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Abstract
Background: The involvement of allergen-specific (s)IgE in local allergic rhinitis 
(LAR) has been debated. Here, we investigate the effect of nasal allergen challenge 
with Dermatophagoides pteronyssinus (NAC-DP) in mucosal and peripheral B-cell 
subpopulations in LAR patients.
Methods: Nine LAR, 5 allergic rhinitis (AR), and 5 non-atopic healthy control (HC) 
individuals were subjected to a 3-day NAC-DP protocol, and nasal biopsies and blood 
samples were collected before and after provocation. Nasal biopsies were used 
for immunohistochemistry and gene expression studies, whereas the frequency of 
lymphocyte subsets and basophil activation test (BAT) were analyzed in blood samples 
by flow cytometry. sIgG was measured in sera.
Results: NAC-DP induced an increase in IgE+CD38+ plasmablasts in the nasal mucosa 
of LAR patients, but not in AR or HC individuals. Markers of sequential recombination 
to IgE (εCSR) (from IgG) were observed in 33% of LAR, 20% of AR, and 0% of HC 
subjects. NAC-DP increased the proportion of peripheral CD19+CD20+CD38+ 
plasmablasts in AR and LAR patients, but not in HC. Expression of the mucosal homing 
receptor CXCR3 in peripheral CD19+CD20+CD38+ plasmablasts from LAR, AR, and 
HC individuals was 7%, 5%, and 0.5%, respectively. In vitro DP stimulation increased 
proliferating CD19+CD20+CD38+ plasmablasts in LAR and AR patients, but not in 
HC. Serum DP-sIgG was higher in LAR and AR patients as compared to HC. BAT was 
positive in 33%, 100%, and 0% of LAR, AR, and HC subjects, respectively.
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1  |  INTRODUC TION

Local allergic rhinitis (LAR) is a differentiated rhinitis phenotype 
defined by a clinical history suggestive of allergy, the negativity 
of atopy test (skin prick test (SPT) and serum allergen-specific IgE 
(sIgE)) and the positivity of nasal allergen challenge (NAC).1 LAR af-
fects 16–25% of non-atopic children and adults with chronic nasal 
symptoms2 and naturally evolves to the aggravation3 and the asso-
ciation of asthma (so-called local allergic asthma).4 Moreover, LAR 
and “atopic” allergic rhinitis (AR) can coexist in the same patient, and 
this clinical scenario has been termed dual allergic rhinitis (DAR).5,6

Despite the advances in the clinical characterization, LAR patho-
physiology remains elusive. Our group identified that in LAR patients 
NAC positivity is associated with an early peak of tryptase in the nasal 
secretions, followed by a progressive increase in eosinophil cationic 
protein (ECP) in the 24 h following allergen administration.7,8 Although 
increased numbers of eosinophils and mast cells (MC) were observed 
in the nasal mucosa of non-atopic rhinitis patients, no study has 
demonstrated to date the infiltration by eosinophils or the activation 
of MC in the nasal mucosa of NAC-positive non-atopic rhinitis patients 

(confirmed LAR phenotype).9 Interestingly, these inflammatory phe-
nomena are hallmarks of AR,10 a prototypical IgE-mediated condition.

The nasal mucosa of AR patients is infiltrated by IgE-producing 
cells, as indicated by the expression of ε-germ line transcripts (ε-
GLT) in nasal cells.11 Interestingly, IgE immunobiology differs from 
that of other immunoglobulin isotypes. Most naïve B cells under-
going direct class switch recombination to IgE (εCSR) in germi-
nal centers cannot complete their somatic hypermutation, thus 
dying by apoptosis before exiting the secondary lymphoid tissues 
(SLT).12  Nevertheless, IgG+ B cells primed at SLT can acquire ex-
pression of mucosal homing receptors (e.g., CXCR3 or CXCR4)13 
and extravasate to the lamina propria where they mature to 
plasmablasts and undergo sequential εCSR.14 This process will give 
rise to plasma cells (PC) producing high-affinity sIgE.15 Both direct 
and sequential εCSR are mediated through the expression of the 
enzyme activation-induced cytidine deaminase (AID) in the switch-
ing cell.11 Gene rearrangement during εCSR generates switch cir-
cles (εSC) that differ between direct (IgM→IgE) and sequential 
(IgM→IgG→IgE) switching.16 Although both εSCs will be ultimately 
eliminated, they can be detected transitorily.
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Conclusion: These results suggest that allergen exposure induces the sequential εCSR 
of IgG+CD19+CD20+CD38+ plasmablasts in the nasal mucosa of LAR patients.

K E Y W O R D S
basophil activation test, class switch recombination, IgE, local allergic rhinitis, plasma cell, 
plasmablast

G R A P H I C A L  A B S T R A C T
Allergen exposure induces the accumulation of IgE+ plasmablasts in the nasal mucosa of LAR patients. LAR patients display markers of 
sequential class switch recombination to IgE (IgM→IgG→IgE) in the nasal mucosa. LAR patients have allergen-specific (s)IgE attached to the 
membrane of peripheral basophils and a higher level of serum sIgG than healthy individuals.
Abbreviations: BAT, basophil activation test; εCSR, class switch recombination to IgE; CXCR, C-X-C motif chemokine receptors; NAC-DP, 
nasal allergen challenge with Dermatophagoides pteronyssinus
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2714  |    TESTERA-MONTES et al.

Importantly, several studies demonstrate that allergen exposure 
induces the expression of sequential εSCs in the nasal mucosa of 
AR patients.11,16,17 Direct εSCs have also been detected occasionally, 
but their function is regarded as regulatory given the unlikelihood of 
functional IgE arising from direct switching at peripheral tissues.16 
Interestingly, one study suggests that human IgA+ B cells can also 
undergo sequential εCSR in the nasal mucosa.17  Moreover, recent 
data indicate that the sequential εCSR at the mucosal level is the 
main source of sIgE in AR patients. The analysis of the specificity of 
local and peripheral IgE antibodies revealed that both repertoires 
show an oligoclonal relationship, with mucosal antibodies display-
ing a greater diversity.18,19 Importantly, one study demonstrated the 
presence of IgE directed against clinically relevant allergens bound 
to the membrane of mucosal cells in AR individuals.20 Collectively, 
these findings suggest that most sIgE detected in sera from AR pa-
tients has been synthesized at the mucosal level with subsequent 
trafficking to the bloodstream.

Despite the clinical similarities with AR, the role of sIgE in LAR has 
been debated. Only 20%–43% of LAR patients display positive sIgE in 
nasal secretions.7,8,21–23 Conversely, the pooled analysis of LAR patients 
demonstrated a significant increase in sIgE in nasal lavages during the 
24 h following positive NAC, although not every patient tested positive 
in at least one determination.7,8 Interestingly, a study using Merocel© 
sponges (a device growing into the nostril to perfectly adapt to the 
anatomy and scratching a significant amount of mucosal cells upon 
removal) found nasal sIgE in 93% of LAR patients.24 Moreover, baso-
phil activation test (BAT) experiments reveal that 50%–66% of LAR 
and DAR individuals have functional sIgE bound to the membrane of 
peripheral basophils.5,25-27 Finally, several clinical trials demonstrated 
the ability of allergen immunotherapy (a prototypical intervention for 
IgE- mediated conditions) to control nasal symptoms, improve quality 
of life, increase the allergen dose tolerated in NAC, and decrease the 
seasonal peak of nasal sIgE in LAR individuals.28–30

Therefore, we hypothesize that the sequential εCSR of IgG+ B 
lymphocytes occurs in the nasal mucosa of LAR patients. To inves-
tigate this hypothesis, we subjected 9 LAR and 5 AR patients due to 
Dermatophagoides pteronyssinus (DP), together with 5 healthy non-
atopic controls (HC), to a 3-day NAC protocol and collected muco-
sal biopsies and blood samples before and after provocation. Nasal 
biopsies were used for immunohistochemistry and gene expression 
studies, whereas blood samples were stimulated in vitro with DP and 
subjected to flow cytometric analysis.

2  |  METHODS

2.1  |  Study individuals

Nine LAR patients ≥18 years were prospectively recruited from the 
Allergy Unit of Hospital Regional Universitario de Malaga between 
June and September 2017. All individuals fulfilled the following cri-
teria: persistent moderate-to-severe rhinitis31 for ≥2 years, nega-
tive SPT to all relevant aeroallergens and positive NAC with DP. A 

detailed description of their clinical features and of those of control 
individuals (5 AR and 5 HC subjects), together with exclusion crite-
ria, can be found at the online repository and Table S1. The study 
was conducted according to the principles of the Declaration of 
Helsinki and approved by the Local Ethics Committee. All study 
participants signed informed written consent.

2.2  |  Nasal allergen challenge protocol

NAC protocol is shown in Figure S1. A solution of commercially avail-
able DP extract (100 HEP/mL, LetiPharma, Tres Cantos, Spain) was 
administered once daily for three days into the right nostril with a 
hand-driven pump spray delivering a volume of 50 µl (2 puffs/day). At 
day 1 (visit 1), patients were trained on how to administer the spray, 
and the first dose was given at the hospital by the investigators. 
Subsequent doses were self-administered by patients at home.10 The 
clinical effect was monitored daily by Lebel symptom score.32

2.3  |  Collection of nasal biopsies

At visit 1 (before NAC), a mucosal specimen was obtained under 
topical anesthesia (tetracaine/adrenaline) from the lower turbinate 
of the left nostril. Thereafter, NAC was performed on the right nos-
tril. A second nasal biopsy was taken from the lower turbinate of 
the right nostril under topical anesthesia at day 4 (visit 2). The time 
interval between the last allergen dose and the second biopsy was 
24 h.10 Biopsies were 2–4 mm wide. No biopsy-related complications 
occurred.

2.4  |  Multicolor immunofluorescence staining

Mucosal samples were fixed in formalin overnight and subsequently 
embedded in paraffin. Multicolor immunostaining was performed as 
described elsewhere.10 The monoclonal antibodies (mAbs) used are 
listed in Table S2A and B. Concentration-matched irrelevant isotype 
antibodies were used as negative controls.

Tissue sections were examined with a fluorescence microscope 
blindly by 2 investigators (IEG and ATM) at ×40  magnification. 
Cells were enumerated by superimposing a grid (250  ×  250  μm) 
parallel to the basement membrane of nasal epithelium to deter-
mine cell densities in the lamina propria. For illustration purposes 
and for analysis of CD63 expression pattern, a confocal micro-
scope was used.

2.5  |  Gene expression studies

From biopsies ≥3 mm, 1-mm piece was obtained for molecular biol-
ogy experiments. After RNA extraction, ε-GLT was detected by PCR 
using primers homologous to ε-specific sequences in I exon and CH 
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    |  2715TESTERA-MONTES et al.

regions.11 Conversely, semi-nested PCR was used to detect direct 
and sequential εSCs. To this end, primers homologous to sequences 
in Iε and CƔ (sets IεF1/CƔR and IεF2/CƔR) were utilized.16,17 A de-
tailed description of PCR conditions and primers used is found at 
online repository and Tables S3 and S4.

2.6  |  Flow cytometric analysis of peripheral B-cell 
subpopulations

Peripheral blood mononuclear cells (PBMC) were isolated from 
blood samples taken at day 1 (baseline sample) and 4 (post-NAC 
sample). The frequency of plasmablasts (CD19+CD20+CD38+ cells) 
and PC (CD19+CD20−CD38+) was expressed as proportion in B 
lymphocytes (CD19+ cells). The expression of chemokine receptors 
(CXCR3 and CXCR4) was expressed as proportion of positive cells 
in plasmablasts or PC. Results were analyzed by flow cytometry 
(FacsCanto II, BD Bioscience).

2.7  |  Analysis of allergen-specific proliferation of 
peripheral B-cell subpopulations

Proliferation of PBMCs isolated from post-NAC samples was 
determined after in vitro stimulation with DP (10 µg in 250 µl of 
RPMI) for 10  days by using a 5,6-carboxyfluorescein diacetate 
N-succinimidyl ester (CFSE) dilution assay followed by flow cyto-
metric analysis. Results were expressed as percentage of prolifer-
ating cells (CFSElow) and as proliferation index (PI), with ≥2 cutoff 
being considered indicative of proliferation.33 Moreover, PBMCs 
isolated from post-NAC samples were fixed, permeabilized, and 
stained with mAbs against the distinct immunoglobulin isotypes 
before being subjected to flow cytometry.33 Results were ex-
pressed as mean fluorescence intensity (MFI) for the correspond-
ing marker. Further details can be found at online repository, and 
the mAbs used are listed in Table S5.

2.8  |  Determination of total and specific 
immunoglobulin

Culture supernatants of post-NAC PBMCs stimulated with DP 
were collected after 10  days, and immunoglobulin isotypes were 
measured by Procarta Plex Multiplex Immunoassays kit (Thermo 
Fisher Scientific, Waltham, MA). Data were represented as MFI.

To determine antibody specificity, serum DP-sIgE and DP-
sIgG were quantified by commercial ImmunoCAP® (Thermo 
Fisher Scientific, Uppsala, Sweden) in sera from days 1 and 4. 
DP-sIgE was also measured in nasal secretions by commercial 
ImmunoCAP®23 at day 4. Consistent with previous studies,23 
0.35 and 0.1450 kUA/L were considered as cutoff for serum and 
nasal sIgE, respectively. Further details can be found at online 
repository.

2.9  |  Basophil activation test

Blood samples collected at day 1 (before NAC) were also used to 
perform BAT with increasing concentrations of DP (Laboratorios 
Leti SL) as previously described.5 Basophils were identified as 
CCR3+CD203c+ cells by flow cytometry, and CD63 was used as ac-
tivation marker for basophils. Further details can be found at online 
repository.

2.10  |  Statistical analysis

GraphPad Prism software (GraphPad5.0, La Jolla, California) was 
used for statistical analysis. P  values ≤.05 were considered sig-
nificant. A detailed description of the analysis is found at online 
repository.

3  |  RESULTS

3.1  |  NAC induces eosinophil accumulation and MC 
activation in the nasal mucosa of LAR patients

NAC induced typical nasal and ocular symptoms in AR and LAR 
patients, but not in HC (Figure S2A). To investigate the immuno-
logical effect of NAC at the local level, we co-stained mucosal bi-
opsies with IgE and FcεRI. MC and monocyte-derived dendritic 
cells represent the largest populations of FcεRI+ cells in the airway 
mucosa.10 As expected, the majority of FcεRI+ cells also expressed 
IgE. Moreover, NAC induced an increase in IgE+FcεRI+ cells in the 
nasal mucosa of AR and LAR patients, but not in HC individuals. 
After NAC, AR patients displayed more IgE+FcεRI+ cells than LAR 
and HC subjects, while LAR patients had more IgE+FcεRI+ cells 
than HC (Figure 1A). We next investigated the activation status of 
mucosal MC. CD63 expression in resting MC is restricted to intra-
cellular granules, whereas it acquires a membrane pattern after MC 
activation.34 Although the absolute number of tryptase+ MC did 
not change with the provocation in any study group (not shown), 
the proportion of membrane CD63+tryptase+ MC increased in AR 
and LAR patients after NAC, but not in HC (Figure 1B). Similarly, 
the number of mucosal eosinophils was higher at baseline in both 
rhinitis phenotypes than in HC. Moreover, NAC induced a signifi-
cant increase in mucosal eosinophils in AR and LAR patients but 
not in HC (Figure S2B).

3.2  |  NAC increases mucosal IgE+CD38+PC/
plasmablasts in LAR patients

We next co-stained mucosal biopsies with IgE and CD38, which is 
primarily expressed by PC and plasmablasts.35 The number of total 
CD38+ PC/plasmablasts did not increase with the provocation or dif-
fer among study groups at any time point (Figure S3A). Conversely, 
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2716  |    TESTERA-MONTES et al.

F I G U R E  1  Nasal allergen challenge induces the increase in IgE+FcεRI+ cells and mast cell activation in the nasal mucosa of allergic rhinitis 
and local allergic rhinitis patients. (A) inter- and intra-group comparison of the density of IgE+FcεRI+ cells in the nasal mucosa before and 
after provocation. Blue arrows mark IgE+FcεRI+ cells, whereas white arrows mark IgE+FcεRI− cells. (B) inter- and intra-group comparison 
of the proportion of activated (membrane expression pattern for CD63) mast cells in the nasal mucosa before and after provocation. Blue 
arrows mark CD63mb+tryptase+ cells, whereas white arrows mark CD63mb−tryptase+ cells. AR, allergic rhinitis; HC, non-atopic healthy 
control; LAR, local allergic rhinitis; MC, mast cell; NAC, nasal allergen challenge; CD63mb, membrane expression pattern for CD63. *p < .05; 
**p < .01; ***p < .001

(A)

(B)
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    |  2717TESTERA-MONTES et al.

AR patients had more mucosal IgE+CD38+ PC/plasmablasts than 
LAR and HC individuals at baseline. Moreover, the provocation in-
duced a significant increase in IgE+CD38+ PC/plasmablasts in LAR 
patients, but not in AR or HC subjects (Figure 2). Therefore, after 
NAC, the number of mucosal IgE+CD38+ PC/plasmablasts was com-
parable between the two rhinitis phenotypes and higher than in HC.

3.3  |  LAR patients display markers of sequential 
εCSR in the nasal mucosa

The accumulation of IgE+CD38+ PC/plasmablasts in LAR patients 
could be related to the maturation of directly switched IgE+ cells 
or to the sequential εCSR of memory B cells. Therefore, we co-
stained the mucosal samples with anti-IgE and CD20 antibodies. 
Importantly, CD20 is a marker expressed by B cells and plasmablasts, 
but not by PC.35 Consistent with previous works,36 we were not able 
to identify any IgE+CD20+ cell in any study subject (Figure S3D). 
Conversely, the number of mucosal CD20+ cells was higher in both 
rhinitis phenotypes as compared to HC after the provocation (Figure 
S3B). To investigate whether sequential εCSR can occur in the nasal 
mucosa of LAR individuals, we performed gene expression studies 
using nasal biopsies. Because immunofluorescence was prioritized, 
only 11 pre-NAC (3 LAR, 5 AR, and 3 HC) and 11 post-NAC (8 LAR 

and 3 HC) samples were available. Of note, ε-GLT was expressed 
in 3 of 8 post-NAC and in 1 of 5 pre-NAC mucosal specimens from 
LAR and AR patients, respectively, and in none from HC individu-
als (Figure 3A). We next investigated the expression of direct and 
sequential εSCs in the nasal mucosa. Direct εSCs were not observed 
in any sample (not shown), whereas sequential εSC was detected in 
2 of 11 pre-NAC (1 AR and 1 LAR) and 2 of 11 post-NAC (both LAR) 
samples (Figure 3B). Importantly, no εSC was observed in HC at any 
time point. On the contrary, we were not able to establish reliable 
protocols for the identification of AID expression at either the gene 
or protein levels.

3.4  |  NAC increases the proportion of peripheral 
CD19+CD20+CD38+ plasmablasts in LAR patients

Peripheral B-cell subpopulations were gated as shown in Figure S4. 
NAC induced a significant increase in the proportion of peripheral 
CD19+CD20+CD38+ plasmablasts and CD19+CD20−CD38+ PC in 
both rhinitis phenotypes but not in HC (Figure 4A). Therefore, we 
investigated the expression pattern of mucosal homing receptors on 
these cells.13 After NAC, the median of CXCR3+CD19+CD20+CD38+ 
plasmablasts from AR, LAR, and HC individuals was 7%, 5%, and 
0.5%, respectively, although the proportions were significantly 

F I G U R E  2  Nasal allergen challenge induces the increase in IgE+CD38+ plasmablasts/plasma cells in the nasal mucosa of allergic rhinitis 
and local allergic rhinitis patients. Inter- and intra-group comparison of the density of IgE+CD38+ cells in the nasal mucosa before and after 
provocation. Blue arrows mark IgE+CD38+ cells, whereas white arrows mark IgE−CD38+ cells. AR, allergic rhinitis; HC, non-atopic healthy 
control; LAR, local allergic rhinitis; NAC, nasal allergen challenge. *p < .05; **p < .01; ***p < .001
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2718  |    TESTERA-MONTES et al.

different between AR and HC subjects only. Similarly, peripheral 
CD19+CD20−CD38+ PC from AR and LAR patients expressed sig-
nificantly more CXCR4 than HC subjects (medians of 4%, 10%, and 
1%, respectively) (Figure 4B).

It has been proposed that both IgG+ and IgA+ B-cell subpopula-
tions in humans are able to migrate to the nasal mucosa where they 
can undergo sequential εCSR.17 However, we did not identify any 
IgA+ CD20+ cells at baseline or after the provocation in any study 
group (Figure S3E). Similarly, we did not find differences in the num-
ber of mucosal IgA+CD38+ cells at either the inter-group or intra-
group comparisons (Figure S3C and F). Unfortunately, due to their 
ubiquity, we were not able to establish reliable immunohistochemis-
try protocols with either IgG or IgM.

3.5  |  In vitro allergen stimulation induces 
peripheral IgG+CD19+CD20+CD38+ plasmablast 
proliferation in LAR patients

We next investigated the effect of in vitro allergen stimulation on 
peripheral B-cell subpopulations isolated from post-NAC samples. 
CFSE assay revealed that blood CD19+ cells from AR and LAR pa-
tients, but not from HC, proliferated after in vitro DP stimulation 
(Figure  4C). The flow cytometric analysis showed that the pro-
portion of proliferating CD19+CD20+CD38+ plasmablasts in pe-
ripheral blood increased significantly in AR and LAR patients but 

not in HC, after DP stimulation. Same trend was observed for 
CD19+CD20−CD38+ PC, although the changes were not significant 
in LAR subjects (Figure 4D).

Thereafter, we analyzed immunoglobulin isotypes in cul-
ture supernatants from DP-stimulated PBMCs. MFI for IgE was 
higher in LAR and AR patients than in HC after allergen stimu-
lation, although the differences were significant between LAR 
and HC subjects only. Conversely, both AR and LAR individuals 
showed a significantly increased MFI for IgG as compared to HC. 
No significant changes were observed for IgA or IgM (not shown). 
Importantly, IgE was the most abundant isotype in culture su-
pernatants from AR patients after allergen stimulation, whereas 
in LAR individuals comparable amounts of IgG and IgE were ob-
served (Figure 5A).

To investigate the cell source of IgG and IgE, we next analyzed 
the effect of in vitro allergen stimulation on the immunoglobu-
lin isotype synthesized by B-cell subpopulations. The allergen 
did not induce any significant change in the MFI for IgE or IgG of 
CD19+CD20+CD38+ plasmablasts in any study group, although MFI 
was significantly higher for both isotypes in AR and LAR patients, as 
compared to HC. Moreover, a preferential expression of IgG and IgE 
was observed for CD19+CD20+CD38+ plasmablasts from LAR and 
AR patients, respectively. Concerning CD19+CD20−CD38+ PC, the 
MFI for IgE was higher in AR patients than in LAR and HC individuals 
after allergen stimulation, whereas MFI for IgE was increased in LAR 
and AR subjects as compared to HC (Figure 5B).

F I G U R E  3  Sequential class switch recombination to IgE occurs in the nasal mucosa of local allergic rhinitis patients. (A) expression of 
cDNA for ε-germ line transcript in nasal biopsies taken from study individuals (size: 379 bp approx.). (B) expression of cDNA for sequential 
ε switch circle in nasal biopsies taken from study individuals (size: 339 bp approx.). Top rows in figures A and B refer to the time point when 
the sample was collected (pre- or post-challenge). PCRs products were fractionated and displayed in 2% agarose gel. Position 1: 1 µl Marker 
Pm IX (Roche®). AR, allergic rhinitis; LAR, local allergic rhinitis; M, markers for molecular weight
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F I G U R E  4  Nasal allergen challenge increases the proportion of peripheral CD19+CD20+CD38+ plasmablasts, and in vitro allergen 
stimulation induces the proliferation of peripheral CD19+CD20+CD38+ plasmablasts in local allergic rhinitis patients. (A) proportion of 
plasmablasts and plasma cells in peripheral B lymphocytes before and after the provocation. (B) proportion of peripheral plasmablasts and 
plasma cells expressing mucosal homing chemokine receptors after the provocation. (C) gating strategy for flow cytometry and proliferation 
index of CD19+ cells after in vitro allergen stimulation of peripheral blood mononuclear cells (PBMC) isolated from the blood sample taken 
after the provocation. The dotted line represents the cutoff indicative of proliferation. (D) proportion of proliferating (CFSELow) plasmablasts 
and plasma cells before and after in vitro allergen stimulation among PBMCs isolated from the blood sample taken after the provocation. AR, 
allergic rhinitis; DP, Dermatophagoides pteronyssinus; HC, healthy non-atopic control; LAR, local allergic rhinitis; US, unstimulated. *p < .05; 
**p <  .01; ***p < .001
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2720  |    TESTERA-MONTES et al.

F I G U R E  5  Peripheral plasmablasts from local allergic rhinitis patients preferentially express IgG after in vitro allergen stimulation. (A) 
MFI for IgG and IgE before and after in vitro allergen stimulation as analyzed by immunoassay in culture supernatants of peripheral blood 
mononuclear cells isolated from the blood sample taken after the nasal provocation. (B) mean fluorescence intensity (MFI) for IgG and IgE 
before and after in vitro allergen stimulation as measured by flow cytometry in peripheral plasmablasts and plasma cells (blood sample taken 
after the nasal provocation); AR, allergic rhinitis; DP, Dermatophagoides pteronyssinus; HC, healthy non-atopic control; LAR, local allergic 
rhinitis; RFU, relative fluorescence unit; US, unstimulated. *p < .05; **p <  .01; ***p < .001
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3.6  |  LAR patients display allergen-specific IgE 
bound to the membrane of peripheral basophils

After provocation, 2 of 5 (40%) AR, 3 of 9 (33%) LAR, and no (0%) 
HC individual displayed detectable DP-sIgE in nasal secretions 
(Figure  6A). Because IgE synthesized at the mucosal level might 

travel to the bloodstream through the lymphatic vessels,5 we next 
investigated the presence of DP-sIgE bound to the membrane of 
peripheral basophils by means of BAT. Considering subjects with 
responder basophils, 5 of 5 (100%), 3 of 8 (38%) and 0 of 5 (0%) 
AR, LAR and HC individuals displayed positive BAT results, respec-
tively. Moreover, experiments with the PI3K inhibitor wortmannin25 

F I G U R E  6  Local allergic rhinitis patients display allergen-specific IgG in serum and allergen-specific IgE attached to the membrane of 
peripheral basophils and in nasal secretions. (A) Dermatophagoides pteronyssinus (DP)-specific IgE (DP-sIgE) in the nasal secretions after the 
provocation. The dotted line represents the cutoff for positivity; (B) DP-sIgE and DP-sIgG in serum before and after the provocation. (C) 
proportion of study individuals with positive basophil activation test (BAT) and wortmannin experiments in the three local allergic rhinitis 
patients showing positive BAT results. AR, allergic rhinitis; HC, non-atopic healthy control; LAR, local allergic rhinitis. *p < .05; **p < .01; 
***p < .001
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demonstrated that basophil activation in LAR patients was medi-
ated by DP-sIgE (Figure 6B). Finally, we also measured DP-specific 
antibodies in sera. NAC decreased the level of serum DP-sIgE in 
AR patients, and DP-sIgE remained undetectable in sera from LAR 
and HC individuals. Conversely, serum DP-sIgG was significantly 
higher in both AR and LAR patients after NAC, as compared to HC 
(Figure 6C). NAC did not modify the level of DP-sIgG4 in any study 
group (Figure S5).

4  |  DISCUSSION

In this study, we show that allergen exposure induces significant 
inflammatory events in LAR patients. On the one hand, a 3-day 
NAC is associated with an increase in IgE+FcεRI+ cells in the nasal 
mucosa of AR and LAR patients. Because the total number of MC 
did not increase, the recruitment of monocytes and basophils prob-
ably accounts for this accumulation. Of note, monocytes acquire 
FcεRI expression during allergic inflammation and are massively 
recruited shortly after allergen re-exposure in AR individuals.10 We 
also observed significant MC activation and eosinophil accumulation 
following NAC in both rhinitis phenotypes, which is in line with pre-
vious studies showing an increase in nasal tryptase and ECP follow-
ing positive NAC.7,8 Importantly, only allergic patients, regardless of 
their atopic status, experienced typical rhinitis symptoms which sug-
gests that the inflammatory response is allergen-specific.

A significant increase in mucosal IgE+CD38+ PC/plasmablasts 
was observed in LAR patients after NAC, but not in AR subjects. 
This change resulted in a comparable number of nasal IgE+CD38+ 
PC/plasmablasts in both rhinitis phenotypes after NAC. Of note, 
previous studies show that AR patients react on average to lower 
allergen concentrations than LAR individuals.22  This finding could 
be related to a greater baseline infiltration of the nasal mucosa in 
the former group.

The increase in IgE+CD38+ PC/plasmablasts in the nasal mu-
cosa of LAR individuals can arise from the maturation of directly 
switched IgE+ cells or from the sequential εCSR of IgG+ or IgA+ cells. 
Nevertheless, the absence of mucosal IgE+CD20+ cells together 
with the detection of sequential εSCs (IgM→IgG→IgE) makes the 
second scenario more probable. Interestingly, the local expression 
of εSCs and ε-GLT and the allergen-induced increase in IgE+CD38+ 
PC indicate that the nasal mucosa of LAR patients is an active site for 
IgE production. Although we only found εSCs in 3 of 9 LAR patients, 
this proportion is in line with previous works using nasal biopsies 
to investigate IgE synthesis in AR patients.11,16,17 Sequential εSCs 
were detected in both pre- and post-challenge samples. Despite 
significant seasonal variations, DP is detected yearlong in Malaga, 
and therefore, we cannot exclude that some patients were exposed 
to DP concentrations at baseline high enough to induce mucosal 
εCSR. Of note, sequential εSCs were reported in the nasal mucosa 
of AR patients both in- and out-season.16 In any case, this is the first 
study demonstrating that, similar to AR individuals, LAR patients can 
undergo sequential εCSR at the mucosal level. On the other hand, 

we did not detect direct εSC in any study group. Although direct 
εSC were identified in AR explants after in vitro allergen stimu-
lation, markers of direct εCSR were not found in nasal biopsies 
taken from AR patients in- or out-season.16 Similarly, future studies 
should investigate the occurrence of sequential switching from IgA1 
(IgM→IgA1→IgE) in both AR and LAR phenotypes.

Interestingly, allergic patients, but not HC, experienced 
an allergen-specific response at the peripheral level both in 
vivo and in vitro, as illustrated by the increased proportion of 
CD19+CD20+CD38+ plasmablasts and CD19+CD20−CD38+ PC, and 
the significant proliferation of CD19+ cells, respectively. Moreover, 
a proportion of peripheral CD19+CD20+CD38+ plasmablasts from 
LAR individuals expressed homing receptors for the respiratory 
tract (especially CXCR3), which suggests that they are able to mi-
grate to the nasal mucosa. Of note, after NAC, the preferential 
isotype of peripheral CD19+CD20+CD38+ plasmablasts from LAR 
patients was IgG. This finding, together with the lack of effect of 
NAC on the number of mucosal IgA+CD20+ cells, suggests that the 
accumulation of IgE+CD38+ PC/plasmablasts in the nasal mucosa of 
LAR patients derives from the sequential εCSR of IgG+ memory B 
cells/plasmablasts recruited to the nasal mucosa upon allergen ex-
posure. This interpretation is supported by the high title of serum 
DP-sIgG observed in LAR individuals. In this regard, it is tempting 
to speculate that in LAR patients, allergen exposure induces the 
migration of peripheral DP-specific IgG-switched memory B cells/
plasmablasts to the nasal mucosa, where they undergo sequential 
εCSR to give rise to PC releasing high-affinity DP-sIgE at the local 
level. Moreover, the presence of DP-sIgE attached to the membrane 
of peripheral basophils suggests that in some LAR patients DP-sIgE 
is enough to saturate the FcεRI receptor system of the mucosa and 
to traffic to the bloodstream through the lymphoid vessels. The high 
affinity of IgE for FcεRI (Kd = 10−10)37 would explain why DP-sIgE 
is not found at the free state in serum before the saturation of the 
whole FcεRI receptor system of the organism. Because bloodstream 
and nasal secretions are ultimately connected through the lymphoid 
vessels, this aspect would also account for the low proportion (33%) 
of LAR patients with detectable DP-sIgE in nasal secretions and its 
low values. On the contrary, we only detected nasal DP-sIgE in 40% 
of AR patients. This aspect is probably related to the low sample 
size (n = 5), since a study using the same methodology and inclusion 
criteria but evaluating a larger sample size found nasal DP-sIgE in 
75% of AR patients.23 Same rationale applies to the lower proportion 
of BAT-positive LAR patients as compared to previous studies,25-27 
especially considering that the basophils of 1 of 9 LAR individuals 
were non-responder. In any case, our results suggest that the dif-
ferent status of the classical atopy biomarkers (SPT and serum sIgE) 
between AR and LAR phenotypes derives from the amount of sIgE 
that is left after the saturation of the FcεRI receptor system of the 
nasal mucosa.

Our study is limited by the small sample size and short in vivo 
provocation protocol (3 days). Nevertheless, the collection of nasal 
biopsies and the sustained administration of the allergen to aller-
gic patients pose tolerability issues. This provocation period was 
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chosen as a compromise between patients’ comfort and the cer-
tainty of providing the immune system with sufficient time to ac-
tivate IgE synthesis.21 Conversely, PBMC were stimulated in vitro 
with DP for 10  days. This longer in vitro stimulation period was 
deemed necessary by previous studies investigating specific pro-
liferative responses of peripheral lymphocytes obtained from AR 
patients.33,38 Moreover, we were not able to investigate the spec-
ificity of the antibodies bound to the membrane of mucosal cells. 
Further studies should consider using frozen biopsies to perform 
direct immune-staining with fluorescently labeled allergens.20 On 
the contrary, our work is the first study investigating inflammatory 
events in mucosal biopsies taken from a group of well-phenotyped 
LAR patients.

In summary, our study shows that sequential εCSR and IgE 
synthesis can occur in the nasal mucosa of LAR patients, as previ-
ously demonstrated for AR individuals.11,16,17  Moreover, allergen 
exposure induces the accumulation of mucosal IgE+ PC/plasmab-
lasts and the proliferation of peripheral PC/plasmablasts, thus sug-
gesting an allergen-specific effect. Finally, LAR patients show high 
titles of serum sIgG and can display sIgE bound to the membrane 
of peripheral basophils. Collectively, our results indicate that LAR 
is an IgE-mediated condition, a conclusion consistent with the clin-
ical benefit associated with allergen immunotherapy in these pa-
tients.28–30 Further translational and clinical studies are warranted 
to elucidate whether LAR should become a new indication for aller-
gen immunotherapy.
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