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Abstract

Background CD4+ CD25+ T-regulatory (Treg) cells play critical roles in maintaining

peripheral tolerance and preventing autoimmunity. As characteristics of Treg cells have not

been precisely investigated in chronic urticaria (CU) yet, this study was performed.

Objective To determine the frequencies of circulating CD4+ CD25+ FOXP3+ T cells and

serum levels of interleukin (IL)-10, transforming growth factor (TGF)-b, and IL-17 in

patients with chronic autoimmune urticaria and chronic idiopathic urticaria compared to

healthy controls.

Methods Peripheral blood mononuclear cells (PBMCs) were obtained from patients with

CU and healthy controls. The frequency of CD4+ CD25+ T cells in PBMCs and expression

levels of FOXP3 were detected by flow cytometry. The serum levels of IL-10, TGF-b, and

IL-17 were measured by enzyme-linked immunosorbent assay.

Results A significant decrease in the percentage of circulating CD4+ CD25+ FOXP3+ T

cells was detected in patients with CU, compared to control subjects. However, no

significant difference was detected on the serum levels of IL-10, TGF-b, and IL-17 between

patients with CU and control subjects.

Conclusions This study demonstrated that the frequency of Treg cells in PBMCs was

decreased in patients with CU. Further studies are needed to clarify the exact role of Treg

cells in the pathogenesis of CU and factors regulating their function.

Introduction

Chronic urticaria (CU) is a rather common skin disorder,
characterized by recurrent, transitory, itchy wheals for
more than six weeks. Lesions recur at least twice a week
for more than six weeks and should not be physical or
recurrent acute urticaria with repeated exposures to a
specific agent.1 Circulating antibody against anti-IgE
receptor (FceRI) antibodies could be detected in about
30–40% of patients with CU, while anti-IgE antibodies
could be found in an additional 10% of patients. Thyroid
autoantibodies are also present in about 24% of patients
with CU.2,3 The impression of these autoantibodies can

be followed through an autologous serum skin test
(ASST) or basophil and mast cell histamine release
assays.2,3 Therefore, CU is considered autoimmune in 40–
45% of patients with CU, whereas it appears to be idio-
pathic in 55–60% of cases. In the latter subgroup, the
autoimmune parameters are negative.4 Patients with au-
toantibodies tend to have more severe disease than
patients without autoantibodies are. Although the exact
pathogenic mechanisms of CU are not completely under-
stood, infiltration of CD4+ T-helper (Th) cells in biopsy
specimens from patients with CU suggest that the recruit-
ment of these T cells from the circulation to the site of
inflammation might also play a central role in triggering
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mast cell degranulation.5 On the other hand, introducing
the naturally occurring CD4 T-regulatory (Treg) cells6

has shed new light on the mechanisms of immunological
disorders. Several types of T cells with regulatory activity
have been described, while their role in the control of a
variety of autoimmune diseases has been delineated.7

In humans, approximately 30% of CD4+ T cells
express CD25, but only a small fraction of these cells (2–
4%) expresses forkhead box P3 (FOXP3) protein. It
seems that high expression of FOXP3 correlates with high
expression of CD25, which represents cells with a sup-
pressive function. Populations of CD4+ CD25+ T cells
with regulatory function have been best identified by the
expression of FOXP3.8,9 Tregs can inhibit the effector T
cells by different mechanisms, including direct cell–cell
contact or secretion of transforming growth factor (TGF)-
b and interleukin (IL)-10.10,11

Anomalies in the function or number of Tregs can be a
primary cause of autoimmune disease, allergy, and
inflammatory disorders in humans. This association
became apparent mainly when the immunodysregulation
polyendocrinopathy enteropathy X-linked (IPEX) syn-
drome was elucidated. The IPEX syndrome is linked to
the dysfunction of the transcriptional activator FOXP3,
and patients with this condition have significant autoim-
mune manifestations. Therefore, maintaining a balance
between activation and suppression of T-cell responses is
crucial in the outcomes of many immune-mediated dis-
eases. Some studies suggested that the impaired or defi-
cient Treg responses may result in autoimmune disorders
and allergic diseases such as asthma.12,13 However, the
exact role of Treg cells has not yet been defined in
patients with CU.
In the present study, we aimed to determine the fre-

quencies of circulating CD4+ CD25+ FOXP3+ T cells in
patients with CU and healthy controls.

Materials and methods

Patients and controls

All patients with continuous CU were selected from the Allergy

Outpatient Clinic of Hazrat-e-Rasool Hospital. These patients

had a wheal for six weeks or longer, occurring at least twice a

week. Patients with physical urticaria, urticarial vasculitis, or

food allergies were excluded. The questionnaire was filled by a

trained fellow of immunology and allergy for all of the patients,

while the disease activity score was calculated by patients for

one week and then collected.

Basic laboratory tests, including a complete differential blood

cell count, erythrocyte sedimentation rate, C-reactive protein,

liver function tests, thyroid function tests, thyroid autoantibodies,

antinuclear antibodies, total serum IgE, stool exam, and

urinalysis were done. Patients were free of antihistamines for

seven days before skin testing and blood sampling. None of the

patients had used corticosteroids or immunosuppressive drugs.

Samples were obtained from 41 patients with CU in two

subgroups (seven males and 34 females; mean age 39.7 years,

aged 17–65 years) and 20 healthy controls (four males and 16

females; mean age 36 years, aged 22–48 years).

All the subjects signed written informed consent forms, and

the study protocol was approved by the Institutional Ethics

Committee of Tehran University of Medical Sciences.

Autologous serum skin test

The ASST was performed on all patients with CU according to

standard methods, using 0.05 ml of fresh autologous serum

injected intradermally into the volar forearm skin. Histamine skin

prick testing (10 lg/ml) and 0.05 ml of saline were used as

positive and negative controls, respectively. A positive skin test

was defined as the appearance of a red serum-induced wheal

with a diameter of ≥ 1.5 mm than that of the saline-induced

response at 30 minutes. A positive response was detected in

21 of 41 subjects, whereas the test was negative in the

remaining 20 individuals.

Preparation of peripheral blood mononuclear cells

Approximately 4 ml of venous blood was collected from each

subject in heparinized tubes, and the peripheral blood

mononuclear cells were separated using Ficoll-Paque gradient

centrifugation (Baharafshan company, Tehran, Iran). Surface

expression of CD4 and CD25 were analyzed with specific

antihuman monoclonal antibodies for CD4 and CD25 (BD

Pharmingen, San diego, CA, USA) according to the

manufacturer’s protocol. For intracellular staining of FOXP3, the

cells were fixed in formaldehyde (5%), permeabilized with

saponin buffer (0.5%), and then incubated at room temperature

in the dark for 20 minutes. The specific antihuman FOXP3

monoclonal antibody was added to the tube, after washing with

2 ml of wash buffer (phosphate-buffered saline containing

0.01% sodium azide and 0.5% bovine serum albumin), and

then incubated at room temperature in the dark for 30 minutes.

After final washing, the cells were resuspended in 0.5 ml

staining buffer and then analyzed with PAS III PARTEC flow

cytometer (Germany).

Cytokine measurements

Concentrations of IL-10, TGF-b, and IL-17 were measured in

the serum samples of patients and healthy controls with

commercial enzyme-linked immunosorbent assay tests (Bender

Med system, C.E, Vienna, Austia) according to the

manufacturer’s protocol.

Statistical analysis

The Mann–Whitney U-test was used to compare variables

between patients with CU and healthy subjects as well as

groups subjected to ASST vs. controls. Correlations of data
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were analyzed by the non-parametric Spearman test. P < 0.05

was considered statistically significant.

Results

Samples were obtained from 41 patients with CU and 20
healthy controls. The median duration of the disease was
12 months (range 2–240 months), which was associated
with angioedema in about 49% (20 cases). The disease
activity score was calculated, and the median score was 6
(range 3–6).
Thyroid function tests and thyroid autoantibodies were

measured in all of the patients; 39 cases (95%) were
euthyroid, while only two patients (5%) were subclini-
cally hypothyroid. Meanwhile antithyroid peroxidase was
positive in 29.3% (12 patients), positive antithyroglobulin
was detected in 19.6% (eight cases) (Table 1). Patients
were subdivided into two groups, based on the results of
the ASST (Table 2).

Percentages of CD4+ CD25+ FOXP3+ T cells in patients

with chronic urticaria

Patients with CU had a significantly lower percentage of
circulating CD4+ CD25+ FOXP3+ T cells, compared to
control subjects (P = 0.020). After classifying patients
based on the response to the ASST, the percentages of cir-
culating CD4+ CD25+ FOXP3+ T cells were also signifi-
cantly lower in both groups of patients with CU,
compared to control subjects: patients with ASST-nega-
tive CU vs. controls (P = 0.040), and patients with ASST-
positive CU vs. controls (P = 0.032; Fig. 1). There were
no significant differences in the level of circulating Tregs

between patients with ASST-positive and ASST-negative
CU (P = 0.782).

Circulating level of cytokines in chronic urticaria

Circulating cytokines, such as IL-10 and TGF-b, as well
as IL-17 were measured in sera of the subjects. Alteration
of cytokine levels in patients with CU were verified with
both positive and negative ASST. In a large percentage of
control sera samples, the serum levels of IL-10 and IL-17
were undetectable. These negative percentages were 70%
for IL-10 (14 of 20) and 90% for IL-17 (18 of 20). The
frequencies of these undetectable cytokines were similar
in sera of the two subgroups of patients with CU.
Although there was no significant difference in the serum

levels of IL-17 and IL-10 from patients with CU and the
control group (P = 0.20 and P = 0.84, respectively), IL-17
serum levels of patients with CU displayed a strong positive
correlation with serum levels of IL-10 (R = 0.369,
P = 0.018); this correlation was not found in healthy con-
trols. Furthermore, the correlation was more significant in
ASST-positive patients (R = 0.494, P = 0.023).
The serum concentration of TGF-b from patients with

CU (neither ASST positive nor ASST negative patients)
showed no significant difference in comparison with con-
trol subjects (P = 0.28 and P = 0.13, respectively). Inter-
estingly, we observed a correlation between the circulating
percentage of Tregs and the TGF-b serum levels from con-
trol individuals (R = 0.520, P = 0.019; Fig. 2a), but it did
not appear in patients with CU (Fig. 2b,c).

Discussion

CU seems to be due to an autoimmune process in more
than one-third of patients. It is believed that thyroid

Table 1 Antithyroid antibodies: results and thyroid status in
patients with chronic urticaria

Statistic Results

Thyroid function test 41 Euthyroid 39 (95.1%)

Subclinical

hypothyroidism

2 (4.9%)

Antithyroid peroxidase 41 Positive 12 (29.3%)

Negative 29 (70.7%)

Antithyroglobulin 41 Positive 8 (19.6%)

Negative 33 (80.4%)

Table 2 Autologous serum skin test results in patients with
chronic urticaria

wheal negative wheal positive

Autologous serum skin test 20 (49%) 21 (51%)

5

4

3

2

1

0
ASST negative ASST positive Control

Figure 1 Percentage of circulating CD4+ CD25+ FOXP3+
regulatory T cells in patients with ASST-negative and ASST-
positive chronic urticaria in comparison with healthy
controls
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disease and CU are frequently associated, but thyroid sta-
tus is not related to the occurrence of urticaria. As we
found in this study, thyroid autoantibodies are positive in

some patients with CU,14,15 but the presence of antithy-
roid antibodies seems to be correlated with other autoim-
mune determinations, rather than being a direct causative
agent in chronic idiopathic urticaria.16 Therefore, looking
for autoimmune markers other than antinuclear antibod-
ies may be useful.
The role of Tregs and TGF-b from naturally occurring

Treg and FOXP3-expressing Tregs has been amplified in
maintaining self-tolerance and immune homeostasis, au-
toimmunity, and inflammatory disorders.10 In this study,
we demonstrated that the frequency of circulating
CD4+ CD25+ FOXP3+ T cells in peripheral blood mono-
nuclear cells of patients with CU were significantly
decreased in comparison to healthy controls. Reduced fre-
quency of CD4+ CD25+ FOXP3+ cells in the peripheral
blood of patients with chronic autoimmune urticaria was
shown previously in a study by Sun et al.,17 and they
reported a decreased intensity of FOXP3 expression.
Although Chen et al.,5 reported an increased frequency

of CD4+ CD25+ T cells in patients with CU, compared
to controls, no significant differences were detected in the
expression levels of FOXP3 or TGF-b between patients
with CU and control subjects; therefore, they suggested
the functions of circulating CD4+ CD25+ and
CD4+ CD25� T cells in patients with chronic ordinary
urticaria were defective. The results of this study support
the paradigm of deficiency or dysfunction of the
CD4+ CD25+ FOXP3+ Treg cells in the development of
CU, but as FOXP3 is expressed on non-Treg cells, analy-
sis of Treg requires functional analyses.10

Among the few studies on cytokine profiles of patients
with CU there is a study that showed all Th1 and Th2
cytokines in both patients and controls were normal,
except the IL-12 concentration, which was higher in
patients.18 Dos Santos et al., 19 demonstrated enhanced
IL-17 secretion levels in patients with CU with a positive
skin test, by inducing T-cell stimulus. Our finding did not
indicate any significant difference in the serum level of
IL-17 between the two groups of patients and controls.
We also found no significant difference between the
serum levels of IL-10 and TGF-b in patients with CU and
healthy controls.
In this study, the positive correlation between the circu-

lating percentages of Tregs and TGF-b serum levels is
detected only in control individuals. Therefore, there may
be an immune dysregulation in patients with CU (ASST
positive or ASST negative) resulting from decreased circu-
lating percentages of Tregs or some additional Treg dys-
function causing this lack of correlation. Therefore, in vitro

functional analysis of Tregs in patients with CU is needed.
On the other hand, positive correlation between serum

levels of IL-17 and IL-10, which only appear in patients
with CU (particularly in the ASST-positive group), as well
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Figure 2 (a) Correlation between circulating percentage of
Tregs and serum level of TGF-b in healthy controls. (b)
Correlation between circulating percentage of Tregs and
serum level of TGF-b in patients with ASST-negative chronic
urticaria. (c) Correlation between circulating percentage of
Tregs and serum level of TGF-b in patients with ASST-
positive chronic urticaria. TGF, transforming growth factor;
Tregs, T-regulatory cells
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as lack of correlation between circulating levels of Treg
cells and IL-10, support the concept of a possible addi-
tional immune dysregulation in the level or function of
Th17 in patients with CU.
Increased systemic inflammatory cytokines may induce

immune dysregulation.19 In inflamed areas of patients
with rheumatoid arthritis,20,21 in bronchoalveolar lavage
fluid after allergen challenge,22 and in patients with ato-
pic dermatitis,23 Treg cells seem to be enriched.
IL-17 is known to possess broad inflammatory

functions. The specific lineage of CD4+ T cells that
secrete IL-17 (Th17) are thought to play a central role in
inflammation and autoimmunity.24,25 In humans, Th17
cells require T-cell receptor ligation by cell–cell contact
with Toll-like receptor activated monocytes;26 however,
further research is necessary to differentiate the relation-
ship between Th17 and Treg.
High serum levels of IL-17, IL-23, and TNF-a among

patients with chronic spontaneous urticaria were found in
one study;27 these cytokines were significantly higher in
ASST-positive patients than in ASST-negative patients.
Moreover, there was a significant positive correlation
between serum IL-17, IL-23, TNF-a, and disease activity
score.28 A similar increasing level of IL-10 and IL-17
secretion upon the T-cell stimulus in patients with CU
and ASST positivity was seen in another study.19 In addi-
tion, a possible role of IL-17 in some inflammatory skin
disorders, such as psoriasis, contact hypersensitivity, and
atopic dermatitis has been described.27 In CU it may be
helpful to verify whether Th17 cells are involved in its
pathogenesis and the extent of their involvement as well
as the role of Th17 in orchestrating tissue inflammation
and autoimmunity.
Altogether, our findings suggest the concept of immu-

nologic dysregulation in CU, which is supported by a
decreased percentage of circulating Tregs. Understanding
the mechanism through which the signals from Treg cells
and/or Th17 are integrated to influence the generation of
cytokines will be critical knowledge for the comprehen-
sion of the pathogenesis in CU. On the other hand, a
short half-life of cytokines and chemokines and their con-
sumption in lesional tissues may explain controversy in
the results of serum concentrations of cytokines. There-
fore, focusing on in vitro stimulation of T cells and their
cytokine production may be helpful.
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