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Chapter 1

General Introduction

Adverse reactions to foods

Adverse reactions to foods are increasingly being recognized as important
medical problems and are the subject of confusion and controversy, Foods
or foodstuffs may consist of three major groups of components: the food
itself, either native or processed, additives such as dyes, preservatives, stif-
feners etc, and contaminants. All these groups of components can cause
adverse reactions. These adverse reactions to foods can be classified in
several fypes of reactions (1-3). As shown in Figure 1, adverse reactions can
be divided in toxic, non-toxic reactions and aversions. The non-toxic reac-
tions (hypersensitivity) to foods are classified either as immune-mediated
(food allergy) or non-immune-mediated (food intolerance). Several types
of food intolerance reactions have been recognized based on the know-
ledge of their working mechanism. According to the classification of the
European Academy of Allergy and Clinical Immunology (EAACH subcom-
mittee on food hypersensitivity, food allergic reactions can be divided into
IgE-mediated and non-IgE-mediated reactions. With respect to the non-
IgE-mediated reactions, no real evidence is available for a causative role
of these type of reaction in food allergy.

The majority of hypersensitivity reactions to foods are mediated by non-im-
munologic mechanisms. However, most of these reactions are very mild
and considered to be normal, and as such should not be considered a
hypersensitivity reaction, as for example the diuretic effect of coffee-
derived caffeine.

The definitions of adverse reactions to foods are given in Table 1.



Adverse reactions to foods

Toxic Non-toxic Aversion
Food hypersensitivity

Non-immune mediated Immune-mediated
Food intolerance Food allergy

Metabolic IgE Non-igE

Pharmacological
Undefined/other

Figure 1: Schematic representation of adverse reactions to food.

Toxic reactions to food

Foods may contain many toxic substances which can induce a wi
variety of symptoms. Food toxicity may affect all organa and fissu
especially the liver and kidneys and can be caused by naturally occurri
toxins, contaminants and additives or by toxins induced during fo:
processing (4, 5). A toxic reaction to food is discriminated from a hyperse
sitivity by the fact in case of food toxicity every exposed individual
show symtoms if the dose is high enough whereas a food hypersensitivih
host-dependent. Toxic reactions may be acute but may also becor
apparent affter some time as for instance toxin-induced tumors, A w
known example of a contaminating toxin in foods is aflatoxin, a to
produced by microorganisms in peanuts and meats, which can cat
gastro-intestinal problems but also severe effects such as liver tumors.
Since toxic reactions to food are not part of this thesis they will not |
discussed further.

Aversions
if a person reacts to a certain food only when that person is aware
suspicious of its presence, then this reaction is probably not based on



Table 1:  Definitions of adverse reactions to food (adapted from Bruinzeel-Koo-

men et al. (3)).

Term

Definition

Adverse reaction
Food toxicity/poisoning

Food aversion

Food hypersensitivity

Food dallergy

Food intolerance (FI)

Pharmacologic Fi

Metabolic Fi

Undefined or other Fi

An undesired response to ingested food

An adverse reaction following food ingestion that
is due to a natural component or additive of the
food, foxins induced by food processing or con-
tamination of the food by microorganisms or their
toxins. In general, toxic reactions will occur in any
exposed individual if the dose is high enough

An adverse reaction to a food which is due to a
psychologic cause

An adverse reaction to a food which is nof so
much caused by the food itself, but rather by a
specific trait and susceptability of the individual,
Food hypersensitivity includes both food dllergy
and food intolerance. However, the term is offen
used as a synonym for food allergy

A hypersensitivity to the ingestion of a food in
which the immune system plays the primary role

A hypersensitivity to an ingested food in which the
immune system does not play a primary role. This
category includes pharmacologic, metabolic and
other or undefined reactions

A druglike or pharmacologic hypersensitivity in the
host recipient as a result of compounds in the in-
gested food

A hypersensitivity to the ingested food caused by
a metabolic disorder of the host

An intolerance with an unknown or other mecha-
nism

physiological mechanism but rather has o psychologic origin, that may still
result in a physiological reaction. This form of adverse reactions to foods
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can be distinguished from a hypersensitivity o food in a so called doult
blind, placebo controlled food chalienge. In such a test, the complaints
the patient suffering from a psychologic based adverse reaction to fo
will not be confirmed. A patient suffering from a food aversion may th
that he or she is allergic or that the food is wrong for him or her becaus:
is fattening (14). This kind of adverse reactions can be freated with medi
care in combination with psychiatric help (15). However, in many cas
the occurence of an aversion is due to insufficient knowledge and awa
ness of safety assessment of food products.

Food intolerance

Many of the adverse reactions to food do not involve the immune syste
Food infolerance, defined as a hypersensitivity in which the immune-syste
does not play a primary role, is characteristically described by a posit
history of adverse reactions to the offending food and/or a provocati
test that clearly shows a causative role with the food but without ©
evidence that the immune system plays a primary role (6). Food intol
ance is divided info metabolic, pharmacological and undefined or oft
intolerance reactions.

In metabolic food intfolerance the adverse reaction to foods is caused
instance by an enzyme deficiency or defect (genetically) of the patie
which affects the ability to metabolize a food component or enhances t
sensitivity to a food-born chemical. An example is lactose intoleran
observed in the Western population and which is due to a deficiency
intestinal B-galactosidase (7).

Pharmacological food infolerance can be caused by different types
substances. Vasoactive amines, as for instfance histamine which can |
found as a nutural constituent of foods, may cause allergy-like sympto
(8). Moreover, histamine releasing factors, which can be found in strawb.
ries, shellfish, fomatoes, citrus fruit, chocolate and pork, can cause ph
macological reactions (9).

Intolerances of which the mechanism is not clear are categorized unc
undefined reactions. Many of the reported adverse reactions to foods ¢
placed in this category because their modes of actions are not und
stood. such as the suggested causative role of chocolate in migraine (i
or the role of food colouring agents suspected of adverse behaviour rec
tions (11, 12). However, in some cases specific IgE to food colouri
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agents has been documented (13), yet the relevance of these findings is
still unclear.

Food dllergy

The term "food allergy” is used when o hypersensitivity reaction that occurs
affer the consumption of certain foods is primarily immune-mediated. This
reaction is mediated by immunocompetent cells and antibodies reacting
specifically to foods which may cause functional and/or inflammatory
reactions in target fissues which may become chronic and induce tissue
damage. These immunological hypersensitivity reactions can be catego-
rized in type |, II, Il and 1V reactions as described by Coombs and Gell. The
majority of food allergic reactions are classified as type |, IgE-mediated
allergies. However, it has been suggested that other types of hypersensitivi-
ty reactions may also occur in food allergy,

Non-IgE mediated immunopathological mechanisms

Several food-related diseases were suggested to be food allergic reactions
which are not characterized by IgE but belong to one of the other 3 cat-
egories. However, in most cases the causative role of these reactions is not
clear and the mechanism of the disease not well-understood. Because
these types of reactions are not the subject of this thesis, they are dis-
cussed only very briefly.

A type Il reaction is characterized by antibody (IgG) dependent cytoto-
xicity of target cells. This reaction has been demonstrated in children with
cow'’s milk hypersensitivity, as well as milk-induced thrombocytopenia (16,
17).

Damage caused by immunecomplexes is the main feature of a type |l
allergic reaction. The circulation of immune complexes containing food
antigens and specific antibodies is a common and normal phenomenon.
These complexes occur approximately 30 minutes after food ingestion. In
healthy individuals these complexes reach a relatively low level and are
cleared from the blood fairly fast. In food hypersensitive patients, however,
these immunecomplexes reach higher levels and circulate longer. More-
over, they can contain IgE in association with anti-IgE antibodies, instead of

11



IgG or IgA as seen in healthy individuals. An example of this phenomenc
occurs in coeliac colitis (18, 19).

Cell-mediated food dllergic reaction or delayed type hypersensitivity (Tyg
V) to gliadin, found in gluten, could also be a mechanism involved
coeliac disease (20-22), although this is not clear. Delayed type hyperse!
sitivity has also been suggested to play a role in cow’s milk allergy an
other food-allergies (23) because delayed type hypersensitivity reactior
have been observed to occur in combination with an IgE-mediated foc
dllergy.

Food-specific IgG4 antibodies are frequently detected in food-allerg
patients (18, 24). It has been demonstrated that human Ig&G antibodie
directed to milk profeins can also be anaphylactic as proven by passiv
cutaneous anaphylaxis with monkeys as recipient suggesting that IgG
antibodies may also be anaphylactic in humans (25) although this has n«
been confirmed by others (26).

IgE-mediated food allergy

The Type | or immediate type hypersensitivity reaction to food is charact:
rized by high serum levels of food-specific IgE and eosinophilea (27-29). Tt
food-specific IgE can bind to mast cells and basophils via the high affini
IgE receptor. At a subsequent contact with the specific food, these I
molecules will be cross-linked by the allergen which signals the mast cell
basophil to degranulate. Degranulation results in a release of mediatfc
such as histamine and other vasoactive amines which may induce sym;
toms such as swollen lips, vomiting, diarrhea, itching, urticaria and anaph
lactic reactions (30, 31).

Food allergens

In theory, every product that is eaten can contfain food allergens. Mar
foods or food ingredients that can be responsible for a food allergy hay
been described. The most observed food allergies are those to cow’s mil
hen’s egg. peanutf, soy bean, nuts, fish, seafood and fruits and vegetabls
(27, 32-37). An dllergy to fruit or vegetables is usually not observed until 1t
subject is a few years of age (37). The prevalence of allergies to cow’s m
and hen’s egg tend to decrease with increasing age: 44% of the positiy
food challenges in children to cow’s milk or hen’s egg. were negafi
when tested 1-7 years later (32).
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Food dllergens in general are glycoproteins with a molecular weight
between 10 and 50 kD (3, 38). Several studies have shown that cooking or
heating a specific food did not result in reduced binding of specific IgE
using immunoblotting techniques with serum from food allergic patients.
Most food allergens are also relatively acid-stable and resistant to digestive
enzymatic break-down (39-42). This indicates that despite cooking and
digestion in the gastro-intestinal tract, B cell epitopes of food allergens may
enter the body.

Prevalence

Reliable epidemiological dafa on the prevalence of food allergy are
limited. The majority of the studies have been performed in the paediatric
population. In a study of Bock et al. (43) in which 480 children were
followed from birth upto the third year of life, 28% of the parents thought
that their child suffered from a food hypersensitivity, but a food allergy
could only be confirmed in 8% of the 480 children. Kajosaari estimated the
same incidence of food dallergy in young children but the prevalence
reduced with age of the children (44). The decreased incidence of food
allergy with age, suggests that immaturity of the immune systfem may be
an important factor in the pathophysiology of the disease (32, 45). The in-
cidence of the most common food allergy in young children, cows milk-
allergy, has been estimated at 2.5% (46, 47).

Two recent studies (48, 49) have estimated that the prevalence of food
allergy in adults is between 1 and 2%. The overassessment by parents of
having food allergic children is simularly observed in studies on food allergy
prevalence among adults. Several epidemiological studies indicated that
approximately 20% of the responders state that they suffer from adverse
reactions fo foods but only in 20% of these persons a food aliergy could be
confirmed (46-52). This may indicate that knowledge about adverse reac-
tions to foods is poor and that there is a need for education in this field.
Heredity is considered to be the most significant factor in predisposing in-
dividuals to food dllergies. Almost 65% of the patients with a clinically
proven food dllergy has an atopic first degree relative (53, 54), However, in
the prevalence of a specific food allergy dietary habits in a geographical
region play a role as well. For example, allergic reactions to fish are often
seen In Scandinavian countries (55), whereas soy bean allergy is more
common in Japan (56).
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Clinical symptoms

Food products, which are mainly absorbed in the gastro-intestinal trac
can give rise to symptoms throughout the whole the body both in adu
and in young children. The clinical manifestations that occur after a patie
has eaten the offending food may vary from one patient to the other. Al
the time-inferval between eating the offending food and the onset .
symptoms can be extremely different varying from several minutes to da
(67, 88). Some symptoms only appear under certain conditions such as ¢
exercise-induced anaphylaxis (69). Table 2 gives an overview of sympton
observed in food allergic patients after eating the offending food.

The oral allergy syndrome (OAS), which is the swelling and itching of lig
mouth and throat, occurs within 30 min after consuming the offendir
food (60). Although OAS has also been observed in response to fish, e
ond milk (61, 62), it is mainly observed in response to fruits and vegetabl
such as apple, peach, hazelnut, peanut and apricot (63).
Gastro-intestinal problems are often observed in a patient with foc
allergy. Nausea and vomiting can occur within 30 min after eating th
food and is followed by diarrhea (64, 65). This is also often seen in your
children with food allergy and may even lead to malnutrition and structur
damage of the intestinal mucosa (66). The skin is one of the most freque
target organs of IgE-mediated food reactions mostly expressed as atop
dermatitis and urticaria (67, 68). Respiratory symptoms such as wheezin
rhinitis, bronchospasm and asthma are also frequently seen in patients wi
food dllergy, and are offen associated with atopic dermaititis (69-71). Thes
symptoms usually occur within minufes to a few hours. In some case
especially in food dllergic reactions to peanuts or nuts, anaphylact
reactions are observed, sometimes leading to a shock. Several patien
have died from an anaphaylactic shock due to a food allergy. Initi
symptoms may be swelling and itching of the lips which may be followe
by a rapid loss of consciousness (72, 73). In young children the sympton
can start very mild and just as the symptoms are considered to be impirc
ving, severe anaphylactic symptoms may develope (74).

Food dilergic patients may suffer from one or a combination of the het
described symtoms, but also other symptoms can occur such as conjunc:
vitis or sinusitis.



Table 2: Symptoms that may occur in food allergic patients.

Cardio-vascular:  Anaphylactic (fainting, cardiac arrest)

Oral: Oral allergy syndrome (ifching and
swelling of mouth and pharynx)

Gastro-intestinal:  Vomiting, diarrhea, cramps, abdominal
pains, bloody stools

Skin: Atopic dermatitis, urticaria, angioedema
Respiratory: Wheezing, rhinitis, bronchospasm, asthma
Other: Cough, conjunctivitis, sinusitis, otitis media

Diagnostic tests

A correct diagnosis of food allergy is often difficult. Although the patient
may be confident that he or she is suffering from a food dallergy, often the
diagnosis can not be confirmed in the laboratory (49-51). This is probably
due to the observation that many of these hypersensitivities are caused by
an intolerance rather than an allergy, or by an aversion.

For clinical purposes the most used diagnostic tests are the radio-allergo-
sorbent test (RAST) and the skin-prick test (SPT). However, the results of such
tests may differ from one and other, The problem with these test systems for
food allergy lies within the used allergen extracts. Due to limited knowledge
of food allergens, food extracts are not well-defined or standardized. For
SPT also fresh foods are being used which, especially for fruit and vegeta-
bles, give better results than the commercially available extracts (62, 75).
Other tests, such as specific IgG measurements, histamine releasing assays
and lymphocyte proliferation assays, are also used for the diagnosis of food
allergy. However, none of these tests were demonstrated to be highly
predictive (76, 77).

The "golden standard" to diagnose a food hypersensitivity is still the double-
blind, placebo-controlled, food challenge (DBPCFC) (78). This procedure is
time-consuming which has to be performed in a clinical environment for an
objective observation of the symptoms and subtle effects, and for the
possibility of an anaphylactic reaction. This procedure may be a burden for
the patient. Different protocols may be used for this test, but in general the
patient is given in unmarked capsules the suspected allergen in several
concentrations and a placebo at different time-intervals depending on the
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supposed symptoms. The symptoms occurring after consuming the coy
sules have to be evaluated carefully. Although the DBPCFC will giv
substantial information about the symptoms of the patient, the time «
onset of the symptoms and the maximum tolerated dose of the food,
does not distinguish between a food intolerance and a food allergy.

The cellular mechanism of IgE-mediated allergy

B and T cells play an important role in the pathophysiology of Igk-mediate
allergic disease and differ in antigen recognition. The B cell recognizes
large conformational peptide of the anfigen, by membrane bound in
munoglobulins, whereas T cells recognizes a protein-derived linear peptic
of 8-25 amino acids presented in association with a molecule of the maij
histocompatibility complex (MHC).

T cells and their cytokines

T cells recognize antigen with the T cell receptor (TCR) present on the ce
surface. The TCR is a complex molecule consisting of 2 transmembrar
poly-peptide chains called a and B (or alternatively y and ). Each cha
consists of a constant (C) and a variable (V) region. The TCR is constructe
after DNA rearrangements leading to a selection of V, J (joining), D (dive
sity) and C segments creating a combination product of the a/f comple
of more than 10 different sequences, providing an enormous repertoire «
receptor specificities (79, 80). After antigen uptake and processing by 1
antigen presenting cells (APC) the anfigen, or rather antigen-derived pey
tide, is presented to the T cell in the groove of a MHC molecule which
present at the surface APC. CD8" T cells in general recognize peptid
presented in context of MHC class | molecules, while CD4™ T cells recogni:
peptides in context of MHC class Il molecules (81).

To activate T cells, several complicated interactions between APC and
cells are necessary (82, 83). The pepftide is recognized in the context of 1t
MHC molecule by the TCR associated with CD3, the latter molecule beir
responsible for the signal transduction into the cyfoplasm (84). Binding
the MHC molecule to the TCR is augmented strongly by CD4 or CI
present on T cells (85). A second, costimulatory signal for T cells can &
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delivered by CD28, which is expressed on the magjority of T cells, or CTLA-
which is expressed only on activated T cells (86-88). The ligand for CD28 i
B7.1 (CD80) or B7.2 (CD86), which are constitutively expressed on APC
types such as dendritic cells, and activated T and B cells (89, 90). Triggering
of CD28 stabalizes the mRNA encoding for cytokines and increases the
cytokine gene franscription rate (91, 92).

In 1986 Mosmann and Coffman described 2 extreme types of CD4™ 1
helper (Th) cells in the mouse which are phenotypicadlly and functionaily
different (93). These T helper subsets have also been found in man (94-96)
Both Th types express CD3, CD4, and CD45-RO but they differ in cytokine
production after activation by anfigen as is shown in Figure 2. Th1 cell:
exclusively produce interleukin (L)-2 and inferferon-y ((FN-y), while Th2 cell
produce IL-4, IL-5 and IL-6. IL-10 and IL-13 are produced by both subsets
although in higher concentrations by the Th2 subset. The majority of
helper cells, however, are ThO cells and produce the Th1 (L-2 and IFN-y,
and the Th2 (L-4, IL-5 and IL-6) related cytokines (97). Th1 or Th2 cells may
maturate from naive T cells or ThO cells under the influence of variou:
microenvironmental factors such as cyftokines or costimulatory molecules
The presence of IL-4 selectively skews to Th2 cells, while IL-12 and IFN+
promote Th1 development (98-100). Recently it has been demonstratec
that the most potent costimulatory molecules present on APC, B7-1 and B7-
2, influence the Th1/Th2 ratio. Stimulation of B7-1 leads to increased pro-
duction of iL-4 whereas stimulation of B7-2 induces IFN-y (101). The differen:
cytokine profile of Th cells results in diverse effects on other cells. Th1 cells
induce cyfotoxicity and delayed type hypersensitivity reaction. On the
other hand, Th2 cells promote Ig production, including Igk, by B cells anc
induce eosinophilea (102, 103).

Anfigen presentation.

After uptake of exogenous antigens, such as allergens, by the APC, they
are degraded into peptides by infracellular enzymes. The peptide contain-
ing lysosomes fuse with vesicles derived from the endoplasmatic reticulunr
containing MHC class Il molecules. The MHC molecules loaded with ¢
peptide are subsequently expressed on the surface of the APC (104, 105).
As the CD4 molecule can interact with the MHC class || molecule, ex-
ogenous antfigens are presented to CD4* T cells.

The MHC class Il peptide can be up to 25 amino acids due to open ends
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Figure 22 Schematic respresentation of different T helper subsets and the
cytokine production.,

at both sides of the MHC class Il groove (105, 106). Whereas MHC class
molecules are expressed by all cell types, the expression of MHC class
molecules is restricted to dendritic cells, monocytes, macrophages an
activated B-cells. MHC class 1| molecules are constitutively expressed ¢
high levels by dendritic cells and B cells, but are inducible on other ce
types such as monocytes, macrophages, epithelial and endothelial cells.

Role of T cells in IgE-mediated allergy

The last decade it has become clear that T cells play an important role i
the pathophysiology of allergic disease. Several studies have revedled tha
T cell clones specific for allergens derived from house dust mites (HDM)
various pollen and domestic animals, generated from peripheral blood (97
103, 107, 108) or skin (109, 110) of afopic donors, are Th2 cells producing
high levels of IL-4 and IL-5 but little or no IFN-y. IL-4 plays an important role
in the regulation of the production of IgE antibodies. Both in vitro (111-115
and in vivo (116) IL-4 induces an immunoglobulin switch to IgE in B cell
which s inhibited by IFN-y (117, 118). Consequently, allergen-specific The
cells are efficient helper cells for IgE synthesis (94, 1 19-121). Th2 cell-derivec
IL-5 has been shown to induce eosinophil proliferation and activation (122
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123). IgE can bind to the high-affinity Fce receptor on basophils and mas
cells. When these membrane-bound IgE molecules are cross-linked by aller
gens dfter a subsequent contact, a degranulation of basophils and mas
cells will occur resulting in a release of mediators such as histamine. This im-
mediate response is followed by a late phase, inflammatory response wit
an onset after 6-24 hours. This inflammation is characterized by infiliration o
activated T cells, eosinophils, basophils and neutrophils in the target organs
The release of toxic mediators by eosinophils and basophils can cause
severe tissue damage (124-126).

Also CD8" T cells play a role in the mechanism of IgE-mediated responses
Allergen-specific CD8" T cells inhibit the production of IgE although the
mechanism is not clear (127, 128). Recently if has been shown that IL-4 car
induce a Th2-like cytokine production profile in CD8* T cells, which car
induce IgE-production in the presence of anti-CD40 costimulation, But thei
role in the IgE-mediated disease is not yet clear. However, these cells are
thought to play a role in the protection against parasitic infections but may
also play a role as "suppressor' cells or anti-inflammatory cells through the
production of Th2-like cytokines (129, 130).

Immunoglobulin switch to IgE in B cells

Naive B cells express membrane-bound IgM or IgD and affer recognition of
the antigen and secondary signals, these B cells mature into plasma cells
and will be dble to produce immunoglobulins of other classes. The
immunoglobulin switch to Igk is T cell dependent (131). Several studies
have shown that the T cell-derived cytokine IL-4 is required for the induc-
fion of the synthesis of IgE in humans (112-114, 119, 120). IL-4 has the ability
to activate transcription of the ¢ locus (132) although for the expression of
MRNA and IgE synthesis additional stimuli are required. B cells process the
allergen after uptake with surface immunoglobulin molecules, and present
it in association with MHC class Il molecules. The MHC class Il complex is
recognized by T cells leading to an antigen-specific T-B cell interaction
which results in both T and B cell activation (133). Non-cognate T-B cell
interaction can deliver the second signal for IgE production. It has been
demonstrafed that activated CD4* or CD8* T cell clones can induce IgE
synthesis in B cells from randomly selected donors if exogenous IL-4 was
added to the culture (134). This contact-dependent signat is delivered after
binding of CD40 on B cells by its ligand (CD40L) on T cells (135).
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Peanut allergy

Peanut, Arachis hypogaea L. which belongs to the legume family, can k
the cause of very severe allergic reactions, Accidental consumption by

peanut allergic individual of a few milligrams of peanuts can induce ¢
anaphylactic reaction. Death due to an anaphylactic shock by peanuts
not uncommon (136-142). At this moment, avoidance of peanuts
peanut-contfaining food products is the best "therapy" for peanut allerg
patients. But this proves to be very difficult because peanut proteins ma
unexpectively be present in products such as soups and sauces (143
Moreover, if the patient will not prepare the food, as for instance in

restaurant, it is very difficult to know exactly what specific ingredients wer
used for the preparation of the food.

The prevalence of peanut allergy is difficult to estimate. Burks et al. (142
showed that approximately 30% of all adverse reaction to food in patien
with atopic dermatitis is due to peanut.

Peanut profeins

Peanut kernels contain 45 to 50% oil, 25-30% protein, 5-12% carbohydrate
5% moisture, 3% fiore and 2.5% ash (144, 145). Peanut proteins can b
separated in albumins and globulins, Magjor globulins are arachin an
conarachin, both storage proteins, which account for 87% of the protei
contents of peanuts (146, 147). Arachin and conarachin can be separate
on the basis of precipitation in ammonium sulphate or on the basis of ioni
strength (148, 149). By sodium dodecy! sulphate polyacrylamide gelelec
trophoresis (SDS-PAGE) both arachin and conarachin can be seperated i
a variable number of subunits with molecular weights between 10 and 7
kD (151, 150).

Peanut allergens

Several peanut allergens have been described (149, 151-157). Sachs et a
described the first allergen, Peanut-1 (151). This is a protein consisting of .
subunits of approximately 20 and 30 kD. Barnett et al. (149, 152) showec
the occurence of 16 IgE-binding proteins in peanut extract with a major Igl
binding glyco-protein the so called Concanavaline A-reactive protein o
approximately 66 kD. Two major allergens have been descriped by Burks e
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al. (183, 184) Ara h | and Ara h Il with molecular weights of 63.5 and 17 kD,
respectively. Whether the Con A-reactive protein and/or Peanut-1 is one of
these major dllergens is unknown. Furthermore contain peanutfs a lectin,
peanut agglutinin (PNA) which has been demonstrated to bind IgE (155)
and pocesses the ability fo induce proliferation in bovine lymphocytes
(156).

As most food allergens, also peanut allergens are heat stable. Roasting of
peanuts does not result in loss of IgE binding (149). Moreover, it has been
demonstrated that the treatment of peanut proteins with human digestive
enzymes and acid, a condition that mimics the human digestion in the
gastro-intestinal fract, did not destroy the IgE binding sites (42).

Scope of this thesis

Although the recognition of inhalation dllergens, such as proteins from
house dust mites, various pollen and domestic animals, by IgE and T cells
has been studied extensively, little is known about recognition of food aller-
gens. Food dllergies are increasingly seen as difficult medical problems.
Knowledge of recognition of food dllergens by both B and T cells could
lead to more insight in the mechanism of food allergy and improvement of
specific immunotherapy and hypoallergenic food products,

In this thesis, peanut allergy was studied as a model for IgE-mediated food
allergy. Peanut adllergy was selected not only because it is a food allergy
with very severe symptoms, but also because it is quite often seen in adults
in contrast to cow’s milk and henn’s egg allergy. The cooperation of adult
volunteers was essential for the experiments described in this thesis, for
which large amounts of peripheral blood were used which can not be
obtained from young chiidren,

In this thesis several aspects of peanut allergy and peanut-allergic patients
have been studied and described. Therefore, the clinical symptoms of
peanut-allergic patients and the difficulties encountered when diagnosing
peanut-allergic patients using the various available test methodswere
studied and described in chapter 2. Another purpose of this study was to
clinically fest the allergenicity of crude peanut extract (CPE) prepared in
our laboratory.



In chapter 3 the major IgE-binding peanut proteins were determined usir
plasma samples of peanut-allergic patients, in relation to the IgE bindir
properties of plasma samples of allergic, but not peanut allergic and no
allergic subjects. The levels of peanut-specific immunoglobulins of all
groups were determined as well,

Whether food allergen-specific T cells have a Th2 phenotype is unknow
To investigate this, several peanut-specific T cell clones were generate
from the peripheral blood of a peanut-allergic patient. The phenotype ar
cytokine secretion profile of these clones have been determined and o
described in chapter 4,

To obtain more insight in the protein specificity of the generated T c
clones, a peanut protein extract was seperated using different technique
The obtained protein fractions were analyzed for their ability to induc
proliferation of the T cell clones. Several peanut proteins expressing T ce
epitopes have been identified and are described in chapter 5.

Chapter 6 describes a study in which several aspects of the PBMC-respor
se of peanut-allergic, allergic buf not peanut allergic and non-allerg
subjects fo peanut proteins as well as several other allergens were inves
gated. This study was performed in order to obtain insight in the response
of PBMC from allergic donors to a non-relevant dllergen, peanut proteins.
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Abstract

Peanut allergy is one of the most common food allergies, not only in infar
but also in adults, Although the double-blind, placebo-controlled foc
challenge (DBPCFC) is still regarded as the "golden standard" to diagno
food hypersensitivity, several other tests are being used to diagnose a foc
allergy. In the present study, exclusively performed in adult patients, tt
predictive value of the skin-prick-test (SPT), RAST scores, the minimu
threshold dose in the DBPCFC and the lymphocyte stimulation test (LS
were compared.

The protein composition of the various commercially available, tested SF
solutions, showed a different profile on SDS-PAGE with only 3 protel
present in 2 extracts. Furthermore, poor correlations were observed cor
paring the SPT, RAST, minimum threshold in oral provocation and LST.

The results of this stfudy indicate that there is a wide variety in both i
response between different pafients as between different diagnostic te:
and test extracts. Even the DBPCFC does not always result in the san
response in pdatients when tested a second fime, Better characterizatic
and standardization of peanut extracts could improve the diagnostic vailt
of the different fest systems. In addition, to reduce the diagnosis of fals
negative results, a combination of fest methods is recommended. Horeve
based on the results presented in this study, the LST seems not 1o be
good diagnostic tool.
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Introduction

Food dllergies do occur in 1 to 10% of the Western population (1, 2). One
of the most common food allergies is peanut allergy. Approximately 30% of
all adverse reactions to foods in children is caused by peanut (3). The
symptoms observed in peanut-allergic patients affer consumption of
peanuts can vary from oral allergy syndrome, atopic dermatitis, gastro-
intestinal symptoms, airway symptoms to an anaphylactic shock (4), Death
caused by anaphylactic shock induced by peanuts is not uncommon (5).
Once sensitized for peanuts, this allergy is persistent for life ().

To diagnose a patient with food hypersensitivity, the double blind, placebo
controlled, food challenge (DBPCFC) is still seen as the "golden standard"
(7). But due to the possible severe reaction of a peanut-allergic patient,
this has to be performed very carefully and under controlled clinical con-
ditions. In addition, skin prick fest (SPT) and radio-allergo-sorbent-test (RAST)
scores are important screening fools for the diagnosis of IgE-mediated food
allergy (8, 9). As the commercially available peanut extracts for SPT can be
different in composition, this could lead to wrong diagnosis of patients and
creating a life-threatening situation. Therefore, In this study, the results of
the SPT, conducted with several commercially available peanut extracts in
The Netherlands, coded X, Y and Z, were compared with a crude peanuft
extract (CPE) prepared in our own laboratory. Subsequently, the SPT scores
were correlated to the RAST scores and the minimum threshold dose of
peanut-protein in a DBPCFC.

In addition, the lymphocyte stimulation test (LST), a controversial laboratory
tool to diagnose allergic reactions (10-12) by meaosuring the proliferative
response of peripheral blood mononuclear cells (PBMC) to allergens (CPE),
was studied as a possible diagnostic marker for food allergy.

Materials and methods

Peanuti-allergic patients

In this study adult patients (n=16) were used with a previously proven IgE-
mediated peanut adllergy as determined by a positive history, a positive
peanut-specific RAST, SPT and oral provocation. Patients’ characteristics
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are presenfed in Table 1. All patients suffered from atopic allergy wi
atopic dermatitis, allergic rhinitis, allergic asthma or a combination of the:
3 symptoms. Approval for this study was obtained from an independe
Medical-Ethical Committee. An informed consent was obtained from
subjects.

Table 1. Characteristics of the peanut adllergic patients.

Patient Sex Age Total Ige  Clinical Peanut RAST?
(years) au/mb Characteristics'
A F 43 591 R, OAS, Gl 2
B F 35 2800 U, OAS, A, Ana 4
C F 34 17900 AD, R, A, Ana 4
D F 27 957 AD, R, A 3
E F 28 6200 AD, R, OAS 5
F F 22 895 AD, R, A 4
G F 17 1000 AD. R, A, Ana 5
H F 29 343 AE, R, A, Cid 3
I F 37 112 AD, R, OAS, Cte 1
K F 27 710 AD,R, U, A 3
L M 31 28800 AD, R, A 4
M F 30 665 OAS, R, A, Gl 5
N M 4] 108 OAS, R, Gl 4
0 M 37 16600 AD, R, OAS, GlI 4
P F 30 836 AD, R, A 5
T M 32 1600 SD, R, Gl 4

' A asthma; AD: atopic dermatitis; Ana: anaphylactic shock; AE: Angio-edery

Ctd: contact dermatitis; Ctu: contact uticaria; Gl gastro-intestinal OAS: o
allergy syndrome; R: dllergic rhinitis; SD: seborrhoeic dermatitis.
2 RAST scores as determined on a scale of 1 to 5.
Peanut protein purification
Crude peanut extract (CPE) was prepared from raw, unshelled peanuts «
described before (13). In short, peanuts were ground and fat we
extracted by Soxhlet using petroleum ether at 40-60°C. The defatted flo
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was ground again and suspended in ammoniumbicarbonate (0.1M). This
suspension was stired for 4 h and insoluble particles were removed by
centrifugation for 30 min at 10,000g at 4°C. The supernatant was dialysed
over night against distilled water using a 3.5 kD cut-off membrane (Spec-
trum Medical Industries, Inc, Houston, Tx), lyophilized and stored at -20°C.

Protein assay

The concentration of proteins in the different extracts was determined
using the Bio-Rad Protein Assay (Bio-Rad Laboratories, Hercules, CA) and
following the manufacturers instructions.

Gelelectrophoresis (SDS-PAGE) and immunoblofting

After dilution of the protein samples (1:1) with sample buffer consisting of
1% DIT (Sigma Chemicals Co., St. Louis, MO), 63 mM-Tris-HCI, 2% (w/v) SDS,
0.01% (w/Vv) bromophenol blue, 20% (v/v) glycerol, pH 6.8, they were
reduced by incubation for 15 min at 100°C. Of the CPE solution of 2,5
mg/ml 5 ul was loaded on gel while of the commercially available
extract solutions of 5§ mg/ml 20 pl was loaded. SDS-PAGE was per-
formed essentially according to Laemmli (14) using precasted 15%
Tris-HCI ~ polyacrylamide gels (Bio-Rad Laboratories). To  visual-
ize the protein bands, the gels were stained with Coomassie
briliant  blue R-250. For the determination of the molecular
weights of the protein bands, pre-stained molecular weight
markers (Bio-Rad) with molecular weights of 200, 97.4, 69, 46, 30,
21.5 and 14.3 kD were used.

To detect IgE antibodies by immunoblotting, the separated pro-
teins were fransferred to a polyvinylidenedifluoride (PVDF,
Immobilon-P  Transfer membrane;  Millipore Corporation, Bedford,
MA) membrane using a semi-dry electrophoretic transfer apparatus
as described by Towbin (15). The membranes were blocked with 3%
(w/v)  mikpowder (Provitar; Nutricia, Zoetermeer, The Nether-
lands) in 80 mM Tris-HCI, pH 7.4, 150 mM NaCl. After 15 h of
blocking at room temperature (RT), the membrane was incubated
overnight with pooled plasma (1:10 v/v diluted) of the 16 peanut
allergic patients. After washing the membrane was incubated with
anti-human  IgE-peroxidase conjugated monoclondl antibodies
(1:1000 v/v) for 2 h at 37°C. Subsequently, the blots were washed thor-
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oughly and developed for peroxidase activity using chloronaftol/DA
staining.

Skin-prick-test (SPT)

With CPE and the commercially available peanut extracts coded X, Y an
Z. SPT have been performed. In order to do so, a drop of the extract in
fitrated concentrations, was placed on unaffected skin and a prick with
lancet was given in the middle of the drop. Affer 20 min, the wheals wer
measured and the scores are expressed as area of the wheal in squar
mm. All commercial extracts were tested in their own test solution and cor
centration as recommended by the manufacturer as well as sever
additional dilution. The SPT with raw peanut was performed by covering
prick in the skin with scrapes of raw peanut,

Radio-cllergo-sorbent test (RAST)

Standard RAST determinations were performed in serum samples of th
patfients at the Centfral Laboratory of Blood Transfusion Services (CL
Amsterdam, The Netherlands) as described previously (16) using a warte
soluble total peanut extract and were scored on a scale of 0 to 5.

Double-blind, placebo-controlled food challenge (DBPCFC)

The DBPCFC was performed under clinical condition af the Utrecht Allerg
Centre in the presence of a physician. The patient was given blinde
capsules (Lofarma, Milan, ftaly) containing an increasing dose (0.5, 2, 10, &
and 200 mg) of peanut flour containing 0.2, 0.8, 4, 20 and 80 mg protein.
the patient did not yet show any symptoms at 200 mg of peanut flou
either a combination of capsules was used to increase the dose or whol
peanuts. The dose was increased dfter fime intervals of 2 h. After the dos
to which the patient showed clear clinical symptoms, an open provocatio
with peanuts was performed. Clinical observation of the patient wc
conducted for 2 h after open provocation at the clinic and late phas
symptoms during the next 48 h were reported by the patient.

Lymphocyte stimulation test (LST)

Before SPT were performed, heparinized, venous blood was collected «¢
the peanuf-allergic patients for the isolation of PBMC using density gradier
separation on Ficoll-Paque (Pharmacia LKB) essentially as described b
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Boéyum (17). Recovered cells were cultured (2x10°/200 wl) in friplicafe at
37°C and 5% CO, for 7 days in Iscove’s Modified Dulbecco’s Medium
(IMDM; Gibco, Paisley, UK) supplemented with 10% pooled human serum
(HS; BioWhittaker, Walkersville, ML) in the absence or presence of increas-
ing concentrations of CPE (1, 10, 50, 100, 150, 200 and 250 ng/ml) in 96-well
flat-bottom culture plates (NUNC, Roskilde, Denmark). Proliferation was
measured using *H-thymidine ((°H)-TAR) incorporation. After 7 days, (*H)-TdR
(0.4 pCi/well; Amersham, Aylesbury, UK) was added and the cells were
incubated for another 18 h and subsequently harvested (Harvester 96,
Tomtec, Orange, USA). (*H)-TdR incorporation was measured using a 1450
Microbeta-counter (Wallac, Turku, Finnland). Proliferation of the PBMC is
expressed as stimulation index (SI) which is the counted cpm in presence of
CPE divided by the counted cpm in absence of CPE. To compare the LST
to other diagnostic markers, the highest observed SI was used for every
patient,

Results

Protein contents and gelelectrophoresis of the extracts used for SPT

The protein content of the various extracts was determined and as is shown
in Table 2, the commercially available extracts did contain very little
protein (6 to 18%).

Table 2: Characteristics of the used peanut SPT extracts.

Manufacturer Variety' Material Protein percentage?
CPE Jumbo Runners Raw Q0

X North Carolina 17, 11 Raw 6

Y Unknown Roasted 18

Z Unknown Roasted 8

' As provided by the manufacturer, ? as determined by protein assay.

On SDS-PAGE (Figure 1) very faint bands were visible for the 3 commercially
available extracts. The profile of protein bands as visudlized by gelelec-
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frophoresis (Figure 1, left panel) was also found to be different for ft
fested peanut extracts which are normally used in SPT to diagnose pean
allergic patients. Based on the detected protfeins, lane 3 (X) and lane 5 (
are almost comparable. Lane 4 (Y) shows a remarkable resemblance wi
the proteins present in the CPE (lane 2) prepared at our own laborator
From the results it is obvious that 3 bands of approximately 20 kD a
present in every extract. The Western blot incubated with pooled plasry
of 16 peanut dllergic patients, (Figure 1, right panel) shows IgE-binding |
these three bands, although binding can also be seen to other bands as
shown by CPE and V.

2 3 4 i 1 3 4

&

[

Figure 1: Gelelectrophoresis and IgE immunoblotting of the used SPT-extrac
from X, Y, Z and CPE.
Left panel: SDS-PAGE (15% gel. Lane 1: MW markers (5 pl); lane 2: Cl
(6 ul); lane 3: X (20 uh); lane 4: Y (20 ul); lane &: Z (20 ub).
Right panel: IgE-immunoblot. Blots were incubated o/n with poole
serum (1:10 v/v) of peanut dllergic patients (n=16), incubated wi
anti-human Igk (2 h) and stained for 2 min.,
Lane 1: CPE; lane 2: X; lane 3: Y, lane 4: Z

SPT
SPT were performed with several commercially available extracts (X, Y ar
2), fresh, raw peanut and our own exiract (CPE). Since the water solubili
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of CPE was low, a solution of only 1 mg/mi was used instead of a solution
of 5 mg/ml for the commercially available extracts. As is shown in Table 3,
a wide variety in response was observed of the different peanut-allergic
patients. This was not only apparent by comparing the individual reactions
to the different extracts but also by the diverse responses of patients with
comparable RAST. For example, within the group of patients with a RAST
score of 4 (n=7), the SPT scores varies between 0-198 for raw peanut, 0-144
for CPE, 0-315 for X, 0-952 for Y and 0-406 for Z. The most extreme variation
was observed with the 3 commercially available extracts. Comparing the
results within one patient, measured area’s showed to differ up to 50 times
between the lowest and highest score. Although the patients used in this
study, all suffered from an earlier diagnosed peanut allergy, not everybody
responded to the SPT. SPT have been performed in 3 concentration, which
were for the 3 commercially available extracts of 5, 1 and 0.1 mg/mi and
for CPE 1, 0.1 and 0.01 mg/ml. The patients who responded strongly in the
SPT showed a nice dose-related increase in wheal area. In patient M, for
instance, a wheal size of 72 mm? was observed at a dose of 0.1 mg Y/ml,
273 mm? at a dose of mg y/ml and 600 mm? at a dose of 5 mg y/mi,
None of the patients showed a decrease of wheal area in response to
increasing concentration of the SPT extract.

DBPCFC

As oral provocation is still regarded as the golden standard for the diag-
nosis of a food dllergy or hypersensitivity, we conducted this procedure for
all 16 peanut-allergic patients, Patients were observed for clinical symp-
toms for 2 h after the last challenge at the Allergy Center and for the next
48 h they were assessed by the patient and reported fo the physician. As is
shown in Table 4, the observed symptoms were very diverse. The previously
diagnosed peanut allergic patients A and B, did not show, any clinical
symptoms, not even after a provocation with 5000 mg of peanufs, Two
other patients (D and O) already showed sympfoms affer smelling the
peanut flour. Not only the clinical symptoms but also the minimum thresh-
old dose was observed to vary among patients between 0.5 and 5000 mg.
The minimum threshold dose did not correlate with certain clinical symp-
foms.
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Table 3: Results of the SPT conducted with raw peanut, CPE as well as seve
commercially available extracts,

Skin-prick-test results'

PP RAST Peanut CPE X Y Z

136 n.d. 147 338 525
198 n.d. 315 9562 406

raw 12 5 5 5°
A 2 0 4 0 16 4
B 4 4 0 0 9 0
C 4 49 99 81 144 196
D 3 9 9 0 9 4
E 5 36 49 144 144 121
F 4 64 144 49 289 169
G* 5 225 16 25 9 4
H 3 399 88 12 72 19
| 1 32 50 24 28 @ 32
K 3 3 6 8 6 5
L 4 1 0 25 3 0
M 5 102 231 770 600 525
N 4 25 495 4 40 18
O 4 0 0 0 © 0
P 5
T 4

Wheals were measured 20 min affer application of the allergen,

‘ Results are expressed as area of whedls in square mm.

The CPE solution contained 1 mg defatted crude peanut protein exira
per ml. Due to the low solubility in water, CPE was used in a lower co
centration than the commercially available extracts, although the prote
concentrations were comparable.

Concentration of SPT extracts were used as provided by the manufa
turer, which is & mg peanut flour in T ml SPT-buffer,

Because of the severe anaphylactic reactions of this patient, only ve
low concentrations were used: CPE: 0.01 mg/ml; X: 0.1 mg/ml; Y: C
mg/ml; Z: 0.1 mg/ml.

n.d. Not done

2
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Table 4: Results of the double-blind, placebo-controlled food challenge and the
lymphocyte stimulation tests of the peanut-dllergic patients.

PP RAST  Threshold Symptoms? Stimulation
score dose DBPCFC' Index (SI)°

A 2 5000 mg none 1.8

B 4 5000 mg none 10.1

C 4 2 mg OAS, GI, D 3.1

D 3 <0.5 mg AD, Prur, Gl 0

E 5 300 mg Prur, AE, Gl 16.1

F 4 50 mg OAS, D 9.1

G 5 0.5 mg Ana 26.5

H 3 2 mg D, AE 0

I 1 200 mg D, Prur 0

K 3 200 mg DT 2.5

L 4 5000 mg AD 3.0

M 5 50 mg Gl, Coll 29

N 4 300 mg Gl 2.2

O 4 <0.2 mg Prur, AD, Gl 7.1

P 5 200 mg Prur 2.5

T 4 150 mg Ana, C, R, Gl 364

Threshold dose is given in mg peanut flour as indicated by the manufacturer
of the capsules (Lofarma). If the patient did not show a response to the
highest capsule dose of 200 mg peanut flour, a combination of capsules was
used. The 5000 mg does was obtained by giving the patient an open chal-
lenge with whole peanuts,

AD: flair-up of atopic dermatitis; AE; angio-edema; Ana: anaphylactic shock;
Ctu: contact urticaria; D: dyspnea; Gl gastro-intestinal symptoms: OAS: oral
allergy syndrome; R: dliergic rhinitis; U: urticaria; Prur: generalized pruritus.

Slis the cpm in the presence of CPE divided by the cpm in the absence of
CPE. The highest observed response of every patient is presented here which
was in most cases observed after stimulation with 200 pg/mi CPE,

LST
The resuits of the LST are expressed as stimulation index (S of the highest
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observed response. In most patients the highest response was observe
after stimulafing the cells with 200 ug/mli CPE. As is shown
Table 4, only 8 of the 16 patients showed a proliferative respon:
with an S| of 3 or higher which is considered a threshold for CP
specific proliferation. These responses were only seen
patients with a RAST score of 4 or 5 while some ofther patients with hig
RAST scores did not show a proliferative response.

Correlations

Comparing the SPT scores of the different exiracts with the RAST scores
poor correlation was found for fresh peanut, X, Y and Z. Only CPE resulte
in a higher correlation coefficient of 0.73 (Table 5).

Comparison of the threshold provocation dose needed for the appec
ance of clinical symptoms with the RAST scores, the mean SPT scores and
gave a very poor correlation (respectively r=0.20, 0.28 and 0.34). Also tf
correlation between the RAST score and the Sl were very poor (r=0.34).

Table 5: Correlation coefficients of the comparison of the different extracts use
in skin prick test and RAST score.

RAST Peanut CPE X Y Z

RAST 0.13 0.73 038 0.16 0.37
Peanut 081 022 051 034
CPE 0.85 096 0.92
X 0.97 0.79
Y 0.85
VA -
Discussion

This study shows the variability of the in vivo and in vifro reactions of pean:
allergic patients to peanut exfracts. Hereto several commercially availab
peanut extracts, coded X, Y and Z, as well as fresh raw peanut and o
own extract, CPE, were compared in a SPT. Subsequently, these resul
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were compared with those obtained by the RAST, the lymphocyte stimula-
tion fest with CPE and an oral provocation test with peanut flour. In sum-
mary, the results demonstrated that every patient showed a variable
clinical response to peanuts. Differences were found in response to the 5
used SPT extracts as well as between the different used test methods, viz.
SPT, RAST, LST and DBPCFC.

The observation that on SDS-PAGE the used exfracts showed both different
protein contents and profiles could contribute to the discrepancies
observed within the SPT with the 5 used extracts. These differences in
profein contents and profile can be explained in several ways. First, not all
extracts were manufactured from the same variety of peanuts and there-
fore could result in different protein compositions. However, the two main
storage proteins, arachin and conarachin, which make up for 87% of the
protein confent of peanuts are probably well-preserved in all varieties.
Second, the different protein profiles and protein contents of the various
exfracts could also be due fo differences in preparation method of the
manufacturers which are unknown. This is supported by the observation
that 2 of the extracts (X, Z) show only 3 proteins on SDS-PAGE which not
only indicates a loss of total protein but also a loss of particular proteins.
Roasting of peanuts is for instance known to reduce the protein composi-
tion. Therefore extracts from roasted peanuts may show less bands on SDS-
PAGE when compared with an exfract of raw peanuts (18). The extracts Y
and Z were prepared from roasted peanuts and extract X and CPE from
raw, unprocessed peanuts. The protein profile of the Y extract and CPE
and those of the X and Z extracts were found to be almost comparable,
Probably due to the limited protein contents of the extracts X and Z, only 3
proteins of approximately 20 kD were visible on SDS-PAGE. These protein
bands were also present in the Y extracts although the protein bands were
less sharp than in CPE. The 3 proteins of approximately 20 kD have been
shown fo be the most important allergens (19) and probably also contain
the major allergen described by Burks (20), Ara hll. In a previous study we
have demonstrated that more than 70% of our peanut allergic patients
have IgE against all 3 proteins (19). The immunoblot incubated with pooled
plasma showed IgE binding to these proteins in all extracts but also to other
proteins as demonstrated in our own CPE but, although less clearly, also in
the Y extract (Figure 1b). Recently, a difference in protein profiles of various
peanut extracts commercially available in the United States, has also been
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shown by Hefle et al. (20). They tested 6 different exiracts for their ability 1
bind IgE on immunoblot, to provoke ¢ positive skin test and measured 1t
concentration of Ara h | and Ara h Il. Although these extracts showe
different protein profiles, they observed, in contrast to our results, little d
ference in SPT scores. If in our study the wheal sizes resulting from SPT wi
different extracts are compared, several observations can be made. Apc
from a group of patients (A, B, D, K, L and N) that showed low whedal siz
or even no response to some of the extracts, another group of patien
with medium or large sized wheals could be distinguished. In both groug
however, wheadl sizes were found fo be exiremely variable depending ¢
the used extract. This could indicate that different IgE epitopes are prese:
in the extracts in different concentrations. In addifion, one patient (O) wi
a RAST score of 4, did not respond 1o any of the used peanut extracts, Tt
variability in SPT scores upon testing with different peanut extracts show
that the use of one single peanut extract can give false-negative resul
No clear explanation can be given to explain the different results observe
in the studies of Hefle et al. (21) and those of our study. It can not b
excluded, however, that a difference in patient populaftion might b
involved. In our study the patient population consisted of 16 patient wil
multiple characteristics of atopic allergy syndrome, while the patie
population in the studies of Hefle is not clearly defined.

Comparing the RAST scores with the SPT scores, a poor correlation we
found in our study, except for CPE with a correlation coefficient of 0.73.

several other studies SPT results were compared with RAST or DBPCFC (2
28). The results do not agree with each other. A good correlation «
peanut-specific SPT and positive DBPCFC was found in majority of thes
studies (22-25). However, Kemp et al. (26) studied the SPT response, RA
and clinical reactions to peanuts in 104 children and only found a goc
correlation when roasted peanuts were used. A very poor correlation we
found between peanut-specific SPT and RAST scores in the studies «
Bahna et al. (27) and Adler et al. (28), which was explained by the diffe
ence in peanut sources from which the different extracts were prepare
Most of these studies compared the results in terms of positive RAST an
positive SPT and not in mm? wheal size with the exact RAST score. If w
fransform our data in the same fashion, we still find discrepancies in 5 «
the 16 patients, which is relatively high. These patients showed a low or

not detectable SPT response depending on the used peanut extracts,
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combination with a RAST score of 2, 3 or 4 (Table 3). With the extract
coded Y only one discrepancy was observed, while with our own CPE,
which resembles the Y extract on SDS-PAGE, in 3 cases a poor correlation
with RAST score was observed which might be due fo a difference in
profein concentration. The discrepancies between SPT and RAST scores
with the extracts of X and Z, could be due to the fact that many protein
bands are not present in these extracts compared to CPE or the Y extract.
Comparing the RAST score with the proliferative responses of PBMC, a poor
correlation was found as well (r=0.34). Not all patients showed a prolifer-
ative response to peanuts, which could be due to the fact that these
patients have a strict peanut-free diet, Agata et al. (29) showed already
that an elimination diet reduces the proliferative response in food dllergic
pafients. Although in the literature there is some controversy (10-12) with
respect to whether the proliferation assay can be used as a diagnostic
marker, the results of our study clearly show that at least for peanut allergy
it cannot be used which is in agreement with the conclusions of May et al.
(12) for other food proteins. Moreover, in a subsequent study (30) we have
shown that also allergic patients with no peanut-allergy can show a high
proliferative response to peanut protfein. Moreover, recently it has been
demonstrated that the use of a serum-free medium for the performance of
a LST results in a strong proliferative response in both allergic and non-
allergic individuals (31).

As the DBPCFC is still seen as the best diagnostic marker for food allergy,
we compared the minimum threshold dose of peanut with the RAST and
SPT scores. The correlation between the oral provocation dose and the
RAST score was very poor (r=0.20). Three (A, B and L) of the 16 patients
described here did not show any reaction affer the consumption of
peanuts while they did have peanut-specific IgE indicated by RAST scores
of 2 and 4 respectively. Of these three patients the SPT scores are not very
clear either, Comparison of the SPT scores with the provocation dose
resulted in correlation coefficients between =0.23 and r=0.61 (Table 4).
Although several authors have suggested that whith using fresh materials in
SPT, better results would be obtained (26, 32), we could not confim this.
Even with fresh, raw peanuts we observed false-negative SPT. Several
possible explanations might be that the recognized epitope is not directly
exposed in the protein but will become exposed after digestion, a differ-
ence between the local immune response in the gastro-intestinal tract, the
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peripheral blood and the skin, and finally, that the patient suffers from

food intolerance rather then a food allergy. This last explanation is not ve
likely because these patients did show a high RAST score and, in an earlis
test, also a reaction in the SPT. This confirms once more how complex foo
allergy and its diagnosis is. The poor correlation between provocation dos
and RAST scores or SPT scores questions the use of RAST and SPT other the
to determine whether a patient suffers from a peanut-intolerance or

peanut-allergy. The provocation dose indicates the amount of peanu
that is tolerated by the patient and determines the strictness of the die
This can be important because peanut is present in many food stuffs in

very disguised manner, like for instance, in bouillon tablets. However, als
this test seems not to be exclusive, since within one patient the results of
provocation can differ when performed at different times, with no val
explanation.

From this study we conclude that to diagnose a peanut allergic patien
one cannot rely on one method or one extract, This is mainly determine
by the observation that the available exfracts are not uniformly or clear
characterized or standardized, which might result in a false-negativ
diagnosis. For a severe food allergy, such as peanut allergy. this could b
very dangerous due to the severe clinical symptoms. A DBPCFC may giv
the most objective view whether a patient has symptoms after eating th
offending food and the severity of the symptoms. However, also this te
seems not 1o be conclusive since it can give different results within on
patient when performed at different time points and it is not able 1
distinguish between a food intolerance and a food allergy. Moreover, wil
peanuts a DBPCFC will never be without the risk of a severe reaction. Th
most reliable manner to diagnose a possible peanut-allergic patient s

combination of SPT with several extracts, RAST and o DBPCHC,
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Abstract

Peanuts are a major cause of food dllergies both in children and adul
which can induce an anaphylactic shock. The identification and charac
terization of major peanut allergens will be of importance to increase th
knowledge of the mechanism of food allergy and also conftribute fo tr
improvement of diagnostic tests for peanut allergy.

In the present study, the plasma concentratfions and the binding to peant
protfeins of peanut protein-specific immunoglobulin of peanut-allergic (PA
dllergic but not peanut-allergic (ANPA) and non-allergic (NA) individuc
were analyzed both by immunoblotting techniques and ELISA,

Only plasma of PA patients had Igk antibodies towards peanut protein. ¢
these protfein bands, 6 were recognized by more than 50% of the plasm
samples with molecular weights of approximately 44, 40, 33, 21, 20 and ]
kD whereas to the last 3 protein bands more than 70% of the PA patien
had Igk. The binding of peanut protein-specific IgA, IgM, IgG and Ig
subclasses showed a more diverse recognition pattern of peanut-protel
bands in the PA group compared to the ANPA and NA group. In the pla
ma concenirations of peanut profein-specific immunoglobulins of th
various classes, except IgE, no differences were found between the P/
ANPA and NA group.

From the present study we conclude that peanuts contain multiple alle
gens. The recognition of peanut proteins by immunoglobulins is mor
diverse in PA individuals compared to ANPA or NA individuals which is nc
substantiated in the concentrations of peanut-specific immunoglobulins i
plasma.

52



intfroduction

The occurrence of food dllergies is estimated between in 1-10% of the
Western population (1, 2), especially in young children (3). Allergic reac-
tions to foods involve the gastrointestinal tract (nausea, vomiting and diar-
rhoea), the skin (hives and angiodema), and the circulatory system
(hypotension and ultimately systemic anaphylaxis) (4).

Peanuts, along with milk and eggs, account for approximately 80% of
allergic reactions to foods in patients with atopic dermatitis (5, 6). Fatal
anaphylactic reactions induced by peanuts are not uncommon (7).
Allergic reactions to peanufs tend to persist for life, in contrast to foods like
milk, eggs and soy. If children younger than 3 years with a positive food
challenge for milk or egg are tested again 1-7 years later, 44% is negative,
whereas the positive responses fo peanut still exist in the majority of the
children (3). Several food allergens have been identified that induce IgE-
mediated disorders in humans, such as cod fish (8), shrimp (9-11) hen’s egg
(12, 13). cow’s milk (14, 15), soybean (16) and peanut (17-22). Despite its
name, peanut is not a nut, but an oil-legume (23), consisting of about 44%
to 56% oil and 22% to 30% protein. Peanut proteins can be divided into the
albumins, and the storage proteins arachin and conarachin which com-
prise about 87% of the fotal protein content (24). Sachs et al. described the
first magjor allergen in peanuts, designated Peanut-I, which existed of two
major bands with molecular weights of approximately 20-30 kD (17).
Bamett et al. demonstrated IgE-binding to a Concanavaline A-reactive
glycoprotein of approximately 65 kD and that the allergenicity of peanut is
spread through both arachin and conarachin. Roasting does not seem to
affect the allergenicity (18, 19). Burks et al. identified two major allergens,
Ara h'1 (20) and Ara h Il (21), with molecular weights of 63.5 and 17 kD,
respectively. Whether either Peanut-1 or the concanavaline A-reactive
glycoprotein and Ara h | or Ara h Il are the same protein bands is unknown.
The idenfification and characterization of allergens is essential for the
understanding of the specific IgE-mediated immune response (25). More-
over, this identification could contribute to the improvement of diagnostic
fests for peanut allergy.

In a previous sfudy we showed that the T cell recognition by CPE-specific T
cell clones from a peanut allergic donor is diverse (26). In this study, we
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investigated the recognition of peanut proteins by immunoglobuling in 1t
plasma of peanut dllergic patients (PA) compared to allergic, but n
peanuf allergic (ANPA) and non-allergic (NA) individuals. For this, plasr
samples from PA, ANPA, and NA subjects were analyzed by immuno-
blotting and enzyme-linked immuno-sorbent assay (ELISA) for the presenc
of peanut specific IgA, IgE, I9G., IgM and IgG subclasses antibodies.

Materials and methods

Subjects

The PA group consisted of 14 individuals with a peanut aliergy as indicate
by clinical symptoms, a positive skin-prick-test (SPT) and a positive radi
allergo-sorbent test (RAST) score to peanut proteins. The ANPA grot
consisted of 9 individuals with a positive SPT, RAST and clinical symptoms
at least 2 of 7 tested common allergens: alternaria, birch, bird, cat, do
grass and house dust mite. Their SPT and RAST to peanufs were negativ
The NA group consisted of 10 individuals with no history of allergy and wi
a negative RAST and SPT to the above mentioned allergens. Subjec
characteristics are summarized in Table 1.

Plasma was collected affer centrifugation of heparinized venous blood
300g for 10 min at room temperature. The plasma was kept at -20°C ur
used.

Crude peanut protein (CPE) preparation

Peanut protfeins were extracted from raw, unshelled peanuts of the Runn
Jumbo 38/42 variety (van Zijl, Hilversum, The Netherlands) as describe
previously (27).

SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

SDS-PAGE was performed essentially according to Laemmli (28) using tw
types of prepacked gels, 12% (2 wells prep comb, Bio-Rad Laboratorie
Richmond, CA) and 15% (10 wells, Bio-Rad) Tris-HCI gels. Prior to loadin
protein samples were reduced in extraction buffer, consisting of 1% (w/
dithiotreitol (DTT), 63 mM Tris-HCI, 2% (w/v) sodiumdodecylsulphate (SDS
0.01% (w/v) bromophenol blue, 20% (v/v) glycerol, pH 6.8, at 100°C for
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min. The 12% gel was loaded with 50 pl/well CPE (5 mg/ml) and the
15% gel with 10 pl/well. Pre-stained molecular weight markers
(14.3-200 kD, Bio-Rad) were used as a reference. Electrophoresis
was performed in 0.025 M Tris-HCI, 0.192 M glycine and 0.1% SDS
using a Bio-Rad Mini Protean I system (15 min ot 80 V, followed by
T h at 160 V). If not used for immunoblotting, gels were stained
with Coomassie brilliant blue R-250.

Table 1:  Characteristics of the PA, ANPA and NA subjects.

PA ANPA NA
n 14 9 10
Mean age (years) 30.6 29 32.3
Sex (M/F) 3/11 2/7 2/8
Total IQE (U/mi) 233414792 4621528 102+148
SPT! positive positive negative
RAST' positive positive negative
SPT? positive negative  negative
RAST? positive negative negative

': SPT/RAST total, % SPT/RAST peanut specific

Immunoblotting

After separation of CPE by SDS-PAGE, proteins were transferred to polyvinyl-
idenediflucride membrane (PVDF-membrane, Immobilon-P Transfer mem-
brane, Milipore Corporation, Bedford, MA) essentially according to Towbin
et al. (29). Blotfing was performed for 1 h at 100 V using a Mini Trans-Blot
System and Power Supply Bio-Rad. After blotting, remaining binding sites
were blocked for 1.5 h with 3% milkpowder (Protifar, Nutricia, The Nether-
lands) in TBS buffer (60 mM Tris-HCI, 150 mM NaCl, pH=7.4). Subsequently
the PVDF-membranes were cut in either 2 (for the 12% gel) or 10 (for the
15% gel) identical strips. The strips were incubated overnight with plasma
1:10 (v/v) for 16% gel blots; 1:25 (v/v) for 12% gel blots at room temperature
on a rocking facility.

For the detection of CPE-specific IgA, IgE, IgM, IgG and IgG subclasses, the
12% gel blots were placed in a Mini-protean Il Multi Screen (Bio-Rad) con-
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taining 20 lanes which were used to incubate the blot with vario
monoclonal antibodies. Peroxidase (PO)-conjugated rabbit-anti-huma
IgA, -IgE, -lgM and -lgG (DAKO, Glostrup, Denmark) were used at
concentration of 1:1000 (v/v) with exception of IgG which was used at
concentration of 1:500 (v/v). To detect IgG-subclasses, mouse-anti-huma
I9G1, -1gG2, -IgG3 and -IgG4 (The Central Laboratory for Blood Transfusic
Services, Amsterdam, The Netherlands) were used at a concentration «
1:1000 (v/v). After incubation at 37°C for 2 h the lanes of the block contai
ing anti-lgG-subclass antibodies, were washed and incubated for anoth
hour with PO-conjugated rabbit-anti-mouse-IgG  antibodies (DAKC
Subsequently, the blots were washed thoroughly and developed fi
peroxidase activity using chloronaftol/DAB staining.

To deftermine in more detail the IgE binding in the plasma of PA subject
the 15% gels were used. The blots were incubated and stained «
described above.

Specific binding to CPE on immunoblot was analyzed with a compurt:
programme  (Diversity One™ V1.1; IDF Inc., Hunfington Station, NY) wi
which the blots were scanned and stained proteins, indicating specif
binding, were detected.

CPE-specific ELISA

A CPE-specific ELISA was performed with 96-well plates (Maxisorp, NUNC
Roskilde, Denmark) coated with CPE (1 mg/mi, 100 wl/well) in 0.1 M sodiur
carbonate buffer, pH 9.6, overnight at 4°C. After incubation for 1 h at 37°
with plasma, binding of CPE-specific immunoglobulins was detected wil
the above described antibodies. PO-conjugated antibodies directe
against IgA, IgM and IgG were used at a dilution of 1:2000, while an
bodies against the IgG-subclasses were diluted 1:1000. For the detection «
the IgG subclasses the secondary antibodies, rabbit-anti-mouse-lgG-P:
conjugated (1:1000) was used. Bound PO-conjugated antibodies wer
detected using 3.3°.5.,5-tetramethyl-benzidine (TMB) as substrate an
absorbance was measured at 450 nm. One arbitrary unit was defined ¢
the amount of CPE-specific antibodies present in 1 ml of an appropriat
dilution of pooled plasma. This pooled plasma consisted of plasma of ¢
subjects used in this study. The starting dilutions were as follows: for IgA 1:1¢
for IgM 1:20, for IgG 1:200, for IgG1 1:20, for IgG2 1:20, for IgG3 1:10 and f
lgG4 1:10.
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Statistical analysis
Statistical analysis was performed by Students’ f-test taking p<0.05 as level
of significance. :

Results

Immunoblotting analysis of peanut protein-specific immunoglobulin-
binding

Peanut-specific immunoglobulin-binding was examined using immunoblot-
ting methodology with both individual and pooled sera of peanut-allergic
(PA), dllergic but not peanut-allergic (ANPA) or non-allergic (NA) subjects.
Figure 1 shows the binding of IgA, IgE, IgM, IgG and IgG-subclasses o CPE
on immunoblots after incubation with pooled plasma of the 3 groups.

PA ANPA A

Figure 1: Recognition of CPE-specific antibodies in pooled plasma from the PA,
ANPA or NA group.
Lane 1: IgM; lane 2: IgE; lane 3: 1gG; lane 4: IgG1; lane 5: 19G2; lane 6:
IgG3; lane 7: IgG4 and lane 8: IgA.
Western blofs were incubated overnight with pooled plasma (1:25 v/v).
Subsequently, CPE-specific anfibodies were detected with Antibodies
against IgA, IgE, IgM, IgG and IgG subclasses.
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As expected, this figure shows that CPE contains multiple binding sites f
all examined antibodies of the IgA, IgM, IgG classes and IgG-subclasse
However, CPE-specific IgE could exclusively be detected in the sera of F
subjects.

Using the immunoblots incubated with pooled plasma, the diversity of |
binding proteins of the 3 groups were determined by counting the numb
of recognized proteins using the Diversity One computer programm
Except for IgM, the most diverse binding was found in the PA group as
shown in Figure 2. The ANPA and NA group showed a comparable diversi
in recognifion of CPE by all Ig and IgG-subclasses (except IgE). Wi
respect fo IgM-binding, a more diverse binding to the various pean
proteins was observed in the ANPA and NA groups compared to the F
group. In the binding pattern of IgG1 no significant differences we
observed between the groups.
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Figure 2: Number of Ig-binding profeins detected using pooled plasma sampls

of the PA, ANPA or NA group as estimated using the Diversity Or
computer programme,
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Coomassie brilliant blue staining of the proteins affer SDS-PAGE demon-
stfrafed 14 bands in CPE with molecular weights ranging from about 10 to
/0 kD (Figure 3). In general, immunoblotting demonstrated a similar protein
pattern as Coomassie brilliant blue gel staining, although some additional
protfein bands could be discovered. As is shown by incubating the immu-
noblot with an individual plasma (Lane 3) and pooled plasma of the PA
group (Lane 4), not all proteins present in the CPE were recognized. IgE-
specific binding to the 14 peanut proteins visible on the SDS-PAGE gel was
investigated by immunoblotting analysis using the individual plasma sam-
ples of all 14 PA patients.

i 2

7]

4

81

Figure 3: Detection of CPE-specific IgE in plasma of the PA subjects.
Lane 1: Coomassie brilliant blue staining of molecular weight markers.
Lane 2: Coomassie brilliant blue staining of CPE (10 pg of a 5 mg/mi
solution).
Lane 3: Detection of CPE-specific IgE on immunoblot of CPE incubated
ovemight with individual plasma (1:10 v/v diluted) of donor R.
Lane 4: Detection of CPE-specific IgE on immunoblot incubated over-
night with pooled plasma of the PA group (1: 10 v/v diluted).
Lane 5: Confrole immunoblot which was not incubated with plasma,
otherwise following the same procedure.,

In Figure 4 the percentage of plasma samples of the PA individuals con-
taining IgE to the detected proteins is presented based on the analysis of
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the various immunoblots by the Diversity One computer programme. Ig
binding occurred fo almost all peanut proteins, although the highe
percentage of IgE-binding was found for 6 peanut protein bands that we
designated protein band number 3, 4, 6, 10, 11 and 12, The estimated mc
ecular weights of these proteins are 44, 40, 33, 21, 20 and 18 kD. The last
proteins were recognized by specific IgE in more than 70% of the inve
figated plasma samples. Remarkably, one higher located protein band

approximately 23 kD, which is clearly present on SDS-PAGE (Figure 3), d
not bind any IgE.

As the electrophoretic analysis followed by immunoblotting were carrie
out under reduced conditions, it is not possible 1o indicate if these protei
are actual individual proteins or subunits derived from higher molecul
weight proteins. The identity of these protein bands was not further inves
gated.
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Figure 4: Percentage of plasma samples of the PA individuals showing speci
IgE binding to the different proteins of CPE.

The CPE-specific binding of non-IgE immunoglobulins to the 3 main alle
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gens was defermined using individual plasma of all subjects (Figure 5). No
significant differences could be observed between the percentages of
positive sera with IgA and IgM. Approximately 90% of the plasma samples
of the PA and ANPA subjects contained IgG which recognized these 3
main allergens, and only 60% of the NA subjects. This higher percentage in
the PA and ANPA group is due fo the increased recognition of these aller-
gens by IgG2 and IgG4 antibodies compared to the NA group.
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Figure 5: Percentage of plasma samples of the PA, ANPA and NA subjects con-
taining Igs specific for the 3 major allergens.

Analysis of peanut protein-specific antibodies by ELISA methodology

To appreciate the above described immunoblotting analysis in a more
guantitative manner, ELISA’s were developed for the measurement of CPE-
specific immunoglobulins in the plasma of all subjects and expressed as
arbitrary unifs (Table 2). Statistical analysis showed no significant differences
between the 3 groups. IgG appears to be elevated in the PA group, which
is mostly due to the elevated levels of IgG1 and IgG4, but a large variation
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in plasma-CPE-specific IgG between the different subjects was measure:
Especially the levels of CPE-specific IgG4 varied strongly in all 3 groups.
some plasma samples IgG4 was present at a concentration litfle above tt
detection limit while other plasma samples contained approximately 10,0(
units of CPE-specific IgG4.

Table 2: Mean levels (= standard deviation) of CPE-specific immunoglobuling
plasma of patients and controls expressed as arbifrary units.

PA ANPA NA

I9A 1243 (1313) 1497 (1338) 1632 (1069)
lgM 1633 (772) 1645 (833) 1340 (896)
lgG 8763 (10162) 3850 (1408) 5395 (4282)
lgG1 2787 (1470) 1923 (801) 4642 (3825)
lgG2 999 (1270) 999 (682) 2486 (5141)
lgG3 1127 (607) 1849 (1206) 1043 (434)
lgG4 3450 (10418) 844 (1900) 1634 (3485)

Discussion

The present sfudy shows that the various proteins present in peanut conta
multiple allergens, which are recognized by more than 50% of PA subjec
Moreover, 3 protein bands with a molecular weight of approximately 18-
kD were recognized by plasma-IgE of more than 70% of our PA subjec
Considering the molecular weights of these proteins of 18-21 kD, one «
these protein bands, probably the 18 kD protein, might be similar to tr
previously designated Ara h Il with a molecular weight of 17 kD «
described by Burks (21). As the N-terminal amino acid sequence of Ara h
is not known, no afttempts were made to further idenfify our 18-21 k
proteins. The other peanut-allergen described by Burks et al (20), Ara h
was not found to be a major allergen for our population of patients.

A recent study by Hefle at al. (22) demonstrated not only IgE-binding to s
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proteins between 15 and 25 kD, which is comparable to the molecular
weights of the here described major allergens, but also skin test reactivity in
12 peanut-allergic patients. This could indicate that these proteins play a
maijor role in the allergenicity of peanuts. But, as this study shows, also other
proteins in peanuts do contain IgE binding sites. The multiplicity of peanut
callergens, as shown by Hefle et al. (22), is confirmed by several studies on
peanut allergens (17-22). But, as this study shows, also other proteins in
peanuts contain IgE binding sites.

Differences in the recognition pattern of peanut allergens observed in a
number of studies, can be explained in different ways. Firstly, since neither
the peanuts were obtained from the same variety nor their extracts
prepared with a standardized method, differences in protein composition
of the exfracts will have occurred (30). Secondly, diverse food habits
between populations, for instance a high peanut consumption in the USA
compared to other countries (30, 23), and consumption of different peanut
varieties could lead to differences in recognitions patterns of the different
peanut profeins by the various immunoglobulins investigated. Thirdly, the
genetic background of peanut-allergic individuals from various parts of the
world, could also play a role in the development of specific antibodies to
an antfigen. Most studies on peanut allergy have either been performed in
the USA (17, 20-22) or in Australia (18, 19) whereas the present study was
conducted in The Netherlands, this is another factor contributing fo some
differences.

In the plasma of ANPA and NA subjects, IgA, IgG and lgM against the 3
main allergens and to other protein bands in CPE could also be detected.
Analyzing the number of immuno-reactive peanut proteins in pooled serum
of each group, the most diverse recognition pattern of the protein bands in
all immunoglobulin-classes was found in the PA group, although no differ-
ences were found in the quantifative analysis of CPE-specific antibodies in
the plasma of the 3 groups. For several respiratory allergens a higher level
of IgG. especially of the IgG4 subclass, has been detected in the sera of
allergic individuals compared to non-allergic individuals (32, 33), However,
this has not been found for cat allergen and it has been suggested that
the presence of specific IgG4 in sera of non-allergic individuals is a result of
high exposure (34). Several studies investigated the role of food-specific
I9G and IgG subclass antibodies in food-allergic patients both in children
(35-37) and adults (39-41), Both in children as in adults o higher level of
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food-specific 19gG4 was found (36-41) although this has been contradict:
by others (35). Moreover, in children who became tolerant to cow’s mi
the casein-specific IgG1 and IgG4 antibodies diminished (37). In our stuc
we did noft find a significant higher concentration of peanut-specific IgG
lgG4 in plasma of PA dllergic individuals. Although the mean concentratic
of both IgG and IgG4 was increased, there was a wide variation in 1
concentration of the immunoglobulins between patients, resulting in a hi
standard deviation. In some of the sera of all groups, we could detect or
very low concentrations of peanut-specific IgG4.

No significant differences were observed in peanut protein-specific Ig
levels in the PA group compared to the ANPA and NA groups. it has be
suggested thaf IgA possesses a proftective entity for the development

food dllergy and therefore, would be enhanced in dllergic individuc
Specific IgA antibodies bind to the specific antigen in the gut lume
thereby preventfing absorpfion of the antigen and making the antige
available for digestion by infraluminal proteolytic enzymes. During the ea
days of life, the human intestines are unable to produce IgA and the ch
has to depend on mother’s milk as sole IgA-source for the protectic
against all kinds of viral and bacterial infections (41, 42). Savilahti et al. (4
showed that mothers of breast-fed children who developed cow’s m
allergy had a lower level of colostral IgA compared to mothers of no
allergic children indicating an important role for colostral IgA. Since in se
of the children no differences were observed, an organ-specific role for I¢
may be involved. However, this has been contradicted by Falth-Magnt
son (44) who did not find a difference in food-specific IgA or IgG in tt
colostrum of mothers of atopic and non-atopic children. Our study in adu
also did not show any difference in specific IgA concentratfions in sera

allergic patients.

From the results of this study it can be concluded that peanut protei
consist of various protein bands which express multiple allergens. A fot
number of 6 protein bands showed binding to plasma-Igk in more than 5C
of our PA pafients, whereas to 3 proteins of 18-21 kD, plasma IgE-bindir
was observed for more than 70% of the PA patients. The recognition

peanut proteins by plasma Ig and IgG subclasses was very diverse

plasma samples of PA individuals and more restricted in plasma samples
ANPA and NA individuals. This more diverse recognition paftern in F
patients did not lead to increased levels of peanut protein-specific imm
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noglobulins of the various investigated classes, although IgE was only found
in plasma samples of the PA patients.
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Abstract

Increasing evidence indicates a prominent role of allergen-specific Tt
cells with high IL.-4 and IL-5 production and low IFN-y production, in th
regulation of IgE and eosinophil production in dllergic disorders. Howeve
most of these studies have concentrated on T cells reactive with inhalatic
allergens, whereas little is still known about the properties of food-allerger
reactive T cells.

In the present study, we therefore characterized peanut-specific T cel
cloned from a severe peanut dllergic patient.

Peripheral blood mononuclear cells (PBMC) from peanut-allergic and no
allergic individuals were stimulated with crude peanut extract (CPE) 1
compare the proliferative responses and 1o select a suitable patient for th
cloning of CPE-specific T cells. The resultant panel of CPE-reactive T lyn
phocyte clones was serologically phenotyped by flowcytometry and anc
lyzed for cytokine secretion by ELISA.

The patients” PBMC showed a dose-dependent proliferative response 1
CPE which was significantly higher (p<0.05) than in PBMC of non-allerg
donors, The CPE-specific TLC generated from the selected patient were ¢
CD4+/ CD8- T helper cells with a Th2 cytokine profile, secreting hig
amounts of IL-4 and IL-5, buf little or no IFN-y.

This study demonstrates that peanut-specific T cells do occur in the peri
heral blood of peanut-allergic patients and suggests an increased frequet
cy of these T cells in patients, as compared to non-allergic control individt
als. The CD4+ phenotype and the Th2 cytokine profile of the CPE-specifi
TLC suggest a functional role of allergen-specific Th2 cells in the pathoph
siology of food allergy, similar to the function of inhalation allergen-specifi
Th2 cells.
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Infroduction

Food allergies occur in 1-10% of the Western population (1, 2), especially in
young children (3). Most common food allergens are proteins in cow’s milk,
hen’s egg. peanut and soy bean (4) which may induce a type | food
allergic reaction in sensitized individuals, characteristically associated with
high serum levels of specific immunoglobulin E (IgE) (5) and eosinophilia (6,
7). So far, litfle is known about the mechanism underlying the development
of a type | food allergy.

For allergy to inhalation allergens, like house dust mites (HDM), various
pollen and domestic animals, several studies revealed that allergen-
specific T cells generated from peripheral blood (8-11) or skin (12, 13) of
afopic donors are Th2 cells producing high levels of interleukin-4 (L-4) and
IL-5 but litfle or no interferon-y (IFN-y). IL-4 plays an important role in the
regulation of production of IgE antibodies, both in-vifro (14-18) and in-vivo
(19). by inducing an isotype switch to IgE in B cells (14, 17, 18). This Il.-4-
induced isotype switch is inhibited by IFN-y (20-22). Consequently allergen-
specific Th2 cells from atopic donors are efficient helper cells for IgE
synthesis (9, 23-25). IL-5 has been shown to induce eosinophil proliferation
and activation (26, 27). Eosinophils play a role in the late phase allergic
reaction causing fissue damage by toxic mediators released by degranula-
tion (28, 29).

sSome clinical symptoms of food allergy such as the oral allergy syndrome
(OAS) (30) and the gastro-intestinal problems (31) appear to be related to
allergen uptake in the digestive tract and therefore to be confined fo this
type of allergy. Other clinical manifestations, however, are very similar to
those seen in inhalation allergy, i.e. atopic dermatitis, asthma, anaphylaxis
and eosinophilia. Because of the key role of dllergen-specific T cells in the
pathophysiology of these disorders, we investigated whether food allergen-
specific T cells have properties similar to those of the above described
inhalation allergen-specific T cells. To address this question we generated
and characterized peanut protein-specific T cell clones from a peanut-
allergic patient. We focussed on peanut allergy because this is a common
food dllergy in adults which is very persistent and can cause severe
symptoms like anaphylactic shock followed by death (32-34). For this study
peanut proteins were extracted from raw, unshelled peanufs. The obtained

71



crude peanut extract (CPE) was used to compare peanut-specific T ¢
reactivity in PBMC of non-allergic (NA) and peanut-allergic (PA) individua
The proliferative response to peanuf agglufinin (PNA), the naturally occ
ring lectin in peanuts, was studied as a parallel control because this lect
may induce mitogenic stimulation as demonstrated in bovine PBMC (3¢
Based on this comparative study one peanut-allergic patient was selecte
for the generation and characterization of CPE-specific T cell clones.

Materials and methods

Subjects

The non-allergic control group (NA) consisted of 10 individuals (2 males,
females; mean age 31.9 £10.0 years) with no history of allergy and nega
ve radio-allergo-sorbent-test (RAST) and skin-prick-test (SPT) scores f
peanut allergen and 7 common other allergens (grass, cat, dog, alternari
birch, bird and house dust mite). The mean total serum IgE titer was 1(
148) IU/ml. The peanut-allergic group (PA) consisted of 7 patients
male, 6 females; mean age 27.1 +6.7 years) with a peanut allergy as |
dicated by clinical symptoms and posifive peanut-specific RAST (>3+) ar
SPT scores. Approval for this study was obtained from an independe
Medical-Ethical Commitee. An informed consent was obtadined from «
subjects. Peanut specific T cell clones were generated from a severe F
subject (NvD), giving strong proliferative responses to CPE in PBMC. This w«
a 15-year-old girl with a severe peanut and coriander allergy causir
symptoms like the oral allergy syndrome, asthma and anaphylactic shoc
At the time of blood collection, 4 weeks after a severe anaphylactic shoc
the total serum IgE level was 708 IU/ml with high levels of peanut specif
IgE (6+) as determined by RAST.

Peanut protein exiraction

Peanut protfeins were extracted from raw, unshelled peanuts of the Runn
Jumbo 38/42 variety (van Zijl, Hilversum, The Netherlands) using a methc
modified from Barnett et al. (36). Briefly, peanuts were ground and fat w:
extracted by Soxhlet using petroleum ether at 40-60°C. The defatted flo
was ground again and suspended in 0.1 M ammoniumbicarbonate. Tt
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suspension was stirred for 4 h and centrifugated at 10,000g for 30 min at
4°C to remove insoluble compounds. The supernatant was dialysed over
night against distilled water using a 3.5 kD cut-off membrane (Spectrum
Medical Industries, Inc., Houston, TX). The dialysed extract, referred to as
crude peanut extfract (CPE), was lyophilized and stored at -20° C. The
obtained CPE consisted of approximately 90% protein as determined with
the Bio-Rad protein assay (Bio-Rad, Munchen, Germany). On SDS-PAGE
with silver staining, CPE consisted of several bands between 70 and 10 kD,
The PNA concentration in CPE was estimated by intensity of the bands at
approximately 1%.

Culture media

The cloning procedure and proliferation assays were performed in Iscove’s
Modified Dulbecco’s Medium (IMDM) (Gibco, Paisley, UK) supplemented
with 10% pooled complement inactivated normal human serum (HS;
Central Laboratory Blood Transfusion Service (CLB), Amsterdam, The
Netherlands) and gentamycine (50 ug/ml; Flow Laboratories, Irvine, UK).
Epstein Barr-virus (EBV) transformed B cells were cultured in IMDM supple-
mented with 10% Fetal Calf Serum (Hyclone, Logan, Utah) and gentamyci-
ne (50 pug/ml).

Proliferation assays with PBMC

PBMC were isolated from heparinized venous blood using density gradient
separation on Ficoll-Plague (Pharmacia LKB) essentially as described by
Boyum (37). Recovered cells were cultured (2x10°/200 ul) in triplicate at
37°C and 5% CQO, for 7 days in IMDM supplemented with HS in the absence
or presence of increasing concentrations of CPE (1, 10, 50, 100, 150, 200
and 250 ug/mi) or peanut agglutinin (PNA; lectin from Arachis Hypogaea:;
1,10, 80 and 100 ug/ml; Sigma, St. Louis, MO) in 96-well flat-bottom culture
plates (NUNC, Roskilde, Denmark). Proliferation was measured using °H-
thymidine (CH)-TAR) incorporation, After 7 days, (H)-TAR (0.4 uCi/well;
Amersham, Aylesbury, UK) was added and the cells were incubated for
another 18 h and then harvested (Harvester 96, Tomtec, Orange, USA).
CH)-TAR incorporation was measured using a 1450 Microbeta-counter
(Wallac, Turku, Finnland).
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T cell cloning procedure

CPE-specific T cell clones were generated from heparinized venous bloc
as described previously (25). In paradllel to the above described prolifer
tion experiments, identical friplicate cultures were starfed in seperat
culture plates. If cultures in the first plate indicated PNA- or CPE-induced
cell proliferation on day 7, cultures in the parallel plate were used for th
generation of specific T cell clones. In order to further promote the expan:
on of CPE- or PNA-reactive, recombinant interleukin-2 (rlL-2; Eurocetu
Amsterdam, The Netherlands) was added to each well on day 7 at a fin
concentration of 20 IU/ml. After another 7 days of culfure, cells wer
cloned from the thus formed short-tern CPE-specific T cell lines by limitin
dilution at 1 or 0.3 cells/100 pl/well in 96-well flat-bottom culture plates an
mitogenic stimulation with PHA (final concentration 5 ug/mil; Difco, Detro
MI). To all wells 100 wl of a feedermix was added consisting of irradiate
(3000 rad) PBMC of two unrelated donors (each 10° cells/ml) irradiate
(8000 rad) cells of the Epstein-Barr virus tfransformed B cell line JY (2x]!
cells/mi) and rlL-2 (20 IU/ml) as growth factor, Approximately 3 weeks late
expanded clones were tested for CPE-reactivity in an antigen-specifi
proliferation assay performed in IMDM supplemented with HS in duplicat
in 96-well flat-bottom culture plates. To 100 ul T-cell suspension (10° cells) &
ul irradiated (3000 rad) freshly isolated autologous PBMC (2x10% as
source of antigen presenting cells (APC), and 50 ul CPE (200 pug/ml) wer
added. After 48 hours proliferation was measured by (°H)-TdR incorporatic
as described before. Criteria for antigen specific proliferation were
minimum of 1000 cpm and a stimulation index (SI) of 5 or more. Sl was th
measured cpm in the presence of antigen divided by the measured cpr
in the absence of antigen. CPE-specific T cell clones were maintained i
culture by bi-weekly restimulation with PHA in the presence of the feede
mix as described above. All experiments were performed on day 10 aoffe
restimulafion.

Surface marker analysis of T cell clones

For analysis of surface marker expression by the CPE-specific T cell clone
the following flucrescein (FITC-) or phycoerythrin (PE)-conjugated monoclc
nal antibodies were used: CD3-PE (13);, CD4-FITC (T4); CD8-PE (18); CD45R/
PE (2H4); CD29-PE (4B4) and HLA-DR-FITC (I13) all purchased from Coulfe
(Hioleah, FL). Before labeling. the T cell clones were seperated from th
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remaining feedermix cells using Ficoll-Paque as described before for the
isolation of PBMC. Per expertiment, 10° cells were suspended in 100 ul PBS
(Coulter) containing 1% BSA (Organon Teknika, Boxtel, The Netherlands)
and labelled with 10 pl undiluted solution of the appropriate antibodly.
Affer 30 min of incubation at 4°C the cells were washed twice by centrifu-
gation for 5 min at 250g at 4°C and resuspending the pellet in 2 ml PBS
containing 1% BSA. The final pellet was resuspended in 300 ul PBS contai-
ning 1% BSA. Analysis was performed using an Epics Elite flow cytometer
(Coulter). Results were expressed as percentage of positive cells.

Epstein Barr-virus transoformation of autologous B cells

Antigen-specific proliferation assays with T cell clones to obtain culture
supernatant for the determination of cytokine production, were performed
using Epstein-Barr virus (EBV) transformed autologous B cells (EBV-B) as
anfigen presenting cells (APC). For EBV transformation 10° PBMC in 500 ul
IMDM supplemented with 10% FCS and 4 ug/ml cyclosporin-A were added
to 800 ul supernatant of a 10-day-culture of the Marmoset monkey B95-8
cell line (38) containing EBV, and cultured ovemight at 37°C in a 24-well
culture plate (NUNC). Cells were washed 3 times and resuspended in 200 pl
IMDM/FCS and cultured in a 96-well flat-bottom culture plate at 37°C and
5% CO, until proliferating cells were observed by light microscopy. EBV-B
cells were maintained at a concentration of approximately 10° cells/ml in
IMDM with 10% FCS.

Cytokine assays

Cytokine secretion profiles of the CPE-specific T cell clones were determi-
ned affer both mitogeneic stimulation with monoclonal antibodies against
CD3 and CD28 as well as after specific stimulation with CPE in the presen-
ce of APC. For mitogeneic stimulation, triplicate cultures of 10° cells/well
were stimulated in a 96 well flat bottom culture plate with anti-CD3 mono-
clonal antibody (CLB-1xE; CLB) and anti-CD28 monoclondl antibody (CLB-
28/1: CLB) both at a final dilution of 1:1000 in a volume of 200 w/well in
IMDM with 10% HS. For antigen-specific stimulation 10° cells/well in triplicate
cultures were stimulated in 200 pl IMDM/10% HS with CPE (final concentrati-
on 50 pg/mi) in the presence of 2x10° EBV-B/well as APC. After 36 h the
culture plates were centrifugated at 300g for 10 min af room temperature.
Supernatants from the friplicate cultures were collected, pooled and stored
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at -20° C until determination of the cytokine concentration.
Both IFN-y and IL-4 secretion were measured using ELISA kits from Gibc
and CLB, respectively and IL-5 using an ELISA as described before (39).

Statistical analysis

Statistical analysis was performed by creating a orthogendle polynorr
with a linear, square and cubic component. These polynomes wer
created for the proliferative response to ioncreasing amounts of CPE ¢
every subject. The mean polynomes of the PA and NA group were teste
for statistical significant differences using a Students’ est taking p<0.05 «
level of significance.

Results

Peanut specific proliferation in PBMC of peanut allergic and non-allergi
donors.

A clear dose-dependent proliferative response was measured upc
exposure of PBMC of peanut-allergic patients (PA; n=7) to CPE of 991
(+6834) cpm in the presence of 250 ug/ml CPE (915 +816 without CPE
whereas PBMC of non-allergic confrol individuals (NA; n=10) showe
onlyvery weak responses to CPE of 393 (£329) cpm in the presence of 2¢
ng/ml CPE (163 £183 without CPE). In Figure 1 these data are expressed ¢
stimulation index (81) which represents the measured cpm in the presenc
of CPE divided by the measured cpm in the absence of CPE.

Responses in PBMC of the PA group were significantly higher (p<0.05) thc
in PBMC of the NA group from CPE concentration of 50 ug/ml. PNA, th
naturally occuring lectin in peanuts, induced only very weak responses
PBMC of both groups. The responses were not significantly different be
tween the two groups (Figure 1).

After the demonstration of CPE-specific T cells reactivity in PBMC of th
peanut-allergic patients, CPE-specific T cell clones were generated fror
one of the peanut-allergic patients, NvD, selected for showing a relative
strong PBMC response reaching a plateau level of 6317 cpm in the preser
ce of 1560 ug/ml CPE (444 cpm without CPE). Also in PBMC of th
patient stimulation with purified PNA induced only a weak proliferativ
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Figure 1:  Proliferative response of PBMC from peanut-allergic (PA; n=7) and
non-allergic donors (NA: n=10), A) to peanut proteins (CPE) and B) to
PNA.
Proliferation of PBMC (2x10° cells/well) was determined by measuring
CH)-TAR incorporation after 7 days of incubation in the absence or
presence of increasing amounts of CPE or PNA.,
Resulfs are expressed as mean stimulation index (SH + SEM,

CPE-specific T cell clones

From a CPE-reactive T cell line obtained by stimulation of PBMC of this
patient with 180 ug/ml CPE for 14 days, 49 T cell clones were
generated. Testing this panel of T cell clones for CPE-specifi-
city, 10 clones proved to be reactive, which were designated
GB101, GB102, GB105, GB106, GB107, GB108, GB109, GB110, GB111 and
GB114 (Figure 2). These 10 clones were further studied for their
expression of certain surface markers by flow cytometry and for
their cytokine secretion profile by ELISA.,

Surface marker expression by CPE-specific T cell clones.

The surface marker phenotype of the 10 CPE specific T clones, was deter-
mined by flow cytometric analysis 10 days after restimulation with feeder-
mix. All T cell clones expressed a typical phenotype of activated memory
Th cells: CD3", CD4", CD8, CD45RA-, CD29*, HLA-DR*. The percentage of
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activated cells, expressing HLA-DR varied strongly (10 to 100%) betwes
the different clones.
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Figure 22 CPE-specific proliferative responses of T cell clones from pean
allergic patient NvD. Cloned cells (10° cells/well) were cultured w
10° 3000 rad iridiated autologous PBMC as APC in the absence
presence of 50 ug/ml. Proliferation was measured affer 48 h of inc
bation using (*H)-TAR incorporation,

The bars express mean values + SEM of triplicate cultures, whereas 1
stimulation index is given on top of the bars.

Th2 cytokine secretion profile of CPE-specific T cell clones.

Cytokine secretion of the CPE-specific T cell clones was measured in 36
supematants affer stimulation of 10° cells with either a combination of ar
CD3 and anti-CD28 or CPE in the presence of APC. Reactivity of the clon
to these different modes of stimulation was confirmed by (*H)-TdR incorp
ration in identical parallel cultures. As is shown in Figure 3, the CPE-reacti
T cell clones secrefed high levels of -4 and -5 and liftle
no IFN-y after strong mitogenic stimulation indicating a Th2 pr
file. Stimulation with CPE showed a similar profile only low
concentrations of the secreted cyilokines were measured. -4 w
produced at concenfration of 200 to 500 pg/ml, IL-5 was produce
at a non-detectable concentration (200 pg/mil) to 600 pg/ml ar
IFN-y was produced less then 20 to 450 pg/ml. The cytokine produ
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tion was compared to the prevoiusly described, well charcterized
HDM-specific T cell clones with a Th1 (MBE.AA40 and MBE.AA42) or
Th2 (MBB.AA6D) phenotype measured under identical experimental
condition (40).

GB101
GB102
@GB105
GB106
GB107
GB108
GB109
GB110
GB111
@aB114
MBB.AABO |
MBE.AA40
MBE.AA42 §

MBB.AASO
MBE.AA40
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Figure 3: Cytokine secretion by CPE-specific T cell clones. Clone cells were
stimulated (10° celis/well) for 36 h with anti-CD3 plus anti-CD28 (both
1:1000 final dilution) affer which the cytokine concentrations in the cul-
ture supernatants were measured by ELISA. Secretion levels were
compared to those of well-characterized aeroallergen-specific Th1
(MBA AA40 and MBE.AA42) and Th2 (MBB.AAGD) clones tested identi-
cally.
Detection levels: IFN-y: 20 pg/ml, IL-4: 2.4 pg/ml, IL-5: 2.5 ng/m!.
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Discussion

The present study shows that PBMC of peanut-allergic patients harbour p:
anut protein-responsive T cells, which upon cloning appeared to e Tt
cells producing high levels of IL-4 and IL-5 but little or no IFN-y.

The proliferative responses of PBMC of peanut-allergic patien
to CPE were significantly higher than those of non-allerg
individuals. This phenomenon has been described previously f
inhalation (25, 41, 42) and food-induced infolerances (43-45) an
this could indicate o higher frequency of responsive T cells. Tf
has been contradicted by others (46, 47). Recently Dorion et «
(47) showed no difference befween peanut dllergic, asthmatic an
non-allergic patients in response to Ara h I, a major peanut allerge
which has been idenfified by immunoblotting techniques using patient
sera (48). This difference in response could be due to the amount
consumption of peanuts which is much higher in the American populatic
compared to the Dufch population. Another explanation could be 1t
fact that the lymphocyte stimulation studies of Dorion et al. were perfc
med in medium without serum while we used medium supplemented wi
10% pooled HS. This serum could contain certain factors which could inhik
or favour the outgrowth of certain cells. Also Higgins et al. (49) studied tf
proliferative response to peanut proteins of peanut dllergic and nol
allergic individuals. They found a good response in non-allergic individuc
as well although this response tended to be lower than the respon:
observer in peanut-allergic individuals and higher concentration of pean
extract (up to 400 pg/ml) were needed. It could very well be that if w
had used higher concentrations of our extract we would have found
response.

It should be mentioned, however, that some peanutf-allergic patien
whose PBMC showed no significant proliferative response to CPE wel
excluded from this comparative study. The non-responsiveness of this sm
subgroup of patients could be a result of their peanut-free diet resulting
a very low frequency of reactive T cells in peripheral blood (60). Anoth
possible explanation is that these patients selectively respond 1o no
soluble peanut compounds or to dllergens smaller than 3.5 kD, which bo
are not present in our CPE preparation.
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Although PNA, the naturally occurring lectin in peanuts, can induce strong
proliferative responses in bovine PBMC by means of agglutination (35), it
induced a slight increase in (*H)-TdR incorporation in human PBMC, both of
peanut-aliergic and non-allergic control individuals. This weak PNA-Induced
proliferative response can not account for the specific CPE-induced
response in the patients” PBMC, because CPE used in this study contained
only about 1% of PNA (data not shown). Indeed, compared to the prolife-
ration induced by 1 or even 10 ug/ml of PNA, 150 pg/ml of CPE induced a
significantly higher proliferation (o < 0.05). Moreover, if the proliferative
response induced by CPE was caused by the mitogenic activity of PNA, a
similarly high proliferative response should also have been observed in
PBMC of non-allergic individuals. However, it can not be excluded that
agglufination of the PBMC by PNA facilitated the CPE-specific T cell
response o some extend.

The 10 CPE-specific T cell clones generated from patient NvD, with a strong
PBMC response to CPE, all expressed the characteristic phenotype of
activated T helper cells, i.e. CD3*, CD4", CD8, CD29*, CD45RA". No CPE-
specific CD8+ T cells were cloned although approximately 10% of the
obtained non-CPE-specific T cell clones were CD8', The strong differences
in HLA-DR expression fested for all clones in parallel, at the same time point
in the restimulation cycle, suggest that the panel comprises of different
CPE-specific T cell clones, although future experiments on their protein-
specificity and HLA-restriction of antigen recognition will provide more
definite data on this matter,

Upon strong mitogenic stimulation with anti-CD3 plus anti-28 monoclonal
antibodies, all CPE-specific T cell clones produced considerable to high
levels of IL.-4 and IL-5 but little or no IFN-y, indicating a Th2 cytokine profile
(24) as has been observed by Higgins et al. (49) as well, Antigen specific
stimulations with 50 ug/ml CPE and autologous Epstein Barr virus transfor-
med B cells as APC, resulted in the same cytokine profile but in lower
absolute concentrations. Some of the CPE-specific T cell clones produced
detectable amounts of IFN-y (20-500 pg/ml), but compared to IFN-y
production by the well-characterized HDM-reactive Th1 clones (MBE.AA4Q
and MBE.AA42) the concentrations are very low. Compared to a HDM-
specific Th2 clone, MBB.AAD, tested under identical experimental con-
ditions, and to observations of others with several inhalation allergen-
specific T cell clones (8-13, 25), the CPE-specific T cell clones produced IL-4
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within a similar concentration range. IL-5 was not detectable in the supe
nafant of 2 clones after stimulation with CPE although these clones ar
capable of producing high concentrations of IL-5 after strong mitogenei
stimulation (Figure 3). This could be due to the high detection level of th
used method or fo the small amount of cells used to obtain the supernc
tant,

So far the precise protein-specificity of these clones has not been determ
ned. Litfle is known about peanut protein constitution and the allergens
may confain, but recently Dorion et al. (47) showed that PBMC of peanu
allergic patients proliferate in response to Ara h Il. Current isolation ¢
proteins from CPE in our laboratory may enable us to determine th
specificity and the deversity of the proteins that are recognized by ot
panel of CPE-specific T cell clones.

The observation that all T cell clones reactive with the total peanut protei
extract, are IL-4 and IL-5 producing Th2 cells and the commonly increasec
production of IgE and eosinophilia in food allergic patients suggest a
important role of food allergen-specific Th2 cells in the pathophysiology ¢
food allergy, similar to the role of Th2 cells in inhalation allergy.

Acknowledgements

The authors would like to thank Dr. Catharien Hikens (Department of Ce
Biology and Histology, University of Amsterdam) for the measurements of IL
5. Hillie Pellegrom (TNO Nutrition and Food Research) for technical assistan
ce and Dr. Geert Houben (TNO Nutrition and Food Research) for critice
reading of the manuscript.

References

1 Belanti JA. (1991) Developmental aspects of food allergy in infancy and childhood
Immunol Allergy Clin 11:885-891.

2 Schreiber RA and Walker WA. (1989) Food allergy: facts and fiction. Mayo Clin Proc
64:1381-1391,

3 Kajosaari M. (1982) Food allergy in Finnish children aged 1 to 6 years. Acta Paediaf
Scan 71:815-819,

82



10

12

19

20

Burks AW, Williams LW, Mallory SB, Shirrell MA and Williams C. (1989) Peanut protein
as a major cause of adverse reactions in patients with atopic dermatitis. Allergy Proc
10:265-269.

Sampson HA and Metcalf DD. (1992) Food allergies. J Am Med Assoc 20:2840-2844.
Businco L, Meglio P and Ferrara M. (1993) The role of food allergy and eosinophils in
atopic dermatitis. Pediatr Allergy Immunol 4(4 suppl):33-37.

Jaffe JS and Metcalf DD. (1993) Cytokines and their role in the pathogenesis of
severe food hypersensitivity reactions. Ann Allergy 71:362-364.

Wierenga EA, Snoek M, de Groot C, Chretien |, Bos JD, Jansen HM and Kapsenberg
ML. (1990) Evidence for compartmentalization of functional subsets of CD4+ T lym-
phocytes in atopic patients. J Immnunol 144:4651-4656,

Del Prete G. (1992) Human Th1 and Th2 lymphocytes: their role in the pathophysiol-
ogy of atopy. Allergy 47.450-455,

Ebner E, Széphalusi Z, Ferreira F, Jilek A, Valenta R, Parronchi P, Maggi E, Romagnani
A and Kraft D. (1993) Identification of muitiple T cell epitopes on Bet v I, the major
birch pollen allergen, using specific T cell clones and overlapping peptides. J
Immunol 160:1047-1054,

van Neerven RJJ, van de Pol MM, van Milligen FJ, Jansen HM, Aalberse RC and
Kapsenberg ML. (1994) Characterization of cat dander-specific T lymphocytes from
atopic patients. J Immunol 1562:4203-4210,

van der Heljden FL, Wierenga EA, Bos JD and Kapsenberg ML. (1991) High frequency
of IL.-4 producing CD4+ allergen-specific T lymphocytes in atopic dermatitis lesional
skin. J Invest Dermatol 97.389-394.

Ramb-Lindhauer Ch, Feldmann A, Rofte M and Neumann Ch. (1991) Charac-
terization of grass polien reactive T cell lines derived from lesional atopic skin. Arch
Dermatol Res 183:71-76,

Snapper CM, Finkelman FD and Paul WE. (1988) Differential regulation of IgG1 and
IgE synthesis by interleukin-4. J Exp Med 167:183-196.

Romagnani §, Del Prete G and Maggi E. (1989) Role of interleukins in induction and
regulation of human IgE synthesis. Clin Immunol Immunopathol 50:513-523,

Schultz CL and Coffman RL. (1991) Control of isotype switching by T cells and cytokin-
es. Curr Opin Immunol 3:350-354.

Vercelli D and Geha RS. (1991) Regulation of IgE synthesis in humans: a tale of two
signals. J Allergy Clin Immuncol 88:285-285.

Heusser ChH, Bews J, Brinkmann V, Delespesse G, Kilchherr E, Ledermann F, Le Gros
G and Wagner K. (1991) New concepts in IgE regulation. Int Arch Allergy Appl
Immunol 94:87-90,

Lebedin YS$, Raudia LA, Chuchalin AG. (1991) Serum levels of interleukin 4, interleukin
6 and interferon-gamma following in vivo isotype-specific activation of IgE synthesis
in humans. int Arch Allergy Appi immunol 96:92-94,

Coffman RL and Carty J. (1986) T cell activity that enhances polycional IgE producti-
on and it's inhibition by interferon-y. J Immunol 136:949-954.

83



21

22

23

24

25

26

27

28

29
30

31
32

33
34

35

36

37

38

84

Snapper CM and Paul WE. (1987) Interferon-y and B cell stimulatory factor-1 recipro
ally regulated Ig Isotype production. Science 236:944-947,

Pene J Rousset F, Briere F, Chretien |, Bonnefoy JY, Spits H, Yokota T, Arai N, Arqi |
Bancherau J and de Vries J. (1988) IgE production by normal human lymphocytes
Induced by inferleukin 4 and suppressed by interferons y and o and prostagiandin E
Proc Natl Acad Sci USA 85:6880-6884,

Del Prete G, Maggi E, Parronchi P, Chrétien |, tiri A, Macchia D, Ricci M, Bancherau
de Vries J and Romagnani S. (1988) IL-4 is an essential factor for IgE synthes
induced in vitro by human T cell clones. J Immunol 140:4193-4198,

Mosmann TR and Coffman RL. (1989) Th1 and Th2 celis: different patterns of Iy
phokine secretion lead to different functional properties. Annu Rev Immunoi 7:14!
173.

Wierenga EA, Snoek M, Bos JD, Jansen HM and Kapsenberg ML. (1990) Compariso
of diversity and function of house dust mite-specific T lymphocyte clones fror
atopic and non-atopic donors. Eur J Immunol 20:1519-1526.

Lopez AF, Sanderson CJ, Gamble JR, Campbell HD, Young IG and Vadas MA. (198¢
Recombinant human interleukin 5 is a selective activator of human eosinopt
function. J Exp Med 167:219-223.

Clutterbuck EJ, Hirst EMA and Sanderson CJ. (1989) Human interleukin-5 (IL-5) reguic
tes the production of eosinophils in human bone marrow cuitures: Comparison an
interaction with IL-1, IL-3, IL-6 and GM-CSF. Blood 73:1504-1512,

Gleich GJ. (1990) The eosinophil and bronchial asthma: current understanding.
Allergy Clin Immunol 85:422-436.

Weller PF. (1991) The immunobiology of eosinophils. N Engl J Med 324:1110-1118.
Enberg RN. (1991) Food induced oropharyngeal symptoms: the oral allergy syndrc
me. Immunol Allergy Clin 11.767-772.

Metcalfe DD. (1991) Food dllergy. Curr Opin Immunol 3:881-886.

Bock SA and Atkins FM. (1989) The natural history of peanut dllergy. J Allergy Cli
Immunol 83:900-904,

Bush RK, Taylor SL and Nordlee JA. (1989) Peanut sensitivity. Allergy Proc 10:261-264,
Yunginger JW, Squillace DL, Jones RT and Helm RM. (1989) Fatal anaphylacti
reactions induced by peanuts. Allergy Proc 10:249-253,

Nagi AM and Babiuk LA. (1989) Peanut agglutinin (PNA): binding and stimulation ¢
bovine infestinal and peripheral blood leukocytes. Vet Immunol Immunopathc
22:67-79.

Barneft D, Baldo BA and Howden MEH. (1983) Multiplicity of allergens in peanuts.
Allergy Clin Immunol 72:61-68.

Boéyum A. (1968) Isolation of leucocytes from human blood. Scand J Ciin Lab Inve:
21.9-14,

Miller & and Lipman M. (1973) Release of infectious Epstein-Barr virus by transformec
marmoset leukocytes. Proc Nat Acad Sci USA 70:190-194



39

40

41

42

43

44

45

46

47

48

49

50

McNamee LA, Fattah DI, Baker TJ, Bains SK and Hissey PH. (1991) Production,
characterisation and use of monoclonal antibodies to human interleukin-5 In an
enzyme-linked immunosorbent assay. J Immunol! Methods 141:81-88,

Wierenga EA, Snoek M, Jansen HM, Bos JD, van Lier RAW and Kapsenberg ML. (1991)
Human atopen-specific type 1 and 2 T helper cell clones. J Immunol 147:2942-2949,
Rawle FC, Mitchell EB and Platts-Mill TAE. (1984) T cell responses to the major allergen
from the house dust mite Dermatophagoides pteronyssinus. J Allergy Clin Immunol
133:195-201.

Burastero SE, Fenoglio D, Crimi E, Brusasco V and Rossi GA. (1993) Frequency of
dllergen-specific T lymphocytes In blood and bronchial response to allergen in
asthma. J Allergy Clin Immunol 91:1075-1081.

Scheinmann P, Gendrel D, Charlas J and Paupe J. (1976) Value of lymphoblast
fransformation test in cow’s milk protein intestinal intolerance. Ciin Allergy 6:515-521.
Van Sickle GJ, Keating Powell G, McDonald PJ and Goldblum RM. (1985) Milk- and
soy protfein-induced enterocolitis: Evidence for lymphocyte sensitization to specific
food proteins. Gasfroentferology 88:1915-1921,

Kondo N, Agata H, Fukutomi O, Motoyoshi F and Orii T. (1990) Lymphocyte responses
fo food anfigens in patients with atopic dermatitis who are sensitive to foods. J
Allergy Clin Immunol 86:253-260.

May CD and Alberto R. (1972) In vifro responses of leukocytes to food proteins in
allergic and normal children: lymphocyte stimulation histamine release. Clin Allergy
2:335-340.

Dorion BD, Burks AW, Harbeck R, Williams LW, Trumble A, Helm RM and Leung DY.
(1994) The production of interferon-y in response to a major peanut allergy, Ara h i,
correlates with serum levels of IgE anti-Ara h ll. J Allergy Clin Immunol 93:93-99,

Burks AW, Williams LW, Connaughton C, Cockrell G, O’Brien TJ and Helm RM. (1992)
ldentification and characterization of a second major peanut allergen, Ara h i, with
use of sera of patients with atopic dermatitis and positive peanut challenge. J
Allergy Clin Immunol 90:962-969.

Higgins JA, Lamb JR, Lake RA and O’Hehir RE. (1995) Polyclonal and clonal analysis
of human CD4" T-lymphocytes responses to nut extracts. Immunology 84:91-97.
Shinoda S, Kondo N, Fukutomi O, Agata H, Suzuki Y, Shimozama N, Tomatsu S,
Yamada Y, Takemura M, Noma A and Orii T. (1993) Suppressive effects of elimination
diets on T cell responses fo ovalbumin in hen’s egg-sensitive atoplc dermatitis
patients. Clin Exp Allergy 23:689-695,

85






Chapter 5

Diverse protein specificity of peanut-specific Th2
cell clones from a peanut-allergic patient

Esther C. de Jong'?, Steven Spanhaak', Hillie Pellegrom’,
Eddy A. Wierenga®, André H. Penninks'

'TNO Nutrition and Food Research Institute, Zeist, The Netherlands
“Utrecht Toxicology Center, Utrecht, The Netherlands
*Department of Cell Biology and Histology, University of Amsterdam,
Amsterdam, The Netherlands

Submitted for publication



Abstract

Allergen-specific T cells play an important role in the pathogenesis
allergic disease. ldentification of the proteins recognized by these T ce
could lead to more insight into the pathophysiology of the disease an
possibly, to an improvement of specific immunotherapy. Characterizatic
of several major allergens in allergenic entities such as house dust mit
grass pollen and cat dander indicated that most allergens contain multic
T cell epitopes complicating the design of immunotherapy protocols, So f
little is known dbout the specificities of food-allergen specific T cells. In
present study, the protein specificity of peanut specific T cell clone
generated from a severe peanut-adllergic patient, was analyzed.

From raw, unshelled peanuts a crude peanut extract (CPE) was prepare
The 2 main protein fractions, arachin and conarachin, were isolated fro
CPE by ion exchange chromatography. CPE was further separated base
on hydrophobicity using HPLC and based on size using gelelectrophores
Using a panel of CPE-reactive T cell clones, the obtained fractions we
analyzed for their ability to induce proliferation.

This panel of CPE-specific T cell clones recognized either arachin, conar
chin or peanut agglutinin (PNA), the naturally occurring lectin in peanu
Upon fractionation by HPLC, only highly hydrophobic fractions we
recoghized. The separation by size showed that the arachin specific clor
recognized a protein band of approximately 30-35 kD, while 2 conarachi
reactive clones responded to a protein fraction of 25-40 kD, and anoth
clone to a fraction of 18-25 kD.

This study shows that CPE-specific T cell clones generated from a seve
peanut-allergic patient recognize various peanut proteins.
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Introduction

Allergen-specific T cells play an important role in the pathophysiology of
allergic disease (1). Several studies have shown that allergen-specific T cells
generated from patients suffering a respiratory allergy to house dust mite
(HDM). grass pollen or cat dander, are Th2 cells producing high levels of IL-
4 and IL-5 but litfle or no [IFN-y (2-5). IL-4 induces isotype
switching in B cells to IgE or IgG4 which can be inhibited by IFN-y
6-9) while IL-6 is a potent inducer of eosinophil production and
activation (10, 11). Both specific IgE production and eosinophilia are chara-
cteristic features of atopic dllergy. Recently it has been shown that peanut-
specific T cell clones generated from a peanut-allergic patient were also of
a Th2 phenotype (12, 13) suggesting a similar mechanism in food allergy.
Peanut, Arachis hypogaeaq, is a common cause of food allergy (14). Along
with cow’s milk and hen’s egg. peanut account for approximately 80% of
the adverse reactions to food products in patients with atopic dermatitis
(15). Fatal or near-fatal anaphylactic reactions due to the consumption of
small amounts of peanufs are not uncommon among peanut-allergic
patients (16, 17). Once sensitized to peanuts, the allergy is very persistent
(18).

Peanuts consist for 83% (w/w) of fat and 28% of protein (19). The protein
fraction can be separated in albumins, and the two maijor storage proteins
arachin and conarachin (20), which account for 87% of the protein
conftent of peanuts (21). Although several peanut allergens have been
identified by immuno-blotting procedures using specific IgE-containing sera
from peanut dllergic individuals (22-26) little is known about the proteins
recognized by peanut-specific T cells. Identification of such proteins could
lead to more insight info the mechanism of peanut allergy. Also for the
improvement of specific immunotherapy the identification of allergens and
their T cell epitopes could be of importance. So far, whole protein mixtures
have been used for immunotherapy risking severe side effects, such as
anaphylactic shock, via cross-linking of specific IgE on mast cells and
basophils. Immunotherapy with purified peptides contfaining T cell epitopes
could minimize this risk because epitopes recognized by IgE antibodies are
distinctly different from the epifopes recognized by T cells (28). T cell
epitopes could therefore be used in higher concentrations to more effec-
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fively induce tolerance.

In this study we analyzed the protein specificity within a previous
described panel of crude peanut extract (CPE)-reactive Th2 clones gene
ated from a severe peanut-allergic patient. Initiclly the proliferati
response of these CPE-specific T cell clones was fested in reaction wi
arachin and conarachin, the 2 main fractions, and soy as a negati
control. Furthermore, CPE was fractionated based on hydrophobicity usir
HPLC. CPE, arachin and conarachin were also separated based ¢
molecular size using Western blotting techniques. The proliferative respon:
to all obtained fractions was measured.

Materials and methods

Peanut protein purification

Crude peanut exfract (CPE) was prepared from raw, unshelled peanuts «
described before (24). In short, peanuts were ground and fat we
extracted by Soxhlet using petroleum ether at 40-60°C. The defatted flo
was ground again and suspended in ammoniumbicarbonate (0.1 M), Tt
suspension was sfired for 4 h and insoluble particles were removed &
centrifugation for 30 min at 10,000g at 4°C. The supernatant was dialyse
overnight against distilled water using a 3.5 kD cut-off membrane (Spe:
trum Medical Industries, Inc, Houston, Tx), lyophilized and stored at -20°C.

Arachin and conarachin were isolated from CPE using a diethylaminoeth
(DEAE) Sephacel (Pharmacia LKB, Uppsala, Sweden) column of 1.5 x ¢
cm. CPE was eluted with 0.1 M sodium phosphate buffer, pH 8.0 and
sodium chloride gradient from 0 M to 0.5 M. Protein contents of the fra
tions was measured at 280 nm. Fractions forming one peak were poole:
As has been described before (24), conarachin emerged first at appros
mately 0.25 M NaCl followed by arachin at 0.35 M NaCl. These fractior
were dialysed against distilled water, lyophilized and stored at -20°C.

For gelelectrophoresis, protein samples were reduced by incubation for |
min at 100°C with sample buffer consisting of 1% DTT Sigma Chemicc
Co., St. Louis, MO), 63 mM-Tris-HCI, 2% (w/v) SDS, 0.01% (w/v) bromophen
blue, 20% (v/v) glycerol, pH 6.8. SDS-PAGE was performed essential
according to Laemmili (29) using precasted 15% Tris HCI polyacrylamid
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gels (Bio-Rad Laboratories, Hercules, CA). To visualize the protein bands,
the gels were stained with Coomassie brilliant blue R-250. For the determi-
nation of the molecular weights of the protein bands, pre-stained molecu-
lar weight markers (Bio-Rad) with molecular weights of 200, 97.4, 69, 46, 30,
21.5 and 14.3 kD were used.

High performance liquid chromatography (HPLC) fractionation of CPE

For separation of CPE using HPLC a reversed phase Ultrapore™ C3 column
with a pore width of 300 A (Beckman Instruments, San Diego, CA) of 10 x
250 mm was used. As elution buffer A 0.1% (v/v) trifluor acetic acid (TFA) in
water was used and buffer B consisted of 0.1% (v/v) TFA in 70% (v/v)
acetonitril in water, The gradient was 0%-20% buffer B in 5 min, 20%-50%
buffer B in 22 min and 50%-100% buffer B in 13 min. The eluate was col-
lected in 40 fractions (1 fraction per minute).

Of each fraction, 400 ul was lyophilized and resuspended in 30 pl sample
buffer and loaded on precast gradient (10-15%) gels (PhastGel, Pharmao-
cia) with molecular weight markers (Pharmacia) of 94, 68, 43, 30, 20 and 14
kD.

Protein assay

The protein concentration of the different samples was measured using @
Bio-Rad protein assay (Bio-Rad Laboratories GmbH, Munich, Germany)
following the manufacturers instructions.

Preparation of immunoblots and nitrocellulose particle suspension

To study the proliferative response of CPE-specific T cell clones to proteins,
CPE, arachin and conarachin were separated based on size by SDS-PAGE
as described above and transferred to nitrocellulose membranes (0.2 pM,
Bio-Rad) as described by Towbin (30). These membranes were used to
obfain nitrocellulose particle suspensions which contained antigen.

From the membranes both leftf and right sides were cut off and stained
with 0.2% Ponseau S (Sigma) in 3% trichloride acetic acid/3% sulfosylial acid
to visudlize the protein bands. The rest was used to prepare suspensions of
nitfrocellulose particles containing the separated proteins. To this aim,
horizontal strips covering an area of molecular weight were cut and, as
previously described by Abou-Zeid (31), dissolved in 2 ml DMSO and
rotated at room temperature (RT) for 2 h. To precipitate the nitrocellulose-
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profein complexes, an equal volume of 0.05 M carbonate/bicarbona
buffer, pH 9.6 was added and after vortexing the fubes were centrifuge
at 10,000g at RT for 10 min. The pellet was resuspended in 5 ml Iscove
Modified Dulbecco’s Medium (IMDM: Gibco, Paisley, UK) and washe
once more to remove the remaining DMSO. The recovered pellet w
resuspended in 1 mi IMDM,

T cell clones and proliferation assays

For all experiments CPE-specific T cell clones were used generated from
severe peanut adllergic patient as described before (13) all showing a Tl
cytokine secretion profile. To maintain the T cell clones in culture, they we
restimulated every 2 weeks with PHA (20 ug/ml PHA (Difco, Detroit, M) ar
a feedermix consisting of peripheral blood mononuclear cells (PBMC) of
unrelated donors (each 10%ells/ml, 3000 rad iradiated), 2x10° cells/
(3000 rad irradiated) of the Epstein Barr virus fransformed B cell line JY ar
20 IU/ml recombinant IL-2 (Eurocetus, Amsterdam, The Netherlands) as
growth factor. Proliferation assays were adlways performed 10 days aff
restimulation.

Experiments were performed in triplicate cultures in 96-well flat-botto
culture plates (NUNC, Roskilde, Denmark) in IMDM supplemented with 1(
pooled complement inactivated normal human AB serum (BioWhitthake
Walkersville, ML), gentamycin (80 pg/ml; Gibco) and fungizone (2.5 ug/r
Gibco).

To measure proliferation, 10° T cells were cultured in 200 ul comple
medium in the presence of 5x10° 3000 rad irradioted Epstein Barr-vir
fransformed aufologous B cells (EBV-B) as antfigen presenting cells (AP
and in the dabsence or presence of the protein samples. CPE, arach
conarachin and soy protein (unheated soy flour, USF; ILOB-TNO, Wageni
gen, The Netherlands) were used at a final concentration of 50 pg/ml, PN
(Sigma) at 25 pg/ml, HPLC fractions at 10 ug/ml and the nitrocellulo
particle suspension atf & pg/ml. After 48 h, proliferation was measured t
adding 0.4 uCi/well of °H-Thymidine (CH)-TAR) (Amersham, Aylesbur
UK) affer which the cells were incubated another 18 h and harvested wi
a cell harvester (Tomtec, Orange, US). Beta-emission was counfed by liqu
scinfillation spectroscopy with a 1450 Microbeta (Wallac, Turku, Finland). A
increase in cpm in the presence of antfigen of at least 3 times the cpm
the absence of antigen was seen as a specific response.
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Resulis

Separation of crude peanut extract

Proteins were extracted from raw, unshelled peanuts and after fat extrac-
tion, a water soluble CPE was obtained consisting for 90% of protein. By
SDS-PAGE (Figure 1) CPE was separated into several proteins with molecu-
lar weights varying from 10 kD to 70 kD. Peanut agglutinin (PNA), the
naturally occurring lectin in peanuts, is present in CPE at a concentration of
approximately 1% as determined by measuring the intensity of the protein
bands on SDS-PAGE,

Using DEAE column chromatography, 2 fractions were collected which
represent the 2 main storage proteins, arachin and conarachin.

P23 4 8

Figure 1. SDS-PAGE of CPE (lane 2), conarachin (lane 3), arachin (lane 4), PNA
(lane &) and molecular weight markers (lane 1). In each lane 5 ug
profein was loaded. The gel was stained with Coomassie bril-
liant Blue to visuadlize the protein bands.

The SDS-PAGE profile of arachin showed several bands with molecular
weights between approximately 10 and 50 kD with prominent bands of 25,
42 and 43 kD. Conarachin consists of several bands with molecular weights
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between 10 and 73 kD with prominent bands of approximately 63 and 7
kD and 20 and 22 kD (Figure 1). The ratio arachin to conarachin is appro»
mately 2:1 as estimated from the area under the curve,

In order to further fractionate CPE, HPLC was applied to separate th
extract on the basis of hydrophobicity. The SDS-PAGE profile of the 4
fractions is shown in Figure 2.

By .
(0.
43 .

g -
iy
ERIN

R A ST S T 1L D B B A D

Figure 2: SDS-PAGE of the 40 collected HPLC fractions from CPE. In each fir
lane of the gels, molecular weight markers were loaded, Gels wer
stained with Coomassie brilliant Blue to visualize the protein bands.

Proliferative response of CPE-specific T cell clones to different proteins an
fractions

In Table 1 the proliferative responses of the CPE-specific T cell clones t
arachin, conarachin, and soy protein are shown. Of this panel of clone
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from patient G (GB-series clones) only one clone recognized arachin while
3 other clones recognized conarachin. Clone GB110 did not respond to
either arachin or conarachin but showed to be responsive to PNA (1542
cpm without PNA, 49350 cpm in the presence of PNA).

Table 1:  Profein specificity of peanut-specific T cell clones.

Proliferation (cpm)

Clone Control CPE Ara Conar Soy

GB102 1604 14278 16113 1687 1636
GB109 1595 32655 2504 20238 1424
GB110 1642 27345 1622 1816 1397
GB111 1516 31891 2439 21967 1608
GB114 1477 14580 1354 13911 1472

T cells (10°) were cultured with APC (5x10% in the absence or presence of CPE
(80 ng/mb), arachin (80 pg/mb. conarachin (50 pg/mb) and unheated soy flour (50
ng/mb. Proliferation was measured after 48 h of incubation using CH)TAR Incor-
poration and is expressed as counts per minute (cpm).

The results of the proliferative response of 4 clones to the 40 HPLC fractions
are presented in Figure 3. Four different response patterns were observed.
Clone GB102, arachin-specific, recognized only fractions 29 and 30 while
clone GB109 responded to the fractions 29, 30, and 32 to 35 and GR11]
recognized fractions 30 and 32 fo 36. Clone GB110 did not respond to any
of the HPLC fractions.

To determine which of the proteins observed on SDS-PAGE (Figure 1) is
responsible for the proliferative response of the CPE-specific T cell clones,
the proteins were fransferred to nitrocellulose and suspensions were made
from horizontal molecular weight range strips as indicated in Figure 4 which
shows the proliferative responses to the different suspensions. The proteins
recognized by the arachin-specific T cell clone has a molecular weight of
approximately 30-35 kD as is shown by the combination of the CPE- and
arachin-suspension results. Combining the CPE results with the conarachin
results, the protein recognized in conarachin has a molecular weight of ap-
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HPLC fraction

HPLC fraction

Figure 3:
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Proliferative response of the T cell clones encoded GB102, GB10
GB110 and GB111 to the 40 protein fractions separated by HPL
from CPE.

Cloned cells (10° cells/well) were cultured with APC (2x10* cells/we
in the absence or presence of CPE (50 ug/mi) or HPLC fraction 1
40 at a concentration of approximately 10 ug/ml. Proliferation we
measured after 48 h of incubation using (*H)TAR incorporation. Prc
feration Is expressed as counts per minute (cpm).

proximately 30-35 kD (GB10? and GB111). GB114 responded to 2 CP|
suspensions (26-28 and 14-18 kD) as well as fo 2 conarachin suspensior
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(17-30 and <17 kD) indicating that the recognized protein band must have
a molecular weight of approximately 14-28 kD. Clone GB110, which did not
respond fo arachin or conarachin neither to any of the HPLC fractions,
showed to be responsive to PNA, the naturally occurring lectin in peanuts.
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Proliferative response of the T cell clones encoded GB102, GB109,

GB111 and GB114 to protein fractions of CPE separated on SDS-
PAGE and bound fo nitrocellulose.
Cloned cells (10° cells/well) were culture with APC (Ix10° cells/well) in
the absence or presence of CPE (50 ug/miy, control blot (BLB),
vertical blot stripe (VB) and the different blot stripes of CPE (CPE),
arachin (ARA) and conarachin (CON). Nitrocellulose blot suspensions
were added at a concentration of approximately 10 pg/ml. Prolifer-
afion was measured after 48 h of incubation using CH)TAR incorpora-
tion. Proliferation is expressed as counts per minute (cpm).
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Discussion

From this sfudy we can conclude that the two main storage prote
complexes in peanuts, arachin and conarachin, play a major role in the
cell responses to peanut proteins. The recognition of proteins by f
described peanut-specific T cell clones is very diverse. At least 5 differe
proteins are recognized and probably even more T cell epitopes. This is
accordance with studies on specificity of HDM-, grass pollen- and ¢
dander-specific T cell clones which revealed that T cells of differe
patients recognized different peptides and moreover, the different T ¢
clones from one patient responded to distinct epitopes.

The CPE-reactive T cells clones recognized either arachin or conarach
One clone, GB110, responded only to PNA. Although it has been shov
that PNA has a mitogenic capacity in mononuclear cells of other speci
(32), in our study the observed response is not considered to be mitogen
Apart from the observation that not all clones showed a proliferati
response o PNA, and in the dbsence of APC no response was observe
PNA was also not able to induce a Ca*-influx in these T cell clones (da
not shown). The strongest argument against a possible mitogenic effect
PNA is the observation that anti-HLA class It and anti-HLA-DP monoclor
antibodies blocked the proliferative response 1o PNA (data not shown). F
these reasons, as well as the described binding of IgE from peanut-allerg
patients to PNA (24, 33). we suggest that the responses of peanut specific
cell clones to PNA is immunogenic and not mitogenic.

Although soy beans and peanuts are closely related phytogenetically ar
a serological cross-reactivity is thought to exist (34), no proliferati
response was observed of the CPE-specific T cell clones in the presence
soy proteins.

HPLC separation of CPE showed that the CPE-specific T cell clones we
stimulated by different protein fractions or not stimulated at all. The aract
specific T cell clone (GB102) demonstrated a proliferative response to or
2 fractions, 29 and 30 while the conarachin-specific T cell clone GBI
recognhized fractions 29 and 30 as well as 32 to 35 and clone GB114 w
activated by fractions 30 and 32 to 36. The PNA-responsive T cell clor
(GB110) did not react to any of the HPLC fractions, which may be due to
too low concentration of PNA to stimulate the T cell clone, as PNA being
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approximately 1% of CPE, will be divided into several fractions.

The proteins recognized by the T cell clones in this study are highly
hydrophobic since upon HPLC separation they were collected in the final
elution fractions. As hydrophobic proteins are more easily fransported
through membranes (35) this implicates that these hydrophobic peanut
proteins might be taken up in the gastro-intestinal tract more easily. Most
food dllergens are also found to be heat- and acid-stable (36), and Burks
et al. (37) even showed that freatment of peanut proteins with human
digestive enzymes did not reduce IgE-or IgG-specific binding activity, Taken
together, these observations indicate that apart from more individual
conditions of the patient, susceptibility for food allergens may also depend
on special properties of the proteins involved. Hydrophobicity and stability
upon heat-, acid- and enzymatic-treatment may all increase the bioavail-
ability of infact epitopes of food allergens to the lymphoid tissue of the
gastro-intestinal fract and more easily lead to sensibilisation in susceptible
individudals,

Using the nitrocellulose bound proteins as anfigen source, 3 different
fractions were recognized: The arachin-specific clone, GB102 responded 1o
a fraction that contained proteins in the molecular weight range of 30-35
kD in the arachin fraction. GB109 and GB111 both recognized a protein of
approximately 26-30 kD while GB114 responded to 2 fractions in both CPE
as well as conarachin with a molecular weight between 29 and 14 kD. This
could either be due to break-down of the protein or due to a shared T cell
epifope in both fractions.

Combining the molecular weights of the proteins bound to nitrocellulose
recognized by the T cell clones with the proteins recognized in the HPLC
fractions, these data suggest that at least 5 different CPE-specific T cell
clones were isolated which all recognized different proteins,

Several peanut adllergens have been described previously by immuno-
blotting procedures using specific IgE containing sera from peanut-allergic
patients (22-26). Sachs et al. (22) described an acidic glycoprotein, Peanut-
1, with 2 subunits between 20 and 30 kD. Another allergen, the so called
concanavdline A-reactive protein, with a molecular weight of approxi-
mately 65 kD has been identified by Barmett et al. (23) and, more recently,
Burks et al. (24, 25) described two major aliergens Ara h 1l and Ara h Il of
respectively 63.5 and 17 kD. Whether the described dllergens belong to the
arachin or conarachin complex of proteins is unknown. Based on the
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molecular weights of the described allergens, Ara h | probably belongs

conarachin, which shows in our hands two major bands of approximate
73 and 65 kD, whereas arachin does not contain proteins with a molecul
weight of more then 50 kD. Ara h 1l could belong to both arachin and cc
arachin, although our SDS-PAGE profile of arachin shows a distinct band
19 kD. Probably Ara h | will not account for the observed proliferati
response of our peanut specific T cell clones based on comparison of tt
molecular weights. However, clone GB114 recognizes a protein band

approximately 14 to 30 kD which could be Ara h Il. Recently Dorion et -
(38) showed that PBMC of peanut-allergic patients proliferate in respon
to Ara h ll. Although the majority of our T cell clones would probably n
react to this protein, it is very well possible that T cells from other patier
would recognize this protein, since in our study already 5 different protei
were recognized by T cell clones of one patient.

This study shows that in peanut allergy. as has previously been shown f
respiratory allergy to HDM (39, 40), pollen (41) and cat-dander (5), a wic
variety of proteins is recognized by peanut specific T cell clones. This cou
suggest that aiso in peanut proteins multiple T cell epitopes are prese
and a wide variety between persons will exist. This complicafes the desig
for immunotherapy and would implicate that specific immunotherary
should consist of a mixture of all relevant peptides.
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Abstract

Stimulation of peripheral blood mononuclear cells (PBMC) from allerg
donors with a specific allergen induces a strong proliferative response
vitro. PBMC of non-allergic donors do proliferate in response to allerge
but weakly compared to allergic donors. However, the proliferarti
responses of PBMC of allergic donors o allergens thaf are not relevant f
these donors, are less well studied. In the framework of studies on ft
characteristics of the allergic response to peanut proteins, we measure
the response of PBMC of allergic but not peanut-allergic (ANPA) donc
and non-allergic (NA) donors to peanut protein and compared the
responses to the proliferation of PBMC from peanut-allergic (PA) donors. /
enhanced response to peanut profeins was observed in the ANPA grot
which was comparable to the response measured in PA donors and statis
cally significantly enhanced compared to the response measured in N
donors. This enhanced proliferation was not found in response fo ofh
food allergens (soy and ovalbumin) to which none of the donors w
allergic, or to the inhalant cat dander allergen, to which a subgroup of t
ANPA donors was dllergic. This suggests that the observed enhance
response in dallergic donors to this non-relevant allergen, is specific f
peanutf allergen.

As it has been demonstrated that CD8" T cells can inhibit the IgE respons
the proliferation of PBMC depleted of CD8" T cells of all 3 groups to pean
proteins was studied. The CD8-depleted PBMC of the PA group showed
higher response fo peanut proteins compared fo undepleted PBNM
suggesting that CD8" T cells play a role in peanut allergy. In confrast,
evidence was obtained for a role of CD8" T cells in the peanut response
the ANPA group, since the response observed in the CD8" T cell deplets
PBMC of ANPA and NA donors was not altered.

Because IgE production is regulated by the reciprocal Th1 cytokine IFt
and Th2 cytokine IL-4, the secretion of these cytokines was measured in 1
supernatants of PBMC of all 3 groups after both specific stimulation w
peanut allergens and mitogenic stimulation with PHA and PMA, but 1
differences were observed.
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From this study it is concluded that PBMC from ANPA donors stimulated
with several food allergens to which non of the patients was allergic, only
showed an enhanced proliferative response to peanut proteins. The lack of
correlation between peanut-specific T cell proliferation and peanut-
specific Igk could not be explained by differences in quality of the T cell
response.

Introduction

Stimulation of peripheral blood mononuclear cells (PBMC) from individuals
dllergic to a specific allergen induces a strong proliferative response in vitro
to this allergen. This response is weak in PBMC of non-allergic donors as has
been demonstrated for both inhalant allergens (1, 2) and food allergens (3,
4). Moreover, the frequency of specific T cells in target organs is elevated
in allergic donors compared to non-allergic donors (2). The proliferative
response of PBMC of allergic donors to allergen to which these donors do
not have IgE, is less well studied.

In the framework of studies on the characteristics of peanut allergy, the
proliferative response of PBMC isolated from non-allergic (NA) and allergic
but not peanut allergic donors (ANPA) to the strong but non-relevant
peanut proteins as allergens was investigated and compared to the
response of PBMC from peanut-allergic (PA) donors. The observed differ-
ences in response were sfudied in more detail paying special attention to
the role of CD8" T cells and cytokine production.

It has been demonstrated that CD8* T cells inhibit IgE production by the
production of the Thl-associated cytokine IFN-y which may inhibit the
oufgrowth of Th2 celis or act directly on the B cells (5, 6). CD8" T cells could
play a role in the differential response of PBMC of NA, ANPA and PA
donors. To investigate the role of CD8" T cells, proliferation experiments
were carried out with both PBMC and CD8-depleted PBMC.

The cytokine production of the proliferating cells was studied because IgE
production is regulated by the countermanding signals of interleukin-4 (IL-4)
and inferferon-y (IFN-y). IL-4 induces an immunoglobulin switch in B cells fo
IgE and IgG4 while IFN-y suppresses the production of IGE (7-10).
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Materials and methods

Donors

Nine allergic, 10 non-allergic donors and & peanut-allergic patients partic
pated in this study affer a medical examination, and informed consent wi
obtained. Except for the PA pdatients, the medical examination an
selection consisted of a general physical examination, a Radio-Allerge
Sorbent Test (RAST) for 8 allergens (grass, caf, dog. alternaria, birch, bir
house dust mite and peanut) and total IgE and a Skin-Prick-Test (SPT) as
shown in Table 1. Non-dllergic individuals were selected on the absence «
posifive reaction to the SPT of the fested allergens and no clinical symy
toms of any allergy. Allergic patients were selected on a positive skin-pric
test reaction to one or more dllergens, no reaction to peanuts and n
clinical symptoms after consumption of peanuts. The mean total IgE wx
462 + 528 1U/ml in the ANPA group and 102 + 148 IU/ml in the NA group. /
donors were on a peanut free diet for two weeks before blood collection.
The peanut-allergic patients (n=5), all with a proven peanut allergy &
means of a food challenge, SPT and RAST, had a mean age 26 (£ 6) yec
and a mean IgE of 2139 (£2287) IU/ml.

This study was approved by an independent Medical-Ethical committee.

Table 1:  Patients’ characteristics.

NA ANPA PA
n 10 9 5
Mean age (years) 323 29 26
Sex (M/F) 2/8 2/7 1/4
Total IgE (U/ml) 102 £148 462 £528 2139 +2287
SPT' negative positive  positive
RAST! negative positive  positive
SPT? negative negative positive
RAST? negative negative positive

' SPT/RAST total; 2 : SPT/RAST peanut-spefific.
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Preparation of cell suspensions

Heparinized peripheral blood was collected by venapunction and PBMC
were isolated using density gradient separation on Ficoll-Pague (Pharmacia
LKB, Uppsala, Sweden) essentially as described by Béyum (11). Recovered
PBMC were resuspended at a concentration of 2x10° cells/ml in Iscove’s
Dulbecco’s Modified Medium (IMDM; Gibco, Paisly, UK) supplemented with
10% complement inactivated pooled normal human serum (HS) (Central
Laboratory Blood Transfusion Service, CLB, Amsterdam, The Netherlands).

To deplete the CD8" T cells from PBMC, magnetic beads with anti-CD8
anfibodies on the surface (Dynal, Oslo, Norway) were used. PBMC (2 ml,
17.5x10° cells/ml) in PBS (Gicco)/2% FCS (Hyclone, Logan, Utah) were
incubated at 4°C with 500 pl washed beads. After 30 min, 8 ml PBS/2%FCS
was added and the tube was placed in a magnet. The supernatant,
confaining the CD8-depleted PBMC was collected, washed and resuspen-
ded in IMDM at a concentration of 2x10° cells/m.

Flow cytometric analysis

For immunophenotyping the subpopulation of cells, the following combina-
tions of fluorescein (FITC) or phycoerythrine (PE) conjugated monoclonal
anfibodies were used: CD4 FITC (T4)/ CD8 PE (18); CD19 FITC (B4)/ CD2 PE
(T11); HLA-Dr FITC (13)/ CD3 PE (T3); CD3 FITC (I3)/ CD16+CD56 PE (Leu
T1+Leu 19); CD4 FITC (T4)/ CD29 PE (4B4); CD4 FITC (T4)/ CD45-RA PE (2H4)
and CD45 FITC (KC56)/ CD14 PE (Mo2). These antibodies were obtained
from Coulter (Hialeah, FL) except the CD3/CD16+56 antibodies which were
obtained from Becton & Dickinson (Mountain View, CA).

Per experiment, 10° PBMC were labelled in 100 ul PBS containing 1% BSA
(Organon Teknika, Boxtel, The Netherlands). To each tube 10 w undiluted
Coulter anfibody or 20 ul undiluted Becton & Dickinson antibody was
added. After 30 min of incubation at 4°C the cells were washed twice in 2
ml PBS+1% BSA by cenfrifugation for 5 min at 400g at 4°C. The final pellet
was resuspended in 300 pl PBS+1% BSA. Analysis was performed using an
Epics Elite flow cytometer (Coulter).

Proliferation assay

PBMC or CD8 depleted PBMC (2x10° cells/well in 200 uh) were cultured in
the absence or presence of PHA (Difco, Detroit, M) or several antigens in
96-well flat-bottom culture plates (NUNC, Roskilde, Denmark). The following
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antigens were used: crude peanut extract (CPE; final concentrations 1, 1
50, 100, 150, 200 and 250 ug/mb), Peanut agglutinin (PNA, Lectin from Arg
his Hypogaeca; Sigma, St. Louis, MO; final concentrations 1, 10 and
ng/mb, soy (TINO-ILOB, Wageningen The Netherlands; final concentratio
200, 300 and 400 pg/mib), ovalbumin (Serva, Heidelberg, Germany; fin
concentrations 100, 150, 200 pg/ml) and cat-allergen (ALK-Benelux, Houte
The Netherlands; final concentrations 100, 150, 200 ug/ml).

After 7 days of incubation in the absence or presence of the appropria
allergen, proliferation was measured using *H-thymidine incorporation ¢
TdR). After addition of *H-thymidine (0.4 pCi/wel) (Amersham, Aylesbut
UK) the plates were incubated for 18 h before harvesting (Harvester ¢
Tomtec, Orange). Beta-emission was counted with a 1450 Microbe
(Wallac, Turku, Finland). Proliferation is expressed as stimulafion index (
which is the mean cpm of triplicate cultures in the absence of antige
divided by the mean cpm of triplicate cultures in the presence of antiger

Preparation of supermatant

Cytokine production was measured in culture supernatant at several finr
points using different stimuli. To obtain these supernatants, 2x10° PBMC
200 pl/well were cultured in 96-well flat-bottom culture plates (NUNC)
friplicate in the presence of both phytohaemagglutinin (PHA, 10 ug/n
Difco) and phorbol myristate acetate (PMA, 1 ng/ml; Sigma) or CPE (2
ug/mb). After 36 h of incubation at 37°C and 5% CO, humidified atmc
phere, the supernafants of the PHA/PMA stimulation were collected aff
centrifugation of the plates at 400g at RT, triplicates were pooled ar
stored at -20°C until cyfokine determination. The supernatants of tt
cultures stimulated with CPE, were collected after 4 and 10 days
described above.

IL-4 and IFN-y assays.

IL-4 secrefion in supernatant was determined using an ELISA kit (CL
following the manufacturers instructions. IFN-y was measure
using an ELISA kindly provided by Dr. P. van der Meide (TINO Preve
tion and Health, Riswik, The Netherands). Briefly, monoclon
antibody (MD-2) directed against human IFN-y, was used fo coat 9
well  ELISA  plates (Maxisorp, NUNC) before incubation with it
collected supernatants, To detect the bound IFN-y a second an
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human IFN-y biotinyloted monocional antibody, MD-1  (22-3A) was
used. Biofin was detected using peroxidase conjugated
streptavidin.  Colour was developed using 3,3°,5,5'-tetramethyl-
penzidine (TMB) as a substrate and the reaction was stopped with 2
N H,50,. Absorption was measured at 450 nm, Recombinant human [FN-y
was used as a reference.,

Statistical analysis
Stafistical analysis was performed by Students’ ftest taking p<0.05 as level
of significance.

Resulis

Proliferation assays with PBMC from PA, ANPA and NA donors

In a first series of experiments the proliferative response to crude peanut
extract (CPE) of PBMC from peanut allergic donors (PA), allergic but not
peanut allergic (ANPA) and non-allergic donors (NA) was compared. The
basic finding of these studies was that PBMC from not only the PA but also
from the ANPA group showed an enhanced proliferative response to CPE
(Figure 1). This enhanced proliferative response of PBMC from the ANPA
group has been observed in 3 separate experiments performed over o
period of approximately 1.5 year and was statistically significant (p<0.05) at
CPE concentrations of a 100 ug/mi and higher (Figure 1) compared to the
response of the NA donors. The enhanced proliferation of PBMC from the
ANPA group can not be explained by a preferential susceptibility to the
mitogenic effect of the naturally occurring lectin in peanuts, since purified
PNA, which constitutes approximately 1% of CPE, did not induce prolifera-
tion in PBMC of any of the groups tested (Figure 1).

To study whether the enhanced proliferative response of the ANPA group
to CPE was specific for peanut allergens or could also be observed for
other common food and inhalant allergens, the proliferative responses of
PBMC from the ANPA and NA group were measured to soy, ovalbumin
and cat-allergen. None of the donors was allergic to soy or ovaloumin,
whereas a subgroup of the ANPA group was not allergic to cat-allergen.
As is demonstrated in Figure 2, no statistically significantly differences
between PBMC from ANPA and NA donors were observed in the responses
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to soy or ovalbumin. As expected, the PBMC of the cat-allergic don:
(CA) did demonstrate an increased proliferation to cat-allergens co
pared to the PBMC from the NA group. However, an enhanced prolifel
five response to cat-allergens was not observed in the PBMC of allergic k&
not cat allergic (ANCA) donors. These results suggest that the enhanc
response to CPE in PBMC of the ANPA group is a specific effect to pear
allergens.

CPE PNA

- PA e ANPA T NA —— PA ~e= ANPA —& NA

173
S

[
&
T

Stimulation Index (S1)
Stimulation Index (SI)

300

Concentration (ug/mi) Concentration (ug/mi)

Figure 1: Proliferatfive response of PBMC from peanut-allergic (PA), allergic &
not peanut-allergic (ANPA) and non-allergic donors (NA), to pear
proteins (CPE, upper panel) and to peanut aggiutinin (PNA, low
panel).

Proliferation of PBMC (2x10° cells/well) was determined by measuri

CH-TAR) incorporation affer 7 days of incubation in the absence

presence of increasing amounts of CPE or PNA,

Results are expressed as mean stimulafion index (SI) + SEM.,

* The response of the ANPA group s statitically sigr
cantly (p<0.05) increased compared fto the response of t
NA group.

#. The response of the PA group is stafifically significal
ly (p<0.05) increased compared to the response of the |
group.

Proliferation assays with CD8"-depleted PBMC from PA, ANPA and
donors

The next series of experiments were focused on the mechanism that m:

112



underlie the observed enhanced response to CPE in the PA and ANPA
groups. The enhanced proliferative response of the ANPA group could
notbe related to a different subset composition of PBMC or to an
enhanced activation state of the T cells, because no significantly different
frequencies of CD3" T cells or CD3" T cells expressing HLA-DR, which is an
activation marker, could be found after flow cytometric analysis (data not
shown).
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Figure 2: Proliferative response of PBMC of ANPA and NA subjects to soy bean
(upper panel, left), ovalbumin (upper panel, right) and cat extract
(lower panel). The ANPA-group has been divided in cat-allergic (CA),
allergic but not cat allergic (ANCA) for the response to cat extract,
Proliferation of PBMC (2x10° cells/well) was determined by measur-
ing(*H-TAR) incorporation after 7 days of incubation in the absence or
presence of the appropriate allergen.
Results are expressed as mean Sl + SEM,
* The response of the CA group is statistically significantly (p<0.05)
increased compared to the response of the NA group.
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The role of CD8" T cells in the response of PBMC of all 3 groups to CPE w
studied by depleting CD8" T cells from the PBMC of 5 donors of the |
group and 4 donors of each of the ANPA and NA groups. The proliferafi
of the CD8" depleted PBMC upon incubation with CPE is shown in Figure
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Figure 3: Proliferative response of PBMC and CD8-depleted PBMC (CD8) of |
(upper panel, left), ANPA (middle panel, right) and NA (ower pan
individuals.

Proliferation of PBMC (2x10° cells/well) was defermined by measuri

CH-TAR) incorporation after 7 days of incubation in the absence

presence of increasing amounts of CPE,

Results are expressed as mean Sl + SEM.

*1 The response of CD8" T cell-depleted PBMC is statitically significan
(p<0.05) increased compared to the PBMC response.,

Depletion of CD8" T cells resulted in the PA group in an increased ¢
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proliferation in 4 out of 5 donors and was statistically significantly different
(p<0.05) from the unseparated PBMC at a CPE concentration of 200 and
250 ug/ml. It should be noted that this increase was higher than
could be expected due to the increase of the frequency of poten-
tially CPE-reactive CD4™ T cells of approximately 20%. This finding sug-
gests that CD8" T cells play a suppressive role in the proliferative response
of PBMC from the PA group to peanut proteins. In the PBMC of the ANPA
group, however, no such difference was observed, although 3 of the 4
donors did show a slightly, but not stafistically significant increased
response. Depletion of CD8" T cells from PBMC of the NA group did not
show any change of the low proliferative responses.

Cytokine production

To study whether the response of PBMC from the PA and ANPA group show
qualitative differences rather than quantitative differences in the produc-
tion of the Th1 cytokine IFN-y and the Th2 cytokine IL-4, these cytokines
were measured in supernatant of PBMC stimulated with both CPE and a
combination of the mitogens PHA and PMA. After 36 h of stimulation with
PHA and PMA, no differences were observed in the levels of IL.-4 and IFN-y
(Figure 4, left panel). In another experiment IL-4 and IFN-y secretion was
determined in supernatant of PBMC of the PA and ANPA group after
incubation with CPE for 4 and 10 days. After 4 days of incubation, IFN-y was
present in the supernatant, although in low concentrations
between 3 to 20 U/ml, whereas IL-4 could not be detected. Although
the IFN-y level in the PA group was higher compared to the ANPA
group, this was statfistically not significant  (p=0.07) (Figure 4,
right panel. At day 10 IL-4 could be detected at level of the
defection limit of the assay without significant differences for
both groups. PBMC from the NA group, which did show a very low
proliferative  response, produced approximately 200 U/ml [FN-y in
this assay (data not shown). The PBMC of the PA and the ANPA groups
produced approximately 300 U/ml and 500 U/ml respectively, but
these differences proved not to be statistically significant
(Figure 4, right panel),
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Figure 4: Cytokine production in supernatant of PBMC of PA, ANPA and NA |
dividuails.
Left panel: ILl-4 and IFN-y production affer mitogenic stim
lation with 10 ug/mi PHA and 1 ng/mi PMA. Supernafants we

collected affer 36 h of incubations. Closed symbols represe
the IL-4 production in pg/ml and the open symbols the IFN-y pr
duction in U/ml.

Right panel: IFN-y production of PBMC of PA and ANPA indivi
uals, stimulated with CPE (200 pg/ml). Closed symbols repr
sent concentfration in U/ml measured affer 4 days of stimul
fion whereas open symbols represent the measured concentr
fions at day 10.

Discussion

In this study we show an enhanced proliferative response of PBMC 1
peanut proteins of donors allergic fo one or more allergens but not
peanuts in a comparative study with non-allergic donors. The observe
response of PBMC of the ANPA group was comparable fo the response
PBMC of peanut allergic donors (PA). This enhanced response is pean



specific and has been observed repeatedly. Recently it has been demon-
strafed that human serum in culture medium may play a role in the higher
proliferative responses to several allergens observed in PBMC of allergic
individuals compared to PBMC from non-allergic donors (12). This indicates
that T cells from non-allergic donors are inhibited in vifro by a serum-
component. In our study, the PBMC of ANPA donors respond in the same
fashion as PBMC of PA donors to peanut protfeins, suggesting that the
peanuf-specific T cells from the ANPA group were also insensitive to such
an inhibitory factor.

The enhanced proliferative response of PBMC of the ANPA compared to
non-allergic donors could not be due fo a susceptibility to an aspecific
effect of PNA, the naturally occurring lectin in peanuts, because PNA did
not induce a proliferative response in neither of the groups. Moreover, if
PNA would induce a proliferative response by means of agglutination as
has been described for bovine PBMC (13), this should also have been
observed in the non-allergic group.

The proliferative response of these allergic donors to other common food
or inhalant cat dander allergens was not enhanced. This implies that the
enhanced response to peanut proteins observed in PBMC of ANPA donors,
must be specific for peanut proteins and is not be due to a higher activa-
tion state of T cells in the peripheral blood of dllergic donors. This was
confirmed by flow cytometric analysis as the percentage of activated T
cells in the PBMC of the ANPA group and the NA group were comparable.
The enhanced response to peanut proteins of ANPA donors could also be
due to a different frequency of peanut-specific T cells, to a different subset
of peanut-specific T cells or to a difference in cytokine production.,

Several studies suggested an alfered subset composition in the peripheral
blood of allergic individuals (14-17). It has been demonstrated that allergic
donors possess a decreased total CD3" population which is caused by a
decreased CD8" T cell subset and consequently a higher ratio of CD4*/-
CD8" cells (15, 16). It has been postulated that this reflects a decreased
number of CD8" T cells with suppressor activity which facilitates allergic
reactions. However, a decreased frequency of CD8" T cells has been
contradicted (17) and also in the present study no difference in subset
composition was observed.

To study the possible role of CD8" T cells in the differential responses to
peanut proteins, the PBMC were depleted of CD8" T cells. In PA individuals
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the proliferatfive response was enhanced in the CD8"-depleted populatic
compared to PBMC, whereas there was no significant effect in the othe
groups after depletion. The slight proliferative response observed in bof
PBMC and CD8" T cell-depleted PBMC of the NA donors may be due to
low frequency of both CD4" and CD8" peanut-specific T cells in th
peripheral blood of NA donors or to the possible inhibitory factor in serur
(12). The responses of the CD8" T cell depleted PBMC from the PA an
ANPA donors, however, were in contrast fo our expectation, of a
unchanged and enhanced response, respectively. It has been postulate
that CD8" T cells have a suppressive effect on IgE production by th
production of IFN-y which inhibits either the outgrowth of CD4* Th
cells or directly the IgE switch in B cells (5, 6). Therefore, peanut-specifi
CD8" T cells were not expected to be responsible for an increase of th
proliferative response observed in PBMC from PA donors, whereas th
response of ANPA donors who do not have peanut-specific IgE, migh
have been explained by the proliferation of active CD8' T cells wit
suppressor activity. The increased response after CD8" depletion ma
indicate that in PA donors CD8" T cells possess a suppressor activity the
decreases the proliferative response. Alternatively, it has recently bee
shown that in the presence of IL-4, activated CD8" T cells can switch 1
produce Th2 associafed cytokines (18, 19) and may enhance the IgE
mediated response. However, the response to peanut proteins of P,
donors was increased affer depletion of CD8* T cells from PBMC. Th
suggests that type 2 CD8* T cells do not play a role in peanut allergy.

As the response of CD8" T cells-depleted PBMC from ANPA donors wa
unchanged suggesting that CD8" T cells are not responsible for the
enhanced proliferative response observed in PBMC, the enhanced prolife
rafion to peanut proteins of ANPA donors may be explained by the prolife
ration of peanut allergen-specific CD4" Th1 cells, which do not support g
production. Therefore, the production of Th1 and Th2 associated cytokine
was measured of PBMC from all groups affer mitogenic and specific (CPE
stimulation but no differences were observed. The secretion of IL-4 and IFN
y by PBMC both after specific and mitogenic stimulation of allergic com
pared to non-allergic individuals have been studied by several groups (21
20). Il-4 was found fo be increased (20-22), whereas IFN-y secretion wa
found fo be diminished (20, 23, 24) or not different (21, 22). Tang (25
showed an diminished IFN-y production by PBMC only during acute exacer
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bation of atopic dermatitis. This suggests that IFN-y levels are more import-
ant than IL-4 levels in atopic dermatitis.

The enhanced response of PBMC of the ANPA group to peanut proteins
has consequences for the use of a lymphocyte stimulation test (LST) which
has been suggested to be a possible diagnostic assay to detect allergy to
inhalation allergens (26, 27) and food allergens (4, 28, 29). With a sus-
pected peanut allergy in combination with other allergies, a proliferative
response or positive LST would not be a reliable indicator for a peanut
allergy. To diagnose IgE mediated food allergy one still has to rely on SPT
and RAST in combination with the 'Golden Standard', the double-blind,
placebo-controlled food challenge (30).

This study demonstrates that the peanut-specific proliferative response in
ANPA donors is enhanced. The underlying mechanism is not clear, since no
indications were found that this can be explained by qualitative differ-
ences of the T cell response. To elucidate the mechanism responsible for
the enhanced proliferative response, more detailed studies are needed.
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Chapter 7

General discussion

introduction

The aim of the research described in this thesis was to obtain more insight
in some of the mechanisms of food allergy. Food allergy is a complex
disease that can cause symptoms not only at the place of entry of the
allergen, the gastro-intestinal tract, but throughout the whole body. The
symptoms can be very severe, especially in peanut allergy in which case
death due to an anaphylactic shock is not uncommon, In this thesis several
aspects of peanut allergy have been studied. The second chapter of this
thesis describes the difficulties in diagnosing peanut dllergic patients, due
to the differences in responses, such as differences in display and time of
onset of symptoms, differences in severity of the response as well as the ill-
characterized peanut-extracts used for diagnostic tests. Identification of
peanut proteins recognized either by IgE, or by T cells may be important for
the development of both diagnostic tools and specific immunotherapy.
The diversity of proteins recognized by B and T cells is described in chapters
3 and 5. In chapter 4 it is shown that peanut-specific T cell clones generat-
ed from a peanut-allergic patient have a Th2 phenotype, producing high
levels of IL-4 and IL-5 but liftle or no IFN-y. Moreover the responses to
peanuf protfeins of peripheral blood mononuclear cells (PBMC) from
peanut-allergic (PA), dllergic but not to peanuts (ANPA) and non-allergic
(NA) subjects were investigated as described in chapter 6.
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Recognition of peanut proteins by B and T lymphocytes

Using the plasma of a panel of peanut-allergic adults (n=14), we hav
demonstrated that peanut proteins contain mulfiple allergens recognize
by IgE as described in chapter 3. Three of these proteins or protein banc
were recoghized by more than 70% of the individuals and had molecul:
weights of approximately 18, 20 and 21 kD. In addition, 3 other protei
were recognized by more than 50% of the patients with molecular weigh
of 33, 40 and 44 kD.

The recognition of peanut proteins by peanut-specific T cell clones gene
ated from the peripheral blood of a severe peanut dllergic patient
described in chapter 5. This recognition proved to be extremely diverse fi
the various T cell clones as has also been described previously for inhalal
allergens found in HDM, grass pollen and cat dander (1-6). These studi
implicate an even more diverse recognition of peanut proteins by T cells.
has been demonstrated that the proteins recognized by these T cell clon:
have molecular weights of approximately 30 to 35 kD or 14 to 26 kD. Bo
arachin and conarachin, the 2 major proteins on a weight baosis of pe
nuts, are recognized by the described peanut-specific T cell clones.
Comparing the proteins recognized by IgE with those recognized by the
cell clones, it may be concluded that B and T cell epitopes are present
the same protein bands. However, the protein bands to which 70% of tt
patients showed IgE binding, were only recognized by 1 of the 5 T ¢
clones,

Several peanut allergens have been described previously which we
detected using IgE-containing sera of peanut-allergic patients (7-11). Tr
well-characterized Ara h 't and Ara h Il (9, 10) have molecular weights
approximately 63 and 17 kD, respectively. Comparison of the molecul
weight of Ara h | with the molecular weights of the proteins recognized &
either our peanut-specific T cell clones or the peanut-specific IgE-co
taining plasma samples obtained from Dutch peanut-allergic patien
suggests that Ara h lis not the most important allergen for the Dutch popt
ation, Based on the molecular weights of the recognized proteins by
IgE-containing plasma samples of the Dutch peanuf-allergic patients,
can be concluded that Ara h |l probably is one of the major allerge
because it is most likely one of the three proteins that are recognized &
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more than 70% of the IgE containing plasma samples used in our study and
is most likely also recognized by one of the T cell clones. Dorion et al. (12)
also demonstrated responses of PBMC to this allergen. Whether other
described allergens, such as Peanut-1 and the Concanavaline-a reactive
protein (7, 8) are recognized by IgE-containing plasma samples of our
population or are recognized by the described T cell clones has not been
investigated.

implications for immunotherapy

Since immunotherapy was first described in 1911 (13), it has been widely
used to reduce or overcome the dllergic state of the patient. Im-
munotherapy is either based on the induction of cells with suppressor
activity, on inducing tfolerant or anergic CD4+ T cells or on inducing a
switch from a Th2 towards a Thl response. In several studies it has been
shown that treatment of allergic patients with increasing doses of the
relevant allergen resulted in a lower proliferative response of PBMC to the
allergen and a reduced IL-4 and IL-5 production whereas IFN-y production
increased (14-16). Induction of T cells with antigen-specific suppressor ac-
tivity has also been demonstrated in immunotherapy (17). These therapies
are based on T cell recognition of allergens. So far, whole protein mixtures
have been used for desensitization with the risk of severe side effects,
especially in peanut allergy (18-20). Therefore, it would be an improvement
for immunotherapies to be able to use only peptides which do contain the
T cell epitopes but little or no B cell epitopes recognized by IgE which may
be responsible for the severe side effects. However, the results described in
chapter & clearly indicate that also in case of peanuts, the recognition of
allergens by T cells is very diverse which may be a complicating factor for
the design of specific immunotherapy. This diverse recognition is in agree-
ment with the resulfs obtained for several inhalant allergens found in house
dust mite, various pollen and cat dander (3-6). This indicates that the T cell
epitopes would have fo be established for every patient individually which
is hardly feasible in practice. However, peptide cocktails expressing various
T cell epitopes may be beneficial. Immunotherapy conducted with a
pepsin-digested short ragweed extract and complete protein mixtures
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showed comparable results (21). However, one should be cautious with 1l
type of therapy because digested extracts could still contain IgE-bindir
sites which would increase the risk of side effects, especially in the case
peanut-allergy. Recently it has been shown that the use of immun
dominant T cell peptides can induce a non-responsiveness to the whc
allergen: Allergen primed mice were treated with Der p | (purified fro
house dust mite allergens) or Fel d | (purified from cat dander allergens) ir
muno-dominant peptides which resulted in a reduced T cell responsivene
and reduced production of IL-2, IL-4 and {FN-y (22, 23).

These results indicate that there may still be possibilities for immunotherag
This may be very important for peanut-allergic patients because not or
the symptoms can be very severe (24, 25) but also because peanut is ve
difficult to eliminate from the diet. Peanut flour is used in many produc
such as cookies, soups and sauces. The only study that has been publishe
using immunotherapy for the treatment of peanut allergy was terminarte
early because one of the patients died from an anaphylactic shock whic
however, was due to a switch in syringes with placebo and peanut-extra
(19). The use of immunotherapy with immuno-dominant peptides which ¢
not contain IgE-binding sites may therefore be a very useful and sa
therapy for such a severe allergy.

What makes the peanut more hazerdous than many other foa
allergens?

Peanut allergy is one of the few allergies in which relafively frequent 1t
patient may suffer from an anaphylactic shock followed by death (24, 25
It is thought to occur more often due to peanut than to bee venom. F
example, in 1993, 4 people died due fo an peanut-induced anaphylact
shock in the United Kingdom (26). Although the mechanism of this stror
adllergic reaction is unknown, some properties of peanuts, such as the hig
fat contents, the lipophilicity of the proteins and the stability for acid, he
and enzymatic treatment may play a role. However, this kind of propertis
are not specific for peanut but may also be found in other food allerger
But combined these features may contribute to the allergenicity of peant
Another important factor that may be involved in the severity of tf
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response could be the high allergen dose in case of peanut allergy com-
pared to inhalant allergies. If a peanut-allergic patient eatfs peanut pro-
teins, for instance hidden in a meal, ot least several micrograms will be
consumed. Compared to the inhaled picograms of HDM-allergen, this is a
relatively high exposition. This could lead to massive mast cell degranulat-
lon and mediator release. Although this high allergen dose may also apply
for all food allergies, cow’s milk allergy, for instance, does not as often
results in an anaphylactic shock compared to peanut, Possibly the combi-
nation of high allergen load and the specific properties of peanuts may be
of importance.

Of these specific properties especially the high fat content of 55% in pe-
anut (27) together with the lipophilic character of the peanut proteins may
play an important role in the more severe reactions observed. Due to this
high fat content, at least part of the protein could be surrounded by fat
resulfing in the creation of micelles, which have also been described for
other plant proteins (28). It may be hypothesized that these protein con-
taining micelles may be differently absorbed in the gastro-intestinal tract
than soluble proteins. This may not only play an important role in the
induction but also in the effector phase of peanut allergy.

Role of peanut properties in sensitization

In general, soluble dietary antigens are absorbed partly intact through the
epithelial cells towards the lamina propria (LP) (29). The intestinal epithelial
cells (IEC) process the antigens and present the resulting peptides in
context of MHC class | to the CD8" T cells which may induce tolerance (30,
31). Under certain circumstances, as for instance during inflammation when
the expression of MHC class || molecules on epithelial cells is increased,
they are aslo capable of activating CD4* T cells (32).

In contrast, protein containing micelles may be absorbed and presented
via a different route. This may be via absorbtion by M cells, the specialized
epithelial cells covering the intestines at the sites of the Peyer’s Patches
(PP), and presentation to immuno-competent cells of the PP (29). This may
lead to sensitization rather than oral tolerance as has been demonstrated
with ovalbumin which in general may induces tolerance but when expres-
sed in £ coli and absorbed via M cells towards the PP, induces a strong
immune response (33).

Another possibility could be that the peanut proteins are delivered to the
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cells of the reficuloendothelial system (RES) in areda’s of the gut wall TF
RES contains large numbers of macrophages which will produce IL-1 an
IL-6 after activation. These cytokines are necessary for antigen prasentatic
and especially Th2 cells seem to depend on the production of IL-1 1o k
activated by APC (34, 35). If food proteins are presented to the RES in th
presence of bacteria, the RES can be activated by the bacteria whic
may result in a Th2 response 1o the food protein rather than tolerance via
T suppressor response. Several agents have been shown to activate 1t
RES and induce an immune response to food proteins (36, 37).

Although it is generally thought that sensitization to food proteins take
place in the gastro-intestinal tract, there is no evidence to support this, Al
in the case of peanut proteins, the gastro-intestinal tract may not be 1t
place of sensitization. This is supported by the observation that in th
allergy clinic, young children are presented with a clinically manife
peanut dllergy, although they were assumed not to have eafen ar
peanuts yet., The obvious explanation may be that the child is breast-fe
and that the mother has eaten peanuts. But this is not always the answe
Some of these children are bottle-fed or the breast-feeding mother he
followed an elimination diet. An elimination diet may be followed by
mother who is expecting a child with a high risk of developing a foo
allergy. Such an diet may eliminate several allergenic food products the
cause the majority of the dllergies such as cow’s milk, henn’s egg, pean:
and soy, or food products to which the mother, father or siblings of tr
expected child are dllergic. An elimination diet is thought to lower or delc
the onset of dllergic diseases in the child (38). The observation of childre
with a clinically manifest peanut allergy who are though to have had r
contact with peanut proteins, suggests that sensitization has already take
place in utero or that the child has come into contact with peanu
through another route, for instance through the skin or the respiratory trac
Still, it can not be excluded completely that the child may have had ¢
oral exposure to peanut proteins via licking of antigens from the skin of th
hands.

Role of peanut properties in effector phase

The above decribed mechanism of induction of an immune response mc
play an important role in the induction phase of a peanut allergy but doe
not explain the strong anaphylactic responses upon repeated exposure.
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fast, relatfively high allergen concentration in the circulation may be
responsible for the severe reactions as often seen with peanut. Several
already mentioned properties of peanuts and peanut proteins may indeed
result in a fast fransport of peanut allergens across the gastro-intestinal
fract. First, the high fat confent of peanuts, possible micelle formation, and
the mainly hydrophobic character of peanut proteins as demonstrated in
chapter 5, may aill facilitate a rapid uptake by the gastro-intestinal fract
and info the circulatfion. Because of the rapid uptake of the allergens,
binding of specific IgA is prevented which normally makes the allergen
more prone to digestion by intraluminal proteolyfic enzymes and ridding
the body of locally formed immunecomplexes contfaining the antigen
which can cause damage and induce an immune response (39-41), Taken
info account that peanut proteins, do not loose their allergenicity by
freatment with heat (roasting), acid or digestive enzymes (42, 43), high
levels of pepfides with intact IgE-binding sites will cross the gastro-intestinal
fract. These properties, however, may not be specific for peanuts. Also
other fatty substances as for example nuts, could be delivered to the
immune system in a same fashion and most food allergens are relatively
stable for heat, acid and digestive enzymes. However, these combined
features may result in a high concentration of allergen in the circulation.
Moreover, in chapter 3 it has been demonstrated that almost all protein
bands present in CPE were recognized by more than 20% of IgE-containing
plasma samples used in this study and 6 by more than 50%. Although it
should be recognized that multiple binding of IgE to peanut proteins may
partially be due fto break-down of dllergenic proteins, the broad recogni-
fion may play a role in the severity of responses to minute amounts of
peanut protein.,

Role of PNA

Another property of peanuts that may play a role in the allergenicity is the
presence of peanut agglutinin (PNA)., PNA is a lectin that can bind to
sugars with a Gal(B1—=3)GalNac specificity (44). Some lectins, such as con-
canavaline A and phytochaemaglutinin are known inducers of proliferation
in PBMC. Moreover, several lectins have IgE-binding capacities and his-
tfamine-release activities but PNA does not induce release histamine (45).
Although it has been demonstrated that PNA can induce proliferation in
bovine PBMC (46), in our studies (chapter 4 and 6) human PBMC from both
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peanutf-allergic and non-allergic individuals were not found to proliferate i
response to PNA. However, PNA-specific IgE has been found in sera c¢
peanut-dllergic patients and PNA has been indicated as a minor dllergel
(11). The sugar-binding properties of PNA may play a role in the inductios
of IgE-mediated responses based on the observations that PNA binds 1o «
IgE-suppressive (IgE-SF) form of soluble CD23 (sCD23) derived from T cells i
the rat and human (47, 48). CD23 is the low-affinity receptor of IgE (FceRl!
which may be present both membrane-bound (MCD23) and in a soluble
form and plays a regulatory role in IgE production (49). Membrane-bounc
CD23 facilitates the antigen uptake by B-cells and induces a far more ef
ficient anfigen presentation than classical endocytotic antigen uptake (50)
Soluble CD23 is a cleavage product from mCD23 and excists in 2 forms, ar
IgE-potentiating factor (IGE-PF) and an IgE-SF (51, 52). IL-4 is an inducer o
both mCD23 and sCD23 (53, 54). As PNA binds to IgE-SF, the balance
between IgE-PF and IgE-SF could be disturbed and upregulation or facili
tation of IgE production may occur in a microenvironment where peanu
profeins or other allergens are present. If this mechanism indeed plays «
role in vivo, it would be of relevance for not-peanut allergic, and thu:
probably peanut consuming, individuals. However, no epidemiologica
data are availlable to support a relationship between the consumption o
peanuts and the general occurence of dllergic disorders. Moreover
although PNA-specific IgE has been detected in sera of peanut-allergic
patients, absorption of intact PNA through the gastro-intestinal fract ha
not been proven. Nevertheless, this may be an interesting subject for future
studies.

Although knowledge about mechanisms of allergic reactions has increasec
sfrongly during the last decade, still little is known about sensitization tc
food proteins. More knowledge on local conditions af the site of sensitizo-
tion, whether this is the gastro-intestinal fract or other tissues, that may
favour the development of a sensitization will in the future offer more
possibilties for prophylactic interference in food allergy. For studying the
specific Initial immune responses in the gastro-intestinal tract, an animal
model would be very helpful. Recent studies at our laboratory are focused
on the induction of food allergy in rats both studying the responses in local
as well as peripheral lymphoid tissues. Hopefully these studies will lead to
more insight info the mechanism of sensitization to food proteins.
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Samenvatting voor niet-ingewijden

Ongewenste effecten van voedingsmiddelbestanddelen komen regelma-
fig voor en kunnen worden onderverdeeld in toxische reacties, niet-
foxische reacties of te wel overgevoeligheidsreacties en aversies. Toxische
reacties worden veroorzaakt door een giftige component in het voedings-
middel. Dit kan een natuurlijk voorkomend gif zijn, danwel een giftige stof
ontstaan bij het koken of verwerken van het product, of geproduceerd na
besmetting van het voedingsmiddel met een microorganisme. Toxische
reacties onderscheiden zich van overgevoeligheids reacties door het feit
dat iedere persoon last zal hebben van het in het voedingsmiddel voorko-
mende gif, mifs de dosis hoog genoeg is. Daarentegen komen overgevoe-
ligheidsreacties alleen bij bepaalde personen voor.
Voedselovergevoeligheid is een verzamelnaam voor niet-toxische onge-
wenste reacties op voedsel. Voedselallergie en voedselintolerantie vallen
daar allebij onder. In het geval van een voedselintolerantie wordt de
patient ziek van een bepaald voedingsmiddel zonder dat het afweersys-
teem daarbij een rol speelt. Een voorbeeld van een product waarvoor
men een voedselinfolerantie kan hebben is aardbel.

Men spreekt van een voedselallergie als het afweersysteem een duidelijke
rol speelt in de reactie op voedsel. Redelijk veel mensen denken dat ze
een voedselallergie hebben maar in het merendeel van de gevallen zal bij
nader onderzoek blijken dat het gaat om een voedselintolerantie, of dat
ze het voedingsmiddel gewoon niet lekker vinden, of daf de voeding om
andere, veelal psychologische redenen, niet verdragen wordt. In het
laaste geval spreekt men van een aversie.

Ongeveer 2% van onze bevolking lijdt aan een voedselallergie. Reacties
zijn gericht tegen een onderdeel van het voedingsmiddel, meestal eiwit,
De meest voorkomende voedingsmiddelen die eiwitten bevatten waarvoor
een voedseldllergie wordt waargenomen zijn koemelk, kippe-ei, pinda en
soya. Daarnaast leiden ook vruchten en noten regelmatig tot klachten.
Koemelk- en kippe-ei-allergie komen voornamelijk voor bij jonge kinderen
die er vaak "over heen groeien". Een pinda-allergie daarentegen, lijkt over
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Op leveren door zeer ernstige redcties na het efen van pinda’s door ec
pinda-allergische patient. De symptomen van een voedselallergie kunne
variéren van het opzwellen van de slijmviiezen van de keel en mondholt
huiduitslag, astma, braken en diarree tot systemische anaphylactisct
reacties, soms leidend tot shock of zelfs overlijden. Met name het eten vc¢
pinda’s door pinda-allergische personen kan, door een nog niet opgehe
derde oorzaak, zeer emstige gevolgen hebben waarbij de dood volger
op zo’'n anafylactische shock helaas nog regelmatig voorkomt. Uiteraa
zullen pinda-allergische personen het eten van pinda’s vermijden ma
toch worden ze soms onverwachts geconfronteerd met overgevoeligheic
reacties tegen voedingsmiddelen waarin pinda-eiwitten zijn verwerkt zoc
koekjes, soepen en sauzen.

Voor meer informatie betreffende overgevoeligheidsreacties kunt u terec!
bij het Landelijk Informatiecentrum Voedselovergevoeligheid (LIVC
Postbous 84185, 2508 AD Den Haag.

In het bloed komen normaal diverse typen antilichamen voor, die gepr:
duceerd worden door een specifieke groep van witte bloedcellen, ¢
zogenaamde B-lymfocyten of B-cellen. Bij allergische reacties komt ee
bepaald type antilichaam, IgE genaamd, in het bloed voor. Zo wordt pi
do-allergie gekenmerkt door een verhoogde hoeveelheid IgE gericl
tegen pinda-eiwitten in het bloed van de patient. Pinda-specifiek IgE worc
met name geproduceerd in de periode waarin de allergie zich ontwikkel
Het pinda-specifiek IgE kan vervolgens binden aan gespecialiseerc
cellen, de mest-cellen en basophielen, die overal in het lichaam voorke
men. Bij een volgend contact met pinda-eiwit zal er binding plaats vinde
van het pinda-eiwit aan het IgE. Als gevolg van deze binding kome
diverse stoffen wvrij uit de mestcellen die (mede) verantwoordelijk zijn voc
de symptomen die zich bij allergische personen kunnen voordoenen. D
productie van IgE door B-cellen wordt gecontroleerd door een ander
groep witte bloedcellen, de T lymfocyten of T cellen. Na herkenning va
pinda-eiwit worden de T cellen geactiveerd en zullen producten geprc
duceerd worden door deze geactiveerde T cellen die, in het geval va
allergie, de IgE-produktie stimuleren.

Het doel van het in dit proefschrift beschreven onderzoek was om mee
inzicht te krijgen in het mechanisme van voedselallergie, waarbij pindc
allergie als model is gekozen. Daamaast werd de herkenning van pindc
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eiwit door de B en T cellen van het afweersysteem bestudeerd alsmede de
daaruit voortvioeiende sturing van de reacties binnen het afweersysteem.
De vergaarde kennis kan inzicht geven in de mechanismen die een rol
spelen bij het ontstaan van een voedselallergie alsmede de mechanismen
verantwoordelijk voor de zeer ernstige reacties op pinda. Dit inzicht kan op
den duur bijdragen aan de ontwikkeling van therapieén die de allergie
verminderen en voor de verbetering van de diagnostische tests. Ook voor
het ontwikkelen van een preventief middel kan de vergaarde kennis
gebruikt worden. Juist voor een zo ernstige allergie als pinda-allergie, is het
van belang om een goede therapie te ontwikkelen.

Hoofdstuk 1 bevat een algemene inleiding over ongewenste effecten van
voedingsmiddelen en in het bizonder voedselallergie met de daarbij
voorkomende immunologische responsen zoals hierboven in het kort
beschreven is.

In hoofdstuk 2 staat een studie beschreven die enerzijds als doel had het
bestuderen van de symptomen van pinda-aliergische patiénten op een
kleine hoeveelheid pinda’s. Anderzijds werden verschillende diagnostische
testmethoden vergeleken. De symptomen na het eten van pinda’s kunnen
van patient tot patient er verschillen maar ook de individuele patient kan
op verschillende fijdstippen anders reageren. Voor het stellen van de
diagnose pinda-allergie zijn verschillende testen op de markt, Zoals wij met
deze studie aanfonen zijn de uitslagen van deze testen niet altiid in
overeenstemming met elkaar. Dit wordt mogelijk gedeeltelijk veroorzaakt
door het feit dat de testen niet gebruik maken van hetzelfde basis principe
hetgeen het vergelijken van de testen moelljk maakt. Maar ook binnen
€én soort test komen soms grote verschillen voor welke deels samen-
hangen met de herkomst van de gebruikte materialen van de verschil-
lende fabrikanten. Met name grote verschillen in de pinda-extracten die
voor deze fests gebruikt worden spelen hierbij een rol. Deze extracten zijn
vaak slecht gekarakteriseerd en gestandariseerd wat tot gevolg kan
hebben dat extracten verschillen in eiwit-samenstelling. De conclusie die
uit deze studie getrokken kan worden is dat het voor een correcte diag-
nose van pinda-allergie nodig kan zijn meerder typen testen te gebruiken.
In voorkomende gevallen zou het gebruik van meerdere extracten voor 1
type test waardevol kunnen zijn. Bovendien verdient de standarisatie van
pinda-extracten aanbeveling.
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Hoofdstuk 3 beschrijfft de herkenning van pinda-eiwitten door IQE uit h:
bloed van 14 pinda-allergische patiénten. Ongeveer 10% van de Ig
bevattende bloedmonsters van de patienten herkende bijna alle eiwitte
in het door ons gebruikte pinda-eiwit. Zelfs 70% herkende 3 dezelfc
eiwitten.

Zoals al eerder is gezegd spelen T cellen een belangrike rol in ¢
aansturing van B cellen tijdens het ontstaan van IgE-afhankelijke allergieé
Deze sturing wordt in een belangrijke mate verzorgt door twee stoffe
interleukine-4 (IL-4) en infterferon-y (FN-y) die tegengestelc
werkingen hebben: IL-4 stimuleert de IgE produktfie ferwijl IFN
deze remt. Het doel van de in hoofdstuk 4 beschreven experimente
was om te bestuderen of een overmaat aan Il-4 productie ook
pinda-allergie een rol zou kunnen spelen. Het bleek inderdaad d«
pinda-specifieke T cellen van een pinda-adllergische donor ve
IL-4 en bina geen I[FN-y produceerden. In hef bloed van nie
pinda-allergische personen konden echter nauwelijks pinda-spec
fieke T cellen worden aangetoond waardoor de vergeliking met
cellen van niet-dllergische personen niet mogelijk was.

De herkenning van pinda-eiwit door pinda-specifieke T celle
stfaat beschreven in hoofdstuk 5. Ook deze herkenning is ze
divers, de verschilende T cellen (clonen) herkennen uiteen
pende eiwitten van pinda.

Contact van B en T cellen met eiwitten die ze specifiek herkenne
resulfeerd over het algemeen in een versnelde celdeling. L
delings-respons op pinda-eiwit van T cellen uit het bloed wvc
allergische maar niet-pinda-allergische personen is gemeten ¢
beschreven in hoofdstuk 6. De verwachtfing was dat deze cellen ni
aanwezig zouden zijn in het bloed van allergische maar niet pind:
allergische personen zoals dat het geval is bij niet-allergsicl
personen. Maar tot onze verbazing, bleek de gemeten respol
vergelikbaar met de response van T cellen van pinda-allergisct
patiénten. Alhoewel verdere experimenten zin uitgevoerd om me
inzicht te krijgen in het mechanisme van deze respons, kunnhen w
daar helaas nog geen uitspraak over doen. Dit fenomeen is pind:
specifiek en Is niet waargenomen bij experimenten met andel
allergie-veroorzakende stoffen, zoals kippe-ei-eiwit, soya ¢
kaftehuidschilferallergeen.
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Hoofdstuk 7 vormt een algemene discussie van de gevonden resulta-
ten. In deze discussie wordt beschreven dat de diverse herkenning
van  pinda-eiwitten door zowel IgE als T cellen, de ontwikkeling
van een goede therapie voor pinda-allergie wel eens zou kunnen
bemoeilijken. Het onderzoek dat in dit proefschrift beschreven
stfaat, levert een bijdrage aan het inzicht in het mechanisme van

pinda-allergie.
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Curriculum Viige

De auteur van dit proefschrift werd geboren op 26 februari 1965 te Ar
sterdam. Na het behalen van haar VWO-diploma aan het Calscollege
Nieuwegein in juni 1985, ging zij Biomedische Wetenschappen studers
aan de Faculteit Geneeskunde, RiksUniversiteif Leiden. Na een afstudec
stage aan de Universitd degli Studii di Siena in [talié met als titel "Bor
biopsies in culture: a model for humoral hypercalcemia of malignancy
onder begeleiding van Prof. G. Francini en Prof.Dr. G.J. Fleuren, behaalc
Zij op 26 februari 1991 haar doctoraaldiploma.

Op 1 september 1991 frad de auteur als assistent-in-opleiding in dienst vc
de Universiteit Utrecht en werd gedetacheerd bij TNO-Voeding waar h
project "Mechanism of IgE-mediated food allergy" werd uifgevoerd ond
begeleiding van Dr. Th. Ockhuizen (fot 1994) Dr. A.H. Penninks, Dr. M.L. Ka
senberg en Drs. S. Spanhaak. Dif vondt plaats in het kader van het Utrect
Toxicologie Centrum (UTOX). Het UTOX is een samenwerkingsverband ve
Universiteit Utrecht (RITOX), Rijksinstitute voor Volksgezondheid en N
lieuhygiéne (RIVM) en TNO-Voeding.

Dit werk heeft geleid tot het proefschriff "Food allergy, human lymphocy
responses fo peanut profeins'.
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osrellingen

10.

Allergeen-specifieke Th2 cellen spelen een dominante rol in de
voedseladllergie.
(Dit proefschrift)

De herkenning van pinda-eiwitten door zowel B als T lymfocyten
van pinda-allergische personen is zeer divers.
(Dit proefschrift)

Het verdient aanbeveling om de extracten gebruikt voor de
huid-prik-test beter te karakteriseren en te standaardiseren.
(Dit proefschrift)

De discrepantie tussen de hoeveelheid personen die denken te
ljden aan een voedselallergie en het aantal bewezen gevallen,
geeft aan dat voorlichting op dit gebied nodig is.

Een kleurstofovergevoeligheid die hyperactiviteit veroorzaakt bij
kinderen is veelal gebaseerd op een aversie van de ouders.

Het aantal op de markt zijnde hypoallergene babyproducten,
doet vermoeden dat ieder kind tegenwoordig allergisch ter
wereld komt,

Van reactief opgeleide artsen kan niet worden verwacht dat Zij
goede, creatieve onderzoekers zullen zijn. Dit maakt de eis van
een wetenschappelijke promotie voor een opleidingsplaats
discutabel.

Het beursale systeem voor promovendi toont weinig respect
voor de wetenschappelijk onderzoeker.

Niet voor iedereen geldt: Duyvis als er een fuif is!

Promoveren ....... Peanuts?!

Stellingen behorende bij het proefschrift:
Food allergy, Human lymphocyte responses to peanut proteins
Esther C. de Jong, 19 januari 1996






