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Abstract
Background  Although IL-33/ST2 axis is involved in the development of allergic diseases, its contribution in food allergy 
is still unknown.
Methods  In this study, we assessed the serum levels of IL-33 and its s-ST2 receptor in 53 control patients (without allergic 
diseases), 47 peach (Pru p 3)-sensitized allergic patients (SAP), and in 68 non-Pru p 3-SAP. Basophil activation test (BAT) 
was used to assess the basophil activation due to allergen exposure before and after the addition of s-ST2 to the blood sam-
ples from 5 Pru p 3-SAP.
Results  IL-33 levels in Pru p 3-SAP were higher than in non-Pru p 3-SAP and in normal controls. Lower s-ST2 levels were 
found in Pru p 3-SAP than in non-Pru p 3-SAP. IL-33/s-ST2 ratio was higher in Pru p 3-SAP than in both non-Pru p 3-SAP 
and controls. Higher IL-33/s-ST2 ratio was observed in Pru p 3-SAP with severe than in those with mild systemic symptoms. 
BAT analysis in Pru p 3-SAP showed a decrease in basophil activation due to Pru p 3 exposure after the addition of s-ST2 
to the blood samples.
Conclusions  An imbalance in the baseline levels of IL-33/ST2 pathway is present in Pru p 3-SAP. The measurement of this 
pathway might be helpful to detect patients at a higher risk of developing severe systemic symptoms.

Keywords  IL-33 receptor · sST2 · Food allergy · Non-specific lipid-transfer protein · Peach allergy · sIgE to Pru p 3 · 
Anaphylaxis · Basophil activation test · Panallergens

Abbreviations
IL-33	� Interleukin 33
s-ST2	� Soluble IL-33 receptor
Pru p 3-SAP	� Peach lipid-transfer protein (LTP)-

sensitized allergic patients
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Non-Pru p 3-SAP	� Non-Pru p 3-sensitized allergic 
patients

sIgE	� Specific immunoglobuline E
BAT	� Basophil activation test
SPT	� Skin prick test
OAS	� Oral allergic syndrome
ELISA	� Enzyme-linked immunosorbent assay
nsLTP	� Non-specific lipid-transfer protein
IL-1RL	� IL-1 receptor or like 1 gene

Background

IL-33 is a cytokine belonging to IL-1 family (IL-1α, IL-1β, 
IL-18) with a dual function, acting both as a traditional 
cytokine through activation of the ST2 receptor complex 
and as an intracellular nuclear factor with transcriptional 
regulatory properties [1]. The nuclear IL-33 is released by 
necrotic cells after tissue injury and/or trauma, and subse-
quently provokes local inflammation as an alarmin.

IL-33 exerts its function through the ST2, an IL-1 recep-
tor-related protein highly and specifically expressed on Th2 
cells [2, 3], of which two isoforms have been identified: T1/
ST2, a trans-membrane form, and s-ST2, a secreted solu-
ble form. T1/ST2 and sST2 have a common extracellular 
domain, but sST2, lacking the trans-membrane and intracel-
lular domains, can serve as a decoy receptor of IL-33 [4]. 
This receptor is a critical component of Th2 response [3] 
and triggers the production of additional pro-inflammatory 
cytokines in allergic diseases [5].

In addition, excessive production and/or inappropriate 
activation of IL-33 is also considered to be involved in the 
development of allergic disorders including rhinitis [4], 
atopic dermatitis [6], and asthma [7, 8]. Murine studies have 
shown the presence of this alarmin in food allergy, particu-
larly in peanut allergy [9, 10].

It is well known that Pru p 3, a nsLTP, is the major peach 
allergen and the most frequent cause of food allergy in adults 
living in the Mediterranean area [11, 13]. Sensitization to 
this nsLTPs is associated with a broad spectrum of symp-
toms ranging from oral allergy syndrome (OAS) to anaphy-
lactic shock [14].

At the moment, nobody has studied the IL-33/s-ST2 path-
way in peach allergic patients who experienced systemic 
symptoms after the consumption of peach. Therefore, we 
decided to assess the serum levels of IL-33 and of the solu-
ble receptor (s-ST2) in Pru p 3-sensitized allergic patients 
(SAP), non-Pru p 3-SAP, and in normal controls. Further-
more, to test whether s-ST2 counteracted the inflammatory 
effects of the released IL 33, basophil activation test was 
performed in the absence and presence of a specific allergen 
(Pru p 3) and with the addition of s-ST2 receptor.

Methods

Study population

168 adult patients, resident in South Italy, were recruited from 
the Allergy Diseases Center “Prof Giovanni Bonsignore” 
(IBIM—CNR) and from the Allergy Unit, Buccheri La Ferla 
Hospital, Palermo, Italy. The study was performed with the 
approval of the ethics committee of Policlinico-Giaccone Hos-
pital-Palermo Italy (7/2013–12.06.2013) and was in agreement 
with the Helsinki Declaration. Informed written consent from 
adult patients were obtained. Neither children nor mentally 
impaired individuals were enrolled. Patients were grouped 
as follow: 53 control patients (without a clinical history of 
allergic diseases and with negative skin prick test (Alk Abello, 
Italy) and/or negative sIgE to common food/aero-allergens), 68 
non-Pru p 3-SAP (with mild persistent asthma and or rhinitis 
and positive skin test and/or sIgE to common aero-allergens; 
negative clinical history of food allergy), and 47 Pru p 3-SAP 
with a clear history of an allergic reaction after being in physi-
cal contact (i.e., skin) with/or after the consumption of a peach, 
confirmed by SPT to peach extract (standardized extract from 
Alk Abello industry, Italy) and by molecular diagnosis. Meas-
urement of sIgE (ImmunoCAP system, Termofisher/Phadia 
Diagnostic. Uppsala, Sweden) to peach, apple, corn, tomato, 
rice, kiwi, hazelnut, peanut, walnut, almond, soy, and wheat 
was done in all groups. In addition, sIgE (ImmunoCAP sys-
tem, Termofisher/Phadia Diagnostic) to fish, shrimp, milk, 
egg, and Anisakis was measured in all groups to exclude other 
food sensivities.

The presence of concomitant respiratory allergic diseases 
(rhinitis and/or asthma) was also evaluated following the Aller-
gic Rhinitis and its Impact on Asthma (ARIA) and Global 
Initiative for Asthma (GINA) guidelines. The Pru p 3-SAP 
with concomitant respiratory diseases (mild persistent asthma 
and or rhinitis) were 24, while the Pru p 3-SAP without con-
comitant respiratory diseases were 23. Patients with mild per-
sistent asthma were treated with inhaled corticosteroids and 
long-acting beta 2 agonists, while patients with chronic rhinitis 
were treated with nasal corticosteroids. In addition, patients 
were grouped into Pru p 3-SAP with mild systemic reactions 
(Mueller classification grade 1–2; n = 27) and Pru p 3-SAP 
with severe systemic reactions (Mueller classification grade 
3–4; n = 20).

All diagnostic tests were performed in stable patients for 
at least 2 months after disease exacerbations (for rhinitis and 
asthma) or after the acute allergic reactions.

Skin prick test

SPTs were performed by the same investigator, on the volar 
surface of the forearm using a standard l-mm tip lancet, 
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according to the recommendations of the European Acad-
emy of Allergy and Clinical Immunology group. Hista-
mine hydrochloride (10 mg/mL) and saline (ALK Abello, 
Milan, Italy) were used as positive and negative controls, 
respectively.

SPT with mix of Lolium perenne, Phleum pratense and 
Cynodon dactylon (grass pollen), Olea europaea (olive), 
Artemisia vulgaris (mugworth), Parietaria judaica (Pari-
etaria), Dermatophagoides farinae and Dermatophagoides 
pteronyssinus (house dust mites), Alternaria tenuis (alter-
naria), Canis lupus familiaris (dog), Felis catus (cat) and 
Prunus persica (peach) was performed in all study partici-
pants with standardized extracts from Alk Abello industry, 
Italy. The SPT results were considered positive if the dif-
ference between the mean diameter of the wheal and the 
negative control was at least 3 mm.

Molecular diagnosis

sIgE anti-rPru p 1, anti-rPru p 3, and anti-rPru p 4 were 
determined using the ImmunoCAP system (Thermofisher/
Phadia Diagnostics, Uppsala, Sweden) in all groups. Results 
were expressed in kUA/L and values > 0.15kUA/L were con-
sidered positive.

IL‑33, s‑ST2, and 25‑OH vitamin D serum 
concentrations

Blood samples were collected from the enrolled patients. 
IL-33 concentrations were measured in the serum of all 168 
patients using an ELISA kit (Duoset; R&D Systems, Min-
neapolis, MN) (range 23.4–1,500 pg/mL) according to the 
manufacturer’s instructions. Results were expressed in pg/
mL.

s-ST2 receptor concentrations were measured in the 
serum of all 168 patients using an ELISA kit (Duoset; R&D 
Systems, Minneapolis, MN) (range 31.2–2000  ng/mL) 
according to the manufacturer’s instructions. Results were 
expressed in ng/ml. For s-ST2 receptor evaluation, sera con-
centrations were above the dynamic range and were appro-
priately diluted and re-analyzed.

25-OH vitamin D concentrations were measured in the 
serum of controls and Pru p 3-SAP (Duoset; R&D Systems, 
Minneapolis, MN) (range 5.3–133 ng/mL) according to the 
manufacturer’s instructions. Results were expressed in ng/
mL.

Basophil activation test (BAT) by flow cytometry

To better understand the biological relevance of the altered 
balance of IL-33 and sST2 in Pru p 3-SAP, BAT analyses 
were performed in five (n = 5) Pru p 3-SAP without rhinitis 
and asthma characterized by higher systemic IL-33/s-ST2 

ratio (mean 0.68 ± 0.4) in the absence of corticosteroid 
treatment. Peripheral blood was collected into K-EDTA 
venipuncture tubes as suggested by Buhlmann Manual. A 
basophil activation test, measured as expression of CD63 
(FlowCAST™; Bühlmann Laboratories AG®, Switzer-
land), was performed following the manufacturer’s pro-
cedure, incubating 50 µl of whole blood cells in 50 µl of 
BAT buffer with Pru p 3 allergen (Bühlmann Laborato-
ries AG®, Switzerland) at the concentration of 22.5 ng/
ml, undiluted and diluted 1:2, as suggested by FlowCAST 
instructions. Moreover, to determine the effect of s-ST2 on 
allergen-induced basophil activation, 50 µl of whole blood 
cells plus 50 µl of BAT buffer were pre-incubated with 
50 ng/ml of s-ST2 receptor (R&D Systems, Minneapolis, 
MN, USA) for 30 min at 37 °C; cells were then stimulated 
with Pru p 3 allergen as described above.

To evaluate basal degranulation values in the absence 
of any stimulations, the stimulation buffer was used as 
negative control. FlowCAST™ kit included two different 
positive controls: (1) anti-FcεRI mAb (no specific concen-
tration was reported in the manufacturer’s instructions), 
which mimics the bridging of the receptor in vivo caused 
by the allergen, and (2) fMLP (no specific concentration 
was reported in the manufacturer’s instructions), which is 
a tripeptide causing basophil activation in a non-immu-
nologic way. In each tube, the cells were stained with a 
mixture of monoclonal antibodies to human CD63-FITC 
and CCR3-PE for 30 min at 37 °C in a water bath. After 
red blood cell lysis, the cells were washed and analyzed 
by FACSCalibur supported with CellQuest acquisition and 
data analysis software (Becton Dickinson, Mountain View, 
CA, USA). Basophilic cells were gated by including the 
entire basophil population CCR3pos with low Side Scat-
ter SSClow, and after acquisition of 500–600 basophilic 
cells the procedure was stopped. Basophil activation was 
defined as the percentage of CD63 positive cells within 
the total population of identified basophilic cells. Stimu-
lation index (SI) was calculated from the ratio of CD63 
expression post-stimulus minus the basal CD63 expression 
divided for the basal CD63 expression. For Pru p 3, an 
increase of ≥ 15% of CD63+ cells compared to background 
was considered positive, as suggested by the manufactur-
er’s recommendations.

Data analysis

All data are expressed as median (with interquartile 
ranges). Differences among groups were tested by non-
parametric tests (Kruskal–Wallis and by Mann–Whitney 
tests). Results were considered significant when p < 0.05.
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Results

Patient demography

Demographic and clinical characteristics of the recruited 
subjects are reported in Table 1 and Table 2, respectively. 
All Pru p 3-SAP were only positive for both SPT to peach 
and sIgE to Pru p 3. All non-Pru p 3-SAP and control 
subjects were negative for both SPT to peach and sIgE to 
all peach allergens.

Serum IL‑33 levels in controls, Pru p 3‑SAP, 
and non‑Pru p 3‑SAP

IL-33 serum levels were significantly higher in Pru 
p 3-SAP (p < 0.0001) as well as in non-Pru p 3-SAP 
(p < 0.0001) than in normal controls. IL-33 serum con-
centrations were significantly higher in Pru p 3-SAP than 
in non-Pru p 3-SAP (p < 0.0001) [Fig. 1].

Serum s‑ST2 levels in controls, Pru p 3‑SAP, 
and non‑Pru p 3‑SAP

s-ST2 receptor serum levels were significantly higher 
(p < 0.0001) in non-Pru p 3-SAP than in normal controls. 
Surprisingly, significantly lower (p < 0.0001) s-ST2 recep-
tor serum levels were found in Pru p 3-SAP than in non-
Pru p 3-SAP. No difference was found between normal 
controls and Pru p 3-SAP [Fig. 2].

IL‑33, s‑ST2 levels, and respiratory diseases

Interestingly, there was a significant difference (p < 0.03) in 
the levels of IL-33 [Fig. 3A] but not in the levels of s-ST2 
[Fig. 3 B] between Pru p 3-SAP with respiratory diseases 
(rhinitis/asthma) and Pru p 3-SAP without respiratory dis-
eases (rhinitis/asthma). Within Pru p 3-SAP, no significant 

Table 1   Demographic characteristics of all study patients

Characteristics Control patients (n = 53) Non-Pru p 3-SAP 
(n = 68)

Pru p 3-SAP (n = 47)

Age (years, mean with range) 33.5 (20–50) 33.1 (18–54) 29.2 (18–46)
Gender (female/male; number) 25/28 31/37 25/22
Rhinitis and/or asthma (yes/no; number) 0/53 68/0 24/23
Sensitization (poli/mono; number) 0/0 45/23 30/17
Peach F.A./other F.A (number) 0/0 0/0 47/0
Positive SPT to peach extract (number) 0 0 47
Positive sIgE to Pru p 3/Pru p 1/Pru p 4 (number) 0/0/0 0/0/0 47/0/0

Table 2   Clinical characteristics 
of all study patients

Clinical manifestations (number) Control 
patients 
(n = 53)

Non-Pru p 
3-SAP (n = 68)

Pru p 
3-SAP 
(n = 47)

Mild systemic reactions generalized urticaria, angioedema 0 0 27
Severe systemic reactions generalized urticaria, angioedema, 

vomiting, diarrhea, dyspnea, hypotension
0 0 20

Fig. 1   IL-33 serum levels in normal controls, non-Pru p 3-SAP, and 
Pru p 3-SAP. Sera from normal controls (n = 53), non-Pru p 3-SAP 
(n = 68), and Pru p 3-SAP (n = 47) were assessed for IL-33 levels by 
ELISA method. Data were expressed as median (with interquartile 
ranges) *p < 0.05
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differences were observed between poli-sensitized (median 
504.2 pg/mL) and mono-sensitized (median 718.7 pg/mL) 
Pru p 3-SAP. No correlation was found between IL-33 serum 
levels and the severity of the clinical reaction as well as the 
serum levels of sIgE to Pru p 3 (data not shown).

IL‑33/s‑ST2 ratio

Furthermore, the IL-33/s-ST2 ratio was assessed in the 
recruited subjects. IL-33/s-ST2 ratio was significantly higher 
in Pru p 3-SAP than in normal controls (p < 0.0001) and in 
non-Pru p 3-SAP (p < 0.0001) [Fig. 4a]. Within Pru p 3-SAP, 
IL-33/s-ST2 ratio was significantly higher in patients with 
severe systemic reactions (p < 0.02) [Fig. 4b].

Serum 25‑OH vitamin D in controls and Pru p 3‑SAP

Since vitamin D can limit IL-33-mediated responses up-
regulating the expression of mRNA for the soluble decoy 
receptor sST2, the levels of 25-OH vitamin D in sera from 
Pru p 3-SAP were assessed and compared with the levels 
of 25-OH vitamin D in sera from controls. Higher levels 
of 25-OH vitamin D were observed in Pru p 3-SAP than in 
normal controls [Fig. 5].

Basophil activation test (BAT)

BAT analysis demonstrated that the addition of 50 µl of rPru 
p 3 to Pru p 3-SAP blood samples significantly increased 
(p < 0.0001) the percentage of activated CD63 + cells, while 
the addition of s-ST2 significantly decreased (p < 0.002) the 
percentage of activated CD63 + cells (Fig. 6a,b). All the 
tested patients positively responded to anti-FcεRI mAb and 
to FMLP used as positive controls (Fig. 6a).

Discussion

Dysregulation of ST2/IL-33 signaling and sST2 production 
have been implicated in a variety of inflammatory diseases 
including allergic diseases. This study, for the first time, 
demonstrates an imbalance between increased levels of IL-
33 and reduced levels of its soluble extracellular receptor 
ST2 in the serum of peach sensitized patients, particularly 
Pru p 3-sensitized allergic patients. IL-33/s-ST2 ratio is 
increased in Pru p 3-SAP with severe systemic reactions.

IL-33, originally identified as a nuclear factor protein 
in endothelial cells, can be produced by structural cells in 

Fig. 2   s-ST2 Serum levels in normal controls, non-Pru p 3-SAP, and 
Pru p 3-SAP. Sera from normal controls (n = 53), non-Pru p 3-SAP 
(n = 68), and Pru p 3-SAP (n = 47) were assessed for s-ST2 levels by 
the ELISA method. Data were expressed as median (with interquar-
tile ranges) *p < 0.05

Fig. 3   Influence of concomitant allergic respiratory diseases in the 
measurement of IL-33 and s-ST2 serum levels. Pru p 3-SAP recruited 
patients were stratified and compared for IL-33 (a) and for s-ST2 (b) 

serum levels on the basis of the presence or absence of rhinitis and 
asthma. Data were expressed as median (with interquartile ranges) 
*p < 0.05
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various tissues (epithelial, smooth muscle, and fibroblasts) 
and by hematopoietic cells, especially macrophages. IL-33 
dysregulation is present in different pathological contexts 
including chronic airway and allergic diseases [17, 18].

IgE antibodies signaling through the high affinity FcЄ 
receptor I (FcЄ RI) induce the transcription of IL-33 mRNA 
and the synthesis of the IL-33 protein [19]. So, anaphylaxis 
and anaphylactic shock, characterized by higher levels of 
IgE could be associated to higher levels of pro-inflammatory 
mediators including IL-33. Here, the highest IL-33 serum 
levels were found in the group IL-33 of peach allergic 
patients. Two possible mechanisms could explain this find-
ing: (1) nsLTP is a heat and enzymatic breakdown-resistant 
protein that can be potentially very dangerous, with the 

ability to promote the activation of several cytokines gen-
erating the development of systemic reactions; (2) all Pru 
p 3-SAP were only sensitized to Pru p 3 and not to other 
molecular allergens of the peach, such as PR 10 or profi-
lin. The influence of different co-factors in modulating the 
severity of allergic reactions to LTP food in patients suf-
fering from a concomitant pollen allergy is of great inter-
est. Co-sensitization to labile plant-food allergens, namely 
allergens from the PR-10 family and profilin, seems to 
reduce the severity of LTP allergy. This has been recently 
demonstrated in a large population of peach allergic patients 
with and without concomitant pollen allergy in which the 
simultaneous reactivity to Pru p 3 and Pru p 1 and/or Pru p 
4 can determine significantly different clinical situations in 
comparison to mono-sensitized patients. In addition, patients 
positive to Pru p 3 and simultaneously positive to Pru p 
1 and/or Pru p 4 could be protected against the develop-
ment of severe symptoms induced by Pru p 3 [20]. Recently, 
Uasuf et al. have published a study showing that this type of 
antibody pattern is present only in patients from North-East 
Italy, but absent in patients from South Italy, which might 
explain the development of more severe symptoms [21]. The 
Pru p 3-SAP included in the present study are all resident in 
South Italy and all are exclusively positive to Pru p3. Future 
evaluations are needed to clarify whether the presence or 
absence of Pru p 1 and/or Pru p 4 in different cohorts of 
patients is associated with increased serum levels of IL-33.

IL-33 is involved in the development of allergic disorders 
such as rhinitis and asthma. Evidences from experimental 
models strongly support a functional role for IL-33/IL-
1RL1 signaling in asthma pathogenesis [7]. Furthermore, 
it has been shown that IL-33 levels in the sera of patients 
with allergic rhinitis were significantly higher than that in 

Fig. 4   IL-33/s-ST2 ratio in sera from normal controls, non-Pru p 
3-SAP, and Pru p 3-SAP. a Sera from controls, non-Pru p 3–SAP, and 
Pru p 3-SAP were assessed for IL-33 and s-ST2 levels by the ELISA 
method and IL-33/s-ST2 ratio was calculated. Data were expressed as 
median (with interquartile ranges) *p < 0.05. b Pru p 3-SAP recruited 

patients were stratified and compared for IL-33/s-ST2 ratio on the 
basis of the presence or absence of the severity of systemic symptoms 
(mild or severe). Data were expressed as median (with interquartile 
ranges) *p < 0.05

Fig. 5   25-OH vitamin D in sera from normal controls and Pru p 
3-SAP. Sera from controls and Pru p 3-SAP were assessed for 25-OH 
vitamin D levels by the ELISA method. Data were expressed as 
median (with interquartile ranges) *p < 0.05
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normal controls [2]. In the view of these observations, we 
investigated whether the presence of concomitant respiratory 
diseases could influence IL-33 serum levels in Pru p 3-SAP. 
For this purpose, we also included non-Pru p 3-SAP with 
concomitant respiratory diseases. We found significantly 
lower IL-33 serum levels in non-Pru p 3-SAP and in Pru p 
3-SAP who suffer from rhinitis and /or asthma when com-
pared with those without concomitant respiratory diseases. 
This could be related to the fact that both non-Pru p 3-SAP 
and Pru p 3-SAP with rhinitis and/or asthma recruited in the 
present study were under treatment with inhaled steroids 
(nasal and/or oral), drugs able to modulate the production 

of inflammatory cytokines [22, 23] including IL-33. A pre-
vious study has demonstrated that the production of IL-33 
due to allergen challenge is modulated by glucocorticoid 
therapy [24].

The biological activities of IL-33 are mediated by the 
binding of IL-33 to the ST2 expressed on the membrane of 
hematopoietic cells (basophils, mast cells, Th2 lymphocytes, 
and eosinophils) and of structural cells (endothelial and epi-
thelial cells and fibroblasts). Upon the binding to the mem-
brane receptor, IL-33 in lymphocytes contributes to amplify 
Th2 responses promoting IL-4, IL-5, and IL-13 synthesis 
[24]. In mast cells, IL-33 acts through its membrane-bound 

Fig. 6   Effects of s-ST2 on basophil activation in Pru p 3-SAP. Baso-
phil activation test (BAT) was performed on peripheral blood baso-
phils of Pru p 3-SAP patients (n = 5), assessing CD63 expression by 
flow cytometry. a Representative dot plots from a basophil activation 
test experiment showing the strategy used to gate cell population to 

analyze and showing positive and negative controls, Pru p 3 aller-
gen (undiluted or 1:2 diluted), and undiluted allergen with s-ST2. b 
Data from n = 5 patients were expressed as percentage (mean ± SD) 
of positive cells. Only data on undiluted allergen were included in the 
graph. *p < 0.05
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receptor, ST2 receptor, and induces degranulation following 
IgE-sensitization [16]. In this regard, it has been recently 
demonstrated that IL-33 potentiates IgE-mediated mast cell 
responses by both increasing the number of responding cells 
and enhancing the magnitude of the responses of individual 
mast cells [25].

The receptor for IL-33 is encoded by IL1RL1, and a dif-
ferential splicing of the gene can produce a functional mem-
brane-bound receptor (ST2L) or a soluble decoy receptor 
(sST2).

To limit IL-33-mediated responses, mast cells respond to 
IL-33 and allergen challenge releasing increasing concen-
trations of soluble ST2 that acts as a decoy receptor [26]. 
Taking into account these concepts, we further investigated 
the imbalance of the IL-33 pathway in the recruited subjects, 
assessing s-ST2 receptor. Interestingly, the present study 
revealed significantly lower s-ST2 receptor serum levels in 
Pru p 3-SAP than in non-Pru p 3-SAP. s-ST2 receptor serum 
levels were not statistically different in Pru p 3-SAP with and 
without concomitant respiratory diseases suggesting that, 
differently from IL-33, s-ST2 levels are not susceptible to 
the effects of corticosteroids. ST2 receptor serum levels were 
similar in Pru p 3-SAP and in controls although IL-33 levels 
were higher in Pru p 3-SAP suggesting that a dysregulation 
in the mechanisms leading to the release of s-ST2 occurred 
in Pru p 3-SAP. Moreover, we assessed IL-33/s-ST2 ratio in 
the recruited subjects demonstrating that this ratio is spe-
cifically increased in Pru p 3-SAP who experienced severe 
systemic symptoms.

It is important to underline that the IL-33/s-ST2 ratio val-
ues showed here were obtained in stable conditions at least 
2 months after the acute allergic reactions. It is possible that 
other concomitant inflammatory pathologies or conditions 
such as cardiac disease, inflammatory bowel disease, and 
type 2 diabetes [27], not investigated in this study, could 
also influence the IL-33/ST2 axis in Pru p 3-SAP. We could 
hypothesize that the higher IL-33/s-ST2 ratio might con-
tribute to generate a minimal persistent inflammation that 
predisposed our patients to develop systemic multi-organ 
involvement when they were exposed to a lipid-transfer pro-
tein’s source. It is well known that in allergic rhinitis and 
asthma, even in the absent of symptoms, a minimal level of 
persistent inflammation is found [28]. In this regard, patients 
with dust mite allergy (i.e., continuously exposed to aller-
gen) present a minimal persistent inflammation both at nasal 
and conjunctiva levels. This inflammation is characterized 
by the presence of leukocyte infiltration and ICAM-1 expres-
sion in epithelial cells and by a relationship between spe-
cific and non-specific hyperactivity in the absence of clinical 
symptoms [29]. As in house dust mite allergy, where the 
natural exposure to allergen is continuous and its avoidance 
is almost impossible, the absence of nsLTP from diet is very 
difficult because most of the food used in the Mediterranean 

cuisine contains this protein. Therefore, we believe that min-
imum but continuous exposure to nsLTP may result in a per-
sistent inflammation even when subjects are asymptomatic.

We finally tested whether the imbalance in the IL-33/s-
ST2 ratio could affect basophil activation. BAT analysis was 
performed in five Pru p 3-SAP without rhinitis and asthma 
and without corticosteroid treatment, characterized by 
higher systemic IL-33/s-ST2 ratio. Using the basophil acti-
vation test assay, we have shown that the addition of recom-
binant s-ST2 receptor significantly reduced allergen-induced 
in vitro activation of basophils expressing surface allergen-
specific IgE, thus counteracting the IL-33 pro-inflammatory 
effects. This might be considered a novel mechanism, never 
described before, of a possible pathogenic role for IL-33/s-
ST2 in Pru p 3-SAP. The molecular mechanisms leading to 
the reduced levels of s-ST2 in the sera of Pru p 3 are largely 
unknown. Although previous reports have demonstrated that 
vitamin D can limit IL-33-mediated responses by selectively 
up-regulating the expression of mRNA for the soluble decoy 
receptor sST2 [30, 31] and that vitamin D deficiency is asso-
ciated with an increased risk of food allergy, higher vitamin 
D levels were observed in Pru p 3-SAP thus suggesting that 
other mechanisms lead to the reduced levels of s-ST2 in 
these patients. In this regard, it has been demonstrated that 
nuclear expression of IL-33 modulates sST2 release from 
endothelial cells [32]. Future studies are needed to clarify 
whether altered nuclear expression of IL-33 could contribute 
to reduce s-ST2 in Pru p 3-SAP.

Conclusions

Higher IL-33 and lower s-ST2 receptor baseline serum levels 
were detected in Pru p 3-SAP. IL-33/s-ST2 ratio is increased 
in Pru p 3-SAP and more in patients who experienced severe 
systemic symptoms. The addition of recombinant s-ST2 
receptor might contribute to a natural regulatory mechanism 
that could conceivably limit systemic IL-33 responses in 
peach food allergy.

The imbalance of this pathway could represent in the near 
future a biomarker to detect high-risk patients. These data 
open up new therapeutic approaches for food allergy.
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