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Abstract

Allergies to snails and mites are definitely linked. Snail allergens have been already identified and there is no evidence of cross-reaction between
snail and mite tropomyosin. This work is a preliminary study on immune cell function, evaluating possible tropomyosin-triggering in a snail-mite-

shrimp cross-reaction. Peripheral blood mononuclear cells from 6 different phenotype patients in relation to snails, mites and crustaceans, were
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cultured with mite recombinant tropomyosin (rDer p 10), anti-CD28 and brefeldin A. Phytohemagglutinin mitogen was used as a positive
control. CD4 T-cell response was evaluated towards CD69, IFN-y, IL-2, IL-4, IL-5 and IL-13, in flow cytometry. rDer p 10 induced different
cytokine expression in the six phenotypes. Allergen-specific IFN-y stimulation was suggested by an increase in IFN-y, IL-5, and IL-13 only in
allergic to crustaceans, with a dose-dependent effect on IL-5 and IL-13. Tropomyosin is probably the main allergen responsible for the mite-

shrimp cross-reactivity but may not play a major role in snail-mite-shrimp cross-reactions.

This work was done in the Laboratory of Immunology from Hospital de S. Bernardo, Setubal, Portugal.

Introduction

Snalils, a very popular delicacy in several European countries, are also considered as one of the worst causes of food allergy. In fact, some people

may develop severe episodes of asthma L after ingestion of snails and a connection with house-dust-mite allergy is firmly established

11111111

Food allergens are frequently glycoproteins with a molecular weight (MW) from 15 to 50 kDa, with the immunogenic effect depending precisely

on the MW, which may facilitate the contact and further absorption through the digestive mucosa. The number of epitopes present on the antigen

molecule may also play an important role 16, possibly due to their immune triggering potential.

Helix aspersa, Otala lactea and Theba pisana allergen repertoires were exposed by immunochemical methods, showing a close pattern between
them. Cross-reactivity between Dermatophagoides pteronyssinus, H.aspersa and Pandalus borealis shrimp was also evaluated by RAST

inhibition. D. pteronyssinus was shown to be a strong inhibitor of the H. aspersa RAST (72,6%) and even stronger inhibitor of the P. borealis

RAST (91,9%) 15 Despite 65 sequence identities and 79 similarities between H. aspersa and D. pteronyssinus tropomyosins 17, the 36-kDa

protein from H. aspersa extract and the natural and recombinant purified tropomyosins were IgE-recognized by only 4 sera out of 22 from
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patients reporting snail reactivity 18 Another study also reported a 37-kDa protein from H. aspersa extract, has being recognized by only 1

patient out of 21 with specific IgE to H. aspersa above class 2 15 Extending the previous study, further unpublished data has shown recognition of

the 37-kDa protein by only 4 from 36 patients with specific IgE to H. aspersa above class 2.

The two major allergens from H. aspersa (recognized by 13 and 18 out of 21 patients, respectively) presented MW &gt;208 kDa, probably

corresponding to the heavy chains of snails’ myosin 15

In view of the presented results, it seemed rather improbable that tropomyosin could be the key culprit in the snail-mite cross-reactivity with

allergy. Therefore, it was then important to identify what could happen at the cellular level, as the cytokine response pattern may differ from what

is expected by simple observation of the sensitizing spectrum 9 1n fact, atopy was observed in association with allergen-specific T helper (Th)
cells, with a Th2 pattern of response dominated by IL-4, IL-5, IL-9 and IL-13, while IL-10, TNF-a and IFN-&amp;#947; were present both in
atopics and non-atopics 20, Mostly in atopics, bronchial hyper-responsiveness revealed to be strongly associated with eosinophilia and IL-5

synthesis in conjunction with IgE production 20,

Food allergy is, in fact, a hypersensitive reaction to frequently harmless antigens involving IgE-producing B lymphocytes and T lymphocyte cell-

mediated responses. According to Bohle 21, IgE mediated mechanism triggers a rapid clinical reaction upon ingestion, which can be exemplified
by the oral allergy syndrome. However, in delayed reactions involving the digestive tract or the skin, less clear mechanisms were referred,
pointing to allergen-specific T-cell cultures as a useful resource to explain the role of these cells, since the majority of allergen-specific CD4 T-

cells isolated from food-allergic individuals were identified as highly IL-4 and IL-13 producers.

Materials And Methods

Patient Selection
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For this preliminary study each patient followed two fundamental criteria, as being in a non crisis state and being free of any concomitant
pathology or medication. Six individuals presenting different phenotype patterns of atopy and allergy to snails, mites or shrimps were selected for

cell stimulation assays. Total and specific IgE levels are also shown (Table 1).

Phenotype Snail Mite Shrimp Grass pollen rDer p 10
Total IgE Specif. IgE Specif. IgE Specif. IgE Specif. IgE Specif. IgE
A 8,92 NS | NR | <0,35 NS | NR | <035 NS NR | =035 NS | NR | =0,35 NS | <0,35
B 708 S | R |29 s |R |79 S |[NR|O71 NS | MR | <0,35 5 |0/56
C 152 S | NR|1,04 S | R |229 NS. NR | <035 NS | NR | <0,35 NS | <0,35
D =5000 S | H: | 195 NS. NR | =0,35 NS | NR | =035 5 |R [962 NS | =0,35
E 249 5 |NR|1,77 5 | MR | 4,91 5 | R |862 NS | NR | <0,35 S 899
F 97 5 |NR|217 5 | R 1323 5 | H | 137 NS | NR | <0,35 S |1.2F

Table 1: Individual profile from each of the 6 individuals/phenotypes (A, B, C, D, E and F) according to the following patterns: Total and specific

IgE (kU/L); NS — non-sensitized; S — sensitized; NR — non-reactive (non-allergic); R — clinical reactive (allergic).

Asthma was the clinical reaction to snails, while asthma, rhinitis and conjunctivitis were the allergic symptoms to mites. Shrimp ingestion
conduced hives in phenotype F and abdominal pain associated with gastralgia in phenotype E. Patients were not taking any medicine for a period

of, at least, one month.
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Blood Collection and Primary Processing

60 mL of blood were collected from each patient. 50. 2 mL of blood-EDTA were used for complete blood count (CBC) in an Advia 120 blood
counter (Bayer AG, Germany). In a grade Il laminar flow cabinet (Microflow Laminar Flow Cabinet — MDH Ltd., Hampshire, UK), 12,5 mL of
heparinized blood were carefully added over 20 mL of density gradient separation medium Histopaque® — 1077 (Sigma-Aldrich, Inc., St. Louis,
MO, USA) in each of four 50 mL sterile tubes (Sarstedt) and centrifuged at 4009 for 20 min at +20 ©C. PBMC rings were aspired with a sterile
Pasteur pipette and pooled in one 50 mL tube for two sequential washes with sterile phosphate-buffered saline (PBS) pH 7,4 (Biochrom, Berlin,
Germany). Pellets from the last wash were pooled and re-suspended in a small volume of culture medium — RPMI 1640 (Sigma) supplemented

with 20 «g/mL gentamycin (Labesfal, Tondela, Portugal), 2 mM L-glutamine (Biochrom) and 10% human AB serum (Sigma-Aldrich) for cell

I 23

counting and viability evaluation according to Shapiro HM 22 and to Coligan JE et al. =°. Cell suspension was then diluted to 4x106 viable cells/

mL, for stimulation.
Cell Stimulation

A volume of cell suspension containing 4x106 viable cells was added to each of 19 sterile Falcon tubes (BD Biosciences, San Jose, CA, USA) in two
replicates. One tube for isotype control, 5 for negative controls, 5 for positive controls with mitogen and 8 for rDer p 10 stimulation. Each of the
positive and isotype control tube was supplemented with 10 pg of Phytohemagglutinin (PHA) (Biochrom) for non-specific stimulation. Four of
the rDer p 10 tubes were supplemented with 5 pg and four with 15 pg of the recombinant allergen. Monoclonal antibodies (MoAb) anti-CD28
(Sanquin, Holland) were added to each and every tube for co-stimulatory effect, to a final concentration of 10 pg/mL. Final volume was
completed to 1 mL with the supplemented RPMI 1640 culture medium. Sample tubes were caped with permeable lids and incubated for 2 h on a

20° inclination angle at 37 °C in a 5% CO, atmosphere incubator (Sanyo CO, Incubator, Sanyo Electric Biomedical, Japan). Incubation was

stopped and 10 pg of brefeldin A (BFA) (Sigma-Aldrich) was added to each tube, except to the isotype control, to inhibit the intracellular flux of

proteins produced in the rough endoplasmic reticulum for Golgi-mediated export. Incubation proceeded again for 4 h with gentle stirring at one
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hour intervals.

After six hours of incubation, stimulation was stopped by adding 3 mL of ice-cold PBS followed by 400g centrifugation for 8 min. 3 mL of PBS — 2
mM EDTA was added to each tube and incubated for 10 min in a 37 ©C water-bath to promote cell detachment. Samples were centrifuged at 400g
for 8 min and decanted. Tube walls were washed for ten-times with 0,7 mL PBS to detach adherent cells and centrifuged at 400g for another 8

min. Tubes were decanted again and blot-down onto absorbing paper.
Immunophenotyping

Monoclonal Antibody Staining

Cell pellets were re-suspended in 100 pL of PBS — 0,5% bovine serum albumin (BSA) (Sigma-Aldrich) — 0,1% NaN3 (Merck, Darmstadt,

Germany) for MoAb surface staining. Isotype control was stained with 20 L of each of the three fluorochromes: mouse monoclonal 1gG2a-
proprotein convertase 5 (PC5) (Immunotech, Marseille, France), IgG2a-fluorescein isothiocyanate (FITC)/1gG1l-phycoerithrin (PE) (Cytognos,
Salamanca, Spain). Each of the remaining tubes was stained with 20 pL of anti-human CD4 mouse MoAb coupled with peridinin chlorophyll
protein — CyChrom 5.5 (PerCP Cy 5.5) (BD Biosciences), for the identification of this T-cell subpopulation. Tubes were stirred in vortex and
incubated for 15 min in dark at room temperature. Then, isotype control was directly submitted to fixation by sample suspension with PBS — 0,1%
paraformaldehyde (PFA) (Merck, Darmstadt, Germany) and kept at +4 °C in dark until sample acquisition. The remaining samples were
submitted to cell fixing and permeabilizing protocol, using Fix &amp; Perm kit (Caltag Laboratories, Burlingame, CA, USA) for intracellular stain,
according to manufacturer’s instructions. Final pellets were re-suspended and permeabilizing solution added simultaneously with intracellular
staining anti-human MoADb, as follows: 15 <L of anti-IFN-y FITC (BD Biosciences) were added to each tube and 10 pL of anti-CD69 PE (Caltag
Laboratories) to positive and negative activation and intracellular staining controls, with and without PHA. Anti-IL-2 PE MoAb (10 L) (Caltag
Laboratories) and anti-I1L-4, IL-5 and IL-13 PE (30 <L) (PharMingen — BD Biosciences) were added to positive and negative respective control

tubes, and also to rDer p 10 (5 and 15 pg) stimulated samples. Samples were processed according to manufacturers, and the obtained
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supernatants aspired. Pellet cells were re-suspended in 400 <L PBS — 0,1% PFA and kept at +4 °C in dark until sample acquisition.
Flow Cytometer Acquisition

Cell acquisition was performed in a Facscalibur flow cytometer (Becton Dickinson, NJ, USA) establishing a gate of CD4 T-cells by Dot Plot

combination of low expression of granularity in side scatter (SSC) with a high expression of the CD4 antigen 24 (Fig. 1). A total number of

150.000 gated cells were acquired and stored for CellQuest software (BD Biosciences) analysis.

Figure 1: Acquisition and analysis Dot Plot with CD4* region defined by gating cells with
high expression of this antigen, identified by anti-human CD4 PerCP Cy 5.5 MoAb and low expression in SSC (red spot of events/cells)

Analysis by the Expression of Subpopulations
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Analysis techniques used for these protocols are mainly interactive and somehow empirical, based on Boolean gating strategies defined as one or

more analysis gates, using a combination of two parameters 25, like those used for data analysis.

Each patient cytokine pattern of production was accessed in order to understand individual response to stimulation. Individual cytokine response

after the stimuli was compared to their simultaneous cytokine response in the exact conditions without stimuli, as individual baseline.

Acquired and stored CD4-expressing lymphocytes from each phenotype were analyzed in terms of different cytokine expression, with and without
PHA or rDer p 10. CellQuest software was chosen for two parameter Dot Plot analysis. Quadrants were defined within Dot Plots for fluorescence
(FL) levels of acceptance. Only events falling above the non-specific level of fluorescence, designed by the isotype control, were considered.
Comparative approaches were made between negative and positive controls and with each rDer p 10 stimulating dose, towards the different

cytokines, using the Quadrant Statistics software function.
Two parameter cross-analysis, were:

SSC with CD4; CD69 with CD4; IL-2, IL-4, IL-5 and IL-13 with CD4; IFN-&amp;#947; with CD4; IFN-&amp;#947; with CD69, gated on CD4
cells; IFN-&amp;#947; with IL-2, IL-4, IL-5 and IL-13, gated on CD4 cells.

Expression of CD69 and cytokine was evaluated for significant differences between replicates.

Cocktail staining using different MoAb coupled with different fluorochromes has proven to be a useful tool for identification of rare cells. This
approach, especially when in conjunction with an indifferent parameter such as forward scatter (FSC), allows for identification of cells present at

frequencies as low as 1:10.000.000 2621

Identification and counting of rare events (less than 0,1% in the acquired populations) 22 for comparative analysis of different samples, requires

determination of statistical significance of small differences within large numbers and what is truly important in this pattern of occurrences is the
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number of counted cells of interest and not the total 28.

According to Zar 29, Wilcoxon test can be used for comparative studies of pared data in ordinal interval measurement scales, not requiring a
normal data distribution. The Wilcoxon test determines if there are any significant differences between two sets of data. This test was meant to
evaluate if small differences, as observed in cytokine expression by stimulating challenge, are accidental or due to the stimulus. Each difference
observed between two values, such as with or without the addition of rDer p 10, was analysed as belonging to one of the two possible hypotheses

— there is or there is not significant difference between them.

Statistical significance was considered for p &lt; 0,05.

Results

In this study the figures of cytokine expression did not present a normal statistical distribution and a non-parametric test, such as Wilcoxon, was

chosen.

As data sets were counting events/cells from a larger universe, they were considered to have a Poisson distribution and 95% confidence intervals,

allowing the comparison of values 30:31

Individual responses to PHA and to rDer p 10 stimuli by the six phenotypes are shown in table 2 (a and b).
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Phenotype | CDG9 IFMN-&#547; IL-2

PHA PHA rDer p10 PHA rDer p10

WO |W WO |W S [ 15ug WO |W 5 ug 15 pg

[FI- IFM-
CDE3+ 8047 &H047

A 204 |B615 |068 |127 | 10,87 0,64 0,64 057 (433 (0,24 | 0,22 1,39 | 0,39
B 07 |5092 |02 | 3,88 | 4,53 0,09 | 0,08 0,09 | 3,58 | 0,07 | 0,05 0,05 | 0,03
C 04 8711 |02 1,75 | 1,67 0.1 0,13 0,06 | 3,88 (0,08 -U:Udl 0,09 | 0,04
D 0,16 | 68 0.04 | 1.49 | 1,62 0,07 0,07 0,15 | 7.09 (0,09 003 | 0,16 | 0.03
E 0,35 | 8526 (0,08 |8,38 | 867 0,15 0,12 017 (3,54 | 0,14 | 0,05 0,12 | 0,03
F 0,43 .EEI:EE 0.1 0,63 | 0,73 0,07 0.08 0,23 .3.23 0,15 | 0,04 015 | 0,04

Table 2: (aand b) —CD4 T
intracellular expression (%) of different antigens (CD69, IFN-&amp;#947;, IL-2, IL-4, IL-5 and IL-13) in six individuals/phenoytpes, With (W)
and without (WO) addition of PHA, or 5 or 15 pg of rDer p 10. CD69* and IFN-&amp;#947;* represent the percentage of expression within these
CD4 subpopulations.
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Phenotype | IL-4 IL-5 IL-13
PHA rCer p10 FPHA rDer p10 PHA rDer p10
WO | W 5ug 15 yg WO (W 5ug 15 yg WO | W 5ug 15 yg
IFM- [FM- [FM- [FM- IFM- IFM-
&#947: &#947: &#947 &#947 7 &#947 &#047:F
A 042 (043 | 0,39 | 0,55 034 | 0,62 021 (03 (035 |05 0,52 | 0,66 043 | 052 (0,33 | 0,45 0,33 064
B 0,15 (033 | 0,13 | 012 0.16 0,14 011 | 018 (0,07 | 0,07 0,06 | 0,05 014 | 0,29 | 0,08 | 0,07 0,07 | 0,06
C 0,16 | 0,35 | 0,18 | 0,08 0,16 0.08 0,07 101 0.1 0,09 0.09 0,07 0,08 022 |01 0,08 0,09 | 0,07
D 0,07 (034 | 0,06 0,03 0,05 0,02 0,06 | 013 (0,05 | 0,03 0,05 | 0,02 0,06 | 075 (01 0,03 0,08 | 0,02
E 0.06 | 0,08 | 008 006 0.06 0.08 004 | 0,06 (049 | 0,68 062 |08 0,05 | 0,09 | 0,49 | 0,56 0,52 | 0,61
F 0,07 (035 | 0,06 0,05 0,06 0,05 01 (014 (011 | 0,06 0,11 0,05 0,09 | 0,52 | 0,13 | 0,07 013 0,07

From the figures, it was observed that the expression of CD69 in PHA stimulated cultures was rather superior to cultures without PHA in all six
phenotypes. IFN-yand IL-2 expressions also showed a significant rise in all phenotypes following PHA stimulation. IL-2 expression presented a
significant increase following PHA stimulation but, like IFN-&amp;#947;, it was less expressive than CD69. IL-4 expression showed significant
increase with PHA only in phenotypes B, C, D and F, with clear atopic profiles, although lower than IFN-&amp;#947; or IL-2. IL-4 and IL-5, also
presented a significant increase with PHA, except in phenotypes A and E. PHA induced an IL-13 increase in all phenotypes but with lower

evidence in phenotypes A and E.
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PhenotypesC and F presented a lower increase in IL-5 expression following PHA stimulation. With regard to rDer p 10 stimulation, IL-2
expression only increased in phenotypeA with the higher concentration (15 pg). The antigen only induced a significant, although discrete,

increase in IFN-y expression in phenotypes D and E.

IL-4 expression did not show significant variation following rDer p 10 stimuli. rDer p 10 showed a dose-dependent stimulation on IL-5 expression
in phenotypesA and E and in IL-13 from E, where the increase was even greater in IFNy* CD4 T-cells. In phenotypeF, IL-13 expression by rDer p
10 was less expressive, with no dose-dependent effect. The antigen did not induce an increase of cytokine expression in the allergic to snails and

mites individual (phenotypeB) neither in the mite allergic (phenotype F).

Discussion

Aside from RAST inhibition studies showing significant inhibitions between mollusks, like oyster and crustacean like shrimp, lobster, crab or

crayfish, cross-reactivity in correlation with clinical response is not always seen between mollusks and crustaceans, suggesting that the presence
of specific IgE to mollusks may not be determinant for a clinical reaction 17_ A rather similar situation is observed between snails and mites,
where in most cases sensitization to snails is not enough to predict a reaction after ingestion, even in mite allergic patients 5 |nhalant challenge

was shown to be associated with increased levels of IL-5 in peripheral blood eosinophils and lymphocytes 32, suggesting a possible target organ,
other than the contact site. In fact, in snail allergy contact is made at the digestive tract level following ingestion and the target is frequently the

bronchial tree.

Tissue profile, in which food allergen-specific T-cells are present seems to determine the target organs for the clinical response 2 and may also

stand as a conditioner for other Th2-type responses, since the Th2 response to one allergen seems to act as an environmental promoter to further

Th2 responses 33, Analogue hypothesis can be formulated regarding allergy to snails and shrimps, where the contact is made at the digestive

mucosa and clinical response may emerge as asthma after snail consumption or as hives (phenotype F) and gastralgia with conjunctivitis
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(phenotype E) after the ingestion of shrimp.

Different factors may interact in the evolution from sensitization to clinical allergy. Repeated contact with allergens responsible for a cross-

reaction is supposed to be an inducing prerequisite for the priming or immunologic initiation in which the allergen is initially presented to T and

B naive cells. Then, the allergen makes contact with memory cells and finally with mastocytes, triggering the clinical response 33 This three-step

mechanism mimics what probably succeed trough the snail-mite sensitization, because mites have a worldwide distribution with the inherent

ability to induce early sensitization and snail-sensitized individuals are frequent snail consumers 5 The risk of an allergic reaction upon
ingestion of snails appears to be much higher among mite-allergic subjects and this scenario is extended to several other cross-reactions. In fact,

there is already a table of approximate risk to develop a clinical reaction to a specific food in the presence of allergy or even sensitization to

another food 34

In the present study, after PBMC stimulation with rDer p 10, an increase in IL-5 and IL-13 expression was observed in CD4 T-cells
simultaneously expressing IFN-&amp;#947;, from phenotypeE, and even in such a small group it was possible to observe that individuals with
higher increase in IFN-&amp;#947; expression following stimulation with PHA were precisely the non-atopic (phenotype A) and the one only

allergic to shrimp (phenotype E). According to this it is considered that allergy control may, in addition to a new Th1/Th2 equilibrium, require

the association with mechanisms linked to T regulatory (Tregs) cells 5 In fact, the role of IFN-y as a promoter of Thl and an inhibitor of Th2

responses has been controversial. It has been even suggested that the level of IFN-y could be used as the key to a positive or negative effect on the

Th2 pathway, namely in what regards to the production of IL-4 38 The environment created by the Th (1 or 2) response pattern to a given

antigen, may also play an important role in subsequent Th cell differentiation, since the addition of IL-4 and anti-IL-12 to stimulated PBMC was

reported to select Th2 cell lines, whereas Thl lines have been selected by the addition of IL-12 and anti-IL-4 87,

Proposed suppressor effect of Tregs on allergic inflammation triggering was associated with IL-5 and IL-13 (two cytokines mostly related to
respiratory allergic inflammation) synthesis inhibition, but not with IL-4 (a cytokine in the first line of the IgM to IgE switch mechanism) which
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is compatible with sensitization in the absence of clinical response, what is extensively observed in practice. However, recent studies point to an

intricate relation between cytokines and their receptors, resulting in a highly heterogeneous pattern of effector cells, thus increasing the
38

difficulties in understanding the involved mechanisms ~°.
IL-4 is suggested to be implicated in sensitization but not necessarily in clinical response, and IL-5 may not be a secure marker of atopy, but
closely follows clinical responses in the course of atopy. In fact, a control mechanism for the synthesis of IL-5 at the genetic transcription level,

d39

distinct from those regulating the gene transcription for IL-4 or IL-2 was reported ~~. Data from in vivo studies with animals suggests a

sequential involvement of IL-4 and IL-5 in allergen-induced airway disturbances 40 Hence, IL-4 seems to be crucial in the primary sensitization

process while IL-5 and IL-13 are more important in the secondary exposure to allergenic aerosols.

An increase in IL-5 expression was reported in PBMC cultures from patients allergic to Cryptomeria japonica (Japanese cedar) stimulated with

the major allergen Cry j 1, while just sensitized and non-atopic individuals did not show significant variation of IL-5 expression. IL-4 expression

did not show any significant variation in the non-atopic group and presented lower frequency of expression than IL-5 in the allergic patients 4
Our preliminary data seems to follow that cytokine pattern of response, with an increase in IL-5 and IL-13 expressing CD4 T-cells, only observed
in phenotype E with the highest level of specific IgE to shrimp, which is possibly associated with the clinical response following secondary

exposure to the probable trigger allergen, tropomyosin. In fact, over 80 identities and about 90 similarities have been found between mite and

shrimp tropomyosins 17, and phenotype E also recognized the 37-kDa protein band from D. pteronyssinus, probably the tropomyosin
(unpublished data). By analogy, in this study, phenotype B — just sensitized to P. borealis shrimp — did not show an increase in IL-4, IL-5 or IL-
13 expression by CD4 T-cells after stimulation with rDer p 10, and phenotype F — sensitized with mild clinical reaction — did not present any
increase in IL-4 or IL-5, showing only a slight increase in IL-13 expression. Phenotype E — presenting much stronger clinical reaction to shrimp —
showed a rather important increase in IL-5 and IL-13 expression after identical stimuli. These facts suggest that phenotypes B, E and F could
have been sensitized primarily to mite tropomyosin and secondarily cross-recognized shrimp tropomyosin, triggering the clinical response in E

and F. In phenotype E, clinical response was more intense in association with a higher rise in IL-5 and IL-13 expression following rDer p 10
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challenge.

CD4 T-cells showed good early activation in all of the six individuals, by a strong increase in CD69 intracellular expression, validating the

lymphocyte ability for in vitro activation 42 However, in what concerns to PHA and rDer p 10 stimulation, different variants of cell cytokine
response were identified among these patients. After incubation with PHA, IFN-y expression also revealed a significant increase, mostly in

activated cells.

Substantial increase in IFN-&amp;#947; expression by rDer p 10 stimulation was only observed in phenotypeE, possibly associated with an

important level of sensitization to shrimp tropomyosin, which presents more than 80 similarities with Der p 10 7 Conversely, phenotype F, also
sensitized and clinical reactive to shrimp, but presenting a lower level of sensitization to its recombinant tropomyosin, did not show an increase

in IFN-&amp;#947; expression after incubation.

Besides the non-allergic states, low levels of IL-4 expression may be due to the absence of regular contact with the inducer allergens for a long

period of time, like what happens with pollens out of the pollinic season “3or by avoiding a certain food, which is a frequent condition associated

with food allergies such as this, where clinical reactions may show a taquifilactic pattern through successive ingestions, with a clear worsening

tendency. IL-4 expression is also one of the hardest cytokine to be induced in vitro®*. However, when cytokine production by allergen-specific T-
cells is evaluated after in vivo challenge another important aspect should be noted. Cytokine detected production from collected cells may be

under-evaluated, possibly because of their pattern of expression, along with antigen specific selection mechanisms, which may be associated with

the migration of activated lymphocytes into the target organs and subsequent depletion of those subpopulations in blood stream 4 This
biological behaviour is obviously out of an in vitro challenge and so we are driven to think that despite the absence of natural pathophysiological

environment, the in vitro system presents some important complementary advantages for research proposals.

Variation in IL-5 and IL-13 expression following incubation with rDer p 10 revealed to be mostly subtle. However, stimulation with rDer p 10

induced a significant rise in IL-5 and IL-13 expression on CD4 T-cells from phenotype E, sensitized to shrimp probably trough the tropomyosin
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(amount of specific IgE to shrimp very close to specific IgE to tropomyosin). IL-5 and IL-13 expression revealed to be higher in IFN-&amp;#947;*

CD4 T-cells from this patient, suggesting an allergen-specific production of IFN-&amp;#947; 4 A dose-dependent effect of rDer p 10-induced

expression of IL-5 and IL-13 in phenotype E is also suggestive of a specific response.

Tropomyosin is probably the main factor responsible for the mite-shrimp cross-reaction, demonstrated by the 91,9% inhibition of the shrimp

RAST by the mite extract 15

As we can observe in this study, there are different patterns of cytokine response to stimulation, according to each phenotype or even individual.

Katial et al*3 reported, in addition to IL-2 and IFN-&amp;#947; responses in the same direction after stimulation with PHA, levels of IL-10 (Th2
pattern) positively correlated with IFN-&amp;#947;, and of IL-4 with TNF-[, after stimulation with concanavalin A mitogen. Hence, the proper
response to mitogen stimulation may show differences from the classical Th1/Th2 paradigm. In our study, CD4 T-cells from phenotype E also
presented a rise in IFN-&amp;#947; along with IL-5 and IL-13, and the non-atopic phenotype A expressed an increase in IL-4 and IL-13 precisely

in the IFN-&amp;#947;* CD4 T-cells, upon stimulation with rDer p 10. Nevertheless, the spectrum of target cells may differ according to the

46;47

mitogen 44 and the stimulating effect of an allergen may also be distinct from a mitogen . A possible evidence of these was also observed in

our study, when a higher expression of IL-5 and IL-13 was observed in phenotype E after stimulation with rDer p 10 rather than with PHA.

These findings point to the need of further studies, increasing the number of patients filling different phenotypes, to extend the results and clarify

our hypothesis.

Further immunochemical and cell studies with more available purified and recombinant antigens, and with a wider studied population for each
of the most important phenotypes is crucial for better understanding of the mite-mollusk-crustacean cross-reaction, allowing a better prevention

of possible unpleasant reactions.

Identification of each patient allergen repertoire, which is highly dependent on individual variability, demands simultaneous immunochemical
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allergen recognition over two-dimensional protein separations from different sample extracts, and allows a better immunotherapy fine tune

focus. The study of the immunochemical isotype response also plays an important role in the evaluation of the efficiency of possible

immunotherapeutic strategies 48 along with a better component-resolved diagnosis.

MRNA studies by quantitative real-time polymerase-chain-reaction (RT-PCR) 49 may reveal to be of great utility for the evaluation of cytokines

like IL-4, with a short half-life and a low amount of synthesis upon stimulation, which affects the ability of a single method for the follow-up.

From the economic point of view, the standardization of sub-optimal doses of mitogens as co-stimulators, not interfering with the specificity of

50

the response ~~, may speed the response and thus, save time and financial resources of the costly co-stimulator MoAb.

In the near future, besides the phenotypic study strategies, genomic focus will certainly help the study of polymorphisms associated to immune

system triggers, already pointed out as targets for future therapeutics ®1 Genetic mechanisms responsible for the induction of T-cell tolerance

should play an important role in this domain, possibly standing as a key to the mechanism of immune recognition of “self” and “not self” non-

infectious antigens, where the majority of allergens are inserted 52

On the phenotypic side, advances in progress in flow cytometry, allowing the simultaneous detection of more than ten different molecules in each

cell or sub-cellular particle %3 in association with techniques, such as the “Cytometric Bead Array” (CBA) (Becton Dickinson) 37, will also be very

helpful.
Acknowledgements

We would like to thank Bial Aristegui for the kind supplying of rDer p 10, to Dr Maria Jorge Arroz for proof-reading the text and to Enzifarma for

several technical facilities.

file://IDJ/AAA%20-%20Z ona%20l avoro/| SPUB%20-%20CD4%20T - Cel| %20Cytokine%20Re...%20Snai | %20and%20Shri mp%20Al lergi c%20Pati ents%20-%20Pri ntabl €%620Article.htm (17 di 23)21/04/2009 10.21.50



ISPUB - CD4 T-Cell Cytokine Response to Mite Recombinant Tropomyosin in Mite, Snail and Shrimp Allergic Patients - Printable Article

Endnotes

1. Practical Guide for the Diagnosis and Management of Asthma. Bethesda, National Heart, Lung and Blood Institute/National Institutes of
Health, 1997; NIH Publication No. 97-4035. (s)

2. Barberio G, Ruggeri C, Pajno GB, Morabito L, Falagiani P. Cross-reactivity between food (snails) and inhalant allergens in children. Allergy
1992;47:37. (s)

3. Antonicelli L, Falagiani P, Pucci S, Garritani MS, Bilo MB, Bonifazi F. Is there a cross-reacting allergen between Mollusca Gastropoda and
mite? Allergy 1992;47:244. (s)

4. Banzet ML, Adessi B, Vuitton DA. Manifestations allergiques apres ingestion d’escargots chez 12 malades allergiques aux acariens: une
nouvelle allergie croisée? Rev Fr Allergol. 1992;32(4):198-202. (s)

5. De Maat-Bleeker F, Akkerdaas JH, van Ree R, Aalberse RC. Vyneyard snail allergy possibly induced by sensitization to house dust mite
(Dermatophagoides pteronyssinus). Allergy. 1995;50:438-440. (s)

6. Grembiale RD, Naty S, Pelaia G, Tranfa CME, Marsico SA. Snail ingestion and asthma. Allergy. 1996;51:361. (s)

7. van Ree R, Antonicelli L, Akkerdaas JH, Garritani MS, Aalberse RC, Bonifazi F. Possible induction of food allegy during mite immunoterapy.
Allergy. 1996;51:108-113. (s)

8. van Ree R, Antonicelli L, Akkerdaas JH, et al. Asthma after consumption of snails in house-dust-mite allergic patients: A case of IgE cross-
reactivity. Allergy. 1996;51:387-393. (s)

file://IDJ/AAA%20-%20Z ona%20l avoro/| SPUB%20-%20CD4%20T - Cel| %20Cytokine%20Re...%20Snai | %20and%20Shri mp%20Al lergi c%20Pati ents%20-%620Pri ntabl €%620Article.htm (18 di 23)21/04/2009 10.21.50


http://scholar.google.ca/scholar?q=Practical%2BGuide%2Bfor%2Bthe%2BDiagnosis%2Band%2BManagement%2Bof%2BAsthma.%2BBethesda%2C%2BNational%2BHeart%2C%2BLung%2Band%2BBlood%2BInstitute%2FNational%2BInstitutes%2Bof%2BHealth%2C%2B1997%3B%2BNIH%2BPublication%2BNo.%2B97-4035.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Barberio%2BG%2C%2BRuggeri%2BC%2C%2BPajno%2BGB%2C%2BMorabito%2BL%2C%2BFalagiani%2BP.%2BCross-reactivity%2Bbetween%2Bfood%2B%28snails%29%2Band%2Binhalant%2Ballergens%2Bin%2Bchildren.%2BAllergy%2B1992%3B47%3A37.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Antonicelli%2BL%2C%2BFalagiani%2BP%2C%2BPucci%2BS%2C%2BGarritani%2BMS%2C%2BBilo%2BMB%2C%2BBonifazi%2BF.%2BIs%2Bthere%2Ba%2Bcross-reacting%2Ballergen%2Bbetween%2BMollusca%2BGastropoda%2Band%2Bmite%3F%2BAllergy%2B1992%3B47%3A244.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Banzet%2BML%2C%2BAdessi%2BB%2C%2BVuitton%2BDA.%2BManifestations%2Ballergiques%2Bapr%C3%A8s%2Bingestion%2Bd%E2%80%99escargots%2Bchez%2B12%2Bmalades%2Ballergiques%2Baux%2Bacariens%3A%2Bune%2Bnouvelle%2Ballergie%2Bcrois%C3%A9e%3F%2BRev%2BFr%2BAllergol.%2B1992%3B32%284%29%3A198-202.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=De%2BMaat-Bleeker%2BF%2C%2BAkkerdaas%2BJH%2C%2Bvan%2BRee%2BR%2C%2BAalberse%2BRC.%2BVyneyard%2Bsnail%2Ballergy%2Bpossibly%2Binduced%2Bby%2Bsensitization%2Bto%2Bhouse%2Bdust%2Bmite%2B%28Dermatophagoides%2Bpteronyssinus%29.%2BAllergy.%2B1995%3B50%3A438-440.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Grembiale%2BRD%2C%2BNaty%2BS%2C%2BPelaia%2BG%2C%2BTranfa%2BCME%2C%2BMarsico%2BSA.%2BSnail%2Bingestion%2Band%2Basthma.%2BAllergy.%2B1996%3B51%3A361.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=van%2BRee%2BR%2C%2BAntonicelli%2BL%2C%2BAkkerdaas%2BJH%2C%2BGarritani%2BMS%2C%2BAalberse%2BRC%2C%2BBonifazi%2BF.%2BPossible%2Binduction%2Bof%2B%2Bfood%2Ballegy%2Bduring%2Bmite%2Bimmunoterapy.%2BAllergy.%2B1996%3B51%3A108-113.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=van%2BRee%2BR%2C%2BAntonicelli%2BL%2C%2BAkkerdaas%2BJH%2C%2Bet%2Bal.%2BAsthma%2Bafter%2Bconsumption%2Bof%2Bsnails%2Bin%2Bhouse-dust-mite%2Ballergic%2Bpatients%3A%2BA%2Bcase%2Bof%2BIgE%2Bcross-reactivity.%2BAllergy.%2B1996%3B51%3A387-393.%0A&hl=en&lr=&btnG=Search

ISPUB - CD4 T-Cell Cytokine Response to Mite Recombinant Tropomyosin in Mite, Snail and Shrimp Allergic Patients - Printable Article

9. Vuitton DA, Rancé F, Paquin ML, et al. Cross-reactivity between terrestrial snails (Helix species) and house-dust mite (Dermatophagoides
pteronyssinus). 1. In vivo study. Allergy. 1998;53:144-150. (s)

10. Guilloux L, Vuitton DA, Delbourg M, et al. Cross-reactivity between terrestrial snails (Helix species) and house-dust mite (Dermatophagoides
pteronyssinus). Il. In vitro study. Allergy. 1998;53:151-158. (s)

11. Pajno GB, Morabito L, Barberio G. Allergy to house dust mite and snails: a model of cross-reaction between food and inhalant allergens with
clinical impact. Pediatr Pulmonol Suppl. 1999;18:163-164. (s)

12. Peroni DG, Piacentini GL, Bodini A, Boner AL. Snail anaphylaxis during house dust mite immunotherapy. Pediatr Allergy Immunol. 2000;11
(4):260-261. (s)

13. Pajno GB, La Grutta S, Barberio G, Canonica GW, Passalacqua G. Harmful effect of immunotherapy in children with combined snail and mite
allergy. J Allergy Clin Immunol. 2002;109(4):627-629. (s)

14. Morisset MM, Bouléegue E, Beaudouin F, Pirson F, Rancé C, Gallen et al. Anaphylaxie alimentaire sévére et Iéthale: cas rapportés en 2002 par
le réseau d’allergovigilance. Rev Fr Allergol. 2003;43(8):480-485. (s)

15. The Helix aspersa (Brown Garden Snail) Allergen Repertoire. Martins LM, Peltre G, da Costa Faro CJ, Pires EM, da Cruz Inacio FF.
International Archives of Allergy and Immunology 2005;136:7-15. (s)

16. Molkhou P. Allergies alimentaires: problémes actuels et futurs. Nanterre, France: Section Francaise — Division S.A. UCB, 1995: p 26. (s)

17. Reese G, Ayuso R, Lehrer SB. Tropomyosin: An Invertebrate Pan-Allergen. Int Arch Allergy Immunol. 1999;119:247-258. (s)

18. Asturias JA, Eraso E, Arilla MC, Gomez-Bayon N, Inécio F, Martinez A. Cloning, isolation, and IgE-binding properties of Helix aspersa

file://IDJ/AAA%20-%20Z ona%20l avoro/| SPUB%20-%20CD4%20T - Cel| %20Cytokine%20Re...%20Snai | %20and%20Shri mp%20Al lergi c%20Pati ents%20-%20Pri ntabl €2620Article.htm (19 di 23)21/04/2009 10.21.50


http://scholar.google.ca/scholar?q=Vuitton%2BDA%2C%2BRanc%C3%A9%2BF%2C%2BPaquin%2BML%2C%2Bet%2Bal.%2BCross-reactivity%2Bbetween%2Bterrestrial%2Bsnails%2B%28Helix%2Bspecies%29%2Band%2Bhouse-dust%2Bmite%2B%28Dermatophagoides%2Bpteronyssinus%29.%2BI.%2BIn%2Bvivo%2Bstudy.%2BAllergy.%2B1998%3B53%3A144-150.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Guilloux%2BL%2C%2BVuitton%2BDA%2C%2BDelbourg%2BM%2C%2Bet%2Bal.%2BCross-reactivity%2Bbetween%2Bterrestrial%2Bsnails%2B%28Helix%2Bspecies%29%2Band%2Bhouse-dust%2Bmite%2B%28Dermatophagoides%2Bpteronyssinus%29.%2BII.%2BIn%2Bvitro%2Bstudy.%2BAllergy.%2B1998%3B53%3A151-158.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Pajno%2BGB%2C%2BMorabito%2BL%2C%2BBarberio%2BG.%2BAllergy%2Bto%2Bhouse%2Bdust%2Bmite%2Band%2Bsnails%3A%2Ba%2Bmodel%2Bof%2Bcross-reaction%2Bbetween%2Bfood%2Band%2Binhalant%2Ballergens%2Bwith%2Bclinical%2Bimpact.%2BPediatr%2BPulmonol%2BSuppl.%2B1999%3B18%3A163-164.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Peroni%2BDG%2C%2BPiacentini%2BGL%2C%2BBodini%2BA%2C%2BBoner%2BAL.%2BSnail%2Banaphylaxis%2Bduring%2Bhouse%2Bdust%2Bmite%2Bimmunotherapy.%2BPediatr%2BAllergy%2BImmunol.%2B2000%3B11%284%29%3A260-261.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Pajno%2BGB%2C%2BLa%2BGrutta%2BS%2C%2BBarberio%2BG%2C%2BCanonica%2BGW%2C%2BPassalacqua%2BG.%2BHarmful%2Beffect%2Bof%2Bimmunotherapy%2Bin%2Bchildren%2Bwith%2Bcombined%2Bsnail%2Band%2Bmite%2Ballergy.%2BJ%2BAllergy%2BClin%2BImmunol.%2B2002%3B109%284%29%3A627-629.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Morisset%2BMM%2C%2BBoul%C3%A8gue%2BE%2C%2BBeaudouin%2BF%2C%2BPirson%2BF%2C%2BRanc%C3%A9%2BC%2C%2BGallen%2Bet%2Bal.%2BAnaphylaxie%2Balimentaire%2Bs%C3%A9v%C3%A8re%2Bet%2Bl%C3%A9thale%3A%2Bcas%2Brapport%C3%A9s%2Ben%2B2002%2Bpar%2Ble%2Br%C3%A9seau%2Bd%E2%80%99allergovigilance.%2B%2BRev%2BFr%2BAllergol.%2B2003%3B43%288%29%3A480-485.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=The%2BHelix%2Baspersa%2B%28Brown%2BGarden%2BSnail%29%2BAllergen%2BRepertoire.%2BMartins%2BLM%2C%2BPeltre%2BG%2C%2Bda%2BCosta%2BFaro%2BCJ%2C%2BPires%2BEM%2C%2Bda%2BCruz%2BIn%C3%A1cio%2BFF.%2BInternational%2BArchives%2Bof%2BAllergy%2Band%2BImmunology%2B2005%3B136%3A7-15.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Molkhou%2BP.%2BAllergies%2Balimentaires%3A%2Bprobl%C3%A8mes%2Bactuels%2Bet%2Bfuturs.%2BNanterre%2C%2BFrance%3A%2BSection%2BFran%C3%A7aise%2B%E2%80%93%2BDivision%2BS.A.%2BUCB%2C%2B1995%3A%2Bp%2B26.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Reese%2BG%2C%2BAyuso%2BR%2C%2BLehrer%2BSB.%2BTropomyosin%3A%2BAn%2BInvertebrate%2BPan-Allergen.%2BInt%2BArch%2BAllergy%2BImmunol.%2B1999%3B119%3A247-258.%0A&hl=en&lr=&btnG=Search

ISPUB - CD4 T-Cell Cytokine Response to Mite Recombinant Tropomyosin in Mite, Snail and Shrimp Allergic Patients - Printable Article

(brown garden snail) tropomyosin. Int Arch Allergy Immunol. 2002;128(2):90-96. (s)

19. Thomas WR, Hales BJ, Shen HD, Smith W. Comparison of T-Cell responses induced by major and less major allergens of the house dust mite.
Int. Arch. Allergy Immunol. 1999;118:214-215. (s)

20. Heaton T, Rowe J, Turner S, Aalberse RC, de Klerk N, Suriyaarachchi D, et al. An immunoepidemiological approach to asthma: identification

of in-vitro T-cell response patterns associated with different wheezing phenotypes in children. Lancet. 2005;365(9454):142-149. (s)

21. Bohle B. T lymphocytes and food allergy. Molecular Nutrition & Food Research. 2004;48(6):424-433. (s)

22. Shapiro HM. Parameters and Probes. pp. 273-410. In Practical Flow Cytometry, 4th ed. Hoboken, New Jersey, USA: John Wiley & Sons,
2003. (s)

23. Coligan JE, Kruisbeek AM, Margulies DH, Shevach EM, Strober W (eds.). In Current Protocols in Immunology. USA. John Wiley & Sons, Inc,
2003. (s)

24. Kidd PG, Nicholson JKA. Immunophenotyping by Flow Cytometry. pp. 229-244. In Manual of Clinical Laboratory Immunology. Rose NR,
Macario EC, Folds JD, Lane HC, Nakamura RM (eds.), 5th ed. American Society for Microbiology. 1997. (s)

25. Shapiro HM. Data Analysis. pp. 225-256. In Practical Flow Cytometry, 4th ed. Hoboken, New Jersey, USA: John Wiley & Sons, 2003. (s)

26. Gross HJ, Verwer B, Houck D, Recktenwald D. Detection of rare cells at a frequency of one per million by flow cytometry. Cytometry. 1993;14
(5):519-526. (s)

27. Gross HJ, Verwer B, Houck D, Hoffman RA, Recktenwald D. Model study detecting breast cancer cells in peripheral blood mononuclear cells

file://IDJ/AAA%20-%20Z ona%20l avoro/| SPUB%20-%20CD4%20T - Cel| %20Cytokine%20Re...%20Snai | %20and%20Shri mp%20Al lergi c%20Pati ents%20-%620Pri ntabl €%620Article.htm (20 di 23)21/04/2009 10.21.50


http://scholar.google.ca/scholar?q=Asturias%2BJA%2C%2BEraso%2BE%2C%2BArilla%2BMC%2C%2BGomez-Bayon%2BN%2C%2BIn%C3%A1cio%2BF%2C%2BMartinez%2BA.%2BCloning%2C%2Bisolation%2C%2Band%2BIgE-binding%2Bproperties%2Bof%2BHelix%2Baspersa%2B%28brown%2Bgarden%2Bsnail%29%2Btropomyosin.%2BInt%2BArch%2BAllergy%2BImmunol.%2B2002%3B128%282%29%3A90-96.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Thomas%2BWR%2C%2BHales%2BBJ%2C%2BShen%2BHD%2C%2BSmith%2BW.%2BComparison%2Bof%2BT-Cell%2Bresponses%2Binduced%2Bby%2Bmajor%2Band%2Bless%2Bmajor%2Ballergens%2Bof%2Bthe%2Bhouse%2Bdust%2Bmite.%2BInt.%2BArch.%2BAllergy%2BImmunol.%2B1999%3B118%3A214-215.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Heaton%2BT%2C%2BRowe%2BJ%2C%2BTurner%2BS%2C%2BAalberse%2BRC%2C%2Bde%2BKlerk%2BN%2C%2BSuriyaarachchi%2BD%2C%2Bet%2Bal.%2BAn%2Bimmunoepidemiological%2Bapproach%2Bto%2Basthma%3A%2Bidentification%2Bof%2Bin-vitro%2BT-cell%2Bresponse%2Bpatterns%2Bassociated%2Bwith%2Bdifferent%2Bwheezing%2Bphenotypes%2Bin%2Bchildren.%2BLancet.%2B2005%3B365%289454%29%3A142-149.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Bohle%2BB.%2BT%2Blymphocytes%2Band%2Bfood%2Ballergy.%2BMolecular%2BNutrition%2B%26amp%3B%2BFood%2BResearch.%2B2004%3B48%286%29%3A424-433.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Shapiro%2BHM.%2BParameters%2Band%2BProbes.%2Bpp.%2B273-410.%2BIn%2BPractical%2BFlow%2BCytometry%2C%2B4th%2Bed.%2BHoboken%2C%2BNew%2BJersey%2C%2BUSA%3A%2BJohn%2BWiley%2B%26amp%3B%2BSons%2C%2B2003.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Coligan%2BJE%2C%2BKruisbeek%2BAM%2C%2BMargulies%2BDH%2C%2BShevach%2BEM%2C%2BStrober%2BW%2B%28eds.%29.%2BIn%2BCurrent%2BProtocols%2Bin%2BImmunology.%2BUSA.%2BJohn%2BWiley%2B%26amp%3B%2BSons%2C%2BInc%2C%2B2003.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Kidd%2BPG%2C%2BNicholson%2BJKA.%2BImmunophenotyping%2Bby%2BFlow%2BCytometry.%2Bpp.%2B229-244.%2BIn%2BManual%2Bof%2BClinical%2BLaboratory%2BImmunology.%2BRose%2BNR%2C%2BMacario%2BEC%2C%2BFolds%2BJD%2C%2BLane%2BHC%2C%2BNakamura%2BRM%2B%28eds.%29%2C%2B5th%2Bed.%2BAmerican%2BSociety%2Bfor%2BMicrobiology.%2B1997.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Shapiro%2BHM.%2BData%2BAnalysis.%2Bpp.%2B225-256.%2BIn%2BPractical%2BFlow%2BCytometry%2C%2B4th%2Bed.%2BHoboken%2C%2BNew%2BJersey%2C%2BUSA%3A%2BJohn%2BWiley%2B%26amp%3B%2BSons%2C%2B2003.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Gross%2BHJ%2C%2BVerwer%2BB%2C%2BHouck%2BD%2C%2BRecktenwald%2BD.%2BDetection%2Bof%2Brare%2Bcells%2Bat%2Ba%2Bfrequency%2Bof%2Bone%2Bper%2Bmillion%2Bby%2Bflow%2Bcytometry.%2BCytometry.%2B1993%3B14%285%29%3A519-526.%0A&hl=en&lr=&btnG=Search

ISPUB - CD4 T-Cell Cytokine Response to Mite Recombinant Tropomyosin in Mite, Snail and Shrimp Allergic Patients - Printable Article

at frequencies as low as 10(-7). Proc. Natl. Acad. Sci. USA. 1995;92(2):537-541. (s)

28. Shapiro HM. Overture. pp. 1-60. In Practical Flow Cytometry, 4th ed. Hoboken, New Jersey, USA: John Wiley & Sons, 2003. (s)

29. Zar J. Biostatistical analysis. 2nd ed. Englewood Cliffs, New Jersey, USA: Pentice-Hall Inc, 1984. (s)

30. Buchan I. Calculating Poisson confidence intervals in Excel. In Public Health Informatics at the University of Manchester (www.phi.man.ac.
uk) 2004. (s)

31. www.doh.wa.gov/Data/Guidelines/Confintguide.htm. Guidelines for using confidence intervals for public health assessment. In Washington
State Department of Health — Health Data. USA, 2006. (s)

32. Halldén G, Hellman C, Gronneberg R, Lundahl J. Increased levels of IL-5 positive peripheral blood eosinophils and lymphocytes in mild

asthmatic after allergen inhalation provocation. Clin. Exp. Allergy. 1999;29(5):595-603. (s)

33. Aalberse RC, Akkerdaas JH, van Ree R. Cross-reactivity of IgE antibodies to allergens. Allergy. 2001;56:478-490. (s)

34. Ferreira F, Hawranek T, Gruber P, Wopfner N, Mari A. Allergic cross-reactivity: from gene to clinic. Allergy. 2004;59:243-267. (s)

35. Maizels RM. Infections and allergy — helminths, hygiene and host immune regulation. Curr. Opin. Immunol. 2005;17:656-661. (s)

36. Teixeira LK, Fonseca BPF, Barboza BA, Viola JPB. The role of interferon-y on immune and allergic responses. Mem. Inst. Oswaldo Cruz.
2005;100(Suppl.1):137-144. (s)

37. Holzer U, Kwok WW, Nepom GT, Buckner JH. Differential Antigen Sensitivity and Costimulatory Requirements in Human Thl and Th2
Antigen-Specific CD4+ Cells with Similar TCR Avidity. J. Immunol. 2003;170:1218-1223. (s)

file://IDJ/AAA%20-%20Z ona%20l avoro/| SPUB%20-%20CD4%20T - Cel| %20Cytokine%20Re...%20Snai | %20and%20Shri mp%20Al lergi c%20Pati ents%20-%620Pri ntabl €%620Article.htm (21 di 23)21/04/2009 10.21.50


http://scholar.google.ca/scholar?q=Gross%2BHJ%2C%2BVerwer%2BB%2C%2BHouck%2BD%2C%2BHoffman%2BRA%2C%2BRecktenwald%2BD.%2BModel%2Bstudy%2Bdetecting%2Bbreast%2Bcancer%2Bcells%2Bin%2Bperipheral%2Bblood%2Bmononuclear%2Bcells%2Bat%2Bfrequencies%2Bas%2Blow%2Bas%2B10%28-7%29.%2BProc.%2BNatl.%2BAcad.%2BSci.%2BUSA.%2B1995%3B92%282%29%3A537-541.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Shapiro%2BHM.%2BOverture.%2Bpp.%2B1-60.%2BIn%2BPractical%2BFlow%2BCytometry%2C%2B4th%2Bed.%2BHoboken%2C%2BNew%2BJersey%2C%2BUSA%3A%2BJohn%2BWiley%2B%26amp%3B%2BSons%2C%2B2003.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Zar%2BJ.%2BBiostatistical%2Banalysis.%2B2nd%2Bed.%2BEnglewood%2BCliffs%2C%2BNew%2BJersey%2C%2BUSA%3A%2BPentice-Hall%2BInc%2C%2B1984.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Buchan%2BI.%2BCalculating%2BPoisson%2Bconfidence%2Bintervals%2Bin%2BExcel.%2BIn%2BPublic%2BHealth%2BInformatics%2Bat%2Bthe%2BUniversity%2Bof%2BManchester%2B%28www.phi.man.ac.uk%29%2B2004.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=www.doh.wa.gov%2FData%2FGuidelines%2FConfIntguide.htm.%2BGuidelines%2Bfor%2Busing%2Bconfidence%2Bintervals%2Bfor%2Bpublic%2Bhealth%2Bassessment.%2BIn%2BWashington%2BState%2BDepartment%2Bof%2BHealth%2B%E2%80%93%2BHealth%2BData.%2BUSA%2C%2B2006.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Halld%C3%A9n%2BG%2C%2BHellman%2BC%2C%2BGr%C3%B6nneberg%2BR%2C%2BLundahl%2BJ.%2BIncreased%2Blevels%2Bof%2BIL-5%2Bpositive%2Bperipheral%2Bblood%2Beosinophils%2Band%2Blymphocytes%2Bin%2Bmild%2Basthmatic%2Bafter%2Ballergen%2Binhalation%2Bprovocation.%2BClin.%2BExp.%2BAllergy.%2B1999%3B29%285%29%3A595-603.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Aalberse%2BRC%2C%2BAkkerdaas%2BJH%2C%2Bvan%2BRee%2BR.%2BCross-reactivity%2Bof%2BIgE%2Bantibodies%2Bto%2Ballergens.%2BAllergy.%2B2001%3B56%3A478-490.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Ferreira%2BF%2C%2BHawranek%2BT%2C%2BGruber%2BP%2C%2BWopfner%2BN%2C%2BMari%2BA.%2BAllergic%2Bcross-reactivity%3A%2Bfrom%2Bgene%2Bto%2Bclinic.%2BAllergy.%2B2004%3B59%3A243-267.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Maizels%2BRM.%2BInfections%2Band%2Ballergy%2B%E2%80%93%2Bhelminths%2C%2Bhygiene%2Band%2Bhost%2Bimmune%2Bregulation.%2BCurr.%2BOpin.%2BImmunol.%2B2005%3B17%3A656-661.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Teixeira%2BLK%2C%2BFonseca%2BBPF%2C%2BBarboza%2BBA%2C%2BViola%2BJPB.%2BThe%2Brole%2Bof%2Binterferon-%CE%B3%2Bon%2Bimmune%2Band%2Ballergic%2Bresponses.%2BMem.%2BInst.%2BOswaldo%2BCruz.%2B2005%3B100%28Suppl.1%29%3A137-144.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Holzer%2BU%2C%2BKwok%2BWW%2C%2BNepom%2BGT%2C%2BBuckner%2BJH.%2BDifferential%2BAntigen%2BSensitivity%2Band%2BCostimulatory%2BRequirements%2Bin%2BHuman%2BTh1%2Band%2BTh2%2BAntigen-Specific%2BCD4%2B%2BCells%2Bwith%2BSimilar%2BTCR%2BAvidity.%2BJ.%2BImmunol.%2B2003%3B170%3A1218-1223.%0A&hl=en&lr=&btnG=Search

ISPUB - CD4 T-Cell Cytokine Response to Mite Recombinant Tropomyosin in Mite, Snail and Shrimp Allergic Patients - Printable Article

38. Smit JJ, Lukacs NW. A closer look at chemokines and their role in asthmatic responses. Eur. J. Pharmacol. 2006;533(1-3):277-288. (s)

39. Mori A, Kaminuma O, Mikami T, Inoue S, Okumura Y, Akiyama K, et al. Transcriptional control of the IL-5 gene by human helper T-cells: IL-
5 synthesis is regulated independently from IL-2 or IL-4 synthesis. J. Allergy Clin Immunol. 1999;103(5):S429-436. (s)

40. Kips JC. Cytokines in asthma. Eur. Respir. J. Suppl. 2001;34:24-33. (s)

41. Nakai Y, Ohashi Y, Kakinoki Y, Tanaka A, Washio Y, Nasako Y, et al. Allergen-induced mRNA expression of IL-5, but not of IL-4 and IFN-
gamma, in peripheral blood mononuclear cells is a key feature of clinical manifestation of seasonal allergic rhinitis. Arch. Otolaryngol. Head Neck
Surg. 2000;126(8):992-996. (s)

42. Werfel T, Boeker M, Kapp A. Rapid expression of the CD69 antigen on T-cells and natural killer cells upon antigenic stimulation of peripheral

blood mononuclear cells suspensions. Allergy. 1997;52(4):465-469. (s)

43. Katial RK, Sachanandani D, Pinney C, Lieberman MM. Cytokine Production in Cell Culture by Peripheral Blood Mononuclear Cells from
Immunocompetent Hosts. Clin. Diagn. Lab. Immunol. 1998;5(1):78—81. (s)

44. Sullivan KE, Cutilli J, Piliero LM, Ghavimi-Alagha D, Starr SE, Campbell DE, et al. Measurement of cytokine secretion, intracellular protein

expression, and mRNA in resting and stimulated peripheral blood mononuclear cells. Clin. Diagn. Lab. Immunol. 2000;7(6):920-924. (s)

45. Crimi E, Gaffi D, Frittoli E, Borgonovo B, Burastero SE. Depletion of circulating allergen-specific TH2 T lymphocytes after allergen exposure
in asthma. J. allergy Clin. Immunol. 1997;99(6):788-797. (s)

46. Meissner N, Kochs S, Coutelle J, Kussebi F, Baumgarten C, Lowenstein H, et al. Modified T-cell activation pattern during specific
immunotherapy (SIT) in cat-allergic patients. Clin. Exp. Allergy. 1999;29(5):618-625. (s)

file://IDJ/AAA%20-%20Z ona%20l avoro/| SPUB%20-%20CD4%20T - Cel| %20Cytokine%20Re...%20Snai | %20and%20Shri mp%20Al lergi c%20Pati ents%20-%620Pri ntabl €%620Article.htm (22 di 23)21/04/2009 10.21.50


http://scholar.google.ca/scholar?q=Smit%2BJJ%2C%2BLukacs%2BNW.%2BA%2Bcloser%2Blook%2Bat%2Bchemokines%2Band%2Btheir%2Brole%2Bin%2Basthmatic%2Bresponses.%2BEur.%2BJ.%2BPharmacol.%2B2006%3B533%281-3%29%3A277-288.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Mori%2BA%2C%2BKaminuma%2BO%2C%2BMikami%2BT%2C%2BInoue%2BS%2C%2BOkumura%2BY%2C%2BAkiyama%2BK%2C%2Bet%2Bal.%2BTranscriptional%2Bcontrol%2Bof%2Bthe%2BIL-5%2Bgene%2Bby%2Bhuman%2Bhelper%2BT-cells%3A%2BIL-5%2Bsynthesis%2Bis%2Bregulated%2Bindependently%2Bfrom%2BIL-2%2Bor%2BIL-4%2Bsynthesis.%2BJ.%2BAllergy%2BClin%2BImmunol.%2B1999%3B103%285%29%3AS429-436.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Kips%2BJC.%2BCytokines%2Bin%2Basthma.%2BEur.%2BRespir.%2BJ.%2BSuppl.%2B2001%3B34%3A24-33.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Nakai%2BY%2C%2BOhashi%2BY%2C%2BKakinoki%2BY%2C%2BTanaka%2BA%2C%2BWashio%2BY%2C%2BNasako%2BY%2C%2Bet%2Bal.%2BAllergen-induced%2BmRNA%2Bexpression%2Bof%2BIL-5%2C%2Bbut%2Bnot%2Bof%2BIL-4%2Band%2BIFN-gamma%2C%2Bin%2Bperipheral%2Bblood%2Bmononuclear%2Bcells%2Bis%2Ba%2Bkey%2Bfeature%2Bof%2Bclinical%2Bmanifestation%2Bof%2Bseasonal%2Ballergic%2Brhinitis.%2BArch.%2BOtolaryngol.%2BHead%2BNeck%2BSurg.%2B2000%3B126%288%29%3A992-996.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Werfel%2BT%2C%2BBoeker%2BM%2C%2BKapp%2BA.%2BRapid%2Bexpression%2Bof%2Bthe%2BCD69%2Bantigen%2Bon%2BT-cells%2Band%2Bnatural%2Bkiller%2Bcells%2Bupon%2Bantigenic%2Bstimulation%2Bof%2Bperipheral%2Bblood%2Bmononuclear%2Bcells%2Bsuspensions.%2BAllergy.%2B1997%3B52%284%29%3A465-469.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Katial%2BRK%2C%2BSachanandani%2BD%2C%2BPinney%2BC%2C%2BLieberman%2BMM.%2BCytokine%2BProduction%2Bin%2BCell%2BCulture%2Bby%2BPeripheral%2BBlood%2BMononuclear%2BCells%2Bfrom%2BImmunocompetent%2BHosts.%2BClin.%2BDiagn.%2BLab.%2BImmunol.%2B1998%3B5%281%29%3A78%E2%80%9381.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Sullivan%2BKE%2C%2BCutilli%2BJ%2C%2BPiliero%2BLM%2C%2BGhavimi-Alagha%2BD%2C%2BStarr%2BSE%2C%2BCampbell%2BDE%2C%2Bet%2Bal.%2BMeasurement%2Bof%2Bcytokine%2Bsecretion%2C%2Bintracellular%2Bprotein%2Bexpression%2C%2Band%2BmRNA%2Bin%2Bresting%2Band%2Bstimulated%2Bperipheral%2Bblood%2Bmononuclear%2Bcells.%2BClin.%2BDiagn.%2BLab.%2BImmunol.%2B2000%3B7%286%29%3A920-924.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Crimi%2BE%2C%2BGaffi%2BD%2C%2BFrittoli%2BE%2C%2BBorgonovo%2BB%2C%2BBurastero%2BSE.%2BDepletion%2Bof%2Bcirculating%2Ballergen-specific%2BTH2%2BT%2Blymphocytes%2Bafter%2Ballergen%2Bexposure%2Bin%2Basthma.%2BJ.%2Ballergy%2BClin.%2BImmunol.%2B1997%3B99%286%29%3A788-797.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Meissner%2BN%2C%2BKochs%2BS%2C%2BCoutelle%2BJ%2C%2BKussebi%2BF%2C%2BBaumgarten%2BC%2C%2BLowenstein%2BH%2C%2Bet%2Bal.%2BModified%2BT-cell%2Bactivation%2Bpattern%2Bduring%2Bspecific%2Bimmunotherapy%2B%28SIT%29%2Bin%2Bcat-allergic%2Bpatients.%2BClin.%2BExp.%2BAllergy.%2B1999%3B29%285%29%3A618-625.%0A&hl=en&lr=&btnG=Search

ISPUB - CD4 T-Cell Cytokine Response to Mite Recombinant Tropomyosin in Mite, Snail and Shrimp Allergic Patients - Printable Article

47. Leonard C, Tormey V, Burke C, Poulter LW. Allergen-induced cytokine production in atopic disease and its relationship to disease severity.
Am. J. Respir. Cell Mol. Biol. 1997;17(3):368-375. (s)

48. Chardin H, Peltre G. Allergome: the characterization of allergens based on a 2D gel electrophoresis approach. Expert Rev. Proteomics. 2005;2
(5):757-765. (s)

49. Kitamura N, Kaminuma O, Mori A, Hashimoto T, Kitamura F, Miyagishi M, et al. Correlation between mRNA expression of Th1/Th2

cytokines and their specific transcription factors in human helper T-cell clones. Immunol. Cell. 2005;83(5):536-541. (s)

50. Gabrielsson S, Soderlund A, Nilsson C, Lilja G, Nordlund M, Troye-Blomberg M. Influence of atopic heredity on IL-4-, IL-12- and IFN-

gamma-producing cells in in vivo activated cord blood mononuclear cells. Clin. Exp. Immunol. 2001;126(3):390-396. (s)

51. Vandenbulcke L, Bachert C, Van Cauwenberge P, Claeys S. The Innate Immune System and Its Role in Allergic Disorders. Int. Arch. Allergy
Immunol. 2006;139:159-165. (s)

52. Akdis CA, Blaser K, Akdis M. Genes of tolerance. Allergy. 2004;59(9):897-913. (s)

53. O’Connor JE, Callaghan RC, Escudero M, Herrera G, Martinez A, Monteiro MC, Montoliu H (2001) The Relevance of Flow Cytometry for
Biochemical Analysis. IUBMB Life. 2001;51:231-239. (s)

This article was last modified on Fri, 27 Mar 09 18:23:02 -0500

This page was generated on Tue, 21 Apr 09 01:19:49 -0500, and may be cached.

file://IDJ/AAA%20-%20Z ona%20l avoro/| SPUB%20-%20CD4%20T - Cel| %20Cytokine%20Re...%20Snai | %20and%20Shri mp%20Al lergi c%20Pati ents%20-%20Pri ntabl €2620Article.htm (23 di 23)21/04/2009 10.21.50


http://scholar.google.ca/scholar?q=Leonard%2BC%2C%2BTormey%2BV%2C%2BBurke%2BC%2C%2BPoulter%2BLW.%2BAllergen-induced%2Bcytokine%2Bproduction%2Bin%2Batopic%2Bdisease%2Band%2Bits%2Brelationship%2Bto%2Bdisease%2Bseverity.%2BAm.%2BJ.%2BRespir.%2BCell%2BMol.%2BBiol.%2B1997%3B17%283%29%3A368-375.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Chardin%2BH%2C%2BPeltre%2BG.%2BAllergome%3A%2Bthe%2Bcharacterization%2Bof%2Ballergens%2Bbased%2Bon%2Ba%2B2D%2Bgel%2Belectrophoresis%2Bapproach.%2BExpert%2BRev.%2BProteomics.%2B2005%3B2%285%29%3A757-765.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Kitamura%2BN%2C%2BKaminuma%2BO%2C%2BMori%2BA%2C%2BHashimoto%2BT%2C%2BKitamura%2BF%2C%2BMiyagishi%2BM%2C%2Bet%2Bal.%2BCorrelation%2Bbetween%2BmRNA%2Bexpression%2Bof%2BTh1%2FTh2%2Bcytokines%2Band%2Btheir%2Bspecific%2Btranscription%2Bfactors%2Bin%2Bhuman%2Bhelper%2BT-cell%2Bclones.%2BImmunol.%2BCell.%2B2005%3B83%285%29%3A536-541.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Gabrielsson%2BS%2C%2BSoderlund%2BA%2C%2BNilsson%2BC%2C%2BLilja%2BG%2C%2BNordlund%2BM%2C%2BTroye-Blomberg%2BM.%2BInfluence%2Bof%2Batopic%2Bheredity%2Bon%2BIL-4-%2C%2BIL-12-%2Band%2BIFN-gamma-producing%2Bcells%2Bin%2Bin%2Bvivo%2Bactivated%2Bcord%2Bblood%2Bmononuclear%2Bcells.%2BClin.%2BExp.%2BImmunol.%2B2001%3B126%283%29%3A390-396.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Vandenbulcke%2BL%2C%2BBachert%2BC%2C%2BVan%2BCauwenberge%2BP%2C%2BClaeys%2BS.%2BThe%2BInnate%2BImmune%2BSystem%2Band%2BIts%2BRole%2Bin%2BAllergic%2BDisorders.%2BInt.%2BArch.%2BAllergy%2BImmunol.%2B2006%3B139%3A159-165.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=Akdis%2BCA%2C%2BBlaser%2BK%2C%2BAkdis%2BM.%2BGenes%2Bof%2Btolerance.%2BAllergy.%2B2004%3B59%289%29%3A897-913.%0A&hl=en&lr=&btnG=Search
http://scholar.google.ca/scholar?q=O%E2%80%99Connor%2BJE%2C%2BCallaghan%2BRC%2C%2BEscudero%2BM%2C%2BHerrera%2BG%2C%2BMart%C3%ADnez%2BA%2C%2BMonteiro%2BMC%2C%2BMontol%C3%ADu%2BH%2B%282001%29%2BThe%2BRelevance%2Bof%2BFlow%2BCytometry%2Bfor%2BBiochemical%2BAnalysis.%2BIUBMB%2BLife.%2B2001%3B51%3A231-239.%0A&hl=en&lr=&btnG=Search

	Disco locale
	ISPUB - CD4 T-Cell Cytokine Response to Mite Recombinant Tropomyosin in Mite, Snail and Shrimp Allergic Patients - Printable Article


