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Neuropilin-1+ regulatory T cells promote skin allograft
survival and modulate effector CD4+ T cells phenotypic
signature

Mauricio Campos-Mora, Rodrigo A Morales, Francisco Pérez, Tania Gajardo, Javier Campos, Diego Catalan,
Juan Carlos Aguillón and Karina Pino-Lagos

During allograft rejection, several immune cell types, including dendritic cells, CD4+ and CD8+ T cells among others, recirculate

between the graft and the nearest draining lymph node, resulting in immunity against the ‘foreign’ tissue. Regulatory CD4+

T cells are critical for controlling the magnitude of the immune response and may act to promote or maintain tolerance. They are

characterized by the expression of CD25 and Foxp3, and more recently, Neuropilin-1 (Nrp1). The role of these suppressor cells

during allograft rejection is not well understood. Our work shows that during graft rejection, there is an increase in the frequency

of total CD4+ T cells expressing Nrp1, but the expression of this molecule is downregulated in the regulatory CD4+ T-cell

compartment. Interestingly, the expression of the transcription factor Eos, which renders cell function stability, is also reduced.

In adoptive transfer experiments, we observed that during allograft rejection: (i) natural regulatory CD4+ T cells maintain high

levels of Nrp1 expression, (ii) effector CD4+ T cells (Nrp1−) become Nrp1+Eos+ and (iii) the transfer of regulatory CD4+ T cells

(Nrp1+) can promote allograft survival, and also enhance the gain of Nrp1 and Eos on T-effector cells. Together, these data

suggest that rejection occurs, at least in part, through the loss of Nrp1 expression on regulatory CD4+ T cells, their stability or

both. Additionally, the transfer of regulatory CD4+ T cells (based on Nrp1 expression) permits the acceptance of the allograft,

placing Nrp1 as a new target for immune therapy.
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INTRODUCTION

Transplantation represents a unique opportunity to restore the
function of a particular tissue after suffering a disabling injury or
failure. However, transplant rejection is still a major clinical
problem, despite the use of immunosuppressive drugs to overcome
the inflammatory response in the graft for reaching long-term
transplant tolerance. Recently, evidence had shed light on the
orchestrated cellular processes governing allograft rejection. In a
murine model of mismatched skin allograft rejection, the use of
intravital immune-imaging techniques has allowed the analysis of the
temporal interplay between different immune cells during allograft
rejection.1 After the initial influx of recipient monocytes to the graft
and their migration to the draining lymph nodes bringing foreign
antigens, the priming of T cells enables their proliferation and
subsequent migration to the tissue. This is followed by a massive
infiltration of monocytes into the graft, along with both CD4+

and CD8+ effector T cells migrating from adjacent tissues to the
graft. In this model, about 10 days post-transplant, CD8+ T cells
have destroyed most of the foreign cells, leading to necrosis and total
rejection.2

Among relevant cell populations during immune responses, strong
evidence indicates the essential role of regulatory T cells (Treg).3,4 Treg
cells are a very heterogeneous population with the capacity to
modulate the immune system through several mechanisms.5 They
are characterized by the expression of the master regulator Foxp3,6,7

and they can be mainly found as naturally ocurring thymus-derived
Treg cells (nTregs) or as peripheral-induced Treg cells (iTregs).8,9

While nTregs are produced in the thymus as a functionally mature
population, iTregs differentiate from naive T cells in the periphery
acquiring both Foxp3 expression and suppressive capacity.
In order to harness the therapeutic potential of Tregs, it is necessary

to have reliable markers so one can identify or isolate them. Thus,
several markers have been proposed to distinguish Treg populations
under different physiological conditions. The constitutive expression
of Foxp3, the interleukin (IL)-2-receptor alpha-chain (CD25), the
cytotoxic T-cell-associated antigen-4 (CTLA-4) or the glucocorticoid-
induced tumor necrosis factor receptor family-related gene/protein
represent the classical phenotype of most Treg cells, and the
expression of these molecules is stabilized and amplified by
Foxp3.10 Moreover, nTregs display high expression of programmed
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cell death-1, CD73, the transcription factors Helios and Eos11–13 and
Neuropilin-1 (Nrp1), the focus of this work.
Nrp1 is a multifunctional co-receptor first described to be involved

in migration and axonal guidance in central nervous system14,15 and
later shown to be an essential component of the immunological
synapse in humans, given its expression on dendritic cells and T cells,
and the partial inhibition of cell proliferation in allogeneic co-cultures
in the presence of anti-Nrp1 antibodies.16 In the last decade, Nrp1 has
been repeatedly proposed as a Treg cell marker since it was found to
be preferentially expressed on CD4+ CD25+ Tregs with unchanged
expression levels upon activation, in contrast to CD4+ T-conventional
cells, which loose Nrp1 expression under this condition.17 In addition,
Nrp1 expression on Treg cells correlate with Foxp3 expression and
suppressive capacity.17 One of the contributions of this molecule
might consist of prolonging the interaction between dendritic cells and
Treg cells during antigen presentation by homotypic interactions.18

Recently, it has been proposed that, under certain physiological
conditions, Nrp1 can be used to distinguish between nTregs (expres-
sing high levels, or Nrp1high) from iTregs (Nrp1low),13,19 and it has
been demonstrated that molecules such as transforming growth
factor-β and IL-6 induce and inhibit Nrp1 expression, respectively.19

As mentioned above, Foxp3+ Treg cells are known to suppress
inflammatory responses.20 However, under certain physiological con-
ditions Treg cells can change (or be ‘reprogrammed’) toward a pro-
inflammatory phenotype.21 It is unclear to what extend that Treg cells
reprogramming occurs under physiological circumstances.21,22

Recently, it has been described that loss of Eos, a co-repressor
expressed on Foxp3+ Tregs, has a critical role in mediating the IL-6-
dependent transition of certain subset of Foxp3+ Tregs from sup-
pressor cells to ‘helper-like’ Treg cells without a loss on Foxp3
expression.23 In addition, one study observed decreased mRNA
expression levels of Eos on peripheral blood CD4+ CD25high

CD127low/− Treg cells from stem cell transplantation patients affected
with acute or chronic graft-versus-host disease.24 These results
correlate with those of a previous report, suggesting reduced immune

suppressive function of Tregs in graft-versus-host disease patients.25

Conversely, Eos expression is upregulated on in vitro T-cell receptor-
activated CD4+ T cells as well.26 Altogether, these observations suggest
an unclear role of Eos in CD4+ T-cell biology.
Given that little is known about Nrp1 expression on Treg cells in

the context of the immune response to transplant, specifically
regarding to the identity and phenotypic stability of Treg cells, our
aim was to study the role of Tregs during graft rejection using Nrp1 as
a surface marker in a murine model of skin transplantation.

RESULTS

Among T cells, Nrp1 is mainly expressed on Tregs
Initially the expression of Nrp1 was detected on neurons, but later its
presence on dendritic cells, B cells and T cells was also proved.27 In
order to study the dynamic of Nrp1 expression on T cells, we first
analyzed the expression of Nrp1 on CD4+ and CD8+ T cells from the
spleen, peripheral lymph nodes and thymus that were removed from
intact wild-type (WT) C57Bl/6 mice. As shown in Figure 1a, Nrp1
expression is mostly found in approximately 15–20% of CD4+ T cells
from the spleen and peripheral lymph nodes. In thymus, both CD4+

and CD8+ T cells expressed Nrp1 at similar levels (~10%). When we
gated on CD4+ CD25high T cells, ~ 90% of them were Nrp1+, and
⩾ 80% express Foxp3; Figure 1b (left and middle columns) and
Supplementary Figure 1. We consider CD4+ CD25high T cells as Tregs,
and to confirm this we performed the same staining and analysis
strategy on cells from C57Bl/6-Foxp3GFP mice. As depicted in the right
column, CD4+ CD25high T cells correspond to Tregs as ⩾ 80% of them
are Foxp3GFP+ and, similar to WT cells, all Tregs are Nrp1+.

Nrp1 expression is downregulated on Tregs during skin graft
rejection
During an inflammatory response, iTreg cells can become Nrp1+ in
the inflamed zone, while splenic iTregs remains Nrp1low.19 It is also
described that conventional effector T cells can express Nrp1 but not
Foxp3, indicating an effector-activated memory status.13,19 Based on

Figure 1 Nrp1 is expressed on CD4+ T cells, mainly Tregs, among different immune organs. To analyze the expression of Nrp1 on CD4+ and CD8+ T cell
compartment, cell suspensions were prepared from the thymus, spleen and peripheral lymph nodes (PLN), previously removed from WT C57Bl/6 mice,
stained with specific antibodies to recognize Nrp1 on CD4+ and CD8+ T cells, and analyzed by flow cytometry. (a) Graph with the frequency of Nrp1
expression on CD4+ and CD8+ T cells from the mentioned tissues are depicted, with a representative dot plot for the CD4+ T cell compartment. (b) Using the
same procedure than in a, cells were stained for CD4, CD25, Foxp3 and Nrp1 to identify and associate Nrp1 expression on Foxp3+ regulatory T cells (Tregs)
from either WT C57Bl/6 mice (left and middle column) or C57Bl/6-Foxp3GFP reporter mice (right column). Bars correspond to s.d., and the statistical
significance was assessed by analysis of variance, ***P=0.001, n=6 independent experiments.
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this, we wanted to address if the inflammatory milieu driven by the
recognition and rejection of allo-antigens affect the frequencies of
Tregs and the expression of Nrp1 in an in vivo model of skin graft
transplantation. C57Bl/6 recipients received either syngeneic (C57Bl/6)
or allogeneic (C57Bl/6 ×Balb/c, F1) skin grafts as described before,28

and at day 10, skin graft-draining lymph nodes were removed to
analyze the expression of Nrp1. As shown in Figure 2a, the frequency
of total activated CD4+ Nrp1+ T cells is increased during allograft
rejection, but if we restricted the population to Tregs (CD25high), the
expression level of Nrp1 is significantly reduced (~50% versus ~ 70%
in syngeneic condition). As the function of Tregs is to suppress an
immune response enabling allograft acceptance, one could presume
that during rejection Tregs are not suppressive due to a loss on their
stability. To test this, we studied Eos on CD4+ CD25high Foxp3+

T cells, a molecule associated with Treg cell functional stability.23

Interestingly, and according to the changes observed for Nrp1, the
expression of Eos is downregulated during inflammation, where
~ 50% of Tregs express Eos in the allogeneic condition, compared
with ~ 60% in syngeneic and ~ 80% in non-grafted mice (Figure 3),
suggesting that under inflammation triggered by an allogeneic
immune response Tregs may loose functional stability leading to the
rejection of the graft.

Nrp1+ Tregs promote skin survival and are necessary for a greater
Nrp1 and Eos expression by effector CD4+ T cells
It has been reported that the transfer of CD4+ Nrp1+ T cells into
heart-transplanted mice allows the acceptance of the graft.29 Based on
this information, we wanted to understand the mechanism by which

this process takes place. For this, we designed an in vivo approach in
which CD4+ CD25high Nrp1+ Tregs (490% expressing Foxp3+ as
confirmed by intracellular staining, as shown in Supplementary Figure
1) sort purified from WT C57Bl/6 mice and effector CD4+ CD25−

Nrp1-Foxp3GFP− T cells isolated from congenic (CD45.1 or Ly5.2+)
C57BL/6 Foxp3− GFP reporter mice are adoptively transferred into
RAG− /− recipient animals (see scheme in Figure 4a). One day post cell
transfer, all recipient mice received an allogeneic graft (F1 skin) and
transplant survival was monitored over time. As shown in Figure 4b,
the cotransfer of Nrp1+ Tregs with effector CD4+ CD25−

Nrp1-Foxp3GFP− T cells promoted skin graft acceptance in ~ 60%
of mice, as compared with the rejection control (CD4+ CD25−

Nrp1-Foxp3GFP− T cells only), in which all mice rejected their grafts.
Next, we wanted to analyze the phenotype of the transferred cells. By
gating on CD4+ Ly5.2− T cells, which corresponds to the transferred
Ly5.1+ Tregs, we found that the expression of Nrp1 was reduced by
~ 10% of Tregs in both syngeneic and allogeneic inflammatory milieu,
as compared with freshly sorted Tregs (⩾ 98% Nrp1+; Figure 4c, top
contour plots and graph). When we analyzed the phenotype of the
effector Ly5.2+ CD4+ T cells, we observed that ⩾ 50% of them gained
Nrp1 expression. Interestingly, in the allogeneic condition, the
upregulation of Nrp1 expression by the effector Ly5.2+ CD4+ T cells
was higher when cotransferred with Nrp1+ Tregs than when effector
Ly5.2+ CD4+ T cells are alone (Figure 4c, bottom contour plots and
graph). Furthermore, the effector Ly5.2+ CD4+ T cells did not
upregulate Foxp3 expression suggesting iTregs (Th3-type) are not
generated (Supplementary Figure 2), but ~ 50% of the newly Nrp1-
expressing effector Ly5.2+ CD4+ T cells upregulated Eos expression

Figure 2 Tregs downregulate Nrp1 expression during allograft rejection. C57BL/6 mice were transplanted with either syngeneic (C57BL/6) or allogeneic (F1,
C57BL/6×Balb/c) skin grafts. Ten days after surgeries, skin graft-draining lymph nodes were removed and cell suspensions were prepared to study Nrp1
expression on the CD4+ T-cell compartment. (a) The contour plot shows the expression of CD25 and Nrp1 on total CD4+ T cells, and the frequencies (%) of
CD4+ Nrp1+ T cells are depicted in the graph (right). (b) The contour plot shows the expression of CD25 and Nrp1 on Tregs. The frequencies (%) of Tregs
expressing high levels of Nrp1 are depicted in the graph (right). Bars correspond to s.d., and the statistical significance was assessed by unpaired Student's
t-test (Mann–Whitney U-test), **P=0.01, ***P=0.001, n= at least two independent experiments.
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Figure 3 Tregs loose Eos expression during allograft rejection. C57BL/6 mice were transplanted with either syngeneic (C57BL/6) or F1 (C57BL/6×Balb/c)
skin grafts. Ten days after surgeries, skin graft-draining lymph nodes were removed and cell suspensions were prepared to study CD4, CD25, Foxp3 and Eos
expression by flow cytometry. The contour plot shows the expression of Eos and CD25 on CD4+ CD25high Foxp3+ Tregs, and the frequencies (%) of these
cells are depicted in the graph (right). Bars correspond to s.d., and the statistical significance was assessed by unpaired Student's t-test (Mann–Whitney
U-test), *P=0.05, **P=0.01, n= two independent experiments.

Figure 4 Nrp1+ Tregs promote skin survival and are necessary for a greater Nrp1 expression by effector CD4+ T cells. (a) Ly5.1+ Treg and Ly5.2+

CD4+ Foxp3GFP− T cells were sorted from C57BL/6 and Foxp3GFP reporter mice, respectively, and transferred into RAG− /− mice (day 1). The next day, mice
were transplanted with either syngeneic or allogeneic skin grafts (day 0) and graft survival was monitored two times per week. At day 20, skin graft-draining
lymph nodes were removed and cell suspensions were prepared to study Foxp3, Nrp1 and Eos expression on both Ly5.2+ or Ly5.1+ T cells by flow cytometry.
(b) Graph displaying the skin graft survival from mice receiving no T cells (filled circle), CD4+ T-effector cells only (open square and dashed line) and CD4+

T-effector cells plus Tregs (filled square). (c) The contour plots (top) show the expression of Nrp1 on Tregs together with the frequencies (%) of these cells
(depicted in the graph) in freshly sorted Tregs cells, syngeneic and allogeneic conditions. On the bottom, contour plots depict the expression of Nrp1 and
Foxp3GFP on CD4+ T cells (‘Eff’) under the conditions mentioned above, in addition to the frequencies (%) of these cells (graph on the right). For c, boxes
correspond to minimum and maximum values, line is the mean, and the statistical significance was assessed by unpaired Student's t-test (Mann–Whitney
U-test), *P=0.05, NS, nonsignificant; n= three independent experiments.
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when cotransferred with Nrp1+ Tregs, versus ~ 20% of Ly5.2+ CD4+

T cells alone (Figures 5a and b), confirming the results obtained above
when WT animals are used as transplant recipients.

DISCUSSION

Evidence from both murine and clinical studies suggests that Nrp1
expression in CD4+ T cells may have an important role in the context
of allograft rejection.27 It has been reported that CD4+ Nrp1+ T cells
transferred to ectopic heart-allograft recipient mice extend survival
time of the graft by inhibiting the production of pro-inflammatory
cytokines, enriching Foxp3+ Treg population and inducing anergy on
effector T cells.29 In the present work, we studied the dynamics on
Nrp1 expression on CD4+ T-cell populations during allograft rejec-
tion. Our observations indicate that Nrp1 is mainly expressed on
peripheral CD4+ T cells, and its expression is tightly associated with
CD4+ CD25high Foxp3+ T cells, supporting previous data in which
Nrp1 is proposed as a marker for nTregs.17 Importantly, during in vivo
transplant experiments we observed that Tregs downregulate Nrp1
expression only when an effect on the immune response is mounted
against the allograft (that is, allogeneic versus syngeneic). As the
presence of Nrp1 is associated with the suppressive capabilities of
Tregs to perform their regulatory or inhibitory function,17 one could
presume that the downregulation of Nrp1 expression on Tregs during
an allogeneic response is one of the mechanism by which rejection
takes place. In the same experimental settings, the loss of Nrp1 on
Tregs was associated with reduced expression of Eos, a molecular
marker for Tregs stability.23 Currently, it is accepted that T cells,
including Tregs, can be reprogrammed under suppressive or inflam-
matory conditions, losing their initial profile and function.30,31 In the
particular case of Tregs, it has been reported that they can loose their
Foxp3 expression on lymphopenic conditions or in autoimmune
settings such as diabetes and experimental autoimmune encephalo-
myelitis (EAE), or that Tregs can acquire effector Th-cell

characteristics while maintaining Foxp3 expression.32 In line with
this, it has been proposed that there is a heterogeneity in Foxp3+ cells,
in which not all Foxp3+ cells are bona fide Tregs.33 Recently, it has
been proposed that the stable expression of Eos define a sub-
population of Tregs that remains suppressive upon inflammatory
conditions, in comparison with Tregs lacking Eos expression that loose
their suppressive capacity, without affecting Foxp3 expression.23

Therefore, the loss of Eos together with Nrp1 could contribute to a
defective Treg functionality leading to the rejection of the allograft. As
mentioned above, Nrp1+ CD4+ T cells permit allograft tolerance,29

and we recapitulate this observation in a murine skin transplantation
model. Our data support the regulatory properties of the Nrp1+ CD4+

T cells, as the transfer of CD4+ CD25high Nrp1+ T cells into RAG− /−

skin-grafted mice can be correlated with allograft acceptance and with
changes in the inflammatory milieu surrounding the allograft, as the
amounts of several inflammatory cytokines, such as IFN-γ, IL-17 and
IL-6 are reduced in the skin grafts of Nrp1+ Tregs-treated animals
(data not shown).
Most interesting is the fact that the cotransfer of Nrp1+ Tregs with

effector Nrp1− CD4+ T cells permits the gain of Nrp1 and Eos
expression by the effector counterpart, suggesting that Tregs may allow
a fraction of the former to become suppressive, mediating the
acceptance of the graft observed in the in vivo experiments. With
the attempt to gain more insights on the mechanisms behind the
results discussed here, preliminary work using an anti-Nrp1 blockade
antibody showed, unexpectedly, that the blockade of Nrp1 did not
abrogate the gaining of Nrp1 and Eos expression on effector T cells
nor alter the acceptance of the allograft. Conversely, we observed a
higher number of CD4+ effector T cells in skin graft-draining lymph
nodes and augmented levels of inflammatory cytokines in the allograft
(which can be a consequence of targeting Nrp1+ Tregs), and an
upregulated expression of Nrp1 and Eos on CD4 T cells (which has
been reported for recently activated T cells). Besides these arguments,

Figure 5 CD4+ T-effector cells gain Eos expression when cotransferred with Nrp1+ Tregs. Cell transfer and skin graft surgeries were performed as in Figure 4.
(a) The contour plots show the expression of Eos and CD25 on Ly5.1+ Tregs when transferred alone or with effector CD4+ T cells (‘Eff’), in the allogeneic
condition. Similarly, same analysis is depicted when gating on Ly5.2+ CD4+ CD25high T cells instead (two plots on right). (b) Graph showing the frequencies
of Eos+ cells on Ly5.1+ Tregs or Ly5.2+ CD4+ T-effector cells, when transferred alone or combined, in allogeneic condition. Bars correspond to minimun and
maximun values, and the statistical significance was assessed by unpaired Student's t-test (Mann–Whitney U-test), *P=0.05. n= two independent
experiments. KO, knockout.
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we believe this approach is not the optimal setting, considering that
the amount of antibody injected may not be sufficient to block Nrp1
(in membrane and free). The use of Nrp1 knockout or conditional
knockout mice would help to clarify these preliminary observations.
Taking together, these data does not discredit the results shown in this
article, but it implies that further studies are necessary for a better
understanding of the mechanisms under Nrp1 and Eos function on
both effector CD4+ T cells and Tregs.
In the clinical setting, Nrp1 expression on T cells has been proposed

as a putative predictor of transplant rejection, as a lower frequency of
infiltrating Nrp1+ lymphocytes was observed in kidney graft biopsies
from patients under acute rejection, compared with biopsies from
accepted transplants.34 The authors suggested that the reduction of
Tregs (Nrp1+ cells) in transplants could be linked with the develop-
ment of the rejection process.
Taken together, our data describe an unknown dynamic for Nrp1

expression on CD4+ T cells during allograft rejection, and a new
possible mechanism by which effector CD4+ T cells could mediate
allograft acceptance where the acquisition of the Nrp1 and Eos
molecules may have a relevant role.

METHODS

Mice
Six- to eight-week-old WT C57Bl/6 (CD45.2+ or Ly5.1+), BALB/c, RAG− /− and
Foxp3-eGFP reporter mice (C57Bl/6 background and CD45.1+ or Ly5.2+) were
used in this study. The Foxp3-GFP reporter mice were kindly provided by J
Rodrigo Mora (Harvard Medical School, Cambridge, MA, USA). BALB/
c ×C57BL/6 (or F1dxb) mice (skin allograft donors) were obtained by crossing
BALB/c mice (H2d) with WT C57BL/6 mice (H2b). Mice were maintained in
accordance with the Bioethical Committee guidelines from the Facultad de
Medicina, Universidad de Chile, Santiago, Chile.

Media and reagents
RPMI-1640 (Gibco BRL, Grand Island, NY, USA) was supplemented with
10mM HEPES, 100 IUml− 1 penicillin/streptomycin, 10% heat-inactivated fetal
bovine serum (Gibco BRL) and 50 μM 2β-mercaptoethanol.

Flow cytometry and cell sorting
Flow cytometry analyses were performed using anti-mouse CD4 (cloneRM4-5),
CD8 (clone 53-6.7), CD25 (clone PC61.5), Foxp3 (clone FJK-16S), Eos (clone
ESB7C2), CD45.1 (clone A20; all from eBioscience, San Diego, CA, USA) and
anti-Nrp1 (R&D Systems, Minneapolis, MN, USA), all conjugated with
fluorescein isothiocyanate, phycoerythrin (PE), PerCP, PerCP-Cy5.5 or APC.
Flourescence-activated cell sorting data acquisition was performed with
flourescence-activated cell sorting Calibur (Beckton Dickinson, Franklin Lakes,
NJ, USA), using CellQuest software (BD Biosciences, San Jose, CA, USA). Data
were analyzed using FlowJo software (Tree Star, Canton, OH, USA).
For cell sorting experiments, CD4+ T cells were enriched using the EasySep

Mouse CD4+ T Cell Isolation Kit (StemCell, Vancouver, BC, Canada)
according to the manufacturer’s recommendations. Then, CD4+ T cells were
labeled with anti-CD4, anti-CD25, anti-CD45.1 and anti-Nrp1 antibodies.
CD4+ CD25high Nrp1+ T cells (or Tregs) and CD4+ Nrp1-Foxp3GFP− T cells
(or effectors), from both WT C57Bl/6 and Foxp3-GFP reporter mice,
respectively, were separated using a BD FACSAria III equipment (Franklin
Lakes, NJ, USA), with purity ⩾ 96%.

Skin transplantation
Skin grafting was performed as described previously.28 Briefly, tail skin (~1
cm2) from C57BL/6 (syngeneic) or F1 (allogeneic) donors was transplanted
onto the dorsal area of C57BL/6 WT or RAG− /− recipients. Survival of skin
allografts was evaluated two times per week and grafts were considered rejected
when 80% of the original graft disappeared or become necrotic. When
indicated, skin grafts were collected, cut in small pieces and incubated in
complete RPMI (at 1 mgml− 1 of tissue). After 2 h, supernatant were collected

and stored at − 80 °C for cytokine quantification (enzyme-linked immunosor-

bent assay).

Adoptive transfer experiment
RAG− /− mice received 1.5× 105 Ly5.2+ CD4+ Nrp1-Foxp3GFP− T cells and/or

5× 104 CD4+ CD25high Nrp1+ T cells via tail-vein injection, 1 day prior to skin

transplantation. At day 20 post-surgery, mice were killed and draining lymph

nodes were removed to prepare cell suspensions for further flow cytometry

analysis.

Statistical analysis
Data were analyzed using an unpaired Student’s t-test or a Mann–Whitney

U-test (two-tailed). Survival rate was analyzed by the Kaplan–Meier method,

and comparisons were made by log-rank analysis. In all cases, Po0.05 was

considered with statistical significance. For data analysis, GraphPad (Prism, La

Jolla, CA, USA) software was used.
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