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Abstract

Background: Allergic rhinitis (AR) is a disease in which T-
helper (Th)2 response is predominant and its pathogenic
mechanism is still poorly understood. Aim: To evaluate the
possible role of Th1, Th2 and regulatory-T (Treg) cells in the
pathogenesis of AR. Methods: This case-control study en-
rolled 41 patients with seasonal AR (10-62 years old), sensi-
tive to olive pollens, and 15 healthy controls (18-60 years
old). Nasal biopsy was performed and specimens of nasal
lavage fluid were obtained from all participants. The levels
of interleukin (IL)-4, IL-10, interferon (IFN)-y and transform-
ing growth factor-B (TGF-B) were measured in nasal lavage
fluid specimens. The expression of FOXP3, GATA-3 and T-bet
was measured by immunohistochemical methods in the na-
sal biopsy specimens. Results: The levels of IFN-vy in the
group with AR were significantly lower than those in the con-
trol group (p = 0.008). The levels of IL-4, IL-10 and TGF-B did
not differ between the two groups. The expression of FOXP3
and T-bet in patients with AR was significantly lower than
that in the control group (both p = 0.001). Expression of
GATA-3 in the nasal mucosa was similar between the groups
(p=0.2). Theratios of T-bet/GATA-3 and FOXP3/GATA-3 in the
AR group were significantly lower than those in the control

group (p = 0.001). Conclusion: Insufficient Treg and Th1 cells
may be associated with the allergic inflammation that may
be attributed to the Th2 immune response in patients suffer-
ing from AR who are sensitive to olive pollen.

Copyright © 2011 S. Karger AG, Basel

Introduction

Allergic rhinitis (AR) is a chronic inflammatory con-
dition of the upper airway [1]. In sensitized individuals,
exposure to pollen allergens causes symptoms of AR.
Subgroups of T-helper (Th) cells play a pivotal role in the
development of allergic diseases. The main subsets are
Thl, Th2, and regulatory-T (Treg) cells [2, 3].

Th1 cells interact characteristically with exogenous
pathogens (bacteria, viruses), and they secrete interleu-
kin (IL)-2, tumor necrosis factor-o, and interferon-y
(IFN-v) [4]. T-bet is a transcription factor for Thl cells. It
has been demonstrated that mice lacking T-bet develop
airway inflammation spontaneously, which is character-
ized by eosinophil infiltration and airway hyperreactiv-
ity [5].

Th2 cells modulate the production of immunoglobu-
lins by B cells and therefore regulate humoral immunity.
Th2 cells secrete IL-4, IL-5,1L-9,IL-10, and IL-13. Among
these cytokines, IL-4 and IL-13 facilitate switching of the
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B-cell heavy chain isotype from IgG to IgE production,
with subsequent release of IL-5 [4]. GATA-3 plays a major
role in the development of the Th2 phenotype while in-
hibiting Th1 cells [6].

Treg cells have a pivotal role in the development of self-
tolerance. They assist in the suppression of autoreactive
T cells and downregulate the proinflammatory responses
of both Th1 and Th2 cells. They also limit allergic airway
inflammation and excessive Th2 responses to antigens
[7]. FOXP3 is a specific marker expressed by Treg cells. It
is a ‘master switch’ gene for Treg cells. The FOXP3 tran-
scriptional regulator determines the levels and activity of
CD4+CD25+ Treg cells. The expression of FOXP3 is
closely related to autoimmunity and allergy [4].

In the study reported herein, we investigated the pro-
tile of Treg, Th2 and Th1 cells in the nasal mucosa of pa-
tients with AR who were sensitive to olive pollen during
the pollen season.

Subjects and Methods

Subjects and Study Design

The study was conducted at the outpatient clinic of the Pediat-
ric Allergy and Pulmonology Unit, the Division of Allergy and
Immunology, Department of Internal Medicine, and the Depart-
ment of Otorhinolaryngology/Head and Neck Surgery, Celal
Bayar University School of Medicine, Manisa, Turkey. Partici-
pants were recruited from consecutive patients presenting to these
clinics. The age and the gender of all participants were recorded.

This study consisted of 41 patients (aged 10-62 years) with
seasonal allergic rhinitis (SAR) sensitized only to Olea europaea
pollen and 15 non-allergic controls (aged 18-60 years) requiring
an operation due to nasal septum deviation. In the Oleaceae fam-
ily, the most allergenic pollen is produced by O. europaea, the ol-
ive tree, which in the Mediterranean area has been recognized as
one of the most important causes of seasonal respiratory allergy.
The olive pollination season lasts from May to the end of June and
sometimes causes severe symptoms (oculorhinitis and/or bron-
chial asthma). Olive pollinosis is quite rare in the form of mono-
sensitization. Although adults are affected the most, olive sensi-
tization can be observed in children, too [8]. This study was con-
ducted in spring during the pollen season. The patients and
control subjects were seen during the same time point of the pol-
len season. All patients with SAR were symptomatic. The study
included patients with newly diagnosed SAR. All the controls
were free of symptoms of rhinitis. Neither the patients with SAR
nor the control group had previously received antihistamines, na-
sal corticosteroids or immunotherapy. Patients with any acute or
chronic condition that might affect the immune response and
those who were diagnosed with rhinosinusitis or asthma were ex-
cluded from the study.

Diagnosis of AR was based on clinical history, physical ex-
amination, as well as a positive response to skin prick test [9-11].
Symptoms of AR are rhinorrhea, nasal obstruction, nasal itching,
and sneezing [9]. Allergic sensitization was demonstrated by the
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skin prick test. The skin prick test was performed on all partici-
pants during the pollen season. The skin prick tests were per-
formed according to the European Academy of Allergology and
Clinical Immunology guidelines [12]. All patients with SAR had
positive skin prick test reactivity to only O. europaea pollen ex-
tract (Allergopharma Ltd, Reinbek, Germany). These patients
were not sensitized to other common environmental allergens,
including Dermatophagoides pharyngea, Dermatophagoides pter-
onyssinus, mold mixture, cat, grass or cereal allergen mixture (Lo-
lium perenne, Festuca pratensis, Phleum pratense, Poa pratensis,
Dactylis glomerata, Hordeum vulgare, Secale cereale, or Triticum
sativum), Platanus orientalis, Papulus albe, Cotylus avellana,
Betula verrucosa, and Qercus robur.

Non-allergic control individuals were examined by an otolar-
yngologist. These subjects were healthy and did not have persis-
tent or seasonal AR. Allergen skin prick tests in all non-allergic
control group individuals were negative.

Nasal biopsy and nasal lavage fluid specimens were carried out
from both SAR patients and control subjects during the pollen
season in the spring. All patients with SAR were symptomatic in
this period. After nasal biopsy and nasal lavage, fluid specimens
were obtained from the patients with SAR; these patients were
given antihistamines and nasal corticosteroids.

The study was approved by the Ethics Committee of the Celal
Bayar University, and written informed consent was obtained from
the adult participants and the parents/guardians of the children.

Nasal Lavage

For the nasal lavage procedure, we used 10 ml of physiological
saline for each nasal cavity. The procedure was performed with the
patient’s head tipped backwards during closure of the soft palate.
The fluid collected was stored at -80°C for subsequent analysis.

Measurement of Cytokines

The levels of IL-4, IL-10, transforming growth factor- (TGF-
) and IFN-v in nasal lavage fluid samples were measured by us-
ing the enzyme-linked immunosorbent assay (ELISA) method.
The appropriate RayBio Human IL-4, IL-10, TGF-B and IFN-vy
immunoassay kits (Ray Biotech, Inc., Norcross, Ga., USA) were
used to measure the levels of IL-4, IL-10, TGF- and IFN-y. The
intra- and interassay coefficients of variation for all the kits were
<10 and <12%, respectively. The sensitivity of detection of IL-4,
IL-10, TGF-B and IFN-y was 5, 1, 80 and 15 pg/ml, respectively.

Nasal Biopsy Specimens

Inferior nasal turbinate biopsy specimens of patients with SAR
were obtained with a cup forceps device from the patient under
local anesthesia. The same procedure was performed on the con-
trol group during septoplasty by the otolaryngologist.

Immunohistochemical Staining

Nasal biopsy specimens were first fixed with 10% formalin in
phosphate-buffered solution (PBS) for a maximum duration of
24 h and then washed with distilled water for 12 h. They were then
dehydrated through a series of ethanol solutions for 30 min each.
Then specimens were kept in xylene alcohol for 30 min, in xylene
twice for 45 min and in xylene-paraffin for 30 min. They were
then kept in dissolved paraffin for 1 h in the sterilizer at 60°C, in
paraffin I for 1 h and in paraffin II for 1 h. Sections taken from
the sterilizer were blocked and embedded in paraffin. Then,
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5-pm-sized sections in series were obtained by using microtome
from paraffin blocks.

The samples were deparaffinized for a night in the sterilizer at
60°C before the staining process began. The samples were first kept
in xylene twice for 30 min and then rehydrated through a series of
ethanol solutions for 2 min each. The sections were incubated in
the citrate buffer (50 ml citrate + 450 ml distilled water) at the mi-
crowave stove for 6 min. Then they were washed with distilled wa-
ter for 5 min. The tissues were then washed with PBS 3 times for
5 min and incubated in 3% hydrogen peroxidase for 5 min. The tis-
sues were washed with PBS 3 times for 5 min. They were then
washed with blocking solution and kept for 1 h. Nasal tissue speci-
mens were stained with antibodies against GATA-3, FOXP3, and
T-bet (GATA-3 [sc-268], FOXP3 [sc-80792], and T-bet [sc-21003],
all from Santa Cruz Biotechnology Inc., Santa Cruz, Calif., USA)
using the immunohistochemical technique and kept overnight.
The tissues were then washed in PBS 3 times for 5 min. The second-
ary antibody with biotin was applied for 30 min and washed in PBS
3 times for 5 min. The streptavidin-peroxidase complex was added
for 30 min and washed in PBS 3 times. Sections were then stained
with diaminobenzidine (Dako, Glostrup, Denmark) to detect im-
munoreactivity and then counterstained with Mayer’s hematoxy-
lin. Sections were then applied a series of ethanol solutions for
2 min each and then kept in xylene for 30 min.

The samples were covered with Entellan and observed under
an Olympus BX-40 light microscope (Olympus, Center Valley,
Pa., USA). The analyses were performed in a blinded fashion. All
sections were scored in a semiquantitative fashion, considering
both the intensity and percentage of cell staining at each intensity.
Intensities were classified as 0 (no staining), +1 (weak staining),
+2 (distinct staining), and +3 (very strong staining). The expres-
sion of T-bet, FOXP3 and GATA-3 was determined as an immu-
nohistochemical score (HSCORE) from the specimens.

For each slide, a value designated the histochemical score
(HSCORE) was obtained by application of the following algo-
rithm: HSCORE = X, Pi (i + 1), where i is the intensity of staining
with a value of 1, 2, or 3 (weak, moderate, or strong, respectively)
and Pi is the percentage of stained cells for each intensity, varying
from 0 to 100%. The HSCORE has been used in previous studies
in patients with SAR [13].

Statistical Analysis

Statistical analysis was performed with SPSS software, version
10.0 for Windows (SPSS Inc., Chicago, Ill., USA). The Mann-
Whitney U test was used to compare subject-based means of cy-
tokine levels in patients with AR and controls. Student’s t test was
used to compare field-based means of the HSCOREs. p < 0.05 was
considered significant.

Results

Demographic Features

The mean age of the 41 patients with AR was 30.8 *
15.2 years (range 10-62) and the mean age of the 15 con-
trols was 29.6 & 10.1 years (range 18-60) (p >0.05). Males
constituted 31.7 and 40% of the AR and control groups,
respectively.

T-Lymphocyte Differentiation in Allergic
Rhinitis

Cytokine Analysis

The levels of IFN-+y in the AR group were significant-
ly lower than those in the control group (52.96 = 22.04
vs. 78.47 % 40.00, p = 0.008). However, there was no sig-
nificant difference in the levels of IL-4, IL-10 and TGF-3
in nasal lavage fluid between the cases and controls (p =
0.4, p = 0.07, p = 0.3, respectively).

Expression of GATA-3, T-bet, FOXP3

The HSCORESs for FOXP3 in nasal tissue specimens
from patients with AR and controls were 23.75 * 4.49
and 57.39 * 10.25, respectively. The HSCOREs for
FOXP3 in patients with AR were significantly lower than
those of the control group (p = 0.001). The HSCORE:s for
T-bet determined in nasal tissue specimens from patients
with AR and controls were 23.91 * 6.31 and 57.20 *
11.96, respectively. HSCOREs of T-bet in patients with
the AR were significantly lower than that in the control
group (p = 0.001). The HSCOREs for GATA-3 deter-
mined in nasal tissue specimens from patients with AR
and controls were 30.50 * 7.65and 32.25 * 6.71, respec-
tively. There was no significant difference between the
groups (p = 0.2). The ratios of cells staining for FOXP3/
GATA-3 (0.81 * 0.22, 1.84 * 0.46) and T-bet/GATA-3
(0.82 * 0.27,1.83 % 0.51) in the AR group were signifi-
cantly lower than those in the control group (both p =
0.001).

Discussion

In this study, we demonstrated that the expression of
FOXP3* and T-bet" cells in nasal biopsy specimens of pa-
tients with AR is significantly lower than that in non-al-
lergic subjects. In addition, we identified significantly
lower ratios of T-bet*/GATA-3* and FOXP3*/GATA-3*
cells in patients with AR. We also detected significantly
lower levels of the IFN-vy cytokine in nasal lavage fluid
from allergic subjects in comparison with controls.

The development of AR has been thought to be caused
by an imbalance between allergen-specific Th2 and Thl
cells. The perceived importance of Treg cells suggests that
allergy is more likely to be due to an imbalance between
Treg cells and Th2 cells [14]. FOXP3 is a specific marker
expressed by the Treg cells [4]. Xu et al. [15] compared
nasal tissue and peripheral blood mononuclear cells be-
tween adult patients with AR and healthy controls. They
reported that the patients had significantly fewer FOXP3*
lymphocytes and decreased expression of FOXP3 mRNA.
Recently, Lee et al. [16] suggested that either reduced ex-

Int Arch Allergy Immunol 2012;157:349-353 351



pression of the FOXP3 gene or defective FOXP3 function
could be one of the mechanisms in the development of
allergic disease in humans.

In patients with AR, Malmhiéll et al. [17] demonstrated
a higher number of FOXP3* and GATA-3" cells, but not
T-bet" cells, in the nasal mucosa compared with that of
healthy subjects before the start of the pollen season. Al-
though, the number of FOXP3* cells in the nasal mucosa
remained the same in AR patients after the pollen season,
it decreased significantly following treatment with fluti-
casone propionate. The pollen season caused a substan-
tial increase in the number of GATA-3* cells, which was
inhibited by fluticasone propionate. The number of T-
bet" cells was not affected by pollen or by treatment with
fluticasone propionate.

TGF-B is important in the induction of Treg cells and
participates directly in the suppression of effector T cells.
It also mediates the remodeling of airway tissues [18]. In
humans, IL-10 is released by Treg cells as well as by mono-
cytes, B lymphocytes and dendritic cells. Treg may in-
crease the capacity of these cells to produce IL-10 [19].
IL-10 inhibits the production of proinflammatory cyto-
kines and the activation of both Thl and Th2 cells. Sun
et al. [20] showed that ragweed stimulation significantly
increased the production of IL-10 in patients with AR,
whereas the production of TGF-f was increased only in
normal individuals. Conflicting results have been report-
ed regarding the role of TGF-f3 in AR. Benson et al. [21]
reported that low expression of TGF-B-inducible tran-
scripts may indicate a decreased TGF-f3 activity in AR.
However, Ouyang et al. [22] suggested that TGF-3 signal-
ing is activated in epithelial cells in the nasal mucosa in
AR and may contribute to the development of goblet cell
hyperplasia. Ciprandi et al. [23] found that TGF-{ serum
levels were significantly lower in patients with AR evalu-
ated outside the pollen season in comparison with during
the pollen season and after one pre-seasonal sublingual
immunotherapy course.

We found that the number of FOXP3* cells and the
FOXP3*/GATA-3" cell ratio were reduced in patients
with AR compared with healthy controls. In addition, we
demonstrated that the levels of TGF-3 and IL-10 are sim-
ilar to those in healthy controls. These results may indi-
cate that the suppressive function of Treg cells is reduced
in patients with AR patients.

T-bet is required for Thl cell differentiation and the
production of IFN-y [24, 25]. It has been shown that mice
lacking T-bet develop airway inflammation and airway
hyperreactivity [5]. In addition, polymorphisms of the T-
bet gene have been found to be associated with asthma
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and airway hyperreactivity [26]. These findings suggest
that T-bet may be a negative regulator in allergic airway
inflammation and airway hyperreactivity in both human
beings and mice. Malmhall et al. [17] showed that similar
levels of T-bet are present in the nasal mucosa in patients
with AR and healthy controls, before and during the pol-
len season. However, a significant decrease in the T-bet*/
GATA-3" ratio was determined during the pollen season.
Liu et al. [27] showed that the expression of T-bet mRNA
was not significantly different in persistent AR, intermit-
tent AR or control patients.

The main Th1 effector cytokine, IFN-v, is important
for the resolution of allergic inflammation. In studies of
asthma in mice, IFN-vy has prevented the development of
antigen-induced airway eosinophilia and hyperreactivity
[28]. In another study, mice that were deficient in the
IFN-+y receptor exhibited prolonged airway eosinophilia
in response to the inhalation of allergen [29].

In the study reported herein, we showed that both the
number of T-bet" cells and the level of the IFN-vy cytokine
in the nasal mucosa of patients with AR were significant-
ly lower than those of controls during the pollen season.
In addition, we found that the ratio of T-bet'/GATA-3"
cells in patients with AR was significantly lower than
those of controls during the pollen season. These results
indicate that the Th1 immune response in the nasal mu-
cosa is reduced in patients with AR during the pollen sea-
son.

GATA-3 plays a major role in the differentiation of
Th2 cells and is required for the release of IL-4, IL-5 and
IL-13 from Th2 cells [30]. Several studies have demon-
strated that the expression of GATA-3 is increased sig-
nificantly in patients with AR compared with healthy
controls [17, 31]. Liu et al. [27] showed that the expression
of GATA-3 mRNA is increased significantly in persistent
AR patients compared with those with intermittent AR.
GATA-3 is also increased in patients with AR following
natural exposure during the pollen season. In the present
study, we found a similar number of GATA-3* cells and
similar levels of the IL-4 cytokine in AR patients and con-
trols. In addition, we found that the ratios of FOXP3*/
GATA-3"and T-bet*/GATA-3" cells in the AR group were
significantly lower than those in the controls.

In conclusion, our data demonstrate that the expres-
sion of FOXP3 and T-bet cells, as well as cytokine produc-
tion by Th1 cells, are lower in the nasal mucosa of patients
with AR during the pollen season than in controls. More-
over, the ratios of Th1/Th2 and Treg/Th2 are reduced in
patients with AR. These results suggest that the Th1 im-
mune response and the suppression of Treg cells are de-

Sogut/Yilmaz/Kirmaz/Ozbilgin/Onur/
Celik/Pinar/Vatansever/Dinc/Yuksel



creased in patients with AR. As a result, insufficient Treg
cell and Th1 cell activity may be associated with allergic
inflammation caused by the Th2 immune response dur-

ing the pollen season in patients with AR who have sen-
sitivity to olive pollen.
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