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Abstract

Background—Vascularized composite allografts (VCA) are novel, life-enhancing forms of
transplantation (Tx). However, host immune responses to the various VCA components, especially
those involving skin, are complex and make selection of appropriate therapy challenging.
Although the interplay between Foxp3+ Tregulatory (Treg) cells and CD4 and CD8 effector Tcells
is of central importance in determining the acceptance or rejection of solid organ allografts, there
is little information available concerning the contribution of Treg cells to VCA survival. In
addition, the effects of therapeutic expansion in vivo of host Treg cell populations on VCA
survival are unknown.

Methods—We established a fully major histocompatibility complex-disparate (BALB/c- >
C57BL/6) murine orthotopic forelimb Tx model to explore the benefits of pre- and post-Tx IL-2/
anti-1L-2 monoclonal antibody complex (IL-2C) administration to expand the host Treg cell
population and thereby attempt to promote Treg cell-dependent VCA survival.
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Results—Both strategies expanded the Treg cell population in vivo and prolonged VCA survival
(P<0.001), but IL-2C administration pre-Tx led to significantly longer survival compared with
IL-2C administration post-Tx (P < 0.01). In addition, compared with post-Tx therapy, pre-Tx
therapy resulted in an increased ratio of Treg cells to CD8+ T cells (P< 0.001), reduced
proliferation of CD4 and CDS8 effector Tcells, and reduced production of IFN-y. Optimal effects
were seen when combined with rapamycin therapy, whereas the combination of IL-2C therapy
plus calcineurin inhibitor was counterproductive.

Conclusions—Our studies involving different 1L-2C-mediated Treg cell expansion strategies
demonstrate that pre-Tx IL-2C therapy may be a useful component for developing strategies to
promote VCA survival.

An estimated 7 million people in the United States could be considered for some form of
vascularized composite allotransplantation (VCA), because of surgical excision of tumors,
trauma and accidents, and congenital malformations.> Approximately 1.2 million patients
with restorative needs after limb amputations, including military veterans, are included in
this large cohort.1 However, after several cases in 1998 to 2000,23 only about 70 hand or
forearm/hand transplantation (Tx), and approximately 150 VCA procedures of any type,
have been performed worldwide,* despite VCA offering a better quality of life, and
functional and aesthetic results than conventional reconstructive methods.® The basis for this
huge shortfall is multifactorial, but the perceived need for maintenance calcineurin inhibitor-
based immunosuppression to achieve this functional benefit is a major issue, and minimizing
or eliminating the need for prolonged immunosuppression would likely alter risk/benefit
calculations substantially.*~5 The relatively young age of military amputees and most other
favorable VCA candidates necessitates prolonged exposure to immunosuppression, leading
to significant cumulative risk of infection, nephrotoxicity, atherosclerotic disease,
hypertension, diabetes, and tumor formation.” All of the problems related to use of systemic
immunosuppression in solid organ Tx have been witnessed in face and hand transplant
recipients,*7-9 and despite immunosuppression, limb allografts may still develop transplant
vasculopathy and chronic rejection,10.11

As examples of the ongoing research efforts to avoid maintenance immunosuppression in
VCA, some investigators have pursued strategies based on myeloablative regimens,12:13 or
nonmyeloablative conditioning regimens that result in mixed chimerism.14 By contrast, our
work has focused on the potential of Foxp3+ T regulatory (Treg) cells to facilitate VCA
engraftment. Thus, although host CD4 and CD8 T-cell responses are central to the
development of allograft rejection, their actions are opposed by Foxp3+ Treg cells. A
defining characteristic of normal Foxp3+ Treg cells is their dependence on IL-2 production
by adjacent T cells for their survival.1® This is due to Foxp3 binding to the IL-2 promoter
and inhibiting I1L-2 production by Treg cells themselves.1® As a result, exogenous IL-2 is
crucial for the generation and expansion of Treg cells, and with relevance to their therapeutic
manipulation, 3 injections of IL-2/anti-IL-2 complexes (IL-2C) can boost murine Treg cell
numbers by 10-fold to 20-fold.17-19 Such expansion is sufficient to promote acceptance of
murine islet allografts, 1920 and to suppress murine graft-versus-host disease,2 whereas
IL-2C therapy was much less effective in preventing the rejection of skin allografts.20
Moreover, IL-2C administration can also promote the proliferation and differentiation of
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Tcells, especially CD8 Tcells,22 thereby potentially acting as a “double-edged sword.”23
Because there are currently no data as to the effects of IL-2C therapy in VCA models, we
compared the effects of pre-and post-Tx administration of IL-2C in mice undergoing
orthotopic forelimb VCA. The findings of these studies provide new insights into the
functions of Treg cells in VCA recipients, and have implications for the ongoing
development of strategies to induce long-term VCA survival without maintenance
immunosuppression.

MATERIALS AND METHODS

Mice

Inbred male C57BL/6 (H-2KP) and BALB/c (H-2K9) mice were purchased from The
Jackson Laboratory and housed under specific pathogen-free conditions. All animals
received adequate care per The Principles of Laboratory Animal Care of the University of
Pennsylvania, and all studies were approved by our Institutional Animal Care and Use
Committee (805405).

Surgical Procedures and Peritransplant Therapies

Mouse unilateral forelimb orthotopic transplants were performed by a single surgeon (X.H.),
using microsurgical techniques adapted from a previously developed rat model.24 Details of
this new murine VCA model will be reported elsewhere. We used BALB/c donors and
C57BL/6 recipients. IL-2C were prepared by mixing 2 pg of recombinant mouse I1L-2
(Biolegend) with 10 pg of anti-IL-2 monoclonal antibody (mAb, JES6-1 from BioXcell) and
incubating for 30 minutes at 37°C. Normal, untransplanted mice (h = 8) were injected
intraperitoneally (i.p.) on days 0, 1 and 2 with IL-2C or PBS control, spleens were harvested
and analyzed on days 3, 5, 10. In transplant studies (n = 6-8/group), IL-2C was injected at
Tx (day 0) and on days 1 and 2 post-Tx. In mice that received I1L-2C pre-Tx, IL-2C were
injected on days -5, —4, =3, and spleens and allografts were harvested on POD 5. In
additional groups, FK506 (1 mg/kg per day, i.p., 14 days), or rapamycin (RPM) (2 mg/kg
per day) was delivered subcutaneously by Alzet osmotic pump (Fisher Scientific) for 28
days, beginning on the day of Tx.

Antibodies and Flow Cytometry

We purchased fluorochrome-conjugated mAbs directed against CD4 (RM 4-5), CD8
(53-6.7), Foxp3 (FIK-16 s), IL-10 (JES5-16E3), IFN-y (XMG1.2) and Ki67 (SolA15) from
eBioscience. Flow cytometry was performed on a CytoFLEX flow cytometer (Beckman
Coulter), and data analyzed with FlowJo 8 software (Tree-Star).25

In Vitro Treg Cell Suppression Assays

Bead-purified CD4 + CD25+ Treg cells from C57BL/6 mice were added to 96-well plates
and serially diluted in medium (RPMI-1640 and 10% FBS, plus penicillin/streptomycin).
Equal numbers of CFSE-labeled CD4 + CD25- T cells and y-irradiated antigen-presenting
cells (APCs) were added, along with CD3 mAb (1 pg/mL), and cells were cultured for 3
days. Thereafter, cells were stained with CD4 mAb (Pacific blue), and CFSE- and CD4-
positive T cell proliferation was determined, with data analysis using FlowJo software.2>
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Real-Time gPCR

RNA was isolated from allografts, including skin, fat and muscle tissues, using Trizol
reagent (QIAGEN), and reverse transcribed to cDNA (Applied Biosystems). Gene
expression was assessed by gPCR, using Tagman primer and probe sets. Data were

normalized to endogenous 18s rRNA, and relative expression was determined by the formula
9_AACT 25

Western Blotting

Western blots were performed using mAbs to Foxp3 (eBioscience) and B actin (Cell
Signaling Technology).2

Histopathology

Statistics

RESULTS

Limb specimens were fixed in 10% neutral buffered formalin, decalcified in Formical-2000,
and embedded in paraffin. Histologic sections (6 M) were stained with hematoxylin and
eosin, reviewed by a pathologist (W.W.H) blinded to conditions, and graded using Banff
criteria.6

Data were analyzed using GraphPad Prism 6.0 software, and are presented as mean + SD
unless specified otherwise. Measurements between 2 groups were performed with a 2-tailed
Student t test if data were normally distributed, or by Mann-Whitney U unpaired test if the
populations were not normally distributed. Groups of 3 or more were analyzed by 1-way
ANOVA with corresponding Tukey multiple comparison test if normally distributed, or the
Kruskal-Wallis with Dunn’s multiple comparison test if not. Graft survival was evaluated
with Kaplan-Meier followed by log-rank test; P less than 0.05 was considered significant.

IL-2C Therapy Increases the Number But Not Function of Foxp3 CD4+ Treg Cells

To test the effects of JES6-1 mAb-based IL-2C administration on Foxp3+ Treg cells in
normal mice, wild-type (WT) C57BL/6 mice were injected with PBS or IL-2C for 3
consecutive days. Compared with PBS injections, by 2 days after the last injection, IL-2C
increased by fourfold to fivefold the proportion (£ < 0.005) and by 10-fold the total number
(P < 0.01) of splenic Foxp3 + CD4+ Treg cells (Figure 1A). The effects of IL-2C therapy
were short-lived, as Foxp3+ Treg cells levels peaked at day 5 and gradually declined
thereafter (Figure 1B). IL-2C therapy did not appear to affect the properties of Foxp3 Treg
cells, because their production of the cytokine, IL-10 (Figure 1C), their suppressive function
(Figures 1D and E), and their levels of Foxp3 protein were unchanged (Figure 1F),
compared with Treg cells from PBS-treated control mice. Hence, IL-2C therapy appears to
simply increase the total number of peripheral Foxp3+ Treg cells without modifying their
function.
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Pre- or Post-Tx IL-2C Therapy Alone or Plus RPM Prolongs VCA Survival

A mouse unilateral forelimb orthotopic Tx model was established during this research and
used to test IL-2C-based therapy during the pre-Tx or post-Tx period. In the initial studies
(Figure 2A), we tested the effects of combining post-Tx IL-2C therapy with administration
of FK506 (1 mg/kg per day, i.p.) for 14 days from the time of Tx. We found that post-Tx
IL-2C therapy alone significantly prolonged VCA survival compared with the 3 other
treatment groups (P < 0.01); that is, FK506 at this dose was ineffective in prolonging
survival compared with untreated controls, and its combination with IL-2C therapy revoked
the efficacy of the IL-2C regimen.

In subsequent studies, we tested the effects of IL-2C therapy alone or in conjunction with
RPM therapy (2 mg/kg per day) delivered via 28-day Alzet pumps that were implanted
beginning at the time of VCA engraftment. The experimental design is summarized in
Figure 2B, and comparisons between groups were undertaken at day 5 post-Tx. This point
was selected given the onset of limb swelling and erythema by day 5 in untreated recipients.
Rejection occurred by 10 days post-Tx in 50% of untreated recipients, and all allografts
were rejected by day 12 post-Tx (Figure 2C). Administration of IL-2C alone prolonged
VCA survival, compared with untreated recipients, using both pre- and post-Tx protocols (P
< 0.05) (Figure 2C), and administration of IL-2C post-Tx for longer periods, for example, 5
days rather than 3 days had no additional benefit on VCA survival.

Use of RPM monotherapy was about as effective as post-Tx IL-2C in prolonging survival (P
< 0.05, Figure 2C). Co-administration of IL-2C and post-Tx RPM had additional benefits,
with pre-Tx IL-C plus RPM causing a fivefold increase in survival, and post-Tx IL-2C plus
RPM causing a threefold increase in survival, compared with untreated VCA recipients
(Figure 2). Comparison of intragraft events at day 5 post-Tx showed dense mononuclear cell
infiltrates within the skin and muscle of grafts from untreated controls, along with areas of
focal muscle necrosis (grade 11 rejection, Figure 2D). Infiltrates were absent in recipients
receiving pre-Tx IL-2C plus post-Tx RPM (grade 0, Figure 2D), and were mainly confined
to perivascular areas, without epidermal involvement or muscle necrosis, in recipients
treated with post-Tx IL-2C plus RPM (grade I, Figure 2D). The results of statistical
comparisons of survival data for the various groups are shown in Table 1. We conclude from
these data that although each therapy tested had some benefit for graft survival,
combinations of IL-2C plus RPM therapy were better, and pre-Tx IL-2C plus RPM resulted
in the best overall prolongation of VCA survival and initial preservation of graft histology.

Differing Effects of Pre- or Post-Tx IL-2C Therapy on Host Treg and Teff Cells

At day 5 post-Tx, the proportions of Foxp3+ CD4+ Treg cells in recipients treated with
IL-2C alone, or IL-2C plus RPM, were about fourfold higher than in untreated allograft
recipients (P < 0.05), and about twofold higher than in mice treated with RPM alone (Figure
3A). Mice treated pre-Tx with IL-2C (P < 0.05) % post-Tx RPM (£ > 0.05 vs. RPM alone)
had lesser increases in Treg cells (Figure 3A). However, at day 5 post-Tx, Treg cells isolated
from all 6 groups of engrafted mice showed comparable levels of IL-10 (Figure 3B),
glucocorticoid-induced TNFR-related protein, inducible costimulator, and TGF-, and
comparable levels of cell proliferation (Ki67 expression) (Figure 3C).
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Flow cytometric analysis of conventional CD4 and CD8 T cells at day 5 post-Tx showed
comparable proportions of CD4 cells in untreated recipients and those receiving pre-Tx
IL-2C £ RPM (Figure 4A). However, allograft recipients receiving post-Tx IL-2C £+ RPM
showed a threefold to fourfold expansion of the CD8 population (Figure 4A). Analysis of
Ki67 expression showed increased proliferation of CD4 (Figure 4B) and especially CD8 T
cells (Figure 4C) in all allograft groups compared with WT controls. This increase in
proliferating CD8 T cells was most marked in recipients receiving post-Tx IL-2C, and in
contrast to the other groups receiving RPM, was not diminished by post-Tx RPM therapy
(Figure 4C). Analysis of IFN-y production by CD4 (Figure 4D) and CD8 T cells (Figure
4E) showed increases in all groups compared with WT controls, but was greatest in the case
of recipients receiving post-Tx IL-2C and was diminished but not abolished by concomitant
RPM therapy (Figure 4E). Flow cytometric comparisons of the ratios of proliferating Treg
cells to CD4 or CD8 T cells at day 5 post-Tx (Figure 4F) showed that the pre-Tx
IL-2C/RPM protocol was especially effective at facilitating Treg cell expansion while
curtailing CD4 and CD8 alloproliferation. In contrast, the groups receiving post-Tx IL-2C £
RPM showed particularly low Treg cell to CD8 T cell ratios. These data are indicate
important differences in the levels of alloreactive CD8 T cells in VCA recipients receiving
the post-Tx IL-2C, regardless of added RPM therapy, compared with pre-Tx IL-2C usage.

Differing Effects of Pre- or Post-Tx IL-2C Therapy on Intragraft Gene Expression

Analysis of intragraft gene expression at day 5 post-Tx showed that, compared with pre-Tx
IL-2C therapy, post-Tx IL-2C usage increased intragraft CD8, IFN-y and granzyme B
expression (Figure 5). Addition of RPM decreased expression of CD8, IFN-y and granzyme
B in the post-Tx IL-C group, but was especially effective in decreasing expression of these
genes in recipients treated with IL-2C in the pre-Tx period. Foxp3 and IL-10 gene
expression were increased in all groups receiving IL-2C therapy, and levels were only
modestly decreased by RPM therapy. These data suggest that at the level of the graft, as with
events in secondary lymphoid tissues, post-Tx IL-2C therapy was less effective than pre-Tx
therapy in controlling alloreactive CD8 T cell responses.

DISCUSSION

Alternatives to maintenance immunosuppression are important to the development and more
widespread use of VCA. Treg cell-based strategies are a promising approach in organ TX,
and various clinical trials of FOXP3+ Treg cell therapy are underway in liver and kidney
allograft recipients, though we are unaware of any application as yet in VCA recipients. Treg
cell therapy has various shortcomings, including its expense and requirement of
individualized preparation of Treg cells. By comparison with cell therapy, pharmacologic
modulation of Treg cell numbers and/or suppressive function has considerable advantages,
including far lower costs, and titratable responses without the need for individualized
therapy. One pharmacologic option is the expansion of Treg cells using IL-2C therapy.

IL-2C can be produced using recombinant IL-2 and various anti-1L-2 mAbs, though the
choice of mAD is important in determining the immune cells that are targeted. The IL-2
receptor is heterotrimeric, consisting of 3 chains that can be differentially expressed by
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immune cells.2” In the normal state, only Foxp3+ Treg cells express the nonsignaling low
affinity alpha chain (CD25), whereas memory CD8 T cells and NK cells express the
intermediate affinity beta (CD122) and gamma (CD132) chains that signal via MAP kinase,
PI3K and JAK-STAT pathways.2” IL-2 initially binds the alpha-chain, followed by
recruitment of beta and gamma chains to form the high affinity IL-2R. Empirically,
treatment of mice with an anti-1L-2 mAb, S4B6, was found to prevent the interaction of I1L-2
with the CD25, whereas binding to CD122 and CD132 was unaffected, leading to the rapid
and greater than 100-fold expansion of memory CD8 T cells and >20-fold expansion of NK
cells.1” In contrast, treatment with the anti-IL-2 mAb, JES6-1, inhibited the binding of IL-2
to CD122 but did not affect its binding to CD25.17 These studies provide the context for our
exploration of the effects of iL-2C therapy in VCA, and help explain some of our own
findings.

As anticipated, we observed a transient expansion of the Foxp3+ Treg cell population in
naive mice, and when this was coupled with Tx at the time of peak Treg cell numbers, VCA
survival was prolonged about threefold. Sole use of a subtherapeutic regimen of the mTOR
inhibitor, RPM, in the month post-Tx had no effect on the tempo of rejection, but combined
with pre-Tx IL-2C therapy prolonged VVCA survival by sevenfold. In contrast to
conventional T cells, Treg cells do not require mTOR for activation and proliferation. As a
result, RPM promotes the selective expansion of murine and human Foxp3 + CD4 + Treg
cells in vitro and in vivo, and these cells maintain their suppressive functions.28-30 Although
the effects of RPM on post-Tx Treg cell numbers, longevity and function were not analyzed
in the current study, RPM can also promote Treg cell resistance to apoptosis though
upregulation of Bcl-2 and Bcl-xL.3! Because IL-2C treatment did not alter Treg cell
suppressive function in our analysis, the efficacy of pre-Tx IL-2C plus post-Tx RPM likely
reflects the suppressive effects of above normal numbers of Treg cells on host alloresponses.
However, the rapid decline of Treg cell numbers once IL-2C administration ended did not
result in long-term suppression of alloresponses. The sevenfold prolongation of survival seen
in our study is different to the indefinite survival (>100 days) of islet allografts in mice
receiving IL-2C therapy,2° but better than the very limited effects of 1L-2C administration
alone, or in combination with lymphodepletion, on skin allograft survival.32
Lymphodepletion in conjunction with Treg cell therapy was initially thought to favorably
shift the balance towards Treg cell-dominant responses, and showed long-term efficacy in
semi-allogeneic33 or nonstringent cardiac transplant models.3# However, after
lymphodepletion, populations of residual memory and naive T cells reconstitute through
homeostatic proliferation and are more resistant than normal T cells to Treg cell suppression,
leading to less than expected prolongation of survival of strongly immunogenic tissues such
as skin grafts.32

Post-Tx IL-2C therapy was considerably less effective than pre-Tx therapy, with a 2.5-fold
prolongation of survival, when coupled with post-RPM, compared with use of RPM alone.
In addition to increasing the Foxp3+ Treg cell population, post-Tx therapy was accompanied
by expansion of host T cells, especially CD8+ effector T cells producing IFN-y and
granzyme B. CD8 responses in mice receiving post-Tx IL-2C were greater than in untreated
controls, indicating effects of IL-2C beyond simply targeting Treg cells. This difference with
pre-Tx therapy may reflect the point that IL-2C formation with JES6-1 mAD is not
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completely selective for Treg cells over conventional T cells,1” or that as T cells undergo
alloactivation, they upregulate CD25 and can thereby be rapidly expanded by concomitant
IL-2C therapy. An inability of IL-2C therapy to control already-developing T-cell immune
responses was noted in other contexts, too, including in the NOD mouse model of type |
diabetes, and in experimental allergic encephalomyelitis.19:35 Efforts to further increase the
efficacy of post-Tx IL-2C therapy by extending the duration of IL-2C treatment did not
improve outcomes, consistent with data from other models.19:20 Efforts to promote the
efficacy of post-Tx IL-2C therapy by coadministration of FK506 revoked the effects of
IL-2C and led to rejection with a tempo similar to that of untreated recipients or those
treated with FK506 alone. This finding is consistent with knowledge that calcineurin
inhibitor use impairs calcineurin activation and translocation of NFAT, and that NFAT

translocation is required for the optimal development and function of Foxp3+ Treg cells.
30,36,37

In summary, our studies show that pre-Tx expansion of host Treg cell numbers can
significantly prolong VCA survival, especially if coupled with post-Tx RPM. Such short-
term use of IL-2C therapy is unlikely to increase risk of infections or cancer and appears to
warrant further investigation in VCA models in which Treg cell-dependent
immunoregulation has considerable potential.
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FIGURE 1.

IL-2C administration increases Treg cell numbers. A, IL-2C significantly increases the
percentage of Foxp3+ Treg cells within the splenic CD4+ T fraction, and total Foxp3+ Treg
cell numbers (108 cells/spleen); data (mean + SD) are from 4 animals/group/time-point, ** P
<0.01, ***P< 0.005. A representative flow plot is shown at right with the percentage of
Foxp3 + CD4+ Treg cells indicated. B, IL-2C administration on days 0, 1 and 2 led to a peak
in the percentage of Foxp3 + CD4+ Treg cells on day 5, with a decline thereafter towards
baseline; data (mean * SD) are from 4 animals/group/time-point, *£< 0.05, **P< 0.01. C,
IL-2C administration did not affect expression of I1L-10 by Treg cells harvested at 5 days
after beginning IL-2C therapy; a representative flow plot is shown at left, and cumulative
MFI data (mean + SD, n = 4/group, NS, not significant) are shown at right. D, IL-2C
administration did not affect Treg cell suppressive function as assessed by in vitro assays
(mean + SD, n = 4/group) using cells analyzed at day 5. E, An in vitro suppression assay,
representative of 4 studies, with the proportion of dividing T effector cells shown in each
panel. E, Western blots of Foxp3 protein expression in Treg cells isolated from mice treated
with IL-2C or PBS (representative of 3 experiments). MFI, mean fluorescent intensity.
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FIGURE 2.
Both pre- and post-Tx IL-2C treatment prolonged murine forelimb VCA survival. A, Post-

Tx IL-2C therapy alone was significantly better (< 0.01) at extending VCA survival than
FK506 alone (1 mg/kg per day, i.p. for 14 days), or FK506 plus IL-2C therapy. B, Diagram
sum-marizing use of pre-Tx and post-Tx IL-2C administration, as well as use of RPM in a
subset of recipients. C, Kaplan-Meier plots of forelimb VCA survival for the different
experimental groups (n = 6 allografts/group). D, Representative histopathology at day 5
post-Tx (H&E-stained paraffin sections, scale bar = 100 p). H&E, hematoxylin and eosin.
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FIGURE 3.
Comparison of Treg cell populations at day 5 post-Tx (4 mice/group). A, Percentages of

Foxp3+ cells within the CD4+ Tcells of Tx groups and WT mice are shown. B, Treg cell
intracellular expression of IL-10, as determined by flow cytometry (MFI), did not
significantly differ across groups. C, The percentages of proliferating (Ki67+) Foxp3+
CDA4+ Treg cells were comparable across groups but markedly increased compared with
untransplanted WT control mice.
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FIGURE 4.
Effects of IL-2C on non-Treg cell populations at day 5 post-Tx (4 mice/group). A, Increased

percentage of CD8 T cells in allograft recipients treated with IL-2C post-Tx. B, Increased
proliferation of CD4+ T cells in allograft recipients treated with 1L-2C post-Tx. C, Increased
proliferation of CD8+ Tcells in allograft recipients treated with 1L-2C post-Tx. D, Increased
production of IFN-y by CD4+ Tcells in allograft recipients. E, Increased production of IFN-
v by CD8+ Tcells in allograft recipients. F, Ratio of Ki67+ Treg cells to CD4 + Foxp3- or
CD8 + Foxp3- Tcells; higher ratios were associated with longer allograft survival.
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FIGURE 5.
Real-time gPCR analysis of gene expression within allografts at day 5 post-Tx (4 mice/

group). IL-2C therapy pre-Tx was accompanied by increases in expression of Cd3e, Foxp3,
Cd8, IL10, and Gzmb, but not I1fng, consistent with a Treg cell-dominant effect. The Cd8
increase was muted by concomitant RPM use. IL-2C therapy post-Tx was accompanied by
increases in Cd3e, Foxp3, Cd8, 1L10, Gzmb and Ifng, consistent with a prominent CD8 T-
cell response occurring in addition to positive effects on Treg cells. The increases in Cd8 and
I1fng were muted by concomitant RPM.
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TABLE 1

Kaplan-Meier analysis of allograft survival in the various experimental groups?
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Group Control  Post-Tx IL-2C  Post-Tx IL-2C + RPM
RPM alone P<0.001 P=0.502 P<0.001
Post-Tx IL-2C P=0.002 N/A P<0.001
Post-Tx & IL-2C + RPM  P<0.001 P<0.001 N/A

Pre-Tx IL-2C P<0.001 P=0.010 P=0.002
Pre-Tx IL-2C + RPM P<0.001 P<0.001 P=0.010

a . . . .
Comparison of survival curves (log-rank test, P value) using six to eight allografts/group.
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