Natural latex, grass pollen, and weed pollen

share IgE epitopes
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Background: Because of the frequent use of natural latex
products, IgE-mediated reactions to latex proteins represent
an important health threat in industrialized countries. Al-
though several latex allergens have been characterized and
IgE cross-reactivities with allergens present in plant-derived
food have been described, limited information is available
regarding the presence of common IgE-binding components
in latex and plant pollen.

Methods: By using serum IgE from 56 individuals with latex
allergy, the IgE-binding components in ammoniated latex
milk and latex glove extracts were characterized by immuno-
blotting. The presence of cross-reactive IgE-binding compo-
nents in the different latex extracts, extracts from mugwort,
ragweed, timothy grass pollen, and recombinant birch pollen
allergens (Bet v 1 and Bet v 2 [birch profilin]) was studied
by immunoblot inhibitions and quantitative competition ex-
periments. The involvement of carbohydi‘ates in the constitu-
tion of cross-reactive IgE epitopes was studied by periodate
treatment of extracts.

Results: Although sera from certain individuals with latex
allergy showed IgE reactivity with protein bands of different
molecular weights in Western-blotted latex milk and glove
extracts, both extracts contained common IgE epitopes. Al-
though preincubation with recombinant Bet v 1 and Bet v 2
did not significantly inhibit IgE binding to latex proteins,
weed and, in particular, timothy grass pollen extract strongly
inhibited IgE binding to latex allergens. The cross-reactive
IgE epitopes were sensitive to periodate treatment.
Conclusions: Mugwort, ragweed, and timothy grass pollen
share IgE epitopes with glycoprotein latex allergens. The
presence of common epitopes might in part explain clinical
symptoms in patients allergic to pollen on contact with latex.
(J Allergy Clin Immuno! 1997;100:356-64.)
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Abbreviations used
kUA/L: Kilounits of antigen per liter
SDS-PAGE:  Sodium dodecylsulfate-polyacrylamide
gel electrophoresis

Proteins from natural latex (Hevea brasiliensis) have
been recently recognized as a potent source for type I
allergic reactions (cutaneous, nasal, bronchial, and sys-
temic reactions).}® Because of the frequent use of latex
products, IgE-mediated reactions to latex represent a
health problem of increasing importance.!? Allergic re-
actions are frequently observed in certain occupations
(medical staff, gardeners)!’** and in children with
chronic urogenital and neurologic disorders (e.g., spina
bifida) that routinely expose them to latex products.'* 15
The prevalence of skin test responses to natural latex
was 4.2% in Germany,'® was nearly 4.5% in a Canadian
study'? (estimated in allergy units), and very recently was
estimated up to 6.4% in a group of 1000 volunteer blood
donors.!®

Because of the relatively high prevalence of latex
allergy, considerable effort has been spent in the char-
acterization of latex allergens. The allergenic compo-
nents found in latex products represent water-soluble
proteins and/or glycoproteins that originate from Hevea
brasiliensis.*-2° Starch powder used for the manufactur-
ing of certain latex products (e.g., gloves) was found to
contain no allergenic components but can act as a carrier
for latex allergens.?!-22 Latex allergens can cause either
local reactions (e.g., contact urticaria) or systemic reac-
tions (asthma) when distributed by powders or anaphy-
laxis during surgery or when inhaled.?’ Among the latex
allergens studied so far, proteins that seemed to be
rather specific for latex such as the rubber elongation
factor,?*?> hevein,?® papain,®* and a lysozyme were
described.?’” On the other hand, several studies report
the presence of common IgE-binding structures in cer-
tain fruits (banana, avocado, and pear) and latex, point-
ing to the possibility that allergic symptoms to each of
the sources could be partly the result of IgE cross-
reactivities.?®-3* The cross-reactive allergen, profilin, rep-
resenting a cytoskeletal actin-binding protein, could be
purified from latex as an IgE-binding component, but it
is present in small amounts in latex extracts.”> A more
recently identified complementary DNA clone coding
for a low-molecular-weight latex allergen, Hev b 5, might
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represent another component with similarity to fruit
proteins.®®37 Although several investigators have stud-
ied the phenomenon of IgE cross-reactivity between
latex and plant food, limited information on the pres-
ence of cross-reactive allergens in latex and pollen is
available.®®

The aim of this study was the characterization of latex
allergens in ammoniated latex milk extract and latex
glove extracts by IgE immunoblotting with a represen-
tative panel (n = 56) of well-documented sera from
patients with latex allergy. The presence of common IgE
epitopes in latex milk and latex glove extracts was
studied by IgE inhibition experiments. In addition, IgE-
immunoblot inhibition studies with recombinant birch
pollen allergens (Bet v 1,3% Bet v 240), mugwort, ragweed
pollen extracts, and timothy grass pollen extracts were
performed to investigate the presence of cross-reactive
allergens in latex and plant pollen.

METHODS
Characterization of patients with latex allergy

Patients with latex allergy (#n = 56) were characterized by a
case history indicative of latex allergy, positive skin prick test
results, and positive RAST results. Sera from six individuals
without latex allergy (sera 21, 22, 30, 35, 43, and 45) were
included as negative controls. The 56 patients with latex allergy
(39 women and 17 men) were included in the study in chrono-
logic order according to their appearance in the clinics as
evidenced by positive anamnesis and skin prick test results. The
average age of the patients was 34 years (<20 years, 7 patients;
21 to 30 years, 20 patients; 31 to 40 years, 15 patients; 41 to 60
years, 8 patients; >60 years, 6 patients). Thirty-five patients
(62.5%) were health care workers, four patients were children
with congenital urogenital or neurologic disorders (e.g., spina
bifida), and the remaining 17 patients had occupations that are
not normally known to be frequently associated with latex
allergy. In 14 patients (25%) the latex sensitization was discov-
ered accidentally during routine skin prick testing (three of
these patients were tested because of a congenital disorder
known to be frequently associated with latex allergy). The other
42 patients reported immediate symptoms after contact with
latex products. Among these patients, 15 showed only contact
urticaria when wearing latex gloves, and seven patients had
contact urticaria and rhinoconjunctivitis and/or Quincke’s
edema after blowing into balloons. Twenty patients displayed
contact urticaria and/or systemic reactions (conjunctivitis, dys-
pnea, bronchospasm, asthma, and collapse). Five patients in the
group with systemic reactions had reactions (rhinitis, conjunc-
tivitis, urticaria in different location, bronchospasm, collapse)
during skin testing. In addition to immediate skin reactions, a
type IV allergy (eczema) to latex products could be verified by
skin testing in one patient. According to anamnesis and skin
testing, 38 (73.1%) of the patients were sensitized against
aeroallergens, displaying rhinoconjunctivitis and asthma. Fif-
teen patients had food allergy as diagnosed by positive case
history and RAST results. Skin prick tests were done with
different aeroallergens and with a natural latex extract (1:20
wt/vol; ALK, Horsholm, Denmark). The tests were conducted
in accordance with the recommendations of the European
Academy of Allergy and Clinical Immunology.*! Table T de-
scribes the serologic parameters (total IgE, RAST values, and
results from IgE immunoblotting with latex extracts). RAST
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classes and kilounits of antigen per liter (KUA/L) are related as
follows: <0.35 KUA/L = RAST class 0; 0.36 to 0.7 kUA/L =
RAST class 1; 0.8 to 3.6 KUA/L = RAST class 2; 3.7 to 17
KUA/L = RAST ciass 3; 18 to 50 kUA/L = RAST class 4; 51 to
99 KUA/L = RAST class 5; >100 KUA/L = RAST class 6.

Protein extracts and recombinant allergens

Extracts from ammoniated latex milk. Ammoniated latex milk
was kindly provided by Semperit Technical Products, Vienna,
Austria. Approximately 0.5 mi of latex milk was extracted in 0.5
ml of sodium dodecyl sulfate (SDS)-sample buffer,*? boiled for
5 minutes, and centrifuged at 10.000 g for 5 minutes; and the
supernatant was recovered for analysis.

Extracts from latex gloves. Latex examination gloves (Sem-
permed EXAM; Semperit Technical Products) were cut into
pieces and extracted in distilled water (six gloves in 500 ml of
water) containing 1 mmoV/L of phenylmethylsulfonyl fluoride for 1
hour at 37° C under continuous shaking. Extracts were centtifuged
at 10.000 g to remove insoluble particles and were then lyophilized.

Plant pollen extracts. Timothy grass (Phleum pratense), mug-
wort (Artemisia vulgaris), and ragweed (Ambrosia elatior) were
purchased from Allergon, Vilinge, Sweden. Potlen was pure as
determined by light microscopy. Two grams of pollen were
extracted in 50 ml of distilled water under continuous shaking at
37°C for 1 hour. Extracts were centrifuged at 10.000 g to
remove debris, and supernatants were Jyophilized. The amount
and quality of the extracts was estimated by sodium dodecyl-
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)* and
Coomassie Blue** staining with a Rainbow Marker (Amersham,
Buckinghamshire, U.K.) as a standard.

Recombinant allergens. Recombinant Bet v 1% and Bet v 2
(birch profilin)* were expressed in Escherichia coli DE3 (BL21)
using plasmid pET (Novagen, Madison, Wis.) as nonfusion
proteins. Recombinant Bet v 1 was purified by conventional
chromatography to homogeneity (Susani et al., unpublished
data). Recombinant Bet v 2 was purified by poly-(L-proline)
affinity chromatography as described by Susani et al.*®

SDS-PAGE and immunoblotting

Approximately 100 pg/cm protein extract (latex milk, glove,
mugwort, ragweed, and timothy grass pollen extract) were
separated by preparative 12.5% SDS-PAGE.* Proteins were
then blotted onto nitroceilulose (Schleicher & Schuell, Dassel,
Germany).*® Niirocellulose strips approximately 5 mm wide
were blocked two times for 5 minutes and once for 30 minutes
in buffer A (50 mmol/L. Naphosphate, pH 7.5, 0.5% vol/vol
Tween-20, 0.05% weight/volume NaNy). After blocking, strips
were incubated with 1:10 in buffer A-diluted sera from patients
with latex allergy and a nonallergic control subject overnight at
4° C. After washing in buffer A, bound IgE was detected with
1:10 in buffer A diluted iodine 125-labeled anti-human IgE
antibodies (Pharmacia RAST; Uppsala, Sweden) overnight at
room temperature. After washing in buffer A, strips were dried
and exposed to Kodak XOMAT film with intensifying screens
(Kodak, Heidelberg, Germany) at —70° C between 24 hours
and 5 days.

Immunoblot inhibition and quantitative CAP
inhibition experiments

Sera from patients with latex allergy and a nonallergic control
subject were diluted 1:10 in buffer A. One milliliter of diluted
serum was preincubated overnight at 4° C with 5 pg of rBet v 1,
5 pg of rBet v 2, 50 pg of latex glove extract, 30 pg of mugwort
pollen extract, 30 pg of ragweed pollen extract, and 30 ug of
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TABLE |. Serologic characterization of patients with latex allergy

Patient  Total IgE Latex CAP  Latex milk Wb  Latex Glove Wb g6CAP w1CAP w6CAP rBetv1 rBetv2
No. (kU/L} (kUA/L) {MW kd) (MW kd) (kUA/L} (kUA/L) (kUA/L})  (kUA/L)  (kUA/L)
1 529 82.5 15 69301510 52 0.4 2.9 33 0
2 196 13.7 50/60 30 14 90 60 30 15.9 16.1 14.6 0.9 0.9
3 18 39 10 0 0 0 0 0
4 197 1 1.1 0.4 0 0 0
S 503 3.7 50/60 30 100 4.6 4.9 4.8 0
6 133 15.7 15 9060 5030 15 ND 0 0 0 0
7 458 10 10 100 0.9 0.8 28.8 0.4
8 161 1.2 50/60 91.2 18 10.8 100 0
9 101 193 10 0 0 0 0 0
10 211 4.5 50/60 30 90 60 53 43 4.1 0 0
11 2000 244 50/60 30 90 60 30 97 26 20.1 100 1.7
12 2000 48 5015 10 100 40.3 39.1 100 55.8
13 ND 8.5 90 60 50 16.3 0 0 86.4 0
14 251 1.7 50 7.1 2.1 1.6 0 0
15 37 0.7 0 0 0 0 0
16 964 4.4 5.6 0 0 28.9 0
17 80 0 90 50 0 0 0 0 0
18 ND 9.8 60 15 15 ND 0 0 0 0
19 22 0.9 0 0 0 0 0
20 339 6.5 10 1 2.9 6.6 4 53
21 ND 0 0 0 0 0 0
22 ND 0 ND 0 0 0 0
23 189 44 50/60 30 60 50 4.9 4.6 4.1 0.5 0.6
24 ND 38.4 90 60 30 10 28.1 0 0 60.8 0
25 69 10 10 6 0 0 0 0
26 144 0.5 33 1.5 0.9 10.9 0.6
27 489 5.1 15 0.4 0.4 4 0 0
28 313 47.6 6015 90 60 30 0 0 0 0 0
29 206 34.1 90 60 30 6.7 0 0 0 0
30 ND 0 2.1 0 0 6.3 0
31 358 7.1 90 60 30 10 5.7 1.7 0 2.5 25
32 12684 100 50/60 30 10 3010 100 5.1 8.2 100 1
33 610 100 9050/603015 9060301510 0 0 0 3.1 0
34 124 15.6 50/60 30 90 17.2 159 14.7 0.5 0.9
35 ND 0 0.5 0.4 0 0 0
36 ND 3.9 10 4 3.1 3.5 0 0
37 376 0 0.9 0 0 12.8 0
38 1500 21.4 50/60 30 90 40 ND 278 18.8 1 1.2
39 356 2.1 90 60 30 88.1 0 0.5 40 0
40 ND 2.8 2.1 0 0 0 0
41 ND 3.6 3010 0 0 0 28.3 0
42 1328 2.3 10 3010 100 39.1 18.3 4.6 0
43 ND 0 ND 0 0 0 0
44 141 0 0 0 0 2.2 0
45 ND 0 0 0 0 0 0
46 2000 62.8 10 3010 0.5 0 0 0 0
47 3377 2.2 64 0 0.4 0 0
48 31 8.1 15 9050 0 0 0 0 0
49 ND 4.5 9060 30 0 0 0 38.7 0
50 512 62.6 60 0 0 0 0 0
51 6 1.2 0 0 0 0 0
52 13 0.8 0 0 0 0 0
53 64 1.4 10 2 0 0 31 0
54 ND 134 15 905030 2.6 33 0.7 0 0
55 134 35.7 10 10 0 0 0 0 0
56 996 6.7 15 ND 2.8 8.7 100 0
57 1240 100 50/60 15 90 60 30 10 100 2.2 2 0.8 0
58 140 6.2 15 43.1 1 0.7 0 0
59 372 0.8 100 0 1.2 0 0
60 348 39 15 10 1.6 0 0 19 0
61 ND 3.6 18.2 0 0.4 63.5 0
62 68 2.1 15 90 60 0 0 0 0 0

Wb, Western blot; MW, molecular weight; g6, timothy grass pollen; wi, ragweed pollen; w6, mugwort pollen; ND, not done.
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FIG. 1. Serafrom 23 patients with latex allergy (numbered as in Table |) were preincubated with bovine serum
albumin or latex glove extract (+) before probing with nitrocellulose-blotted latex milk extracts {A). Sera were
preadsorbed with nitrocellulose-blotted [atex milk proteins (+) or bovine serum albumin before incubation
with blotted glove extract (B). Bound IgE was detected with '**-labeled anti-human IgE antibedies and
visualized by autoradiography. Lane N represents a control with serum from a nonallergic individuzl, and fane
P represents the buffer control without addition of serum.

timothy grass pollen, respectively. Preadsorbed sera were then
used to detect nitrocellulose-blotted latex allergens as described
for immunoblotting. A nonspecific inhibition of IgE binding on
preincubation with the recombinant allergens and extracts
was excluded by control experiments, demonstrating that IgE
binding to unrelated nitrocellulose-blotted allergens (cat
hair/dander extract) was not affected by the procedure. To
preadsorb sera with latex milk extracts, preincubation was
done with nitrocellulose strips containing blotted milk ex-
tract (approximately 50 wg) or, for control purposes, a
comparable amount of bovine serum albumin. Quantitative
IgE inhibitions were done by using the CAP system (Phar-
macia). Sera were preadsorbed with 50 pg of ragweed,
mugwort, or timothy grass pollen extract and, for control
purposes, with a comparable volume of 0.9% sodium chlo-
ride solution overnight at 4° C. Latex-specific IgE levels were
then measured in the CAP system.

Periodate treatment

To determine whether carbohydrates may play a role in the
constitution of IgE epitopes of latex allergens, blotted extracts
were treated with sodium m-periodate (Sigma, St. Louis, Mo.)
before incubation with serum IgE.#’ Nitrocellulose strips con-
taining latex milk and glove extract were incubated in 50
mmol/L sodium acetate buffer pH 4.5, 10 mmol/LL sodium
m-periodate, or, for control purposes, without sodium m-

periodate at room temperature for 1 hour. Nitrocellulose strips
were then blocked in buffer A two times for 5 minutes and once
for 30 minutes and exposed to serum IgE as described for
immunoblotting.

RESULTS
RAST analysis of sera from patients with latex
allergy

In 53 of the 56 patients with latex allergy IgE antibod-
ies against latex could be measured by the CAP system.
Among the patients with positive CAP results, 14 had a
RAST class of greater than 4, 23 had a RAST class of 3,
14 had a RAST class of 2, and two had a RAST class of
1. Only three patients with positive skin prick test results
(patients 17, 37, and 44) had negative results in the CAP
assay. In 37 patients additional RAST testing with kiwi,
banana, walnut, and avocado extracts was done. IgE
antibodies against kiwi were found in 13 patients, against
banana in 19 patients, against walnut in 13 patients, and
against avocado in 16 patients. Twenty-five patients with
latex allergy had positive results on the ragweed RASTSs
(11 with a RAST class >3) and 26 had positive results on
the mugwort RASTSs (14 with a RAST class >3). Thirty-
eight patients displayed IgE reactivity in the timothy
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FIG. 2. Inhibition of IgE binding to milk proteins by rBet v 1, rBet v 2, mugwort, and ragweed extract. Sera
from nine individuals with latex allergy (numbered as in Table |) were preincubated with bovine serum
albumin (/ane B), rBet v 1 (B1), rBet v 2 (B2), ragweed pollen extract (R), or mugwort pollen extract (M), before
probing for IgE reactivity with nitrocellulose-blotted latex milk proteins. Lane N represents a control with the
serum from a nonallergic individual, and /ane P represents the buffer control without addition of serum.

grass pollen RAST, 30 were positive for rfBet v 1, and 11
were positive for rBet v 2. No significant association of
elevated serum IgE and latex-specific IgE was found.

IgE reactivity profile of sera from individuals with
latex allergy to nitrocellulose-blotted latex milk
and glove extracts

The IgE reactivity profile of the patients with latex
allergy with nitrocellulose-blotted ammoniated latex milk
proteins and glove extracts is summarized in Table L
Components with a molecular weight of approximately 90,
50 to 60, 30, 15, and 10 kd were detected by using patient’s
IgE antibodies. In most cases sera bound to components of
different molecular weights in ammoniated latex milk and
glove extracts. For example, serum 1 bound to a 15 kd
component in latex milk and to 60, 30, 15, and 10 kd
components in glove extract. Serum 12 reacted with a 50
and 15 kd component in latex milk and a 10 kd component

in glove extract. Forty-four of the 56 patients with latex
allergy reacted to nitrocellulose-blotted latex allergens.
Those sera that showed no detectable binding had a
latex-specific RAST less than 3. However, one serum that
tested negative in the RAST assay displayed IgE reactivity
to nitrocellulose-blotted latex allergens (serum 17). Certain
sera bound to glove extract but not to latex milk extracts
(e.g., sera 3, 7, 9, 17, 20, 25, 36, 39, 41, 49, 53), whereas
other sera reacted with milk proteins but not with glove
extract (e.g., sera 8, 14, 27, 50, 56, and 58). These results
indicated the presence of common, and also different, IgE
epitopes in latex milk and glove extracts.

Ammoniated latex milk and latex glove extracts
share IgE epitopes

The recognition of components with different molecular
weight in latex milk and glove extract by serum IgE, as well
as the selective reactivity of certain sera to milk or glove
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extract, led us to investigate whether milk extract and glove
exiract contain similar or different IgE epitopes. Sera from
23 patients with latex allergy that had detected components
of different molecular weight in milk and/or glove extracts
were preadsotbed with glove extract before probing with
nitrocellulose-blotted milk extract (Fig. 1, 4). Latex glove
extract completely inhibited IgE binding to mifk proteins in
six sera and substantially reduced IgE binding in the other
sera tested. Although these results indicate that latex milk
and glove extract share most IgE epitopes, certain epitopes
appeared to be present in lower amounts or not at all in the
glove extract, perhaps because of the mahufacturing pro-
cess. This result was confirmed by the reverse experiment.
Preadsorption of sera with nitrocellulose-blotted latex milk
extracts completely inhibited IgE binding to blotted glove
extract in all (5 of 5) sera tested (Fig. 1, B).

Mugwort and ragweed pollen contain allergens
that share IgE epitopes with latex

To investigate the presence of common IgE epitopes
in latex and weed pollen, immunoblot inhibition exper-
iments were performed (Fig. 2). Six representative sera
from individuals with latex allergy that had low to high
RAST classes in response to ragweed and mugwort
pollen and three latex sera without RAST-detectable
IgE to ragweed and mugwort were selected. The sera
were preincubated with ragweed pollen extract, mugwort
pollen extract, recombinant Bet v 1 (the major birch
pollen allergen), and recombinant birch profilin (rBet v
2). In two of the six sera a substantial inhibition of IgE
binding to high-molecular-weight (30 to 90 kd) latex
allergens was obtained with ragweed and mugwort pol-
len extract. Recombinant Bet v 1 did not inhibit IgE
binding to latex allergens in any of the sera tested,
although sera 1, 32, 33, 34, 42, and 57 contained Bet v
1-specific IgE. No inhibition of IgE binding to latex
allergens was observed after preincubation with rBet v 2;
however, only sera 32 and 34 contained profilin-specific
IgE (RAST <2).

Timothy grass pollen extract strongly inhibits IgE
binding to nitrocellulose-blotted latex milk
proteins

Six latex sera that contained high levels of timothy
grass pollen—specific IgE were selected for immunoblot
inhibition experiments. Sera were preadsorbed with
timothy grass pollen extract before probing for IgE
binding to nitrocellulose-blotted latex milk proteins (Fig.
3). Preadsorption with timothy grass pollen extract coni-
pletely inhibited IgE binding of four sera to latex
allergens of high molecular weight (30 to 90 kd). Only
serum 54, which reacted with the 15 kd component of
latex, was not inhibited. A nonspecific inhibition of IgE
binding by the timothy grass pollen extract was excluded
by a control experiment, showing that IgE binding to
unrelated cat hair or dander allergens was not inhibited
(data not shown). No IgE reactivity to the nonallergic
control serum or the buffer control was observed. Pre-
incubation of sera with latex extract did not lead to a
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FIG. 3. Inhibition of IgE binding to latex milk with timothy grass
pollen extract. Sera from six individuals with latex allergy (num-
bered as in Table |) were preincubated with bovine serum albumin
or timothy grass pollen extract (lane +) before probing with
nitroceliulose-blotted latex milk extract. Lane N represents a
control with serum from a nonallergic individual, and fane P
represents the buffer control without addition of serum.

substantial inhibition of IgF binding to nitrocellulose-
blotted timothy grass pollen extract, indicating that
timothy grass pollen extract contained more or other IgE
epitopes (data not shown).

Preincubation of sera from patients with latex
allergy with weed and grass pollen extracts
inhibits a high percentage of latex-specific IgE

To estimate the amount of latex-specific IgE that
cross-reacts with weed or grass pollen extracts, quanti-
tative CAP inhibition studies were performed (Table IT).
Although in certain sera (19, 25, and 54) IgE binding to
latex was almost not inhibited, a high or almost complete
inhibition of IgE reactivity to latex was observed after
preincubation of other sera (2, 5, 8, 11, 23, and 34) with
weed or grass pollen allergens. In the latter sera, the
high degree of inhibition of IgE bindinig to latex was not
associated with high or low levels of latex-specific IgE
antibodies {Table I). It was noted that a high perceiitage
of the sera (5 of 7 sera; 2, 5, 8, 11, and 23}, that were
significantly inhibited by pollen extracts, was derived
from patients with accidentally diagnosed latex allergy.
Only sera 32 and 34 were obtained from patients with
primary contact urticaria in response to latex. In con-
trast, all of the sera that did not ctross-react beiween
latex and pollen allergens were obtained from patients
with primary clinical symptoms of latex allergy (sera 1, 6,
19, 25, 28, 33, 42, and 54).

Sensitivity of IgE epitopes present in natural
latex to periodate treatment

Several cross-reactive plant allergens are known to
represent glycoproteins.®® To investigate the effects of
deglyeosylation on IgE binding to latex milk and glove
proteins; nitrocellulose-blotted extracts underwent pe-
riodate treatment. IgE-binding components of 30 to 60
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FIG. 4. Influence of periodate treatment on IgE binding to nitrocellulose-blotted latex milk extract and latex
glove extract. Latex milk extract (M) and latex glove extract (G) were separated by SDS-PAGE and blotted onto
nitrocellulose. Strips were preincubated with periodate {p) or sodium acetate buffer before incubation with
sera from patients with latex allergy (numbered as in Table I}, serum from an individual with mugwort allergy
(M), or buffer (B). Bound IgE was detected with '?®|-labeled anti-human IgE antibodies.

TABLE ll. Inhibition of IgE binding to latex allergens after preadsorption with ragweed, mugwort, or timothy
grass pollen extract determined by quantitative CAP measurements

Latex CAP Latex CAP Latex CAP
Serum Latex CAP + ragweed Inhibition + mugwort Inhibitioh + timothy Inhibition
No. (KUA/L) (KUA/L) {%) (kUA/L) {%) {kUA/L) {%)
2 13.7 <0.35 100 <0.35 100 <0.35 100
5 3.8 <0.35 100 <0.35 100 <0.35 100
8 1.3 <0.35 100 <0.35 100 <0.35 100
1 279 4.2 85 5.8 79 2.9 90
19 0.6 0.6 0 0:6 0 0.6 0
23 3.9 <0.35 100 <0.35 100 <0.35 100
25 7.2 6.8 6 6.8 6 6.8 6
34 17.8 <0.35 100 <0.35 100 <0.35 100
54 10.2 10.0 2 8.5 17 10.2 0
Inhibition of IgE binding to <0.35 kUA/L was considered 100% inhibition.
DISCUSSION

kd present in latex milk and glove extracts detected by
the cross-reactive sera 2, 5, 11, and 23 contained IgE
epitopes that were sensitive to periodate treatment (Fig.
4). Serum from a patient with mugwort allergy (M)
containing IgE specific for a previously described 60 kd
cross-reactive mugwort allergen®® bound to similar
bands in milk extract, which also contained periodate-
sensitive IgE epitopes. Certain high-molecular-weight
components detected by serum 57 in milk extract and
sera 13 and 24 in glove extract and low-molecular-weight
allergens (10 to 14 kd) identified by sera 6, 57, and M
were not sensitive to periodate treatment. In the case of
three serd (13, 24, and 42) IgE binding to milk proteins
was slightly increased after periodate treatment.

Type I allergy to latex proteins has been recognized as
an important health threat in industrialized countries.'°
In certain groups of patients (children with congenital
disorders) and occupations (health care workers) an
increased prevalence of latex allergy, possibly related to
the frequent exposure to latex, has been noticed.’*-'5 On
the other hand, a relatively high prevalence of latex
allergy was also reported in a group of 1000 volunteer
blood donors.'® Water-soluble proteins from Hevea bra-
siliensis are easily extracted from latex products and are
known to lead to local and systemic anaphylactic reac-
tions in sensitized individuals.'® >-52 While several latex
allergens, such as the rubber elongation factor® and
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prohevein,” were characterized by protein chemical
techniques and appear to be rather specific for latex,
other latex allergens were found to share IgE epitopes
with plant-derived food, in particular banana and avo-
cado.2®3 These findings imply that sensitivity to latex
may at least be in part because of sensitization against
homologous allergens present in other plant products.
Using IgE immunaoblotting, we studied the IgE-reactivity
profile of a representative number of patients with latex
allergy (n = 56) with latex milk and glove extracts. No
association of a certain IgE-reactivity profile to blotted
latex allergens and the frequency of systemic reactions
or certain symptoms on contact with latex was noted.
A considerable variability regarding the molecular
weights of the IgE-binding components in latex milk and
glove extract was observed. This finding is in agreement
with a previous study performed with one serum pool of
patients with latex allergy and extracts from nonammo-
niated latex, ammoniated latex, and latex glove ex-
tracts.® Despite the great variability in the molecular
weights of IgE binding components in milk and glove
extracts, IgE-immunoblot inhibition experiments dem-
onstrated that latex milk and glove extracts shared IgE
epitopes. The fact that glove extract only partially inhib-
ited IgE binding to latex milk extract, whereas milk
extract completely inhibited IgE binding to glove extract,
indicated that latex milk contains more IgE-binding
determinants. One explanation for this finding would be
that IgE epitopes may be lost during the rather harsh
manufacturing process. This explanation supports the
hypothesis that sensitization to latex proteins may be
caused primarily by the original natural plant products
rather than by the manufactured latex products.
Several studies have demonstrated the presence of com-
mon IgE epitopes in latex and plant-derived food (fruits
and vegetables) and point to the possibility that certain
patients might have been sensitized originally against either
latex or plant food proteins and show IgE cross-reactivity
as a consequence of this sensitization. Although several
studies have demonstrated the presence of common IgE
epitopes in poilen and plant-derived food,> little is known
regarding the presence of cross-reactive allergens in pollen
and latex. We have therefore studied the presence of Igh
epitopes in latex, grass, and weed pollen by IgE immuno-
blot inhibitions and have estimated the degree of cross-
reactivity by quantitative CAP inhibitions. Recombinant
birch pollen allergens (rBet v 1,*® birch profilin, and rBet v
2%, which were shown to share IgE epitopes with homol-
ogous allergens in plant-derived food (fruits and vegeta-
bles) and mugwort, ragweed, and timothy grass pollen
extracts containing a broadly cross-reacting component of
approximately 60 kd*->> were used to preadsorb sera.
Although profilin could be purified as an IgE binding
component from latex, no significant inhibition of IgE
binding was observed when rBet v 2 was used for pread-
sorption, presumably because of the low amount of profilin
in latex extracts. Recombinant Bet v 1 also did not lead to
an inhibition of IgE binding to latex milk extracts. In
contrast, a substantial inhibition of IgE binding to high-
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molecular-weight latex allergens (30 to 60 kd) was ob-
served on preincubation of sera with mugwort, ragweed,
and timothy grass pollen extract. Timothy grass pollen
extract almost completely inhibited IgE binding to latex
allergens, whereas latex extract did not lead to a substantial
inhibition of IgE binding to timothy grass pollen extract
(data not shown). The high degree of cross-reactivity as
evidenced by an up to 100% inhibition of IgE binding to
iatex CAPs was, however, observed preferentially in a
group of patients in whom latex allergy was diagnosed
accidentally (patients 2, 5, 11, and 23) compared with
patients who were frequently exposed to latex products.
The more frequent occurrence of cross-reacting antibodies
in sera of the accidentally diagnosed patients suggests the
existence of two types of individuals with latex allergy. One
group of patients might be sensitized preferentially against
pollen and other plant products and display symptoms of
allergy to latex caused by cross-reactive IgE antibodies,
whereas a second group of patients might be originally
sensitized to latex and display a low degree of cross-
reactivity to pollen allergens.

The further investigation into whether the IgE epitopes
of the high-molecular-weight (30 to 60 kd) cross-reaciive
latex allergen might be sensitive to periodate treatment
showed that carbohydrates contribute to the IgE-binding
capacity of these epitopes. A final conclusion as to whether
the glycan moieties represent direct targets for the cross-
reactive IgE antibodies or are necessary to maintain the
polypeptide backbone of the cross-reactive structures can-
not be drawn from the experiments. The similar molecuiar
weights of the cross-reactive latex allergen and a previously
described cross-reactive 60 kd mugwort glycoprotein aller-
gen® and the fact that one patient’s serum IgE, which
recognized the 60 kd mugwort allergen, also bound to
comparable component in latex indicate that both compo-
nents might be related.

In conclusion, we have identified a high-molecular-
weight cross-reactive glycoprotein allergen in timothy
grass pollen, weed pollen, and latex and have provided
an explanation for sensitivity to latex in certain individ-
uals with pollen allergy. The substantial inhibition of IgE
binding to latex allergens after preadsorption with pel-
len extract even indicates that these patients constitute a
group of patients with latex allergy who were initially
sensitized against pollen.

We thank Ms. Sigrid Seubert for skillful technical assistance.
We also thank Semperit-Austria for providing us with latex
gloves and ammoniated latex milk.

REFERENCES

1. Nutter A. Contact urticaria to rubber. Br J Dermatot 1879;101:587-8.
2. Frosch PJ, Wahl R, Bahmer FA; Maasch HJ. Contact urticaria to
rubber gloves is IgE mediated. Contact Dermatitis 1986;14:241-5.
3. Axelsson JG, Johansson SG, Wrangsjo K. IgE mediated anaphylac-
toid reactions to rubber. Allergy 1987;42:46-50.

4. Spaner D, Dolovich J, Tarlo S, Sussman G, Buttoo K. Hypersensi-
tivity to natural latex. J Allergy Clin Immunol 1989;83:1135-7.

5. Fabro L, Muhlethaler K, Wiithrich B. Anaphylaktische Reaktion auf



364 Fuchs et al.

O

10.
1L

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

24,

25.

26.

28.

29,

30.

3L

32.

Latex, ein Soforttypallergen von zunehmender Bedeutung. Hautarzt
1989;40:208-11.

. Mayerhausen W, Rakoski J. Typ I Allergie gegen Latex-haltige

Gummihandschuhe. Z Hautkr 1989;64:495-6.

. Turjanmaa K, Rasanen L, Lehto M, Makinen-Kiljunen S, Reunala

T. Basophil histamine release and lymphocyte proliferation tests in
latex contact urticaria. I vitro tests in latex contact urticaria. Allergy
1989;44:181-6.

. Slater JE, Mostello LA, Shaer C, Honsinger RW. Type I hypersen-

sitivity to rubber. Ann Allergy 1990;65:411-4.

. Fuchs T, Wahl R. Immediate reactjons to rubber products. Allergy

Proc 1992;13:61-6.

Slater JE. Latex allergy. J Allergy Clin Immunol 1994;94:139-49.
Swanson MC, Bubak ME, Hunt LW, Yunginger JW, Warner MA,
Reed CE. Quantification of occupational latex aeroallergens in a
medical center. J Allergy Clin Immunol 1994;94:445-51.

Beezhold DH, Sussman GL, Kostyal DA, Chang NS. Identification
of a 46 kD latex protein allergen in health care workers. Clin Exp
Immunol 1994;98:408-13.

Carrillo T, Blanco C, Quiralte J, Castillo R, Cuevas M, Rodriguez de
Castro F. Prevalence of latex allergy among greenhouse workers.
J Allergy Clin Immunol 1995;96:699-701.

Slater JE, Mostello LA, Shaer C. Rubber specific IgE in children
with spina bifida. J Urol 1991;146:578-9.

Cahaly RJ, Slater JE. Latex hypersensitivity in children. Curr Opin
Pediatr 1995;7:671-5.

Fuchs T. Latex allergy [letter]. J Allergy Clin Immunol 1994;93:
951-2.

Hadjiliadis D, Khan K, Tarlo SM. Skin test responses to latex in an
allergy and asthma clinic. J Allergy Clin Immunol 1995;96:431-2.
Ownby DR, Ownby HE, McCullogh J, Shafer AW. The prevalence
of anti-latex IgE antibodies in 1000 volunteer blood donors.
J Allergy Clin Immunol 1996;97:1188-92.

Slater JE, Chabra SK. Latex antigens. J Allergy Clin Immunol
1992;89:673-8.

Jaeger D, Kleinhans D, Czuppon AB, Baur X. Latex specific
proteins causing immediate type cutaneous, nasal, bronchial, and
systemic reactions. J Allergy Clin Immunol 1992;89:759-68.
Tomazic V], Shampaine EL, Lamanna A, Withrow TJ, Adkinson NF
Jr, Hamilton RG. Cornstarch powder on latex products is an
allergen carrier. J Allergy Clin Immunol 1994;93:751-8.

Lundberg M, Wrangsjo K, Johansson SG. Latex allergens in glove
powdering slurries. Allergy 1995;50:378-80.

. Czuppon AB, Chen Z, Rennert S, Engelke T, Meyer HE, Heber M,

et al. The rubber elongation factor of rubber trees (Hevea brasilien-
sis) is the major allergen in latex. J Allergy Clin Immunol 1993;92:
690-7.

Baur X, Chen Z, Rozynek P, Duser M, Raulf-Heimsoth M. Cross-
reacting IgE antibodies recognizing latex allergens, including Hev b
1, as well as papain. Allergy 1995;50:604-9.

Alenius H, Kalkkinen N, Yip E, Hasmin H, Turjanmaa K, Mikinen-
Kiljunen S, et al. Significance of rubber elongation factor as a latex
allergen. Int Arch Allergy Immunol 1996;109:362-8.

Alenius H, Kalkkinen N, Reunala T, Turjanmaa K, Palosuo T. The
main IgE-binding epitope of a major latex allergen, prohevein, is
present in its N-terminal 43-amino acid fragment, hevein. J Immunol
1996;156:1618-25.

. Yagami T, Sato M, Nakamura A, Shono M. One of the rubber latex

allergens is a lysozyme. J Allergy Clin Immunol 1995;96:677-86.
M’Raihi L, Charpin D, Pons A, Bongrand P, Vervloet D. Crossreac-
tivity between latex and banana. J Allergy Clin Immunol 1991;87:129-
30.

Ceuppens JL, Van Durme P, Dooms-Goossens A. Latex allergy in
patients with allergy to fruit. Lancet 1992;339:493.

Ross BD, McCullogh J, Ownby DR. Partial crossreactivity between
latex and banana allergens. J Allergy Clin Immunol 1992;90:409-10.
Ahlroth M, Alenius H, Turjanmaa K, Makinen-Kiljunen S, Reunala
T. Cross-reacting allergens in natural rubber latex and avocado.
J Allergy Clin Immunol 1995;96:167-73.

Lavaud F, Prevost A, Cossart C, Guerin L, Bernard J, Kochman S.
Allergy to latex, avocado, pear, and banana: evidence for a 30 kD
antigen in immunoblotting. J Allergy Clin Immunol 1995;95:557-64.

34.

3s.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49,

50.

5L

52.

55.

J ALLERGY CLIN IMMUNOL
SEPTEMBER 1997

. Alenius H, Mikinen-Kiljunen S, Ahiroth M, Turjanmaa K, Reunala

T, Palosuo T. Crossreactivity between allergens in natural rubber
latex and banana studied by immunoblot inhibition. Clin Exp Allergy
1996;26:341-8.

Beezhold DH, Sussman GL, Liss GM, Chang NS. Latex allergy can
induce clinical reactions to specific foods. Clin Exp Allergy 1996;26:416-
22.

Vallier P, Balland S, Harf R, Valenta R, Deviller P. Identification of
profilin as an IgE-binding component in latex from Hevea brasilien-
sis: clinical implications. Clin Exp Allergy 1995;25:332-9.

Slater JE, Vedvick T, Arthur-Smith A, Trybul DE, Kekwick RGO.
Identification, cloning, and sequence of a major allergen (Hev b 5) from
natural rubber latex (Hevea brasiliensis). J Biol Chem 1996;271:25394-9.
Akasawa A, Hsieh LS, Martin BM, Liu T, Lin Y. A novel acidic
allergen, Hev b 5, in latex. Purification cloning and characterization.
J Biol Chem 1996;271:25389-93.

Drouet M, Gros N, Sabbah A. Latex et pollinose. Allerg Immunol
(Paris) 1994;26:289-92, 295-6.

Breiteneder H, Pettenburger K, Bito A, Valenta R, Kraft D,
Rumpold H, et al. The gene coding for the major birch pollen
allergen, Bet v 1, is highly homologous to a pea disease resistance
response gene. EMBO J 1989;8:1935-8.

Valenta R, Duchéne M, Pettenburger K, Sillaber C, Valent P,
Bettetheim P, et al. Identification of profilin as a novel pollen
allergen: IgE autoreactivity in sensitized individuals. Science 1991;
253:557-60.

Dreborg S. EAACI: skin tests for diagnosis of IgE-mediated allergy.
Allergy 1989;44(suppl 10):31-7.

Laemmli UK. Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature 1970;227:680-5.

Fling SP, Gregerson DS. Peptide and protein molecular weight
determination by electrophoresis using a high-molarity Tris buffer
system without urea. Anal Biochem 1986;155:83-8.

Bradford MM. A rapid and sensitive method for the quantification
of microgram quantities of protein utilizing the principle of protein-
dye-binding. Anal Biochem 1976;72:248-54.

Susani M, Jertschin P, Dolecek C, Sperr WR, Valent P, Ebner C, et
al. High level expression of birch pollen profilin (Bet v 2) in
Escherichia coli: purification and characterization of the recombi-
nant allergen. Biochem Biophys Res Commun 1995;1:250-63.
Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocelulose sheets: procedure
and some applications. Proc Natl Acad Sci U S A 1979;76:4350-4.
Woodward MP, Young WW Jr, Bloodgood RA. Detection of
monoclonal antibodies specific for carbohydrate epitopes using
periodate oxidation. J Immunol Methods 1985;78:143-53.

Batanero E, Villalba M, Monsalve RI, Rodriguez R. Cross-reactivity
between the major allergen from olive pollen and unrelated glyco-
proteins: evidence of an epitope in the glycan moiety of the allergen.
J Allergy Clin Immunol 1996;97:1264-71.

Heiss S, Fischer S, Miiller W-D, Weber B, Hirschwehr R, Spitzauer
S, et al. Identification of a 60 kd cross-reactive allergen in pollen and
plant-derived food. J Allergy Clin Immunol 1996;98:938-47.
Alenius H, Turjanmaa K, Makinen-Kiljunen S, Reunala T, Palosuo
T. IgE immune response to rubber proteins in adult patients with
latex allergy. J Allergy Clin Immunol 1994;93:859-63.

Akasawa A, Hsieh LS, Lin Y. Serum reactivities to latex proteins
(Hevea brasiliensis). J Allergy Clin Immunol 1995;95:1196-205.
Kurup VP, Alenius H, Kelly KJ, Castillo L, Fink JN. A two
dimensional electrophoretic analysis of latex peptides reacting with
IgE and IgG antibodies from patients with latex allergy. Int Arch
Allergy Immunol 1996;109:58-67.

. Akasawa A, Hsieh LS, Lin Y. Comparison of latex-specific IgE

binding among nonammoniated latex, ammoniated latex, and latex
glove allergenic extracts by ELISA and immunoblot inhibition.
J Allergy Clin Immunol 1996;97:1116-20.

. Valenta R, Kraft D. Type I allergic reactions to plant-derived food:

a consequence of primary sensitization to pollen allergens. J Allergy
Clin Immunol 1996;97:893-5.

Fischer S, Grote M, Fahlbusch B, Miiller WD, Kraft D, Valenta R.
Characterization of Phl p 4, a major timothy grass (Phleum pratense)
pollen allergen. J Allergy Clin Immunol 1996;98:189-98.



