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M Abstract

Background: Profilin is a highly conserved protein regarded as a pan-allergen in pollen and vegetable food. Homologous proteins from
different sources are highly cross-reactive.

Objective: To assess whether detecting immunoglobulin (Ig) E to multiple profilins from different sources is clinically more useful than
detecting IgE to a single representative profilin.

Methods: Sera from 43 subjects sensitized to profilin selected in 2 allergy centers in Northern Italy showing a different pollen exposure
profile were studied for their IgE reactivity to 5 profilins (Bet v 2, Ole e 2, Hev b 8, Mer a 1, and Phl p 12) using a commercial allergen
microarray immunoassay.

Results: All 43 patients (100%) scored positive to at least 1 profilin on ISAC, although reactivity to all 5 profilins was observed in only 37
cases (86%). In approximately half of the reactors, IgE reactivity to Ole e 2 was much weaker than that to other profilins irrespective of
the primary sensitizing allergen source, suggesting a low sensitivity of this allergen. Much discrepancy in IgE to Bet v 2 measured by ISAC
microarray and ImmunoCAP was observed.

Conclusion: Detecting IgE reactivity to a single marker protein (eg, Bet v 2) is sufficient to diagnose or exclude sensitization to profilin.
Detecting IgE to multiple homologous, cross-reacting allergen proteins is not clinically more informative and increases the risk of confusion
and misinterpretation.
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M Resumen

Antecedentes: La profilina es una proteina altamente conservada considerada un panalérgeno en el polen y los alimentos vegetales. Las
proteinas homologas de origen diverso presentan una gran reactividad cruzada.

Objetivo: Evaluar si la deteccion de inmunoglobulina (Ig) E frente a mdltiples profilinas de origen diverso es mas (til clinicamente que la
deteccion de IgE frente a una Unica profilina representativa.

Métodos: Se analizo el suero de 43 pacientes sensibilizados a la profilina, seleccionados en dos centros de alergologia del norte de Italia,
que presentaban un perfil diferente de exposicion al polen, con el objeto de determinar la reactividad IgE frente a 5 profilinas (Bet v 2,
Ole e 2,Hev b 8, Mer a 1y Phl p 12) empleando un inmunoensayo de micromatrices de alérgenos comercial (ISAC).

Resultados: Los 43 pacientes (100%) dieron positivo como minimo a 1 profilina en el inmunoensayo ISAC, pese a que solo se observo
reactividad frente a las 5 profilinas en 37 casos (86%). En aproximadamente la mitad de los pacientes que dieron positivo, la reactividad IgE
frente a Ole e 2 fue mucho mas débil que frente al resto de profilinas, independientemente del origen del principal alérgeno sensibilizante,
lo que indica una baja sensibilidad de dicho alérgeno. Se observaron mayores discrepancias en la deteccion de IgE frente a Bet v 2 mediante
micromatriz ISAC e ImmunoCAP.

Conclusion: Detectar la reactividad IgE frente a una Unica proteina marcador (p. €j., Bet v 2) es suficiente para diagnosticar o descartar la
sensibilizacion a la profilina. La deteccion de IgE frente a multiples proteinas homologas de alérgenos con reactividad cruzada no resulta
mas informativa clinicamente y aumenta el riesgo de confusién o interpretacion errénea.

Palabras clave; profilina; panalérgenos; reactividad cruzada; IgE; micromatriz.
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Introduction

Cross-reactivity to distinct allergen sources due to
sensitization to phylogenetically highly conserved proteins
of vegetable origin is one of the most intriguing fields in
alergology. One of these allergen proteins, profilin, is so
widely distributed in the vegetal kingdom that it is regarded
asapan-alergen. Profilin, a 12-15 kDa actin-binding protein
present in al eukaryotic cells, is one of the main causes of
cross-reactivity between pollen and vegetable food [1-4], and
its clinical allergenicity, albeit variable, is well recognized
both in respiratory and food alergy [5,6]. Therecent enormous
advances in molecular biology have led to the detection,
purification, cloning, and expression of an increasing number
of recombinant and/or natural allergen proteinsfrom different
sources, and many of them are now available for diagnostic
purposes. The ISAC multiplex alergen microarray (Phadia,
Uppsala, Sweden), a recently marketed method for the
detection of specificimmunoglobulin (1g) E, ispresently able
to detect IgE reactivity to morethan 100 allergen proteinsin a
single assay. The currently available panel includes5 profilins
from different sources (birch pollen [Bet v 2], olive pollen
[Ole e 2], natural rubber latex [Hev b 8], Mercurialis annua
pollen [Mer a 1], and grass pollen [Phl p 12]). Being able to
detect |gE to specific allergen componentsiscertainly clinically
essentia when deciding which specific immunotherapy should
be prescribed to multisensitized patients, anditisalso theonly
means able to provide a global picture of sensitization in a
single patient. However, the clinical usefulness of measuring
IgE specific for a number of homologous, cross-reacting
proteins is more uncertain. The aim of the present study was
to assess whether the detection of IgE to multiplehomologous,
cross-reacting alergen proteinsis clinically more useful than
the detection of IgE to a single marker pan-allergen.

Methods

Patients

The study population was selected from alarge number of
individualswho spontaneously presented at 2 allergy outpatient
clinicslocated in Pordenone and Paderno Dugnano from April 1
to December 31, 2009. Both of these places are located in the
Po Valley in Northern Italy, where a large spectrum of pollens
including grass, mugwort, ragweed, birch, cypress, olive,
Parietaria, and plantain are present. However, while a high
concentration of grass pollen is present throughout Northern
Italy, marked differences in other seasona allergens exist
betweenthe 2 study aress. Infact, birch pollenisamajor alergen
in Pordenone while mugwort is an intermediate alergen, and
ragweed and Parietaria arevirtually absent. In contrast, ragweed
isamagjor alergen in Paderno Dugnano [7], while birch is an
intermediate seasonal alergen and pellitory and mugwort are
infrequent causes of respiratory allergy. Cypressand olive pollen
are minor causes of respiratory allergy in both areas.

Patients with suspect airborne seasonal alergy (history
of rhinoconjunctivitis with or without asthma for more than
1 month between February 15 and October 15) were considered
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eligiblefor the study. They underwent skin prick testing (SPT)
with a large panel of commercia pollen extracts including
grass, ragweed, mugwort, birch, pellitory, cypress, olive, and
plantain (Allergopharma, Reinbeck, Germany). Readingswere
taken at 15 minutesfollowing generally accepted criteria. Asa
part of routine evaluation, those scoring positive on SPT with
morethan 3 distinct pollen extracts underwent detection of IgE
toBet v 2, thebirch profilin, by ImmunoCAP (Phadia, Uppsala,
Sweden). In Paderno Dugnano, patients also underwent SPT
with acommercial profilin-enriched date palm pollen extract
(ALK-Abell6, Madrid, Spain; Phod 2 50 ng/mL) [5,6], which
scored strongly positivein al cases.

Forty-three profilin reactors were finally investigated.
Since all thein vivo and in vitro tests were performed within
routine clinical activity no ethical committee approval was
needed for the study

Specific IgE Measurements by Multiplex Allergen
Microarray

Sera from all patients were screened for the detection
of specific IgE using a commercia allergen microarray
immunoassay (ISAC; Phadia, Uppsala, Sweden) following the
manufacturer’srecommendations. Five profilinswere assayed:
Betv 2,0Olee2, Hev b 8, Mer al, Phl p 12 from birch, olive,
natural rubber latex, goosefoot, and grass pollen, respectively.
Reactions siteswereincubated with 20 ugL of patients' serum
for 2 hours. After rinsing, washing, and drying, allergen-
specific IgE complexeswere stained with fluorescence-labeled
anti-human IgE for 1 hour. After further washings, a laser
scanner was used to take fluorescence readings and results
were transformed into numerical data by comparison with a
reference serum standardized against ImmunoCAP IgE. Asa
consequence theresults, expressed as | SAC standardized units
(ISU/L), areindirectly linked to the World Health Organi zation
International Reference Preparation of Human Serum IgE
75/502. Levelshigher than 0.3 ISU/L wereregarded aspositive,
following the manufacturer’s recommendations.

In order to determinewhether differencesin IgE reactivity
to the 5 assayed profilins were associated with alergy to a
specific primary sensitizing pollen, the datawere also analyzed
after dividing patients on the basis of their IgE reactivity to the
major pollen-specific allergensPhl p 1, Betv 1, Amb al, Art
v 1 Parj2 Cupal, and Olee 1 used as markers of primary
hypersensitivity to grass, birch, ragweed, mugwort, pellitory,
cypress, and olive pollen, respectively. Inthisanalysis, single
major specific allergens were not considered as a likely
primary cause of profilin cosensitization when profilin 1gE
levelsexceeded those of 1gE to the putative primary sensitizer.
Patients showing strong IgE reactivity to 3 or more major
specific alergens (exceeding that of profilin) were considered
to be multisensitized; the primary sensitizer to profilin could
not be established in these patients.

Results

ResultsareshowninTable 1. All 43 patients (100%) scored
positiveto at least 1 profilin on ISAC. However, reactivity to
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al 5 profilinsinvestigated was found in only 37 cases (86%). or 4 profilins (n=1, this serum showed IgE reectivity to Phl p 12
The serafrom the remaining 6 patients did not show reactivity only). Altogether, on ISAC microarray, sera from profilin-
to 1 profilin (n= 2, Phl p 12 in both cases), 2 profilins (n= 3; hypersensitive patients did not react to Phl p 12, Olee 2, Hev
Olee2andHevb8in1case Olee2and Phl p12in 2 cases), b 8, Meral, or Betv 2in 4 (9%), 4 (9%), 2 (5%), 1 (2%),

Table 1. Specific Immunoglobulin (Ig) E Levels? in Patients Sensitized to Profilin

ISAC
\ \
Patient Betv 2 (CAP) Betv 2 Olee?2 Hevb2 Mer al Phl p 12

1 5.7 8 114 89 8.9 2
2 0.45 0.3 0 0 0.9 0.7
3 1.03 0.8 1 0.8 12 1
4 0.76 0.9 13 1 1 0
5 1.63 24 22 2 19 2
6 0.4 14 0.7 11 12 0.2
7 3.97 38 34 4.5 4.8 25
8 135 6.9 12 9.6 10.3 9.1
9 1.98 24 0.7 25 36 22
10 3.48 4.8 0.8 4.2 51 3
11 4.9 116 43 116 9.7 4
12 58 4.8 45 54 5.2 4.7
13 33 4.8 5.6 6.7 6 0.8
14 43.9 25 26.8 43 41.2 294
15 6.18 6.2 22 8 11.6 5.8
16 15.7 6.3 17 54 11.8 4.6
17 227 10.8 22 134 17.7 10.9
18 4.9 37 11 29 6.2 39
19 175 27.6 175 33.6 36.5 34.3
20 18.1 51.3 20.8 44 30.6 30.1
21 1.19 4.7 23 39 6.5 3.9
22 27.3 38.1 284 36.1 426 315
23 167 2.7 0.9 25 4 25
24 147 25 0.5 1.9 2 12
25 10.9 30.6 23.7 20.8 20 155
26 33.6 39.3 6.3 23 39.1 294
27 1.77 53 11 33 4.8 18
28 417 5 9.6 277 49.2 44.8
29 8.6 9.2 17 6.8 10.9 7.2
30 172 36 0.5 2.6 34 24
31 10.4 14.4 22 51 85 19
32 531 9.9 53 9.5 8.9 8.1
33 2.56 2.8 21 21 31 3.6
34 21.7 421 22.1 328 29.7 174
35 28.2 52.5 47.7 48.2 54.7 22.8
36 12 0 0 0 0 14
37 1.6 1 0 0.7 17 0
38 4.5 6 28 6.9 5.7 15.8
39 4.5 34 19 39 3.6 3
40 6.4 9.8 18 82 7.1 53
41 14 0.8 0 04 0.6 0
42 82 7 3.7 9.6 9.8 32
43 125 18.8 4.4 12.6 22.6 111

?gE levels are expressed as KU/L (CAP), or ISU/L (ISAC).
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Table 2. No. of Primary Sensitizing Pollens in the 2 Participating
Centers

Paderno

Pordenone
Dugnano

Grass 3
Birch

Olive

Cypress

Ragweed

Grass and ragweed
Birch and grass
Birch and ragweed
Birch and cypress
Multiple pollens
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and 1 (2%) patients, respectively. Further, in about half of the
reactors, IgE reactivity to Ole e 2 was markedly less intense
than that to other profilins, suggesting a lower sensitivity of
thisallergen. Furthermore, although performed using the same
serum samples, in many cases CAPand | SAC showed marked
differences in Bet v 2 reactivity. Particularly, reactivity was
significantly stronger on CAPin patients 2, 8, 14, 16, and 17.
In contrast, reactivity was stronger on ISACin patients 11, 19,
20, 22, 25, 27, 32, 34, and 35 (Table 1).

On analyzing data by recruitment center (Table 2),
differences in the primary sensitizing pollen were evident,
with ragweed and birch pollen markedly prevalent in Paderno
Dugnano and Pordenone, respectively. On grouping patients
on the basis of primary sensitizing pollens (Table 3), it was
seen that a weak or negative response to Ole e 2 was equally
distributed between the different subgroups whereas negative
results with Phl p 12 were all associated with birch pollen
allergy, althoughin 3 out of 4 cases, the patientswere primarily
sensitized to grass pollen as well.

Discussion

This study aimed to investigate whether in patients
sensitized to the pollen pan-allergen profilin, detecting IgE
reactivity to multiple, homologous proteins from different
sources using a commercial multiplex allergen microarray
offered some clinical advantage over testing a single marker
of sensitization to this specific allergen. The results of our
investigations suggest that it does not. Based on our data,
it seems that detecting IgE only for Bet v 2 is sufficient to
diagnose or exclude profilin sensitization. Since current
diagnostic recombinant allergens consist of only a single
isoform per species, thetheoretical risk of false negativeresults
caused by slight epitopic differences might be overcome by
using a mixture of severa isoforms of the same allergen or,
aternatively, amixture of homologous recombinant allergens
from different species. This conclusion reflects what happens
with many other highly cross-reacting allergens, such asgrass
pollen, Fagales pollen, or Oleaceae pollen, where the detection
of I1gE specific for few marker alergens (eg, Phl p 1 and Phl
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Table 3. Analysis of ISAC Results? Based on Primary Sensitizing pollen

Primary Sensitizing Weak/Negative Negative

Pollen No. Olee?2 Phlp 12
Grass 7 6 0
Ragweed 7 3 0
Birch 4 1 1
Grass + Birch 5 3 3
Grass + Ragweed 3 3 0
Birch + Ragweed 4 3 0
Birch + Cypress 2 1 0
Multisensitized 11 6 0

Results are expressed as no. of patients.

p 5 for grass, Bet v 1 for Fagales, Ole e 1 for Oleaceae, €etc)
is generally considered sufficient to diagnose sensitization
to a whole species of alergens [8-10]. Interestingly, of the
5 profilins currently present in the ISAC microarray, the
olive pollen profilin, Ole e 2, showed reduced sensitivity
when challenged with serafrom our patients. This defect was
independent of the primary sensitizing agent (birch, grass, or
ragweed aone or in different combinations). Since primary
sensitizationto olive pollenisrarein our area, we do not know
whether this would aso occur in true olive-alergic individuals
such asthosefrequently seenin Southern Europe[11]. However,
the SPT with prafilin-enriched date palm pollen extract (an
allergen source that is obviously absent in Northern Italy)
scored strongly positive in al tested patients, suggesting that
sensitivity of single profilins might not be only a matter of the
primary sensitizing allergen.

The allergen microarray immunoassay is a potentially
useful and powerful diagnostic instrument although up to now
itsintroduction as a routine method has been hampered by its
high cost and rigidity (oneisforced to test over 100 alergens
evenif only afew of them are of interest in acertain patient). In
keeping with datafrom previous structure-based analyses[12],
this study shows that in the case of the pan-allergen profilin,
detecting | gE to multiple homologous, cross-reacting allergen
proteinsis clinically not more informative than detecting IgE
to asinglerepresentative marker that might serve equally well
while reducing the risk of confusion and misinterpretation.
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