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Introduction: The prevalence of allergic airway diseases has dramatically
increased in recent years all over the world. Murine models of allergic airway
inflammation have provided helpful information about treatment and cellular
and molecular mechanisms of the disease. Previous published works using
murine models to investigate latex allergy did not introduce a complete
characteristic eosinophilic allergic airway inflammation. Latex allergy is
important due to serious health impacts and widespread use of its products.
Thus, the aim of this study was to establish a new mouse model of latex
allergic airway inflammation using aerosol inhalation.

Material and Methods: Initially, four groups of mice were injected
intraperitoneally (IP) with 0, 10, 50, or 200 pg of latex extract and their serum
anti-latex IgE titers were compared using ELISA to find out the optimum
dose for IP injection.

In the second stage, a standard protocol of inhalation was designed and
three doses of latex extract solutions including 1%, 0.1%, and 0.01% were
used to induce allergic airway inflammation. Characteristics of this model
were shown by studying different parameters including bronchoalveolar
lavage (BAL), cytokines (Interleukin-5 [IL-5] and interleukin-13 [IL-13]) and
serum anti-latex IgE and 1gG1 titers by ELISA, specific histologic changes in
the lung and eosinophilia of the bone marrow, peripheral blood, BAL, and
lung inflammatory foci.

Results: The aerosol inhalation of 1% latex allergens solution and pre-
sensitization with 50 pg of latex in this study resulted in the development of
characteristic allergic airway inflammation in BALB/c mice. These features
included elevated allergen specific IgE and 1gG1, peripheral blood, BAL and
bone marrow eosinophilia and characteristic inflammatory response in lung
with eosinophil infiltration. Elevated levels of IL-5 and IL-13 can be a sign of
this type of inflammation.

Conclusion: This paper describes a latex aerosol inhalational challenge
model of eosinophilic airway inflammation in latex pre-sensitized BALB/c
mice.
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Introduction

Allergic diseases and asthma are among major
health issues increasing steadily worldwide.
Asthma is an airway chronic disease leading to
reversible obstruction, inflammation, hyperreactivity
and remodelling of the airways. There are three
basic pathways that lead to hyperreactivity of
airways. One pathway is dependent on eosinophils
and interleukin-5 (IL-5), another on immunoglobulin
E (IgE) and mast cells, and the last on interleukin-
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13 (IL-13) (1). The eosinophils are important in
asthma, since they are known as the most
important  inducer cells of hyperreactivity.
Eosinophils applied these effects by cytokine
production and release of other mediators such as
specific enzymes (2).

Repeated exposure to low dose allergen induces
anti-allergen IgE production. More challenges
cause secondary humoral response and
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inflammation of lung tissue (3).

Latex products have been used widely in last
decades. As a consequence, latex allergy has
become an important increasing health problem
worldwide. Latex allergic reactions are seen as
contact dermatitis, asthma, anaphylaxis, urticaria,
rhinitis, and conjunctivitis (4, 5). Different studies on
latex allergy in various populations reported
prevalence rates ranging between 1.1% and 7.6%.
In some cases such as children with spina bifida,
the risk increased dramatically up to 65%.
Healthcare workers are frequently exposed to
gloves and other latex products. The prevalence of
latex related asthma in sensitized healthcare
workers may increase up to 4.5% (6). Rubber
industry workers have an increased prevalence of
chronic respiratory symptoms and 50% of
sensitized cases may show asthma signs (7).
Treatment of latex allergy seems to be problematic,
as preventive measures such as allergen
avoidance are not always feasible due to its
widespread use. For instance, tires are
manufactured with different concentrations of
natural latex. Urban traffic causes release of
tremendous small latex-containing particles. Some
epidemiologic and clinical studies have shown the
effects of air pollutants on immune system,
particularly on induction and augmentation of
allergic inflammation (8, 9). Furthermore, analysis
of airborne particles and dust has shown the
presence of different allergens in these samples
(10). Extractable latex and other cross-reactive
allergens in ambient samples of sedimented
freeway dust and airborne particulate matter have
reported too (11, 12). Latex allergens have cross-
reactivity with some fruits (13-16), trees, and pollen
allergens (17-19). Exposure to these allergens can
occur through different routes, including ingestion,
inhalation, and cutaneous and mucous membrane
contact. These exposures affect the sensitization
and explain the high prevalence of latex allergy.
Much of our knowledge about the mechanisms and
treatment of asthma originates from animal studies,
particularly murine models. Most of allergic asthma
murine models are allergic airway inflammation
models (1). There are different exposure routes to
induce allergy in respiratory tract. Three usual
methods include intratracheal instillation, intranasal
administration, and aerosol exposure (20). The
latter is the most similar to human exposure to low
mass concentration of the allergen. Pathologic
signs of the models induced by these methods are
more comparable to human asthma (21). The first
study on mouse and latex allergy was reported in
1994 (Kurup et al.). They used intranasal instillation
method to induce respiratory allergy in mice (22).
There are some further reports investigating the
mechanisms and different aspects of respiratory
latex allergy in mice, but there is not any report
about a complete and reliable model. Furthermore,
previous works did not use the aerosol inhalation
method. Thus the aim of the present study was to
establish a mouse model of pulmonary latex allergy
using aerosol inhalation as sensitization method.
For this purpose, a sensitization protocol was
designed based on our previous experiences.
Immunization times were fixed in all experiments.

Various injection and inhalation doses of latex
allergens were used to find the optimum doses. To
study and confirm the establishment of the model,
the hallmark immunologic and histopathologic
parameters of allergic airway inflammation were
characterized.

Material and Methods

Animals

Six to eight weeks old, male BALB/c mice were
purchased from Pasteur Institute of Iran, Tehran.
Once arrived, the mice were quarantined for at
least 1 week before use. They were kept in a
controlled environment regarding temperature,
humidity and light, with filtered airflow, sterilized
instruments, and free access to standard rodent
autoclaved chow and water ad libitum.

Nitrile gloves were worn while handling mice and
washing the cages during all procedures to prevent
unexpected latex exposure. Animals were Kkilled
under euthanasia standards.

Allergens

Ammoniated latex was obtained from Gillan gloves
factory, Rasht, Iran. We wused the following
sequential procedure to separate latex allergens: it
was centrifuged five times at 20000 Xg and 4°C for
50 min. The latex was separated into two phases at
the end of each centrifugation: a solid rubber phase
and an aqueous fluid, the latter was collected.

The aqueous fluid was then sequentially filtered
through 200, 100, 60, and 22 pm filters to discard
residual solid rubber. The clear fluid was dialyzed
using saline solution and then using water with a
14000 Dalton cut-off membrane, then lyophilized,
aliquoted, and kept at -20°C for long time storage. It
was diluted and filter-sterilized before use. The
protein content was analyzed using a modified
Lowry assay (ASTM, 1998; Standard D5 712-95).
The antigen profiles were prepared using sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). In order to determine the endotoxin
contamination level, we showed that it could not
stimulate proliferation of naive BALB/c splenocytes
in a standard titrated thymidine incorporation assay,
which is a functional endotoxin assay.

Animal Immunization

Determination of Injection Dose

Four groups of mice (n=4 each group) were
immunized by two intraperitoneal injections on days
0 and 14. Each group received 10, 50, or 200 pg of
latex allergens in saline adsorbed to alum adjuvant
or saline with alum in a total volume of 100 pl. On
day 24, the mice were killed and their blood was
collected for serum antibody analyses.

Immunization Protocol and Determination of
Inhalation Dose

Three groups of 8 mice were intraperitoneally
immunized on days 0 and 14 with 50 pg of latex
allergen extract adsorbed to alum adjuvant in a total
volume of 100 pl. Subsequently, each group was
exposed to aerosolized latex antigens for 30
min/day on days 24, 26, 28, and 30. They were
challenged with latex allergens by exposure to an
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aerosol of either 1%, 0.1%, or 0.01% (wt/vol) latex
extract in saline administered with constant
pressure through an ultrasonic nebulizer (NE-UO7,
Omron Co, Tokyo, Japan) in a chamber of 5500
cm® volume. A fourth group of 8 mice was sham.
They were sensitized with intraperitoneal
administration of alum in saline, followed by sterile
saline aerosol inhalation using the same protocol as
negative control group. Sampling and analyses
were performed 24 hours after the last inhalation.

Sampling

Mice were anesthetized with ether. After blood
smear preparation by tail bleeding and then blood
collection, their sera were obtained from whole
blood by centrifu%ation for 15 minutes at 2000 Xg
and stored at —20"C before antibody analysis. Then
the mice were sacrificed and divided into two
groups: A group of 4 mice for bronchoalveolar
lavage (BAL) preparation and a second group to
collect the lung tissue for histopathologic studies. In
the former, the trachea was cannulated and BAL
fluid (BALF) containing cells was recovered by
flushing the lungs with four aliquots of 0.5 ml of
fresh PBS using a syringe. A mean of 80% of the
instilled PBS was retrieved. BAL cell slides were
prepared using a Cytospin (Shandon 3, Pittsburgh,
PA) and air-dried. The remaining BAL preparation
was centrifuged at 350 Xg for 5 minutes and the
BALF was collected, aliquoted, and stored at -20°C
for subsequent cytokine analysis. In the second
group, the lower lobe of left lung was cut into three
slices and fixed in 10% buffered formalin and
paraffin-embedded. Tissues were cut in 5 mm
sections and stained with hematoxylin-chromotrop
2R for evaluation of eosinophilia and Periodic acid
Schiff (PAS) to visualize mucous production and
goblet cells. The femurs from all mice were flushed
with 2 ml of 0.1% BSA (Sigma) in fresh PBS by a
syringe to collect the bone marrow cells. The bone
marrow cells were then undergone cytospot and air
dried.

BAL, Bone marrow and blood cell slides were
stained with Wright-Geimsa. At least 200 cells
were counted per mouse and cells were identified
by morphologic criteria to determine the percentage
of eosinophils in each sample.

Histopathology

Each lung lobe was divided into three horizontal
slices and they were paraffin-embedded in the
same block. After serial sectioning, there were 2-4
sections from 3 different lengths of the lung lobe in
each slide. The total lung sections were scored at
100x or 400x final magnification. In order to
evaluate the criteria of eosinophilic inflammation in
the lung, the following semiquantitative scoring
systems were used to grade the histopathologic
lung changes. Peribronchial inflammatory cell
infiltrates was graded as follows: 0 = lack of any
infiltrate; 1+ = most bronchioles with scattered
infiltrates; 2+ = most bronchioles with an infiltrate of
up to 2 cells thick; 3+ = most bronchioles with an
infiltrate of up to 5 cells thick; and 4+ = most
bronchioles with an infilirate of more than 5 cells
thick. The sum of the airway scores from lung slide
was divided by the number of airways examined
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(20-30 per mouse), and expressed as peribronchial
inflammatory score in a semiquantitative unit. The
same scoring method was used for perivascular
inflammation grading.

Alveolar septa cellularity was graded as follows:
0 = no infiltrate of inflammatory cells nor widening
of septa; 1+ = minimally increased cellularity
without significant widening of septa; 2+ = obvious
cellular infiltrates with moderate widening of septa;
and 3+ = markedly increased -cellularity with
thickened septa. Interstitial alveolar space
cellularity was scored as follows: 0 = no infiltrate;
1+ = scattered infiltrates of inflammatory cells in
alveolar spaces; and 2+ = the alveolar spaces full
of inflammatory cells. The sum of the alveolar
scores from each lung section was divided by the
number of sections examined and expressed as
septal or interstitial alveolar inflammatory scores in
semiquantitative units.

The proportion of goblet cells within the airway
epithelium was scored at 400x final magnification
as follows: 0=< 5% goblet cells; 1= 5-25%; 2= 25-
50%; 3= 50-75%, 4=> 75%. The sum of the airway
scores from each lung slide was divided by the
number of airways examined (20-30 per mouse)
and expressed as mucous score in a
semiquantitative term.

Eosinophils were visualized at 1000x final
magnification and counted using a rectangular
eyepiece (Nikon, HWF10OX-F) calibrated with stage
micrometer slide. For each slide, at least 10-20
fields of view around the airways were counted.
The airways with inflammatory cells were randomly
selected from all sections in the slide. The
eosinophils were counted within an area of 0.1 mm?
of epithelium and subepithelium and multiplied by
10. The ratio of total number of eosinophils to total
area for each mouse lung was calculated and
expressed as the number of eosinophils per mm?>.
Different cell types were defined as follows: small
mononuclear cells = lymphocytes; larger
mononuclear cells with moderate basophilic
cytoplasm and large coarse nucleoli = transformed
cells; the largest cells with generous eosinophilic
cytoplasm and small nucleoli = histiocytes; cells
with segmented nuclei and red cytoplasm on
chromotrop 2R stain = eosinophils; and cells with
segmented nuclei without red cytoplasm on
chromotrop 2R stain = neutrophils.

Detection of anti-latex antibody levels in the
serum

Anti-latex IgE and 1gG1 levels were detected using
ELISA. In brief, ELISA plates (Nunc-Maxisorb,
Nunc, Roskilde, Denmark) were coated with 100 pl
of latex extract solution (50 pg of latex extract in
0.05 M NaHCOs3, pH = 9.06) overnight at 4°C.

The plate was washed with PBS-Tween 20 (0.05%)
and blocked (200 pl of 1% BSA in PBS) for 2 hours
at 37°C and washed again. 100 pl of serum sample
per well was incubated for 2 hours at 37°C to
measure the IgE level. For IgG1 detection, a 1:20
dilution of each serum sample was used. After
washing, 100 pl of biotin-conjugated rat anti-mouse
IgE  monoclonal antibody (Clone: R35-118,
Pharmingen, 3 pg/ml) or rat anti-mouse IgG1 heavy
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chain (MCA 33613, Serotec, 125 ng/ml) was added
to each well and incubated for 2 hours at 37°C.

The plates were then washed again and 100yl of a
1:1000 dilution of streptavidin-conjugated horse
radish peroxidase (554066, Pharmingen, Sandiego,
CA) was added and incubated for 30 minutes at
room temperature. The wells were washed, treated
with 100ul of substrate (tetramethylbenzidine) for
20-30 minutes at room temperature in a dark room.
Then the reaction was stopped with H.SO4 and the
color developed was visualized at 450nm with a
wavelength correction of 630 nm in a Titertec
multiscan spectrophotometer (Stat Fax 2100). As
reference for the baseline (cut off) and negative
control, pooled serum of 10 naive mice which had
not received latex was used. A pooled serum of 10
immunized mice (50 pg of latex extract per mouse,
weekly for 8 weeks) was used as positive control.
All measurements were performed as duplicates of
no more than 5% difference. The results were
reported in terms of optical density (OD).

Quantitation of Cytokine Levels in BALF
Cytokines were analyzed in BALF samples using
standard sandwich ELISA. IL-5 ELISA was
performed using the OPTEIA kit (BD Biosciences
Pharmingen, San Diego, CA). IL-13 measurement
kit was purchased from R&D systems (R&D
systems Inc., Minneapolis, USA). The plates were
blocked using Block ACE (Serotec Ltd, Oxford,
UK). The ELISA was performed according to the
manufacturer's protocol. Cytokine concentrations
were calculated from the standard curves using a
Titertec multiscan spectrophotometer (Stat fax
2100). The detection thresholds were 30 pg/ml and
10 pg/ml for IL-13 and IL-5, respectively.

Statistical Analysis

The data were expressed as means + SEM. They
were considered statistically significant when
p<0.05. Differences were determined using the
Kruskal- Wallis test and for comparing of the pairs
with non-parametric comparison test.

Results

Histopathology and Eosinophils

Control mice showed normal lung architecture.
Histologic analysis of tissue sections revealed no
inflammatory signs in interstitial alveolar septa and
spaces in none of the groups. Significant
peribronchial and perivascular infiltrates were seen
in all of latex sensitized mice. Increased number of
mucous-producing goblet cells was shown in the
airways of 1% and 0.1% latex inhalation groups, as
compared with negative control mice. There were
no significant differences between 1% and 0.1%
latex inhalation groups (Table 1). The same results
were seen in the peripheral blood eosinophil
percentage (Table 2). Although the peribronchial
eosinophil density was increased in 1% and 0.1%
latex extract inhalation groups compared to
negative controls, it was higher in 1% latex
inhalation group (Table 1). BAL and bone marrow
eosinophils increased in 1% latex inhalation group
compared to other groups (Table 2).

The inflammatory infiltrates of lung tissues
consisted of lymphocytes, histiocytes, eosinophils,
neutrophils, and plasma cells.

BAL Cytokines

To characterize the allergic phenotype further, IL-5
and [IL-13 levels were measured in BALF.
Significantly increased levels of these two cytokines
were detected in 1% latex extract inhalation group
compared to other groups (Figure 2).
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Fig. 1. Anti-latex IgE antibody levels in the sera of mice
sensitized intraperitoneally with different doses of latex, data
expressed as Mean + SEM (n=4, p<0.05).
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Fig. 2. IL-13 and IL-5 levels in bronchoalveolar lavage fluid of
mice. The results are expressed as Mean = SEM, n=4, p<0.05.
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Fig. 3. Anti-latex IgE and 1gG, antibody levels in the sera of 1%
latex inhalation and negative control mice. The results are
expressed as Mean + SEM, n=4, p<0.05.

Serum Antibodies

The serum levels of two hallmark antibodies of
allergic inflammation were analyzed. Allergen-
specific IgE and 1gG1 levels were expressed as
optical density and shown in Figure 3.

The serum levels of above antibodies in 1% latex
inhalation group were higher than negative control
mice.
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Table 1. Mean (£SEM) of inflammatory changes in the lung.

Groups Goblet Perivascular Peribronchial No. of Alveolar Septa Alveolar
Cells Infiltrates Infiltrates Eosinophils/mm?® m Cellularity Spaces
Cellularity
Negative Control 0.50+0.50 0.40+0.18 0.50+0.18 0.00+0.00 0.00+0.00 0.00+0.00
0.01% Latex Inhalation ~ 0.58+0.25 1.08+0.08** 1.18+0.03** 0.00+0.00 0.05+0.05 0.00+0.00
0.1% Latex Inhalation 3.13+0.13* 1.78+0.12** 1.90+0.14** 5.30+0.14** 0.03+0.03 0.00+0.00
1% Latex Inhalation 3.25+0.25* 1.90+0.14** 1.95+0.03** 11.80+0.14* 0.00+0.00 0.00+0.00

Stained sections were scored as described in materials and methods and visualized by staining with periodic acid schiff and
Hematoxylin-Chromotrop 2R. n=4 each group; the significance is indicated by *=p<0.05, **= p<0.01 compared to negative control group.
(1); Number of eosinophils in 1 mm® area of bronchiolar epithelium and subepithelium with inflammatory infiltrates.

Table 2. Percentage of eosinophils in different samples

Groups Peripheral Blood Bone Marrow Bronchoalveolar Lavage

Eosinophils’ Eosinophils’ Eosinophils’
Negative Control 0.70+0.15 2.60+0.60 0.00+0.00
0.01% Latex 2.38+0.47 2.00+0.42 0.25+0.25
Inhalation
0.1% Latex 4.75+0.50%* 2.38+0.94 0.00+0.00
Inhalation
1% Latex 4.00+0.54%* 6.63+0.93%* 7.25%3.43%%
Inhalation

Data presented as Mean+=SEM.
1, n=8 each group; 2, n=4 each group; *, p<0.001 compared to negative control group; **, p<0.01.

Discussion

In this study, a mouse model of eosinophilic allergic
airway inflammation was established using latex
allergen aerosols. Eight to ten weeks old BALB/c
mice housed in clean air room, were immunized
intraperitoneally on days 0 and 14 with 50 pg of
alum adsorbed latex allergens in a total volume of
100 pl. Subsequently, they were challenged with 10
ml of 1% latex allergens in saline (wt/vol)
administered as nebulized aerosols for 30 min/day
on days 24, 26, 28, and 30 in a chamber of 5500
cm? volume. Twenty four hours after the last
inhalation, sampling and assessment of the model
characteristics was performed.

In 1994, Kurup and colleagues showed latex
antigens were able to induce allergic airway
inflammation in mice. They immunized BALB/c and
C57BL/6 mice intraperitoneally or intranasally for 8
weeks and administered another intranasal allergen
dose finally (22). Their studies demonstrated
moderate to severe interstitial inflammatory
infiltrates accompanied by granuloma. Although it
was shown the development of perivascular and
peribronchial infiltration of inflammatory cells,
eosinophilia, and allergen-specific antibodies, it
could not be a reliable asthma model, as the
parenchymal inflammation could lead to pulmonary
granulomas and/or fibrosis not resembling human
asthma features (27). They reported the role of IL-4
in airway reactivity using a mouse model in 1999. In
this study, they immunized the mice intranasally
twice a week for 4 weeks. Alveolar inflammation
was shown in this study too (25).

Another published article presented a similar model
(three immunizations a week for 4 weeks) as an
airway hyperreactivity induction model, but the
parenchymal inflammation and granulomas were
reported again (26). Although airway hyperreactivity
was shown in the last two studies, alveolar
inflammation which is not the asthma-specific
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affects the pulmonary hyperreactivity. Repeated
and chronic intranasal bolus delivery of allergens is
likely to cause this problem.

In our model, inhalation of low mass concentration
of aerosolized latex allergens minimized the
parenchymal alveolar inflammation. Hardy et al
(2003) describes a mouse model
of pulmonary allergic inflammation to a major latex
allergen Hevb 5 (23). They sensitized the mice
intratracheally four times every 2 day. Howell and
colleagues (2004) used another murine model to
investigate the immunomodulatory effect of
endotoxin on the development of latex allergy. They
sensitized the mice intranasally and intratracheally
5 days a week for 72 days (24). These two latter
works studied some of asthma features such as
perivascular and peribronchial infiltration of
inflammatory cells, eosinophilia of inflammatory
lung tissues, and allergen-specific antibodies, but
the authors did not mention if they had considered
the alveolar parenchymal inflammation too.

Conclusion

We are presenting here a latex induced eosinophilic
allergic airway inflammation model in mice with
hallmark characteristics of asthma, including
eosinophilia of inflammatory lung tissue and
bronchoalveolar  lavage, peribronchial  and
perivascular infiltration of inflammatory cells, and
mucous hypersecretion (increased proportion of
goblet cells in airway epithelium). No marked
alveolar inflammation developed in this model.
Allergen-specific immune response was shown by
increasing levels of anti-latex IgE and IgG1.
Furthermore, the levels of IL-5 and IL-13, which are
effective hallmark cytokines in human and murine
models of allergic airway inflammation, increased in
this model. An aerosol inhalation method, which is
the most similar to human allergen exposure, was
used in this work using a complex mixture of crude
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latex allergens. This model is a useful tool to
investigate the cellular and molecular mechanisms
of allergic airway inflammation, particularly those
induced by latex, as well as treatment of this
disease.

Acknowledgments
This study was supported by Tarbiat Modarres

University as a part of PhD thesis and also by a
grant from Immunology, Asthma and Allergy
Research Institute of Tehran Medical Sciences
University as a common research project. The
authors wish to thank Miss Fatemeh Zahedi for her
full time technical cooperation and also the
manager and employees of Gillan gloves factory for
their kind gifting the latex.

RN

References

1. Leong KP, Huston DP: Understanding the pathogenesis
of allergic asthma using mouse models. Ann Allergy
Asthma Immunol, 2001; 87: 96-109

2. Gleich GJ, Adolphson CR, Leiferman KM: The biology
of the eosinophilic leukocyte. Annu Rev Med, 1993; 44:
85-101

3. Wills-Karp M: Immunologic basis of antigen-induced
airway hyperresponsiveness. Annu Rev Immunol,
1999;17: 255-281

4. Slater JE: Latex allergy: J Allergy Clin Immunol, 1994;
94(2 Pt 1): 139-149

5. Landwehr LP, Boguniewicz M: Current perspectives on
latex allergy, J Pediatr, 1996; 128: 305-312

6. Meade BJ, Weissman DN, Beezhold DH: Latex allergy:
past and present. Int Imnmunopharmacol, 2002; 2: 225-238
7. Tarlo SM, Wong L, Roos J, Booth N: Occupational
asthma caused by latex in a surgical glove manufacturing
plant.J Allergy Clin Immunol, 1990; 85: 626-631

8. Chew FT, Goh DY, Ooi BC, Saharom R, Hui JK, Lee
BW: Association of ambient air-pollution levels with acute
asthma exacerbation among children in Singapore.
Allergy, 1999; 54: 320-329

9. Walters DM, Breysse PN, Wills-Karp M: Ambient urban
Baltimore particulate-induced airway hyperresponsiveness
and inflammation in mice. Am J Respir Crit Care Med,
2001; 164 (8 Pt 1): 1438-1443

10. Glovsky MM, Miguel AG, Cass GR: Particulate air
pollution: possible relevance in asthma. Allergy Asthma
Proc,1997; 18: 163-166

11. Williams PB, Buhr MP, Weber RW, Volz MA, Koepke
JW, Selner JC: Latex allergen in respirable particulate air
pollution. J Allergy Clin Immunol, 1995; 95(1 Pt 1): 88-95
12. Miguel AG, Cass GR, Weiss J, Glovsky MM: Latex
allergens in tire dust and airborne particles.Environ Health
Perspect, 1996; 104: 1180-1186

13. Yagami T: Allergies to cross-reactive plant proteins.
Latex-fruit syndrome is comparable with pollen-food
allergy syndrome. Int Arch Allergy Immunol, 2002; 128:
271-279

14. Perkin JE: The latex and food allergy connection. J
Am Diet Assoc, 2000; 100: 1381-1384

15. Kurup VP, Kelly T, Elms N, Kelly K, Fink J: Cross-
reactivity of food allergens in latex allergy. Allergy Proc,
1994; 15(4): 211-216

eosinophils in mice. Int Arch Allergy Immunol, 1994; 103:
370-377

23. Hardy CL, Kenins L, Drew AC, Rolland JM, O'Hehir

RE: Characterization of a mouse model of allergy to a
major occupational latex glove allergen Hev b 5.Am J
Respir Crit Care Med, 2003; 167: 1393-1399

24. Howell MD, Tomazic VJ, Leakakos T, Truscott W,
Meade BJ:Immunomodulatory effect of endotoxin on the
development of latex allergy. J Allergy Clin Immunol,
2004; 113: 916-924

25. Xia JQ, Rickaby DA, Kelly KJ, Choi H, Dawson CA,
Kurup VP: Immune response and airway reactivity in wild
and IL-4 knockout mice exposed to latex allergens. Int
Arch Allergy Immunol, 1999; 118: 23-29

26. Thakker JC, Xia JQ, Rickaby DA, Krenz GS, Kelly KJ,
Kurup VP, Dawson CA: A murine model of latex allergy-
induced airway hyperreactivity. Lung, 1999; 177: 89-100
27. Kumar RK, Foster PS: Modeling allergic asthma in
mice: pitfalls and opportunities. Am J Respir Cell Mol Biol,
2002; 27: 267-272.

16. Ganglberger E, Radauer C, Wagner S, Riordain G,
Beezhold DH, Brehler R, Niggemann B, Scheiner O,
Jensen-Jarolim E, Breiteneder H: Hev b 8, the Hevea
brasiliensis latex profilin, is a cross-reactive allergen of
latex, plant foods and pollen. Int Arch Allergy Immunol,
2001; 125: 216-227

17. Fuchs T, Spitzauer S, Vente C, Hevler J, Kapiotis S,
Rumpold H, Kraft D, Valenta R: Natural latex, grass
pollen, and weed pollen share IgE epitopes. J Allergy Clin
Immunol, 1997; 100: 356-364

18. Merrett TG, Merrett J, Kekwick R: The prevalence of
immunoglobulin E antibodies to the proteins of rubber
(Hevea brasiliensis) latex and grass (Phleum pratense)
pollen in sera of British blood donors. Clin Exp
Allergy,1999; 29: 1572-1578

19. Mahler V, Diepgen TL, Kubeta O, Leakakos T,
Truscott W, Schuler G, Kraft D, Va lenta R:Mutual
boosting effects of sensitization with timothy grass pollen
and latex glove extract on IgE antibody responses in a
mouse model. J Invest Dermatol, 2000; 114: 1039-1043
20. Meade BJ, Woolhiser M: Murine models for natural
rubber latex allergy assessment.Methods, 2002; 27: 63-68
21. Temelkovski J, Hogan SP, Shepherd DP, Foster PS,
Kumar RK: An improved murine model of asthma:
selective airway inflammation, epithelial lesions and
increased methacholine responsiveness following chronic
exposure to aerosolised allergen. Thorax, 1998; 53: 849-
856

22. Kurup VP, Kumar A, Choi H, Murali PS, Resnick A,
Kelly KJ, Fink JN: Latex antigens induce IgE and

Nalalatataials

97 /" \vakbteh




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


