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Abstract. — BACKGROUND: The prevalence of
individuals allergic to latex, exhibiting cross-hy-
persensitivity with plant-derived food has been
frequently reported as the so-called latex-fruit
syndrome. Nonetheless, molecular mechanisms
underlying allergy to latex and/or fruit are poorly
understood.

AIM: The aims of this study were to identify
candidate genes that may be associated with
the pathogenesis of allergy to latex and/or veg-
etable food, and to assess if similar molecular
pathways are involved in both types of hyper-
sensitivity.

MATERIALS AND METHODS: DNA microarray
analysis was performed to screen the molecular
profiles of peripheral blood mononuclear cells
isolated from patients with allergy to latex, to
fruit, or with latex-fruit syndrome, and from con-
trol healthy subjects.

RESULTS: Molecular profiling identified an
overlapping dataset of genes commonly regulat-
ed in all the atopic patients enrolled in this
study, suggesting that similar molecular mecha-
nisms are involved in the pathogenesis of aller-
gy to the fruit and/or latex. Several regulators of
the innate and acquired immunity reported to
polarize the immunological response towards a
Th2-mediated immune response were overex-
pressed in the patients. Evidences suggested
that the expression of T-regulatory cells might be
defective in allergic patients, as a consequence
of a dysregulation of some inflammatory cy-
tokines. Finally, several transcription factors that
may be responsible for the Th1/Th2 imbalance
were modulated in allergic patients.

CONCLUSIONS: This study identified relevant
genes that may help to elucidate the molecular
mechanisms underlying allergic disease. Knowl-
edges of critical targets, along with transcription
factors regulating gene activity may facilitate the
development of new therapeutic options.
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Introduction

Natural rubber latex (NRL) extracted from the
rubber tree Hevea brasiliensis is a potent
allergen'. In the last decades, the use of latex-de-
rived products has dramatically increased, and as
a consequence, latex allergy has become an im-
portant health problem worldwide. Since the first
report of latex allergy in 1927, several cases have
been described, with clinical manifestations
ranging from urticaria to bronchial asthma or
anaphylactic shock®>. Latex allergy prevalence in
normal population is relatively low, under 1%.
However, the prevalence of this peculiar hyper-
sensitivity increases significantly in persons
with prolonged latex exposure such as health-
care and rubber industry workers, as well as
children and adult who have undergone multiple
surgical procedures®. Subjects with fruit and
vegetable allergy are also at risk due to cross-re-
active allergens’. It is in fact estimated that about
30-50% of individuals who are allergic to NRL
show an associated hypersensitivity to some
plant-derived food, especially fruits, including
avocado, banana, kiwi, mango among others. The
cross-reactivity between NRL and various food
allergens was established in the nineties as the
so-called “latex-fruit syndrome”®®. Although the
reasons that certain individuals suffer particular
hypersensitivities are unclear, there is evidence
that both genetic and environmental factors influ-
ence susceptibility'®. Analysis of genes contribut-
ing to allergic disorders have shown that suscep-
tibility arises from complex multigenic interac-
tions!!. To date, few data are available regarding
the molecular processes involved in latex, fruit,
or latex-fruit allergies. Based on the cross-reac-
tivity between fruit and latex allergens, and on
the predisposition of latex allergic patients to de-
velop fruit allergy (or vice versa), it could be hy-
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pothesized that similar pathways are involved in
the pathogenesis of latex and vegetable food hy-
persensitivities.

In the last decade, microarrays have been de-
veloped for large-scale clinical research to identi-
fy genes involved in disease states. Recently, this
technology has been successfully used to screen
the genetic profiles of patients affected by atopic
dermatitis, rhinitis, and asthma'*'*. In line with
the Th1/Th2 hypothesis, these studies identified
predominantly transcripts encoding for Th2-de-
rived cytokines, the hallmark signaling proteins
implicated in allergic responses'. Furthermore,
genes associated with noninflammatory path-
ways were also identified, suggesting that other
mechanisms contribute to the pathogenesis'®.

The aim of this study was to identify genes
that may be associated with the pathogenesis of
allergy to latex and/or vegetable food. For this
purpose, peripheral blood mononuclear cells
(PBMCs) isolated from patients with allergy to
latex, to fruit, or with latex-fruit syndrome, and
from control healthy subjects were analyzed us-
ing DNA microarray. PBMCs can be easily and
repeatedly isolated from patients and represent a
convenient source of cells for medical research
and diagnosis. Meaningful information related to
pathogenetic processes associated with specific
diseases can be deduced from the expression pro-
filing of these cells.

Our results identified an overlapping dataset of
genes commonly regulated in all allergic patients
enrolled in this study. Such results may help to un-
derstand the molecular mechanisms and gene-ex-
pression patterns involved in food and latex allergy.

Materials and Methods

Subjects

Patients with latex, fruit or latex-fruit allergy
symptoms demonstrated by accurate allergologi-
cal evaluation (as described below) were enrolled
from the Departement of Allergology of the
Gemelli Hospital of Rome for a molecular profil-
ing study. For this investigation, local Ethical Ap-
proval had been granted, and informed consent
from patients obtained. We enrolled a total of 17
patients (median age 30 ys) of whom 9 were fe-
males. Patients were either allergic to the fruit
(group F: 5 patients), to the latex (group L: 6 pa-
tients) or affected from the latex-fruit syndrome
(group L-F: 6 patients). Furthermore, 4 non-

atopic control subjects (1 man and 3 women, me-
dian age 33 ys) were included in this study. The 5
patients affected by fruit allergy showed no sen-
sitization to latex (negative skin prick test and
specific IgE). The most involved foods were
peanut, peach and apple. The 6 patients affected
by latex allergy showed no sensitization to any
cross-reacting food and they all had positive skin
prick tests with the latex extract and positive spe-
cific IgE. The diagnosis of latex allergy was then
confirmed by the positivity of at least one chal-
lenge test. The 6 patients affected by latex-fruits
syndrome showed sensitization to one or more
cross-reacting foods. The most involved foods
were kiwi, banana and peanut. Five ml of blood
were collected on EDTA tubes from each indi-
vidual. PBMCs were isolated on a Ficoll gradient
(Histopaque-1077; Sigma Diagnostics, St. Louis,
MO, USA) within 2 hours of blood collection,
and stored at -80°C for further application.

Allergological Evaluation

The diagnosis of latex and food allergy was
made through the clinical history and an allergo-
logical work-up as previously described!!"-8.
Briefly, the diagnosis of latex allergy was as-
sessed by skin prick tests with a standard latex
extract (500 pg/ml; ALK Abello, Madrid, Spain),
and a 1-cm? piece of surgical glove latex material
(prick-by-prick method). Glycerin solution and
histamine (10 mg/ml) were used as negative and
positive controls. Patch tests were performed to
exclude a type IV delayed cell-mediated hyper-
sensitivity to latex: results were checked 72 h af-
ter the patch has been placed, assessing positivity
according to the North American Contact Der-
matitis Group criteria’®. Latex allergy was con-
firmed by specific provocation tests (cutaneous,
mucous, sublingual, conjunctival, bronchial,
nasal and vaginal tests). The diagnosis of allergy
to fruit was performed using standardized cross-
reactive vegetable food allergens (ALK Abello,
Madrid, Spain) and fresh food (prick-by-prick
method). A double blind placebo controlled oral
food challenge was also performed. Furthermore,
specific anti-NRL or anti cross-reactive vegetable
food immunoglobulins IgE were measured by
means of fluorescent enzyme immunoassay (Un-
iCAP System: Pharmacia. Uppsala, Sweden).
Samples with specific IgE concentration of >
0.35 kU/I were regarded as positive. Further-
more, serum total IgE, ECP (UniCAP System:
Pharmacia) were measured. ECP < 20 pg/l and
total IgE < 200 kU/I were considered normal.
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Microarray Analysis

Microarray Processing

Total RNA was extracted from PBMCs using
the RNeasy mini kit, including DNase digestion
on a RNeasy spin column (Qiagen, Inc, Valencia,
CA, USA). RNA was quantified by UV spec-
trophotometer (Beckman DU800, Beckman Coul-
ter, Inc., Fullerton, CA, USA) and quality was as-
sessed on agarose gel. RNA was processed for the
hybridization onto the Affymetrix Human Focus
arrays, counting =8,500 transcripts, according to
the manufacturer’s recommended protocol.
Briefly, 2 ug of each RNA was converted into
double strands cDNA using a T7-(dT),, primer
containing a T7 RNA polymerase promoter in the
5’end. The resulted cDNA was used as template
to generate biotinylated cRNA during an
overnight in vitro transcription reaction at 37°C.
The labeled cRNA was purified and chemically
fragmented. A total of 130 pl of hybridization
sample cocktail containing 15 pg of cRNA was
loaded onto each array. Chips were hybridized at
45°C for 16 hours in an oven set at 60 RPM. Fi-
nally, the arrays were washed and stained in the
Affymetrix Fluidic Station and scanned twice us-
ing the Agilent Gene Array scanner 2500
(Affymetrix, Santa Clara, CA, USA).

Data Analysis

Scanned arrays were analyzed with Affymetrix
MAS 5.0 and GeneSpring Expression Analysis
version 7.3 softwares (Silicon Genetics, Red-
wood City, CA, USA). Raw intensity values from
each chip were normalized using the 50" per-
centile of the measurements from that chip.
Then, the averaged intensity of signals from bio-
logical replicates was calculated. Data filtration
based on genes flagged “present” in at least 1 of
the four experimental groups (groups L, F, L-F,
and healthy controls) was performed. Molecular
homogeneity of biological replicates belonging
to each experimental group was verified by
achieving the principal component analysis
(PCA). Afterward, genes whose expression level
increased or decreased more than 2 folds be-
tween one of the three allergic groups and the
control healthy donor group were retained. Dif-
ferentially expressed genes were identified by
unpaired f-test (p-value cut-off 0.01; Benjamini-
Hochberg false discovery correction), and further
categorized according to their biological function
using Gene Ontology (GO) annotations. Genes
commonly regulated by all allergic patients were

then emphasized by the means of Venn diagram
representation. Microarray data presented here
have been submitted to the NCBI’s Gene Expres-
sion Omnibus (GEO) data repository
(http://www.ncbi.nlm.nih.gov/geo/) and are ac-
cessible through the following accession number:
GSE13619.

Real-time Quantitative PCR Validation

To validate microarray data, a subset of 8 candi-
date genes differently expressed between allergic
and control patients was validated by the means of
semi-quantitative real-time-PCR (Q-PCR) (Light-
Cycler technology; Roche, Mannheim, Germany).
Independent patients were enrolled for this analy-
sis. Selected genes were chosen for their recog-
nized involvement in allergic or inflammation
processes. Oligonucleotide primers used for am-
plification were designed using Primer3 software:
http://frodo.wi.mit.edu/. Primer forward and re-
verse sequences are recapitulated in Table I. One
pg of RNA from each patient was reverse-tran-
scribed by SuperScript III (Invitrogen, Carlsbad,
CA, USA). PCR reactions were performed using
the LightCycler FastStart DNA Master Plus
SYBR Green kit with 10 minutes of pre-incuba-
tion at 95°C followed by 45 cycles of 10 seconds
at 95°C, 7 seconds at 58°C and 8 seconds at
72°C. PCR products were then subjected to melt-
ing curve analysis to rule out synthesis of unspe-
cific products. Crossing points (Cp) of real-time
PCR curves were determined by the Lightcycler
(3.5) software using the second derivative maxi-
mum method. For each sample, two independent
amplifications were performed and the mean val-
ue was calculated for further analysis. The 244
method® was used to determine fold difference
in gene expression using glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) as control.

Results

Molecular Profiling of Latex
and/or Fruit Allergies

We enrolled a total of 17 patients (5 allergic to
fruit, 6 allergic to latex, 6 with latex-fruit syn-
drome), and 4 healthy donors. Gene expression
in individual PBMCs from all patients and con-
trols were analyzed with a total of 21 Affymetrix
Human Focus arrays. We first used PCA, a di-
mensionality reduction method that produces a
set of expression patterns known as principal
components. This technique combines these pat-
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Table 1. Primer sequences employed in Q-PCR analysis for the validation of 8 selected genes that were found to be regulated

differently in allergic patients compared to control individuals.

Gene Symbol 5'-3' sequence Amplicon (bp)

Defensin DEFA1 F TCCCAGAAGTGGTTGTTTCC 165
R AGCAGCAGAATGCCCAGAG

Toll-like receptor 4 TLR4 F TTTTGGGACAACCAGCCTAA 212
R TGCCATTGAAAGCAACTCTG

Aquaporin 3 AQP3 F TATCTACCCTCACCCCACGA 198
R ACACATACCTGCTGCCCATT

Lactotransferrin LTF F GGCTACTTCACTGCCATCCA 200
R GCTTCTCCTTTCAGCACCAG

Charcot-Leyden crystal protein CLC F TCAGAAGAGCCACCCAGAAG 218
R GACCACACGACGACCAAAG

Viral oncogene v-FOS FOS F AGAATCCGAAGGGAAAGGAA 246
R ATCAAGGGAAGCCACAGACA

Interleukin 18 receptor accessory protein IL18RAP F CAAGCAAGCTTGATGGACAA 143
R CGGACCACTGGGAAATCTTA

Interleukin 1 receptor type 2 IL1R2 F CTACGCACCACAGTCAAGGA 158
R TGAGGCCATAGCACAGTCAG

Glyceraldehyde -3 phosphate dehydrogenase GAPDH F ATGTTCGTCATGGGTGTGAA 173
R GTCTTCTGGGTGGCAGTGAT

F: Forward primer; R: Reverse primer; bp: base pair.

terns to represent the behavior of all genes in a
given sample, and allows to assess the molecular
similarity between samples. By this way, we ob-
served that allergic and control samples segregat-
ed into 2 independent clusters in a three-dimen-
sional model, implying that allergic patients and
healthy subjects have distinct molecular profiles
(Figure 1). Among allergic patients, no signifi-
cant subpopulation was identifiable, suggesting
that similar molecular mechanisms are involved
in the development of hypersensitivity to latex
and/or fruits. Using a fold change expression
analysis associated to a statistical validation, we
identified genes significantly regulated in pa-
tients suffering from allergy compared to healthy
donors. We emphasized 132 genes, 127 genes
and 111 genes, respectively modulated in pa-
tients with allergy to latex, to vegetable food, and
affected by the latex-fruit syndrome. We next as-
sessed how gene expression was shared across
multiple experimental conditions by the means of
Venn diagram analysis (Figure 2). We found an
overlapping dataset of 39 genes differently ex-
pressed in the three allergic populations (Table
II). Furthermore, we identified 18 genes statisti-
cally regulated in both fruit and latex groups
(Table III); 17 genes regulated in both fruit and
latex-fruit groups (Table IV) and 23 genes regu-
lated in both latex and latex-fruit groups (Table
V). The expression of these genes significantly

modulated in 2 cohorts of allergic patients was
verified in the third allergic population, showing
the same trend of regulation (i.e., all genes fol-
low the same direction of regulation with similar
fold change but do not achieve levels of statisti-
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Figure 1. Principal component analysis (PCA) 3D view for
gene expression profiles of samples of the four experimental
groups (black: control healthy individuals; dark grey: pa-
tients allergic to latex; light grey: patients with latex-fruit
syndrome; grey: patients with fruit allergy). Every dot repre-
sents a patient. The PCA representation emphasizes the
clear segregation between the control individuals and the al-
lergic patients.
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Figure 2. Venn diagram representation. This image high-
lights genes commonly regulated in the various sub-groups
of allergic patients respectively to the control individuals. A
dataset of 39 genes was commonly significant in the three
groups of allergic patients compared to control individuals,
whereas 17, 23 and 18 genes were statistically different in 2
groups of allergic patients; respectively, the fruit and latex-
fruit groups, the latex-fruit and latex groups, and the latex
and fruit groups.

cal significance). Thus, to simplify the complexi-
ty of this study, we considered all the previous
lists as a unique dataset that could be regarded as
a molecular signature of vegetable food and latex
allergies. Selected genes were finally categorized
into biological families according to their Gene
Ontology annotations.

Among the genes whose expression was mod-
ulated in allergic patients, we identified several
targets that are well documented in the pathogen-
esis of allergy, including regulators of the innate
and adaptive immune responses. Antimicrobial
peptides, such as DEFAI, CAMP, LTF, along
with the pattern recognition receptor TLR4 were
transcriptionally activated in allergic patients.
Two other genes, the eosinophil marker CLC and
the mast cell inflammatory mediator CPA3,
largely described for their role in hypersensitivity
reaction were also overexpressed in allergic
PBMCs. Candidate genes associated with sus-
ceptibility to asthma, including HLA-DQAI and
MS4A3 were also increased in latex and/or fruit
allergic patients. Furthermore, DNA microarray
analysis identified other mediators recently de-

scribed for their implication in the pathogenesis
of allergy, such as MMP9 and AQP3.

Conversely, results showed a lower expression
of the Thl-related cytokine /LISRAP in allergic
patients. Furthermore, the proinflammatory cy-
tokine /L/A, which functions as growth factor for
Treg expansion was repressed. Finally, several
transcription factors were down-regulated in pa-
tients allergic to vegetable food and/or latex, in-
cluding FOS and NFATS, both playing a central
role in the transcription of inducible genes during
the immune response.

Q-PCR Validation

To assess the validity of the microarray data,
the expression of 8 genes chosen for their rele-
vant pathophysiological significance in allergy
were validated by Q-PCR (Figure 3). Analysis of
the average expression for each of the 8 genes
across patient samples matched the direction of
expression measured by microarray technology.
RT-PCR data confirmed the overexpression of
DEFA1, LTF, AQP3, CLC, TLR4, IL1R2 genes
in all allergic patients compared to control
healthy individuals; while FOS and IL18RAP
were repressed. Furthermore, as Q-PCR valida-
tion was performed with RNA extracted from in-
dependent patients (i.e., not enrolled for microar-
ray study), it could imply that gene expression
profiles obtained by microarray can be extrapo-
lated to most of the patients with allergy to fruit
and/or latex.

Discussion

Food and latex allergies represent an increas-
ing concern in western countries. Nonetheless,
the molecular mechanisms involved in the patho-
genesis of both types of allergy are still poorly
understood. In this study, patients with latex,
fruit or latex-fruit allergy and healthy control
subjects have been enrolled to screen their PBM-
Cs gene expression profiles under steady-state
condition. Overall, we demonstrated by the mean
of principal component analysis that allergic pa-
tients enrolled in this study express a genetic pro-
file distinguishable from that of healthy individu-
als. Among the different subpopulations of aller-
gic patients, we did not find any statistical gene
expression differences, suggesting that common
molecular mechanisms are involved in latex and
vegetable food allergies. Even if the correlation
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Gene expression profiling of patients with latex and/or vegetable food allergy

between latex and fruit allergies has been report-
ed frequently, this is the first time, to our knowl-
edge, that systematic molecular analysis has been
performed, showing similar pathways involved in
allergy to latex and/or fruit. Several genes identi-
fied in this study are known targets reported in
inflammatory and allergical processes, regulating
both the innate and adaptive immune responses.
DNA microarray profiling showed the up-reg-
ulation of several antimicrobial agents, such as
the defensin alpha 1 (DEFAT1) and the catheli-
cidin antimicrobial peptide (CAMP), that kill a
wide range of microorganisms. A large body of
evidences showed that in addition to acting as en-
dogenous antibiotics, these peptides also display
additional roles, such as regulating the inflamma-
tory and immune responses, and chemoattracting
immunocompetent cells to the sites of inflamma-
tion and infection. Defensins are indeed potent
histamine-releasing factors that may provide im-
portant pathways for communication between
neutrophils and mast cells *'. Human cathelicidin
causes also functional change in mast cells, by
increasing their expression of toll-like receptor 4
(TLR4)*. In this study, we reported also the in-
crease in expression of TLR-4 in allergic pa-
tients. TLR4 binds lipopolysaccharides (LPS) of
gram-negative bacteria, leading to a complex sig-
nal transduction cascade with production of in-
flammatory cytokines, cell stimulation, and acti-
vation of T and B cells. In particular, the activa-
tion of TLR4 on mast cells induces Th2-associat-
ed cytokine release such as IL-5 and IL-13%324,
The expression of another antimicrobial protein,
the lactoferrin (LTF) was increased in our aller-
gic blood patients. LTF is an iron-binding glyco-
protein that plays a central role in the interface
between innate and adaptive immunity. Lactofer-
rin has a profound modulatory action on the
adaptive immune system, promoting the matura-
tion of T-cell precursors into competent helper
cells and the differentiation of immature B cells
into efficient antigen presenting cells*>2, In addi-
tion, LTF is a potent immunomodulator, affecting
the Th1/Th2 cytokine balance?. Taken together,
these results confirm a polarization of the Th2
immune-mediated response in allergic patients.
This was corroborated by the overexpression of
another Th2-associated gene, the eosinophil
marker Charcot-Leyden crystal protein (CLC),
previously identified in patients with allergic
rhinitis®®. Furthermore, the down-regulation of
the IL18 receptor accessory protein (IL1S8RAP)
gene, favouring the Thl cell polarization in hu-

man diseases? confirmed the shift in the
Th1/Th2 balance to favour the production of Th2
cytokines. This particular phenotype promotes
mast cells degranulation as confirmed by the in-
crease of the mast-cell carboxypeptidase A
(CPA3) expression in allergic patients. CPA3 is
stored in the secretory granules and is released,
together with a range of other inflammatory me-
diators, upon mast-cell degranulation™®.

Current data suggest that T regulatory
CD4+/CD25+ cells (Tregs) play also a key role
in the allergic response. In vitro experiments
showed that human peripheral blood Tregs may
act to prevent inappropriate Th2 responses to en-
vironmental allergens?!. In this study, we report-
ed the down-regulation of the interleukin 1 alpha
(IL1A) gene in allergic individuals, while the ex-
pression of the decoy interleukin 1 receptor type
2 (IL1R2) gene was increased. IL1 is a pleiotrop-
ic cytokine involved in host defense, and recently
reported for its role in the expansion and prolifer-
ation of CD4+/CD25+ Tregs®>. Taken together,
these data suggest that IL.1expression decrease
might be involved in the inhibition of Treg-in-
duced immunomodulation.

DNA microarray profiling of latex and fruit al-
lergic patients allowed the identification of two
genes associated with allergy-related traits, the
HLA-DQAT1 and the MS4A3 gene. To date,
strong relationships between the immune re-
sponse to several highly purified allergens and
specific human leukocyte antigen (HLA)-DQ and
-DR haplotypes have been reported?®. Since
agents triggering type I hypersensitivity reactions
need to be recognized by HLA class-II restricted
T-helper lymphocytes, the identification of HLA
class-II alleles associated with some allergies
may help to understand the pathogenesis. Re-
garding MS4A3, this gene was identified in both
lymphoid and myeloid hematopoietic lineage and
has been localized at human chromosome 11q12-
13.1%. Interestingly, this locus has been reported
as a candidate for asthma/atopy susceptibility
genes®. Our results suggest that both HLADQA1
and MS4A3 may also be involved in vegetable
food and latex allergy pathogenesis.

An increasing number of other mediators have
been recently described in the regulation of aller-
gy'?!*. Among these, we identified the metallo-
proteinase 9 (MMPY) overexpressed in allergic
patients. Previous studies have demonstrated that
increased plasma levels of MMP9 were associat-
ed with the severity of chronic urticaria®. MMP9
also plays a role in chronic airway inflammation
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Figure 3. Confirmation of differential expression by Q-PCR. Semiquantitative Q-PCR was used to analyze differential gene
expression of 8 selected candidates identified by microarray analysis as potential targets involved in allergic process. Gene ex-
pression was measured in all the three groups of patients (L: latex, F: fruit, L-F: latex-fruit) and compared to the expression in
healthy individuals. Microarray and RT-PCR methods demonstrated good correlation of differential gene expression between

allergic patients and control healthy volunteers.

and remodeling in asthma®. Our results showed
also the upregulation of the water-permeable
channel aquaporin 3 (AQP3), recently described
as a potential target involved in atopic eczema’®.

The differentiation of naive T cells into Th2
cells producing a specific pattern of cytokines is
tightly controlled and regulated by transcription
factors and chromatin remodeling proteins. DNA
microarray profiling showed a modulation of
several transcription factors in allergic patients
PBMCs. Among these, the protoncogene FOS
regulating the expression of several pro-inflam-
matory cytokines, such as IL-5, IL-6, IL-10, IL-
14, TNF-a, and GM-CSF, has still been reported
as a candidate gene in the evolution of asthma®.
Another key immune gene NFATS belonging to
the transcription factor NFAT family might be in-
volved in a regulatory mechanism eliciting differ-
ent patterns of T cell responses®.

Conclusions

This study provided advances in our under-
standing of the molecular mechanisms resulting
in the polarization of theTh2-associated cy-
tokines in allergic PBMCs. Furthermore, gene
expression profiling showed that common signal-
ing pathways are dysregulated in patients with al-

lergy to latex and/or fruit, corroborating the latex
and fruit allergens cross-reactivity. Identification
of cytokines, signal transduction molecules and
transcription factors responsible for Th2 develop-
ment in atopic patients may contribute to a better
knowledge of the physiopathology of the allergic
process, and promote the development of new
therapeutic options.
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