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When a transparent cornea becomes opaque due to infectious diseases, trauma, or ophthalmic surgery,
the impaired cornea is replaced with a donor cornea to improve visual function. In this corneal
transplantation, the graft survival rate is comparatively high, partly because of lacking vascular and
lymphatic vessel in cornea. However, the transplanted corneas sometimes become opaque if allograft
rejection occurs. Suppression of allograft rejection is critical for favorable outcomes of corneal
transplantation. The essential effects of endogenous monomeric soluble vascular endothelial growth factor
receptors (VEGFRs) 1 and 2 have been reported in corneal angiogenesis and lymphangiogenesis. This
study investigated the effects of dimeric soluble VEGFR2/Fc chimera protein on corneal allograft rejection
for future clinical application. Allogeneic full-thickness corneal transplantation was performed in C57BL/6 to
BALB/c mice. The recipients were treated by intrastromal injection of soluble VEGFR1/Fc chimera (sR1/Fc
group), soluble VEGFR2/Fc chimera (sR2/Fc group), or human IgG1/Fc protein (IgG/Fc group) at 0, 7, and
14 days after surgery. Both hemangiogenesis and lymphangiogenesis were significantly suppressed in the
corneas of the sR2/Fc group compared with the IgG/Fc group. All grafts failed due to corneal wound
rupture in the sR1/Fc group. In the sR2/Fc group, respective donor-derived MHC class II//CD11c¢" cells and
CD11b-positive macrophage infiltration were reduced in the DLNs and the corneas showing a negative
delayed-type hypersensitivity, compared with the IgG/Fc group. Our findings demonstrate that soluble
VEGFR2/Fc chimera protein efficiently suppresses corneal allo-rejection, while reducing hemangiogenesis
and lymhangiogenesis, and immune-competent cell-trafficking and may be a powerful tool for corneal

allograft survival.
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Introduction

Full thickness corneal transplantation is the most suc-
cessful of all solid tissue allotransplantation procedures in
humans. When topical steroids are administered, the graft
survival rate is almost 90% in low risk patients (Kiichle et
al. 2002). This high success rate may be partially explained
by the lack of both lymphatics and blood vessels in the cor-
nea (Ambati et al. 2006; Albuquerque et al. 2009).
However, after high-risk corneal transplantation involving
the presence of at least two quadrants of stromal vascular-
ization and/or a history of graft rejection, the graft survival
rate declines significantly to below 50%, despite local and
systemic immunosuppression (Maguire et al. 1994;
Thompson et al. 2003). In the vascularized cornea, there is
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parallel growth of both blood vessels and lymphatics. In a
mouse model of corneal transplantation, removal of the cer-
vical draining lymph nodes (DLNs) has been shown to
inhibit graft rejection, indicating that these nodes have an
essential role in alloimmunity after corneal transplantation
(Yamagami and Dana 2001; Yamagami et al. 2002).
Migration of donor and host antigen-presenting cells to the
host cervical DLNs accelerate sensitization to graft antigens
(i.e., corneal alloimmunity may be dependent on a func-
tional ocular-lymphatic axis) (Liu et al. 2002). Inhibition
of corneal lymphangiogenesis, in addition to inhibition of
angiogenesis, may therefore be the ideal therapeutic strat-
egy for avoiding graft rejection.

Vascular endothelial growth factor (VEGF) plays an
essential role in both angiogenesis and lymphangiogenesis.
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There are several members of the VEGF family. VEGF-A
induces both angiogenesis and lymphangiogenesis by bind-
ing to the VEGF receptor 1 (VEGFRI1) and VEGFR2,
although the latter process is mainly driven via the binding
of VEGF-C and VEGF-D to VEGFR2 and VEGFR3
(Carmeliet and Jain 2000). It has been reported that block-
ing the corneal lymphatic vessels that flow directly to the
DLNs is effective in preventing allograft rejection (Chen et
al. 2004; Cursiefen et al. 2004; Bachmann et al. 2008).
Recently, two important findings in the cornea have
reported that a soluble form of VEGFR1 (sVEGFR1) acts
as a potent natural inhibitor of corneal angiogenesis, and a
soluble form of VEGFR2 (sVEGFR2) prevents lymphangi-
ogenesis and maintains an alymphatic cornea (Ambati et al.
2006; Albuquerque et al. 2009). In addition, the immuno-
suppressive effects of soluble VEGFR2 and VEGFR2/Fc
chimera protein have been reported after corneal transplan-
tation (Albuquerque et al. 2009).

We used chimeric proteins with consideration for
future clinical application in this study, because chimeric
proteins can be easily produced in large quantities and
reduce the risk of a reaction to foreign antibodies from a
non-human animal in therapeutic treatments. The present
study was therefore performed to investigate the influence
of VEGFR1/Fc and VEGFR2/Fc chimera proteins on cor-
neal alloimmunity. The mechanisms involved and the out-
comes of exogenous administration of VEGFR1/Fc or solu-
ble VEGFR2/Fc chimera protein after corneal transplantation
were assessed for possible clinical applications.

Materials and Methods

Animals

BALB/c and C57BL/6 male mice weighing 25-30 g (8-12
weeks old) were purchased from CLEA Japan (Tokyo, Japan). Each
mouse was anesthetized by intramuscular injection of a mixture of
ketamine (4.0 mg) and xylazine (4.0 mg) before the surgical proce-
dures.

It was necessary to use animals to study the immunological
techniques. Animals were handled in accordance with the Association
for Research in Vision and Ophthalmology Resolution on the Ethical
Use of Animals in Research (http://www.arvo.org/about_arvo/poli-
cies/statement for the use of animals in_ophthalmic and visual
research/#organizations). Every effort was made to minimize pain to
the animals, and the protocol was approved by the local animal
experimentation ethics committee.

Full-thickness corneal transplantation

Full-thickness corneal transplantation was performed using two
fully mismatched [major histocompatibility complex (MHC) and
minor antigen] strains of mice, i.e., CS7BL/6 (H-2, I-A") mice as the
donors and BALB/c (H-2, I-A%) mice as the recipients, as previously
described (Niederkorn and Mellon 1996; Yamagami and Tsuru 1999;
Yamada et al. 2005). All surgical procedures were performed under
an operating microscope. Corneal grafts were observed by slit lamp
biomicroscopy twice a week for 8 weeks after corneal transplantation.
Eyes with complications such as cataract, loss of the anterior cham-
ber, hyphema, or infection were excluded from the study. A total of

100 eyes underwent corneal transplantation, but five eyes were not
used in this study due to the death of the animals from anesthetic
overdose.

Soluble VEGFR2 (flk-1)/Fc chimera protein (R&D Systems,
Minneapolis, MN, USA), soluble VEGFR1 (fit-1)/Fc chimera protein
(R&D Systems), or isotype control human IgG1/Fc protein (R&D
Systems) was injected into the corneal grafts with a 33-gauge needle
at a dose of 5 ug as described previously (Stechschulte et al. 2001).
The grafted mice were divided into the following three groups: 1) a
soluble VEGFR1/Fc¢ chimera protein group (sR1/Fc group, n = 10), 2)
a soluble VEGFR2/Fc chimera protein group (sR2/Fc group, n = 16),
and 3) an isotype control IgG1/Fc protein group (IgG/Fc group, n =
19). Full-thickness excision of the cornea of a normal donor eye was
performed using a 2.0-mm trephine (Inami, Tokyo, Japan), and the
graft was transplanted to a recipient corneal bed (diameter, 1.5 mm)
with 8 or 10 interrupted 11-0 nylon sutures (Mani, Tochigi, Japan).
Sutures were removed at 7 days after surgery. Postoperatively, the
corneal grafts were assessed for opacity and neovascularization by
using a scoring system that has been previously reported (Sonoda and
Streilein 1992; Sano et al. 1997).

Investigation of angiogenesis and lymphangiogenesis

Mice were euthanized at 10 days after corneal transplantation.
Corneal flat mounts were excised, rinsed three times in phosphate-
buffered saline (PBS), and fixed in acetone for 1 h. The corneas were
then rinsed once in PBS, blocked with 3% bovine serum albumin
(BSA)-PBS for 2 days, incubated overnight at 4°C with rat anti-
mouse CD31 antibody (1:333; Abcam, Cambridge, UK) and rabbit
anti-mouse LY VE-1 antibody (1:333; Abcam), and stained with Alexa
Fluor® 594-conjugated anti-rat or Alexa Fluor® 488-conjugated anti-
rabbit secondary antibodies. Finally, the double-stained corneal flat
mounts were covered with mounting medium (Vector Laboratories,
Burlingame, CA, USA) and examined under a fluorescent microscope
(BH2-RFLT3 and BX50; Olympus, Tokyo, Japan). For each cornea,
a whole mount image was assembled from 9 or 12 photomicrographs
(depending on the corneal size) taken at 100x magnification. NIH
Imagel software was used for image analysis. Neovascularization
was quantified by setting a threshold level of fluorescence, above
which only vessels were depicted. Assessment of neovascularization
was performed in a masked manner. The area covered with blood
vessels or lymphatics was outlined, with the innermost vessel of the
limbal arcade as the border. Before analyses, several filters were used
to obtain modified grayscale images of the whole mount preparations.
Blood vessels and lymphatics were detected by setting a threshold
level that included the bright vessels and excluded the dark back-
ground. The mean vascularized area of the IgG/Fc-treated (positive
control) whole mount corneas was defined as 100%, and the vascular-
ized area of each cornea was determined relative to this value (vessel
ratio).

Immunohistochemical evaluation of the donor-derived MHC class II'/
CDIIc" cells in host DLNs and CD11b" cells in the grafted corneas

In the sR2/Fc group, corneal sections and DLNs were harvested
at 3 and 10 days after grafting, fixed in acetone, frozen in an optimal
cutting temperature compound (Sakura Fine Technical, Tokyo, Japan)
in liquid nitrogen, rinsed three times in PBS, and fixed in acetone for
1 h. For some experiments, 8-um sections of the DLNs were fixed in
4% paraformaldehyde instead of acetone. Fixation was done in 10%
formalin when staining with hematoxylin and eosin (HE) for light
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microscopy. Sections were then rinsed once in PBS and blocked with
3% BSA-PBS, followed by staining with rat anti-mouse CD11b anti-
body (1:100; Abcam) and rabbit anti-mouse LY VE-1 antibody (1:100;
Abcam), as well as with Alexa Fluor™ 594-conjugated anti-rat or
Alexa Fluor® 488-conjugated anti-rabbit secondary antibodies.
Cervical DLNs were also stained with purified CDIlc antibody
(1:100; BD Biosciences Pharmingen, San Jose, CA, USA) and fluo-
rescein isothiocyanate-conjugated mouse anti-I-A" antibody, and then
were stained with tetramethylrhodamine isothiocyanate-conjugated
goat anti-Armenian hamster 1gG (1:100; Jackson ImmunoResearch
Laboratories, West Grove, PA, USA). To avoid nonspecific staining,
sections were blocked with anti-Tc receptor monoclonal (CD16/
CD32) antibody for 30 min before immunostaining for 2 h with the
primary antibodies or isotype-matched control antibodies, with subse-
quent incubation with secondary antibodies for 1 h. All staining pro-
cedures were performed at room temperature, and each step was fol-
lowed by thorough washing in PBS three times for 5 min each.
Finally, the sections were covered with mounting medium (Vector
Laboratories) and analyzed using a fluorescent microscope (BH
2-RFLT 3 and BX 50; Olympus). At least five sections were exam-
ined for each tissue specimen from each animal. The mean + stan-
dard deviation (SD)/mm? was determined from five to ten fields of at
least four DLN or corneal samples.

Donor-specific delayed type hypersensitivity (DTH) after corneal
transplantation

Induction of a donor-specific DTH response after corneal trans-
plantation was assessed by an ear swelling assay. Recipient BALB/c
mice transplanted with C57BL/6 corneas received an injection of 1 x
10° mitomycin C (Kyowa-Hakko Kogyo, Tokyo, Japan)-treated
C57BL/6 spleen cells into the left ear at 4 weeks after corneal graft-
ing. Positive control mice received a subcutaneous injection of 1 x
10" C57BL/6 spleen cells at 1 wk before injection of the pinna.
Spleen cells treated with 0.1 mg/mL mitomycin C and PBS were used
for immunization and as control cells, respectively. Injection of
C57BL/6 spleen cells into the pinna was done to trigger DTH follow-
ing immunization of mice with the same cells. Ear thickness was
measured with an engineer’s micrometer (Mitsutoyo, Tokyo, Japan)
before and 24 h after the challenge. Then ear swelling was calculated

as follows: (24 h — 0 h value for the test ear) — (24 h — 0 h value for
the control ear) x 10° mm. Each group contained a minimum of five
mice.

Statistical analyses

The unpaired #-test was used to compare mean values as appro-
priate. All analyses were performed using the StatView statistical
software package (Abacus Concepts, Berkeley, CA, USA). Graft sur-
vival rates were compared between groups using the log-rank test.
Differences of the alloantigen-specific DTH response between two
groups were determined using the Mann-Whitney U-test. The level
of significance was set at p < 0.05 or p <0.01.

Results

Fate of the corneal grafts

Up to postoperative 8 wks, 14 out of 16 corneas
remained transparent in the sR2/Fc group treated with the
soluble VEGFR2/Fc chimera protein (Table 1). Injection of
soluble VEGFR2/Fc chimera protein led to significantly
better graft survival at 8 wks compared with that in the IgG/
Fc-treated control group (88% vs. 47%, p = 0.02). In con-
trast to the opaque corneal grafts of the IgG/Fc group with
prominent neovascularization, grafts were transparent in the
sR2/Fc group. Immunohistochemical analyses showed nei-
ther edema nor infiltrating cells in the corneas of the sR2/Fc
group at 4 wks after corneal transplantation, whereas
numerous mononuclear cells were detected in both the cor-
neal grafts and the anterior chambers of the IgG/Fc group
(data not shown). In the sR1/Fc group treated with soluble
VEGFR1/Fc chimera protein, neovascularization of the cor-
neal grafts was not observed before suture removal, but all
of the grafts subsequently failed due to wound rupture
(Table 1).

Donor-specific DTH
Significantly higher DTH responses were detected in
the positive control group and the IgG/Fc group at 4 wks

Table 1. Survival and rejection rates at 8 weeks after corneal transplantation.

Graft survival (%) Graft failure (%)
sR2/Fc group 14/16 (88) 2/16 (12)
IgG/Fc group 9/19 (47) 10/19 (53)
sR1/Fc group 0/10 (0) 16/16 (100)

The effects of intracorneal injection of soluble VEGFR2/Fc chimera protein on the
survival of corneal allografts. BALB/c mice underwent orthotopic transplantation from
C57BL/6 donors in one low-risk eye. The recipients were treated with soluble VEGFR2/
Fc chimera protein, VEGFR1/Fc chimera protein, or IgG/Fc. Survival of the grafts in
mice treated with soluble VEGFR2/Fc chimera protein was significantly greater than in
the IgG/Fc-treated control group (88% vs. 47%; p = 0.02). All grafts in the sR1/Fc group

failed due to corneal wound ruptures.
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Fig. 1. Donor-specific delayed-type hypersensitivity (DTH).
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The donor-specific DTH was tested in BALB/c mice at 4
wks after corneal transplantation. C57BL/6 spleen cells
were injected into the pinna for the ear swelling assay.
The DTH response of the sR2/Fc group was negative.
(*p <0.01 vs. the positive control group).
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after corneal transplantation compared with the negative
control group. In contrast, the DTH response in VEGFR2/
Fc group was negative (Fig. 1). Thus, administration of
VEGFR2/Fc chimera protein led to inhibition of alloanti-
gen-specific immune responses during the acute phase after
corneal transplantation.

Angiogenesis and lymphangiogenesis after corneal trans-
plantation

Because both angiogenesis and lymphangiogenesis are
involved in corneal allograft rejection, we determined the
effects of treatment with soluble VEGFR2/Fc chimera pro-
tein on these processes after PKP (Sonoda and Streilein
1992). A significant reduction of corneal graft neovascular-
ization was found in the sR2/Fc group, with angiogenesis
and lymphangiogenesis being suppressed by 30% (p < 0.01)
and 70% (p < 0.01), respectively, compared with the IgG/
Fc group (Fig. 2A, B).

Fig. 2C shows corneas before suture removal in the
sR1/Fc group and the IgG/Fc group. The corneas were
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Fig. 2. Angiogenesis and lymphangiogenesis after penetrating keratoplasty.
(A) There were 30% fewer blood vessels in the sR2/Fc group than in the IgG/Fc group (both groups, n = 16; *p < 0.01).
(B) Lymphangiogenesis was inhibited by 70% in the sR2/Fc group (both groups, n = 16; **p < 0.01). (C) The cornea
had higher clarity in the sR1/Fc group (a) than in the IgG/Fc group (b). After administration of the soluble VEGFR1
chimera protein, wound healing was poor, and the graft was destroyed during the removal of the stitches.
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more transparent as compared to the IgG/Fc group, without
the presence of vascular invasion. In the sR1/Fc group,
there was significant delay in wound healing, with the cor-
neal structures destroyed by the suture removal.
Unfortunately, observation was impossible because the tis-
sue was disrupted and no tissue remained.

Donor-derived MHC class Il-expressing cells in the DLNs
after corneal transplantation

Cervical DLNs were harvested from BALB/c mice
that received C57BL/6 corneal grafts and were immunos-
tained for detection of donor (I-A®) derived MHC class
[I-expressing cells (green) and CD11c-expressing cells (red)
(Fig. 3). Clusters of I-A® cells were clearly visible in the
DLNSs of the IgG/Fc group, while such cells were decreased
in the DLNs of the sR2/Fc group (Fig. 3A). The mean
number of infiltrating MHC class II cells was significantly
reduced by treatment with soluble VEGFR2/Fc chimera
protein (Fig. 3B), presumably due to blockade of graft-
derived antigen-presenting cells in the DLNs (p < 0.01).

Expression of CD11b and LYVE-1 in the donor corneas

It was possible that the intrastromal injection of solu-
ble VEGFR2/Fc chimera protein had an indirect effect on
corneal angiogenesis and lymphangiogenesis after corneal
transplantation, via suppression of CD11b-positive macro-
phages, which have been reported to be essential mediators
of inflammatory corneal angiogenesis and lymphangiogen-
esis (Maruyama et al. 2005). The expressions of LYVE-1 (a
marker of lymphatics) and CD11b in the donor corneas
were therefore analyzed. In the sR2/Fc group, there was
significantly less recruitment of CD11b-positive cells, a sig-
nificantly smaller area of lymphangiogenesis, and a signifi-
cantly lower mean number of infiltrating CD11b-positive
cells (Fig. 4A, C) (p <0.01). Similar findings of angiogen-
esis and lymphangiogenesis were obtained with flat mount
preparations or by examination of corneal sections (data not
shown). As shown by hematoxylin and eosin staining, in
the sR2/Fc group, there was an absence of edema and infil-
trating cells after transplantation. In the IgG/Fc group, the
corneal grafts showed numerous infiltrating cells, which
caused opacity of the grafts (Fig. 4B).

Discussion

The present study shows that soluble VEGFR2/Fc chi-
mera protein is a potent inhibitor of corneal angiogenesis
and lymphangiogenesis, presumably by preventing the
recruitment of CD11b-positive macrophages. Irreversible
corneal graft failure may have multiple underlying mecha-
nisms (Cursiefen et al. 2004). Antigen-presenting cells
migrate to regional DLNs via lymph vessels after corneal
transplantation, followed by induction of an immune
response in the regional nodes (Yamagami and Dana 2001;
Yamagami et al. 2002). Blocking the lymph flow to
regional DLNs may therefore promote corneal graft sur-
vival, although this has not been reported previously in a

clinical setting.

VEGFR2 and VEGFR3 are both closely associated
with lymphangiogenesis (Carmeliet and Jain 2000).
Intracorneal administration of soluble VEGFR2/Fc chimera
protein could inhibit VEGF-C signaling via VEGFR3
expression on corneal dendritic cells, to prevent the migra-
tion of these cells to the DLNs. We hypothesize that intra-
corneal administration of the VEGFR2/Fc chimera protein
may suppress corneal graft rejection after corneal transplan-
tation via inhibition of lymphangiogenesis (Hamrah et al.
2003). In the present study, we showed that specific block-
ing of lymphangiogenesis with this protein suppressed
allograft rejection after corneal transplantation in mice.
CDl11b-positive macrophages are involved in corneal lym-
phangiogenesis, promoted via the expression of various
chemokines, cytokines, and growth factors (Maruyama et
al. 2005; Shi et al. 2012). The present study showed that
anti-lymphangiogenic therapy using soluble VEGFR2/Fc
chimera protein inhibited both infiltration of the corneal
grafts by CDI11b-positive cells and trafficking of donor-
derived leukocytes to the DLNS.

We have shown that CD11b infiltration was lower in
the sVEGFR2 group than in the Fc chimera control group
(i.e., inflammation was suppressed). When inflammation
occurs in the cornea, dendritic cells (CD11c positive) in the
regional lymph nodes are activated. Soluble VEGFR2 sup-
presses VEGFR2 in the vascular endothelial cells or den-
dritic cells. As a result, the activation of CD11c¢ in the RLN
is suppressed. However, soluble VEGFR1 should strongly
suppress macrophage infiltration by suppressing VEGFR1
in macrophages that are CD11b positive, because the mac-
rophages express VEGFR1 and VEGFR3, but not VEGFR2.
The inactivation of vascular endothelial cells or dendritic
cells may reduce VRGFR I-related inflammation. Although
the detailed mechanism of interaction is unknown,
VEGFR2/Fc treatment reduces the inflammation of cornea
and regional lymph nodes. Elucidation of this unknown
mechanism should therefore be an aim of future studies.

In the present study, the administration of soluble
VEGFR1/Fc chimera protein led to wound breakdown after
corneal transplantation. Although anti-VEGF therapy is
effective for blocking corneal neovascularization, delayed
corneal wound healing is a significant problem (Dastjerdi et
al. 2009; Kim et al. 2009). Although blocking of lymphan-
giogenesis alone may inhibit the induction of an immune
response, blood vessels could still grow to supply the graft
with nutrients and promote wound healing. Blocking of
lymphangiogenesis, while allowing appropriate angiogene-
sis, may therefore be critical when establishing an effective
therapeutic strategy for promotion of corneal allograft sur-
vival. Endogenous soluble VEGFR-2 is monomeric and
thus only blocks VEGF-C and lymphangiogenesis, whereas
the VEGFR2/Fc fusion protein is dimeric and can block
VEGF-C as well as VEGF-A, to also inhibit angiogenesis.
Exogenous administration of soluble VEGFR2 blocks lym-
phangiogenesis but not hemangiogenesis, as reported by



86 T. Hayashi et al.

IgG/Fc:3 days p c IgG/Fc:3 days
(CD11¢)

e
s ]

} F ’ ‘ e N
sR2/Fc:3 days , IgG/Fc:10days’ sR2/Fc:10 days
(merged) W4 (merged) (merged)

-~
. »
-

B cpiic 1 -Ab (MHC classII)
|CD11c+MHC class II +

B

400
360
320
280
240
200
160
120
8
4

Cells/mm?

0 : ‘ < <
\C NS ) 1\
BT MRC i W0
9\»@;6 L 1 L
w» 3 days after PKP 10 days after PKP

Enumeration of donor-derived MHC class I
positive cells in the draining lymph nodes (DLN)

Fig. 3. Detection of donor-derived major histocompatibility class II antigen expression in the draining lymph nodes (DLNs)
after penetrating keratoplasty (PKP).
(A) Immunohistochemical analysis of the DLNs confirmed the blockade of donor-derived antigen-presenting cells by
treatment with sVEGFR2/Fc chimera protein. (a) CD11c" cells (red) in a mouse from the IgG/Fc group at 3 days after
PKP. (b) I-A® positive cells (green) in the IgG/Fc group at the same time as in (a). (c) Merged image of (a) and (b). (d)
CDI11c" and I-A®" cells in a mouse from the sR2/Fc group at 3 days after PKP. (e) IgG/Fc group at 10 days after PKP.
(f) sR2/Fc group at 10 days after PKP. Clusters of I-A" cells were clearly visible in the DLNs of the sR2/Fc group at 3
days (d) and 10 days (f) after PKP. Many more of these cells were detected in the IgG/Fc group (a-c). All I-A® positive
cells were colocalized with CD11c (a-¢). Arrows indicate MHC class II'/CD11¢" double positive cells. (B) The mean
number of infiltrating donor-derived MHC class Il positive cells was significantly reduced by treatment with VEGFR2/
Fc chimera protein at 3 and 10 days after PKP (p <0.01).

other studies, whereas the present study shows that soluble (Albuquerque et al. 2009). Thus, soluble VEGFR2/Fc¢ chi-
VEGFR2/Fc chimera protein also has a significant inhibi- mera protein is a more “balanced” blocker of the growth of
tory effect on angiogenesis, although the effect was not blood vessels and lymph vessels than either VEGFR1/Fc
strong enough to adversely influence corneal wound healing chimera protein or soluble VEGFR2 and may be more use-
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Fig. 4. Expression of CD11b and LYVE-1 in the donor cornea.

(A) After penetrating keratoplasty (PKP), mice from the sR2/Fc group had fewer CD11b-positive cells infiltrating the
cornea compared with mice from the IgG/Fc group at both 3 days (a-f) and 10 days (g-1) after PKP. Results were simi-
lar to those obtained by staining of corneal flat mounts. LYVE-1" lymphatics were not detected in the graft after treat-
ment with the VEGFR2/Fc chimera protein (e, k). Nuclei were stained with 4',6-diamidino-2-phenylindole (blue). Epi,
epithelium layer; St, stroma; End, endothelium. Arrows designate CD11b positive cells, and broken arrows designate
LYVE-1 positive cells (bars = 100 x4m; magnification, x400). (B) As shown by hematoxylin and eosin staining, there
were fewer infiltration cells and less edema in the sR2 group than the IgG/Fc group (bars = 100 xm; magnification,
x400). (C) There was significantly less infiltration of macrophages into the donor corneas in the SR2/Fc group com-
pared with the IgG/Fc group (p < 0.01).

87



88 T. Hayashi et al.

ful for preventing corneal graft rejection after corneal trans-

plantation.

In summary, in addition to suppressing angiogenesis,
local administration of soluble VEGFR2/Fc chimera protein
prevents corneal graft rejection after corneal transplantation
by suppressing lymphangiogenesis, macrophage infiltration,

and donor-derived cell trafficking.
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