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Analysis of gene-expression profiles by microarrays is useful for characterization of candidate
genes, key regulatory networks, and to define phenotypes or molecular signatures which improve
the diagnosis and/or classification of the allergic processes. We have used this approach in the study
of olive pollen response in order to find differential molecular markers among responders and non-
responders to this allergenic source. Five clinical groups, non-allergic, asymptomatic, allergic but not
to olive pollen, untreated-olive-pollen allergic patients and olive-pollen allergic patients (under specific-
immunotherapy), were assessed during and outside pollen seasons. Whole-genome gene expression
analysis was performed in RNAs extracted from PBMCs. After assessment of data quality and principal
components analysis (PCA), differential gene-expression, by multiple testing and, functional analyses
by KEGG, for pathways and Gene-Ontology for biological processes were performed. Relevance was
defined by fold change and corrected P values (<0.05). The most differential genes were validated by
qRT-PCR in a larger set of individuals. Interestingly, gene-expression profiling obtained by PCA clearly
showed five clusters of samples that correlated with the five clinical groups. Furthermore, differential
gene expression and functional analyses revealed differential genes and pathways in the five clinical
groups. The 93 most significant genes found were validated, and one set of 35 genes was able to
discriminate profiles of olive pollen response. Our results, in addition to providing new information on
allergic response, define a possible molecular signature for olive pollen allergy which could be useful for
the diagnosis and treatment of this and other sensitizations.

Allergic diseases are highly complex adverse harmless substances. The reason why exposure to
reactions of the immune system against otherwise common environmental antigens induces allergic
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responses in some people and not others remains
unexplained.

To date the search for specific protective or risk
biomarkers in allergic diseases is ongoing. Even
though significant findings regarding susceptibility
chromosome regions and genes have been achieved
(1, 2), these studies contribute only slightly to the
understanding of these diseases. However, news tools
such as genomics, proteomics or transcriptomics
have induced a revolutionary change in the general
concept and study of complex biological systems.
Major applications of this methodology have been
related with cancer or single-gene disorders but
in recent years, this approach has yielded some
interesting results in complex disorders, such as
allergic diseases, as has been recently revised (3).
Three major kinds of advances can be pointed out:
firstly, the discovery and verification of differentially
expressed genes, with the description of many
potential biomarkers and/or therapeutic targets (4-
6): secondly, the description of molecular signatures
associated with clinical subphenotypes, as has been
demonstrated in asthma, where the degree of TH2
inflammation defined at least two distinct molecular
phenotypes (7); lastly, the possibility of discovering
deregulated pathways trough the analysis of modules
that include tightly interacting genes, which are
usually functionally related (8).

We used this experimental approach to analyze
differential molecular mechanisms implicated in
allergic response to olive pollen, one of the major
causes of allergic diseases in Mediterranean countries
and some parts of Australia and North America.
Olive pollen induces mainly nasal and conjunctivae
symptoms, although it may also induce asthma
exacerbations in areas with high airborne levels of
pollen. We previously described specific genetic and
environmental factors associated with olive pollen
allergy (9-12). In this study we analyzed whole-
genome expression profile in peripheral blood cells
of responders and non-responders subjects to this
allergen in situations of both high and low exposure.
The subjects were selected from a region in southern
Spain with particularly high pollen counts during the
pollen season and a high prevalence of asthma (10).
Our specific purpose was to analyze the underlying
differential molecular mechanisms in sensitization
and natural or induced tolerance to olive pollen,

checking the influence of olive pollen antigenic
load in order to identify biomarkers or deregulated
pathways that could prove useful in the diagnosis
and/or prophylaxis of allergic diseases.

MATERIALS AND METHODS

Subjects

The study population comprised 30 subjects selected
from a previous immunological study (13). These subjects
were recruited in 2 olive-pollen-exposure situations:
inside (April-June 2006) and outside pollen season
(October-December 2006). We established 5 groups,
and 6 subjects from each group were selected for gene-
expression analysis (Table I): Group 1, non-allergic
subjects (skin tests negative and no history of respiratory
allergies): Group 2, asymptomatic subjects (diagnosed
with olive pollen allergy by skin testing, with no seasonal
respiratory symptoms [rhinitis and/or asthmal)); Group 3,
patients who were allergic, but not to olive pollen; Group
4, untreated olive-pollen—allergic; and Group 3, treated
olive-pollen—allergic patients (receiving olive-pollen
specific immunotherapy).

Olive-pollen-—allergic patients fulfilled the following
criteria: seasonal rhinitis and/or asthma from April to
June, a positive skin prick test result for O. europaea
pollen extract (ALK Abell6, Madrid, Spain), and no
previous immunotherapy except for Group 5 (13).

Informed consent was obtained from each subject.
Ethical approval for the study was obtained from the Ethics
and Research Committee of the participating hospitals.
Biological samples were obtained from Biobanco-FJD,
[1S-Fundacion Jiménez Diaz Madrid.

Isolation of peripheral blood mononuclear cells (PBMCs)

PBMCs were isolated from heparin-containing
peripheral blood samples taken inside and outside of
pollen season, by gradient centrifugation on Lymphoprep
(Comercial Rafer, Zaragoza, Spain) following the
manufacturer’s instructions.

Microarray preparation

Total RNA was isolated from PBMCs (10° cells)
using Trizol (Invitrogen, Carlsbad, CA, USA) method.
An equimolar amount of RNA from 2 independent donors
was pooled prior to labelling and hybridization, strategy
previously described for microarray studies (14). Three
independent pools were created for each clinical group
and pollen-exposure condition. A total of 30 RNAs
were analyzed by microarrays, fifteen for each exposure
condition, but two samples were rejected due to technical
reasons (problems with the RNA quality).
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Microarray targets were prepared from 200 ng of total
RNA using the Affymetrix kit for reverse transcription and
a double round of in vitro transcription. HuGe U133 plus
2.0 Gene Chips were hybridized with 10 pg of ¢cDNA and
processed according to the manufacturer’s protocol. This
process was performed in Scientific Park of Complutense,
Madrid, Spain.

Image and data analysis

Preliminary microarray analysis included assessment
of data quality by standard quality checks and principal
component assays (PCA). First-line check, background
corrections, and quantile normalization of the data were
performed using the Robust Multiarray Averaging (RMA)
method. Data analysis was performed using Partek
Genomics Suite software.

Microarrays analysis

All primary data discussed in this work have been
deposited in NCBI's Gene Expression Omnibus and
are accessible through GEO Series accession number
GSE37157 (http://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?ace=GSE37157). The analyses were carried out using
the Babelomics web site (15).

Differential expression

Differential gene expression assessment of all
comparisons was carried out using limma moderated
t-statistics. The P-values were corrected for multiple
testing using the correction of Benjamini Hochberg (16).

Functional profiling

Gene set analysis was carried out by the logistic
regression models previosly described (17). Functional
blocks from two data-bases. GO Biological Process and
KEGG Pathways were used. For each comparison, the
number of functional statistical significant blocks (adjusted
P value < 0.05), with differential genes enrichment,
expressed by positive or negative LOR (Log Odds Ratio)
was obtained.

Validation of differential gene-expression by gRT-PCR

Ninety three genes (Table II) were selected for
validation by qRT-PCR in a bigger population. Selection
criteria for these genes included a fold change >2 or <-2,
an adjusted P-value <0.05, and representativeness of
the higher number possible of differential pathways and
biological processes.

A total of 80 subjects, 8 from each group and each
pollen season, were selected from the same area and
with the same criteria as the initial population (13).
Demographic and clinical characteristics of these subjects
were similar that the previously studied population (data

not shown). RNA of these 80 new samples was analyzed
by duplicated. We used 384-well micro fluidic cards
(Applied Biosystem, Foster City, CA, USA) with the 93
genes (Table II) and 3 reference genes (18S, GADPH, B.-
Microglobuline). Briefly, two-hundred nanograms of total
RNA (extracted from PBMCs) were sent to the Scientific
Park of Cantoblanco, Madrid, Spain, to be analyzed by
qRT-PCR using the TagMan Gene Expression System
(Applied Biosystems). Specific gene mRNA expression
from each gene was normalized to three endogens
genes (185 rRNA, GADPH and b,-Microglobuline) and
calculated according to the cycle threshold (C) method.
Statistical analyses were performed with StatMiner
program.

Functional analyses of 35 genes selected were
performed using the DAVID Bioinformatics Resources 6.7
program (http://david.abce.nciferf.gov/) and the analysis
of protein interactions was carried out with the STRING
9.0 (Known and Predicted Protein-Protein Interactions)
free program (http://string-db.org/).

RESULTS

Patients and controls

Demographic and clinical parameters of 30
subjects studied, classified according clinical
conditions, appear in Table I. Mean age was
homogeneous, and there were slightly more women
in the olive-pollen-allergic groups. The mean
levels of O. europaea specific IgE antibodies and
total IgE were measured during and outside of the
pollen season. Total IgE was increased in all groups
compared to the control group, being statistically
significant (P<0.05) compared with those from
olive-pollen-allergic subjects. The highest specific
IgE antibody levels were obtained in the two
olive-pollen-allergic groups but only, the untreated
olive-pollen-allergic group showed statistically
significant differences compared to healthy controls,
asymptomatic patients and those who were allergic
but not to olive pollen.

Gene expression clustering according clinical
conditions

Whole-genome gene expression analysis (38,500
well-characterized human genes) was performed on
28 RNA samples (2 RNA samples were excluded for
low RNA quality).

After data normalization, the one-way ANOVA
supervised analysis identified 1,746 transcripts
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Fig. 1. Principal component analysis (PCA) to detect global genetic variation among samples from five clinical conditions.
The gene-expression analvsis by unsupervised PCA showed how it was possible to draw a clear division and separate the

data points from the five clinical groups of study (p<0.001).

differentially expressed (P<0.05) from among
the five selected groups. The false discovery rate
threshold was 3%. Following this, a principal
component analysis (PCA) was performed. A plot
of the results of unsupervised clustering is shown
in Fig. 1. As is clearly depicted, five different gene
expression clusters were defined, correlating with
the five clinical situations established in the study.
The clear separation observed was consistent with
P-values lesser than 0.05 and 0.001.

To determine the functional implications of
differential gene expression, two kinds of gene set
enrichment analysis were performed, KEGG for
characterizing differential functional pathways and
Gene Ontology for biological processes. A total
number of 20 comparisons were carried out: 10
during and the other 10 outside of the pollen season.
Thus, for each comparison, a list of up- and down-
expressed genes (fold change >2 or <-2 and adjusted
P-values <0.05), as well as a list of functional
pathways and biological processes differentially
regulated (with adjusted P-values <0.05 and LOR)
were obtained. In general, the greatest differences

were found in allergic groups, and most of the
differences were up-regulated pathways and
processes. According to pathways, the highest
number of differences was found among untreated
patients allergic to olive pollen and controls, with up
to 31 pathways found as being up-regulated outside
of pollen season and 24 during pollen season.
Fig. 2 shows the specific pathways up- and down-
regulated in untreated olive-pollen-allergic patients
versus non-allergic controls during and outside of
pollen season. Although there are many different
kinds of differential pathways, many similar up-
regulated routes exists during and outside of pollen
season (marked in Fig. 2); some of these are related
to immune response, such as antigen processing and
presentation, graft-versus-host disease, autoimmune
thyroid disease or B-cell receptor signalling pathway,
and others which are not directly related, such as
Parkinson’s disease, oxidative phosphorylation or
pathogenic E. coli infection. Interestingly, the only
pathway that exhibited a statistically significant
decrease in olive-pollen allergic subjects compared
with controls, outside of pollen season, was the
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<0.05) between untreated olive pollen allergic patients and non-allergic controls.

A: Inside pollen season, B: Qutside pollen season. LOR: Odds Ratio Logarithm. Arrows indicate differential pathwavs

shared in both pollen seasons.
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neuroactive-ligand receptor interaction, a pathway
not apparently related to allergy response; however,
in this study, it is one of the most prevalent down-
regulated pathways in the untreated-olive-pollen
allergic group. During pollen season, other two
pathways, calcium signalling and linoleic acid
metabolism, were decreased in olive-pollen-allergic
subjects.

Olive-pollen-allergic patients receiving treatment
and asymptomatic patients showed the lowest

number of pathways and biological processes with
differential gene set enrichment relative to the
control group. A comparison with the rest of the
groups showed a differential pattern of activated or
repressed pathways in each kind of group.

Validation of differential gene expression and
clinical patterns

The analysis of 93 transcripts of the most
representative genes (Table IT), in a more extensive
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Fig. 3. Unsupervised hierarchical model separate clinical conditions according gene-expression of the 35 most differential
genes. A) Classification of untreated olive- pollen-allergic patients and non-allergic controls. B) Classification of

asymptomatic and non-allergic controls, C) Classification

of allergic but not to olive pollen and non-allergic controls and

D) Classification of olive-pollen-allergic patients with treatment and non-allergic controls.

population by gqRT-PCR, confirmed 35 genes as
being differentially expressed: ADRBI, AKTI,
ALOXS, APAF1, BAX, CD40, CD48, CDS6,
C3ARI1, CRTAP, FPR3, GZMH, HLA-DRBI1, HLA-

DQBI, IL-10, ITGAL, ITGB7, ITGBS, LCK, LYN,
MAPKI13, NFTACI1, NLRP3, PRKACA, PRKACB,
PTGER2, S1PR5, SELL, SMURFI, SOSI, SPN,
TAGAP, TRIM37, VCAN, and ZAP70. When
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Fig. 4. Network of interaction predicted for 35 proteins codified by differential genes. The network summarizes predicted
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genomes. Occurrence: Presence or absence of linked proteins across species. Fusion: Individual gene fusion events
per species. Co-expression: Genes that are co-expressed in the same or in other species (transferred by homology).
Experiments: List of significant protein interaction datasets, gathered from other protein-protein interaction databases.
Databases: List of significant protein interaction groups, gathered from created databases. Text mining: List of significant
protein interaction groups, extracted from the abstracts of scientific literature. Proteins marked in hox are never before

associated with allergy diseases.

an unsupervised hierarchical model was used for
classifying the samples according the expression of
these 35 genes, we found that this model was able
to distinguish between patients with olive-pollen-
allergy who had not received treatment and non-
allergic controls, in samples collected during pollen
season, with a sensitivity of 88.8% and a specificity
of 87.5% (Fig. 3A). Only one olive-pollen-allergic
subject and one control have been mistakenly
classified.

Interestingly, in samples collected during pollen

season, these same 35 genes, but obviously with a
different gene-expression distribution, when were
analyzed by the same unsupervised hierarchical
model were also able to discriminate the other
three clinical conditions from healthy or non-
allergic controls: asymptomatic and non-allergic
controls (Fig. 3B), with a sensitivity of 87.5% and
a specificity of 87.5%. allergic non-related and non-
allergic controls (Fig. 3C), with a sensitivity of
85.7% and a specificity of 87.5% and, olive-pollen-
allergic patients with treatment from non-allergic
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Mean INSIDE SEASON QUTSIDE SEASON
? Sex (%) e “lini i s
N age Specific 1ok Specific 1oF Clinical diagnosis
€ female/male Specific gk Specific lgk
(years) Total IgE (KUAM) Total 12E (KUA/)
Group |
{Nnn-nllergﬂ‘ (4] 35+ 0750 42,27+ 41.68 0,30 = (.00 IYAT L IR UR .30 = 0.00 qullergic
control) i
(\s:;:‘:::lpnznrcj 6 | 32410 30/50 21440+ 23477 T48= 1,36 290,00 = 310,00 283 +320 Subelinical
Asy mati
16.6% Anaphy lasis
Group 3 16.6% Insect sting
(Allergic but not 0 27+16 S0/50 121,72+ 9533 031+ .04 14158 + 10620 058+ 053 reaction
to ulive pollen) 3 Asthma/Rhinitis
Group 4
a"‘t'“r:i”j‘““ﬁ 6 | 33:01 83/17 162,67 < 48975 | 20092 1091% | 20383 £ 84375 | S0.62L36.38%% | 100% Asthma/Rhinitis
E 4 C i ohive
pollen)
Group 5
(Allergic to olive 759 As -
ollen under 6 | 287 8317 527.34 = 756,35 41.05 534365 607,95 I8.84 13956 F08 AU RMinHE
r ifi 25% Rhinitis
specific
immunotherapy)

*Statistical significant differences (p<0.05) compared with G1.
**Statistical significant differences (p<0.05) compared with G1, G2 and G3.

controls (Fig. 3D), with a sensitivity of 90%. and a
specificity of 77.7%.

These data are very challenging because they
open the possibility of discriminating, with a unique
genes set, between five different clinical situations.

These 35 differential genes were reanalyzed
from a functional point of view using the DAVID
program. This analysis of gene set enrichment
according to functional pathways and biological
processes, showed seven main functional annotation
clustering’s (Table III): cell activation, cell adhesion,
inflammatory response, apoptosis, MAPK signalling
pathway, neuroactive ligand-receptor interaction,
ubiquitin mediated proteolisis, and a final group
classified as miscellaneous, with two genes (CRTAP
and TAGAP) that have never before been related to
allergic disorders.

DISCUSSION

This report supports the gene-expression
analysis relevance for defining molecular profiles

able to discriminate different clinical situations
and describes new elements implicated in complex
disorders such as allergic diseases.

Firstly, our results have demonstrated by PCA,
an unsupervised method. the potential to classify
five different clinical situations by analyzing
gene expression distribution. Although PCA is
one of the first steps in microarray analysis, it
is not usual to find such as clear-cut result in five
clinically different situations, thus illustrating how
proper clinical classifications may be validated by
gene-expression clustering. In addition. this point
highlights the accuracy of the clinical classification
of our population and increases the likelihood that
differences among the groups will be found at a
genomic level.

On the other hand, besides finding differential
pathways and biological processes among the clinical
conditions studied, related and not directly related
with immune allergic response (Fig. 2). we have
found how the analysis of 35 genes makes it possible
to define a molecular profile able to discriminate
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Table I1. Summary of selected genes and validation assay conditions.
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from a genomic point of view, olive-pollen-allergic with a good specificity (Fig. 3), finding the highest
from non-allergic subjects. Furthermore, the  sensitivity and specificity for classifying olive-
differential gene-expression of these same genes is  pollen-allergic subjects versus non-allergic control.
able to discern between the five clinical situations,  To our knowledge, this is the first report which
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Table I1L. Functional annotation clustering of the most relevant genes.

Functional Annotation
Clustering

Genes

Cell Activation

CD86. CD40, CD48. HLA-DRBI, HLA-DQBI. IL10, NFATCI1, LCK. SPN,
| LYN, ZAP70, ITGAL, BAX.

Cell adhesion molecules
| DQBI

| SELL. VCAN, ITGAL, ITGB7, ITGB8, CD40, CD86, HLA-DRBI, HLA-

Inflammatory response

CD40. ALOX5, IL10, LYN, C3ARI. ITGAL, AKTI

Apoptosis

| BAX, APAF1. PRKACA. PRKACB, AKTI1, NLPR3, GZMH

MAPK signalling pathway

| MAPK 13, PRKACA, PRKACB. SOS1. AKTI

Neuroactive ligand-receptor
interaction

| ADRBI, C3ARI, FPR3, PTGER2, SIPRS

Ubiquitin mediated proteolysis | SMURF1,TRIM37

| Miscellaneous | CRTAP, TAGAP

Bold type indicates genes that have never before been associated with allergic disorders.

describes a molecular profile to define five clinical
situations.

The correlation analysis of these data using specific
informatics programs for proteins interactions (Fig.
4) shows a group of proteins around a central core,
CD86 and CD40, which are related to immune
response. But interestingly there are also some
others, which have not been previously associated
with this type of responses.

In order to reach a fuller understanding of the
results, these 35 differential genes were reanalyzed
from a functional point of view. This analysis showed
7 main functional annotations clustering (Table I11)
according to functional pathways and biological
processes (some of the genes are related to more than
one functional pathway). Two main clustering, cell
activation and cellular adhesion molecules included
13 and 9 genes, respectively. All of these genes
are codifying by proteins previously implicated in
immune-allergic responses.

CD86, a membrane receptor expressed in
antigen-presenting cells and CD40. a member of
TNF-receptors super-family, which are implicated in
adaptative immune response, antigen presentation,
Th1/Th2 differentiation and inflammatory response.

CD48, a glycosyl-phosphatidylinositol-anchored
protein, is involved in lymphocyte adhesion,
activation, and costimulation, and has been described
as a potential target for the suppression of asthma (18).
HLA class II antigens (DQB1 and DRB1) are related
to antigen presentation and activation, and extensively

associated with allergic diseases. IL-10. a cytokine
with anti-inflammatory properties, is considered
as one of the main T-cell regulatory cytokines. The
transcription factor NFATCI1 is involved in the
inducible expression of numerous genes as such Th2
cytokines and related genes (19).

Directly related with these genes are LCK, LYN
and ZAP70, three tyrosine kinases implicated in the
earliest detectable signalling response upon antigen-
induced immune-receptor activation in inflammatory
cells.

Also, we have found as differentials some other
genes related to essential steps of allergic responses:
different adhesion molecules such as SELL, which
plays an important role in rolling and leukocyte
extravasations and is implicated in remodelling:
VCAN. extracellular matrix protein implicated in
human epithelial-to-mesenchymal transition and cell
growth: SPN. which regulates Th2 differentiation
and inflammation; ITGAL (integrin, alpha L);
ITGBS (integrin, beta 8) implicated in the mediation
of TGF-B in the control of human airways epithelial
proliferation (20); and ITGB7 (integrin. beta 7)
which plays an important role in cellular adhesion.
migration and B lymphocytes homing.

The next significant functional clustering
(Table 1III) were related with inflammatory
response, apoptosis, MAPK signalling pathway.
and neuroactive ligand-receptor interaction. These
clustering include ALOXS or 5- Lipoxygenase. an
enzyme that catalyzes the production of leukotrienes
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from arachidonic acid and has been associated with
asthma and allergic diseases. Regarding C3ARI,
receptor for complement C3 protein, has been
linked to airway hyperresponsiveness and recently,
has been described as a potential biomarker of
acute respiratory allergen exposure (21). Several
genes of protein kinases such as PRKACA (protein
kinase, cAMP-dependent, catalytic, alpha) that may
contribute to asthma pathogenesis by regulation of
matrix metalloproteinase-9 associated with airway
remodelling, and aid in leukotriene D4 signalling
(22) and PRKACB that encodes the catalytic subunit
beta of the protein kinase A and never before has
been related with allergic diseases.

Other kinases associated were the AKT1, protein
serine-threonine-kinase, involved in NF-Kappa
Beta—pathway, with anti-apoptotic activity and
associated with toll-like receptor signalling and
inflammatory response; and MAPK13, a member of
the MAP kinase family, p386 isoform. MAP kinases
are involved in a wide variety of cellular processes
such as proliferation, differentiation, transcription
and regulation. Related with MAPK we have found
SOSI1. Few studies relate SOS! to human disease,
but recently it has been reported that this gene
was induced by dioxin, an environmental toxin,
pointing to the possibility that SOS1 gene expression
alterations may affect toxicological endpoints and
lead to clinical disease (23). Interestingly, no study
has yet dealt with allergy diseases.

Other interesting genes were related with
apoptosis: BAX. The protein codified by this gene has
being implicated in apoptotic processes of cells from
the respiratory tracts of asthmatic patients (24) and
APAF1, described as related with pathophysiology
of lung diseases. NLRP3, NOD-like receptor (NLR)
signalling (inflammasome), related to apoptosis and
innate response, has recently been reported as critical
in driving lung inflammation (25) and may represent
an interesting therapeutic target in allergy. Finally, in
this cluster we have found GZMH a serine protease
that is highly expressed in NK cells and suggested
as implicated in triggering an alternative cell-death
pathway in innate immunity. Our finding is the first
association described with allergic diseases.

One of the most surprising differential functional
cluster and, the main down-expressed pathway, was
related to neuroactive-ligand receptor interaction.

Here we have found two predictable, but interesting
genes, ADRBI (adrenergic beta-1- receptor) and
PTGER2 (E-prostanoid 2 receptor), both related
with asthma treatment. Another differential gene
found was FPR3, N-formyl peptide receptor, an
innate immunity receptor that could be implicated
in nasal tissue remodelling (26). On the other hand,
other interesting gene is SIPRS5, a G protein-coupled
receptor, expressed mainly in dendritic and NK cells
and is required for movement of NK to inflammation
sites. Antagonism of S1PRs abrogates experimental
asthma, and it also suppresses the development of
allergic conjunctivitis in mice (27).

The next functional clustering was Ubiquitin
mediated proteolysis and it included two interesting
genes: SMURF1 (Smad-ubiquitin regulatory factor
1) that codify by an E3 ubiquitin ligase that regulates
signalling of the TGF-B Superfamily and never
before has been associated with allergic diseases,
and TRIM37, a gene which encodes a member of the
tripartite motif (TRIM) family, involved in diverse
cellular functions, and specifically TRIM37 has
been reported very recently as useful biomarker for
asthma (28).

Finally, we have found two genes that have
never before been associated with allergic diseases
and, were classified as miscellaneous: CRTAP
(cartilage-associated protein) related with collagen
and TAGAP, a gene expressed at high levels in the
immune system, including B and T lymphocytes.
The protein product of this gene is predicted to
function as a Rho-GTPase-activating protein, but
although little is known about their function in the
immune system, it has been associated with the
risk of three immunological autoimmune disorders.
celiac disease (29), Type | of diabetes (29) and very
recently, with rheumatoid arthritis (30).

In summary, in spite of the complexity of
the results and, the need of going deeper into
their biological relevance, to analyze the protein
expression, to increase the number of subjects and to
confirm these results in some sorted cell population,
this study shows how, a good clinical classification
permits the clustering of five clinical allergic
conditions, according to gene-expression. We have
also been able to define, using 35 genes, a genetic
profile that discriminates the five clinical situations
with a specificity of 87.5 to 77.7% (Fig. 3). Finally
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and most importantly, we have not only validated
several gene/pathways that play an important role
in allergy pathogenesis, but we have also identified
novel genes/pathways which should be relevant in
this and other allergic diseases. This is the first study
of this kind, performed in an allergic population
sensitized to O. europaea. We have found potential
biomarkers and/or therapeutic targets (validated
in two different populations) which should be very
important in the diagnosis and treatment of allergy
diseases in the future.
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