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ABSTRACT

Low-dose IL-2 administration can control autoimmunity by specifically activating
CD4+FoxP3+ regulatory T cells (Tregs). Here, we studied IL-2-based immunotherapy
in experimental graft-versus-host disease (GVHD). IL-2 administration to donor mice
induced a dose-dependent expansion of Tregs in the graft but was insufficient to
control GVHD. IL-2 administration to allogeneic-grafted recipient mice activated T-
conventional cells (Tcons) and did not prevent GVHD. This loss of IL-2 selectivity
towards Tregs was explained by an IL-2-induced increase in the IL-2 receptor o-
chain expression on Tcons. Finally, in xeno-GVHD generated by human PBMCs
transplanted into immunodeficient mice, low-dose IL-2 increased Treg frequencies
but did neither control pro-inflammatory cytokine production by pathogenic Tcons,
nor prevented GVHD. Furthermore, combination of low-dose IL-2 with rapamycin was
ineffective in this model. Our results indicate that limitations on the use of IL-2 during
acute GVHD are likely due to the massive activation of the allogeneic T cells unique

to this setting.
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1.1 INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (allo-HCT) is the treatment of
choice for many hematological malignancies and primary immunodeficiencies. The
efficacy of such therapy is compromised by the presence of allogeneic donor mature
T cells within the graft, which are responsible for a life threatening complication: graft-
versus-host disease (GVHD) [1]. It is now assumed that thymus-derived regulatory T
cells (Treg) could modulate allogeneic immune responses as demonstrated in
different experimental models (for recent review see [2]). Initially, we and others have
demonstrated that adding high numbers of regulatory T cells (Tregs) to the graft
could prevent GVHD [3-5]. In particular, Tregs that were rendered specific for
recipient allo-antigens [6, 7] or exogenous nominal Ag through ex-vivo activation [8]
prevented GVHD while retaining the ability of donor T cells to mediate graft-versus-
tumor effects and promote immune reconstitution. However, despite the fact that the
preparation of clinical grade Treg was strongly improved in the recent years, this
remains a complex process, particularly for the generation of antigen specific Treg [9,
10]. Consequently, in vivo direct stimulation of Treg compartment could be a more
accessible alternative for decreasing GVHD incidence.

Interleukin-2 (IL-2) was initially described for its capacity to stimulate T-cell
proliferation in vitro [11, 12]. Consequently, IL-2 at high doses has been used
clinically to stimulate anti-tumor or anti-viral immune responses in patients with
metastatic melanoma, metastatic renal carcinoma and HIV, respectively [13-17].
Although these results have demonstrated a pleiotropic effect of IL-2 on immune
cells, recent advances have shown that the principal non-redundant role of IL-2 is the

maintenance of Treg homeostasis [18]. Indeed, mice lacking functional IL-2 or IL-2



receptors develop severe autoimmunity in association with abnormal homeostasis of
Tregs [19, 20] establishing that IL-2 is essential for Treg development, proliferation
and peripheral survival [21, 22]. In this line, we recently demonstrated that treatment
of young non-obese diabetic (NOD) mice with low-dose IL-2 prevents [23] and
reverts [24] type 1 diabetes (T1D) development. In this setting, IL-2 can revert
established autoimmunity by acting with exquisite selectivity, expanding and
activating Tregs only in the inflamed pancreas while leaving pathogenic conventional
T cells (Tcons) unaffected.

IL-2-based treatment was also envisaged for GVHD prophylaxis. During the 90’s,
pioneer work by the group of David Sachs [25-27] showed that 3 days of IL-2
administration could control experimental GVHD development. In contrast, Shin et al
reported the lack of therapeutic effect of IL-2 on experimental GVHD [28]. In this last
study, GVHD prophylaxis was only observed when IL-2 treatment was combined to
rapamycin administration. It is thus to date difficult to conclude on the possibility to
prevent GVHD by the sole IL-2 administration in experimental GVHD. In humans, a
recent clinical trial aimed at evaluating the effect of ultra low dose (ULD) IL-2 for
GVHD prophylaxis after allo-HCT. When IL-2 treatment was combined with a
standard immunosuppressive regimen, an increased proportion of Treg was
observed in approximately half of patients [29]. Additionally, Ito et al. [30] recently
tested the possibility to increase the Treg content in twenty-one healthy volunteer
donors by administrating ultra low dose (ULD) IL-2 treatment for 5 days. They
observed that ULD IL-2 induced a significant increase in the frequency and the
suppressive function of Treg that was maintained until day 7. However, by showing
that healthy donor could also be treated by IL-2 with minimal adverse events, the

authors clearly pave the way for new clinical application for IL-2 therapy to prevent



GVHD after HSCT. To directly address this issue, we tested for the first time the
possibility to impact experimental GVHD by administrating low-dose IL-2 in donor
mice over 5 days (as performed in the Ito’s study) in order to selectively induce Treg
expansion/activation. We also compared this approach with a second prophylactic
strategy consisting in the direct administration of IL-2 to grafted mice in a model of
acute allogeneic GVHD and in a model of xenogeneic (xeno-) GVHD consisting in

the administration of human PBMCs to immunodeficient mice.



1.2 RESULTS

1.2.1 Low-dose IL-2-treatment of donor mice specifically increases Treg
proportions

We reasoned that administration of low-dose IL-2 to immunocompetent donor mice
could expand Tregs in the graft as recently showed by Ito et al. [30] in humans, and
consequently prevent GVHD. Thus, we first studied the capacity of different doses of
IL-2 administered over 5 days to selectively induce Treg expansion/activation in
donor B6 mice (Figure 1a). Indeed, in this context of "healthy" donors
(immunocompetent, unmanipulated mice), IL-2 treatment induced a dose-dependent
increase in the proportion of Tregs in peripheral lymph nodes (Figure 1b-c). These
expanded Tregs showed an activated phenotype, as attested by their IL-2-induced
increased expression of CD25 and Foxp3 levels (Figure 1b-c). The distribution, of
naive and memory Tregs, Tconv and CD8+ T cells, as defined by the expression of

CD44 and CD62L, was not significantly modified by the treatment (Figure 1d).

1.2.2 Low-dose IL-2-treatment of donor mice does not prevent GVHD

We then evaluated the capacity of T cells collected from IL-2-treated donor mice to
induce GVHD (Figure 2a). We observed that independently of the IL-2 pre-treatment,
the transferred T cells induced similar GVHD, as attested by the similar pattern of
body weight loss (Figure 2b). Survival of the grafted mice was not ameliorated when
grafts were obtained from IL-2 treated donors, and even tended to accelerate GVHD-
linked mortality at the highest dose (Figure 2c). These results show that despite an
IL-2-induced Treg enrichment in the graft, GVHD incidence in the recipient mice was

not affected.



1.2.3 IL-2 administration to grafted mice does not affect GVHD incidence

We previously demonstrated that Treg administration could reduce the activation and
expansion of donor T cells in experimental allogeneic BM transplantation [3, 6]. We
therefore investigated whether IL-2 administration to recipient mice, by boosting
Tregs, could reduce acute GVHD. We used a parent into F1 strain combination,
which mimics the uncommon and very aggressive clinical scenario of haplo-
mismatch SCT because: (i) this combination enables evaluation of the sole donor
versus host immune response since in fully allogeneic HSCT, the anti-donor immune
response mediated by residual recipient immune cells could attenuate GVHD. (ii) Our
aim was also to evaluate the impact of the inflammatory setting on the IL-2 effect.
This model is the sole to allow GVHD in irradiated and non-irradiated recipient mice
without modifying the genetic combination between donor and recipient mice. For this,
recipient B6D2F1 mice were lethally irradiated and grafted with B6 bone marrow cells
along with B6 CD3+ T cells and treated daily with different IL-2 doses for 10 days
(Figure 3a). We did not observe any protective effects against GVHD at any of the
tested doses, nor were there any effects on survival or the body weight profile of
grafted mice (Figure 3b-c). Moreover, high IL-2 doses significantly accelerated death
of the grafted mice compared to untreated mice (p <0.05).

To rule out a direct toxic effect of IL-2, recipient mice were grafted only with BM cells
and were treated with IL-2. In this setting, IL-2 was not lethally toxic but induced a
mild delay in body weight gain only at the highest dose (Supplemental Figure 1),
which could contribute to GVHD-related morbidity in semi-allogeneic BMT.

Finally, we evaluated the therapeutic capacity of delayed IL-2 administration. For this,
we tested a curative IL-2 schedule beginning at day 10 or 15 after grafting, or

alternatively, at detection of the first clinical signs of GVHD. As showed in



Supplementary Figure 2, neither of these therapeutic approaches could control

GVHD course.

1.2.4 IL-2 administration to grafted mice does not affect T cell reconstitution
Kinetics

To follow the effect of IL-2 administration on the fate of donor T cells [31], we induced
GVHD by infusing B6Luc+ LN T cells in lethally irradiated B6D2F1 recipient mice,
treated or not with IL-2. As shown in Figure 4a, the same kinetics of donor T cell
expansion measured by bioluminescence detection was observed independent of IL-
2 treatment. Similarly, by flow cytometry analysis no significant differences were
observed between PBS or IL-2-treated mice, neither in the frequency nor in the
absolute number of Tregs or Tcons (Figure 4b-d), confirming that IL-2 treatment did

not affect the kinetics of early T cell reconstitution.

1.2.5 During acute GVHD, IL-2 looses it selectivity for Tregs

We studied the effect of IL-2 treatment on the T cell activation status. As shown in
Figure 5, IL-2 administration preferentially activated CD8+ T cells as attested by the
IL-2-dose-dependent increase in the proportion of effector/memory CD8+ T cells
(CD44high, CD62L-) at expenses of the naive CD8+ T cells (CD44low, CD62L+)
(Figure 5a-b). Also, at the higher IL-2 dose, an increase in the MFI of ICOS and
GITR among the CD8+ Tcon population was observed (Figure 5c-d). For the CD4+
Tcons, high-dose IL-2 administration only induced a significant increase in the MFI of
GITR (Figure 5d).

In experimental allogeneic BMT, we previously observed that donor T cells rapidly

divide and transiently acquire CD25 expression after transfer into recipient mice [32].



Of note, this transient expression of the high affinity IL-2 receptor likely endows the
activated T cells with the ability to respond to reduced doses of IL-2 [33-35]. We thus
evaluated the kinetics of CD25 expression on the different donor T cell sub-
populations after in vivo IL-2 administration (Figure 6). In untreated grafted mice,
donor CD4+ and CD8+ T cells showed a pick of CD25 expression by 3 days post-
graft, which diminished by day 6. Notably, in the presence of exogenous IL-2, The
percentage of both CD4+ and CD8+ CD25+ allogeneic Tcons increased in a dose-
dependent manner (Figure 6a-b), and maintained very high expression levels of
CD25 throughout the treatment (Figure 6a and c). Importantly, in IL-2 treated mice,
increased expression of CD25 represented not only a biomarker of response to IL-2,
but also a biomarker of cell activation (Supplemental Figure 3). Indeed, the CD25+
fraction of CD4+ and CD8+ Tcons obtained from IL-2 treated mice was significantly
enriched in effector memory cells (CD44high, CD62L-) and showed increased
expression of ICOS and GITR, compared to the CD25- fraction (Supplemental
Figure 3a-b). Collectively, these results demonstrate that IL-2 treatment of recipient
mice increased and sustained CD25 expression on allogeneic Tcons, endowing them
with the capacity to respond to reduced amounts of IL-2, and thus explaining the lost
of low-dose IL-2 administration specificity for Tregs.

In the autoimmune setting, low-dose IL-2 administration halts the pathogenic immune
response through targeted boosting of Tregs in inflamed tissue [23, 24]. However, it
could be argued that in allo-HCT, the lymphopenia associated with a cytokine storm
due to conditioning [1] could be responsible for the absence of therapeutic effect of
IL-2 during GVHD. To address this question, we turned to a mouse model of acute
GVHD that allowed for controlling lymphopenia and the cytokine storm. We used a

non-irradiated mouse model of GVHD [36] (Supplementary Figure 4). In this setting,



the infusion of large numbers of parental T cells in F1 recipients resulted in 64%
mortality at day 65 after transplantation and IL-2 administration did not significantly
modify the course of GVHD (Supplementary Figure 4). Overall, these data suggest
that neither inflammation induced by the radiation of the recipient, nor this
conditioning-associated lymphopenia are responsible for the lack of protective effect

of IL-2 during acute GVHD.

1.2.6 Low-dose IL-2 expands human Tregs in PBMC administered in
immunodeficient mice

Low-dose IL-2 administration was recently described to reproducibly increase human
Treg proportions in different immune-related pathologies, such as hepatitis C virus-
induced vasculitis[37], autoimmune diabetes[38] and the allogeneic setting of
patients suffering from chronic GVHD[39] or for GVHD prophylaxis in children[40].
We first wanted to test whether IL-2 administration could also increase Treg
proportion in our experimental model of xenogeneic (xeno-) GVHD consisting in the
administration of human PBMCs to immunodeficient mice. Thus, we administered
25,000 and 250,000 IU IL-2 (low- and high-IL-2 doses) and measured whether a
similar effect on human Tregs was observed with PBMCs cells adoptively transferred
into immunodeficient mice. At day 5, both IL-2 doses significantly increased Treg
frequencies and proliferation (Figure 7a). At day 10, Treg proportions were increased
in all conditions compared to day 5, but only low doses of IL-2 significantly increased
Treg proportions compared with untreated mice (P=0.04).

Next, we studied the specificity of IL-2 for Tregs as compared to the effect on Tconvs.
Low-dose IL-2 treatment did not measurably affect CD4 or CD8 Tconv activation and

proliferation as estimated by CD25 and Ki67 expression (Figure 7b). In marked



contrast, although high-dose IL-2 administration increased Treg proportions, it also
amplified the percentage of CD25 expressing CD4 Tconvs at day 10, as well as the
percentage of Ki67 expressing CD4 and CD8 Tconvs at days 5 and 10. Thus, low
dose IL-2 selectively expands Treg in vivo after adoptive transfer of PBMCs in

immunodeficient mice.

1.2.7 Treg expansion by low-dose IL-2 does not inhibit in vivo Tconv activation
and differentiation during xeno-GVHD

We next aimed to evaluate in vivo the biological effects of Treg expansion on human
Tconv activation and differentiation in the context of GVHD. For this, we examined
TNF[] and IFN[] production by Tconvs in the spleen and liver (a target organ of
xeno-GVHD), as both cytokines represent pro-inflammatory mediators of acute
GVHD[41, 42]. While low-dose IL-2 administration did not modify Tconv cytokine
production compared to untreated mice, high-dose IL-2 dramatically increased the
percentage of TNF[ ] ] and INF[I producing CD4 and CD8 Tconvs (Figure 7c).
Overall, using human cells, we observed for the first time that high-doses of IL-2
increased pathogenic Tconv activation, proliferation and cytokine production,
whereas low-dose IL-2 increased only Tregs proportions, which nevertheless were
insufficient to control the production of inflammatory cytokines by the activated

Tconvs.

1.2.8 Low-dose IL-2 alone or combined to rapamycin does not prevent xeno-
GVHD
We then tested the clinical impact of Treg expansion on GVHD following several

therapeutic schemes described in Figure 8a. As previously shown[43, 44], adoptive



transfer of human PBMCs induced lethal xeno-GVHD (median survival time, MST =
42.5 days). Administration of low-doses of IL-2 did not significantly modify the
disease course (MST = 37.5 days; P = 0.0626 versus PBS-treated mice). Addition of

rapamycin to low-dose IL-2 therapy did not ameliorate GVHD (Figure 8b).



1.3 DISCUSSION

The few published studies of IL-2 administration during BMT are controversial. In
this work, we observed that a wide range of low-dose IL-2 injections administered to
grafted mice were inefficient for controlling GVHD. More precisely, 25,000 U IL-2,
which was the "low-dose IL-2" used to cure T1D [24], and even lower doses (2,500,
n=5; 10,000, not shown) did not induce any therapeutic effect in the GVHD setting,
and higher IL-2 doses (100,000 and 250,000 IU) significantly accelerated GVHD-
related mortality. Like us, Shin et al reported the lack therapeutic effect of IL-2 alone
administration in a different genetic combination [28]. In contrast, during the 90’s,
pioneer work by the group of David Sachs [25-27] showed that 3 days of IL-2
administration could control GVHD development. In their studies, they used a fully
allogeneic GVHD model in which spleen cells were used as the source of allogeneic
T cells. Moreover, their IL-2 had a different origin (Cetus corporation) than ours
(Proleukin, Chiron), and the used doses were 2 doses/day over 5 days of either
10,000 or 50,000 Cetus units, corresponding to 60,000 or 300,000 IU. To understand
the origin of the different therapeutic outcome, we also tested their experimental
conditions in our model. However, the graft of spleen cells instead of lymph node
cells on IL-2 treated mice did not improve GVHD incidence nor did the reduction of
the treatment from 10 to 3 days (data not shown). These differences suggest the key
factor underlying IL-2 therapeutic outcome is likely the type of GVHD (fully allogeneic,
semi allogeneic, syngeneic) [25-28].

Indeed, contrary to T1D, which is an organ-specific slowly progressive chronic
inflammatory disease; acute GVHD is a highly inflammatory systemic disease
implying about 10% of the donor T cell repertoire [45]. This unique scenario, in which

IL-2 administration increases and prolongs CD25 expression on these numerous



activated allogeneic T cells, likely explains the opposite outcome of low-dose IL-2
administration in GVHD compared to T1D. Indeed, functional CD25 expression
endows Tcons with the capacity to compete with Tregs for low-doses of IL-2, and the
selective IL-2 action on Tregs is lost. Moreover, this scenario seems valid beyond the
lymphopenia associated to the conditioning of the host, as suggested by the absence
of protection from GVHD in IL-2-treated non-irradiated recipient mice. Notably, CD25
expression level is a sensitive biomarker of IL-2 effects in vivo, and follow-up of
CD25 expression on Tcons upon IL-2 administration may contribute to appropriately
assess the side effect of Tcon activation when implementing low-dose IL-2-based
therapies.

An alternative approach is illustrated by the very recent work by Ito S. at al [30] in
which ultra-low dose IL-2 administration to immunocompetent healthy volunteers
induced the expansion of Tregs and prompted the authors to propose said strategy
for SCT donors to prevent GVHD. Here, we tested this hypothesis for the first time in
mouse GVHD, and observed that although grafts obtained from IL-2 treated donors
were increased in Tregs, GVHD incidence was not modified compared to mice that
received unmanipulated grafts. Absence of efficacy can be explained by our previous
published observations showing that acute GVHD can only be controlled by the
infusion of Tregs and Tcons at a 1:1 ratio [3]. Here, we observed that IL-2
administration to donor mice could not increase Tregs more than 1,3 folds. Similarly,
ultra-low dose IL-2 administration to healthy volunteers [30] induced an
approximately 2-fold expansion of Tregs without activating Tcons. These IL-2
performances are still very far away from the theoretically desired more than 20-fold

increase needed to approach a 1:1 Treg:Tcon ratio.



Unlike previous experimental models [27, 28], the xeno-GVHD model used in this
report uses for the first time of human cells thus reflecting probably more accurately
IL-2 clinical effect on human cells and the disease process. Consequently, the results
reported here are highly relevant and striking as they show that despite an increase
in Tregs cells (mean 3.6% +/- 0.57 at day O versus 5.60% +/- 1.51 at day 5), which is
comparable to what is observed in humans following administration of low doses of
IL-2 in healthy donors (3.53% +/- 1.17 at day O versus 5.68% +/- 1.56 at day 4, [46])
or in allogeneic stem cell transplant recipients (4.8% at day 0 versus 11.1% after one
month of IL-2 treatment; [40]), no clinical impact was observed on GVHD. Thus, the
model seems to well reflect well the Treg increases that can be expected with this
therapy, which makes the ultimate finding of lack of clinical response of high clinical—-
translational value. Of note, during xeno-GVHD, expanded Tregs were unable to
control the production of inflammatory cytokines by the activated Tconvs, arguing
again for a lack of efficacy associated to an insufficient increase of the Treg/Teff ratio
(from 0.5:10 to 2:10 ratio, far from the theoretically optimal 1:1 ratio) (ref 1), as
discussed above, and in accordance with our previous observations showing that
Treg content is not a reliable predictive factor of GVHD [47].

The lack of therapeutic efficacy of low-dose IL-2 in the inflammatory context of acute
GVHD does not invalidate the potential use of low-dose IL-2 as an
iImmunosuppressive agent. On the contrary, two recent clinical trials - one in chronic
GVHD refractory to glucocorticoid therapy [39] and another in a prophylactic regimen
in pediatric patients [29] have provided the proof of concept that low doses of IL-2
can induce Treg expansion in vivo and that may provide therapeutic benefits.
However, in these trials, IL-2 was concomitantly administered with

conditioning/prophylaxis regimens, which included immunosuppressive drugs, such



as rapamycin or glucocorticoids, making it difficult to weight IL-2 alone contribution to
therapeutic outcome. Indeed, a recent publication by Negrin’s group, showed that
efficacy of IL-2 treatment to lower GVHD in mice is only achieved if IL-2 is combined
with rapamycin [28]. This strategy combines the beneficial effect of IL-2 on Tregs with
concomitant elimination of the pathogenic Tcons by rapamycin [48, 49]. At odds with
these results, we observed that during xeno-GVHD, addition of rapamycin to low-
dose IL-2 administration was inefficient to control GVHD. One possible limitation in
our model could be due to the lack of donor APC engrafting in the immunodeficient
mice together with CD3 cells. Indeed, it has been recently shown that part of the
effect of rapamycin was to induce an increase in IL-12 secretion by dendritic cells
thus leading to INF-g-dependent apoptosis of alloreactive T cells [50]. The capacity
for murine recipient dendritic cells to produce IL-12 under rapamycin treatment and to

induce such effect on human T cells is unknown.

In conclusion, the use of IL-2 as an immunosuppressive drug is an emerging concept,
resulting in a previously unsought clinical use of this cytokine. IL-2 was initially used
at high-doses in cancer to boost the anti-tumoral immune response [13, 15]; it is now
used at low doses to slow down or even control autoimmune or chronic inflammation,
probably by boosting Treg function [23, 24, 37, 39, 51-53]. However, our results
obtained in the particular setting of experimental acute GVHD indicate that IL-2
effects can be radically different depending on the underlying immune pathology.
Consequently, although our data documents the limitations associated to IL-2
treatment during GVHD; combination of IL-2 with other drugs that target activated

conventional cells (rapamycin, MMF, etc) and definition of more appropriated settings



such as patients receiving HSCT from matched related donors, may represent a

valuable strategies to control GVHD.



1.4 MATERIALS AND METHODS:

1.4.1 Mice

Seven- to twelve-week-old C57BL/6 (B6) (H-2b), [B6 x DBA/2] F1 (B6D2F1, H-2bxd)
mice were obtained from Janvier Laboratory (France). NOD.Cg-Prkdcscid
12rgtm1Wjl /SzJ (NSG) and Luciferase-expressing (B6 luc+) mice were bred in our
animal facility under specific pathogen-free conditions. Manipulations were performed
according to European Union guidelines and with approval by The Ethics Committee

in Animal Experiment Charles Darwin, France (Ce5/2012/021).

1.4.2 IL-2 treatment
Donor or recipient mice were treated with daily intraperitoneal (IP) injections of
recombinant human IL-2 (Proleukin, Novartis) for 5 or 10 consecutive days as

indicated. Rapamycin (Rapamune, Wyeth Laboratory) was administered per os (1.5

mag/kg).

1.4.3 Acute GVHD model

Acute GVHD was induced as has been described previously [3]. Briefly, eight- to
twelve-week-old B6D2F1 recipient mice were lethally irradiated with 11 Gy, given in 2
split doses of 5.5 Gy 5 hours apart, followed by an intravenous (IV) injection of
10x106 C57BL/6 donor bone marrow (BM) cells and 4x106 B6 lymph node (LN)
CD3+ T cells to induce GVHD. These cells were collected from donor mice LN, and
the percentage of CD3+ T cells was determined by flow cytometry. Grafted mice
were monitored for weight loss and survival 3 times per week for 2 months. A body

weight loss of more than 30% of initial weight resulted in euthanasia.



1.4.4 Non-irradiated Acute GVHD model

Briefly, non-irradiated eight- to twelve-week-old B6D2F1 recipient mice were injected
IV with 20x10° B6 lymph node (LN) CD3" T cells to induce GVHD. These cells were
collected from donor mice LN, and the percentage of CD3+ T cells was determined
by flow cytometry. Grafted mice were monitored for weight loss and survival 3 times
per week for 80 days. A body weight loss of more than 30% of initial weight resulted

in euthanasia.

1.4.5 In vivo bioluminescent imaging (BLI)

In vivo BLI was performed as previously described [54]. Mice received an IP injection
of 30 pg/g of body weight of D-Luciferin (Caliper Life Sciences). Imaging of mice was
done ten minutes later using an IVIS Spectrum imaging system (Caliper Life and

analyzed with Living Image software (Caliper Life Sciences).

1.4.6 Xeno-GVHD model

Xeno-GVHD was induced as described [55]. Ten- to fifteen-week-old NOD.Cg-
Prkdcscidll2rgtm1Wijl/SzJ (NSG) recipient mice (Charles River) received an
intravenous injection of PBMCs containing 12x10° human CD3+ obtained from
healthy volunteers with their informed consent (EFS) and monitored for weight loss
and survival for 2 months. Body weight loss higher than 30% of initial weight resulted

in euthanasia.

1.4.7 Antibodies and flow cytometry
For cells of mouse origin: anti-CD3, anti-CD4, anti-CD8, anti-CD25, anti-CD44, anti-

CD62L, anti-CD69, anti-GITR, anti-H-2Kb, anti-H-2Kd and anti-ICOS labeled with PE,



APC, PerCP, FITC, PE-Cy7, AF700, V500 and biotin were purchased from BD
(France). Anti-CD8 and anti-CD25 labeled with AF700, APC-H7, PE-Cy7, PerCP-
Cy5.5,FITC and PerCP or Pacific Blue streptavidin were purchased from eBioscience
(France). PE- or Pacific Blue- anti-Foxp3 staining was performed using the
eBioscience kit and protocol. Events were acquired on an LSR Il flow cytometer (BD

Biosciences), and data were analyzed using FlowJo (Tree Star, USA).

For cells of human origin: Single cell suspensions of blood, spleens and livers were
stained with anti-CD45-V500, anti-CD3-PE, anti-CD4-Alexa700 (all from BD
Biosciences), anti-CD8[ [ ECD, anti-CD25-PE-Cy7 (both from Beckman Coulter) and
anti-CD127-BVv421 (BioLegend). For intracellular cytokine staining, cells were
restimulated with PMA/Iono for 3h in the presence of brefeldin A (eBioscience) and
stained with anti-CD45-APC-Cy7 (BD Biosciences), anti-CD3-PE-Cy5, anti-CD8[ }
ECD (both from Beckman Coulter) anti-CD4-APC (Miltenyi Biotech). Anti-Foxp3-
Alexa488, anti-IFN[_}PE-Cy7 (both from eBiosciences), anti-Ki67-Alexa647 and anti-
TNFI_PE (both BD Biosciences) staining was then performed using the
eBioscience Foxp3 staining kit. Events were acquired on a Fortessa flow cytometer

(BD Biosciences) and data analyzed using FlowJo (Tree Star).

1.4.8 Statistical analysis

When comparing differences between groups, if sample distribution was normal
(Shapiro-Wilk normality test) we applied a two-sided unpaired Student’s t-test and if
sample distribution was not normal we applied a two-sided non-parametric Mann-
Whitney test. P < 0.05 was taken as statistical significance. Survival proportions were

calculated using the Kaplan-Meyer method, and statistical significances were



calculated using the Gehan-Breslow-Wilcoxon test. A p-value <.05 was considered
significant. All statistical analyses were performed using GraphPad Prism 5 software

(GraphPad Software, USA).
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1.8 FIGURE LEGENDS

Figure 1. Low-dose IL-2 administration in donor mice selectively expands Tregs. (a)
(@) Experimental protocol: donor B6 mice were daily treated for 5 days with PBS or
different doses of IL-2, as indicated. Lymph nodes (graft) were collected at day 0 and
processed for flow cytometry analysis. (b) Foxp3 staining among CD4" T cells in a
representative mouse of each group. (c) Percentage of T cells (left panel) and CD25
(middle panel) and Foxp3 (right panel) mean fluorescence intensity (MFI) value among
Treg Cells. Percentages and MFI are expressed as relative variation from the percentage
or MFI value of the PBS group of the same experiment, which have an arbitrary value of
100. (d) Percentage of effector memory (EM, CD44"" CD62L"), central memory (CM,
CD44"9" CD62L") and naive (N, CD44"“" CD62L") cells among Ty cells (left panel),
CD4" Teony (Middle panel) and CD8" Teony cells (right). Graphs show cumulative data
from 4 independent experiments. Errors bars are the S.E.M. of the mean value. * P <

0.05; * P <0.01 and *** P < 0.001 as assessed by a non-parametric Mann-Withney test.

Figure 2. Low-dose IL-2 administration in donor mice does allow GVHD prevention.
(a) GVHD experimental protocol: recipient B6D2F1 mice were lethally irradiated and
grafted with 10.10° B6 BM cells along with 4.10° semi-allogeneic LN CD3* T cells
obtained from donor B6 mice pre-treated for 5 days with daily injections of PBS or
different IL-2 doses, as indicated. (b) Weight curves and (c) Kaplan-Meier survival
curves of the grafted mice. Graphs show cumulative data from 3 independent

experiments. Errors bars are the S.E.M. of the mean value.



Figure 3. Low-dose IL-2 administration in recipient mice does not affect GVHD
incidence. (a) GVHD experimental protocol: Recipient B6D2F1 mice were lethally
irradiated and grafted with 10.10° B6 BM cells along with 4.10° semi-allogeneic B6 LN
CD3" T cells. Recipient mice were then treated for 10 days with daily injections of PBS
or different doses of IL-2, as indicated. (b) Kaplan-Meier survival curves and (c) weight
curves of the grafted mice. Graphs show cumulative data from 4 independent
experiments. Errors bars are the S.E.M. of the mean value. * P < 0.05 and ** P < 0.01

as assessed by a Gehan-Breslow-Wilcoxon test.

Figure 4. IL-2 administration in recipient mice does not affect reconstitution of the T-
cell compartment from donor cells. B6D2F1 recipient mice were lethally irradiated
and injected with 10x10° BM cells along with 4x10° Luc* CD3" cells from B6 Luc*
donor mice (a) or from wild type B6 mice (b-d). Recipient mice were then treated for 10
days with daily injections of PBS or different doses of IL-2, as indicated. (a)
Representative pictures of bioluminescence activity in mice treated with PBS (n=5) or
25,000 U IL-2 (n=5) (left panel). Average radiances of total body (top right panel) or
abdomen (bottom right panel) at different days post-graft. (b-d) Kinetics of donor T
cell reconstitution in B6D2F1 recipients was assessed at different time points after
grafting. (b) Gating strategy used to identify donor CD8" T¢on cells (H2Kd™ CD8Y),
CD4" Teony cells (H2Kd™ CD4" Foxp3) and Treq cells (H2Kd™ CD4" Foxp3™). (c-d)
Percentage (c) and absolute numbers (d) of T.q cells (left panels), CD4" Teony
(middle panels) and CD8" T cells (right panels) in the LNs of recipient mice
treated with PBS or different doses of IL-2, as indicated. Graphs show cumulative data
from 2 independent experiments with a total of 5 (a) to 8 (c-d) mice per group. Errors

bars are the S.E.M. of the mean value.



Figure 5. IL-2 administration over-activates allogeneic donor T cells. Recipient
B6D2F1 mice were treated as described in Figure 3. Splenocytes were collected and
stained for flow cytometry analysis on day 6 after the graft. (a) Representative dot
plots of CD44/CD62L staining among donor CD4" T¢ony (top panels) and CD8" Teony
cells (bottom panels). Numbers in quadrants represent the percentage of each
population. (b) Percentage of effector memory (EM, CD44"9" CD62L") and naive (N,
CD44™" cD62L") cells among donor CD4" Teon (top panels) and CD8* Teony cells
(bottom panels). (c-d) Representative histograms of ICOS (c) and GITR (d) staining
among donor CD4" Tcony (top panels) and CD8" Tony cells (bottom panels). ICOS (c) and
GITR (d) mean fluorescence intensity (MFI) value among donor CD4" Teony (top panels)
and CD8" Ty cells (bottom panels). MFI values are expressed as relative variation
from the MFI value of the PBS group of the same experiment, which have an arbitrary
value of 100. Graphs show cumulative data from 3 independent experiments. Errors
bars are the S.E.M. of the mean value. * P < 0.05 as assessed by a non-parametric

Mann-Withney test.

Figure 6. IL-2 administration sustains CD25 expression on pathogenic donor T cells.
Recipient B6D2F1 mice were treated as described in Figure 3. Splenocytes were
collected and stained for flow cytometry analysis at different time points (days 0, 3, 6
and 9) after the graft. (a) Representative histograms of CD25 expression among
donor CD4" Tconv (left panel) and CD8" Teony cells (right panel). (b) Percentage of
CD25" cells among donor CD4" Teony (left panel) and CD8" Tcony cells (right panel).
(c) Relative MFI of CD25 among donor CD4" CD25" Tcon (left panel) and CD8"
CD25" Teonv Cells (right panel). MFI values are expressed as relative variation from the

MFI value of the PBS group of the same experiment, which have an arbitrary value of



100. Graphs show cumulative data from 3 independent experiments. Errors bars are
the S.E.M. of the mean value. * P < 0.05; ** P < 0.01 and ** P < 0.001 as assessed by

a non-parametric Mann-Withney test.

Figure 7. Low doses IL-2 selectively expand human Ty cells during xenogeneic
GVHD. Recipient NSG mice were grafted with 12.10° human PBMCs and then daily
treated for 10 days with PBS or different doses of IL-2, as indicated. Blood, liver and
spleen were collected at various days post-graft and processed for flow cytometry
analysis. (a) Percentage of Trq cells (CD25"" Foxp3*) among donor CD4" T cells
(top) and percentage of Ki67" cells among donor T4 cells (bottom) in the blood of
the grafted mice. (b) Percentage of CD25" cells (top panels) and Ki67" cells (bottom
panels) among donor CD4" Teony (left panels) and CD8" Teony cells (right panels) in the
blood of the grafted mice. (c) Representative histograms (top panels) and quantification
(bottom panels) of IFNy and TNFa production by donor CD4" T (left panels) and
CD8" Teonv Cells (right panels) in the liver and spleen of the grafted mice 4 h after
PMA/lonomycin stimulation. Graphs show cumulative data from 2 independent
experiments (a-b) or are from one experiment with 4 mice per group (c). Symbols
represent individual mice and horizontal bars are the medians. * P < 0.05; ** P < 0.01

and *** P < 0.001 as assessed by a non-parametric Mann-Whitney test.

Figure 8. Treatment with low-doses of IL-2 alone or combined to rapamycin fails to
ameliorate xenogeneic GVHD. (a) Xenogeneic GVHD experimental protocol: recipient
NSG mice were grafted with 12.10° CD3* PBMCs and then daily treated with PBS;
25,000 IU rhiIL-2; 250,000 IU rhiL-2, 1.5 mg/kg rapamycin (Rapa) or 25,000 IU rhiL-2

and 1.5 mg/kg Rapa (IL-2/Rapa). (b) Kaplan-Meier survival curves of the grafted mice.



Graphs show cumulative data from 5 experiments (3 with PBS and IL-2 treatment only
and 2 with PBS, IL-2, Rapa and IL-2/Rapa treatment). Errors bars are the S.E.M. of the

mean value. * P < 0.05 as assessed by a Gehan-Breslow-Wilcoxon test.
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Figure 6
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Figure 7
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Figure 8
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Supplementary Figure 1
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Supplementary figure 1. IL-2 treatment has no toxic effect on recipient mice.
Recipient B6D2F1 mice were lethally irradiated and grafted with 10x108 B6
BM cells. Recipient mice were then daily treated for 10 days with PBS or
different IL-2 doses, as indicated. (a) Kaplan-Meier survival curves and (b)
weight curves of the grafted mice. Graphs show data from one experiment.
Errors bars are the S.E.M. of the mean value.



Supplementary Figure 2
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Supplementary figure 2. Curative low dose IL-2 treatment of recipient mice
does notreduce GVHD incidence.

(@) GVHD experimental protocol: recipient B6D2F1 mice were lethally
irradiated and grafted with 10.106 B6 BM cells along with 4.10% semi-
allogeneic B6 LN CD3* T cells. Recipient mice were then treated for 10 days
with daily injections of PBS or 25,000 IU IL-2 at different days post-graft:
either from D10 to D19 (IL-2 D10-19), from D15 to D24 (IL-2 D15-24) or at
GVHD onset (IL-2 at GVHD onset). (b) Kaplan-Meier survival curves and (c)
weight curves. Graphs show cumulative data from 2 independent
experiments with 5 mice per group. Errors bars are the S.E.M. of the mean
value.
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