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Introduction

CD4 cells are classified into Th1 and Th2 subsets based
on their profiles of cytokine production [1, 2]. Th1 cells
mainly contribute to the development of cell-mediated
immunity, whereas Th2 cells regulate immune responses,
facilitate IgE production and are involved in allergic dis-
eases [3, 4]. Identification of Th1- [5, 6] and Th2- [7, 8]

associated transcription factors have led to a better under-
standing of the process of the committing Th precursor
cells to a particular subset. More recently it has been
shown that pro-inflammatory Th-17 cells represent a
novel subset of CD4+ T cells that originate under differ-
ent polarizing conditions than Th1 or Th2 [9]. T cells
with suppressor or regulatory function have been charac-
terized in the CD4+ T cells [10].

While a definition of Th1 ⁄ Th2 cells rests on their
ability to produce IFN-c but not IL-4 [11], or IL-4 but

not IFN-c [11], respectively, recent studies have shown
that some chemokine receptors are associated with Th1
or Th2 cells. Following antigenic challenge, lymphocytes
are recruited into local tissues by adhesion molecules,
chemokines and their receptors [12]. Chemokines not
only regulate lymphocyte traffic [13, 14] but have also
been linked to lymphocyte differentiation and effector
functions [15, 16].

It has been reported that CCR5, CXCR3 and CXCR6
are predominantly expressed on Th1 cells [17–20],
whereas CCR3 and CCR4 are predominantly expressed
on Th2 cells [21–24]. The preferential expression of
chemokine receptors on functional T-helper cells has
mostly been analysed using in vitro generated Th1 and
Th2 cell lines or clones stimulated with mitogens and ⁄ or
Th-polarizing cytokines [17, 19, 23]. In a study includ-
ing the analysis of the chemokine receptors CCR1,
CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR9,
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E-mail: rosaura.casas@imk.liu.se

Abstract

Preferential expression of chemokine receptors on Th1 or Th2 T-helper cells
has mostly been studied in cell lines generated in vitro or in animal models;
however, results are less well characterized in humans. We determined T-cell
responses through chemokine receptor expression on lymphocytes, and cyto-
kine secretion in plasma from birch-allergic and healthy subjects. The expres-
sion of CCR2, CCR3, CCR4, CCR5, CCR7, CXCR3, CXCR4, CXCR6, IL-12
and IL-18R receptors was studied on CD4+ and CD8+ cells from birch-allergic
(n = 14) and healthy (n = 14) subjects by flow cytometry. The concentration
of IL-4, IL-5, IL-10, IL-12, IFN-c and TNF-a cytokines was measured in
plasma from the same individuals using a cytometric bead array human cyto-
kines kit. The similar expression of CCR4 in T cells from atopic and healthy
individuals argues against the use of the receptor as an in vivo marker of Th2
immune responses. Reduced percentages of CD4+ cells expressing IL-18R,
CXCR6 and CXCR3 were found in the same group of samples. TNF-a, IFN-
c, IL-10, IL-5, IL-4 and IL-12 cytokines were elevated in samples from allergic
individuals. Reduced expression of Th1-associated chemokine receptors
together with higher levels of Th1, Th2 and anti-inflammatory cytokines in
samples from allergic patients indicate that immune responses in peripheral
blood in atopic diseases are complex and cannot be simplified to the Th1 ⁄ Th2
paradigm. Not only the clinical picture of atopic diseases but also the clinical
state at different time points of the disease might influence the results of stud-
ies including immunological markers associated with Th1- or Th2-type
immune responses.
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CXCR3, CXCR5 and CXCR6, it was shown that Th1,
Th2, Th0 and non-polarized CD4+ T cells in blood and
tissues can express any of these receptors [25]. It seems
that certain combinations of these receptors define T-cell
populations that are markedly enriched in major subsets
of polarized and non-polarized T cells [26]. It has been
suggested that lower expression of IL-12Rb2 mRNA after
IL-2 stimulation indicates a reduced capacity to upregu-
late the receptor in atopic children [27]. Polarized Th1
immune responses in patients with common variable
immunodeficiency [28] and patients with rheumatoid
arthritis [29] have been associated with increased expres-
sion of IL-12R and IL-18R receptors. The expression of
chemokine receptors on T cells has mostly been investi-
gated using CD4+ cells, while the situation of CD8+ cells
is less well characterized in humans.

In this article, we studied T-cell responses to a
disease-specific allergen in patients with birch allergy.
Thus, the expression of CCR2, CCR3, CCR4, CCR5,
CCR7, CXCR3, CXCR4, CXCR6, IL-12bR and IL-18R
receptors in CD4+ and CD8+ T cells from healthy and
birch-allergic asthmatic individuals was analysed. We
also performed analyses of TNF-a, IFN-c, IL-10, IL-5,
IL-4 and IL-12 cytokines in plasma from the same indi-
viduals. Our data show a lack of association between the
expression of CCR4 and the atopic status of the asth-
matic individuals; however, the inverse correlation
between IgE levels and the CXCR6 chemokine receptor
confirms the value of CXCR6 as a good marker of Th1
cells. The higher levels of Th1, Th2 and anti-inflamma-
tory cytokines in plasma from atopics reinforce the idea
that immune responses in peripheral blood in atopic dis-
eases cannot be simplified to the Th1 ⁄ Th2 paradigm.

Materials and methods

Study population. Allergic patients referred to the Allergy
Centre at Linköping University Hospital were recruited
(n = 14) between October 2002 and March 2003.
Healthy individuals were also invited (n = 14) as con-
trols. Clinical examination, a lung function test and skin
prick tests against inhalant allergens including birch,
timothy, dog, cat, horse and mite allergens were per-
formed on the allergic individuals. A skin prick test
with a mean diameter of >3 mm was defined as positive.
In the control group, total and specific IgE antibodies
were measured in blood (Allergy Screen, ALK, Denmark).
The allergy screen test consisted of a panel of 19 inhalant
allergens, including timothy, birch, oak, olive, ragweed,
mugwort, goosefoot, Bermuda grass, ribwort, cat, horse,
dog, cockroach, Cladosporium herbarum, Aspergillus fumiga-
tus, Alternaria tenia, Dermatophagoides pteronyssinus and
Dermatophagoides farinae. Results of the test were regarded
as either positive or negative. In the healthy controls low
levels of total IgE antibodies were detected but none of

them had detectable specific IgE to common inhalant
allergens by Allergy Screen. All allergic patients pre-
sented seasonal symptoms of allergic rhino-conjunctivitis
(ARC) and all were sensitized to birch. All allergic
individuals were also sensitized to other allergens, partic-
ularly furred pets and mites. Thus, seven of the birch-
allergic individuals were also sensitized to cat. Nine of
the 14 patients with ARC presented a clinical history of
bronchial asthma, and inhaled corticosteroids on a daily
basis up to 1000 lg ⁄ day (Table 1). ARC was defined as
sneezing, itching nose and eyes and redness in the eyes
upon exposure to allergens. Bronchial asthma was defined
as a clinical history of bronchial hyperactivity verified
by a physician and FV1 variability >15% at least once
during the last 12 months.

Table 1 Demographic description of the study population.

Allergic

(n = 14)

Non-allergic

(n = 14) P

Male ⁄ female 11 ⁄ 3 3 ⁄ 11 <0.01�

Age 16.6

(10.1–30)

22.6

(16.9–25.8)

0.07§

Clinical symptoms

ARC 5 0

ARC + AB 6 0

ARC + AB + AE 3 0

Medication

Nasal steroids 8 ⁄ 14 0

Nasal antihistamines 1 ⁄ 14 0

Local treatment

in the eye

9 ⁄ 14 0

Oral antihistamines 11 ⁄ 14 0

Inhaled steroids 9 ⁄ 14 0

Inhaled steroids

(lg ⁄ day)

400 (0–1000) 0

Long-acting b2-agonists 6 ⁄ 14 0

Oral leukotriene

receptor

3 ⁄ 14 0

Antagonists

Systemic steroids 4 ⁄ 14* 0

Total IgE (kU ⁄ l) 176 (45–3200) 20 (2–68) <0.001§

Birch-specific IgE (kU ⁄ l) 24 (<0.35–139) <0.35 <0.001§

SPT against birch (mm) 5.5 (3.5–11.5) –�

Other sensitizations (SPT)

Other pollens 12 ⁄ 14 –�

Furred pets 9 ⁄ 14 –

Mites 1 ⁄ 14 –

Pollens and pets 10 ⁄ 14 –

Pulmonary function

FVC (% of normal) 96.5 (68–112) –�

FVE1 (% of normal) 92.0 (68–128) –

ARC, allergic rhinoconjunctivitis; AB, astma bronchiale; AE, atopic

eczema.

*Systemic steroids at least once the past year, no current systemic

steroids.
�Skin prick test and pulmonary function were not performed in healthy

individuals.
�Fisher’s exact test.
§Mann–Whitney.

Values are given as median (range).
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Lymphocyte preparation and cell culture. Peripheral blood
mononuclear cells (PBMC) from all the participants in
the study were isolated, within 24 h of collection, from
heparinized venous blood collected into cell preparation
tubes (Becton-Dickinson Vacutainer Systems, Franklin
Lakes, NJ, USA). Cells at interface were harvested and
washed three times with RPMI-1640 (Gibco, Auckland,
New Zealand) containing 5% human serum. After wash-
ing, PMNC were diluted to a concentration of 1 · 106

cells ⁄ ml in RPMI-1640 + 2% human serum supple-
mented with 2 mM L-glutamine and gentamicin (Sigma
Chemical Co., St Louis, MO, USA). The cell suspension
was added to a six-well plate and incubated for 1 h at
37 �C with 5% CO2 (Forma CO2-Incubator model 3862;
Forma Scientific Inc., Marietta, OH, USA). After incuba-
tion, the supernatant non-adherent cells containing
enriched lymphocytes were harvested into tubes, and
washed with medium. After washing, the cells were
diluted to a concentration of 1 · 106 cells ⁄ ml medium.
One to two million cells were removed to a separate tube
for fresh staining, i.e. ex vivo isolated cells. The remain-
ing cells were stimulated for 24 h in 24-well culture
plates. For the stimulation, 10 000 SU ⁄ ml of birch and
cat allergens (Aquagen, ALK-Abelló, Denmark) and
1 mg ⁄ ml LPS (Sigma Chemical Co.) were added to
1 · 106 cells ⁄ ml. Wells with only non-stimulated cells
were included as controls. After stimulation, lymphocytes
were harvested, washed with PBS containing BSA and
stained for flow cytometry analysis.

Flow cytometric detection of chemokine receptors. Cells were
collected, washed in PBS containing 0.1% BSA and incu-
bated for 30 min at 4 �C in darkness with the respective
antibodies: fluorescein isothiocyanate (FITC)-conjugated
anti-CXCR4, CXCR3, CCR3, CCR7 (R&D Systems,
Minneapolis, MN, USA) and CCR5 (PharMingen, San
Diego, CA, USA); R-phycoerythrin (PE)-conjugated
anti-IL-18R, CCR2 and CXCR6 (R&D Systems) and
IL-12 b2R and CCR4 (PharMingen); peridin clorophyll
(PerCP)-conjugated anti-CD8 and allophycocyanin
(APC)-conjugated anti-CD4 (BD Biosciences, San Jose,
CA, USA).

Isotype controls were included to estimate the amount
of nonspecific binding. Thus, cells were stained under
identical conditions with FITC, PE, PerCP and APC fluo-
rochrome-conjugated mouse IgG. Unstained cells were
included as a control for autofluorescence. Four tubes con-
taining cells stained with single antibodies marked with
the four different fluorochromes were used for compensa-
tion to adjust for spectrally adjacent dye pairs.

Four-colour flow cytometry was performed with a
Becton-Dickinson FACSCalibur (San Diego, CA, USA).
Approximately 10 000 cells were acquired from each
tube. The data were analysed using the CellQuest pro-
gram (Becton-Dickinson Immunocytometry Systems).
The cells were gated on forward and side scatter. Results

were expressed as percentages of cells expressing each sur-
face molecule.

Cytokine analyses. The concentration of IL-2, IL-4,
IL-5, IL-10, IFN-c and TNF-a cytokines was measured
in plasma samples from the same individuals using the
cytometric bead array Human Cytokines Kit (BD Bio-
sciences/Pharmingen) according to the manufacturer’s
instructions. The standard curve ranged from 0 to
2500 pg ⁄ ml, and values over 1.0 pg ⁄ ml were regarded as
positive.

Statistical analysis. As percentages of cells expressing
the chemokine receptors were not normally distributed,
paired analyses were performed using the Wilcoxon
signed rank test, unpaired analysis with the Mann–
Whitney U-test and correlations were analysed using
Spearman’s rank order correlation coefficient test. P <
5% was considered statistically significant. Calculations
were made using the statistical package SPSS 11.5 for
Windows (SPSS Inc., Chicago, IL, USA).

Ethical aspects. The study was approved by the Regio-
nal Ethics Committee for Human Research, Linköping
University Hospital, Sweden.

Results

Comparison of chemokine receptor expression in allergic

and healthy individuals

The percentages of ex vivo isolated CD4+ and CD8+ cells
expressing CXCR6 were higher in healthy subjects than
in allergic subjects (Fig. 1A). Incubation with medium
alone did not affect the percentages of CD4+ and CD8+

T cells expressing CXCR6 in either group. A tendency
to an increased expression of CXCR6 after 24 h stimula-
tion compared to non-stimulated ex vivo CD8+ cells was
observed in the same group of samples (Fig. 1B). A nega-
tive correlation was found between total IgE antibodies
and the expression of CXCR6 receptor on CD4+

(r = )0.457, P = 0. 05) and CD8+ (r = )0.485, P = 0.
05) lymphocytes in all the samples (Fig. 5A,B).

Higher percentages of ex vivo isolated CD4+ cells
expressed IL-18R in samples from healthy controls than
in those from allergic subjects (Fig. 1C). Similarly, the
percentage of CD4+ cells expressing IL-18R was higher
in non-stimulated cells of the same group (Fig. 1C). A
higher percentage of CD8+ IL-18R expressing cells were
observed only after LPS stimulation (Fig. 1D).

No difference in the percentage of CD4+ or CD8+

cells expressing CXCR3 was seen between the groups in
ex vivo isolated cells or samples cultured with medium
alone. However, stimulation with either antigen resulted
in increasing percentages of CD4+ CXCR3+ cells in sam-
ples from healthy subjects compared to allergic individu-
als (Fig.1E), whereas the percentages of CD8+ CXCR3+
cells were not affected (Fig. 1F).
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The percentages of CD4+ and CD8+ T cells expressing
CCR4, CCR5, CCR7 and CXCR4 were similar for ex vivo
isolated cells and for cat, birch and LPS-stimulated cells
from allergic and healthy individuals (data not shown). The
total IgE levels inversely correlated with CCR5 expression
on CD4+ cells (r = )0.416, P = 0. 05) (Fig. 5C). The
expression of CCR3, CCR2 and IL-12R was very low, and
no statistical analyses were performed on the data.

Effect of the culture conditions on receptor expression

Culture of the cells for 24 h with medium alone reduced
the expression of some of the receptors included in the

study. This was the case for CD4+ and CD8+ cells
expressing CCR4 (Figs. 2A,B and 3A,B) and IL-18
(Figs. 2C,D and 3C,D) in samples from both allergic and
healthy subjects compared to ex vivo samples from the
same individuals.

In contrast, the expression of CXCR6 (Figs. 2E,F and
3E,F) and CXCR4 (Figs. 2G,H and 3G,H) increased on
CD4+ and CD8+ cells cultured in medium alone, both in
the allergic and healthy groups, compared to ex vivo sam-
ples from the same subjects. Further, in samples from
healthy individuals, CD8+ CXCR3+ expressing cells
increased after incubation with medium alone compared
to ex vivo CD8+ cells (Fig. 3I,J), but this effect was not
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Figure 1 Expression of chemokine receptors

CXCR6 (A, B), IL-18R (C, D) and CXCR3

(E, F) on CD4+ and CD8+ cells. The expres-

sion of the receptors was analysed on ex vivo
isolated cells, and in samples cultured with

medium alone, and with birch, cat and LPS

for 24 h. The data are expressed as box-plot

summaries of the median percentages (%) of

cells. The level of significance is shown above

the plots.
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Figure 2 Expression of CCR4, IL-18R,

CXCR6, CXCR4, CCR5, CXCR3 and CCR7

receptors on CD4+ cells from allergic (A, C,

E, G, I, K, M) and healthy (B, D, F, H, J, L,

N) individuals. The data are expressed as

box-plot summaries of the median percent-

ages (%) of ex vivo isolated cells, and after

24 h on non-stimulated cells and birch, cat

and LPS-stimulated cells. The level of signifi-

cance is shown above the plots.
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observed in samples from the allergic group (Fig. 2I,J).
Incubation for 24 h reduced CD4+CCR5+ and
CD8+CCR5+ expressing cells in samples from allergic

subjects (Fig. 2K,L), while CD4+CCR5+ were increased
in cells from healthy individuals cultured with medium
alone compared to ex vivo cells (Fig. 3K,L).

Figure 3 Expression of CCR4, IL-18R,

CXCR6, CXCR4, CCR5, CXCR3 and CCR7

receptors on CD8+ cells from allergic (A, C,

E, G, I, K, M) and healthy (B, D, F, H, J, L,

N) individuals. The data are expressed as

box-plot summaries of the median percent-

ages (%) of ex vivo isolated cells, and after

24 h on non-stimulated cells and birch, cat

and LPS-stimulated cells. The level of signifi-

cance is shown above the plots.
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Stimulation with antigen

Stimulation with either antigen resulted in a further
reduction in CCR4 of CD4+ cells (Figs. 2A and 3A), and
in CXCR3 on both CD4+ and CD8+ cells from allergic
and healthy individuals (Figs. 2I,J and 3I,J). Similarly,
CXCR4 expression was also reduced on both CD4+ and
CD8+ cells from allergic patients, but stimulation only
decreased CXCR4 on CD4+ cells from the healthy group
(Fig. 2G,H). In the samples from the healthy group, even
the expression of CCR5 decreased after cat and LPS stim-
ulation, but not birch stimulation, both on CD4+ and
CD8+ cells (Fig. 3K,L). In contrast, in the group of aller-
gic subjects stimulation did not further affect CCR5 on
either cell.

Differential expression of chemokine receptors on CD4+ and

CD8+ cells

The expression of the chemokine receptors was studied
on CD4+ and CD8+ lymphocytes from allergic and
healthy individuals. CCR5, CXCR3 and CXCR6 recep-
tors were preferentially expressed on ex vivo CD4+ cells
and CD8+ after 24 h of culture in both groups. In con-
trast, CCR4, CXCR4 and CCR7 were preferentially
expressed on CD4+ cells. A higher percentage of ex vivo
isolated CD8+ cells than CD4+ cells expressed IL-18R in
the samples from allergic subjects, whereas a similar
expression of the receptor was observed in CD4+ and
CD8+ cells from healthy individuals (data not shown).

Cytokine secretion in plasma

Higher levels of TNF-a, IFN-c, IL-10, IL-5, IL-4 and
IL-2 were detected in the samples from allergic subjects
than in those from healthy individuals (Fig. 4). A strong
correlation was found among the different cytokines (data
not shown). No correlations were detected between the
cytokine levels in plasma and chemokine receptor expres-
sion in CD4+ and CD8+ T cells (data not shown). The
total IgE levels in plasma correlated only with TNF-a
(r = 0.653, P = 0.01) (Fig. 5D).

Discussion

In the present study we examined the expression of
chemokine receptors that have been previously associated
with either Th1 or Th2 cell types on CD4+ and CD8+

cells from allergic patients and healthy individuals. We
did observe a reduced expression of the Th1-associated
chemokine receptors CXCR6 and IL-18R in ex vivo iso-
lated cells from allergic patients, in parallel with
increased levels of cytokines in plasma from the same
individuals. Indeed, chemokine receptors have largely
been analysed using in vitro generated Th1 and Th2 cell

lines or clones that have been stimulated with mitogenes
and growth-promoting and Th-polarizing cytokines.
Therefore, the expression of certain receptors as the result
of the culture conditions rather than certain T-cell phe-
notypes could be one explanation for the controversial
difference in results between in vitro and in vivo studies.

In our study, circulating CD4+ cells expressing
CXCR6 were more common in healthy individuals than
in patients with birch allergy. CXCR6 is considered as a
Th1-cell associated chemokine receptor [20, 30]. Its
expression defines unique subsets of highly polarized type
1 memory ⁄ effector T cells in vivo, with the capacity to
release a large amount of IFN-c upon activation [20, 31].
Thus, the poor expression of CXCR6 in allergic patients
could reflect a reduction in Th1 activity. Supporting this
view, we detected an inverse correlation between the per-
centages of ex vivo CD4+ and CD8+ cells expressing
CXCR6 and total IgE levels in plasma. Further, a
reduced percentage of CD4+ cells expressing IL-18R on
ex vivo isolated CD4+ T cells from allergic individuals in
our study could reinforce the idea of a poor induction of
Th1 response in allergy. It has been shown that IL-18R
is preferentially expressed on murine [32] and human
[33] Th1-polarized cells compared with Th2-polarized
cells, suggesting that this receptor is a suitable marker of
Th1 cells. Reduced CXCR6 expression shortly after
T-cell activation could be dependent on early intra-
cellular signal events associated with the T-cell activation
process [31]. Thus, the lower percentage of T cells from
the birch-allergic patients expressing CXCR6 might be
a consequence of an earlier T-cell activation process in
allergic individuals, leading to faster downregulation of
CXCR6. Indeed, it has been suggested that the reduction
in CXCR6 following allergen challenge in T cells from
bronchoalveolar fluids could be due to the internalization
of the receptors following encounter with their ligands
[34]. Alternatively, lower detection of CXCR6-bearing
cells could indicate accumulation of these cells in the
inflammatory sites. It seems that CXCR6 could have a
particular role in maintaining T-cell activation in the
lung [35]. CCR5, another Th1-associated chemokine
receptor, was similarly expressed in samples from allergic
and healthy individuals. However, while the percentage
of CD4+ CCR5+ cells was downregulated after stimula-
tion in samples from the healthy individuals, no further
reduction in cells from allergic patients was observed.
Chemokine binding to CCR5 leads to cellular activation
and internalization of the receptor, and recall antigen
activation of PBMC resulted in release of CCR5 ligands
such as MIP-1a and MIP-2b [36]. Thus, it is possible
that early release of CCR5 ligands as a result of allergic
inflammation in allergic, but not in healthy, individuals
is responsible for the unresponsiveness after stimulation
in our study. Another possible explanation is the effect of
inhaled steroids among the patients. Low doses were used
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generally, with only one child taking 1000 lg ⁄ day. Low
doses are not expected to have systemic anti-inflamma-
tory effects; they rather decrease the local allergic inflam-
mation in the lungs by decreasing inflammatory signals.
Furthermore, we did not find any differences in receptor
expression between those children using inhaled steroids
and those who did not. The subgroup of patients not
taking inhaled steroids was rather small.

Antigenic stimulation of cells from allergic patients
led to a reduction in the percentage of CD4+ cells
expressing CXCR3 compared with similar cells from
healthy individuals. Antigenic reactivation of T cells,
resulting in downregulation of CXCR3, has been
observed on resting ⁄ effector cells stimulated with specific

antigen [37]. Interestingly, the decreased expression of
CXCR3 after antigen stimulation was restricted to CD4
cells, and was not seen in cytotoxic CD8 cells.

Selective expression of CCR4 as a marker for type 2
immune responses has been the topic of many studies
reporting controversial results [38, 39]. Based on this
observation, we investigated the expression of this recep-
tor in atopic asthmatic individuals compared with
healthy controls. The percentage of cells expressing
CCR4 receptor did not differ between allergic and
healthy subjects in our study. CCR4 can be expressed
by non-Th2 T cell lines generated in the presence of
TGF-b [40] or even by some Th1 cells in vitro [23]. Its
regulation is independent of the cytokine profile, as

Figure 4 Comparison of the levels of sponta-

neous cytokine secretion in plasma from

allergic (A = 14) and healthy (H = 14) indi-

viduals. Individual levels are represented as

dot plots. Below the figures, numbers in

parentheses indicate the amount of samples

with detectable levels ⁄ total number of analy-

sed samples. Differences in IL-4, IL-5, IL-10,

IL-12, IFN-c and TNF-a cytokine concentra-

tions are shown. Horizontal lines indicate

median values. The concentrations are

expressed as pg ⁄ ml. Significances are indi-

cated as P-values above the plots.
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cells expressing CCR4 comprise cells with both Th1
and Th2 potential [41]. A recent study in NOD mice
has linked CCR4-bearing T cells with type 1 diabetes,
demonstrating that CCR4+ T cells facilitated the
migration of pathogenic T-cell population to the islet
lesion [42]. Similarly, CCR4 expression in skin lympho-
cytes isolated at the site of an epidermal delayed-type
hypersensitivity and contact hypersensitivity inflamed
skin – accepted models for Th1-mediated inflammation –
also argue against the notion that CCR4 is a marker for
Th2 [43].

Expression of CCR7 was commonly detected in CD4+

cells from both groups of patients in our study, whereas
a somewhat lower percentage of CD8+ belonged to the
CCR7+ T-cell population. The proven role of CCR7 in
the entry of T cells via endothelial venules favoured the
idea that this receptor has a constitutive function in the
recirculation of naı̈ve T cells [44] and is downregulated,
together with CXCR4, following T-cell priming and dif-
ferentiation [40]. More recently, it has been demonstrated
that the majority of human cytokine-producing T cells
lie within those cells that are CCR7+ [26], and that the
majority of CD4+ cells producing effector cytokines upon
stimulation retain the capacity to recirculate through sec-
ondary lymphoid tissues via the CCR7 receptor [45]. It
has been reported that CXCR4, like CCR7, was mainly
expressed on naı̈ve T cells and only on a fraction of
freshly isolated memory cells [46]. In our study, the per-
centages of CD4+ and CD8+ cells expressing CXCR4
receptor were very low in freshly separated cells and simi-
lar between both groups, and increased in non-stimulated
cells after 24 h. This agrees with another study showing
that freshly isolated PBMC from house dust mite atopic
and non-atopic individuals expressed low levels of

CXCR4, which was enhanced following in vitro culture
of T cells in medium alone [47].

It is well established that allergen-specific CD4+ T
cells from allergic patients generally belong to the Th2-
cell subset, which produces relatively high quantities of
IL-4, IL-5, IL-10 and IL-13, but very low levels of IFN-c
after activation [48]. In our study, not only were plasma
levels of both Th1 cytokines and Th2 cytokines higher in
samples from atopic patients, but also the levels of the
anti-inflammatory cytokine IL-10, which inhibits both
Th1 and Th2 responses and IgE synthesis [49, 50]; in
addition, the levels of TNF-a pro-inflammatory cytokine,
associated with both Th1- and Th2-type immune
responses [51], were higher in the samples from atopic
individuals. The single association between TNF-a and
total IgE levels detected by us agrees with a report show-
ing the role of TNF-a as an important promoter of IgE
production in mice [51].

Almost all patients included in our study presented
more than one atopic disease and were sensitized to aller-
gens other than birch. This might influence our results.
However, immunological reactions are very specific, and
it is for this reason that we used birch allergy as a model
for chemokine receptor regulation. Birch is a predominant
allergen in Sweden, and almost 60–70% of asthmatic
patients are sensitized to it. It could be argued that other
clinical pictures may influence the result, but statistical
assessment of this issue was not feasible in this study.

In a study including monocyte-derived dendritic cells,
we showed that both maturation and the specific Th1
function of these cells seem to be affected in allergic
individuals [52]. Thus, our observation of a reduced
expression of CXCR6 and IL-18R chemokine receptors in
cells from allergic patients could indicate that the balance

Figure 5 Correlation between total IgE

levels in plasma samples and the percentages

of ex vivo CD4+ cells expressing CXCR6+

(A), CD8+ cells expressing CXCR6+ (B) and

CD4+ cells expressing CCR5+ (C). The total

IgE and TNF-a level in plasma correlated in

all the samples (D). Levels of correlations are

indicated in the figures.
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of Th1- and Th2-type immune responses required for
normal immune responses seems to be affected in allergic
individuals. Indeed, higher levels of Th1, Th2 and anti-
inflammatory cytokines in the samples from allergic sub-
jects also indicate that immune responses in peripheral
blood in atopic diseases are complex and cannot be sim-
plified to the Th1 ⁄ Th2 paradigm. The predominant
expression of some chemokine receptors on CD8+ cells
compared with CD4+ cells could have potential impor-
tance in the role of those receptors. It seems that the
study of samples at different points of atopic diseases,
including mild and acute asthma, could vary the results
of studies including immunological markers associated
with Th1- or Th2-type immune responses.
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7 Farrar J, Quyang W, Löhning M et al. An instructive component in

T helper cell type 2 (Th2) development mediated by GATA-3.

J Exp Med 2001;193:643–50.

8 O¢Garra A, Arai N. The molecular basis of T helper 1 and T hele-

per 2 cell differentiation. Trends Cell Biol 2000;10:542–50.

9 Annunziato F, Cosmi L, Santarlasci V et al. Phenotypic and func-

tional features of human Th17 cells. J Exp Med 2007;6:1849–61.

10 Shevach E. Certified professionals: CD4+CD25+ suppressor T cells.

J Exp Med 2001;193:F41–6.

11 Akdis C, Blaser K. IL-10-induced anergy in peripheral T cell and

reactivation by microenvironmental cytokines: two key steps in spe-

cific immunotherapy. FASEB J 1999;13:603–9.

12 Akdis CA, Blesken T, Akdis M et al. Induction and differential reg-

ulation of bee venom phospholipase A2-specific human IgE and

IgG4 antibodies in vitro requires allergen- specific and nonspecific

activation of T and B cells. J Allergy Clin Immunol 1997;99:345–53.

13 Olson T, Ley K. Chemokines and chemokine receptors in leukocyte

trafficking. Am J Regul Integr Comp Physiol 2002;283:R7–28.

14 Moser B, Loetscher P. Lymphocyte traffic control by chemokines.

Nat Immunol 2001;2:123–8.

15 Luster A. The role of chemokines in linking innate and adaptative

immunity. Curr Opin Immunol 2002;14:129–35.

16 Mackay C. Chemokines: immunology’s high impact factors. Nat
Immunol 2001;2:95–101.

17 Bonecchi R, Bianchi G, Bordignon PP et al. Differential expression

of chemokine receptors and chemotactic responsiveness of Type 1 T

helper cells (Th1s) and Th2s. J Exp Med 1998;187:129–34.

18 Loetscher R, Uguccioni M, Bordoli L et al. CCR5 is characteristic

of Th1 lymphocytes. Nature 1998;391:344.

19 Sallusto F, Lenig D, Mackay C, Lanzavecchia A. Flexible programs

of chemokine receptor expression on human polarized T helper 1

and 2 lymphocytes. J Exp Med 1998;187:875–83.

20 Kim C, Kunkel E, Boisvert J et al. Bonzo ⁄ CXCR6 expression

defines type 1-polarized T-cell subsets with extralymphoid tissue

potential. J Clin Invest 2001;107:595–601.

21 Gerber B, Zanni M, Uguccioni M et al. Functional expression of the

eotaxin receptor CCR3 in T lymphocytes co-localizing with eosin-

ophils. Curr Biol 1997;7:836–43.

22 Lloyd C, Delaney T, Nguyen T et al. CC chemokine receptor

(CCR)3 ⁄ eotaxin is followed by CCR4 ⁄ monocyte-derived chemokine

in mediating pulmonary T helper lymphocyte Type 2 recruitment

after serial antigen challenge in vivo. J Exp Med 2000;191:265–73.

23 D¢Ambrosio D, Iellem A, Bonecchi R et al. Cutting edge: selective

up-regulation of chemokine receptors CCR4 and CCR8 upon activa-

tion of polarized human Type 2 Th cells. J Immunol
1998;161:5111–5.

24 Sallusto F, Mackay C, Lanzavecchia A. Selective expression of the

eotaxin receptor CCR3 by human T helper 2 cells. Science

1997;277:2005.

25 Annunziato F, Cosmi L, Galli G et al. Assessment of chemokine

receptor expression by human Th1 and Th2 cells in vitro and in vivo.

J Leukoc Biol 1999;65:691–9.

26 Kim C, Rott L, Kunkel E et al. Rules of chemokine receptor associ-

ation with T-cell polarization in vivo. J Clin Invest 2001;109:

1331–9.

27 Aniansson Zdolsek H, Janefjord C, Fälth-Magnusson K, Jenmalm

M. Reduced IL-2-induced IL-12 responsiveness in atopic children.

Pediatr Allergy Immunol 2003;14:351.

28 McQuaid A, Tormey V, Trafford B, Webster A, Bofill M. Evidence

for increased expression of regulatory cytokine receptors interleukin-

12R and interleukin-18R in common variable immunodeficiency.

Clin Exp Immunol 2003;134:321–7.

29 Aita T, Yamamura M, Kawashima M et al. Expression of interleu-

kin 12 receptor (IL-12R) and IL-18R on CD4+ T cells from

patients with rheumatoid arthritis. J Rheumatol 2004;31:448–56.

30 Unumatz D, Xiang W, Sunshine M, Campbell J, Butcher E, Litt-

man D. The primate lentiviral receptor Bonzo ⁄ STRL33 is coordi-

nately regulated with CCR5 and its expression pattern is conserved

between human and mouse. J Immunol 2000;165:3284–92.

31 Koprak S, Matheravidathu S, Springer M, Gould S, Dumont F.

Down-regulation of cell surface CXCR6 expression during T-cell

activation is predominantly mediated by calcineurin. Cell Immunol

2003;223:1–12.

32 Xu D, Chan W, Leung B et al. Selective expression and functions of

interleukin 18 receptor on T helper (Th) Type 1 but not Th2 cells.

J Exp Med 1998;188:1485–92.

33 Chan WL, Pejnovic N, Lee CA, Al-Ali NA. Human IL-18 receptor

and ST2L are stable and selective markers for the respective Type 1

and Type 2 circulating lymphocytes. J Immunol 2001;00:1238–44.

34 Thomas S, Banerji A, Medoff B, Lilly C, Luster A. Multiple chemo-

kine receptors, including CCR6 and CXCR3, regulate antigen-

induced T-cell homing to the human asthmatic airway. J Immunol
2007;179:1901–12.

35 Latta M, Mohan K, Issekutz T. CXCR6 is expressed on T cells both

T helper type 1 (TH1) inflammation and allergen-induced Th2 lung

360 Reduced Expression of Th1 Chemokine Receptors in Birch-allergic Individuals R. Casas et al.
..................................................................................................................................................................

� 2008 The Authors

Journal compilation � 2008 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 68, 351–361



inflammation but is only a weak mediator of chemotaxis. Immunology

2007;121:555–64.

36 Sun L, Abdelwahab S, Lewis G, Garzino-Demo A. Recall antigen

activation induces prompt release of CCR5 ligands from PBMC:

implication in memory responses and immunization. Int Immunol

2004;16:1623–31.

37 Chen J, Vistica B, Takase H et al. A unique pattern of up- and

down-regulation of chemokine receptor CXCR3 on inflammation-

inducing Th1 cells. Eur J Immunol 2004;34:2885–94.

38 Andrew D, Ruffing N, Kim C et al. C-C chemokine receptor 4

expression defines a major subset of circulating nonintestinal mem-

ory T cells of both Th1 and Th2 potential. J Immunol

2001;166:103–11.

39 Nanki T, Lipsky P. Lack of correlation between chemokine receptor

and Th1 ⁄ Th2 cytokine expression by individual memory T cells.

Int Immunol 2000;12:1659–67.

40 Sallusto F, Lanzavecchia A, Mackay C. Chemokines and chemokine

receptors in T-cell priming and Th1 ⁄ Th2-mediated reponses. Immu-
nol Today 1998;19:568–74.

41 Campbell J, Haraldsen G, Pan J et al. The chemokine receptor

CCR4 in vascular recognition by cutaneous but not intestinal mem-

ory T cells. Nature 1999;400:776–80.

42 Kim S, Cleary M, Fox H, Chantry D, Sarvetnick N. CCR4-bearing

cells participate in autoinmmune diabetes. J Clin Invest

2002;110:1675–86.

43 Kunkel E, Boisvert J, Murphy K et al. Expression of the chemokine

receptors CCR4, CCR5, and CXCR3 by human tissue-infiltrating

lymphocytes. Am J Pathol 2002;160:347–55.

44 Cyster J. Chemokines and cell migration in secondary lymphoid

organs. Science 1999;286:2098–102.
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