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Chopter 'l

Generol lnlroduclion

Adverse reoclions fo foods

Adverse reoctions to foods ore increosingly being recognized os importont
medicol problems ond ore the subject of confusion ond controversy, Foods
or foodstuffs moy consist of three mojor groups of components: the food
itself, either notive or processed, odditives such os dyes, preservotives, stif-
feners etc, ond contominonts, All these groups of components con couse
odverse reoctions, These odverse reoctions to foods con be clossified in
severol types of reoctions (l-3), As shown in Figure l, odverse reoctions con
be divided in toxic, non-toxic reoctions ond oversions, The non-toxic reoc-
tions (hypersensitivity) to foods ore clossified either os immune-medioted
(food ollergy) or non-immune-medioted (food intoleronce), severol types
of food intoleronce reoctions hove been recognized bosed on the know-
ledge of their working mechonism, According to the clossificotion of the
Europeon Acodemy of Allergy ond Clinicol lmmunology (ennCl) subcom-
mittee on food hypersensitivity, food ollergic reoctions con be divided into
lgE-medioted ond non-lgE-medioted reoctions, with respect to the non-
lgE-medioted reoctions, no reol evidence is ovoiloble for o cousotive role
of these type of reoction in food ollergy,
The mojority of hypersensitivity reoctions to foods ore medioted by non-im-
munologic mechonisms, However, most of these reoctions ore very mild
ond considered to be normol, ond os such should not be considered o
hypersensitivity reoction, os for exomple the diuretic effect of coffee-
derived coffeine,
The definitions of odverse reoctions to foods ore given in Toble L



Adverse reactions to foods
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Figure l: Schemotic representotion of odverse reoctions to food,

Toxic reqctions to food
Foods moy contoin mony toxic substonces which con induce o wi,

voriety of symptoms, Food toxicity moy offect oll orgono ond tissu

especiolly the liver ond kidneys ond con be coused by noturolly occuni
toxins, contominonts ond odditives or by toxins induced during fo,
processing (4,5), A toxic reoction to food is discriminoted from o hyperse

sitivity by the foct in cose of food toxicity every exposed individuol I

show symtoms if the dose is high enough whereos o food hypersensitivit¡
host-dependent, Toxic reoctions moy be ocute but moy olso becor
opporent offer some time os for instonce toxin-induced tumors, A wr

known exomple of o contominoting toxin in foods is oflotoxin, o to:
produced by microorgonisms in peonuts ond meots, which con coL
gostro-intestinol problems but olso severe effects such os liver tumors,
Since toxic reoctions to food ore not port of this thesis they will not I

discussed further,

Aversions
lf o person reocts to o certoin food only when lhot person is owore
suspicious of its presence, then this reoction is probobly not bosed on
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Toble l: Definitions of odverse reoctions to food (odopted from Bruinzeel_Koo_
men et ol, (3)),

Term Definition

Adverse reoction
Food toxicity/poisoning

Food oversion

Food hypersensitivity

Food ollergy

Food intoleronce (Fl)

Phormocologic Fl

Metobolic Fl

Undefined or other Fl

An undesired response to ingested food
An odverse reoction following food ingestion ihoi
is due to o noturol component or odditive of the
food, toxins induced by food processing or con-
tominotion of the food by microorgonisms or their
toxins, ln generol, toxic reoctions will occur in ony
exposed individuol if the dose is high enough
An odverse reqction to o food which is due to o
psychologic cquse
An odverse reoction to o food which is not so
much coused by the food itself, but rother by o
specific troit ond susceptobility of the individuol,
Food hypersensitivity includes both food ollergy
ond food intoleronce, However, the term is often
used os o synonym for food ollergy
A hypersensitivity to the ingestion of o food in
which the immune system ploys the primory role
A hypersensitivity to on ingested food in which the
immune system does not ploy o primory role, This
cotegory includes phormocologic, metobolic ond
other or undefined reoctions
A druglike or phormocologic hypersensitivity in the
host recipient os o result of compounds in the in-
gested food
A hypersensitivity fo the ingested food coused by
o metobolic disorder of the host
An intoleronce with on unknown or other mecho-
nism

physiologicol mechonism but rother hos o psychologic origin, thot moy still
result in o physiologicol reoction, This form of odverse reoctions to foods



con be distinguished from o hypersensitivity to food in o so colled dout
blind, plocebo controlled food chollenge, ln such o test, the comploints
the potient suffering from o psychologic bosed odverse reoction to fo
will not be confirmed, A potient suffering from o food oversion moy th
thot he or she is ollergic or thot the food is wrong for him or her becous<
is fottening (14), This kind of odverse reoctions con be treoted with medi<
core in combinotion with psychiotric help (15), However, in mony cos
the occurence of on oversion is due to insufficient knowledge ond owo
ness of sofety ossessment of food products,

Food intoleronce
Mony of the odverse reoctions to food do not involve the immune syste
Food intoleronce, defined os o hypersensitlvity in which the immune-syste
does not ploy o primory role, is chorocteristicolly described by o positi
history of odverse reoctions to the offending food ond/or o provocoti
test thot cleorly shows o cousotive role with the food but without o
evidence thot the immune system ploys o primory role (ó), Food intol
once is divided into metobolic, phormocologicol ond undefined or oti
intoleronce reoctions,
ln metobolic food intoleronce the odverse reoction to foods is coused
instonce by on enzyme deficiency or defect (geneticolly) of the potie
which offects the obility to metobolize o food component or enhonces t
sensiiivity to o food-born chemicol, An exomple is loctose intoleron,
observed in the Western populotion ond which is due to o deficiency
intestinol p-goloctosidose (7),

Phormocologicol food intoleronce con be coused by different types
substonces, Vosooctive omines, os for instonce histomine which con I

found os o nuturql constituent of foods, moy couse ollergy-like symptor
(8), Moreover, histomine releosing foctors, which con be found in strowb,
ries, shellfish, tomotoes, citrus fruit, chocolote ond pork, con couse phr
mocologicol reoctions (9),

lntoleronces of which the mechonism is not cleor ore cotegorized unc
undefined reoctions, Mony of the reported odverse reoctions to foods c
ploced in this cotegory becouse their modes of octions ore not undr
stood, such os the suggesled cousotive role of chocolote in migroine (l
or the role of food colouring ogents suspected of odverse behqviour rec
tions (ll, l2), However, in some coses specific lgE to food colourir
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ogents hos been documented (13), yet the relevonce of these findings is
still uncleor,

Food ollergy

The term 'food ollergy" is used when o hypersensitivity reoction thot occurs
offer the consumption of certoin foods is primorily immune-medioted, This
reoction is medioted by immunocompetent cells ond ontibodies reocting
specificolly to foods which moy couse functionol ond/or inflommotory
reoctions in torgei tissues which moy become chronic ond induce tissue
domoge, These immunologicol hypersensitivity reoctions con be cotego_
rized in type l, ll, lll ond lV reoctions os described by coombs ond Gell, The
mojority of food ollergic reoctions ore clossified os type l, lgE-medioted
ollergies, However, it hos been suggesfed thot other types of hypersensitivi-
ty reoctions moy olso occur in food ollergy,

Non-lgE medioted immunopothologicol mechonisms
Severol food-reloied diseoses were suggested to be food ollergic reoctions
which ore not chorocierized by lgE but belong to one of the other 3 cot-
egories, However, in most cqses the cousotive role of these reoctions is not
cleor ond the mechonism of the diseose not well-understood, Becouse
these types of reoctions ore not the subject of this thesis, ihey ore dis-
cussed only very briefly,
A type ll reoction is chorocterized by oniibody (lgG) dependent cytoto_
xicify of torget cells, This reoction hos been demonstroted in children with
cow's milk hypersensiiivity, os well os milk-induced thrombocytopenio (ló,
17).

Domoge coused by immunecomplexes is the moin feoture of o type lll
ollergic reoction, The circulotion of immune complexes contoining food
ontigens ond specific ontibodies is o common ond normol phenomenon.
These complexes occur opproximotery 30 minutes ofter food ingestion, rn
heolthy individuols these complexes reoch o reloiively low level ond ore
cleored from the brood foirry fost, rn food hypersensitive potients, however,
these immunecomprexes reoch higher revers ond circurote ronger, More-
over, they con contoin lgE in ossociotion with onti-lgE ontibodies, insteod of
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lgG or lgA os seen in heolthy individuols, An exomple of this phenomeno

occurs in coelioc colitis (18, l9),
Cell-medioted food ollergic reoction or deloyed type hypersensitivity (Typ

lV) to gliodin, found in gluten, could olso be o mechonism involved

coelioc diseose (20-22), olthough this is not cleor, Deloyed type hyperser

sitivity hos olso been suggested to ploy o role in cow's milk ollergy on

other food-ollergies (23) becouse deloyed type hypersensitivity reoctior

hqve been observed to occur in combinotion with on lgE-medioted foo
ollergy,
Food-specific lgG4 ontibodies ore frequently detected in food-ollergi
potients (18, 24). lt hos been demonstroted thot humon lgG ontibodi<

directed to milk proteins con olso be onophyloctic os proven by possiv

cutoneous onophyloxis with monkeys os recipient suggesting thot lgG

ontibodies moy oþo be onophyloctic in humons (25) olthough this hos n<

been confirmed by others (2ó),

lgE-medioted food ollergy
The Type I or immediote type hypersensitivity reoction to food is choroctt
rized by high serum levels of food-specific lgE ond eosinophileo (27-29),Il
food-specific lgE con bind to most cells ond bosophils vio the high offini'

lgE receptor, At o subsequent contoct with the specific food, these lç

molecules will be cross-linked by the ollergen which signols the most cell r

bosophil to degronulote, Degronulotion results in o releose of mediotc
such os histomine ond other vosooctive omines which moy induce syml

toms such os swollen lips, vomiting, dionheo, itching, urticorio ond onoph
loctic reoctions (30, 3l),

Food olletgens
ln theory, every product thot is eoten con contoin food ollergens, Mor
foods or food ingredients thot con be responsible for o food ollergy hol
been described, The most observed food ollergies ore those to cow's mil

hen's egg, peonut, soy beon, nuts, fish, seofood ond fruits ond vegetoblt
(27,32-37), An ollergy to fruit or vegetobles is usuolly nol observed until tl'
subject is o few yeors of oge (37), The prevolence of ollergies to cow's m
ond hen's egg tend to decreose with increosing oge: 44"/" of the positit,

food chollenges in children to cow's milk or hen's egg, were negotir,
when tested 'l-7 yeors loter (32),

12



Food ollergens in generol ore glycoproteins with o moleculor weight
between l0 ond 50 kD (3, 38), Severol studies hove shown thot cooking or
heoting o specific food did not result in reduced binding of specific lgE
using immunoblotfing techniques with serum from food ollergic potients,
Most food ollergens ore olso relotively ocid-stoble ond resistont to digestive
enzymotic breok-down (39-42). This indicotes thot despite cooking ond
digestion in the gostro-intestinol troct, B cell epitopes of food ollergens moy
enter the body,

Plevolence
Relioble epidemiologicol doto on the prevolence of food ollergy ore
limited' The mojority of the studies hove been performed in the poediotric
populotion, ln o study of Bock et ol, (43) in which 4g0 children were
followed from birth upto the third yeor of life, 2go/" of the porents thoughi
thot their child suffered from o food hypersensitivity, but o food ollergy
could only be confirmed in 8olo of the 480 children, Kojosoori estimoted the
some incidence of food ollergy in young children but the prevolence
reduced with oge of the children (44), The decreosed incidence of food
ollergy with oge, suggests thot immoturity of the immune system moy be
on importont foctor in the pothophysiology of the diseose (32,4s). The in-
cidence of the most common food ollergy in young children, cows milk-
ollergy, hos been estimoted of 2,5"/" (46,47),
Two recent studies (48, 49) hove estimoied thot the prevolence of food
ollergy in odults is between I ond 2o/". The overossessment by porents of
hoving food ollergic children is simulorly observed in studies on food ollergy
prevolence omong odults, Severol epidemiologicol studies indicoted thot
opproximotely 20o/" of the responders stote thot they suffer from odverse
reoctions to foods but only in 2oo/o of these persons o food ollergy could be
confirmed (46-52), This moy indicote thot knowledge obout odverse reoc-
tions to foods is poor ond thot there is o need for educotion in this field,
Heredity is considered to be the most significont foctor in predisposing in-
dividuols to food ollergies, Almost 65% of the potients with o cliniðol!
proven food ollergy hos on otopic first degree relotive (s9,54), However, in
the prevolence of o specific food ollergy dietory hobiis in o geogrophicol
region ploy o role os well, For exomple, ollergic reoctions lo fish ore often
seen in Scondinovion countries (55), whereos soy beon ollergy is more
common in Jopon (5ó),
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Clinicol symptoms
Food products, which ore moinly obsorbed in the gostro-intestinol troc
con give rise to symptoms throughout the whole the body both in odu
ond in young children, The clinicol monifestotions thot occur ofter o potiet
hos eoten the offending food moy vory from one potient lo the other, Al¡
the time-intervol between eoting ihe offending food ond the onset ,

symptoms con be extremely different vorying from severol minutes to do,
(57, 58), Some symptoms only oppeor under certoin conditions such os c
exercise-induced onophyloxis (59), Toble 2 gives on overview of sympton
observed in food ollergic potients ofter eoting the offending food,
The orol ollergy syndrome (OAS), which is the swelling ond itching of lip

mouth ond throot, occurs within 30 min ofter consuming the offendir
food (ó0). Although OAS hos olso been observed in response to fish, eg
ond milk (61,62), it is moinly observed in response to fruits ond vegetoblt
such os opple, peoch, hozelnut, peonut ond opricot (ó3),

Gostro-intestinol problems ore often observed in o potient with foc
ollergy, Nouseo ond vomiting con occur within 30 min offer eoting tl^

food ond is followed by diorrhea (64, ó5), This is olso often seen in youn
children with food ollergy ond moy even leod to molnutrition ond structur,
domoge of the intestinol mucosq (óó), The skin is one of the most frequer
torget orgons of lgE-medioted food reoctions mostly expressed os otop
dermotitis ond urticorio (67, ó8), Respirotory symptoms such os wheezinl
rhinitis, bronchosposm ond osthmo ore olso frequently seen in potients wil
food ollergy, ond ore often ossocioted with otopic dermotitis (ó9-71), Thes

symptoms usuolly occur within minutes to o few hours, ln some cose
especiolly in food ollergic reoctions to peonuts or nufs, onophyloct
reoctions ore observed, sometimes leoding io o shock, Severol potien
hove died from on onophoyloctic shock due to o food ollergy, lnitir

symptoms moy be swelling ond itching of the lips which moy be followe
by o ropid loss of consciousness (72, 73), ln young children the sympton
con stort very mild ond just os the symptoms ore considered to be impr<
ving, severe onophyloctic symptoms moy develope (74),
Food ollergic potients moy suffer from one or o combinotion of the her
described symtoms, but olso other symptoms con occur such os conjuncl
vitis or sinusilis,
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Tqble 2: Symptoms thot moy occur in food ollergic potients,

Cordio-vosculon
Orol:

Gostro-intestinol:

Skin:

Respirotory:
Other:

Anophyloctic (fointing, cordioc onest)
Orol ollergy syndrome (itching ond
swelling of mouth ond phorynx)
Vomiting, diorrheq, crqmps, obdominol
poins, bloody stools
Atopic dermotitis, urticoriq, ongioedemo
Wheezing, rhinitis, bronchosposm, osthmo
Cough, conjunctivitis, sinusitis, otitis medio

Diognostic tesls
A correct diognosis of food ollergy is often difficult, Although the potient
moy be confident thot he or she is suffering from o food ollergy, often the
diognosis con not be confirmed in the loborotory (¿ç-Sl), This is probobly
due to the observotion thot mony of these hypersensitivities ore coused by
on intoleronce rother thon on ollergy, or by on oversion,
For clinicol purposes the most used diognostic tests ore the rodio-ollergo-
sorbent test (RAST) ond the skin-prick test (SpT), However, the results of such
tests moy differ from one ond other, The problem with these test systems for
food ollergy lies within the used ollergen extrocts, Due to limited knowledge
of food ollergens, food extrocts ore not well-defined or stondordized, For
sPT olso fresh foods ore being used which, especiolly for fruit ond vegeto-
bles, give better results thon the commerciolly ovoiloble extrocts (62,75),
other tests, such os specific lgG meosurements, histomine releosing ossoys
ond lymphocyte proliferotion ossoys, ore olso used for the diognosis of food
ollergy, However, none of these tests were demonstroted to be highly
predictive (76,77),
The "golden stondord to diognose o food hypersensitivity is still the double-
blind, plocebo-controlled, food chollenge (DBpcFC) (7g), This procedure is
time-consuming which hos to be performed in o clinicol environment for on
objective observotion of the symptoms ond subfle effects, ond for the
possibility of on onophyloctic reoction, This procedure moy be o burden for
the potient, Different protocols moy be used for this test, but in generol the
potient is given in unmorked copsules the suspected ollergen in severol
concentrotions ond o plocebo of different time-intervols depending on the
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supposed symptoms, The symptoms occurring ofter consuming the co¡
sules hove to be evoluoted corefully, Although the DBPCFC will giv

substontiol informotion obout the symptoms of the potient, the time <

onset of the symptoms ond the moximum toleroted dose of the food,
does not distinguish between o food intoleronce ond o food ollergy'

The cellulor mechqnism of lgE-medioled ollergy

B ond T cells ploy on importont role in the pothophysiology of lgE-mediote

ollergic diseose ond differ in ontigen recognition, The B cell recognizes

lorge conformotionol peptide of the ontigen, by membrone bound in

munoglobulins, whereos T cells recognizes o protein-derived lineor peptid

of 8-25 omino ocids presented in ossociotion wiih o molecule of the moj<

histocompotibility complex (MHC),

T cells ond their cytokines
T cells recognize ontigen with ihe T cell receptor (TCR) present on the c<

surfoce. The TCR is o complex molecule consisting of 2 tronsmembron
poly-peptide choins colled cr ond 0 (or olternotively y ond ô)' Eoch cho
consists of o constont (C) ond o vorioble (V) region. The TCR is constructe

ofter DNA reorrcngements leoding to o selection of V, J (ioining), D (dive

sity) ond C segments creoting o combinotion product of the s/Ê comple

of more thon lOró different sequences, providing on enormous repertoire r

receptor specificities (79,80), Affer ontigen uptoke ond processing by tl^

ontigen presenting cells (APC) the ontigen, or rother ontigen-derived pe¡

tide, is presented to the T cell in the groove of o MHC molecule which
present of the surfoce APC, CD8* T cells in generol recognize peptidt
presented in context of MHC closs I molecules, while CD4. T cells recogniz
peptides in context of MHC closs ll molecules (81),

To octivote T cells, severol complicoted interoctions between APC ond
cells ore necessqry (82, 83), The peptide is recognized in the context of tl-
MHC molecule by the TCR ossocioted with CD3, the lotter molecule beir
responsible for the signol tronsduction into the cytoplosm (84), Binding ,

the MHC molecule to the TCR is ougmented strongly by CD4 or C[
present on T cells (85), A second, costimulotory signol for T cells con b
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delivered by CD28, which is expressed on the mojority of T cells, or CTLA-I
which is expressed only on octivoted T cells (8ó-88), The ligond for CD28 is

B7,1 (CD80) or 87,2 (CD8ó), which ore constitutively expressed on APC

types such os dendritic cells, ond octivoted T ond B cells (89,90). Triggering
of CD28 stobolizes the mRNA encoding for cytokines ond increoses the
cytokine gene tronscription rote (91,92),
ln 198ó Mosmonn ond Coffmon described 2 extreme types of CD4. I
helper (Th) cells in the mouse which ore phenotypicolly ond functionolly
different (93), These ï helper subsets hove olso been found in mon (94-96)

Both Th types express CD3, CD4, ond CD45-RO but they differ in cytokine
production ofter octivotion by ontigen os is shown in Figure 2, Thl cells

exclusively produce interleukin (lL)-2 ond interferonl (lFN1), while Th2 cells
produce lL-4, ll-s ond lL-ó, lL-10 ond lL-13 ore produced by both subsets
olthough in higher concentrotions by the Th2 subset, The mojority of 1

helper cells, however, ore ThO cells ond produce the Thl (lL-2 ond lFNl)
ond the Th2 (lL-A,11-5 ond lL-ó) reloted cytokines (97), Thl or Th2 cells moy
mqturote from noive T cells or ThO cells under the influence of vorious
microenvironmentol foctors such os cytokines or costimulotory molecules
The presence of lL-4 selectively skews to Th2 cells, while lL-12 ond lFNl
promote Th'l development (98-100), Recently it hos been demonstroted
thot the most potent costimulotory molecules present on APC, B7-l ond 87-

2, influence the ThllTh2 rotio, Stimulolion of B7-l leods to increosed pro-
duclion of lL-A whereos stimulolion of 87-2 induces IFN-y (l0l), The differenl
cytokine profile of Th cells results in diverse effects on other cells, Thl cells

induce cytotoxicity ond deloyed type hypersensitivity reoction, On the
other hond, Th2 cells promote lg production, including lgE, by B cells ond
induce eosinophileo (102, 103),

Antigen presenlqt¡on.
After uptoke of exogenous ontigens, such os ollergens, by the APC, they
ore degroded into peptides by introcellulor enzymes, The peptide contoin-
ing lysosomes fuse with vesicles derived from the endoplosmotic reticulum
contoining MHC closs ll molecules, The MHC molecules looded with o
peptide ore subsequently expressed on the surfoce of the APC (,l04, 105),

As the CD4 molecule con interoct with the MHC closs ll molecule, ex-
ogenous ontigens ore presented to CD4* T cells,
The MHC closs ll peptide con be up to 25 omino ocids due to open ends
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Figute 2: Schemotic respresentofion of ditferent T helper subsets ond the
cytokine production,

ot both sides of the MHC closs ll groove (105, lOó), Whereos MHC closs
molecules ore expressed by oll cell types, the expression of MHC closs
molecules is restricted to dendritic cells, monocytes, mocrophoges on<
octivoted B-cells, MHC closs ll molecules ore constitutively expressed o
high levels by dendritic cells ond B cells, but ore inducible on other ce
types such os monocytes, mocrophoges, epitheliol ond endotheliol cells,

Role of T cells in lgE-medioted ollergy
The lost decode it hos become cleor thot T cells ploy on importoni role ir
the pothophysiology of ollergic diseose, Severol studies hove reveoled tho
T cell clones specific for ollergens derived from house dusl mites (HDM)
vorious pollen ond domestic onimols, generoted from peripherol blood (97
103, 107, 108) or skin (109, llO) of otopic donors, ore Th2 cells producinç
high levels of IL-4 ond lL-5 but litfle or no lFN1, lL-4 ploys on importont role
in the regulotion of the production of lgE ontibodies, Boih in vitro (l I l-l l5)
ond rn vivo (11ó) rL-4 induces on immunogroburin switch to rgE in B ceilr
which is inhibited by lFNl Ç17, jlg), Consequenfly, ollergen_specific Th2
cells ore efficient helper cells for lgE synthesis (94,1lg_l2l), Th2 cell_derivec
lL-5 hos been shown to induce eosinophil proliferotion ond octivotion (122,
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123), lgE con bind to the high-offinity Fce receptor on bosophils ond mosl
cells, When these membrone-bound lgE molecules ore cross-linked by oller.
gens ofter o subsequent contoct, o degronulotion of bosophils ond mosl
cells will occur resulting in o releose of mediotors such os histomine, This im.
mediote response is followed by o lote phose, inflommotory response wifl"
on onset ofter 6-24 hours, This inflommotion is chorocterized by infiltrotion o1

ocfivoted T cells, eosinophils, bosophils ond neutrophils in the torget orgons
The releose of toxic mediotors by eosinophils ond bosophils con couse
severe tissue domoge (124-126),

Also cD8. T cells ploy o role in the mechonism of lgE-medioted responses,
Allergen-specific cD8. T cells inhibit the production of lgE olthough the
mechonism is not cleor (127,128), Recently it hos been shown thot lL-4 con
induce o Th2-like cytokine production profile in cD8. T cells, which con
induce lgE-production in the presence of onti-CD4O costimulotion, But their
role in the lgE-medioted diseose is not yet cleor. However, these cells ore
thought to ploy o role in the protection ogoinst porositic infections but moy
olso ploy o role os "suppressor' cells or onti-inflommotory cells through the
production of Th2-like cytokines (129, 130),

lmmunoglobulin switch to lgE in B cells
Noive B cells express membrone-bound lgM or lgD ond ofter recognition of
the ontigen ond secondory signols, these B cells moture into plosmo cells
ond will be oble to produce immunogloþulins of other closses, The
immunoglobulin switch to lgE is T cell dependent (l3l), severol studies
hqve shown thot the T cell-derived cytokine lL-4 is required for the induc-
tion of the synthesis of lgE in humons (l l2-114, 1i9, 120), tL-A hos the obility
to octivote tronscription of the e locus (132) olthough for the expression of
mRNA ond lgE synthesis odditionol stimuli ore required, B cells process the
ollergen ofter uptoke with surfoce immunoglobulin molecules, ond presenl
it in ossociotion with MHC closs ll molecules, The MHC closs ll complex is

recognized by T cells leoding to on ontigen-specific T-B cell interoction
which results in both T ond B cell octivotion (133), Non-cognote T-B cell
interoction con deliver the second signol for lgE production, lt hos been
demonstroted thot octivoted cD4* or cDB. T cell clones con induce lgE
synthesis in B cells from rondomly selected donors if exogenous lL-4 wos
odded to the culture (,l34), This contoct-dependent signol is delivered ofter
binding of CD40 on B cells by its ligond (CD40L) on T ceils (135),
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Peonul ollergy

Peonut, Arachis hypogoeo L, which belongs to the legume fomily, con b
the couse of very severe ollergic reoctions, Accidentol consumption by
peonut ollergic individuol of o few milligroms of peonuts con induce c
onophyloctic reoction, Deoth due to on onophyloctic shock by peonuts
not uncommon (136-142), At this moment, ovoidonce of peonuts <

peonut-contoining food products is the best theropy for peonut ollergi
potients, But this proves to be very difficult becouse peonut proteins mc
unexpectively be present in products such os soups ond souces (143
Moreover, if the potient will not prepore the food, os for instonce in
restouront, it is very difficult to know exoctly whot specific ingredients wer
used for the preporotion of the food,
The prevolence of peonut ollergy is difficult to estimote, Burks eI ol, (142
showed thot opproximotely 30% of oll odverse reoction to food in potien.
with otopic dermotitis is due to peonut,

Peqnul proteins
Peonut kernels contoin 45 to 50% oil,25-30% protein, s-12y" corbohydroter
5olo moistute, 3o/" fibre ond 2.5% osh (144, 145), peonut proteins con b,
seporoted in olbumins ond globulins, Mojor globulins ore orochin onr
conorochin, both storoge proteins, which occount for g7% of the proteir
contents of peonuts (146, 147), Arochin ond conorochin con be seporote<
on the bosis of precipitotion in ommonium sulphote or on the bosis of ionir
strength (148, 149), By sodium dodecyl sulphote polyocrylomide gelelec
trophoresis (SDS-PAGE) both orochin ond conorochin con be seperoted ir

o vqrioble number of subunits with moleculor weights between l0 ond 7
kD (15r, r50),

Peonul ollelgens
Severol peonut ollergens hove been described (149, l5l-157), Sochs et ol
described the first ollergen, Peonut-l (l5l), This is o protein consisting of I
subunits of opproximotely 20 ond 30 kD, Bornett et ot, (149, 1s2) showec
the occurence of ìó lgE-binding proteins in peonut extroct with o mojor lgt
binding glyco-protein the so colled conconqvoline A-reoctive protein o
opproximotely óó kD, Two mojor ollergens hove been described by Burks e
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ol, (153, 154) Aro h I ond Ara h ll with moleculor weights of ó3,5 ond l7 kD,
respectively, Whether the Con A-reoctive protein ond/or Peonut-l is one of
these mojor ollergens is unknown, Furthermore contoin peonuts o lectin,
peonut ogglutinin (PNA) which hos been demonstroted to bind lgE (.l55)
ond pocesses the obility to induce proliferotion in bovine lymphocytes
(15ó),

As most food ollergens, olso peonut ollergens ore heot stoble, Roosling of
peonuts does not result in loss of lgE binding (149), Moreover, it hos been
demonstroted thot the treotment of peonut proteins with humon digestive
enzymes ond ocid, o condition thot mimics the humon digestion in the
gostro-intestinol troct, did not destroy the lgE binding sites (42),

Scope of lhis lhesis

Although the recognition of inholotion ollergens, such os proteins from
house dust mites, vorious pollen ond domestic onimols, by lgE ond T cells
hos been sfudied extensively, little is known obout recognition of food oller-
gens. Food ollergies ore increosingly seen os difficult medicol problems,
Knowledge of recognition of food ollergens by both B ond T cells could
leod to more insight in the mechonism of food ollergy ond improvement of
specific immunotheropy ond hypoollergenic food products,
ln this thesis, peonut ollergy wos studied os o model for lgE-medioted food
ollergy, Peonut ollergy wos selected not only becouse it is o food ollergy
with very severe symptoms, but olso becouse it is quite often seen in odults
in controst to cow's milk ond henn's egg ollergy, The cooperotion of odult
volunteers wos essentiol for the experiments described in this thesis, for
which lorge omounts of peripherol blood were used which con not be
obtoined from young children,
ln this thesis severol ospects of peonut ollergy ond peonut-ollergic potients
hove been studied ond described. Therefore, the clinicol symptoms of
peonut-ollergic potients ond the difficulties encountered when diognosing
peonut-ollergic potients using the vorious ovoiloble test methodswere
studied ond described in chopter 2, Another purpose of this study wos to
clinicolly test the ollergenicity of crude peonut extroct (cpE) prepored in
our loborotory,
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ln chopter 3 the mojor lgE-binding peonut proteins were determined usir
plosmo somples of peonut-ollergic potients, in relotion to the lgE bindir
properties of plosmo somples of ollergic, but not peonut ollergic ond no
ollergic subjects, The levels of peonut-specific immunoglobulins of oll
groups were determined os well,
whether food ollergen-specific T cells hove o Th2 phenotype is unknow
To investigote this, severol peonut-specific T cell clones were generote
from the peripherol blood of o peonut-ollergic potient. The phenotype on
cytokine secretion profile of these clones hove been determined ond or
described in chopter 4,

To obtoin more insight in the protein specificity of the generoted T ce
clones, o peonut protein extroct wos seperoted using different technique
The obtoined protein froctions were onolyzed for their obility to induc
proliferotion of the T cell clones, severol peonut proteins expressing T c<
epitopes hove been identified ond ore described in chopter S,

chopter ó describes o study in which severol ospects of the pBMC-respor

se of peonut-ollergic, ollergic but not peonut ollergic ond non-ollergi
subjects to peonut proteins os well os severol other ollergens were invesl
goted, This study wos performed in order to obtoin insight in the respons(
of PBMC from ollergic donors to o non-relevont ollergen, peonut proteins,
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Abslrocl

Peonut ollergy is one of the most common food ollergies, not only in infor
but olso in odults, Although the double-blind, plocebo-controlled foc

chollenge (DBPCFC) is still regorded os the 'golden stondord" to diognor
food hypersensitivity, severol other tests ore being used to diognose o foc

ollergy, ln the present study, exclusively performed in odult potients, tt
predictive volue of the skin-prick-test (SPT), RAST scores, the minimu
threshold dose in the DBPCFC ond the lymphocyte stimulotion test (LS

were compored,
The protein composition of the vorious commerciolly ovoiloble, tested SF

solutions, showed o different profile on SDS-PAGE with only 3 protei
present in 2 extrocts, Furthermore, poor correlotions were observed cor
poring the SPT, RAST, minimum threshold in orol provocotion ond LST,

The results of this study indicote thot there is o wide voriety in bolh tl
response between different potients os between different diognostic tel
ond test extrocts, Even the DBPCFC does not olwoys result in the son
response in potients when tested o second time, Better chorocterizoti<
ond stondordizotion of peonut extrocts could improve the diognostic volr
of the different lest systems, ln oddition, to reduce the diognosis of fols
negotive results, o combinotion of test methods is recommended. Horev<

bosed on the results presented in this study, the LST seems not to be
good diognostic tool,
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lnlroduction

Food ollergies do occur in I to l0% of the western populotion (1,2), one
of the most common food ollergies is peonut ollergy, Approximotely 30% of
oll odverse reoctions to foods in children is coused by peonut (3), The
symptoms observed in peonut-ollergic potients ofter consumption of
peonuts con vory from orol ollergy syndrome, otopic dermotitis, gostro-
intestinol symptoms, oirwoy symptoms to on onophyloctic shock (4), Deoth
coused by onophyloctic shock induced by peonuts is not uncommon (5),
Once sensitized for peonuts, this ollergy is persistent for life (ó),
To diognose o potient wilh food hypersensitivity, the double blind, plocebo
controlled, food chollenge (DBPCFC) is still seen os the "golden stondord'
(7), But due to the possible severe reoction of o peonut-ollergic potient,
this hos to be performed very corefully ond under controlled clinicol con-
ditions, ln oddition, skin prick test (SPT) ond rodio-ollergo-sorbent-test (RAST)
scores ore importont screening tools for the diognosis of lgE-medioted food
ollergy (8, 9)' As the commerciolly ovoiloble peonut extrocts for SPT con be
different in composition, this could leod to wrong diognosis of potients ond
creoting o life-threotening situotion, Therefore, in this study, the results of
the SPT, conducted with severol commerciolly ovoiloble peonut extrocts in
The Netherlonds, coded X, Y ond z, were compored with o crude peonul
extroct (cPE) prepored in our own loborotory, subsequenfly, the spT scores
were correloted to the RAST scores ond the minimum threshold dose of
peonut-protein in o DBPCFC,
ln oddition, the lymphocyte siimulqtion test (LST), o controversiol loborotory
tool to diognose ollergic reoctions (lO-12) by meosuring the proliferotive
response of peripherol blood mononucleor cells (PBMC) to ollergens (cpE),
wos studied os o possible diognostic morker for food ollergy,

Moteriols ond melhods

Peonut-ollergic potients
ln this study odult polienls (n=ló) were used with o previously proven lgE_
medioted peonut ollergy os determined by o positive history, o positive
peonut-specific RAST, SPT ond orol provocotion, Potients' chorocteristics
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ore presented in Toble l, All potients suffered from otopic ollergy wi
otopic dermotitis, ollergic rhinitis, ollergic osthmo or o combinotion of ther
3 symptoms, Approvol for this study wqs obtoined from on independe
Medicol-Ethicol Committee, An informed consent wos obtoined from r

subjects,

Toble I: Chorocleristics of the peonut ollergic potients.

Potient Sex Age
(yeors)

Clinicol
Chorocleristicsr

Peonut RAST2Totol lgE
(lU/ml)

A
B

c
D

E

F

G
H

I

K

L

M
N

0
P

T

F

F

F

F

F

F

F

F

F

F

M
F

M
M
F

M

43

35

34

27

28

22

17

29

37

27

3l
30
41

37

30
32

59r
2800
r 7900
957

6200
895
I 000
343
112
710
28800
óó5
r08
lóó00
83ó
r ó00

R, OAS, GI 2

U, OAS, A, ANO 4

AD, R, A, ANO 4
AD,R,A 3

AD, R, OAS 5

AD,R,A 4
AD, R, A, ANO 5
AE, R, A, Ctd 3

AD, R, OAS, CtE I

AD,R,U,A 3

AD, R,A 4
OAS, R, A, GI 5

OAS, R, GI 4
AD, R, OAS, GI 4
AD, R,A 5
SD, R, GI 4

A: osthmo; AD: otopic dermotitis; Ano: onophyloctic shock; AE: Angio-eden
Ctd: contoct dermotitis; Clu: contoct uticorio; Gl: gostro-intestinol OAS: or
ollergy syndrome; R: ollergic rhinitis; SD: seborrhoeic dermotitis,
RASï scores os determined on o scole of I to 5,

Peonul prote¡n purificolion
Crude peonut extroct (CPE) wos prepored from row, unshelled peonufs <

described before (13), ln short, peonuts were ground ond fot w(
extrocted by Soxhlet using petroleum ether ot 4O-ó00C, The defotted flo
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wos ground ogoin ond suspended in ommoniumbicorbonote (0,1M), This
suspension wos stined for 4 h ond insoluble porticles were removed by
centrifugotion for 30 min of 10,0009 of 40c, The supernotont wos diolysed
over night ogoinst distilled woter using o 3,5 kD cut-off membrone (spec-
trum Medicol lndustries, lnc, Houston, Tx), lyophilized ond stored of -200C,

Prolein ossoy
The concentrotion of proteins in the different extrocts wos determined
using the Bio-Rod Protein Assoy (Bio-Rod Loborotories, Hercules, cA) qnd
following the monufocturers instructions,

Gelelectrophoresis (SDS-PAGE) qnd immunoblotting
After dilution of the protein somples (l:l) with somple buffer consisting of
l% DTT (Sigmo Chemicols Co,, St, Louis, MO), ó3 mM-Tris-HCl,2% (w/v) SDS,
0,01% (w/v) bromophenot brue, 20% (v/v) gryceror, pH ó.g, they were
reduced by incuboiion for l5 min ot lo00c, of the cpE soluiion of 2,5
mg/ml 5 pl wos looded on gel while of the commerciolly ovoiloble
extroct solutions of 5 mg/ml 20 pl wos looded, SDS-PAGE wos per
formed essentiolly occording to Loemmli (14) using precosted llyo
Tris-HCl polyocrylomide gels (Bio-Rod Loborotories), To visuol_
ize the protein bonds, the gels were stoined with coomossie
brilliont blue R-250, For the determinotion of the moleculor
weights of the protein bonds, pre-stoined moleculor weight
mqrkers (Bio-Rod) with moleculor weights of 2OO, 97.4, 69, 46, 30,
21,5 ond 14,3 kD were used,
To detect lgE ontibodies by immunoblotting, the seporoted pro-
teins were tronsferred to o polyvinylidenedifluoride (pvDF.
lmmobilon-P Tronsfer membrone; Millipore corporotion, Bedford,
MA) membrone using o semi-dry electrophoretic tronsfer opporotus
os described by Towbin (-l5), The membrones were blocked with 3olo(w/v) milkpowder (Provitor; Nutricio, Zoetermeer, The Nether-
londs) in 50 mM Tris-HCt, pH 7,4, lso mM Noct, After l,s h of
blocking of room temperoture (RT), the membrone wos incuboted
overnight with pooled plosmo (l:lO vlv diluted) of the ló peonut
ollergic potients, After woshing the membrone wos incuboted with
onti-humon lgE-peroxidose conjugoted monoclonol ontibodies
(l:1000 v/v) for 2 h of 370c, subsequenfly, the blots were woshed thor-
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oughly ond developed for peroxidose octivity using chloronoftol/DA
stoining,

Skin-prick-test (SPT)

With CPE ond the commerciolly ovoiloble peonut extrocts coded X, Y on
Z, SPT hove been performed, ln order to do so, o drop of the extroct in

iitroted concentrotions, wos ploced on unoffected skin ond o prick with
loncet wos given in the middle of the drop, After 20 min, the wheols wer
meosured ond the scores ore expressed os oreo of the wheol in squor
mm, All commerciol extrqcts were tested in their own test solution ond cor
centrotion os recommended by the monufocturer os well qs sever(
odditionol dilution, The SPT with row peonut wos performed by covering
prick in the skin with scropes of row peonut,

Rodio-ollergo-sorbenl test (RAST)

Stondord RAST determinotions were performed in serum somples of th
potients of the Centrol Loborotory of Blood Tronsfusion Services (CLl

Amsterdom, The Netherlonds) qs described previously (ló) using o wot<
soluble totol peonut extroct ond were scored on o scole of 0 to 5,

Double-blind, plocebo-controlled food chollenge (DBPCFC)

The DBPCFC wos performed under clinicol condition of the Utrecht Allerg
Centre in the presence of o physicion, The potient wos given blinde
copsules (Loformo, Milon, ltoly) contoining on increosing dose (0,5, 2, 10,5
ond 200 mg) of peonut flour contoining 0,2, O,8,4,20 ond 80 mg protein,
the potient did not yet show ony symptoms of 200 mg of peonut flou
either o combinotion of copsules wos used to increose the dose or whol
peonuts, The dose wos increosed ofter time intervols of 2 h, After the dos
to which the potient showed cleor clinicol symptoms, on open provocotio
with peonuts wos performed, Clinicol observotion of the potient wc
conducted for 2 h ofl'er open provocotion of the clinic ond lote phos
symptoms during the next 48 h were reported by the potient,

Lymphocyte stimulotion test (LST)

Before SPT were performed, heporinized, venous blood wos collected c

the peonut-ollergic potients for the isolotion of PBMC using density grodier
seporotion on Ficoll-Poque (Phormocio LKB) essentiolly os described b
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Böyum (-l7)' Recovered cells were cultured (2x105/2oo pl) in triplicote ot
370c ond 5"/o co2 for 7 doys in lscove's Modified Dulbecco,s Medium
(IMDM; Gibco, Poisley, UK) supplemented with lo% pooled humon serum
(HS; Biowhittoker, wolkersville, ML) in the obsence or presence of increos-
ing concentrotions of cpE (1, r0, 50, l0o, ls0, 2oo ond 250 p9/mt) in 9ó-weil
flot-bottom culture plotes (NUNC, Roskilde, Denmork), proliferotion wos
meosured using 3H-thymidine (fu)-ron) incorporotion, After 7 doys, fH)-ron
(o.4 pcilwell; Amershom, Aylesbury, uK) wos odded ond the cells were
incuboted for onother I I h ond subsequenfly horvested (Horvester 9ó,
Tomtec, Oronge, USA). (3H)-TdR incorporotion wos meosured using o .l450

Microbeto-counter (wolloc, Turku, Finnlond), proliferotion of the pBMC is
expressed os stimulotion index (Sl) which is the counted cpm in presence of
cPE divided by the counted cpm in obsence of cpE, To compore the LST
to other diognostic morkers, the highest observed sl wos used for every
potient,

Resulls

Protein contents ond gelelectrophoresis of the extrocts used for spT
The protein content of the vorious extrocts wos determined ond os is shown
in Ïoble 2' the commerciolly ovoiloble extrocts did contoin very lit¡e
protein (ó to l8%),

Monufqcturer Vorietyr Moteriql protein percentoge2

CPE

X

7

Jumbo Runners
North Corolino 17,11
Unknown
Unknown

Row 90
Row 6
Roosted l8
Roosted 8

I As provided by the monufocturer,'os determined by protein ossoy,

on SDS-PAGE (Figure l) very foint bonds were visible for fhe 3 commerciolly
ovoiloble extrocts, The profire of protein bonds os visuorized by gererec-
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irophoresis (Figure l, left ponel) wos olso found to be different for il
tested peonut extrocts which ore normolly used in SPT to diognose peon
ollergic potients, Bosed on the delected proteins, lone 3 (X) ond lone 5 (

ore olmost comporoble, Lone 4 (Y) shows o remorkoble resemblonce wi
the proteins present in the CPE (lone 2) prepored of our own loborotor
From the results it is obvious thot 3 bonds of opproximotely 20 kD o
present in every extroct, The Western blot incuboted with pooled plosn
of ló peonut ollergic potients, (Figure 1, right ponel) shows lgE-binding
these three bonds, olthough binding con olso be seen to other bonds os

shown by CPE ond Y,

arnry.*a" trÊ*
å1- jt'ffi rc
¡å " **.; *l'*ru
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***r '''
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ffi
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Figure l: Gelelectrophoresis ond lgE immunoblotting of the used SPT-exlroc
from X, Y, Z ond CPE,

Left ponel: SDS-PAGE (15%gel), Lone l:MW morkers (5 pl); lone2: C[
(5 pl); lone 3: X (20 pl); lone 4: Y (20 pl); lone 5: Z (20 ul),
Right ponel: lgE-immunoblol, Blots were incuboted o/n with poole
serum (l:10 v/v) of peonut ollergic polients (n=ló), incuboted wi
onti-humon lgE (2 h) ond stoined for 2 min,
Lone l: CPE; lone 2: X; lone 3: Y; lone 4: Z,

SPT

SPT were performed with severol commerciolly ovoiloble exlrocts (X, Y or

Z), fresh, row peonut ond our own extroct (CPE), Since the woter solubili
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of cPE wos low, o solution of only I mg/ml wos used insteod of o solution
of 5 mg/ml for the commerciolly ovoiloble extrocts, As is shown in Toble 3,
o wide voriety in response wos observed of the different peonut-ollergic
potients' This wos not only opporent by comporing the individuol reoctions
to the different extrqcts but olso by the diverse responses of potients with q
comporoble RAST, For exomple, within the group of potients with o RAST
score of 4 (n=7), the sPT scores vories between 0-lgg for row peonut, o-144
for cPE, 0-3.l5 for X, 0-952 for y ond 0-40ó for Z, The most extreme voriotion
wos observed with ihe 3 commerciolly ovoiloble extrocts, comporing the
results within one potienf, meosured oreo's showed to differ up to 5O times
between the lowest ond highest score, Although the potients used in this
study, oll suffered from on eorlier diognosed peonut ollergy, not everybody
responded to the sPT, sPT hove been performed in 3 concentrotion, which
were for the 3 commerciolly ovoiloble extrqcts of 5, I ond o, ì mg/ml ond
for cPE l, 0, j ond 0,01 mg/ml, The potients who responded strongly in the
sPT showed o nice dose-reloted increose in wheol oreo, ln potient M, for
instonce, o wheol size of 72 mm2 wos observed of o dose of o,l mg y/ml,
273 mm2 of o dose of I mg y/ml ond óOO mm2 of o dose of 5 mg y/ml,
None of the potients showed o decreose of wheql qreo in response to
increosing concentrotion of the SpT extroct,

DBPCFC

As orol provocotion is still regorded os the golden stondord for the diog-
nosis of o food ollergy or hypersensitivity, we conducted this procedure for
oll ló peonut-ollergic potients, potients were observed for clinicol symp-
toms for 2 h ofter the lost chollenge of the Allergy Center ond for the next
48 h they were ossessed by the potient ond reporfed to the physicion, As is

shown in Toble 4,Ihe observed symptoms were very diverse, The previously
diognosed peonut ollergic potients A qnd B, did not show, ony clinicol
symptoms, not even ofter o provocotion with Sooo mg of peonuts, Two
other potients (D ond O) olreody showed symptoms ofter smelling the
peonut flour, Not only the clinicol symptoms but olso the minimum thresh-
old dose wos obseryed to vory omong potients between 0,5 ond 5o0o mg,
The minimum threshold dose did not conelote with certoin clinicol symp-
toms.
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Toble 3: Results of the SPT conducted with row peonut, CPE os well os sever
commerciolly ovoiloble extrocts,

Skin-prick-test resultsì

XYZ
53 53 s3

PP RAST Peonut CPE

row 12

A2
B4
c4
D3
E5
t4
G45
H3
tl
K3
L4
M5
N4
o4
P5
T4

0

4
49
I
3ó
64
225
399
32

3

I

102
25
0

r3ó
198

4

0

99
9
49
144
ló
88

50
6
0

231

49,5

0

n,d,
n.d.

0tó4
090
8l 144 l9ó
094
144 144 121

49 289 ló9
2594
12 72 l9
24 28 32

8ó5
253ó0
770 ó00 525
44018
000
147 338 525
315 952 406

I

2

Wheols were meosured 20 min ofler opplicotion of the ollergen,

n,d,
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Results ore expressed os oreo of wheols in squore mm,
The CPE solution contoined I mg defotted crude peonut protein extro
per ml, Due to the low solubility in woter, CPE wos used in o lower co
centrotion thon the commerciolly ovoiloble extrocts, olthough the prole
concentrotions were comporoble,
Concentrolion of SPT extrocts were used os provided by the monufo,
turer, which is 5 mg peonut flour in I ml SPT-buffer,
Becouse of the severe onophyloctic reoctions of this potient, only ve
low concentrotions were used: CPE: 0,0.l mg/ml; X: 0,1 mg/ml; y: 0
mg/ml; Z: 0,.l mg/ml,
Not done



Toble 4: Results of the double-blind, plocebo-controlled food chollenge ond the
lymphocyte stimurotion tests of the peonut-oilergic potients,

PP RAST Threshold Symptoms, Stimulotion
score dose DBPCFCT lndex (Sl)3

A2
B4
C4
D3
E5
F4
G5
H3
tl
K3
L4
M5
N4
o4
P5
T4

5000 mg
5000 mg
2mg
<0,5 mg
300 mg
50 mg
0,5 mg
2mg
200 mg
200 mg
5000 mg
50 mg
300 mg
<0,2 mg
200 mg
150 mg

none L8
none l0,l
OAS, GI, D 3,I
AD, Prur, Gl 0
Prur, AE, Gl ló,1
OAS, D 9,I
Ano 26,5
D,AE O

D, Prur 0
DT 2,5
AD 3,0
Gl, Coll 2,9
Gt 2,2
Prur, AD, Gl 7.1

Prur 2,5
Ano, C, R. Gl 36.4

Threshold dose is given in mg peonut flour os indicoled by the monufocturer
of the copsules (Loformo), lf the potient did not show o response to the
highest copsule dose of 200 mg peonut flour, o combinotion of copsules wos
used, The 5000 mg does wos obtoined by giving the poTient on open chol_
lenge with whole peonuts,
AD: floir-up of otopic dermotitis; AE: ongio-edemo; Ano: onophyloctic shock;
ctu: contoct urllcorio; D: dyspneo; Gl; gostro-intesiinol symptoms; oAS: orol
ollergy syndrome; R: ollergic rhiniiis; u: urficorio; prur: generolized pruritus,
sl is the cpm in the presence of cpE divided by the cpm in the obsence of
cPE, The highesf observed response of every potient is presented here which
wos in most coses observed ofter stimulotion with 200 pg/ml cpE,

LST

The results of the LST ore expressed os stimulotion index (st¡ e¡ the highest
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observed response, ln most potients the highest response wos observe
ofter stimuloting the cells with 2OO pg/ml CPE, As is shown
Toble 4, only 8 of the ló potients showed o proliferotive responf
with on Sl of 3 or higher which is considered o threshold for CP

specif ic prolif erotion, These responses were only seen
potients with o RAST score of 4 or 5 while some other potients with hiç

RAST scores did not show o proliferotive response,

Corelotions
Comporing the SPT scores of the different extrocts with the RAST scores
poor correlotion wos found for fresh peonut, X, Y ond Z, Only CPE resulte

in o higher correlotion coefficient of 0,73 (Toble 5),

Comporison of the threshold provocotion dose needed for the oppec
once of clinicol symptoms with the RAST scores, the meon SPT scores ond
gove o very poor correlotion (respectively r=O,20,0,28 ond 0,34), Also tl^

correlotion between the RAST score ond the Sl were very poor (r=0,34),

Toble 5: Correlotion coefficienfs of the comporison of the different extrocts use

in skin prick test ond RAST score,

RAST Peonut CPE

0,r3RAST

Peonut
CPE

X

Z

0,73

0,Bl
0,38 0, ró 0,37

o.22 0,51 0,34
0,85 0,9ó 0,92

0,97 0,79
0.85

Discussion

ïhis study shows the voriobility of the in vivo ond in vitro reoctions of peonr
ollergic potients to peonut extrocts, Hereto severol commerciolly ovoilob
peonut extrocts, coded X, Y ond Z, os well os fresh row peonut ond or

own extroct, CPE, were compored in q SPT, Subsequently, these resul
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were compored with those obtoined by the RAST, the lymphocyte stimulo-
tion test with cPE ond on orol provocotion test with peonut flour, ln sum-
mory, the results demonstroted thot every potient showed o vorioble
clinicol response to peonuts, Differences were found in response to the 5
used SPT extrocts os well os between the different used test methods, viz,
SPT, RAST, LST ond DBPCFC,
The observotion thot on SDS-PAGE the used extrocts showed both different
protein contents ond profiles could contribute to the discreponcies
observed within the SPT with the 5 used extrocts, These differences in
protein contents ond profile con be exploined in severol woys, First, not oll
extrocts were monufoctured from the some voriety of peonuts ond there-
fore could result in different protein compositions, However, the two moin
storoge proteins, orochin ond conorochin, which moke up for g7olo of the
protein content of peonuts ore probobly well-preserved in oll vorieties,
Second, the different protein profiles ond protein contents of the vorious
extrocts could olso be due to differences in preporotion meihod of the
monufocturers which ore unknown, This is supported by the observotion
thot 2 of the extrocts (x, z) show only 3 proteins on sDS-pAGE which not
only indicotes o loss of totol protein but olso o loss of porticulor proteins,
Roosting of peonuts is for instonce known lo reduce the protein composi-
tion, Therefore extrocts from roosted peonuts moy show less bonds on sDS-
PAGE when compored with on extroct of row peonuts (lg), The extrocts y
ond Z were prepored from roosted peonuts ond extroct X ond cpE from
row, unprocessed peonuts, The protein profile of the y extroct ond cpE
ond those of the X qnd Z extrocts were found to be olmost comporoble,
Probobly due to the limited protein contents of the extrocts X ond Z, only 3
proteins of opproximotely 20 kD were visible on SDS-PAGE, These protein
bonds were olso present in the Y extrocts olthough the protein bonds were
less shorp thon in cPE, The 3 proteins of opproximotely 20 kD hove been
shown to be the most importont ollergens (19) ond probobly olsô contoin
the mojor ollergen described by Burks (2O), Aro h ll, ln o previous study we
hove demonstroted thot more thon 7Oolo of our peonut ollergic potients
hove lgE ogoinst oll 3 proteins (.l9), The immunoblot incuboted wiih pooled
plosmo showed lgE binding to these proteins in oll extrocts but olso to other
proteins os demonstroted in our own cpE but, olthough less cleorly, olso in
the Y extroct (Figure lb), Recently, o difference in protein profiles of vorious
peonut extrocts commerciolly ovoiloble in the United Stotes, hos olso been
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shown by Hefle et ol, (20), They tested ó different extrocts for their obility 1

bind lgE on immunoblot, to provoke o positive skin test ond meosured tl'
concentrotion of Aro h I ond Aro h ll, Although these extrocts showe
different protein profiles, they observed, in controst to our results, little d
ference in SPT scores, lf in our study the wheol sizes resulting from SPT wi1

different extrocts ore compored, severol observotions con be mode, Apc
from o group of potients (4, B, D, K, L ond N) thot showed low wheol sizr

or even no response to some of the extrocts, onother group of potien
with medium or lorge sized wheols could be distinguished, ln both group
however, wheol sizes were found to be extremely vorioble depending c

the used extroct, This could indicote thot different lgE epitopes ore preset

in the extrocts in different concentrotions, ln oddition, one potient (O) wi1

o RAST score of 4, did not respond to ony of the used peonut extrocts, Tl^

voriobility in SPT scores upon testing with different peonut extrocts show
thot the use of one single peonut extroct con give folse-negotive resull
No cleor explonotion con be given to exploin the different results observe
in the studies of Hefle et ol, (21) ond those of our study, lt con not b
excluded, however, thot o difference in polient populotion might b
involved, ln our study the potieni populotion consisted of ló potient wil
multiple chorocteristics of otopic ollergy syndrome, while the potier
populotion in the sludies of Hefle is not cleorly defined,
Comporing the RAST scores with the SPT scores, o poor correlotion w<

found in our study, except for CPE with o correlotion coefficient of 0,73,

severol other studies SPT results were compored with RAST or DBPCFC (2

28), The results do not ogree with eoch other, A good correlotion <

peonut-specific SPT ond positive DBPCFC wos found in mojority of thes
studies (22-25), However, Kemp et ol, (2ó) studied the SPT response, RAI

ond clinicol reoctions to peonuts in .l04 
children ond only found o goo

correlotion when roosted peonuts were used, A very poor correlotion wc
found between peonut-specific SPT ond RAST scores in the studies <

Bohno et ol. (27) ond Adler et ol, (28), which wos exploined by the diffe
ence in peonut sources from which the different extrocts were prepore(
Most of these studies compored the results in terms of positive RAST on
positive SPT ond not in mm2 wheol size with the exoct RAST score, lf w
tronsform our doto in the some foshion, we still find discreponcies in 5 <

the ló pofients, which is relotively high, These potients showed o low or
not detectoble SPT response depending on the used peonut extrocts, i
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combinotion with o RAST score of 2, 3 or 4 (Toble 3), with the extroct
coded Y only one discreponcy wos observed, while with our own cpE,
which resembles the Y extroct on sDS-pAGE, in 3 coses o poor correlqtion
with RAST score wos observed which might be due to o difference in
protein concentrotion, The discreponcies between SpT ond RAST scores
with the extrocts of X ond Z, could be due to the foct thot mony protein
bonds ore not present in these extrocts compored to cpE or the y extroct,
comporing the RAST score with the proliferotive responses of pBMC, o poor
conelotion wos found os well (r=0,34), Not oll potients showed o prolifer-
otive response to peonuts, which could be due to the foct thot these
potients hove o strict peonut-free diet, Agoto et ol. (29) showed olreody
thot on eliminotion diet reduces the proliferotive response in food ollergic
potients, Although in the literoture there is some controversy (lo-12) with
respect to whether the proliferotion ossoy con be used os o diognostic
morker, the results of our study cleorly show thot of leost for peonut ollergy
it connot be used which is in ogreement with the conclusions of Moy et ol.
(12) for other food proteins, Moreover, in o subsequent study (30) we hove
shown thot olso ollergic potients with no peonut-ollergy con show o high
proliferotive response to peonut protein, Moreover, recenfly it hos been
demonstroted thot the use of o serum-free medium for the performonce of
o LST results in o strong proliferotive response in both ollergic ond non-
ollergic individuols (31 ),
As the DBPCFC is still seen os the best diognostic morker for food ollergy,
we compored the minimum threshold dose of peonut with the RAST ond
sPT scores, The correlotion between the orol provocotion dose ond the
RAST score wos very poor (r=0,20), Three (A, B ond L) of the ló potients
described here did not show ony reoction ofter the consumption of
peonuts while they did hove peonut-specific lgE indicoted by RAST scores
of 2 ond 4 respectively, of these three potients the spT scores ore not very
cleor either, comporison of the spT scores with the provocotion dose
resulted in correlotion coefficients betweeh r=0,23 ond r=0,ól (Toble 4),
Although severol outhors hove suggested thot whith using fresh moteriols in
SPT, better results would be obtoined (26,32), we could not confirm this,
Even with fresh, row peonuts we observed folse-negotive spT, severol
possible explonotions might be thot the recognized epitope is not direcfly
exposed in the protein but will become exposed ofler digestion, o differ-
ence between the locol immune response in the gostro-intestinol troct, the
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peripherol blood ond the skin, ond finolly, thot the potient suffers from
food intoleronce rother then o food ollergy, This lost explonotion is not ver

likely becouse these potients did show o high RASï score ond, in on eorli<

test, olso o reoction in the SPT, This confirms once more how complex foo
ollergy ond its diognosis is, The poor correlotion between provocotion dos
ond RAST scores or SPT scores questions the use of RAST ond SPT other the
to determine whether o potient suffers from o peonut-intoleronce or
peonut-ollergy, The provocotion dose indicotes the omount of peonu
thot is toleroted by the potient ond determines the strictness of the die
This con be importont becouse peonut is present in mony food stuffs in

very disguised monner, like for instonce, in bouillon toblets, However, ols

this test seems not to be exclusive, since within one potient the results of
provocotion con differ when performed of different times, with no voli
explonotion,
From this study we conclude thot to diognose o peonut ollergic potien
one connot rely on one method or one extroct, This is moinly determine
by the observotion thot the ovoiloble extrocts ore not uniformly or cleor
chorocterized or stondqrdized, which might result in o folse-negotiv
diognosis, For o severe food ollergy, such os peonut ollergy, this could b
very dongerous due to the severe clinicol symptoms, A DBPCFC moy giv

the most objective view whether o potient hos symptoms ofter eoting th
offending food ond the severity of the symptoms, However, olso this te
seems not to be conclusive since it con give different results within on
potient when performed of different time points ond it is not oble t
distinguish between o food intoleronce ond o food ollergy, Moreover, wil
peonuts o DBPCFC will never be without the risk of o severe reoction, Th

most relioble monner to diognose o possible peonut-ollergic potient is

combinotion of SPT with severol extrocts, RAST ond o DBPCFC,
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Abstroct

Peonuts ore o mojor couse of food ollergies both in children ond odul
which con induce on onophyloctic shock, The identificotion ond choro<
terizotion of mojor peonut ollergens will be of importonce to increose lh
knowledge of the mechonism of food ollergy ond olso contribute to th
improvement of diognostic tests for peonut ollergy,
ln the present study, the plosmo concentrotions ond the binding lo peonr
proteins of peonut protein-specific immunoglobulin of peonut-ollergic (pA
ollergic but not peonut-ollergic (ANPA) ond non-ollergic (NA) individuo
were onolyzed both by immunoblotting techniques ond ELISA,

Only plosmo of PA potients hod lgE ontibodies towords peonut protein, C

these protein bonds, ó were recognized by more thon 50% of the plosm
somples with moleculor weights of opproximotely 44, 40, 33,21, 20 ond I

kD whereos to the lost 3 protein bonds more thon 70% of the pA potien'
hod lgE, The binding of peonut protein-specific lgA, lgM, lgG ond lg{
subclosses showed o more diverse recognition pottern of peonut-protei
bonds in the PA group compored to the ANPA ond NA group, ln the plor
mo concentrotions of peonut protein-specific immunoglobulins of th
vqrious closses, except lgE, no differences were found between the pl
ANPA ond NA group.
From the present study we conclude thot peonuts contoin multiple olle
gens, The recognition of peonui proteins by immunoglobulins is mor
diverse in PA individuols compored to ANPA or NA individuols which is nc
substontioted in the concentrotions of peonut-specific immunoglobulins i

plosmo,
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Introduclion

ïhe occurrence of food ollergies is estimoted between in l-l0o/o of the
western populotion (1,2), especiolly in young children (3), Allergic reoc-
tions to foods involve the gostrointestinql troct (nouseo, vomiting ond dior-
rhoeo), the skin (hives ond ongiodemo), ond the circulotory system
(hypotension ond ultimotely systemic onophyloxis) (4),

Peonuts, olong with milk ond eggs, occount for opproximotery Boo/o of
ollergic reoctions to foods in potients with otopic dermotitis (s, ó), Fotol
onophyloctic reoctions induced by peonuts ore not uncommon (7),
Allergic reoctions to peonuts tend to persist for life, in controst to foods like
milk, eggs ond soy, lf children younger thon 3 yeors with o positive food
chollenge for milk or egg ore tested ogoin l-7 yeors loIer,44o/o is negotive,
whereos the positive responses to peonut still exist in the mojority of the
children (3), Severol food ollergens hove been identified thot induce lgE-
medioted disorders in humons, such os cod fish (8), shrimp (g-l l) hen's egg
(12, 13), cow's milk (14, l5), soybeon (ló) ond peonul (17-22), Despife its
nqme, peonut is nof o nut, but on oil-legume (23), consisting of obout 44"/.
Io 56"/" oil ond 22"/" to 30% protein, Peonut proteins con be divided into ihe
olbumins, ond the storoge proteins orochin ond conorochin which com-
prise oboul 877" of the totol protein content (24), Sochs et ol, described the
first mojor ollergen in peonuts, designoted peonut-|, which existed of two
mojor bonds with moleculor weights of opproximotely 20-30 kD (17),
Bornett et ol, demonstroted lgE-binding to o conconovoline A-reoctive
glycoprotein of opproximotely ó5 kD ond ihot the ollergenicity of peonuf is

spreod through both orochin ond conorochin, Roosting does not seem to
offect the ollergenicity (18, l9), Burks et ol, identified two mojor ollergens,
Aro h I (20) ond Aro h ll (21), with motecutor weights of ó3,s ond l7 kD,
respectively, Whether eilher Peonut-l or the conconovoline A-reoctive
glycoprotein ond Aro h I or Aro h ll ore the some protein bonds is unknown,
The identificqtion ond chorocterizotion of ollergens is essentiol for the
understonding of the specific lgE-medioted immune response (2s), More-
over, this identificotion could contribute to the improvement of diognostic
tests for peonut ollergy.
ln o previous study we showed thot the T cell recognition by cpE-specific T

cell clones from o peonut ollergic donor is diverse (2ó), ln this study, we
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investigoted the recognition of peonut proteins by immunoglobulins in il
plosmo of peonut ollergic potients (PA) compored to ollergic, but n
peonut ollergic (ANPA) ond non-ollergic (NA) individuols, For this, plosn
somples from PA, ANPA, ond NA subjects were onolyzed by immuno-
blotting ond enzyme-linked immuno-sorbent ossoy (ELISA) for the presen(
of peonut specific lgA, lgE, lgG, lgM ond lgG subclosses ontibodies,

Moteriols ond melhods

Subjects
The PA group consisted of l4 individuols with o peonut ollergy os indicote
by clinicol symptoms, o positive skin-prick-test (SPT) ond o positive rodi
ollergo-sorbent test (RAST) score to peonut proteins, The ANPA gror
consisted of 9 individuols with o positive SPT, RAST ond clinicol symptoms
of leosi 2 of 7 tested common ollergens: olternorio, birch, bird, cot, do
gross ond house dust mite, Their SPT ond RAST to peonuts were negotiv
The NA group consisted of l0 individuols with no history of ollergy ond wi
o negotive RAST ond SPT to the obove mentioned ollergens, Subjecl
chorocteristics ore summorized in Toble L
Plosmo wos collected ofter centrifugotion of heporinized venous blood ,

3009 for l0 min of room temperoture, The plosmo wos kept of -200C ur
used,

Crude peonut protein (CPE) preporotion
Peonut proteins were extrocted from row, unshelled peonuts of the Runn
Jumbo 38/42 voriety (von Zijl, Hilversum, The Netherlonds) os describe
previously (27),

SDS-Polyocrylomide Gel Electrophoresis (SDS-PAGE)

SDS-PAGE wos performed essentiolly occording to Loemmli (28) using tr,ru

types of prepocked gels, 12'/" (2 wells prep comb, Bio-Rod Loborotorie
Richmond, CA) ond 15"/o (10 wells, Bio-Rod) Tris-HCl gels, Prior to loodinr
protein somples were reduced in extroction buffer, consisting of l"/" (wl'
dithiotreitol (DTT), ó3 mM Tris-HCl, 2"/" (w/v) sodiumdodecylsulphote (SOS

0,01% (w/v) bromophenol blue, 2O'/" (v/v) glycerol, pH ó,8, ot 1000C for 1
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min, The 12o/" gel wos looded with 50 pllwetl CPE (S mg/ml) ond the
15o/" gel with l0 pllwell, Pre-stoined moleculor weight morkers
(14,3-200 kD, Bio-Rod) were used os o reference, Electrophoresis
wos performed in 0,025 M Tris-HCl, 0,192 M glycine ond 0,1"/o SDS
using o Bio-Rod Mini Proteon ll system (15 min ot 80 V, followed by
I h of ló0 v). lf not used for immunoblotting, gels were stoined
with Coomossie brilliont blue R-250,

Toble l: Chorocteristics of the PA, ANPA ond NA subjects.

PA ANPA

n 14 9 l0
Meon oge (yeors) 30,ó 29 32,3
Sex (M/F) 3/l I 2lt 2lA
Totol lgE (lU/ml) 2334!4792 462t528 102t148
SPT' positive positive negotive
RAST' positive positive negotive
SPT2 positive negotive negotive
RAST2 positive negotive negotive

r: 
SPT/RAST totol,2: SPT/RAST peonut specific

lmmunoblotting
After seporotion of cPE by sDS-PAGE, proteins were tronsferred to polyvinyl-
idenedifluoride membrqne (PVDF-membrone, lmmobilon-p Tronsfer mem-
brone, Millipore Corporotion, Bedford, MA) essentiolly occording to Towbin
et ol, (29). Blotting wos performed for I h ot 100 V using o Mini Trons-Blot
system ond Power supply Bio-Rod, After blotting, remoining binding sites
were blocked for L5 h with 3% milkpowder (protifor, Nutricio, The Nether-
londs) in TBS buffer (50 mM Tris-HCl, 

-l50 
mM NoCl, pH=7.4). Subsequenfly

the PVDF-membrones were cut in either 2 (for the j2% gel) or l0 (for ihe
'15% gel) identicol strips, The strips were incuboted overnight with plosmo
I : I 0 (v/v) for l5% gel blots; 1:25 (v lv) for 12o/o gel blots ot room temperoture
on o rocking focility,
For the detection of cPE-specific lgA, lgE, lgM, lgG ond lgG subclosses, the
12o/" gel blots were ploced in o Mini-proteon ll Multi screen (Bio-Rod) con-
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ioining 20 lones which were used to incubote the blot with vorior
monoclonol ontibodies, Peroxidose (PO)-conjugoted robbit-onti-humol
lgA, -lgE, -lgM ond -lgG (DAKO, Glostrup, Denmork) were used ot
concenfrqtion of l:1000 (v/v) with exception of lgG which wos used ot
concentrotion of 1:500 (v/v), ïo detect lgG-subclosses, mouse-onti-humol
lgGl, )9G2, -lgG3 ond -lgG4 (The Centrol Loborotory for Blood Tronsfusic

Services, Amsterdom, The Netherlonds) were used of o concentrotion r

I :l O0O (v/v), After incubotion of 370C for 2 h the lones of the block contoil
ing onti-lgG-subcloss ontibodies, were woshed ond incuboted for onothr
hour with PO-conjugoted robbit-onti-mouse-lgG ontibodies (DAKC

Subsequently, ihe blots were woshed thoroughly ond developed f(

peroxidose octivity using chloronofto/DAB stoining,
To determine in more detoil the lgE binding in the plosmo of PA subjecl
the 157" gels were used, The blots were incuboted ond stoined (

described obove,
Specific binding to CPE on immunoblot wos onolyzed with o computr
progromme (Diversity OneTM Vl,l; IDF lnc,, Huntington Stotion, NY) wil
which the blots were sconned ond stoined proteins, indicoting specifi
binding, were detected,

CPE-specific ELISA

A CPE-specific ELISA wos performed with 9ó-well plotes (Moxisorp, NUN(
Roskilde, Denmork) cooted with CPE (l mg/ml, 100 pllwell) in 0,1 M sodiur
corbonote buffer, pH 9,ó, overnight of 40C, After incubotion for I h of 370r

with plosmo, binding of CPE-specific immunoglobulins wos detected wil
the obove described ontibodies, PO-conjugoted ontibodies directe
ogoinst lgA, lgM ond lgG were used ot o dllution of l:2000, while on1

bodies ogoinst the lgG-subclosses were diluted I :1000, For the detection <

the lgG subclosses the secondory ontibodies, robbit-onti-mouse-lgG-pr
conjugoted (l:1000) wos used, Bound PO-conjugoted ontibodies wer
detected using 3,3',5,5'-tetromethyl-benzidine (TMB) os substrote on
obsorbonce wos meosured of 450 nm, One orbitrory unit wos defined c

the omount of CPE-specific ontibodies present in I ml of on opproprlot
dilution of pooled plosmo, This pooled plosmo consisted of plosmo of c

subjects used in this study, The storting dilutions were os follows: for lgA l:l(
for lgM 1:20, for lgG 1:200, for lgGì 1:2O, for lgG2 ì :20, tor tgG3 1:10 ond fc

lgG4 I:10,
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P,{

Stotislicol onolysis
stotisticol onolysis wos performed by students' f-test toking pco,05 os level
of significonce,

Results

lmmunoblotting onolysis of peonut prolein-specific immunoglobulin-
binding
Peonut-specific immunoglobulin-binding wos exomined using immunoblot-
ting methodology with both individuol ond pooled sero of peonut-ollergic
(PA), ollergic but not peonut-ollergic (ANPA) or non-ollergic (NA) subjects,
Figure I shows the binding of lgA, tgE, lgM, lgG ond lgG-subclosses to cpE
on immunoblois ofter incubotion with pooled plosmo of the 3 groups,

¡\N[]Å

1i6lS ì.1!trls

Figure l: Recognition of cPE-specific ontibodies in pooled plosmo from the pA,
ANPA or NA group.
Lone l: lgM; lone 2:lgE; lone 3: lgG; lone 4: lgGl; lone S: lgG2; lone ó:
lgG3; lone 7: lgG[ ond lone B: lgA,
wesfern blots were incuboted overnight with pooled plosmo (l:2s v/v),
Subsequently, CPE-specific ontibodies were detected with Antibodies
ogoinst lgA, tgE, tgM, lgG ond tgG subctosses,
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As expected, this figure shows thot CPE contoins multiple binding sites f
oll exomined ontibodies of the lgA, lgM, lgG closses ond lgG-subclosse
However, CPE-specific lgE could exclusively be detected in the sero of F

subjects,
Using the immunoblots incuboted with pooled plosmo, the diversity of lr

binding proteins of the 3 groups were determined by counting the numb
of recognized proteins using the Diversity One computer progromm
Except for lgM, the most diverse binding wos found in the PA group os
shown in Figure 2, The ANPA ond NA group showed o comporoble diversi
in recognition of CPE by oll lg ond lgG-subclosses (except lgE), W¡

respect to lgM-binding, o more diverse binding to the vorious peon
proteins wos observed in the ANPA ond NA groups compored to the F

group, ln the binding pottern of lgG l no significont differences wet
observed between the groups,

Ipa

W ¡Hpn

7* Nn

lgG2

lgGS

lgG4

0 3 6 I 12 15 18

Number of bands detected

Figure 2: Number of lg-binding proteins detecÌed using pooled plcsmo sompl<
of the PA, ANPA or NA group os estimoted using the Diversity Or
computer progromme,
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coomossie brilliont blue stoining of the proteins ofter SDS-PAGE demon-
stroted l4 bonds in cPE with moleculor weights ronging from obout lo to
70 kD (Figure 3), ln generol, immunoblotting demonstroted o similor protein
potfern os Coomossie brilliont blue gel stoining, olthough some odditionol
protein bonds could be discovered, As is shown by incuboting the immu-
noblot with on individuol plosmo (Lone 3) ond pooled plosmo of the pA
group (Lone 4), not oll proteins present in the cPE were recognized, lgE-
specific binding to the l4 peonut proteins visible on the SDS-PAGE gel wos
investigoied by immunoblotting onolysis using the individuol plosmo som-
ples of oll l4 PA potients,

ffiir¡iã
ffiK
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Figure 3: Detection of cPE-specific lgE in plosmo of the pA subjects,
Lone l: Coomossie brilliont blue stoining of moleculor weight morkers,
Lone 2: Coomossie brilliont btue stoining of CpE (10 pg of o S mgiml
solution),
Lone 3: Detection of CPE-specific lgE on immunoblot of CPE incuboted
overnight with individuol plosmo (l :10 v/v diluted) of donor R,

Lone 4: Detection of CPE-specific lgE on immunoblot incuboted over-
night with pooted ptosmo of the pA group (l: lO v/v dituted),
Lone 5: controle immunoblot which wos not incuboted wilh plosmo,
otherwise following the some procedure,

ln Figure 4 the percentoge of plosmo somples of the pA individuols con-
toining lgE to the deiected proteins is presented bqsed on the onolysis of
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the vorious immunoblots by the Diversity One computer progromme, lg
binding occuned to olmost oll peonut proteins, olthough the highe
percentoge of lgE-binding wos found for ó peonut protein bonds thot we
designoted protein bond number 3,4,6,10, I I ond 12, The estimoted mc

eculor weights of these proteins ore 44,40, 33, 21, 20 ond l8 kD, The lost
proteins were recognized by specific lgE in more thon 70olo of the inve

tigoted plosmo somples, Remorkobly, one higher locoted protein bond
opproximotely 23 kD, which is cleorly present on SDS-PAGE (Figure 3), d
not bind ony lgE,

As the electrophoretic onolysis followed by immunoblotting were corrie

out under reduced conditions, it is not possible io indicote if these proteir

ore octuol individuol proteins or subunits derived from higher molecul
weight proteins, The identity of these protein bonds wos not further inves
goted,
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11 (20)

12 (18)

13 (16)

14 (14)

Percentage of reactive plasma

Figure 4: Percentoge of plosmo somples of the PA individuols showing specif
lgE binding to the different proteins of CPE,

The CPE-specific binding of non-lgE immunoglobulins to the 3 moin olle
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gens wos determined using individuol plosmo of oll subjects (Figure 5), No
significont differences could be observed between the percentoges of
positive sero with lgA ond lgM, Approximotely 9oo/o of the plosmo somples
of the PA ond ANPA subjects contoined lgG which recognized these 3
moin ollergens, ond only ó0% of the NA subjects, This higher percentoge in
the PA ond ANPA group is due to the increosed recognition of these oller-
gens by lgG2 ond lgG4 ontibodies compored to the NA group,

Ipn
W l¡¡pn

7- nn

lgG2

lgGS

lgG4

Percentage of reactive piasma

Figure 5: Percentoge of plosmo somples of The pA, ANPA ond NA subjects con-
toining lgs specific for the 3 mojor ollergens,

Anolysis of peonul prolein-specific qntibodies by ELIsA methodology
To oppreciote the obove described immunoblotting onolysis in o more
quontiiotive monner, ELISA's were developed for the meosurement of CpE-
specific immunoglobulins in the plosmo of oll subjects ond expressed os
orbitrory units (Toble 2), Stotisticol onolysis showed no significont differences
between the 3 groups, lgG oppeors to be elevoted in the pA group, which
is mostly due to the elevoted levels of lgGl ond lgG4, but o lorge voriotion
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in plosmo-CPE-specific lgG between the different subjects wos meosurel
Especiolly the levels of CPE-specific lgG4 voried strongly in oll 3 groups,
some plosmo somples lgG4 wos present of o concentrotion little obove th

detection limit while other plosmo somples contoined opproximotely ì0,0(
units of CPE-specific lgG4,

ToblE 2: Meon levels (t stondord deviotion) of CPE-specific immunoglobulins
plosmo of potients ond controls expressed os orbitrory units,

PA ANPA NA

lgA 1243
lgM ló33
lgG 8763
lgGì 2787
tgG2 999

lgG3 1127

lgG4 3450

c3r3)
(772)

(r 0r ó2)
(1470)
(1270)
(ó07)

(r 04r 8)

r497 (1338)

ró45 (833)

3850 (1408)

1923 (801)

999 (ó82)

1849 (r20ó)

844 0900)

ró32 (r0ó9)
1340 (89ó)

5395 (4282)

4642 (3825)

2486 (5141)

r043 (434)

ró34 (3485)

Discussion

The present study shows thot the vorious proteins present in peonut conto
multiple ollergens, which ore recognized by more thon 50o/o of PA subjecl
Moreover, 3 protein bonds with o moleculor weight of opproximotely 18-2

kD were recognized by plosmo-lgE of more thon 70olo of our PA subject
Considering the moleculor weights of these proteins of 18-21 kD, one <

these protein bonds, probobly the l8 kD protein, might be similor to th
previously designoted Aro h ll with o moleculor weight of 17 kD (

described by Burks (21), As the N-terminol omino ocid sequence of Aro h
is not known, no ottempts were mode to further identify our 18-21 k
proteins, The other peonut-ollergen described by Burks et ol (20), Aro h
wos not found to be o mojor ollergen for our populotion of potients,
A recent study by Hefle ol ol, (22) demonstroted not only lgE-binding to s
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proteins between l5 ond 25 kD, which is comporoble to the moleculor
weights of the here described mojor ollergens, but olso skin tesi reoctivity in
l2 peonut-ollergic potients, This could indicote thot these proteins ploy o
mojor role in the ollergenicity of peonuts, But, os this study shows, olso other
proteins in peonuts do contoin lgE binding sites, The multiplicity of peonut
ollergens, os shown by Hefle et ol, (22), is confirmed by severol studies on
peonut ollergens (17-22). But, os this study shows, olso other proteins in
peonuts contoin lgE binding sites,

Differences in the recognition pottern of peonut ollergens observed in o
number of studies, con be exploined in different woys, Firsfly, since neither
the peonuts were obtoined from the some voriety nor their extrocts
prepored with o stondordized method, differences in protein composition
of the extrocts will hove occurred (30). Secondly, diverse food hobits
between populotions, for insionce o high peonut consumption in the usA
compored to other countries (30, 23), ond consumption of different peonut
vorieties could leod to differences in recognitions potterns of the different
peonut proteins by the vorious immunoglobulins investigoied, Thirdly, the
genetic bockground of peonut-ollergic individuols from vqrious ports of the
world, could olso ploy o role in the development of specific ontibodies to
on ontigen, Most studies on peonut ollergy hove either been performed in
the USA (17,20-22) or in Austrolio (18, lg) whereos the present study wos
conducted in The Netherlonds, this is onother foctor contributing to some
differences.
ln the plosmo of ANPA ond NA subjecrs, rgA, rgG ond lgM ogoinst the 3
moin ollergens ond to other protein bonds in cpE could olso be detected,
Anolyzing the number of immuno-reoctive peonut proteins in pooled serum
of eoch group, the most diverse recognition pottern of the protein bonds in
oll immunoglobulin-closses wos found in the pA group, olthough no differ-
ences were found in the quontitotive onolysis of CPE-specific ontibodies in
the plosmo of the 3 groups, For severol respirotory ollergens o higher level
of lgG, especiolly of the lgG4 subcloss, hos been detected in lhe sero of
ollergic individuols compored to non-ollergic individuols (32, 33), However,
this hos not been found for cot ollergen ond it hos been suggested thot
the presence of specific lgG4 in sero of non-ollergic individuols is o result of
high exposure (34), Severol studies investigoted the role of food-specific
lgG ond tgG subcloss ontibodies in food-ollergic potients both in children
(35-37) ond odults (39-41), Both in children os in odults o higher level of
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food-specific lgG4 wos found (3ó-41) olthough lhis hos been controdicte
by others (35). Moreover, in children who become toleront to cow's mi
the cosein-specific lgGl ond lgG4 ontibodies diminished (37), ln our stuc
we did not find o significont higher concentrotion of peonut-specific lgG
lgG4 in plosmo of PA ollergic individuqls, Although the meon concentroti<
of both lgG ond lgG4 wos increosed, there wos o wide voriotion in tl
concentrotion of the immunoglobulins between potients, resulting in o hil
stondord deviotion, ln some of the sero of oll groups, we could detect or
very low concentrotions of peonut-specific lgG4,
No significont differences were observed in peonut protein-specific lç

levels in the PA group compored to the ANPA ond NA groups, lt hos be<

suggested thot lgA possesses o protective entity for the development
food ollergy ond therefore, would be enhonced in ollergic individuc
Specific lgA ontibodies bind to the specific ontigen in the gut lume
thereby preventing obsorption of the ontigen ond moking the ontig<
ovoiloble for digestion by introluminol proteolytic enzymes, During the eo
doys of life, the humon intestines ore unoble to produce lgA ond the chi
hos to depend on mother's milk os sole lgA-source for the protecti<

ogoinst oll kinds of virol ond bocleriol infections (41,42), Sovilohti et ol, (4
showed thot mothers of breost-fed children who developed cow's m
ollergy hod o lower level of colostrql lgA compored to mothers of no
ollergic children indicoting on importont role for colostrol lgA, Since in se

of the children no differences were observed, on orgon-specific role for lç
moy be involved, However, this hos been controdicted by Folth-Mognr
son (44) who did not find o difference in food-specific lgA or lgG in tl
colostrum of mothers of otopic ond non-otopic children, Our study in odu
olso did not show ony difference in specific lgA concentrotions in sero
ollergic potients,
From the results of this study it con be concluded thot peonut protei
consist of vorious protein bonds which express multiple ollergens, A tot
number of ó protein bonds showed binding to plosmo-lgE in more thon 5C

of our PA potients, whereos to 3 proteins of l8-21 kD, plosmo lgE-bindir
wos observed for more thon 70% of the PA potients, The recognition
peonut proteins by plosmo lg ond lgG subclosses wos very diverse
plosmo somples of PA individuols ond more restricted in plosmo somples
ANPA ond NA individuols, This more diverse recognition pottern in F

potients did not leod to increosed levels of peonut protein-specific imm
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noglobulins of the vorious investigoted closses, olthough lgE wos only found
in plosmo somples of the PA potients,
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Abslrocl

lncreoslng evidence indicotes o prominent role of ollergen-specific Tl^

cells with high lL-4 ond lL-S production ond low lFNl production, in th
regulotion of lgE ond eosinophil production in ollergic disorders, Howeve
most of these studies hove concentroted on T cells reoctive with inholotic
ollergens, whereos little is still known obout the properties of food-ollerger
reqctive T cells,

ln the present study, we therefore chorocterized peonut-specific T cell
cloned from o severe peonut ollergic potient,
Peripherol blood mononucleor cells (PBMC) from peonut-ollergic ond nor

ollergic individuols were stimuloted with crude peonut extroct (CPE) t
compore the proliferotive responses ond to select o suitoble potient for th
cloning of CPE-specific T cells, The resultont ponel of CPE-reoctive T lyn
phocyte clones wos serologicolly phenotyped by flowcytometry ond on<

lyzed for cytokine secretion by ELISA,

The potients' PBMC showed o dose-dependent proliferotive response I
CPE which wos significontly higher (p<0,05) thon in PBMC of non-ollergi
donors, The CPE-specific TLC generoted from the selected potient were c

CDA+I CD8- T helper cells with o Th2 cytokine profile, secreting hig
omounts of lL-4 ond lL-5, but little or no lFN1,

This study demonstrotes thot peonut-specific T cells do occur in the peri¡
herol blood of peonut-ollergic potients ond suggests on increosed frequer
cy of these T cells in potients, os compored to non-ollergic control individr
ols, The CD4+ phenotype ond the Th2 cytokine profile of the CPE-specifi
TLC suggest o functionol role of ollergen-specific Th2 cells in the pothophr
siology of food ollergy, similor to the function of inholotion ollergen-specifi
Th2 cells,
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lnlroduclion

Food ollergies occur in l-.l0% of the Western populotion (j,2), especiolly in
young children (3), Most common food ollergens qre proteins in cow,s milk,
hen's egg, peonut ond soy beon (4) which moy induce o type I food
ollergic reoction in sensitized individuols, chorocteristicolly ossocioted with
high serum levels of specific immunoglobulin E (lgE) (s) ond eosinophilio (ó,
7), so for, litfle is known obout the mechonism underlying the development
of o type I food ollergy,
For ollergy to inholotion ollergens, like house dust mites (HDM), vorious
pollen ond domestic onimols, severol studies reveoled thot ollergen-
specific T cells generoted from peripherol blood (g-l l) or skin (12, l3) of
otopic donors ore Th2 cells producing high levels of interleukin-4 (lL-4) ond
lL-5 but little or no interferonl (lFN1), lL-4 ploys on importont role in the
regulotion of production of lgE ontibodies, both in-vitro (14-lg) ond in-vivo
(19), by inducing on isotype switch to tgE in B ceils (14, 17,18), This tL-4-
induced isotype switch is inhibited by lFNl eO-22). Consequenfly ollergen_
specific Th2 cells from otopic donors ore efficient helper cells for lgE
synthesis (9' 23-25)' lL-5 hos been shown to induce eosinophil proliferotion
ond octivolion (26,27), Eosinophils ploy o role in the lote phose ollergic
reoction cousing tissue domoge by toxic mediotors releosed by degronulo-
tion (28,29).
some clinicol symptoms of food ollergy such os the orol ollergy syndrome
(OAS) (30) ond the gostro-intestinol problems (31) oppeqr to be relqted to
ollergen uptoke in the digestive troct ond therefore to be confined to this
type of ollergy, other clinicol monifesiotions, however, ore very similor to
those seen in inholqtion ollergy, i,e, otopic dermqtitis, osthmo, onophyloxis
ond eosinophilio' Becouse of the key role of ollergen-specific T cells in the
pothophysiology of these disorders, we investigoted whether food ollergen-
specific T cells hove properties similor to those of the obove described
inholotion ollergen-specific T ceils, To oddress this question we generoted
ond chorocterized peonut protein-specific T cell clones from o peonut-
ollergic potient, we focussed on peonut ollergy becouse this is q common
food ollergy in odults which is very persistent ond con couse severe
symptoms like onophytoctic shock followed by deoih (32-34). For this study
peonut proteins were extrocted from row, unshelled peonuts, The obtoined
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crude peonut extroct (CPE) wos used to compore peonut-specific T cr

reoctivity in PBMC of non-ollergic (NA) ond peonut-ollergic (PA) individuo
The proliferotive response to peonut ogglutinin (PNA), the noturolly occt
ring lectin in peonuts, wos studied os o porollel control becouse this lect
moy induce mitogenic stimulotion os demonstroted in bovine PBMC (3t

Bosed on this comporotive study one peonut-ollergic potient wos selecte
for the generotion ond chorocterizotion of CPE-specific T cell clones,

Mqleriols ond melhods

Subiects
The non-ollergic control group (NA) consisted of l0 individuols (2 moles,

femoles; meon oge 31,9 110,0 yeors) with no history of ollergy ond nego
ve rodio-ollergo-sorbent-test (RAST) ond skin-prick-test (SPT) scores fr

peonut ollergen ond 7 common other ollergens (gross, cot, dog, olternori,
birch, bird ond house dust mite), The meon totol serum lgE titer wos l(
(t148) lU/ml, The peonut-ollergic group (PA) consisled of 7 potients

mole, ó femoles; meon oge 27.1 x6,7 yeors) with o peonut ollergy os i

dicoted by clinicol symptoms ond positive peonut-specific RAST (>3+) or
SPT scores, Approvol for this study wos obtoined from on independet
Medicol-Ethicol Commitee, An informed consent wos obtoined from <

subjects, Peonut specific T cell clones were generoted from o severe F

subject (NvD), giving strong proliferotive responses to CPE in PBMC, This w<

o ì5-yeor-old girl with o severe peonut ond corionder ollergy cousir
symptoms like the orol ollergy syndrome, osthmo ond onophyloctic shoc
At the time of blood collection,4 weeks ofter o severe onophyloctic shoc
the totol serum lgE level wos 708 lU/ml with high levels of peonut specif
lgE (5+) os determined by RAST,

Peqnul profein exlrqction
Peonut proteins were extrocted from row, unshelled peonuts of the Runn

Jumbo 38142 voriety (von Zijl, Hilversum, The Netherlonds) using o methc
modified from Bornett et ol. (3ó), Briefly, peonuts were ground ond fot w<

extrocted by Soxhlet using petroleum ether of 4O-ó00C, The defotted flo
wos ground ogoin ond suspended in 0,1 M ommoniumbicorbonote. Tl
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suspension wos stirred tor 4 h ond centrifugoted of .l0,0009 
for 30 min ot

40c to remove insoluble compounds, The supernotont wos diolysed over
night ogoinst distilled woter using o 3,s kD cut-off membrone (spectrum
Medicol lndustries, lnc,, Houston, TX), The diolysed extroct, referred to os
crude peonut extroct (cPE), wos lyophilized ond stored of -200 c, The
obioined CPE consisted of opproximotely 90ol. protein qs determined with
the Bio-Rod protein ossoy (Bio-Rod, Munchen, Germony), On SDS-PAGE
with silver stoining, cPE consisted of severol bonds between 70 ond lo kD,
The PNA concentrotion in CPE wos estimoted by intensity of the bonds ot
opproximotely ì%,

Culture medio
The cloning procedure ond proliferotion ossoys were performed in Iscove,s
Modified Dulbecco's Medium (IMDM) (Gibco, poisley, uK) supplemented
with loo/" pooled complement inoctivoted normol humon serum (HS;

Centrol Loborotory Blood Tronsfusion Service (CLB), Amsterdqm, The
Netherlonds) ond gentomycine (50 pg/ml; Flow Loborotories, lrvine, uK),
Epstein Borr-virus (EBV) tronsformed B cells were cultured in IMDM supple-
mented with l0% Fetol Colf Serum (Hyclone, Logon, Utoh) ond gentomyci-
ne (50 pg/ml),

Proliferotion ossqys with PBMC
PBMC were isoloted from heporinized venous blood using density grodient
seporotion on Ficoll-Ploque (Phormocio LKB) essentiolly os described by
Böyum (37), Recovered cells were cultured (2xl05l2oo ¡il) in triplicote ot
370c ond 57o co2for 7 doys in IMDM supplemented with HS in the obsence
or presence of increosing concentrotions of cpE (1, l0, so, l0o, 1s0,200
ond 250 pg/ml) or peonut ogglutinin (pNA; lectin from Arochis Hypogoeo;
l, 10,50 ond 100 pg/ml; sigmo, st, Louis, Mo) in 9ó-weil ftot-bottom culture
plotes (NUNC, Roskilde, Denmork), proliferotion wos meosured using 3H_

thymidine (('u)-fOn) incorporotion, Afler 7 doys, ft)-fOn (0,4 pCi/weil;
Amershom, Aylesbury, UK) wos odded ond the cells were incuboted for
onother l8 h ond then horvested (Horvester 9ó, Tomtec, oronge, usA),
ttH)-ron incorporotion wos meosured using o l4oo Microbeto-counter
(Wolloc, Turku, Finnlond),
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T cell cloning procedure
CPE-specific T cell clones were generoted from heporinized venous bloo
os described previously (25), ln porollel to the obove described prolifer<

tion experiments, identicol triplicote cultures were storted in seperol
culture plotes, lf cultures in the first plote indicoted PNA- or CPE-induced
cell proliferotion on doy 7, cultures in the porollel plote were used for th
generotion of specific T cell clones, ln order to further promote the exponr
on of CPE- or PNA-reoctive, recombinont interleukin-2 (rlL-2; Eurocetu
Amsterdom, The Netherlonds) wos odded to eoch well on doy 7 of o finr

concentrotion of 20 lUiml, After onother 7 doys of culture, cells wer
cloned from the thus formed short-tern CPE-specific T cell lines by limitin
dilution ot I or 0,3 cells/100 p/well in 9ó-well flot-bottom culture plotes on
mitogenic stimulotion with PHA (finol concentrotion 5 pg/ml; Difco, Detroi
Ml), To oll wells 100 ¡rl of o feedermix wos odded consisting of irrodiote
(3000 rod) PBMC of two unreloted donors (eoch ìOó cells/ml) irrodiote
(3000 rod) cells of the Epstein-Borr virus tronsformed B cell line JY (2xl(
cells/ml) ond rll-2 (20 lU/ml) os growth foctor, Approximotely 3 weeks lote
exponded clones were tested for CPE-reoctivity in on ontigen-specifi
proliferotion ossoy performed in IMDM supplemented with HS in duplicot
in 9ó-well flot-bottom culture plotes, To 100 pl T-cell suspension (l05 cells) 5

¡rl irrodioted (3000 rod) freshly isoloted outologous PBMC (2x105) os

source of ontigen presenting cells (APC), ond 50 pl CPE (200 pg/¡¡l) wer
odded, After 48 hours proliferotion wos meosured by (3H)-TdR incorporotio
os described before, Criterio for ontigen specific proliferotion were
minimum of 1000 cpm ond o stimulotion index (Sl) of 5 or more, Sl wos th
meosured cpm in the presence of ontigen divided by the meosured cpr
in the obsence of ontigen, CPE-specific T cell clones were mointoined i

culture by bi-weekly restimulotion with PHA in the presence of the feede
mix os described obove, All experiments were performed on doy l0 off<
restimulotion,

SuÍoce mqrker onolysis of T cell clones
For onolysis of surfoce morker expression by the CPE-specific T cell clone,
the following fluorescein (FITC-) or phycoerythrin (PE)-conjugoted monocl<
nol ontibodies were used: CD3-PE (T3); CD4-FITC (T4); CD8-PE (T8); CD45R/
PÊ (2H4); CD29-PE (484) ond HLA-DR-FITC (13) oll purchosed from Coutte
(Hioleoh. FL), Before lobeling, the T cell clones were seperoted from th
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remoining feedermix cells using Ficoll-Poque os described before for the
isolotion of PBMC, Per experiment, 105 cells were suspended in lo0 pl pBS
(coulter) contoining l% BSA (orgonon Tekniko, Boxtel, The Netherlonds)
ond lobelled with l0 pl undiluted solution of the oppropriote ontibody,
After 30 min of incubotion of 40C the cells were woshed twice by centrifu-
gotion for 5 min ot 2b0g ot 40c ond resuspending the pellet in 2 ml pBS

confoining lolo BSA, The finol pellet wos resuspended in 300 ¡rl pBS contoi-
ning l% BSA, Anolysis wos performed using on Epics Elite flow cytometer
(coulter), Results were expressed os percentoge of positive cells,

Epstein Borr-virus tronsoformolion of outologous B cells
Antigen-specific proliferotion ossoys with T cell clones to obtoin culture
supernotont for the determinotion of cytokine production, were performed
using Epstein-Borr virus (EBV) tronsformed outologous B cells (EBV-B) os
ontigen presenting cells (Apc), For EBV tronsformotion loô pBMc in 5oo pl
IMDM supplemented with l0% FCS ond 4 pg/ml cyclosporin-A were odded
to 500 ¡rl supernotont of o lO-doy-culture of the Mormoset monkey Bg5-g
cell line (38) contoining EBV, ond cultured overnight ot B70c in o 24-well
culture plote (NUNC), cells were woshed 3 times ond resuspended in 2oo pl
IMDM/FCS ond cultured in o 9ó-well flot-bottom culture plote of 370 c ond
5o/o co2 until proliferoting cells were observed by light microscopy, EBV-B
cells were mointoined of o concentrotion of opproximotely l0ó cells/ml in
IMDM with l0o/o FCS,

Cytokine ossoys
Cytokine secretion profiles of the CPE-specific T cell clones were determi-
ned ofter both mitogeneic stimulotion with monoclonol ontibodies ogoinst
CD3 ond CD28 os well os ofter specific stimulotion with CPE in the presen-
ce of APC, For mitogeneic stimulotion, triplicote cultures of 105 cells/well
were stimuloted in o 9ó well flot bottom culture plote with onti-cD3 mono-
clonol ontibody (CLB-lxE; CLB) ond onti-CD2g monoclonol ontibody (CLB-
28/1; cLB) both ot o finot ditution of l:l0oo in o votume of 200 ptlweil in
IMDM with l0% HS' For ontigen-specific stimulotion 105 cells/well in triplicote
cultures were stimuloted in 200 pl IMDM/IO% HS with CPE (finol concentroti-
on 50 pg/ml) in the presence of 2xloa EBV-B/well os Apc. After 3ó h the
culture plotes were centrifugoted of 3009 for lo min of room temperoture,
Supernotonts from the triplicote cultures were collected, pooled ond stored
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of -200 C until determinotion of the cytokine concentrotion,
Both lFNl ond lL-4 secretion were meosured using ELISA kits from Gibc
ond CLB, respectively ond lL-5 using on ELISA os described before (39),

Stqlisticol onolysis
Stotisticol onolysis wos performed by creoting o orfhogenole polynom
with o lineor, squore ond cubic component, These polynomes wer
creoted for the proliferotive response to ioncreosing omounis of CPE (

every subject, The meon polynomes of the PA ond NA group were teste
for stotisticol significont differences using o Students' f-test toking p<0,05 <

level of significonce,

Resulls

Peonul specific ptolifetolion in PBMC of peonut ollergic ond non-ollergi
donors.
A cleor dose-dependent proliferotive response wos meosured upc
exposure of PBMC of peonut-ollergic potients (PA; n=7) to CPE of 991
(tó834) cpm in the presence of 250 pg/ml CPE (915 t8ló without CPE

whereos PBMC of non-ollergic control individuols (NA; n=l0) showe
onlyvery weok responses to CPE of 393 (t329) cpm in the presence of 2€

pg/ml CPE (ló3 tl83 without CPE), ln Figure I these doto ore expressed c

stimulotion index (Sl) which represents the meosured cpm in the presenc
of CPE divided by the meosured cpm in the obsence of CPE,

Responses in PBMC of ihe PA group were significontly higher (p<0,05) tho
in PBMC of the NA group from CPE concentrotion of 50 pg/ml, PNA, th
noturolly occuring lectin in peonuts, induced only very weok responses i

PBMC of both groups, The responses were not significontly different b<

tween the two groups (Figure l),
Afier the demonstrotion of CPE-specific T cells reoctiviiy in PBMC of th
peonut-ollergic potients, CPE-specific T cell clones were generoted fror
one of the peonut-ollergic potients, NvD, selected for showing o relotive
strong PBMC response reoching o ploteou level of 5317 cpm in the preser
ce of 150 pg/ml CPE (444 cpm without CPE), Also in PBMC of th
potient stimulotion with purified PNA induced only o weok proliferotiv
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Figute l: Proliferotive response of PBMC from peonut-ollergic (pA; n=7) ond
non-ollergic donors (NA; n=10), A) lo peonut proTeins (CpE) o¡6 g¡ 1o
PNA,

Proliferotion of PBMC (2xl05 cells/well) wos determined by meosuring
(tl)-fOn incorporotion ofter 7 doys of incubotion in the obsence or
presence of increosing omounts of CpE or pNA.

Results ore expressed os meon stimulotion index (Sl) t SEM,

CPE-specific T cell clones
From o CPE-reoctive T cell line obtoined by stimulotion of pBMC of this
potient with 150 pg/ml cPE for 14 doys, 49 T cell clones were
generoted, Testing this ponel of T cell clones for cpE-specifi-
city, l0 clones proved to be reoctive, which were designoted
GBIOI, GBI02, GBI05, GBIOó, GBIO7, GBIO8, GBIO9, GBIIO, GBIII ONd
GBI l4 (Figure 2), These l0 clones were further studied for their
expression of certoin surfoce morkers by flow cytometry ond for
their cytokine secretion profile by ELISA,

SuÍqce morker expression by CpE-specific T cell clones.
The surfoce morker phenotype of the l0 cpE specific T clones, wos deter-
mined by flow cytometric onolysis lO doys ofter resiimulotion with feeder-
mix, All T cell clones expressed o typicol phenotype of octivoted memory
Th cells: cD3*, cù4*, cDB-, CD45RA-, cD2g., HLA-DR., The percentoge of
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octivoted cells, expressing HLA-DR voried strongly (.l0 to 100%) betwe<
the different clones,
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Figure 2: CPE-specific proliferotive responses of T cell clones from peont
ollergic potient NvD, Cloned cells (105 cells/well) were cultured w
105 3000 rod inidioted outologous PBMC os APC in the obsence
presence of 50 pg/ml, Proliferotion wos meosured ofter 48 h of inc
boiion using (3H)-TdR incorporotion,
The bors express meon volues t SEM of triplicote cultures, whereos tl
stimuloÏion index is given on top of the bors,

Th2 cytokine secrelion prof¡le of CPE-specific T cell clones.
Cytokine secretion of ihe CPE-specific T cell clones wos meosured in 3ó

supernotonts ofter stimulotion of I 05 cells with either o combinotion of on
CD3 ond onti-CD28 or CPE in the presence of APC, Reoctivity of the clon
to these different modes of stimulotion wos confirmed by (tU)-lOp incorp
rotion in identicol porollel cultures, As is shown in Figure 3, the CPE-reoctir
ï cell clones secreted high levels of lL-A ond lL-5 ond little
no lFNl ofter strong mitogenic stimulotion indicoting o Th2 pr
file, Stimulotion with CPE showed o similor profile only low
concentrotions of the secreted cytokines were meosured, lL-A w,
produced of concentrotion of 200 to 500 pg/ml, lL-5 wos produce
of o non-detectoble concentrotion (200 pg/ml) to ó00 pg/ml or
lFNl wos produced less then 20 to 450 pg/ml, The cytokine produ
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tion wos compored to the prevoiusly
HDM-specific T cell clones with o Thl
Ih2 (MBB,AAóO) phenotype meosured
condition (40),

described, well chorcterized
(MBE,AA4O ond MBE,AA42) or
under identicol experimentol
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Figure 3: cytokine secretion by cPE-specific T cell clones, clone cells were
stimuloted (105 cells/wett) for 3ó h with onti-CD3 ptus onti-CD2B (both
l:1000 finol dilution) ofter which the cytokine concentrotions in the cul-
ture supernotonts were meosured by ELlsA, secretion levels were
compored to those of well-chorocterized oeroollergen-specific Th1
(MBA.AA4O ond MBE,AA42) ond Th2 (MBB,AAóO) ctones tested identi_
colly,
Delection levels: lFNl 20 pg/mt, lL-A:2,4 pg/mt, tL-S: 2,S n9/ml,
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Discussion

The present study shows thot PBMC of peonut-ollergic potients horbour pt

onut protein-responsive T cells, which upon cloning oppeored io be Tl'

cells producing high levels of lL-4 ond lL-S but little or no lFN1,

The proliferotive responses of PBMC of peonut-ollergic potien
io CPE were significontly higher thon those of non-ollerg
individuols, This phenomenon hos been described previously fr

inholotion (25, 41, 42) ond food-induced intoleronces (43-45) on

this could indicote o higher frequency of responsive T cells, Tl'

hos been controdicted by others (46, 47). Recently Dorion et (

(47) showed no difference between peonut ollergic, osthmotic on

non-ollergic potients in response to Aro h ll, o mojor peonut ollerge

which hos been identified by immunoblotting techniques using potienl
sero (48), This difference in response could be due to the omount r

consumption of peonuts which is much higher in the Americon populotic
compored to the Dutch populotion, Another explonotion could be tl"

foct thot the lymphocyte stimuloiion studies of Dorion et ol, were perfc

med in medium without serum while we used medium supplemented wi1

ì0% pooled HS, This serum could contoin certoin foctors which could inhih

or fovour the outgrowth of certoin cells, Also Higgins et ol, (49) studied tt'
proliferoiive response to peonut proteins of peonut ollergic ond not

ollergic individuols, They found o good response in non-ollergic individuc
os well olthough this response tended to be lower thon fhe responr

observer in peonut-ollergic individuols ond higher concentrotion of peonl

extroct (up to 400 pg/ml) were needed. lt could very well be thot if w
hod used higher concentrotions of our extroct we would hove found
response,
It should be mentioned, however, thot some peonut-ollergic potien
whose PBMC showed no significont proliferotive response to CPE wet
excluded from this comporotive study, The non-responsiveness of this sm<

subgroup of potients could be o result of their peonut-free diet resulting
o very low frequency of reoctive T cells in peripherol blood (50), Anoth,
possible explonotion is thot these potients selectively respond to nor

soluble peonut compounds or to ollergens smoller thon 3,5 kD, which bo'
ore not present in our CPE preporotion,
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Although PNA, the noturolly occuning lectin in peonuts, con induce strong
proliferotive responses in bovine PBMC by meons of ogglutinotion (35), it
induced o slight increose in (3H)-TdR incorporotion in humon PBMC, both of
peonut-ollergic ond non-ollergic control individuols. This weok PNA-|nduced
proliferotive response con not occount for the specific CpE-induced
response in the potients' PBMC, becouse cPE used in this study contoined
only obout 1o/o of PNA (doto not shown), lndeed, compored to the prolife-
rotion induced by I or even l0 pg/ml of PNA, 150 pg/ml of cpE induced o
significontly higher proliferotion (p < 0.05), Moreover, if the proliferotive
response induced by cPE wos coused by the mitogenic octivity of pNA, o
similorly high proliferotive response should olso hove been observed in
PBMC of non-ollergic individuols, However, it con not be excluded thot
ogglutinotion of the PBMC by PNA focititoted the cpE-specific T ceil
response to some extend,
The l0 cPE-specific T cell clones generoted from potient NvD, with o strong
PBMC response to cPE, oll expressed the chorqcteristic phenotype of
octivoted T helper cells, i,e. CD3*, CDA*, CD8-, CD2g., CD4SRA", No CpE-
specific cD8+ T cells were cloned olthough opproximotely l0% of the
obtoined non-cPE-specific T cell clones were cDB*, The strong differences
in HLA-DR expression tested for oll clones in porollel, of the some time poini
in the restimulotion cycle, suggest thot the ponel comprises of different
cPE-specific T cell clones, olthough future experiments on their protein-
specificity ond HlA-restriction of ontigen recognition will provide more
definite doto on this motter,
Upon strong mitogenic stimulotion with onti-CD3 plus onti-28 monoclonol
ontibodies, oll cPE-specific T cell clones produced consideroble to high
levels of lL-A ond lL-5 but little or no lFN1, indicoting o Th2 cytokine pro¡le
(24) os hos been observed by Higgins et ol, (49) os well, Antigen specific
stimulotions with 50 ¡rg/ml CPE ond outologous Epstein Borr virus tronsfor-
med B cells os APC, resulted in the some cytokine profile but in lower
obsolute concentrotions, some of the cpE-specific T cell clones produced
detectoble omounts of lFNf (20-500 pg/ml), but compored to lFNl
production by the well-chorocterized HDM-reoctive Thl clones (MBE,AA4O
ond MBE,AAA2) lhe concentrotions ore very low, Compored lo o HDM-
specific Th2 clone, MBB,AAóO, tested under identicol experimentol con-
ditions, ond to observotions of others with severol inholotion ollergen-
specific T cell clones (8-13, 25), the CPE-specific T cell clones produced lL-4
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within o similor concentrotion ronge, lL-5 wos not detectoble in the supe
notont of 2 clones ofter stimulotion with cPE olthough these clones or
copoble of producing high concentrotions of lL-5 ofter strong mitogenei
stimulotion (Figure 3), This could be due to the high detection level of th
used method or to the smoll omount of cells used to obtoin the supernc
tont,
so for the precise protein-specificity of these clones hos not been determ
ned. Little is known obout peonut protein constitution ond the ollergens
moy contoin, but recently Dorion et ol, (47) showed thot pBMC of peonul
ollergic potients proliferote in response to Aro h ll, current isolotion c
proteins from cPE in our loborotory moy enoble us to determine thr
specificity ond the deversity of the proteins thot ore recognized by or-
ponel of CPE-specific T cell clones,
The observotion thot oll T cell clones reoctive with the totol peonut proteir
extroct, ore lL-4 ond lL-5 producing Th2 cells ond the commonly increose<
production of lgE ond eosinophilio in food ollergic potients suggest or
importont role of food ollergen-specific Th2 cells in the pothophysiology c
food ollergy, similor to the role of Th2 cells in inholotion ollergy,
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Abstrqcl

Allergen-specific T cells ploy on importont role in the pothogenesis
ollergic diseose. ldentificotion of the proteins recognized by these T ce
could leod to more insight into the pothophysiology of the diseose on
possibly, to on improvement of specific immunotheropy, Chorocterizoti<
of severol mojor ollergens in ollergenic entities such os house dust mit
gross pollen ond cot donder indicoted thot most ollergens contoin multip
T cell epitopes complicoting the design of immunotheropy protocols, So f
little is known obout the specificities of food-ollergen specific T cells, ln tl
present study, fhe protein specificity of peonut specific T cell clone
generoted from o severe peonut-ollergic potient, wos onolyzed,
From row, unshelled peonuts o crude peonut extroct (CPE) wos prepore
The 2 moin protein froctions, orochin ond conorochin, were isoloted fro
CPE by ion exchonge chromotogrophy, CPE wos further seporoted bose
on hydrophobicity using HPLC ond bosed on size using gelelectrophores
Using o ponel of CPE-reoctive T cell clones, the obtoined froctions we
onolyzed for their obility to induce proliferotion,
This ponel of CPE-specific T cell clones recognized either orochin, cohor
chin or peonut ogglutinin (PNA), the noturolly occuning lectin in peonu'
Upon froctionotion by HPLC, only highly hydrophobic froclions we
recognized, The seporotion by size showed thot the orochin specific clor
recognized o protein bond of opproximotely 30-35 kD, while 2 conorochi
reoctive clones responded to o protein froction of 25-40 kD, ond onoth
clone to o froction of l8-25 kD,

This study shows thot CPE-specific T cell clones generoted from o seve
peonut-ollergic potient recognize vorious peonut proteins,
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lntroducfion

Allergen-specific T cells ploy on impodont role in the polhophysiology of
ollergic diseose (l), Severol studies hove shown thot ollergen-specific T cells
generoted from potients suffering o respirotory ollergy to house dust mite
(HDM), gross pollen or cot donder, ore Th2 cells producing high levels of lL-

4 ond lL-5 but little or no lFNl Q-5), lL-A induces isotype
switching in B cells to lgE or lgG4 which con be inhibited by lFNl
(ó-9) while lL-5 is o potent inducer of eosinophil production ond
octivotion (10, I l), Both specific lgE production ond eosinophilio ore choro-
cteristic feotures of otopic ollergy, Recently it hos been shown thot peonut-
specific T cell clones generoted from o peonut-ollergic potient were olso of
o Th2 phenotype (12, l3) suggesting q similor mechonism in food ollergy,
Peonut, Arochis hypogoeo, is o common couse of food ollergy (14), Along
with cow's milk ond hen's egg, peonut occount for opproximotely 80o/o of
the odverse reoctions to food products in potients with otopic dermotitis
(15), Fotol or neor-fotol onophyloctic reoctions due to the consumption of
smoll omounts of peonuts ore not uncommon omong peonut-ollergic
potients (ló, l7), Once sensitized to peonuts, the ollergy is very persistent
(l 8),

Peonuts consist for 53% (w/w) of fot ond 28"/o of protein (19), The protein
frqction con be seporoted in olbumins, ond the two mojor storoge proteins
orochin ond conorochin (20), which occount for 87o/o of the protein
content of peonuts (21), Although severol peonut ollergens hove been
identified by immuno-blotting procedures using specific lgE-contoining sero
from peonut ollergic individuols (22-26) little is known obout the proteins
recognized by peonut-specific T cells, ldentificotion of such proleins could
leod to more insight into the mechonism of peonut ollergy, Also for the
improvement of specific immunotheropy the identificotion of ollergens ond
their T cell epitopes could be of importonce, so for, whole protein mixtures
hove been used for immunotheropy risking severe side effects, such os
onophyloctic shock, vio cross-linking of specific lgE on most cells ond
bosophils, lmmunotheropy with purified peptides contoining T cell epitopes
could minimize this risk becouse epitopes recognized by lgE ontibodies ore
distinctly different from the epitopes recognized by T cells (28), T cell
epitopes could therefore be used in higher concentrotions to more effec-
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tively induce toleronce,
ln this study we onolyzed the protein specificity within o previous
described ponel of crude peonut extroct (CPE)-reoctive Th2 clones gene
oted from o severe peonut-ollergic potient, lnitiolly the proliferotir,
response of these CPE-specific T cell clones wos iested in reoction wi
orochin ond conorochin, the 2 moin froctions, ond soy os o negotir,
control, Furthermore, CPE wos froctionoted bosed on hydrophobicity usir
HPLC, CPE, orochin ond conorochin were olso seporoted bosed c

moleculor size using Western blotting techniques, The proliferotive responr
to oll obtoined froctions wos meosured,

Moteriols ond melhods

Peonut prole¡n purificotion
Crude peonut extroct (CPE) wos prepored from row, unshelled peonuts <

described before (24). ln short, peonuts were ground ond fot w(
extrocted by Soxhlet using petroleum ether of 4O-ó00C, The defotted flor
wos ground ogoin ond suspended in ommoniumbicorbonote (0,1 M), Tl'

suspension wos stirred for 4 h ond insoluble porticles were removed h

centrifugotion for 30 min of 10,0009 of 40C. The supernotont wos diolyse
overnight ogoinst distilled woter using o 3,5 kD cut-off membrone (Spe<

trum Medicol lndustries, lnc, Houston, Tx), lyophilized ond stored ot -200C,

Arochin ond conorochin were isoloted from CPE using o diethylominoeth
(DEAE) Sephocel (Phormocio LKB, Uppsolo, Sweden) column of .l,5 x {
cm, CPE wos eluted with 0,I M sodium phosphote buffer, pH 8,0 ond
sodium chloride grodient from 0 M to 0,5 M, Protein contents of the fro<

tions wos meosured of 280 nm, Froctions forming one peok were poole<
As hos been described before (24), conorochin emerged first of oppro)
motely 0,25 M NoCl followed by orochin ot 0,35 M NoCl, These froctior
were diolysed ogoinst distilled woter, lyophilized ond stored of -200C,

For gelelectrophoresis, protein somples were reduced by incubotion for I

min of 1000C with somple buffer consisting of l"/o DTT (Sigmo Chemicc
Co,, St, Louis, MO), ó3 mM-Tris-HCl,2'/" (wlv) SDS, 0,01% (w/v) bromophenr
blue, 2o"/o (v/v) glycerol, pH ó.8, sDS-PAGE wos performed essentiol
occording to Loemmli (29) using precosted l5% Tris HCI polyocrylomid
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gels (Bio-Rod Loborotories, Hercules, CA), To visuolize the protein bonds,
the gels were stoined with Coomossie brilliont blue R-250, For the determi-
notion of the moleculor weights of the protein bonds, pre-stoined molecu-
lor weight morkers (Bio-Rod) with moleculor weights of 200, 97,4, 69, 46,30,
21,5 ond 14,3 kD were used,

High peÍormonce liquid chromotogrqphy (HPLC) frqctionotion of CPE

For seporotion of CPE using HPLC o reversed phose UltroporerM C3 column
with o pore width of 300 Å (Beckmon lnstruments, Son Diego, CA) of l0 x
250 mm wos used, As elution buffer A 0,lolo (v/v) trifluor ocetic ocid (TFA) in
woter wos used ond buffer B consisted of 0,1% (v/v) TFA in 7O'/" (vlv)
ocetonitril in woter, The grodient wos 07"-207" buffer B in 5 min, 2O/"-5Oo/"

buffer B in 22 min ond 50o/o-100% buffer B in l3 min, The eluote wos col-
lected in 40 froctions (l froction per minufe),
Of eoch froction, 400 ¡rl wos lyophilized ond resuspended in 30 pl somple
buffer ond looded on precost grodient (10-l5o/o) gels (PhostGel, Phormo-
cio) with moleculor weight morkers (Phormocio) of 94,68, 43,30, 20 ond l4
kD,

Protein ossoy
The protein concentrotion of the different somples wos meosured using o
Bio-Rod protein ossoy (Bio-Rod Loborotories GmbH, Munich, Germony)
following the monufocturers instructions,

Preporotion of immunoblots ond nitrocellulose pqrticle suspension
To study the proliferotive response of CPE-specific T cell clones to proteins,
CPE, orochin ond conorochin were seporoted bosed on size by SDS-pAGE
os described obove ond tronsferred to nitrocellulose membrones (0,2 pM,
Bio-Rod) os described by Towbin (30), These membrones were used to
obtoin nitrocellulose porticle suspensions which contoined onligen,
From the membrones both left ond right sides were cut off ond stoined
with 0.2% Ponseou S (Sigmo) in 3% trichloride ocetic ocid/3% sulfosyliol ocid
to visuolize the protein bonds, The rest wos used to prepore suspensions of
nitrocellulose porficles contoining the seporoted proteins, To this oim,
horizontol strips covering on oreo of moleculor weight were cut ond, os
previously described by Abou-Zeid (31), dissolved in 2 ml DMSO ond
rotqted of room temperoture (RT) for 2 h, To precipitote the nitrocellulose-
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protein complexes, on equol volume of 0,05 M corbonote/bicorbono
buffer, pH 9,ó wos odded ond ofter vortexing the tubes were centrifug<
of 10,0009 of RT for l0 min, The pellet wos resuspended in 5 ml lscove
Modified Dulbecco's Medium (IMDM; Gibco, Poisley, UK) ond wosh<
once more to remove the remoining DMSO, The recovered pellet w
resuspended in I ml IMDM,

T cell clones ond proliferotion ossqys
For oll experiments CPE-specific T cell clones were used generoted from
severe peonut ollergic potient os described before (13) oll showing o Tl

cytokine secretion profile, To mointoin the T cell clones in culture, they we
restimuloted every 2 weeks with PHA (20 pgTr¡ PHA (Difco, Detroit, Ml) or
o feedermix consisting of peripherol blood mononucleor cells (PBMC) of
unreloted donors (eoch lOócells/ml, 3000 rod inodioted), 2x105 cells/r
(3000 rod inodioted) of the Epstein Bqrr virus tronsformed B cell line JY or
2O lUlml recombinont lL-2 (Eurocetus, Amsterdom, The Netherlonds) os
growth fqctor, Proliferotion ossoys were olwoys performed l0 doys oft
restimulotion,
Experiments were performed in triplicote cultures in 9ó-well flot-botto
culture plotes (NUNC, Roskilde, Denmork) in IMDM supplemented with lC

pooled complement inoctivoted normol humon AB serum (BioWhitthoke

Wolkersville, ML), gentomycin (50 pg/ml; Gibco) ond fungizone (2,5 pg/n
Gibco),
To meosure proliferotion, lO5 T cells were cultured in 2OO pl comple
medium in the presence of 5xlO4 3OO0 rod irrodioted Epstein Bon-vir
tronsformed outologous B cells (EBV-B) os ontigen presenting cells (AP(

ond in the obsence or presence of the protein somples, CPE, orochi
conorochin ond soy protein (unheoted soy flour, USF; ILOB-TNO, Wogeni
gen, The Netherlonds) were used of o finol concentrotion of 50 pg/ml, pX

(Sigmo) ol 25 pg/ml, HPLC froctions ot l0 pg/ml ond the nitrocellulor
porficle suspension of 5 pg/ml, Affer 48 h, proliferotion wos meosured k

odding 0,4 pCi/well of 3H-Thymidine ((3H)-TdR) (Amershom, Aytesbur
uK) ofter which the cells were incuboted onother l8 h ond horvested wi
o cell horvester (Tomtec, Oronge, US), Beto-emission wos counted by liqu
scintillotion spectroscopy with o 1450 Microbeto (wolloc, Turku, Finlond), I
increose in cpm in the presence of ontigen of of leost 3 times the cpm
the obsence of ontigen wos seen os o specific response,
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Resulls

Seporolion of crude peonut extroct
Proteins were extrocted from row, unshelled peonuts ond ofter fot extroc-
tion, o woter soluble cPE wos obtoined consisting for 9oo/o of protein, By
SDS-PAGE (Figure l) CPE wos seporoted into severol proteins with molecu-
lor weights vorying from l0 kD to 70 kD, peonut ogglutinin (pNA), the
noturolly occurring lectin in peonuts, is present in CPE of o concentrotion of
opproximotely 1% os determined by meosuring the intensity of the protein
bonds on SDS-PAGE,

using DEAE column chromotogrophy, 2 froctions were collected which
represent the 2 moin storoge proteins, orochin ond conorochin,

ä:tr
d6.Çþ

3û-*

21' flr
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Figure l: SDS-PAGE of CPE (lone 2), conorochin (tone 3), orochin (lone 4), pNA
(lone 5) ond molecuror weight morkers (lone l), rn eoch rone 5 pg
protein wos looded, The gel wos stoined with coomossie bril-
liont Blue to visuolize the protein bonds,

The SDS-PAGE profile of orochin showed severol bonds with moleculor
weights between opproximotely l0 ond 50 kD with prominent bonds of 2s,
42 ond 43 kD, Conorqchin consists of severol bonds with moleculor weights
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between l0 ond 73 kD with prominent bonds of opproximotely ó3 qnd 7

kD ond 20 ond 22 kD (Figure l). Ihe rotio qrqchin to consrochin is oppror
motely 2:l os estimoted from the oreo under lhe curve,
ln order to further froctionote CPE, HPLC wos opplied to seporote th
extroct on the bosis of hydrophobiciiy, The SDS-PAGE profile of the 4

froctions is shown in Figure 2,
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Figure 2: SDS-PAGE of the 40 collecled HPLC froctions from CPE, In eoch fir
lone of the gels, moleculor weight morkers were looded, Gels wer
stoined with Coomossie brilliont BIue to visuolize the profein bonds,

Proliferqlive response of CPE-specific T cêll clones lo different proteins on,
froclions
ln Toble I the proliferotive responses of the CPE-specific T cell clones t
orochin. conorqchin, ond soy protein ere shown, Of th'ß pqnel of clone
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from potient G (GB-series clones) only one clone recognized orochin while
3 other clones recognized conorochin, clone GBI l0 did not respond to
either orochin or conorochin but showed to be responsive to pNA (1542
cpm without PNA,49350 cpm in the presence of pNA).

Toble l: Protein specificity of peonut-specific T cell clones,

Proliferoiion (cpm)

Clone Control CPE Aro Conor soy

GBI02
GBI09
GBI IO
GBIII
GBI I4

1604
1595

1542
l5tó
1477

14278

32ó55
27345
3t89t
r4580

lól I3
2504
1522

2439
1354

1687 153ó

20238 1424
l8ló 1397

21967 1508

l39l I 1472

T cells (105) were cultured wilh APC (5x104) in the obsence or presence of CpE
(50 pg7¡¡¡, orochin (50 pg/ml), conorochin (50 pg/ml) ond unheoted soy flour (S0
pg/ml), Proliferotion wos meosured offer 48 h of incubotion us¡ng (3H)TdR incor-
porotion ond is expressed os counts per minute (cpm),

The results of the prollferotive response of 4 clones to the 40 HPLC frqctions
ore presented in Figure 3, Four different response potterns were observed,
clone GBl02, orochin-specific, recognized only froctions 29 ond 30 while
clone GBl09 responded to the froctions 29,30, ond 32 to 35 ond GBlll
recognized froctions 30 ond 32 to 3ó, clone GBI lo did not respond to ony
of the HPLC froctions,
To determine which of the proteins observed on sDS-pAGE (Figure 1) is

responsible for the proliferotive response of the CPE-specific T cell clones,
the proteins were trqnsferred to nitrocellulose ond suspensions were mode
from horizontol moleculor weight ronge strips os indicoted in Figure 4 which
shows the proliferotive responses to the different suspensions, The proteins
recognized by the orochin-specific T cell clone hos o moleculor weight of
opproximotety 30-35 kD os is shown by the combinotion of the cpE- ond
orochin-suspension results, Combining the CPE results with the conorochin
results, the protein recognized in conorochin hos o moleculor weight of op-
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Figure 3: Proliferotive response of the T cell clones encoded GBl02, GBl0
GBllO ond GBlll to the 40 protein froctions seporoted by HPL

from CPE,

Cloned cells (l05 cells/well) were cultured with APC (2xl0a cells/we
in the obsence or presence of CPE (50 pg/ml) or HPLC froction I I

40 ot o concentrotion of opproximotely l0 pg/ml, Proliferotion w<

meosured ofter 48 h of incubotion using fl)fOn incorporotion, Pro

ferotion is expressed os counts per minute (cpm),

proximotely 30-35 kD (GBl09 ond GBlll), GBll4 responded to 2 CPI

suspensions (26-28 ond 14-18 kD) os well os to 2 conorochin suspensior
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(17-30 ond <17 kD) indicoting thot the recognized protein bond must hove
o moleculor weight of opproximotely 14-2g kD, clone GBI10, which did not
respond to orochin or conorochin neither to ony of the HpLC froctions,
showed to be responsive to PNA, the noturolly occurring lectin in peonuts,
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Figure 4:
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Proliferotive response of the T cell clones encoded GBl02, GBl0g,
GBI I I ond GBl14 to protein froctions of cpE seporoted on sDS-
PAGE ond bound to nitrocellulose,
Cloned cells (105 cells/well) were cutture with ApC (txl05 ceils/well) in
the obsence or presence of CpE (50 pg/mt), control blot (BLB),
verticol blot stripe (VB) ond the different blot stripes of cpE (cpE),
orochin (ARA) ond conorochin (coN), Nitrocellulose blot suspensions
were odded ot o concentroÏion of opproximotely l0 pg/ml, prolifer-
otion wos meosured ofter 4B h of incubotion using fH)ron incorporo-
tion, Proliferotion is expressed os counts per minute (cpm),
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Discussion

From this study we con conclude thot the two moin storoge prote

complexes in peonuts, orochin ond conorochin, ploy o mojor role in the

cell responses to peonut proteins, The recognition of proteins by tt
described peonut-specific T cell clones is very diverse, At leost 5 differe
proteins ore recognized ond probobly even more T cell epitopes, This is

occordonce with studies on specificity of HDM-, gross pollen- ond c
donder-specific T cell clones which reveoled thot T cells of differe
potients recognized different peptides ond moreover, the different T c
clones from one potient responded to distinct epitopes,
The CPE-reoctive T cells clones recognized either orochin or conoroch
One clone, GBI.l0, responded only to PNA, Although it hos been shov

thot PNA hos o mitogenic copocity in mononucleor cells of other speci
(32), in our study the observed response is not considered to be mitogeni
Aport from the observotion thot not oll clones showed o proliferotit

response to PNA, ond in the obsence of APC no response wos observe

PNA wos olso not oble to induce o Co2*-influx in these T cell clones (do

not shown), The strongest orgument ogoinst o possible mitogenic effect
PNA is the observotion thot onti-HLA closs ll ond onti-HLA-DP monoclon
ontibodies blocked the proliferotive response to PNA (doto not shown), F

these reosons, os well os the described binding of lgE from peonut-ollerç
potients to PNA (24,33), we suggest thot the responses of peonut specific
cell clones to PNA is immunogenic ond not mitogenic,
Although soy beons ond peonuts ore closely reloted phytogeneticolly or
o serologicol cross-reoctivity is thought to exist (34), no proliferotir

response wos observed of the CPE-specific T cell clones in the presence

soy proteins,

HPLC seporotion of CPE showed thot the CPE-specific T cell clones we
stimuloted by different protein froctions or not stimuloted of oll, The orocl-
specific T cell clone (GBl02) demonstroied o proliferotive response to or
2 froctions,29 and 30 while the conorochin-specific T cell clone GBlr
recognized froctions 29 ond 30 os well os 32 to 35 ond clone GBI l4 w
octivoted by froctions 30 ond 32 to 3ó, The PNA-responsive T cell clor
(GBll0) did not reoct to ony of the HPLC froctions, which moy be due to
too low concentrotion of PNA to stimulote the T cell clone, os PNA being
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opproximotely 1% of cPE, will be divided into severol froctions,
The proteins recognized by the T cell clones in this study ore highly
hydrophobic since upon HPLC seporotion they were collected in the finol
elution froctions, As hydrophobic proteins ore more eosily tronsported
through membrones (35) this implicotes thot these hydrophobic peonut
proteins might be token up in the gostro-intestinol troct more eosily, Most
food ollergens ore olso found to be heot- ond ocid-stoble (3ó), ond Burks
et ol, (37) even showed ihot treotment of peonut proteins with humon
digestive enzymes did not reduce lgE-or lgG-specific binding octivily, Token
together, these observotions indicote thot oporl from more individuol
conditions of the potient, suscepiibility for food ollergens moy olso depend
on speciol propertles of the proteins involved, Hydrophobicity ond stobility
upon heot-, ocid- ond enzymotic-treotment moy oll increose the bioovoil-
obility of intoct epiiopes of food ollergens to the lymphoid tissue of the
gostro-intestinol troct ond more eosily leod to sensibilisotion in susceptible
individuols,
using the nitrocellulose bound proleins os ontigen source, 3 different
froctions were recognized: The orochin-specific clone, GBl02 responded to
o froction thot contoined proteins in the moleculor weight ronge of 30-35
kD in the orochin froction, GBl0g ond GBI I I both recognized o protein of
opproximotely 2ó-30 kD while GBI l4 responded lo 2 froctions in both CpE
os well os conorochin with o moleculor weight between 29 ond l4 kD. This
could either be due to breok-down of the protein or due to o shored T cell
epitope in both froctions,
Combining the moleculor weights of the proteins bound to nitrocellulose
recognized by the T cell clones with the proteins recognized in the HPLC
froctions. these doto suggest thot of leost 5 different CpE-specific T cell
clones were isoloted which oll recognized different proteins,
severol peonut ollergens hove been described previously by immuno_
blotting procedures using specific lgE contoining sero from peonut-ollergic
potients (22-26), Sochs el oL (22) described on ocidic glycoprotein, peonut_
l. with 2 subunits between 20 ond 30 kD, Another ollergen, the so colled
conconovoline A-reoctive protein, with o moleculor weight of opproxi_
motely ó5 kD hos been identified by Bornett et ol, (23) ond, more recenfly,
Burks et ol. (24,25) described two mojor ollergens Aro h lond Aro hll of
respectively ó3,5 ond l7 kD, whether the described ollergens belong to the
orochin or conorochin complex of proteins is unknown, Bosed on the
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moleculor weights of the described ollergens, Aro h I probobly belongs
conorochin, which shows in our honds two mojor bonds of opproximot<
73 ond ó5 kD, whereos orochin does not contoin proteins with o molecul
weight of more then 50 kD. Aro h ll could belong to both orochin ond co
orochin, olthough our SDS-PAGE profile of orochin shows o distinct bond
l9 kD, Probobly Aro h I will not occount for the observed proliferotir
response of our peonut specific T cell clones bosed on comporison of tl
moleculor weights, However, clone GBI l4 recognizes o protein bond
opproximotely 14 to 30 kD which could be Aro h ll, Recently Dorion et r

(38) showed thot PBMC of peonut-ollergic potients proliferote in respon,
to Aro h ll, Although the mojority of our T cell clones would probobly n

reoct to fhis protein, it is very well possible thot T cells from other potier
would recognize this protein, since in our study olreody 5 different protei
were recognized by T cell clones of one potient,
This study shows thot in peonut ollergy, os hos previously been shown f
respirotory ollergy to HDM (39,40), pollen (41) ond cot-donder (5), o wic
voriety of proteins is recognized by peonut specific T cell clones, This cou
suggest thot olso in peonut proteins multiple T cell epitopes ore prese
ond o wide voriety between persons will exist, This complicotes the desig
for immunotheropy ond would implicote thot specific immunothero¡
should consist of o mixture of oll relevont peptides.
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Abslrocl

Stimulotion of peripherol blood mononucleor cells (PBMC) from ollerg

donors with o specific ollergen induces o strong proliferotive response

vifro, PBMC of non-ollergic donors do proliferote in response to ollerget

but weokly compored to ollergic donors, However, the proliferotit

responses of PBMC of ollergic donors to ollergens thot ore not relevont f
these donors, ore less well studied, ln the fromework of studies on tl
chorocteristics of the ollergic response to peonut proteins, we meosur€

the response of PBMC of ollergic but not peonut-ollergic (ANPA) donc

ond non-ollergic (NA) donors to peonut protein ond compored ther

responses io the proliferotion of PBMC from peonut-ollergic (PA) donors, I
enhonced response to peonut proteins wos observed in the ANPA grot

which wos comporoble to the response meosured in PA donors ond stotis

colly significontly enhonced compored to the response meosured in N

donors, This enhonced proliferotion wos not found in response to oth

food ollergens (soy crnd ovolbumin) to which none of the donors w,

ollergic, or to the inholonl cot donder ollergen, to which o subgroup of tt
ANPA donors wos ollergic, This suggests thot the observed enhonc<

response in ollergic donors to this non-relevont ollergen, is specific f
peonut ollergen,
As it hos been demonstroted thot CD8. T cells con inhibit the lgE respons

the proliferotion of PBMC depleted of CD8* T cells of oll 3 groups to peon
proteins wos studied, The CD8-depleied PBMC of the PA group showed
higher response to peonut proteins compored to undepleted PBIV

suggesting thot CD8. T cells ploy o role in peonut ollergy, ln controst, r

evidence wos obtoined for o role of CD8. T cells in the peonut response

the ANPA group, since the response observed in the CD8. T cell deplete
PBMC of ANPA ond NA donors wos not oltered,
Becouse lgE production is reguloted by the reciprocol Thl cytokine lFlt

ond Th2 cytokine lL-4, the secretion of these cytokines wos meosured in tl
supernotonts of PBMC of oll 3 groups ofter both specific stimulotion wi
peonut ollergens ond mitogenic stimulotion with PHA ond PMA, but r

differences were observed,
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From this study it is concluded thot PBMC from ANPA donors stimuloted
with severol food ollergens to which non of the potients wos ollergic, only
showed on enhonced proliferotive response fo peonut proteins, The lock of
correlotion between peonut-specific T cell proliferotion ond peonut-
specific lgE could not be exploined by differences in quolity of the T cell
response,

lntroduction

Stimulotion of peripherol blood mononucleor cells (PBMC) from individuols
ollergic to o specific ollergen induces o strong proliferotive response in vitro
to this ollergen, This response is weok in PBMC of non-ollergic donors os hos
been demonstroted for both inholont ollergens (1, 2) ond food ollergens (3,
4), Moreover, the frequency of specific T cells in torget orgons is elevoted
in ollergic donors compored to non-ollergic donors (2), The proliferqtive
response of PBMC of ollergic donors to ollergen to which these donors do
not hove lgE, is less well studied,
ln the fromework of studies on the chorocteristics of peonut ollergy, the
proliferotive response of PBMC isoloted from non-ollergic (NA) ond ollergic
but not peonut ollergic donors (ANPA) to the strong but non-relevont
peonut proteins os ollergens wos investigoted ond compored to the
response of PBMC from peonut-ollergic (PA) donors, The observed differ-
ences in response were studied in more detoil poying speciol ottention to
the role of CD8. T cells ond cytokine production,
It hos been demonstroted thot cD8. T cells inhibit lgE production by the
production of the Thl-ossocioted cytokine lFNl which moy inhibit the
outgrowth of Th2 cells or oct directly on the B cells (5, ó), CDg* T cells could
ploy o role in the differentiol response of PBMC of NA, ANPA ond pA
donors, To investigote the role of cD8' T ceils, proliferotion experiments
were corried out with both PBMC ond CD8-depleted PBMC,
The cytokine production of the proliferoting cells wos studied becouse lgE
production is reguloted by the counfermonding signols of interleukin-4 (lL-4)
ond interferonl (lFN1), lL-4 induces on immunoglobulin switch in B cells to
lgE ond lgG4 while lFNl suppresses the production of lgE (7-lO),
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Mqleriols qnd melhods

Donors
Nine ollergic, l0 non-ollergic donors ond 5 peonut-ollergic potients portic
poted in this study ofter o medicol exominotion, ond informed consent w<

obtoined, Except for the PA potients, the medicol exominotion qn

selection consisted of o generol physicol exominotion, o Rodio-Allerger
Sorbent Test (RAST) for I ollergens (gross, cot, dog, olternorio, birch, bir<

house dust mite ond peonut) ond totol lgE qnd o Skin-Prick-Test (SPT) os

shown in Toble l, Non-ollergic individuols were selected on the obsence <

positive reoction to the SPT of the tested ollergens ond no clinicol sym¡

toms of ony ollergy, Allergic potients were selected on o positive skin-pric
test reoction to one or more ollergens, no reoction to peonuts ond n

clinicol symptoms ofter consumption of peonuts, The meon totol lgE w<

462 ! 528 lU/ml in the ANPA group ond I 02 ! 148 lU/ml in the NA group, I
donors were on o peonut free diet for two weeks before blood collection,
The peonut-ollergic potients (n=5), oll with o proven peonut ollergy b

meqns of o food chollenge, SPT ond RAST, hod o meon oge 2ó (t ó) yeo
ond o meon lgE of 2139 (Ð287) lU/ml,

This study wos opproved by on independent Medicol-Ethicol committee,

IoblE l: Potients' chorocteristics,

ANPA

n

Meon oge (yeors)

Sex (M/F)

Totol lgE (lU/ml)
SPT]

RASTI

SPT2

RAST2

l0
32,3

aa
102 !148
negotive
negotive
negotive
negotive

I
29

217

462 t528
positive
positive

negotive
negotive

5

26
114

2139 x2287
positive
positive
positive
positive

ì : SPT/RAST totol; 2 : SPT/RAST peonut-spefific,
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Preporotion of cell suspensions
Heporinized peripherol blood wos collected by venopunction ond pBMc
were isoloted using density grodient seporotion on Ficoll-Poque (Phormocio
LKB, Uppsolo, Sweden) essentiolly os described by Böyum (l l), Recovered
PBMC were resuspended of o concentrotion of 2xl0ó cells/ml in lscove's
Dulbecco's Modified Medium (IMDM; Gibco, Poisly, UK) supplemented with
'l0o/o complement inoctivoted pooled normol humon serum (HS) (centrol
Loborotory Blood Tronsfusion service, cLB, Amsterdom, The Netherlonds),
To deplete the cD8. T cells from PBMC, mognetic beods with onti-cD8
ontibodies on the surfoce (Dynol, Oslo, Norwoy) were used, pBMC (2 ml,
l7,5xl0ó cells/ml) in PBS (Gibco)l2"/o FCS (Hyclone, Logon, Utoh) were
incuboted ot 40c with 500 pl woshed beods, After 30 min, 8 ml pBS/2%FCS

wos odded qnd the tube wos ploced in o mognet, The supernotont,
contoining the cD8-depleted PBMC wos collected, woshed ond resuspen-
ded in IMDM ot o concentrotion of 2xl0ó cells/ml,

Flow cytometric onolysis
For immunophenotyping the subpopulotion of cells, the following combino-
tions of fluorescein (FITC) or phycoerythrine (PE) conjugoted monoclonol
ontibodies were used: CD4 FITC (T4)/ CD8 PE (T8); CDlg FITC (84)/ CD2 pE

(Tll); HLA-Dr FITC (13)/ cD3 PE (T3); CD3 FITC (T3)/ CDIó+CDSó pE (Leu
ll+Leu l9); CD4 FITC (T4)/ CD29PE(484); CD4 F|TC (T4)l CDA1-RA pE (2H4)
ond cD45 FlTc (KCsó)l cù14 PE (Mo2), These ontibodies were obtoined
from Coulter (Hioleoh, FL) except the CD3/CDló+5ó ontibodies which were
obtoined from Becton & Dickinson (Mountoin View, CA),
Per experiment, 105 PBMC were lobelled in lo0 ¡rl pBS contoining ìol. BSA
(Orgonon Tekniko, Boxtel, The Netherlonds), To eoch iube l0 pl undiluted
coulter ontibody or 20 pl undiluted Becton & Dickinson ontibody wos
odded, After 30 min of incubotion of 40C the cells were woshed twice in 2
ml PBS+lolo BSA by centrifugotion for s min of 4009 of 40c, The finol pellet
wos resuspended in 300 pl PBS+ì% BSA, Anolysis wos performed using on
Epics Elite flow cytometer (Coulter),

Proliferolion ossoy
PBMC or CDB depleted PBMC (2x105 cells/well in 200 pl) were cultured in
the obsence or presence of PHA (Difco, Detroit, Ml) or severol ontigens in
9ó-well flot-bottom culture plotes (NUNC, Roskilde, Denmork), The following
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ontigens were used: crude peonut extroct (CPE; finol concentrotions l, I

50, 100, 150,200 ond 250 pg/ml), Peonut ogglutinin (PNA, Lectin from Aro
his Hypogoeø Sigmo, St, Louis, MO; finol concentrotions l, l0 ond I

UgTml), soy (TNO-ILOB, Wogeningen The Netherlonds; finol concentrotio
200, 300 ond 400 pg/ml), ovolbumin (Servo, Heidelberg, Germony; fin
concentrotions 100, 150,200 pg/ml) ond cot-ollergen (AlK-Benelux, Houte
The Netherlonds; finol concentrotions 100, 150,200 pg/ml),
AlIer 7 doys of incubotion in the obsence or presence of the opproprio
ollergen, proliferotion wos meosured using 3H-thymidine incorporotion (3

TdR), After oddition of 3H-thymidine (0,4 pCi/well) (Amershom, Aylesbur
UK) the plotes were incuboted for l8 h before horvesting (Horvester g

Tomtec, Oronge), Beto-emission wos counted with o 1450 Microbe'
(Wolloc, Turku, Finlond), Proliferotion is expressed os stimulotion index (l
which is the meon cpm of iriplicote cultures in the obsence of ontig<
divided by the meon cpm of triplicote cultures in the presence of ontigen

Preporotion of supernotont
Cytokine production wos meosured in culture supernotont of severol tin
points using different slimuli. To obtoin these supernotonts, 2x105 PBMC
200 pllwell were cultured in 9ó-well flot-bottom culture plotes (NUNC)

triplicote in the presence of both phytohoemogglutinin (PHA, l0 pg/n
Difco) ond phorbol myristote ocetote (PMA, I ng/ml; Sigmo) or CPE (2(

UgTml), After 3ó h of incubotion ot 370C ond 5o/" CO2 humidified otmc
phere, the supernotonts of the PHA/PMA stimulotion were collected oft
centrifugotion of the plotes of 4009 of RT, triplicotes were pooled or
stored of -200C until cytokine determinotion, The supernotonts of tl
cultures stimuloted with CPE, were collected ofter 4 ond 10 doys r

described obove,

lL-4 ond IFN-y ossoys.
lL-4 secretion in supernotont wos determined using on ELISA kit (CL

following the monufocturers instructions, IFN-1 wos meosur€
using on ELISA kindly provided by Dr, P, von der Meide (TNO Preve
tion ond Heolth, Rijswijk, The Netherlonds), Briefly, monoclon
onfibody (MD-2) directed ogoinst humon lFN1, wos used to coot 9
well ELISA plotes (Moxisorp, NUNC) before incubotion with ff
collected supernotonts, To detect the bound lFNl o second on
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humon lFNl biotinyloted monoclonol ontibody, MD-l (22-3A> wos
used, Biotin wos detected using peroxidose conjugoted
streptovidin, Colour wos developed using 3,3',5,5'-tetromethyl-
benzidine (TMB) os o substrote ond the reoction wos stopped with 2
N H2SO4, Absorption wos meosured of 450 nm, Recombinont humon lFNl
wos used os o reference,

Stotisticol onolysis
Stotisticol onolysis wos performed by Students' /-test toking p<0,05 os level
of significonce,

Resulls

Ptoliferotion ossoys with PBMC from PA, ANPA ond NA donors
ln o first series of experiments the proliferotive response to crude peonut
extroct (CPE) of PBMC from peonut ollergic donors (PA), ollergic but not
peonut ollergic (ANPA) ond non-ollergic donors (NA) wos compored, The
bosic finding of these studies wos thot PBMC from not only the PA but olso
from the ANPA group showed on enhonced proliferotive response to cpE
(Figure l), This enhonced proliferotive response of PBMC from the ANPA
group hos been observed in 3 seporote experimenls performed over o
period of opproximotely 1,5 yeor ond wos stotisticolly significont (p<0,05) ot
cPE concentrotions of o 100 pg/ml ond higher (Figure l) compored to the
response of the NA donors, The enhonced proliferotion of pBMC from the
ANPA group con not be exploined by o preferentiol susceptibility to the
mitogenic effect of the noturolly occurring lectin in peonuts, since purified
PNA, which constitutes opproximotely 1o/" of cpE, did not induce prolifero-
tion in PBMC of ony of the groups tested (Figure l),
To study whether the enhonced proliferotive response of the ANPA group
to cPE wos specific for peonut ollergens or could olso be observed for
other common food ond inholont ollergens, the proliferotive responses of
PBMC from the ANPA ond NA group were meosured to soy, ovolbumin
ond cot-qllergen, None of the donors wos ollergic to soy or ovolbumin,
whereos o subgroup of the ANPA group wos not ollergic to cot-ollergen,
As is demonstroted in Figure 2, no stotisticolly significontly differences
between PBMC from ANPA ond NA donors were observed in the responses
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to soy or ovolbumin, As expected, the PBMC of the cot-ollergic don<
(CA) did demonstrote on increosed proliferotion to cot-ollergens cor
pored to the PBMC from the NA group, However, on enhonced prolifer
live response to cot-ollergens wos not observed in the PBMC of ollergic b

not cot ollergic (ANCA) donors, These results suggest thot the enhoncr
response to CPE in PBMC of the ANPA group is o specific effect lo peor
ollergens.

CPE

+- ANPA

PNA

+- ANPA +-- NA

f0

Concentration (pglml)

30

â
.A

ã¿o
9

;
o
!ro
I
E
.A

,af
\,,

::I--r-l--'

â
at)

xo
E
5
c
.9
.E
I
E
(tt

0

Figure l:

t00 200
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Proliferotive response of PBMC from peonut-ollergic (PA), qllergic b

not peonul-ollergic (ANPA) ond non-ollergic donors (NA), to peor
proteins (CPE, upper ponel) ond to peonut ogglutinin (PNA, lorr
ponel),
Proliferotion of PBMC (2x.l05 cells/well) wos determined by meosuril
(tH-fOn) incorporotion ofter 7 doys of incubolion in the obsence
presence of increosing omounts of CPE or PNA,

Results ore expressed os meon stimulotion index (Sl) t SEM,*: The response of the ANPA group is stotiticolly sign
contly (p<0,05) increosed compored io the response of tl
NA group,

#: The response of the PA group is stotiticolly significor
ly (p<0,05) increosed compored to the response of the I
group,

Proliferqtion ossoys w¡th CD8.-depleted PBMC from PA, ANPA ond À

donols
The next series of experiments were focused on the mechonism thqt m(
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underlie the observed enhonced response to cPE in the pA ond ANpA
groups, The enhonced proliferotive response of the ANPA group could
notbe reloted to o different subset composition of pBMc or to on
enhonced octivotion stote of the T cells, becouse no significonily different
frequencies of cD3* T cells or cD3* T cells expressing HLA-DR, which is on
octivotion morker, could be found ofter flow cytometric onolysis (doto not
shown),
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Figure 2: Proliferotive response of pBMC of ANpA ond NA subjects to soy beon
(upper ponel, lefl), ovolbumin (upper ponel, right) ond cot extroct
(lower ponel), The ANPA-group hos been divided in cot-oilergic (CA),
ollergic but not cot ollergic (ANCA) for the response to cot extroct,
Proliferotion of PBMC (2x105 cells/well) wos determined by meosur-
¡ngfH-fOR) incorporotion ofter 7 doys of incubotion in the obsence or
presence of the opproprioie ollergen,
Results ore expressed os meon Sl t SEM.*: The response of the cA group is stotisticolly significonfly (p<0,0s)

increosed compored to the response of the NA group,
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The role of CD8- T cells in the response of PBMC of oll 3 groups to CPE w
studied by depleting CD8. T cells from the PBMC of 5 donors of the t

group ond 4 donors of eoch of the ANPA ond NA groups, The proliferotir
of the CD8. depleted PBMC upon incubotion with CPE is shown in Figure
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Figure 3: Proliferotive response of PBMC ond CD8-depleted PBMC (CDB) of f

(upper ponel, left), ANPA (middle ponel, right) ond NA (lower ponr
individuols.
Proliferotion of PBMC (2xlO5 cells/well) wos determined by meosurir

fH-fOnl incorporotion ofter 7 doys of incubotion in the obsence
presence of increosing omounls of CPE,

Results ore expressed os meon Sl t SEM,*: The response of CDB* T cell-depleted PBMC is stotilicolly significon
(p<0,05) increosed compored to lhe PBMC response,

Depletion of CD8. T cells resulted in the PA group in on increosed c
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proliferotion in 4 out of 5 donors ond wos stotisticolly significontly different
(p<0,05) from the unseporoted PBMC of o cPE concentrotion of 200 ond
25o pg/ml, lt should be noted thot this increose wos higher thon
could be expected due to the increose of the frequency of poten-
tiolly cPE-reoctive cD4* T cells of opproximolely 2oo/o, This finding sug-
gests thot CD8* T cells ploy o suppressive role in the proliferotive response
of PBMC from the PA group to peonut proteins, ln the PBMC of the ANPA
group, however, no such difference wos observed, olthough 3 of the 4
donors did show o slightly, but not stotisticolly significont increosed
response, Depletion of CD8* T cells from PBMC of the NA group did not
show ony chonge of the low proliferotive responses,

Cytokine production
To study whether the response of PBMC from the PA ond ANPA group show
quolitotive differences rother thon quontitotive differences in the produc-
tion of fhe Thl cytokine lFNl ond the Th2 cytokine lL-4, these cytokines
were meosured in supernotont of PBMC stimuloted with both cpE ond o
combinotion of the mitogens PHA ond PMA, After 3ó h of stimulotion with
PHA ond PMA, no differences were observed in the levels of lL-4 ond lFNl
(Figure 4, left ponel), ln onother experiment lL-4 ond lFNl secretion wos
determined in supernotont of PBMC of the PA ond ANPA group ofter
incubotion with cPE for 4 ond ì0 doys, After 4 doys of incubotion, lFNl wos
present in the supernotont, olthough in low concentrotions
between 3 to 20 u/ml, whereos lL-4 could not be detected, Although
the lFNl level in the PA group wos higher compored to the ANPA
group, this wos stotisticolly not significont (p=0,07) (Figure 4,
right ponel), At doy l0 lL-A could be detected ot level of ihe
detection limit of the ossoy without significont differences for
both groups, PBMC from the NA group, which did show o very low
proliferotive response, produced opproximotely 2oo u/ml lFNl in
this ossoy (doto not shown), The PBMC of the pA ond the ANpA groups
produced opproximotely 300 u/ml ond 500 u/ml respectively, but
these differences proved not to be stotisticolly significont
(Figure 4, right ponel),
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Figure 4: Cyfokine production in supernotont of PBMC of PA, ANPA ond NA i

dividuols,
Leff ponel: lL-A ond lFNl production ofler mitogenic stim
lotion with l0 pglml PHA ond 1 ng/ml PMA, Supernotonts we
collected ofter 3ó h of incubotions, Closed symbols represe
the lL-4 production in pg/ml ond the open symbols the lFNl pr
duction in U/ml,
Right ponel: lFNl production of PBMC of PA ond ANPA indivi,
uols, stimuloted with CPE (200 pg/ml), Closed symbols repr
sent concentrotion in U/ml meosured ofter 4 doys of stimul,
tion whereos open symbols represent the meosured concenlr,
tions ot doy 10,

Discussion

ln this study we show on enhonced proliferotive response of PBMC 1

peonut proteins of donors ollergic lo one or more ollergens but not 1

peonuts in o comporotive study with non-qllergic donors, The observe
response of PBMC of the ANPA group wos comporoble to the response (

PBMC of peonui ollergic donors (PA). This enhonced response is peonr
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specific ond hos been observed repeotedly, Recenfly it hos been demon-
stroted thot humon serum in culture medium moy ploy o role in the higher
proliferotive responses to severol ollergens observed in PBMC of ollergic
individuols compored to PBMC from non-ollergic donors (12), This indicotes
thot T cells from non-ollergic donors ore inhibited rn vitro by o serum-
component, ln our study, the PBMC of ANPA donors respond in the some
foshion os PBMC of PA donors to peonut proteins, suggesting thot the
peonut-specific T cells from the ANPA group were olso insensitive to such
on inhibitory foctor.
The enhonced proliferotive response of PBMC of the ANPA compored to
non-ollergic donors could not be due to o susceptibility to on ospecific
effect of PNA, the noturolly occurring lectin in peonuts, becouse pNA did
not induce o proliferotive response in neither of the groups. Moreover, if
PNA would induce o proliferotive response by meons of ogglutinotion os
hos been described for bovine PBMC (13), this should olso hove been
observed in the non-ollergic group,
The proliferotive response of these ollergic donors to other common food
or inholont cot donder ollergens wos not enhonced, This implies thot the
enhonced response to peonut proteins observed in PBMC of ANpA donors,
must be specific for peonut proteins ond is not be due to o higher octivo-
tion stote of T cells in the peripherol blood of ollergic donors, This wos
confirmed by flow cytometric onolysis os the percentoge of octivoted T

cells in the PBMC of the ANPA group ond the NA group were comporoble,
The enhonced response to peonut proteins of ANpA donors could qlso be
due to o different frequency of peonut-specific T cells, to o different subset
of peonut-specific T cells or to o difference in cytokine production,
Severol studies suggested on oltered subset composition in the peripherol
blood of ollergic individuols (14-17),lt hos been demonstroted thot ollergic
donors possess o decreosed totol cD3. populotion which is coused by o
decreosed cD8. T cell subset ond consequenfly o higher rotio of cD{.l-
cD8* cells (]5, ló), lt hos been postuloted thot this reflects o decreosed
number of CD8. T cells with suppressor octivity which focilitotes ollergic
reoctions, However, o decreosed frequency of cD8. T cells hqs been
controdicted (17) ond olso in the present study no difference in subset
composition wos observed,
To study the possible role of CD8* T cells in the differentiol responses to
peonut proteins, the PBMC were depleted of cDB. T cells, ln pA individuols
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the proliferotive response wos enhonced in the cD8.-depleted populotio
compored to PBMC, whereos there wos no significont effect in ihe othr
groups ofter depletion, The slight proliferotive response observed in bot
PBMC ond cD8* T cell-depleted PBMC of the NA donors moy be due to
low frequency of both cD4* ond cD8* peonut-specific T ceils in lh
peripherol blood of NA donors or to the possible inhibitory foctor in serur
(12), The responses of the CD8. T cell depleted pBMC from the pA on
ANPA donors, however, were in controst to our expectotion, of o
unchonged ond enhonced response, respectively, lt hos been postulote
thot cD8* T cells hove o suppressive effect on lgE production by th
production of lFNl which inhibits either the outgrowth of cD4* Th
cells or directly the lgE switch in B cells (5, ó), Therefore, peonut-specifi
cD8. T cells were not expected to be responsible for on increose of th
proliferotive response observed in PBMC from PA donors, whereos th,
response of ANPA donors who do not hove peonut-specific lgE, migh
hove been exploined by the proliferotion of octive cDB. T cells wit
suppressor octiviiy, The increosed response ofter cD8* depletion mo
indicote thot in PA donors cD8* T cells possess o suppressor octivity thc
decreoses the proliferotive response, Alternotively, it hos recenfly beer
shown thot in the presence of lL-4, octivoted cD8. T cells con switch tr
produce Th2 ossocioted cytokines (18, l9) ond moy enhonce the lgE
medioted response, However, the response to peonut proteins of pt

donors wos increosed ofter depletion of cDB* T cells from pBMC, Thi
suggests thot type 2 CD8. T cells do not ploy o role in peonut ollergy,
As the response of cD8. T cells-depleted pBMC from ANPA donors wo
unchonged suggesting thot cD8. T cells ore not responsible for thr
enhonced proliferotive response observed in pBMC, the enhonced prolife
rotion to peonut proteins of ANPA donors moy be exploined by the prolife
rotion of peonut ollergen-specific cD4. Thl cells, which do not support lgl
production, Therefore, the production of Thl ond Th2 ossocioted cytokine
wos meosured of PBMC from oll groups ofter mitogenic ond specific (CpE
stimulotion but no differences were observed, The secretion of lL-4 ond IFN

1 by PBMC both ofter specific ond mitogenic stimulotion of ollergic com
pored to non-ollergic individuols hove been studied by severol groups (2.|
26), lL-A wos found to be increosed (20-22), whereos lFNl secretion wo,
found to be diminished (20, 23, 24) or not different (21 , 22),Tong (25
showed on diminished lFNl production by pBMC only during ocute exocer
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botion of otopic dermotitis, This suggests thot lFNl levels ore more import-
ont thon lL-4 levels in otopic dermotitis,
The enhonced response of PBMC of the ANPA group to peonut proteins
hos consequences for the use of o lymphocyte stimulotion test (LST) which
hos been suggested to be o possible diognostic ossoy to detect ollergy to
inholotion ollergens (26, 27> ond food ollergens (4, 28, 29), with o sus-
pected peonut ollergy in combinotion with other ollergies, o proliferotive
response or positive LST would not be o relioble indicotor for o peonut
ollergy, To diognose lgE medioted food ollergy one still hos to rely on spT
ond RAST in combinotion with the 'Golden stondord", the double-blind.
plocebo-controlled food chollenge (30),

This study demonstrotes thot the peonut-specific proliferotive response in
ANPA donors is enhonced, The underlying mechonism is not cleor, since no
indicotions were found thot this con be exploined by quolitotive differ-
ences of the T cell response, To elucidote the mechonism responsible for
the enhonced proliferotive response, more detoiled studies ore needed,
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Chopter 7

Generol discussion

lnlroduction

The oim of the reseorch described in lhis thesis wos to obtoin more insight
in some of the mechonisms of food ollergy, Food ollergy is o complex
diseose thot con couse symptoms not only of the ploce of entry of ihe
ollergen, the gostro-intestinol troci, but throughout the whole body, The
symptoms con be very severe, especiolly in peonut ollergy in which cose
deoth due to on onophyloctic shock is not uncommon, ln this thesis severol
ospects of peonut ollergy hove been studied, The second chopter of this
thesis describes the difficulties in diognosing peonut ollergic potients, due
to the differences in responses, such os differences in disploy ond time of
onset of symptoms, differences in severity of the response os well os the ill-
chorocterized peonut-extrocts used for diognostic tests, ldentificotion of
peonut proteins recognized either by lgE, or by T cells moy be importont for
the development of both diognostic tools ond specific immunotheropy,
The diversity of proteins recognized by B ond T cells is described in chopters
3 ond 5, ln chopter 4 it is shown thot peonut-specific T cell clones generot-
ed from o peonut-ollergic potient hove o Th2 phenotype, producing high
levels of lL-A ond lL-5 bul litile or no lFN1, Moreover the responses to
peonut proteins of peripherol blood mononucleor cells (pBMc) from
peonul-ollergic (PA), ollergic but not to peonuts (ANPA) ond non_ollergic
(NA¡ su5l.cts were investigoted os described in chopter ó,
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Recognition of peonul proïeins by B ond T lymphocyles

Using the plosmo of o ponel of peonut-ollergic odults (n=14), we hov

demonstroted thot peonut proteins contoin multiple ollergens recognize
by lgE os described in chopter 3, Three of these proteins or protein bon<

were recognized by more thon 70% of the individuols ond hod molecul<

weights of opproximotely 18,20 ond 2l kD, ln oddition, 3 other proteit

were recognized by more thon 50% of the potients with moleculor weigh
of 33, 40 ond 44 kD,
The recognition of peonut proteins by peonut-specific T cetl clones gene

oted from the peripherol blood of o severe peonut ollergic potient
described in chopter 5. This recognition proved to be extremely diverse fr

the vorious T cell clones os hos olso been described previously for inholot

ollergens found in HDM, gross pollen ond cot donder (l-ó), These studi<

implicote on even more diverse recognition of peonut proteins by T cells,

hos been demonstroted thot the proteins recognized by these T cell clont
hove moleculor weights of opproximotely 30 to 35 kD or 14 to 2ó kD, Bo1

orochin ond conorochin, lhe 2 mojor proteins on o weight bosis of pe<

nuts, ore recognized by the described peonut-specific T cell clones,

Comporing the proteins recognized by lgE with those recognized by the
cell clones, it moy be concluded thot B ond T cell epitopes ore present

the some protein bonds, However, the protein bonds to which 7Oo/o of ll
potients showed lgE binding, were only recognized by 'l of the 5 T ct
clones,
Severol peonut ollergens hove been described previously which wet
detected using lgE-contoining sero of peonut-ollergic potients (7-l l), Tl'

well-chorocterized Aro h I ond Aro h ll (9, l0) hove moleculor weights r

opproximotely ó3 ond l7 kù, respectively, Comporison of the molecuk
weight of Ara h I with the moleculor weights of lhe proteins recognized f
either our peonut-specific T cell clones or the peonut-specific lgE-cor

toining plosmo somples obtoined from Dutch peonut-ollergic potienl
suggests thot Aro h I is not the most importont ollergen for the Dutch popr
otion, Bosed on the moleculor weights of the recognized proteins by tl^

lgE-contoining plosmo somples of the Dutch peonut-ollergic potients,
con be concluded thot Aro h ll probobly is one of the mojor ollerger
becouse it is most likely one of the three proteins thot qre recognized h
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more thon 70% of the lgE contoining plosmo somples used in our study ond
is most likely olso recognized by one of the T cell clones, Dorion et ol, ('12)

olso demonstroted responses of PBMC to this ollergen, whether other
described ollergens, such os Peonut-l ond the conconovoline-o reoctive
protein (7, 8) ore recognized by lgE-contoining plosmo somples of our
populotion or ore recognized by the described T cell clones hos not been
investigoted,

lmplicolions for immunolherqpy

since immunotheropy wos first described in l9l I (13), it hos been widely
used to reduce or overcome the ollergic stote of the potient, lm-
munotheropy is either bosed on the induction of cells with suppressor
octivity, on inducing toleront or onergic CD4+ T cells or on inducing o
switch from o Th2 towords o Thl response, ln severol studies it hos been
shown thot treotment of ollergic potients with increosing doses of the
relevont ollergen resulied in o lower proliferotive response of PBMC to the
ollergen ond o reduced lL-4 ond lL-5 production whereos lFNl production
increosed (14-ló), lnduction of T cells with ontigen-specific suppressor oc-
tivity hos olso been demonstroted in immunotheropy (17), These theropies
ore bosed on T cell recognition of ollergens, so for, whole protein mixtures
hove been used for desensitizotion with the risk of severe side effects,
especiolly in peonut ollergy (18-20), Therefore, it would be on improvement
for immunotheropies to be oble to use only peptides which do contoin the
T cell epitopes but little or no B cell epitopes recognized by lgE which moy
be responsible for the severe side effects, However, the results described in
chopter 5 cleorly indicote thot olso in cose of peonuts, the recognition of
ollergens by T cells is very diverse which moy be o complicoting foctor for
the design of specific immunotheropy, This diverse recognition is in ogree-
ment with the results obtoined for severol inholont ollergens found in house
dust mite, vorious pollen ond cot donder (3-ó), This indicotes thot the T cell
epitopes would hove to be estoblished for every potient individuolly which
is hordly feosible in proctice, However, peptide cocktoils expressing vorious
T cell epitopes moy be beneficiol, lmmunotheropy conducted with o
pepsin-digested short rogweed extroct ond complete protein mixtures
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showed comporoble results (21), However, one should be coutious with tt
type of theropy becouse digested extrocts could still contoin lgE-bindir
sites which would increose lhe risk of side effects, especiolly in the cose
peonut-ollergy, Recently it hos been shown thot the use of immun
dominont T cell peptides con induce o non-responsiveness to the who
ollergen: Allergen primed mice were treoted with Der p I (purified fro
house dust mite ollergens) or Feld I (purified from cot donder ollergens) ir
muno-dominont peptides which resulted in o reduced T cell responsivene
ond reduced production of lL-2,1L-4 ond lFNl Q2,23),
These results indicote thof there moy still be possibilities for immunotherop
This moy be very importont for peonut-ollergic potients becouse not or
the symptoms con be very severe (24,25) but olso becouse peonut is ve
difficult to eliminote from the diet, Peonut flour is used in mony produc
such os cookies, soups ond souces, The only study thot hos been publishe

using immunotheropy for the treotment of peonut ollergy wos lerminote
eorly becouse one of the potients died from on onophyloctic shock whic
however, wos due to o switch in syringes with plocebo ond peonut-extro
(19), The use of immunotheropy with immuno-dominont peptides which c

not contoin lgE-binding sites moy therefore be o very useful ond so'
theropy for such o severe ollergy,

Whol mqkes lhe peonul more hozerdous fhon mc¡ny olher foo
ollergens?

Peonut ollergy is one of the few ollergies in which relotively frequent fl-
potient moy suffer from on onophyloctic shock followed by deoth (24,2Í
It is thought to occur more often due to peonut thon to bee venom, Fr

exomple, in 1993,4 people died due to qn peonut-induced onophyloct
shock in the united Kingdom (2ó), Although the mechonism of this stron
ollergic reoction is unknown, some properties of peonuts, such os the hiç
fot contents, the lipophilicity of the proteins qnd the stobility for ocid, he<

ond enzymotic treotment moy ploy o role, However, this kind of properti<
ore not specific for peonut but moy olso be found in other food ollergen
But combined these feotures moy contribute to the ollergenicity of peonu
Another importont foctor thot moy be involved in the severity of th
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response could be the high ollergen dose in cose of peonut ollergy com-
pored to inholont ollergies, lf o peonut-ollergic potient eots peonut pro-
teins, for instonce hidden in o meol, of leost severol microgroms will be
consumed. compored to the inholed picogroms of HDM-ollergen, this is o
relotively high exposition, This could leod to mossive most cell degronulot-
ion ond mediotor releose, Although this high oilergen dose moy olso opply
for oll food ollergies, cow's milk ollergy, for instonce, does not os often
results in on onophyloctic shock compored to peonut, possibly the combi-
notion of high ollergen lood ond the specific properties of peonuts moy be
of importonce,
of these specific properties especiolly the high fot content of 5s% in pe-
onut (27) together with the lipophilic chorocter of the peonut proteins moy
ploy on importont role in the more severe reoctions observed, Due to this
high fot content, of leost port of the protein could be surrounded by fot
resulting in the creotion of micelles, which hove olso been described for
other plont proteins (28), lt moy be hypothesized thot these protein con-
toining micelles moy be differently obsorbed in the gostro-intestinol troct
thon soluble proteins, This moy not only ploy on importont role in the
induction but olso in the effector phose of peonut ollergy,

Role of peonut properlies in sensitizotion
ln generol, soluble dietory ontigens ore obsorbed porfly intoct through the
epitheliol cells towords the lomino proprio (LP) (29), The intestinol epitheliol
cells (lEC) process the ontigens ond present the resulting peptides in
context of MHC closs I to the cDB. T cells which moy induce toleronce (30,
3l), Under certoin circumstonces, os for instonce during inflommotion when
the expression of MHC closs ll molecules on epitheliol cells is increosed,
they ore oslo copoble of octivoting CD4. T cells (32),
ln controst, proiein contoining micelles moy be obsorbed ond presented
vio o different route, This moy be vio obsorbtion by M cells, the speciolized
epitheliol cells covering the intestines of the sites of the peyer,s potches
(PP), ond presentotion to immuno-competenl cells of the pp (29). This moy
leod to sensitizotion rother thon orol toleronce os hos been demonstroted
with ovolbumin which in generol moy induces toleronce but when expres-
sed in E, coliond obsorbed vio M cells towords the pp, induces o strong
immune response (33),

Another possibility could be thot the peonut proteins ore delivered to the
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cells of the reticuloendotheliol system (RES) in oreo's of the gut woll, Tl"

RES contoins lorge numbers of mocrophoges which will produce ll-l on
lL-ó ofter octivotion. These cytokines ore necessory for ontigen presentotic
ond especiolly Th2 cells seem to depend on the production of ll-l to b
octivoted by APC (34, 35), lf food proteins ore presented to the RES in th
presence of bocterio, the RES con be octivoted by the bocterio whic
moy result in o Th2 response to the food protein rother thon toleronce vio
T suppressor response, Severol ogents hove been shown to octivote th

RES ond induce on immune response to food proteins (3ó, 37),

Although it is generolly thought thot sensitizotion to food proteins tok<
ploce in the gostro-intestinol troct, there is no evidence to support this, Als

in the cose of peonut proteins, the gostro-intestinol troct moy not be th
ploce of sensitizofion, This is supported by the observotion thot in th
ollergy clinic, young children ore presented wilh o clinicqlly monife
peonut ollergy, olthough they were ossumed not to hove eoten or
peonuts yet, The obvious explonotion moy be thot the child is breost-fe
ond lhot the mother hos eoten peonuts, Buf this is not olwoys the onswe
Some of these children ore bottle-fed or the breost-feeding mother h<

followed on eliminqtion diet, An eliminqtion diet moy be followed by
mother who is expecting o child with o high risk of developing o foo
ollergy, Such on diet moy eliminote severol ollergenic food products th<

couse the mojority of the ollergies such os cow's milk, henn's egg, peonr
ond soy, or food products to which the mother, fother or siblings of th
expected child qre ollergic, An eliminotion diet is thought to lower or delc
the onset of ollergic diseoses in the child (38), The observotion of childre
with o clinicolly monifest peonut ollergy who ore though to hove hod n

contoct with peonut proteins, suggests thot sensitizotion hos olreody toke
ploce in utero or thot fhe child hos come into contoct with peonu
through onother route, for instonce through the skin or the respirotory troc
Still, it con not be excluded completely thot the child moy hove hod o
orol exposure to peonut proteins vio licking of ontigens from the skin of th
honds,

Role of peonul ptoperlies in effector phose
The obove decribed mechonism of induction of on immune response mc
ploy on importont role in the induction phose of o peonut ollergy but do<
not exploin the strong onophyloctic responses upon repeoted exposure,
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fost, relotively high ollergen concentrotion in the circulotion moy be
responsible for the severe reoctions os often seen with peonut, Severol
olreody mentioned properties of peonuts ond peonut proteins moy indeed
result in o fost tronsport of peonut ollergens ocross the gostro-intestinol
troct, First, fhe high fot content of peonuts, possible micelle formotion, ond
the moinly hydrophobic chorocter of peonut proteins os demonstroted in

chopter 5, moy oll focilitote o ropid uptoke by the gostro-intestinol troct
ond into the circulotion, Becouse of the ropid uptoke of the ollergens,
binding of specific lgA is prevented which normolly mokes the ollergen
more prone to digestion by introluminol proteolytic enzymes ond ridding
the body of locolly formed immunecomplexes contoining the ontigen
which con couse domoge ond induce on immune response (39-41), Token
into occount thot peonut proteins, do not loose their ollergenicity by
treotment with heot (roosting), ocid or digestive enzymes (42, a3), high
levels of peptides with intoct lgE-binding sites will cross the gostro-intestinol
troct, These properties, however, moy not be specific for peonuts, Also
other fotty substonces os for exomple nuts, could be delivered to the
immune system in o some foshion ond most food ollergens ore relotively
stoble for heot, ocid ond digestive enzymes, However, these combined
feotures moy result in o high concentrotion of ollergen in the circulotion,
Moreover, in chopter 3 it hos been demonstroted thot olmost oll protein
bonds present in CPE were recognized by more thon 20% of lgE-contoining
plosmo somples used in this study ond ó by more thqn 50%, Although it
should be recognized thot multiple binding of lgE to peonut proteins moy
portiolly be due to breok-down of ollergenic proteins, the brood recogni-
tion moy ploy o role in the severity of responses to minute omounts of
peonut protein,

Role of PNA

Another properfy of peonuts thot moy ploy o role in the ollergenicity is the
presence of peonut ogglutinin (PNA), PNA is o lectin thot con bind to
sugors with o Gol(Fl-+3)GolNoc specificity (44), Some lectins, such os con-
conovoline A ond phytohoemoglutinin ore known inducers of proliferotion
in PBMC, Moreover, severol lectins hove lgE-binding copocities ond his-
tomine-releose octivities but PNA does not induce releose histomine (4s),

Although it hos been demonstroted thot FNA con induce proliferotion in

bovine PBMC (4ó), in our studies (chopter 4 ond ó) humon PBMC from both
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peonut-ollergic ond non-ollergic individuols were not found to proliferote ir

response to PNA, However, PNA-specific lgE hos been found in sero c
peonut-ollergic potients ond PNA hos been indicoted os o minor ollerger
(l l), The sugor-binding properties of PNA moy proy o role in the inductior
of lgE-medioted responses bosed on the observotions thot pNA binds to <

lgE-suppressive (lgE-SF) form of soluble CD23 (sCD23) derived from T cells ir

the rot ond humon (47,48), CD23 is the low-offinity receptor of lgE (FceRll
which moy be present both membrone-bound (mcD23) ond in o solublr
form ond ploys o regulotory role in lgE production (49), Membrone-boun<
cD23 focilitotes ihe ontigen uptoke by B-cells ond induces o for more ef
ficient ontigen presentotion thon clossicol endocytotic ontigen uptoke (50)
soluble cD23 is o cleovoge product from mcD23 ond excists in 2 forms, or
lgE-potentioting foctor (lgE-PF) ond on tgE-sF (51, 52), tL-4 is on inducer o
both mcD23 ond scD23 (53, 54), As pNA binds to tgE-sF, the botonce
between lgE-PF ond lgE-SF could be disturbed ond upregulotion or focili
totion of lgE produclion moy occur in o microenvironment where peonu.
proteins or other ollergens ore present, lf this mechonism indeed ploys c
role ln vivo, iI would be of relevonce for not-peonut ollergic, ond thur
probobly peonut consuming, individuols, However, no epidemiologico
doto ore ovoilloble to support o relotionship between the consumption o:
peonuts ond the generol occurence of ollergic disorders, Moreover
olthough PNA-specific lgE hos been detected in sero of peonut-ollergic
potients, obsorption of intoct PNA through the gostro-intestinol troct hor
not been proven, Nevertheless, this moy be on interesting subject for future
studies,

Although knowledge obout mechonisms of ollergic reoctions hos increosed
strongly during the lost decode, still little is known obout sensitizotion to
food proteins, More knowledge on locol conditions of the site of sensitizo-
tion. whether this is the gostro-intestinol troct or other tissues, thot moy
fovour the development of o sensitizotion will in the future offer more
possibilties for prophyloctic interference in food ollergy, For studying the
specific initiol immune responses in the gostro-intestinol troct, on onimol
model would be very helpful, Recent siudies of our loborotory ore focused
on the induction of food ollergy in rots both studying the responses in locol
os well os peripherol lymphoid tissues, Hopefully these studies will leod to
more insight into the mechonism of sensitizotion to food proteins,
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Somenvotling voor niel-ingewijden

Ongewenste effecten von voedingsmiddelbestonddelen komen regelmo-
tig voor en kunnen worden onderverdeeld in toxische reocties, niet-
toxische reocties of te wel overgevoeligheidsreocties en oversies, Toxische
reocties worden veroozookt door een giftige component in het voedings-
middel, Dit kon een notuurlijk voorkomend gif zijn, donwel een giflige stof
ontstoon bij het koken of verwerken von het product, of geproduceerd no
besmetting von het voedingsmiddel met een microorgonisme, Toxische
reocties onderscheiden zich von overgevoeligheids reocties door het feit
dot iedere persoon lost zol hebben von het in het voedingsmiddel voorko-
mende gif, mits de dosis hoog genoeg is, Doorentegen komen overgevoe-
ligheidsreocties olleen bij bepoolde personen voor,
Voedselovergevoeligheid is een vezomelnoom voor niet-toxische onge-
wenste reocfies op voedsel, Voedselollergie en voedselintolerontie vollen
door ollebij onder, ln het gevol von een voedselintolerontie wordt de
potient ziek von een bepoold voedingsmiddel zonder dot het ofweersys-
teem doorbij een rol speelt, Een voorbeeld von een product woorvoor
men een voedselintolerontie kon hebben is oordbei,
Men spreekt von een voedselollergie ols het ofweersysteem een duidelijke
rol speelt in de reoctie op voedsel, Redelijk veel mensen denken dot ze
een voedselollergie hebben moor in het merendeel von de gevollen zol bij
noder ondezoek blijken dot het goot om een voedselintolerontie, of dot
ze het voedingsmiddel gewoon niet lekker vinden, of dot de voeding om
ondere, veelol psychologische redenen, niet verdrogen wordt, ln het
looste gevol spreekt men von een oversie,
Ongeveer 2o/o Yaî onze bevolking lijdt oon een voedselollergie, Reocties
zijn gericht tegen een onderdeel von het voedingsmiddel, meestol eiwit,
De meest voorkomende voedingsmiddelen die eiwitlen bevotten woorvoor
een voedselollergie wordt woorgenomen zijn koemelk, kippe-ei, pindo en
soyo, Doornoost leiden ook vruchten en noten regelmotig tot klochten,
Koemelk- en kippe-ei-ollergie komen voornomelijk voor bij jonge kinderen
die er vook "over heen groeien", Een pindo-ollergie doorentegen, lijkt over
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op leveren door zeer ernstige reocties no het eten von pindo's door e<
pindo-ollergische potient, De symptomen von een voedselollergie kunne
voriëren von het opzwellen von de slijmvliezen von de keel en mondholt
huiduitslog, ostmo, broken en diorree tot systemische onophyloctiscl"
reocties, soms leidend tot shock of zelfs overlijden, Met nome het eten vc
pindo's door pindo-ollergische personen kon, door een nog niet opgeh<
derde oozqok, zeer ernstige gevolgen hebben woorbij de dood volger
op zo'n onofyloctische shock heloos nog regelmotig voorkomt, uiteroor
zullen pindo-ollergische personen het eten von pindo's vermijden mo(
toch worden ze soms onverwochts geconfronteerd met overgevoeligheid
reocties tegen voedingsmiddelen woorin pindo-eiwitten zijn verwerkt zoc
koekjes, soepen en souzen,
Voor meer informotie betreffende overgevoeligheidsreocties kunt u terecl
bij het Londelijk lnformotiecenfrum Voedselovergevoeligheid (LIVC

Postbus 84185,2508 AD Den Hoog,

ln het bloed komen normool diverse typen ontilichomen voor, die gepr<
duceerd worden door een specifieke groep von witte bloedcellen, d
zogenoomde B-lymfocyten of B-cellen, Bij ollergische reocties komt ee
bepoold type ontilichoom, lgE genoomd, in het bloed voor, Zo wordt pir
do-ollergie gekenmerkt door een verhoogde hoeveelheid lgE gericl
tegen pindo-eiwitten in het bloed von de potient, Pindo-specifiek lgE wor<
met nome geproduceerd in de periode woorin de ollergie zich ontwikkel<
Het pindo-specifiek lgE kon vervolgens binden oon gespecioliseerd
cellen, de mest-cellen en bosophielen, die overol in het lichoom voork<
men, Bij een volgend contoct met pindo-eiwit zol er binding ploots vinde
von het pindo-eiwit oon het lgE, Als gevolg von deze binding kome
diverse stoffen vrij uit de mestcellen die (mede) verontwoordelijk zijn vo<
de symptomen die zich bij ollergische personen kunnen voordoenen, D
productie von lgE door B-cellen wordt gecontroleerd door een onder
groep witte bloedcellen, de T lymfocyten of T cellen, No herkenning vo
pindo-eiwit worden de T cellen geoctiveerd en zullen producten gepr(
duceerd worden door deze geoctiveerde T cellen die, in het gevol vo
ollergie, de lgE-produktie stimuleren,

Het doel von het in dit proefschrift beschreven ondezoek wos om me€
inzicht te krijgen in het mechonisme von voedselollergie, woorbij pindc
ollergie ols model is gekozen, Doornoost werd de herkenning von pindc
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eiwit door de B en T cellen von het ofweersysteem bestudeerd olsmede de
dooruit voortvloeiende sturing von de reocties binnen het ofweersysteem,
De vergoorde kennis kon inzicht geven in de mechonismen die een rol
spelen bij het ontstoon von een voedselollergie olsmede de mechonismen
verontwoordelijk voor de zeer ernstige reocties op pindo, Dit inzicht kon op
den duur bijdrogen oon de ontwikkeling von theropieën die de ollergie
verminderen en voor de verbetering von de diognostische tests, ook voor
het ontwikkelen von een preventief middel kon de vergoorde kennis
gebruikt worden, Juist voor een zo ernsiige ollergie ols pindo-ollergie, is het
von belong om een goede theropie te ontwikkelen,

Hoofdstuk I bevot een olgemene inleiding over ongewenste effecten von
voedingsmiddelen en in het bijzonder voedselollergie met de doorbij
voorkomende immunologische responsen zools hierboven in het kort
beschreven is,

ln hoofdstuk 2 stoot een studie beschreven die enezijds ols doel hod het
bestuderen von de symptomen von pindo-ollergische potiënten op een
kleine hoeveelheid pindo's. Andezijds werden verschillende diognostische
testmethoden vergeleken, De symptomen no het eten von pindo's kunnen
von potient tot potient er verschillen moor ook de individuele potient kon
op verschillende tijdstippen onders reogeren, Voor het stellen von de
diognose pindo-ollergie zijn verschillende lesten op de morkt, Zools wij met
deze studie oontonen zijn de uitslogen von deze testen niet oltijd in
overeenstemming met elkoor, Dit wordt mogelijk gedeeltelijk veroozookt
door het feit dot de testen niet gebruik moken von hetzelfde bosis principe
hetgeen het vergelijken von de testen moeilijk mookt, Moor ook binnen
één soort lest komen soms grote verschillen voor welke deels sqmen-
hongen met de herkomst von de gebruikte moteriolen von de verschil-
lende fobrikonten, Met nome grote verschillen in de pindo-extrocten die
voor deze tests gebruikt worden spelen hierbij een rol, Deze extrocten zijn
vook slecht gekorokteriseerd en gestondoriseerd wot tot gevolg kon
hebben dot extrocten verschillen in eiwii-somenstelling, De conclusie die
uit deze studie getrokken kon worden is dot het voor een correcte diog-
nose von pindo-ollergie nodig kon zijn meerder typen testen te gebruiken,
ln voorkomende gevollen zou het gebruik von meerdere extrocten voor I
type test woordevol kunnen zijn, Bovendien verdient de stondorisotie von
pindo-extrocten oonbeveling,
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Hoofdstuk 3 beschrijft de herkenning von pindo-eiwitten door lgE uit hr

bloed von ì4 pindo-ollergische potiënten, Ongeveer l0% von de lg

bevottende bloedmonsters von de potienten herkende bijno olle eiwitte
in het door ons gebruikte pindo-eiwit, Zelts 7Oo/o herkende 3 dezelfc
eiwitten,
Zools ol eerder is gezegd spelen T cellen een belongrijke rol in c
oonsturing von B cellen tijdens het onlstoon von lgE-ofhonkelijke ollergieér
Deze sturing wordt in een belongrijke mote vezorgt door twee stoffer

interleukine-4 (lL-4) en interferon-y (lFN-y) die tegengesteld
werkingen hebben: lL-4 stimuleert de lgE produktie terwijl IFN

deze remt, Het doel von de in hoofdstuk 4 beschreven experimente
wos om te bestuderen of een overmoot oon lL-4 productie ook k

pindo-ollergie een rol zou kunnen spelen, Het bleek inderdood d(
pindo-specifieke T cellen von een pindo-ollergische donor ve
lL-A en bijno geen lFNl produceerden, ln het bloed von nie
pindo-ollergische personen konden echter nouwelijks pindo-spec
fieke T cellen worden oongetoond woordoor de vergelijking met
cellen von niet-ollergische personen niet mogelijk wos,

De herkenning von pindo-eiwit door pindo-specifieke T celle
stoot beschreven in hoofdstuk 5, Ook deze herkenning is zer

divers, de verschillende T cellen (clonen) herkennen uileenk
pende eiwitten von pindo,
Contoct von B en T cellen met eiwitten die ze specifiek herkenne
resulteerd over het olgemeen in een versnelde celdeling, D

delings-respons op pindo-eiwit von T cellen uit het bloed vc
ollergische moor niet-pindo-ollergische personen is gemeten €

beschreven in hoofdstuk ó, De verwochting wos dot deze cellen nir

oonwezig zouden zijn in het bloed von ollergische moor niet pind<

ollergische personen zools dot het gevol is bij niet-ollergsich
personen, Moor tot onze verbozing, bleek de gemeten respol
vergelijkboor met de response von T cellen vqn pindo-ollergiscl^
potiënten, Alhoewel verdere experimenlen zijn uitgevoerd om mer
inzicht te krijgen in het mechonisme von deze respons, kunnen w
door heloos nog geen uitsprook over doen, Dii fenomeen is pind<

specifiek en is niet woorgenomen bij experimenten met ondel
ollergie-veroorzokende stoffen, zoois kippe-ei-eiwit, soyo (

kottehuidschilferol lergeen,
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Hoofdstuk 7 vormt een olgemene discussie von de gevonden resulto-
ten, ln deze discussie wordt beschreven dot de diverse herkenning
von pindo-eiwitten door zowel lgE ols T cellen, de ontwikkeling
von een goede theropie voor pindo-ollergie wel eens zou kunnen
bemoeilijken, Het ondezoek dot in dit proefschrift beschreven
stoot, levert een bijdroge oon het inzicht in het mechonisme von
pindo-ollergie,
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Curriculum Viloe

De outeur von dit proefschrift werd geboren op 2ó februori l9ó5 te Ar
sterdom, No het beholen von hoor VWO-diplomo oon het Colscollege
Nieuwegein in juni .l985, ging zij Biomedische Wetenschoppen studere

oon de Foculteit Geneeskunde, RijksUniversiteit Leiden, No een ofstudee

stoge oon de Universitó degli Studii di Sieno in ltolië met ols titel Bor

biopsies in culture: o model for humorol hypercolcemio of molignoncy
onder begeleiding von Prof, G, Froncini en Prof,Dr, G.J, Fleuren, behoolc
zij op 2ó februori l99l hoor doctorooldiplomo,
Op 1 september l99l trod de outeur ols ossistent-in-opleiding in dienst vc

de Universiteit Utrecht en werd gedeiocheerd bij TNO-Voeding woor h

project Mechonism of lgE-medioted food ollergy'werd uitgevoerd ond
begeleiding von Dr, Th, Ockhuizen (tot ,l994) 

Dr, A,H. Penninks, Dr, M,L, Ko

senberg en Drs, S, Sponhook, Dit vondt ploots in het koder von het Utreci
Toxicologie Centrum (UTOX), Het UTOX is een somenwerkingsverbond v<

Universiteit Utrecht (RITOX), Rijksinstitute voor Volksgezondheid en lV

lieuhygiëne (RIVM) en TNO-Voeding,
Dit werk heeft geleid tot het proefschrift Food ollergy, humon lymphocy
responses to peonut proteins",
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stell¡ngen

L Allergeen-specifieke Th2 cellen spelen een dominonte rol in de
voedselollergie,
(Dif proefschrift)

De herkenning von pindo-eiwitten door zowel B ols T lymfocyten
von pindo-ollergische personen is zeer divers,
(Dit proefschrift)

Het verdient oonbeveling om de extrocten gebruikt voor de
huid-prik-test beter te korokieriseren en te stondoordiseren.
(Dit proefschrift)

De discrepontie tussen de hoeveelheid personen die denken te
lijden oon een voedselollergie en het oontol bewezen gevollen,
geeft oon dot voorlichting op dit gebied nodig is,

Een kleurstofovergevoeligheid die hyperoctiviteit veroozookt bij
kinderen is veelol geboseerd op een oversie vqn de ouders,

Het oontol op de morkt zijnde hypoollergene bobyproducten,
doet vermoeden dot ieder kind tegenwoordig ollergisch ter
wereld komt,

Von reoctief opgeleide ortsen kon niet worden verwocht dot zij
goede, creotieve ondezoekers zullen zijn. Dit mookt de eis von
een wetenschoppelijke promotie voor een opleidingsploots
discutobel,

Het beursole systeem voor promovendi toont weinig respect
voor de wetenschoppel|k ondezoeker,

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

Promoveren,.,,,,, Peonuts?l

Stellingen behorende bij het proefschrift:
Food ollergy, Humon lymphocyte responses to peonut proteins
Esther C, de Jong, l9 jonuori ì 99ó
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