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1 | INTRODUCTION

Recipient allosensitization is a potential barrier to transplantation.
Blood transfusions, prior transplantation, and pregnancies may all
result in allospecific memory T and B cells as well as antibodies.? In
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Allosensitization constitutes a major barrier in transplantation. Preexisting donor-
reactive memory T and B cells and preformed donor-specific antibodies (DSAs) have
all been implicated in accelerated allograft rejection in sensitized recipients. Here,
we employ a sensitized murine model of islet transplantation to test strategies that
promote long-term immunosuppression-free allograft survival. We demonstrate that
donor-specific memory T and B cells can be effectively inhibited by peritransplant
infusions of donor apoptotic cells in combination with anti-CD40L and rapamycin,
and this treatment leads to significant prolongation of islet allograft survival in al-
losensitized recipients. We further demonstrate that late graft rejection in recipients
treated with this regimen is associated with a breakthrough of B cells and their ag-
gressive graft infiltration. Consequently, additional posttransplant B cell depletion
effectively prevents late rejection and promotes permanent acceptance of islet allo-
grafts. In contrast, persistent low levels of DSAs do not seem to impair graft outcome
in these recipients. We propose that B cells contribute to late rejection as antigen-
presenting cells for intragraft memory T cell expansion but not to alloantibody pro-
duction and that a therapeutic strategy combining donor apoptotic cells, anti-CD40L,
and rapamycin effectively inhibits proinflammatory B cells and promotes long-term

islet allograft survival in such recipients.
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contrast to naive T cells, memory T cells have a low activation thresh-
old and thus are capable of mounting a rapid and exaggerated immune
! response when restimulated.>* Additionally, memory B cells and pre-
formed alloantibodies can also mediate allograft rejection.s’6 Memory

B cell differentiation has been associated with a rapid recall antibody

Abbreviations: ANOVA, analysis of variance; CD, cluster of differentiation; CT, control; DLNs, draining lymph nodes; DSA, donor-specific antibodies; ECDI-SP, ethylenecarbodiimide-
treated splenocytes; GC, germinal center; MHC, major histocompatibility complex; MST, median graft survival time; Rapa, rapamycin; Sensi, sensitization; TCR, T cell receptor.
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response.” However, recent studies also reveal an antibody-indepen-
dent role of B cells in alloimmunity, namely, as antigen-presenting
cells.®2? Collectively, sensitized recipients experience accelerated al-
lograft rejection and are frequently refractory to conventional thera-
pies.'% Safely transplanting this population is a significant challenge.*?

For solid organ transplantation, deleterious effects of preexisting do-
nor-specific antibodies (DSAs) are well recognized.**'* In contrast, their
impact on islet transplantation remains understudied. Several clinical
studies have reported that preexisting DSAs are associated with poor

1518 although the role of concurrent cellular vs humoral

graft outcome,
response has not been determined. In contrast, other studies have
shown that preexisting DSAs actually do not correlate with islet allograft
outcome.”?# Many of these studies are retrospective and limited in
mechanistic insights. Therefore, further studies are needed to better elu-
cidate the individual impact of cellular vs humoral response and to design
more effective therapeutic interventions for this population.

We have previously shown that recipient infusions of donor apoptotic
splenocytes (by treatment with the chemical cross-linker ethylenecar-
bodiimide [ECDI], therefore termed “ECDI-SP”) result in permanent ac-
ceptance of islet allografts in a nonsensitized mouse model of allogeneic
islet transplantation.?>?? In the present study, we employed a sensitized
mouse model of allogeneic islet transplantation to study the efficacy of
donor ECDI-SP-based strategy for long-term allograft survival in recipi-
ents with prior sensitization. We demonstrated that although infusions
of donor ECDI-SP alone were ineffective, their efficacy was substantially
rescued by a transient course of anti-CD40L and rapamycin. Treatment
with this combination was associated with effective early inhibition of
alloreactive T and B cells and preserved early islet allograft function.
However, late islet allograft rejection in these recipients developed in
association with a significant graft infiltration of B cells expressing ele-
vated levels of costimulatory molecules. Consequently, posttransplant
B cell depletion prevented such late rejection and resulted in permanent
islet allograft acceptance. Our data thus suggest that B cells contribute to
late rejection as antigen-presenting cells for intragraft memory T cell ex-
pansion but not for alloantibody production and that a donor ECDI-SP-
based strategy effectively inhibits proinflammatory B cells and promotes
long-term islet allograft survival in allosensitized recipients.

2 | MATERIALS AND METHODS

Detailed information can be found in the “Supporting Information”
for this article.

3 | RESULTS

3.1 | Donor ECDI-SP combined with transient anti-
CDA40L and rapamycin prolongs islet allograft survival
in sensitized recipients

B6 mice were sensitized to BALB/c alloantigens by a single intraperi-
toneal injection of BALB/c splenocytes 120 days before BALB/c islet
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transplantation (Figure 1A). Consistent with previous data,?>?® two
infusions of donor ECDI-SP resulted in permanent islet allograft sur-
vival in unsensitized recipients (Naive-ECDI-SP, Figure 1B). In con-
trast, in sensitized recipients, infusions of donor ECDI-SP alone were
ineffective (Sensi-ECDI-SP, Figure 1B). Of note, the tempo of graft
rejection in sensitized recipients with (Sensi-ECDI-SP, median sur-
vival time [MST] = 3 days, Figure 1B) or without (Sensi-control [CT],
MST = 5 days, Figure 1C) donor ECDI-SP was not statistically different
suggesting that donor ECDI-SP by itself was neither beneficial nor det-
rimental in sensitized recipients. As costimulation blockade has been
shown to be advantageous in several desensitization protocols,*>
we sought to determine whether blocking CD40:CD154 signaling by
anti-CD154 (MR1) could rescue donor ECDI-SP-mediated graft-pro-
tective effect. In addition, we also added a transient course of Rapa
given its synergistic effect on donor ECDI-SP-mediated transplan-
tation graft-protective effect.?#?> As shown in Figure 1C, whereas
MR1+Rapa provided only a marginal improvement of graft survival
in sensitized recipients (Sensi-Double therapy; MST = 10 days), add-
ing donor ECDI-SP to the MR1+Rapa regimen significantly enhanced
islet allograft survival (Sensi-Triple therapy; MST = 35 days, Figure 1C).
Furthermore, ~40% recipients in this group retained their grafts for
>60 days, and ~20% for >100 days (Figure 1C). Collectively, these data
demonstrate that ECDI-SP in combination with transient MR1+Rapa
results in a synergistic effect that significantly prolonged islet allo-

graft survival in sensitized recipients.

3.2 | Triple therapy effectively controls donor-
specific graft-infiltrating T cells

T cells are critical for islet rejection.26 Therefore, we first compared
the total number of graft-infiltrating CD8 and CD4 T cells in the
triple vs double therapy groups. As shown in Figure 2A,B (day 11
posttransplant), triple therapy resulted in a significant reduction of
total graft-infiltrating CD8 and CD4 cells. However, a similar reduc-
tion was also seen by double therapy. Of note, a similar reduction
of T cells was also observed in the graft draining lymph node (DLN)
(Figure S1). Next, we examined donor-specific T cells. To track do-
nor-specific T cells, we used CD45.1* T cell receptor (TCR) transgenic
CD4 T cells from TCR75 mice that recognize a BALB/c K¢ peptide
presented by B6 I-A.2” Purified TCR75 cells were adoptively trans-
ferred to B6 mice 1 day prior to sensitization. Twelve weeks later,
we confirmed that TCR75 cells were indeed detectable in the spleen
of sensitized mice (Figure S2, as CD4'CD45.1'Vp8.3°CD44" cells).
These mice were then transplanted with BALB/c islets. As shown in
Figure 2C, triple therapy resulted in an almost complete depletion
of donor-specific TCR75 cells in the islet allograft (average ~20-fold
reduction in comparison to no treatment), whereas double therapy
left a substantial number of TCR75 cells behind (average ~5-fold re-
duction). Of note, we did not detect any TCR75 cells in DLNs in any
of our experimental groups (data not shown).

Collectively, these data suggest that triple therapy incorpo-

rating donor ECDI-SP is significantly more effective in targeting
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FIGURE 1 Treatment schemes and islet allograft survival. A, Treatment schemes. B6 mice were sensitized (Sensi) with 1 x 10® BALB/c
splenocytes by intraperitoneal injection on day -120. Diabetes was induced by streptozotocin (STZ) injection on day -12. Mice were
transplanted with BALB/c islets on day 0. Some groups of mice were additionally treated with BALB/c ECDI-SP, anti-CD40 (MR1), and
rapamycin (Rapa) pre- and posttransplant as indicated on the time-scale. B, Islet allograft survival in sensitized vs naive B6 recipients treated
with two infusions of donor ethylenecarbodiimide-treated splenocytes (ECDI-SP; day -7 and day +1). C, Islet allograft survival in sensitized,
control untreated recipients (Sensi-control [CT]), sensitized, MR1+Rapa-treated recipients (Sensi-Double therapy), or sensitized, donor ECDI-
SP+MR1+Rapa-treated recipients (Sensi-Triple therapy). *P < .05 (log-rank test)

donor-specific T cells than double therapy composed only of gener-

alized immunosuppression.

3.3 | Triple therapy effectively controls donor-
specific memory B cells

Donor-specific memory B cells are critical in transplant rejection®?®
and have been shown to impair murine cardiac allograft tolerance.?’
We next investigated the effect of triple therapy on donor-specific
memory B cells in sensitized recipients. To track donor-specific B
cells, we used an I-EY tetramer that recognizes BALB/c I-E%-specific
B cells.%® To increase detection specificity, we used I-EY tetramers
conjugated to either antigen-presenting cells (APCs) or phycoeryth-
rin to identify BALB/c-specific B cells. As shown in Figure 3A, BALB/
c-specific B cells expanded posttransplant and were readily detected
in DLN in either untreated (CT) or double therapy-treated sensitized
recipients (day 11 posttransplant). In contrast, triple therapy was
highly effective in inhibiting donor-specific memory B cell expan-
sion, reducing their number to close to the pretransplant baseline.
The majority of these BALB/c-specific B cells expressed CD73 and
PDL2 (Figure S3), indicating their memory phenotype.31 Of note, we
did not detect any tetramer® B cells in the graft at this time point
(data not shown). We interpreted this to mean that during the early
phase of rejection, B cells primarily exerted their effects in DLN and

not in the graft.

B cell differentiation and development of humoral responses
take place in germinal centers (GCs).? It has been shown that the
size and frequency of GCs positively correlate with alloantibody
production.33 We therefore investigated the effect of triple therapy
on DLN GC B cells. We used GL7 and Fas (CD95) to identify GC B
cells. As shown in Figure 3B upper panels, early on (day 11 post-
transplant), GC B cells (CD19*IgD"GL7*Fas*) were detected in DLN
only from untreated recipients and were essentially absent in both
double and triple therapy-treated recipients. Interestingly, at day
90 posttransplant, a significant GC B cell population could now be
detected in DLN of double therapy-treated recipients but remained
inhibited in triple therapy-treated recipients (Figure 3B; lower pan-
els). Collectively, these data indicate that triple therapy effectively
controls donor-specific memory B cells and inhibits subsequent GC
responses. These findings correlated with superior islet allograft
survival in this group.

3.4 | Persistent low DSAs do not correlate with islet
allograft outcome in sensitized recipients

In solid organ transplantation, preexisting DSAs have been as-
sociated with poor graft outcome.®* However, their impact on
islet allograft survival remains unclear.t”?’ We determined DSA
levels in all three groups of sensitized recipients. As shown in

Figure 4, sensitization of B6 recipients with BALB/c splenocytes
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FIGURE 2 Quantification of graft-infiltrating T cells. Sensitized B6 recipients were transplanted with BALB/c islets on day 0. The three
treatment groups are as in Figure 1C. Recipients were sacrificed on day 11 posttransplant and graft-infiltrating T cells were analyzed by
fluorescence-activated cell sorting (FACS). For experiments in (C), TCR75 CD4 T cells were first adoptively transferred to B6 mice 1 day prior
to sensitization (on day -121). A, Total intragraft CD8 cells. B, Total intragraft CD4 T cells. C, Representative FACS plots (left) demonstrate
TCR75 CD4 T cells in indicated groups (N = 4). Scatter plot (right) shows total TCR75 CD4" T cells in the grafts on day 11 posttransplant in
indicated groups. TCR75 CD4" T cells in the spleen of sensitized mice pretransplant are also plotted for comparison. Data are presented as
mean £ SD. *P < .05 (Kruskal-Wallis test ANOVA and Mann-Whitney test)

reliably provoked anti-BALB/c antibodies ~15 days after the sensi-
tizing event. The antibody levels subsequently subsided although
remained detectable. Interestingly, on day 7 posttransplant, DSA
levels declined further in comparison to pretransplant levels and
remained comparable among all groups despite dramatically differ-
ent graft outcome at this point (Figure 1C). These findings suggest
that low level DSAs pre- and posttransplant may not have a sig-
nificant impact on islet survival in sensitized recipients. Of note, in
both untreated and double therapy-treated recipients, an increase
in DSAs appeared to follow clinical rejection of islet allografts, sug-
gesting that this increase was a consequence rather than a cause of
rejection. Furthermore, in triple therapy-treated recipients, a pro-
gressive decline of DSAs was in fact observed (green line, Figure 4)
despite progressive islet allograft rejection over the same period
(Figure 1C), again suggesting that alloantibodies were not the pri-

mary cause of rejection.

3.5 | Bcells play a critical role in late rejection of
islet allografts

In addition to differentiating to plasmacytes, B cells can also function
as potent APCs, a role shown to be critical in allograft rejection.?”%
We next determined whether B cells as APCs played a role in late
rejection of islet allografts in sensitized recipients in our model. We
focused our attention on the triple therapy group, as recipients in
this group exhibited a robust early control of donor-specific B cells
(Figure 3A) but the majority manifested late rejection around day
30-35 posttransplant (Figure 1C). The tetramers used in Figure 3A
were designed to detect B cells specific for a donor class II; there-
fore, we reasoned that at a late time point in an islet transplant model
where mainly only donor class | antigens persisted, these tetramers
would not be useful for detecting donor-specific B cells. Indeed, we
did not find any I-E¢ tetramer® B cells in either the graft or DLN (data
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FIGURE 3 Quantification of donor-specific B cells and germinal center (GC) B cells. Sensitized Bé recipients were transplanted with
BALB/c islets on day O. The three treatment groups are as in Figure 1C. Recipients were sacrificed on day 11 or day 90 posttransplant.
Graft-draining lymph nodes (DLNs) were analyzed for donor-specific B cells and GC B cells by fluorescence-activated cell sorting (FACS).

A, Representative FACS plots demonstrate donor-specific B cells by staining with I-E9 tetramers labeled with phycoerythrin or APC on day
11 posttransplant. Baseline tetramer® B cell plot in the kidney-draining lymph nodes of sensitized B6 mice pretransplant is also included for
comparison. Cells were gated on live CD191gD"GL7" cells. Scatter plot shows total number of donor-specific B cells in indicated groups. B,
Representative FACS plots demonstrate GL7"Fas* GC B cells on day 11 (top plots) or day 90 (bottom plots) posttransplant. Cells were gated
on live CD19*IgD" cells. Scatter plots show the frequency of GC B cells (CD19*1gD"GL7*Fas* cells) among total B cells (CD19*IgD" cells) on

indicated days. Data are presented as mean + SD. *P < .05 (Kruskal-Wallis test ANOVA and Mann-Whitney test)

not shown). Therefore, we turned our attention to total B cells. As
shown in Figure 5A, there was a significant increase in total B cell in-
filtration in the rejecting, but not nonrejecting, islet allografts from tri-
ple therapy-treated recipients at day 30. Of note, a similar graft B cell
infiltration was also observed around day 60 in the rejecting, but not
nonrejecting, islet allografts (Figure 5B); and in a day 150 nonrejecting
islet allograft, B cells remained absent (data not shown). Furthermore,
graft-infiltrating B cells from rejecting recipients demonstrated sig-
nificantly increased levels of CD40 and CD86 as well as percentages
of B cells expressing these molecules (Figure 5C), suggesting their en-
hanced antigen-presenting ability. Interestingly, B cells in DLN did not
exhibit any differences between the groups in either their total num-
ber (Figure S4) or levels of costimulatory molecules (data not shown).
Collectively, these data suggest that at this late time point, B cells
likely exert their role as APCs in the graft but not in DLN.

To examine T cell responses in rejecting vs nonrejecting
islet allografts, we first enumerated graft-infiltrating CD8 and CD4
T cells. As shown in Figure 5D, numbers of graft-infiltrating CD8
and CD4 T cells were significantly higher in rejecting than in non-
rejecting islet allografts. Next, we isolated graft-infiltrating T cells
for donor-stimulated recall assays. Graft-infiltrating CD8 and CD4
T cells from rejecting islet allografts proliferated much more rigor-
ously in comparison to their counterparts from nonrejecting grafts
(Figure 5E). Of note, we did not observe any difference in CD8 or
CD4 T cell numbers in DLN between the groups (Figure S5). These
data further support that graft-infiltrating T cells may be locally
primed by graft-infiltrating B cells to subsequently mediate late
rejection.

Infusions of donor ECDI-SP in triple therapy-treated recipients

effectively inhibited early alloreactive B cells (Figure 3A). However,
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late rejection in this group (Figure 1C) and concurrent B cell graft
infiltration (Figure 5A) suggested a breakthrough of B cell inhibition
in these recipients. We therefore hypothesized that additional in-
fusions of donor ECDI-SP would enforce this inhibition and further
prolong islet allograft survival. To test this, we gave two additional
doses of donor ECDI-SP on days 14 and 21 to triple therapy-treated
recipients. As shown in Figure 5F, additional ECDI-SP infusions in-
deed further prolonged islet allograft survival (MST = 67 days). We
next examined the effects of the two additional doses of donor
ECDI-SP on graft-infiltrating B and T cells. As shown in Figure S6A,

the number of graft-infiltrating B cells was significantly reduced

-105  -13 7 14 21 35 60 90

by additional ECDI-SPx2; furthermore, the total number as well as
donor-stimulated recall response of graft-infiltrating T cells were
also significantly reduced (Figure S6B). In contrast, the number of
DLN B cells was not significantly reduced by additional ECDI-SPx2
(Figure S4).

We have previously shown that injected donor ECDI-SP in naive
recipients are internalized by splenic dendritic cells, macrophages,
and B cells.®® However, B cells internalizing donor ECDI-SP do not
play an obligatory role in mediating tolerogenic effect of ECDI-SP.3¢
Here, in sensitized recipients receiving late ECDI-SP injections (on

days 14 and 21), we similarly examined the interaction between B
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cells and the injected ECDI-SP. As shown in Figure 6, a substantial
population of recipient B cells in the spleen, the graft, and DLN in-
ternalized the injected ECDI-SP. Whether the uptake of ECDI-SP by
B cells in sensitized recipients has unique effects not seen in naive
recipients warrants future studies.

Collectively, these data support that (1) intragraft B cells play
a key role in late islet allograft rejection likely by promoting local
T cell priming, and (2) intragraft B cells may be further inhibited by
repetitive donor ECDI-SP infusions. Interestingly, even with addi-
tional doses of donor ECDI-SP, grafts ultimately began to reject
around day 60, suggesting that sustained control of intragraft B
cells is necessary for further prolongation of graft survival in these
hosts.

In light of recent literature on the impact of B regulatory cells
(Bregs) in prolonging islet allograft survival,®”-*? we examined in our
model interleukin-10 expression by B cells, a hallmark of Bregs. We
did not detect interleukin-10 in B cells from the spleen, the allograft
or DLN in any experimental groups (data not shown). As Bregs com-
prise only one small subpopulation of often polarizing B cell subsets
including interferon-y-producing B effector cells, our finding sug-
gests that in this sensitized model, Bregs likely do not play a major

role in islet allograft survival.
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3.6 | B cell depletion significantly improves islet
allograft survival in triple therapy-treated recipients

To definitively determine a role of B cells in late islet allograft
rejection in sensitized recipients, we took advantage of the B
cell-deficient pMT mice. We first allosensitized them followed
by same-donor islet transplantation as in Figure 1A. Sensitized
UMT recipients exhibited slightly accelerated rejection kinet-
ics (MST = 10 days) compared to nonsensitized uMT recipi-
ents (MST = 16 days; data not shown). As shown in Figure 7A,
MR1+Rapa double therapy again significantly improved graft sur-
vival (MST = 30 days), although grafts eventually all rejected by
day 35. Interestingly, triple therapy in sensitized uMT recipients
allowed indefinite (>150 days) islet allograft survival in all recipi-
ents. These data support a critical role of B cells in mediating late
islet allograft rejection observed in triple therapy-treated, B cell-
sufficient recipients (Figure 1C).

To test a clinically translatable approach for B cell elimination,
we examined the utility of anti-CD20. We injected anti-CD20 on day
14 and 21. As shown in Figure 7B, posttransplant B cell depletion
effectively prevented late islet rejection in the majority of recipi-

ents, leading to islet survival of >180 days in ~80% of recipients. We

Uptake of PKH67-labeled donor ECDI-SP
by recipient B cells in sensitized, triple therapy-treated recipients

DLN Graft

—> SSC-A

'.Ab

> CD19

FIGURE 6 Uptake of donor ethylenecarbodiimide-treated splenocytes (ECDI-SP) by recipient B cells in various compartments of
sensitized, triple therapy-treated islet allograft recipients. Sensitized Bé recipients were transplanted with BALB/c islets and were treated
with triple therapy as shown in Figure 1A. These recipients were additionally treated with PKH67-labeled donor ECDI-SP on day 21
posttransplant. 24 h post-ECDI-SP injection, recipients were euthanized and various tissues (spleen, draining lymph nodes, and graft) were
harvested. Single-cell suspensions were prepared from harvested tissues, stained for recipient major histocompatibility complex Il (I-AP) and
CD19, and analyzed by flow cytometry. Upper panels: representative fluorescence-activated cell sorting (FACS) plots demonstrating PKH67*
cells in the various compartments. Lower panels: representative FACS plots demonstrating the presence of PKH positivity (indicating

the uptake of PKH67-labeled donor ECDI-SP) in recipients B cells (I-AP*CD19%) cells. Data shown are representative of N = 2 mice in this

experiment
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FIGURE 7 Islet allograft survival in B cell-deficient mice (uUMT) or Bé mice treated with the B cell-depleting antibody anti-CD20. A,

Islet allograft survival in B cell-deficient mice (UMT) in three groups: (1) sensitized, control untreated recipients (Sensi-control [CT]); (2)
sensitized, MR1+Rapa-treated recipients (Sensi-Double therapy); or (3) sensitized, donor ethylenecarbodiimide-treated splenocytes (ECDI-
SP)+MR1+Rapa-treated recipients (Sensi-Triple therapy). *P < .05 (log-rank test). B, Islet allograft survival in sensitized, triple therapy-treated
Bé recipients given anti-CD20 or control Ig on days +14 and +21 posttransplant. *P < .05 (log-rank test)

similarly examined the effects anti-CD20 on graft-infiltrating B and
T cells. As shown in Figure S6A,B, the number of graft-infiltrating B
cells was significantly reduced by anti-CD20 as expected; further-
more, the total number as well as donor-stimulated recall response
of graft-infiltrating T cells were also significantly reduced.

These data underscore the importance of B cells in late
islet allograft rejection in triple therapy-treated sensitized recipi-
ents, therefore supporting a role of anti-CD20-based posttransplant
B cell depletion as an alternative to repetitive donor ECDI-SP infu-
sions for achieving sustained islet allograft survival.

4 | DISCUSSION

A multitude of factors contribute to accelerated allograft rejection
in allosensitized recipients, such as acute complement fixation by
preformed DSAs*%*? and rapid memory cell recall responses.*3#¢ In
the present investigation, we employed a sensitized mouse model of
islet transplantation to (1) investigate underlying antidonor immune
responses driving islet allograft rejection in sensitized recipients and
(2) devise a donor apoptotic cell-based combination regimen that
promotes long-term allograft survival in these recipients.

We have previously shown that in naive Bé recipients, BALB/c

t.2% An accelerated re-

islets are rejected by ~3 weeks posttransplan
jection kinetics in sensitized recipients prompted us to investigate
the underlying mechanism(s). In contrast to naive T cells, memory
T cells rapidly proliferate and express inflammatory cytokines upon
antigenic rechallenge, owing to their low activation threshold.?’
Memory T cell responses usually do not require CD28- and CD40L-
mediated costimulation; therefore, therapeutic strategies targeting
these pathways are conventionally thought to be ineffective in sen-
sitized recipients.m’“"‘s’49 However, newer studies endorsing a ben-
eficial effect of costimulation blockade have renewed interest in this
approach in sensitized recipients.**>° In these studies, costimulation
blockade-based regimen disrupts GC follicular T helper and B cell
interaction, prevents memory B cell expansion and plasma cell gen-

eration, and prevents antibody-mediated rejection in allosensitized

nonhuman primates.**%? Similarly, rapamycin targeting mammalian
target of rapamycin has been shown to effectively control memory
T cell response.” Here, we demonstrate that a combination of co-
stimulation blockade (anti-CD40L) and Rapa imparted an impressive
efficacy in the overall control of T cells and yet remained ineffective
in providing sustained protection to islet allografts in sensitized re-
cipients. We propose that although such double therapy is effective
in inhibiting global T cells, it is less effective in inhibiting donor-spe-
cific T cell responses in sensitized recipients.

Consequently, addition of donor ECDI-SP to the double ther-
apy significantly improved the control of donor-specific CD4 T cells
(Figure 2C) and resulted in improved graft outcomes (Figure 1C).
We have previously shown that infusions of donor ECDI-SP in naive
transplant recipients effectively deplete donor-specific naive CD4
T cells® and that interferon-y plays an obligatory role in this pro-
cess.%® Reconciling these data with findings of the present study, we
speculate that depletion of donor-specific memory T cells in sensi-
tized recipients by ECDI-SP requires additional intervention such
as MR1+Rapa. Whether depletion of donor-specific memory CD4
T cells in sensitized transplant recipients also requires interferon-y
would be an interesting future investigation. Regardless, donor
ECDI-SP infusions in the triple therapy regimen provide effective in-
hibition of donor-specific memory T cells, a key factor for prolonging
islet allograft survival in these recipients.

To further define mechanism(s) of islet allograft protection by
our triple therapy, we also investigated the role of B cells. B cells
can differentiate to antibody-producing plasmacytes, resulting in
humoral immunity. The role of preformed DSAs in causing acute
graft rejection is well recognized in solid organ transplantation.’
Preformed DSAs bind to endothelium, initiate complement acti-
vation, and mediate graft injury by cytolysis.”? In islet transplant
recipients, preexisting DSAs have been found to be associated

with poor graft outcome, >’

though conflicting data have also
suggested that low level DSAs may be well tolerated without a
detrimental consequence.’”?° This may be due to a limited abil-
ity of low-level DSAs to activate complements and/or lack of al-

logenic endothelial targets in islet allografts.? We observed in
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our sensitized model that low-level DSAs were quite compara-
ble among all three treatment groups and did not correlate with
islet allograft survival, suggesting that they may not play a promi-
nent role in graft destruction in this model.

Surprisingly, host B cell deficiency in our model prevented late
graft rejection and resulted in permanent acceptance of allogeneic
islets in triple therapy-treated, but not double therapy-treated, re-
cipients (Figure 7A). These data, combined with a lack of correlation
between low-level DSAs and islet allograft survival, indicating that
antibody-independent B cell function may play a prominent role in
late islet allograft rejection in B cell-sufficient hosts. B cells are well
equipped for antigen processing and presentation.53’54 Two recent
studies have demonstrated the role of B cells as APCs in priming
allospecific T cells to mediate allograft rejection.”?’ Clinically, B
cell infiltration has been associated with renal allograft rejection
where infiltrating B cells possessing an activated phenotype (CD79%a
and HLA-DR) are found to colocalize with T cells in tubules where
they mediate classic cellular rejection.55'57 In our study, triple ther-
apy-treated sensitized recipients undergoing late rejection also
demonstrate graft-infiltrating B cells with an activated phenotype
(Figure 5C). Interestingly, further depletion of B cells in such recipi-
ents results in permanent acceptance of islet allografts (Figure 7B),
suggesting that intragraft B cell antigen presentation may play a
prominent role in late graft rejection.

The current study raises two important questions that warrant
future studies. The first is why donor ECDI-SP require MR1+Rapa in
order to inhibit memory (Figure 2C) but not naive®® donor-specific
T cells. Based on our previous studies, following injection, donor
ECDI-SP are quick phagocytosed by recipient APCs, which process
and present donor antigens to donor-specific T cells in the context
of heightened expression of negative costimulatory molecules.®®
Donor-specific T cells then undergo an abortive expansion, leading
effectively to their depletion.®® It is possible that naive T cells are
amenable to this process of abortive expansion, whereas memory
T cells would require further inhibition of APCs (eg, by MR1+Rapa).
Precise understanding of the different requirements for ECDI-SP to
polarize naive vs memory T cells will have important implications.
Specifically, if repetitive infusions of donor ECDI-SP are needed,
timing of such infusions may require consideration of half-life of the
additional pharmacological agents (eg, MR1+Rapa). For this reason,
it would also be beneficial to dissect the individual roles of MR1 vs
Rapa. The second question is the role of global vs donor-specific B
cell depletion in achieving durable allograft survival in sensitized
recipients. Our data suggest that late global B cell depletion by an-
ti-CD20 is sufficient to extend islet allograft survival. This may be a
pragmatic alternative to repetitive ECDI-SP for sustained graft pro-
tection. However, the risk of global B cell depletion vs donor-specific
B cell inhibition by ECDI-SP should be carefully weighed.

Another form of cell therapy shown to have potential protec-
tive effects in sensitized recipients is mesenchymal stromal cells
(MSCs). In a presensitized model of corneal transplantation, Lohan
et al*® have shown that intravenous infusions of third-party MSCs

significantly improve rejection-free corneal allograft survival in a rat
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model of preexisting antidonor immunity. Possible mechanisms of
protection include the ability of third-party MSCs to polarize host
myeloid cells towards an anti-inflammatory phenotype and to ex-
pand CD4*Foxp3* cells in graft DLNs. The specific advantage of
MSCs in protecting islet allografts has been further demonstrated
by cotransplantation of autologous MSCs with allogeneic islets in a
murine islet transplant model.”? Future investigations are warranted
to examine in presensitized recipients of allogeneic islets whether
administration of MSCs could further improve islet allograft survival
and/or replace potent immunosuppressive drugs such as anti-CD20
used in our protocol.

In summary, employing a clinically relevant allosensitized mouse
model of islet transplantation, we demonstrate in sensitized re-
cipients that (1) transplanted allogeneic islets are vulnerable to
memory alloimmune responses and accelerated rejection; (2) low
levels of DSAs may not be a prominent cause of islet rejection; (3)
a donor apoptotic cell-based combination therapy effectively in-
hibits donor-specific T and B memory cells, and promotes long-term
islet allograft survival; and (4) B cells as intragraft APCs may play a
critical role in late islet allograft rejection. Thus, therapeutic strate-
gies durably targeting B cells may be needed in promoting sustained

islet allograft survival in previously sensitized recipients.
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