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Induction of mucosal tolerance with recombinant Hev b 1 and recombinant
Hev b 3 for prevention of latex allergy in BALB/c mice
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SUMMARY

The prevalence of type I allergy to Hevea brasiliensis latex is particularly high among individuals with
frequent exposure to latex products, such as health-care workers (HCW) and patients with spina bifida
(SB). Treatment of latex allergy seems problematic as preventive measures, such as allergen avoidance,
are not always possible and conventional immunotherapy with standardized latex extracts is not per-
formed routinely. Thus, the aim of the present study was to establish a mouse model of latex allergy
using two major latex allergens for HCWs and SB patients, Hev b 1 and Hev b 3, for sensitization. Pro-
phylactic measures on the basis of mucosal tolerance induction with the recombinant allergens were
tested in this model. Female BALB/c mice immunized intraperitoneally with recombinant (r)Hev
b 1 or rHev b 3 displayed strong immune responses in vivo and in vitro. Intranasal treatment with rHev
b 1 and rHev b 3 prior to sensitization led to reduced allergen-specific IgG1/IgE levels and significantly
suppressed allergen-induced basophil degranulation. Moreover, lymphocyte proliferation and cytokine
production (IL-4, IL-5, IFN-y) in vitro were significantly suppressed after pretreatment with both aller-
gens. Suppressive cytokines, such as interleukin (IL)-10 and transforming growth factor (TGF)-f,
remained unchanged after the intranasal pretreatment, indicating mechanism of anergy rather than
active immunosuppression. Taken together, these results suggest that mucosal tolerance induction with

recombinant allergens could present a promising prevention strategy against latex allergy.
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INTRODUCTION

Natural rubber latex is used widely to manufacture medical
devices and a variety of everyday articles. As a consequence, type
I allergy to latex has become an important and increasing health
problem worldwide. The clinical spectrum of the disease ranges
from local contact urticaria, allergic rhinoconjunctivitis and
asthma to life-threatening anaphylaxis [1-3]. Sensitization to
latex allergens seems to occur with a higher frequency in individ-
uals with a high degree of exposure to natural rubber latex,
including health-care workers (HCWs), rubber industry workers
and spina bifida (SB) patients, who have undergone multiple sur-
gery during childhood [4,5]. Among the panel of latex allergens
some, such as the rubber elongation factor Hev b 1, a 14-6-kDa
protein, and Hev b 3, the small rubber particle protein, a 22-4-kDa
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molecule, have been characterized extensively with respect to
immunological and molecular properties and were produced
recombinantly [6-8]. These two proteins represent major aller-
gens in SB patients with latex allergy and are also recognized fre-
quently by IgE of latex-allergic HCWs [6-10]. Latex allergy
prevention protocols have been proposed for people with occu-
pational exposure to latex; however, the use of latex powder-free
or synthetic gloves and latex-free material is not always possible
[11,12]. In already sensitized individuals avoidance of natural
rubber latex is even more critical, as only very small quantities of
natural rubber latex suspended in the air can trigger allergic reac-
tions [13]. Specific immunotherapy is the treatment of choice for
many forms of type I allergy. However, concerning latex allergy
this treatment is not performed routinely due to a lack of stan-
dardized latex extract preparations. In this respect it was shown
that different batches of natural rubber latex can vary up to 25-
fold in their total allergen content and composition [14,15]. In a
recent clinical trial it was demonstrated that immunotherapy with
latex allergens resulted in an increased prevalence of systemic
reactions, which is in contrast to immunotherapy with common
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aeroallergens [13]. This might in part be related to the fact that
natural latex allergen preparations include a series of biological
active proteins that might trigger inflammatory reactions [13,15-
17]. Moreover, as latex allergic patients, such as HCWs or SB
patients, are sensitized to only few major latex allergens, immu-
notherapy with the natural extract preparation might yield the
risk of sensitization to other allergen components present in the
extract [18]. The use of recombinant allergens for immunotherapy
would overcome these problems and provide a patient-tailored
therapy [19]. Another improvement of treatment, resulting in an
enhanced patient compliance, would be to change the conven-
tional systemic route of antigen administration to the application
of allergens via the mucosa. In this context it has been demon-
strated in experimental animal models that mucosal administra-
tion of soluble antigen leads to a state of antigen-specific
unresponsiveness termed oral or mucosal tolerance [20]. There-
fore mucosal tolerance induction is suggested as a treatment strat-
egy for diseases mediated by immunological hyperreactivity, such
as autoimmune diseases or allergies [21-24]. We have previously
established a mouse model of allergic sensitization to birch pollen
and its major allergen Bet v 1 [24,25]. Using this model we dem-
onstrated that intranasal application of rBet v 1 suppressed aller-
gic sensitization to birch pollen in naive and in sensitized mice
[25,26]. Based on these findings we now established a mouse
model of latex sensitization using two latex allergens, Hev b 1 and
Hev b 3, for sensitization. Using this model we aimed to induce
tolerance by intranasal application of the recombinant allergens
prior to sensitization. Our results indicate that mucosal tolerance
induction with recombinant latex allergens may represent a
promising prophylactic treatment strategy in patients with fre-
quent exposure to latex allergens.

MATERIALS AND METHODS

Animals

Female 7-week-old BALB/c mice (n =5 per group) were obtained
from Charles River (Sulzfeld, Germany). All experiments were
approved by the Animal Experimentation Committee of the Uni-
versity of Vienna and the Federal Ministry of Education, Science
and Culture.

Antigens

The complete coding sequence of Hev b 1 was amplified by
reverse transcription-polymerase chain reaction (RT-PCR) from
total latex RNA. Primers were designed according to the coding
region of Hev b 1 (EMBL database, accession number X56535),
flanked by BamHI and HindlIII restriction sites. The PCR product
was ligated into pMAL-c2x and cloned in TB 1 Escherichia coli
cells [7]. Hev b 1 was expressed as a fusion protein with maltose-
binding protein (MBP) in E. coli after induction with 2 mM IPTG,
lysed in a French press and purified with an amylose column (New
England Biolabs, Beverly, MA, USA). MBP-Hev b 1 was eluted
with 10 mM maltose and dialysed against phosphate buffered
saline (PBS) [7]. In the following, MBP-Hev b 1 will be referred to
asrHev b 1. rHev b 3 was expressed in E. coli with a hexahistidyl
affinity tag as described previously [8].

Sensitization
Sensitization was induced by three intraperitoneal (i.p.) injections
of S ug rHev b 1 (group 1) or 5 ug rHev b 3 (group 2) adsorbed to

aluminium hydroxide [Al(OH);] (Serva, Heidelberg, Germany)
in 14-day intervals. Sampling and analyses were performed 7 days
after the last immunization.

Tolerance induction

For tolerance induction rHev b 1 (group 3) or rHev b 3 (group 4)
were applied intranasally (i.n.) three times in 7-day intervals at a
concentration of 10 ug in 30 ul 0-9% NaCl prior to sensitization.
Control mice were i.n. sham-treated with 30 ul of 0:9% NaCl and
10 days after the last i.n. treatment all mice were sensitized as
described. Sampling and analyses were performed 7 days after the
last immunization.

Sampling

Blood samples were taken before and 7 days after sensitization or
after i.n. treatment by tail bleeding. Serum was prepared and
stored at —20°C until analysed. Spleens were removed under ster-
ile conditions. The organs were homogenized and filtered through
sterile filters. After lysation of erythrocytes, cells were washed and
resuspended in complete medium [RPMI, 10% fetal calf serum
(FCS), 0-1 mg/ml gentamycin, 2 mmol/l glutamine and 50 ymol/l
2-mercaptoethanol] [24].

Detection of allergen-specific antibody levels in serum

Microtitre plates (Nunc) were coated with rHev b 1 (5 pg/ml) or
rHev b 3 (5 ug/ml) overnight at 4°C. After washing and blocking
with 1% bovine serum albumin (BSA)-PBS/Tween, serum sam-
ples were diluted 1/1000 for IgG1, 1/500 for IgG2a and 1/10 for
IgE antibodies and incubated overnight at 4°C. Rat antimouse
IgG1, IgG2a and IgE antibodies (1/500, Pharmingen, San Diego,
CA, USA) followed by peroxidase-conjugated mouse antirat [gG
antibodies (1/2000, Jackson Immuno Laboratory, West Grove,
PA, USA) were used. Colour development was performed as
described previously [24]. Results show the optical density (OD)
values after subtraction of baseline levels from preimmune sera.

Rat basophil leukaemia cell mediator release assay (RBL assay)
RBL-2H3 cells were plated in 96-well cell-culture plates (4 x 10*
cells/well). To determine allergenic serum activity, the RBL cells
were sensitized passively for 2 h with sera obtained from Hev b 1/
Hev b 3-sensitized or Hev b 1/Hev b 3-tolerized mice at dilutions
of 1:10 and 1 : 100. Unbound antibodies were removed by wash-
ing the cell layer two times with Tyrode’s buffer (137 mM NaCl,
2-7mM KCI, 0-5mm MgCl, 1-8 mM CaCl,, 0-4 mM NaH,PO,,
56 mM D-glucose, 12 mM NaHCOj3, 10 mM HEPES and 0-1% w/v
BSA, pH 7-2). Degranulation of RBL cells was induced by adding
100 ul rHev b 1 or rHev b 3 diluted in Tyrode’s buffer (0-3 ug/ml)
for 30 min at 37°C. Supernatants were analysed for 3-hexosamini-
dase activity by incubation with 80 mM 4-methylumbelliferyl-N-
acetyl-f-dglucosamide (Sigma, St. Louis, MO, USA) in citrate
buffer (0-1 mMm, pH 4-5) for 1 h at 37°C. The reaction was stopped
by addition of 100 ul glycine buffer (0-2 M glycine, 0-2 M NaCl,
pH 10-7) and the fluorescence was measured at é&.:360/
Aem: 465 nm using a fluorescence microplate reader (Spectrafluor,
Tecan, Austria). Results are reported as percentages of total [3-
hexosaminidase released after addition of 1% Triton X-100 and
are shown after subtraction of baseline release levels obtained
with preimmune sera.

Lymphocyte proliferation assay
Spleen cell suspensions were plated into 96-well round-bottom
plates (Nunc, Roshilde, Denmark) at a concentration of 2 x 10°
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cells/well and stimulated with or without concanavalin A (Con A;
0-5 ug/well; Sigma), rHev b 1 (3 ug/well), rHev b 3 (3 ug/well) and
MBP (3 ug/well) for 4 days. Thereafter the cultures were pulsed
with 0-5 uCi/well tritiated thymidine (Amersham, Buckingham-
shire, UK) for 16 h and harvested. The proliferative responses
were measured by scintillation counting. The ratio of the mean
proliferation after antigen stimulation [counts per minute (cpm)]
and medium control values (cpm), i.e. the stimulation index (SI),
was calculated.

Epitope mapping

Panels of 42 peptides for Hev b 1 [27] and 52 peptides for Hev
b 3 [8] were used for epitope mapping experiments. The dode-
capeptides were overlapping for three amino acids (neighbours
shared nine residues) and spanned the whole amino acid
sequence of Hev b 1 or Hev b 3. Spleen cell suspensions of
mice i.p. immunized with rHev b 1 or rHev b 3 were cultured
in 96-well round-bottom plates at a concentration of 2 x 10°
cells/well and stimulated with the peptides (2 ug/well) for
4 days. [*H]-thymidine incorporation, scintillation counting and
calculation of stimulation indices were performed as described
above.

Measurement of cytokine production

For determination of interleukin (IL)-4, IL-5, IL-10 and inter-
feron (IFN)-y production spleen cell suspensions were cultured
with or without Con A (2-5 ug/well), rHev b 1 (15 ug/well) or
rHev b 3 (15 pg/well) in 48-well plates (Costar, Cambridge, MA,
USA) at a concentration of 5 x 10° cells/well. After 40 h of antigen
stimulation supernatants were taken and stored at —20°C until
analysed. The levels of IL-4, IL-5 and IL-10 were measured using
mouse ELISA kits (Endogen, Cambridge, MA, USA). The sen-
sitivity of these assays was <5 pg/ml. IFN-ylevels were measured
by ELISA as described previously [26]. Supernatants were
applied undiluted on coated (rat antimouse IFN-y, Endogen) 96-
well plates (Nunc), thereafter biotin-labelled rat antimouse IFN-
y antibodies (0-1 pg/ml), followed by peroxidase-conjugated
streptavidin (1 : 10 000 in PBS/4% BSA; Endogen) were applied.
The sensitivity of the assay was <15 pg/ml. Results reflect the
measured cytokine levels in pg/ml after subtraction of baseline
levels of unstimulated cultures.

Detection of TGF-B mRNA

For quantification of TGF-f3 gene expression total RNA was iso-
lated from pooled spleen cell suspensions at a concentration of
5 x 10° cells as described previously [24]. Total RNA was isolated
using Rneasy Minikit (Quiagen, Valencia, CA, USA) according to
the manufacturer’s instructions, treated with DNase (Quiagen)
and then reverse transcribed into cDNA using oligo dT primers
(GeneAmp RT-PCR kit, PE, Boston, MA, USA). The DNA
sequences of the TGF-f primers were as follows: 5-TGF-f, ACC
GCA ACA ACG CCA TCT AT; 3 TGF-, GTA ACG CCA
GGA ATT GTT GC. Semiquantification of the RT-PCR results
was achieved by amplification of -actin using the following DNA
sequences: 5" fB-actin, TGG AAT CCT GTG GCA TCC ATG
AAA C,3 B-actin: TAA AAC GCA GTC CAG TAA CAGTCC
G. Each PCR sample was electrophorized through a 1-2% agarose
gel with ethidium bromide and scanned by a transilluminator and
an image analyser system (Herolab; EASY, Wiesloch, Germany).
Bands were assigned as densitrometric values and normalized to
[-actin values.

Statistics
For statistical analysis, the Mann—-Whitney U-test was used.

RESULTS

Characterization of immune responses in BALB/c mice after
sensitization with rHev b 1 and rHev b 3

Antigen-specific antibody responses. High Hev b 1-specific
IgG1 and IgE levels were detected, which were similar to those of
mice immunized with rHev b 3 (Fig. 1). Immunization with rHev
b 1, but to a lesser extent with rHev b 3, led to strong allergen-
specific I[gG2a production (Fig. 1). As Hev b 1 has been expressed
as a fusion protein with MBP, MBP-specific antibody levels in
sera from Hev b 1-immunized mice were measured by ELISA,
which were generally very low (IgG1: OD 0-37 £0-18; IgE: OD
0-115 £ 0-12; IgG2a: OD 0-46 £ 0-19).

Proliferative responses of spleen cells and cytokine production
in vitro. Splenocytes from rHev b 1-, as well as from rHev b 3-
immunized mice proliferated vigorously upon in vitro stimulation
with the respective antigens (rHev b 1-immunized mice: back-
ground medium value 4129-66 +874-77 cpm, Hev b 1-value
40095-67 £ 6123-33 cpm; rHev b 3-immunized mice: background
medium value 5058-58 +2660-93 cpm, Hev b 3-value 18329-11
+7085-12 cpm; Table 1). Additionally, high TL-4, IL-5 and IFN-y
levels were measured in supernatants of antigen-stimulated
spleen cell cultures. The IFN-y production was more pronounced
in rHev b 3 sensitized mice, whereas 1L-4 and IL-5 levels were
higher in rHev b 1 sensitized animals (Table 1). Proliferative
responses or cytokine levels from naive splenocytes stimulated
with rHev b 1 and rHev b 3 or from Hev b 1 immunized spleno-
cytes stimulated with MBP did not exceed control values of
spleen cells cultured in medium alone, assuring the specificity of
the responses of the spleen cell cultures from immunized mice
(data not shown).

Epitope mapping. For T cell epitope mapping experiments
pooled spleen cell suspensions from rHev b 1 or rHev b 3 immu-
nized mice were used. After lymphocyte stimulation with 42 over-
lapping peptides, covering the whole sequence of Hev b 1
(accession number P15252 [6]), one immunodominant T cell
epitope, PPIVKDASIQVYV, near the C-terminus corresponding
to the amino acid sequence positions 94-105 was identified. This

OHev b 1
BHevb 3

IgG1 IgE IgG2a

Fig. 1. Allergen-specific antibody levels in rHev b 1 and rHev b 3 sensi-
tized mice. Allergen-specific serum IgG1, IgE and IgG2a antibody levels
were detected by ELISA after immunization with rHev b 1/AlI(OH);
(white bars) or rHev b 3/A1(OH); (grey bars). Results are shown as mean
values from three independent experiments with five animals per experi-
ment. Baseline levels of preimmune sera were subtracted. Error bars indi-
cate standard error of the means (s.e.m.). OD = optical density.
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epitope has also been described as a T cell-reactive region in
human in vitro studies with peripheral blood mononuclear cells
from latex-sensitized patients [27]. In the case of Hev b 3 (acces-
sion number DNA AJ223388 [8]) epitope mapping was per-
formed with 52 overlapping peptides and the immunodominant T
cell epitope PRIVLDVASSVF was located at amino acid
sequence positions 104-115. The same sequence has been identi-
fied previously in human in vitro studies with Hev b 3-specific T
cell lines and T cell clones from SB patients [28].

Induction of mucosal tolerance with rHev b 1 and rHev b 3
Antibody responses in tolerized vs. sensitized mice. The pre-
treatment with rHev b 1 led to a slight reduction of Hev b 1-

Table 1. T cell proliferation and cytokine production in spleen cell cul-
tures from mice sensitized with rHev b 1/A1(OH); or rHev b 3/AI(OH);

SI IFN-y (pg/ml) IL-4 (pg/ml)  IL-5 (pg/ml)
Hevb1l 6:85£296 683-3 + 5507 1043 £71-3  4483+171-3
Hevb3 332£031 2050-1+17197 2826%22-1 173-3+£775

Spleen cells from mice immunized with rHev b 1 or rHev b 3 were
cultured with the respective antigens. Proliferative responses were mea-
sured by [*H]-incorporation and indicated as stimulation indices (SI). IFN-
% IL-4 and IL-5 levels were determined in supernatants after 40 h of
antigen-specific stimulation by ELISA. All results are mean values (£ s.d.)
from three independent experiments with five animals per experiment.
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specific IgG1 and a significant reduction of Hev b 1-specific IgE
levels compared to the sensitized control group (Fig.2a). IgG2a
antibody levels did not differ significantly between these groups
(tolerized OD 2-38 + 0-12 versus sensitized OD 1-97 £ 0-46, n.s.).
Pretreatment with rHev b 3 had no significant effect on Hev b 3-
specific IgG1 and IgE levels (Fig. 2a). However, in this group a 12-
fold reduction of IgG2a antibodies was detected compared to the
sensitized controls (tolerized OD 0-046 + 0-06 versus sensitized
OD 0-61 £0-51, n.s.).

Allergen-specific basophil degranulation in tolerized vs. sensi-
tized mice. The allergenic activity of serum IgE antibodies was
investigated using a rat basophil degranulation assay. The per-
centage of S-hexosaminidase release from RBL cells treated with
sera from rHev b 1-tolerized mice was reduced significantly com-
pared to rHev b 1-immunized mice (Fig. 2b). Similar results were
seen with sera from rHev b 3 sensitized and rHev b 3 pretreated
mice (Fig. 2b).

Proliferative responses of spleen cells and cytokine production
in vitro. Intranasal pretreatment with the recombinant latex
allergens resulted in a marked reduction of lymphoproliferative
responses (rHev b 1 pretreated mice: background medium value
7677-00 £2097-79 cpm, Hev b 1-value 19581-57 +5475-43 cpm;
rHev b 3 pretreated mice: background medium value
4866-08 £2053-43 cpm, Hev b 3-value 898342 £2357-56 cpm;
Fig. 3) together with a significant suppression of IL-4, IL-5 and
IFN-y levels in both rHev b 1 and rHev b 3 pretreated mice
compared to the sensitized controls (Fig.4). IL-10 production
was either decreased (Hev b 1 pretreatment: tolerized
29-79 £21-78 pg/ml versus sensitized 103-54 +60-37 pg/ml) or
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Fig. 2. Allergen-specific antibody responses and RBL cell mediator release in sensitized and tolerized mice. (a) Serum IgG1 and IgE
antibody levels against rHev b 1 and rHev b 3 were detected by ELISA. Open bars (sens) indicate mean OD of five mice sensitized with
rHev b 1/Al(OH); or rHev b 3/Al(OH);. Black bars (tol Hev b 1) or grey bars (tol Hev b 3) show mean OD of five mice i.n. treated with
rHev b 1 or rHev b 3 prior to sensitization. (b) Allergen-induced -hexosaminidase release from RBL cells after incubation with sera from
five Hev b 1/Hev b 3 (white bars) sensitized mice or five Hev b 1 (black bars)/Hev b 3 (grey bars) pretreated mice. Error bars indicate
s.e.m. *P < 0:05, #**P < 0-01 as determined by the Mann—-Whitney U-test.
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Fig. 3. Lymphoproliferation in spleen cell cultures from sensitized and
tolerized mice. T cell proliferation was measured in spleen cell cultures
after in vitro stimulation with rHev b 1 or rHev b 3 for 4 days. Open bars
(sens) represent mean SI of five mice sensitized with rHev b 1/Al(OH);
or tHev b 3/Al(OH);. Black bars (tol) show mean SI of five mice i.n.
treated with rHev b 1 or rHev b prior to sensitization. Error bars indicate
sem. *P<005 as determined by the Mann-Whitney U-test.
SI = stimulation index.

IFN-
250 4

osens
mtol

200+

€150+
>
100t

50+

0 L )
Hev b 1 Hev b 3

IL-5
600 -

500
_ 400}
E
> 300}
o
200}
100}

osens
mtol

Hev b 1

IL-4
35 osens

mtol

251
E 20t
215l

*
T

Hevb 3

Hev b 1

Fig. 4. Cytokine production in spleen cell cultures from sensitized and
tolerized mice. Cytokine production (pg/ml) in spleen cell cultures was
determined by ELISA after in vitro stimulation with rHev b 1 or rHev b
3 for 40 h. Open bars (sens) indicate mean values of five mice sensitized
with rHev b 1/A1(OH); or rHev b 3/Al(OH);. Black bars (tol) represent
mean values of five mice i.n. treated with rHev b 1 or rHev b 3 prior to
sensitization. The values represent cytokine concentrations after subtrac-
tion of baseline values. Error bars indicate s.e.m. *P < 0-05 as determined
by the Mann—-Whitney U-test.

remained unchanged (Hev b 3 pretreatment: tolerized 65-94 £
18-79 pg/ml versus sensitized 46-23 + 27-47 pg/ml) in the tolerized
animals.

TGF-B mRNA expression. The expression of TGF-f mRNA
in pooled spleen cells remained unchanged after pretreatment
with rHev b 1 (TGF-p/B-actin ratio tolerized 0-90 versus sensi-
tized 0-97) as well as after pretreatment with rHev b 3 (TGF-f/f3-
actin ratio tolerized 0-84 versus sensitized 0-89) compared to the
sensitized controls.

DISCUSSION

In this study a mouse model of latex sensitization, meeting impor-
tant immunological parameters of the human disease, was estab-
lished using rHev b 1 and rHev b 3 for sensitization. Prevention of
latex allergic immune responses was achieved by intranasal appli-
cation of rHev b 1 and rHev b 3.

Several experimental studies have been performed to charac-
terize the immune responses to latex allergens or to study patho-
physiological mechanisms leading to the development of latex
allergy. The use of a complete latex extract or soluble latex pro-
teins for immunization led to elevated levels of serum IgE and
eosinophilia in the blood and lung of mice [29,30] or increased air-
way reactivity upon metacholine challenge [31]. It has been
reported, however, that the number and the amount of proteins
significantly vary in various latex extracts [15]. This might influ-
ence the degree of sensitization or the outcome of treatment strat-
egies in an experimental model in dependence of the applied
extract preparation. Therefore, we used recombinant allergens for
sensitization of BALB/c mice, a mouse strain suited to induce
preferentially Th-2-like immune responses. Similarly, as it has
been described for latex allergic patients, the mice displayed high
allergen-specific IgE/IgG1 antibody levels, positive type I skin
test reactivity, as well as IL-4/IL-5 production upon allergen-
challenge in vitro. Additionally, T cell epitope mapping experi-
ments identified two immunodominant peptides in rHev b 1 and
rHev b 3 immunized mice that are also major T cell epitopes in
latex-sensitized HCWs and SB patients [27,28]. Thus, this model
represents immunological characteristics comparable to those of
human latex allergy.

Based on the fact that allergen avoidance as a preventive mea-
sure is often not feasible — in particular in patients with occupa-
tional allergen exposure — and conventional latex immunotherapy
as a curative treatment is not routinely available, there is a need
for developing new measures against latex allergy. Treatment via
the mucosa seems attractive due to the ease of application leading
to better compliance of the patient. In this respect, we have
described previously in a murine model of birch pollen allergy that
mucosal application of the recombinant major allergen of birch
pollen, Bet v 1, prevented allergic immune responses in naive and
in sensitized mice [24,26]. Similarly, in the present study, we dem-
onstrated that the intranasal low dose treatment with only 10 ug of
rHev b 1 led to significant reduction of allergen-specific IgE anti-
body levels and allergen-induced basophil degranulation (Fig. 2),
along with a strong suppression of allergen-specific lymphocyte
proliferation (Fig. 3) and cytokine production in vitro (Fig. 4). The
dose of antigen application seems to be crucial for successful tol-
erance induction [32], as pretreatment with fivefold higher antigen
concentrations (and more) could not increase the immunosup-
pressive effects (data not shown). It has also been shown that tol-
erance induction is induced more easily at the T than at the B cell
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level [33],showing that delayed type hypersensitivity (DTH) reac-
tion and IL-2 production can be suppressed while antibody levels
often remain unchanged [34]. Pretreatment with rHev b 3 led to
successful reduction of lymphocyte proliferation and cytokine
production, i.e. IL-4, TL-5 and IFN-y (Fig. 4), but at the B cell level
only IgG2a antibody levels seemed to be affected by the pretreat-
ment. Nevertheless, allergen-induced degranulation of RBL cells
was reduced significantly after pretreatment with rHev b 3. Thus,
besides IgE measurement by ELISA — which might have limita-
tions at low detection levels — the basophil degranulation assay
represents a very sensitive method for evaluation of allergen-
induced immediate type reactions. Moreover, the successful
reduction of IL-4, known to be the switching factor for IgE pro-
duction [35], and IL-5, a crucial cytokine for eosinophil recruit-
ment and development of airway inflammation [36], might further
guarantee an adequate clinical effect.

Immunological responses after tolerance induction with dif-
ferent antigens are variable. Apart from the antigen dose and the
frequency of antigen application [32,37], the nature of the antigen
per se, characterized by certain intrinsic activities such as enzy-
matic activities or structural/molecular features [38,39], may play
an important role in the efficacy of tolerance induction. In this
context we have shown previously that intranasal application of
low doses of the inhalant allergen Bet v 1 led to prevention of
allergen-specific antibody levels and cytokine production,
whereas intranasal treatment with equivalent doses of the dietary
antigen ovalbumin did not, or only marginally, influence subse-
quent sensitization with the same antigen [40]. Moreover, pollen
allergens other than Bet v 1, such as Phl p 1 and Phl p 5 — major
grass pollen allergens — appeared to be less tolerogenic than Bet v
1 in the same concentrations [41], demonstrating that allergens
might have different tolerogenic properties. Other studies using
ovalbumin or bee venom allergens for tolerance induction dem-
onstrated a reduction of IgE antibody levels, whereas IgG2a and
IFN-y production were increased after intranasal or inhalative
allergen application [42,43]. As the pretreatment with rHev b 1
and rHev b 3 led to suppressed Th1- and Th2-like cytokines, which
in both cases were not associated with increased IgG2a produc-
tion, indicated that in our case the effects on the immune system
were not due to a shift towards Th-1 like immune responses but
due rather to general immunosuppression. The fact that suppres-
sive/regulatory cytokines, such as IL-10 [44] and TGF-f3 [45], were
either decreased or remained unchanged in the tolerized animals
suggested that immunosuppression was mediated rather by
anergy and/or cell-cell contact dependent mechanisms.

Taken together, we have established a mouse model of latex
sensitization representing immunological features comparable to
those of a defined collective of latex allergic patients, such as
HCWs and SB patients. Our results indicate that recombinant
latex allergens offer promising tools for the development of
patient-tailored treatment strategies based on the induction of
mucosal tolerance. In particular people with expected exposure to
latex products, such as medical and paramedical personnel, rub-
ber industry workers or patients, who have to undergo multiple
surgery, could benefit from prophylactic treatment protocols as
we have established in the present study.
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