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Abstract

Objectives and design Here we evaluated whether aller-

gic rhinitis to Dermatophagoides pteronyssinus induces

alterations on circulating B cell subsets.

Materials and methods Circulating B cell subsets and

isotype expression on antigen-experienced B cells from

allergic patients under conventional pharmacological

treatment (NO-SIT, n = 15) and under subcutaneous im-

munotherapy (SCIT, n = 33), and non-allergic subjects

(NC, n = 25) were analyzed by flow cytometry.

Results In allergic patients, we found a significant de-

crease in IgM? and IgG? memory B cells and an increase

in IgA? memory B cells. Additionally, the numbers of

circulating IgA? plasmablasts in allergic patients were also

increased, while those cells expressing IgM were reduced.

Conclusions Allergic patients have a disturbed B cell

subsets distribution which seems to underlie rhinitis

pathogenesis and remain unchanged after SCIT.
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Introduction

Several factors may specifically contribute to the patho-

physiology of allergic rhinitis (AR), including the local

synthesis of immunoglobulin (Ig) E in nasal mucosa, the

up-regulation of Th2 cytokines or the alteration in the

number of regulatory T (Treg) cells [1]. In fact, repeated

exposure to aeroallergens cause B cell activation and

maturation into plasma cells producing specific IgE anti-

bodies which bind to specific receptors on the surface of

basophils and mast cells [2]. Interestingly, despite the in-

fluence of AR on immune cells and the impact of

subcutaneous immunotherapy (SCIT) therapy in the

specific antibody response within the nasal mucosa being

relatively well known [3–5], the potential systemic effect

of AR on peripheral blood (PB) B cell subsets remains

largely unknown.

Therefore, in the present study we aimed to identify

alterations in the different circulating B cell compartments

in AR patients with monosensitization to Der-

matophagoides pteronyssinus (Dpt) based on their Ig

expression patterns. Moreover, we looked for a possible

correlation between IgE? B cells and serum IgE levels.
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Materials and methods

Patients

Overall, 48 AR patients were included in this study, all of

them with at least 2 years of perennial symptoms, wheal

higher than 3 mm related to histamine response and the

values of serum-specific IgE to D. pteronyssinus (Im-

munoCAP, Thermo Scientific) at least class 2 (CAP): a

group of 15 respiratory allergic patients monosensitized to

mites (age: 26 ± 7 years; sex: 5 males and 10 females)

who were undergoing treatment implemented according to

the recommended guidelines (oral systemic anti-histami-

nes, nasal and bronchial corticotherapy and bronchodilators

for patients with asthma) and who had not been submitted,

in the past, to specific immunotherapy, and that displayed

the same clinical profile and the exclusion criteria as the

SCIT group (NO-SIT); and a group composed of 33 pa-

tients (age: 30 ± 11 years; sex: 19 males and 14 females)

with AR monosensitized to mites under active maintenance

SCIT treatment (duration of SCIT: 28 ± 13 months) with

allergoid Dpt extract Depigoid (Leti, Madrid, Spain) with

monthly maintenance dose of 0.5 ml volume (Der

p 1 = 7.2 lg/ml)(SCIT) and who had not been previously

undergone to systemic treatment. When included in the

study, all patients presented clinical efficacy to treatment

and in all of them the induction phase was achieved after 6

doses of weekly injection, followed by 1 injection every

4 weeks as a maintenance dose for a minimum of

12 months. Of note, all the analyses were performed during

a period of clinical stabilization in both AR groups.

Healthy individuals group

A control group (NC) was selected composed of 25 healthy

individuals (age: 30 ± 11 years; sex: 13 males and 12

females).

Biological samples

Fresh PB was collected from patients and healthy controls

into K3-EDTA (Becton–Dickinson Biosciences, San Jose,

CA, USA). The blood sample was performed in peripheral

vein, before the SCIT administration in case of the SCIT

group.

Ethical standards

The study protocol was approved by the Ethical Committee

from Coimbra 185 University Hospital. All participants

gave and signed an informed consent form, and the prin-

ciples of Helsinki Declaration were respected.

Determination of total and specific IgE

Quantitative determination of serum t-IgE was performed

using nephelometry method. Total IgE concentration (kU/

l) was determined comparing the results with the

calibrators provided. Serum s-IgE to D. pteronyssinus was

determined using the ImmunoCAP fluorescence enzyme

immunoassay technique (Phadia, Uppsala, Sweden). To

evaluate the test results, the response from the patient

samples was converted to concentrations using a

calibration curve. The range of measurements was

0.35–100 KUA/l.

Flow cytometric data acquisition and analysis

The distribution of three B cell subsets—transitional/naı̈ve

(CD19?/CD20?/CD27-/CD38?/-), memory (CD19?/

CD20?/CD27?/CD38-) B cells, and plasmablasts

(CD19?/CD20-/CD27??/CD38??)—was evaluated using

a FACSCanto flow cytometer (BD, San José, CA, USA),

using a lyse and wash procedure, as previously described

[6], and following the below combination of monoclonal

antibodies: CD19-PC7 (clone J3-119), CD27-PC5 (clone

1A4LDG5), CD45-KO (clone J.33), IgA-PE (clone

B3506B4) from Beckman–Coulter (Miami, USA); CD20-

PB (clone 2H7) from eBiosciences (San Diego, CA, USA);

CD38-APC-H7 (clone HB7), IgG-FITC (clone G18-145)

and IgM-APC (clone G20-127) obtained from Becton–

Dickinson Biosciences (BD; San Jose, CA; USA); and IgE

PE (clone BE5) from EXBIO (Prague, Czech Republic).

Data acquisition was performed using a two-step proce-

dure. Information from the total cellularity was first

acquired using 5 9 104 cells/tube and then C2 9 105 B

cells were acquired after a live gate on CD19? cells.

Plasmablasts were defined by concomitant higher expres-

sion of CD27 and CD38 as well as by an increased FSC

and lower expression of CD19. Data were analyzed with

Infinicyt 1.4 software (Cytognos SL, Salamanca, Spain).

Results illustrate the percentage of positive cells within

each cell subset.

Statistical analysis

The statistical analysis (Mann–Whitney U test) was per-

formed using SPSS software (version 16.0, SPSS, Chicago,

IL). P values \0.05 were classified as statistically

significant.
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Fig. 1 Relative (a) and absolute numbers (b) of each B cell subset

(transitional/naı̈ve, memory and plasmablasts) and unique Ig-heavy

chain expression on antigen-experienced B cells (c, d, e and f) in the

studied groups: NC healthy individuals, NO-SIT allergic patients

never submitted to allergen-specific immunotherapy, SCIT patients

submitted to allergen-specific subcutaneous immunotherapy.

*P \ 0.05, statistical significance
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Results

Relative and absolute numbers of peripheral B cell

compartments and their immunoglobulin expression

in allergic patients and healthy individuals

No differences were observed in the relative and absolute

numbers of peripheral B lymphocytes when comparing the

different studied groups (Fig. 1a) whereas within B cell

subsets (transitional/naı̈ve, memory and plasmablasts), an

increased proportion of transitional/naı̈ve cells with a

consequent decrease of memory cells was observed in NO-

SIT patients, when compared with healthy individuals

(P \ 0.05) (Fig. 1b). Comparatively to healthy individuals,

a significant increase of the frequency of IgA?CD27?

memory B cells followed by a decrease of those expressing

IgM and IgG was found (P \ 0.05), although without

differences between the two patient groups (Fig. 1c, d). In

addition, a marked increase in the relative and absolute

numbers of IgA? plasmablasts followed by a decrease in

those expressing IgM was found in AR patients, par-

ticularly in those under SCIT (Fig. 1e, f). Despite the

majority of PB B cell subsets not expressing IgE, a de-

creased proportion of IgE? B cells was found in SCIT

versus NO-SIT—0.13 (0.02–0.64) vs. 0.23 (0.13–3.13),

respectively, P = 0.02. No IgE? plasmablasts were found

either in allergic patients or in controls.

Serum total and specific IgE levels

Slightly lower total serum IgE (t-IgE) levels were found in

NO-SIT patients when compared with the SCIT patients

(295 ± 231 kU/l vs. 527 ± 796 kU/l, respectively),

although not reaching statistical significance. Conversely,

no differences were observed between the two AR groups

regarding serum-specific IgE (s-IgE) levels (NO-SIT:

49 ± 29 kUA/l; SCIT: 47 ± 37 kUA/l). However, using

the ratio of s-IgE over t-IgE a significant decrease in SCIT

group was observed when compared with NO-SIT

(0.13 ± 0.08 vs. 0.23 ± 0.1, P = 0.02) although lacking

significant correlation with IgE? memory B cells (data not

shown).

Discussion

In the present study, we evaluated the PB distribution of B

cell subsets in AR patients under SCIT or pharma-

cotherapy. An increased proportion of transitional/naı̈ve B

cells followed by the decreased proportion of memory B

cells was found in AR NO-SIT patients when compared to

NC. In contrast, no alterations on absolute numbers were

observed. These results might be explained, at least in part,

considering the clinical stabilization status of both AR

groups.

On the other hand, we focused our attention in isotype

expression on antigen-experienced B cells from allergic

patients under SCIT and under conventional pharmaco-

logical treatment and non-allergic subjects. Therefore, the

analysis of Ig expression showed that, independent of the

applied treatment, a marked higher proportion of memory

B cells expressing IgA coupled with a decrease of those

expressing IgM and IgG was found in allergic patients

when compared to non-allergic subjects. Interestingly, in

AR the frequency of IgA? plasmablasts was also increased

and more evident in patients under Dpt-SCIT exclusively

due to a lower proportion of IgM? plasmablasts. Overall,

the increased switch to IgA by antigen-experienced B cells

in AR patients may highlight the biological effect of IgA

on mucosal defense, targeted for the first step of inhaled

allergen exposure, and be able to minimize the clinical

progression of allergic symptoms [7]. Therefore, the in-

creased proportion of IgA is expected to be more

pronounced in patients under SCIT and support or even

synergize the advantageous effects of allergen-specific IgG

[8].

Until now, circulating IgE? B cells are rare and difficult

to quantify [9], even in allergic subjects. In agreement with

others, the infrequent IgE? B cells detected suggest that the

isotype switching to IgE? B cells and their proliferation

and maturation to IgE-producing plasmablasts/plasma cells

may take place in the nasal mucosa where dendritic cells, T

cells and B cells participate in germinal center-like reac-

tions [10, 11]. Despite their low numbers, we found a

decreased proportion of IgE? B cells in SCIT compared to

NO-SIT, which is in line with results published by Dono-

hoe et al. [12]. Moreover, there was no correlation between

IgE? B cell frequency and serum IgE measurements

whereas a relationship between serum IgE levels and ba-

sophil expression of high-affinity IgE receptor (Fc [ RI)

was previously reported [13].

Taken together, we demonstrated that AR leads to sig-

nificant alterations of the B cell compartment in PB of

allergic patients as compared to non-allergic subjects.

Whether these changes result from a direct effect of al-

lergen in B cell subsets or are induced by therapy remains

to be elucidated.
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