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Abstract

Background An unresolved issue in T regulatory (Treg) cell biology is the lack of
consensus on phenotypic markers that accurately define the natural Treg (nTreg)
population.

Objectives To examine nTreg frequency and functional capacity in healthy controls,
and their frequency in asthmatic subjects using three different phenotypic strategies.
We hypothesized that phenotypically different nTreg are quantitatively and functionally
different.

Methods 34 healthy, non-asthmatic and 17 asthmatic subjects were studied. Three
nTreg phenotypes were defined: nTreg1 (CD4"CD25"Foxp3*), nTreg2
(CD4*CD25*CD127°"Foxp3*), and nTreg3 (CD4*CD25""Foxp3*). The flow cytometric
determination of nTreg frequency in peripheral blood (PB) and bronchoalveolar lavage
(BAL) was performed using fluorescently labelled antibodies. PB nTreg functional
capacity was assessed using a CFSE-based suppression assay.

Results There was a significantly lower frequency of peripheral blood nTreg3 compared
to nTreg2 and nTreg1 (p<0.05). Both nTreg2 and nTreg3 had a significantly greater
suppressive capacity than nTreg1 at T responder (Tresp) to nTreg ratios of 16:1 up to
1:1 (p<0.01). Asthmatics exhibited a significantly lower peripheral blood nTreg3 and
nTreg1 frequency than healthy controls (p<0.05). There were no differences between

healthy controls and asthmatic subjects when comparing BAL nTreg frequency.
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Conclusions and Clinical Relevance Phenotypically different nTreg subsets are
quantitatively and functionally different and are variably observed in asthma. The
CD4*CD25"9"Foxp3* phenotype was the least frequent, but demonstrated the greatest
suppression, and was significantly lower in peripheral blood of asthmatic subjects.
Consequently, it is imperative that nTreg phenotypes be clearly defined and that the

interpretation of their frequency and function be phenotype-specific.

Introduction

T regulatory cells (Treg), originally characterized as CD4"CD25", are an independent,
specialized subset of T cells that serve to regulate immune responses, thereby
maintaining homeostasis and self-tolerance [1,2]. Since their initial identification,
Foxp3, a forkhead family nuclear transcription factor, has been identified as a crucial
molecule in the development and function of Treg [3,4]. Foxp3* Treg can be divided
into two distinct groups, natural Treg (nTreg) derived from the thymus, or induced Treg
(iTreg) that develop in the periphery [5-7]. Each are defined phenotypically by the
expression of particular cell surface and intracellular markers. Functionally, Treg exhibit

potent suppressive capacity that is manifest through several different mechanisms [8,9].

Over the last decade, extensive work in the field of Treg biology has resulted in the
description of a number of molecules used to characterize Treg subsets (i.e. Neuropilin-
1, CTLA-4, GITR) [10], as well as those used to distinguish nTreg from induced Treg
(iTreg)(i.e. Helios)[11]. However, an important unresolved issue in Treg cell biology is

the lack of consensus on phenotypic markers that uniquely define the Treg population.
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With the invention of new abbreviations and terminology, the Treg nomenclature has
become complex and in need of simplification [12]. The Treg population is also
becoming increasingly diverse, and is now composed of several phenotypically and
functionally distinct subsets [13], resulting in a confusing interpretation of the role of

these cells in disease.

Treg have been implicated in immuno-regulatory roles in allergic diseases such as
asthma [14,15], where it has been shown that a deficiency in the both the quantity and
function of Treg cells play a role in the pathogenesis and propagation of the disease
[16]. However, such studies have not adequately addressed Treg heterogeneity, which
could impact study conclusions. The aim of the current study was to compare three
different nTreg phenotypes with respect to frequency and function. We chose our nTreg
phenotypes based on the expression of CD4, CD25, CD127 and Foxp3 as these
markers were the most comprehensive and would serve to detect the vast majority of
the human nTreg population [17]. We hypothesized that nTreg subsets would not only
be expressed at different cellular frequencies, but would also exhibit functional
heterogeneity. To examine this, we first used multi-parameter flow cytometry to assess
the frequency of the three different nTreg phenotypes in the peripheral blood of healthy,
non-asthmatic subjects. Subsequently, we isolated each nTreg phenotype from the
peripheral blood of these subjects and measured the functional capacity using an in
vitro suppression assay. Finally, we measured the nTreg phenotypes in a population of
asthmatic subjects. We hypothesized that any difference in nTreg frequency observed

between healthy and asthmatic subjects would be a function of nTreg phenotype.
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Materials and Methods

Subjects

Thirty four healthy, non-asthmatic and 17 asthmatic subjects between the ages of 18
and 65 years of age were studied (Table 1). Healthy control subjects had no medical
history of respiratory symptoms or asthma diagnosis, a negative skin prick test to
common aero-allergens, and a PCy, > 32mg/ml. All asthmatic subjects had both a
history of asthma and a methacholine PCy < 16mg/ml. All subjects had no other
chronic illness and no lower respiratory tract infection at the time of their study visits.
Subijects refrained from using B2-agonists or caffeinated beverages for a minimum of
eight hours before laboratory visits. Exclusion criteria included those subjects that were
pregnant, current smokers, or ex-smokers with a more than 10-pack-year history. This
study was approved by the Hamilton Integrated Research Ethics Board and written

informed consent was obtained from all study participants.

Study Design

This study was comprised of three phases: Phase 1, we assessed PB nTreg frequency
in 14 healthy control subjects; Phase 2, we determined PB nTreg functional capacity
using eight healthy control subjects; and Phase 3, we compared PB and BAL nTreg
frequency in 12 healthy control subjects versus 17 asthmatic subjects. Healthy control
subjects were selected to avoid the confounding issue of chronic disease on the initial
quantification of the different phenotypes. For phases 1 and 2, a single laboratory visit
was required for a medical history, physical examination, skin prick test, methacholine

inhalation challenge, performed as described by Cockcroft et al. [18], and blood

This article is protected by copyright. All rights reserved.



collection. For phase 3, subjects were required to attend the laboratory on two non-
consecutive days separated by at least one week. On day one, a medical history,
physical examination, and methacholine inhalation challenge was performed along with
blood collection. On day two, a bronchoscopy was performed with the collection of BAL

fluid.

Blood collection and processing

Venous blood was drawn into Vacutainer® blood collection tubes (BD Biosciences,
Mississauga, Ontario, CA) containing lithium heparin. For nTreg phenotyping, blood
was diluted 1:1 with McCoy’s 5A (Gibco, Carlsbad, California, USA) and layered over
Lymphoprep density gradient medium (STEMCELL Technologies Inc., Vancouver,
British Columbia, CA). Density gradient separation was performed via centrifugation of
layered blood at 800g for 20 minutes at room temperature. Peripheral blood
mononuclear cells (PBMC) were removed, washed twice with PBS (centrifugation at
2509 for 10 minutes at 4°C), re-suspended in FACS buffer (PBS supplemented with
0.1% sodium azide and 0.5% BSA), and subjected to the nTreg phenotyping flow

cytometric staining protocol.

For nTreg function, PBMC were separated as described above and used as responder
T cell (Tresp) in the suppression assay. In addition, CD4+ T cells were indirectly
isolated from whole blood by rosetting unwanted cells using a RosetteSep™ CD4* T
cell enrichment cocktail (STEMCELL Technologies Inc.) prior to RosetteSep™DM-L

(STEMCELL Technologies Inc.) density gradient centrifugation. Isolated CD4" T cells
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were then subjected to the nTreg flow cytometric staining protocol for sorting of nTreg

used in the suppression assay.

BAL fluid collection and processing

Fibreoptic bronchial bronchoscopies were performed using an Olympus flexible
bronchoscope (Tokyo, Japan). The bronchoscope was inserted into the right middle
lobe and 3 x 50ml aliquots of room temperature sterile, normal saline were instilled and
then aspirated with suction. Pooled BAL fluid was kept on ice and processed within one
hour. BAL fluid was then passed through a nylon mesh filter and centrifuged at 2509 for
10 minutes at 4°C. The supernatant was removed and the cell pellet washed twice with
PBS. BAL cells were re-suspended in FACS buffer and subjected to the nTreg cell

phenotyping flow cytometric staining protocol.

Flow cytometric staining

nTreg phenotyping. Freshly processed PBMC or BAL cells in FACS buffer were
divided into tubes at 0.5-1x10° cells per tube. Cells were stained first for surface
markers using the following fluorescently labelled antibodies: CD3-AmCyan (Clone SK7;
BD Biosciences), CD4-eFluor®450 (Clone OKT4; eBioscience, San Diego, California,
USA), CD25-PE (Clone M-A251; BD Biosciences), CD127-FITC (Clone eBioRDRS5;
eBioscience), and relevant isotype controls. Cells were incubated with antibodies for 30
minutes at 4°C in the dark. Cells were washed with FACS buffer (centrifugation at 2509
for 10 minutes at 4°C), re-suspended in one mL/tube of 1x fixation/permeabilization

solution (eBioscience), and incubated for 30 minutes at 4°C in the dark. Two washes
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with Permeabilization buffer (eBioscience) were performed after which cells were re-
suspended in 100uL of 5% normal rat block and incubated for 15 minutes at 4°C in the
dark. This was followed by intracellular staining using Foxp3-APC (Clone 236A/E7;
eBioscience), with relevant isotype control, and incubated for 30 minutes at 4°C in the
dark. Cells were washed twice with Permeabilization buffer, re-suspended in 400puL of
Cytofix (1% paraformaldehyde; BD Biosciences), and stored at 4°C in the dark until flow
cytometric acquisition.

nTreg sorting. Enriched CD4+ T cells, at 20x‘|06/ml, were stained as per the method
outlined in the human regulatory T cell sorting kit (BD Biosciences). Briefly, cells were
stained for surface markers using the following fluorescently labelled antibody cocktail:
CD4-PerCP-Cy™5.5 (Clone L200; BD Biosciences), CD25-PE (Clone 2AS3; BD
Biosciences), CD127-Alexa Fluor®647 (Clone 40131.111, BD Biosciences), and
relevant isotype controls (Note: Foxp3 was omitted as intracellular staining would
render the cells non-functional). The antibody cocktail was added at 2uL/10°cells and
incubated for 30 minutes at room temperature in the dark. Cells were washed with PBS
containing 1% human AB serum (Life Technologies Inc., Burlington, Ontario, Canada),
re-suspended at 10x10%/mL in RPMI complete medium, and stored on ice in the dark

until flow sorting.

Flow cytometric sorting
Three different PB nTreg phenotypes, not stained for Foxp3 (Treg1l — CD4"CD25",
Treg2 — CD4*CD25*CD127"°", and Treg3 — CD4*CD25"%"), were sorted from stained

CD4" enriched cells using a FACS Vantage SE, three laser, eight colour capable digital
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sorter (Becton Dickinson, Mississauga, ON, Canada) in the McMaster University Flow
Cytometry Facility. Using a 70 micron nozzle, nTreg were sorted into human AB serum
coated tubes containing RPMI complete medium to a purity routinely >95% with a
minimum yield of 100,000 cells per phenotype. The sorted nTreg were then washed
using complete RPMI medium and re-suspended to 1x108cells/ml for use in the T cell

suppression assay.

CFSE labelling

A 5mM stock solution of CellTrace™ CFSE (Life Technologies) was prepared using
DMSO. Isolated PBMC were re-suspended to 5-10 x 10° cells/mL in sterile PBS and

1ml was added to a 14mL conical tube. 110pL of sterile PBS was placed near the top
of the tube. To this droplet 1.1uL of 5mM CFSE stock was added, the tube was
inverted and immediately vortexed for two seconds. Cells and CFSE were incubated for
seven minutes at room temperature in the dark. CFSE labelled PBMC were then
washed twice with cold RPMI complete medium and re-suspended to 1x10°cells/ml.
Cells were kept on ice, protected from light, and used as Tresp in the suppression

assay.

Suppression assay

The assay was performed as outlined previously [19,20]. Briefly, CFSE-labelled
autologous PBMC were used as Tresp and cultured at 50,000 cells per well in 96 well,
round bottom plates (Sigma Aldrich, Oakville, Ontario, Canada). Tresp were then co-

cultured with FACS sorted nTreg1, nTreg2, or nTreg3 at Tresp to nTreg ratios of 32:1,
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16:1, 8:1, 4:1, 2:1, and 1:1, and relevant controls. Cells were stimulated with plate-
bound, purified, functional grade anti-CD3 (eBiosciences) at a concentration of
125ng/ml for five days in a humidified incubator (37°C and 5% CO,). After five days,
cells were harvested, stained for CD4 and then analyzed by flow cytometry. The
suppressive capacity of Treg versus Tresp proliferation in co-culture was expressed
using the conventional gating method (analyzing only proliferated cells)[21]. The
calculation of per cent suppression was as follows: % Suppression = 100 —

(Tresp:Treg/Tresp)*100.

Flow cytometry

nTreg phenotyping. Data was acquired using a 15-colour, three laser, LSRII flow
cytometer equipped with FACSDiva acquisition software (BD Biosciences). At least
10,000 CD4+ events were collected from PBMC whereas as many CD4+ events as
possible were collected from BAL. Collected data was analyzed using FlowJo analysis
software (FlowJo LLC, Ashland, Oregon, USA). Our nTreg gating strategy, as applied
to both blood and BAL, is outlined in Fig 1A and Fig 1B. Briefly, a CD3 versus CD4 plot
was generated from the lymphocyte population and a gate placed around the
CD3*/CD4" double-positive population. For the determination of nTreg1 a plot of CD4
vs CD25 was used and a gate placed around cells expressing CD25 above that of the
isotype control. These cells were used to plot CD25 vs CD127 with a gate then placed
around those cells expressing CD25 and low expression of CD127. These cells defined
the nTreg2 phenotype. nTreg3 were identified using CD25" cells on a CD4 versus

CD25 plot. A gate was placed on those cells expressing the highest levels of CD25.
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Foxp3 expression was determined by plotting cells from each respective nTreg
phenotype on a plot of CD4 versus Foxp3. Cells above that of the isotype control were
deemed positive for Foxp3 (Fig 1B).

Treg sorting. The three nTreg phenotypes were sorted from enriched CD4" cells as per
the above gating strategies with the exception that cells were not stained for CD3.
Suppression assay. As many CD4" events as possible were collected. Briefly, a dot
plot of CD4 vs SSC was generated and a gate placed on the CD4" population. These
single positive, CD4" cells were used to construct a histogram of CFSE expression.
Proliferated cells were deemed to be those cells to the left of the unstimulated cells and

to the right of those cells not stained with CFSE (Fig 3a).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 5 software (GraphPad
Software Inc., La Jolla, California, USA). Data normally distributed were expressed as
mean + SEM. Between phenotype comparisons were performed using unpaired t tests.
Repeated measures analysis of variance (ANOVA) was used to compare the between

phenotype suppressive capacity.

Results

We assessed the frequency and function of three different nTreg phenotypes using
surface markers to CD3, CD4, CD25, CD127 and an intracellular marker to Foxp3. We
defined our nTreg as follows: nTreg1 — CD4"CD25"Foxp3™, nTreg2 —

CD4*CD25*CD127"°"Foxp3*, and nTreg3 — CD4"CD25""Foxp3* (Fig 1A, 1B).
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Healthy control subjects had normal lung function, a normal methacholine PCy, defined
as >32 mg/ml (Table 1) and were non-atopic. The healthy control and asthmatic
subjects were matched for age, but were significantly different with respect to FEV; (%

predicted) and methacholine PCy (Table 1).

The frequency of peripheral blood nTreg3 in healthy control subjects, as a percentage
of CD4" cells (1.8 £ 0.10%), was significantly lower when compared to nTreg1 (3.49 =
0.28%) or nTreg2 (3.14 + 0.22%, p<0.05; Fig 2). This difference was also seen when
the frequency of peripheral blood nTreg3, without Foxp3 expression (2.20+0.14%), was
compared to nTreg1 (18.51 = 1.34%) or nTreg2 (4.20 + 0.24%, p<0.05). When viewed
as the percentage of cells expressing Foxp3, nTreg1 (21.12 + 3.24%) was significantly
lower compared to nTreg2 (74.62 + 2.46%) or nTreg3 (82.40 + 1.56%) and nTreg2 was
significantly lower than nTreg3 (p<0.05). The nTreg populations are phenotypically
different but not distinct from one another — nTreg1 subset encompasses both nTreg2

and nTreg3 subsets while nTreg2 also encompasses nTreg3.

All three nTreg phenotypes functionally suppressed Tresp cells in a concentration
dependent manner (Fig 3A and Fig 3B). However, for nTreg3 and nTreg2, there were
no significant differences in functional capacity, but both demonstrated significantly
greater suppression than nTreg1 for all Tresp to nTreg ratios except for 32:1 (p<0.05,

Fig 3B).

This article is protected by copyright. All rights reserved.



In the asthmatic subjects, as in healthy control subjects, the frequency of peripheral
blood nTreg3 (0.45 + 0.11%) was significantly lower when compared to nTreg1 (2.71 +
0.34%) or nTreg2 (2.21 + 0.38%, p<0.05; Table 2). In addition, asthmatics exhibited a
significantly lower peripheral blood nTreg1 and nTreg3 frequency than healthy control

subjects (p<0.05, Fig 4A).

Similar to peripheral blood, the frequency of the nTreg phenotypes differed numerically
in BAL, but was only significantly different in the asthmatic subjects (nTreg3 was
significantly lower when compared to nTreg1 or nTreg2), being 3.98 +1.57% for nTreg1,
2.77 £ 0.89% for nTreg2, and 1.48 + 0.45% for nTreg3 (p<0.05, Table 2). There were
no significant differences between asthmatic and healthy control subjects when

comparing BAL nTreg frequency (Fig 4B).

Discussion

Our data highlight the heterogeneity that exists in the nTreg population with respect to
phenotype and function. We have demonstrated, in a population of healthy, non-
asthmatic individuals, that three phenotypically different peripheral blood nTreg subsets
are expressed at different frequencies and possess different functional capacities. In
addition, we have shown that there are differences in peripheral blood nTreg frequency,
when comparing asthmatic to non-asthmatic subjects, is dependent on the phenotype

studied.
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The characterization of Treg has substantially evolved since Sakaguchi et al. proposed
the CD4"CD25" phenotype two decades ago [1]. As evidence of this, we chose to study
the CD4*CD25Foxp3* (nTreg1), CD4"CD25*CD127"°"Foxp3* (nTreg2), and
CD4*CD25"9" Foxp3* (nTreg3) Treg subsets. We have shown that the frequency of
peripheral blood nTreg3 is significantly lower than that of nTreg1 and nTreg2. nTreg1
has been shown to be the most inclusive phenotype, essentially encompassing all of the
Foxp3+ Treg cells [17]. However, this comes with the notable drawback that this
phenotype also includes activated T cells that transiently express Foxp3 [22]. The co-
expression of CD127, the alpha chain of the IL-7R, and high levels of expression of
CD25 has since been shown to discriminate bona fide Treg from activated T cells [23].
The low expression of CD127 on Treg inversely correlated with the expression of Foxp3
[24]. Thus, the inclusion of CD127 in the CD4*CD25'CD127"°"Foxp3* (nTreg2)
phenotype allows for the study of a more pure nTreg population. The nTreg3
phenotype includes those Treg expressing the highest levels of CD25; on a spectrum
of CD25 expression these cells possess the highest suppressive capacity as compared
to the CD4*CD25"" population [25]. By definition, nTreg are inherently suppressive,
and nTreg3 therefore allowed us to examine the population of nTreg with the greatest
functional capacity. In addition, we have shown that these three phenotypes are
functionally different as measured using a CFSE-based in vitro suppression assay.
Miyara et al. [26] elegantly showed that distinct subsets of Treg exist when
CD4+Foxp3+ cells are stratified based on the level of Foxp3 expression. In support of
our data, they too concluded that different Treg subsets are functionally heterogeneous.

However, our nTreg subsets, while phenotypically different, are not distinct populations.
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In addition, our results are in concert with those published by d’Hennezel et al. [27] who
showed that three different Treg phenotypes (based on CD25"", CD25"" or CD25"¢
expression) expressed different levels of suppression using a tritiated thymidine based
suppression assay. Even with the use of different functional assays, it is clear that Treg
expressing high levels of CD25 possess the most robust suppressive capacity. Our
data also highlight the relationship of Foxp3 and Treg suppressive capacity. We
showed that the three different nTreg phenotypes differentially expressed Foxp3 and
that the highest Foxp3 expression was associated with the higher suppressive capacity.

These data support the essential role of Foxp3 for Treg suppressor function [28,29].

Others have quantified circulating and airway nTreg in an asthmatic population. An
increase in circulating CD4*CD25*CD127"°" nTreg frequency was observed in asthmatic
children compared to healthy controls and was attributable to inhaled corticosteroid
(ICS) use and not disease severity [30]. When the asthmatic group was stratified based
on inhaled corticosteroid use, comparisons between controls and asthmatics not on ICS
yielded no difference in Treg frequency. These data support our finding that there is no
difference in nTreg2 frequency between asthmatics and controls. Provoost et al. [31]
identified no difference in the frequency of peripheral blood CD4*CD25"" or
CD4*CD25"9" Foxp3* Treg between asthmatic and control subjects. This is in contrast
to our data which showed a significant decrease in the frequency of nTreg3
(CD4*CD25"9" Foxp3*) in asthmatics compared to healthy controls. This discrepancy
may be attributable to the method of calculating frequency. We expressed nTreg

frequency as a percentage of CD4" cells whereas Provoost et al. expressed nTreg as a
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percentage of the lymphocyte gate. Smyth et al. [32] evaluated Treg in the airways of
healthy, mild asthmatic, and moderate/severe asthmatic subjects and found that
differences in BAL Treg frequency between healthy and moderate/severe asthmatic
subjects utilizing the CD4"CD25"CD127" phenotype were not present when using the
CD4*CD25"9" phenotype. Thus, the conclusion that moderate/severe asthmatics have
a higher frequency of BAL Treg is only true using the CD4*CD25"CD127" phenotype.
While the phenotypes were not identical, these data support our findings that there may
be differences in nTreg frequency depending on the phenotype studied. Of note in the
Smyth study was that no differences were observed in Treg frequency, regardless of
phenotype, when comparisons were made between healthy and mild asthmatic
subjects. Although the numbers of BAL samples from the asthmatic subjects were few,
no differences in nTreg frequency were observed comparing asthmatic and healthy
control subjects. This may also be because the asthmatic subjects had very mild
asthma. Thus, while the conclusions reached about airway nTreg must be very limited,
the frequency of nTreg may depends not only on the compartment from which the cells

are obtained, but also the phenotype of the subjects studied.

There are several limitations to our study. In the sorting of nTreg for use in the
suppression assay, we were unable to use Foxp3 in our phenotypic definition. Foxp3 is
an intracellular marker and, as such, staining for it would render nTreg non-functional.
Due to insufficient volumes of peripheral blood (limited allowable volume of blood
drawn) as well as low cell yields in the BAL, we were unable to assess nTreg function in

the comparison of asthmatic and healthy subjects. Also, with no reliable phenotypic or
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functional markers that make it possible to distinguish between natural and induced

Treg in the periphery [33], we may have enhanced nTreg frequency.

In summary, phenotypically different nTreg cells are quantitatively and functionally
different and are variably expressed in states of health and disease. Our results
highlight the need for nTreg phenotypes to be clearly defined in studies and for
interpretations to be made using consistent and specific phenotypes. Finally, we
demonstrate that the CD4*CD25"9"Foxp3* phenotype exhibited the greatest
suppressive capacity and is significantly less frequent in the peripheral blood of mild

asthmatic subjects.
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Table 1. Subject characteristics. Subjects were separated based on those used for
assessment of PB nTreg frequency (n=14) or function (n=8) in healthy controls (Phases
1 and 2), and those used for comparison of PB and BAL nTreg frequency between
asthmatics and healthy controls (Phase 3). Values expressed as mean = SEM.

Healthy Control Asthmatic
Subjects Subjects

Phases 1 and 2
Subjects, n 22 NA
Male 10 NA
Female 12 NA
Age, years 34.27 = 2.600 NA
FEV1, % predicted 96.12 + 2.060 NA
PCz0, mg/ml >32 NA
Phase 3
Subjects, n 12 17
Male 5 7
Female 7 10
Age, years 37.83 = 3.988 38.59 = 3.657
FEV1, % predicted 100.8 + 2.831 82.82 + 4.437*
PCaz, mg/ml >32 3.808 + 1.586*

* - p<0.05 compared to healthy control subjects

NA — not applicable
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Table 2. Within group comparisons of peripheral blood or BAL nTreg frequency.

Values expressed as mean = SEM.

nTreg1l nTreg2 nTreg3
Healthy Control Subjects
Peripheral blood frequency (%CD4) 4.43 +0.52 2.45 +0.36" 1.12 £ 0.14"
BAL frequency (%CD4) 5.12 + 0.78% 3.29 + 0.66 2.63 +0.53
Asthmatic Subjects
Peripheral blood frequency (%CD4) 2.71£0.34 2.21 +£0.38 0.45 +0.11*
BAL frequency (%CD4) 3.98 +1.57 2.77 £0.89 1.48 + 0.45*

* - p<0.05 versus nTreg1 and nTreg2
# - p<0.05 versus nTreg1
& - p<0.05 versus nTreg2 and nTreg3
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Fig 1. Flow cytometric dot plots, using a representative peripheral blood sample,
outlining the gating strategy for the three nTreg phenotypes. A. 1, Lymphocyte gate; 2,
CD3'CD4" gate; 3, CD4 vs CD25 isotype control; 4, nTreg1 gate; 5, nTreg2 gate; 6,
nTreg3 gate. B. Determination of Foxp3 expression in each nTreg phenotype — CD4 vs
Foxp3 isotype control (left panel) and CD4 vs Foxp3 (right panel).
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Fig 2. Differences in peripheral blood Treg frequency in healthy control subjects
comparing three different nTreg phenotypes (n=14). Values expressed as individual
data points with the bar denoting the mean percentage. * denotes p<0.05.
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Fig 3. Assessment of peripheral blood Treg function using a CFSE-based suppression
assay. A. Representative flow cytometric CFSE histograms — left panel, proliferation
profile of Tresp alone; right panel, proliferation profile of Tresp co-cultured with nTreg at
a ratio of 1:1. B. Comparison of suppressive capacity of three nTreg phenotypes at six
Tresp:nTreg ratios (n=8). Results are expressed as mean + SEM.

* denotes p<0.05.
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Fig 4. Comparison of nTreg frequency between asthmatic and healthy control subjects.
A. Differences in peripheral blood nTreg frequency from asthmatic (n=17) versus
healthy control subjects (n=12). B. Differences in BAL nTreg frequency from asthmatic
(n=5) versus healthy control subjects (n=11). Values expressed as individual data
points with the bar denoting mean percentage. * denotes p<0.05.
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