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Abstract

Background—Immune rejection continues to threaten all tissue transplants. Here we sought to
determine whether P- and E- selectin mediate T cell recruitment in corneal transplantation and
whether their blockade can reduce T cell graft infiltration and improve long-term corneal allograft
survival.

Methods—In a murine model of allogeneic corneal transplantation, we used PCR and
immunohistochemistry to investigate expression of P- and E-selectin in rejected versus accepted
allografts, and lymph node flow cytometry to assess expression of selectin ligands by effector T
cells. Using P- and E-selectin neutralizing antibodies we evaluated the effect of blockade on CD4
T cell recruitment, as well as the effect of anti-E selectin on long-term allograft survival.

Results—P- (93.3 fold, p<0.05) and E-selectin (17.1 fold, p<0.005) are upregulated in rejected
versus accepted allogeneic transplants. T helper (Th)1 cells from hosts with accepted and rejected
grafts express high levels of P-selectin glycoprotein ligand 1 and glycosylated CD43. In vivo
blockade of P (0.47+0.03, p<0.05) and E selectin (0.49+0.1, p<0.05) reduced the number of
recruited T cells compared to IgG control (0.98+0.1). Anti-E-selectin reduced the number of
mature antigen-presenting cells trafficking to lymphoid tissue compared to control (6.96+0.9 vs.
12.67+0.5 p<0.05). Anti-E-selectin treatment delayed graft rejection and increased survival
compared to control, although this difference did not reach statistical significance.

Addressfor Correspondence: Reza Dana, MD, MPH, M.Sc., Schepens Eye Research Institute, Massachusetts Eye & Ear Infirmary,
20 Staniford Street, Boston, MA, 02114, Phone: (617) 912-7401, Fax: (617)-912-0117, reza_dana@meei.harvard.edu.

THD: thomasdohlman@gmail.com; ADZ: Antonio_dizazzo@meei.harvard.edu; MO: masahiro.omoto@gmail.com; JH:
Jing_Hua@meei.harvard.edu; JD: juliading.com@gmail.com; PH: Phamrah@tuftsmedicalcenter.org, SKC:
Sunil_Chauhan@meei.harvard.edu

Author contributions:

THD: Performance of the research, data analysis, writing the paper; ADZ: Performance of the research, MO: Performance of the
research, data analysis; JH: Performance of the research; JD: Performance of the research; SKC, PH and RD: Research design and
writing the paper.

Disclosure:

The authors declare no conflicts of interest.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DohIman et al. Page 2

Conclusions—In a model of corneal transplantation, P- and E-selectin mediate T cell
recruitment to the graft, E-selectin mediates APC trafficking to lymphoid tissue and blockade of
E-selectin has a modest effect on improving long-term graft survival.

Introduction

Full-thickness corneal transplantation is an important therapeutic option in the setting of
many corneal pathologies, including thinning disorders, certain corneal dystrophies and
corneal scars, among others.1:2 With over 40,000 corneal transplants performed each year in
the United States alone, it is one of the most commonly performed types of solid-tissue
transplantation.® Grafts placed in uninflamed or ‘low-risk’ host beds enjoy a rate of survival
that can exceed 90%, thanks in large part to the cornea's status as an immune-privileged
tissue.*® However, transplant failure due to immune rejection remains a major threat to all
transplants, particularly following transplantation into inflamed or ‘high-risk’ host beds,
where survival rates can fall well below 50% despite local immune suppression.’-8

Effector CD4+ T cells, particularly Type 1 T helper (Th1) cells, are the predominant
mediators of corneal graft rejection.%12 These effector T cells must exit the vasculature in
order to reach their target tissue. This is accomplished through the leukocyte adhesion
cascade, a coordinated series of events involving selectins, integrins and chemokines that
results in transendothelial cell migration.1® The first step in this process is mediated by
selectins. The selectins are a family of single-chain transmembrane receptors that include
platelet (P-), endothelial (E-) and leukocyte (L-) selectin. Of these, P- and E-selectin are
expressed by activated vascular endothelial cells.1® The selectins bind to selectin ligands
containing the sialyllewis* carbohydrate domain, and although there are a number of known
selectin ligands, two of the more well-characterized are P-selectin glycoprotein ligand-1
(PSGL-1) and glycosylated CD43 (glycoCD43). Although PSGL-1 was originally described
as a ligand for P-selectin and glycoCD43 was originally associated predominantly with E-
selectin binding, it is now recognized that there is considerable overlap in selectin-ligand
binding, with PSGL-1 binding all three selectins, and glycoCD43 contributing to P-selectin
as well as E-selectin binding.1”-20 The binding of ligands on circulating leukocytes by
endothelial cell-expressed selectins mediates leukocyte tethering and rolling, a prerequisite
for subsequent firm adhesion and migration of effector cells into tissue.?!

Due to their crucial role in leukocyte extravasation and migration, selectins are an attractive
therapeutic target in the effort to prevent transplant rejection. Selectins have previously been
identified in renal allografts,22:23 cardiac allografts?4-26 and on vascular endothelium in
rejected human corneal allografts.2”-28 Both P- and E-selectin have been shown to mediate
the recruitment of Th1 cells into inflamed tissues?® and approaches to disrupting selectin/
selectinligand binding in models of transplantation have been shown to prevent reperfusion
injury and in some cases increase short-term graft survival. However, whether there is any
role for selectin blockade in improving long-term transplant survival is currently
unknown.30-32 |n the present study, we hypothesized that blocking selectin/selectin-ligand
interactions in corneal transplantation would prevent T cell homing to the corneal allograft,
thereby improving long-term allograft survival.
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Materials and Methods

Animals

Male C57BL/6 (donors) and BALB/c (hosts and in vitro experiments) mice 6-8 weeks of
age were obtained from Charles River Laboratories (Wilmington, MA). Mice were housed
in the Schepens Eye Research Institute animal vivarium and treated according to the
guidelines set forth by the Association for Research in Vision and Ophthalmology (ARVO).
All animal experiments were reviewed and approved by the Institutional Animal Care and
Use Committee.

Corneal transplantation

Allogeneic orthotopic corneal transplantation was performed as described previously.33 In
brief, 2 mm diameter donor corneal buttons from C57BL/6 mice were affixed to 1.5 mm
diameter BALB/c host beds via 8 interrupted 11-0 nylon sutures. The host eye lids were
closed for 3 days via one 8-0 suture in order to promote healing. Seven days following
surgery, corneal sutures were removed. Transplantation of a BALB/c donor to BALB/c host
served as a syngeneic control. Corneal allograft survival was evaluated by slit-lamp
microscopy and graft clarity scored according to an established 0-5+ scale, with scores of 2+
or greater considered rejected.34 To exclude grafts undergoing primary failure, only those
grafts with scores of 0+ or 1+ at 10 days following transplantation were used for
experimentation and analysis.

Real-Time and RT-PCR

In order to compare allogeneic acceptors and rejectors, mice were evaluated at week 4 for
graft clarity. At this time point, allogeneic acceptors, allogeneic rejectors, syngeneic controls
and naive mice were euthanized. Donor buttons plus host corneal beds were collected and
stored in Trizol reagent (Invitrogen, Carlsbad, CA) at —80°C. Tissue was homogenized and
RNA isolated using the RNeasy micro kit (Qiagen, Valencia, CA) and reverse-transcribed
using the Superscript 111 kit (Invitrogen, Carlsbad, CA). Real-Time PCR was performed
using the Tagman Universal PCR Master Mix (Applied Biosystems, Carlsbad, CA) and the
following primers: P-selectin Mm01204601_m1, E-selectin Mm01310197_m1 and
glyceraldehyde-3-phosphate dehydrogenase Mm99999915 g1 (Applied Biosystems).
Comparative threshold (CT) values were measured using a LightCycler 480 11 System
(Roche, Indianapolis, IN) and target CT values were normalized to the CT value of GAPDH,
which served as an endogenous control. Fold change in mRNA level relative to naive mice
was then calculated.

Immunohistochemistry

Corneas from allogeneic acceptors, allogeneic rejectors, syngeneic controls and naive mice
were collected 4 weeks posttransplantation. Corneal epithelium was removed following
incubation for 45 minutes in 20 mM EDTA in phosphate buffered saline. Corneas were
fixed in acetone for 15 minutes then blocked with 2% BSA and Fc block and stained with
FITC-conjugated anti-CD31 (1:100, sc-18916) and either goat anti-P-selectin (1:100,
sc-6943) or goat anti-E-selectin (1:100, sc-6939) primary antibodies overnight at 4°C. After
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washing, corneas were stained for 2 hours at room temperature with Texas Red-conjugated
donkey anti-goat secondary antibody (1:400, sc-2783). Corneas were washed in PBS, then
mounted using Vectashield mounting medium with DAPI. Microscopic images were taken
using a Leica TCS-SP2 confocal microscope (Leica Microsystems, Wetzlar, Germany). All
immunohistochemistry antibodies were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA).

Flow cytometry

Four weeks following corneal transplantation, the ipsilateral cervical and submandibular
lymphoid tissue was collected from allogeneic acceptors and rejectors, syngeneic controls
and naive mice. Single cell suspensions were created by homogenizing lymphoid tissue in
70 pum cell strainers. Cells were stimulated with PMA and lonomycin in the presence of
golgistop for 5 hours at 37° C and 5% CO2, blocked with Fc block then stained with
Violet-421 conjugated anti-CD4 antibody (Biolegend, San Diego, CA, USA) and PE-
conjugated anti-PSGL-1 (BD Pharmingen, San Jose, CA, USA) or PE-conjugated anti-
glycosylated CD43 antibodies (Biolegend, San Diego, CA, USA). Cells were fixed and
permeabilized overnight, then stained with FITC-conjugated anti-interferon-gamma
antibody. To analyze corneal graft infiltration following in vivo neutralization, corneal grafts
and the host bed including the limbus were collected and digested with DNAse and
collagenase at 37 °C for 1 hour. Single cell suspensions were stained with PE conjugated
anti-CD45 antibody (eBioscience, San Diego, CA, USA) and PE/cy5 conjugated anti-CD4
antibody (eBioscience, San Diego, CA, USA). Antibody staining was read using a BD LSR
Il flow cytometer and analyzed using Summit v4.3 software (DAKO Corporation).

In vivo neutralization

Commercially available neutralizing antibodies were used for in-vivo blockade. Mice were
anesthetized using 2-4% isoflurane and 100% oxygen, and 10 pl of anti-P-selectin (1 mg/ml,
clone RB40.34; BD Biosciences 553741), anti-E-selectin (1 mg/ml, clone 10E9.6, BD
Biosciences 553748) or rat 1gG control (1 mg/ml, R and D Systems 6-001-A) was
administered via subconjuctival injection. For injection, the temporal bulbar conjunctiva was
grasped with forceps and lifted to expose the potential subjconjunctival space. A Hamilton
syringe (10 ul Model 1701, Hamilton Company, Reno, NV, USA) was then used to inject
drug or control. Treatment was started at the day of transplantation, and continued on
alternating days until flow analysis on day 14. For survival studies, mice were treated on
alternating days beginning at the time of transplantation for two weeks, then twice per week
thereafter for 6 additional weeks.

Statistical analysis

Data normality was evaluated using Prism 5.0 software. The one-way Anova test with
Tukey post test or the Kruskal-Wallis with Dunn's multiple comparison test were used to
determine statistical significance (Prism 5.0 software, GraphPad Software, Inc., La Jolla,
CA, USA). Graft survival was compared using Kaplan-Meier survival curves, with
statistical significance determined using the log-rank test. P < 0.05 was considered
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statistically significant. Results are presented as the mean + standard error of the mean
(SEM).

Results

Expression of P- and E-selectin is upregulated in allogeneic rejectors

To study the function of P-selectin and E-selectin in mediating Th1 cell migration in corneal
transplantation, we first investigated the expression of P- and E-selectin in allogeneic
acceptors versus rejectors. Allogeneic corneal transplantation was performed, and at four
weeks posttransplantation accepted transplants were distinguished from rejected transplants
by a commonly used scale of corneal opacity.34 Grafts plus the host corneal bed were
collected for analysis of P- and E-selectin mMRNA levels. We found that both P- and E-
selectin mRNA levels were significantly upregulated in rejected transplants (P-selectin:
93.3+36.7 fold relative to naive mice, E-selectin: 17.1+0.05 fold) as compared to both
allogeneic acceptors (P-selectin: 17.6+7.4 fold, p<0.05; E-selectin: 7.7+0.03 fold, p<0.005)
and syngeneic transplant recipients (P-selectin: 1.3+0.65 fold, p<0.05; E-selectin: 1.4+0.05
fold, p<0.005) (Figures 1A and 1B).

To further evaluate P- and E-selectin expression in the cornea, immunohistochemistry was
performed in order to confirm and localize their expression at the protein level. Grafts plus
the host corneal beds from transplanted mice were immunohistochemically stained with
DAPI, CD31 (PECAM) and either P- or E-selectin, and confocal micrographs of the limbal
vasculature were taken. CD31+ staining was greatest in the allogeneic rejector group, and
both P-and E-selectin were exclusively expressed by CD31+ vascular endothelial cells
(Figures 2A and B).

Selectin ligands are highly expressed by CD4+ T cells

After confirming the presence of P- and E-selectin in corneal transplant recipients, we next
sought to determine whether Type 1 T helper (Th1) cells express the selectin ligands
PSGL-1 and GlycoCD43. Using flow cytometry, we found no difference in PSGL-1
expression between groups (p>0.05), but PSGL-1 is expressed by nearly 100% of all Thl
cells, regardless of whether those cells are derived from naive mice (99.9%+0.08),
syngeneic transplant recipients (99.9%=0.04), allogeneic transplant acceptors (99.99%
+0.006) or rejectors (99.9%=0.04) (Figure 3). Moreover, the level of expression of PSGL-1
by Th1 cells is similar across groups, as indicated by Mean Fluorescence Intensities (naive
mice: 888+ 13, syngeneic: 832+29, allogeneic acceptors: 849+45, allogeneic rejectors
816+23) (Figure 3A, p>0.05).

GlycoCD43 expression by Thl cells was also evaluated by flow cytometry. The frequency
of GlycoCD43 expressing cells was similar across experimental groups, with a trend
towards an increase in the frequency of GlycoCD43 expressing cells in the allogeneic
rejector group as compared to the allogeneic acceptor group (54% vs. 44%) (Figure 3B).
GlycoCDA43 expression as measured by MFI was found to be significantly greater in
allogeneic rejectors (541 + 39, p<0.05) as compared to acceptors (361 + 24), syngeneic
recipients (418 £ 17) and naive mice (421 + 36) (Figure 3B).

Transplantation. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dohlman et al.

Page 6

Blockade of P- and E-selectin decreases immune cell infiltration into transplanted corneas

In order to evaluate the functional relevance of selectins in mediating T cell migration in
vivo, we treated allogeneic transplant recipients with anti-P or anti-E-selectin neutralizing
antibodies. Mice were treated at the time of transplantation and then on alternating days
posttransplantation with 10 ul of 1 mg/ml anti-E-selectin, anti-P-selectin or rat 1gG via
subconjunctival injection. On day 14, the frequencies of cornea-infiltrating CD45+ and
CDA4+ immune cells were determined by flow cytometry. Compared to treatment with 1gG
isotype control (19.3+1.4), treatment with both anti-P-selectin (7.8+1.7, p<0.05) and anti-E-
selectin (7.8+2.4, p<0.05) reduced the frequency of CD45+ cells (Figure 4, A-B). In
addition, treatment with anti-P-selectin (0.47%0.03, p<0.05) and anti-E-selectin (0.49+0.10,
p<0.05) also significantly reduced the frequency of corneal CD4+ cells as compared to
control treatment (0.98+0.1)(Figure 4, B-C).

Blockade of E-selectin decreases antigen-presenting cell frequency in the draining lymph

nodes

We additionally evaluated whether blockade of P- or E-selectin had any effect on mature
antigen-presenting cell trafficking by evaluating their frequencies in the draining cervical
and submandibular lymph nodes. We found that the CD11c+MHC-11M cell frequency was
highest in the 1gG control group (12.67+0.5) and that treatment with anti-E-selectin
(6.96+0.9, p<0.05) but not anti-P-selectin (10.68+0.6) significantly reduced the frequency of
these cells as compared to IgG control (Figure 5).

Blockade of E-selectin delays graft rejection

Based on our data demonstrating that treatment with anti-E-selectin antibodies reduced the
frequency of both corneal CD4+ T cells and lymph node CD11c+MHC-11M cells, we
hypothesized that this treatment would also improve long-term corneal allograft survival.
Standard allogeneic corneal transplantation was performed and mice were treated with either
anti-E-selectin neutralizing antibody or IgG control every other day for 2 weeks then twice
per week thereafter (1 mg/ml, 10 ul subconjunctival injections). Beginning at week 3, the
anti-E-selectin treatment group exhibited a modestly higher survival rate than IgG control at
all time points. From weeks 3 through 5, survival in the anti-E-selectin treatment group was
70% compared to 50% in the 1gG control group, and from weeks 5 through 7 survival was
60% and 30%, respectively. Eight weeks posttransplantation, graft survival in the anti-E-
selectin treatment group was 40% while the IgG control treatment group was 30% (p>0.05
at all time points, Figure 6).

Discussion

In the present study we show that that P- and E-selectin expression is upregulated in rejected
allogeneic corneal transplants, and that effector Th1 cells highly express the selectin ligands
PSGL-1 and glycosylated CD43. We provide evidence that in transplant hosts, modulation
of selectin/ligand interactions through neutralization of P- or E-selectin reduces the
frequency of graft-infiltrating immune cells by 50%, and that blockade of E-selectin also has
an inhibitory effect on antigen-presenting cell trafficking, making E-selectin an attractive
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target for in vivo modulation. Through these mechanisms, neutralization of E-selectin delays
graft rejection but yields only a modest improvement in long-term graft survival.

To investigate the role of selectins in corneal transplantation, we first assessed the
expression of P- and E-selectin in corneal allografts. We found that both P- and E-selectin
are expressed by CD31+ vascular endothelial cells, a pattern of expression consistent with
the fact that both P- and E-selectin are upregulated by these cells in response to
inflammatory cytokines such as TNF-a and 1L-1p,1% 35-36 cytokines which play important
roles in mediating corneal inflammation and graft rejection.3” Our data are also supported by
previous studies which have identified adhesion molecules, in particular E-selectin, on the
vascular endothelium of rejected cornea, cardiac, and pulmonary allografts.24:28:38 |n our
immunohistochemical analysis, we additionally observed an increase in corneal
neovascularization near the graft site, which is consistent with the known contribution of
postoperative corneal neovascularization to loss of immune privilege and graft
rejection.3940 Thus, the observed increase in P- and E-selectin expression in allogeneic
rejectors may be a result of both increased vascular endothelial cell expression of P- and E-
selectin in response to inflammatory cytokines, as well as an increase in corneal
neovascularization, resulting in an increase in the total number of selectin-expressing
vascular endothelial cells.

We next investigated the expression of selectin ligands by Th1 cells isolated from allogeneic
transplant recipients. P- and E-selectin interact with multiple ligands containing the sialyl-
lewis* carbohydrate domain, two of the well-characterized of which are PSGL-1 and
glycoCD43. Using flow cytometry we evaluated whether Th1 cells express these ligands,
and found that PSGL-1 is expressed by nearly 100% of Th1 cells, with no difference in level
of expression between Th1 cells isolated from allogeneic acceptors, rejectors and naive
mice. In contrast, glycoCD43 is expressed by approximately 50% of all Th1 cells, and its
level of expression is upregulated by Th1 cells isolated from allogeneic rejectors. These
results are consistent with a past study examining ligand expression by in vitro generated
Th1 cells, in which PSGL-1 and GlycoCD43 were shown to be expressed by 99.5% and
61.5% of Th1 cells, respectively.20 In addition, it was also shown that PSGL-1 MFI is
constant across T cell subsets, while GlycoCD43 exhibits significant variation between
subsets. These results suggest that PSGL-1 is highly conserved across different T cell
subsets and alloimmune environments, while the level of GlycoCD43 expression may be
one way in which cells respond and adapt to different immunoinflammatory conditions.

Although glycoCD43 has previously been described as interacting predominantly with E-
selectin, glycoCD43 and PSGL-1 can function as ligands for both P- and E-selectin.17-20
Given that P- and E-selectin are significantly upregulated in rejected allogeneic corneal
transplants and that effector T cells highly express PSGL-1 and glycoCD43, we next sought
to prevent selectin/ligand interactions through neutralization of P- and E-selectin in an in
vivo model of corneal transplantation. Treatment with anti-P- and anti-E-selectin antibodies
were equally effective in reducing the frequency of T cells recruited to the corneal graft 14
days after transplantation, as each reduced T cell frequency by approximately 50%,
indicating their functional relevance in corneal alloimmunity. This finding is supported by
past studies showing that inhibiting selectin function can reduce T cell recruitment in models
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of cutaneous delayed-type hypersensitivity, antigen-induced arthritis and antigen-induced
intestinal inflammation.41.42

Interestingly, we found that blocking E-selectin but not P-selectin significantly decreased
the number of mature CD11c+ cells in the regional draining lymph nodes of host mice,
suggesting that E-selectin may play a role in host sensitization by mediating antigen-
presenting cell trafficking from graft to lymphoid tissue. Given that transplantation was
performed in low-risk host beds, we would expect the indirect pathway of host sensitization
to predominate, and for these APCs to be donor derived.*3 Although the exact mechanism
by which E-selectin contributes to the process of APC trafficking is unknown, it has been
postulated that E-selectin may play a role in APC tethering as well as integrin activation on
lymphatic endothelial cells.** Indeed, lymphatic endothelial cells are capable of expressing
E-selectin, particularly under inflammatory conditions,#>48 and past studies have suggested
that E-selectin contributes to APC entry from peripheral tissue to the lymphatic
vasculature.#8-51

Based on our findings demonstrating that E-selectin is functionally relevant in both T cell
and APC trafficking, we next evaluated whether treatment with anti-E-selectin could
improve long-term corneal allograft survival. We found that treatment with anti-E-selectin
delayed graft rejection and improved survival compared to 1gG control at all time points, but
this difference never reached statistical significance and at week 8, treatment had only a
modest effect on graft survival (40% in the anti-E-selectin group vs. 30% in the 1gG
treatment group). Given that E-selectin neutralization reduces the number of graft-
infiltrating CD4+ T cells (the primary mediators of corneal allograft rejection)®12 and
suppresses mature CD11c+ cell trafficking in vivo, it is somewhat surprising that
neutralization did not yield a significant improvement in graft survival compared to control.
However, this finding may be explained at least in part by the known overlapping function
of selectins and the fact that leukocyte adhesion and migration is regulated by multiple
additional factors including integrins and chemokines.1® In addition, it may be that local
neutralization of adhesion molecules is not sufficient for modulating T cell trafficking, and
more systemic administration may be able to improve graft survival by modulating immune
cell-vasculature interactions at additional locations other than the allograft, such as in the
draining lymphoid tissue. There may also be more effective means of selectin blockade than
neutralizing antibodies as other methods for selectin neutralization have proven effective in
prior studies, including use of siRNA%2:53 and selectin-knockout mice.>*>> The modest
increase in graft survival observed here may also be explained by considering the effect of
E-selectin neutralization on antigen-presenting cells more closely, and in particular, its effect
on tolerogenic dendritic cells.

Tolerogenic dendritic cells are a class of naturally-occurring antigen-presenting cells which
suppress alloimmunity in an antigen-specific manner, thus playing an important role in
promoting allo-tolerance and transplant survival.6-60 Urzainqui et al. have shown that
selectin binding to dendritic cell-expressed PSGL-1 initiates a tolerogenic program in those
dendritic cells that includes upregulation of regulatory cytokines and an enhanced ability to
generate regulatory T cells. They found that following stimulation, dendritic cell expression
of MHC class 11, CD40, and CD86 is significantly increased in PSGL-1 (/=) mice
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compared to wild-type mice.81 In addition, E-selectin neutralization may also interfere with
the migration of host and donor-derived tolerogenic dendritic cells to host lymph nodes.
This is supported by the fact that in addition to decreasing the frequency of CD11c
+MHCIIN cells (Figure 5), we found that neutralization of E-selectin also led to a decrease
in both total CD11c+ cell and CD11c+MHC!® cell frequencies in the draining lymph nodes
(data not shown). Thus, while neutralization of E-selectin suppresses CD4+T cell graft
infiltration and mature APC trafficking, it may also be promoting alloimmunity by
preventing the induction and migration of tolerogenic dendritic cells, leading to the observed
modest improvement in long-term graft survival.

In summary, we show that P- and E-selectin mediate T cell recruitment in corneal
transplantation and that E-selectin blockade additionally suppresses antigen-presenting cell
trafficking. Despite the demonstrated functional relevance of E-selectin in leukocyte
infiltration and APC trafficking, neutralization of E-selectin yields only a modest
improvement in long-term graft survival, possibly due to the overlapping function of
selectins and the large number of factors mediating leukocyte adhesion.
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Figure 1. mRNA expression of P-selectin and E-selectin is highest in allogeneic regjectors
(a) P-selectin and (b) E-selectin messenger RNA (mRNA) transcript levels are significantly

upregulated in the corneas (graft and host bed) of allogeneic transplant rejectors as
compared to allogeneic transplant acceptors and syngeneic (Syn) graft recipients (n = 4-6
mice/group, *p < 0.05, **p < 0.005; data from one experiment of two are shown).
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Figure 2. P-selectin and E-selectin are expressed by CD31+ endothelial cells
Representative micrographs of the limbal vasculature from whole-mount cornea

immunostaining (40x). Corneas from naive, allogeneic transplant acceptors, and allogeneic
transplant rejectors were stained with DAPI (blue), anti-CD31 antibody (green), and either
(a) anti-P-selectin (red) or (b) anti-E-selectin antibody (red) (n=3 corneas/group,
representative micrographs are from one cornea per group).
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Representative flow cytometry histograms showing the frequency and level of expression
(Mean Fluorescent Intensity) of selectin ligands by Th1 cells in the draining LNs of naive,
syngeneic transplant recipients (Syn), allogeneic (Allo) transplant acceptors (Accept), and
rejectors (Reject). (a) PSGL-1 is expressed by nearly 100% of Th1 cells, with no significant
difference in level of expression between groups. (b) GlycoCDA43 is expressed by
approximately one half of all Thl cells, irrespective of experimental group. The level of
GlycoCDA43 expression (MFI) is significantly upregulated in allogeneic rejectors.
(Frequencies and MFI shown are of the representative histogram, n =5 mice/group, with
one animal comprising one flow cytometry sample; *p<0.05; data from one experiment of

two are shown).
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Figure4. In vivo selectin blockade decr easesimmune cell infiltration of corneal grafts
(a) Representative flow cytometry histograms demonstrating that blockade of P- and E-

selectin are equally effective in reducing immune cell recruitment to the corneal graft 14
days after allogeneic transplantation. (b) Anti-P (7.8+1.7) and anti-E selectin (7.8+2.4)
antibodies significantly reduce the frequency of CD45+ cells compared to 1gG control
(19.3£1.4). (c) Representative histograms showing CD4+ cells 14 days after selectin
treatment and transplantation. (d) Anti-P (0.47+0.03) and anti-E selectin (0.49+0.10)
antibodies significantly reduce the frequency of CD4+ cells compared to 1gG control
(0.98+0.1) (n = 5 mice/group, with one animal comprising one flow cytometry sample;
*p<0.05; data from one experiment of two are shown).
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Figure 5. Anti-E-selectin reducesthe frequency of mature antigen-presenting cellsin the
draining lymphoid tissue 14 days after allogeneic transplantation

(a) Representative flow cytometry histograms showing MHCII expression by CD11c+ cells.
(b) Anti-E-selectin (6.96+0.9) but not anti-P-selectin (10.68+0.6) significantly reduces the
number of CD11c+MHCII+ cells compared to 1gG control (12.67+0.5). (n =5 mice/group,
with one animal comprising one flow cytometry sample; *p<0.05; data from one experiment
of two are shown).
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Figure 6. Blockade of E-selectin improves long-term graft survival
Corneal transplanted mice were treated with anti-E-selectin antibodies beginning at the time

of transplantation for 8 weeks. A Kaplan-Meier curve shows graft survival. anti-E-
selectin=solid line; 1gG control-treated hosts=dashed line (=10 mice per group).
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