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Summary

Background It has been suggested that Foxp3"' regulatory T (Treg) cells inhibit allergic
inflammation in humans by suppressing the activation of allergen-specific effector T cells.
Whether this occurs at the site of allergen exposure has not been determined.

Objective To determine the occurrence of Foxp3™ Treg cells in the nasal mucosa of allergic
rhinitis (AR) patients and non-allergic controls after a nasal allergen challenge.

Methods Pollen-allergic patients (n = 18) and non-allergic volunteers (n =7) were challenged
locally with pollen extract or placebo for 7 days outside the pollen season. Mucosal biopsies
were obtained from the inferior turbinate on days 0, 1 and 7 and subjected to multi-colour
immunofluorescence and blood was drawn for eosinophil counts on days 0, 2, 5 and 7.
Results Only AR patients receiving pollen extract experienced typical allergic symptoms and
demonstrated increased levels of eosinophils in peripheral blood and nasal mucosa. In allergic
patients, a transient early increase (day 1) in CD3™ T cells was observed in the nasal mucosa,
followed by a significant increase of F0Xp3high T cells at day 7. No changes were found in the
control group. The majority of Foxthigh cells co-expressed CTLA-4, CD25 and CD4, and a
substantial fraction expressed the proliferation marker Ki67.

Conclusion and Clinical Relevance Experimentally induced inflammation in AR patients leads
to an early inflammatory response followed by accumulation of Foxp3™8" T cells in the nasal
mucosa. Our findings are similar to that observed in allergic airways of experimental mice,
which suggest that Treg cells are operative in allergic upper airway inflammation. It should be
explored whether Treg cells accumulating in the nasal mucosa could be targets for therapeutic
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Introduction

Regulatory T (Treg) cells are thought to control T cell
responses to both self- and non-self-antigens. Earlier
studies showed that Treg cells were generated in the
thymus. However, more recently it has become evident
that Treg cells are also generated outside the thymus in a
variety of situations. Both thymus-derived Treg cells
[naturally occurring Treg cells (nTreg cells)] and Treg cells
that develop in the periphery [inducible or adaptive Treg
cells (iTreg cells)] express Foxp3; a transcription factor
that is believed to be important for their differentiation
and suppressive functions [1-4].

The importance of Foxp3 ™" Treg cells has been docu-
mented through the identification of the human X-linked
inherited disease designated IPEX (immunodysregulation,

polyendocrinopathy, enteropathy, X-linked) syndrome
[5]. IPEX is caused by a loss-of-function mutation in the
Foxp3 gene. This leads to autoimmune diseases in several
organ systems (e.g. type-1 diabetes, enteropathy and
hypothyroidism) and in addition many of these patients
suffer from severe atopic diseases [5-8]. Whether devel-
opment of atopy is caused by lack of nTreg or iTreg cells
has not been determined.

In addition, several studies have shown that other T cell
populations with suppressive capacity exist which are
often Foxp3 negative. These include IL-10-producing T
cells - often referred to as T regulatory 1 cells (Tr1) cells as
well as TGF-B-producing T cells (Th3 cells) [9-11].

There is accumulating evidence to suggest that various
populations of regulatory (or suppressive) T cells are
central in the control of allergy. The most intensively
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studied human system involves allergy to bee sting, and
clear evidence of Trl-mediated control of ensuing im-
mune responses has been demonstrated [12]. While many
aspects of this response may be unique to venom allergy,
Treg cells have also been implicated in other more
common forms of allergic disease.

Seasonal allergic rhinitis is a very common and well-
defined IgE-mediated disease driven by inhaled ubiqui-
tous harmless antigen, such as pollen [13]. Several reports
have suggested that Treg cells are involved in the devel-
opment of allergic rhinitis (AR), but until now this
information is mainly based on investigation of Treg cell
function in peripheral blood. Studies of allergic airway
disease in animal models demonstrate that Foxp3™"
Treg cells accumulate in the airway mucosa during aero-
allergen challenge and exert their suppressive function
locally [14, 15]. Therefore, in addition to study Treg cells
in peripheral blood, complementary studies of Treg cell
function at the active site of human disease is clearly
needed.

In this study, we used an experimentally induced hu-
man AR model, which allowed us to determine the kinetics
of immune-cell trafficking (including Foxp3™ T cells) in
the nasal mucosa during a 7-day pollen challenge period.

Methods

Participants

Detailed description of the experimental set-up has been
described elsewhere [16]. Twelve pollen-allergic patients,
median age 24 years (range 22-29, seven males), and
seven non-allergic volunteers, median age 25 years (range
22-27, five males) were challenged locally with grass or
birch pollen out of season. The same individuals (11
allergic subjects and five controls) were challenged 1 year
later and blood samples were obtained at days 0, 2, 5 and
7. In addition, another six grass pollen-allergic indivi-
duals, median age 26 years (range 23-36, five males) were
‘challenged’ with a placebo. All test subjects were skin
prick tested (SPT) with a panel of eight common inhalant
allergens (house dust mite, mould, horse, dog, cat, grass,
mugwort and birch) (Solu Prick SQ, ALK-Abello A/S,
Horsholm, Denmark), and they were all non-smoking,
had no history of upper respiratory tract infection during
the preceding 4 weeks, had no nasal polyps, nasal defor-
mities or nasal surgery and had no symptoms before the
allergen challenge. The allergic volunteers had a typical
history of pollen-induced upper airway allergy and a
positive SPT to grass or birch pollen according to the
European guidelines [17]. Ten out of the 18 allergic donors
had a positive SPT to one or more allergens in addition to
grass or birch. All non-allergic volunteers had a history
free of allergic symptoms, and a negative SPT to the same
allergen panel.

The study was approved by the Norwegian Regional
Committee for Medical Research Ethics, and written con-
sent was obtained from all participating subjects.

Study design

Nasal challenge was performed with a hand-driven pump
spray that delivered a defined volume (50 pL) of relevant
allergen solution (Aquagen timothy or Aquagen birch,
ALK-Abello A/S, Horsholm, Denmark). The dose was
individualized by increasing the concentrations of aller-
gen (10 000-100 000 SQ-U/mL) until a threshold dose that
elicited typical acute rhinitis symptoms was established.
This dose was applied once daily. The control subjects
were exposed to the highest allergen concentration used
for patients receiving Aquagen timothy. Symptoms were
recorded daily on a four-point scale (0-3) for nasal
blockage, nasal discharge and sneezing, with a maximum
score of 9. Mucosal biopsies were obtained from the
inferior turbinate in one nostril before challenge (day 0).
Thereafter, the opposite nostril was challenged with the
relevant allergen daily for 7 days and biopsies were
obtained at days 1 and 7 from the challenged side. The
placebo group was challenged with saline and mucosal
tissues were obtained on days O and 7. All experiments
were performed outside the pollen season.

Sampling of tissue specimens

Mucosal specimens were obtained from the lower edge of
the inferior turbinate, 1.5-2 cm posterior to the front edge,
by means of a Gerritsma forceps with a cup diameter of
2.5mm in local anaesthesia (induced by placing a cotton
wool carrier with 7 mg/mL tetracain/0.3 mg/mL adrenalin
under the inferior turbinate adjacent to the biopsy site).
Samples of palatine tonsils were obtained from patients
operated for recurrent tonsillitis or tonsillar hypertrophy.
All specimens were immediately placed on a thin slice of
carrot, embedded in OCT (Tissue-Tek, Miles Laboratories,
Elkhart, IN, USA), and snap-frozen in liquid nitrogen.

Immunofluorescence staining

To enumerate Foxp3™ T cells, cryosections cut at 4 um
were fixed in 4% paraformaldehyde (PFA), air-dried for
2 h, boiled for 20 min in citrate buffer (pH 6.0), air-dried
for 30 min and then washed in phosphate-buffered saline
(PBS). Paired immunofluorescence staining was per-
formed by applying a polyclonal rabbit anti-CD3 antibody
(12 pg/mL, Dako Denmark A/S, Glostrup, Denmark) and a
rat IgG2a mAb for Foxp3 (clone PCH 101, 1/20,
eBioscience, San Diego, CA, USA) overnight at 4 °C. The
sections were rinsed in PBS and thereafter incubated for
3 h with a combination of Alexa Fluor 488-labelled goat
anti-rabbit IgG (2 pg/mL, Molecular Probes, Eugene, OR,
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USA) and a Cy3-labelled donkey anti-rat IgG (6.25 pg/mL,
Jackson, ImmunoResearch Laboratories Inc., West Grove,
PA, USA). To ensure specificity of the Foxp3 staining, we
performed additional staining experiments with another
anti-Foxp3 mAb. Mouse anti-Foxp3 IgG1 (clone 259D/C7,
10 ug/mL, BD Bioscience, San Jose, CA, USA) was com-
bined with anti-CD3 (Dako Denmark A/S) followed by
Cy3-labelled goat anti-mouse IgG (2.2 pg/mL, Jackson
ImmunoResearch Laboratories Inc.) and Alexa Fluor 488-
labelled goat anti-rabbit IgG. To determine the expression
of CD25, CD4 and Ki67 on FoxpB+ cells, PFA-fixed
sections were stained with anti-Foxp3 (clone PCH 101)
combined with either mouse anti-CD25 IgG2b (clone 4C9,
1/100, Novocastra, Newcastle, UK), mouse anti-CD4 IgG1
(clone IFG, 1pug/mL, Novocastra), or mouse anti-Ki67
IgG1 (clone MIB-1, 1.6 ug/ml, Dako Denmark A/S) fol-
lowed by either Cy3-labelled donkey anti-rat I[gG2a (6.25
pg/mL, Jackson ImmunoResearch Laboratories Inc.) and a
biotin-conjugated goat anti-mouse IgG2b (10 ug/mL,) or
biotin-conjugated goat anti-mouse IgG1 (10 ug/mL, both
from Southern Biotechnology Associates Inc., Birming-
ham, AL, USA), and finally with Cy2-streptavidin (1 pg/
mL, GE Healthcare, Amersham, UK).

Further T cell phenotyping and enumeration of eosino-
phils were performed on acetone-fixed cryosections as
described elsewhere [18]. Anti-CD4 mouse IgG1 (clone
SK-3, 1/20, Dako Denmark A/S) was combined with either
rabbit anti-CD3 (3.75pg/mL, Dako Denmark A/S) or
mouse anti-CD45 IgG2a (clone UCHL1, 1/10, a generous
gift from Peter Isaacson, London, UK), followed by Cy3-
fvlabelled goat anti-mouse IgG1 (2.8 ug/mL, Southern
Biotechnology Associates Inc.) in combination with Alexa
Fluor 488-labelled goat anti-rabbit IgG (2 ug/mL, Mole-
cular Probes) or with biotin-conjugated goat anti-mouse
IgG2a (2.5ug/mL, Southern Biotechnology Associates
Inc.) followed by Cy2-streptavidin (1 pg/mL, GE Health-
care). Anti-Foxp3 (clone 259D/C7, BD Bioscience) was
combined with mouse anti-CTLA-4 gG2a (clone 14D3,
1.25 pg/mL, eBioscience) followed by Cy3-labelled goat
anti-mouse IgG1 combined with biotin-conjugated goat
anti-mouse IgG2a, and finally by Cy2-streptavidin. Stain-
ing for eosinophils was performed by incubating with
bovine serum albumin-FITC (12.5 pg/mL) [19].

Quantification

The immunostained tissue sections were blindly examined by
the same investigator (. S.) at x400 magnification in a
fluorescence microscope (Nikon Eclipse 6800, Tokyo, Japan).
To determine cell densities, cells were counted in the epithe-
lium and in the mucosa to a depth of 250 um by super-
imposing a grid (250x250 um) parallel to the basement
membrane of the surface epithelium. Cell counts in the
epithelium and lamina propria were added and presented as
the total number of cells per millimetre basement membrane.
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Statistics

Two-tailed Wilcoxon’s signed-rank test and Mann-Whit-
ney U-test were performed to compare differences within
one group or differences between the test groups, respec-
tively. Spearman’s rank-correlation coefficient was used
for assessing the relationship between two continuous
variables. The statistical tests were performed with Graph
pad Prism 4.0 (La Jolla, CA, USA). A P-value of <0.05 was
considered significant.

Results
Local allergen challenge elicits allergic symptoms and both
blood and mucosal eosinophilia in allergic rhinitis patients

All patients in the allergy group receiving the active
substance experienced symptoms from day 1. Figure 1a
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Fig. 1. Nasal allergen challenge-induced symptoms in allergic indivi-
duals. Symptoms were recorded daily on a four-point scale (0-3) for
nasal blockage, nasal discharge and sneezing. (a) Cumulative symptom
score for each group for1 week of challenge is shown. (b) Symptom score
after every allergen exposure in the allergic group, median values with
interquartile range is shown.
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shows that the accumulated symptom score in the chal-
lenged AR group was significantly higher than in the
control group (P=0.001) and in the AR group that
received placebo (P=0.001), but there was no change in
daily symptom score during the 7-day period (Fig. 1b).

Tissue eosinophilia is a hallmark of allergic airway
inflammation. To determine whether our disease model
elicited local allergic inflammation, we determined the
density of mucosal eosinophils before and after challenge.
Figure 2a shows that there was a significant increase
(P=0.001) in the number of eosinophils at day 7 com-
pared with baseline within the allergic group, whereas no
increase was detected at day 1. There was no correlation
between the overall symptom score (r;=0.15, P=0.64) or
symptom score on day 7 (r;=—0.15, P=0.67) and the
density of tissue eosinophils on day 7 in the challenged
allergic individuals. In non-allergic individuals exposed
to pollen and in AR patients receiving the placebo, the
number of eosinophils was low at all time-points.

Using the same experimental set-up, we obtained blood
samples at days O, 2, 5 and 7. As shown in Fig. 2b, there
was a significant increase in the percentage of circulating
eosinophils in the allergy group at day 2 and throughout
the challenge period without any increase in the total
leucocyte number (not shown).

Together, these findings demonstrated that this experi-
mental model recapitulated characteristic features of AR
in season.

Foxp3™ T cells accumulate in nasal mucosa of allergic
patients after challenge

To determine the occurrence of mucosal Treg cells during
the challenge period, we first tested various Treg cell
markers on tonsillar tissue. To date, Foxp3 is the best
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marker to identify Treg cells, and we applied two different
antibodies that gave a similar result (not shown). When
co-staining for Foxp3 and CD3 in tonsils, we could clearly
distinguish between cells with bright Foxp3 nuclear
staining and cells with faint positivity (Fig. 3). Co-staining
with anti-CD4 and the Treg cell markers CD25 and CTLA-
4, we found that the vast majority of Foxp3™e" cells
expressed CD4, and the majority were strongly positive
for CD25 and CTLA-4 (not shown). Based on these results,
only Foxp3™&" cells were enumerated in samples from the
nasal mucosa.

Figure 4a shows that in all test subjects, there were high
numbers of resident CD3 " Foxp3~ T cells in the mucosa at
baseline (day 0) with no difference between the allergic
and the control group. After the first challenge (day 1), a
small and transient increase (P=0.012) in the total num-
ber of CD3* Foxp3~ T cells was observed in challenged
pollen allergics, but not in either control group. Approxi-
mately 3% of the CD3" T cells at day 0 were Foxp3"&"
with no difference between the groups (not shown). The
number of CD3 " Foxp3™&" cells was unchanged at day 1,
but after 7 days of pollen exposure we observed a fivefold
increase (P=0.009) in the density of CD3*Foxp3"&" cells
in the allergic group (Figs 4b and 5a and b), but not in the
control group. Similarly, the ratio of CD3*Foxp3"eh/
CD3*Foxp3~ cells increased in the allergic group at day
7 (Fig. 4c), but not in the control group. Co-staining with
CD4 revealed no significant change in the numbers of the
CD37CD4" or CD37CD4~ (presumably CD8™) subset (Fig.
4d and not shown), suggesting that the transient increase
in CD3™ T cells at day 1 was caused by a slight increase of
both subsets, which was not able to detected when
counted separately. The vast majority of Foxp3"&" cells
co-expressed CD4, whereas Foxp3 ™~ cells were both CD4*
and CD4~ (CD8™). Moreover, most CD3™ T cells expressed

(b)
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Fig. 2. Nasal allergen challenge of allergic individuals increased numbers of tissue and blood eosinophils. (a) The numbers of eosinophils in the
epithelium and 250 pm subepithelial region at days 0, 1 and 7 after allergen challenge (bm, basement membrane). (b) The percentage of the eosinophils

in the blood at days O, 2, 5 and 7.
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Fig. 3. CD3Foxp3 staining in tonsil tissue. (a) Foxp3. (b) CD3. (c) CD3 and Foxp3 merged. Arrows indicate weak Foxp3™ cells not included. Original

magnification x400.

CD45R0 at all time-points (not shown), compatible with
being memory/effector cells.

To substantiate a Treg cell phenotype of the Foxp3
cells, we performed additional immunostainings. Most
Foxp?»high cells co-expressed CTLA-4 (Fig. 5c), and more
than 70% (median values) expressed CD25 at all time-
points (Figs 4e and 5d). These findings strongly suggested
that Foxp3"&" cells accumulating in the nasal mucosa at
day 7 were Treg cells.

high

Foxp3"9" Treg cells proliferate locally

The increased density of Foxp3"&" CD25"CTLA-4" T cells
at day 7 could be caused by increased recruitment and/or
increased local proliferation. To examine the latter possi-
bility, we co-stained for Foxp3 and the proliferation
marker Ki-67. Samples with the highest number of Fox-
p3"M&" cells were chosen (1n=3) to obtain reliable figures
for co-expression. Interestingly, 46-66% of all Foxp3"&h
T cells co-expressed Ki-67 (Fig. 6). This finding strongly
suggested that accumulation of Foxp3™&" T cells in the
allergic inflammation to a large extent was caused by
local proliferation.

Discussion

An increasing number of reports from human studies
suggest that Treg cells play an important role in the
suppression of allergic reactions by their action on aller-
gen-reactive effector T cells. However, these results are
primarily based on in vitro experiments studying Treg
cells and effector T cells isolated from peripheral blood.
Very little is known about the presence or function of Treg
cells at tissue sites where the immune system is exposed to
allergens in vivo. We used a unique human experimental
model of upper airway allergy to explore the kinetics of T
cell trafficking in the nasal mucosa during a 7-day
challenge period. Before the challenge (day 0), high

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9

numbers of both CD4" and CD8™ T cells were found in
the nasal mucosa, with no apparent difference between
AR patients and controls. At day 1, a transient, small but
significant increase in the total number of T cells was
observed in the mucosa of allergic patients. Although it is
well established that CD4" T effector cells play an im-
portant role in AR [13, 20-23], several studies have,
similar to this study, shown that there is no or only
marginal increase in the accumulation of CD4" T cells,
both in season and in experimentally induced inflamma-
tion [23, 24]. However, our data clearly show an early
inflammatory response to the allergen challenge docu-
mented by a rapid twofold increase in the number of
circulating eosinophils. Based on the current knowledge,
it is reasonable to suggest that the observed blood eosino-
philia is an indirect effect caused by early activation of
allergen-specific T cells and/or mast cells at the mucosal
site. Moreover, evidence for local allergen-dependent
inflammation was demonstrated by a dramatic accumula-
tion of mucosal eosinophils at day 7.

The frequency of Foxp3"€" T cells in uninflamed nasal
mucosa was approximately 3% of all CD3™ T cells in both
groups, comparable to levels in peripheral blood [25, 26].
A significant increase in Foxp3™&" T cells was observed at
day 7 in the allergic group. This finding is in accordance
with a recent study by Radulovic et al. [24] who found that
the number of Foxp3™ cells increased in nasal mucosa of
grass-pollen AR patients in season. Moreover, in agree-
ment with their study we showed that the density of
mucosal Foxp3"®" T cells was similar in allergic and
non-allergic individuals outside season. However, in con-
trast to Radulovic and colleagues, we were able to follow
the kinetics of immune-cell trafficking (T cell subsets and
eosinophils) in the tissue during the course of challenge in
both allergic and non-allergic individuals. Recent reports
have shown that tolerance to allergens depends on the
Treg/T effector cell ratio. However, we found no increase
in the density of Foxp3™&" T cells (or increased Foxp3"&"/
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Fig. 4. Nasal allergen challenge of allergic individuals increased numbers of tissue T cells. The numbers of (a) CD3+F0xp3’ cells, (b) CD3+Foxp3+ cells
and (d) CD3*CD4 " Foxp3~ cells in the epithelium and 250 pm subepithelial region in challenged allergic and non-allergic individuals at days 0, 1 and 7
after allergen challenge (bm, basement membrane), (c) CD3 *Foxp34r /CD3 *Foxp3’ cells, (e) percentage of Foxp;’+ cells that are CD25 ™.

Foxp3™ T cell ratio) during the course of challenge in the
non-allergic individuals. In fact, an increased Foxthigh/
Foxp3™ T cell ratio was only found in the challenged
allergics. These results may indicate that low numbers of
Treg cells are sufficient to keep allergen-specific T cells in
check in non-allergic individuals or that other mechan-
isms (in addition to local Treg cells) are involved in
mucosal tolerance to aeroallergens.

It is well known that Foxp3™ T cells accumulate in a
variety of human inflammatory disorders [27, 28]. Based
on studies in experimental animals, it is believed that
these Treg cells limit the intensity and duration of the
inflammatory reaction to avoid unnecessary tissue da-
mage. However, it very difficult to test this hypothesis in

human models in vivo because a comparison of inflam-
matory insults with or without accumulating Treg cells is
not possible. In a mouse asthma model similar to our
human model, Curotto de Lafaille et al. [14] reported that
inducible Foxp3™ Treg cells accumulated in inflamed
airways. These Treg cells did not inhibit acute eosinophil
inflammation, but in the chronic phase they reduced the
severity of the inflammation, reduced remodelling and
prevented the dissemination of disease to other organs.
Translation of these results to our human model suggests
that even though there is a concomitant accumulation of
eosinophils with the Foxp3™&" T cell accumulation in the
nasal mucosa, the F0Xp3high T cells have an anti-inflam-
matory effect in the chronic phase of the reaction.

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9
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Fig. 5. Co-expression of Foxp3™ with CD25 and CTLA-4 suggests a regulatory phenotype. Immunohistochemical staining. (a) CD3 and Foxp3, allergic
patient day 0, (b) CD3 and Foxp3, allergic patient day 7, (c) CTLA-4 and Foxp3, allergic patient day 7 (arrows indicate Foxp3high cells), (d) CD25 and

Foxp3, allergic patient day 7 (arrows indicate Foxp3'®" cells). Basement membrane of surface epithelium is indicated by the broken line. Original
magnification x400.

(a)

Fig. 6. Most FoxP3™ cells are proliferating. Immunohistochemical staining for Foxp3 and Ki-67 in cryosection of nasal mucosa from allergic patient at
day 7. (a) Foxp3, (b) Ki-67, (c) Foxp3 and Ki-67 merged. Basement membrane of surface epithelium is indicated by the broken line. Original
magnification x200.

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9
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Although Foxp3 is the best marker to identify Treg cells
to date, it has become evident that the Foxp3 expression is
not unique to Treg cells, and the transient expression of
Foxp3 is also observed in effector T cells activated in vitro
[29, 30]. In both tonsillar and nasal mucosal tissue, we
detected both weak and strong nuclear staining for Foxp3.
Because Treg cells express high levels of Foxp3 [31], we
included only those cells that were strongly positive.
Moreover, the vast majority of these Foxp3™e" cells
expressed CTLA-4 and CD25, markers that are constitu-
tively expressed on Treg cells. Together, these findings
strongly suggest that the Foxp3™&" T cell population
accumulating in inflamed nasal mucosa indeed are
Treg cells.

Recent studies have suggested that dysregulation in the
fine-tuned balance between Treg cells and effector T cells
lies at the core of human allergic responses. Some studies
have shown that the balance between Tregs and effector T
cells is mainly a matter of numbers [32]. However, other
reports have shown that Treg cells in allergic patients,
compared with normal non-atopic controls, have reduced
suppressive capacity [33, 34]. In a third variety of this
inflammatory theme, it has been demonstrated that Treg
cells may function normally but the effector T cells are
refractory to suppression [35]. Thus, the effect of Treg
cells on inflammatory reaction is not only a matter of
the relative ratio between Treg and effector T cells but
also depends both on the suppressive capacity of Treg cells
and on the responsiveness of the antigen-specific effector
T cells.

We found that a high fraction of Foxp3™ cells in nasal
mucosa after allergen challenge were Ki-67 . Similarly, it
was recently shown that when tuberculin-purified protein
derivate was injected into human skin, Foxp3™ Treg cells
accumulated at the lesional site reaching maximum levels
at day 7 [36]. Interestingly, in the cutaneous model, a

significant fraction of Foxp3™ Treg cells also proliferated
locally as defined by their expression of Ki-67. This
strongly suggests that accumulation of Foxp3™ cells, at
least in part, depends on local proliferation. It has been
shown that Treg cells specific for non-self-antigens that
develop in the periphery are short-lived unless antigen
persist [4]. This idea is compatible with the present study,
which shows that a substantial fraction of Treg cells
proliferate within the effector tissue. To gain further
insight into the function of Treg cells accumulating in
the mucosa in our in vivo model, it is necessary to isolate T
cells from the tissue and examine the suppressive capacity
of Treg cells as well as the responsiveness of effector T
cells to suppressive signals. Such studies would require
larger tissue biopsies, or more efficient isolation and
analysis of tissue T cells than currently available and is
therefore outside the scope of the present study.

In conclusion, nasal challenge with pollen extract
increased the number of Foxp3"&" T cells at the inflam-
matory site in AR patients, suggesting that Treg cells are
accumulating in upper airway allergy. There is a large
body of evidence to suggest that Treg cells are able to
suppress allergic inflammation. It should therefore be
explored whether Foxp3"&" T cells accumulating in the
nasal mucosa of AR patients could be targets for ther-
apeutic intervention.
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