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Abstract

Background: This study was performed to get further in-
sights into antibody responses to cross-reactive carbo-
hydrate determinants (CCD), including initial experi-
ments to prove the biological activity of anti-CCD IgE.
Earlier studies have shown that IgE specific for CCD oc-
curs in about 25% of celery-allergic patients. The clinical
significance of these antibody specificities is doubtful.
Methods: Patient sera were selected on the basis of a
positive case history of celery allergy and multiple bind-
ing to high molecular weight celery allergens on im-
munoblots. Specific IgE to native and heated celery tu-
ber was determined by the enzyme allergosorbent test
(EAST). N-glycans were purified after extensive diges-
tion of specific glycoproteins, such as pineapple stem
bromelain, bovine fibrin, and human IgG, and used as
antigens in an IgE ELISA as well as in EAST and im-
munoblotting inhibition experiments. Dose-related his-
tamine release was performed with BSA neoglycopro-
teins containing 3-4 units of the purified glycopeptides.
Results: Seven celery-allergic patients were identified
who clearly presented IgE against the N-glycan purified
from bromelain which is a common structure within the

plant kingdom. Chemical defucosylation showed that
a1,3-fucose is a key structure for IgE binding. In patients
with anti-CCD IgE, the maximal inhibition of celery
EAST by the bromelain glycan ranged from 22 to 100%.
Inhibition of celery immunoblots by preincubation of
patient serum with this glycan led to a quenching of
multiple bands at masses >40 kD. After linking the
bromelain glycopeptide to BSA, a strong dose-related
histamine release was obtained in a celery-allergic pa-
tient, occurring at lower concentrations than with the re-
combinant major protein allergen from celery, Api g 1.
Conclusions: Our results demonstrate that IgE specific
for CCD is common in celery-allergic patients, and can
represent the major proportion of IgE against this food.
a1,3-fucose was confirmed to be an essential part of the
IgE epitope. Immunoblotting inhibition indicated the
presence of this carbohydrate determinant on multiple
glycoproteins in celery extract. Although histamine re-
lease was only performed in 1 patient, our data show
that proteins carrying multiple glycan units can be bio-
logically active in patients sensitized to CCD.
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Introduction of carbohydrate epitopes in the IgE response to this food.
Besides, initial histamine release tests with neoglycopro-
Alimentary allergy to plant foods is very common irieins were performed in a celery-allergic patient to prove
birch-pollen-allergic patients [1]. This is primarily due to avhether multiple CCD units on a glycoprotein may also be
family of cross-reacting major allergens which are exsble to cross-link cell-bound IgE.
pressed in tree pollen and many kinds of fruits, nuts and
vegetables and which show a high degree of sequence iden-
tity with the major birch pollen allergen, Bet v 1. Materials and Methods
Moreover, cross-reactivity between pollen and vegetable
foods due to allergen-specific IgE that recognizes carbohy-Human Sera
drate epitopes is a phenomenon often described in the reSera from 11 adult patients were used in this study. These were

: ‘ : hosen according to the band pattern on immunoblots and a con-
cent literature [2]. Such ‘cross-reacting carbohydrate detélrﬁwed serologic sensitization to celery tuber and birch pollen. Most

minants’ (CCD) are present 'nOt Onl)’_ ina 'Wide variety Q)cf the sera (from 7 patients) were taken from participants of an earli-
plant extracts [3, 4], but also in material of invertebrate o study [12]. Eight sera and the corresponding anamnestic data were
gin, including insect venom, caddis fly and molluscs, leatindly supplied by Dr. H. Aulepp (Hospital Borkum Riff, Borkum,

ing to a wide range of unexpected cross-reactivities [2— (?rmany). One additional serum (PEI 41) was taken from the serum
collection of the Paul Ehrlich Institute (Langen, Germany). All donors

The key IgE-binding epitopes in most of the described C%ﬁowed celery-related symptoms, reaching from the typical oral aller-

es a_reul,B—_Iinked fucose anfl1,2-linked xylost_e WhiCh_ 0C- gy syndrome to urticaria and asthma. After obtaining informed con-
cur in specific N-glycans [6]. However, the clinical signifisent, sera were taken from all patients and stored at —20°C until used.

cance of CCD-specific IgE antibodies is the subject &he further serum from a patient with multiple inhalant and food

controversial discussions. Some authors [7-9] repeate F'IZ\?_rgies (MAST BS 103) was obtained from MAST Diagnostica
einfeld, Germany). The case history of celery allergy was not

doubted the contribution of carbohydrates to allergic sym efinitively confirmed for this patient, but the patient was allergic to

tomatology. In this context, it has been suggested that cQ8yeral other vegetable foods. The serum from 1 nonallergic patient
ventional allergen extracts for diagnosis or immunotherapys included as a control. One of the celery-allergic donors, PEI 41,
may be replaced by nonglycosylated recombinant allergeaig participated in the histamine release assay.

produced irEscherichia col{10, 11]. However, studies on

the clinical significance of anti-CCD IgE antibodies are Preparation and Purification of the N-Glycans
N-linked glycopeptides with the glycan structure Man

rare: In 1997, van d_er Veen et al. [8] |nv§st|ga_ted the_ reaesyIp1-2)MarB1-4GIcNABL-4(Fuail-3)GIcNAC and just 2-4
tivity of IgE to CCD in grass-pollen-allergic patients with @mino acid residues were purified from pineapple stem bromelain
positive peanut radioallergosorbent test (RAST) but witlich was prepared as described [15]. Bromelain was digested twice
out peanut-related symptoms and compared it with I¢#th pronase. After the first digestion, glycopeptides were isolated by
from peanut-allergic patients that did not react to ch_el filtration on Sephadex G25 coarse using 1% acetic acid as the elu-

. . . nt. After the second pronase digestion, glycopeptides were purified
However, the control group of allergic patients with foo on Sephadex G50 superfine with the same eluent, thereby removing

related symptoms was small: 5 peanut allergics were COfy remaining larger peptides and proteins. The glycopeptide pool
pared to 50 CCD-positive patients without symptoms. Fromas subsequently subjected to two consecutive anion exchange steps
this study it has been concluded that, in general, cross-re¢#g Sephadex A25 with ammonium acetate buffer for the first and

tive I10E to the al | portion of al roteins h dium-borate buffer, which confers a negative charge to glycopep-
€ 19& 1o the glycosyl portion of glycoproteins has pO(flf(cj)es, for the second step. The glycopeptide pool was finally desalted

. . ] ~ - 615)'/ gel filtration and analyzed for amino acids and monosaccharides as
formed in 30 patients with a positive case history of aller@iscribed [4, 16, 17]. Additionally, the sample was analyzed by mass
to celery tuber (celeriac) who were also serologically senspectrometry on a DYNAMO (Thermo BioAnalysis, Santa Fe, N.
tized against this food [12]. Eight of the participants clearlyex., USA), alinear MALDI-TOF MS with delayed extraction using

presented IgE specific for the above-mentioned CCB2:dihydroxybenzoic acid as the matrix. . _
Three types of controls were used: first, glycopeptides with the

Moreqver, CCD represented the heat-stable IgE-bindipg,on pentasaccharide core Mar6(Manl-3)MarB1-4Glc
material of the food, and we have shown that sera frayacp1-4GIcNAc were prepared from bovine fibrin as described [3].
CCD-positive patients frequently present complex IgBecond, defucosylated bromelain glycopeptides were obtained by
binding to multiple high molecular weight bands on imireating bromelain glycopeptides with trifluoracetic acid [3]. And

; e othird, glycopeptides with anl-6-fucose attached to the proximal
munoblots of plant extracts [13, 14]. This study was |n|t|r?lgcl\mC [Manc-6(Maru-3)Marf1-4GIcNAG 1-4(Fucl-8)Glc-

ed to overcome some contrgstlng results in '[h.IS area. SIRI(A%-peptide] were isolated from human IgG by applying the same
celery belongs to the most important allergenic vegetabl@§cedure. The identity of these glycopeptides was verified by the
[1], we wanted to get further insights into the involvemenmtethods described above.
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bromelain covalently linked to the surface of Xyl Fuco; (IZH3
the microtiter plate (Covalink, Nunc). A sec-
ondary amine grafted to the surface (density
104/cn®?) serves as a 2-nm-long spacer arm.

<«—————(lycan — Peptide—»=——Spacer———

The glycopeptides were coupled to BSA as described [3]. The re- Dose-related EAST inhibition studies were performed as de-
sulting neoglycoproteins were found to contain an estimated amosatibed [14]. For inhibition assays, sera were applied at dilutions lead-
of 3—4 mol glycopeptide per mole of protein. ing to about 50% of the optical density (OD) as in direct EAST (1:5in

A further control of the purity of the samples was carried out byost cases, except for the PEI 41 serum that was diluted 1:2, and the
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDEAST BS 103 serum that was diluted 1:100).

PAGE) according to the method of Laemmli [18], followed by silver IgE specific for carbohydrate structures was assayed by a glycan
staining with 1Qug of the bromelain and the fibrin glycopeptide peELISA as described below. Glycopeptides were covalently linked to
lane, and 3ig each of bromelain and of the BSA conjugates of thmicrotiter plates (Covalirk, Nunc, Wiesbaden, Germany) following
glycopeptides from bromelain and from defucosylated bromelain. the protocol of the manufacturer for immobilization of peptides using

All glycopeptides and their BSA conjugates were stored freezéug of glycopeptide per well. Figure 1 shows the final covalently

dried at —20°C until used. linked product composed of the glycopeptide purified from bromelain
and of a secondary amine grafted to the surface of the microtiter plate
Allergen Extracts and Allergens which serves as brigdehead for the coupling.

Recombinant major cherry allergen Pru a 1 used as an unglycosy-Nonspecific binding was blocked with 1% BSA in 0.05Tris-

lated control peptide [19] was kindly supplied by Dr. S. Scheurbuffered saline (TBS), pH 7.4 for 1 h at ambient temperature. After 3
(Paul Ehrlich Institute, Langen, Germany). Recombinant major birghashings with TBS containing 0.05% Tween 20, the wells were incu-
pollen allergen Bet v 1 [20], recombinant birch profilin (Bet v 2) [21bated with 5Qul of patient serum overnight at 4°C. Bound IgE was
and recombinant Api g 1 [22], the major celery allergen, were putetected by subsequent incubations with rabbit anti-human IgE
chased from Biomay (Linz, Austria). Recombinant major timoth¢1:4,000, 1 h), goat anti-rabbit IgG biotin (1:6,000, 1 h; both from
grass pollen allergen Phl p 1 [23] was a kind gift from Dr. A. Peters&ako, Copenhagen, Denmark) and with alkaline-phosphatase-conju-
(Borstel Research Center, Borstel, Germany). The celery extragéded streptavidin (1:3,000, 1 h; Caltag, San Francisco, Calif., USA).
were prepared at our institute from raw and heated (20 min, 100 °Q)e latter three incubations were performed at room temperature, and
celery tuber as described [12, 24]. Briefly, the plant material waach was followed by 3 washings as above. The washing buffer with
shock-frosted in liquid nitrogen, homogenized in a commercidPo BSA was used as incubation buffer for all dilutions. After visual-
blender, extracted with 0.0M phosphate-buffered saline (PBS),izing the enzymatic activity with p-nitrophenylphosphate and stop-
pH 7.4, dialyzed against distilled water overnight at 4°C and freezgng the reaction with N sodium hydroxide, ODs were read at 405
dried. The amount of extracted protein was estimated by a comnman. The results of the glycan ELISA were judged as positive for a

cial dye-binding assay (Pierce, Rockford, Ill., USA). All antigenspecific glycopeptide if the absorbance obtained with serum of a cel-
were stored freeze-dried at —20°C until used. ery-allergic patient was at least twofold that of the nonallergic control
(Ap=2 Ana)- Results were expressed as differences of absorbance be-
Total and Specific IgE tween the allergic patient and the nonallergic contAH =

Diagnostic measurements of total and allergen-specific IgE wek@-Aya).
performed with the CAP System FEIA (Pharmacia, Uppsala, Sweden)
according to the manufacturer’s instructions. Electrophoresis and Immunoblotting

For research purposes, solid phases prepared at our institute wer&DS-PAGE of celery extract was performed as described [26, 27].
investigated by a commercial enzyme allergosorbent test (EAST) Adter transferring the separated glycoproteins to nitrocellulose (NC)
cording to the instructions of the manufacturer (Allergopharma, Reimembranes by semi-dry blotting, the membranes were cut into 3 to
bek, Germany). The antigens for EAST were coupled to cyanogelRmm-wide strips and probed with sera from the allergic patients or
bromide-activated filter paper disks at concentrations depending foom a nonallergic control (final dilution 1:6.7). Immunostaining of
the source (g/disk of celery protein and 0.2&/disk of the recom- bound IgE antibodies was accomplished as described [12], with strep-
binant allergens, respectively) according to the method originally devidin horseradish peroxidase replaced with streptavidin alkaline
scribed by Ceska and Lundkvist [25]. The EAST results EAST wephosphatase (Medac, Hamburg, Germany; 1:3,000) and 4-nitroblue
graded in arbitrary units (U/ml) by the reference system of the suptrazolium chloride and 5-bromo-4-chloro-3-indolylphosphate as the
plier, with a cutoff of 0.35 U/ml for positivity (EAST class 1). EASTsubstrate.

classes are graded as follows: 638ass k0.7, 0.7 class 23.5; Immunoblot inhibitions were carried out with one patient serum
3.5< class ¥17.5; 17.5 class 4. EAST classes correspond t§MAST BS 103) diluted 1:50 and with the following inhibitors:
classes of the Phadebas RAST. 100ug of celery extract or 1@g of recombinant Api g 1 or 10 of

32 Int Arch Allergy Immunol 1999;120:30-42 Fotisch/Altmann/Haustein/Vieths



Fig. 2. Purity control of the isolated glycopeptides and their BS
conjugates by SDS-PAGE and silver staining. Lane 1: marker; lane
10ug bromelain glycopeptide; lane 3: i fibrin glycopeptide; lane
4: 3ug BSA-coupled bromelain glycopeptide; lane pg3BSA-cou-

pled defucosylated bromelain glycopeptide; lane g dromelain;

lane 7: marker.

different glycopeptides, respectively. Blot strips with extract from Analysis of the glycopeptide isolated from pineapple
celery tuber were used as the solid phase. stem bromelain by linear MALDI-TOF MS showed that the
Histamine Release Assa sample contained glycopeptides with the compositions
In vitro histamine releaseywas carried out with whole blood by tMamGICNACZXyIFuc—AsnGIu (7%), MagGIcNAC,Xyl-
method originally described by Siraganian [28, 29] and SiraganifmiC-AsnGluSer (74%) and MgBIcNAC,XylFuc-Asn-
and Brodsky [30]. Histamine was measured in a fluorescence sp&luSerSer (18%).
trometer. Excitation was performed at 300 nm, and the emission
vv_avele_ngth was 450 nm. Sponta_neoqs histamine release and the tOtaAIIergen Profile of Patients Determined by
histamine content after perchloric acid treatment were measured as .
controls. The allergen-induced histamine release was calculated agmmunoblotting and EAST
percent of the total amount of histamine determined after lysis of the As shown by figure 3, patient sera were chosen whose
basophils. All experiments were done at least twice. IgE showed multiple binding patterns on celery im-
munoblots. Moreover, the patients had a positive serologic
IgE-dependent sensitization to celery tuber, and a positive
Results case history of allergy to this vegetable (table 1). For com-
parison, 2 additional celery allergics were selected whose
Purified Glycopeptides without Protein Contamination IgE antibodies bound to a single band with a mass of
The elution position of the glycopeptides on high resol@pproximately 17 kD representing the major celery allergen
tion gel filtration, the differential ion exchange purification®\pi g 1 which does not carry any glycosylations [22]. The
and the data from amino acid and MALDI-MS analysis rulggE antibodies of 6 patients (lanes 1-6) showed major reac-
out any possibility of the samples being contaminated witivities to bands>40 kD and to Api g 1 and reacted to a
peptide epitopes. Furthermore, SDS-PAGE silver stainimgnsiderably weaker extent with additional bard) kD.
(fig. 2) of 10ug of the bromelain and the fibrin glycopep-Api g 1 was also recognized by IgE antibodies from patients
tide per lane showed no detectable protein contaminatid®s 98 and Bo 211 (lanes 9 and 10) who were monosensi-
(lanes 2 and 3). The two visible thin bands are caused by tized to this allergen. In contrast, the IgE antibodies from
buffer solution and occur in all other lanes, including pungatients Bo 220 and Bo 172 bound to bands above and be-
sample buffer (not shown). In contrast, the protein bandslofv 40 kD without recognizing Api g 1 (lanes 7 and 8). Be-
the BSA conjugates of the glycopeptides from bromelasides this, the IgE of Bo 3, MAST BS 103, Bo 167 and Bo
and from defucosylated bromelain (lanes 4 and 5) and 2120 also weakly recognized one or two additional bands at
bromelain (lane 6) were detected in the expected range asund 14 kD (lanes 1, 2, 4 and 7) which may represent cel-
tween>67 kD and 22 kD, respectively. Due to the higlery profilin.
sensitivity of the silver staining method, many impurities In the case of patients Bo 220 and MAST BS 103, sensi-
were detected in commercial bromelain as well as in tkigation to profilin was confirmed by a positive CAP to Bet
BSA conjugates. v 2 (table 1). Patient Bo 82 had a positive CAP to birch pro-
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94.0 ol -_
M| | 94.0
67.0 -~ ; |
” SE g {67.0
- 8 -
43.0( T G S | 6N o
: ) o | = | B 1430
! i oy I
- | -
30.0 e ¥ y
. o © 1300
Fig. 3. Binding of IgE from human sera to B a1l .
celery extract separated by SDS-PAGE angl ' it i oo ) {: bt j
transferred to NC. The molecular weight cor4q 4 s . ; 1 3
responds to marker proteins that were stained ! i

by India ink. Bands located on the left and e d | . | e ! 20.1
right side of marker are due to separated prg 44 i R
teins of celery extract. Lanes 8-11 belong t@" ™ ! _
a second run. Patient sera: lane 1: Bo 3; lare 1A R R ]| ™ |-
2: MAST BS 103; lane 3: Bo 82; lane 4: Bo . Fu A R B 14.4
167; lane 5: Bo 215; lane 6: PEI 41; lane 7 . R AR, L e 1
Bo 220; lane 8: Bo 172; lane 9: Bo 98; lane i B

10: Bo 211; lane 11: nonallergic control
serum. M . India 1 2 3 4 5 6 7 M 8 9 10 | 11

=]

Table 1. Summary of the patient data and results of specific IgE determinations by EAST

Patient profile EAST, U/n¥
patient IgE specific for celery-related symptoms  native celery recombinant

celery allergens Apigl  Prual Betvl Betv2(CAP)
Bo3 Api g 1/CCD OAS 1.0 1.7 27.9 21.1 0.2
Bo 82 Api g 1/CCD/ Profl OAS, DH, V 0.7 0.3 1.5 18.4 2.7
Bo 98 Apig1l ABP 1.3 1.6 5.1 6.5 0.2
Bo 167 Api g 1/CCD OAS, U 1.7 0.7 22.3 21.8 0.0
Bo 172 CCD OAS 0.6 0.0 0.6 17.9 0.0
Bo 211 Apig1l OAS 0.5 0.7 24.4 25.9 0.2
Bo 215 Api g 1/CCD U 1.7 2.0 25.8 21.8 0.0
Bo 220 CCD/Profl ABP, spasm 3.9 0.0 0.0 0.0 2.0
PEI 41 Api g 1/CCD A 1.0 0.3 0.5 2.7 0.0
MAST BS 103 Api g 1/CCD/Profl unknown 19.2 16.7 25.6 22.6 3.0

OAS = Oral allergy syndrome; DH = diarrhea; V = vomiting; ABP = abdominal pain; U = urticaria; A = asthma; Profl = profilin.
a  Multiple food allergies (spices: OAS, U).
b Results=0.35 are positive{class 1).

filin but showed no IgE binding to celery extract at 14 kD. We used solid phases prepared at our own laboratory in
The identification of these three important allergenic struthe EAST for measuring the specific IgE against extract
tures in celery has been described in a previous investiffam native celery (2ig of protein per disk) and different
tion [14]. recombinant allergens (0.2% per disk). As can be seen in
table 1, testing with extract from native celery tuber result-

34 Int Arch Allergy Immunol 1999;120:30-42 Fotisch/Altmann/Haustein/Vieths



ed in EAST classes from 1 to 4. Apart from patient Bo 22Table 2. Blank-corrected absorbances measured by specific IgE
all patients had IgE specific for recombinant Bet v 1 and Pr4!SA using different immobilized N-linked glycopeptides
a 1, the cherry homolog to Betv1land Apig 1. Prualw

. . Patient As with glycopeptide from

included in the measurements as a control for cross-reac

ity studies (see EAST inhibitions). IgE specific to recomb bromelain  bromelain, fibrin I9G

nant Api g 1 was found in all patients, except for patients L defucosyl

172 and Bo 220. IgE specific to recombinant birch profiliBo 3 1.55 1.00 -

was determined by CAP and was positive for the sera B® 83 0.99 0.41 - 0.17

82, Bo 220 and MAST BS 103. All assays were negatl\gép 167 072 0.23 0.23 _

with serum from a nonallergic patient (not shown). Bo 172 1.20 B _ 018

Bo 211 - - - -

IgE Binding to Glycopeptides Bo 215 1.60 - - -
The patient sera were subjected to a glycan ELISA wi® |ij g-j% - - -

glycopeptides (table 2) isolated from bromelain, chemical ST BS 103 2.00 0.33 0.19 ~

defucosylated bromelain, bovine fibrin and from human
IgG covalently attached to the solid phase. All patients _ = a,,.<0.15
whose IgE recognized the high molecular weight bands-
immunoblotting showed strong reactivity with the brome-
lain glycopeptide. The IgE of some patients also reacted
with other glycopeptides, but only to a considerably weakeas applied as a second negative control for this serum. In
extent. In contrast, the IgE antibodies of patients Bo 98 atwhtrast to Pru a 1, Phl p 1 is not related to the Bet v 1 aller-
Bo 211 showed no reactivity to any of the glycopeptides.gen family. Phl p 1 produced a maximal inhibitier20%
(table 3). The six patient sera with IgE against both Apig 1
Cross-Reactivity between Celery Extract and and high molecular weight bands in immunoblotting were
Carbohydrate Epitopes inhibitable in a serum-specific manner by both recombinant
To test the contribution of different celery components #pi g 1 and the bromelain glycopeptide, respectively. Fig-
the total IgE binding capacity of the whole extract, dose-dere 4b shows one representative of this group of sera (Bo
pendent EAST inhibitions were carried out with a series 8i5). IgE antibodies from patients Bo 98 and Bo 211
10-fold dilutions of celery extract (prepared from raw dffig. 4a) were strongly inhibited by recombinant Api g 1 and
cooked vegetable), of the bromelain or fibrin glycopeptideshowed nearly no inhibition by the glycopeptides, whereas
and of the recombinant allergens Api g 1 or Pru a 1 as the opposite situation was found for the sera from patient
hibitors, respectively. Celery extract disks were simultanBo 172 (fig. 4c) and Bo 220. These two sera were unin-
ously incubated with prediluted patient sera and the différibitable by recombinant Api g 1, but were almost com-
ent inhibitor solutions starting with 1Q@/ml. Since three pletely inhibited by the bromelain glycopeptide. Extract
different inhibition patterns were observed in the group &bm heated celeriac (20 min, 100°C) showed inhibitions
participants, representative inhibition curves for the patiesibove 30% only with sera with a positive glycan ELISA.
sera Bo 172, Bo 211 and Bo 215 are depicted in figureThis is in good correlation with reports about the deactiva-
Table 3 summarizes the results of the maximal inhibitioti®n of protein allergens by heating of this vegetable [13].
reached with the above-mentioned inhibitors for all ser@he sum of the maximal inhibitions of recombinant Api g 1
The specificity of the assay was demonstrated by the strargl the bromelain glycopeptide corresponded in most cases
inhibition obtained with extract from raw celeriac in all cago the maximal inhibition reached with raw celery extract.
es. Moreover, recombinant Pru a 1 was taken as a negafiewiating sums obtained with some patient sera, for exam-
control: apart from a high degree of sequence identity pie Bo 167 and MAST BS 103, may be explained by addi-
41% with the major celery allergen, the cherry protein Pruianal sensitizations to IgE-binding proteins in celery ex-
1 presented negligible cross-reactivity with IgE antibodigsact, such as the low molecular mass bands detected by
directed against Api g 1 [19; unpubl. data]. Indeed, rPru aéveral sera in immunoblotting, which was not available for
led to very weak inhibitions of the celery EAST in 9/1(nhibition experiments. As expected from the results of the
sera. Surprisingly, in 1 case (Bo 3), a relatively strong infgtycan ELISA, only weak maximal inhibitions were
bition of approximately 45% was obtained. Therefore, reeached by the fibrin glycopeptide.
combinant Phl p 1, the major allergen from timothy pollen,

IgE against N-Glycans from Celery Int Arch Allergy Immunol 1999;120:30-42 35



Table 3. Results of EAST inhibition experiments using extract from native celery tuber as solid phase antigen

Patient Sensitization to Maximal inhibition, %

celery extract glycopeptide recombinant

raw cooked bromelain  fibrin Apig1l Prual Phl p1
Bo3 Api g 1/CCD 80.5 42.7 31.9 19.0 54.1 45.1 17.5
Bo 82 Api g 1 /CCD/ Profl 81.4 74.4 54.6 26.6 21.3 5.0 n.d.
Bo 98 Apigl 85.3 16.9 1.2 1.6 63.2 13.3 n.d.
Bo 167 Api g 1/CCD 85.2 175 21.5 0.0 39.1 7.1 n.d.
Bo 172 CCD 90.6 95.1 100.0 12.4 0.0 1.3 n.d.
Bo 211 Apigl 93.8 23.9 5.9 131 89.9 194 n.d.
Bo 215 Api g 1/CCD 70.5 38.5 42.8 2.0 23.2 0.0 n.d.
Bo 220 CCD/Profl 80.9 83.4 91.6 6.6 0.0 0.3 n.d.
PEI 41 Api g 1/CCD 91.3 62.5 81.3 25.0 17.5 0.0 n.d.
MAST BS 103 Api g 1/CCD/Profl 75.7 64.3 47.1 0.0 4.3 18.2 n.d.

n.d. = Not determined; Profl = profilin.

Cross-reactivity between purified CCD and celery estant histamine release of around 18% at higher concentra-
tract was further investigated by blot inhibition. The imtions, and a maximum of 25% release at 10 ng/ml appeared
munoblot inhibition results with serum from patient MASTwith the neoglycoprotein obtained by coupling the brome-
BS103 are presented in figure 5. Strips coated with extrégih glycopeptide to BSA. Interestingly, celery extract and
from native celery tuber were simultaneously incubatedcombinant Api g 1 showed no release activity at this con-
with patient serum (diluted 1:50) and different inhibitorsentration. Pure BSA (10g/ml) used as a negative control
The IgE antibodies of the allergic patient without inhibitodid not lead to any histamine release at all (not shown).
bound both to bands 2440 kD, at 17 and at 14 kD (lane 1).

With 100ug of protein from native celery as inhibitor, a

complete reduction of the bands could be reached (lane 4)Discussion

10ug of recombinant Api g 1 as inhibitor exclusively

quenched the 17-kD band (lane 5). No inhibition at all oc- Owing to contradictory results reported in the recent lit-
curred with 1Qug of the fibrin glycopeptide as inhibitor erature [8, 12], there is a demand for further research fo-
(lane 3), but nearly all bands40 kD were strongly reduced cused on IgE directed against CCD. Since more than 25%
after application of 10 pg of the bromelain glycopeptide a$ our celery-allergic patients had IgE specific for the car-

inhibitor (lane 2). bohydrate moiety of bromelain [12], this study was under-
taken to obtain more detailed insights into the specificity
Histamine Release Assay and relevance of anti-CCD IgE in plant-food-allergic pa-

Histamine release assays were performed in one of tlents using celery allergy as a model.

patients (PEI 41). Dose-related release curves obtained afteThe sera from 8 patients were initially selected on multi-
stimulation with different antigens are depicted in figure @le immunoblot patterns that have been shown to be char-
Since PEI 41 is a birch-pollen-allergic patient, a relativeBcteristic for patients with IgE against CCD [12, 13]. Afur-
strong histamine release (35%) by recombinant Bet v 1 dher inclusion criterion was food allergy to celery tuber: all
be seen even at a very low allergen concentration (1 ng/mitients had a positive case history of type | allergy against
With approximately 40% histamine release in the highesiis food, with the exception of the donor MAST BS 103
applied concentrations, permanently increasing curves waii¢gh an unknown history of celery allergy, but a known al-
obtained with celery extract and recombinant Api g 1, stakérgy against spices which frequently affects celery-allergic
ing from zero levels at 10 and 100 ng/ml, respectively. Noatients [1]. The sera from 1 nonallergic control person and
histamine release occurred with uncoupled glycopeptidesm 2 celery-allergic patients whose IgE antibodies exclu-
(not shown) and with the BSA conjugates of the defucossively recognized the non-glycosylated major allergen Api
lated bromelain and fibrin glycopeptides. In contrast, a cog-L on immunoblots were included as controls. As shown by
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Fig. 4. Dose-related EAST inhibitions with
sera from patienta Bo 211.b Bo 215.c Bo
172 (all diluted 1:5). Solid phase: celery ex-
tract. Inhibitors: extract from raw celeriac
(M), extract from cooked celeriacl), gly-
copeptides from bromelaimj or fibrin (A),
recombinant Api g 1@) or Pru a 10).
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to different sensitivities of the two methods. However, in
L] ] __ the case of PEI 41, sensitization to Api g 1 was confirmed
=l HE - ‘|- H by basophil histamine release. Since the birch pollen aller-
94.0 - [l fL | | |l | genBetv1isthought to initiate sensitization to the related

- R R allergens in foods, the strong IgE binding to this allergen
67.0 " may reflect this situation. Birch pollen profilin (Bet v 2)
was applied as an indicator for sensitization against the
panallergen profilin which is present as a cross-reactive al-
& 9 lergen in many kinds of plant foods [31]. The data show that
A s Bl B R4 profilin is of minor importance in our group of patients. On-
ol ! gERARRNARD ly sera from 3 patients had a positive CAP to Bet v 2. Patient
30.0 s # M Bo 82 with a positive CAP to Bet v 2 did not recognize a

1k B ! band at 14 kD on celery immunoblots. This observation
{ may be explained by a partial cross-reactivity between these
! | - related allergens and the recognition of an non-cross-reac-
20.1 B e R | tive epitope on Bet v 2 by IgE from this patient.
' : B ' In the glycan ELISA, purified CCD-containing glyco-

peptides of known carbohydrate and amino acid composi-
tion were used as solid phase antigens. The glycopeptides

:
|
5
o]
A0
|

143.0 i

€
¥
1
=
e
i =5 af

R

14'41 P .,_, $4 3 4| ; contain 2—4 amino acid residues, a size that is below that of
. 5 ‘1 ‘' |' '|' | published sequence epitopes which cover at least 6 amino
™ rdia 1 P e [ R [ acid residues. These small peptides are bound to the carbo-

hydrate moiety by an N-glycosidic linkage via Asn. Since
Fig. 5. Blot inhibitions with NC strips coated with extract from Na-no |arger pepnd'C structures were present in the prepara-

tive celeriac and probed with human serum MAST BS 103 (dilut : : :
1:50). The molecular weight corresponds to marker proteins that W%?%ns’ there are no protein epitopes but only CCD epitopes

stained by India ink. Bands located on the right side of marker are J@éponSible for IgE binding in the glycan ELISA. IgE from
to separated proteins of celery extract. Inhibitors: lane 1: without ifi-food-allergic patients reacted strongly with a specific gly-
hibitor; lane 2: 1Qug bromelain glycopeptide; lane 3: g fibrin  copeptide containing.1,3-linked fucose, whereas the IgE
glycopeptide; lane 4: 10@g of protein from celery extract (raw); lane from the nonallergic control and from the 2 celery-allergic
5: 10ug recombinant Api g 1; lane 6: buffer control. patients who are exclusively sensitized to Api g 1 showed
no reaction to any of the glycopeptides. The participation of
the Asn-linked peptide backbone in the epitope can largely
the results of an IgE ELISA with purified glycopeptides cobe excluded, since defucosylated control glycopeptides that
valently attached to microtiter plates, the multiple blot patarry the same Asn-linked peptides and other control Asn-
terns seen in 8 of the patients correlated well with the préiskked glycopeptides did not react with IgE from most of the
ence of IgE specific for the N-glycan of bromelainpatients. However, the 3-residue peptide backbone which
However, 6 of these 8 patients had additional IgE againsas covalently bound to the surface of the microtiter wells
the nonglycosylated major allergen Api g 1, 4 showed addiray participate in minor interactions with the binding site
tional but weak IgE binding to a protein in the range of 1df the antibodies or could be necessary to maintain a native
kD. Thus, it is difficult to draw conclusions about the clinieonformation of the glycan (fig. 1).
cal significance of sensitizations against individual aller- At the serological level, the results of EAST inhibition
gens from such immunoblot patterns. experiments permit an estimation of the proportion of IgE
The results of the IgE determination by direct EAST cordirected against individual allergenic structures present in
responded well with immunoblotting. All sera had a postelery extract: for the 2 patients who appeared to be almost
tive signal with raw celeriac, and sensitization to Api g &xclusively sensitized to CCD-containing glycoproteins of
was confirmed by EAST with the recombinant molecule inelery extract (Bo 172, Bo 220), the inhibitory activity of
6/8 patients recognizing this band on immunoblots. Two peelery extract was completely mimicked by the bromelain
tients with a weak EAST result of 0.3 U/ml to Api g 1 (Baylycan, whereas Api g 1 had no inhibitory activity. In con-
82, PEI 41) clearly recognized this allergen on imtrast, Api g 1 and native celery represented the only relevant
munoblots (fig. 3). This discrepancy is most probably duehibitors in patients Bo 98 and Bo 211 who showed
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Fig. 6. Histamine release assay with whole blood from patient PEI 41. Dose-related curves were obtained by stimula

tions with the following allergens: extract from raw celery tul; BSA conjugates of glycopeptides from bromelain
(A), defucosylated bromelair\j and fibrin (<), with recombinant Api g 1{) and recombinant Bet v @J.

monosensitization to the major allergen on immunoblots. the 2 patients monosensitized to Api g 1. This may un-
These results demonstrate firstly the specificity of the allaterline the importance of CCD as the heat-stable IgE-bind-
gen identification performed by immunoblotting andnhg component of celery, and the heat lability of the major
ELISA, and secondly that CCD can be the only IgE-bindirglergen [12, 14].

material in celery extract for patients with food-related The cherry protein Pru a 1 was applied as an inhibition
symptoms. In the 6 patients with IgE against both Api gcbntrol. The high degree of structural similarity of this al-
and CCD, the maximal inhibition with the bromelain glycatergen to Bet v 1 [19] is reflected by a similar degree of IgE
exceeded the maximal level obtained with Api g 1 in 4 ca®activity to both allergens in EAST for most of the sera.
es. Since the inhibition graphs indicated that the amountAgart from the high proportion of specific IgE in the sera,
inhibitor antigens was in the saturation range, we conclupieeincubation with Pru a 1 had little effect on the IgE bind-
that CCD can bind a major proportion of IgE in a relevairig to Api g 1 in the inhibition assay, confirming the exis-
number of celery-allergic patients. In 2 patients (Bo 16#&nce of unrelated epitopes on these allergens [19]. Only
MAST BS 103), the sum of maximal inhibitions obtainedne serum (Bo 3) showed a relatively strong inhibition by
with Api g 1 and the bromelain glycan was more than 20Bécombinant Pru a 1 (45%). Since this could be due to sim-
below the maximum obtained with extract from raw celetijar epitopes of Api g 1 and Pru a 1 recognized by IgE from
tuber. This effect may be due to an additional antibody pdpis specific patient, we used recombinant Phl p 1, the ma-
ulation against an additional protein in the range of 14 Kbr allergen from timothy pollen, as a second negative con-
which was weakly recognized by IgE from these patients tmol for this serum. Phl p 1 produced a maximal inhibition of
celery immunoblots. Since immunoblot inhibitions withl7.5%, which is below our cutoff for specific binding.
celery profilin or rBet v 2 were not performed, it remains Since pineapple stem bromelain glycans strongly cross-
unclear whether this 14-kD band represents the known aelacted with IgE directed against celery allergens, our inhi-
ery allergen profilin. The inhibition potency obtained witlbition data confirm the high degree of cross-reactivity of
extract from cooked celeriac correlated well with the inhibthese epitopes. Moreover, blot inhibition with the purified
tion by bromelain glycan with maximal inhibitiors25% glycopeptide proved that identical carbohydrate determi-
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nants can occur on multiple high molecular weight glycdions, the conclusions on the clinical relevance of IgE to
proteins from one plant species. Taken together, these @D still remain difficult. However, the inhibition results
sults correspond well with reports describing the ubiquitoysoved that in the case of celery allergy, for some patients
occurrence of CCD containing fucose and/or xylose in pdhe only detectable IgE directed against celery extract was
lens of olive tree, Japanese cedar, Bermuda grass, andpecific for CCD, and that IgE specific for protein allergens
glycoproteins of celery, tomato, potato, bean, soybean aindm birch pollen in these sera did not cross-react with re-
pea[2, 6, 7]. lated celery proteins.

Many glycoproteins such as the cysteine proteinase In summary, we conclude that glycoproteins carrying
bromelain possess only one N-linked glycan [32]. Suchcamplex N-glycans are important IgE-reactive structures
monovalent epitope would not be able to induce cross-lintor celery-allergic patients, withl,3-linked fucose being
ing of mast-cell-bound IgE if the antibody response was maore important for maintaining the antibody reactivity than
stricted to CCD. However, other glycoproteins with morp1,2-linked xylose. There is evidence that the clinical
than one glycan unit, e.g. horseradish peroxidase with 8 §§amptoms of celery allergy elicited in our patients are not
linked glycans [33], would be candidates for inducing a menly attributed to proteins without glycosylations such as
diator release. the major allergen Api g 1, but also to carbohydrate epi-

To obtain initial data on the potential of proteins cortopes. This view is supported by the observations that (1)
taining multiple repeats of identical glycans to induce typ@CD appeared to bind the highest percentage of specific
| allergic reactions, histamine release assays were pigE in more than 50% of patients with this specific sensiti-
formed on a whole blood sample from one participant wittation, (2) that patients were identified whose only de-
IgE against the nonglycosylated major allergens of bir¢hactable IgE directed against celery was specific for CCD
pollen and celery, as well as against CCD. As expected, thithout any additional recognition of protein allergens of
uncoupled glycopeptides as monovalent epitopes were @gplery, and (3) that a strong dose related mediator release in
able to induce a mediator release. The strongest medidter same concentration range as with protein allergens can
release from IgE-sensitized basophils was obtained after attributed to carbohydrate epitopes indicating the poten-
stimulation with Bet v 1 which is known to be a very poterital of biological activity in this assay system. Unfortunate-
allergen [34]. Interestingly, a similarly shaped release curlye for practical reasons, the histamine release assay was
with an about tenfold reduced potency resulted from stimperformed only in 1 patient, but not in the whole group of
lation by a BSA neoglycoprotein containing 3—4 bromelaiparticipants. Investigations of the mediator release in an ex-
glycans (fig. 6). This construct with polyvalent epitopetended group of allergic patients following our strategy are
showed a lower maximal release than Bet v 1, Api g 1 anefjuired to obtain more quantitative data about the clinical
celery extract, which may reflect qualitative differences isignificance of anti-CCD responses in type | allergic dis-
the allergenicity between the CCD and the protein alleeases. The results of such studies will be important for
gens. Nevertheless the neoglycoprotein showed a rematkfining future demands on recombinant allergens for in vi-
able activity with a maximal release of nearly 25%, whergeo applications.
as 100-fold higher amounts of Api g 1 were necessary to There is an increasing trend for using recombinant aller-
trigger the same degree of cell degranulation. In contragéns in the diagnosis and therapy of type | allergic reactions
pure BSA without the coupled carbohydrate moiety did n¢t0, 11]. Almost all well-characterized recombinant aller-
lead to histamine release, even at the maximal concenganic proteins which have so far been applied in humans
tion of 10ug/ml. Since this assay is based on the essentie¢re derived from transformesl coliand thus lack glyco-
event of the allergic reaction, our results support thsylations and other posttranslational modifications of their
hypothesis that proteins with multiple glycosylationsiatural eucaryotic counterparts. Provided that these bacteri-
may possess a bhiologic activity which is related to thed proteins can be obtained in the native conformation and
carbohydrate moieties, and that this activity can be simil@CD would indeed be without clinical significance in all
to the potency of allergens with protein epitopes. A recepatients [8], recombinant allergens would offer a lot of ad-
study that was performed on the carbohydrate moiety of thentages and would be the ideal diagnostic and therapeutic
major olive pollen allergen, Ole e 1, supports our findingnaterial. Standardization in mass units would be easy, and
that IgE specific to CCD can possess a high biologiclse-positive serologic assays caused by the presence of
activity [35]. CCD in natural extracts would be excluded. On the con-

Since all patients possess IgE specific either for rBet \rhary, if IgE against CCD were able to trigger allergic symp-
or rBet v 2, i.e. for epitopes of proteins without glycosylaomatology at least in a significant subgroup of patients sen-
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sitized against these determinants, important IgE specifieiraluation as therapeutic agents because of their weak or

ties would be overlooked by the existing recombinants. hon-IgE binding, whereas the IgE-reactive recombinant

this case, additional diagnostic tests such as the CGjf@ast or BIC proteins are better suited as diagnostic tools

ELISA applied in this study would be required. [38]. To get further insights into the biological relevance of
For some allergens, recent results point at the latter cdg& against carbohydrate epitopes, it would be interesting to

For example, the IgE-binding capacity of the recombinaimvestigate whether BIC-expressed high molecular weight

allergens Phl p 1 and Phl p 5, expressdd.iooli, was sig- celery allergens are active in patients allergic to this veg-

nificantly lower than that of natural Lol p 1 and Lol p 5 [36]etable and presenting IgE specific for CCD.

A possibility to overcome the problem of incorrect folding

and lacking glycosylation occurring with the procaryotic

expression system is the use of eucaryotic expression sysAcknowledgements
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