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Background: The role of memory B cells and their subgroups in allergic rhinitis (AR) and allergen immunotherapy (AIT) remains 
unclear. This study aimed to investigate the characteristics of memory B cells in the circulation of patients with AR and those 
undergoing AIT, as well as their clinical significance.
Methods: This study involved a cohort comprising 32 healthy control subjects, 39 individuals diagnosed with AR, and 31 AR patients 
who had received AIT for over one year. Visual analog scale (VAS) scores were used for symptom assessment, and the serum 
concentrations of immunoglobulins and cytokines were quantified. This study evaluated alterations in the proportions of peripheral 
blood memory B cells and their subpopulations, plasma cells, and various T-cell subsets across the three participant groups.
Results: The proportion of IgA+CD27- class-switched memory B cells in the AR group significantly decreased compared to the 
control group, but significantly increased following AIT (P < 0.05). In AR patients, circulating IgA+CD27- class-switched memory 
B cells were significantly positively correlated with Treg cells, IL-10, and IL-4 and significantly negatively correlated with IFN-γ, total 
IgE, sIgE, and VAS scores (P < 0.05). After AIT, the number of circulating IgA+CD27- class-switched memory B cells in AR patients 
was significantly positively correlated with the number of Treg cells and IL-10 and significantly negatively correlated with the VAS 
score (P < 0.05).
Conclusion: The IgA+CD27- class-switched memory cell subset in human peripheral blood may serve as a potential biomarker for 
evaluating AR symptoms and treatment efficacy. Its mechanism may be associated with interactions between T and B cells.
Keywords: memory B cell, IgA memory B cell, allergic rhinitis

Introduction
Memory B cells are enduring, antigen-specific B cells that develop from naive B cells during the immune response or 
infection process. Upon initial exposure to an antigen, circulating naive B cells migrate to the lymphoid follicles in the 
spleen and lymph nodes, where they proliferate and differentiate into germinal center B cells, resulting in the formation 
of new germinal centers. Following processes such as immunoglobulin class switching, somatic hypermutation, and 
affinity maturation, memory B cells generated in these germinal centers enter the peripheral blood circulation and migrate 
to other lymphoid tissues, primarily the bone marrow, to establish long-term immune memory. Upon re-exposure to the 
same antigen, memory B cells rapidly proliferate and differentiate into plasma cells that secrete antibodies, producing 
a substantial quantity of specific antibodies to mediate the secondary immune response. Simultaneously, they form new 
germinal centers to renew immune memory.1
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Based on the expression of IgD, CD19+CD38dim memory B cells can be classified into nonswitched (IgD+) memory 
B cells and class-switched memory B cells (IgD-). Class-switched memory B cells can be further categorized into 
germinal center-derived subtypes (IgA+/IgE+/IgG+, CD27+) and nongerminal center-derived subtypes (IgA+/IgE+/IgG 
+, CD27-) depending on the expression of CD27 and membrane immunoglobulins (mIg), such as mIgA, mIgE, and 
mIgG.2–4

Allergic rhinitis (AR) is characterized as a hypersensitive response mediated by specific immunoglobulin E (sIgE), 
which occurs following sensitization to an allergen and subsequent exposure to the same allergen. Previous studies have 
demonstrated that CD19+ B cells are closely associated with the production of sIgE.5,6 Recent research has indicated that 
the quantity of memory B cells and class switching are linked to the onset and progression of AR.7 However, the specific 
mechanisms by which memory B cells contribute to the development and progression of AR have not yet been 
elucidated. Furthermore, allergen immunotherapy (AIT) can induce immune tolerance to allergens and is currently 
recognized as the most prevalent and effective therapeutic approach for AR in clinical practice.8 Nevertheless, the 
understanding of the immunological mechanisms and efficacy biomarkers associated with AIT in the treatment of AR is 
limited. Recent studies have suggested that AIT influences the quantity and class switching of memory B cells in AR 
patients;9,10 however, the underlying mechanisms responsible for these alterations remain incompletely understood.

This study aimed to compare healthy controls, patients with AR, and AR patients undergoing AIT. Indicators closely 
associated with the manifestation of AR in the peripheral blood of AR patients were analyzed. Furthermore, we 
investigated the role and potential mechanisms of memory B cells and their subtypes in the pathogenesis of AR, as 
well as the effects of AIT.

Methods
Subjects
The Ethics Committee of Renmin Hospital of Wuhan University approved this research protocol (WDRY2023-K143). 
Written informed consents were obtained from all participants, in accordance with the Declaration of Helsinki. A total of 
102 subjects participated in this study, which was conducted from February 2023 to January 2024 at Renmin Hospital of 
Wuhan University. The cohort comprised 32 healthy controls (HC), 39 patients with untreated AR (AR), and 31 patients 
who had undergone AIT for over one year (AIT). Importantly, none of the patients had received immunosuppressive 
treatments, including inhaled corticosteroids, within four weeks prior to their enrollment in the study. The diagnosis of 
AR was established according to the guidelines on Allergic Rhinitis and Its Impact on Asthma (ARIA) guidelines,11 and 
symptom severity was evaluated using a visual analog scale (VAS). The inclusion criteria for the AR group were as 
follows: 1. Symptoms: at least two of the following symptoms must be present: sneezing, runny nose, nasal itching, nasal 
congestion, etc., occurring for more than one hour daily or cumulatively, or accompanied by ocular symptoms such as 
itching, tearing, and redness; 2. For physical signs, a large number of clear water-like secretions observed in the nasal 
cavity, and the nasal mucosa was pale and swollen; 3. A serum-specific sIgE test ≥0.35 IU/mL; 4. Total IgE ≥30 IU/mL; 
5. Absence of a history of malignant tumors or systemic diseases. The inclusion criterion for the AIT group was that 
participants be diagnosed with AR and have received regular subcutaneous injections of dust mite extract (Novo-Helisen- 
Depot, Merck & Co. Inc., Germany) according to medical prescription. All individuals in the AIT group had been 
undergoing AIT for a minimum of one year in the Department of Otorhinolaryngology, Head and Neck Surgery at 
Renmin Hospital of Wuhan University. Clinical information pertaining to each patient group is detailed in Table 1. The 
symptom scores of patients with different sIgE grades are shown in Table 2.

VAS
The VAS, based on the ARIA guidelines,11 was used to evaluate the symptoms of the patients. Participants provided self- 
reports detailing their nasal allergy symptoms, which included sneezing, rhinorrhea, nasal pruritus, and nasal obstruction, 
in addition to ocular allergy symptoms, asthma-related allergic manifestations, and systemic allergic symptoms (inhalant 
allergies, food allergies, drug allergies, and contact allergies).12 These symptoms were evaluated according to their 
severity. The total VAS score was calculated by summing these individual ratings. Additionally, a correlation analysis 
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was performed to investigate the relationship between the VAS score and the proportion of memory B cells present in the 
peripheral blood of patients.

Biological Sample Preparation
Peripheral blood samples, ranging from 2 to 3 mL, were collected from patients with AR and from healthy control 
subjects via K3-EDTA blood collection tubes (Becton Dickinson Biosciences, San Jose, CA, USA).

Flow Cytometry
A volume of 150 μL of peripheral blood was transferred into a designated flow cytometry tube, followed by the addition of 
2 mL of red blood cell lysis buffer. The sample was incubated for 10 minutes to facilitate the lysis of red blood cells. 
Subsequently, 2 mL of phosphate-buffered saline (PBS) was added to terminate the lysis process. The mixture was then 
centrifuged at 1300 rpm for 6 minutes, and this step was repeated twice. After centrifugation, 300 μL of PBS was added to 
resuspend the cells. Following established flow cytometry staining protocols, 1 μL of specific cell surface staining antibodies, 
including CD4-KO525 (BD, USA, 582970), CD25-FITC (564467), CXCR5-PC5.5 (566469), CD19-APC-Cy7 (557791), 

Table 1 Demographic Data of the Human Subjects

Variables HC AR AIT*

Sex (M/F) 17/15 18/21 14/17
Age (years), Mean (Median)± SD 30.3(31)±9.7 29.1(29)±11.2 32.1(32)±12.4

Allergen specific IgE (Grade)

Mean ± SD 0 3.3±1.7 3.4±1.6
Median 0 3 3

Total IgE (IU/mL)

Mean ± SD 0 716.1±758.9 867.7±594.9
Median 0 439 679.5

Visual analog scale, Mean (Median)± SD

Total 0 17.2(17)±7.4 8.9(8)±4.0
Systemic allergy symptom scores 0 6.6(7)±2.6 3.7(4)±1.4

Nasal symptom scores 0 6.9(7)±2.8 2.9(3)±1.0

Ocular symptom scores 0 3.6(3)±3.0 2.3(2)±2.0
Asthma symptom scores 0 0 0

Notes: * For the AIT group, Allergen-specific IgE and total IgE were collected before receiving AIT, while 
VAS scores were collected after one year AIT treatment. 
Abbreviations: HC, Healthy controls; AR, Patients with untreated allergic rhinitis; AIT, Allergic rhinitis 
patients who had undergone allergen immunotherapy for over one year; IgE, immunoglobulin E; SD, standard 
deviation.

Table 2 VAS Scores Corresponding to Each sIgE Grade in the AR and AIT Group

Grade of sIgE Nasal Symptom Scores Ocular Symptom Scores Systemic Allergy Symptom Scores

AR AIT AR AIT AR AIT

Grade 1 8 3.5 2 3 7 4.5
Grade 2 7 3 3 1 6 4

Grade 3 7.5 3 4 2 7.5 4

Grade 4 5.5 2 2 1 5.5 2
Grade 5 8 4 4.5 4 8 4.5

Grade 6 8 3 6.5 0 8 3

Note: Data are presented as the Median. 
Abbreviations: sIgE, Allergen specific immunoglobulin E; AR, Patients with untreated allergic rhinitis; AIT, Allergic rhinitis patients who had 
undergone allergen immunotherapy for over one year.
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CD38-PE-Cy7 (560677), and CD27-BV421 (562513), was used. The mixture was incubated on ice for 30 minutes. After 
surface staining, the cells were washed by adding 2 mL of PBS. Following washing, the sample was centrifuged at 1300 rpm 
for 6 minutes, after which the supernatant was discarded. Permeabilization buffer (Transcription Factor Buffer Set, 562574) 
was then added in accordance with the manufacturer’s guidelines. After a 50-minute incubation on ice, 1 μL of intracellular 
antibodies, including FOXP3-APC (560401), PU-1-PE (86886s), T-bet-PB450 (563318), Rorγ-PE (563081), GATA3-PB450 
(563349), IgD-BV510 (563034), IgE-BB700 (745980), IgM-PerCP-Cy5.5 (561285), IgG-APC (550931), and IgA- 
AlexaFlour647 (Santa Cruz, USA, sc-373823AF647), was added. After a second 50-minute incubation on ice, the cells 
were resuspended in 300 μL of PBS and subsequently analyzed via a Beckman flow cytometer (Beckman, USA, BC43326).

Cytokines and Immunoglobulins
A Cytokine Microsphere Array Kit (CBA) was used to detect changes in the concentrations of relevant cytokines and 
immunoglobulins, including IL-2, IL-4, IL-6, IL-10, TNF, and γ-IFN, as well as IgA, IgE, IgG, and IgM, in the 
participants’ serum.

The ImmunoCAP system is utilized to measure specific IgE for various allergens in serum, including house dust 
mites, grass pollen, cat dander, dog dander, and certain food allergens. The levels of sIgE were measured in IU/mL and 
were estimated by a 6 grade EAST scale.13 A serum allergen-specific IgE concentration below 0.35 IU/mL is classified as 
negative, whereas concentrations above 0.35 IU/mL are classified as positive. As per the method recommendation, results 
were divided into the following 6 grades: Grade 1: 0.35–0.70 IU/mL; Grade 2: 0.70–3.5 IU/mL; Grade 3: 3.5–17.5 IU/ 
mL; Grade 4: 17.5–50.0 IU/mL; Grade 5: 50–100 IU/mL; and Grade 6: greater than 100 IU/mL.14,15

Data Analysis
Statistical analysis was conducted using GraphPad Prism software version 9.5 (GraphPad Software, Inc). Initially, all the data 
were subjected to descriptive analysis, normality tests, and variance analysis. For datasets that satisfied the criteria for a normal 
distribution and homogeneity of variance, comparisons between two groups were performed using an unpaired t-test, whereas 
comparisons among three groups were executed via one-way ANOVA. In cases where the data did not meet the assumptions 
of a normal distribution or homogeneity of variance, the Mann‒Whitney U-test was applied. A P value of less than 0.05 was 
considered statistically significant. Additionally, correlation analyses between two groups were conducted using Pearson’s 
correlation coefficient to evaluate the strength and direction of the relationship.

Results
In the Circulation of AR Patients, Th1 and Treg Cells Significantly Decrease, Whereas 
Th2 and Class-Switched Memory B Cells Significantly Increase. Following AIT, Th1, 
and Treg Cells Significantly Increase, Whereas Th2 and Class-Switched Memory 
B Cells Significantly Decrease
The flow cytometry gating strategy utilized in this investigation is depicted in Figure 1A and D. The results revealed no 
statistically significant differences in the proportions of Th9 cells, Th17 cells, Tfh cells, or plasma cells among the control, AR, 
and AIT groups (Figure 1B and C, P > 0.05). Compared with the control group, the proportions of Th1 cells and Treg cells in 
the AR group significantly decreased, whereas the proportion of Th2 cells significantly increased, demonstrating a clear Th2 
bias (Figure 1B and C, P < 0.05). Further analysis revealed that the proportions of memory B cells, nonswitched memory 
B cells, and overall switched memory B cells in the AR group were significantly greater than those in the control group, 
whereas the proportion of plasma cells was not significantly different (Figure 1E, P>0.05).

Compared with the AR group, the proportion of Th1 cells and Treg cells in the AIT group significantly increased, 
whereas the proportion of Th2 cells significantly decreased (Figure 1B and C, P < 0.05). These findings indicate 
a reversal of the Th1/Th2/Treg imbalance. Additionally, the total number of memory B cells in the AIT group did not 
significantly differ from that in the AR group; however, the number of nonswitched memory B cells increased further 
(Figure 1E, P < 0.05). Notably, AIT significantly reduced the number of overall class-switched memory B cells 
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(Figure 1E, P < 0.05). These results suggest that AIT may exert its therapeutic effect by decreasing the number of overall 
class-switched memory B cells.

In AR Patients, the Population of IgA+CD27- Class-Switched Memory B Cells 
Significantly Decreases. However, Following AIT, There Was a Significant Increase in 
These Cells
To further investigate the role of class-switched memory B-cell subtypes in the occurrence, development, and treatment 
of AR, we analyzed the changes in three subtypes based on the expression of IgA, IgG, and IgE across the three groups. 

Figure 1 Flow cytometry analysis of the frequencies of CD4+ T-cell subsets and CD19+ B-cell subsets across each group. (A) Flow cytometry gating strategy for CD4+ 
T cells. (B) Bar graph illustrating the proportions of Th1, Th2, and Th9 cells in each group. (C) Bar graph depicting the proportions of Th17, Treg, and Tfh cells in each group. 
(D) Flow cytometry gating strategy for CD19+ B cells. (E). Bar graph representing the proportions of total memory B cells, plasma cells, nonswitched memory B cells, and 
class-switched memory B cells. *P < 0.05,**P < 0.01, ***P < 0.001, ****P < 0.0001.
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The flow cytometry gating strategy is illustrated in Figure 2A. The results indicated that there was no statistically 
significant difference in the proportion of IgE+ class-switched memory B cells among the control group, AR group, and 
AIT group (Figure 2B, P > 0.05). Compared with the control group, the proportion of IgA+ class-switched memory 
B cells in the AR group significantly decreased (Figure 2B, P < 0.05), whereas the proportion of IgG+ class-switched 
memory B cells increased; however, this difference was not statistically significant (Figure 2B, P = 0.19). Compared with 
the AR group, the proportion of IgA+ class-switched memory B cells in the AIT group significantly increased, whereas 
the proportion of IgG+ class-switched memory B cells significantly decreased (Figure 2B, P < 0.05). In summary, there 
are significant differences in IgA+ class-switched memory B cells before and after AIT in AR patients, and the trend of 
change is inversely related to that of IgG+ memory B cells.

To gain a deeper understanding of the role of class-switched memory B cells in the occurrence and treatment of AR, 
we further categorized the three types of class-switched memory B-cell subsets based on CD27 expression into six 
subgroups (Figure 2A) and analyzed their variations among the three groups. The results indicated that IgA+CD27- class- 
switched memory B cells constituted the highest proportion in peripheral blood, and the trend of change was the most 
pronounced. Compared the control group, the proportion of IgA+CD27- class-switched memory B cells in the AR group 
was significantly lower. Compared with the AR group, the proportion of IgA+CD27- class-switched memory B cells in 
the AIT group significantly increased after AIT (Figure 2C, P < 0.05).

Moreover, we observed that the proportion of IgA+CD27+ class-switched memory B cells in the peripheral blood of 
AR patients was significantly greater than that in the control group (Figure 2C, P < 0.05). However, there was no 
significant change following AIT (Figure 2C, P > 0.05). Additionally, the proportions of IgG+CD27+ and IgG+CD27- 
class-switched memory B cells in AR patients did not differ significantly from those in the control group (Figure 2C, P > 
0.05), although AIT led to a significant reduction in their proportions (Figure 2C, P < 0.05). The differences in the 
proportions of IgE+CD27+ and IgE+CD27- class-switched memory B cells among the control, AR, and AIT groups were 
not statistically significant (Figure 2C, P > 0.05). These results suggest that among the subtypes of class-switched 

Figure 2 Changes in the frequency of memory B-cell subtypes following class switching, as detected by flow cytometry. (A) Flow cytometry gating strategy for identifying 
memory B cells. (B). Changes in the proportions of three subtypes of memory B cells after class switching (IgA+, IgG+, and IgE+). (C). Changes in the proportions of six 
subtypes of memory B cells after class switching (IgA+CD27+, IgA+CD27-, IgG+CD27+, IgG+CD27-, IgE+CD27+, and IgE+CD27-). *P < 0.05, **P < 0.01, ***P < 0.001, 
****P < 0.0001.
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memory B cells, IgA+ class-switched memory B cells—particularly IgA+CD27- class-switched memory B cells—play 
crucial roles in the pathogenesis of AR and the response to AIT.

Relationships Between IgA+CD27- Class-Switched Memory B Cells and Treg Cells in 
the Circulation of AR Patients
This study revealed that IgA+CD27- class-switched memory B cells are closely associated with the onset and efficacy of 
AR. To investigate their role in the development of AR, we performed a correlation analysis with CD4+ T-cell subsets 
(Figure 3A). Our results indicated that IgA+CD27- class-switched memory B cells in the circulation of AR patients were 
significantly positively correlated with Treg cells, showing the highest correlation (Figure 3B, P < 0.01).

Furthermore, we observed that as the proportion of memory B cells in the IgG+CD27- category increased, the 
proportion of Treg cells in AR patients decreased, demonstrating a significant negative correlation between the two 
(Figure 3C, P < 0.01). These results indicate that the conversion of memory B cells to IgA+CD27- and IgG+CD27- cells 
significantly affects the proportion of Treg cells, which may be associated with T-B-cell interactions.

The Proportion of IgA+CD27- Class-Switched Memory B Cells in the Circulation of 
AR Patients Is Significantly Positively Correlated With IL-10 Levels
This study revealed that the proportion of IgA+CD27- class-switched memory B cells in the circulation of AR patients is 
positively correlated with the proportion of Treg cells. To further investigate the underlying mechanism of this relation-
ship, we conducted a correlation analysis of B-cell subsets and T-cell-related cytokines (Figure 4A). Our analysis 
revealed that the proportion of IgA+CD27- class-switched memory B cells in the circulation of AR patients exhibited 
the strongest correlation with the level of the Treg cell cytokine IL-10, indicating a positive correlation. Specifically, as 
the proportion of IgA+CD27- class-switched memory B cells increased, the IL-10 levels in AR patients also increased 
(Figure 4B, P < 0.001).

Additionally, we observed that the proportion of IgA+CD27- class-switched memory B cells in the circulation of AR 
patients was negatively correlated with the level of the Th1 cytokine IFN-γ (Figure 4C, P < 0.05) and positively 
correlated with the level of the Th2 cytokine IL-4 (Figure 4E, R = 0.3945, P < 0.05). As the proportion of IgA+CD27- 
class-switched memory B cells increased, the IFN-γ levels in AR patients decreased, whereas the IL-4 levels increased. 
Furthermore, the proportion of class-switched memory B cells in the circulation of AR patients was positively correlated 
with the level of the Th2 cytokine IL-4. With the increase in the proportion of class-switched memory B cells, the IL-4 
levels in AR patients also increased (Figure 4D, P < 0.01). These results suggest that IgA+CD27- class-switched memory 
B cells may be associated with the production of various cytokines, including IL-10, IFN-γ, and IL-4, with the most 
significant effect on IL-10.

In AR Patients, Class-Switched Memory B Cells That are IgA+CD27- are Associated 
With Total IgE and sIgE Levels
To investigate the role of B-cell subtypes in the circulating immune response of AR patients, we performed a correlation 
analysis between B-cell subsets and immunoglobulin levels in AR patients (Figure 5A). Our findings revealed that the 
proportion of class-switched memory B cells in the circulation of AR patients was positively correlated with total serum 
IgE levels (Figure 5B, P < 0.01).

In addition, the increase in the proportion of IgA+CD27- class-switched memory B cells was associated with 
a decrease in the serum level of sIgE in patients with AR (Figure 5C, P < 0.05), as was the reduction in the total 
serum IgE level (Figure 5D, P < 0.05). Furthermore, there was no significant correlation between the proportion of IgA 
+CD27- memory B cells and the proportion of plasma cells (Figure 5E, P > 0.05). These findings suggest that, in contrast 
to class-switched memory B cells, an increase in IgA+CD27- class-switched memory B cells may negatively impact IgE 
production, with this effect being more pronounced for sIgE.
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In Patients With AR, IgA+CD27- Class-Switched Memory B Cells, Including Total 
Score, Allergic Symptoms, and Nasal Symptoms, are Associated With the VAS Score
This study revealed that memory B cells and their subgroups are associated with various indicators in the circulation of 
patients with AR. To further investigate the impact of these cells on AR clinical symptoms, we analyzed their correlation 
with the VAS score, which includes total scores, allergic symptoms, and nasal symptoms (Figure 6A). Our findings 
indicate that the proportion of IgA+CD27- class-switched memory B cells in the circulation of AR patients is negatively 
correlated with the VAS score (total score, allergic symptoms, and nasal symptoms). Specifically, as the proportion of 
IgA+CD27- memory B cells increased, the VAS score (total score, allergic symptoms, and nasal symptoms) decreased 
(Figure 6B–D; P < 0.05). In addition, we found no direct correlation between sIgE and symptom scores (Supplementary 
Figure 1). These results suggest that IgA+CD27- class-switched memory B cells are closely related to the severity of 
clinical symptoms in AR patients.

Figure 3 Correlation analysis of memory B-cell subsets and CD4+ T-cell subsets in AR patients. (A) Data were analyzed using Pearson’s correlation coefficient and are 
presented in a correlation matrix. The matrix illustrates the strength of both positive and negative correlations between each pair of parameters, as indicated by the color 
scale on the right. (B) Correlation analysis of IgA+CD27- switched memory B cells with Treg cells. (C) Correlation analysis of IgG+CD27- switched memory B cells with 
Treg cells. *P < 0.05.
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Figure 4 Correlation analysis of memory B-cell subsets and CD4+ T-cell subsets in AR patients. (A) Data were analyzed using Pearson’s correlation coefficient and are 
presented in a correlation matrix. This matrix illustrates the strength of both positive and negative correlations between each pair of parameters, as indicated by the color 
scale on the right. (B) Correlation analysis of IgA+CD27- class-switched memory B cells with serum IL-10 levels. (C) Correlation analysis of IgA+CD27- class-switched 
memory B cells with IFN-γ levels. (D) Correlation analysis of class-switched memory B cells with IL-10 levels. (E). Correlation analysis of IgA+CD27- class-switched 
memory B cells with IL-4 levels. *P < 0.05.

Figure 5 Correlation analysis of memory B-cell subsets and immunoglobulins in AR patients. (A) Data were analyzed using Pearson’s correlation coefficient and are 
presented in a correlation matrix. This matrix illustrates the strength of both positive and negative correlations between each pair of parameters, as indicated by the color 
scale on the right. (B). Correlation analysis of class-switched memory B cells with total IgE levels. (C) Correlation analysis of IgA+CD27- class-switched memory B cells with 
sIgE levels. (D) Correlation analysis of class-switched IgA+CD27- memory B cells with total IgE levels. E. Correlation analysis of class-switched IgA+CD27- memory B cells 
with plasma cells. *P < 0.05.
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In AR Patients Treated With AIT for More Than One year, the Conversion of 
Circulating IgA+CD27- Class-Switched Memory B Cells Is Associated With Treg Cells, 
IL-10, and the Total VAS Score
To further elucidate the relationships between memory B-cell subtypes and the efficacy of AIT, as well as to investigate 
their underlying mechanisms, we validated previously identified correlations in AR patients who had undergone AIT for 
more than one year. The flow cytometry gating strategy is illustrated in Figure 7A. Our findings indicate that in the 
circulation of AR patients receiving AIT for more than one year, IgA+CD27- class-switched memory B cells were 
significantly positively correlated with Treg cells (Figure 7B, P < 0.05). In contrast, IgG+CD27- class-switched memory 
B cells did not significantly correlate with Treg cells (Figure 7C, P > 0.05). Additionally, IgA+CD27- class-switched 
memory B cells were significantly positively correlated with IL-10 (Figure 7D, P < 0.01), whereas no significant 
correlations were observed with IFN-γ or IL-4 (P > 0.05).

In addition, we found that in AR patients who received AIT for more than one year, an increase in the proportion of 
IgA+CD27- class-switched memory B cells was associated with a decrease in the total VAS score (Figure 7E, P < 0.05). 

Figure 6 Correlation analysis between memory B-cell subsets and the VAS score in AR patients. (A) Data were analyzed using Pearson’s correlation test and are presented 
in a correlation matrix. This matrix illustrates the strength of both positive and negative correlations between each pair of parameters, as indicated by the color scale on the 
right. (B) Correlation analysis between IgA+CD27- class-switched memory B cells and the VAS score (nasal symptoms). (C) Correlation analysis between IgA+CD27- class- 
switched memory B cells and the VAS (total score). (D) Correlation analysis between IgA+CD27- class-switched memory B cells and the VAS score (allergic symptoms). *P 
< 0.05.
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However, the VAS scores for nasal symptoms and allergic symptoms did not significantly change (Figure 7F and G, P > 
0.05). These results indicate that in AR patients who have undergone AIT for more than one year, circulating IgA+CD27- 
class-switched memory B cells can significantly influence Treg and IL-10 levels and are closely related to the severity of 
AR symptoms.

Discussion
In this study, we employed two widely accepted gating strategies for T cells and B cells: CD25/Foxp3/T-bet/GATA3/PU- 
1/Rorγ/CXCR5 for T cells and CD38/CD27/IgD/IgA/IgG/IgE for B cells. These strategies were used to conduct 
a comprehensive analysis of T-cell and B-cell subsets in patients with AR.16,17 In addition to confirming previous 
reports of increased peripheral blood memory B cells and decreased Treg cells, as well as an imbalance in the Th1/Th2 

Figure 7 Pearson correlation analysis of memory B-cell subtypes and related indicators in the circulation of AR patients who underwent AIT for more than one year. (A) 
Flow cytometry gating strategy for Treg cells, IgA+CD27- class-switched memory B cells, IgG+CD27- class-switched memory B cells. (B) Correlation analysis between IgA 
+CD27- class-switched memory B cells and Treg cells. (C) Correlation analysis between IgG+CD27- class-switched memory B cells and Treg cells. (D) Correlation analysis 
between IgA+CD27- class-switched memory B cells and serum IL-10. (E) Correlation analysis between IgA+CD27- class-switched memory B cells and the VAS total score. 
(F) Correlation analysis between IgA+CD27- class-switched memory B cells and the VAS score for nasal symptoms. (G) Correlation analysis between IgA+CD27- class- 
switched memory B cells and the VAS score for allergic symptoms.
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ratio among AR patients,6 we discovered that the proportion of overall class-switched memory B cells was significantly 
higher in AR patients than in healthy controls. Following AIT, this proportion significantly decreased, indicating that 
overall class-switched memory B cells are closely associated with the onset and treatment of AR. Based on these 
findings, we further analyzed three subtypes of class-switched memory B cells: IgA+, IgG+, and IgE+. We observed that 
the changes in the proportion of IgA+ class-switched memory B cells among the three groups exhibited an inverse trend 
compared with that of the overall class-switched memory B cells. Specifically, the proportion of IgA+ class-switched 
memory B cells decreased in the peripheral blood of AR patients and significantly increased after AIT. Although no 
statistically significant difference was found in the number of IgG+ class-switched memory B cells, the trend of change 
mirrored that of the overall class-switched memory B cells.

Previous studies have demonstrated that IgG+ class-switched memory B cells represent the primary subset of class- 
switched memory B cells and function as storage units for immune memory.18,19 During an allergic reaction, IgG+ class- 
switched memory B cells are the first to differentiate into plasma cells, releasing large amounts of sIgE.20,21 

Consequently, IgG+ class-switched memory B cells are key contributors to the development of AR. This study revealed 
that while the proportion of IgG+ class-switched memory B cells in AR patients was greater than that in normal controls, 
the difference was not statistically significant. IgG+ memory B cells can be categorized into four subsets based on the 
expression of mIgG: IgG1+, IgG2+, IgG3+, and IgG4+, with IgG1+ memory B cells being the predominant subset. These 
cells primarily store immune memory and produce IgE+ plasma cells, thereby facilitating the onset of AR.22–24 In 
contrast, IgG4+ memory B cells can inhibit the activity of IgE,25 which is contrary to the function of IgG1+ memory 
B cells. Therefore, the absence of a significant increase in IgG+ class-switched memory B cells in AR patients may be 
due to differing trends among these subtypes, warranting further investigation.

Importantly, this study revealed that among the three subtypes of class-switched memory B cells, the changes in IgA+ 
class-switched memory B cells were the most pronounced, exhibiting a trend opposite to that of IgG+ class-switched 
memory B cells. Research indicates that the gene expression profile of IgA+ class-switched memory B cells is highly 
similar to that of IgG+ class-switched memory B cells,26 suggesting that IgA+ class-switched memory B cells have the 
potential to convert into IgG+ class-switched memory B cells. Therefore, we propose that class switching in the memory 
B cells of AR patients has shifted from IgA to IgG, and that AIT can significantly reverse this change.

Previous studies have demonstrated that IgE+ memory B cells are closely associated with the production mechanisms 
of plasma cells that secrete sIgE.19 However, this study did not identify a correlation between IgE+ class-switched 
memory B cells and AR. This lack of association may be attributed to the rarity of IgE+ memory B cells in circulation, 
which complicates the assessment of their changes through statistical analysis. This perspective aligns with findings from 
earlier research.27

CD27 is a crucial immune molecule that is generally associated with the maturation and differentiation status of 
B cells, as well as the affinity for antibody production. Through further analysis of the subgroups of class-switched 
memory B cells based on CD27 expression, we discovered that the proportion of IgA+CD27- class-switched memory 
B cells in the peripheral blood of AR patients was significantly reduced. In contrast, AR patients who had undergone AIT 
for more than a year presented a significant increase in IgA+CD27- class-switched memory B cells. CD27- memory 
B cells are often considered memory B cells that do not participate in germinal center reactions,28 and the antibodies 
produced following their further proliferation and differentiation typically exhibit lower affinity and specificity. 
Circulating CD27- memory B cells can enter the germinal center with the assistance of T cells and subsequently 
differentiate into CD27+ memory B cells.29,30 Class-switched CD27+ memory B cells can further differentiate into 
plasma cells and produce high-affinity antibodies upon re-exposure to antigens.31 During allergic reactions, the immune 
system may cause memory B cells to aggregate in the germinal center, potentially leading to a relative decrease in the 
proportion of CD27- B cells in the circulation. Therefore, we speculate that the reduced number of IgA+CD27- class- 
switched memory B cells in AR patients may be linked to the activation of immune responses and the redistribution of 
immune cells.

Further correlation analysis revealed that IgA+CD27- memory B cells in the circulation of AR patients were 
significantly positively correlated with Treg cells and their cytokine IL-10, but significantly negatively correlated with 
sIgE and VAS scores. Previous studies have indicated that the number of Treg cells in the peripheral blood is closely 
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associated with the occurrence, severity of symptoms, and treatment efficacy of AR.12 IL-10 can activate the signal 
transducer and activator of transcription 3 (STAT3) pathway by phosphorylating IL-10R on Treg cells through Janus 
kinase 1 (JAK1), thereby promoting the proliferation and differentiation of Treg cells.32 Research conducted by Ticha 
et al has demonstrated that CD27 class-switched memory B cells are closely linked to the production of Breg cells, which 
are a primary source of IL-10.33,34 Additionally, Breg cells can maintain immune tolerance to allergens through antigen- 
specific interactions with Treg cells and the production of antigen-specific IgG4.35 We speculate that the reduction in IgA 
+CD27- class-switched memory B cells in AR patients may lead to a decrease in Breg cells and their production of IL- 
10, thereby affecting the proliferation and activation of Treg cells. In our study, we observed a significant association of 
memory B cells with sIgE and symptom scores. However, we did not find a direct correlation between sIgE and symptom 
scores, which is consistent with the research results of Hasegawa et al and Angjeli et al.36,37 We propose that memory 
B cells could act as a link between allergen sensitization and clinical impact. Furthermore, memory B cells in AR patients 
may be more prone to accumulate in germinal centers for further activation and differentiation, whereas their class- 
switching direction shifts from IgA to IgG, resulting in increased IgE production.38 These changes may exacerbate the 
allergic inflammatory response, contributing to the progression and worsening of allergic diseases.

After AIT, IgA+CD27- class-switched memory B cells in the circulation of AR patients continued to exhibit 
a significant positive correlation with Treg cells and IL-10, and a significant negative correlation with the VAS total 
score. This finding further supports our hypothesis. Notably, after AIT, IgA+CD27- class-switched memory B cells no 
longer demonstrated a significant correlation with VAS scores (which encompass both allergic and nasal symptoms). This 
change may be attributed to a reduction in interindividual symptom variability resulting from the improvement in AR 
symptoms following AIT.

The limitations of this study stem from the observational nature of cross-sectional research, which prevents us from 
determining whether the changes in memory B cells and their subsets in AR patients are a cause of AR or merely 
a coincidental phenomenon. Future studies should aim to confirm this relationship and evaluate the potential of memory 
B-cell subsets as biomarkers for the onset and progression of AR, as well as the efficacy of AIT.

Owing to challenges in sample collection, the samples used in this study were obtained from excess peripheral blood 
following the clinical examination of the patients. Consequently, we were unable to further analyze immune cells in nasal 
mucosal tissue and immune organs, such as the tonsils. Localized Allergic Rhinitis (LAR) is a subtype of AR. Patients 
diagnosed with LAR present with nasal symptoms characteristic of AR, in addition to localized allergic reactions within 
the nasal region. Nevertheless, these patients do not demonstrate any abnormalities in serum sIgE or total IgE levels.39 

Consequently, the diagnostic criteria for AR employed in this study may have resulted in the exclusion of this particular 
patient group. The changes of local memory B cells and their subtypes in the nasal cavity of AR patients deserve further 
investigation. In addition, future research should incorporate nasal lavage fluid or nasal mucosal scrapings, along with 
optimal immune organ tissues, and be supported by experimental mouse models to investigate the association of memory 
B cells in local tissues and blood.

Conclusion
In summary, IgA+CD27- class-switched memory B cells circulating in peripheral blood may represent an unactivated 
state of immune cells. Among the various subtypes of memory B cells, changes in these cells during the onset and 
treatment of AR are particularly significant. These genes are strongly correlated with the ratio of Treg cells in AR 
patients, sIgE levels, and VAS scores. Therefore, we propose that IgA+CD27- memory B cells may serve as crucial relay 
points in the interaction between T and B cells, sIgE production, and the development of symptoms in AR patients. 
Additionally, they could act as a link between allergen sensitization and clinical impact, and may also serve as potential 
biomarkers for evaluating AR symptoms and treatment efficacy.
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