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Abstract
Our previous in vitro data have demonstrated that regulatory mechanisms are involved in tolerance
of class I-mismatched renal allografts in miniature swine treated with 12 days of high dose
Cyclsporin A. In the present study, we attempted to induce tolerance of class I-mismatched
kidneys by adoptive transfer of cells and/or kidneys from long-term tolerant animals. Fifteen
SLAdd miniature swine received 1.5 Gy whole body irradiation and class I-mismatched (SLAgg)
kidneys from naïve pigs with or without co-transplanted kidneys and/or adoptively transferred
cells from long-term tolerant (LTT) SLAdd recipients of SLAgg grafts. Additionally, three SLAdd

miniature swine received class I mismatched kidney with adoptively transferred cells from LTT
SLAdd recipients. Naïve kidneys transplanted without a LTT kidney were rejected within 9 days.
All recipients of naive kidneys along with cells and kidney grafts from LTT animals showed
markedly prolonged survival of the naive renal grafts (day 28, >150 and >150 days). These studies
suggest that (1) tolerated kidneys have potent regulatory effects, and (2) cells from LTT animals
infused in conjunction with kidney grafts augment these regulatory effects. To our knowledge,
these studies represent the first demonstration of successful adoptive transfer of tolerance in large
animals.
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INTRODUCTION
The induction of tolerance of transplanted organs could avoid the morbidity and mortality
currently associated with prolonged immunosuppressive treatment in graft recipients.
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Understanding the mechanism by which tolerance is induced will aid in the development of
clinically applicable tolerance-inducing protocols.

In this laboratory, we have studied tolerance of transplanted kidneys (1–4), islets (5), thymic
lobes (6,7) and hearts (8,9), using MGH miniature swine, which allow for the study of
transplantation immunity in a genetically defined MHC background (10). We have
previously demonstrated that a 12-day course of Cyclosporine uniformly induces tolerance
of class I MHC-mismatched kidney allografts (1). Furthermore, when primary grafts were
removed and replaced by second, donor-matched grafts on the same day, tolerant recipients
accepted the second kidney with stable renal function without further immunosuppression,
confirming tolerance. In contrast, primary kidney grafts transplanted without CyA were
uniformly rejected within two weeks of transplantation (1,2). Because large animal studies
are limited to the use of small numbers of experimental animals, the reproducibility of the
“all or none” phenomenon of graft survival in these two protocols using MHC inbred MGH-
miniature swine has provided a unique opportunity to study both the induction and
maintenance of tolerance in a model where differences in results in even a small number of
animals can provide significant information.

Using this established tolerance model (1), we have determined that (1) the presence of an
intact thymus is essential in the induction (3), but not the maintenance of tolerance (11); (2)
IL-10 is overexpressed in the cell populations that infiltrate the grafts in tolerant animals
(12); and (3) peripheral blood lymphocytes (PBL) from tolerant animals can suppress in
vitro anti-donor CTL reactivity by naive recipient-matched PBL in a donor-specific manner
[3699]. Furthermore, this suppression is dose-dependent and radiation-sensitive, requires
cell-to-cell contact, and is not reversed by exogenous IL-2 administration (13–15). While
these studies support the hypothesis that regulatory mechanisms play an essential role in the
induction and maintenance of tolerance, they provide only indirect evidence of the role of
regulatory cells in this process. In this study, we used an adoptive transfer model to
investigate whether cells from tolerant animals could induce tolerance of class I MHC-
mismatched kidney grafts in naïve recipients.

MATERIALSand METHODS
Animals

Donor animals were SLAgg (class Ic/IId) partially inbred MGH miniature swine. Recipient
animals were 4–10 months of age from an inbred line of SLAdd (class Id/IId) MGH
miniature swine that are selectively bred to reduce minor antigen differences (16). The
immunogenetic characteristics of MGH miniature swine and of the intra-MHC recombinant
haplotypes have been described previously (3,17).

Experimental Groups
SLAdd animals received two-haplotype class I mismatched kidneys (SLAgg) with a 12-day
course of Cyclosporine A to achieve blood levels of 400–800ng/ml (CyA; Sandimmune,
generously provided by Novartis Pharmaceutical Corp., East Hanover, NJ) (3). All animals
became long-term tolerant (LTT) animals because they accepted their grafts with stable
renal function for at least 90 days(1). The LTT animals were then used as adoptive transfer
donors for naïve SLAdd recipients as summarized in Table 1 (Groups A-E). There were
three recipients of adoptive transfer in each experimental group, and 6 animals in Group B.

Surgery
The surgical procedures for primary and secondary transplantation have been previously
described in detail (18). Both native kidneys were removed on the day of the primary kidney
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transplant. Indwelling central venous catheters were placed surgically in the external and
internal jugular veins of recipient animals to facilitate frequent blood sampling and the
administration of fluid, drugs, blood and PBMCs.

Donor-Specific Transfusion (DST)
SLAdd LTT animals that served as adoptive transfer donors to Groups B, C and E were
given an intravenous transfusion of 10 ml/kg (body weight) non-irradiated SLAgg whole
blood one week prior to leukapheresis. The dose of blood for the DST was determined by
extrapolation from rodent allotransplantation models (19) (20).

Transfer of Peripheral Blood Mononuclear Cells (PBMCs)
2.5×109 peripheral blood mononuclear cells (PBMCs)/kg (recipient body weight) were
collected by leukapheresis (COBE BCT Inc., Lakewood, Colorado, USA) from LTT animals
and then infused intravenously to recipients in groups A, B and E one day prior to
transplantation. The appropriate number of tolerant PBMCs used for this adoptive transfer
was based on studies in mouse models of the adoptive transfer of tolerant spleen cells (21)
(22).

Transfer of Long-Term Tolerated Kidney Allografts
Long-term tolerated SLAgg kidney grafts were harvested from LTT SLAdd animals and
transplanted into SLAdd recipients in groups C, D and E at the same time as the naïve SLAgg

kidney grafts. Following donation of the tolerated kidney allograft, LTT animals received a
second naïve kidney graft from an SLAgg animal.

Histological Analysis of Long-Term Tolerated Kidney Allografts
Immunohistochemical analysis of frozen sections of long-term tolerated kidney grafts was
performed using the standard avidin-biotin horseradish-peroxidase complex (ABC)
technique to detect the phenotype of graft infiltrating cells. For the detection of proliferating
cell nuclear antigen (PCNA), sections of 10% buffered formalin-fixed, paraffin-embedded
tissue blocks were stained using the ABC technique (23).

Quantitative analysis of Tregs in kidney grafts
Two LTT kidneys and one rejected kidney from Group b were double-stained with CD25
(FITC) and FoxP3 (Bio-PEAV) for quantitative analysis of the Treg population. Percent of
FoxP3 and CD25 double positive cells (out of all CD 25 positive cells) in each x100
magnification view were counted and the average +/− SD of 9 views was calculated.

Monitoring of Rejection
Rejection of kidney grafts was monitored by plasma creatinine levels and by histological
examination of kidney biopsies. Renal open-wedge biopsies were performed through a flank
incision. Tissues were stained using hematoxylin-eosin and periodic acid-Schiff, and coded
slides were examined by light microscopy by a pathologist. Graft rejection was scored
according to a standardized grading system of pathological specimens (24).

Preparation of Peripheral Blood Mononuclear Cells (PBMCs)
For the separation of PBMCs, freshly heparinized whole blood was diluted 1:2 with Hank’s
balanced salt solution (HBSS) (GIBCO BRL, Gaithersburg, MD) and the mononuclear cells
were obtained by gradient centrifugation using lymphocyte separation medium (Organon
Teknika, Durham, NC) as previously described (3).
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Cell-Mediated Lympholysis (CML) Assays
The procedure for CML assays has been described elsewhere (3). 51Cr release was
determined on a gamma counter. The results were expressed as:

Co-culture Assays
Peripheral regulatory mechanisms were investigated by in vitro co-culture assays (14). The
primary culture was set up as in CML assays. These primed cells were then harvested and
rested overnight at 4°C. The resulting effector cells were co-incubated with naïve SLA
matched PBMCs and irradiated donor-type or third party PBMCs for an additional 5 days.

Antibodies and Flow Cytometry
The presence of anti-donor class I (MHC class Ic) IgM and IgG in the serum of recipient
swine was detected by indirect flow cytometry. Fluorescence-activated cell sorting (FACS)
was performed using a Becton Dickinson FACScan microfluorometer (Sunnyvale, CA) and
recombinant SLA PBMCs to determine the SLA-binding specificity of the antibody as
previously described (18).

RESULTS
Adoptive transfer of a mega-dose of tolerant cells had a marginal effect on graft survival

A. Infusion of cells from the LTT animal was not sufficient to prolong graft
survival of naïve kidneys in a naive recipient across a class I mismatch—We
first tested whether the adoptive transfer of a mega-dose of PBMCs (2.5×109 unprimed
PBMCs/recipient kg) from LTT animals one day prior to kidney transplantation could
induce graft acceptance of class I mismatched kidneys in naïve animals without any addition
treatment (Group A, see Table 1). The transplanted kidneys (n=3) were completely rejected
at day 7. The graft survival was similar to that of class I mismatched kidneys transplanted
without immunosuppression (25), indicating that the infusion of PBMCs from the LTT
animal was not sufficient to prolong graft survival in a naive recipient (Fig. 2a). This result
suggested that further manipulation of the recipient or adoptive donor treatment would be
necessary to prolong graft survival.

B. DST augmented the in vitro suppressive effects of regulatory cells from
LTT animals—We hypothesized that a DST could augment the number and/or potency of
regulatory T cells (Tregs) in vivo in LTT animals (20,26). These Tregs might then prolong
graft survival in naïve recipients of a mega-dose of PBMCs from LTT animals. We first
tested whether a donor-specific DST in an LTT animal would increase the suppression of
the normal immunologic response to donor stimulation in vitro using co-culture assays that
have been well established in our laboratory (13,14). We administered about 800ml (10ml/
kg) of donor-matched, non-irradiated whole blood to two LTT animals, and measured the
plasma creatinine twice weekly to assess kidney graft function. CML and co-culture assays
were set up prior to the DST and 1 week after the DST.

Both animals maintained renal function with plasma creatinine levels around 1.4 mg/dl
before and after the DST, indicating that the DST had not compromised the function of the
renal graft. Furthermore, the inhibitory effects of the Tregs increased after the DST. The
anti-donor CTLs were 16% and 20% respectively (at 100:1 of E:T ratio) before the DST,
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and were absent one week after the DST (Fig. 1a). Co-culture assays showed that cells from
the LTT animals primed by donor antigens suppressed the naïve CTL responses against
donor-type cells 70% and 80% respectively before the DST and completely after the DST
(Fig. 1b).

C. The effect of DST on regulatory cells in vivo was marginal—The second group
(Group B), 6 LTT donors were primed with a DST 8 days prior to adoptive transfer of cells
in an attempt to expand the number or potency of regulatory T cells in vivo. In addition,
recipients received 150 rads of whole body irradiation (WBI) in an attempt to reduce the
immunologic effects of alloreactive precursor T cells (Table 1 Group B). Three of 6
recipients received a mega-dose of PBMCs (2.5×109 unprimed PBMCs/recipient kg) from
an LTT animal one day prior to kidney transplantation.

Animals receiving only 150-rad of WBI rejected their kidney grafts by day 9 (Fig 2b red
lines, n=3), indicating that this treatment alone can not prolong survival of allogeneic
kidneys. Two of three animals that received PBMCs from LTT animals rejected at time
points (Fig. 2b blue lines) similar to those treated with 150-rad WBI without PBMC from
LTT animals (Fig 2b red) or animals in Group A (Fig. 2a). The one remaining animal had
renal graft function to day 30, however creatinine levels fluctuated and the graft was
eventually rejected (Fig 2b green line).

Adoptive transfer of long-term tolerated kidney allografts has immunoregulatory effects
A. Histologic examination showed presence of Foxp3 positive/CD25 positive
cells in LTT kidneys—Histological examination of LTT kidneys in this class I
mismatched CyA model uniformly revealed focal mononuclear cell infiltrates around
vessels (Fig. 3a). We have previously reported that these cells are CD4/CD8 double positive
cells while cells in rejectors are predominantly CD4 single positive (25). As IL-10 is
expressed in the cell populations that infiltrate the grafts in tolerant animals (12), we
therefore determined if there are Foxp3 positive T-reg cells in the GILs.

The majority of graft infiltrating cells in LTT kidneys were T cells expressing CD25 (Fig.
3b) but not PCNA (Proliferating cell nuclear antigen) (Fig. 3c), a phenotype that identifies
these cells as either activated or regulatory T cells. Staining of the cells in the grafts revealed
that one third of the infiltrating cells were Foxp3-positive (Fig. 3d), and that some of these
cells were double-positive for both CD25 and Foxp3 (Fig. 3e). As controls, we also stained a
class I mismatched kidney that was rejected in a cellular manner (30-day survivor from
Group B), with anti-pig CD25 and Foxp3 antibodies (Fig. 3f). There were many CD25
positive cells infiltrated within the graft (green), but most of them were FoxP3 negative
(red). Quantitative analysis of these cellular populations within the kidneys of two LTT
animals demonstrated that 45.8 ± 10.6 % (60, 52, 42, 38, 47, 36, 62, 31, 45%) of CD25
positive cells/field expressed FoxP3 in LTT grafts while only 10.3 ± 6.2 % (9.6, 7.1, 2.1,
19.7, 10.0, 8.2, 21.2, 6.2, 8.6%) of CD25 positive cells/field were FoxP3 positive in the graft
from the 30 days survivor in Group B (t test: p<0.001). The presence of a high percentage of
CD25+/Foxp3+ cells indicated the presence of Tregs in the LTT kidney grafts in this model.

B. Long-term tolerated kidney grafts have potent regulatory effects (Groups C
and D)—We next examined whether the transfer of LTT kidneys in which the GILs
included T-regs, prolonged graft survival in naïve recipients. Six SLAdd animals, treated
with 150-rads WBI one day prior to kidney transplantation, each received a naïve SLAgg

kidney cotransplanted with an SLAgg tolerated kidney from a LTT SLAdd animal. Three of
these LTT donors were treated with a DST one week before transplantation (Group C) in the
same manner as in Group B, while the remaining three were not (Group D).
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Two animals in Group C and two animals in Group D rejected their grafts within 10 days of
transplantation. One animal in Group C, however, maintained stable renal function for at
least 50 days and lost the graft at day 73 (Fig. 2c). This extended graft survival was
shortened when the adoptive transfer donors did not receive a DST prior to donation of the
tolerated kidney - one animal in Group D had renal function for up to 46 days but it was
very unstable (Fig. 2d). Interestingly, analysis of the kidney biopsies from these two
recipients (Group C: 73 day survival; Group D: 46 day survival) revealed differences
between the naïve kidney grafts and the grafts from the LTT animals. Figures 4a and b show
the histological analysis of kidney graft biopsies at day 22 post-transplantation in the 73-day
Group C survivor. At this time point, the naïve kidney graft was rejected (Fig. 4a), while the
graft from the LTT animal contained only minimal cellular infiltrates (Fig. 4b), suggesting
that the pre-existing Foxp3+/CD25+ intra-graft passenger leukocytes had protective effects.
Furthermore, despite the severe rejection of the naïve kidney graft, no anti-donor (SLAgg)
class I IgG was detected in either graft. In addition, CML data for the 73-day survivor at day
48 showed donor specific hyporesponsiveness while the 46-day survivor maintained a high
CML response to donor at day 36. These data suggest that the tolerated kidney graft
regulated not only local effects, but also the systemic immunologic response.

Successful induction of tolerance of naive class I mismatched kidneys by adoptive
transfer of donor-kidney matched cells and kidneys from LTT animals (Group E)

We next assessed whether both DST-priming of the donor and the transfer of PBMCs along
with the tolerated kidney grafts from LTT animals could further prolong the survival of
kidney grafts or induce tolerance in recipients that had received a 150-rad WBI (Group E).
The experimental protocol for Group E is shown in detail in Figure 5. All three animals in
this group received both naïve and tolerated class I mismatched kidneys. Two of three
animals underwent graftectomy of the tolerant grafts from LTT donors to assess graft
function of the SLAgg kidneys grafts from naïve animals on days 76 and 107, respectively.

One of the three animals in this group rejected both grafts by day 28 (Fig. 2e). Histology of
the naïve graft on day 28 showed severe diffuse interstitial hemorrhages and mononuclear
cell infiltrates (Fig. 4c), while biopsy samples from the LTT graft showed similar diffuse
mononuclear cell infiltrates and glomerular changes, but only mild interstitial hemorrhages
(Fig. 4d). As in the grafts from Group C and D animals, the tolerated kidney graft may have
been protected to some extent by pre-existing intra-graft passenger leukocytes.

The other two animals in Group E, however, maintained stable renal function after small
transient rises in creatinine (Fig. 2e). Histological analysis of both the naïve and LTT kidney
grafts on day 60 showed minimal mononuclear cell infiltrates without chronic vasculopathy
(Fig. 4e and 4f). In order to assess graft function of SLAgg kidneys grafts from naïve
animals, we removed the kidney grafts transferred from the LTT animals on days 76 and
107, respectively. Both animals maintained normal renal function via the naïve kidney graft
for greater than 90 additional days (Fig. 2e) without histological evidence of acute or
chronic rejection (Fig. 4g). These two animals accepted naïve class I MHC-mismatched life-
supporting kidney grafts long-term indicating that cotransplantation of both cells and
kidneys from tolerant animals confers systemically infectious tolerance in a large animal
model.

CML assays revealed donor-specific unresponsiveness in these two long-term acceptors 30
and 60 days after the initial transplant. Furthermore, cells from these animals remained
unresponsive to donor stimulation for 75 days after the removal of the LTT kidney graft
(Fig. 6a). Co-culture assays to assess regulatory mechanisms showed nearly 100% inhibition
of the naïve CTL response against donor antigens (Fig. 6b).
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DISCUSSION
This study demonstrates successful induction of systemic transplant tolerance of naïve class
I mismatched kidneys by adoptive transfer of leukapheresed PBMCs and tolerated kidney
grafts from LTT animals, SLA matched to the naïve donor kidney. The recipient animals
were conditioned with only 150 rads of WBI. To our knowledge, this is the first successful
demonstration of adoptive transfer of tolerance in large animals.

Our protocol includes DST treatment in the donors prior to the adoptive transfer. In rodent
models, anti-CD4 antibody plus a donor-specific transfusion generated donor-specific
regulatory CD25+CD4+ T cells that could suppress graft rejection (27). Adoptive transfer of
these cells into syngeneic immunodeficient animals prevented rejection (28). Recent studies
have reported that preoperative donor-specific blood transfusion induces the generation of
tolerogenic Tregs in the presence of alloantigens (26). In our present study, CML and co-
culture assays showed that DST treatment in an LTT animal augmented the suppressive
effects. Based on these results, DST treatment was added to our protocol to expand the
number and potency of Tregs in LTT animal serving as an adoptive transfer donor. One of
three animals in Group C whose LTT donors were treated with DST survived up to 73 days,
while one of three animals in Group D whose LTT donors did not receive DST survived up
to 46 days. Although slight differences in these two animals were seen, the DST effect was
marginal in vivo. Therefore, further investigations will be needed to understand the effect of
DST in vivo.

Kidney grafts transferred from tolerant animals (LTT kidney grafts) appear to play an
important role in the successful induction of infectious tolerance. In both the 73 and 46-day
survivors, the tolerated kidney grafts had less cell infiltration or vasculitis than the naïve
kidney grafts until there was a loss of renal function. Three potential major cell components
of LTT kidneys may cause the protective effects: (1) passenger GILs, (2) less immunogenic
donor APCs, and (3) immunoregulatory renal tubular cells (RTEC). One possible factor is
the presence of passenger Tregs, expressing CD25+/Foxp3+ in LTT grafts (29–31). These
Tregs in the tolerated kidneys could regulate the systemic immunologic alloresponse
following adoptive transfer (32,33). Additionally, the cytokine/chemokine milieu in LTT
kidneys facilitates the expansion of Tregs. Foxp3 expression is specifically up-regulated
within tolerated allografts and recruitment of Foxp3+ Tregs to allograft tissue is dependent
on the chemokine receptor CCR4 in a mouse cardiac allograft model (34). We have also
previously reported that the increased expression of IL-10 by cells infiltrating the kidney
grafts in LTT animals may lead to the generation of an immunoregulatory milleu (12). Other
possible protective components in LTT grafts include donor APCs that are less
immunogenic or present in lower numbers and immunoregulatory renal tubular cells
(RTECs). Kidney grafts from naïve animals are rich in donor MHC-type dendritic cells
(DCs) which serve as professional antigen-presenting cells (APC) and play a key role in the
direct alloantigen presentation. In contrast, kidney grafts from LTT animals have few or no
donor-type DCs. A reduction or absence of immunoresponses via the direct pathway could
diminish the immunogenicity of LTT grafts relative to naïve kidneys. Furthermore, RTECs
and other parenchymal cells of the tolerated kidneys may also contribute the protective
effects of LTT grafts. Recent studies have demonstrated that RTECs, which inducibly
express MHC class II, have the capacity to function as APCs (35,36). The processing of
donor antigen and the presentation of peptides bound to MHC class II products on tubular
epithelial cells result in the engagement of the T cell receptor. RTECs also express a variety
of adhesion molecules, such as intercellular adhesion molecules (ICAM-1) and vascular cell
adhesion molecules (VCAM-1), and cytokines including tumor necrosis factor alpha (TNF
alpha) which may enhance their interaction with T cells. Another group has reported that
interferon-gamma-treated renal tubular epithelial cells induce allospecific tolerance (37).
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Thus, the kidney grafts from LTT animals may have more tolerogenic RTECs which could
function as tolerogenic APCs and more effectively induce systemic tolerance than the
kidneys from naïve animals.

Although a large number of cells transferred from LTT animals themselves appear to have
minimal effects on the induction of tolerance in this large animal model, adoptive transfer of
both cells and kidneys from LTT animals was required for successful induction of tolerance
of naive class I mismatched kidneys. Based upon these results, our hypothesis for the
synergistic effects of the transferred cells and kidneys leading to successful tolerance
induction in this model is that transferred Tregs traffic to the LTT kidney where they
undergo quantitative or qualitative expansion of suppressive activity in response to kidney
specific antigens via indirect or direct presentation in the donor renal grafts. In order to
translate these finding to clinically applicable protocols, we are currently elucidating the
immunoregulatory milleu and immunogenic characteristics of tolerated kidney grafts.
Defining the tolerogenic mechanisms of the graft infiltrating T-regs and RTECs may enable
us to utilize these cells for the induction of tolerance of naïve kidneys without co-
transplantation of LTT kidneys.
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Figure 1.
CML and co-culture CMLs demonstrated that DST in LTT animals increased suppression of
the anti-donor response in vitro. CTL and co-culture CTL assays were set up one week
before and one week after the DST. Recipient responses to donor stimulation are shown with
solid lines and boxes; third party stimulation are shown with dotted lines and striped boxes.
(a) While the anti-donor CTLs were 16% and 20% respectively before the DST, there were
no anti-donor CTL responses 1 week after the DST. (b) Cells from the LTT animal primed
by donor antigens specifically suppressed the naïve CTL responses against donor-type cells
70% and 80% respectively before the DST, and completely (red line with an arrow) after the
DST.
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Figure 2.
Plasma creatinine levels (mg/dl) of recipients of class I mismatched kidneys treated with (a)
infusion of tolerant PBMCs alone (Group A), (b) DST and a 150 rad WBI with/without from
LTT animals (Group B), (c) transfer of tolerated kidney grafts from LTT animals treated
with DST and a 150 rad WBI (Group C), (d) transfer tolerated kidney grafts from LTT
animals with a 150 rad WBI, without DST (Group D), and (e) transfer of both PBMCs and
tolerated kidneys from LTT animals treated with DST and a 150 rad WBI (Group E).
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Figure 3.
Histological analysis of representative long-term tolerated kidney allografts. (a) Minimal
cell infiltrate was seen in the tolerated kidney graft (H&E, x200). (b) Several of the cells in
the graft were CD25 positive (black arrows); (c) most cells were PCNA negative (x400). (d)
Foxp3 positive cells, shown with arrows, were found in the tolerated kidney graft (x400). (e)
Some cells in the infiltrate were CD25 (green)/Foxp3 (red) double-positive. (f) As controls,
many CD25 positive (green) cells were found within a class I mismatched kidney graft that
was rejected in a cellular manner, but most of them were FoxP3 negative (red).
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Figure 4.
Histological analysis of renal allografts. Biopsy specimens on day 22 from the 73-day
survivor in Group C showed severe rejection in the kidney from a naïve animal (a, H&E
x100), but only minimal cell infiltrate in the kidney from an LTT animal (b, PAS x100). Day
28 biopsy specimens from the 28-day survivor in Group E showed severe diffuse interstitial
hemorrhage and cellular infiltrate in the kidney from a naïve animal (c, H&E x100) and
glomerular changes but much less interstitial hemorrhage in the kidney graft from an LTT
animal (d, H&E x100). Representative histological findings on day 60 from long-term
acceptors in Group E showed minimal mononuclear cell infiltrate without chronic
vasculopathy in the kidney grafts from both the naïve animal (e, H&E x200) and the LTT
animal (f, H&E x200). Biopsies of the naive graft in long-term acceptors in Group E 21 days
after the removal of the tolerated graft showed minimal cell infiltrates with no evidence of
glomerulitis or vasculitis (g, H&E x200).
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Figure 5.
Experimental protocol for Group E. The adoptive transfer donors (LTT animals) received
10ml DST/kg body weight one week prior to leukapheresis. The adoptive transfer recipients
were treated with 150 rads WBI and given 2.5×109 PBMCs/kg (recipient body weight) from
the adoptive transfer donor one day before kidney transplantation. The recipient then
received both a class I mismatched kidney from a naïve SLAgg pig and a long-term tolerated
kidney allograft (SLAgg) from the adoptive transfer donor without further
immunosuppresssion. In order to assess graft function of SLAgg kidneys grafts from naïve
animals, two of three animals received graftectomy of the tolerant grafts from LTT donors
on days 76 and 107, respectively.
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Figure 6.
Representative results of CML and co-culture CML assays for the long-term acceptor
animals in Group E. (a) CML assays 30 and 60 days after primary transplant, as well as 75
days after removal of the LTT kidney showed donor-specific unresponsiveness. Recipient
responses to donor stimulation are shown with solid lines and boxes, while responses to
third party stimulation are shown with dotted lines and striped boxes. (b) Co-culture assay
performed 126 days showed that recipient PBMCs inhibited naïve CTL responses against
donor antigens nearly 100% (red line with an arrow) when primed with donor antigen.
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