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Blockade of the B7: CD28 costimulatory pathway has
emerged as a promising therapy to prevent allo-
graft rejection. However, this pathway has also been
demonstrated to be important for the generation and
maintenance of regulatory T cells. In this study, we
investigated the role of the B7: CD28 pathway in the
‘bm12 into B6’ MHC class II-mismatched vascularized
cardiac transplant model of chronic rejection. Allograft
rejection was remarkably accelerated in B6 background
B7DKO and CD28KO recipients compared with B6 wild-
type (WT) recipients. Allograft rejection was associ-
ated with a significantly enhanced Th1/Th2 alloreac-
tivity and marked reduction in the ratio of regulatory
T cells to CD4+ effector/memory cells. We noted that
administration of anti-B7-1 and anti-B7-2 mAb prior
to transplantation also accelerated allograft rejection.
Furthermore, depleting CD25+ cells in B6 WT recipients
of bm12 hearts prior to transplant also precipitated re-
jection at a similar rate. Neither B7/CD28 deficiency
nor CD25 depletion affected graft survival in single
MHC class I-mismatched (bm1 into B6) recipients. This
study highlights the paradoxical functions of B7: CD28
costimulation in a MHC class II-mismatched model, in
which the B7: CD28 pathway is demonstrated to be im-
portant in preventing rejection through the generation
and maintenance of Tregs.
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Introduction

Although the role of B7: CD28 interactions in promot-
ing initial T-cell activation is well established, a separate
role for B7: CD28 interactions in promoting T-cell toler-
ance has only recently been acknowledged (1). Investiga-
tion of the severe and accelerated diabetes that develops
in CD28-deficient (CD28KO) and B7.1/2-double-deficient
(B7DKO) NOD (nonobese diabetic) mice (2) revealed that
B7: CD28 interactions control regulatory T cells (Tregs).
These NOD mice demonstrate a profound decrease of the
CD4+CD25+ regulatory T-cell population in both CD28KO
and B7DKO mice, and the transfer of this regulatory T-cell
subset from control NOD animals into CD28-deficient ani-
mals can delay/prevent diabetes. The results suggest that
the B7: CD28 costimulatory pathway is essential for the de-
velopment and homeostasis of regulatory T cells. Recent
research also reinforces that B7: CD28 interactions are
needed for development and maintenance of CD4+CD25+

Tregs (3,4).

The B6.H-2bm12 mice have a spontaneous mutation of
the I-Ab molecule, resulting in a 3-aa substitution in the
third hypervariable region of the Aß chain. C57BL/6 (B6)
mice do not acutely reject B6.H-2bm12 (bm12) heart al-
lografts, although the grafts develop transplant-associated
vasculopathy over time, characteristic of chronic rejection
(5,6). However, skin grafts from bm12 are acutely rejected
in B6 recipients, indicating that the antigenic mismatch
between these strains can trigger a potent alloimmune re-
sponse (7). In this single MHC class II-mismatched model,
acute rejection of the bm12 cardiac allograft is inhibited by
the emergence of CD25+ regulatory T cells that restrict the
clonal expansion of alloreactive T cells (7). Therefore, lack
of B7: CD28 costimulation in the ‘bm12 into B6’ transplant
model may impair the generation of regulatory T cells and
enhance the clonal expansion of effector T cells, conse-
quently shortening allograft survival.

In this study, we use CD28-deficient and B7.1/2-double-
deficient recipients of bm12 hearts to investigate the role
of B7: CD28 blockade in a single MHC class II-mismatched
cardiac transplantation model. This study may have impor-
tant clinical implications for the application of Belatacept
(competitive blocker of the B7: CD28 pathway), since reg-
ulatory T cells play an important role in the preservation of
graft function.
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Materials and Methods

Mice

C57BL/6 (H2b, B6), B6.C-H2bm12/KhEgJ (bm12), B6.C-H2bm1/ByJ (bm1),
B6.129S2-Cd28tm1Mak/J (CD28KO), B6.129S4-Cd80tm1Shr/J (B7.1KO),
B6.129S4-Cd86tm1Shr/J (B7.2KO) and B6.129S4-Cd80tm1ShrCd86tm2Shr/J
(B7DKO) mice were purchased from The Jackson Laboratory (Bar Harbor,
ME). All mice were 8–12 weeks of age and housed in accordance with
institutional and National Institutes of Health guidelines.

Heterotopic heart transplantation

Vascularized heart grafts were placed in an intra-abdominal location using
microsurgical techniques as described by Corry et al. (8). Graft function
was assessed by palpation of the heartbeat. Rejection was determined
by complete cessation of palpable heartbeat and was confirmed by direct
visualization after laparotomy. Graft survival is shown as the median survival
time (MST) in days.

Antibodies and in vivo treatment protocol

Rat anti-mouse CD25 mAb (PC61), B7.1 mAb (1G10) and B7.2 mAb (as-
cites) were manufactured and purified from the original hybridomas by a
commercial source, Bioexpress Cell Culture (West Lebanon, NH) (9). Car-
diac allograft recipients were treated with PC61 250 lg on days 6 and 1
before transplantation. The 1G10 and ascites were administered i.p. 500
lg at day −10, and 250 lg at days −8, −6, −4, −2 and 0 before the
transplantation.

ELISPOT and Luminex assay

Splenocytes harvested at 10 days after transplantation from WT B6,
CD28KO and B7DKO recipients of bm12 heart allografts were restimulated
by irradiated donor-type splenocytes. The ELISPOT assay (R&D Systems,
Minneapolis, MN) was adapted to measure the frequency of alloreactive
T cells producing interferon (IFN)-c and interleukin (IL)-4 and IL-6, as de-
scribed previously (5). The frequencies of cytokine-secreting alloreactive
cells were expressed as the number of cytokine-producing cells per 0.5 ×
106 responder cells. For Luminex assay, cell-free supernatants of individual
wells were removed after 48 h of incubation and analyzed by a multiplexed
cytokine bead-based immunoassay using a preconfigured 21-plex mouse
cytokine detection kit (Millipore) according to the manufacturer’s instruc-
tions as described previously (6). All samples were tested in triplicate wells.
The cytokine panel included IFN-c , IL-1a, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-7, IL-10,
IL-12, IL-13, IL-15, IL-17, IP-10, MCP-1, MIG, RANTES and TNFa.

Flow cytometry

Splenocytes from B6 WT, B6 CD28KO and B6 B7 DKO recipients of bm 12
hearts at 10 days after transplantation were stained with fluorochrome-
labeled monoclonal antibodies (mAbs) against CD4, CD8, CD62 ligand
(CD62L), CD44, CD25 and FoxP3 (BD Biosciences, San Jose, CA). Intracel-
lular FoxP3 staining was performed using the Cytofix/Cytoperm intracellular
staining kit. Flow cytometry was performed with a FACSCalibur system (BD
Biosciences) and analyzed using FlowJo software, assessing regulatory T
cells (CD4+CD25+FoxP3+) as well as CD4+ and CD8+ effector memory
(CD44high CD62Llow phenotype) and central memory (CD44high CD62Lhigh

phenotype) cells.

Morphology

Cardiac graft samples from transplanted mice were harvested from re-
jecting (cessation of heartbeat by palpation) and long-term survivors (>56
days), then fixed in 10% formalin, embedded in paraffin, coronally sec-
tioned and stained with hematoxylin and eosin for evaluation of the degree
of rejection according to International Society of Heart and Lung Transplan-
tation (ISHLT) guidelines (10) and for cellular infiltration and vasculopathy
by light microscopy (11,12). An examiner blinded to the groups read all the
samples.

In vitro suppression assays

To assess the regulatory function of Tregs in vitro, ELISPOT assays were
set up in which CD4+ T cells from CD28KO recipients of bm12 cardiac
allografts were used as responder cells to irradiated bm12 splenocytes.
Subsequently, CD4+CD25+ T cells from naive B6 WT and CD28KO mice
were added to each well as ‘modifying cells’ at various ratios. The regulatory
function of Tregs was assessed by the suppressive effect on the frequency
of IFN-c -producing responder cells. CD4+ T cells and CD4+CD25+ T cells
were isolated from splenocytes by magnetic activated sorting by a CD4+ T
cell and CD4+CD25+ Regulatory T-cell isolation kits (130-090-860 and 130-
091-041, respectively; Miltenyi Biotec). The purity of T cells was estimated
to be greater than 90% by FACS.

Statistics

Graft survival was expressed graphically using the Kaplan–Meier method,
and statistical differences in survival between the groups were assessed
by the log-rank test. Student’s t-test was used for comparison of means. A
p < 0.05 was considered statistically significant.

Results

B7/CD28 deficiency prolongs cardiac allograft survival

in the fully MHC-mismatched transplant model,

whereas B7/CD28 deficiency accelerates allograft loss

in the single MHC class II-mismatched transplant

model

Consistent with previously published data, B6 CD28KO
recipients rejected BALB/c hearts at a delayed tempo
(MST = 14 days vs. 7.5 days in WT recipients, n = 4,
p = 0.0062) and B7.1/2-double-deficient recipients were
unable to reject BALB/c hearts within 8 weeks (MST > 56,
n = 5) (13,14).

The ‘bm12 into B6’ is a single MHC class II-mismatched
transplant model in which cardiac allografts are devoid of
acute rejection and survive long term, but develop severe
transplant arteriosclerosis within 8 weeks of transplanta-
tion (5,6). Hearts from bm12 mice were transplanted into
B6 WT and B6 background CD28KO, B7-1 knockout, B7-2
knockout and B7-1, B7-2 double KO (B7.1/2 DKO) mice.
Bm12 cardiac grafts transplanted into B6 WT recipients
had a MST of greater than 56 days. Bm12 cardiac grafts
transplanted into single B7-1 (MST > 56 days, n = 4) or
B7-2 KO (MST > 56 days, n = 4) recipients had compa-
rable survival times to WT recipients. Allograft rejection
was accelerated when bm12 hearts were transplanted into
B7DKO recipients (MST = 7.5 days, n = 6, p < 0.0001).
Allograft rejection was also significantly accelerated when
bm12 hearts were transplanted into CD28KO recipients
(MST = 13 days, n = 6, p < 0.0001) (Figure 1A). The histol-
ogy of rejected allografts in CD28KO and B7DKO recipients
demonstrated a typical acute rejection pattern with inten-
sive cellular infiltration and necrosis, leading to allograft
loss (Figure 1C, D). In comparison, B6 WT recipients had
minimal cellular infiltration of the allograft (Figure 1B) at
2 weeks after transplantation.

Analysis of the frequency of alloreactive cytokine-
producing cells in B6 WT, CD28KO and B7DKO recipients
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Figure 1: B7/CD28 deficiency leads to accelerated cardiac allograft loss in the single MHC class II-mismatched transplant model.

The hearts from bm12 mice were transplanted into B6 wild-type, CD28-, B7–1-, B7–2- deficient and B7.1/2-double-deficient mice.
Bm12 cardiac grafts transplanted into a B6 WT recipient had a median survival time (MST) of greater than 56 days. Bm12 cardiac
grafts transplanted into single B7–1- or B7–2-deficient recipients had similar survival times to WT recipients; unexpectedly, allograft
rejection was remarkably accelerated when bm12 hearts were transplanted into B7.1/2-double-deficient or CD28-deficient recipients (A).
Representative photomicrographs of H&E staining demonstrate minimal parenchymal infiltrate in the control B6 WT recipient (B) and a
typical acute cellular allograft rejection pattern in CD28-deficient (C) and B7.1/2-double-deficient (D) recipient, with an extensive cellular
infiltration and necrosis that precipitated the allograft loss.

of cardiac grafts from bm12 mice by ELISPOT at 10 days
after transplantation showed that the frequency of alloreac-
tive T cells producing IFN-c in CD28KO and B7DKO recip-
ients had a 5-fold and 45-fold increase, respectively, over
the control B6 WT (Figure 2A). The same pattern of in-
crease was seen in IL-4 and IL-6 producing cells (Figure 2A).
The alloantigen-specific production of Th1 (IFN-c ), Th2 (IL-
4, IL-5, IL-10 and IL-13) and proinflammatory cytokines (IL-2,
TNF-a, IL-6, IL-17, IL-12p40 and IL-12p70) were also exam-
ined by Luminex in WT, CD28KO and B7DKO recipients
of bm12 cardiac allografts. Consistent with the ELISPOT
observations, CD28KO and B7DKO splenocytes produced
significantly more Th1 cytokine IFN-c , Th2 cytokines IL-4,
IL-5, IL-10 and proinflammatory cytokines IL-2, TNF-a and
IL-6 than WT splenocytes (Figure 2B). Finally, there was no
evidence of significant IL-17 production, with only very low
levels detected in all three groups (data not shown).

B7/CD28 deficiency impairs the generation of

regulatory T cells in the B6 recipients of bm12 cardiac

grafts, leading to acute allograft rejection instead of

long-term survival

To investigate the mechanism of acceleration of al-
lograft rejection, we measured the percentage of

CD4+CD25+Foxp3+ regulatory T cells, CD4+ and CD8+

effector/memory T cells in the wild-type B6, CD28-
deficient and B7-double-deficient recipients of bm12
cardiac grafts 10 days after transplantation. Although
the percentage of CD4+ effector/memory phenotype
(CD44highCD62Llow) was similar among all recipients
(19.83 ± 1.908; 15.64 ± 2.12, p = 0.1968 and
15.15 ± 2.58, p = 0.1938, respectively), the number of
CD4+CD25+Foxp3+ regulatory T cells was significantly re-
duced in CD28KO (0.5300 ± 0.06658, p = 0.0026) and
B7DKO (0.1250 ± 0.0650, p = 0.0047) compared with WT
mice (1.583 ± 0.1433), resulting in a significantly higher
ratio of CD4+ effector/memory cells relative to Tregs in the
CD28KO and B7DKO recipients (Figure 3A and B). Further-
more, the percentage of regulatory T cells in WT, CD28KO
and B7DKO recipients was proportional to the length of al-
lograft survival in these mice (Table 1). These data indicate
that regulatory T cells are critical for maintaining the long-
term survival of bm12 allografts in wild-type B6 recipients.
This was confirmed by treating wild-type B6 recipients of
bm12 heart allografts with 0.25mg rat anti-CD25 mAb at
day −6, and −1 before transplantation. Recipients treated
with anti-CD25 mAb had 100% allograft loss by day 40
(MST = 16 days, n = 8 vs. control MST>56 days, n = 10,
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Figure 2: Upregulation of both Th1 and Th2 cytokine production in CD28-deficient and B7.1/2-double-deficient allograft recipients

of bm12 hearts. Th1, Th2 and proinflammatory cytokines production by the splenocytes of WT, CD28KO and B7DKO recipients of bm12
heart grafts assessed at 10 days post-Tx by ELISPOT (A) and Luminex assay (B). Data represent mean ± SEM of triplicate wells from
three mice per group.

Figure 3: CD4+CD25+Foxp3+ regulatory T cells remarkably decreased in CD28-deficient and B7.1/2-double-deficient allograft

recipients of bm12 hearts. FACS analysis of splenocytes of WT, CD28KO and B7DKO recipients of bm12 hearts at 10 days post-Tx
showed that CD28KO and B7DKO recipients had a significant lower percentage of CD4+CD25+Foxp3+ regulatory T cells than wild-type
recipients. (A). In addition, the ratio of CD4+ effector/memory cells relative to Tregs was significantly higher in CD28KO and B7DKO
recipients when compared with WT recipients (B). Bar graphs show means ± SEM. All results are representative of at least three
different sets of experiments.
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Table 1: The survival time of bm12 grafts is strictly correlated to
the percentage of regulatory T cells in the B6 recipients’ spleens

% CD4+Foxp3+Mean survival time
Bm12 into B6 (Mean ± SEM) (MST, Days)

B7.1/2 DKO 2.67 ± 0.57 7.5
CD28 KO 3.63 ± 0.37 13
Anti-CD25 (pre-Tx) 4.99 ± 0.29 16
Anti-B7.1+ Anti-B7.2 (pre-Tx) 6.42 ± 1.13 19

(pre-Tx)
B6 WT 13.18 ± 0.48 >56

p < 0.0001) (Figure 4A and B). Similarly, pretreatment of B6
WT recipients of bm12 hearts with anti-B7.1 and anti-B7.2
antibodies (0.5mg at day −10 and 0.25mg at day, and −8,
−6, −4, −2, 0, i.p.) significantly reduced the percentage of
CD4+CD25+Foxp3+ regulatory T cells and accelerated allo-
graft rejection (MST = 19 days, n = 7 vs. control MST>56
days, n = 10, p < 0.0001) (Figure 4C and D). Consequently,
we conclude that the survival time of the bm12 grafts is
correlated to the number of regulatory T cells in the B6
recipient, suggesting a Treg-dependent transplant model
(Table 1), which is consistent with the recent observation
from Fairchild’s group (7).

Regulatory T cells from CD28-deficient mice are fully

functional and able to suppress cytokine production

of CD28-deficient alloreactive T cells in vitro when

compared to naı̈ve B6 Tregs

In order to confirm that the accelerated rejection in CD28-
deficient mice was primarily due to the low number of
Tregs in the recipient, it was essential to exclude im-
paired function of Tregs in a CD28-deficient milieu. Con-
sequently, an IFN-c ELISPOT assay was set up to as-
sess the regulatory function of CD4+CD25+ Tregs from
naı̈ve B6 wild-type and CD28 KO mice in vitro (Figure 5).
CD4+CD25+ Tregs from naı̈ve B6 wild-type (1:1,
259.7 ± 12.08 vs. 100.5 ± 9.500, p = 0.0004) and CD28
KO (1:1, 259.7 ± 12.08 vs. 95.50 ± 1.500, p = 0.0003)
mice significantly suppressed IFN-c production of CD28-
deficient alloreactive T cells in a dose-dependent manner,
clearly indicating that the CD4+CD25+ T-cell subset in naı̈ve
B6 and CD28KO mice functionally inhibits alloimmune re-
sponses.

B7/CD28 deficiency did not significantly affect graft

survival in single MHC class I-mismatched bm1 into

B6 cardiac transplant model

To explore further the relevance of the B7/CD28 defi-
ciency in another transplantation setting characterized by a
weaker alloimmune response when compared with fully
mismatched models, we evaluated the ‘bm1 into B6’
heart transplantation model. In this single MHC class I-
mismatched model, CD8+ T cells primarily mediate al-
lograft rejection. Similar to the ‘bm12 into B6’ cardiac
model, all allografts survived long term (>56 days). How-
ever, B7/CD28-deficient B6 recipients did not alter the car-
diac allograft survival of bm1 donors (Figure 6A), and de-

pletion of CD25+ T cells did not accelerate bm1 allograft
rejection in WT B6 recipients (Figure 6B). These combined
data suggest that the B7/CD28 deficiency affects allograft
survival exclusively in transplant models in which Tregs
predominantly control the alloimmune response.

Discussion

In this study, we report the intriguing finding that CD28- or
B7.1/2-deficient recipients accelerated the cardiac allograft
rejection in a single MHC class II-mismatched ‘bm12 into
B6’ transplant model, in contrast to prolonging cardiac al-
lograft survival in the fully MHC-mismatched ‘BALB/c into
B6’ transplant model. We found that the acceleration of
allograft rejection is associated with a marked reduction
in the number of CD4+CD25+Foxp3+ regulatory T cells in
the CD28-deficient or B7.1/2-double-deficient recipients of
bm12 hearts. We also showed that depletion of CD25+

regulatory T cells in WT recipients accelerated allograft
rejection at a comparable rate to CD28-deficient recipi-
ents. A similar observation has been reported previously
in the ‘bm12 into B6’ cardiac transplant model, although a
different treatment protocol of anti-CD25mAb was used
(7). We note that the percentage of Tregs in CD28KO,
B7DKO and WT recipients treated with anti-CD25 and anti-
B7.1/2 mAbs correlated with the bm12 graft survival time
(Table 1). Nevertheless, others have shown that B7DKO re-
cipients of bm12 hearts did not experience an accelerated
rejection when recipients were treated with immunosup-
pressives at the time of transplantation (15). This indicates
that targeting effector cells with immunosuppression after
transplantation, even when Tregs have been reduced as in
the case of the B7DKO recipients, can still abrogate the
alloimmune response.

It is well known that B7: CD28 costimulation lowers the
activation threshold, enhances proliferation and increases
cell survival by augmenting secretion of multiple cytokines
(such as IL-2), and also promotes T-cell differentiation to-
ward both T helper Th1 and Th2 (16). In an autoimmune
model, it has been reported that both Th1 and Th2 cy-
tokines are reduced in B7.1/2-double-deficient NOD mice
(2) and CD28-deficient NOD mice have impaired Th2 dif-
ferentiation while Th1 development is maintained (17).
In contrast, the accelerated allograft rejection in CD28-
deficient and B7.1/2-double-deficient recipients of bm12
hearts is associated with increased production of Th1,
Th2 and proinflammatory cytokines. This increase in mul-
tiple cytokines probably does not directly result from the
absence of B7: CD28 costimulation, but rather from the
lack of suppression of effector T cells. This is supported
by the observation that depletion of CD25+ Tregs signifi-
cantly increases the frequency of IFN-c producing cells in
the ‘bm12 into B6’ cardiac transplantation model (7). The
anti-CD25 antibody also targets activated effector T cells
in addition to Tregs, however, it seems that in the setting
of reduced alloreactive T-cell clone size, its dominant effect
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Figure 5: CD4+CD25+ Tregs from naive B6 wild-type and CD28-deficient mice suppressed the alloimmune response in vitro.

ELISPOT assay was set up to assess the regulatory function of CD4+CD25+ Tregs from B6 wild-type and CD28KO in vitro. Isolated CD4+
T cells from CD28KO recipients of bm12 cardiac allografts were used as responder cells to irradiated bm12 splenocytes. CD4+CD25+
Tregs from naive B6 wild-type and CD28KO mice were added to each well as ’modifying cells‘ at different ratios. The regulatory function
of Tregs was assessed by the suppressive effect on the frequency of IFN-c -producing responder cells.

is related to the depletion of CD25+ regulatory T cells (7).
Last, the absence of significant IL-17 production excludes
the emergence of Th17 cells as potential mediators of this
accelerated rejection (6).

Our findings indicate that B7: CD28 costimulation is es-
sential for the development and homeostasis of regu-
latory T cells and protect bm12 cardiac allografts from
acute rejection in WT B6 recipients, consistent with a
recent study of B7: CD28 costimulation in the experi-
mentally induced model of autoimmunity (2). The trans-
fer of a regulatory T-cell subset from control NOD animals
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Figure 6: B7/CD28 deficiency did not significantly affect graft

survival in single MHC class I-mismatched bm1 into B6 car-

diac transplant model; accordingly, CD25+ T-cells depletion

did not accelerate allograft rejection in B6 recipients of bm1

hearts. The bm1 hearts were transplanted into B6 wild-type,
CD28-deficient, B7.1/2-double-deficient mice. All the bm1 allo-
grafts survived during the observation of 56 days in wild-type re-
cipients. In contrast to ’bm12 into B6‘ transplant model, B7/CD28
deficiency in recipients did not alter bm1 graft survival (A). More-
over, anti-CD25 antibody treatment did not accelerate the bm1
allograft survival in B6 WT recipients (B).

into CD28-deficient animals can delay/prevent diabetes.
We were able to confirm the normal function of CD28-
deficient Tregs in vitro, but an adoptive transfer of CD28-
deficient Tregs into CD28KO recipients of bm12 allografts
would have been ideal to confirm the importance of the T-
effector/Tregs ratio in alloimmune regulation in this model.
However, the limited number of Tregs present in CD28KO
mice is a technical limitation (<0.6% of splenocytes) to this
approach.

The B7: CD28 pathway has proven itself to be rele-
vant in multiple models of transplantation and autoim-
munity, and the blockade of this costimulatory pathway
has been considered a good target for therapeutic inter-
vention (18). Belatacept, a higher-affinity and more potent
second-generation CTLA4-Ig, was developed specifically
for use in organ transplantation, binding with greater affin-
ity to B7.1 and B7.2 (CD80/CD86) than CD28 receptors
(19). Our findings raise an important question about the
long-term effects of this form of T-cell blockade on the
allograft by affecting Tregs generation and maintenance,
especially in well-matched recipients. However, extrapo-
lation of our findings to humans cannot be made at this
time and will require further investigation with the ongoing
long-term trials with Belatacept. This will be of great in-
terest as we attempt to develop new immunosuppressive
targets that ultimately protect the allograft from chronic
rejection.

Taken together, this study demonstrates for the first time
the paradoxical role of B7: CD28 costimulation in fully al-
logeneic and single MHC class II-mismatched grafts and
proposes a possible mechanism through the realignment
of effector to regulatory T- cell ratio (Teff/Treg) in favor of a
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highly alloreactive immune response. These data suggest
that B7 blockade may have a paradoxical effect depend-
ing on the timing of blockade and the balance of Tregs to
T-effector cells within the recipient.
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