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Abstract

The goal of the study was to determine how the changed balance of host naive and regulatory T cells
observed after conditioning with total lymphoid irradiation (TLI) and anti-thymocyte serum (ATS)
promotes tolerance to combined organ and bone marrow transplants. Although previous studies
showed that tolerance was dependent on host natural killer T (NKT) cells, the current study shows
that there is an additional dependence on host CD4*CD25* Treg cells. Depletion of the latter cells
before conditioning resulted in rapid rejection of bone marrow and organ allografts. The balance of
T cell subsets changed after TLI and ATS with TLI favoring mainly NK T cells and ATS favoring
mainly Treg cells. Combined modalities reduced the conventional naive CD4* T cells 2800 fold. The
host type Treg cells that persisted in the stable chimeras had the capacity to suppress alloreactivity
to both donor and third party cells in the MLR. In conclusion, tolerance induction after conditioning
in this model depends upon the ability of naturally occurring regulatory NKT and Treg cells to
suppress the residual alloreactive T cells that are capable of rejecting grafts.

Keywords

Allograft tolerance; Antithymocyte globulin; Bone marrow transplantation; CD4+ CD25+T cells;
T regulatory cells; Radiation

Introduction

The induction of tolerance to allografts by establishing stable mixed chimerism after non-
myeloablative conditioning was first reported more than 30 years ago (1-3). Since then several
laboratories have studied the cellular basis of tolerance in the mixed chimera model in a variety
of inbred and outbred laboratory animals (4,5,6). Recently, the approach of combined organ
and hematopoietic cell transplantation has been successfully applied to tolerance induction in
humans (7,8,9). Conditioning regimens used to achieve mixed chimerism and tolerance include
lethal and sublethal total body irradiation (TBI) with or without thymic irradiation and anti-T
cell antibodies (4,5,6), TLI with and without anti-T cell antibodies (1,2,3,8,10,11,12), co-
stimulatory blockade with or without rapamycin therapy or cytoreduction (13,14,15,16),
injection of naturally occurring CD4*CD25* Treg (nTreg) cells combined with radiation
cytoreduction (17,18), and chemical cytoreduction combined with thymic irradiation, and anti-
T cell antibodies (7,9). Although central and peripheral clonal deletion in chimeras can explain
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the lack of reactivity of host immune cells to donor alloantigens (6,19), host regulatory T cells
that remain after cytoreduction or that are injected after cytoreduction can also play an
important role in the engraftment of the donor organ and hematopoietic cells (12,17,18).

In the mixed chimera and tolerance induction model with TLI, anti-thymocyte serum (ATS),
and bone marrow transplantation, tolerance is dependent on the residual host natural killer
(NK) T cells (12). Since nTregs and Tregs induced from CD4*CD25" T cell precursors (iTregs)
have been shown to play an important role in promoting tolerance to allografts in both chimeric
and non-chimeric mouse models (15,20,21,22,23), we determined the role of residual host
Tregs in the mixed chimera model using TLI and ATS conditioning in the current study. The
requirement for host Tregs was determined by selectively depleting these cells pretransplant
with a single injection of anti-CD25 mADb, a strategy that has been reported to interfere with
tolerance induction (24). The results show that deficiency in either NK T cell or Tregs prevents
chimerism and tolerance in the TLI and ATS model. This lymphodepletive-conditioning
regimen facilitated tolerance by altering the balance of host T cell subsets to markedly favor
the NKT cells and Tregs over alloreactive host naive (CD62LMNCD44!) T cells.

Materials and Methods

Mice

Adult 8- to 10-week-old, wild type BALB/c (H-2%), wild-type C57BL/6 (H-2°), p537- C57BL/
6 and wild type C3H (H-2X) mice were obtained from The Jackson Laboratory and the
Department of Comparative Medicine, Stanford University (Stanford, CA) as per existing
protocols. CD1d”- BALB/c and wild type mice were bred and/or maintained in the Department
of Comparative Medicine, Stanford University (Stanford, CA).

Cardiac Transplantation and Monitoring for Graft Survival

Neonatal C57BL/6 heart grafts were transplanted into a pouch in the ear pinna of BALB/c hosts
on day 0 according to the procedure described by Trager etal. (25). Heart grafts were monitored
daily for visible contractions and survival was based on the time interval until contractions
stopped.

Bone Marrow Transplantation and TLI

The procedure for bone marrow transplantation was described in details previously (12). TLI
was delivered to the abdomen, lymph nodes, thymus, and spleen with shielding of the skull,
lungs, limbs, pelvis and tail (5,6). Irradiation was started on day 14 before transplantation and
10 doses of 240 cGy each were administered. The last dose of TLI was administered to BALB/
¢ mice 24 hr before the allogeneic bone marrow cell infusions.

Rabbit Antithymocyte Serum and Anti-CD25 mAb Treatment

Rabbit ATS was purchased from Accurate Chemical and Scientific Inc. (Westbury, NY).
BALBI/c recipients were injected i.p. with 0.05 ml of ATS in 0.5 ml of saline on days 0, 2, 6,
8, and 10 after heart transplantation. Depletion of Tregs was accomplished by a single
intraperitoneal injection of anti-CD25 mAb purchased from eBioscience, Inc., as described
previously (24).

Immunofluorescent Staining Reagents and Monoclonal Antibodies

Anti-CD4-PE, anti-CD8-PE, anti-H-2KP-FITC, anti-TCRaf-PE, anti-TCRaf-APC, and anti-
CD16/32 monoclonal antibodies (mAb) to block FcR-y 11/111 were purchased from BD
Pharmingen (San Diego, CA). Staining for surface expression of CD25 and/or intracellular
Foxp3 used anti-CD25 and anti-Foxp3 mAbs from eBioscience, Inc. (San Diego, CA). CD1d-
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tetramers conjugated to PE were obtained from the National Institutes of Health Tetramer
Facility, Rockville, MD.

Immunofluorescent Staining and Chimerism Analysis

Single cell suspensions of blood or spleen cells were stained for surface markers with
appropriate mAbs at 4°C in staining buffer containing propidium iodide and Fc receptor
blocking antibodies as described previously (1), 7,9,10). Cell staining was analyzed ona FACS
Vantage (Becton Dickinson, Mountain View, CA) (1,7. Analysis of chimerism in the blood
was performed by one color staining of total white blood cells with the anti-H-2KP mAb.
Staining procedures for CD4*CD25%Foxp3™ T cells were a modification of those reported
previously using the eBioscience regulatory T cell staining kit (26).

Statistical Analysis

Results

Statistical analyses of differences in heart graft survival between different groups of mice were
performed using the log-rank test of Kaplan-Meier plots or Chi-square analysis at day 100.
Comparisons of the fraction of mice in different groups that were chimeras were performed by
chi-square analysis. Comparisons of mean percentages of absolute numbers of T cells and
subsets in the spleen of different groups of mice were made using the two tail student t test of
independent means. Comparisons of the mean stimulation index in the MLR were performed
using the student t test as well.

Tolerance and Chimerism require host regulatory T cells despite lymphodepletion

BALB/c host mice were given heart transplants from neonatal C57BL/6 donors on day O,
followed by 10 doses of TLI (240cGy each) and 5 doses of ATS over a 14 day period as shown
in Figure 1A. One day after the completion of TLI, C57BL/6 bone marrow cells (50x10°) were
injected i.v. into the hosts. Figure 1B shows that more than 80% of the hosts that received the
heart and bone marrow transplants accepted the heart grafts for at least 100 days, but hosts that
did not receive the bone marrow injection all rejected their grafts by about 60 days (p<0.0001).
Hosts with heart grafts surviving more than 100 days were given C3H heart transplants
thereafter, and 6 of 6 were rejected within 3 weeks (data not shown). When the experimental
scheme with combined heart and bone marrow transplants was repeated using NK T cell
deficient CD17" instead of wild type hosts, then the heart grafts were all rejected by about day
65 (Figure 1C). The results indicate that the host NK T cells are required for tolerance induction,
and survival of grafts in wild type versus CD17- hosts was significantly different (p<0.0001).

In order to determine whether host CD4+*CD25" Treg cells were required for tolerance
induction; BALB/c hosts were given a single i.p. injection of anti-CD25 mAb, 7 days before
heart transplantation (Figure 1A). The anti-CD25 mAb treatment reduced the percentage of
CD4*CD25* Treg cells among residual total CD4* T cells from about 10% pre-treatment to
less than 1% at the time of the bone marrow transplant on day 15 as judged by flow cytometry
of host spleen cells (Figure 2 and 3A). The Treg depletion prevented the induction of tolerance
in almost all hosts, and about 90% rejected their heart grafts by 80 days (p<0.0001), as
compared to undepleted wild type hosts) (Figure 1C). Whereas 16 of 19 wild type undepleted
hosts became mixed chimeras 28 days after bone marrow transplantation (Supplementary
Figure 1), only 1 of 12 Treg depleted hosts developed mixed chimerism (p<0.0001) and none
of 12 CD1"- undepleted hosts became chimeric (p<0.0001) (Figure 1D). Thus, the acceptance
of the bone marrow and heart grafts is dependent on both host NK T cells and Treg cells using
this conditioning regimen.

Am J Transplant. Author manuscript; available in PMC 2010 June 15.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Nador et al.

Page 4

The conditioning regimen induces marked lymphodepletion with about a 95% reduction of the
absolute number of CD4" T cells in the spleen 1 day after the completion of TLI, and 98%
after completion of TLI and ATS in hosts with or without heart transplants as compared to
untreated BALB/c mice (p<0.0001)(Supplementary Figure 2). Similar depletion of CD8+ T
cells was observed (data not shown). TLI and ATS contributed synergistically to CD4* T cell
depletion in the spleen, as determined by experiments in which TLI alone or ATS alone or the
combination, were given (Supplementary Figure 2C and D).

The balance of CD4* T cell subsets changes after conditioning to favor CD4* CD25*

Foxp3* cells

In order to determine how the conditioning regimen affects the percentage of CD4*CD25*
cells among total CD4" T cells, spleen cells from untreated wild type BALB/c mice were
compared to those from mice given heart transplants and TLI/ATS conditioning. Whereas
CD25" cells were about 10% of gated CD4* T cells in the untreated spleen, after heart
transplantation and one day after the last dose of TLI the percentage of CD25* cells increased
to about 39% (Figures 2A and B). In mice given a single injection of anti-CD25 mAb before
transplantation and conditioning, the CD25* cells accounted for less than 1% of CD4* cells
(Figure 2A). There were significant increases in the mean percentages of the CD25* cells
among the CD4* cells in transplanted and conditioned wild type (p<0.0001) or conditioned
CD17 (p<0.0001) mice as compared to the untreated wild type mice. All three groups had
means that were significantly different from the mean value of the anti-CD25 mAb treated
mice (p<0.0001) that was at background staining levels (less than 1%). The difference between
the wild type and CD17- mice given transplants was about 5% (35% versus 30%, p=0.02).

The spleen cells from the groups of BALB/c mice were stained also for the intracellular
expression of Foxp3 (Figures 2C, D, E, F and G). The mean percentages of CD4*CD25*
Foxp3* cells were similar to those of the CD25" cells when Figure 2D is compared to Figure
2B except for mice given anti-CD25 mAb. The latter mice had a population of CD4*CD25
Foxp3™ cells that accounted for about 18% of CD4* T cells (Figures 2C, D, E, F and G).

ATSis the Predominant Contributor to the Increased Percentage of CD4* CD25* Foxp3* Cells
One Day after Conditioning

Since the conditioning regimen included a combination of ATS and TLI, the contributions of
each to the change in the balance of subsets were determined in additional experiments. The
increase in CD4*CD25™ T cells was more marked with ATS alone or ATS and TLI as compared
to TLI alone (Supplementary Figure 3). The combination of TLI and ATS induced a
significantly greater increase as compared to ATS alone (p=0.0005) (Supplementary Figure
3A and B). When the same analysis was performed on CD4*Foxp3* or CD4" CD25*Foxp3™*
cells instead of CD4*CD25™ cells, the percentages in mice with TLI alone versus untreated
mice was not significantly different (p=0.8), but comparison of ATS alone or TLI and ATS
conditioned mice versus untreated mice showed highly significant differences (p<0.0001)
(Supplementary Figure 3C, D, E and F). ATS conditioning alone significantly increased
(p=0.005) the mean percentage of CD4*CD25 Foxp3* also compared to untreated controls
(<0.0001) (Supplementary Figure 3G).

The effect of TLI and ATS on the percentage of NKT cells differed from that observed with
Treg cells; whereas TLI alone increased the mean percentage of NKT cells (CD1 tetramer+
TCR+) from about 3% to 28%, ATS alone increased the percentage to about 8%
(Supplementary Figure 4A). More importantly, the combination of TLI and ATS resulted in a
significant reduction of the mean percentage of NKT cells from 28% with TLI alone to about
7% with the combination (p<0.0001) (Supplementary Figure 4A). Thus, the synergy between
TLIand ATS in the augmentation of the percentage of Tregs was not observed with NKT cells.
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Figure 3A shows the serial changes in the percentage of CD4*CD25*Foxp3* cells among
CD4* cells in the spleen of wild type and CD1d"~ host mice before and after heart and bone
marrow transplantation and conditioning. CD4* cells of host type (H-2K%*+) were gated and
analyzed at days 1, 14, 42, and 100 after marrow transplantation. In wild type hosts without
anti-CD25 mAb treatment, the mean percentage of CD4*CD25*FopxP3™ cells rose from about
10% pre-treatment to about 22% at day 1, and about 25% at day 14 (p<0.0001). There was no
significant difference from the pre-treatment level at day 42 (p>0.05). In contrast, the mean
percentage in anti-CD25 mAb treated wild type hosts was less than 1% at day 1 (p<0.0001),
rapidly increased to about 20% at day 14, and there was no significant difference from the pre-
treatment levels at days 42 and 100 (p>0.05). Sorted host type CD4+CD25+ T cells were
obtained from tolerant chimeric recipients at 100 days, and compared to sorted CD4+CD25+
T cells from from untreated BALB/C mice for the capacity to suppress the mixed leukocyte
reaction (MLR). Supplementary Figure 5 shows that the stimulation index was suppressed 70
to 90% when Tregs from untreated or chimeric mice were added to responder cells cultured
with either C3H or C57BL/6 stimulator cells.

Mice conditioned with TLI and ATS and given heart transplants without bone marrow
transplants had similar kinetics of CD4+CD25+ T cell changes as compared to those with bone
marrow transplants (Figure 3A and B). Conditioning with TLI alone induced no change in the
CD4*CD25* percentages as compared to untreated mice. Conditioning with ATS alone
induced a transient increase similar to the combination conditioning on day 1, but returned to
baseline at day 14 and beyond (Figure 3B). Thus, the combination of TLI and ATS prolonged
the increase in Treg cells as compared to ATS alone. In order to determine the mechanisms
that account for the marked changes in the percentages of CD4* CD25Foxp3™ Treg cells on
day 1 after conditioning, we compared the changes in the absolute numbers of total CD4* T
cells, Treg cells, naive CD4* T cells, and NKT cells before and just after conditioning. Figures
3C and D show that the absolute number of Treg cells was reduced about 15 fold after
conditioning with TLI or TLI and ATS, whereas the absolute number of total CD4* T cells
was reduced about 40 fold with TLI/ATS (Supplementary Figure 2). This resulted in about a
3 fold increase in the percentage of Tregs among CD4* T cells (p< 0.0001). In contrast to the
Tregs, the reduction in the absolute number of naive (CD62L*CD44!%) CD4* T cells was about
2,800 fold (p<0.0001) after the combination of TL1and ATS (Figures 3C and D). This dramatic
reduction was due to the fall in the percentage of naive CD4* T cells from about 68% to about
1% among total CD4* T cells (Figure 4A), and the 40 fold reduction in the absolute number
of CD4* T cells.

The reduction in the naive CD4* T cells was about 50 fold after TLI alone, and there was a
marked synergy with TLI and ATS (Figure 3 C and D). As expected from our previous study
(27) the NKT cell subset was the most resistant to depletion after TLI or TLI and ATS, and
the reduction absolute number was about 10 fold with the combination (Figure 3C and D). In
order to confirm that the change in balance of T cells subsets after TL1 was due to the differences
in resistance to radiation induced cell death based on the p53/Bcl-2 apoptotic pathway, the
reduction in the absolute numbers of non-NKT cells and NKT cells was compared in wild type
versus p537- mice. As shown in Figures 3E and F, the 50 fold decrease in non-NKT cells after
TLI in wild type mice (p<0.0001) was not observed in the p537~ mice, and the decrease was
less than 2 fold (p>0.05). There was no significant difference (p>0.05) in the absolute number
of NKT cells after conditioning in the wild type or p537- mice.
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Kinetics of Naive T Cell Depletion After Conditioning and Transplantation

Since CD4*CD25™ T cells suppress allograft rejection and GVHD (8,17,18,28,29), and naive
T cells induce allograft rejection and GVHD (30,31,32), the percentage of naive
(CD62LNCD44!°) and effector memory (CD62L'°CD44M) T cells was determined before and
after heart and bone marrow transplantation in recipients given TLI and ATS. As shown by
the flow cytometry profiles of CD62L versus CD44 in Figure 4A, the naive T cells accounted
for about 68% of gated host type H-2K9*CD4* T cells before conditioning. However, the
percentage was reduced to about 1-3% on days 1 and 14 after transplantation and conditioning,
and returned to about 43% at day 42. A similar result was observed when spleen cells were
gated on total H-2K#*TCR™ T cells instead of CD4* T cells, and naive T cells were reduced
from 64% to about 6% of T cells (Figure 4B). The percentage of effector memory cells
increased in concert with the reduction of naive cells at days 1 and 14 (Figures 4A and B).

The kinetics of the changes in the mean percentages of naive and effector memory cells among
CD4* T cells was determined at serial time points before and after transplantation as shown in
Figure 4C. The mean percentage of naive cells before transplantation and conditioning was
about 70% among all CD4+ T cells, and at day 1 after conditioning (at the time of bone marrow
transplantation) was about 1%. The percentages of naive CD4+ T cells were similar between
days 1 and 14, but increased rapidly to about 50% by day 42. Whereas about 14x10° naive
CD4* T cells were in the spleen before, there were about 0.01- 0.03x106 present during the
first 14 days after conditioning. Thus, conditioning reduced the absolute number by about 500
-1,000 fold.

In contrast, the reduction in the mean absolute number of CD4*CD25*Foxp3* T cells was
about 8 fold. The mean absolute number was about was about 2x10° per spleen before
transplantation, and about 0.25x106 during the first 14 days after. These differences resulted
in a marked change in the ratio of CD4*CD25%Foxp3™ Treg cells to naive CD4* T cells from
about 1:7 before transplantation to about 25:1 on day 1 and 17:1 on day14 (Figure 4D).
However, by day 42 the ratio had returned to approximate the pre transplant value.

In order to determine the contributions of TLI and ATS alone to the dramatic reduction in naive
T cells, groups of mice without transplants were given ATS alone, TLI alone, or the
combination of ATS and TLI using the time frame shown in Figure 4C. The ATS treatment
reduced the mean percentage of naive CD4* T cells from about 70% to 40% at day 1
(p<0.0001), and the TLI reduced the percentage to about 30% (p<0.0001). However, the
combination of TLI and ATS further reduced the percentage (p<0.0001) as compared to TLI
or ATS alone to about 8%. A similar result was found for CD8* T cells (supplemental Figure
2B). In summary, ATS is the main contributor to the increased percentage of Treg cells after
conditioning, and both ATS and TLI contribute to the reduced percentage of naive T cells.

Naive but not Memory Phenotype T cells Reject Allografts in Adoptive Hosts

We compared the potency of sorted naive and effector memory phenotype T cells from
untreated wild type male BALB/c mice that had not been exposed to alloantigens to reject
C57BL/6 heart grafts in sublethally irradiated immunodeficient RAG-27- BALB/c adoptive
hosts. The hosts were given transplants, 300cGy TBI, and 0.5-1x10° sorted T cells
intravenously thereafter. As shown in Figure 4F, the injection of the naive T cells induced
rejection of all grafts by day 45. In contrast, the injection of the effector memory phenotype T
cells failed to induce graft rejection during a 100-day observation period (p<0.0001). Hosts
that received no cell injections also maintained all grafts for at least 100 days (data not shown).
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Discussion

The goal of the current study was to determine the changes in the balance of regulatory and
naive T cell subsets and their contributions to graft acceptance or rejection using a TLI and
ATS conditioning regimen that induces mixed chimerism and tolerance after combined heart
and bone marrow transplantation (10,11,12). This regimen has been studied extensively in
rodents, and has been used to induce persistent mixed chimerism and tolerance in humans
(8). We found that host Treg and NKT cells were required for the induction of chimerism and
tolerance, since depletion of wild type host Tregs with a single pretransplant injection of anti-
CD25 mAb or use of CD17~ host mice resulted in failure of the induction regimen.

One day after the completion of TLI and ATS conditioning (time point of donor bone marrow
infusion) there was a marked increase in the ratio of CD4* CD25*Foxp3™* Treg cells and NKT
cells to naive conventional T cells. The change in the balance of T cell subsets is best explained
by their differential resistance to radiation induced cell death due to differential expression of
the anti-apoptotic protein, Bcl-2, as reported previously (27). The current study showed that
p537- mice had no change in the balance after TLI. T cell proliferation and thymic generation
of T cells play a minimal role whereas the p53/Bcl-2 apoptotic pathway plays the dominant
role in the changes (27). The considerable resistance of Treg cells to apoptosis induced by ATS
as compared to conventional T cells has been reported to be due to high levels of expression
of the anti-apoptotic protein, BCLy, (33). It is of interest that the altered balance of T cell
subsets favoring Treg and NKT cells returned to normal about 6 weeks after conditioning, and
by that time the stable mixed chimeras are tolerant to the heart allografts due to clonal deletion
(12). The relationship between NKT cells and Tregs in responses to alloantigens has been
reported recently (26).

Naive but not memory phenotype CD4" T cells from untreated mice show alloreactivity in the
MLR, and alloreactivity by conventional T cells in the MLR is suppressed by Treg cells at a
1:1 ratio (28,31). The changed ratio of these cells on day 1 was likely to have prevented the
hosts from rejecting bone marrow and heart allografts acutely. The ability of naive and memory
phenotype T cells from untreated BALB/c mice to reject C57BL/6 heart allografts was
compared by transferring equal numbers of sorted cells to immunodeficient RAG-27- BALB/
¢ hosts bearing the grafts. Whereas the naive cell injection resulted in rejection of all grafts,
the memory phenotype cell injection obtained from donors that had not been exposed to
alloantigens resulted in no rejection over a 100-day observation period.

In conclusion, the TLI and ATS tolerance induction model requires both regulatory NKT cells
and Tregs for graft acceptance. Tolerance is promoted by profound but transient changes in
the balance of regulatory and naive T cells of host origin favoring the regulatory cells. This
study provides insights into the role of T cell subsets in clinical trials of tolerance using TLI
and ATG conditioning (8).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Dependence of Chimerism and Heart Transplant Tolerance on Residual Host CD4*
CD25" and NK T cells

A, experimental scheme: BALB/c host mice were given C57BL/6 neonatal heart transplants
on day 0. ATS was injected i.p. on days 0, 2, 6, 8 and 10. TLI was given as 10 doses of 240cGy
each over 14 days. On day 15, 50x108 C57BL/6 bone marrow cells were injected i.v. Some
hosts were given a single dose of anti-CD25 mAb i.p. at day -7. B, heart graft survival in wild
type hosts after TLI/ATS conditioning with or without bone marrow cell infusion (WT-H/T/
A/B) (N=19) or (WT-H/T/A) (N=12). C, heart graft survival in CD1d"" hosts after TLI/ATS
conditioning and bone marrow cell infusion (CD1d"- -H/T/A/B) (N=10) or in wild type hosts
after anti-CD25 antibody injection, TLI/ATS, and bone marrow cell infusion (WT-H/T/A/B;
CD25 dep) (N=12). D, peripheral blood chimerism in the latter hosts. The fraction of chimeric
hosts in each group and the mean percentage of donor type cells among chimeric hosts are
shown.
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Figure 2. Heart Transplant Recipients Conditioned with TLI and ATS Have an Increased
Proportion of CD4* CD25" Cells Among All CD4* T Cells After Conditioning

A, representative FACS patterns of CD25 versus CD4 among CD4™" gated splenocytes in
untreated wild type BALB/c mice (WT-UT), TLI/ATS conditioned wild type mice given heart
transplants (WT-H/T/A), CD25 depleted and conditioned wild type hosts (WT-H/T/A) (CD25
dep) and conditioned CD1d”- BALB/c hosts (CD1d” -H/T/A) 24 hours after the completion
of conditioning. B, Mean percentages (+ SE) of CD4*CD25™" cells among total CD4* cells in
groups shown in panel A (N=5). C, staining of Foxp3 versus CD4 in groups shown in panel
A. D, mean percentages of CD4*CD25" cells among CD4* cells in groups in panel C (N=5).
E, staining of CD25 versus Foxp3 among Foxp3* gated cells in groups shown in panel A. F,
mean percentages of CD4*CD25*Foxp3™ cells among CD4™ cells in groups shown in panel E
(N=5). G, mean percentages of CD4*CD25 Foxp3™* cells among CD4* cells in groups shown
in panel E.
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Figure 3. Changes in the Balance of T cell subsets After Combined Heart and Bone Marrow
Transplantation and /or Conditioning

A, mean percentages of host type H-2K4*CD4*CD25*Foxp3* cells among CD4*splenocytes
before and after combined heart and bone marrow transplantation in TLI/ATS conditioned wild
type BALB/c hosts (WTH/T/A/B)(undep), or in the same hosts that were given a single dose
of anti-CD25 mAb on day -7 (CD25 dep) or in CD17- BALB/c hosts without anti-CD25 mab
treatment (undep). Brackets show standard errors. N=4-5 mice for each time point B, mean
percentages of CD4*CD25*Foxp3* cells in wild type BALB/c mice given conditioning
components with or without heart transplantation. N=4-5 mice for each time point. C, Mean
absolute numbers of CD4* naive, Treg, and NKT cells in the spleen of untreated BALB/C mice
or those given TLI alone, ATS alone or the combination of TLI and ATS on day 1 after
conditioning (N=5). D, Fold change in mean absolute numbers of treated and untreated mice.
E, Mean absolute numbers of non-NKT and NKT cells in the spleen of wild type and p53--
mice after conditioning with TLI alone (17 doses) compared to untreated mice (N=6). Mice
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were C57BL/6, since p537- BALB/C were unavailable. F, Fold change in mean absolute
numbers of untreated and treated mice in E.
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Figure 4. Reduced Proportion of Naive T Cells in Transplant Recipients Further Alters the Balance
of Effector and Regulatory T Cells

A, representative FACS patterns of gated CD4*H-2Kd* host type T cells for CD62L versus
CDA44 expression in wild type BALB/c mice before and 1 or 14 days after heart and bone
marrow transplantation and TLI/ATS conditioning. Boxes show percentages of naive
(CD62L*CD44!°) and effector memory (CD62L"CD44M) T cells. B, shows same analysis of
gated host type total TCR* T cells before and 14 days after transplantation. C, mean percentages
of naive and effector memory (EM) T cells among host CD4* T cells before and after
transplantation. N=6. D, mean ratios of host type CD4*CD25*FoxP3* to CD4* naive T cells
before and after transplantation. N=6. E, Mean percentages of naive CD4* T cells before and
5 days after conditioning with ATS alone, 24 hours after TLI alone, or 24 hours after TLI and
ATS in combination without bone marrow or heart transplantation. Schedule of ATS and TLI
administration was the same as in panel C. F, C57BL/6 heart graft survival in sublethally
irradiated (300cGy TBI) RAG-27- BALB/c hosts after adoptive transfer of wild type BALB/
c sorted naive or effector memory phenotype T cells. Details of the sorting the latter cells have
been described previously (31).
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