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Abstract

Tumors provide an extremely abnormal microenvironment that stimulates
neovascularization from surrounding vessels and causes altered gene
expression within vascular cells. Upregulation of vascular endothelial growth
factor (VEGF) receptors has allowed selective destruction of tumor vessels by
administration of a chimeric protein consisting of VEGF,; coupled to the toxin
gelonin (VEGF/rGel). We sought to determine if there is sufficient upregulation of
VEGF receptors in endothelial cells participating in ocular neovascularization to
permit a similar strategy. After intravenous injection of 45 mg/kg of VEGF/rGel,
but not uncoupled rGel, there was immunofluorescent staining for rGel within
choroidal neovascularization in mice and regression of the neovascularization
occurred demonstrating successful vascular targeting via the systemic
circulation. Intraocular injection of 5 ng of VEGF/rGel also caused significant
regression of choroidal neovascularization and regression of retinal
neovascularization in two models, transgenic mice with expression of VEGF in
photoreceptors and mice with ischemic retinopathy, while injection of 5 ng of rGel
had no effect. These data suggest that the strategy of vascular targeting can be
applied to non-malignant neovascular diseases and could serve as the basis of a

new treatment to reduce established ocular neovascularization.
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Introduction

As tumors grow, they become hypoxic causing increased production of
VEGF and other hypoxia-regulated gene products (Plate et al., 1992; Shweiki et
al., 1992). Angiogenesis is stimulated from surrounding host vessels and the
new vessels invade and vascularize the tumor. Despite vascularization and
elimination of some of the hypoxia, tumors provide a very abnormal environment
for their vasculature. Tumors release several vasoactive substances and disturb
cell-cell and cell-matrix interactions. Tumor cells may become incorporated
among endothelial cells (Chang et al., 2000) and in other areas defects between
endothelial cells result in severe leakiness (Hazhizume et al., 2000). Excessive
exposure of abluminal surfaces to serum components perturbs the basement
membrane of vascular cells, a major determinant of phenotype and behavior of
cells (Baluk et al., 2003). The altered microenvironment results in differential
gene expression resulting in markers for tumor vasculature, including integrins
owfBs and owBs (Brooks et al., 1994), the ED-B domain of fibronectin (Zardi et al.,
1987), and prostate-specific membrane antigen (PSMA) (Liu et al., 1997), just to
name a few. Some gene products, such as VEGF receptors, that are present at
low levels in normal endothelial cells, are substantially more abundant in
endothelium of tumor vessels (Plate et al., 1993). Recently, a variety of
techniques such as in vivo screening of phage-displayed peptide libraries

(Pasqualini and Ruoslahti, 1996), serial analysis of gene expression (Carson-
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Walter et al., 2001), and proteomic analyses (Oh et al., 2004; Schnitzer, 1998)
have greatly expanded the list of potential markers for tumor vasculature.

Differentially expressed gene products provide a means to direct
therapeutic agents to tumor vasculature, a strategy that is commonly referred to
as “vascular targeting” (Denekamp, 1984; Denekamp, 1999; Thorpe, 2004).
Tumor vessel markers that have been exploited and demonstrated to have
therapeutic potential in tumor models include (but are not limited to), o33 and
ovfBs integrins (Pasqualini et al., 1997), VEGF receptors (Arora et al., 1999; Liu et
al., 2003; Ramakrishnan et al., 1996; Veenendaal et al., 2002), the ED-B domain
of fibronectin (Nilsson et al., 2001), VCAM-1 (Ran et al., 1998), and PSMA (Liu et
al., 2002).

Endothelial cells participating in angiogenesis in disease processes other
than tumors also display differential gene expression. For instance, there is
substantial upregulation of o3 in ischemia-induced retinal neovascularization
(Luna et al., 1996). However, ocular neovascularization may not differ from
normal vessels to the same degree as tumor vasculature and it is not known if
the strategy of vascular targeting can be applied to ocular neovascularization. In
this study, we tested in several models of ocular neovascularization the effects of
systemic or intraocular administration of a VEGFi21/gelonin chimeric protein
(VEGF/rGel), which has previously been shown to cause infarction of tumor

vessels (Veenendaal et al., 2002).
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Materials and Methods

Materials

The fusion toxin, VEGF/rGel, and recombinant gelonin (rGel) were
expressed in bacterial cultures, purified to homogeneity and characterized for
biological activity as previously described (Veenendaal et al., 2002). The fusion

toxin and rGel were stored in phosphate-buffered saline (PBS) at -20°C.

Model of choroidal neovascularization

Mice were treated in accordance with the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research and the U.S. National Institutes of
Health Guide for the Care and Use of Laboratory Animals. The model of laser-
induced choroidal neovascularization has been previously described (Tobe et al.,
1998Db). Briefly, 4- to 6-week-old female C57BL/6J mice were anesthetized with
ketamine hydrochloride (100 mg/kg body weight) and xylazine hydrochloride
(20/mg/kg), and pupils were dilated with 1% tropicamide. A 532 nm diode laser
photocoagulator (OcuLight GL; Iridex, Mountain View, CA) with a slit lamp
delivery system was used with a cover slip as a contact lens to visualize the
retina and deliver sufficient laser energy (75 um spot size, 0.1 seconds duration,
140 mW) to rupture Bruch’s membrane in 3 locations in each eye, the 9, 12, and
3 o’clock positions of the posterior pole. Production of a bubble at the time of

laser burn, which indicates rupture of Bruch’'s membrane, is an important factor in
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obtaining experimental CNV (Tobe et al., 1998b); therefore, only burns in whicha
bubble was produced were included in the study.

One week after rupture of Bruch’s membrane, 7 mice were anesthetized
and perfused with fluorescein-labeled dextran (2x10° average mw, Sigma, St.
Louis, MO) and the amount of choroidal neovascularization at Bruch’s membrane
rupture sites was measured on choroidal flat mounts. Other mice received
experimental or control injections one week after rupture of Bruch’s membrane
and choroidal neovascularization was assessed one week later. To test the
effect of intravenous administration of VEGF/rGel, mice were given tail vein
injections (every 2 days for a total of 4 injections) of 45 mg/kg of VEGF/rGel (8
mice) or rGel (8 mice), or PBS vehicle alone (7 mice). One week later, they were
perfused with fluorescein-labeled dextran and choroidal neovascularization was
measured on choroidal flat mounts. To test the effect of intravitreous
administration of VEGF/rGel, 9 mice were given an intravitreous injection of 5 ng
of rGel in one eye and PBS in the fellow eye and 13 mice were given 5 ng of
VEGF/rGel in one eye and PBS in the fellow eye. After one week, mice were
perfused with fluorescein-labeled dextran and choroidal neovascularization was

measured on choroidal flat mounts.

Rho/VEGEF transgenic mice

Transgenic mice in which the rhodopsin promoter drives expression of
VEGF in photoreceptors (rho/VEGF mice) have been previously described

(Okamoto et al., 1997; Tobe et al., 1998a). Hemizygous rho/VEGF (line V6)
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transgenics in a C57BL/6 background were used for all experiments. At P21, the
baseline amount of subretinal neovascularization was measured in eight mice.
Nine mice received intravitreous injections at P21; 5 ng of VEGF/rGel was
injected in one eye and 5 ng of rGel was injected in the other eye. At P25, the

amount of subretinal neovascularization was measured in each eye.

Quantification of neovascularization on flat mounts

In mice with laser-induced choroidal neovascularization, the
neovascularization was measured on choroidal flat mounts and in rho/VEGF
transgenics, subretinal neovascularization was measured on retinal flat mounts.
Flat mounts were prepared as previously described (Nambu et al., 2003; Tobe et
al., 1998a). After mice were terminally perfused with fluorescein-labeled dextran,
eyes were removed, fixed for 1 hour in 10% phosphate-buffered formalin, and the
cornea and lens were removed. The entire retina was carefully dissected from
the eyecup, and depending upon the model, the retina or choroid was flat
mounted in Aquamount after 4 radial cuts were made in each quadrant. Flat
mounts were examined by fluorescence microscopy using an Axioskop Il
microscope (Zeiss, Thornwood, NY) and captured with a Cool Snap-Pro digital
color camera (Photometrics, Tucson, AZ). Retinas were mounted with
photoreceptor side up and examined with 400x magnification, which provides a
narrow depth of field so that when focusing on the outer edge of the retina the
retinal vessels are out-of-focus in the background allowing easy delineation of the

subretinal neovascularization. Image-Pro Plus software (Media Cybernetics,
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Silver Spring, MD) was used to measure the area of each subretinal or choroidal

neovascularization lesion.

Quantitative real time RT-PCR

Adult C57BL/6 mice had laser-induced rupture of Bruch’s membrane in 3
locations in one eye and the contralateral eye served as control. After 1 week,
mice were euthanized and eyes were removed. Anterior segments and retinas
were removed and eyecups, which contain the choroid, were snap frozen by
placing them into a mortar pre-cooled with liquid nitrogen, crushed, and the
frozen powder was transferred into 1.5 ml tubes filled with 0.6 ml of lysis buffer.
Rho/VEGF transgenic mice and littermate controls were euthanized at P16, and
retinas which contain the retinal neovascularization, were isolated, snap frozen,
pulverized, and placed in lysis buffer.

RNA isolation was performed using an RNeasy kit (QIAGEN Inc.,
Chatsworth, California, USA). To remove any contaminating genomic DNA, RNA
samples were treated with DNase | (Invitrogen, California, USA) at room
temperature for 15 minutes and then cDNA was synthesized with reverse
transcriptase (SuperScript Ill; Life Technologies, Gaithersburg, MD) and 5 uM
random hexamer. Real time quantitative PCR was performed and analyzed on
the MJ Research Chrom4 Thermal Cycler System (MJ Research Inc., Waltham,
MA) using the SYBR Green | format. Reactions were performed in a 20 pl
volume using the SYBR Green reaction mixture (QIAGEN Inc., Chatsworth,

California, USA) with 0.5 mM primers. 28S rRNA was used as a standard for
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normalization. The sequences of the PCR primer pairs were: (1) VEGF receptor
2,5-CAC CTG CCA GGC CTG CAA-3’ (forward), 5'-GCT TGG TGC AGG CGC
CTA-3' (reverse), and (2) 28S, 5-TTG AAA ATC CGG GGG AGA G-3’ (forward)
and 5- ACA TTG TTC CAA CAT GCC AG-3’ (reverse). Murine cDNA for VEGF
receptor 2 and 28S rRNA were synthesized by RT-PCR from mouse retinal RNA
using Pfu Taq polymerase (Stratagene, La Jolla, California). The PCR products
were purified with a Qiagen gel extraction kit and used to generate standard
curves for each gene for each real time PCR reaction. Standard curves were
used to calculate mRNA copy numbers for each retinal RNA sample and target

gene mRNA copy numbers were normalized to 10’ copies of 28S.

Immunofluorescent localization of VEGF/rGel

One week after rupture of Bruch’s membrane, mice were given 45 mg/kg
of VEGF/rGel or rGel, or vehicle alone by tail vein injection. Forty-five minutes
later, mice were given an intraperitoneal injection of 300 U of heparin and 15
minutes later, mice were terminally perfused by pumping saline into the left
ventricle at 1 ml/minute for 12 minutes. Eyes were removed and frozen in
optimum cutting temperature embedding compound (Miles Diagnostics, Elkhart,
IN). Frozen sections were cut and adjacent sections were stained with
biotinylated Griffonia simplicifolia lectin B4 (GSA), which selectively stains
vascular cells, or 10 pg/ml of rabbit anti-rGel antibody (Veenendaal et al., 2002).
Rabbit anti-rGel antibody was detected with goat anti-rabbit IgG conjugated to

FITC (Jackson ImmunoResearch, West Grove, PA).
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Histochemical Staining with GSA Lectin

Slides were incubated in methanol/H,O, for 10 minutes at 4°C, washed
with 0.05 M TBS and incubated for 30 minutes in 10% normal porcine serum
(NPS). Slides were incubated 2 hours at room temperature with 1:20 biotinylated
GSA lectin (Vector Laboratories, Burlingame, CA) in TBS/1% NPS and after
rinsing with 0.05 M TBS, they were incubated with 1:10 avidin coupled to
peroxidase (Vector Laboratories) in TBS/1% NPS for 45 minutes at room
temperature. After a 10-minute wash in 0.05 M TBS, slides were incubated with
diaminobenzidine (Research Genetics, Huntsville, AL) to produce a brown

reaction product.

Mice with oxygen-induced ischemic retinopathy

Ischemic retinopathy was produced by a previously described method
(Smith et al., 1994). At P7, litters of mice were placed in an airtight incubator and
exposed to an atmosphere of 75 + 3% oxygen for 5 days. Incubator temperature
was maintained at 23 + 2°C, and oxygen was measured every 8 hours with an
oxygen analyzer. After 5 days, the mice were removed from the incubator and
placed inroom air. At P17, six mice were euthanized to measure the baseline
amount of neovascularization and seven mice were given an intravitreous
injection of 5 ng of VEGF/rGel in one eye and 5 ng of rGel in the other eye. At

P21, mice were euthanized to measure retinal neovascularization.
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Measurement of retinal neovascularization in mice with ischemic

retinopathy

After euthanasia, eyes were rapidly removed and frozen in optimal cutting
temperature embedding compound. Ocular frozen sections (10 pum) were
histochemically stained with GSA, as described above. Slides were
counterstained with eosin, which stains the internal limiting membrane, and
mounted (Cytoseal; Stephens Scientific, Cornwall, NJ). To perform quantitative
assessments, 10 um serial sections were cut through the entire eye starting with
sections thatincluded the iris root on one side of the eye and proceeding to the
iris root on the other side. Every tenth section, roughly 100 um apart, was stained
with GSA and images were digitized with a three CCD color video camera and a
frame grabber. Image analysis was used to delineate GSA-stained cells on the
surface of the retina, and their area was measured. The mean area of
neovascularization per section was calculated for each eye and was used as a

single experimental value.

Statistical analyses

Statistical comparisons were made using a linear mixed model (Verbeke
and Molenberghs, 2000). This model is analogous to analysis of variance
(ANOVA), but allows analysis of all choroidal neovascularization area
measurements from each mouse rather than average choroidal
neovascularization area per mouse by accounting for correlation between

measurements from the same mouse. The advantage of this model over
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ANOVA is that it accounts for differing precision in mouse-specific average

measurements arising from a varying number of observations among mice.

13
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Results

VEGEF receptor 2 is uprequlated in choroidal and subretinal

neovascularization

Seven days after rupture of Bruch’s membrane in several locations,
C57BL/6 mice were euthanized and total RNA was isolated from the eyecup.
Compared to contralateral eyes that did not receive laser, quantitative RT-PCR
demonstrated a significant increase in VEGF receptor 2 mRNA in the
retina/choroid of mice with choroidal neovascularization (Figure 1). Mice that
carry a rhodopsin promoter/VEGF transgene spontaneously develop subretinal
neovascularization (Okamoto et al., 1997). Compared to littermate transgene-
negative controls, transgenic mice with subretinal neovascularization showed a

large increase in VEGF receptor 2 mRNA (Figure 1).

VEGF/rGel localizes to choroidal neovascularization after intravenous

injection

Seven days after laser-induced rupture of Bruch’s membrane, mice were
given 45 mg/kg of rGel or VEGF/rGel, or vehicle alone by tail vein injection. After
1 hour the mice were euthanized and ocular sections were histochemically
stained with GSA or immunofluorescently stained with anti-gelonin antibody.
Mice that had received an injection of PBS or rGel showed choroidal
neovascularization at Bruch’s membrane rupture sites (Figures 2A and C,

arrows) that did not stain for gelonin (Figures 2B and D, arrows). In contrast,

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on September 8, 2005 as DOI: 10.1124/mol.105.015628
This article has not been copyedited and formatted. The final version may differ from this version.

MOL 15628 15

mice that had received an intravenous injection of VEGF/rGel showed staining

for gelonin within choroidal neovascularization (Figure 2E and F, arrows).

Intravenous injection of VEGF/rGel causes regression of choroidal

neovascularization

Thirty adult C57BL/6 mice had laser-induced rupture of Bruch’s membrane
in three locations in each eye. After 1 week, 7 mice were perfused with
fluorescein-labeled dextran and the baseline amount of choroidal
neovascularization at rupture sites (Figure 3A, arrows) was measured by image
analysis of choroidal flat mounts. The remaining mice received tail vein injections
every 2 days (4 injections) of 45 mg/kg of rGel or VEGF/rGel, or PBS. One week
after the start of injections the mice were perfused with fluorescein-labeled
dextran and choroidal flat mounts were examined by fluorescence microscopy.
The area of choroidal neovascularization (mm?x107) at rupture sites appeared
smaller in mice that had been injected with VEGF/rGel (0.95+0.20, Figure 3D,
arrows) compared to those in mice that had been injected with rGel (2.25+0.30,
Figure 3B, arrows) or PBS (2.65+0.48, Figure 3C, arrows), and a statistically
significant difference was confirmed by image analysis (Figure 3E). They were
also smaller than baseline choroidal neovascularization lesions present on day 7
(1.56+0.14, Figure 3A and E), indicating that VEGF/rGel caused regression of

choroidal neovascularization.

Intravitreous injection of VEGF/rGel causes regression of choroidal

neovascularization
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Thirty-one adult C57BL/6 mice had laser-induced rupture of Bruch’s
membrane in three locations in each eye. After 1 week, 9 mice were perfused
with fluorescein-labeled dextran, choroidal flat mounts were prepared, and the
baseline amount of choroidal neovascularization at rupture sites (Figure 4A) was
measured. The remaining mice were divided into 2 groups; 9 mice received an
intravitreous injection of 5 ng of rGel in one eye and PBS in the fellow eye and 13
mice received 5 ng of VEGF/rGel in one eye and PBS in the fellow eye. After 1
week, the mice were perfused with fluorescein-labeled dextran and choroidal flat
mounts were examined by fluorescence microscopy. The area of choroidal
neovascularization (mm?x107) at rupture sites was less in mice that had been
injected with VEGF/rGel (0.43%0.07; Figure 4D, arrows and E) compared to that
in mice that had been injected with rGel (1.03+£0.17; Figure 4B, arrows) or PBS
(0.92+0.20; Figure 4C, arrows). It was also smaller than the amount of choroidal

neovascularization seen at baseline (1.19+0.19; Figure 4A).

Intravitreous injection of VEGF/rGel causes regression of

neovascularization in rho/VEGF transgenic mice

Transgenic mice in which the rhodopsin promoter drives expression of
VEGF in photoreceptors (rho/VEGF mice) develop subretinal neovascularization
that is quite consistent among mice of the same line in the same genetic
background and is easily quantified by image analysis of retinal flat mounts after
perfusion of mice with fluorescein-labeled dextran (Okamoto et al., 1997; Tobe et

al., 1998a). Eight hemizygous rho/VEGF mice in a C57BL/6 background had the
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baseline amount of neovascularization per retina (mm? x 10®) measured at P21
(Figure 5A; 10.8+1.7). The remainder of the transgenic mice (n = 9) received an
intravitreous injection of 5 ng of rGel in one eye and 5 ng of VEGF/rGel in the
fellow eye at P21. At P25, compared to the baseline area of neovascularization
per retina at P21, the area of neovascularization per retina in VEGF/rGel mice
(Figure 5C, 2.80+0.98) was significantly less (Figure 5D). It was also significantly
less than the area of neovascularization per retina seen in rGel-injected mice

(8.81+1.94, Figure 5B and D).

Intravitreous injection of VEGF/rGel causes regression of ischemia induced

retinal NV

Mice with oxygen-induced ischemic retinopathy have retinal
neovascularization on the surface of the retina similar to that seen in patients
with proliferative diabetic retinopathy or retinopathy of prematurity. In this model
the amount of neovascularization is fairly stable between P17 and P21 and then
regresses spontaneously. There was prominent neovascularization on the
surface of the retina at P17 (Figure 6A and B). Eyes that received an
intravitreous injection of rGel at P17 still showed substantial neovascularization
on the surface of the retina at P21 (Figures 6C and D, arrows). However, mice
that had been injected with VEGF/rGel at P17 showed almost no identifiable
neovascularization at P21 (Figures 6E and F). Image analysis demonstrated that

VEGF/rGel-injected mice had significantly less neovascularization (0.93 + 0.25

mm? x 10®) than mice injected with rGel (5.01 + 0.46), and significantly less than
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the baseline amount seen at P17 prior to injection (6.53 + 0.42, Figure 6G),

indicating that VEGF/rGel induced regression of the retinal neovascularization.

18
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Discussion

Striking regression of tumors has been achieved in several mouse models
by systemic injection of chimeric proteins consisting of a toxin coupled to a
homing protein that binds to a gene product that is differentially expressed in
tumor vasculature (Arora et al., 1999; Liu et al., 2002; Liu et al., 2003; Nilsson et
al., 2001; Pasqualini et al., 1997; Ramakrishnan et al., 1996; Ran et al., 1998;
Veenendaal et al., 2002). In this study, we have shown that there is upregulation
of VEGF receptor 2 in subretinal or choroidal neovascularization allowing the
same strategy can be used to treat these benign disease processes.
Systemically injected VEGF/rGel localizes to choroidal neovascularization and
causes significant regression of the neovascularization. As a relatively confined
compartment, the eye also affords a modified approach in which VEGF/rGel is
injected into the vitreous cavity. In three different models of ocular
neovascularization, laser-induced rupture of Bruch’s membrane, rho/VEGF
transgenic mice, and oxygen-induced ischemic retinopathy, intravitreous injection
of VEGF/rGel, but not injection of rGel, resulted in significant regression of
neovascularization. Minimizing systemic exposure is a potential advantage and
compared to systemic administration, intravitreous injection reduced the amount
of VEGF/rGel required for treatment by approximately 1.8x10°-fold, another
significant advantage, because production and purification of clinical grade

recombinant proteins is expensive.
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Ocular neovascularization is one of the most prevalent causes of visual
morbidity in developed countries. Retinal neovascularization occurs in ischemic
retinopathies such as diabetic retinopathy and is a major cause of visual loss in
working age patients (Klein et al., 1984). Choroidal neovascularization occurs as
a complication of age-related macular degeneration and is a major cause of
visual loss in elderly patients. Improved treatments are needed to reduce the
high rate of visual loss, and their development is likely to be facilitated by greater
understanding of the molecular pathogenesis of ocular neovascularization.
Several lines of evidence have suggested that VEGF is an important stimulator
for both retinal and choroidal neovascularization (Adamis et al., 1994; Aiello et
al., 1994; Aiello et al., 1995; Kwak et al., 2000; Ozaki et al., 2000; Saishin et al.,
2003; Seo et al., 1999). This has led to clinical trials testing the effect of VEGF
antagonists in patients with subfoveal choroidal neovascularization. Intraocular
injections of pegaptanib, an aptamer that binds VEGF, every 6 weeks for 1 year
reduced loss of vision compared to sham injections (Gragoudas et al., 2004).
Slowing visual loss is an important achievement, but it is not the ultimate goal,
which is to improve vision and/or maintain it within a range that permits optimal
functioning.

In animal models, VEGF antagonists are very good at suppressing growth
of neovascularization and reducing excessive leakage (Adamis et al., 1996;
Aiello et al., 1995; Kwak et al., 2000; Ozaki et al., 2000; Saishin et al., 2003; Seo
et al., 1999), but fail to cause regression of new vessels (unpublished data). This

is supported by observations in patients with choroidal neovascularization treated
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with VEGF antagonists in whom leakage is reduced, but the choroidal
neovascularization is not eliminated (Gragoudas et al., 2004). Regression of
neovascularization is likely to be needed to achieve optimal results. Systemic or
intraocular administration of VEGF/rGel to achieve regression of
neovascularization combined with a VEGF antagonist to prevent recurrence is an

appealing strategy that deserves investigation.
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Figure Legends

Figure 1. VEGF receptor 2 is upregulated in choroidal and retinal
neovascularization.

Adult C57BL/6 mice (n=6) had laser-induced rupture of Bruch’s membrane
in 10 locations in one eye and after 1 week, RNA was isolated from the eyecup of
each eye. At postnatal day 16, rho/VEGF transgenic mice and littermate controls
(n=6 for each) had RNA isolated from the retinas of one eye. Quantitative real
time RT-PCR was done as described in Methods using primers specific for VEGF
receptor 2 (VEGFR2) mRNA and 28S rRNA. Bars represent the mean (£ SEM)
number of VEGFR2 transcripts per 10’ 28S transcripts. There is a significant
increase in VEGFR2 mRNA in choroids containing choroidal neovascularization

or in retinas containing retinal neovascularization.

Figure 2. Localization of VEGF/rGel in choroidal neovascularization after
intravenous injection.

Adult C57BL/6 mice had laser-induced rupture of Bruch’s membrane in
each eye and after one week they were given a tail vein injection of PBS (A and
B), 45 mg/kg of rGel (C and D), or 45 mg/kg of VEGF/rGel (E and F). One hour
after the intravenous injections, mice were euthanized and eyes were removed
and snap frozen. Ocular sections were histochemically stained with Griffonia

simplicifolia lectin (GSA) visualized with diaminobenzidine (A, C, and E) or
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immunohistochemically stained with anti-gelonin antibody using a fluorescein-
labeled secondary antibody (B, D, and F).

(A) An ocular section of a mouse given an intravenous injection of PBS one week
after rupture of Bruch’s membrane shows GSA-stained choroidal
neovascularization (arrows) at a rupture site.

(B) A section adjacent to the one shown in (A) immunofluorescently stained with
anti-gelonin shows faint background staining throughout the retina with no
increase in staining in the choroidal neovascularization (arrows).

(C) An ocular section of a mouse given an intravenous injection of rGel one week
after rupture of Bruch’s membrane shows GSA-stained choroidal
neovascularization (arrows) at a rupture site.

(D) A section adjacent to the one shown in (C) immunofluorescently stained with
anti-gelonin shows faint background staining throughout the retina with no
increase in staining in the choroidal neovascularization (arrows).

(E) An ocular section of a mouse given an intravenous injection of VEGF/rGel
one week after rupture of Bruch’s membrane shows GSA-stained choroidal
neovascularization (arrows) at a rupture site.

(F) A section adjacent to the one shown in (E) immunofluorescently stained with
anti-gelonin shows faint background staining in the retina with staining above
background throughout the choroidal neovascularization (arrows), indicating

localization of the VEGF/rGel within the choroidal neovascularization.
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Figure 3. Intravenous injection of VEGF/rGel causes regression of
choroidal neovascularization.

Thirty adult C57BL/6 mice had laser-induced rupture of Bruch’'s membrane
at three locations in each eye. After 1 week, 7 mice were perfused with
fluorescein-labeled dextran and the baseline amount of choroidal
neovascularization at rupture sites was measured by image analysis of choroidal
flat mounts (A). The remaining mice were divided into three groups: 8 mice
received a tail vein injection of 45 mg/kg of rGel every 2 days for a total of 4
injections (B), 7 mice received a tail vein injection of PBS every 2 days (C), and 8
mice received a tail vein injection of 45 mg/kg of VEGF/rGel every 2 days (D).
After 1 week, the mice were perfused with fluorescein-labeled dextran and
choroidal flat mounts were examined by fluorescence microscopy. The area of
choroidal neovascularization at rupture sites appeared substantially smaller in
mice that had been injected with VEGF/rGel (D, arrows) than those in mice that
had been injected with rGel (B, arrows) or PBS (C, arrows). It was also smaller
than the amount of choroidal neovascularization seen at baseline (A). Image
analysis confirmed that the area of choroidal neovascularization was significantly
smaller one week after injection of VEGF/rGel compared to baseline (E).

*p = 0.0003 for difference from baseline by linear mixed model
" < 0.0001 for difference from gelonin by linear mixed model

Bar = 100 pum
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Figure 4. Intravitreous injection of VEGF/rGel causes regression of
choroidal neovascularization.

Thirty-one C57BL/6 mice had laser-induced rupture of Bruch’s membrane
at three locations in each eye. After 1 week, 9 mice were perfused with
fluorescein-labeled dextran and the baseline amount of choroidal
neovascularization at rupture sites was measured by image analysis of choroidal
flat mounts. The remaining mice were divided into 2 groups: 9 mice received an
intravitreous injection of 5 ng of rGel in one eye and PBS in the fellow eye, and
13 mice received an intravitreous injection of 5 ng of VEGF/rGel in one eye and
PBS in the fellow eye. After 1 week, the mice were perfused with fluorescein-
labeled dextran and choroidal flat mounts were examined by fluorescence
microscopy. There was a substantial amount of baseline choroidal
neovascularization at 7 days after rupture of Bruch’s membrane (A, arrows). At
day 14, seven days after injection of rGel (B, arrows) or PBS (C, arrows), the
area of choroidal neovascularization at rupture sites appeared similar to that
seen at baseline (A). The amount of choroidal neovascularization seen 7 days
after injection of VEGF/rGel (D, arrows) appeared less than that seen after
injection of rGel or PBS, and less than that seen at baseline. Image analysis
confirmed that the area of choroidal neovascularization was significantly smaller
one week after injection of VEGF/rGel compared to injection of rGel or PBS, or
the baseline amount (E).

*p = 0.0009 for difference from baseline by linear mixed model

"o = 0.0002 for difference from gelonin by linear mixed model
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Bar = 100 pm

Figure 5. Intravitreous injection of VEGF/rGel causes regression of
subretinal neovascularization in rho/VEGF transgenic mice.

Several litters of hemizygous rho/VEGF transgenic mice were divided into
2 groups. The first group (n = 8) was perfused with fluorescein-labeled dextran
at P21 and the baseline amount of neovascularization on the outer surface of the
retina was measured by fluorescence microscopy and image analysis of retinal
flat mounts. The second group (n = 9) received an intravitreous injection of 5 ng
of rGel in one eye and 5 ng of VEGF/rGel in the fellow eye at P21. At P25, the
mice were perfused with fluorescein labeled dextran and the area of
neovascularization on the outer surface of the retina was measured.
(A) High magnification view of a retinal flat mount of a rho/VEGF mouse at P21
shows numerous tufts of neovascularization (arrows) partially surrounded by
RPE cells. The retinal vessels are out-of-focus in the background.
(B) At P25, a retinal flat mount from an eye that received an intravitreous
injection of rGel at P21 shows several tufts of neovascularization (arrows).
(C) At P25, a retinal flat mount from an eye that received an intravitreous
injection of VEGF/rGel at P21 shows only one small remaining bud of
neovascularization (arrow).
(D) Measurement of the area of subretinal neovascularization by image analysis

showed that at P25, eyes injected with VEGF/rGel had less neovascularization
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than eyes injected with rGel and less than the baseline amount of
neovascularization at P21.

*p < 0.0001 for difference from baseline by linear mixed model

"p < 0.0001 for difference from gelonin by linear mixed model

Bar = 100 um

Figure 6. Intravitreous injection of VEGF/rGel causes regression of
ischemia-induced retinal neovascularization.

Mice were placed in 75% oxygen at P7 and at P12 they were removed to
room air. At P17, the baseline amount of neovascularization was measured
(n=6) and the remaining mice (n=7) were given an intravitreous injection of 5 ng
of VEGF/rGel in one eye and 5 ng of rGel in the fellow eye. At P21, ocular
sections stained with Griffonia simplicifolia lectin showed prominent baseline
neovascularization on the surface of the retina in P17 mice (A and B, arrows).
Substantial neovascularization was also seen at P21 in eyes that had been
injected with rGel (C and D, arrows), but almost no neovascularization was
detectable in eyes that had been injected with VEGF/rGel (E and F, arrow).
Measurement of the area of retinal neovascularization by image analysis showed
that at P21 eyes injected with VEGF/rGel had less neovascularization than that
seen in eyes injected with rGel and less than the baseline neovascularization at
P17 (G).

*p < 0.0001 for difference from baseline by linear mixed model

" < 0.0001 for difference from gelonin by linear mixed model
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