1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
J Autoimmun. 2008 June ; 30(4): 293-302. doi:10.1016/j.jaut.2007.12.012.

Combination of Rapamycin and IL-2 Increases De Novo
Induction of Human CD4+CD25*FOXP3+ T Cells

S. Alice Long? and Jane H. Buckner?

a Department of Translational Research, Benaroya Research Institute at Virginia Mason, 1201
Ninth Avenue, Seattle, WA, USA, 98101

Abstract

The immune system protects itself from autoreactivity by maintaining a balance between effector
and Treg responses. Peripheral induction of Treg is one mechanism by which this balance may be
maintained. Thus, it is important to understand factors that influence de novo generation of
CD4*CD25*FOXP3* Treg. Here, we focus on the effects of cytokines and the cell cycle inhibitor
rapamycin. The cytokines IL-2 and IL-7, but not IL-4, increased initial activation induced FOXP3
expression, increased proliferation and sustained expression of FOXP3* cells throughout the
culture. Addition of rapamycin to cultures containing IL-2 further increased the frequency and
absolute number of functional CD4*CD25*FOXP3* Treg. This increase was not due to selective
proliferation of FOXP3 cells, but was instead, the result of an increase in the frequency of
FOXP3* cells induced in GO through delayed activation while the addition of IL-2 promoted
survival and proliferation of the FOXP3* population. Thus, combination of rapamycin and IL-2
may provide improved treatment options in transplantation and autoimmunity by promoting
induction, survival, and expansion of functional iTreg from CD4*CD25™ cells.
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INTRODUCTION

It is well established that Treg play a key role in controlling the pathologic responses of
autoreactive T cells [1]. Several types of Treg have been described in humans including
thymically derived CD4*CD25"FOXP3* natural Treg (nTreg) [2] and peripherally derived
adaptive Treg. Adaptive Treg include IL-10 dependent Tr1 cells [3], TGFp dependent Th3
cells [4], and a CD4*CD25*FOXP3™ population which arises de novo in the periphery [5-
10]. In this paper we focus on the factors that enhance the peripheral generation of
CD4*CD25*FOXP3™* T cells by utilizing an in vitro system from which
CD4*CD25*FOXP3* cells can be induced from CD4+*CD25~FOXP3~ population (iTreg)
via anti-CD3/CD28 stimulation.
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IL-2, IL-4 and IL-7 are common gamma chain cytokines that alter both effector and nTreg
responses through various mechanisms [11]. IL-2 is required for both the function and
proliferation of CD4*CD25*FOXP3* nTg [12-14]. In comparison, IL-4 and IL-7 function
as survival factors for nTreg, but are not required for function [15, 16]. In humans, FOXP3
expression occurs upon activation of CD4* T cells [17-19] and addition of IL-2 in this
setting increases expression levels of FOXP3 [19]. This indicates that the common gamma
chain cytokines may influence expression of FOXP3 and that the induction, maintenance, or
function of iTreg may be effected by these cytokines.

One of the agents known to alter T cell activation is rapamycin. It functions by binding the
mammalian target of rapamycin (mTOR) FK506 binding protein complex leading to
inhibition of mMTOR protein kinase activity [20]. The effects of rapamycin are downstream
of P13 Kinase and Akt signaling allowing for efficient T cell receptor mediated activation
[21] but limiting transition from G1 to S phase. Importantly, rapamycin does not block
proliferation in all T cell subtypes. One of these sub-populations includes nTreg [22-25].
Thus, although rapamycin induces anergy in the majority of lymphocyte populations [26,
27], a subset of rapamycin-resistant T cells may respond to activation in a similar manner as
nTreg.

To better understand the factors that enhance the development of adaptive Treg in vivo, we
address the role of the common gamma chain cytokines and rapamycin in the induction of
FOXP3 in CD4*FOXP3~ T cells in vitro. We provide data suggesting that IL-2 and IL-7,
but not IL-4, augment early induction of FOXP3 by enhancing activation. Generation of
polyclonal iTreg is further enhanced when rapamycin is combined with IL-2. This occurs
through delayed activation mediated by rapamycin and IL-2 supported proliferation of the
resulting FOXP3™* population. These findings have implications regarding cell therapy and
treatment options for GVHD and autoimmunity.

MATERIALS and METHODS

Subjects

Samples for this study were obtained from participants in the Benaroya Research Institute
Immune Mediated Disease Registry. The study population was selected based on a lack of
personal or family history of diabetes, autoimmunity, or asthma. In total, 42 samples were
used for these studies. The number of samples used for each assay is indicated in figure
legends. The research protocols were approved by the Benaroya Research Institute IRB.

Antibodies and reagents

BD Pharmingen (San Jose, CA) antibodies used include FITC conjugated anti-BrdU, PE
conjugated CD25 and CD127, PerCP conjugated CD4, APC conjugated CD4 and CD25,
purified anti-CD3 (UCH11) and anti-CD28 (CD28.2), and neutralizing anti-IL-10, anti-IL-2,
anti-TGFB and matching isotype controls. Intracellular AlexaFlour® 647 conjugated anti-
FOXP3 (clone 259D) was purchased from Biolegend (San Diego, CA). CFSE was
purchased from Invitrogen (Carlsbad, CA). IL-2 was purchased from Chiron (Emeryville,
CA). IL-4 and IL-7 were purchased from BD Pharmingen (San Jose, CA). Rapamycin was
purchased from Alexis Biochemicals (San Diego, CA).

Isolation of cells

Human peripheral blood was obtained from normal healthy donors and PBMC were
prepared by centrifugation over Ficoll-Hypaque gradients. CD4™ T cells were purified by
depletion of cells expressing CD8, CD11b, CD16, CD19, CD36, and CD56 with the CD4*
No-touch T cell isolation kit (Miltenyi Biotec, Auburn, CA). CD25™ cells were isolated from
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total CD4* T cells by negative selection with Miltenyi CD25 microbeads. Accessory cells
were obtained by isolating the positive fraction of the CD4* No-touch magnetic sort.

Induction of CD25*FOXP3* T cells

CD4*CD25™ selected T cells were activated with 5 pg/ml plate-bound anti-CD3 and 1pg/ml
soluble anti-CD28 for 24 hours and then transferred to fresh plates. In selected experiments,
CD4*CD25™ T cells were stimulated with 5pg/ml soluble anti-CD3 bound to irradiated
(5000 rad) accessory cells. IL-4 (10ng/ml), IL-7 (10ng/ml), rapamycin (100nM) and/or 1L-2
(200 1U/ml) were added where indicated. Cultures were maintained for 10 days.

Suppression assays

Following a 9-10 day induction culture, cells were sorted based on expression of CD25 via
a FACS Vantage (Becton Dickinson, San Jose, CA). CD4*CD25M (2.5 x 103/well),
CD4*CD25~ (2.5 x 103/well) thawed autologous responder cells, or both (2.5 x 103 each/
well) were cultured with irradiated accessory cells (2.5 x 10“lwell)z 5 pg/ml soluble anti-
CD3 and 2.5 wg/ml soluble anti-CD28. The ability of CD4*CD25Mi cells to suppress
proliferation of autologous responder cells was determined by 3H thymidine incorporation.
For thymidine incorporation assays, 1 iCi 3H thymidine was added during the final 16 hrs
of a 6-7 day assay and proliferation was measured by a scintillation counter (Wallac,
Boston, MA).

BrdU Analysis

CD4*CD25 T cells were pulsed with 10.M BrdU (BD Biosciences, San Jose, CA) at
different timepoints following activation. Cell cycle progression was determined by staining
with anti-BrdU antibody as per the manufacturer’s instructions (BD Parmingen, San Jose,
CA). Briefly, cells were fixed and permeabilized using BD Cytofix/Cytoperm and BD
Cytoperm Plus buffers. Permeabilized cells were treated with DNase for 1 hr at 37°C prior
to staining with FITC anti-BrdU antibody. 7-AAD was added to each sample 5 minutes prior
to acquisition. Data was acquired on a FACS Caliber and analyzed using FlowJo (Tree Star,
Ashland, OR) and Winlist software (Verity, Topsham, ME).

Statistical Analysis
All statistical analyses were performed using a paired Student t test unless otherwise noted.

RESULTS

Activation induced expression of FOXP3 is augmented by IL-2 and IL-7, but not IL-4

To determine whether selected common gamma chain cytokines influence the expression of
FOXP3 upon stimulation in a population of CD4*FOXP3™ T cells, we activated
CD4*CD25™ T cells with anti-CD3 and anti-CD28 in the presence of media alone, 1L-2,
IL-7 or IL-4 as depicted in Figure 1A. FOXP3 expression was detected within 24 hours of
TCR mediated activation regardless of the media composition (p < 0.05). However no
difference was seen between cultures containing media alone or those where cytokine was
added at this early time point (Figure 1B). FOXP3 expression detected in the media, I1L-7
and IL-4 cultures was not due to activation induced secretion of IL-2, as addition of
blocking antibody for IL-2 did not significantly alter FOXP3 expression within the first 24
hours of culture (data not shown). However, by 48 hours, the cultures that contain IL-2 and
IL-7, but not I1L-4 demonstrate an increase in the frequency of FOXP3* T cells compared to
those with media alone (Figures 1C, D). The role of IL-2 is further demonstrated by the
decrease in FOXP3 at 48 hours in the media only culture where FOXP3 expression is
diminished when anti-IL-2 neutralizing antibodies are added (p < 0.05).
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To address whether IL-2 and IL-7 enhanced the expression of FOXP3 by increasing the
number of activated T cells we examined the expression of CD25 in these cultures. Two
days following activation two populations of CD25* T cells are present within the culture:
those that are FOXP3™~ and a subpopulation of CD25* cells which co-express CD25 and
FOXP3 (Figure 1D). Overall CD25 expression was increased in the presence of 1L-2 and
IL-7 in comparison to media alone or IL-4 (Figure 1E). Additionally, the expression of
CD127, the high affinity IL-7 receptor, was high on the initial CD4*CD25~ population and
was down-modulated on all CD25" T cells activated in vitro regardless of the media additive
(data not shown). These findings show a role for IL-2 and IL-7 in increasing the number of
T cells which become activated, but the relative frequency of CD25* cells that co-expressed
FOXP3 did not differ between groups at this early time-point (Figure 1F). Thus, expression
of FOXP3 is associated with the level of overall activation which is enhanced in the
presence of IL-2 and IL-7, but not I1L-4.

IL-2 promotes proliferation of CD4*CD25"FOXP3* T cells induced upon activation

IL-2 has been shown to be essential for nTreg proliferation [12, 13] suggesting the
possibility that IL-2 and IL-7 may also influence survival and proliferation of iTreg. To
address this possibility we utilized CFSE dye dilution to measure proliferation FOXP3™ cells
at day 4, 7 and 10 in the presence of IL-2. In both the media alone and IL-2 cultures,
FOXP3* T cells were present in the undivided and proliferating population, and appear to
proliferate in parallel with FOXP3™ T cells (Figure 2A). Addition of IL-2 increased the
frequency of FOXP3* cells detected at all time-points tested. Moreover, the number of
dividing cells was greater in the IL-2 culture. Thus, by day 10 of culture, addition of 1L-2
significantly increased the frequency of FOXP3* T cells in multiple samples (Figure 2B).
Addition of IL-7 instead of IL-2 showed similar results (data not shown). Taken together,
IL-2 increases the frequency of FOXP3* T cells either by enhancing proliferation and/or
survival of FOXP3* T cells induced upon activation.

Rapamycin plus IL-2 increases the absolute number of CD4*CD25*FOXP3* T cells induced
upon activation

As shown in Figure 1, TCR (CD3/CD28) stimulation results in the expression of FOXP3 in
a subset of CD4* T cells. Thus, it is possible that agents that alter T cell activation may also
influence induction of FOXP3. To address this hypothesis we used rapamycin, an agent
known to inhibit cell cycle progression in a portion of T cells [21]. The influence of
rapamycin on FOXP3 expression was examined both early and late in culture. We found that
within 24 hours following activation, cultures containing rapamycin had a significant
increase in the frequency of cells expressing FOXP3 (p < 0.01)(Figure 3A) and IL-2 did not
have an additive effect. Due to the impaired T cell proliferation known to be a consequence
of treatment with rapamycin, additional studies were performed in combination with IL-2.

To measure the influence of rapamycin plus IL-2 on induction and proliferation of FOXP3*
cells, we activated CD4*CD25™ T cells in the presence of IL-2 or the combination of
rapamycin plus IL-2. We found that a mixture of both CD25*FOXP3~and CD25"FOXP3* T
cells was detected in both cultures ten days following activation (Figure 3B). However, the
frequency of CD25* T cells that co-expressed FOXP3 differed depending on the media
additives. The highest frequency of CD25"FOXP3* cells was seen in the rapamycin plus
IL-2 culture. This pattern was consistently observed with multiple samples where the
combination of rapamycin plus IL-2 induced a significantly greater frequency of iTreg (p <
0.05) as compared to IL-2 alone (Figure 3C). Additionally, the combination of rapamycin
and IL-2 induced the greatest absolute number of iTreg as compared to IL-2 alone by day 10
of culture (p = 0.001) (Figure 3D). Taken together, combination of rapamycin and IL-2
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induced an increased percentage and number of CD4*CD25*FOXP3* T cells from
CD25"FOXP3™ cells in comparison to IL-2 alone.

Rapamycin plus IL-2 does not alter the function of CD4*CD25"FOXP3* iTreg

FOXP3 has been reported to be both an activation marker and a transcription factor
associated with regulatory cells [17-19, 30]. Thus, it was important to determine whether
the FOXP3 populations induced in these culture systems were functional. To measure the
regulatory potential of cells cultured in the presence of IL-2 or rapamycin plus IL-2, CD25M
T cells (Figure 4A) were sorted ten days following activation and co-cultured with
autologous CD4*CD25~ responder cells in a suppression assay. CD25" sorted cells
expressed FOXP3 and were CD127'°, a surface marker associated with functional nTreg
[28, 29]. These responses were compared to induction in the presence of media alone.
Regardless of the culture condition, sorted CD25M T cells inhibited proliferation of
autologous responder cells in a dose dependent manner (Figure 4B). This is true not only for
IL-2 and rapamycin cultures, but also 1L-4 and IL-7 cultures (data not shown). For each
culture, suppression was contact dependent and TGFp and IL-10 independent and sorted
CD25 T cells failed to suppress responses (data not shown). Although potency appears to
be weaker for the iTreg isolated from media or IL-2 than the rapamycin plus IL-2 iTreg,
these differences in the potency of suppression correlated with the frequency of FOXP3
expressing cells within the CD25M sorted population, as shown in parentheses in the legend
of Figure 4B and in Figure 4C. Thus, the frequency of FOXP3™ cells directly correlates with
regulatory function and these CD25MFOXP3* regulatory cells can be induced in the
presence of either IL-2 or rapamycin plus IL-2.

Cytokines including IL-10 and TGFp have been shown to influence the induction of
regulatory populations [3, 4, 31]. To determine whether culture with rapamycin alters the
cytokine microenvironment, we assayed supernatants during culture. Culture with
rapamycin plus IL-2 did not alter the cytokine phenotype or promote secretion of TGFf in
our culture system (data not shown).

Rapamycin plus IL-2 treatment does not selectively inhibit proliferation of all
CD25*FOXP3~ T cells

Others have shown that rapamycin preferentially promotes expansion of nTreg from total
CD4* T cells [22, 24]. One model to explain how the combination of Rapamycin plus IL-2
enhances induction and proliferation of iTreg, is that there is selective proliferation of cells
that have up-regulated FOXP3 upon activation with a parallel inhibition of proliferation in
the FOXP3~ subset. To directly test this hypothesis, we compared BrdU incorporation of the
FOXP3~ and FOXP3* subpopulations in IL-2 and rapamycin plus IL-2 cultures 3 days
following activation. FOXP3 expression was detected in all phases of cell cycle and both
FOXP3~ and FOXP3* T cells incorporated BrdU (Figure 5). The increased percentage of
FOXP3* T cells in S phase most likely reflects the observation that FOXP3 is expressed in
activated CD25" T cells while FOXP3~ T cells comprise both activated CD25*FOXP3~ T
cells and cells that have not upregulated CD25. Thus, FOXP3 is induced upon activation and
is expressed in activated and proliferating cells. Rapamycin does not inhibit proliferation of
all FOXP3~ T cells, but instead, influences the frequency of FOXP3* T cells induced upon
activation.

Rapamycin plus IL-2 prolongs activation thereby increasing the frequency of proliferating
FOXP3* T cells

A second model to explain how treatment of CD4*CD25™ T cells with rapamycin plus I1L-2
results in an increased absolute number of FOXP3* T cells is that rapamycin plus IL-2 may
alter activation in a manner that increases induction of FOXP3* cells capable of proliferating
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in response to IL-2. To address this hypothesis, we activated CFSE labeled cells and co-
stained with CD25 and FOXP3 (Figure 6). All dividing cells expressed CD25 (data not
shown). By day 3, FOXP3 was induced in the undivided population in both cultures,
however, cell division was only observed in the IL-2 culture. Of note, a higher frequency of
FOXP3 expressing cells was observed in the undivided population of the rapamycin plus
IL-2 culture. Five days following activation, the IL-2 culture displayed greater proliferation
than the rapamycin plus IL-2 culture and most FOXP3* T cells had divided. In comparison,
the rapamycin plus IL-2 culture contained a higher percentage of FOXP3* T cells that
remained in the undivided population and this increased percentage of FOXP3* cells was
maintained through-out each cell division. Taken together, proliferation of both the
CD4*FOXP3~ and FOXP3* populations is reduced in the presence of rapamycin plus IL-2
as compared to culture with IL-2 only, yet, the absolute number of FOXP3* CD4 T cells is
increased, demonstrating that the relative increase in FOXP3* T cells in the presence of I1L-2
and rapamycin is not solely due to inhibition of expansion of FOXP3™ T cells, but instead, is
in part due to the augmentation of FOXP3 expression as depicted in a Figure 7.

DISCUSSION

IL-2, IL-4, IL-7 and IL-15 have been shown to preserve optimal regulatory potency of nTreg
[11]. In addition, nTreg display an increased growth potential in the presence of rapamycin
plus IL-2, resulting in a selective expansion of FOXP3* nTreg [23, 24]. However, factors
that influence FOXP3 induction are not well understood. CD4*CD25"FOXP3* can be
induced in vitro and in the periphery in vivo [7-10;32]. We and others have shown that
FOXP3 expression can be induced upon TCR mediated activation of human CD4*CD25~ T
cells [7, 17-19]. In this paper, we address the role of the common gamma chain cytokines
IL-2, IL-7 and IL-4 and the cell cycle inhibitor rapamycin on the induction and persistence
of FOXP3 in CD4*CD25™ T cells upon activation.

We demonstrate here that IL-2 and IL-7, but not IL-4, influence the induction of FOXP3
following activation, both at 48 hours and after 10 days in culture. IL-2 and IL-7 increased
the frequency of activated CD25" T cells at an early time point in these cultures, this
increase in CD25* T cells correlates with an increase in the frequency of FOXP3* cells,
suggesting that IL-2 and IL-7 alone do not induce FOXP3, but act in a co-stimulatory
capacity to enhance the number T cells which achieve full activation. Further exposure to
these cytokines promoted proliferation of the CD25*FOXP3* T cells in parallel with
CD25"FOXP3~ T cells, indicating they play a role in providing survival signals to the newly
induced Treg as well as the FOXP3- T cells. These finding implicate the common gamma
chain cytokines in the regulation of both nTreg, and adaptive Treg.

Rapamycin alters activation of T cells [21, 27], resulting in anergy mediated through
blockade of mTOR [33], which has been shown to favor the proliferation of nTreg [23]. We
find that treatment of CD4*CD25™ T cells with rapamycin increases the frequency of CD25*
T cells expressing FOXP3 within 24 hours, and that activation of CD4*CD25~ T cells in the
presence of both rapamycin and I1L-2 increased the frequency and absolute number of iTreg
at the end of a 10 day culture. We tested two hypotheses proposed to explain how activation
of CD4*7CD25™ T cells in the presence of rapamycin plus IL-2 resulted in an increased
absolute number of FOXP3* T cells. First we addressed the possibility that rapamycin
exposure resulted in preferential expansion of the FOXP3* population. By following
proliferation over time with CSFE we were able to establish that although the initial kinetics
of proliferation were delayed in cultures containing rapamycin. Both the CD25*FOXP3~
and CD25*FOXP3* T cells experienced this delay in proliferation and proliferated in
parallel indicating that rapamycin resistant cells are not exclusively FOXP3* T cells.
However, rapamycin resistant cells were enriched in cells expressing FOXP3. To address
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the second model, that rapamycin preferentially induces FOXP3 we examined the early
activation events in these cultures. By utilizing CSFE and BrdU we demonstrate that the
enrichment for FOXP3 occurs early, prior to cell division and even in the cell population
that remains in GO. These findings suggest that the altered activation profile that results from
exposure to rapamycin enhances induction of FOXP3 - a finding supported by the
observation that FOXP3 message is increased in CD4*CD25~ T cells activated in the
presence of rapamycin [34].

In mice, treatment with rapamycin promotes de novo induction of FOXP3* allo-antigen
specific T cells that protect from GVHD [10]. Moreover, nTreg survival and proliferation is
preserved /n vitro in the presence of rapamycin and IL-2 [22—24]. Both thymic and
peripheral Treg may control harmful autoimmune responses /77 vivo in humans. In fact,
induction of FOXP3* T cells has been observed /7 vivoin human memory T cell
populations proliferating in response to antigen [32, 35]. Combined treatment with
rapamycin plus IL-2 may increase induction of FOXP3* iTreg from CD25"FOXP3™ T cells,
the most abundant CD4* T cell population in human peripheral blood.

Control of auto-aggressive immune responses in the periphery is essential to prevent
autoimmune manifestations [36]. In many autoimmune diseases, Treg play a key role in
controlling these deleterious responses as demonstrated in both mouse models and human
immune deficiencies where loss of molecules essential for Treg survival and function lead to
pathology [14, 37, 38]. In mouse models, autoimmunity can be both prevented and treated
by adoptive transfer of competent Treg. Thus, therapies designed to rescue or enhance Treg
function and number may be efficacious in humans. Alone, rapamycin functions as an
immunosuppressant [21] and IL-2 supports proliferation of Treg [39]. Based on data shown
here and generated by others, we suggest that combination of rapamycin plus IL-2 may be
used /n vitroto generate therapeutic numbers of iTreg for cellular therapy or be used in
combination /n vivoto induce and/or enhance peripheral tolerance.
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Figure 1. Induction of FOXP3 is associated with the level of early activation which is augmented
by addition of IL-2 and IL-7

Negatively selected CD47CD25™ T cells were activated with irradiated APC and soluble
anti-CD3 and anti-CD28 in the presence of media, 200 IU/ml IL-2, 10ng/ml IL-4 or 10ng/ml
IL-7. The selected population and experimental design are depicted in (A) with staining
controls. (B) FOXP3 expression was assessed using intracellular flow cytometry 24 hours
following activation (n = 7 independent samples). All groups differed significantly from no
stim (p < 0.01) while activated cultures did not differ (p > 0.05). (C) Saturating (5.g/ml)
doses of neutralizing anti-1L-2 or control 1gG were added to media, IL-7 and IL-4 cultures
and FOXP3 expression was assessed at 48 hours. * denotes a significant difference from
media alone (p < 0.05). (D) CD25 and FOXP3 co-expression were assessed 48 hours
following activation in the presence of media, IL-2, IL-7 and IL-4. One representative
sample of five is shown. (E) The percentage of CD4* T cells expressing CD25 and (F) the
percentage of CD25 cells expressing FOXP3 were analyzed for 5 samples. # denotes a
significant difference from media alone (p < 0.05) as measured by an unpaired student’s t-
test.
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Figure 2. IL-2 promotes proliferation and survival of FOXP3* T cells

CD4*CD25 T cells were stained with CFSE and activated with irradiated APC and soluble
anti-CD3 and anti-CD28 in the presence of media or 200 1U/ml IL-2. IL-2 was added on
days 0, 3, and 6 (A). The frequency of CD25*FOXP3* T cells was calculated 10 days
following activation with irradiated APC and soluble anti-CD3 (n = 10) (B).
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Figure 3. Rapamycin plus IL-2 treatment promotes an increased absolute number of
CD25"FOXP3* T cells at the end of culture

CD4*CD25™ T cells were activated with plate bound anti-CD3 and soluble anti-CD28 in the
presence of media alone, 200 IU/ml IL-2, 100nM rapamycin, or the combination of
rapamcyin plus IL-2 added on day 0 of culture. (A) Twenty four hours following activation,
the percentage of cells expressing FOXP3 was assessed using flow cytometry.* denotes a
significant difference from media and IL-2 alone (p < 0.05). Ten days following activation,
cultures were analyzed by flow cytometry. One representative experiment of three is shown
in (B) and an average of 9-10 samples is shown in (C). # denotes a significant difference (p
< 0.05) from IL-2 alone. The absolute number of CD25*FOXP3* T cells was calculated
using trypan blue live cell counts and flow cytometry for seven independent samples (D).
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Figure 4. Rapamycin plus IL-2 treatment results in enhanced regulatory function of the CD25*
population due to an increased number of FOXP3™ cells

CD4*CD25™ T cells were activated in the presence of IL-2 or the combination of rapamycin
plus IL-2. Following 10 days in culture, CD25M T cells were sorted and placed in a
suppression assay as described in Materials and Methods. Prior to sorting, an aliquot of cells
were co-stained with CD127 and FOXP3 (A). The percentage of sorted CD25M T cells that
express FOXP3 is shown in parentheses in the legend (B). One representative experiment of
3 is shown. (C) The percentage of CD25" T cells expressing FOXP3 on day 10 was
compared to % inhibition at a 2:1 Responder:CD25" ratio using linear regression analysis.
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Figure 5. Rapamycin plus IL-2 treatment does not selectively inhibit proliferation of all
CD25*FOXP3™ T cells

CD4*CD25™ T cells were activated with plate bound anti-CD3 and soluble anti-CD28 in the
presence of 200 1U/ml IL-2 or the combination of rapamcyin plus IL-2 added on day 0 of
culture. Three days following activation, cultures were pulsed with BrdU and cell cycle
analysis was performed as described in Materials and Methods. Cells that are 7-AAD!° and
BrdU™ are in GO/G1. BrdU* cells are in S phase and BrdU~7-AADM cells are in M phase.
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Figure 6. Rapamycin plus IL-2 treatment increases the frequency of FOXP3* T cells induced
upon activation

CD4*CD25™ T cells were stained with CFSE and activated with plate bound anti-CD3 and
soluble anti-CD28 in the presence of IL-2 or rapamycin plus IL-2. (A) Cultures were
analyzed on days 3 and 5 for CFSE dye dilution, CD25 and FOXP3 expression. One
representative sample of 5 is shown. The frequency of FOXP3* cells in each cell division is
shown below the day 5 analysis.
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Figure 7. Schematic of proposed mechanism for enhanced generation of iTreg in the presence of
rapamycin plus IL-2

Rapamycin plus IL-2 does not cause (A) preferential proliferation of cells that express
FOXP3 upon activation, but instead, causes (B) increased induction of FOXP3 by altered
activation followed by proliferation.
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