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Summary

The pathogenesis of nasal polyposis remains unclear; it severely affects
patients’ quality of life and complicates inflammation in adjacent organs such
as sinusitis and asthma. Aberrant immune regulatory function in these
patients is proposed. The present study aims to examine the regulatory T cells
(Treg) in nasal mucosa of patients with allergic rhinitis (AR) and nasal poly-
posis (NP). Patients with AR or AR/NP were treated with inferior turbinec-
tomy for their inferior turbinate hyperplasia. Surgically removed nasal
mucosa was collected to examine the Treg by immunohistochemistry and flow
cytometry. The results showed that more forkhead box P3 (FoxP3)+ cells were
found in AR with polyps than in those with AR alone. Further studies revealed
that these FoxP3+ T cells from AR/NP group also expressed interleukin (IL)-
17. In vitro study showed that staphylococcal enterotoxin B (SEB) induced
CD4+ FoxP3+ T cells to become FoxP3+ IL-17+ cells via facilitating the expres-
sion of IL-6, that in synergy with transforming growth factor-beta, induce the
expression of IL-17 in FoxP3+ cells. We conclude that FoxP3+ IL-17+ T cells
were localized in the nasal mucosa of patients with AR and NP. SEB may play
a role in converting FoxP3+ Treg to FoxP3+ IL-17+ T cells. The presence of IL-17+

FoxP3+ T cells may play a role in the remodelling of the nasal airways in
certain people who develop polyps, irrespective of whether or not they are
atopic.

Keywords: allergy, cytokines, nasal mucosa, polyposis, regulatory T cells

Accepted for publication 10 September 2010

Correspondence: P.-C. Yang, BBI-T3303, 50

Charlton Avenue East, St Joseph Hospital,

Hamilton, ON, Canada L8N 4A6; T. Liu,

Department of Otolaryngology, Head and Neck

Surgery, the First Hospital, Shanxi Medical

University, Taiyuan, Shanxi 030001, China.

E-mail: yangp@mcmaster.ca; taoliu67@163.com

1These authors contributed equally to this

paper.

Introduction

It has been noted that a correlation exists between nasal
allergy (AR) and nasal polyposis (NP) [1–3]; however, the
underlying mechanism remains to be further understood.
Functional deficiency or decrease in the number of regula-
tory T cells (Treg) plays a critical role in allergic diseases [4].
However, the properties of Treg in upper airway mucosa need
to be further elucidated.

Forkhead box P3 (FoxP3) is a transcription factor in CD4+

CD25+ Treg that is regarded as a signature molecule in CD4+

Treg [5]. Recent studies indicate that there is a subset of CD4+

FoxP3+ T cells that express interleukin (IL)-17 [6,7].
Although this subset of T cell still has a suppressive function,
such as inhibiting CD4+ CD25- T cell proliferation, the cells
might be new proinflammatory cells because of the expres-
sion of IL-17.

IL-17 is a newly described member of a cytokine family
and has several members, including IL-17A-E. IL-17A (IL-17

in brief), and enhances T cell priming and stimulates
fibroblasts, endothelial cells, neutrophils, macrophages and
epithelial cells to drive these cells to produce multiple proin-
flammatory mediators, including IL-1, IL-6, tumour necrosis
factor (TNF)-a, nitric oxide synthase 2, metalloproteinases
and chemokines [8]. Based on these properties, IL-17 may
protect against bacterial, fungal and protozoal infection.
However, IL-17 is also proposed as being involved predomi-
nantly in an array of inflammatory disorders such as sys-
temic rheumatic diseases, multiple sclerosis, inflammatory
bowel disease and asthma [9,10].

Published studies have noted that staphylococcal entero-
toxin B (SEB) has a relation with allergic disorders [11,12].
SEB can induce IL-6 expression in the nasal mucosa [13].
Because the synergistic effect of IL-6 and transforming
growth factor (TGF)-b induces IL-17 expression in CD4+ T
cells, we speculate that SEB-induced IL-6 may be in synergy
with TGF-b to initiate the expression of IL-17 in CD4+

FoxP3+ Treg to drive these cells to become CD4+ FoxP3+ IL-17+
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T cells. To test the hypothesis, we analysed surgically
removed nasal mucosa from patients with AR or AR/NP.
Indeed, CD4+ FoxP3+ IL-17+ T cells were localized in the
nasal mucosa of patients with AR/NP.

Materials and methods

Reagents

Cell culture-related reagents and Western blotting reagents
were purchased from (Invitrogen, Shanghai, China).
Enzyme-linked immunosorbent assay (ELISA) kits of
immunoglobulin (Ig)E, IL-17, IL-6 and SEB were purchased
from R&D Systems (Shanghai, China). Magnetic cell sorting
reagents were purchased from (Miltenyi Biotec, Suntec City,
Singapore). IL-6 siRNA and scrambled siRNA, antibodies of
FoxP3, TGF-b, b-arresting 2, retinoic acid-related orphan
receptor (ROR)gt and b-actin were purchased from (Santa
Cruz Biotech, Santa Cruz, CA, USA).

Patients

Fifty patients were recruited into this study, comprising 20
NP/AR, 20 AR and 10 CR (chronic rhinitis). The diagnosis of
AR followed the established criteria in our department,
which has also been published elsewhere [14]. All patients
were treated with conventional medical intervention that did
not respond well and asked for inferior turbinectomy, NP
resection and some with endoscopic sinus surgery if the
patient complicated with chronic sinusitis. Another five
nasal or sinus cancer patients were recruited into this study.
Marginal non-cancer nasal mucosa was collected and used as
control (Con). Informed consent was obtained from each
patient. The study protocol was approved by the Human
Research Ethic Committee at Shanxi Medical University. No
subjects had used any medicines during the past 2 weeks.

ELISA

Levels of IgE, IL-17, IL-6 and SEB in the serum or extracted
proteins were determined by ELISA with commercial reagent
kits, following the manufacturer’s instructions.

Flow cytometry

Isolated immune cells were incubated with primary antibod-
ies (fluorescence labelled, 1 mg/ml; isotype IgG was used as
control) on ice for 30 min (for the intracellular staining, cells
were fixed with 1% paraformaldehyde on ice for 30 min and
incubated with permealization reagents for 30 min on ice).
The stained cells were analysed using a fluorescence activated
cell sorter (FACSarray; BD Bioscience, San Jose, CA, USA).
Data were analysed with FlowJo software.

Immunohistochemistry

Nasal mucosal cryosections were fixed with acetone for
20 min. After blocking with 2% bovine serum albumin for
30 min, the sections were incubated with primary antibodies
(1 mg/ml, or isotype IgG as control) at 4°C overnight. Sec-
tions were incubated with horseradish peroxidase-labelled
secondary antibodies (1:300) for 1 h at room temperature.
Washing with phosphate-buffered saline (PBS) was per-
formed after incubation. Sections were observed under a
microscope.

Immune cell isolation

Surgically removed nasal tissue was cut into small pieces
(2 ¥ 2 ¥ 2 mm) and treated with predigestion solution
[1 ¥ Hanks’s balanced salt solution (HBSS) containing 5 mm
ethylenediamine tetraacetic acid (EDTA) and 1 mm dithio-
threitol (DTT)] at 37°C for 30 min under slow rotation. The
tissue was collected by centrifugation (300 g for 10 min) and
incubated in digestion solution (0·05 g of collagenase D,
0·05 g of DNase I and 0·3 g of dispase II in 100 ml of 1 ¥
PBS) at 37°C for 60 min under slow rotation. Cells were
filtered with a cell strainer. Isolation of CD4+ T cells was
performed with commercial magnetic cell sorting kits. The
purity of the isolated CD4+ T cells was more than 95%, as
checked by flow cytometry.

Statistics

Data are presented as the means � standard deviation. Dif-
ferences between two groups were evaluated with Student’s
t-test; data among three or more groups were evaluated with
analysis of variance (anova). Bonferroni adjustment was
applied to post-hoc group comparisons when required. Two-
variable correlation analysis was performed when necessary.
A P < 0·05 was accepted as a significant criterion.

Results

Increase in Treg numbers in AR nasal mucosa with NP

Emerging evidence indicates that Treg functional deficiency
or a decrease in Treg numbers plays a critical role in the
pathogenesis of allergic disorders [15,16]. However, an
increase in Treg numbers in allergic patients has also been
reported [17]. Considering that the difference might result
from allergic patients complicating with other disorders, 40
AR patients with or without NP (20 AR/NP, 20 AR; male 20,
female 20; age: 22–58 years) were recruited into this study.
Ten patients with chronic non-allergic rhinitis (CR) were
recruited as a control group. All the AR patients showed a
positive response to the challenge with mite antigen Der p1
(Der, in brief) and high serum Der-specific IgE levels
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(Fig. S1). These 50 patients also had inferior turbinate
hyperplasia that did not respond well to conventional
medical treatment; turbinatectomy was performed for these
50 patients. The surgically removed nasal mucosal tissue was
collected and analysed as described below.

Immunohistochemistry was performed with nasal
mucosal specimens from all patients to detect FoxP3+ Treg in
nasal mucosa. FoxP3+ Treg were detected in the nasal mucosa
of the Con group that were compatible with the CR group;
fewer FoxP3+ Treg were observed in the AR group. However,
the number of FoxP3+ Treg was significantly greater in the
AR/NP group than the Con and CR groups (Fig. 1). The
results indicate that Treg numbers are fewer in patients with
AR, but greater in patients with AR/NP compared with the
Con group.

FoxP3+ Treg in nasal mucosa with AR/NP express high
levels of IL-17

It is accepted that Treg have an immune regulatory function
in suppression of aberrant immune responses. However, our
results showed that FoxP3+ Treg numbers were even higher in
the nasal mucosa of patients with AR/NP, but a lower
number of Treg was detected in patients with AR (Figs 1 and
S2). We questioned whether the Treg properties in the nasal
mucosa of these two groups of patients were somehow dif-
ferent from each other. Based on recent reports that some
FoxP3+ Treg express IL-17, which have a different function
from IL-17- Treg [6,18], we therefore hypothesize that those
Treg in AR/NP nasal mucosa may be also IL-17+. We isolated

CD4+ T cells from surgically removed nasal mucosa. Indeed,
as detected by flow cytometry, CD4+ FoxP3+ cells were
detected in all four groups (Fig. 2a), with a tendency similar
to that observed with immunohistochemistry (Fig. 1). Using
the gating technique, we revealed that FoxP3+ CD4+ T cells
from the AR/NP group were also IL-17+ (Fig. 2b). Few IL-17+

cells were detected in those FoxP3+ CD4+ T cells from the AR,
CR and Con groups.

SEB induces IL-6 production by DCs

It is reported that SEB is related to the pathogenesis of nasal
polyps [19], in which IL-6 plays a critical role [13]. Because
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Fig. 1. Interleukin (IL)-17+forkhead box P3 (FoxP3)+ cells in allergic

nasal mucosa. Surgically removed nasal mucosa was collected

from the 50 subjects (see text for detail) and observed by

immunohistochemistry to detect FoxP3+ cells. Bars indicate the

immune staining positive cell counts of FoxP3+ cells (a), IL-17+ cells

(b) and both FoxP3+ IL-17+ cells (c) in nasal mucosa (¥ 200). Data

were presented as mean � standard deviation from 20 fields per

sample. *P < 0·05, compared with control (Con) group. Isotope

immunoglobulin (Ig)G staining was used as a negative control; no

positive cells were observed (data not shown). The broken line in (a)

is to contrast data between groups.
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Fig. 2. Forkhead box P3 (FoxP3)+ CD4+ T cells express interleukin

(IL)-17 in allergic rhinitis/nasal polyposis (AR/NP) nasal mucosa.

CD4+ T cells were isolated from nasal mucosa collected in this study

and analysed by flow cytometry. A1-4: flow cytometry dot plots show

FoxP3+ cells (gated cells). B1-4: histograms indicate IL-17+ cells in

gated cell population in A1-4. Summarized data are also presented in

Fig. S3. Cells stained with isotype immunoglobulin (Ig)G did not

show any positive staining (data not shown). Each group consisted of

samples from six patients.
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IL-6 in synergy with TGF-b induces the expression of IL-17
in CD4+ T cells, we considered whether there is an associa-
tion between SEB and IL-17 expression in FoxP3+ T cells in
nasal mucosa. To prove the hypothesis, we examined the SEB
level in surgically removed nasal mucosa. The data showed
that significantly higher SEB levels were detected in the
AR/NP group (Fig. 3). In another approach, we generated
Der-specific CD4+ FoxP3+ Treg in vitro following published
procedures [20]; the cells were exposed to SEB in culture in
the presence of dendritic cells (DCs) for 48 h. As expected,
abundant IL-17+ FoxP3+ T cells were generated (Fig. 4). IL-6
levels were increased in the culture media, but not increased
in the culture without DCs, which indicates that IL-6 was
derived from DCs (Fig. 5). As RORgt is the transcription
factor of IL-17, we speculated whether exposure to SEB can
also increase RORgt expression in generated CD4+ FoxP3+

Treg. Indeed, a marked increase in RORgt protein was
detected in SEB-treated CD4+ FoxP3+ Treg in the presence of
DCs compared with those not stimulated CD4+ FoxP3+ Treg

(Fig. S3).

Discussion

Polyposis is an end disorder of mucosa that stems from
various inflammations in the nasal cavity, such as nasal
allergy, chronic sinusitis and aspirin-exacerbated respiratory
disease. The pathogenesis is not yet fully understood. Pub-
lished data indicate that AR is involved in the pathogenesis of
nasal polyposis [21]. However, not all patients with AR have
polyposis, or vice versa. Recent studies indicate that there is
a subpopulation of T cells in peripheral blood and lymphoid

tissue that expresses both FoxP3 and IL-17 [6]. Our data are
in line with these pioneer studies by providing evidence that
a subset of T cells in the nasal mucosa expresses both FoxP3
and IL-17. Whether this T cell subset plays a role in the
pathogenesis of nasal polyposis needs further investigation.
However, we found that FoxP3+ IL-17+ T cells had a close
relation with the specific pathogenic condition of both AR
and NP, but not in patients with AR alone. This implies that
FoxP3+ IL-17+ T cells may be one of the aetiologies in the
pathogenesis of both AR and NP. Previous studies also indi-
cate that IL-17 plays a critical role in nasal polyposis [13].

It is proposed that IL-6 in synergy with TGF-b induces the
generation of T helper type 17 (Th17) cells [22]. The FoxP3+

IL-17+ T cells we observed in the present study may be devel-
oped from FoxP3+ Treg in an environment with high levels of
IL-6. Guided by published data that SEB has a close relation
with NP [19], we detected high levels of IL-6 and SEB in
collected nasal mucosal specimens of the AR/NP group.
Thus, IL-6 may co-operate with intracellular TGF-b to
induce the FoxP3+ Treg to become FoxP3+ IL-17+ T cells. Sub-
sequent experimental results have confirmed this inference.
In vitro study showed that SEB increases IL-6 production by
DC. The concurrent presence of IL-6 and TGF-b induced
expression of RORgt in CD4+ FoxP3+ T cells, resulting in the
expression of IL-17.
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In summary, the present study reports that a new subset of
T cells, FoxP3+ IL-17+ T cells, has been detected in the nasal
mucosa of patients with AR and NP.
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Supporting information

Additional Supporting Information may be found in the
online version of this article:

Fig. S1. Serum levels of immunoglobulin (Ig)E antibodies
against Der. IgE antibodies against Der in the sera of patients
in this study were measured by enzyme-linked immunosor-
bent assay (ELISA). Data were expressed in ELISA units.
Isotype control wells did not show any positive results (data
not shown).
Fig. S2. Forkhead box P3 (FoxP3)+ cells in nasal mucosa.
Surgically removed nasal mucosa was obtained (see text),
observed by immunohistochemistry to detect FoxP3+ cells.
(a,b) Representative nasal mucosal images show FoxP3+ cells
(in brown). (a) Samples were taken from patients with aller-
gic rhinitis/nasal polyposis (AR/NP); (b), samples were
taken from patients with AR. Negative control sections were

stained with isotype immunoglobulin (Ig)G that resulted in
no positive staining (data not shown) (samples were
observed from all the patients described in the text).
Fig. S3. Staphylococcal enterotoxin B (SEB) increases the
levels of acid-related orphan receptor (ROR)gt in forkhead
box P3 (FoxP3)+ regulatory T cells (Treg). Peripheral blood
mononuclear cells (PBMC) were isolated from 10 healthy
subjects and cultured in the presence of SEB (10 mg/ml) for
4 days. Cells were collected at the end and analysed by flow
cytometry. (a,c) Dot plots indicate CD4+ FoxP3+ Treg before
(a) and after (c) culture. (b,d) Histograms indicate RORgt+

Treg (open histograms). The solid histograms indicate isotype
immunoglobulin (Ig)G staining.

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials supplied
by the authors. Any queries (other than missing material)
should be directed to the corresponding author for the article.
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