E x p . B i o l . M e d . S c i . , 5 8 : 2 5 9 - 2 7 4 . 

S t e w a r t , G . A . a n d T u r n e r , K . J . ( 1 9 8 0 b ) . P h y s i c o c h e m i c a l a n d i m m u n o -
c h e m i c a l c h a r a c t e r i z a t i o n o f t h e h i g h m o l e c u l a r w e i g h t a l l e r g e n s f r o m 
D e r m a t o p h a g o i d e s p t e r o n y s s i n u s w i t h p a r t i c u l a r r e f e r e n c e t o t h e 
T r i d a c n i n , C o n - A a n d S 1 0 7 - r e a c t i v e c o m p o n e n t s . A u s t . J . E x p . B i o l . 
M e d . S c i . , 5 8 : 2 7 5 - 2 8 8 . 

S t o k e s , C . R . , S o o t h i l l , J . F . a n d T u r n e r , M . W . ( 1 9 7 5 ) . I m m u n e e x c l u s i o n 
i s a f u n c t i o n o f I g A . N a t u r e , 2 5 5 : 7 4 5 - 7 4 6 . 

S t o k e s , C . R . , T a y l o r , B . a n d T u r n e r , M . W . ( 1 9 7 4 ) . A s s o c i a t i o n o f h o u s e 
d u s t a n d g r a s s p o l l e n a l l e r g i e s w i t h s p e c i f i c I g A a n t i b o d y d e f i c i e n c y . 
L a n c e t , i i : 4 8 5 - 4 8 8 . 

S t o n e , S . P . , M u l l e r , S . A . a n d G l e i c h , G . J . ( 1 9 7 3 ) . I g E l e v e l s i n a t o p i c 
d e r m a t i t i s . A r c h s . D e r m a t o l . , 1 0 8 : 8 0 6 - 8 1 1 . 

S t o r m v a n L e e u w e n , W . ( 1 9 2 5 ) . A l l e r g i c d i s e a s e s : D i a g n o s i s a n d t r e a t -
m e n t o f b r o n c h i a l a s t h m a , h a y f e v e r a n d o t h e r a l l e r g i c d i s e a s e s . 
J . B . L i p p i n c o t t , P h i l a d e l p h i a . 

S t o r m v a n L e e u w e n , W . ( 1 9 2 7 ) . A s t h m a a n d t u b e r c u l o s i s i n r e l a t i o n t o 
" c l i m a t e a l l e r g e n s " . B r i t . M e d . J . i i : 3 4 4 - 3 4 7 . 

S t r e j a n , G . ( 1 9 7 5 ) . R e a g i n - m e d i a t e d h y p e r s e n s i t i v i t y : T h e A s c a r i s m o d e l . 
I m m u n o c h e m i s t r y , 1 2 : 5 6 9 - 5 7 1 . 

S t u d i e r , F . W . ( 1 9 7 3 ) . A n a l y s i s o f b a c t e r i o p h a g e T 7 e a r l y R N A ' s a n d 
p r o t e i n s o n s l a b g e l s . J . M o l . B i o l . , 7 9 : 2 3 7 - 2 4 8 . 

S u t h e r l a n d , C . ( 1 9 4 2 ) . T h e p r e p a r a t i o n o f h o u s e d u s t e x t r a c t s . B r i t . 
M e d . J . , 2/ . 2 8 0 
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S v e n s s o n , H . ( 1 9 6 2 ) . I s o e l e c t r i c f r a c t i o n a t i o n , a n a l y s i s a n d c h a r a c t e r i z -
a t i o n o f a m p h o l y t e s i n n a t u r a l p H g r a d i e n t s . I I . B u f f e r i n g c a p a c i t y a n d 
c o n d u c t a n c e o f i s o i o n i c a m p h o l y t e s . A c t a C h e m . S c a n d . , 1 6 : 4 5 6 - 4 6 6 . 

T a b o a d a , M . d e F . ( 1 9 5 4 ) . P u l m o n a r y a c a r i a s i s i n S p a i n . A n i l l u s t r a t i v e 
c a s e r e p o r t . B r i t . M e d . J . , J L : 4 3 7 - 4 3 8 . 

T a d a , T . ( 1 9 7 5 ) . R e g u l a t i o n o f r e a g i n i c a n t i b o d y f o r m a t i o n i n a n i m a l s . 
P r o g r e s s i n A l l e r g y , 1 9 : 1 2 2 - 1 9 4 . 

T a d a , T . a n d O k u m u r a , K . ( 1 9 7 1 ) . R e g u l a t i o n o f h o m o c y t o t r o p i c a n t i b o d y 
f o r m a t i o n i n t h e r a t . I . F e e d b a c k r e g u l a t i o n b y p a s s i v e l y a d m i n i s t e r e d 
a n t i b o d y . J . I m m u n o l . , 1 0 6 : 1 0 0 2 - 1 0 1 1 . 

T a k a t s u , K . a n d I s h i z a k a , K . ( 1 9 7 6 ) . R e a g i n i c a n t i b o d y f o r m a t i o n i n t h e 
m o u s e . V I I . I n d u c t i o n o f s u p p r e s s o r T c e l l s f o r I g E a n d I g G a n t i b o d y 
r e s p o n s e s . J . I m m u n o l . , 1 1 6 : 1 2 5 7 - 1 2 6 4 . 

T a y l o r , B . , N o r m a n , A . P . , O r g e l , H . A . , S t o k e s , C . R . , T u r n e r , M . W . a n d 
S o o t h i l l , J . F . ( 1 9 7 3 ) . T r a n s i e n t I g A d e f i c i e n c y a n d t h e p a t h o g e n e s i s 
o f i n f a n t i l e a t o p y . L a n c e t , i i : 1 1 1 - 1 1 3 . 

T a y l o r , G . ( 1 9 7 4 ) . T h e n o s e a s a m o d e l f o r t h e s t u d y o f r e s p i r a t o r y 
t r a c t a l l e r g i c d i s e a s e . A n n . N . Y . A c a d . S c i . , 2 2 1 : 1 1 7 - 1 2 3 . 

T a y l o r , G . a n d S h i v a l k a r , P . R . ( 1 9 7 2 ) . L o c a l n a s a l d e s e n s i t i z a t i o n i n 
a l l e r g i c r h i n i t i s . C l i n i c a l A l l e r g y , _ 2 : 1 2 5 - 1 3 6 . 

T j i o , A . H . , H u l l , W . M . a n d G l e i c h , G . J . ( 1 9 7 9 ) . P r o d u c t i o n o f h u m a n 
i m m u n o g l o b u l i n E a n t i b o d y i n v i t r o . J . I m m u n o l . , 1 2 2 : 2 1 3 1 - 2 1 3 3 . 

T o m a s i , T . B . a n d B i e n e n s t o c k , J . ( 1 9 6 8 ) . S e c r e t o r y i m m u n o g l o b u l i n s . 
A d v a n c . I m m u n o l . , _ 9 : l - 9 6 . 

T o v e y , E . R . , C h a p m a n , M . D . a n d P l a t t s - M i l l s , T . A . E . ( 1 9 8 1 ) . M i t e f a e c e s 
a r e t h e m a j o r s o u r c e o f h o u s e d u s t a l l e r g e n s . N a t u r e . I n p r e s s . 

T o v e y , E . R . , C h a p m a n , M . D . , W e l l s , C . W . a n d P l a t t s - M i l l s , T . A . E . ( 1 9 8 1 ) . 
T h e d i s t r i b u t i o n o f d u s t m i t e a l l e r g e n i n t h e h o u s e s o f p a t i e n t s w i t h 
a s t h m a . S u b m i t t e d f o r p u b l i c a t i o n . 

T o v e y , E . , T a m m , R . a n d V a n d e n b u r g , R . ( 1 9 7 7 ) . T r i a l o f a n t i - d u s t s p r a y 
i n p a t i e n t s w i t h a s t h m a a n d d u s t m i t e s e n s i t i v i t y . A . u s t . N . Z . J . M e d . , 
7/. 6 6 3 ( A b s t r a c t ) 

T o v e y , E . R . a n d V a n d e n b u r g , R . ( 1 9 7 8 ) . E f f e c t o f r e a g i n s a n d a l l e r g e n 
e x t r a c t s o n r a d i o a l l e r g o s o r b e n t a s s a y s f o r m i t e a l l e r g e n . C l i n i c a l 
A l l e r g y , _ 8 : 3 2 9 - 3 3 9 . 

T o v e y , . E . R . a n d V a n d e n b u r g , R . ( 1 9 7 9 ) . M i t e a l l e r g e n c o n t e n t i n c o m m e r -
c i a l e x t r a c t s a n d i n b e d d u s t d e t e r m i n e d b y r a d i o a l l e r g o s o r b e n t t e s t s . 
C l i n i c a l A l l e r g y , _ 9 : 2 5 3 - 2 6 2 . 

T r o u s s a r t , E . L . ( 1 8 9 7 ) . I n B e r l e s e , A c a r i M y r i o p o d a e t S c o r p i o n e s 
H u c u s q u e i n I t a l i a R e p e r t a . P a t a v i i I . C r y p t o s t i g m a t a . F a s c . 9 2 . 
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T s e , K . S . , W i c h e r , K . a n d A r b e s m a n , C . E . ( 1 9 7 3 ) . E f f e c t o f i m m u n o -
t h e r a p y o n t h e a p p e a r a n c e o f a n t i b o d i e s t o r a g w e e d i n e x t e r n a l s e c r e -
t i o n s . J . A l l e r g y C l i n . I m m u n o l . , 5 1 : 2 0 8 - 2 1 7 . 

T u f t , L . A . ( 1 9 4 9 ) . I m p o r t a n c e o f i n h a l a n t a l l e r g e n s i n a t o p i c d e r m a t i t i s . 
J . I n v e s t . D e r m a t o l . , 1 2 : 2 1 1 - 2 1 9 . 

T u r n e r , K . J . , B a l d o , B . A . a n d A n d e r s o n , H . R . ( 1 9 7 5 ) . A s t h m a i n t h e 
h i g h l a n d s o f N e w G u i n e a . T o t a l I g E l e v e l s a n d i n c i d e n c e o f I g E a n t i -
b o d i e s t o h o u s e d u s t m i t e a n d A s c a r i s l u m b r i c o i d e s . I n c . A r c h s . 
A l l e r g y a p p l . I m m u n o l . , 4 8 : 7 8 4 - 7 9 9 . 

T u r n e r , K . J . , F e d d e m a , L . a n d Q u i n n , E . H . ( 1 9 7 9 ) . N o n - s p e c i f i c p o t e n -
t i a t i o n o f I g E b y p a r a s i t i c i n f e c t i o n s i n m a n . I n t . A r c h s . A l l e r g y 
a p p l . I m m u n o l . , 5 8 : 2 3 2 - 2 3 6 . 

U n d e r d o w n , B . J . a n d G o o d f r i e n d , L . ( 1 9 6 9 ) . I s o l a t i o n a n d c h a r a c t e r i z -
a t i o n o f a n a l l e r g e n f r o m s h o r t r a g w e e d p o l l e n . B i o c h e m . , _ 8 : 9 8 0 - 9 8 9 . 

U r e n a , V . , G a r c i a , R . , V e l a , C . , O r t i z , F . a n d L a h o z , C . ( 1 9 7 8 ) . 
I n v i t r o p r o d u c t i o n o f I g E a n d I g G b y s e n s i t i z e d h u m a n p e r i p h e r a l 
l y m p h o c y t e s . I n t . A r c h s . A l l e r g y a p p l . I m m u n o l . . 5 9 : 1 3 5 - 1 4 2 . 

V a l e n t i n e , M « D . , H u n t , K . J . , S o b o t k a , A . K . , a n d L i c h t e n s t e i n , L . M . 
( 1 9 7 6 ) . V e n o m i m m u n o t h e r a p y f o r h y m e n o p t e r a s e n s i t i v i t y . R e s u l t s -

w h o l e b o d y e x t r a c t t r e a t m e n t f a i l u r e s a n d n e w l y d i a g n o s e d p a t i e n t s . 
J . A l l e r g y C l i n . I m m u n o l . , _ 5 7 : 2 4 7 ( A b s ) . 

V a n B r o n s w i j k , J . E . M . H . a n d K o e k k o e k , H . H . M . ( 1 9 7 1 ) . N i p a g i n 
( p - m e t h y l h y d r o x y b e n z o a t e ) a s a p e s t i c i d e a g a i n s t a h o u s e d u s t m i t e : 

D e r m a t o p h a g o i d e s p t e r o n y s s i n u s . J . M e d . E n t o m o l . , 8 ^ : 7 4 8 

V a n B r o n s w i j k , J . E . M . H . a n d S i n h a , R . N . ( 1 9 7 1 ) . P y r o g l y p h i d m i t e s 
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Measurement of IgG, IgA and IgE antibodies to 
Dermatophagoides pteronyssinus by antigen-binding assay, 
using a partially purified fraction of mite extract (FJ?i) 

M . D . C H A P M A N * & T . A. E. P L A T T S - M I L L S Division of Immunology, Clinical Research Centre, Harrov, 
Middlesex 

{Received 3 April 1978) 

I S U M M A R Y 

An cxtract of Dermatophagoides pteronyssinus culture has been fractionated by chromatography on 
Sephadex G-100 and Pevikon block electrophoresis to obtain a partially purified allergen (F4P,). 
This preparation has a molecular weight of between 15-25,000 Daltons, migrates slowly on 
electrophoresis, and is colourless in solution. The skin-test reactivity of F 4 P, was comparable to 
that of crude D. pteronyssimis extract. F4P, was radio-labelled with 1 2 5 I and used in an antigen-
binding radioimmunoassay to measure IgG, IgA and IgE antibody (ab) to D. pteronyssinus. IgG, 
ab was detected in serum from 32/34 (94%) mite-allergic persons, and from 10/31 (30%) non-
allergic persons. IgA ab and IgE ab were found in sera from 22/34 (65%) and 27/34 (79%) 
allergic persons respectively. Neither IgA nor IgE ab could be detected in sera from non-allergic 
persons. An cxcellcnt correlation was found between radioallergo-sorbent technique (RAST), 
using crude D. pteronyssinus extract and IgE-binding activity (BA) for F 4 P , , (r = 0-94, P< 0-001). 
The antigen-binding assay for lgE BA was as sensitive as RAST, but less sensitive than PK 
testing. There was a very good quantitative correlation between IgG BA and IgE BA (r = 0-84, 
P<0-001). IgG BA was shown to rise in the serum of three patients treated with injections of D. 
pteronyssinus extract. 

I N T R O D U C T I O N 

The role of mites of the Dermatophagoides species, notably Dermatophagoides pteronyssinus and D. 
farinae as allergens of house dust have been well established (Voorhorst, Spieksma-Boezema & Spieksma, 
1964; Voorhorst et al., 1967; Maunsell, Wraith & Cunnington, 1968; Holford-Strcvens et al.y 1970; 
Miyamoto et A/., .1968). Mite sensitivity is thought to be of great importance in the aetiology of perennial 
rhinitis and extrinsic asthma (Morrison-Smith et a!.y 1969; McAllen, Assem & Maunsell, 1970; Frank-
land, 1971). In the past, crude extracts of mite culture have been used both for skin-testing and for 
measuring serum IgE antibodies (ab) in the radioallergc-sorbent technique (RAST) (Wide, Bennich & 
Johansson, 1967; Stenius & Wide, 1969). RAST results have been shown to correlate well with other 
methods of assessing IgE ab, i.e. skin-testing, PK and provocation tests (Wide et al.y 1967; Berg, 
Bennich & Johansson, 1971; Bennich & Johansson, 1971). In addition, IgG ab to Dermatophagoides has 
been demonstrated in sera from patients by radioimmunoelectrophoresis (D'Souza et al1973; Gabriel 
et al., 1977). 

The most sensitive method for measuring IgG ab to allergens is the double antibody or antigen-
binding technique (Oslcr^ Mulligan & Rodriguez, 1966; Newcomb & Ishizaka, 1967; Yunginger Sc 
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Gleich, 1973; Platts-Mills et al., 1976). Antigen-binding activity associated with IgE has also been 
demonstrated (Ishizaka, Ishizaka & Ilornbrook, 1967). Recently we have reported the use of an antigen-
binding technique for measuring IgE ab in parallel with IgG and IgA ab (Platts-Mills et al.y 1978). 
However, antigen-binding techniques require purified or at least partially purified allergens (Marsh, 1975; 
King, 1976). As yet no purified allergen has been described for either D. farinae or D. pteronyssinus. On 
the other hand, several estimates of the molccular weights of mite allergens have been made, based on the 
skin-test reactivity of fractions of mite extract separated by gel filtration (Miyamoto, Oshima 8c Ishizaki, 
1969; Romagnani ct <?/., 1972, 1976). 

The present report describes the partial purification of a D. pteronyssiruis allergen which has good 
^ skin-test reactivity and is suitable for radiolabelling. Using this allergen an antigen-binding radio-
i v immunoassay has been developed for measuring IgG, IgA and IgE ab to D. pieronyssimts. 

I M A T E R I A L S A N D M E T H O D S 

Allergen preparation. Dermatophago'ules pteronyssiuus whole culture was kindly provided by Bencard (Betchv.orth, 
England). 117 g culture was extracted in 1L PBS by stirring overnight at 4°C. The extract was centrifv VJED at 23,000 g for 
60 min, and the supcrnatc concentrated down to 50 ml over an Amicon PM10 filter (Amicon, Lexington, Massachusetts, 
U.S.A.). The dark brown concentrate (Extract I) was then dialvsed for 24 hr against two changes of boratc-bufared saline pH 
8-0 (BBS), and sterilized through an 0-45 //m Milliporc filter. 7-5 ml Extract I was applied to an upward flow, gravity ted, 
75 x 2-5 cm Scphadex G-100 column, equilibrated in BBS at 4°C. Samples of 6-3 ml were collected at a flow rate of 10 ml/hr, 
and the absorbance of each sample was measured at 280 nm. The cluted samples were then pooled in six fractions designated 
Fl-6. These fractions were frccze-dried, resuspended in 4 ml BBS and centrifuged at 12,000 g for 30 min. The protein 
content of the fractions was determined by the method of Lowry et al. (1951) using ovalbumin as a standard. On the basis of 
skin-testing (see Results), fraction 4(F4) was used for further purification. 

Preparative block electrophoresis of F* using Pevikon C-870 (Shandcn Southern Ltd.,Runcorn, Cheshire) was carried out 
as described by Miiller-Eberhard (1960). Approximately 30 mg F4 was applied to a 50 x 10 x 1 cm block of Pevikon equili-
brated in 0-1.M barbital buffer pH 8-6 at 4SC. Electrophoresis at 260V and 50 mA was continued for 26 hr. The protein 
concentration of 10 ml eluates of 1 cm segments of the block was then determined. The cluates were pooled and concentratcd 
on the basis of their protein content and reactivity on immunodiffusion against rabbit anti-D. pteronyssiwus serum (sec 
Results). The F4Pi fraction was rechromatographed over Sephadex G-100 and the single, apparently homogeneous, peak was 
concentrated by negative pressure dialysis. After pooling, all fractions were stored at —70"C. 

Antisera. Rabbit anti-D. pteronyssinus serum was prepared by injecting two NZW rabbits with 1 mg D. pterouyssinus Extract 
I in FCA (Difco Labs, Detroit, Michigan, U.S.A.), at fortnightly intervals. The rabbits were bled 11 days aft.~r the fifth 
injection, and the scrum stored at — 20'C. The preparation of mono-specific anti-IgG, anti-IgA znd anti-IgE has been 
described previously (Platts-Mills !k Ishizaka, 1975; Platts-Mills et al., 1976, 1978). The antiscra were raised in goats, by 
repeated immunization with Fc fragment of IgG, IgA myeloma protein or Fc fragment of IgE (PS) myeloma protein 
(Takatsu, Ishizaka & Ishizaka, 1975). Each antiserum w?s made monospecific by repeated passage over immunosorbent 
columns of Seplurose 2B, linked to human proteins by the cyanogcn bromide technique (Axen, Porath & Ernbach, 1967). 
Anti-IgG was absorbed with Fab, IgA and IgE. Anti-IgA was absorbed with IgG and serum from an IgA-deficient patient, 

j. and anti-IgE was absorbed with IgG. 
Skin testing. Intradermal skin-testing with D. pteronyssinus Extract I, Scphadex G-100 fractions, F4.P1, and the Group I 

protein ofRye grass pollen, Rye I (Marsh, 1975) was carricd out on the arms of twenty-one volunteers, who had been informed 
of the risks involved. The preparations were sterilized through an 0-45 fim Milliporc filter. Serial ten-fold dilutions of aller-
gens were made from 10 //g/ml down to 1 0 - 6 //g/ml in 0 05% human serum albumin (USA) in phenol saline. Skin tests were 
performed by successive intradermal injection of 0-05 ml of increasing concentrations of allergen. The diameter of the wheal 
and flare was recorded 20 min after injection. 

PK testing was performed with five sera from healthy individuals (Australia antigen negative) using only two recipients, 
M.C. and T.P.M. whose total serum IgE was 31 ng/ml and 175 ng/ml respectively. The sera were fractionated with saturated 
ammonium sulphate (SAS) and dialysed exhaustively against BBS. The 33-50% SAS fraction, which has been shown to be 
enriched for IgE (Carson, Metzger & Bazin, 1975), was diluted from 1:10 to 1:1600 in 0-05% HSA phenol saline, and 
sterilized through an 0-45 ;;m Millipore filter. 0 05 ml aliquots of suitable dilutions were injected intradermally. After 24 hr 
each site was challenged with 0-05 ml of a 1 //g/ml solution of D. pteronyssinus Extract I, and the wheal and flare reactions 
recorded. 

125 / labelling ofFj.Pi. Iodinaticft was carried out using the Chloramine-T technique in a modification of the method of Klin-
man & Taylor (1969). To '10//g F4P, was added 50 /d 0-3m phosphate buffer pH 7-5, 1-0 mCi 1 2 5NaI and 40 /:g Chloramine 
T. The reaction was stopped after 65 sec by adding 40 //g sodium mctabisulphitc and 3 min later the reaction mixu re was 
diluted with 2 ml 0-4% BSA BBS containing 50 ;ih 1% potassium iodide. After dialysis against three changcs of BBS the 
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,25I-Iabelled F4Pi was 85% precipitable by trichloracetic acid, and 68% could be bound by hyperimmune human serum (see 
below). 

Measurements of antibodies to D. pteronyssinus. Specific IgG, IgA and IgE ab to D. fieronyssimis were measured by a double 
antibody antigen-binding radioimmunoassay, analogous to those used for measuring IgG and IgA ab to Ragweed antigen E 
(antigen E), and IgG, IgA and IgE antibody to Rye I (Platts-Mills et al., 1976,1978). Patient's scrum was incubated with 7 ng 
125I-labelled F,P ! for 4 hr at room temperature. Specific antibody was precipitated overnight at 4°C by adding monospecific 
goat anti-IgG, anti-IgA or anti-IgE. The quantity of antiserum necessary was estimated by a semi-quantitative precipitation 
technique (Campbell et al., 1970).The precipitates were washed four times in BBS and radioactivity counted in a 16-channel 
y counter (NE 1600, Nuclear Enterprises Ltd., Edinburgh). All assays were performed in pta. '.ic tubes coated with 2% 13SA 
lo reduce non-specific binding. Carrier immunoglobulins were added to samples containing insufficient immunoglobulin to 
form a precipitate. The carrier protein for IgE assays was 0-1 ml of a 1:100 dilution of PS myeloma serum (19-5 mg/ml IgE). 
For the IgA assays 0-1 ml of a 1:50 dilution of IgA myeloma was used. In general, IgG carrier (0-1 nil of a 1:100 dilution of 
IgG myeloma serum) was necessary only for the control curve and for sera diluted more than 1:50. The radioactivity bound 
by precipitates of carrier immunoglobulins was < 0-4% added radioactivity. A pool of sera from three patients who had been 
desensitized with aqueous extracts of D. pteronyssinus for several years was arbitrarily defined as containing 13,000 units IgG 
BA/ml. Serial two-fold dilutions of this pool from 1:100 tc 1:51,2.00 w ere assayed for IgG BA anil the results (control curve) 
were plotted on a log linear scale. The radioactivity bound by patient's serum was converted to values for IgG-, IgA- or 
IgE-binding activity (BA) by reference to this control curve set up in parallel with each assay. Assays were performed routine-
ly using 0-1 ml allergic serum diluted 1:12-5, 1:25 and 1:50 for IgG BA, and 1:6, 1:12-5 and 1:25 for IgA and IgE BA. 
Results were calculated as the mean of the three values. Sera containing high levels of BA were diluted further so that at least 
80% of the added radioactivity was not bound by any class of ab, i.e. the antigen excess was maintained at four-fold. Four 
sera from non-allergic persons were assayed at 1:12-5 and 1:25 in each assay to define the negative background. A result was 
regarded as positive if it was at least two standard deviations above this background. 

RAST assay. The RAST of Ceska, Eriksson &Varga (1972) was carried out using D. pteronyssinns Extract I coupled to filter-
paper discs (Whatman Grade 541, 0-6 cm diameter). All RAST estimations were performed in duplicate and standardized by 
reference to a control curve. The control curvc was obtained by assaying IgE ab in two-fold dilutions of an allergic serum 
which had been arbitrarily designated to contain 6500 IgE RAST units/ml. A positive RAST was defined as two standard 
deviations above the mean levels for sera from five non-allergic persons. RAST was also used to assess the allerge/ncity ot" 
Sephadex G-100 fractions of D. pteronyssinus Extract I, using 1 //g of each fraction coupled to a cyanogen bromide activated 
disc. The RAST was performed with each fraction using eight sera from allergic persons, and four sera from non-a!Iergic 
persons. 

Total IgE. A double antibody inhibition radioimmunoassay was used to measure total IgE as described previously (Gleich, 
Averbach & Svedlund, 1971; Platts-Mills et a!., 197S). 

R E S U L T S 

The elution profile for Sephadex G-100 fractionation of Dcrmatophagoides pteronyssinus Extract I 
showed two peaks at 280 nm. A small peak eluted with the void volume, and a very broad peak cluted 
over the 5-65,000 Daltons molecular weight range, indicated by the positions of BSA and cytochrome c 
markers (arrows in Fig. 1). The fractions were pooled and tested by quantitative intradermal skin-testing; 
maximal skin-sensitivity was shown with fractions 3 and 4. In general, the skin-reactivity of these frac-
tions was ten- to one-hundred-fold greater than that of the other fractions in cach of the six individuals; 
tested. When each of the fractions were coupled to RAST discs 8/8 sera front allergic persons showed 
maximal binding towards fraction 4 (see Materials and Methods, Fig. 1). There was no significant binding 
to any fraction by sera from non-allergic persons. Separation of fraction 4 by Pevikon block electrophoresis 
showed two protein peaks (Fig. 2). The major peak, F4P2> migrated faster than albumin, was dark brown 
in colour, and by immunodiffusion showed no reactivity with a rabbit antiserum to Extract I of D. 
pteronyssimts. The smaller peak, F4P,, showed only a faint brown colour, migrated slowly, and was 
strongly reactive 011 immunodiffusion (Fig. 2). This fraction, F4P,, was passed through Scphadex G-100 
and eluted with a molecular weight of betw een 15-25,000 Daltons. This rechromatographed material was 
used for skin-testing and radiolabelling and is hereafter referred to as F 4 P, . 

Radiolabelled F4PX was usecLin a double antibody antigen-binding assay to measure specific IgG, 
IgA and IgE ab to D. ptcronyssinus. The effect of the amount of antigen added to this assay was investi-
gated over the range 0 5 ng-5 /ig F4P. added/tube. Five ;<g , 2 5 I , F 4 Pj was diluted with 95 //g cold 
F 4P,, and serial ten-fold dilutions of this solution were made. One hundred //I of each dilution of antigen 
was used to assay IgG and IgE ab in six sera diluted 1:12-5. The results in Fig. 3a ana 3b show that 
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Percenloge radioactivity bound by IgG Percentage radioactivity bound by IgE 
Allergic 28-80 6 06 213 1-00 0-44 18-10 3-19 0 -78 0-2 9 0-16 
Non-allergic 3-74 I-01 0-43 0-34 0-23 3-65 0 - 6 6 0 - 2 6 C-18 0-16 

FIG. 3. Radioactivity bound by serum from skin-test-positive (© ©) and skin-test-negative (O O) 
individuals. Sera were incubated with various quantities of 1 2 5 IF 4 Pi over the range 0-5-5000 ng/tubeand then 
precipitated with anti-IgG (Fig. 3a) or anti-IgE (Fig. 3b). Also shown for each quantity of F4Pi is the per-
centage of radioactivity bound by allergic sera (top line in Fig.) and by non-allergic sera (bottom line in Fig.) 

maximum differences between allergic and non-allergic sera were achieved by adding 0-5-5 ng radio-
labelled antigen for both IgG and IgE ab. With increasing quantities of antigen (over 50 ng F4P,/tube) 
although the percentage radioactivity bound by non-allergic sera decreased, the absolute levels of radio-
activity (counts/100 sec, Fig. 3a and 3b) increased dramatically. This resulted in a progressive loss of 
sensitivity because the sensitivity of the assay depends on the absolute background radioactivity with 
serum from non-allergic persons. Assays for IgG, IgA and IgE BA were carried out routinely using 7 ng 
I 2 5 I , F4P,/tube. The other details of this assay were very similar to those used previously for antigen E 
and Rye I (see Materials and Methods). Typical dilution curves for IgG and IgE BA are shown in Fig. 4. 
The IgE BA curves could be superimposed on those for IgG 13A,and therefore all quantitative results were > 
obtained by extrapolation from a single IgG BA control curve. 

Specific IgG, IgA and IgE ab to D. pteronyssinns were measured by antigen-binding assay in the scrum 
of thirty-four persons who had positive prick tests with D. pteronyssimis extract (Bencards Ltd.) Fig. 5. 
Sera were also studied from thirty-one non-allergic persons with negative skin tests. The results show 
that IgG BA was detectable in 32/34 sera from prick-test-positivc persons, IgE BA was detectable in 
27/34and 22/34 sera contained IgABA. In sera from prick-test-negative persons IgE and IgA BA were not 
detectable, but in 10/31 sera IgG BA could be detected. However, the levels of IgG BA were much lower 
than those in most prick test positive persons (Fig. 5). Twenty-eight of the prick-test-positive persons 
had perennial rhinitis suggestive of house dust sensitivity, and the remaining six persons had rhinitis, 
but their symptoms did not seem to be related to house dust. In sera from these six 'asymptomatic' 
persons IgE BA and IgA BA were not detectable, but 4/6 contained low levels of IgG BA. In Table 1 the 
clinical symptoms, intradermal skin-test reactivity and serum ab levels of fifteen prick-test-positivc 
volunteers are shown. The results of intradermal skin-testing with D. pteronysshuis Extract I and F 4P, 
showed that all fourteen persons tested were sensitive to both preparations. In general, the minimum 
quantity of F4P, necessary to give a positive skin-test was about one-fifth the quantity of Extract I. To 
check the specificity of the skin-tests non-allergic peisons were skin-tested with 10 //g F 4 P, : none of 
these five gave a positive reaction. In addition, two persons with grass-pollen hay fever who gave positive 
skin-tests of 10~6 /<g Rye I failed to react to 10 ;tg F4P,. Using the IgE-rich fractions of five sera from 
skin-test-positive persons, there was a good correlation between PK titre tested with D. pterv::yssinns 



FIG. 4. Radioactivity bound by dilutions of sera from skin-test-positive persons precipitated by anti-IgG 
( 9 or anti-IgE (O O). 7 ng 1 2 S I F 4 P i were added to each tube. 

2 0 0 0 r-

E 
£ 200 

.E 20 

0 x 2 0x12 0x7 0x21 0x31 0x3! 
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Skin test positive Skin test negative 
FIG. 5. IgG, IgA and IgE EA for F4?! in the serum of skin-tcst-positive and skin-tcst-ncgative persons meas-
ured by antigen binding radioimmunoassay. The minimum detectable level of BA (units/ml) is indicated by 
the solid line. The number of sera without detectable BA is shown below this line. 

Extract I and IgE BA for F4Pj (Table 1). PK tests were completely negative using two sera from skin-
test-negative persons, and sera from the two persons with grass-pollen hay fever described above. 

IgE ab was measured by both antigen-binding assay and RAST in thirty-three of the sera from skin-
tcst-positive persons. An excellent quantitative correlation between the results of the two methods was 
found by linear regression analysis (r = 0-94, P< 0-001, Fig. 6). Analysis of the results in Fig. 5 shows an 
excellent correlation between IgE BA and IgG BA (/• = 0-87, PcOOOl). The mean ratio of IgG BA: 
IgE BA was 7-4:1. We also found a good correlation between IgE BA and total IgE (r — 0-63, P<0 001), 
and a modest correlation between IgG BA and total IgE (r = 0-38, /><0-02). IgG BA was assayed in 
pre- and post-treatment sera from three patients who had received at least six graded injections of aqueous 
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5000p 
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20 2 200 
I g E binding activity (units/ml) 

FIG. 6. Correlation between the antigen binding assay (using , 2 S I F4P,) and RAST (using Dermatophagoides 
pteronyssinus Extract I) for measuring IgE ab to D. pteronyssinus in the scrum of prick-rcst-positive persons. 
The minimal level of sensitivity of cach assay is indicated ( ). 

D. pteronyssinus cxtract between January and July. The levels of IgG BA rose from 41, 204 and 750 
units/ml in pre-treatment sera, to 562, 2600 and S000 units/ml in post-treatment sera, respectively. 

The results of gel filtration of mite allergens reported here suggest a molecular weight of between 15-
25,000 Daltons, and are similar to those reported by previous workers (Miyamoto et al.y 1969; Romagnani 
etal.t 1972, 1976; Holford-Strevens, 1972). Attempts to further purify the allergens in mite extracts have 
previously been unsuccessful. Neither isoelectric-focusing (Ricci, Biliotti & Romagnani, 1975), chroma-
tography on DEAE-Sephadex (Romagnani et <;/., 1976) or affinity chromatography on lectins (Baldo & 
Uhlcnbruck, 1977) have yielded an allergen with skin-test reactivity comparable to that of the crude 
extract. The electrophoresis of mite extract in Pevikon reported here has given very good yields of aller-
genic material. The large peak of rapidly migrating material, F4P2 , v/as not found to react with rabbit 
antiscra. This highly coloured material was assumed to be made up predominantly of the culture medium 
in which Dermatophagoides pteronyssinus was grown. The culture medium was described by the 
manufacturer as an animal protein of non-dermal origin which was only very weakly immunogenic in 
rabbits. The slowly migrating fraction F ^ was compared with crude mite extract by skin-tcstirig, 
reactivity with rabbit antisera, and by its properties when radiolabelled with I 2 5 I . There was an excellent 
correlation between the two preparations when compared by quantitative intradermal skin-testing (Table 
1). It was disappointing that the increased skin-reactivity of F4Pj was only about five-fold. However, 
our estimates of the protein concentration of crude mite extract are only approximate because of the 
complex mixture of the proteins present. When tested by immunodiffusion and Laurell electrophoresis 
F4P1 gave one major line, and two feint lines. By contrast, D. pteronyssintis Extract I gave six lines on 
immunodiffusion, and at least fifteen on Laurell electrophoresis (data not shown). F 4 P j could be radio-
labelled with 12:>I approximately three times more efficiently than Extract I. Furthermore, nsing serum 
from patients who had been treated with mite extract a large proportion (68%) of the radioactivity in 
,25I-labeIled F 4 P n could be bound by IgG ab. The properties of F 4 P j were as good as those wc have 
obtained in antigen-binding assays with other inhalant allergens, e.g. antigen E and Rye I (Platts-Mills 

D I S C U S S I O N 
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et al., 1976, 1978). The allergen preparation of F 4 P j is clearly not fully purified. However, two lines of 
evidence suggest that this fraction includes the major allergen or allergens present in D. pteronyssinus 
Extract I. Firstly, no patient gave greater skin-reactivity with the crude material than with F 4 PJ. 
Secondly, there was an excellent correlation between estimates of IgE BA for F4PJ and IgE ab against 
Extract I measured by RAST (Fig. 6). Further purification and characterization of the proteins in F 4 P t 

is in progress. 
The antigen-binding radioimmunoassay used here was arranged ro give maximum sensitivity. This 

was made possible by usinc; small amounts of radiolabelled F^l^ (7 ng/tube). Results obtained with 
larger quantities of antigen have given very similar quantitative relationships both between classes and 
between different sera (data not shown). However, using higher quantities of antigen the ab levels in 
many of the untreated sera would not have been detectable. Because we can quantitate IgG BA in sera 
from untreated patients the assay is suitable for measuring the IgG ab responses to desensitizing injec-
tions. This will allow a direct evaluation of the relationship between clinical effects and the IgG ab 
response produced by injections of mite extract (M. D. Chapman, T . A. E. Platls-Mills, Sister M. 
Gabriel, H. K. Ng, W. G. L. Allan, L. E. Hill & A. J. Nunn; also M. W. Turner, J. F. Soothill, J. F. 
Price, M. Chapman, T. A. E. Platts-Mills, E. Hey & J. F. Mowbray—both manuscripts in preparation). 
The sensitivity of the assay for IgE BA was very similar to that of RAST, but approximately five-fold 
less sensitive than PK testing. The quantitative relationship between JgG, IgA and IgE BA to D. 
pteronyssinus in scrum from untreated persons was similar to that reported previously for antibodies to 
Rye I in serum from patients with hay fever (Platts-Mills et al. 1978). Thus in most cases IgG B A > IgE 
BA>IgA BA and IgE BA was never found in the absence of IgG BA. The finding that a significant 
proportion of non-allergic persons had IgG BA to D. pteronyssinus in the absence of IgE or IgA BA, was 
not surprising, since similar results have been described for both Antigen E and Rye 1 (Lcvine, Stember 
& Fotino, 1972; Black et al., 1976). A previous report using a modified RAST technique suggested that 
IgA ab to D. farinae were present at higher levels in sera of non-allergic individuals than in sera of 
allergic individuals (Stokes, Taylor & Turner, 1974). Our results show that IgA BA was present in serum 
from the majority of allergic persons (22/34) but was not detectable in serum from non-allcrgic persons. 
It seems possible that the previous results represent variations in the IgA ab RAST background, because 
several groups have found that non-specific binding of human IgA, and IgG, to RAST beads is fre-
quently too high to allow sensitive assays (Johansson et al.y 1974; Soothill el al.y 1976). Although 
transient low levels of serum IgA have been shown to precede atopic disease in infancy (Taylor et al.y 

1973; Soothill et al.y 1976), there, is no evidence from the present investigations to suggest that poor IgA 
responses are involved in the aetiology of allergic illnesses of late childhood and adult life (Taylor, 1974). 
This may indicate that transient, low* levels of serum IgA in infancy are merely a marker for some 
other mechanism which is rek.ted to the onset of allergy (Soothill et al.y 1976). The data reported here 
support the view that allergic patients make an immune response to inhalant allergens which includes 
IgG, IgA and IgE ab. By contrast, non-allergic persons make a small IgG ab response or no detectable ab 
response at all. The very good correlation found between IgG BA and IgE BA (r = 084, P< 0-001) adds 
further support to the view that the factors that control the occurrence of inhalant allergy are acting over 
antibody responses in general, and not over IgE ab alone. 

\Vc are very grateful to Bencard for generous supplies of D. pteronyssinus culture. Wc arc also grateful to Dr D . Marsh for 
kindly providing Rye I, and to Dr K. Ishizaka for providing serum from a myeloma patient (P.S.). 
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PURIFICATION AND CHARACTERIZATION OF THE MAJOR 
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A p u r i f i e d a l l e r g e n w a s o b t a i n e d f r o m D. p'tronysxinua 
c u l t u r e by eel filtrution, b l o c k e l e c t r o p h o r e s i s , a n d p r e -
p a r a t i v e i soe l ec t r i c focux ing (IKF). T h e «n t i ^ ' : n i c n c t i v i t y 
on I E F w a s p r e d o m i n a n t l y d i s t r i b u t e d in t w o p e a k s (p i 
4.7 t o 5.4 a n d p i 0.6 to 7.1), w h i c h w e r e c o m p l e t e l y c r o s s -
r e a c t i v e on i m m u n o d i f f u s i o n a n d by c r o s s - i n h i b i t i o n of 
r a d i o i m m u n o a s s a y . T h e s e f r a c t i o n s h a d t h e s a m e tn.v/. 
(24,000) a n d a v e r y s i m i l a r a m i n o ncid c o m p o s i t i o n . T h e 
c o m m o n a n t i g e n in c a c h f r a c t i o n w a s d e s i g n a t e d L)er-
matop/ia*oulesptcronyssinus a n t i g e n P | . In s e v e n , s y m p -
t o m a t i c mi t e n l l e rg ic s u b j e c t s sk in t e s t r e a c t i v i t y t o a n -
t i gen P | a n d e r o d e m i t e c x t r a r t w a s c losc ly c o r r e l a t e d . 
T h e r e w a s n l so a v e r y good c o r r e l a t i o n b e t w e e n IgK-
b i n d i n g nc t iv i ty (BA) f o r P | m e a s u r e d by a n t i g e n - b i n d i n g 
r a d i o i m m u n o a s s a y a n d I g E a n t i b o d y (ab) t o D. ptero-
nysfintts m e a s u r e d b y u s i n g the r a d i o a l l e r g o s o r b e n t t e s t 
(RAST) (r «= 0.32, p < 0.001). R A S T e x p e r i m e n t s s h o w e d 
t h a t u p t o t h r e e - q u a r t e r s of t h e I g E a b to D. pteronyssi-
r\U! w a s d i r e c t e d a g a i n s t P i , a n d t h a t I g E a b t o P , ac -
c o u n t e d f o r o n a v e r a g e 12% of t h e t o t a l s e r u m IgE. T h e s e 
d a t e s t r o n g l y s u g g e s t t h a t P i is t h e m a j o r u l l e r g e n o f / ) . 
pteronyssinus. B y i m m u n o d i f f u s i o n , S D S - P A G E , a n d r a -
d i o i m m u n o a s s a y a n t i g e n P t a p p e a r e d t o b e p r e s e n t a s a 
l a r g e p r o p o r t i o n (10 t o 20%) of t h e p r o t e i n in c r u d e m i t e 
c x t r u c t . O u r r e s u l t s s u p p o r t t h e v i e w t h a t t h e i m p o r -
t a n c e of a n i n h a l a n t a l l e r g e n is l a r g e l y d e t e r m i n e d b y i t s 
p h y s i c a l p r o p e r t i e s , a n d b y t h e q u a n t i t i e s i n h a l e d d u r i n g 
n a t u r a l e x p o s u r e . 

Positive immediate wheal and flare responses to prick tests 
with extracts cf house dust were first reported ov t r 50 years 
ago (J, 2). In the United Kingdom 5 to 10% of the population 
develop symptoms from dust, and in many parts uf the world 
up to 85% of patients with extrinsic asthma show positive skin 
tests with dust extracts (3-5). The identification of a pyrogly-
phid mite, Dermotophctgoidex pteronysjinus. as the most im-
portant source of allergens in house dust by Voorhorst ct cl. (S) 
was a major breakthrough in house dust allergy. T h e occurrence 
of this mite in dust samples from many countries appeared to 
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explain the "universal" n a t u r e of house dus t allerpens (6). An 
analysis of over 100 dust s amples showed t h a t mi te c u m b e r s 
correlated well with the allergenic potency of dust extracts (7). 
Moreover, reactivity to house d u s t and to mi tes of tl.e genua 
DcrmatupkagniJes has l>een closely c o ~ e ! a t e d by using skin 
testing, the radioallrrgosorbent test ( R A S T ) 1 and provocat ion 
tests (3-9). There Ls good evidence tha t allergy to Dermatcpha-
f!oiilns sp accounts fur a lari;e propor t ion of allergic reaction.? to 
dust in Europe (8, 10. 11). Asia (4). and t h e west coast of t h e 
United States (12). On the o t h e r hand htm.se dust may also 
contain other important allergen.*. e.g.. an imal danders and 
fungal spores i 13). Mites ?.rs p robably a le^s l o n n n n n source of 
dust allergen* in the eastern Un i t ed S l a t e s a n d in mounta inous 
areas of Switzerland (f>. tl>. 

Many different pollen aller;;ens have been obtained in a 
highly purified form. These al lergens have been widely ust-d for 
studies on antil.-ody (abl rej.pon.vei and cei lutar responses. und 
al.so as standards for the allergen content of pollen extracts (15-
17). The characterization of m i t e allergens by isoe'ectricfocus-
inc (IKF) (IS, l 'JI.grl filtration (10, 20>. ion-exchange (10, 19). 
cr affinity chromatography (21) has not resul ted in the isolation 
cf a purified allergen. Recent ly , we repor ted the partial purif i -
cation of a mite allergen. F 4 P i , which could be used in an 
antigen-binding radioimmunoassay (R1A) to quan t i t a te IgG-, 
IgA-, and I^K-binding act ivi ty (HA) for D. ptcn>ny<sir.us i'22). 
T h e F tPi preparation Im.w. 15 to 25.000) ha:l very i;tx.xl skin 
test reactivity and up to CS% of t h e '"'I-laln-led material could 
be bound by hyperimmune sera in RIA. W e repor t he re t h e 
purification and tharoctoriziitiou of t h e m a j o r nllergrn t o D. 
ptcronyssiitus-unUgir.i P|. T h e antigen is present on a he. i t-
yensitive glycoprotein that h a s n m.w. of 24.fM and exhibits a 
wide range of isoelectric point-*. Antigen Pi appea r s to comprise 
a substantial proportion of t i ie protein in r r u d e mi l e extract . 

MATEKtALS AN1> METHODS 
Purification of antigen I',. The preparation of a partially 

purified U. pteronysxinu.* al lergen, F«P(. fro::i an aqueous ex-
tract of P. pterony.nnus culture-. Extract I (ExI), has been 
described in detail previously (22). Rriefiy, gel filtration of Ex I 
on f-ephadex C-I00 yielded six fract ions t h a t were tested by 
skin testing and direct R A S T . T h e most allergenic f ract ion. F« 
(m.w. 15 to 25,000). pave two protein peaks a f t e r pevikon block 
electrophoresis one o!" which migrated with /{-mobihty and 
reacted strongly with rahhit an t i se rum to Kxl on i inmunodif-

J Abbreviation:' u>t-d in llii> iMpe-r. UAST, radiojllergosorbenl te-.t; 
RA, binding activity- (-hi. na .i'pieot»s extract of whole P. pterrinŷ tnu.* 
Culture; IKK. i.-wlectri. focusing. I HIS, borale-bufl'ereil s->!ine. pll SO. 
SDSl'AGK: polyacrybmide pel electrophoresis in sckUu.ti doJecvl 
sulfate: HIA. rariioimmunoa.-c«av; HSA. human sorum alhurain; Rye I, 
the croup I protein from rye pass CM. culture medium. 
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fusion. This fraction, F,Pi, was rechromatographed over Seph-
adex G-100 and further purified by preparative IKK using the 
I.KB 2117 Multiphor ( i i ) . The reagent.- and apparatus for IKF 
were obtained from LKB, Bromma, Sweden. A pel containing 
4.0% (w/v) Ultrodex, 3.5% (v/v) ampholines, pM 3.5 to 10, 0.5% 
(v/v) ampholines, pH 9 to 11. and 12 mg F,P, in 100 nil distilled 
water was poured into a 21.5 x 11.0 x 0.5 cm acrylic frame 
containing electrode strips snaked in either 1 M NaOH (—) or 
I M H J ' O j (+). The gel was air dried for 4 to 5 hr and focused 
at a constant 8 watts for 15 to 16 hr at I0°C. Gel sections (0.5 
cm) were then eluteJ twice with 2.5 nil Ixir.ite-buffered .-saline, 
pf I 8.0 (BBS*, and centrifuged at 2000 x C. for 15 min. T h e pH. 
protein content, and F,I'i content of the first eluate were 
measured. Two peaks designated Fr.5 and Fr.I4 were pooled on 
the basis of their F i l \ content (see Results, Fig. 1). Carrier 
ampholines were removed from these samples by gel filtration 
through ft 35.0 x 1.0 cm column of Sephmlex G-50. The final 
yield of Fr. 5 and Fr. I t was 4 mg and 2 mg. respectively. For 
RIA 10 to 25 /ig of allergen solution* were labeled with 1.0 mCi 
of ,J*I by using a modified chloramine-T technique (24). The 
specific activity of the labeled allergens was 20 to -10,000 cpm./ 
ng and up to 85% of the radioactivity was precipitable with 
trichloroacetic acid. 

Gel electrophoresis. Analytical sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (Sl)S-PA(iK) was performed in 
a slab gel apparatus by using a discontinuous buffer system 
(25). The resolving gel contained 15% acrylamide in 0.3.5 M 
Tris-HCl, pH 8.8. It was overlaid with a sparer gel containing 
5'r acrylnmide in 0.13 M Tris-HCl, pH 0.8. Both gels contained 
0.1% SDS. Allergen solutions containing 5 to 10 /ig of protein 
were boiled for 2 min in -1% SDS. 0.1 M dilhiothreitol, and 8 M 
urea and applied to sample wells. Electrophoresis was carried 
out for 3 to 4 hr at 15 mA with electrode buffer containing 0.025 
M Tris. 0.19 M glycine, and 0.1f; SDS. pH 8.3. 

Preparation of purified human antibodies to I). pter<in.yssi-
mi-*. Serum was obtained from two mite allergic individuals. 
The ab from each donor was prepared bv passing 220 ml serum 
in 0.1 M ethylenediaminetetraacetic acid over a 2.5-ml column 
of Sepharose 2B linked to ExI by using the cyanogen bromide 
technique I2S). The How rate was 10 to 15 ml/hr. The column 
was washed with 500 ml BBS and thi n e'uted with 40 nil 0.5 M 
glycine. pH 2.8. Fractions of 2 ml were collected in tu!>es 
containing 0.5 ml 2 M Tris-HCl. pH 8.5. The fractions was 
assayed for IgB ab by ontig'--ri-binding RIA (22), pooled and 
concentrated down to 1 ml. In each case, approximately 20% of 
the applied ab was recovered. 

Double antibody inhibition RIA for f',P, or P,. One-tenth 
milliliter of 1/20.0IX) rabbit antibody to ExI in 1/50 normal 
rabbit serum was incubated with 0.1 nil of diluted sample lor 2 
hr in plastic tubes. Seven nanograms of '^I-labeled F,Pi in a 
volume of 0.1 m! were added l"orNa further 2 hr. The complex 
was then precipitated with 0.1 tr.! of goat anti-rabbit IgG diluted 
1.fi. sufficient to precipitate nil th>- rabbit IgG. for I'i hr at 4 'C . 
The precipitates were washed lliree limes in BBS and counted 
in a gamma-counter (NK ICIO, Nuclear Enterprises Ltd., Edin-
burgh. United Kingdom). Samples w»re diluted in 0.3% BSA 
BBS. Serial 2-foH rlilutions of a preparation of F.Pi (221 were 
made from 1 jig/ml to 1 ng/rtil and used to construct a control 
curve from which values fyr unknown samples were obtained. 
This assay was modified for the determination of antigen Pi by 
using 2 ng "T-labe'ed Fr. 14 and dilutions of cold Fr. 14 for the 
control curve. In cross-inhibition sti dies told Fr. 5 or Fr. 14 2t 
4.0. 0.5, 0.125, or 0.0.12 /ig/'ml was used to inhibit the binding of 
1 ng of '-"'Maheled Fr. 5 or Fr. 14 by either IgC. or IgK ab in a 

preparation of specifically purified ai> from art allergic .subject. 
The ab was diluted 1/160 in l/.Vl normal human serum. Mon-
ospecific goat antiserum li> t h e Fc fTr.-ment of either h u r . a n 
IgG or lgK was used as a seewnrf antiKnly to precipitate. 

In the stability experiments 20 ;jg ExI or K«Pi in 0.1 ml BBS 
(pH 8.0) was incubated for 1 Itr at room temperature , 37, 55. or 
80°C. The same quantitie.% ef allergen were incubated in 0.1 M 
buffera at pH 2.0. 4.0. 7.0. and 12.0 for 16 hr «t 37°C. T h e 
])H was neutralized with 0.1 ml 0.3 M phosphate buffer, pH 7.7. 
All the experiments were performed in duplicate. Dilutions of 
the heat- or pll-treated samples were assayed for Pi content as 
described above. 

RAST. RAST absorption. T h e HAST was performed wi tb 
paper disci coated with ExI a s described previously (22). R A S T 
absorption was carried out as described by Gleich and J a c o b 
(27). Dilutions of serum (1:2 to 1:20) or specific t b (I:2CO to 1: 
400) were ab?orl»ed overnight with 0.5 ml 2% Sepharose Ixcd* 
coupled to Exl, antigen Pi ( IEF Fr. 5) or human w;rum albumin 
(HSA). The beads were r r o o v t d by rentr i fugat ion and the 
supernatant was assayed for total IgE. 

Skin testing. Intradermal skin tests were carried out by 
injecting 0.05 m.1 of serial 10-fold dilutions of each allergen 
preparation in 0.05% HSA in phenol saline. T h e allergen solu-
tions we.e sterilized through an 0.22-^m filter (Millipore Cor-
poration, Bedford, Mass.) before use. The skin response w u 
measured aftvr 15 min and a wheal of > 6 x 6 m m was regarded 
as a positive (-M-) response. 

RESULTS 

Purified attcrg'r.s from 1EF. T h e partially purified allergen. 
F41*I, showed only A single major band on Laurel! electropho-
resis but multiple bands on IKK over a wide pi range. T h i s 
suggested two possibilities; t i l her tha t the preparat ion con-
tained other proteins that could be f-cparsted by IEF, or that 
the allergen was present in multiple isoelectric forms Prepar -
ative IKF u as used to determine the distribution of allergen a t 
different isoelectric points. T h e antigenic activity detected by 
inhibition RIA eluted almcit in parallel with p ro t t in and was 
predominantly distributed in two peaks, fraction 5 (Fr. 5) and 
Fr. 14 with pi of 4.7 to 5 4 and C O to 7.1, respectively (Fig. 1). 
On immunodiffusion with rabbit antiserum a single l ine was 
seen against Fr. 5 and Fr. 14, which showed complice identity. 
This line was identical with t h e major line against Exl (Fig. 2>. 
Highly concentrated extract of th<; D. pteronys*inu3 cul ture 

f'actm njry 
Figure I. I'rt par.itive isorlectricfjc-jsinjt of partially purified D p'.er-

on\**inu* timet, Fil',.The pH (© Oi. pruttin content (aksorbanor 
al J.sO mill (".*> C>. and F.Pi content IX A) of each fraction is 
shimn. The <;u:ir\tnv of K.I'r il-t 1-rnv.nrd b> inhibition RLV by 
using iinmun-is-irlnrnt jmrified rabbit antibody to E\I. f r . 5 and Fr. 14 
»ere pooled as indicated tool. 

u L 
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medium (CM) also showed a single line, but this line showed 
no cross-reaction with either Fr. 5 or Fr. 1-1 (Fig. 2). The 
fractions were also compared by using cross-inhibition of RIA. 
Dilutions of cold Fr. 5 or Fr. 14 were used to inhibit the binding 
of '^I-labeled Fr. 5 or Fr. 14 by either IgG or IgE ab from an 
allergic person (see Methods). The inhibition curves were very 
similar when using either the homologous or the heterologous 
antigen as inhibitor (Fig. 3). In both cases binding could be 
inhibited by up to 94% with the opposite fraction. Furthermore, 
absorption of allergic sera with Fr. 5 linked to Sepharose beads 
completely removed (>95%) the BA for radiolabeled Fr. 14 
(data not shown). In keeping with the view that Fr. 5 and Fr. 14 
showed antigenic identity both fractions gave very similar skin 
test responses in allergic individuals. Quantitative intradermal 
skin tests on J1 skin test-positive individuals and four nonal-
l e l i c controls showed a good correlation between sensitivity to 
each purified fraction and sensitivity to ExI (Table I). With Fr. 
5 two individual* gave positive (++) reactions using 10"5 jig/ml 
of purified allergen (i.e., - 5 pg). One subject (NJ.) who was 
only weakly sensitive to mites gave a ++ skin response to a 
100-fold higher dilution of ExI than of the purified fractions, 
suggesting that he was probably reacting to different allergens 
in the crude mite extract. On the baris of all these criteria Fr. 
5 and Fr. 14 appeared to be antigenically identical. 

T A B L E 1 
Intradermal skin texts with D. pterortynwtu.% cllerge 

a a? am c* 0 OCH OKi 
Anl-̂m CfKMtfitiyi I tjt̂  r-f k 

Subject 
Mmimum Concrmracirxi nt Allergen Ci iviivt a 1'iMtivt 

Subject 
I 'unct I Fr 5 Fr. 14 

W.S. 10"' 10" ior 
TS. 1 0 - 10"* 1 0 " " 
N.D. I 0 l 10"v I O -
A.J. 1 0 * 10-** 10"* 
M.C. 10' i c f 10* 
N J . 10-1 10* itf* 
M.K. 1 0 * 10"1 i o - " 
J.S. 10 " 10-'-* 10 "T 

E.T. 10"' 1 0 " 10"» 
— S J . I 0 - " 1 0 - 10-* 

R.B. 1 0 " 1 0 " 1 0 " 

Controls x 4 >10' > 1 0 ' > 1 0 ' 

* Intradermal (ikin tests were carried out by using 0 0 5 ml of serial 10-
fold dilution* of allergens. A wh»al of >*» x G m m was recanted as a 
positive ( + + ) response. Values were extrapolated to the rvrarwt V* log 
when the lower dilution gave a positive reaction. 10f — I j ig/ 
ml. Negative skin t e s u at 10 jig/nJ w e recorded u >ll>'. 

T A R L E II 
Amino acid analyyix of Fr. S and Fr. 14" 

Figure 2. Immunodiffusion analysis of purified fractions. The center 
well contained hyperimmune rabbit antiserum to extract of whole I*. 
ptert>nxssinus culture (anti-Ex 1) (22). Immunodiffusion a^ain^t ExI. 
IEF fractions 5 and 14. and extract of the culture medium (CM) U 
shown. 

Reyidurft/IW Hi-ud, 

Fr. 5 

w o? Amifw-

Fr. 14 

n«wlue%'Nfo?-
ecule* 

Asx 14.3 13.9 24 
Thr 4.6 4 .4 8 
Ker 7£ 7.8 13 
GLt 12.2 12.9 2 t 
Pro 4.9 5 5 !> 

Cly l i e ! 0 J 2 0 
Ala 9 3 93 17 
ViCys 2.0 1S> < 

Val 4.2 7 
Met 1.2 1JZ •» 

lieu 6.3 £ .4 11 
Leu 4.3 4.4 A 
Tyr 5.2 5.4 D 
The 2.3 2 .2 4 
H i s ' 2.4 2 .6 4 
Lvs 2.1 2.1 4 
Arg 5.4 S A 10 

Figure."?. Cri.^- ir.hitii'.iun by vising !KF purified fractions. RindinK 
by hunvm ItC or IgE antibody to '""'1-l.ibelcd Fr. 5 (cirri. .. ,{,i.-fi,-d 
line) or ,3I-!aS-lt-d Yt. 14 (square*, no'id lint) was inhibi'.ed by using 
either the hoin^Io^'ous iclmed syrnbol*) or heterologous ap.tijten /u/v/t 
symfxilxl. Human antibodies were precipitated by u.sinn a «econd .in'i-
body; ijoat an'.i '^T. or goal anti-I^E. respectively. 

"Twenty micrograms of Fr. 5 and Fr. 14 were hvdrol>>^d in vacuo 
with 1 ml fi N HCI for 24 hrat 110'C and applied to* B tkman Model 
120C amino acid analyser. 

* Preliminary calculations of the numbers of amiro acicis/mol^cule 
were made for Fr. 5. assuming a nvw. of 2t.tX>>. a carbohydrate content 
of 8.4^ (Dr. E. F. Hounsel!—pvrvjnol communication). ar.d thai no 
other components were present. Value* arc given to the nearest integer. 

The amino scid composition of each fraction was very similar 
apart from slight differences in the numbers of glycine and 
valine residues (Table II). With the SAQ system (30) for relat-
edness among proteins, Fr. 5 and Fr. 11 differed by 4 units, 
indicating (hat they were "identical proteins". In contrast, when 
Fr. 5 was compared with the published amino acid analysis of 
the purified pollen allergen Rye I (16) it differed by 140 units. 
On SOS electrophoresis each fraction migrated as a single 
homogeneous band with an apparent ni.w. of 24.000 (Fig. 4). It 
wis also clear that the fractions migrated to the same position 
as the most heavily staining band in ExI. Since Fr. 5 and Fr. I I 
could not be distinguished by their reaction w ith antibodies, by 
amino acid analysis or SDS-I'ACiE it seemed likely that they 
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represented minor structural modifications of a single protein 
or glycoprotein. 

T h e common antigen in cach fractiop has been designated 
Dermutophagoidex pteronyssinus antigen Pi. T h e stability of 
the antigen was assessed by using a double ant ibody inhibition 
RIA (see Methods). T h e antigen is stable at tempera tures up 
to 37°C, loses 50% of its antigenicity after 1 hr at 56°C, nnd is 
rapidly denatured at 80"C. Antigen is s table a t neutral p l l . 
bu t af ter 16 hr loses more than 50% of it.s antigenicity at pH 4.0 
or pH 9.4, and is completely denatured a t p H 2.0 or p H 12.0 
(data not shown). 

IgE antibodies to P, in allergic individuals. Skin test reac-
tivity to purified preparat ions of P | correlated with reactivity 
to crude mite extract in seven symptomatic , mite-allergic sub-
jects who were highly sensitive to Exl ( + + reaction with 10 J 

/ ig/ml) (Table I). In serum there was an excellent quant i ta t ive 
correlation between IgE ab to Pi measured by antigen binding 
assay and IgE ab to D. pteronyssinus measured by R A S T (r « 
0.82, p < 0.001, n •» 30). For six sera from allergic persons the 
quanti t ies of IgE ab to Exl and to Pi were compared by R A S T 
absorption (Table III). In these samples IgE ab to Exl and to 
P i formed from 15 to 36% and 9 to 21% of the total IgE, 
respectively. A much higher percentage of the total IgE was 
directed against each allergen in the two preparat ionsof specific 
antibody. In all cases IgE ab to Pi accounted for a large 
proportion (up to 72%) of the IgE a b to ExL T h e quanti t ies of 
IgE BA and total IgE absorbed by R A S T beads coated with Pi 
were used to make an est imate of the amount of IgE represented 
by 1 unit of I(:E BA (Table III). These calculations gave a mean 
value of 1.13 ± 0.44 ng IgE ab /un i t IgK BA. When this value 
was applied to the previous measur?ments of IgE BA on sera 
f rom three grou|>s of mite aliergic individuals, IgE ab to Pi 
accounted for 8.1 ± 11.5% (n = 54). (31). 10.8 ± 7.4% (n = CO) 
(32), and 17.4 ± 12.1% (n = 44) (22) of the total IgE. T h e s e 
values (mean 12%) are very similar to those reported by using 
purified major allergens from [a l iens (3->35). 

60K» 
V' 1 

•2Zi K-
< ! ' 

I- 11K< 

•.. -

- i . v 

t i : 
-l-.t -J 

Exl M F4?j Fr.5 Fr. 14 K 5-V-
SAS 

t 
t 
I 

Rytl 

[ V O L . 1 2 5 

TAKJJ-; i I 
Estimation of 0>e ubxvtule quniUifirs r~i tgK ab to mite allergen* 

I'.t^nt Sample IiE HA IV 1 t>. 
( T>,"i«i 

nirretcd 
P,/FJ I 

F.Mima-
tion U 1 L'r.i: of 1 t>. 

Ex 1 P. I«E BV 
untt*!nl bAi tA/mt "X 

SB. Senun •3>« i 7W W in 44 1.33 
l'.r. Serum 575 M1G 30 is 50 0.70 
TAV. Serum W • 3HU 23 21 72 o sn 
U.J. Serum 180 1 S16 18 » SO 0/J3 

M.K. (Serum ZM i « « <• 10 67 0.«2 M.K. iSp. Ab * IH.fx*) [ I J,*X .') 61 40 fv> 1.06 
D.B. ISerum 852 lit-HO 12 r. 50 2.11 D.B. Up. Ab.' 28.0<*) ( 51JUO SO 30 60 l.XJ 

Figure 4. Analysis of D. pteronyss'inus antigens by SDS-PAGK. A 
variety of markers were compared with Fr. 5. Fr. 14, F.Pi, and Exl. M. 
marker solution containing catalyse (m.w. 60,000). peroxidase (tn.w. 
<0,0001. myoglobin 17,0031, hemoglobin (mm . 15,000), and cyto-
chrome C (m.w. 13.GOO). *. purified kappa light chain (human Bence-
Jones protein) (m.w. 22,500). UY* S A S , an enriched preparation of Kit 
that precipitated in the presence of oO^ saturated t n m o n x m salfatr. 

" Measured on utvv^isorhed sair.ptr» by cni ' zen binding radioimmu-
noassay (21) by u*in£ 2 nc l s I U l s r l e d Fr. 14. s»-rum from a myeloma 
patient (P.S.) ascarrirr and monospecific joat antiserum to Kc frapment 
of IgK to precipitate. Kesults were oi) Limed from a control curve aod 
expressed in arbitrary unit* of bimiins activity (B.M/tnL 

'Measured on uruhmrbi-d .samples by double antibody inhibition 
radioimmunoassay CJ3). 1 unit of I j E » b «.-«un»ed to be equivalent to 
2.4 n* (201. 

' The results, expressed as a percentage of the total IgK, are the 
quantity of IgK nhsortx-d by Kil or P1 immur.osortxnt minus the I j E 
ahsc.rbcd by an USA immunosorbent. 

" 'The quantity of IgK rvprvwntf-«i by 1 unit of IgK BA was calculated 
as follows: 

Total I i E (uniu/nJ) X 7.4 
X 1 - total IgK directed against Pi 

1 unit •• ; tig 
IeF. UA fo t P , (uniU/ml) 

* Immunosorbent purified specific antibody to K x L 

DISCUSSION 

Several lines of evidence sugges ted t h a t nnt igen P ( was t h e 
r.vajor allergen of I). pteronyxsinus. Reac t iv i ty t o t h e pur i f ied 
allergen and crude mile extract W33 cl<*~ely cor re la ted by skin 
testing and showed an excellent cor re la t ion in r e n i m . In addi -
tion, IgE a b to Pi occourittd fo r u p to t h r e e - q u a r t e r s of the I g E 
ab to Exl . We have also found t h a t more t h a n 90% of individuals 
who give positive prick tests t o IX pteronysjinu* ex t rac t h a v e 
detectable serum IgE a b to an t igen Pi . In keeping with o u r 
previous studies (22) responses t o i n t r a d e r m a l skin tes ts w i t h 
antigen Pi and Exl were very s imi lar when t e s ted at t h e s a m e 
protein concentration. These ressilts co r r e l a t e surprisingly well 
with o ther data which suggest t h a t ant igen P t r ep resen t s 10 to 
20% of tne protein in Exl. However , in a g r e e m e n t wi th o t h e r 
workers (21). we believe tha t c r u d e mi te ex t r ac t also con ta ins 
minor allergens as indicated by o n e subject <N J . ) who was 100-
fold more sensitive to Exl t h a n t o ant igen P i (Tab le I). T h e 
distribution of ab against I \ i s ve ry s imilar t o t h a t for a b t o 
purified pollen allergens ( 34. •>». 37) in both s e r u m (22, 32) a n d 
nasal secretions (Nl. D. C h a p m a n and T . A. E. Pla t ts-Mil ls , 
unpublished data) and includes IgG. IgA. a n d I g E ab . T h e 
evidence suggests that this response , like t h a t to po l len aller-
gens, occurs locally in the nasal mucosa 

T h e apparent m.w. of ant igen P , on S O S - P A G E (24,000) is 
very similar to tha t suggested b y S tewar t a n d T u r n e r (21) b u t 
a little higher than that suggested by o the r s using gel filtration 
(7,500 to 20,000) (19, 3!<). Compar i son of t h e gel fiJiraticn d a t a 
and tha t derived under reducing condi t ions on S D S - P A G E 
confirms tha t antigen l*i is a s ingle amino acid cha in . I t r ema ins 
possible tha t the m.w. of an t igen P , m a y b e s l ight ly overest i-

2 1 6 . 
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m a t e d o n S D S - P A C K . T h e p r e s e n c e o f a c o m m o n a n t i g e n o n 
p r o t e i n s w i t h d i f f e r e n t i s o e l e c t r i c p o i n t s is n o t u n u s u a l , a n d h a s 
b e e n r e p o r t e d p r e v i o u s l y f u r s e v e r a l a i l e r o n s i n c l u d i n g R y e I 
(16) , c o d f i s h a l l e r g e n M ( ' 0 ) , a n d Clndnspnrium hcrbcrum 
a l l e r g e n 32 (41) . H o w e v e r , i n a l m o s t a l l c a s e s t h e p i v a l u e s of 
t h e s e " i s o a l l e r g e r u " d i f f e r e d b y l e s s t h a n o n e p i u n i t . O u r 
r e s u l t s d e m o n s t r a t e t h a t a n t i g e n Pi o c c u r s in a t l e a s t t w o 
i s o a l l e r g e n i c f o r m s t h a t e x h i b i t m a r k e d l y d i f f e r e n t i s o e l e c t r i c 
p o i n t s . O n a n a l y t i c a l 1 E F t h e t w o p r e p a r a t i o n s of p u r i f i e d P i 
{Fr . 5 a n d F r . 14) e a c h s h o w e d m o r e t h a n o n e b a n d . T h e 
h e t e r o g e n e i t y o n I E F c o u l d b e e x p l a i n e d b y d i f f e r e n c e s in 
c a r b o h y d r a t e c o n t e n t , a l t h o u g h s e v e r a l o t h e r f a c t o r s s u c h a s 
c o n f o r m a t i o n a l c h a n g e s o r d i f f e r e n c e s i n a m i d e c o n t e n t m a y 
a l s o b e i n v o l v e d (42) . R e c e n t w o r k h a s s h o w n t h a t b o t h F r . 5 
a n d F r . 14 a r e g l y c o p r o t e i n s , c o n t a i n i n g g a l a c t o s e , m a n n o s e . JV-
f i c e t y l g l u c o s a m i n e a n d A ' - a c e t y l g a l a c t o s a m i n e ( D r . E . F . H o u n -
t e l l , p e r s o n a l c o m m u n i c a t i o n ) . T h e p r e s e n c e of m u l t i p l e i s c a l -
l e r g e n s o v e r a w i d e p i r a n g e s u g g e s t s t h a t a n a l y t i c a l I E F w o u l d 
n o t b e a u s e f u l t e c h n i q u e f o r s t a n d a r d i z i n g i.-.ite e x t r a c t s . 

I t h a s p r e v i o u s l y b e e n t h o u g h t t h a t a l l e r g e n s r e q u i r e d a -
p a r t i c u l a r m o l e c u l a r s t r u c t u r e (4.1) o r c h e m i c a l l y d e f i n e d d e t e r -
m i n a n t s (44) in o r d e r t o e l ic i t I g E a b f o r m a t i o n . H i g h l y p u r i f i e d 
a l l e r g e n s f r o m p o l l e n s , c o d f i s h , a n d v e s p i d v e n o m s d o n o t 
a p p e a r t o h a v e a n y c h e m i c a l p r o p e r t i e s in c o m m o n . T h e m a j o r 
a l l e r g e n s a r e g e n e r a l l y t h e " m o s t a b u n d a n t " s o l u b l e p r o t e i n s o r 
g l y c o p r o t e i n s w i t h m . w . o f b e t w e e n 10.000 a n d 4U,000 (45, 4G). 
A n t i g e n s w i t h t h e s e p r o p e r t i e s w o u l d r e s d d y p e n e t r a t e t h e 
n a s a l m u c o s a (47) w h e r e a s l a r g e r i n o l e r u l e s a r e e x c l u d e d , a n d 
s m a l l e r m o l e c u l e s ( h a v i n g f<-wer d e t e r m i n a n t s ) w o u l d b e e x -
p e c t e d t o b e l e s s i m m u n o g e n i c (48) . A n t i g e n P i h a s very - s i m i l a r 
p h y s i c a l p r o p e r t i e s t o t h e o t h e r m a j o r a l l e r g e n s . I n a d d i t i o n , 
R I A r e s u l t s s u z g e s t t h a t P 1 r e p r e s e n t s a b o u t 10 t o 2 ( / i o f t h e 
p r o t e i n i n t h e c r u d e e x t r a c t . I t a l s o f o r m s t h e s t r o n g e s t l i n e o n 
i m m u n o d i f f u s i o n (F ig . 2) a n d is c o i n c i d e n t w i t h t h e m a j o r b a n d 
o n S D S - P A G E (F ig . 4) . R e c e n t w o r k ha?- s h o w n t h a t h o u s e 
d u s t s a m p l e s c o n t a i n u p t o 50 ;ig P i / g d u s t , a n d t h a t m o r e t h a n 
90^- of t h e P i c a n b e e l u t e d w i t h i n 2 m i n ( E . R . T o v e y , M . D . 
C h a p m a n a n d T . A . E . P l a t t s - M i l l s , m a n u s c r i p t i n p r e p a r a t i o n ) . 
T h u s , a n t i g e n P i Is a r a p i d l y f l u t i n g g l y c o p r o t e i n , m . w . 24 ,000 , 
w h i c h is " a b u n d a n t " in e x t r a c t s of m i t e c u l t u r e a n d h o u s e d u s t . 
T h e s e r e s u l t s s t r o n g l y s u p p o r t t h e v i ew t h a t t h e i m p o r t a n c e o f 
a p r o t e i n a s a n a l l e r g e n f o r i m m e d i a t e h y p e r s e n s i t i v i t y i s d e t e r -
m i n e d h y i t s p h y s i c a l p r o p e r t i e s . T h e a v a i l a b i l i t y of a p u r i f i e d 
a l l e r g e n f r o m D. pteronyssinus s h o u l d gTea t ly f a c i l i t a t e s t u d i e s 
o n c e l l u l a r a n d h u m o r a l i m m u n i t y in p a t i e n t s w i t h p e r e n n i a l 
r h i n i t i s a n d e x t r i n s i c a s t h m a . 

A c k n o w l e d g m e n t * . W e w o u l d l i k e t o t h a n k B e n c a r d L t d . f o r 
g e n e r o u s s u p p l i e s o f D. pteronyssinus c u l t u r e . W e a r e v e r y 
g r a t e f u l t o D r . S . D o n a l d f o r c a r r y i n g o u t t h e a m i n o a c i d 
a n a l y s e s . 
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Abstract. An antigen-binding radioimmunoassay was used to measure IgG, IgA and IgK 
antibody (ab) to Dermatophagoides pteronyssinus in sera from patients who had been hypo-
sensitized with either aqueous D. pteronyssinus extract or placebo. A n allergen, F 4 P„ was 
obtained from D. pteronyssinus culture and 125I-labelled for use in the assay. The radio-
allergosorbent test was also used to measure IgE ab to D. pteronyssinus and IgE ab to Der-
matophagoides farinae. The radioimmunoassay results showed a selective rise in IgG ab in 
sera from D. pteronyssinus-Xreatcd (DP) patients. An increase of greater than twofold in 
IgG ab in post-treatment sera was found in 27 of 29 DP patients, compared to 1 of 29 
placebo-treated ('placebo') patients (p « 0.001). The mean rise in IgG ab in D P patients 
was sixfold, and the maximum rise was 50-fold. There was little change in the levels of IgA 
ab or IgE ab in either DP or 'placebo' patients during treatment. The D P patients showed 
significant clinical improvement compared with the 'placebo* patients (p <C 0.01). However, 
no correlation was found between post-treatment IgG ab and post-treatment symptom 
scores, or between the changes in IgG ab and the changes in symptom scores during treat-
ment. The time course of the antigen-binding assay was investigated using very low con-
centrations of F^Pf The results showed that antigen-binding was slow, even in the presence 
of an excess of IgG ab. The role of IgG ab in hyposensitization is discussed. 

Introduction 

In 1964 Voorhorst et al. [1] identified 
the house dust mite, Dermatophagoides 
pteronyssinus as a major source of allergen 
in house dust. Subsequently the importance 
of allergy to Dermatophagoides species in 
the aetiology of perennial rhinitis and asth-
1 Supported by the Asthma Research Council. 

ma has become well established [2-4] . In 
addition it has been found that hyposensiti-
zation (or desensitization) with extracts of 
house dust, D. pteronyssinus or Dermato-
phagoides jarinaey may result in clinical im-
provement. In some studies up to 80% of 
treated patients were improved by hyposen-
sitization, although generally the improve-
ment was not dramatic [5—10]. Other re-
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ports did not find significant improvement, 
and most clinicians would consider that the 
results of systemic hyposensitization therapy 
for house dust allergy are unsatisfactory 
[11, 12]. The mechanism by which im-
provement occurs is poorly understood, 
however, the production of IgG-'blocking' 
antibody (ab) has been thought to be impor-
tant. Using purified pollen allergens in anti-
gen-binding radioimmunoassays it is possi-
ble to demonstrate increases in serum IgG 
ab following hyposensitization [13-15]. 
These techniques could not be applied to 
measure IgG ab to D. pteronyssinus because 
purified mite allergens were not available. 
The production of IgG ab to mite extract 
has been demonstrated using radioimmu-
noelectrophoresis [9]. However, that tech-
nique gave only a semi-quantitative assess-
ment and could not detect IgG ab in the ma-
jority of pre-treatment sera. 

We have recently described the use of an 
antigen-binding assay to measure IgG, IgA 
and IgE ab to D. pteronyssinus in sera from 
untreated allergic individuals [16]. This as-
say used a partially purified allergen prepa-
ration, F4P„ derived from V. pteronyssinus 
culture. In the present study we have used 
this assay to measure the ab response in a 
double-blind trial of prolonged hyposensiti-
zation v/ith aqueous D. pteronyssinus ex-
tract. The clinical results of this study on 
patients from Hong Kong with seasonal or 
perennial rhinitis have been reported pre-
viously by Gabriel et al. [17]. The D. ptcr-
onyssinus-lizzizd. (DP) patients showed 
consistent benefit during maintenance thera-
py when compared with the placebo-treated 
('placebo') patients. In the present study the 
relationship between the production of IgG 
ab and improvement in clinical symptoms 
has been investigated. 

Materials and Methods 

Patients 
Full clinical details of the patients entering the 

trial have been described previously [17j. A l l the 
patients were Chinese, gave a 3-year history of 
seasonal or perennial rhinitis, and had posit ive 
skin tests and nasal chal lenge tests to D. pteronys-
sinus. Patients were stratified by age and random-
ly allocated to treatment with either graded doses 
of aqueous D. pteronyssinus extract (from 0 .0004 
to 0.2%, n = 29), or saline p lacebo (n = 29). T h e 
course consisted of 1 8 - 2 2 weekly'injections f o l l o w -

-ed by 12 monthly maintenance doses. Serum sam-
ples were taken before treatment, at the end o f the 
weekly course (4 months) i n d after 12 months o f 
treatment, i.e., approximately 6 months af ter 
starting the maintenance course. Patients recorded 
daily the severity o f their symptoms of sneezing, 
obstruction, discharge and asthma on a four-point 
scale (nil, mild, moderate or severe). These va lues 
were used to calculate patients' symptom scores 
throughout treatment. 

Measurement of Antibodies to 
D. pteronyssinus 
IcG> IgA and I g E ab to D. ptcronyssinus were 

measured by an antigen-binding radioimmunoas-
say, using a partially purified D. pteronyssinus al-
lergen, F 4 P, . This assay has been described in full 
previously and for these experiments was carried 
out using randomized coded samples [16]. 0 .1 ml 
of a dilution of patient's serum was incubated 
with 7 n g , 2 5I-labellcd F^Pj f o r 4 h at room tem-
perature. Specific ab was precipitated overnight at 
4 ° C by the addition of monospeci f ic goat an-
ti-IgG, anti-IgA or anti-IgE. T h e precipitates were 
then washed four times with borate-buffered sa-
line pH 8.0 (BBS), and the residual radioactivity 
counted in a ^-counter ( N E 1600, Nuclear Enter-
prises, Edinburgh). T h e assay was quantitated b y 
reference to a standard curve which was obtained 
by assaying IgG-binding activity (BA) in serial 
twofold dilutions of a hyperimmune serum. Thi s 
serum was pooled from 3 patients who had been 
hyposensitized with aqueous D. pteronyssinns ex-
tract, and was arbitrarily def ined as containing 
13,000 units IgG B A for F , P j / m l . The values for 
IgG, IgA and IgE B A in patients' sentm were ob-
tained by reference to the I g G B A control curve. 
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Sera from non-allergic persons were used in each 
assay to define the negative background. 

Some mid- and post-treatment sera from D P 
patients contained large quantities of IgG BA (see 
'Results') and had to be re-assayed at higher dilu-
tions (1:100 and 1:200). In sera with > 30-fold ex-
cess of IgG BA over IgA B A or IgE BA it was 
difficult to maintain antigen excess and the minor 
classes may have been underestimated. For these 
sera IgE BA for F<P, was estimated from the ra-
dioallergosorbent test (RAST) values for D. pter-
onyssinus. At dilutions of 1:10 to 1:200 the RAST 
assay was not affected by IgG BA. The RAST re-
sults were divided by 2.39 (the mean ratio of 
RAST:IgE BA in pre-treatment sera) to obtain es-
timated units of IgE BA. In post-treatment sera 
from 10 D P and 10 'placebo' patients the mean 
difference between the measured IgE BA and that 
estimated by RAST conversion was < 20%. The 
values for IgE BA given in figure 3 were obtained 
by antigen-binding assay, whilst those used for 
correlating symptom scores were obtained by 
RAST conversion. 

Measurement of IgE ab by RAST 
The paper disc RAST [18] was carried out as 

described previously [16]. Allergen-coated discs 
were prepared using 15 mg of either D. pteronys-
sinus or D. farinae extract in BBS coupled to 
1,000 filter paper discs. RAST results for both al-
lergens were standardized by reference to a con-
trol curve. This was obtained by assaying IgE ab 
in twofold dilutions of an allergic serum which 
was arbitrarily defined to contain 6,500 IgE 
RAST units/ml for both D. pteronyssinus and D. 
farinae. Al l RAST estimations were performed us-
ing two dilutions of scrum which gave results on 
the linear part of the control curve. The negative 
background was defined by the mean level for 
sera from 5 non-allergic individuals, and values 
above 2 standard deviations of this level were re-
garded as positive. 

Total IgE 
Total IgE was measured by double antibody 

inhibition radioimmunoassay [19]. 

Statistical Methods 
The '/} test with Yates correction was used to 

compare the increase in IgG B A in the DP-treated 
and 'placebo' groups. The Spearman Rank corre-

lation was used to compare pre- and post-treatment 
IgG BA. It was also used to compare changes in 
symptom scores with the dif ferences in IgG B A 
and the ratios of IgG BA and IgG BA:IgE B A in 
pre- and post-treatment sera. Linear regression 
analysis was used to compare I g G B A and IgE 
BA, total IgE and IgE BA, and the R A S T values 
for D. pteronyssinus and D. farinae. 

Results 

Antibodies to Mites in Sera from 
Untreated Patients 
Ab were assayed in 58 sera from untreat-

ed DP and 'placebo' patients using both the 
RAST and the antigen-binding radioimmu-
noassay. The RAST results for both D. 
pteronyssinus and D. farinae confirmed that 
a high proportion of the patients had IgE ab 
to mites, and showed a very good quantita-
tive correlation between values for the two 

IjOOQ —| r • 0 . 9 0 

p < 0 . C 0 1 

Q" •i 
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D. pteronyssinus RAST, units/ml 

Fig. 1. Correlation between t h e R A S T values 
for IgE ab to D. pteronyssinus and I g E ab to D. 
farinae in the pre-treatment serum of D P and 
'placebo' patients. The dotted l ine Indicates the 
minimum level of sensitivity for each assay. 
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species (r = 0.90, p < 0.001; fig. 1). The 
IgE ab levels of the 'placebo' patients were 
two- to threefold higher than those of the 
DP patients (table I) as haa been noted pre-
viously using a semi-quantitative RAST 
[17]. The results for IgG BA and IgE BA 
were compared with results for a group of 
D. pteronyssinus skin test positive individu-
als in the UK (fig. 2) [16]. These results 
show that, although many of the Hong Kong 
patients had higher levels of BA, the rela-
tionship between IgG BA and IgE BA was 
very similar in the two grorps. IgA BA was 
assayed in parallel with the other classes in 
20 sera; the level of IgG BA was greater 
than IgE BA and greater than IgA BA in all 
20 sera (fig. 3). Finally, there was an excel-
lent correlation between IgE BA and total 
IgE (r = 0.76, p < 0.001) in pre-treatment 
sera. These results are very similar to those 
obtained previously using purified allergens 
(the group I protein of rye grass pollen and 
ragweed antigen E) [14, 20]. This compari-
son suggests that F ^ is a suitable allergen 
preparation for studying ab in sera from 
mite allergic patients in Hong Kong. 

Antibody Response to Hyposensitization 
IgG BA was measured in sera from 29 

DP and 29 'placebo' patients (table I) . The 
mean rise in IgG B A in D P patients was six-
fold with a maximum rise of 50-fold. An in-
crease of more than twofold was found in 
27 of 29 D P patients and in only 1 of 29 
'placebo' patients ( p « 0 . 0 0 1 ) . In mid- and 
post-treatment sera IgE ab was measured 
either by antigen-binding assay or by ex-
trapolation from RAST results (see 'Meth-
ods'). The results showed little change in 
IgE ab in either 'placebo' or D P patients 
(table I). For 10 D P patients and 10 'place-
bo' patients pre-, mid- and post-treatment 
sera were also assayed for IgA B A (fig. 3). 
In general, the levels of IgA B A were very 
low, and only 2 DP patients showed a rise 
in IgA BA of more than twofold. From the 
results in figure 3 it is clear that the re-
sponse to active treatment was a selective 
rise in IgG BA. They also show clearly that 
the maximum rise occurred during and at 
the end of the weekly course of hyposensiti-
zation (mean increase 3.9-fold) with an ap-
parent plateau during the maintenance 

Table I. Antibody levels in D P and 'placebo' patients (geometric mean data) 

Treatment 
group 

Serum sample IgG BA 
units/ml 

IgE BA 
units/ml 

IgG BA:IgE BA D. pteronyssinus 
R A S T 
units/ml 

jD. farinae 
R A S T * 
units/ml 

D P pre-treatment 300 74 4.0:1 83 129 
D P mid-treatment 1,171 84 13.9:1 119 . 166 
D P post-treatment J,795 75 23.9:1 101 150 

'Placebo' pre-treatment 390 210 1.9:1 228 305 
'Placebo' mid-treatment 328 145 2.3:1 195 259 
'Placebo' post-treatment 323 137 2.3:1 199 265 

In both D P and 'placebo' patient groups 29 patients were assessed for IgG BA, D. pteronyssimis R A S T and 
D. farinae RAST, and 24 patients were assessed for IgE BA. 
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Fig. 2. Correlation between IgE B A and IgG 
BA for F^Pj in serum from untreated allergic in-
dividuals with positive skin tests to D. pteronyssi-
nus, measured by antigen-binding radioimmunoas-
say. The minimum level of sensitivity of each 
assay indicated ( — ) . © = Data from the present 
study; O — the 'London' data from a previous 
study [16] for comparison. 

lcpoo -

l lpoo -

100-
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IgE 
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Fig. 3 . IgG BA, I g A B A and IgE B A for F , P , 
in scrum samples from a selected group of D P 
and 'placebo' patients. T h e serum samples are in-
dicated: A = pre-treatment; B = mid-treatment (4 
months) C = post-treatment (12 months). Sera 
without detectable IgA B A are shown be low the 
doited l ine.The mean post-treatment :pre-treatnient 
ratio (post: pre) for each class of B A is shown. 

Table II. Correlation between changes in IgG BA and changes in symptom scores (JS) in patient groups 

Treatment . Comparison 
group 

Number of Correlation p value 
patients coefficient 
assessed 

AH patients pre-treatment IgG BA vs. pre-treatment symptom score 5S 
AH patients post-treatment IgG BA vs. post-treatment symptom score 58 

DP 
D P 

D P 

IgG BA post. - IgG BA pre. vs. J S 
IgG BA post. : IgG BA pre. vs. J S 
IgG BA:IgE BA post. 

vs. J S 
IgG BA:IgE BA pre. 

29 
29 

24 

- 0 . 2 5 
- 0 . 0 9 

- 0 . 0 9 
0.28 

0.12 

> 0 . 0 5 1 

>0.1 

>0.1 
> 0 . 0 5 

>0.1 

'Placebo' 
'Placebo* 

'Placebo' 

IgG B A post. - IgG B A pre. vs. J S 
IgG BA post.:IgG BA pre. vs. J S 
IgG BA:IgE BA post. 

IgG BA:IgE BA pre. 
vs. J S 

29 
29 

24 

- 0 . 1 6 
- 0 . 1 3 

- 0 . 2 4 

>0.1 
>0.1 

> 0 . 0 5 

1 When all the patients included in the previous study were assessed, a slightly better correlation was obtained 
(n = 66, r = - 0 . 3 , p <0 .02) [17]. 
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treatment (mean increase 1.5-fold) (table I, 
fig. 3). 

Relationship between IgG BA Response 
and Symptoms 
The effect of hyposensitization on the 

symptoms of 23 DP patients and 27 'place-
bo' patients has been described previously 
[17]. In the present study we included a fur-
ther 6 DP and 2 'placebo' patients for 
whom sera and symptom scores were avail-
able at 1 year, i.e. after approximately 6 
months of maintenance therapy. When the 
patients' own assessments of their symp-
toms were compared, the DP patients 
showed a progressive improvement in 
symptom scores from 4 months onwards. 
The D P patients were improved in all symp-
toms for the last 3 months of treatment 
(p<0.01) [see also fig. 1 and 2 in ref. 17]. 

During the first 28 days of treatment, symp-
tom scores were very similar in the two 
groups. This period has been used as the 
baseline to assess subsequent changes in 
symptoms. We attempted to correlate the 
production of IgG ab and improvement in 
symptom scores in individual patients. The 
results showed no correlation (table II). 
There was a slight inverse correlation be-
tween IgG B A and symptom scores pre-

"treatment (p < 0.02) but no correlation after 
treatment. The change in symptom scores 
during treatment (JS) was compared with 
the absolute increase in IgG BA, the ratio of 
IgG BA post-treatment: pre-treatment and 
the ratio of IgG B A : IgE B A post-treatment 
to IgG B A : I g E B A pre-treatment. None of 
these assessments of IgG B A showed any 
correlation with changes in symptom scores 
either in DP or 'placebo' patients (table II). 

Table III. Quantities of F4P1 bound1 by IgG ab2 in pre- and post-treatment sera using different antigen 
concentrations 

Patients3 Incubation 
time 

Quantity of 125I-F4Px added to 

pre-trcatment sera post-treatment sera 

7 ng 1 ng 0.2 ng 7 ng 1 ng 0.2 ng 

Patient No . 410 5 0.06 0.02 0.007 0.25 0.07 0.02 
30 0.14 0.04 0.01 0.57 0.15 0.04 

120 0.27 0.08 0.02 1.07 0.27 0.07 

Patient No. 417 5 0.07 0.02 0.008 0.78 0.21 0.07 
' 30 0.14 0.05 0.02 1.47 036 0.08 

120 0.23 0 . 1 1 0.03 1.99 0.50 0.10 

1 Values expressed as ng FjPt bound, and based on the protein content of a standard preparation of F4P1 
determined using the Lowry technique [16]. 
2 Sera were assayed in the presence of 7, 1 or 0.2 ng 125I-labelled F4P1, and the assay w a s stopped at 5, 30 
or 120 min by the addition of a 50-fold excess of cold antigen. IgG ab was then precipitated with anti-IgG 
for 2 h at 37 °C. 
3 Sera from patients No. 410 and No. 417 were assayed at dilutions of 1:25 and 1:50, respectively. 
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Time Course of Binding by IgG ab 
In view o | the apparent lack of correla-

tion between IgG BA and improvement in 
symptoms, further experiments were de-
signed to assess whether excess IgG ab 
would be able to 'block' the binding of anti-
gen to mast cells in vivo. The antigen-bind-
ing assay used here is routinely carried out 
by incubating a dilution of patient's serum 
with 7 ng 125I-labelled F ^ for 4 h. The 
onset of symptoms following natural expo-
sure occurs within 15 min and may well in-
volve much smaller quantities of allergen 
( < 1 ng). Antigen-binding assays were carried 
out using constant amounts of IgG ab with 
smaller quantities of antigen and shorter in-
cubation times. The results show that the 
antigen bound increased progressively both 
with time and antigen concentration (table 
III) [16]. However, the apparent relation-
ship between different sera was not marked-
ly affected by altering the conditions of the 
assay. It was also clear that in the presence 
of very small concentrations of allergen 
these sera stDl bound F , ^ slowly. IgG ab 
which could bind 1.07 or 1.99 ng out of 
7 ng in 120 min bound only 0.04 or 0.08 ng 
in 30 min when 0.2 ng was added. Thus 
even in the presence of an apparent large 
excess of IgG ab the binding of F4Pt might 
not occur sufficiently rapidly to prevent in-
teraction with mast cells. 

Discussion 

In this study injections of aqueous D. 
pteronyssinus extract produced a selective 
rise in serum IgG ab and an improvement in 
symptoms. However, the evidence suggests 
that the production of IgG ab was not di-
rectly related to the improvement in clinical 

symptoms. Firstly, the time course for ab 
production did not c o r r e l a w i t h the time at 
which patients were observing symptomatic 
relief. Patients' symptoms were most im-

-proved over the last 3 months of treatment 
whilst most of the rise in IgG ab occurred 
during the first 4 months. Secondly, we 
could find no correlation between symptom 
scores and the levels of IgG ab in pre- and 
post-treatment sera. Other evidence also 
suggests that the effects of hyposensitization 
may not be directly related to IgG ab. In a 
similar study [21] we have assayed IgG, IgA 
and IgE ab to D. pteronyssinus in sera from 
asthmatic children who were hyposensitized 
with tyrosine-adsorbed mite extract (Mig-
en). In that study the treated group showed 
a reduction in both their symptoms and the 
incidence of late reactions to bronchial chal-
lenge. However, there was no significant 
difference between the IgG ab levels of the 
Migen-treated or placebo-treated patients. 
Several studies of hyposensitization in grass 
pollen and ragweed hay fever have demon-
strated a selective rise in serum IgG ab 
[13-15, 22-26]. In some of those studies 
the quantitative increase in. IgG ab was 
weakly associated with patients showing the 
best clinical improvement [23-26] , Howev-
er, despite considerable effort, other authors 
have failed to correlate rises in IgG or 
'blocking' ab with improvement in symp-
toms [27, 28]. There is evidence that IgG 
ab has a role in hyposensitization for bee 
sting allergy [29, 30]. However, the quanti-
ties of allergen involved are much larger 
than those of inhalant allergens, and the 
route of exposure is different 

Several alternative mechanisms of the 
beneficial effects of hyposensitization have 
been proposed. Firstly, IgE ab production 
might be suppressed. Certainly cells which 
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specifically suppress IgE ab have been dem-
onstrated in animals [31, 32]. Furthermore, 
prolonged hyposensitization may lead to a 
fall in IgE ab levels [14]. Kowever, in the 
present study we found no evidence for spe-
cific suppression of IgE ab in actively treat-
ed patients. Recent studies on hay fever 
have suggested that the IgG ab response to 
injected antigen does not occur in the same 
place as the ab response following natural 
exposure [13]. If injected antigen raised IgE -
suppressor cells in 'central' lymphoid tissue, 
e.g. spleen, it is possible that these cells 
would fail to act on IgE production occur-
ring at local sites. A second alternative is 
that hyposensitization acts on mast cells and 
they become less responsive to antigen. In 
some ragweed allergic patients improve-
ments in symptoms have been associated 
with decreased histamine release from circu-
lating basophils [14, 24]. However, no con-
sistent evidence of this kind has been ob-
tained for the house dust mite [8, 9]. 

It has often been assumed that the role 
of IgG ab following hyposensitization was 
to 'block' the binding of allergen i.o mast 
cells at mucosal surfaces. The results in ta-
ble III suggest that the IgG ab in post-treat-
ment sera, even when present in excess, 
might not be able to 'block' histamine re-
lease in the short periods during which 
symptoms develop. A similar conclusion has 
also been reached by other workers using 
rabbit antisera to inhibit histamine release 
from human basophils [33]. It is possible 
that IgG ab in nasal secretions would have 
more effective 'blocking' activity than that 
found in serum. The levels of IgG BA and 
IgA BA found in nasal secretions are not 
high, neither for pollen antigens [34, 35] 
nor for D. pteronyssinus *[Chapman and 
Platts-Mills, unpublished data], and show 

Fig. 4. Time course o f inhibition of ragweed 
antigen E-induced histamine release by pooled na-
sal washings from allergic ( A , © ) and non-al-
lergic individuals (O, • ) . 

only a modest rise during treatment [13, 34 , 
35]. Furthermore, the blocking of histamine 
release by IgG and IgA anti-antigen E in 
nasal secretions also occurs very slowly 
(fig. 4) [Platts-Mills and Lichtenstein, un-
published data]. Thus, even concentrated 
nasal washings which could cause > 90% 
blocking after 18 h achieved < 45% of this 
level in 30 min. These results suggest that 
the quantity of local ab produced in re-
sponse to systemic hyposensitization would 
not be effective in preventing allergens from 
releasing histamine in vivo. There is consid-
erable evidence that the antibodies to inhal-
ant allergens are produced locally [13], and 
it is possible that local hyposensitization 
[36] would be a more effective form of 
treatment. Directly applying allergen to the 
nose might improve symptoms either by 
raising 'blocking' ab levels in nasal secre-
tions or by priming local IgE-specitic sup-
pressor cells [13, 37]. However, symptoms 
could be made worse either by increased lo-
cal production of IgE ab, or by the recruit-
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raent of basophils and mast cells to the na-
sal mucosa [38]. In the present study sys-
temic injections produced modest clinical 
improvement, but the production of IgG ab 
did not appear to be the mechanism by 
which this improvement was mediated. 
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