
Introduction

Latex-induced IgE-mediated allergy has been reported
in increasing numbers of patients during the past several
years, largely as a result of increased exposure to natural
rubber latex proteins present in various health care devices
[1–5]. The clinical spectrum of the disease ranges from lo-
cal contact urticaria, allergic rhinoconjunctivitis, bron-
chospasm, angioedema, asthma, and life-threatening ana-
phylaxis [3–9]. Latex allergy has also become a serious risk
among several groups of individuals who frequently use la-
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Abstract
Background: Natural rubber latex has been reported as
a major cause of allergy and asthma in a number of in-
dividuals. One of the occupational groups most affected
by latex allergy are the health care workers who are fre-
quently exposed to natural rubber latex products in
their patient care activities. The immunopathogenesis
of latex allergy is not well understood. In order to un-
derstand the immune mechanism in latex allergy, we
have developed a mouse model of latex allergy. Meth-
ods: Both wild-type and IL-4 knockout BALB/c mice were
challenged intranasally with latex proteins and their im-
mune responses, lung pathology, and airway reactivity
were evaluated. Results: The total serum IgE and latex
specific IgE, IgG1, and peripheral blood and lung
eosinophil levels in wild type BALB/c mice were en-
hanced by the latex exposure, while no IgE or
eosinophil were detected in IL-4 knockout mice. Latex-
specific IgG1 levels in the sera were lower in IL-4 knock-
out animals compared to wild mice. However, latex-spe-
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cific IgG2a antibody was higher in all the IL-4 knockout
mice compared to wild type mice. Both the wild type
and IL-4 knockout animals developed increased airway
resistance after antigen challenge when compared to
control animals, although the airway resistance re-
sponse of IL-4 knockout animals was attenuated com-
pared to the wild-type animals. The histology of the
lungs of these two groups of animals was similar. Con-
clusion: In spite of the differences in the immune re-
sponses in the two groups of mice, there were compa-
rable lung inflammatory responses, suggesting a
multifactorial pathogenetic mechanism.



tex products or are involved in latex manufacturing [3, 7,
10, 11]. Health care workers have shown a high prevalence
of latex allergy attributed to frequent exposure to latex pro-
teins from gloves and other health care products [3, 4, 12].
Among other groups of patients with substantial risk of la-
tex allergy are those with spina bifida and those undergoing
multiple surgeries, probably due to the frequent exposure to
latex proteins [3, 8, 9, 13].

Although the clinical features of latex allergy are well
established, our understanding of the immunopathogenesis
is not clear [9]. An understanding of the immune mecha-
nisms and airway responses to latex proteins may help to
develop more reliable diagnostic criteria and to devise mea-
sures for better patient care as well as control of the disease.
Hence, animal model studies may yield needed information
that will enhance our understanding of the disease. Previ-
ously, we have used both rabbits and mice to develop a
model of latex allergy [14, 15]. Rabbits exposed to latex
proteins developed latex-specific serum IgG antibody and
showed immediate skin test reactivity to latex antigen. Both
lung sections and bronchial lavage fluids showed
eosinophil accumulation [15]. The mouse model demon-
strated elevated serum IgE and lung and peripheral blood
eosinophilia and airway hyperreactivity [14].

In the present study, we have investigated the role of in-
terleukin-4 (IL-4) in eliciting immunological and airway re-
sponses in mice exposed to latex allergens. The results indi-
cate antigen-specific airway obstruction in both wild type
(WT) and IL-4 knockout (KO) animals exposed to latex
allergens, although the airway response was more pro-
nounced in WT compared to the IL-4 KO mice.

Materials and Methods

Animals
Ten- to 12-week-old BALB/c IL-4 +/+ (WT) mice were purchased

from Charles River Laboratories, Wilmington, Mass., USA. IL-4
gene disrupted (IL-4 KO) BALB/c mice were a gift from Dr. Robert
Coffman, DNAX Research Institute of Molecular and Cellular Biolo-
gy, Inc., Palo Alto, Calif., USA, as breeding pairs. These animals were
bred at the Veterinary Medical Unit of the V.A. Medical Center, Mil-
waukee. Age- and sex-matched animals were exposed intranasally to
latex allergens as described below.

Latex Antigen
Antigen used in the present study was obtained from the milky la-

tex fluid of the rubber tree Hevea brasiliensis. The latex fluid was col-
lected from Malaysian rubber trees by tapping them directly into ster-
ile containers, frozen immediately, and then stored at –70°C. It was a
gift from Ansell International, Melbourne, Australia. The frozen sam-
ples were transported to the laboratory on dry ice. The soluble pro-
teins (‘C’ serum) were collected by thawing the frozen latex at 4°C,

followed by centrifugation at 3,000 rpm for 30 min. The liquid phase,
which contains the majority of the proteins, was collected, dialyzed,
and filtered through a 0.2-µm nitrocellulose filter [14, 16, 17]. This la-
tex extract was then aliquoted and stored at –70°C. The antigen was
analyzed for protein content by the Biscinchoninic acid method ac-
cording to the protocol recommended by the manufacturer (Pierce
Chemicals, Rockford, Ill., USA). The protein profile was studied by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and the allergen profile by Western blot analysis using sera
from latex-allergic patients [18, 19]. The stained gel and Western blot
patterns were compared with in house standard antigen and antibody
[18, 19].

Sensitization of Mice with Latex Antigen
Five to 15 BALB/c WT and IL-4 KO female mice were used for

each experiment. Animals were lightly anesthetized with metofane
(methoxyflurane, Pitman-Moore, Mundelein, Ill., USA) aerosol as
described previously [14, 20]. About 50 µl of latex extract containing
30 µg of latex proteins was introduced into the nostrils using a sterile
pipetor tip. The animals were restrained in an upright position for a
minute for smooth inhalation of the antigen. The treatment was car-
ried out twice a week for 4 weeks. All animals were bled before the
experiment and again bled one week after the last intranasal exposure
of latex. The antibody to latex was measured by ELISA [13, 14] when
the antibody levels showed 5- to 10-fold increases compared to
preimmunization levels; the animals were challenged with a final
dose of latex. These mice were sacrificed on the 5th day after the last
challenge. The serum IgE latex-specific IgE, IgG1, IgG2a, IgG2b,
IgG3, and lung histology were studied. The airway response was stud-
ied using randomly selected mice from the different groups of control
and latex-challenged animals.

Total Serum IgE
The total serum IgE was measured using a rat anti-mouse IgE

monoclonal antibody (Pharmingen, San Diego, Calif., USA) as de-
scribed previously [14, 20]. The IgE concentration in the serum was
expressed as nanograms/milliliter after comparing the optical density
(OD) of mouse IgE standards.

Latex-Specific IgE and IgG Subclasses in the Sera of Mice
The latex specific IgE, IgG1, IgG2a, IgG2b and IgG3 were detect-

ed according to the method previously described with slight modifi-
cations [14, 20, 21]. Briefly, the method is as follows: the latex extract
was diluted to 5 µg protein/ml in PBS (pH 7.4) and used to coat mi-
crotiter plates (Immulon II, Fisher Scientific, Itasca, Ill., USA). Serum
dilutions from mice were made in PBS and added to the wells and in-
cubated at room temperature for 3 h. After washing the wells, biotiny-
lated anti-mouse IgE (Southern Biotechnology Associates, Inc.,
Birmingham, Ala., USA) IgG1, IgG2a, IgG2b and IgG3 (Zymed Lab-
oratories, San Francisco, Calif., USA) were added and the plates in-
cubated for 1 h. Again, the wells were washed and peroxidase-cou-
pled streptavidin (Sigma-Aldrich, Inc., St. Louis, Mo., USA) was
added. After incubation and washing, the color was developed by
adding the substrate. The OD was measured using an ELISA reader
using a 490-nm filter. The OD values of preimmunization and sacri-
fice sera were compared for latex-specific antibodies.
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Eosinophils in the Peripheral Blood
Animals exposed to latex antigen were bled from the tail vein and

the eosinophils were enumerated in a hemocytometer after staining
with Discombe’s stain [20, 22]. The mean values from at least 5 ani-
mals were collected and compared.

Lung Histology
Lungs from all the experimental animals were inflated with

1–2 ml of 10% (v/v) buffered formalin. The inflated lungs were then
fixed in the same solution and processed. All sections were stained
with hematoxylin and eosin and were examined microscopically. The
histological changes were recorded with regard to the degree of in-
flammation and types of cells in the lesions as described before [14,
20, 21].

Airway Response Studies
After assessing the antibody and eosinophil responses, the ani-

mals were challenged intranasally with the final dose of latex, and the
measurements of pulmonary compliance and airway resistance were
determined. The mice were anesthetized, tracheotomized using an 18-
gauge thin-walled metal tracheostomy tube, and placed in a Plexiglas
body plethysmograph chamber. A saline-filled PE 50 tube with side
holes was placed in the esophagus and connected to a pressure trans-
ducer for measurement of pleural pressure. The tracheostomy cannu-
la was connected to a 1-cm length of the 0.96 mm ID tubing through
the wall of the plethysmograph, allowing the animal to spontaneous-
ly breath room air. The esophageal catheter was connected to a pres-
sure transducer by means of another port through the plethysmograph
wall. A screen pneumotachometer connected through the wall of the
plethysmograph and a Validyne (Validyne Engineering, Northridge,
Calif., USA) differential pressure transducer were used to measure
flow in and out of the plethysmograph. The output signal from the
pneumotachometer responded in linear fashion over the range of
flows tested (0–7 ml/s). The frequency response of the plethysmo-
graph-pneumotachometer system was such that amplitude decreased
by less than 10% up to a frequency of 12 Hz. The breathing frequen-
cy in the mice studied did not exceed 3.5 breaths per second.

The signals from the pressure transducer and pneumotachometer
were processed using a Grass polygraph (Model 7) (Astro-Med Inc.,
West Warwick, RI., USA) recorder. The flow signal was integrated
using a Grass polygraph integrator (Model 7P10) to measure corre-
sponding changes in lung volume. Pressure, flow, and volume signal
outputs were digitized and stored on computer using an analog-to-
digital data acquisition system (CODAS, Dataq Instruments, Inc.,
Akron, Ohio, USA).

The digitized data were analyzed for dynamic pulmonary compli-
ance (Cdyn), pulmonary resistance (RL), tidal volume (VT), respiratory
frequency (f), and minute ventilation (VE) from about 6–10 consecu-
tive breaths at each recording event. Cdyn and RL were calculated from
pleural pressure, airflow, and volume data using the method of Amdur
and Mead [23].

Prechallenge (baseline) measurements were made at 30-second
intervals for 4 min. Animals were then challenged with normal saline
(0.2 ml) injected into the cavernous sinus by direct puncture. Mea-
surements were again taken every 30 s for another 4 min, and then
250 µg of latex antigen in 0.2 ml saline was injected as before. After
30 s, measurements were made at 30-second intervals for 4 more min.

Statistical Analysis
The mean serum antibody levels, total serum IgE, and eosinophil

numbers from different groups of mice were compared using un-
paired two-tailed nonparametric analysis. For the airway hyperreac-
tivity comparison in latex-sensitized mice, the changes in RL and Cdyn

after latex antigen challenge were analyzed by the repeated-measures
analysis of variance with Tukey Kramer Multiple Comparison (Sig-
maStat, SPSS Science, Chicago, Ill., USA). For the comparisons, a
pd0.05 was considered statistically significant.

Results

Serum Antibodies
Total serum IgE in WT BALB/c mice was markedly en-

hanced following intranasal administration of latex antigens
(592B168 preimmunization to 6,620B1,410 ng/ml of serum
at the termination of the experiment). Total IgE and latex-
specific IgE were not detectable in the sera of IL-4 KO mice
before or after exposure to the antigen. In contrast, all latex-
primed WT mice showed detectable amounts of latex-spe-
cific IgE in their sera (fig. 1).

Higher levels of latex-specific IgG1 antibody isotype in
the sera of mice sensitized intranasally with latex antigens
was detected in both WT and IL-4 KO mice (fig. 1). How-
ever, this increase was considerably higher in WT mice
compared to KO mice, whereas all the IL-4 KO animals im-
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Fig. 1. Latex specific IgG1, IgG2a, IgG2b, IgG3, and IgE in the pre-
and post-sera of latex challenged mice determined by ELISA. Mean
optical density values (mean B SE) from five mice are presented. As-
terisk (*) indicates pd0.01.



munized intranasally with latex proteins showed elevated
specific IgG2a antibody. The latex-specific IgG2b antibody
also showed an increase compared to WT mice. IgG3 anti-
body showed no difference among the groups.

Eosinophils
The eosinophil infiltration in the peripheral blood was

detected in both groups of mice exposed to latex antigens.
IL-4 KO mice showed lesser increase compared to wild an-
imals exposed to latex allergens (8 B 2SE to 13 B 2SEE104/
ml of blood). The WT BALB/c mice showed a 5-fold in-
crease (9 B 2SE to 46 B 6SEE104/ml blood) eosinophils
from the base lines while the increase was under 2-fold in
IL-4 KO mice.

Pulmonary Histology
Normal mice showed intact lung structure without any

evidence of inflammatory infiltrates (fig. 2A). Latex-sensi-
tized WT mice showed infiltrates with chronic inflammato-
ry cells in the interstitial tissues of the lungs (fig. 2B). These

inflammatory cells primarily accumulated around small
vessels and bronchioles and consisted of plasma cells, small
number of lymphocytes, epitheloid histiocytes and occa-
sional neutrophils. The intervening areas of lung parenchy-
ma were minimally involved. In addition, there were many
eosinophils (fig. 2D), which were numerous in some mice.
The alveolar epithelium at the site of the peribronchiolar in-
flammation was often hyperplastic, containing many goblet
cells. Alveolar spaces contained macrophages and lympho-
cytes. Latex-sensitized IL-4 KO mice showed similar de-
grees of inflammatory infiltrates as seen in WT mice, pri-
marily adjacent to the bronchioles and small vessels (fig.
2C). Only occasional eosinophils were noted in these ani-
mals, although nodular lymphocyte infiltrates presenting as
aggregates were seen along with similar chronic inflamma-
tory cells as observed in the lungs of the WT animals.

Airway Hyperreactivity
Baseline (prechallenge) lung mechanics data are pre-

sented in table 1. The baseline values for RL were lower in
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Fig. 2. Histology of the lungs of mice. 
A Lung of a mouse from the normal control
group showing normal structure. HE. E63. 
B Lung of latex-sensitized wild-type (WT)
mice showing moderate peribronchiolar 
and perivascular chronic inflammation. The
bronchiolar epithelium is hyperplastic. HE.
E40. C IL-4 –/– mice (KO) sensitized with
latex showing moderate chronic inflammato-
ry infiltrates, adjacent to bronchioles and
blood vessels with no eosinophils. HE. E40.
D Higher magnification of B showing many
eosinophils, but with similar peribronchiolar
or perivascular inflammatory infiltrates as in
KO mice. HE. E160.



IL-4 KO mice compared to WT mice, but only the differ-
ence between latex-sensitized WT mice and unsensitized
IL-4 KO mice was significant. Baseline differences be-
tween unsensitized and latex-sensitized mice were not sig-
nificantly different within either group. Saline challenge did
not have any significant effect on preantigen challenge RL

in any of the groups. Challenge with latex antigen results in
a significant increase in RL for latex-sensitized WT and IL-

4 KO mice but not in unsensitized mice in either group
(fig. 3). While the RL increase in WT mice was nearly
300%, RL in IL-4 KO mice increased only by about 50%.

In addition to the increase in RL following latex chal-
lenge in latex-sensitized mice, there were small but signifi-
cant decreases in Cdyn. Baseline values are presented in
table 1. Following latex challenge, compliance fell to
0.0171B0.0026 (SE) ml/cm H2O in latex-sensitized WT
mice and to 0.0164B0.0026 (SE) ml/cm H2O in latex-sen-
sitized IL-4 KO mice, both values were statistically lower
than prechallenge values (pd0.05).

Discussion

The intranasal instillation of latex allergens in the pre-
sent study resulted in the developmet of a characteristic al-
lergic response in BALB/c mice. These features included
elevated total serum IgE, latex specific IgG antibodies par-
ticularly IgG1, peripheral blood eosinophilia, and charac-
teristic inflammatory responses in the lungs with eosinophil
infiltration. These features are typical of a Th2-mediated re-
sponse and are the salient features of human latex allergy
[24]. Evaluation of the airway responses in these animals
after exposure to latex proteins revealed increased airway
resistance. This response is similar to human allergic asth-
ma where patients challenged with the specific allergen de-
velop smooth muscle constriction leading to airway spasm.
BALB/c WT mice possess an intact immune system with 
a predominant IL-4-mediated response to latex allergen.
Since the Th2 response, an IL-4- and IL-5-mediated re-
sponse, is characteristic in allergy, we used IL-4 KO mice to
elucidate the role of IL-4 in this model of latex allergy. IL-
4 KO mice showed an enhanced Th1 response, probably
due to the lack of IL-4-induced suppression of Th1 cy-
tokines [21]. We anticipated a reduced Th2 response and
exaggerated Th1 response in these KO animals. There was
no detectable IgE in these animals, and only a slight in-
crease in the peripheral blood eosinophils was evident fol-
lowing challenge with latex allergens. The lung inflamma-
tion did not significantly differ between the WT and KO
animals, although more eosinophil infiltration was detected
in the former group. The interstitial inflammation and
perivascular and bronchial infiltration observed in this
model resembled allergen-induced reactions reported in
other animal models [14, 21].

The WT mice showed marked enhancement in IgG1 an-
tibodies to latex, although this was not so with the IL-4 KO
mice. It has been shown that IL-4, in conjunction with
CD40-CD40L, induces the switching of IgG1 isotypes [26].

Immune and Airway Responses to Latex
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Fig. 3. Airway responses to latex antigen challenge in unsensitized
and latex-sensitized WT and KO mice. Values represent means B SE.
Asterisk (*) indicates significant difference from prechallenge
(pd0.05).

Table 1. Baseline pulmonary mechanics, RL and Cdyn for the four
groups of mice

Mice RL Cdyn

cm H2O/ml/s ml/cm H2O

Wild type (WT)
Unsensitized (n = 9) 1.34B0.185 0.0215B0.0015
Latex sensitized (n = 15) 1.704B0.258 0.0237B0.0016

IL-4 knockout (KO)
Unsensitized (n = 8) 0.422B0.032 0.0292B0.0015
Latex sensitized (n = 8) 0.866B0.155 0.0208B0.0032

All values are mean B SE. Differences between Cdyn for the two
IL-4 knockout groups were significant (pd0.05). RL for the latex-
sensitized group was significantly greater than RL for the IL-4 knock-
out groups (pd0.05).



28 Int Arch Allergy Immunol 1999;118:23–29 Xia/Rickaby/Kelly/Choi/Dawson/Kurup

References

1 Granady LC, Slater JY: The history and diag-
nosis of latex allergy; in Fink JN (ed): Im-
munology and Allergy Clinics of North Amer-
ica. Philadelphia, Saunders, 1995, pp 21–29.

2 Nutter AF: Contact urticaria to rubber. Br J
Dermatol 1979;101:597–598.

3 Slater JE: Rubber anaphylaxis. N Engl J Med
1989;320:1126–1130.

4 Turjanmaa K: Incidence of immediate allergy
to latex gloves in hospital personnel. Contact
Dermatitis 1987;17:270–275.

5 Arellano R, Bradley J, Sussman G: Prevalence
of latex sensitization among hospital physi-
cians occupationally exposed to latex gloves.
Anesthesiology 1992;77:905–908.

6 Fink JN, Kelly KJ: Latex hypersensitivity: An
emerging problem. Allergy Clin Immunol
News 1994;6:4–6.

7 Kelly KJ, Setlock M, Davis JP: Anaphylatic re-
actions during general anesthesia among ped-
iatric patients. Morbid Mortal Weekly Rep
1991;40:437–443.

8 Sussman G, Tarlo S, Dolovich J: The spectrum
of IgE-mediated-responses to latex. JAMA
1991;265:2844–2847.

9 Kelly KJ, Kurup VP, Reijula KE, Fink JN: The
diagnosis of natural rubber latex allergy. J Al-
lergy Clin Immunol 1994;93:813–816.

10 Axelsson J, Johansson S, Wrangsjo K: IgE-
mediated anaphylactoid reactions to rubber.
Allergy 1987;42:46–60.

11 Murali PS, Kelly KJ, Fink JN, Kurup VP: In-
vestigations into the cellular immune respons-
es in latex allergy. J Lab Clin Med 1994;124:
638–643.

12 Seaton A, Cherric B, Turnbull J: Rubber glove
asthma. Br Med J 1988;296:531–532.

13 Kelly KJ, Pearson ML, Kurup VP, Havens PL,
Byrd RS, Setlock MA, Butler JC, Slater JE,
Grammer LC, Resnick A, Roberts M, Jarvis
WR, Davis JP, Fink JN: A cluster of anaphy-
lactic reactions in children with spina bifida
during general anesthesia: Epidemiologic fea-
tures, risk factors, and latex hypersensitivity.
1994;94:53–61.

14 Kurup VP, Kumar A, Choi H, Murali PS,
Resnick A, Kelly KJ, Fink JN: Latex antigens
induce IgE and eosinophils in mice. Int Arch
Allergy Immunol 1994;103:370–377.

15 Reijula KE, Kelly KJ, Kurup VP, Choi H, Bon-
gard RD, Dawson CA, Fink JN: Latex-induced
dermal and pulmonary hypersensitivity in rab-
bits. J Allergy Clin Immunol 1994;94:891–
902.

In the present study, low levels of IgG1 were detected in the
IL-4 KO animals, while in contrast, it was the major anti-
body isotype detected in the WT animals. However, IgG2a,
an isotype dependent on Th1 cytokine, IFN-γ was increased
more in the KO mice compared to WT mice substantiating
the presence of a predominantly polarized Th1 response in
the KO animals [27].

As we have shown previously [28], the airway response
in latex-sensitized WT mice is unique in that latex-sensi-
tized mice challenged directly with latex antigen develop a
significant increase in RL. A similar result was obtained in
the present study. However, differences were observed be-
tween WT and IL-4 KO mice. The KO mice had lower base-
line RL values compared to WT mice (table 1). This may be
due to the predominant Th2 respone in WT animals and
suppressed Th2 response in the KO animals. Upon chal-
lenge with latex antigen, RL in the latex-sensitized KO ani-
mals did increase significantly, but the increase was much
less dramatic compared to WT animals (fig. 3). The results
are consistent with the immunological findings. In WT
mice, the Th2 cytokine response causes elevated IgE levels
and increased eosinophil numbers. With no measurable IgE
and only a few eosinophils in KO animals, the RL increase
was greatly attenuated. Nevertheless, the significant in-
crease in RL that occurred even in KO mice suggests that
other factors not currently understood may also be involved.

In some mice, the large increases in RL following latex
challenge were accompanied by much less dramatic de-
creases in Cdyn. It has been suggested that contraction of air-
way smooth muscle could increase parenchymal stresses in
a radial direction around airways resulting in the decreased
Cdyn that often occurs when RL is increased [29]. It is also
possible that the bronchoconstriction causes closure of air

spaces, a subsequent decrease in lung volume and thus only
an apparent decrease in Cdyn [30].

These results – immunological, histological, and physio-
logical – demonstrate that a pronounced Th2 response is es-
sential for airway response. However, both WT and KO an-
imals showed almost similar histology. Hence, these results
suggest that the airway resistance may be the result of bind-
ing of allergens to IgE present on the mast cells and ba-
sophils in the bronchi and the release of mediators. The ac-
tivation of eosinophils and release of products such as major
basic protein, eosinophil peroxidase, into the lungs may al-
so be responsible for the lung pathology and airway re-
sponse. The definite, but reduced, airway response in IL-4
KO animals also suggests that in the absence of IgE and
eosinophils other mechanisms, such as Rantes, eotaxins,
may be involved in latex-induced allergy and asthma.

In conclusion, we have demonstrated a latex-allergic re-
sponse in WT mice comparable to latex allergy in humans.
The results suggest that, in addition to IgE antibody and
eosinophils, other mediators such as chemokines and other
factors may play a role in latex allergy, and hence, need fur-
ther study.

Acknowledgements

We thank Dr. Robert Coffman, DNAX Research Institute of
Molecular and Cellular Biology, Inc., Palo Alto, Calif., USA, for the
supply of IL-4 KO BALB/c mice breeding pairs. This investigation
was supported partly by VA Medical Research, NIH (AI42349), and
by Ansell International, Medical Division, N.J. The technical assis-
tance of Laura Castillo and Abe Resnick and the editorial assistance of
Donna Schrubbe are gratefully acknowledged.



Immune and Airway Responses to Latex
Allergens

Int Arch Allergy Immunol 1999;118:23–29 29

16 Kurup VP, Kelly KJ, Resnick A, Bansal NK,
Fink JN: Characterization of latex antigen and
demonstration of latex-specific antibodies by
enzyme-linked immunosorbent assay in pa-
tients with latex hypersensitivity. Allergy Proc
1992;6:329–334.

17 Lu L-J, Kurup VP, Hoffman DR, Kelly KJ,
Murali PS, Fink JN: Characterization of a ma-
jor latex allergen associated with hypersensi-
tivity in spina bifida patients. J Immunol 1995;
155:2721–2728.

18 Alenius H, Kurup V, Kelly K, Palosuo T, Tur-
janmaa K, Fink J: Latex allergy: Frequent oc-
currence of IgE antibodies to a cluster of 11 la-
tex proteins in patients with spina bifida and
histories of anaphylaxis. J Lab Clin Med 1994;
123:712–720.

19 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 Immuol 1996;109:58–67.

20 Kurup VP, Mauze S, Choi H, Seymour BWP,
Coffman RL: A murine model of allergic bron-
chopulmonary aspergillosis with elevated
eosinophils and IgE. J Immunol 1992;148:
3783–3788.

21 Kurup VP, Guo J, Murali PS, Choi H, Fink JN:
Immunopathologic responses to Aspergillus
antigen in interleukin-4 knockout mice. J Lab
Clin Med 1997;130:567–575.

22 Colley DG: Schistosoma mansoni:Eosinophil-
ia and the development of lymphocyte blasto-
genesis in response to soluble egg antigen in
inbred mice. Exp Parasitol 1972;32:520–526.

23 Amdur MO, Mead J: Mechanics of respiration
in anesthetized guinea pigs. Am J Physiol
1958;192:364–368.

24 Mosmann TR, Coffman RL: Th1 and Th2
cells: Different pattern of lymphokine secre-
tion lead to different functional properties.
Annu Rev Immunol 1989;7:143–173.

25 Kurup VP, Murali PS, Guo J, Choi H, Banerjee
B, Fink JN, Coffman RL: Anti-interleukin
(IL)-4 and -IL-5 antibodies downregulate IgE
and eosinophilia in mice exposed to Asper-
gillus antigens. Allergy 1997;52:1215–1221.

26 Renshaw BR, Fanslow WC, Armitage RJ,
Campbell KA, Liggitt D, Wright B, Davison
BL, Maliszewski CR: Humoral immune re-
sponse in CD40 ligand-deficient mice. J Exp
Med 1994;180:1889–1900.

27 Mosmann TR, Coffman RL: Heterogeneity of
cytokine secretion patterns and function of
helper T-cells. Adv Immunol 1989;46:111–
147.

28 Thakker JC, Xia J-Q, Rickaby DA, Krenz GS,
Kelly KJ, Kurup VP, Dawson CA: A murine
model of latex allergy induced airway hyper-
reactivity (abstract). Allergy Clin Immunol
1995;95:152.

29 Mitzner W, Blosser S, Yager D, Wagner E: Ef-
fect of bronchial smooth muscle contraction on
lung compliance. J Appl Physiol 1992;72:158–
167.

30 Yoshida S: Effects of bronchoactive agents on
static pressure-volume characteristics of dog
lungs. Am J Physiol 1964;206:321–326.




