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Recipient-type specific CD4*CD25* regulatory T cells favor
immune reconstitution and control graft-versus-host

disease while maintaining graft-versus-leukemia

Aurélie Trenado,! Frédéric Charlotte,? Sylvain Fisson,! Micael Yagello,!
David Klatzmann,! Benoit L. Salomon,! and José L. Cohen!

Biologie et Thérapeutique des Pathologies Immunitaires, Centre National de la Recherche Scientifique,
Université Pierre et Marie Curie, Unité Mixte de Recherche 7087, and
2Service d’Anatomie Pathologique, Hopital Pitié-Salpétriere, Paris, France

CD4'CD25" regulatory T cells (Treg’s) play a pivotal role in preventing organ-specific autoimmune
diseases and in inducing tolerance to allogeneic organ transplants. We and others recently demon-
strated that high numbers of Treg’s can also modulate graft-versus-host disease (GVHD) if adminis-
tered in conjunction with allogeneic hematopoietic stem cell transplantation in mice. In a clinical
setting, it would be impossible to obtain enough freshly purified Treg’s from a single donor to have
a therapeutic effect. Thus, we performed regulatory T cell expansion ex vivo by stimulation with allo-
geneic APCs, which has the additional effect of producing alloantigen-specific regulatory T cells.
Here we show that regulatory T cells specific for recipient-type alloantigens control GVHD while
favoring immune reconstitution. Irrelevant regulatory T cells only mediate a partial protection from
GVHD. Preferential survival of specific regulatory T cells, but not of irrelevant regulatory T cells, was
observed in grafted animals. Additionally, the use of specific regulatory T cells was compatible with
some form of graft-versus-tumor activity. These data suggest that recipient-type specific Treg’s could

be preferentially used in the control of GVHD in future clinical trials.
J. Clin. Invest. 112:1688-1696 (2003). doi:10.1172/JC1200317702.

Introduction

Allogeneic hematopoietic stem cell transplantation
(HSCT) is the treatment of choice for many hematolog-
ical malignancies and hematological disorders. This
approach relies on the elimination of the hematopoiet-
ic compartment, including malignant cells, by high-dose
chemotherapy and irradiation and the reconstitution of
anew hematopoietic system provided by the donor graft
containing hematopoietic stem cells (1). The transplant
also contains mature T cells capable of recognizing allo-
geneic host antigens. The graft-versus-host reaction
induced by donor T cells is responsible for the main
complication encountered after allogeneic HSCT: graft-
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versus-host disease (GVHD) (2). To date, an immuno-
suppressive regimen based on cyclosporin A associated
with methotrexate and/or corticosteroids administered
in the months following HSCT is the most efficient pre-
ventive treatment but remains only partially effective (3).
Procedures in which T cells are depleted from the trans-
plant can prevent GVHD but have also revealed the
important role that donor T cells play in the prevention
of graft rejection (4), in lowering risks of infection, and
in the graft-versus-leukemia (GVL) and/or the graft-ver-
sus-tumor (GVT) effects (5). Thus, administering donor
allogeneic T cells without causing GVHD remains the
key challenge of allogeneic HSCT.

Recently, a particular subpopulation of CD4* T cells,
which constitutively expresses the IL-2 receptor ¢ chain
(CD25) and which constitutes 5%-10% of the whole
CD4* T cell pool in mice and humans, has been identi-
fied for its crucial role in the control of autoimmune
processes (6, 7). In different models in which mice were
rendered deficient for this CD4*CD25" regulatory T cell
(Treg) population, multiple T cell-mediated, organ-spe-
cific autoimmune diseases were observed (refs. 6, 8-10,
and for review see refs. 11-13). One particularly impor-
tant property of these Treg’s is their capacity to mediate
in vitro suppression of conventional CD4* or CD8" T
cells (14-16). This property of the so-called Treg’s was
demonstrated in mice and humans.

Recent reports have shown that Treg’s play a major
role in tolerance induction to allogeneic transplants
(17-20). We and others have also demonstrated that
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Treg’s can be used in strategies aimed at controlling
GVHD following allogeneic bone marrow transplanta-
tion (BMT) in mice. Adding freshly isolated Treg’s to
the donor inoculum containing alloreactive T cells effi-
ciently prevents GVHD in lethally irradiated mice (21,
22). Nevertheless, a major limitation for the clinical use
of Treg’s to prevent GVHD would be the difficulty of
obtaining a sufficient number of these relatively rare
cells from a single donor. This issue could potentially
be resolved by cell culture. Indeed, we recently demon-
strated that Treg’s can be dramatically expanded by in
vitro stimulation with allogeneic irradiated splenocytes
plus IL-2. The administration of Treg’s obtained after
culture in the presence of irradiated recipient-type allo-
phycocyanin (APC), at the time of grafting, can signif-
icantly delay or even prevent GVHD (21). These pre-
clinical models have demonstrated that Treg’s represent
a feasible approach for controlling GVHD.

Even if the possibility of controlling GVHD using
Treg’s seems established, it is now essential to deter-
mine whether or not administering Treg’s is compati-
ble with immune reconstitution and GVL/GVT effects.
Indeed, a possible nonspecific effect of Treg’s on
immune reconstitution has been reported (23). After
HSCT, it could impair immune reconstitution and,
consequently, result in general immunosuppression
and loss of GVL/GVT effects. Here we showed that
Treg’s specific for recipient-type alloantigens (allo-
Ag’s), but not the ones specific for third-party allo-Ag’s,
controlled GVHD while it favored immune reconstitu-
tion. Importantly, under these conditions, a GVT effect
against leukemia was also maintained.

Methods

Mice and experimental GVHD. CS7Bl/6 (B6) (H-2Y),
BALB/c (H-29), C3H (H-2Y), [B6 x DBA/2]F1 (H-20x4),
and [BALB/c x C3H]F1 (H-2%K) 5- to 9-week-old female
mice were obtained from Iffa Credo (L'Arbresle, France).
Congenic Thy-1.1 BALB/c mice (H-24) were bred in our
animal facility. Mice were manipulated according to
European Union guidelines. HSCT were performed as
previously described (21), unless otherwise stated.
Briefly, 24 hours after lethal irradiation of 9-week-old
[BALB/c x C3H]F1 recipients (9.5 Gy) or 9-week-old
[B6 x DBA/2]F1 recipients (11 Gy) or BALB/c (8 Gy),
mice were transplanted with cells from BALB/c mice for
the first strain or B6 mice for the two other strains. The
transplant comprised 5 X 106 T-depleted bone marrow
(BM) cells, 10 x 106 T cells (BALB/c donor), or 0.5 x 10°
T cells (B6 donor) collected from pooled spleen and
peripheral LNs, and, when indicated, 10 x 10° BALB/c or
0.5 x 106 cells B6 ex vivo expanded Treg’s. Control
groups were constituted of nongrafted irradiated mice
or irradiated mice receiving only BM cells.

Leukemia and tumor models. We injected 2 X 10* masto-
cytoma cells P815 (derived from DBA/2 mice) or 1 x 103
A20 cells (derived from BALB/c mice) i.v. in the retro-
orbital sinus at the time of BMT in lethally irradiated
[B6 x DBA/2]F1 or BALB/c mice, respectively. P815

cells were identified in peripheral blood by flow
cytometry by the surface expression of H-24 (recipient
type) but not H-2P (donor type) histocompatibility
antigens. A20 cells were identified by the surface coex-
pression of H-24 histocompatibility antigens (recipi-
ent type) and B220 molecules.

Ex vivo expansion of Treg’s. Treg’s were purified as pre-
viously described (21). Briefly, spleen and peripheral
LN cells were first labeled with biotin-labeled, anti-
CD25 mAb (7D4, Becton Dickinson, San Diego, Cali-
fornia, USA) and streptavidin microbeads (Miltenyi
Biotec, Bergisch Gladbach, Germany) and purified
using magnetic cell large selection columns (Miltenyi
Biotec). CD25" cells were then stained with FITC-
labeled anti-CD4 (GK1.5), phycoerythrine-labeled (PE-
labeled) anti-CD62L (MEL-14) and streptavidin-Cy-
Chrome (Pharmingen, San Diego, California, USA),
which bound to free biotin-labeled CD25 molecules,
uncoupled to beads. The CD4*CD25*CD62Lbish T cells
were sorted by flow cytometry using a FACStar?!'s (Bec-
ton Dickinson), yielding a purity of 99%. Treg’s were
cultured in the presence of 20-Gy-irradiated APCs and
murine IL-2 (10 ng/ml, R&D Systems, Abingdon, Unit-
ed Kingdom), as previously described (21).

Proliferation assays. Treg’s purified from BALB/c mice
were stimulated for 3 weeks by 20-Gy-irradiated C3H
or B6 splenocytes. After removal of dead cells by gradi-
ent of lymphocytes separation medium (Eurobio, Les
Ulis, France), and five washes to remove residual IL-2,
1% 10% expanded BALB/c Treg’s were added to the cul-
ture of 1 x 105 fresh CD25-depleted T cells (purified
from BALB/c spleen) stimulated by 1 X 10° irradiated
C3H or B6 splenocytes. Cells cultured in round-bot-
tom, 96-well plates for 96 hours were pulsed with [*H]
methyl-thymidine for the last 18 hours.

FACS analysis. The following Ab’s were used for FACS
analysis: PE-labeled anti-Thy-1.1 (clone OX-7, Becton
Dickinson), anti-CD3 (clone 500A2), anti-Th1.2 (clone
30-H12) or anti-H-2Kb (clone AF6-88.5), FITC-labeled
anti-CD8 (clone53-67) or anti-H-2Kd (clone SF1-1.1),
biotinylated anti-CD25 (clone 7D4) revealed with
streptavidin-Cy-Chrome (Pharmingen) and APC-
labeled anti-CD4, and APC-labeled anti-B220 (clone
RA3-6B2, Pharmingen). At least 10° events were
acquired on a FACScalibur (Becton Dickinson) and
analyzed using CellQuest software (Becton Dickinson).

Histopathological examination. Livers were preserved in
Bouin's fixative and embedded in paraffin. Spleens and
LNs were embedded in Tissue-Tek (Sakura Finetek
Europ B.V,, Zoeterwoude, The Netherlands) and snap
frozen in liquid nitrogen. For these organs, 5-um-thick
sections were stained with H&E for histological exam-
ination. One pathologist analyzed slides in a blinded
fashion to assess the intensity of GVHD. GVHD lesions
in each sample were scored according to a semiquanti-
tative scoring system described by Hill et al. with minor
modifications (24). GVHD lesions were scored in each
liver sample according to seven parameters that were
graded as follows: portal inflammation (0, absent; 1,
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lymphocytic aggregates in some portal tracts; 2, lym-
phocytic aggregates in all portal tracts; 3, dense lym-
phocytic aggregates in all portal tracts); bile duct
inflammation (0, absent; 1, lymphocytes infiltrating
bile duct in less than one third of portal tracts; 2, lym-
phocytes infiltrating bile duct between one third and
two thirds of portal tracts, 3; lymphocytes infiltrating
bile duct in more than two thirds of portal tracts); peri-
portal necroinflammatory activity (0, absent; 1, focal
alteration of the periportal plate in some portal tracts;
2, diffuse alteration of the periportal plate in some por-
tal tracts; 3, diffuse alteration of the periportal plate in
all portal tracts); lobular necroinflammatory activity (0,
absent; 1, less than one necroinflammatory foci per
lobule; 2, at least one necroinflammatory foci per lob-
ule; 3, more than one necroinflammatory foci per lob-
ule); confluent necrosis (0, absent; 1, present in one lob-
ule; 2, present in some lobules; 3, present in most
lobules) endothelialitis defined as attachment of lym-
phocytes to the endothelium of portal or centrilobular
venules (0, absent; 1, focal in some portal or centrilob-
ular venules; 2, focal in most portal or centrilobular
venules; 3, heavy lymphocytic infiltration in at least one
portal or centrilobular venule) and sinusoidal lympho-
cytic infiltrate (0, absent; 1, present in one lobule, 2,
present in some lobules, 3, present in most lobules).
GVHD lesions were scored in each spleen sample
according to three items that were graded as follows:
lymphoid atrophy (0, absent; 1, lymphoid periarterio-
lar sheath without follicle; 2, density of lymphoid peri-
arteriolar sheath intermediate between score 1 and 3; 3,
loss of lymphoid periarteriolar sheath); peliosis (0,
absent; 1, involving less than one third of the spleen; 2,
involving between one third and two thirds of the
spleen; 3, involving more than 2/3 of the spleen) and
fibrosis (0, absent; 1, mild interstitial fibrosis; 2, mod-
erate interstitial fibrosis; 3, foci of diffuse fibrosis). The
empty spleen was graded as 9. The sum of item scores
for each organ defined a total score
Immunohistochemistry. Five-micrometer-thick spleen
or LN sections were fixed in acetone for S minutes and
then washed in 0.05 M Tris-HCl, 0.15 M NaCl, pH 7.6
for 5 minutes. The sections were successively incubat-
ed with anti-Thy-1.1 (1:100; clone OX7, Pharmingen)
or anti-Thy-1.2 (1:100; clone 30-H12, Pharmingen)
biotinylated antibodies for 1 hour and streptABC com-
plex/AP (code K0391, Dako, Trappes, France) for 30
minutes. Alkaline phosphatase activity was revealed
using the Fast Red Substrate System kit (code K0699,
Dako) according to the manufacturer's instructions.
The sections were lightly counterstained with hema-
toxylin and mounted in Immu-Mount (Shandon, Pitts-
burgh, Pennsylvania, USA). Each sample was scored
according to the number of Thy-1.1 or Thy-1.2 positive
cells as follows: (0, no or rare cells; 1, low number; 2,
intermediate number; 3, high number of stained cells).
Statistical analysis. Statview software (Abacus Con-
cepts, Berkeley, California, USA) was used for statisti-
cal analyses. ANOVA was performed to compare

weight curves (the protected least significant differ-
ences Fisher test). The nonparametric Mann-Whitney
U test was used to compare GVHD scores and immune
reconstitution. Kaplan-Meier survival curves were
established for each group. Mice suffering from
advanced stages of GVHD or leukemia were killed for
histopathological examination and considered to be
dead in the Kaplan-Meier analysis. P-values are indi-
cated only when the difference between the two groups
was statistically significant.

Results

Ex vivo expansion of Treg’s. We first investigated, in a semi-
allogeneic BMT setting, the effect of Treg’s rendered spe-
cific for recipient allo-Ag’s (further referred to as sTreg’s)
and of Treg’s rendered specific for third-party allo-Ag’s,
which are thus irrelevant in the genetic combination of
BMT used in this work (further referred to as irTreg’s).
Because the irTreg population likely contained rare or no
recipient-type, antigen-specific Treg’s (21), their use as a
control should allow an evaluation of any potential non-
specific effect of Treg’s. Purified Treg’s from BALB/c
mice were stimulated by allogeneic irradiated C3H APCs
(sTreg’s) or B6 APCs (irTreg’s). In these conditions, num-
bers of Treg’s were dramatically increased by a factor of
4,500 for sTreg’s or 13,000 for irTreg’s, as previously
described, using other genetic combinations and also
maintained their CD4*CD25"CD62L"e? phenotype after
expansion (21). We tested cells that had been cultured
for 42 days and that had not received stimulation by
fresh APCs since day 35 for their in vivo functionality in
a semiallogeneic BMT setting.

Comparison of the effect of sTreg’s and irTreg’s on clinical
GVHD. In order to be able to analyze the effects of
sTreg’s and irTreg’s on GVHD and immune reconstitu-
tion, we used a model of semiallogeneic BMT in which
GVHD did not induce rapid mortality. When 9.5-Gy-
irradiated [BALB/c X C3H]F1 mice were grafted with
5 X 10° bone marrow cells supplemented with 10 x 10°
T cells from BALB/c mice, the mice developed severe
clinical signs of GVHD, such as hunching, dull fur, skin
lesions (Figure 1a, upper panel), weight loss (Figure 1b),
and strong diarrhea but did not die during the first 45
days after transplantation. When 10 X 10° sTreg’s
(BALB/c Treg’s cultured in the presence of C3H APC)
were added to the inoculum, no clinical signs of GVHD
were observed for the duration of the experiment (Fig-
ure la, lower panel). The mean weight curve of these
mice was undistinguishable from that of control mice
receiving BM cells alone and not developing GVHD.
Thus in this experimental model, adding sTreg’s effi-
ciently and durably prevented the occurrence of clinical
GVHD. When mice received irTreg’s (BALB/c Treg’s cul-
tured in the presence of B6 APC), the clinical outcome
was different. After a short period of weight gain (days
5-10), weight curves declined rapidly and continually,
as observed in mice of the GVHD control group (Figure
1b), although hunching, dull fur, skin lesions, and

strong diarrhea were not observed (not shown).
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C Liver Figure 1
Regulation of GVHD by the addition of ex vivo-

expanded Treg’s. At the end of the culture, Treg’s

3 h ; were tested for their capacity to control GVHD in
% the BALB/c — [BALB/c x C3H]F1 combination.
o * (a) The picture illustrates the skin lesions and gen-
iom ¢ P<0.02 eral status of grafted [BALB/c X C3H]F1 mice
g ] undergoing GVHD (upper pairs) or mice protect-
% ed from GVHD by adding sTreg’s (lower pairs).
% " * (b) Mice were weighed at different time points
T .

prior to sacrifice at day 45. Mean weight curves
were established for mice receiving BM cells alone
(dashed line, n = 3), BM cells supplemented with
10X 106 conventional T cells (open circles, n = 5)
in addition to either 10 X 10° sTreg’s (filled
squares, n = 15) or irTreg’s (filled circles,
n=14). P<0.05 between all groups except for
BM cells alone versus sTreg’s. (c) Histopatholog-
ic score of liver and spleen after semiallogeneic
BMT. Grading of GVHD was performed 45 days
after transplantation in liver and spleen. BM con-
trol mice infused with BM cells alone did not
develop GVHD (n = 3). ND, not done. GVHD
control mice received BM cells plus T cells and
represented the maximum intensity of GVHD in
this model (n = 4). Experimental mice received
BM cells plus T cells and either sTreg’s (n = 8) or
irTreg’s (n = 7). Points correspond to histopatho-
logical scores of individual mice; histograms show
the mean histopathological score for each group.
P < 0.05 between all groups for all tissues except
for BM cells alone versus sTreg’s and BM cells
alone versus irTreg’s in the liver.
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Days after transplantation

Mice were killed at day 45 after transplantation for
histopathological studies, a time point at which all
the mice of the GVHD control group developed
strong clinical signs of GVHD. In control mice graft-
ed with semiallogeneic BM cells and T cells, severe his-
tological signs of GVHD were observed in the small
and large bowel, skin, liver, and spleen. When sTreg’s
were added to the transplant containing BM cells and
T cells, no histological signs of GVHD (grade 0 or 1)
were detected in the small bowel, skin, liver, and
spleen Treg’s, although two of the eight mice exhibit-
ed mild signs of GVHD in the large bowel (Figure 1c
and not shown). This confirmed, at the infraclinical
level, the potent effect of sTreg’s for the prevention of
GVHD. In contrast, in mice receiving irTreg’s instead
of sTreg’s, histological analysis of target organs clear-
ly showed signs of GVHD in the spleen for six out of
seven mice, in the liver for four out of seven mice (Fig-
ure 1c), and in the large bowel but not in the skin for
three out of seven mice (not shown). These histologi-
cal signs of GVHD were of lower intensity than those
seen in the GVHD control group but were signifi-
cantly higher than in mice receiving sTreg’s or BM
cells alone. Together, these results show that sTreg’s
can efficiently prevent GVHD, whereas irTreg’s only
provide a partial protection.

Enbanced immune reconstitution after semiallogeneic BMT
with sTreg’s as compared with irTreg’s. The foregoing exper-
iments were performed after infusion of similar propor-
tions of total T cells and Treg’s to obtain a clinical effect.
Since it has been demonstrated in vitro that Treg’s can
mediate bystander suppression of conventional CD4* or
CD8* T cells (15, 25), general immunosuppression could
be a possible drawback of this strategy. We thus tested
the effects of Treg injections on subsequent immune
reconstitution by evaluating the number of total spleno-
cytes, together with B and T cell reconstitution. In mice
receiving BM cells alone, good immune reconstitution
was achieved by 45 days after transplantation, with
spleens containing about 80 x 10° cells, approximately
50% of which were B cells and 15% T cells. In contrast,
control mice receiving BM cells plus T cells displayed
strong lymphopenia characterized by profound splenic
atrophy and an absence of both the B and T cell com-
partments (Figure 2), compatible with severe GVHD
(26). Strikingly, adding sTreg’s efficiently prevented lym-
phopenia, since spleens contained about 150 X 106 cells,
with approximately 55% B cells and 15% T cells. Inter-
estingly, the numbers of B and T cells (both CD4* and
CD8") were increased in comparison with mice receiving
BM cells alone. Thus, adding sTreg’s in the transplant
along with donor T cells favored immune reconstitution.
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Regulation of GVHD by sTreg’s is associated with good immune
reconstitution. Immune reconstitution was evaluated 45 days after
transplantation in the spleen of mice grafted as described in Figure
1. Total splenocytes were counted and stained with appropriate

mAb

’s. The number of B220*, CD3*, CD4*, and CD8" cells was eval-

uated after analysis by flow cytometry for BM control mice (white
bars; n = 3), GVHD control mice (black bars; n = 4), mice receiving
sTreg’s (dark gray bars; n = 5), or irTreg’s (light gray bars; n = 5). His-
tograms indicate the mean number + SEM of cells for each group.
P <0.05 between all groups and for all cell populations except for
BM alone versus irTreg’s for CD8" cells.
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In contrast, mice receiving irTreg’s displayed splenic
atrophy compatible with an infraclinical GVHD and
had slightly more total splenocytes and B and T cells
(both CD4* and CD8* subpopulations) than mice of
the GVHD control group. Together, these results
revealed that sTreg’s favor immune reconstitution
and irTreg’s do not.

Increased number of sTreg’s as compared to irTreg’s in vivo.
We next tested whether the differences observed
between sTreg’s and irTreg’s in modulating GVHD and
in promoting immune reconstitution were associated
with their capacity to proliferate and/or to survive in
vivo after their infusion into recipient mice. In our
model, only Treg’s expressed the congenic marker Thy-
1.1, which was thus used to trace them. When Thy-1.2
mice received 10 X 106 sTreg’s, 0.3 X 10° Thy-1.1* cells
were detected by flow cytometry in the spleen at day 45
after transplantation. Most of these Thy-1.1* cells still
expressed both CD4 and CD25 markers (Figure 3a). In
contrast, when the same number of irTreg’s were used,
only 0.006 x 10° Thy-1.1* cells were detected in the
spleen at day 45. This observation was confirmed by
immunohistochemistry performed in the spleens and

LNs of grafted mice. In mice treated with sTreg’s,
numerous Thy-1.2* T-cells were detected in the T cell
zone of the spleen, attesting to the good T cell recon-
stitution in these mice protected from GVHD (Figure
3¢) and consistent with the flow cytometry data (Fig-
ure 3a). In these mice, Thy-1.1* Treg’s were easily detect-
ed in the spleen of protected mice (Figure 3b,c). In con-
trast, lower numbers of Thy-1.2* T-cells were detected
in the spleens of mice receiving irTreg’s (Figure 3c),
attesting to poor T cell reconstitution and confirming
flow cytometry data (Figure 3a). In these tissues, few or
none of the Thy-1.1"-infused Treg’s were still present.
Comparable results were also observed in the LNs of
grafted animals (not shown).

We tested whether the increased proportion of
sTreg’s as compared with irTreg’s resulted from a dif-
ference in their proliferation to specific allo-Ag’s. We
previously observed, using the same genetic combi-
nations, that BALB/c sTreg’s, generated by a 2-week-
culture in the presence of C3H APCs, proliferated very
strongly when restimulated in vitro with C3H APCs,
as compared with irrelevant B6 APCs (21). Here, we
tested whether similar differences in the proliferation
of cultured Treg’s to specific allo-Ag’s can also be
observed in vivo. First, we addressed this point by
injecting CFSE-stained Treg’s into nonirradiated,
semiallogeneic recipient mice. The choice of using
nonirradiated recipient mice was driven by previous
reports showing that homeostatic expansion of Treg’s
occurs in lymphopenic syngeneic hosts (27, 28). When
C3H-specific cultured BALB/c Treg’s were transferred
into [BALB/c x C3H]F1 recipients, they rapidly pro-
liferated, with three to four rounds of division already
evidenced by day 3 after infusion. In contrast, irTreg’s,
which were in vitro selected for their capacity to
respond to B6 APC, but not C3H APC, did not divide.
An increased proportion of divided sTreg’s as com-
pared with irTreg’s was still observed at day 14 but
not at day 28 (Figure 4a). The presence of divided
irTreg’s at day 28 was likely due to the extensive divi-
sion of autoreactive Treg’s in the steady state, as we
reported recently (29). Early proliferation of sTreg’s
resulted in an increased absolute number of sTreg’s as
compared with irTreg’s (Figure 4b). Then, we tested
whether such observations could also be made in a
BMT setting. Here again, the number of divided
sTreg’s was increased at day 3 as compared with the
number of irTreg’s when infused in lethally irradiat-
ed recipients (Figure 4c). These results likely explain
the better potential of sTreg’s to durably control
GVHD as compared with irTreg’s.

Nevertheless, we also observed a partial beneficial
effect against GVHD with irTreg’s, as illustrated by
general clinical status and histopathological analysis
observed in grafted mice (Figure 1). We thus tested
whether irTreg’s could suppress activation of T cells
stimulated by third-party allo-Ag’s in vitro. When
BALB/c CD25 T cells were stimulated by irradiated
allogeneic C3H splenocytes, adding sTreg’s strongly
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