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INTRODUCTION

The development of nasal polyps subdivides the chronic rhino-
sinusitis (CRS) into two different phenotypes: CRS with nasal 
polyposis (CRSwNP) and CRS without nasal polyposis (CRSs-
NP). Up to date, the etiopathology of CRSwNP is still not fully 

understood: nasal polyps develop from nasal mucosal tissue of 
the medial nasal concha and the superior nasal passage [1,2]. 
Histopathologically, they are characterized by respiratory epi-
thelium and edematous stroma, which is infiltrated by a multi-
tude of inflammatory cells. With respect to European and U.S. 
patients, the main cell populations are eosinophilic and lym-
phatic cells with a predominant TH2 subtype, whereas neutrophil 
inflammatory cells and a T helper 1 (TH1)/TH17 subtype are pre-
dominant in Asian patients [3]. Newly, Bachert et al. [3] devel-
oped a classification of CRSwNP into different endotypes de-
pending on the predominant inflammatory cells in a TH2-biased 
or a TH1/TH17-biased inflammation. This is of clinical interest 
due to the higher risk of disease recurrence and bronchial asth-
ma comorbidity in the TH2 endotype together with high levels 
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Objectives. The pathophysiological mechanisms of chronic rhinosinusitis with nasal polyposis (CRSwNP) still are discussed 
controversially. Regulatory B cells (Breg) are responsible for the suppression of T cell activity: deficiencies for Breg have 
been demonstrated to contribute to autoimmune disorders, e.g., systemic lupus erythematosus. In order to evaluate 
the influence of B cell subpopulations, especially Breg, on the etiology of this disease, the aim of this study was to 
characterize subpopulations of peripheral and edaphic B cells in CRSwNP. 

Methods. Polypoid tissue and blood samples were collected from 10 patients undergoing paranasal sinus surgery and lym-
phocytes were analyzed by multicolor flow cytometry.

Results. There was a significantly lower frequency of B cells in nasal polyps compared to peripheral blood mononuclear 
cells (PBMC) in patients with CRSwNP. Mature resting B cells were the main population within B cells in PBMC, 
and memory B cells in nasal polyps. Remarkably, Breg and mature B cells significantly decreased in nasal polyps com-
pared to PBMC. Memory B cells significantly increased and represented the main subpopulation in nasal polyps in 
patients with CRSwNP.

Conclusion. In this study a detailed contemporary characterization of B cell subpopulations in patients with CRSwNP is 
presented. The influence of edaphic B cells could play a key role in the maintenance of this chronic infectious disease. 
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of interleukin (IL)-5 and immunoglobulin E (IgE). According to 
Bachert et al. [3], a predominance of CD8+ T cells was shown in 
nasal polyps with a more effector memory phenotype in both 
CD4+ and CD8+ T cells in nasal polyps compared to peripheral 
blood mononuclear cells (PBMC) in patients with CRSwNP. 
Furthermore, among CD4+ T cells, activated regulatory T cells 
were increased in nasal polyps compared to PBMC [4]. Al-
though T cells are known to be the predominant fraction of lym-
phocytes in polyps, other subpopulations like B cells can also be 
found in nasal polyps [5]. 

B cells are antigen-presenting cells and contribute to activat-
ing T cell help. Activated T cells interact with B cells under the 
influence of costimulatory molecules and cytokines, and induce 
signals for proliferation, survival, affinity maturation and iso-
type-switching. Some investigators have shown an upregulation 
of B and T cell interactions in nasal polyposis [6,7]. A special as-
pect of nasal polyps in comparison to infected nasal tissue in 
CRSwNP is a very high production of IgE [8]. These high local 
IgE levels differ from serum IgE levels in patients with CRSwNP, 
which underscores the importance of local IgE production [9]. 
Furthermore, specific IgE antibodies against Staphylococcus au-
reus enterotoxins were increased in nasal polyps and have a 
predictive value for concomitant asthma bronchiale [10]. These 
findings highlight the importance of local B cells in chronic in-
fectious diseases of the nasal mucosa. They are fundamental to a 
variety of new-targeted approaches in CRSwNP therapy with 
very promising prospects [3].

Recently, immunological studies described a classification of 
B cells into regulatory B cells (Breg), mature B cells, memory B 
cells, plasma blasts and plasma cells. This subdivision is based on 
the expression of specific surface markers like CD19, CD24, 
CD38, CD27, CD20 and HLA-DR [11-14]. Breg are character-
ized as CD19+ CD20+ CD38high CD24high B cells. In comparison, 
mature B cells intermediately express the surface markers CD38 
and CD24, whereas memory B cells are CD19+ CD20+ CD38– 

CD24high B cells. For identifying these subpopulations and ana-
lyzing the differences between peripheral and edaphic B cells, 
fluorescence-activated cell sorting (FACS) analysis is the method 
of choice [7,15,16]. Some investigators have shown dysregula-
tions in the differentiation of B cells in autoreactive plasma cells, 
which can be responsible for autoimmune diseases [11]. Blair et 
al. [12] demonstrated an inhibition in the differentiation of TH1 

cells in vitro by Breg isolated from human peripheral blood. 
However, this suppressive effect is lacking in patients with sys-
temic lupus erythematosus (SLE). In addition, a correlation be-
tween the increase in CD19+ B cells and CD27high plasma cells 
and the activity of the disease in SLE is currently being dis-
cussed in the literature [11]. The aim of this study was to com-
pare subpopulations of B cells in peripheral blood and nasal 
polyps of patients with CRSwNP using an up-to-date panel of 
markers for B cell subsets, particularly Breg, in order to elucidate 
their influence on the etiology of this disease. 

MATERIALS AND METHODS

This study was approved by the Ethics Board of the Medical 
Faculty, Julius-Maximilian-University Wuerzburg (vote 12/06), 
and all participants gave written informed consent.

Preparation of human lymphocytes
Ten milliliters of heparinized blood samples were obtained in-
traoperatively by venous puncture from 10 patients undergoing 
paranasal sinus surgery and transferred to the laboratory. Lym-
phocytes were separated by density-gradient centrifugation (10 
minutes, 1,000×g) at room temperature on equal amounts of 
Ficoll (Biochrom, Berlin, Germany), using a membrane-contain-
ing 10 mL cell tube (Greiner Bio-One, Frickenhausen, Germa-
ny). After washing twice in phosphate-buffered saline (PBS; 
Gibco BRL Life Technologies, Eggenstein, Germany), the cell 
number and the cell viability were determined using a Cell 
Counter+Analyser System (CASY TT; Innovatis, Reutlingen, 
Germany) according to the manufacturer’s protocol. After cen-
trifugation with 1,600 rpm cells were frozen in –80°C with 1 
mL freezing medium, containing 10 parts fetal calf serum (Lina-
ris, Dossenheim, Germany) and one part DMSO (Roth, Karl-
sruhe, Germany).

Preparation of tissue samples
All tissue samples were collected intraoperatively from 10 pa-
tients undergoing standard paranasal sinus surgery. Additionally, 
two samples of normal nasal tissue as control group, where col-
lected from two patients undergoing functional septorhinoplasty 
or uncinectomy because of a maxillary sinus cyst. The polyps 
and the nasal mucosae were cut into small fragments and 
mashed through a cell strainer (Greiner Bio-One) from 100 µm 
to 40 µm in PBS (Gibco). After washing twice in PBS, the cell 
number and cell viability were determined using a CASY sys-
tem according to the manufacturer’s protocol. After centrifuga-
tion (5 minutes, 1,600 rpm) cells were frozen at –80°C with 1 
mL freezing medium. 

Fluorescence-activated cell sorting
The following antibodies were used: anti-CD45 Pacific Orange, 

   Memory cells present the main B cell subpopulations in nasal 
polyps.

   Regulatory B cells and mature B cells significantly decrease in 
nasal polyps compared to peripheral blood mononuclear cell.

   Reduced regulatory B cells frequencies or high frequencies of 
memory B cells may cause T cell dysfunction.
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anti-CD19 Brilliant Violet, anti-CD20 PE, anti-CD38 antigen-
presenting cells, anti-CD24 PE.Cy7, anti-CD27 Per.CP-Cy5.5 
and anti-HLA-DR Alexa 700 (all by BioLegend, San Diego, CA, 
USA). Viability Dye 780 (eBioscience, San Diego, CA, USA) 
was used to detect apoptotic cells. After blocking with 25 μg/
mL normal mouse IgG (Sigma-Aldrich, St. Louis, MO, USA) for 
15 minutes on ice, all cells underwent cell surface staining. All 
antibodies were used according to the manufacturers’ instruc-
tions. FACS analyses were performed using an LSR II flow cy-
tometer (Becton Dickinson, San Diego, CA, USA), and the data 
were analyzed with FlowJo software (TreeStar, Ashland, OR, 
USA).

Statistics
Data are presented as mean±standard deviation. Statistical sig-
nificance was analysed by a two-tailed paired t-test using Graph-
Pad Prism Software 6.0c (GraphPad Software Inc., La Jolla, CA, 
USA). For nonparametric distribution the Wilcoxon test was ap-
plied. The P-values <0.05 were considered statistically signifi-
cant.

RESULTS

Patient characteristics
Ten patients were included in the study group (six males and 
four females). The mean age was 56±13 years. Inclusion criteria 
were a chronic rhinosinusitis with nasal polyps and the failure of 
medical treatment. Patients with established immunodeficiency, 
pregnancy, coagulation disorder, classic allergic fungal sinusitis, 
isolated antrochoanal polyps or cystic fibrosis were excluded 
from the study. All patients received intranasal topical steroids 
prior to the surgery according to the European guidelines [17]. 

Fig. 1. (A) Detection of CD45+ lymphocytes in peripheral blood mononuclear cells (PBMC) and nasal polyps in patients with chronic rhinosi-
nusitis with nasal polyposis (CRSwNP). (B) Separation of apoptotic cells from CD19+ lymphocytes in PBMC and nasal polyps in patients with 
CRSwNP. SSC-A, side scatter area. 
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Table 1. Demographic and clinical characteristics of the study group

Characteristic Value

No. of patients 10
Age (yr), mean±standard deviation 56±13
Female:male 4:6
Previous surgery 3
Eosinophilic polyp 8
Allergy 4
Samter’s triad  1
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This treatment started weeks before surgery and if the patients 
did not benefit from this medical therapy a surgical intervention 
was planned. Eosinophilic polyposis was described in the histo-
logical evaluation in most of the patients (8 of 10). Notably, in 
one histological finding with no eosinophilic infiltration numer-
ous plasma blasts and plasma cells were visible. The characteris-
tics are summarized in Table 1. Additionally, healthy nasal mu-
cosa was obtained from two patients undergoing functional sep-
torhinoplasty or uncinectomy because of a maxillary sinus cyst. 
The median age of these patients was 47±35 years.

Significant decrease in B cells in nasal polyps compared to 
peripheral blood in CRSwNP
Lymphocytes of nasal polyps and peripheral blood were anal-
ysed from 10 patients by flow cytometry by gating on CD45+ 

cells (Fig. 1A) after eliminating all apoptotic cells (Fig. 1B). Then, 
B cells were identified by gating on CD19+ and CD20+ cells (Fig. 
2A) and B cell subpopulations by gating on CD38 and CD24 
(Fig. 2B). The 6.5% of all lymphocytes in nasal polyps were 
CD19+ CD20+ B cells (Table 2). The frequency of B cells in nasal 

polyps was significantly lower than in PBMCs (Fig. 3A) and B 
cell subpopulations in nasal polyps differ from PBMCs (Fig. 3B). 
In healthy nasal mucosa frequencies of B cells (4.77±0.93) 
were decreased compared to PBMCs and nasal polyps. CD19+ 
CD20– plasma cells were significantly higher in nasal polyps 
compared to PBMC and in patients with CRSwNP (Table 3) 
and also compared to healthy nasal tissue (3.83±2.59). There 

Table 2. B cell subpopulations analyzed by flow cytometry  

B cell PBMCa) CRSwNPa) P-valuea)

CD19+ CD20+ B cell 11.98±6.35 6.50±3.14 0.028
CD38high CD24high Breg 1.90±0.98 0.33±0.29 0.002
CD38int CD24high mature B cell 53.10±13.24 32.36±14.49 <0.001
CD38– CD24high memory B cell 33.65±12.86 46.27±15.21 0.014

Values are presented as mean±standard deviation in percent of 10 pa-
tients.
PBMC, peripheral blood mononuclear cells; CRSwNP, chronic rhinosinus-
itis with nasal polyposis; Breg, regulatory B cells.
a)Significant differences in the paired t-test or for nonparametric distribu-
tion the Wilcoxon test. 

Fig. 2. (A) CD19+ CD20+ B cells and CD19– CD20+ plasma cells in peripheral blood mononuclear cells (PBMC) compared to nasal polyps in 
patients with chronic rhinosinusitis with nasal polyposis (CRSwNP). (B) Differentiation of regulatory B cells, mature and memory B cells in 
PBMC and nasal polyps by gating on CD38 and CD24. 
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was no significant difference between CD19+ CD20– CD27high 
HLA-DRhigh plasma blasts and CD19+ CD20– CD27high HLA-

Table 3. Plasma cells and plasma blasts analyzed by flow cytometry

Plasma cell PBMCa) CRSwNPa) P-value

CD19+ CD20– plasma cell 0.20±0.12 10.66±15.62 0.002
CD27high HLA-DRhigh plasma blast 24.24±11.68 16.17±12.76 0.101
CD27high HLA-DRlow plasma cell 56.79±13.03 52.64±17.80 0.584

Values are presented as mean±standard deviation in percent of 10 pa-
tients.
PBMC, peripheral blood mononuclear cells; CRSwNP, chronic rhinosinus-
itis with nasal polyposis.
a)Significant differences in the paired t-test or for nonparametric distribu-
tion the Wilcoxon test. 

Fig. 3. (A) Amount of B cells in nasal polyps compared to peripheral blood mononuclear cells (PBMC) in patients with chronic rhinosinusitis 
with nasal polyposis (CRSwNP). (B) Regulatory B cells (Breg), mature and memory B cells compared between lymphocytes from nasal polyps 
and PBMC in patients with CRSwNP. 
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Fig. 4. Characterization of CD19+ CD20– CD27high HLA-DRlow plasma cells and CD19+ CD20– CD27high HLA-DRhigh plasma blasts in peripheral 
blood mononuclear cells (PBMC) and nasal polyps in patients with chronic rhinosinusitis with nasal polyposis.
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DRlow plasma cells (Table 3, Fig. 4). Compared to nasal polyps 
and PBMCs, the lowest frequencies of CD19+ CD20– CD27high 
HLA-DRhigh plasma blasts and CD19+ CD20– CD27high HLA-
DRlow plasma cells were found in healthy nasal mucosa (plasma 
blast, 2.49±1.48; plasma cells, 37.60±8.20). 

Breg and mature B cells are significantly decreased and  
memory B cells significantly increased in nasal polyps  
compared to peripheral blood in patients with CRSwNP
CD19+ CD20+ CD38high CD24high Breg (Fig. 2B) were significantly 
lower in nasal polyps compared to PBMC in patients with 
CRSwNP (Table 2), but in both groups they were the minor sub-
population with only a few cells (Fig. 3B). In healthy mucosa no 
Breg were detected. Mature B cells described as CD19+ CD20+ 
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CD38int CD24high B cells (Fig. 2B) were significantly lower in na-
sal polyps compared to peripheral blood (Table 2, Fig. 3B). In 
nasal mucosa the lowest frequencies of mature B cells (21.20±

4.24) were measured. In PBMCs, mature B cells (Fig. 2B) were 
the highest frequency subpopulation (Fig. 3B). CD19+ CD20+ 

CD38– CD24high memory B cells (Fig. 2B) were the main sub-
population of B cells in nasal polyps and in healthy nasal muco-
sa (46.60±1.31). Memory B cells significantly increased in nasal 
polyps compared to PBMCs (Table 2, Fig. 3B).

DISCUSSION

Subpopulation of B lymphocytes in CRSwNP and their impact 
in different diseases
In this study, a detailed quantification of subpopulations of pe-
ripheral and edaphic B lymphocytes in CRSwNP is presented. 
The majority of lymphocytes in polyp tissue are T cells, particu-
larly CD8+ cytotoxic T cells [18]. Furthermore, B cells may also 
play an important role in the pathogenesis of nasal polyps. 
Some investigators have already shown a possible pathogenic 
role of B cells in CRS via the inflammatory reaction of mucosal 
nasal tissue. Kato et al. [19] described increased levels of the B 
cell activating factor of the tumor necrosis factor family (BAFF) 
in CRSwNP, IL-6 and B-lymphocyte chemoattractant (CXCL13) 
[20-22], and a production of BAFF by epithelial cells. In the 
present study, a significantly lower frequency of CD19+ CD20+ 

B cells was found in nasal polyps compared to PBMCs in pa-
tients with CRSwNP. Only 6.5% of edaphic lymphocytes in na-
sal polyps were B cells. Among the B cell subpopulations, Breg 
and mature B cells were significantly lower in polypoid tissue. 
Memory B cells were significantly higher and represented the 
main subpopulation in nasal polyps compared to peripheral 
blood in patients with CRSwNP. In the present study, immuno-
globulin-secreting plasma cells displayed a significantly higher 
frequency in nasal polyps compared to PBMC. Previous studies 
have also shown an increase in plasma cells as well, and a differ-
entiation of B cells in nasal polyps [8] with high local produc-
tion of IgE without higher serum IgE levels [9]. Memory B cells 
represent antigen-experienced B cells and are related to age: 
Weksler [23] showed changes in the B cell reservoir in elderly 
patients, which may contribute to their increased responsiveness 
to infections [24]. In patients with SLE, Jacobi et al. [14] found 
no correlation between frequency and total number of memory 
B cells and disease duration. Furthermore, they showed a statis-
tically significant reduction in naïve and memory B cells, but no 
influence of immunosuppressive therapy on plasma cells in SLE. 
In the European Position Paper on Rhinosinusitis and Nasal Pol-
yps [17], a surgical treatment of CRSwNP is only indicated after 
failure of medical treatment and if a local therapy with corti-
coids does not lead to an improvement in symptoms score. Pa-
tients included in the current study received topical or systemic 

corticosteroids preoperatively to reduce the size of nasal polyps 
according to the treatment guidelines of the university hospital. 
Therefore, it was not possible to include a control group without 
any pretreatment with corticosteroids. It is very likely that this 
therapy may have influenced the distribution of B cell subpopu-
lations. A study design comparing patients with and without 
preoperative local or systemic immunosuppressive therapy 
would be of great interest. 

Role of Breg in autoimmune disorders
Reduced numbers and/or function of regulatory T cells were 
demonstrated to be responsible for different types of autoim-
mune disorders and chronic infections [25]. Blair et al. [12] re-
cently showed a similar population within B cells with regulato-
ry functions (Breg). They also demonstrated that Breg could sup-
press TH1 differentiation by secretion of IL-10 when anti-CD80 
and CD86 mAb are added in vitro. In SLE, B cells isolated from 
peripheral blood lacked this suppressive effect. In the present 
study, a statistically significant decrease in Breg in nasal polyps 
compared to peripheral lymphocytes was shown. Future studies 
should focus on the functional influence of Breg with respect to 
the immunosuppressive effects on T helper cells as in SLE [12]. 

Effect of B cells in chronic rhinosinusitis
As previously mentioned, autoreactive B cells play an important 
role in SLE, and preliminary attempts have been made to use B 
cell subset composition as a marker for disease activity [14]. 
Based on these findings, Tan et al. [26] attempted to examine 
autoreactive B cells in CRSwNP. They found production of auto-
antibodies in nasal polyps and concluded that these autoanti-
bodies lead to autoimmunity. Furthermore, the investigators hy-
pothesized that autoreactive memory B cells persist in inflam-
matory nasal tissue after surgery and are responsible for recur-
rence of nasal polyps. High frequencies of memory B cells in the 
present study suggest that B cell autoreactivity might be impor-
tant for the development of CRSwNP. In the present study, the 
total number of B cells was significantly lower than in PBMCs. 
Although the total number of edaphic B cells was low in our 
observations, data from the literature indicates a key role of B 
cells in the maintenance of CRSwNP [8-10,20].

Future therapeutic targets in CRSwNP
A detailed characterization of B cell subpopulations, such as in 
the present study, is necessary to gain further insight into the 
pathophysiology of nasal polyps. The development of targeted 
therapies addressing CRS requires a comprehensive overview 
on the immunological mechanisms of this disease. Increased lev-
els of local IgE in nasal polyps have already led to the introduc-
tion of Omalizumab as an anti-IgE treatment in clinical trials 
[27]. Other B cell-directed therapies, e.g., rituximab in autoim-
mune disease, are also promising [28], and future studies should 
focus on special targets like anti-dsDNA or BAFF, which are al-
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