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Reactivity of carrot-specific IgE antibodies with
celeryo apiaceous spiceso and Éirch pollen 2,).1p
A. Helbling, MD; M. Lopez, MD; H. J. Schwartz, MD*, and S. B. Lehrer. phD ) 'c r,

Although c?rrot allergy, is not well recognized in North America, the celerycarrot-mugwort-spice syndrome is wellknown In t'urope. In the current sludy. cross reactivity of canot, stalk celery, and spiles, all members of the eplaìeaeand birch pollen was assessed wilh,sèrum from a poi"rt ,eporting raw carrot-induced, raw statk cetery-iiiuiíà,-'ói-'-syj.c1;i1lucea hrtlsmt,edema and broncitospasm. ry usr inninior, 'o;;;;;;;;;;àirl'f i^ ar^onrtrot"aDelween raw carrot and statk celery ̂nd other members of the Apiaceae. Immunoprint inhibhion revealed commonallergic epitopes on a I 7-kD band shared. by caryot. celery. and [irch pollen. The'results suggiii't hat subiects
y::::T!-t-? ,:,::! mav atso have a.ile,clc lelcJlo1 to otier vegaabreí ii'iià"1"fíleiíír'ri^ ià^ity." iurrhermore.(arror nypersensrttvtty run be associated with birch pollen allergy.

INTRODUCTION
Although all foods may have the
potential to induce an alleryic re-
sponse, only some have been re-
ported t.o cause hypersensitivity re-
actions.r-a Foods most commonly
involved in immediate allergic re-
actions include milk, eggs, seafood,
and . Iegumes, particularly pea-
nuts. '''-t These foods have been well
documented to produce hypersen-
sitivity reactions and their major al-
lergens have been studied.''a In
some European countries, carrot
and celery are frequently implicated
as causes of hypersensitivity reac-
tions among adulb.ó-r5 Although a
number of reports in the European
literature describe celery and carrot
hypersensitivity, their antigenic/al-
lergenic components have not been
well studied.

Carrot and celery belong to the
same botanical family, the Apiaceae
(or Umbelliferae). Hypersensitivity

to carrot is usually associated with
celery allergy and sensitization to
the botanically unrelated species of
mugwort (Artemisia vulgaris) and/
or birch (Betula spp.).6-'4 Studies of
Apiaceous spices (such as anise, car-
away, coriander, cumin, and par-
sley) indicate their involvement in
the alleryic responses of subjects
sensitive to both celery and carror.
referred to as "celery-carrot-mug-
wort-spice syndroma.r:r0'r2'r3 This
syndrome is frequently described in
the German literature. Based on
skin tests, food-specific IgE antibod-
ies and Prausnitz-Kustner serum
transfer tests, carrot-induced, ce-
lery-induced, and spice-induced
clinical symptoms are thought to be
caused by IgE-mediated mecha-
niSmS.6.8-ló

There are no reports in the United
States of alleryic reactions following
the ingestion of carrot. Recently,
however, a patient with relevant
pollinosis to mugwort and contact
urticaria to carrot and celery was
described.tT The current study ex-
plored the presence of alleigens
shared by carrot and other members
of the Apiaceae and investigated the
relationship of birch pollen allergens
to carrot and celery allergens.

MATERIALS AND METHODS
Study Subject
A 48-year-old Caucasian woman
with a history of seasonal rhinocon-

junctivitis in the spring and fall re-
ported an itchy, runny nose, itchy
eyes, and wheezing when shredding
raw carrots and throat swelling,
wheezing, and a squeaky voice upon
ingestion of raw carrots. Symptoms
were similar, although milder, after
eating stalk celery, raw parsnip and
fresh parsley, and cherries; occa-
sionally, apples caused oral itching
and throat swelling. Ingestion of
cooked carrot, stalk celery, and par-
snip and dried parsley did not pro-
duce symptoms.

Skin prick tests using commercial
extracts (Hollister-Stier) were posi-
tive to gfass, ragweed, birch, carrot,
parsley, and pepper. Commercial
RASTs (Pharmacia) were positive
for celery (class 3), birch (class 3),
ragweed (class 3), apple (class 2),
anise (class 2), cumin (class 2), and
coriander (class 2) but negative for
carrot and grass. Sera ofthree atopic
subjects with negative histories and
skin tests to carrot were used as
controls.

Preparation of Extracts
Extracts were prepared from fresh,
raw carrot, boiled carrot (250 g in I
L of deionized water forten minutes
at 100 'C), water remaining after
boiling the carrots, raw stalk celery,
cumin, anise, and coriander; all
were purchased from a local super-
market. Foods were homogenized
and extracted overnight in phos-
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phate buffered saline (PBS) (0.1
mol/L; pH 7.2) at 4 'C under con-
stant stirring. Extracts were centri-
fuged for 30 minutes at 70,000 g,
supernatants concentrated by ultra-
filtration with Amicon YMl (Dan-
vers, MA) (M.W.C.O I kD), di-
alyzed (M.W.C.O 3.5 kD) against
deionized water and stored at
-20 "C. Birch extract (birch mix:
paper, river and white birch, Hollis-
ter Stier, USA) was dialyzed
(M.W.C.O 3.5 kD) against deion-
ized water, and concentrated by di-
alysis against Ficoll 400 (Pharmacia
LKB, Sweden) at 4 'C. Dry weight
was determined and protein con-
centrations were measured by Coo-
massie Plus Assay (Pierce, Rock-
ford, IL) following manufacturer's
instructions. Protein concentrations
were 13.7 mg/ml for raw carrot,
l.I4 mg/ml for boiled carrot, 0.76
mg/mL for carrot cooking water,
7.6 mg/mL for stalk celery, 20.0
mg/mL for birch pollen, 16.0 mg/
mL for anise, 18.0 mg/ml for cor-
iander, and l7 .0 mg/ml for cumin.
RAST, RAST Inhibition, and
Determination of Total IgE
Raw carrot, boiled carrot, carrot
cooking water, and stalk celery
RAST were performed by the
method of Ceska and Lundkvist.ts
Paper disks were coated with I mg
dry weiglrt of extract per disk. Du-
plicate antigen-coated disks were in-
cubated overnight with 100 pL un-
diluted serum. After washing with
saline (0.9%),100 pL of '25l-labelled

anti-IgE (15,000 cpm/disk; Kalles-
tad, Chaska, MN) was added and
the disks incubated overnight. Disks
were washed and boun6 tzsl (cpm)
measured in a gamma counter
(Gamma 5500, Beckman, Irvine,
CA). Results were expressed as
mean percent cpm binding of total
radioactivity added.

RAST inhibition was performed
using the method of Gleich.'e Fifty
microliters of patient serum plus 50
p.L of increasing concentrations
(0.01,0.1,  1 .0,  and 10.0 mglml- )  o f
inhibitor extract were tested for in-
hibition of raw carrot RAST. Ex-

tract of cabbage, a member of the
Brassica family, was used as a neg-
ative control. Duplicate inhibitions
were performed and mean values
determined.

Total serum IgE levels were meas-
ured by Kallestad QuantiCLONE
kit (Chaska, MN) using r25l-labeled

anti-IgE.
SD S-PAG E and I mmunoprint
SDS-PAGE was performed by the
method of Laemmli,2o using 15%
T/2.7%C separation gels (16 x 18
x 0. I 5 cm) and 4% T /2.7 %C stack-
ing gels in an SE 600 electrophoresis
chamber (Hoefer Scientific Instru-
ments, San Francisco, CA). Samples
were heated at 100 'C for five min-
utes in sample buffer containing 125
mM Tris-HCl (pH 6.8), 2% SDS,
l0% glycerol, and 5% 2-mercapto-
ethanol. Electrophoresis was con-
ducted at 60 mA of constant current
per gel until bromphenol tracking
dye was I cm from the bottom of
the gel. For staining, proteins were
fixed for one hour in 3.5% sulfosal-
icylic acid in ll.5% trichloroacetic
acid and stained with 0.1% Coo-
massie blue R 250. For immuno-
blotting, proteins were transferred
electrophoretically to a cyanogen
bromide-activated, 0.2- pm pore size
nitrocellulose membrane.2t Un-
reacted membrane sites were
blocked with phosphate buffer (40
mM; pH 7.5) containing 0.05%
Tween 20 and I% bovine serum
albumin. Nitrocellulose membranes
were washed in PBS with 0.05%
Tween 20 and incubated overnight
with subject ( 1:8 dilution) or control
sera (l:2) diluted with phosphate
buffer. To adjust the mean total IgE
to comparable levels, serum dilu-
tion from the study subject was in-
creased 4 times. After washing with
PBS/Tween, radiolabeled anti-IgE
(diluted to 50,000 cpm/strip with
buffer) was added and the mem-
branes incubated at room tempera-
ture overnight. Unbound anti-IgE
was removed by washing and the
membrane was allowed to dry.
Autoradiography was performed
on x-ray film (Eastman Kodak

Company, Rochester, NY) with an
intensifier screen (Dupont Cronex
Lightning plus) for one to three days
at -70 'C.

Immunoblot Inhibition
Following separation by SDS-
PAGE of 15 pg per 0.5-cm gel of
raw carrot, stalk celery or birch pol-
len, proteins were blotted onto ni-
trocellulose membranes which were
then cut in 0.5-cm strips. IgE serum
reactivity was inhibited by adding
increasing concentrations of raw
carrot, celery, or birch pollen pro-
tein extracts (0.01, 0. 1, 1.0, and 10.0
mg/ml-) to subjects' ( l:8) or pooled
control serum (l:2) diluted with
PBS. Standard immunoprint assay
was conducted as previously de-
scribed.22

Statistical Analysis
The inhibition results of raw carrot
were log transformed and analyzed
by least-squares-multiple linear re-
gression. Slopes and intercepts were
determined.

RESULTS

RAST and RAST Inhibition
The patient's serum had positive
RAST reactivity to raw carrot
(41 .9%), boiled carrot (31.4%), car-
rot cooking water (35.3%) and stalk
celery (42.8%). Negative control
sera did not show significant RAST
binding (<3%) to any of the extracts
tested. Raw carrot RAST was max-
imally inhibited by stalk celery
(46Vo), boiled carrot (46%), anise
(45Vo), cumin (44%), and coriander
(42%) (Fig l). Cabbage, a negative
control, did not inhibit raw carrot
RAST.

SDS-PAGE and Immunoprints I

At least l3 raw carrot proteins, rang- ]
ing from 17 to 61 kD, were dem- ;
onstrated by SDS-PAGE; the most l
intense Coomassie blue staining I
bands were at approximately 1,7,21, /
32,45, and 61 kD. Seven Coomassie ì
blue staining bands each were de- I
tected in celery (17 to 66 kD) and I
in birch pollen (17 to 37 kD), 12 e
bands in anise (17 to 66 kD), 5 in L
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a Raw Carrot
a Celery
I Anise
tr Cumin
. Cilantro
o Boiled carrot
a Cabbage

coriander (17 to 64 kD), and 10 in
cumin (17 to 4l kD). The ten pro-
tein bands in both boiled carrot and
carrot cooking water were identical
to each other (17 fo 43 kD) and
similar but more intense (except 17
kD band) than those bands in raw
carrot.

Immunoprints of raw carrot
showed seven IgE binding bands at
1 7 , 2 5 , 3 2 , 3 6 , 4 1 , 4 5 ,  a n d  6 1  k D ;
the 17 kD being the most intense
(Fig 2). All IgE binding bands cor-
responded to Coomassie blue stain-
ing protein bands. In boiled carrot
and carrot cooking water, only a
single band at 17 kD was detected
(Fig 2). Birch pollen had five IgE
binding bands af 17,21,32,45, and
50 kD; celery, nine bands at l7\ 21,
23, 31, 34, 40, 43,45, and 66 kD;
anise, three bands at 17,21, and 23
kD (Fig 3); and coriander and
cumin, one single band each at 17
kD (data not presented). The l7-kD
allergen was the most intense IgE
binding band in all extracts. No IgE
binding components were detected
by negative control sera (data not
presented).

I mmunoprint I n hibit ion
IgE reactivity of raw carrot immu-
noprint was completely inhibited by
homologous extract and stalk celery
extract at the concentration of 50
pg; a partial dose-dependent inhibi-

45-

36-

29-

24-

20-

14-

RC BC CW
Figure 2.lgE reactivity to raw carrot (RC),

boiled carrot (BC), and carrot cooking water
(CW). Seventy-five micrograms of protein
per lane were applied and incubated with l:8
diluted patient's serum.

tion was achieved with birch pollen
extract. Stalk celery immunoprints
were also completely inhibited by
50 pE homologous and raw carrot
extract; birch pollen; inhibition was
also partially dose-dependent. Birch

pollen immunoprints were com-
pletely inhibited by as little as 50 pg
of homologous extract and were
partially inhibited in a dose-depend-
ent fashion by raw carrot and stalk
celery extracts (Fig a).
DISCUSSION
Vegetable, nut, and/or fruit hyper-
sensitivity is not uncommon among
atopic adults, particularly individ-
uals allergic to birch and/or mug-
wort pollens.6-tó Although a rela-
tionship between carrot or celery
with birch/mugwort hypersensitiv-
ity has been reported in the Euro-
pean literature,6-ra its existence has
not been well recognized in North
America. In this investigation,
cross-reactivity between carrot and
other members of the Apiaceae was
assessed and their allergenic rela-
tionship with birch pollen deter-
mined using a serum from a patient
who had laryngeal edema and bron-
chospasm after ingestion of raw car-
rot, raw stalk celery, raw parsnip or
fresh parsley.

Although the subject studied was
skin test positive to carrot extract,
skin testing with commercial food
extracts is not always reliable. The
limitation of commercial carrot and
celery extracts is illustrated by a re-
cent case report in which suspected
contact urticaria from these vegeta-
bles could only be confirmed by
skin testing with fresh food ex-
tracts.'7 Unfortunately, skin testing
using freshly prepared food extracts
is not always easily performed and,
therefore, is not a general practice.r'3

Commercial carrot RAST failed
to detect carrot-specific IgE antibod-
ies in our patient's serum suggest-
ing, inadequacy of antigen-coated
commercial carrot disks. High levels
of carrot-specific IgE antibodies,
however, were detected with our
laboratory-prepared disks. Nonspe-
cific IgE binding is unlikely since
negative control sera did not bind
significantly to the disks. The lack
of reactivity of commercial carrot
disks agrees with other studies re-
vealing that commercial carrot
RASTs detect onlv half of the

0 E r

1 0 ' 3 10-2 10 ' r 1 0 0  1 0 r
INHIBITOR CONCENTRATTON (mg/mt)

Figure L Inhibition of raw carrot RAST with carrot, stalk celery, and spices of the Apiaceae.
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RC BC CE AN BI
Figure 3. IgE reactivity to raw carrot (RC), boiled carrot (BC), stalk celery (CE), anise (AN),

and birch pollen (BI) extracts. Sixty micrograms of protein per lane of each extract were loaded
into separate wells. After blotting, nitrocellulose membrane was incubated with l:8 diluted
patient serum. Autoradiography was developed after 6 (A) and 72 houn (B).

20-

14-

PBS CARROT BIRCH CELERY
Figure 4. Inhibition of birch pollen immunoprint. Raw carrot, stalk celery and birch pollen

were tested for inhibition at a final concentration of 5000 pg (l),500 pB e), S0 pg (3), and 5 irg
(4). Phosphate buffered saline (PBS) was used as positive control.

carot-sensitive subjects.ro'25 &{ST
with boiled carrot showed decreased
IgE binding, possibly from destruc-
tion or extraction of carrot allergens
by the cooking process. Some carrot
allergens are extracted by the cook-
ing process as shown by the positive
RAST to carrot cooking water.

Immunoprints demonstrated less
lgE reactivity of the 17-kD protein

in cooked carrot and carrot cooking
water than in raw carrot. This find-
ing of reduced allergenicity in
cooked carrot and carrot cooking
water may be due to allergen de-
struction as suggested clinically. The
patient reportedly can eat cooked
carrot without any difliculty. This is
supported by the common observa-
tion that most individuals who are

alleryic to fresh vegetables or fruits
can tolerate the offending foods if
COOked. to-t2.2s

Could the association of pollen
with food hypersensitivity be due to
common epitopes or allergens?
Such relationships have been inves-
tigated in other studies, especially
between mugwort or birch poliens
and celery. I I' r3'r5' ró'26'27 Among both
pollens and celery, similar allergens
have been demonstrated by differ-
ent methods. Immunoprint inhibi-
tion of the l7-kD allergen illustrated
that birch pollen allergen shares
common epitopes with carrot and
celery allergens. Two other studies
using immunoprint inhibitions also
suggest common epitope structures
in birch pollen, vegetable and fruit
allergens in the molecular weight
range of 14 to 20 PP.zs'zt Our RAST
inhibition studies demonstrated
some cross reactivity of raw carrot
with celery and Apiaceous spices.
Celery was a potent inhibitor of raw
carrot RAST, which is supple-
mented by clinical observation that
many subjects who are allergic
to carrot are also sensitized to cel-
ery.ro-tz Mugwort was not tested in
this study because it was not a com-
mon local aeroallergen.

Recently, a l5-kD allergen has
been identified in celery tuber that
is immunochemically similar to al-
lergens present in other plant spe-
cies.2E This l5-kD allergen was
identihed as profilin with a rabbit
polyclonal antibody specific to
recombinant birch pollen profilin.
Prof,rlins have been proposed as a
novel family of plant pan-aller-
gens.te Although the size and pres-
ence in carrot, stalk celery, and
birch pollen of our l7-kD band sug-
gest it could be related to profilin,
further studies are needed to con-
firm this.

This investigation demonstrates
that carrot can produce IgE antibod-
ies, even when cooked. Carrot, a
member of the Apiaceae, cross-
reacts with stalk celery and certain
spices (also members of the Api-
aceae family). Carrot and celery
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share epitopes with birch pollen, al-
though they are botanically unre-
lated. Since birch is a common
North American tree, the associa-
tion of birch pollen allergy with car-
rot and celery hypersensitivity may
be more prevalent in the United
States and Canada than clinicallv
recognized.
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