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The levels of CD4+CD25+ regulatory
T cells in patients with allergic rhinitis

Background: The involvement of
CD4"CD25" regulatory T cells (CD4*CD25*
Tregs) in allergic diseases was reported previ-
ously. However, it remains unclear whether
CD47CD25" Tgey are involved in allergic
rhinitis (AR). Methods: Fresh whole blood
from 20 patients with AR and 16 healthy do-
nors was used to investigate the frequency
of CD47CD25"* and CD4*CD25" Treg cells
using flow cytometry. In addition, serum
total IgE (IU/mL) levels were determined
using enzyme-linked immunosorbent as-
says. Results: Patients with AR had fewer
CD4"CD25" Treg cells (2.80 + 1.36% vs.
3.94 £ 0.97%, P < 0.01) and CD4*CD25M
Tregs (1.53 £ 0:62% vs. 2.00 + 0.52%, P <
0.05) than control subjects. The number of
CD4'CD25" and CD4*CD25M Tge,, was
correlated negatively with total immuno-
globulin E levels (r=-0.79, P<0.01 and r =
—0.61, P < 0.01, respectively). Conclusion:
Deficient regulatory T cells might play a role
in the development of AR.

Introduction

Allergic rhinitis (AR) is an example of a
persistent inflammatory disease of the nasal
mucosa. It is caused by the secretion of in-
terleukin (IL)-4, IL-5, and IL-13 by CD4+
Th2 effector cells in response to harmless
environmental antigens [1]. The T cells that
infiltrate the nasal mucosa are predominantly
Th2 in nature, and they release cytokines that
promote immunoglobulin E (IgE) production
by plasma cells. In turn, IgE production trig-
gers the release of mediators, such as hista-
mine and leukotrienes, which are responsible
for arteriolar dilation, increased vascular
permeability, itching, rhinorrhea, mucous
secretion, and smooth muscle contraction[2].

Recently, regulatory T cells (Tgegs) were
identified as being essential for immune tol-
erance. In addition, effector Th lymphocytes
and Treg play important roles in AR [3].

Approximately 15% of human periph-
eral blood CD4 T cells can express CD25,
which is the IL-2 growth factor receptor
a-chain. However, the CD25" cells repre-
sent only 1 — 2% of the total CD4+ T cell
population, while the CD25'"% cells can
represent up to 16% of CD4" T cells [4].
Thus, CD4+CD25M T cells can mainly
represent CD47CD25" Treg. CD4*CD25*
Tregs account for 5 — 10% of CD4* T cells
in healthy humans and play a critical role
in preventing organ-specific autoimmunity
and allograft rejection as well as maintain-
ing self-tolerance by preventing the activa-
tion and proliferation of autoreactive T cells
that have escaped thymic deletion [5, 6] The
transition from the early activation stage to
the differentiated Th2 state might be blocked
in patients by CD4"CD25" T, specifically,
which limits airway allergic inflammation
and prevents the inappropriate Th2 respons-
es to environmental allergens [7, 8]. Several
independent lines of evidence suggest that
the number or function of Tg,, is impaired
or altered in patients with allergies compared
with healthy individuals [9, 10].

Some studies suggest that the number
and function of CD4"CD25" Ty, is not im-
paired in patients with allergies, whereas oth-
er reports indicate that a decreased number
of CD4"CD25* Treg cells might be related
to allergic disease [11, 12, 13, 14]. However,
the role of Tgey in the pathogenesis of al-
lergic disease was not defined until recently,
and data concerning the role of Ty, in the
pathogenesis of AR are rare.
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Table 1. Clinical characteristics of the study participants.

Characteristics AR (n = 20) Controls (n = 16)
Alter (> Jahre) 31.2+10.3 29.8+8.5
Gender
Male 70.0% (14/20) 62.5% (10/16)
Female 30.0% (6/20) 37.5% (6/16)

Symptom score (> 6)

12.3+3.1

0

Serum total IgE (IU/mL)

312.8 + 165.8

70.1+£14.6

The aim of the current study was to in-
vestigate the role of Ty, in the pathogenesis
of AR by exploring the CD4*CD25* Treg
population during AR, and to determine
whether the number of Ty, was associated
with disease severity in patients with AR.

Materials and Methods

Study patrticipants

We selected 20 patients with persistent
AR and 16 age-matched healthy control
subjects without allergies. Table 1 shows
the subjects’ clinical characteristics. AR was
diagnosed if an IgE-mediated response, such
as nasal itching, sneezing, watery rhinor-
rhoea and/or nasal stuffiness, was induced
after allergen sensitization. Patients in the
AR group had symptom scores of at least 6
as assessed by the Total 5 Symptom Score
(TSSS, including rhinorrhea, sneezing, nasal
congestion, and nasal and ocular pruritus)
[15]. Serum total IgE (IU/mL) levels were
determined by an enzyme-linked immuno-
sorbent assay method. Subjects in the non-
allergic group had no history of allergies,
a negative skin-prick test using a panel of
common aeroallergens (mixed grass pollen,
tree pollen, weeds, house-dust mites, cat hair,
dog hair, and mold), and were negative for
IgE. Patients with other complications, such
as asthma or sinusitis, were also excluded.
The study was approved by the Institutional
Review Board at the Tongji Hospital, Tongji
University, Shanghai City, China.

Antibodies

The following monoclonal antibodies
against human cell-surface molecules were
purchased from Becton-Dickinson Immuno-

cytometry Systems, San Jose, CA, USA: flu-
orescein isothiocyanate-conjugated mouse
anti-human CD4 (CDA4-FITC), phycoery-
thrin-conjugated mouse anti-human CD25
(CD25-PE), FITC-conjugated mouse immu-
noglobin G1 isotype control (IgG1-FITC),
and PE-conjugated mouse immunoglobin G1
isotype control (IgG1-PE).

Flow cytometric analysis

All antibodies were used at concentra-
tions that were determined to be optimal for
staining in antibody titrations. Briefly, a sam-
ple of whole blood was incubated with 5 puL
CD4-FITC and 5 pL CD25-PE or isotype
control (IgG1-FITC and IgG1-PE) in the dark
for 30 min at room temperature. They were
then washed with phosphate-buffered saline
twice, and fixed with 1% paraformaldehyde
at room temperature. Then, two-color im-
munofluorescence analysis was performed
using MPL FC 500 (Beckman Coulter, Brea,
CA, USA). Data analysis was performed us-
ing CXP software. An appropriate gate was
drawn around the lymphocyte population,
as defined by forward scatter and side scat-
ter characteristics. The gated cells were then
analyzed for CD4 and CD25 expression, and
CD25* cells were distinguished from those
with a distinct (> 7-fold) brighter fluores-
cence signal as CD25",

Statistical analysis

Standard two-tailed t-tests or nonpara-
metric tests for two independent samples
were used for the statistical analyses. Data
are presented as the means. Spearman cor-
relations were used to analyze relationships
between variants. p values of < 0.05 were
considered to be significant. All analyses
were performed with statistical software
SPSS version 17.0 (SPSS Inc., Chicago, IL,
USA).

Results

Characteristics and IgE values of
study participants

The clinical characteristics of the study
cohort are shown in Table 1. The subjects in



Figure 1. Flow
cytometric analysis of
CD4+CD25+ (a) and
CD4+CD25hi (b) Tregs in
AR patients (left) and
healthy controls (right).
Peripheral blood
mononuclear cells
(PBMCs) were isolated
from fresh blood and
stained with immunofluo-
rescent antibodies
against Treg surface
markers (PE-conjugated
anti-CD25 and FITC-
conjugated anti-CD4 anti-
bodies). Dots in the right
upper quadrants each
show an individual cell
that stained positive for
CD4 and CD25
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each group were matched for age and gen-
der. Patients with persistent AR had signifi-
cantly higher serum total IgE values than did
healthy individuals (312.8 = 165.8 IU/mL vs.
70.1 £ 14.6 IU/mL, p <0.01).

Decreased numbers of
CD4+CD25* and CD4+CD25hi
Treg cells in AR patients com-
pared with control subjects

As shown in Figures 1 and 2, patients
with AR had significantly decreased num-
bers of CD4"CD25" T lymphocytes com-
pared with control subjects (2.80 = 1.36%
vs. 3.94 + 0.97%, p < 0.01) (Figure 2a). The
numbers of CD4*CD25h Tg,,, were also
decreased significantly in AR patients com-
pared with control subjects (1.53 +0.62% vs.
2.00 £ 0.52%, p < 0.05) (Figure 2b).
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Negative correlation between
total serum IgE levels and the
number of Tregs

Serum total IgE levels were measured
in all patients to investigate the association
between AR and the number of Tgeg. Se-
rum total IgE levels were increased signifi-
cantly in AR patients compared with control
subjects (312.8 £ 165.8 vs. 70.1 £ 14.6, p <
0.01) (Figure 2c). The number of Tgeys and
CD4"CD25" Tg,,, were negatively corre-
lated with total serum IgE levels (r = —0.79,
p <0.01; r =-0.61, p < 0.01, respectively)
(Figure 3a and b).

Discussion

The activation of Th2 cells is thought to
play an important role in allergic reactions
by mediating IgE synthesis and eosinophilic
inflammation via IL-4, IL-5, and IL-13 [16,
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Figure 2. Comparison of the numbers of CD4+CD25+ (a) and CD4+CD25hi (b) Tregs and serum total
IgE (c) levels between control subjects and AR patients. The number of CD4+CD25+ and CD4+CD25hi
Tregs was decreased significantly, whereas serum total IgE levels were increased in AR patients.
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Figure 3. Correlation between the numbers of
CD4+CD25+Tregs (a) and CD4+CD25hi Tregs (b)
and serum total IgE levels. The numbers of
CD4+CD25+ Treg cells and CD4+CD25hi Treg
cells were both negatively correlated with total IgE
levels (r = -0.66, p <0.01 and r = -0.61, p < 0.01,
respectively).

17]. Allergen-induced T cell proliferation
can be detected in primary cultures of pe-
ripheral blood mononuclear cells (PBMCs)
from individuals both with and without aller-
gies. However, PBMCs from allergy patients
produce increased levels of Th2-type cyto-
kines including IL-4, IL-5, and IL-13 [18,
19]. However, it is unclear why subjects with
allergies elicit a Th2-type T-cell response
whereas other individuals do not. One hy-
pothesis is that Treg-based mechanisms pre-
vent the IgE responses to allergens in normal
individuals, including the suppression of Th2
responses by regulatory T lymphocytes.
Tregs control the development of autoim-
mune disease and transplant rejection, and
also play a major role in regulating allergic
reactions including AR and asthma. A dis-
tinct type of Tregs was identified in mam-
malian and humans, CD4% T cells, which
are characterized by the expression of the
surface marker CD25 surface marker, and
account for 5 — 10% of the normal CD4"
T cell population [5, 20]. Autoreactive T
cells are also present in the peripheral blood
of healthy individuals without any evidence
of autoimmune disease, suggesting that some
mechanisms regulate the autoreactive T cells
to prevent autoimmune disease. CD4*CD25*
Treg cells play a critical role in the induction
and maintenance of peripheral self-tolerance.
Specifically, they prevent the activation and
proliferation of the potentially autoreac-
tive T cells that have escaped thymic dele-
tion [21, 22, 23, 24]. CD4*CD25" Treg cells
play a key role in modulating Th2-mediated
pulmonary inflammation by suppressing the
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development of the Th2 phenotype, which
effectively promotes airway eosinophilia in-
vivo [8]. The specific mechanisms by which
CD4*CD25" Treg cells function and their
specific characteristics are still being inves-
tigated.

The current study suggested that a lower
frequency of CD4+CD25+ Treg cells is as-
sociated with the pathogenesis of AR. In ad-
dition, the number of Ty, was correlated
with the inflammation status, as determined
by measuring serum total IgE levels, in sub-
jects with AR, but not in healthy subjects.
These observations are consistent with pre-
vious observations in patients with allergic
asthma. Xue and Shi investigated the number
and functional role of CD4" CD25" Tgeg in
the PBMCs of patients with allergic asthma
[25, 26]. They used flow cytometry to reveal
a decrease in the CD4*CD25* Treg ratio of
CD4+ T cells and function in the PBMCs of
patients with asthma. The authors concluded
that CD4"CD25" T, are critical for main-
taining self-tolerance, and are associated
with moderate to severe asthma. Consistent
with this, Ling et al. [27] reported that the
number of allergen-specific Th2 cells in al-
lergic patients was enhanced significantly
by the depletion of CD4"CD25" Treg cells.
Therefore, CD4"CD25" Tgeg play a crucial
role in preventing inappropriate Th2 re-
sponses in allergic diseases.

However, other studies contradict the
above findings. For example, Han et al.
showed that the number and function of
CD47CD25" Tgegs from patients with al-
lergies was not impaired [28]. In addition,
Hoffmann et al. studied a cohort of asth-
matic patients and showed that the number
of CD4" CD25" Tgeys Was similar in allergic
patients and control subjects [29]. Additional
studies reported that the numbers of Tr,g in-
creased during the exacerbation of asthma
[30, 31]. These findings are not consistent
with the current results. These differences
might be related to the varying ages and
disease statuses of the patients in the dif-
ferent studies. In addition, several reports
have suggested that the suppressive activity
of CD47CD25" T, is affected by various
factors including the type of allergen, aller-
gen exposure, and individual allergic status
[31]. Some studies also suggested that high
levels of CD25 and CD25M Ty, in patients

might represent the generation of induced or
adaptive Tgeg, during the exacerbation of al-
lergic inflammation as a consequence of the
immune response [32]. In the current study,
we observed a decrease in the number of
CD4*CD25" Tgeg during serious AR. Com-
pared with control subjects, the total num-
ber of CD4"CD25" Tge,s and CD4*CD25h
cells was reduced in AR patients. We hy-
pothesize, that because the numbers of
CD47CD25" Tgeys was decreased during the
exacerbation of AR, the suppression of Th2
responses by regulatory T lymphocytes was
impaired, which subsequently leads to aller-
gic type 2 immunity in the nasal mucosa and
airways.

In conclusion, AR patients with air-
way allergies had decreased numbers of
CD4'CD25" and CD4'CD25M Tg,,,, and
the number of Treg cells was correlated
negatively with total serum IgE levels. This
suggests that lower numbers of regulatory T
cells might be associated with inflammation
of AR.
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