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Respiratory allergies with no associated food allergy disrupt 
oral mucosa integrity
To the Editor,

Respiratory allergy is the most common allergy worldwide. 
Studies in Europe have shown that up to 30% of the population 
suffers from allergic rhinoconjunctivitis, while up to 20% suffer 
from asthma. This group of allergic diseases is characterized by 
an aberrant immune response to aeroallergens. The prevalence of 
aeroallergens varies in different regions depending on the climate.1 
Patients overexposed to grass pollen are frequently sensitized to the 
pan‐allergen profilin. In fact, we have recently demonstrated that 
a fraction of these patients develops severe profilin‐mediated food 
reactions that are associated with intense oral mucosa remodeling,2 
and with unique metabolic and transcriptomic signatures.3

In the present study, we aim to investigate whether oral mu‐
cosa is compromised in the absence of food allergy. We formulated 
the hypothesis that an intense systemic inflammation could induce 
structural changes in the oral mucosa after respiratory sensitization.

To test this hypothesis, we took advantage of respiratory phe‐
notypes associated with olive pollen (seasonal allergy) and mites 
(perennial allergy), previously described.4,5 We recruited patients 
with respiratory allergy to olive pollen from Cordoba, Spain (n = 5), 
defined by clinical history and with positive skin prick test (SPT) to 
olive allergens Ole e1 and/or Ole e7, and patients with allergy to 
house dust mites (HDM) from Gran Canaria, Spain (n = 6), who ex‐
perienced urticaria, respiratory distress or pruritus after ingestion of 
mite‐contaminated flours. Clinical and demographic data of allergic 
participants are summarized in Table 1. Oral mucosa biopsies were 
obtained from the cheek lining of the subjects by using a scalpel or 
punch and used for histological and immunohistochemical analyses 
(AppendixS1). We analyzed structural components and cell infiltrate 
in oral mucosal samples from these patients compared with a control 
group of nonallergic subjects (n = 5).

First, we studied whether the oral mucosal barrier integrity was 
compromised. For this purpose, we determined tight junction (TJ) 
and adherens junction (AJ) protein expression. We observed a signif‐
icant and similar decrease in occludin and E‐cadherin expression in 
both groups of allergic patients in accordance with previous results2 

(Figure 1A‐D). However, we could not find significant differences 
in claudin‐1 expression (Figure 1E,F) as previously reported.2 Next, 
we studied fibrosis in the oral connective tissue of these patients. 
Augmented fibrosis has been previously associated with epithelial 
disruption.2,6. We observed increased collagen deposition in olive 
pollen and HDM‐allergic patients (Figure 1G,H). An affected epithe‐
lial barrier together with increased fibrosis of the oral mucosa sug‐
gest that extensive structural changes are taking place in respiratory 
phenotypes associated with olive pollen and mites.

Increased angiogenesis has been previously described in the 
oral mucosa of patients with inflammatory pathologies.7 No signif‐
icant differences were found in this study for the angiogenic factor 
VEGFa (data not shown). However, when measuring capillary den‐
sity, an increased number of blood vessels was observed in HDM‐
allergic patients (Figure 1I). Regarding immune recruitment to the 
oral mucosal tissue, we could not find major differences in immune 
cell counts when comparing allergic groups with nonallergic con‐
trols. We focused on phagocytes, mast cells, innate lymphoid cells 
and lymphocytes. For this purpose, the expression of langerin, MCT, 
FcεRI, CRTH2, CD3, CD4 and FoxP3 was determined. Numbers of 
langerin+ cells among the experimental groups were similar; how‐
ever, FcεRI expression in these cells tended to be higher in the oral 
epithelium of allergic patients (data not shown). Regarding the con‐
nective tissue, MCT+ cells represented almost 100% of the FcεRI‐
expressing cells in nonallergic subjects. In contrast, FcεRI/MCT ratio 
revealed that other cell types were also FcεRI+ in the allergic popula‐
tions (Figure 1J). CD3+ and CD4+ counts were higher in the connec‐
tive tissue of nonallergic subjects (data not shown). The majority of 
CD3+ cells were also CD4+ (Figure 1K). Among the CD3+ cells, HDM 
patients showed a significantly increased proportion of regulatory T 
cells (Tregs). Although not significant, this trend was also found for 
olive pollen allergic patients (Figure 1L). We also stained for eosin‐
ophils (Figure 1M) and neutrophils (Figure 1N) but found hardly any 
positively stained cell.

Based on these results, we conclude that oral mucosal integrity 
is compromised in respiratory phenotypes in the absence of food 
allergy. Moreover, oral mucosa structural changes take place with 
no associated local recruitment of inflammatory infiltrate, which is 
presumably directed to the airway mucosa, but higher numbers of 
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Abbreviations: AJ, adherens junction; CRTH2, chemoattractant receptor‐homologous 
molecule expressed on Th2 cells; FFPE, formalin‐fixed paraffin embedded; HDM, house 
dust mites; ILC, innate lymphoid cell; MCT, mast cell tryptase; S1P, sphingosine‐1‐phos‐
phate; SPT, skin prick test; TJ, tight junction; Treg, regulatory T cell; VEGFa, vascular en‐
dothelial growth factor A.
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Tregs. In this sense, Morita et al reported that IL‐33‐stimulated mast 
cells promoted expansion of Tregs in a mouse model of papain‐in‐
duced allergic inflammation.8 In this model, IL‐2 produced by IL‐33‐
stimulated mast cells promoted Tregs expansion, which suppressed 
papain‐induced airway inflammation. Tregs have been described to 
contribute to tissue homeostasis by promoting wound healing and 
repair processes. Thus, we hypothesize that the increased numbers 

of Tregs we observed in allergic patients are recruited to protect 
against tissue damage and maintain barrier integrity.

Since we could not find increased recruitment of inflammatory 
cells in the oral mucosa of respiratory allergic patients, we hypothe‐
size that systemic changes could account for the altered oral mucosal 
features observed in these phenotypes. Under inflammatory condi‐
tions, epithelial cells can release IL‐33. This alarmin disrupts epithelial 
barrier and activates type 2 innate lymphoid cells (ILC2s). ILC2s and 

TA B L E  1   Detailed information on study allergic patients

Age Sex

Specific IgE (kU/L)

Positive SPT
FEV1/
FVC FVC FEV1 BT

Self‐re‐
ported 
reactionsA

NSAID 
intol‐
erance

Total 
IgE 
(kU/L)

Ole 
e1 Ole e7

Ole 
e9 D Pte

D 
Farinae

L 
Destructor

Olive

25 M 193 0 79.40 0 Nd Nd Nd Ole 90 134 118 NEG NC, RHI, 
RESP

No

18 M 193 0 85.50 0 Nd Nd Nd Ole, lol, cyp 102 99 98 NEG NC, RHI, 
RESP, 
PRU

No

40 F Nd 8.05 72.20 0 0.82 Nd 0 Ole, pte 98 125 123 NEG NC, RHI, 
RESP

No

18 F 3301 241 696 181 Nd Nd Nd Ole, lol, sal, 
cyp, alt, cat, 
dog

95 115 111 NEG NC, RHI, 
RESP

No

31 M 240 7.47 19.60 0 Nd Nd 0 Ole, lol, cyp, 
cat, lepi

94 81 75 POS NC, RHI, 
RESP

No

HDM

39 F 1113 Nd Nd Nd 22 14 5 Pte, far, lepi, 
tyro, blo

107 95 99 POS UR, EE, 
RESP, 
DIZZ

Yes

39 F 47  Nd  Nd  Nd 1.57 1.42 0.70 Pte, far, lepi, 
tyro, blo

92 85 74 POS RHI, 
RESP, 
PRU, 
EE, UR

Yes

36 F Nd  Nd  Nd Nd  Nd Nd Nd Pte, far, lepi, 
tyro, blo, a 
siro

106 79 86 NEG RHI, 
RESP, 
PRU, CG

Yes

44 F 180  Nd  Nd  Nd 4 4 0.80 Pte, far, lepi, 
blo, a siro

105 88 91 POS RHI, 
RESP, 
PRU, 
AE, CG

Yes

40 F 116  Nd  Nd  Nd 20 13 1.60 Pte, far, lepi, 
tyro, blo, a 
siro

93 97 87 POS NC, ABP, 
DI, VO, 
DIZZ, 
PRU

Yes

37 F 67  Nd  Nd  Nd 8.50 Nd 1.30 Pte, far, lepi, 
tyro, blo

96 111 102 NEG CG, TO, 
AE, 
PRU, 
HY, F

Yes

Abbreviations: M/F, male/female; Nd, nondetermined parameter; NSAID, nonsteroidal anti‐inflammatory drugs. Test: FEV1/FVC: Tiffeneau‐Pinelli 
index. FVC:forced vital capacity. FEV1: first second of forced expiration volume. B.T: bronchodilation test. SPT: ole: Olea europea, lol: Lolium perenne, 
sal: Salsola kali, cyp: Cupressus arizonica, alt: Alternaria alternata; pte: Dermatophagoides pteronyssinus, far: Dermatophagoides farinae, lepi: Lepidoglyphus 
destructor, tyro: Tyrophagus putrescentiae, blo: Blomia tropicalis, a siro: Acarus siro. ReactionsA Olive pollen allergy: reactions reported during pollen‐
season/HDM allergy: reported during last anaphylactic episode. ABP: abdominal pain, AE: angioedema, CG: cough, DI: diarrhea, DIZZ: dizziness, EE: 
eyelid edema, F: fainting, HY: hypotension, NC: nasal congestion, PRU: pruritus, RESP: respiratory difficulties, RHI: rhinitis, TO: thorax oppression, 
UR: urticaria, VO: vomit.
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Th2 cells, and their associated cytokines, play major roles in type 2 in‐
flammation. It has been reported that Th2 cytokines, such as IL‐4 and 
IL‐13, induced impaired barrier function in bronchial epithelial cells. 
IL‐13 appeared to be a key effector cytokine in ILC2‐induced bron‐
chial epithelial leakiness in the study by Sugita et al9 This cytokine 
has TJ disruptive effects and induces IgE production. Although we 
could not find differences in Th2‐ or ILC2‐associated markers locally, 
in the multi‐omics study of severe profilin‐mediated food allergy, 
Obeso et al described increased sphingosine‐1‐phosphate (S1P) and 
lysophospholipids synthesis along with altered platelet functionality 
systemically.3 We believe that systemic changes may also reflect the 
leaky oral mucosal barrier found in the patients of the current study.

To our knowledge, this is the first study describing an affected 
oral mucosa in the absence of food allergy and opens new ways of 
understanding barrier alterations associated with respiratory allergy. 
A disrupted barrier could be responsible for the progression to food 
allergy when the affected oral mucosa gets in direct contact with 
a trigger.2 In fact, many food allergies are associated with previous 
respiratory sensitizations (PR10, lipid transfer proteins, profilins).10

These reports highlight the need to understand how systemic 
inflammatory factors affect the integrity of TJs and to further inves‐
tigate common metabolic and transcriptomic fingerprints that might 
be useful for the identification of new therapeutic targets to prevent 
allergic progression.
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F I G U R E  1   Histological and immunohistochemical analyses of FFPE oral mucosal sections from nonallergic subjects (N‐A) and patients 
allergic to olive pollen (Olive) or HDM (HDM). Staining and quantification for occludin (A‐B), E‐cadherin (C‐D), claudin‐1 (E‐F), and collagen 
fiber deposition (Masson trichrome) (G‐H) in all groups. Quantification is the percentage‐stained area (mm2) of epithelial (B, D, and F), or 
connective tissue area (H). Capillary density (blood vessel/mm2) in the connective tissue (I). FcεRI + cells in the connective tissue expressed 
as the percentage of total MCT+ cells (J). Frequency of CD4+ (K) and FoxP3+ (L) cells expressed as the percentage of total CD3+ cells in 
the whole tissue. Luna (M) and elastase (N) representative images for each experimental group. Nasal polyp was used as a positive control. 
Images were captured at 8X (A, C, E, and G), and 20X (M, N) magnification. Scatter plots show mean ± SD *P < 0.05, **P < 0.01
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The potential role of CD16highCD62Ldim neutrophils in the 
allergic asthma

To the Editor:
Asthma is a chronic disease, characterized by chronic inflammation, 
airway obstruction and airway hyperresponsiveness. Neutrophils and 
eosinophils both contribute to disease development and aggravation, 
as they are found in the airways and lungs of patients with asthma.

Previous research has emphasized the importance of eosinophils 
in allergic asthma, whereas neutrophils have not been extensively 
studied. This is likely because the neutrophils are present within 
the lung at all times, even in asymptomatic patients. Nevertheless, 
blood neutrophils have been shown to increase during the first 
hours after allergen bronchial challenge test1 as well as during the 
late asthmatic airway response (LAR).2 The role and perception of 
neutrophils changed when Pillay et al3 identified three subsets of 
neutrophils. In this study, neutrophils were subdivided based on 
their expression of CD16 and CD62L, each subset representing a 
different stage of maturity and activity. Neutrophils released from 
the bone marrow express low levels of CD16 and high levels of 
CD62L; this CD16dimCD62Lhigh subset is considered to represent the 
immature neutrophil. These neutrophils are absent in the circulation 
in healthy donors, but appear rapidly after an lipopolysaccharide 
(LPS) challenge, and are even more pronounced in severely injured 
patients. Neutrophils expressing high levels of CD16 and CD62L 
(CD16highCD62Lhigh) are mature, but nonactivated, whereas the 
CD16highCD62Ldim‐expressing neutrophils are believed to be mature 
and activated and play an important role in systemic inflammation.3 
We have recently shown a role for these subsets in allergic rhinitis4 
and an in vitro model of asthma.5 In the latter, the CD16highCD62Ldim 
subset (produced by LPS in vitro stimulation) was found to enhance 
the response to bradykinin in both human bronchioles and murine 

tracheae. No such effects were obtained for the other neutrophil 
subsets. The response was due to an upregulation of bradykinin re‐
ceptor 2, through release of TNFα by the neutrophils.5

Using flow cytometry, we examined the presence and the dis‐
tribution of the CD16highCD62Lhigh and the CD16highCD62Ldim sub‐
sets in peripheral blood from patients with allergic asthma during 
an exacerbation induced by an inhaled allergen bronchoprovocation 
test (Figure 1A). The bronchial challenge test presently used is an ex‐
acerbation model of allergic asthma common in research settings.6 
Regional Ethical Review Board (2012/800) approved the study, and 
all participants provided written informed consent.

Nine nonsmoking patients (aged 18‐50 years; 6 males and 3 fe‐
males) with a physician‐confirmed diagnosis of allergic asthma (ac‐
cording to GINA7) were included. All of them exhibited less than 
40% of activated neutrophils in peripheral blood before the bron‐
chial challenge test. All patients had a positive skin prick test and 
elevated levels of specific IgE to the allergen used for their respec‐
tive challenge (3 cat, 2 birch, 2 grass pollen and 2 horse allergen 
(ALK‐Abello)). Seven of the patients could be classified as eosino‐
philic phenotype based on their blood eosinophils (>150 cells/mcL). 
One patient had a slightly lower number of eosinophils, and one pa‐
tient cannot be defined due to lack of data. Five patients had only 
an early asthmatic response following allergen, while four patients 
presented with both an early and a late repose (Table 1). Blood sam‐
ples were collected in sodium heparin tubes before and 24  hours 
after completion of the allergen bronchial challenge test. Cells were 
stained and analysed using flow cytometry. Neutrophils were gated 
on CD45, CD16 and CD62L (Figure 1B,C). Statistical analyses were 
performed using GraphPad Prism software (version 6.0, GraphPad 
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Online repository1

Study subjects2

Sixteen subjects were recruited for this study in the allergy departments of the3

participating hospitals. All the subjects underwent a thorough interview to establish4

their clinical history, and skin prick test (SPT) to olive and mite allergens according to5

standard procedures(1). A wheal with a diameter bigger than 3 mm 15 minutes after6

puncture was considered positive. Specific IgE to house dust mites (HDM) and7

aeroallergens was quantified using ImmunoCAP according to manufacturer’s protocols.8

Allergic patients sensitized to pan-allergens or with a clinical history of suspected food9

allergies were excluded from this study.10

Recruited subjects were included into the experimental groups according to the11

following classification criteria: a) Olive allergy was established according to clinical12

history and positive SPT to olive allergens Ole e1 and/or Ole e7 (n=5) as defined by13

Barber et al(2); b) HDM-allergic patients who experienced systemic reactions when14

eating mite-contaminated wheat flours, as previously described by Blanco et al(3), were15

included into the HDM-allergic group (n=6). The two populations of allergic patients16

are characterized by their continuous and elevated exposure to olive pollen and mite17

allergens, respectively; c) Non-allergic subjects displayed negative SPT results to both18

olive pollen and mite allergens and were included into the non-allergic control group19

(n=5). The clinical features of the allergic population are shown in Table 1.20

All the subjects provided written informed consent and protocol approval was obtained21

from the Research and Ethics Committees of the Hospitals involved in this study.22

Oral mucosa biopsies23

Oral mucosa biopsies were obtained from the cheek lining of all patients and non-24

allergic subjects by using a 5mm surgery punch or scalpel under local anesthesia, as25

previously described(4). All biopsies were fixed in 4% paraformaldehyde (PFA) and26

embedded in paraffin. Paraffin blocks were cut into 3µm-thick sections and fixed onto a27

poly-L-lysine treated glass slide and then used for histological and28

immunohistochemical analyses.29
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Samples from HDM-allergic patients were collected within 6 months to 7 years after the30

last anaphylactic episode. Those from olive pollen-allergic patients were taken off-31

season.32

Histological and immunohistochemical analyses33

All sections were stained with hematoxylin & eosin (H&E) (ThermoFisher Scientific),34

and Trichromic Masson (Bio-Optica) following manufacturer’s protocols. Luna staining35

was performed as follows: sections were stained with a mixture of hematoxylin and36

Biebrich scarlet for 5 minutes; subsequently, they were rinsed with 1% acid alcohol37

solution (hydrochloric acid), and water; finally, samples were counterstained with 0.5%38

lithium carbonate solution and rinsed in running water for 2 minutes.39

Immunohistochemical staining was performed using Bond Polymer refine Detection kit40

on a BOND-MAX Automated IHC/ISH Stainer (Leica Biosystems) following the41

manufacturer’s protocol. The following antibodies were used: rat anti-human CD342

(MCA1477,Bio-Rad), mouse monoclonal anti-human CD4 (NCL-L-CD4-368, Leica43

Biosystems), mouse monoclonal anti-human Claudin-1 (ab56417, Abcam), Bond™44

Ready-To-Use Primary Antibody E-Cadherin (36B5) (PA0387, Leica Biosystems),45

mouse monoclonal anti-human FcεRI (ab54411, Abcam), mouse monoclonal anti-46

human FoxP3 (ab22510, Abcam), rabbit polyclonal to GPCR GPR44 (CRTH2)47

(ab188998, Abcam), mouse monoclonal anti-human Langerin (ab49730, Abcam),48

rabbit monoclonal anti-human to Mast Cell Tryptase (MCT) (ab134931, Abcam),49

rabbit recombinant monoclonal [EPR20992] to Occludin (ab216327, Abcam), rabbit50

polyclonal to Neutrophil Elastase (ab68672) and rabbit polyclonal to VEGFa51

(ab46154, Abcam). Positive and negative controls were included for each experiment.52

Image analysis53

Scanning of the samples was performed using a Leica SCN400 slide scanner (Leica54

Biosystems) at 40x magnification. A sufficient number of images covering the whole55

biopsy was captured at an appropriate magnification for quantification.56

Epithelial cell junctions and VEGFa image analyses were performed using Image-Pro57

Plus v4.5.0.29 (Media Cybernetics). Briefly, an adequate threshold that best adjusted to58

the actual staining was established for a selected area. After applying the same threshold59
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to all the images taken from the same sample, the software calculated the stained area60

relative to the total selected area. The final value was calculated as the weighted average61

of all measurements obtained for each image in one sample. These analyses were done62

by at least 2 independent observers.63

Inflammatory infiltrate and capillary density (Masson’s trichome stain) analyses were64

performed by using the “counter tool” integrated in Aperio ImageScope v12.3.2.801365

(Leica Biosystems) covering either the epithelium, the connective tissue or the whole66

sample, when appropriate. Both area and stained cells were determined by 367

independent observers.68

Statistics69

The software GraphPad Prism v.7 was used for statistical analysis. Non-parametric70

Mann Whitney U test was used in two-by-two comparisons among experimental71

groups. A p-value <0.05 was considered significant for all the analyses.72
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