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Allergy to vegetable foods is frequently observed in pa-
tients with pollinosis. The common explanation for this
phenomenon is crossreactive IgE, as can be demon-
strated with radioallergosorbent test (RAST) inhibition.
IgE against birch pollen allergens is often crossreactive
with fruits from the ‘family of the Rosaceae. Another
example is IgE against celery and potato, which is usu-
ally found in sera from patients with grass or weed polli-
nosis. The individual allergens responsible for these
types of crossreactivities were identified in the last few
years. The most important ailergen for the birch pollen—
fruit crossreactivity is the major birch polien allergen Ber
v I. The counterpart of this allergen in fruits probably
plays an important role in the clinical manifestations in
patients with birch pollinosis, after the insestion of fruits
like apple. Another crossreactive allergen that was iden-
tified recently is profilin. Profilin is not only involved in
birch pollen—fruit crossreactivity, but has a more wide-
spread spectrum of crossreactivity covering almost all
vegetable foods. As in the case of Ber v I, clinical symp-
toms related to profilin seem restricted to the consump-
tion of raw vegetable foods. Besides Bet v [ and profilin,
carbohydrate structures on glycoproteins are also in-
volved in pollen—vegetable food crossreactivity. Their
clinical relevance is, however, doubttul.
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Introduction
[t has been known for vears that birch pollinosis
predisposes for symptoms referred to as the oral al-

lergy syndrome (OAS). caused by various fruits of

the family of the Rosaceae. for exampie. the apple
(/=3). This concordance of allergic svmptoms caused
by allergens from unrelated origin is not a unique phe-
nomenon. Mugwort pollen allergy is frequently ac-
companied by complaints related to the consumption
of certain vegetable foods such as carrot and celery
(6.7). Another well-known example of allergens that

are linked is ragweed and some fruits like melon
and banana (8,9). Among allergens of animal origin.
unexpected concordances are also found. Food al-
lergy caused by snails seems to prevail among pa-
tients allergic 1o house dust mite (/0). Allergy for cer
tain insects might also be linked to house dust mites
(1.

The common explanation for these observations
is crossreactive [gE. For example, [gE binding to al-
lergens from apple can usually be inhibited by birch
pellen extract (/2). This indicates that both allergen
sources contain structures that share similar IgE bind-
iz sites. Is [gE against such crossreactive epitopes of
chinical relevance? [dentfication of the individual al-
lergens that are responsible for the observed crossre-
activities is a major help in answering this question.
Recent progress in allergen research has resulted in
the identification of several crossreactive allergens.
especiaily allergens of plant origin. In this paper we
will focus on two of these allergens, Bet v [ and pro-
filin. and on carbohydrate structures on glycoproteins
that are involved in IgE crossreactivity.

Bet v 1

The tirst reports on the major allerzen from birch
pollen (now known under the name Ber + ) go back to
the early 1970s (/3./4). Since then the purification of
the major allergens of birch pollen was reported in
several papers (/5-/7). The production of monoclonal
antibodies reactive with Ber v [ further facilitated its
purification (/8). The end »f the 19805 saw the cloning
of Ber v [ which resuited 1n the elucidation of the com-
plete primary structure of the ailergen (/9). Ber v [ was
shown to be responsibie tor IgE crossreactivity be-
tween birch pollen and other tree potilen. like alder.
hazel. and hornbeam (20.27). Pollen of these trees con-
tains allergens that are highlv homologous with Ber v |
(22--25).

Apple allergv is {requently tfound among birch-
pollen—sensitive patients (1-3). The existence of anti-
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birch pollen IgE, crossreactive with appie. was first
demonstrated by means of radioallergosorbent test
(RAST) inhibition (/2). The involvement of Ber v I in
this crossreactivity was demonstrated by Calkhoven et
al (26). IgE antibodies eluted from solid-phase bound
apple extract bound to a band corresponding to Bet v
[ on a birch pollen immunoblot. The same was shown
or peach and cherry. Ebner et al performed northern
lotting with a Ber v [ ¢cDNA clone as a probe (27).
Cross-hybridization of birch and apple allergen coding
nucleic acids was demonstrated. confirming the exis-
tence of a Ber v I-like component in apple. [t was
shown that this apple allereen had a MW comparable
to Ber v [ (around 17 kD). In the same study. 83 birch-
pollen—sensitive patients were analyzed by immuno-
blotting for reactivity with birch pollen and apple ex-
tracts. Of these patients, 63 demonstrated clinical
symptoms after ingestion of apple. These symptoms
~ere more severe during the pollen season. indicating
that pollinosis and food allergy are indeed linked in
some way. It was shown that 81/83 patients were Ber v
[-positive. Only nine of these sera recognized other
allergens in birch pollen than Ber v L. All 81 Ber v
[-positive sera also recognized the apple equivalent of
Bet v 1. These results strongly suggest an involvement
of crossreactive 1gE against Ber v I-like structures in
both birch pollinosis and food allergic symptoms like
OAS. caused by fruits. Although other crossreactive
structures in fruits were reported (28). Bet v [ seems to
be of major importance for the [gE reactivity with
fruits from the family of the Rosaceae. However, this
does not imply that every pollinosis patient with cross-
reactive IgE against the group [ allergen from tree pol-
len and its counterpart in fruit has symptoms following
consumption of those foods. Of the 31 patients with
IgE against Ber v [ and its counterpart in apple. only
63 had apple-related symptoms. A recent study by
Hirschwehr et al analyzed two groups of patients with
tree pollinosis (29). One group had symptoms after
ingestion of hazelnuts, the other did not. Both groups
recognized the group [ allergen from hazel pollen
tCorvlus avellana), Cor a 1. and the crossreactive
siructure in hazelnuts. One possible explanation of the
observed clinical difference between both groups
could be the titers of crossreactive [gE. The authors
did not analvze the anti-group I IgE quantitatively,
since theyv performed immunoblotting. They did how-
aver report that svmptoms after ingestion of hazelnuts
in the tood-allergic group were more severe during pol-
‘en season. when IgE titers tend to increase. The same
was observed 1n the group of patients with apple-
related symptoms (27). [t 1s possible that the titers of
crossreactive [gE in the group without food symptoms
were below a threshold tevei. This should be analyzed
by determining the IgE titers 1n 1 quant:iative manner,
for exampie. in a RAST tor Ber - i

Profilin

Calkhoven et al demonstrated that there was a
second crossreactive allergen in birch pollen besides
Ber v 1. with an even larger spectrum of crossreactivity
(26). This structure was shown to be crossreactive not
only with frutts but also with other allergens like grass
pollen and potato. It had a slightly lower molecular
weight than Ber v [. In a study by Vallier et al, a
crossreactive allergen of the same size was reported in
mugwort, birch pollen, and celery (30). Van Toorenen-
bergen et al demonstrated IgE binding by immunoblot-
ting to a band of comparable molecular weight in var-
ous spices (3/). Recently, Valenta et al cloned this
allergen from birch pollen (32,33), shortly followed by
its cloning from grass pollen (34). The 14 kD allergen
was identified as profilin. Profilin from pollen can be
isolated from pollen extract in a single-step affinity
purification with Sepharose-coupled poly(L-proline)
{33.55). Profilin is a highly conserved protein present
in almost ulf eukaryotic cells. This property potentially
gave the allergen a very broad spectrum of crossreac-
tivity. We demonstrated recently that profilin is indeed
an allergen in a large variety of vegetable foods, as
well as in pollen (35). What is the role of profilin in
pollen—vegetable food crossreactivity? From a group
of sera that was submitted to our diagnostics depart-
ment for testing with the most commonly inhaled al-
lergens, 66 sera were selected on ground of a positive
RAST for grass pollen. Sera from patients, for whom
testing on food allergens was requested in addition to
inhalant allergens, were excluded. In this way a selec-
tion was made for patients that were mainly suspected
of allergy related to inhalation allergens. Ina RAST tor
Lol p profilin >30% (n = 24) was positive. In a panel
of sera that was selected on ground of IgE against
potato and celery. in addition to grass poilen (n = 73),
>63% had IgE against profilin (n = 48). This finding
confirms similar results reported for a smaller panel of
sera (35) and suggests involvement of anti-protilin IgE
in the IgE reactivity with potato and celery. To inves-
tigate this hypothesis. a series of depletion experi-
ments was performed. Sera were depleted for their
anti-profilin reactivity by a 4-hr incubation with an ex-
cess of Sepharose-coupled Lol p profilin. Supernatants
were tested ina RAST for vegetable foods. As control.
sera were depleted with the same amount of glycine-
inactivated Sepharose. [n addition. a RAST was per-
formed for Lol p I to check whether the depletion was
specific tor profilin. The effect of depletion on the
RAST for celery and potato is illustrated for two sera
in Fig. [. The IgE reactivity of serum | with potato and
celery was inhibited for 93% and 94%%. respectively.
Serum 2 was much less affected: 49% for potato and
44% for celery. A similar experiment was performed
for 19 sera with [gE aguinst Lol p profilin. and against
potato and celery. Fig. 2 summarizes the results. All
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Fig. 1 Effect of anti-profilin depletion on porato and ¢ elery
RAST. Depletion of sera was performed with Senharose-
coupled Lol p profilin. For both sera <5% of anti-profilin
IgE was lest in the supernatant. IgE against Lol p [ wus
practically unaffected: >95% was retained. The anti- projilin
depletion resulted in a complete inhibition of the potato and
celery RAST jor serum [. Serum 2 was less atfected.

NN serum 1

sera were affected by the depletion with respect 1o
their anti-potato and anti-celery reactivitv (=20 in-
hibition). Eleven of the sera demonstrated an 30

1009 inhibition of both potato and celery RAST.
Thesc results indicate that crossreactive anti-profilin

[gE is of major importance for the IgE reactivity of

pollen-positive patients with vegetables like potato
and celery. Although allergy to fruits from the family
of the Rosaceae is predominantly connected to the
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Fig. 2 Importance of profilin for pollen-potaio celor:
crossreactiviry. Depletion of anh-prolem 1gE was f)em)nmd
for 19 sera. For more than nalf of the sera. this resuited in u
B80-100%% loss of anti-potato and anti-c ders [2FE. This proves
the major role of profilin in pollen-potatoic elery crossreac-
aviry.

major birch pollen allergen Bet v 1L sera exist that ar
pollen—fruit crossreactive mainly due to anti-srofiliy
[eE. In Fig. 3 the effect of anti-Lol p profilin depletion
on the reactivity with birch pollen and apple is shown
for such a serum. The birch pollen RAST is inhibited
tor 71%. the apple RAST for 819%. This is comparable
to the inhibition observed for celery (73%%) and potato
(849%).

What is the clinical relevance of crossreactive IgE
against profilin? The above mentioned panel of 6¢
grass-pollen—positive sera was tested in a RAST fo;
potato and celery. Ot these sera. 49 had a positive
RAST for potato. and 30 for celery. The depletion ex-
periments with Sepharose-coupled Lol p protilin had
shown that anti-profilin IgE of zrass-poilen—positive
sera is of major importance for their [gE reactivity
with potato and celery. It is unlikely that so many
subjects with IgE against grass pollen suffer from veg-
etable food allergy. Possibly profilin is a heat-labile
allergen. This would imply that only raw vegetables
are causing symptoms. Probablyv, there is also a
threshold level for anti-profilin IgE to become of clin-
ical relevance. There are indications that profilin plavs
a role in food-related symptoms. The patient whose
serum was used for the depletion experiment shown in
Fig. 3 sutfers from OAS-like symptoms after ingestion
of raw vegetables like celery and carrot. Peeling un-
cooked potatoes or grating carrots causes symptoms
such as comjunctivitis and rhinitis. Recently this pa-
tient suffered from an asthmatic attack foilowing the
consumption of an apple. As demonstrated in Fig. 3.
the positive RAST to vegetable foods is mainly due to
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Fig. 3 x{mf—tora)ﬁ[m [2E responsible for lyE-reactivity with
birch pollenrapple. Depletion of this serum :or its anii-
profilin [QE resulted in a 70-30%% inhibition of the RAST for
bircit pollen and apple. This shows that birch poilen—applie
CroEsreactiviny Is not aiwavs caused dHv Bet v [
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<rossrzaciive anti-profilin [gE. {tis therefore plausiple
that the complaints are related to profilin. The tact that
only raw vegetables induced symptoms seems to con-
firm that profilin is a heat-labtle allergen. There are
other examples of patients whose food-related com-
plaints are most likely caused by anti-profilin [gE. One
patient (pf40) whose IgE responses to vegetable foods
were shown to be highly dependent on anu-profilin
TgE had food-related dermatitis. Depletion of anti-
srofilin IgE resulted in an inhibition of anti-potato and
anti-celery reactivity of >80%. lgE of patient pf40 was
shown to recognize profilin from a large variety of
vegetable foods. including fruits. nuts, legumes, cere-
als, herbs, and other vegetables (33). Although the ex-
act role of profilin as a food allergen still needs to be
determined. these preliminary results indicate tha: it is
a clinically relevant allergen for sclected patients.
Both patients described above (serum ot Fig. 3 and
serum pf40) had high levzls of crossreactive [gE
against profilin (RAST class 4+/3+). indicating that
the titers of anti-profilin IgE could be decisive in de-
termining its clinical relevance.

Crossreactive carbohydrate determinants (CCD)
Allergen extracts are complex mixtures of pro-
teins, of which some are glycosvlated. Especially in
vegetable extracts some of these glvcoproteins are
known to be lectins (36). These lectins can bind IgE
through the carbohydrate side chains on the Fe-part of
[gE. This is the main reason that the existence of IgE
specific for carbohydrate structures on glycoproteins
was doubted and thought to be lectin binding (3).
Other experiments. however, demonstrated that IgE
with anti-carbohydrate specificity does exist (37-39).
The IgE binding capacity of various allergen extracts
was shown to be (partly) periodate-sensitive, pointing
to involvement of carbohydrate determinants in the
[gE binding. A strong argument against lectin binding
was the fact that several sera with elevated IgE titers
were shown to be unreactive. Sera with CCD-reactive
IgE are usually crossreactive beyond the borders of
plant-derived allergens. The carbohvdrate structures
responsible for eliciting IgE responses are found not
only in plants but also in allergenic extracts {rom in-
vertebrates like molluscs and arthropods. An example
of an allergen with an IgE-binding carbohydrate struc-
ture 1s PLA, (40). The antigenic structure was found to
be an N-linked oligosaccharide. in which an al.3-
linked fucose seems to be involved in its immunoge-
nicity (4/—3). In plant-derived N-linked oligosaccha-
rides a B1.2-linked xvlose 1s thought to have a role in
anubody binding 14431, in addition to the «i.3-linked
fucose. Both the fucose and the xvlose linked in this
way are unknown in mammaiian carbohvdrate struc-
tures and are therefore highiv immunogenic. Anti-
CCD IgE piays a role i crossreac::vity between veg-

ctanle foud allergens, allergens from invericbrate ani-
mals {foods and venoms), and pollen. This can he
demonstrated by performing RAST inhibition. Fig. 4
Hlustrates that the CCD-type crossreactivity is not re-
stricted to vegetable allergens. RAST inhibition was
pertormed for serum VW with vegetable food extracts
and mussel extract. Mussel extract inhibited the RAST
for vegetable toods. The mussel RAST was inhibited
by various vegetable extracts. The IgE reactivity of
this patient with food extracts was completely inhib-
ited after periodate treatment of the extracts. This is
shown for a few food extracts in Fig. 5. This points in
the direction of carbohydrate epitopes. Not all ser:
with [gE against carbohydrate structures on vegetable
allergens are crossreactive with invertebrate allergens.
Even umong vegetable allergens, crossreactivity pat-
terns can be different. Fig. 5 shows the influence of
periodate treatment of allergen extracts on vegetable
RASTS tor three sera. Serum VW is unreactive with all
five periodate-treated vegetable extracts. For serum
3325 only the wheat RAST is inhibited significantly.
Serum 4429 again has a different pattern. The RAST
for potato, peanut., wheat, and green pea is clearly
atfected by periodate treatment, although not as strong
as observed for serum VW. The RAST for hazelnut,
however, is totally unaffected. These differences
could imply that IgE of some patients distinguishes
carbohydrate groups with small structural differences.

Although periodate treatment is generally ac-
cepted as a method to destroy carbohydrate struc-
tures. it cannot be ruled out completely that the pep-

‘

potato wheat strawberry  mussel
RAST for: peanut spinach  hazelnut
uninhibited e [ ] [ ] [ ] L] [ ] [ ] “
inhibitor: potato . . . . . - l
- hazeinut - - - . . . -
peanut L ] - . - - - -
wheat [ ] L] - - . . L]
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Fig. 4 CCD-rvpe crossreactiviry is not restricted to veve-
tuble joods. RAST inhibition was performed with serum VW,
This serum was shown 1o have a high titer of anti-CCD I¢E.
Mussel extract inhibited the RAST of a wide varierv of veg-
etable foods. The mussel RAST was inhibited by all vegeta-
ble extracts used as inhibitor. This illustrates the broad spec-
trum of CCD crossreactivity.
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Fig. 5 Anti-CCD [gE is unreactive with perioduate-rreaied
cliergen extracts. Periodate treatment of ailerzen exiracts
destrovs the carbohydrate determinanis on 2lvcoproteins.

This results in a complete initipition of the [y E reactiviey of

serum VW, Sera 3323 and 4429, schich poth have ant-CCD
reactiviry, are tess affected. Thus indicates that carbony-
drate determinants on glvcoproteins from different vegeta-
ble foods demonstrate enough variery (o pe distinguished oy

ant-CCD [2FE.

tide backbone is changed as well. Some amino acids.
such as cysteine. methionine. and tryptophan. are sen-
sitive to oxidation. indicating that theyv could he per-
iodate-sensitive. In addition. destruction of carbohv-
drate determinants can have an indirect etffect on the
conformation of the protein. since it is known that

glvcosylation can be necessary for proper toiding ot

glvcoproteins. [t is therefore not sufficient to show
that glvcoproteins lose their [gE-binding capacity after
chemical modification of their sugar groups. Demon-
stration of IgE binding to carbohydrate structures sep-
arated from the peptide backbone its a more direc
proof of IgE with anti-CCD reactivity. This can be
achieved by digesting the peptide backbone of glvco-
oroteins enzymatically. for 2xample with pronase or
proteinase K. resulting in sugar groups linked to small
peotide fragments. or even a single asparagine. For
example. pronase digestion was applied in order to
demonstrate that the sugar groups on PLA, from bee
venom are recognized by [gE anubodies (40). When
coupled to Sepharose. the carhohvdrate groups can be
used for screening sera on ant-CCD actvity.

Is anu-CCD [gE of clincal refevance” trom «
group of seven patients with high anu-CCD titers. re-
ported in the study by Aalberse ¢t al. no one had food-
allergic symptoms after consumption of vegetable
foods. indicating that the role of curbohvdrate epitopes
in food allergy is negligibie (38). here are. however.
recent reports claiming that sugur 2roups cun be clin-
ically relevant (46.47). This was demonsirated for a

ulvecoprotein from sca squirt. A single sugar group with
a MW of | kD isolated from the glvcoprotein was
shown to elicit a skin reaction in sea-squirt-allergic
patients. This means that such a small structure would
contain at least two epitopes. The relevance of this
observation is of coursc highly dependent on the pu-
ritv of the isolated material. Whether other carbohy-
drate structures. in vegetable extracts for' example,
can elicit skin reactions or induce in vitro basophi!
histamine release stiil has to be determined. Althougt.
single sugar groups were claimed to be capable of elic-
iting skin reactions (46,471, multiple copies linked to a
nonallergenic protein from human origin would be a
more potent tool. This could be achieved by express-
ing ¢DNA. encoding a human protein with multiple
glvcosvlation sites. in a plant expression system. The
aim would be to obtain 2 human protein. glycosylated
like a plant glycoprotein. By application of such a re-
combinant allergen in skin tests or histamine-release
assays. the clinical role of carbohvdrate groups coulc
be determined.

Concluding remarks .

As pointed out above. at least three crossreactive
structures are involved in pollen-vegetable food cross-
reactivity: (1) Ber v [ and the refated proteins in other
allergen sources. (25 protilin, and (3) CCD. In addition.
the carbohvdrate determinants are involved in cross-
reactivity between allergen sources of both plant and
invertebrate animal origin. The analysis of sera with 2
broad spectrum of [2E reactivity is therefore very
complex. A serum can be crossreactive to pollen and
vegetable foods because it contains crossreactive [gE
directed to one of these structures Or (o any combina-
tion of the three. The availability of the crossreactive
allergens in purified torm creates the opportunity to
inves:igate their importance for the fcrossireactivity of
individual sera with pollen and vegetable foods. Pro-
filin and Ber v 1 can both easily be obtained in purifiec
form by affinity purification with Sepharose-coupied
polvtL-proline; and Sepharose-coupled anti-Bet v l
monoclonals. respectively. For the carbohydrate de-
terminants. the most important issue is to separate
anti-CCD activity from anti-peptide activity. Combin-
ing anti-CCD titers with anti-Ber » I and anti-profilin
titers will provide insight into the crossreactivity pat-
rerns of individual sera. ln some cascs. sera turned out
to be uniquely reactive with only one of the crossre
Active strucidres. Such sera can zive an iadication of
its clinical refevance. as was already discussed for (wo
patients with mainly anti-protilin lgk. For Ber | and
profilin. it seems clear that they are invelved in clinical
manifestations. For CCD this is still debatable. It 13
important to clarity this ssue. It clinically irelevant.
this would mean that anti-CCD 12E wouid preterabiy
co undetected in allergy Jdiagnostics.
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