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Innate lymphoid cells type 2 in LTP-allergic patients and their 
modulation during sublingual immunotherapy

To the Editor,
Lipid transfer protein allergy induces complex clinical manifesta-
tions, often severe or life-threatening in food allergy (FA).1 It is 
characterised by an immunologic tolerance breakdown to ingested 
food associated with the immunological response type 2. The in-
nate lymphoid cell type 2 (ILC2) have emerged as key in FA, mainly 
in animal models.2 ILC2 share morphological characteristics with 
lymphocytes, with no expression of allergen recognition receptors, 
with expression of transcription factor GATA-3, and receptors for 
IL-25, IL-33 and thymic stromal lymphopoietin (TSLP). ILC2 are ac-
tivated by these cytokines, originating their expansion and produc-
tion of Th2-cytokines.3 Furthermore, a distinct subset of ILC2 with 
regulatory function with IL-10 production, which can be activated 
by different immunological pathways and by retinoic acid, has been 
characterised.4 However, the innate immune cell involvement in the 
allergic disease remains to be elucidated, specifically ILC2 implica-
tion in loss of tolerance to food allergens in humans.

There is a great interest in exploring how ILC2 can be affected 
by allergen-specific immunotherapy (AIT), postulating them as a bio-
marker predictor of responses.5 We demonstrated the safety and ef-
fectiveness of sublingual immunotherapy (SLIT) using Pru p 3-enriched 
extracts (SLIT-Prup3),6 showing allergen-specific Th2-cell modulation, 
involving dendritic cell (DC) activity and inducing a regulatory pattern.7 
However, the effect of SLIT-Prup3 on ILC2 is yet to be determined.

We report for the first time ILC2 implication in LTP allergy 
and SLIT-Prup3 ability to modulate effector Th2 cells and ILC2 

in LTP-allergic patients (LTP-AP). This study included LTP-AP and 
tolerant controls without FA (TC) (Table  1). From these, seven 
LTP-AP were chosen for presenting more allergic episodes after 
peach intake and systemic symptoms (Table 1), treated with (SLIT-
Prup3-LTP-AP) for 1 year and evaluated at different time points 
(T0, T1, T6, T12  months). From all subjects, peripheral blood 
mononuclear cells (PBMCs) were obtained, stimulated and phe-
notypically characterised by flow cytometry as ILC2 and T cells 
(Figures S1-S2) and the possible relationship of ILC2 with T cells 
and clinical parameters analysed. Further methods details are in-
cluded in the OS.

Our results suggest that ILC2, IL-4+ and IL-13+ILC2 (Figure 1A) 
as well as IL-4+ and IL-13+ Th2 cell percentages (Figure S3A) were 
significantly higher in LTP-AP than in TC.8 This could indicate that 
the type 2 immune response in FA is mediated by an apparent action 
of Th2 cells and ILC2. Moreover, there was a positive correlation be-
tween both cell types, significant for IL-13+ILC2 vs IL-13+Th2 cells 
(Figure S3B).

Furthermore, IL-4+ and IL-13+ILC2 frequencies in LTP-AP had a 
strong positive correlation with skin prick test and Pru p 3-sIgE levels 
(Figure 1B). Although limited by the sample size, LTP-AP with anaphy-
laxis symptoms had higher IL-4+ and IL-13+ILC2 levels compared with 
LTP-AP with mild symptoms (urticaria and angioedema) (Figure 1C). 
These observations, together with the link between ILC2 and the 
IgE-mediated adaptive response, represent an important advance in 
the ILC2 role in FA, suggesting them as a potential therapeutic target 
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for FA in clinical practise. Moreover, the different ILC2 phenotype 
frequencies and their correlations with aeroallergen-sIgE in LTP-AP 
and TC with or without rhinitis demonstrated that the differences 
found between LTP-AP and TC are mediated by Pru p 3 and not by 
the respiratory symptoms (data not shown).

We characterised the ILC2 profile during SLIT-Prup3 in PBMCs 
from LTP-AP treated for 1 year (Table S2 and Figure S4A). Results 
showed a significant decrease in total ILC2 during treatment and 
a reduction in IL-4+ and IL-13+ILC2 frequency at T12; being signifi-
cantly lower in SLIT-Prup3-treated LTP-AP compared with non-
treated LTP-AP, and tending to TC levels (Figure 1D). Moreover, 
T cell modulation by SLIT-Prup3 showed: i) a significant increase 
in IFNγ+Th1 and Treg cells and a significant decrease in IL-4+Th2 
cells at T12 (Figure S3C)7; and ii) a positive correlation after 1 year 
of treatment between the Th2 cells and ILC2, being significant 
for IL-13+ILC2 vs IL-13+Th2 cells (Figure S3D). Furthermore, ILC2 
were not capable of producing IFNγ, but they did produce IL-10 

only in treated LTP-AP (Figure 1D). Indeed, we considered that IL-
10+ILC2 was an independent phenotype without IL-4 production 
by ILC2 (Figure S1); and after 1 year of treatment the IL-10 fre-
quency was more elevated than IL-4+ and IL-13+ frequencies in the 
ILC2 (Figure 1E). These results suggested that SLIT-Prup3 could 
induce a new immunomodulatory function of activated IL-10+ILC2. 
Although not directly studied in this work, immunological path-
ways, implicating the retinoic acid or IFNy production, could be 
associated with downregulated pro-inflammatory genes distinct 
from those that induce IL-4+ or IL-13+ILC2.4,9 Moreover, we ob-
served a significant negative correlation between IL-13+ILC2; and 
IL-4+ILC2 with the regulatory pattern of ILC2 in LTP-AP treated 
for T12 (Figure S5A). These results suggest that SLIT could mod-
ulate the regulatory ILC2 phenotype. Furthermore, our results 
showed the significant positive correlation of Treg cells vs IL-
10+ILC2 stimulated by SLIT-Prup3 in LTP-AP at T12 (Figure S5B). 
The correlation analysis between the regulatory pattern (Treg 

TA B L E  1   Clinical characteristics and allergological work-up results

N. subjects Age Sex
Pollen/mite 
sensitisation Rhinitis

Rhinitis 
severity (Aria)

Asthma/atopic 
dermatitis

Reaction 
type OPS

N. 
episodes

SPT 
(mm2)

sIgE 
(kU/L)

LTP-AP1 34 F Grass/olive Yes Persistent-mild No Anaph 5 >3 8 6.96

LTP-AP2 44 M Grass Yes Persistent-
moderate

No U 17 >3 8 20.6

LTP-AP3 39 F – No – No U/Ang 15 >3 9 10.9

LTP-AP4 32 F Grass/olive Yes Intermittent-
mild

No U 12 >3 7 34.4

LTP-AP5 48 M Olive Yes Persistent-
moderate

No Anaph 15 >3 8 3.58

LTP-AP6 27 F Grass/olive Yes Persistent-mild No Anaph 2 >3 10 5.26

LTP-AP7 31 F – No – No U 8 >3 10 7.85

LTP-AP8 28 F – No – No U/Ang 5 1 8 1.05

LTP-AP9 37 M – No – No Ang 30 1 7 8.16

LTP-AP10 49 F Grass Yes Persistent-mild No Anaph 10 1 13 13.2

TC1 35 F – No – No T – – – <0.35

TC2 48 M – No – No T – – – <0.35

TC3 46 M HDM Yes Persistent-
moderate

No T – – – <0.35

TC4 48 M Olive Yes Persistent-mild No T – – – <0.35

TC5 22 F – No – No T – – – <0.35

TC6 39 F HDM Yes Persistent-
moderate

No T – – – <0.35

TC7 26 F Olive Yes Persistent-mild No T – – – <0.35

TC8 46 M Olive Yes Persistent-
moderate

No T – – – <0.35

TC9 48 M HDM Yes Persistent-mild No T – – – <0.35

TC10 39 M HDM Yes Persistent-
moderate

No T – – – <0.35

Note: OPS, Onset of Peach Symptoms is the time (min) that has passed from the first reaction with peach to the patient evaluation in the consultation. 
Marked in bold letters, patients who were treated with SLIT-Prup3.

Abbreviations: Anaph, anaphylaxis; HDM, House Dust Mite; LTP-AP, Lipid transfer protein-allergic patients; N, number; SPT, Skin prick test and sIgE 
to Pru p 3; T, tolerant; TC, tolerant control; U/Ang, urticaria and/or angioedema.
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cells and IL-10+ILC2) and clinical characteristics after T12 showed 
positive correlations (Figures S4B-S5C), significant for Treg cells 
vs Pru p 3-sIgG4. Although most of these correlations were not 

significant, probably because of the sample size, suggested the 
possible implication of regulatory cells in the tolerance response 
induced by AIT.

F I G U R E  1   ILC2 analysis. (A) ILC2 percentages in LTP-allergic patients (LTP-AP, N = 10) and tolerant controls (TC, N = 10); (B) Correlation of the 
IL-4+ and IL-13+ILC2 percentages vs clinical parameters. (C) ILC2 percentages in LTP-AP with Urticaria and/or Angioedema (without colour, U/Ang, 
N = 6) and Anaphylaxis (with colour, Anaph, N = 4); (D) Changes in the total ILC2 and their phenotypes during SLIT-Prup3 in treated LTP-AP (N = 7) 
(T0, T1, T6 and T12), in non-treated LTP-AP, and TC at only one point. (E) IL-4, IL-13 and IL-10 percentages in ILC2 from treated LTP-AP (at T12), 
from non-treated LTP-AP, and TC at only one point. Bars plus symbols represent the mean and SEM. The symbols indicate individual data points for 
the different groups of study. The significant differences are represented as p-values <0.05 [Color figure can be viewed at wileyonlinelibrary.com]
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Our results report the first evidence of the presence of ILC2 
in FA patients and their modulation by specific immunotherapy. 
Overall, we have identified and characterised peripheral ILC2 in 
LTP-AP, with frequencies closely related to clinical parameters (in 
vivo) together with Pru p 3-sIgE levels and Th2 cells. Furthermore, 
SLIT-Prup3 could change their type 2 response phenotype frequen-
cies in peripheral blood towards a regulatory phenotype, associated 
with regulatory pattern of the adaptive T cells, suggesting their con-
tribution to clinical and immunological tolerance. We are aware of 
the need of more studies, if the changes in the ILC2 frequency are 
maintained in the time; and on a larger population for AIT with Pru 
p 3 and specific cytokines to stimulate the ILC2 and analysing the 
IL10+ILC2 functionality in the immunomodulation. Even so, these 
findings offer new information on ILC2 participation in loss of toler-
ance in FA, postulating them as therapeutic targets and biomarkers 
to predict food-immunotherapy responses.

FUNDING INFORMATION
We thank Ms Claudia Corazza for her help with the English version of 
the manuscript. In addition, the study was funded by grants from the 
Institute of Health ‘Carlos III’ (ISCIII) of the Ministry of Economy and 
Competitiveness: PI17/01318 and PI18/00288. RETICS ARADyAL 
(RD16/0006/0001), Juan Rodes (JR18/00054), Rio Hortega 
(CM17/00141) and Sara Borrell (CD16/00042) Programs and 
Mobility Subprogram (M-AES) (MV18/00014). Andalusian Regional 
Ministry of Health (PE-0039-2018 and PI-0099-2020), Senior 
Clinical Researcher Program (B-0005-2019) and Nicolas Monardes 
Program (RC-0004-2016C). Grants were co-funded by the European 
Regional Development Fund (ERDF). ‘Una manera de hacer Europa’ 
‘Andalucía se mueve con Europa’.

CONFLIC T OF INTERE S T
The authors declare that they have no relevant conflicts of interest.

Francisca Palomares1

Francisca Gómez2

Gádor Bogas2

Laura Maggi3

Lorenzo Cosmi3

Francesco Annunziato3

Rafael Núñez1

Natalia Pérez2

Rosa Muñoz-Cano4,5

María José Torres2,6

Cristobalina Mayorga1,2

1Allergy Research Group, Instituto de Investigación Biomédica 
de Málaga-IBIMA, Málaga, Spain

2Allergy Clinical Unit, Hospital Regional Universitario de Málaga, 
Málaga, Spain

3Department of Experimental and Clinical Medicine, University 
of Florence, Florence, Italy

4Allergy Section, Pneumology Department, Institut Clínic 
Respiratori (ICR), Hospital Clínic de Barcelona, Barcelona, Spain

5Institut d'Investigacions Biomèdiques August Pi iSunyer 
(IDIBAPS), Universitat de Barcelona, Barcelona, Spain

6Medicine Department, Universidad de Málaga-UMA, Málaga, 
Spain

Correspondence
Francisca Palomares, Research Laboratory-Allergy Unit, 

Pavilion 5, basement, Regional University Hospital of 
Malaga, Plaza del Hospital Civil, 29009 Malaga, Spain.

Email: francis.palomares@gmail.com

Francisca Palomares, Francisca Gómez, María José Torres and 
Cristobalina Mayorga authors with equal contribution. 

ORCID
Francisca Palomares   https://orcid.org/0000-0001-5591-7877 
Francisca Gómez   https://orcid.org/0000-0003-1607-6686 
Laura Maggi   https://orcid.org/0000-0003-2862-9591 
Natalia Pérez   https://orcid.org/0000-0001-9399-8188 
Rosa Muñoz-Cano   https://orcid.org/0000-0001-8566-8285 
María José Torres   https://orcid.org/0000-0001-5228-471X 
Cristobalina Mayorga   https://orcid.org/0000-0001-8852-8077 

R E FE R E N C E S
	1.	 Mota I, Gaspar A, Benito-Garcia F, et al. Anaphylaxis caused by 

lipid transfer proteins: an unpredictable clinical syndrome. Allergol 
Immunopathol (Madr). 2018;46(6):565-570.

	2.	 Burton OT, Medina Tamayo J, Stranks AJ, et al. IgE promotes type 
2 innate lymphoid cells in murine food allergy. Clin Exp Allergy. 
2018;48(3):288-296.

	3.	 Kabata H, Moro K, Koyasu S. The group 2 innate lymphoid cell (ILC2) 
regulatory network and its underlying mechanisms. Immunol Rev. 
2018;286(1):37-52.

	4.	 Morita H, Kubo T, Ruckert B, et al. Induction of human regulatory 
innate lymphoid cells from group 2 innate lymphoid cells by retinoic 
acid. J Allergy Clin Immunol. 2019;143(6):2190.

	5.	 Shamji MH, Durham SR. Mechanisms of allergen immunotherapy for 
inhaled allergens and predictive biomarkers. J Allergy Clin Immunol. 
2017;140(6):1485-1498.

	6.	 Gomez F, Bogas G, Gonzalez M, et al. The clinical and immuno-
logical effects of Pru p 3 sublingual immunotherapy on peach and 
peanut allergy in patients with systemic reactions. Clin Exp Allergy. 
2017;47(3):339-350.

	7.	 Palomares F, Gomez F, Bogas G, et al. Immunological changes in-
duced in peach allergy patients with systemic reactions by Pru p 3 
sublingual immunotherapy. Mol Nutr Food Res. 2018;62(3):1700669.

	8.	 Pasha MA, Patel G, Hopp R, Yang Q. Role of innate lymphoid cells in 
allergic diseases. Allergy Asthma Proc. 2019;40(3):138-145.

	9.	 Vickery BP, Burks AW. Immunotherapy in the treatment of food 
allergy: focus on oral tolerance. Curr Opin Allergy Clin Immunol. 
2009;9(4):364-370.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

 13989995, 2021, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.14745 by U

niversidad D
e Sevilla, W

iley O
nline L

ibrary on [25/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:﻿
https://orcid.org/0000-0001-5591-7877
https://orcid.org/0000-0003-1607-6686
https://orcid.org/0000-0003-2862-9591
https://orcid.org/0000-0001-9399-8188
https://orcid.org/0000-0001-8566-8285
https://orcid.org/0000-0001-5228-471X
https://orcid.org/0000-0001-8852-8077
mailto:francis.palomares@gmail.com
https://orcid.org/0000-0001-5591-7877
https://orcid.org/0000-0001-5591-7877
https://orcid.org/0000-0003-1607-6686
https://orcid.org/0000-0003-1607-6686
https://orcid.org/0000-0003-2862-9591
https://orcid.org/0000-0003-2862-9591
https://orcid.org/0000-0001-9399-8188
https://orcid.org/0000-0001-9399-8188
https://orcid.org/0000-0001-8566-8285
https://orcid.org/0000-0001-8566-8285
https://orcid.org/0000-0001-5228-471X
https://orcid.org/0000-0001-5228-471X
https://orcid.org/0000-0001-8852-8077
https://orcid.org/0000-0001-8852-8077

