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Chemokine responsiveness of CD4+ CD25+ regulatory and
CD4+ CD25— T cells from atopic and nonatopic donors

Background: Allergic inflammation is associated with Th2-type T cells, which
can be suppressed by CD4+ CD25+ regulatory T cells (Tregs). Both express
chemokine receptors (CCR) 4 and CCRS, but the dynamics of expression and
effect of atopic status are unknown.

Objective: To examine the expression of chemokine receptors by CD4 +
CD25+ and CD4+ CD25—- T cells from atopic and nonatopic donors, and
document response to allergen stimulation in vitro.

Methods: Chemokine receptor expression was examined by flow cytometry and
quantitative PCR of CD4+ CD25hi and CD4+ CD25- T cells from atopics
and nonatopics. Responsiveness to chemokines was by actin polymerization.
Dynamics of chemokine receptor expression in 6-day allergen-stimulated
cultures was analysed by carboxyfluoroscein succinimidyl ester labelling.
Results: CD4+ CD25hi Tregs preferentially expressed CCR3, CCR4, CCRS,
CCR6 and CCRS8. CD4 + CD25hi Tregs responded to the chemokine ligands for
CCR4, CCR6 and CCRS8 (CCLI17, 22, 20 and 1 respectively), with no differences
between atopic and nonatopic donors. Over 6-day allergen stimulation, CD4 +
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Allergic inflammation is characterized by the presence of
T cells expressing a T helper 2 (Th2)-type pattern of
cytokine expression (1). Chemokines are thought to be
important in the recruitment and retention of specific
T-cell subsets to sites of inflammation (2). Chemokine
receptor expression by T cells is flexible and differs on
naive, memory and effector T cells (3), depending on their
activation status. This is thought to determine homing to
secondary lymphoid organs, different tissues and sites of
inflammation, together with the interaction with partic-
ular antigen presenting cell types, including dendritic cell
and B cells. In particular, Th2 lines or clones were shown
to express preferentially CCR3 (4, 5), CCR4 (5) and
CCRS (6, 7) when compared to Thl-polarized T cells.
This was born out by studies showing CCR3 and CCR4
expression by IL-4-producing airway T cells in asthmatics

Abbreviations: APC, antigen-presenting cell; CCR, CC chemokine
receptor; CFSE, carboxyfluoroscein succinimidyl ester; CXCR,
CXC chemokine receptor; Treg, regulatory T cell.

(8), and we have previously reported expression of CCR4
by allergen specific cells from the airway of atopic
children (9). In addition, expression of CCR4 and
CCR8 by T-cells infiltrating asthmatic airways was
reported after allergen challenge (10, 11) together with
the expression of the CCR4 ligands CCL17 and CCL22
(12).

Recently, attention has focused on regulatory T-cell
populations, in particular CD4+ CD25+ T cells, which
can suppress activation of effector cells in vitro and
prevent a variety of inflammatory pathology in in vivo
mouse models. We and others have previously reported
relative deficiency in suppression of allergen-stimulated
T-cell responses in vitro by peripheral blood CD4-+
CD25+ T cell from atopic individuals when compared to
cells from those without allergic sensitization (13). In
addition, CD4+ CD25+ T cells could prevent eosino-
philic inflammation and airway hyper-responsiveness in a
mouse model of allergen challenge (14). Several reports
have described expression of chemokine receptors by
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CD4+ CD25+ regulatory T cells (Tregs) and their
responsiveness to chemokines (15). These Tregs have been
described to express a wide variety of chemokine recep-
tors with preferential expression of CCR4 (16-18), CCR5
(19), CCR6 (20) and CCRS8 (16, 17) compared with
CD4+ CD25- effector T cells. CCR4 has been impli-
cated in homing of CD4+ CD25+ T cells to skin (21),
and CCRS8 has also been described as functional in
homing of human CD4+ CD25+ T cells from peripheral
blood and thymus (16, 17, 22).

The role of chemokines in recruitment and retention of
CD4+ CD25+ T cells to sites of allergic inflammation is
unknown. One hypothesis for Th2 cell infiltration in
allergic inflammation would be a deficiency in chemokine
receptor expression by Tregs, leading to a failure of
recruitment and thus reduced suppression in the tissues.
Here, we examined chemokine receptor expression
and chemokine responsiveness by peripheral blood
CD4+ CD25+ and CD4+ CD25- T cells from atopic
and nonatopic donors and determined changes in
receptor expression during the course of in vitro culture
with allergen.

Methods
Participants

We recruited nonatopic and atopic volunteers by advertisement and
from staff of the National Heart and Lung Institute, Imperial
College London. All volunteers completed a standard questionnaire
about allergic symptoms and, to establish presence or absence of
atopy, had skin prick tests to common aeroallergens, such as cat,
house dust mite, grass pollen and aspergillus (ALK, Horsham,
Denmark). A positive skin prick test was defined as 3 mm or larger
diameter than that elicited by the negative control. Atopic donors
were defined on the basis of a positive skin prick test to at least one
aeroallergen and a history of allergic symptoms, whereas nonatopic
donors had no history of allergic symptoms and negative skin prick
tests. All studies were approved by the Ethics Committee of the
Royal Brompton and Harefield Hospitals NHS Trust and all
volunteers gave written informed consent.

Reagents and antibodies

The following flow cytometry antibodies and their matched isotype
controls were used in this study: anti-human CCRI1-PE, CCR2-
APC, CCR3-PE, CCR4-APC, CCR5-PE, CCR6-APC, CCR7-PE,
CCRS8-APC, CXCRI-PE, CXCR2-PE, CXCR4-APC, CXCR6-
APC (all from R&D Systems, Abingdon, UK), CD4-FITC,
CD4-APC, CD25-PE, CD25-PECy5, CDI127-PE (all from BD
Pharmingen, Cowley, UK), CD3-TexasRed (Caltag Medsystems,
Buckingham, UK) and FoxP3-FITC (Ebiosciences, San Diego, CA,
USA). cDNA isolated from Thl and Th2 polarized cell lines was a
kind gift from Dr David Cousins, Kings College London (23).

Cell isolation

CD4+, CD4-, CD4+ CD25+ and CD4+ CD25- T cells were
isolated from peripheral blood by a combination of density-gradient
centrifugation and positive and negative immunomagnetic bead

selection using MACS (Miltenyi Biotech, Bisley, UK), as previously
described (13). CD4+ T isolation provided 94-97% purity, and
CD4+ CD25+ T cells had a purity of 70-90%.

Flow cytometry

CD4+ T cells were washed with ice cold staining buffer and incu-
bated with the indicated monoclonal antibodies or matched isotype
controls for 30 min. Cells were then washed twice using ice-cold
staining buffer. Samples were analysed using a FACSCalibur flow
cytometer (BD Biosciences, Mountain View, CA, USA) and
analysed with CELLQUEST software (BD Biosciences, San Jose, CA,
USA). Lymphocytes were gated using forward scatter vs side scat-
ter, CD25+ cells were gated using the appropriate isotype control
and CD25high cells were gated to include only the high CD25-
expressing population (approximately 2% of CD4+ T cells), as
described previously (24).

Intracellular actin polymerization

The responses of CD4+ T cells to chemokine stimulation were
measured using an intracellular actin polymerization assay as pre-
viously described (25). Briefly, freshly isolated CD4+ T cells were
labelled with CD25-PE and CD4-APC as described above. Cells
were incubated for 10 min at 37°C in RPMI 1640 at a concentration
of 5 x 10° cells/ml. Then, chemokine at 100 ng/ml was added to the
cell suspension, and every 15 s 0.5 x 10° cells were removed and
mixed with 400 pl of 10~ M FITC-phalloidin, 0.125 mg/ml L-o-
lysophosphatidylcholine and 4.0% paraformaldehyde in phosphate
buffer saline (PBS). Cells were incubated for 10 min at 37°C,
washed twice in PBS and then analysed by flow cytometry. The
responses to CCL1, CCLS5, CCLI1, CCL17, CCL20, CCL21,
CCL22 and CXCLI12 (all purchased from Peprotech Inc, Rocky
Hill, NJ, USA) were measured using this system.

RNA isolation and Tagman RT-PCR

RNA was extracted from CD4+ CD25+ and CD4+ CD25-
cells using the Absolutely RNA RT-PCR Miniprep kit from
Stratagene (La Jolla, CA, USA) according to the manufacturer’s
instructions. cDNA was generated from extracted RNA using the
High Capacity ¢cDNA Archive Kit from Applied Biosystems
(Foster City, CA, USA). A total of 25 ul PCR reactions were
performed in triplicate with Tagman universal PCR mastermix
(Applied Biosystems). FOXP3, CCRS8, T-bet and GATA-3
specific primers were purchased from Applied Biosystems.
Samples were standardized to 18s (Applied Biosystems) and
quantified using the comparative threshold for detection method
(http://appliedbiosystems.com).

Allergen-driven cell culture

The CD4+ CD25- T-cell population was labelled with the cell-
membrane dye carboxyfluoroscein succinimidyl ester (CFSE) and
washed extensively prior to cell culture. Cells were cultured at a
density of 2 x 10°/ml in triplicates in 96-well flat bottomed plates in
RPMI 1640, supplemented with penicillin and streptomycin and 5%
human AB serum (Sigma, Poole, UK) with 100 pg/ml cat or grass
pollen allergen extracts (depending on which elicited a positive skin
prick test response in the donors) for 6 days. Cultures were of
CFSE-labelled CD4+ CD25- cells with or without added CD4 +
CD25+ cells in a ratio of 2 : 1, as previously described (13). In all
cultures of isolated T cells, irradiated CD4— cells were added as
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antigen-presenting cells (APC) (2 x 10° cells/well). On days 2, 4 and
6 of the cell culture period, the cells from six wells were removed and
pooled prior to CD4+ T-cell isolation using MACS. This
second CD4+ cell isolation was performed to remove the CD4—
cell population used as APCs during cell culture, leaving a pure
CD4+ T-cell population for further analysis using flow cytometry.
Cell populations were gated using forward scatter and side scatter in
addition to CFSE expression. CD4+ CD25- proliferating cells
were gated using their increased forward and side scatter coupled to
being CFSE low. Nonproliferating CD4 + CD25- cells were gated
on being CFSE high, and CD4+ CD25+ cells were gated using
their normal forward scatter vs side scatter profile coupled to being
CFSE low. Flow cytometry plots from these experiments are shown
in Fig. SI.

Statistical analysis

Statistical analysis of chemokine receptor expression and chemokine
responsiveness of different cell types was performed using a Wilco-
xon-matched pairs test. Statistical comparison between patient
groups was performed using a Mann-Whitney U-test. Statistical
analysis of Tagman PCR experiments was performed on ACt values.

Results

Chemokine receptor expression by CD4+ CD25hi T cells compared
to CD4+ CD25— T cells

Previous reports have suggested preferential expression of
certain chemokine receptors by human peripheral blood
CD4+ CD25+ T cells. Regulatory cells within this
population may be identified by high expression of CD25,
expression of the transcription factor FoxP3 and lack of
expression of the IL-7R alpha chain or CD127 (26, 27).
We therefore gated on CD4+ CD25hi T cells (Fig. 1A)
and initially confirmed that these cells were FoxP3+ and
CDI127lo, in contrast to their CD4+ CD25- T cell
counterparts (Fig. 1B,C). We then examined chemokine
receptor expression by the CD4+ CD25hi T-cell popu-
lation and demonstrated preferential expression of
CCR3, CCR4, CCRS and CCR6 with reduced expression
of CCR7 when compared to CD4+ CD25- T cells
(Fig. 1D).

Chemokine responsiveness of CD4+ CD25hi T cells does not differ
between atopic and nonatopic donors

To compare chemokine responsiveness of CD4+ T-cell
subsets from atopic and nonatopic donors, we used an
actin polymerization assay (25). This revealed preferen-
tial responses of CD4+ CD25hi Tregs to CCLI17,
CCL22 and CCL20, with no differences between
cells from atopic and nonatopic donors (Fig. 2 and
Table SI). Responses to CCL5 were low and variable,
but the trend was for greater responses from CD4+
CD25hi T cells than from CD4+ CD25— T cells, and
this did not differ between atopic and nonatopic donors
(Table SI). No responses to CCL11 were detected for
any of the cell types tested.
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Figure 1. Differential chemokine receptor expression on CD4 +
CD25hi and CD4+ CD25- T cells. Chemokine receptor
expression by CD4+ CD25hi, FoxP3+, CD127lo and CD4+
CD25- human peripheral blood T cells. Gated CD4+ CD25hi
T cells were confirmed to be FoxP3+ and CDI27—, whilst
CD4+ CD25- T cells were FoxP3— and CD127+ (A-C). These
gates were then used to determine chemokine receptor expres-
sion by CD4+ CD25hi (black bars) and CD4+ CD25- T cells
(white bars) using flow cytometry. Results shown are from
n = 7 donors. *P < 0.05. Chemokine receptor expression is
shown as percent positive for CD4" CD25" and CD4" CD25"
T cells (D).

CCL1 acts on CD4+ CD25+ T cells

In contrast to previous reports, we could not detect
CCRS expression by peripheral blood CD4+ CD25+
T cells from either atopic or nonatopic donors using
monoclonal antibodies (16, 17) (Table 1). Quantitative
PCR did however detect mRNA for CCRS8 from
resting and activated CD4+ CD25+ T cells, as well
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Figure 2. Chemokine responsiveness of CD4+ CD25+, CD4+ CD25- and CD4+ CD25high T cells. The percentage increase in
actin polymerization over baseline was measured for chemokine-stimulated CD4+ T cells at 15-s intervals up to 1 min. The
chemokine responsiveness of CD4+ CD25- (solid line), CD4+ CD25+ (dashed line) and CD4+ CD25high T cells (dotted line) to

the chemokines CCL17 (A), CCL22 (B) and CCL20 (C) is shown for n = 13 donors.

as polarized Th2 T-cell lines (Fig. 3A). In addition, we
confirmed preferential expression of FoxP3 by Tregs,
GATA3 by Th2 cells and T-bet by Thl cells in this
system (Fig. 3B-D). Using the actin polymerization
assay, we consistently detected preferential responsive-
ness of CD4+ CD25hi T cell from both atopic and
nonatopics to CCL1, and this was blocked by MC148
(Fig. 3E,F).

Table 1. Chemokine receptor expression on CD4+ CD25+ and CD4+ CD25— T cells
from atopic and nonatopic donors

Atopic Nonatopic

Allergen reactive CD4+ CD25+ and CD4+ CD25— T-cells modulate
chemokine receptor expression profiles

T cells are thought to alter their chemokine receptor
expression profile depending on antigen stimulation. We
therefore labelled CD4+ CD25- T cells and tracked
chemokine receptor expression of these cells and
co-cultured MACS-separated CD4+ CD25+ T cells
(which contain the CD25hi subset) over the course of a
6 day in vitro allergen-stimulated assay (Fig. 4A).
CD4+ CD25+ T cells from both atopics and
nonatopics significantly downregulated CCR4 and up-
regulated CCR7 and CXCR4, during the 6 days of

CD25+/— dian and range % dian and range % , s e
+/ (median and range %) (median and range %) culture (Fig. 4 and Table 2). Proliferating CD4+
CCR1 + <2(0.0-0.6) <2(0.0-0.4) CD25— T cells from both atopics and nonatopics
- <2(0.0-07) <2(00-03) showed downregulation of CCR7 expression and a
CCR2 + < 2(0.0-8.8) < 2(0.0-5.0) ntl _
trend for upregulation of CCR4 (P = 0.078), over the
- <2(0.0-34) <2(0.0-3.9) f th 6-d ) Fio. 4B-D Oth
CCR3 " 4.82 (0.8-10.6) 550 (2.8-9.1) course of the 6-day culture (Fig. 4B-D). Other
_ 401 (0.4-923) 3.85 (1.6-6.7) chemokine receptors did not show consistent changes
CCR4 + 51.38 (28.0-67.4) 50.40 (35.4-63.8) (Table 2). There were no differences between the
- 12.48 (5.5-25.3) 14.43 (9.5-22.0) dynamics of receptor expression between cells from
CCRS + 3.06 (0.0-9.6) <2(03-43) atopic and nonatopic donors (data not shown).
— - 31<712 (?'201_3415)7 2;9; (?809_445?5 Co-culture with CD4+ CD25+ T cells reduced the
' 12'61( 1-457) 96 (18.5-41.5 proportion of proliferating CD4+ CD25- T cells, as
- 61 (3.3-25.9) 11.52 (5.5-21.9) . .
CCR7 N 36.54 (15.2-62.3) 35.26 (17.1-66.1) judged by the .loss of CESE, but did not affpct
_ 68.44 (46.1-83.7) 63.73 (35.7-90.1) the changes in chemokine receptor expression
CCR8 + <2(00-2.1) <2(00-1.7) (Fig. 4B-D). Nonproliferating CD4+ CD25- T-cells
- <2(0.0-186) <2(0.0-24) downregulated CCR4 and upregulated CXCR4 during
CXCR1 ¥ 375 (0.0-17.6) 4.26 (0.0-22.0) the 6 days of culture, but CCR7 expression did not
- <2(0.0-2.9) < 2(0.0-4.6) change
CXCR2 + <2(0.0-10.8) <2(0.0-15) ’
- 2.26 (0.0-12.7) < 2(0.0-1.6)
CXCR4 + 3.22 (0.0-17.7) 2.27 (0.0-9.6)
- 4.84 (0.0-37.7) 6.75 (0.0-21.0) . .
CXCRG s <2(00-12) <2(00-06) Discussion
- <2(0.0-0.2) <2(0.0-0.7)

Expression of the chemokine receptors CCR1, 2, 3, 4, 5, 6, 7, 8, CXCR1, 2, 4 and 6
was measured on CD4+ CD25+ and CD4+ CD25— T cells isolated from atopic and
nonatopic individuals. Data are median and range percentage of cells expressing
each receptor for n = 10 atopics and n = 7 nonatopics.

Here, we confirm that human CD4+ CD25+ Tregs
preferentially express the chemokine receptors CCR4,
CCR6 and CCRS8 and respond to ligands for these
receptors. In addition, we found no differences in
chemokine responsiveness between Tregs from atopic
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Figure 3. CD4+ CD25+ T cells express CCR8 mRNA and respond to its ligand CCL1. mRNA expression of CCRS8 (A), FoxP3 (B),
GATA3 (C) and Tbet (D) was measured in freshly isolated CD4+ CD25+ and CD4+ CD25- T cells and in anti-CD3 stimulated
T cells from n = 6 donors. mRNA expression in Thl and Th2 polarized cell lines is also shown. The chemokine responsiveness
of CD4+ CD25-, CD4+ CD25+ and CD4+ CD25high T cells to stimulation with CCL1 in the actin polymerization assay is
shown for n = 13 donors (E). This response was blocked in the presence of MCI148 (10 pg/ml) (F). *P < 0.05; St, anti-CD3

stimulated cells.

individuals when compared to nonatopics. In response
to allergen stimulation, CD4+ CD25+ T-cells
downregulated CCR4 and increased CCR7 and CXCR4
expression, whereas allergen-responsive CD4+ CD25-—
T-cells upregulated CCR4 and downregulated CCR7
expression.

© 2009 John Wiley & Sons A/S Allergy 2009

Here, we have extended information of chemokine
receptor expression by human Tregs by examining
CD4+ CD25hiFoxP3+ CDI127lo T cells to show that
they preferentially express CCR3, CCR4, CCR5, CCR6
and CCRS. This profile of chemokine receptor expression
is broadly in agreement with previous reports. Iellem
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Figure 4. Modulation of CD4+ CD25+ and CD4+ CD25- T cell chemokine receptor expression during allergen-driven cell culture.
Graphs A-I showing expression of CCR4 (A-C), CCR7 (D-F) and CXCR4 (G-I) on CD4+ CD25+ (A.D,G), nonproliferating
CD4+ CD25- (B,E,H) and proliferating CD4 + CD25- T cells (C,F,I) on days 0, 2, 4 and 6 of allergen-stimulated cell culture. Due to
the very low numbers of proliferating cells in culture on days 2 and 4, only the expression on days 0 and 6 is shown for proliferating
CD4+ CD25- T cells (C,F,I). Results are shown for n = 8 different donors. *P < 0.05; **P < 0.01.

et al. (16) showed preferential expression of CCR4 and
CCRS together with responsiveness to CCL17 or CCL22
and CCLI1, by human CD4+ CD25+ Tregs. In addition,
Annunziato et al. (17) detected CCRS8 expression by
human CD4+ CD25+ thymocytes. We could not detect
surface staining for CCR8 on peripheral blood CD4+
CD25+ T cells using flow cytometry, but did show
increased mRINA expression and in vitro responsiveness
to CCL1 by CD4+ CD25hi T cells, which was blocked
by the viral CCRS8 antagonist MC148. It is of note that

relative responsiveness to CCLI was less than that to
CCL17 or CCL22 in our system, in keeping with results
from previous reports, and it may be that CCRS receptor
expression is markedly less than that for CCR4. The
relative importance of these two ligands in tissue local-
ization of Th2 effector cells and Tregs remains uncertain.
In addition, neither CCR4 blockade (28) nor CCRS8 gene
deficient animals (29, 30) show marked effects in allergen-
induced airway hyper-responsiveness and inflammation,
and there may be redundancy between these two

© 2009 John Wiley & Sons A/S Allergy 2009
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Table 2. Modulation of CD4+ CD25+ and CD4+ CD25— T-cell chemokine receptor expression during allergen-driven cell culture

Day 0 Day 2 Day 4 Day 6 Day 0 Day 2 Day 4 Day 6 Day 6

CD25+ CD25+ CD25+ CD25+ CD25- CD25— NonProl  CD25— NonProl  CD25- NonProl ~ CD25- Prol
CCR3 4.4 (0.8-10.6 3.0 (0.0-16.5) 1.5 (0.0-6.1) 4.7 (0.5-18.5) 3.4 (0.4-6.7) 0.9 (0.0-2.6) 1.6 (0.0-5.1) 1.2 (0.3-1.9) 8.8 (4.2-21.2)
CCR4 486 (35.2-59.4) 262 (8.6-427) 216(84-324) 19.8(8.1-30.4) 123(55252) 45 (0.7-13.0) 2.7 (0.4-6.5) 39(1.1-10.1) 266 (9.2-59.2)
CCR5 1.6 (0.0-4.6) 0.8 (0.0-3.0) 2.3 (0.0-7.5) 2.1(0.0-5.1) 0.8 (0.0-3.2) 1.1(0.0-2.2) 0.9 (0.0-1.7) 1.2 (0.0-3.6) 4.3 (0.8-20.7)
CCR6  30.0 (9.9-457) 271 (146-424) 17.0(52229) 16.4 (4.8-31.9) 9.2 (36-259) 120 (6.5-27.5) 7.0 (3.0-13.4) 6.4 (1.5-11.3) 8.6 (3.4-19.2)

CCR7  39.7 (9.2-66.2)
CXCR4 4.6 (0.0-17.7)

60.5(22.2 (80.8) 55.2 (31.7-76.0) 58.7 (38.4-73.1) 57.2(33.5-90.1) 617 (37.8-87.2) 57.8 (43.4-84.2) 543 (37.1-76.2) 16.8 (3.8-36.2)
65.3 (9.6-98.1) 56.3 (18.9-94.3) 51.8(8.8-88.2) 88(0.037.7) 65.2(25.3-98.3) 46.6(11.7-98.8) 45.1(5.1-93.9) 8.3 (2.3-20.6)

The modulation of chemokine receptor expression on CD4+ CD25+, proliferating CD4+ CD25— (Prol) and nonproliferating CD4+ CD25— (NonProl) T cells during a 6-day allergen-
stimulated cell culture was measured by flow cytometry. Shown is the median and range expression of the chemokine receptors CCR3, 4, 5, 6, 7 and CXCR4 at baseline and

days 2, 4 and 6 of cell culture for n = 8 individual donors.

receptors in allergic inflammation. CCL17 and CCL22
are expressed in asthmatic airways, whereas CCLI1
expression was minimal.

Previously, CCRS5 has been implicated in chemo-
attraction of CD4+ CD25+ Tregs, particularly in their
interactions with B cells (31). We found increased expres-
sion of CCRS by CD25hi T cells compared with CD25-
cells, but minimal in vitro responsiveness to the CCRS5
ligand CCLS5. This difference may relate to species or tissue
differences. In addition, the majority of CD4+ CD25+ T
cells in human peripheral blood bear memory markers
such as CD45RO, and this may explain differences from
cells isolated from antigen naive mice. In addition,
although CD4+ CD25hi T cells compared with CD4+
CD25— T cells preferentially expressed CCR3, the per-
centage of cells expressing the receptor was low. Further,
there was no significant CCL11 responsiveness of these
subsets. It will be of interest to define whether there are
functional differences between CCR3 and CCRS5 express-
ing and negative sub-populations of Tregs.

We did not see any differences in chemokine receptor
expression or responsiveness of CD4+ CD25+ T cells
between atopic and nonatopic donors. In particular,
CCR4/CCL22 has been implicated in interactions
between Tregs and mature dendritic cells. One possible
explanation for our previous finding of deficient regula-
tory activity of CD4+ CD25+ Tregs from atopic donors
in allergen stimulated cultures when compared with cells
from nonatopic donors would be a difference in chemo-
kine receptor expression affecting T-T or T—dendritic cell
interactions. However, the present data do not support
this hypothesis. Similarly, there was no deficiency in
chemokine receptor expression by CD4+ CD25+ T cells
from atopic donors compared with nonatopics, thus
suggesting there is no defect in tissue recruitment of Tregs
in atopy.

We have previously described increased expression of
CCR4 by allergen-reactive T cells derived from the
adenoids of atopic and nonatopic children (9). Here, we
extend those findings to allergen-reactive CD4+ CD25-
T cells from peripheral blood of adults showing increased
expression of CCR4 in dividing cells together with
downregulation of CCR7 as expected for effector T cells

© 2009 John Wiley & Sons A/S Allergy 2009

(32). Interestingly, the CD4+ CD25+ T cells in allergen
stimulated cultures downregulated CCR4 and increased
expression of CCR7 and CXCR4. We cannot be certain
what proportion of the CD4+ CD25+ T-cell population
at 6 days remains from the cells added at day 0, although
our previous data indicated that there is relatively little
apoptosis or cell division in this population in a 6-day
MLR culture (Clare Notley PhD thesis, University of
London). Trafficking of CXCR4 + Tregs to bone marrow
has previously been described (33), but whether upregu-
lation of CXCR4 in culture reflects ageing cells, which
would in vivo be destined for apoptosis in the bone
marrow (34) or whether these cells have a regulatory
function in the marrow remains to be established. It is
possible that allergen reactive CD4+ CD25+ Tregs
downregulate CCR4 and upregulate CCR7 to allow
egress from the site of allergic inflammation and traffick-
ing to lymphoid organs, where they might suppress
activation of allergen-responsive naive T cells. Tracking
experiments in animal model systems will be required to
further elucidate this process.

In conclusion, we confirm the potential importance of
CCR4, CCR6, CCR7 and CCRS8 and their ligands in
trafficking of human CD4+ CD25+ T cells, and show
that these may be involved in both recruitment and
recirculation of allergen stimulated T cells of both effector
and suppressive phenotypes. These findings suggest that
strategies aimed at blocking chemokine receptors may
impact both on natural regulatory mechanisms as well as
pro-inflammatory Th2 cells.

Supporting Information

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

Figure S1. Measurement of allergen-stimulated CD4+
CD25- T cell proliferation by CFSE dilution and
inhibition of proliferation by CD4+ CD25+ T cells.
CD4+ CD25- T cells were isolated and stained with
CFSE prior to culture in the absence (culture A) or
presence (culture B) of CD4+ CD25+ T cells. On days
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2, 4 and 6, CD4+ cells were isolated and stained with
CD25-PE and analysed by flow cytometry. Dot plots a
and ¢ showing CFSE dilution and CD25 expression of
CD4+ cells from culture condition A and B respectively.
Corresponding histograms b and d showing CD4+ cells

Table S1. Chemokine-responsiveness of CD4 + CD25high
and CD4+ CD25low T cells from atopic and nonatopic
donors.

Please note: Wiley-Blackwell are not responsible for the

from each cell culture condition. Blue

Orange =
5 divisions, Clear =

1 division, Turquoise =

one representative experiment of 12.

= undivided,
4 divisions, yellow =
CD4+ CD25+ T cells. Data from

for the article.

content or functionality of any supporting materials
supplied by the authors. Any queries (other than missing
material) should be directed to the corresponding author
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Table

Sl:

Chemokine-responsiveness

of

CD4+CD25high

CD4+CD25low T cells from atopic and non-atopic donors.

ATOPIC NON-ATOPIC
TIME (SEC) (Median and range) | (Median and range)
CCL1 CD25hi 15 38.0 (21.5-53.4) 44.4 (36.4-46.9)
30 43.1(26.7-67.3) 455 (27.2-59.9)
45 41.9(33.3-72.2) 39.7 (30.3 - 54.4)
60 38.2(28.0-56.7) 36.0 (27.7-48.2)
CD25lo 15 1.4 (0.0-3.4) 2.1(04-75)
30 1.0 (0.0-6.8) 1.3(0.0-3.7)
45 0.7 (0.0-4.9) 0.8(0.0-2.7)
60 1.1(0.0-8.1) 1.1(0.0-3.7)
CCL5 CD25hi 15 5.7 (0-18.6) 6.3(0.0-37.1)
30 7.7 (0.0-27.0) 4.9 (0.0-29.9)
45 8.5(0.0-33.7) 5.9(0.0-27.2)
60 9.5 (0.0-38.2) 5.6 (0.0 — 30.9)
CD25lo 15 0.0 (0.0-0.0) 0.2 (0.0 - 0.0)
30 0.0 (0.0-0.0) 0.0 (0.0-0.5)
45 0.0 (0.0-0.5) 0.0 (0.0 - 0.0)
60 0.0(0.0-0.4) 0.0 (0.0-0.0)
CCL11 | CD25hi 15 3.6 (0.0-215) 3.3(0.0-11.2)
30 4.6 (0.0-30.7) 2.4 (0.0 - 8.4)
45 1.3(0.0-5.8) 2.5(0.0-15.3)
60 4.1(0.0-28.9) 3.8(0.0-18.4)
CD25lo 15 0.0 (0.0-0.0) 0.0 (0.0-0.0)
30 0.0 (0.0-0.0) 0.0 (0.0-0.0)
45 0.0 (0.0-0.0) 0.4 (0.0-24)
60 0.0 (0.0-0.0) 0.1(0.0-0.9)
CCL17 | CD25hi 15 69.6 (52.1 - 85.2) 79.3 (66.5 - 94.1)
30 68.3 (53.7-84.2) 79.7 (61.2-111.5)
45 63.0 (41.1—87.8) 76.5 (56.8 — 104.8)
60 59.3 (34.0-78.6) 72.0 (51.6 - 96.5)
CD25lo 15 18.3 (2.6 - 33.8) 17.0 (7.6 — 29.0)
30 10.0 (2.5 - 27.5) 10.9 (0.0 — 25.5)
45 6.4 (0.0-18.1) 10.1 (0.0 - 24.9)
60 6.5 (0.0-25.7) 6.6 (0.0 -15.1)
CCL20 | CD25hi 15 46.2 (25.5-73.7) 55.7 (38.0-78.2)
30 47.1(15.1-84.5) 58.0 (32.0 — 108.0)
45 42.5(12.1-88.3) 535 (27.8- 93.5)
60 39.9 (12.1-79.6) 43.8 (31.0 81.0)
CD25lo 15 12.6 (45-27.5) 14.6 (6.1 -27.2)
30 8.7 (0.0-23.8) 9.3(21-17.5)
45 7.5(0.0-23.7) 7.5(0.0-19.2)
60 6.9 (0.0-18.1) 6.4(0.0-17.2)
CCL21 | CD25hi 15 23.6(2.0-70.2) 34.3(10.6 -64.2)
30 20.7 (0.0-53.7) 30.3 (6.4 —80.4)
45 22.0(0.0-54.2) 295(6.1-712)
60 18.4 (0.0 - 53.4) 25.2 (9.5-56.9)
CD25lo 15 33.7 (0.0 — 105.9) 69.4 (34.5 — 128.7)
30 27.2(0.0-103.3) 44.8 (10.4 - 108.0)
45 22.9(0.0-94.1) 40.2 (16.4-95.1)
60 19.9 (0.2 - 83.1) 34.1(12.0- 75.0)
CCL22 | CD25hi 15 75.3 (61.3 - 85.9) 78.9 (56.9 - 98.7)
30 77.6 (58.5 - 92.6) 78.3 (45.3-99.2)
45 85.6 (61.6 — 109.4) 78.6 (59.5 - 97.3)
60 75.9 (58.8 —100.1) 70.1 (46.2 - 96.0)
CD25lo 15 20.9 (8.5-33.8) 20.0 (11.3-30.9)
30 14.2 (1.9 - 39.5) 11.0 (0.0 - 19.0)
45 10.4 (0.8-34.1) 9.5 (0.0-18.0)
60 9.8 (0.0-34.0) 7.5(0.0-15.6)
CXCL12 | CD25hi 15 49.5 (40.2 - 98.8) 80.2 (43.7 — 95.6)
30 56.4 (41.5 - 102.6) 84.6 (39.3-116.0)
45 48.5 (29.7 - 99.9) 81.5(34.9-123.1)
60 52.4 (24.0 — 100.4) 72.4(31.2-114.3)
CD25lo 15 747 (20.5 - 146.7) 99.3 (56.6 — 129.5)
30 60.4 (27.2 - 124.1) 78.4 (29.7-125.2)
45 45.1(20.9 -101.7) 66.8 (23.0 — 106.7)
60 42.9(19.4-84.1) 60.5 (24.6 — 103.9)

and



Table SI: Chemokine-responsiveness of CD4+CD25high and
CD4+CD25low T cells from atopic and non-atopic donors.

The percentage increase in actin polymerisation over baseline was measured
for chemokine-stimulated CD4+ T cells at 15 second intervals up to one
minute. The chemokine responsiveness of CD4+CD25high and
CD4+CD25low T cells to the chemokines CCL1, CCL5, CCL11, CCL17,
CCL20, CCL21, CCL22 and CXCL12 is shown for n=6 non-atopic and n=7

atopic donors



