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Abstract

Achieving transplant tolerance remains the ultimate goal in the field of organ transplantation. We
demonstrated previously that ablation of the transcription factor interferon regulatory factor 4
(IRF4) in T cells induced heart transplant acceptance by driving allogeneic CD4* T cell
dysfunction. Herein, we showed that heart-transplanted mice with T cell-specific IRF4 deletion
were tolerant to donor-specific antigens and accepted the subsequently transplanted donor-type but
not third-party skin allografts. Moreover, despite the rejection of the primary heart grafts in T cell-
specific /rf4 knockout mice under immune checkpoint blockade, the establishment of donor-
specific tolerance in these mice was unhindered. By tracking alloantigen-specific CD4* T cells in
vivo, we revealed that checkpoint blockade restored the expression levels of the majority of wild-
type T cell-expressed genes in /rf4-deficient T cells on day 6 post-heart grafting, indicating the
initial reinvigoration of /rf4-deficient T cells. Nevertheless, checkpoint blockade did not restore
cell frequency, effector memory cell generation, and IFN-y/TNF-a production of /rf47~
alloreactive T cells at day 30 post-heart grafting. Hence, targeting IRF4 represents a potential
therapeutic strategy for driving intrinsic T cell dysfunction and achieving alloantigen-specific
transplant tolerance.
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1| INTRODUCTION

Organ transplantation is a life-saving treatment for patients with end-stage organ failure, but
long-term graft survival is limited by immune rejection and side effects of
immunosuppressive drugs.! Allogeneic T cell response plays a decisive role in transplant
rejection. The activation signals through T cell receptor (TCR), along with costimulation and
cytokine inputs, mediate T cell response to organ transplants.2~4 Hence, for more effective
control of transplant immunity, it is essential to define the key regulators that link the TCR
and other signals to the functional fates of alloreactive T cells.

Interferon regulatory factor 4 (IRF4) is a member of the IRF family of transcription factors.
IRF4 is preferentially expressed in hematopoietic cells and plays critical roles in the
differentiation and function of T cells, B cells and dendritic cells.>~’ We found that IRF4
was promptly induced in T cells upon TCR signaling through the MEK1/2 pathway. IRF4
ablation in T cells resulted in progressive establishment of CD4* T cell dysfunction and
induced heart allograft acceptance in mice. The dysfunctional state of /747~ T cells was
initially reversible by blocking programmed death-ligand 1 (PD-L1) and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4), but it progressively developed into a terminal/
irreversible dysfunctional state.® Therefore, the TCR-IRF4 axis governs the functional
versus dysfunctional fates of alloreactive T cells.

Recent reports showed that in patients with stable function of transplanted kidneys but also
developed metastatic cancer, programmed cell death protein 1 (PD-1) blockade was used to
treat cancer. Unfortunately, PD-1 blockade triggered acute rejection of the transplanted
kidneys.?-10 Therefore, irreversible dysfunction of alloreactive T cells was not established in
those kidney recipients, though they were under chronic immunosuppression. Low dose of
FK506, the mainstay immunosuppressant, has even been shown to inhibit the terminal
differentiation of T cell dysfunction.1? Hence, in the context of achieving stable transplant
tolerance, it would be essential to define the irreversible state of T cell dysfunction.

Herein, we investigated the irreversible dysfunctional state of /r#~/~ T cells. /rfAVl Ca4-Cre
heart recipients were treated with checkpoint blockade on days 0, 3, and 5, and transplanted
again with donor-type skin grafts on day 30 post-heat grafting. All heart allografts were
acutely rejected due to checkpoint blockade-mediated reinvigoration of /r74/~ T cells.®
strikingly, those /rf4"fl Cad4-Cre recipients with rejected heart allografts still permanently
accepted the subsequent donor-type skin grafts, indicating that checkpoint blockade-
reinvigorated alloreactive /rf4~/~ T cells become re-dysfunction within 30 days. Indeed,
initial checkpoint blockade did not restore cell frequency, effector memory cell generation,
and IFN-y/TNF-a production of alloreactive /r/47~ T cells at day 30 post-heart grafting.
Taken together, ablation of IRF4 drives terminal T cell dysfunction, and targeting IRF4
represents a potential therapeutic strategy for achieving transplant tolerance.
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2| MATERIALS AND METHODS

2.1| Mice

Cd4-Cre, Irf10x/flox B6 SJL CD45.1 congenic, TEa TCR transgenic,® BALB/c, and
C57BL/6 (B6) mice were purchased from Jackson Laboratory (Bar Harbor, MA). /rf41ox/flox
mice were crossed to Ca4-Cre mice to create /rf4Vfl Cd4-Cre mice. TEa mice were crossed
to /rf4”/~ mice to create /rf4”~ TEa mice. TEa mice were crossed to CD45.1 congenic mice
to create (TEa x CD45.1) F1 mice, in which leucocytes are CD45.1*CD45.2*. All animall
experiments in this study were approved by the Houston Methodist Animal Care Committee
in accordance with institutional animal care and use guidelines.

2.2 | Murine heterotopic heart transplantation

Hearts from BALB/c donors were transplanted into 8-10-week-old male /74l Ca4-Cre or
CD45.1* congenic mice by a previously described method.8 Some recipient mice were ip
injected with 400 pg Rat IgG, or 200 g anti-PD-L1 (clone 10F.9G2) plus 200 ug anti-
CTLA-4 (clone 9D9) mAbs (Bio-X-Cell, West Lebanon, NH) on days 0, 3, 5 post-heart
grafting.

2.3 | Murine skin transplantation

BALB/c and C3H ear skin allografts were transplanted onto BALB/c heart transplanted
IrffV1 Ca4-Cre mice by a previously described method.12 More than 80% necrosis of the
donor skin tissue was considered as rejection.

2.4| Irf4 transduction and adoptive transfer of Irf4~/~ CD4* T cells

BALB/c splenic dendritic cells (DCs) were isolated by using the Pan Dendritic Cell Isolation
Kit (Miltenyi Biotec, San Diego, CA). /rf4~ CD4* T cells were activated for 3 days with
BALB/c splenic DCs and 100 IU IL-2 (PeproTech, Rocky Hill, NJ), and then transduced
with IRF4-GFP or GFP-Ctrl retrovirus as previously described.8 Cells were cultured for 1
day after transduction, and then adoptively transferred into /4 "/l Cd4-Cre mice on day 1
post-heart transplantation.

2.5| Adoptive transfer of TEa cells and microarray analysis

Microarray was performed by the Genomic and RNA Profiling Core at Baylor College of
Medicine and data generated has been deposited in NCBI’s Gene Expression Omnibus with
accession number GSE111757. TCR(Va2*Vp6*)CD45.2*CD4* TEa cells were isolated
from splenocytes of WT TEa or /rf4~~ TEa mice by a FACSAria flow cytometer (BD
Biosciences, San Jose, CA). B6.SJL CD45.1* congenic mice were adoptively transferred
with either 5 x 106 CD45.2+* WT TEa or 5 x 106 CD45.2* /rf4/~ TEa cells on day -1, and
transplanted with BALB/c hearts on day 0. CD45.1* mice transferred with CD45.2* /rf4/~
TEa cells were ip injected with either 400 pg Rat IgG or 200 pg anti-PD-L1 plus 200 ug
anti-CTLA-4 mAbs on days 0, 3, 5. On day 6, adoptively transferred CD45.2* TEa cells
were sorted for microarray analysis, using a previously described method.8
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2.6 | Tracking of adoptively transferred TEa cells

CD45.17" congenic mice were adoptively transferred with mixed splenocytes containing 7.5
x 108 CD45.1*CD45.2* WT TEa cells (from [TEa x CD45.1]F1 mice) and 7.5 x 10°
CD45.2* /rf47~ TEa cells (from /rf4~~ TEa mice) on day -1, and transplanted with BALB/c
hearts on day 0. Some CD45.1" recipient mice were also ip injected with 200 ug anti-PD-L1
plus 200 pug anti-CTLA-4 mAbs on days 0, 3, 5. TEa cells in peripheral blood and spleens of
transplant recipients were analyzed on the LSRFortessa flow cytometer (Beckton Dickinson,
Franklin Lakes, NJ). Fluorochrome-conjugated antibodies were purchased from BioLegend
(San Diego, CA) or Thermo Fisher Scientific (Waltham, MA). Zombie Aqua Fixable
Viability Kit was purchased from BioLegend. Intracellular staining method was previously
described.8

2.7| Statistical analysis

Data were represented as mean + SD and analyzed with Prism version 7.0a (GraphPad
Software, San Diego, CA). The Pvalues of skin graft survival were determined by the
Mann-Whitney test. Other measurements were performed using unpaired Student’s #test.
Differences were considered significant when P < .05.

3| RESULTS

3.1| Ablation of IRF4 in T cells abrogates their ability to reject donor-type skin grafts in
heart transplanted recipients

We have previously shown that alloreactive T cell dysfunction was achieved in /74T Ca4-
Cre mice after heart transplantation.8 To determine whether induced T cell dysfunction
affects the survival of subsequently transplanted skin allografts, /r#Vl Cd4-Cre recipients
were first transplanted with BALB/c hearts and then transplanted with BALB/c and C3H
skin allografts 30 days later. All heart allografts were permanently accepted as previously
described.8 Importantly, none of the heart-transplanted /r7£fl Ca4-Cre mice rejected the
subsequently transplanted BALB/c skins (mean survival time [MST] of >100 days; n = 5)
(Figure 1). By contrast, all C3H skins were rejected within 60 days (MST = 46.4 + 10.53
days; n = 5) (Figure 1). /rf#V!l Cd4-Cre mice without BALB/c heart transplantation were
also capable of rejecting BALB/c skin grafts (MST = 31.0 + 8.16 days; n = 4) (data not
shown). Hence, ablation of IRF4 in T cells abrogated their ability to reject heart allografts
and subsequently transplanted donor-type skins.

3.2| Adoptive transfer of IRF4 re-introduced Irf4~/~ CD4* T cells inhibits the induction of
transplant tolerance in mice with T cell-specific IRF4 deletion

One approach that has been applied in restoring heart transplant rejection in /78l Ca4-Cre
mice was to transfer IRF4 re-introduced /rf4/~ CD4* T cells. /rf47/~ CD4* T cells were
stimulated in vitro with allogenic BALB/c splenic DCs and IL-2 for 3 days, followed by
transduction with IRF4-GFP or GFP-Ctrl retrovirus for 1 day. /r4V! Cd4- Cre recipients
injected with one million IRF4 re-introduced, but not GFP-Ctrl transduced, /rf4/~ CD4* T
cells acutely rejected heart allografts within 6 days, as previously described.® Recipient mice
were transplanted again with skin allografts 30 days after heart grafting. As shown in Figure
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2, BALB/c skins were acutely rejected on heart-transplanted recipients that were transferred
with IRF4 re-introduced /rf4~ CD4* T cells (IRF4-GFP cell transfer group; BALB/c skin;
MST = 17.0 £ 6.27 days; n = 4), but were accepted on heart-transplanted recipients that
were transferred with GFP-Ctrl transduced /4~ CD4* T cells (GFP-Ctrl cell transfer
group; BALB/c skin; MST of >100 days; n = 4) (Figure 2). C3H skins were rejected within
60 days on heart-transplanted recipients that were transferred with GFP-Ctrl transduced
Irf47'= CD4* T cells (GFP-Ctrl cell transfer group; C3H skin; MST = 45.3 + 8.50 days; n =
4) (Figure 2). Therefore, adoptive transfer of IRF4 re-introduced, but not GFP-Ctrl
transduced, /774~ CD4* T cells inhibit the induction of transplant tolerance in heart-
transplanted /rf£fl Ca4-Cre recipients.

3.3|] Immune checkpoint blockade induces heart transplant rejection but does not
prevent the later establishment of transplant tolerance in mice with T cell-specific IRF4

deletion

Checkpoint blockade restored acute heart transplant rejection in /r7£fl Ca4- Cre mice®.
Herein we investigated the influence of initial checkpoint blockade-mediated heart allograft
rejection on the survival of subsequently transplanted skins. We transplanted BALB/c hearts
into /rf#Vfl Ca4-Cre mice and treated them with anti-PD-L1 and anti-CTLA-4 mAbs on days
0, 3, and 5 post-heart grafting. All heart allografts were acutely rejected within 8 days as
previously described.8 Recipients with rejected heart allografts were then transplanted again
with skin allografts 30 days after heart grafting. Strikingly, all BALB/c skins were accepted
on those recipients (MST of >100 days; n = 6), while all C3H skins were rejected within 60
days (MST =47.0 £ 9.67 days; n = 6) (Figure 3). Therefore, checkpoint blockade induced
acute heart transplant rejection in /r#fl Cd4-Cre recipients, but did not prevent the later
establishment of transplant tolerance.

3.4 | Identification of un-restored gene expressions in Irf4-deficient alloreactive T cells
upon checkpoint blockade

TCR-transgenic TEa CD4* T cells (B6 background) recognize a BALB/c I-Ea allopeptide
presented by B6 antigen presenting cells, and were used to assess the effects of checkpoint
blockade on /rf4-deficient alloreactive T cells.® Herein, we compared the gene expression
profiles between WT and /74~ TEa cells following heart transplantation and checkpoint
blockade. CD45.1* B6 mice were adoptively transferred with either CD45.2* WT TEa or
CD45.2* /rf4~ TEa cells on day-1, and transplanted with BALB/c hearts on day 0.
Recipients transferred with /-4~ TEa cells were further treated with rat IgG or anti-PD-L1
plus anti-CTLA-4 mAbs (P+C group) on days 0, 3, and 5. Adoptively transferred CD45.2*
TEa cells were isolated from splenocytes on day 6 by flow cytometry sorting (Figure 4A).
RNA was isolated and gene expression profiles were determined by microarray analysis.
Differentially expressed genes between adoptively transferred WT TEa and /r#4”/~ TEa cells
(1gG group) are shown in Figure 4B. Importantly, checkpoint blockade (/- TEa; P+C
group) restored the expression levels of the majority of WT TEa cell-expressed genes in
Irf471~ TEa cells (Figure 4B), which may explain why checkpoint blockade robustly
reversed the initial dysfunction of /r72/~ T cells. Some of the unrestored genes in /rf4/~
TEa cells following checkpoint blockade were shown in Figure 4C. It would be interesting
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to further determine whether these unrestored genes are responsible for the reinvigorated
Irf4-deficient T cells to become re-dysfunction.

3.5| Checkpoint blockade does not restore effector memory cell generation from Irf4-
deficient alloreactive T cells

To track the fate of /727~ alloreactive T cells, CD45.1* B6 mice were adoptively transferred
with mixed splenocytes containing a 1:1 ratio of CD45.1*CD45.2* WT TEa (from [TEa x
CD45.1]F1 mice) and CD45.2* /rf4~~ TEa cells (from /rf47~ TEa mice) 1 day prior to
BALB/c heart transplantation (Figure 5A). TEa cell frequencies in peripheral blood were
assessed weekly post-grafting. Flow cytometry plots in Figure 5B show the gating strategy
detecting co-transferred CD45.1*CD45.2*TCR Vp6* WT TEa and CD45.1 CD45.2*TCR
VB6™ /rf4/~ TEa cells in peripheral blood at 1 week post-grafting. Both WT TEa and
Irf4~~ TEa cell frequencies were gradually decreased in peripheral blood (Figure 5B, line
graph). On day 30 post-grafting, splenocytes of transplant recipients were harvested and
analyzed. The percentage of /774~ TEa cells among CD4* splenocytes was significantly
lower than that of WT TEa cells (Figure S1A, i). Flow cytometry plots in Figure 5C show
the gating strategy detecting TEa cell populations, and the percentages of CD62L "CD44*
effector memory and IFN-y*TNF-a"i cells within WT TEa (top plots) and /rf47~ TEa
(bottom plots) cell populations, respectively. Compared to WT TEa cells, //f47~ TEa cells
exhibited significantly lower frequencies of effector memory and IFN-y/TNF-a producing
cells (Figure 5C, bar graphs). Percentages of IL-2*, PD-1*, and CX3CR1*, as well as mean
fluorescence intensity (MFI) of CCR2 and CCR7 were not significantly different between
WT and /rf4~~ TEa cells in spleens when n = 3 per group (Figure S1A, ii-vi).

To track the fate of /747~ alloreactive T cells following checkpoint blockade, CD45.1* B6
mice received cell transfer and heart transplantation as mentioned above, and treated with
anti-PD-L1 plus anti-CTLA-4 mAbs on days 0, 3, and 5 post-grafting (Figure 5D). Both WT
TEaand /rf4~~ TEa cell frequencies remained gradually declined in peripheral blood
despite of checkpoint blockade (Figure 5E). On day 30 post-grafting, the percentage of
Irf4~~ TEa cells among CD4™ splenocytes was significantly lower than that of WT TEa
cells (Figure S1B, i). /rf4”~ TEa cells displayed significantly lower frequencies of effector
memory and IFN-y/TNF-a producing cells than those of WT TEa cells (Figure 5F).
Percentages of 1L-2", perforin/granzyme B*, PD-1*, and CX3CR1*, as well as MFI of
CCR2, CCR7, TIM-3, and LAG-3 were not significantly different between WT and /rf4~~
TEa cells in spleens when n = 3 per group (Figure S1B, ii-ix). Of note, CX3CRL1 has been
reported as a marker for anti-PD-1 therapy-responsive T cells,13 whereas CCR2 expressed
on T cells has been shown to modulate the effector/regulatory T cell ratio.14 Taken together,
checkpoint blockade does not restore cell frequency, effector memory cell generation, and
IFN-y/TNF-a production of /rf47~ TEa cells at day 30 post-grafting.

4| DISCUSSION

Sixty-five years ago, Medawar et al demonstrated that mice injected at birth with allogeneic
cells were subsequently able to accept skin allografts from the same donor strain.1® Since
then transplant tolerance was further achieved in adult animals through various approaches.
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16.17 Deletion, anergy, and Treg suppression of alloreactive T cells contribute to transplant
tolerance.18-21 We have previously shown that ablation of IRF4 induced allogeneic T cell
dysfunction.8 Loss of IRF4 expression has also been shown to be associated with tumor-
specific T cell dysfunction.!1 Herein, we demonstrated that ablation of IRF4 in T cells
induced robust transplant tolerance in heart allograft recipients, resulting in the acceptance
of secondary donor-type skin allografts. We noticed that /r74V!l Cd4-Cre mice were capable
of rejecting primary skin allografts and secondary third-party skin allografts. It is possible
that heart and skin allografts exhibit different capabilities in driving the dysfunctional
differentiation of /rf4-deficient T cells.

Checkpoint blockade induced acute heart transplant rejection in /r#4V!l Cd4-Cre recipients.®
Our previous mechanistic studies revealed that checkpoint blockade restored cell number,
proliferation (indicated by Ki67), metabolic activation (indicated by CD98 and CD71), and
IFN-y production of /r#4~ TEa cells on day 6 post-heart grafting.8 In this study, we
compared the gene expression profiles between WT TEa and /47~ TEa cells in heart
recipients on day 6, and found that checkpoint blockade also restored many other genes in
Irf47'= TEa cells, including 76x21, 1112rb1, 12rb, I2rg, 1110rb, 111574, and //21r (data not
shown). Hence, restoring some cytokine responses may be another essential mechanism by
which checkpoint blockade transiently reinvigorate /747~ T cells. Nevertheless, checkpoint
blockade did not prevent the later establishment of transplant tolerance. Hence, similar to the
re-exhaustion of reinvigorated T cells in a chronic infection model,?? reinvigorated /rf4-
deficient T cells also became re-dysfunction in our model. We identified un-restored gene
expressions in /rf4~ TEa cells upon checkpoint blockade. For instance, regardless with or
without checkpoint blockade, /774~ TEa cells exhibited down-regulated expressions of
1118r1 (encoding IL-18Ra) and Wnt10a, as well as up-regulated expression of //1r2
(encoding IL-1R2). IL-18Ra has been shown to be down-regulated on exhausted CD8* T
Cells, rendering them unresponsive to inflammatory cytokines.?® IL-1R2 is a negative
regulator of IL-1 signaling,24 whereas Wnt signaling is essential for T cell memory.25 It
remains to be determined the role of these un-restored genes in establishing the irreversible
state of /r4~ T cell dysfunction.

It is a challenge to determine whether transplant tolerance has been achieved in the clinic,
and how to proceed if it has not. Successful weaning from immunosuppression may be an
indication of transplant tolerance, but it remains unclear how to stratify transplant recipients
according to their likelihood of being able to discontinue immunosuppression. Moreover,
transplant tolerance can be achieved and maintained after rejection, as demonstrated in
murine and larger animal models.26-30 Hence, there is a fundamental need to reveal the
determinants of T cell fate in transplant tolerance. The current works identified IRF4 as a
key determinant governing transplant tolerance, which will advance the understanding and
further characterization of tolerogenic T cell fate.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

IRF4 deletion in T cells induces transplant tolerance in heart graft recipients. /r7£8fl\Ca4-Cre
mice were transplanted with BALB/c hearts. Thirty days later, recipients were transplanted
again with BALB/c and C3H skins (n = 5). A, Schematic of the experimental design. B, The
percentage of skin allograft survival after skin transplantation on BALB/c heart-transplanted
1V Ca4-Cre recipients. **P=.0079; Mann-Whitney test. C, Representative images of
accepted BALB/c skin allografts (>100 days) on BALB/c heart-transplanted /4l Cd4-Cre

recipients. D, A representative

image of C3H (left) and BALB/c (right) skin allografts on a

BALBI/c heart-transplanted /r##V!l Cd4-Cre recipient
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FIGURE 2.
Adoptive transfer of IRF4 re-introduced /rf4/~ CD4* T cells breaks transplant tolerance in

Irf4-deficient mice. /rf4'~ CD4* T cells were stimulated with allogenic BALB/c splenic
DCs and IL-2 for 3 days, followed by transduction with IRF4-GFP or GFP-Citrl retrovirus
for 1 day. /rf£fl Ca4- Cre mice were transplanted with BALB/c hearts on day 0 and
adoptively transferred with one million IRF4-GFP or GFP-Ctrl transduced /rf4/~ CD4* T
cells on day 1. Thirty days later, recipient mice in the IRF4-GFP group were transplanted
again with BALB/c skins (n = 4), whereas recipients in the GFP-Ctrl group were
transplanted with both C3H and BALB/c skins (n = 4). A, Schematic of the experimental
design. B, The percentage of skin allograft survival after skin transplantation on BALB/c
heart-transplanted /r7#Vfl Cad4-Cre recipients that had been adoptively transferred with IRF4-
GFP or GFP-Ctrl transduced /rf4/~ CD4* T cells. C, Representative images of rejected (left
3 panels) and accepted (right 3 panels) BALB/c skins on BALB/c heart transplanted /rf4

fifl Ca4- Cre recipients that had been adoptively transferred with IRF4-GFP and GFP-Ctrl
transduced /174~ CD4* T cells, respectively. D, A representative image of C3H (left) and
BALBI/c (right) skin allografts on a BALB/c heart-transplanted /4 /fl Cd4-Cre mouse that
had been adoptively transferred with GFP-Ctrl transduced /r747~ CD4* T cells
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FIGURE 3.
Checkpoint blockade does not prevent the establishment of transplant tolerance in /rf4-

deficient mice. /r££fl Cd4-Cre mice were transplanted with BALB/c hearts on day 0 and
treated with anti-PD-L1 and anti-CTLA-4 (aPD-L1 + a CTLA-4) mAbs on days 0, 3, and 5
to trigger heart graft rejection. Recipients with rejected heart allografts were then
transplanted again with BALB/c and C3H skin allografts 30 days after heart grafting (n = 6).
A, Schematic of the experimental design. B, The percentage of skin allograft survival after
skin transplantation on aPD-L1 + a CTLA-4 treated, BALB/c heart graft rejected /rf4

fifl Cg4-Cre mice. **P = .0022; Mann-Whitney test. C, Representative images of accepted
BALB/c skin allografts (>100 days) on aPD-L1 + aCTLA-4 treated, BALB/c heart graft
rejected /rf4 "Ml Ca4-Cre recipients. D, A representative image of C3H (left) and BALB/c
(right) skin allografts on a aPD-L1 + a CTLA-4 treated, BALB/c heart graft rejected
1rtAM Cd4-Cre mouse
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Identification of un-restored genes in alloreactive /774~ CD4* T cells upon checkpoint
blockade. CD45.1* B6 mice were adoptively transferred with CD45.2* WT or /rf4/~ TEa
cells on day -1, and transplanted with BALB/c hearts on day 0. Recipients transferred with
Irf47'~ TEa cells were further treated with rat 1gG or anti-PD-L1 plus anti-CTLA-4 mAbs (P
+C group) on days 0, 3, and 5. Adoptively transferred CD45.2* TEa cells were isolated from
splenocytes on day 6 by flow cytometry sorting. RNA was isolated for microarray analysis.
A, Schematic of the experimental design. B and C, Heat maps showing the normalized gene
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expression scores from indicated groups. Two RNA samples of each group were obtained
from two independent experiments. Each RNA sample was isolated from pooled TEa cells
from three (WT TEa group and /r74~'~ TEa P+C group) or five (/rf4/~ TEa IgG group)
recipient mice
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Checkpoint blockade does not restore effector memory cell generation from alloreactive
Irf471= CD4* T cells. CD45.1* B6 mice were adoptively transferred with mixed splenocytes
containing a 1:1 ratio of CD45.1*CD45.2* WT TEa and CD45.2* /rf4”/~ TEa cells on day -
1, transplanted with BALB/c hearts on day 0, and left untreated (A-C) or treated with aPD-
L1+ aCTLA-4 (D-F) ondays 0, 3, and 5. A, Schematic of the experimental design. B, Flow
cytometry plots display the gating strategy detecting co-transferred CD45.1*CD45.2*TCR
VB6* WT TEa and CD45.1"CD45.2*TCR VB6* /rf47~ TEa cells in peripheral blood at 1

Am J Transplant. Author manuscript; available in PMC 2019 March 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zhang et al.

Page 17

week post-grafting. The line graph shows WT Tea and /rf4™~ TEa cell frequencies in
peripheral blood weekly after transplantation. C, Splenocytes were analyzed on day 30 post-
grafting. Shown are the gating strategy detecting TEa cell populations, and the percentages
of CD62L "CD44* and IFN-y*TNF-a cells within WT TEa and /7747~ TEa cell
populations. D, Schematic of the experimental design, with aPD-L1 + aCTLA-4 treatment.
E, WT Tea and /rf4~~ TEa cell frequencies in peripheral blood at 1 week post-grafting (flow
cytometry plots) and weekly after transplantation (line graph). F, The percentages of CD62L
“CD44* and IFN-y*TNF-a" cells within WT TEa and /7747~ TEa cells in spleens at day 30
post-grafting. Data are mean + SD (n = 3). *£< .05
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