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Summary. Vascular endothelial growth factor (VEGF) is
induced by hypoxia and it has been implicated in the
development of iris and retinal neovascularization (NV)
in ischemic retinopathies in which it has been suggested
that Miiller cells are responsible for increased VEGF
production. VEGF, however, is also known to be a
potent mediator of vascular permeability in other tissues
and may perform this function in retina. Immunohisto-
chemical staining for VEGF was performed on a variety
of human and experimental ischemic and non-ischemic
ocular disorders in which blood retinal barrier (BRB)
breakdown is known to occur to determine if there is an
upregulation of VEGF in these conditions. We found
increased VEGF immunoreactivity in ganglion cells of
rats with oxygen-induced ischemic retinopathy and in
ganglion cells, the inner plexiform layer, and some cells
in the inner nuclear layer of rats with experimental
autoimmune uveoretinitis (EAU), in which there was no
identifiable ischemia or NV. In rats with EAU, VEGF
staining intensity increased from 8 to 11 days after
immunization, coincident with BRB failure. These
results were confirmed using two distinct anti-VEGF
antibodies and by immunoblot and the immunohisto-
chemical staining was eliminated by pre-incubating the
antibodies with VEGF peptide.

VEGF staining was also increased in the retina and
iris of patients with ischemic retinopathies, such as
diabetic retinopathy and retinal vascular occlusive
disease, and in patients with disorders in which retinal
ischemia does not play a major role, such as aphakic/
pseudophakic cystoid macular edema, retinoblastoma,
ocular inflammatory disease or infection, and choroidal
melanoma. VEGF was primarily localized within retinal
neurons and retinal pigmented epithelial cells in these
cases. In addition or in association with its role of
inducing NV, VEGF may contribute to BRB breakdown
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in a variety of ocular disorders and blockage of VEGF
signaling may help to reduce some types of macular
edema.
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Introduction

VEGF was first discovered because of its ability to
increase the permeability of microvessels, primarily
postcapillary venules and small veins, to circulating
macromolecules and was originally named vascular
permeability factor because of this property (Senger et
al., 1983, 1986). It is one of the most potent vascular
permeability agents known, acting at concentrations
below | nM, which is 50,000 times more potent than
histamine (Senger et al., 1990), and in some vascular
beds, such as within cremaster muscle or skin, it acts
within 10 minutes (Roberts and Palade, 1995). VEGF is
induced under hypoxic conditions (Goldberg and
Schneider, 1994; Hashimoto et al., 1994; Minchenko et
al., 1994a.,b; Pierce et al., 1995) and can stimulate
vascular endothelial cell growth and angiogenesis
associated with neoplasia (Connolly et al., 1989a.b;
Leung et al., 1989; Kondo et al., 1993; Senger et al.,
1993) and ischemia (Adamis et al., 1993; Aiello et al.,
1994; Miller et al., 1994; Pierce et al., 1995; Youssri et
al., 1995). Several recent studies have explored the
possible role of VEGF in ocular NV (Adamis et al.,
1994; Aiello et al., 1994; Miller et al., 1994; Murata et
al., 1995; Pierce et al., 1995; Stone et al., 1995), but little
attention has been given to its potential effect on retinal
vascular permeability.

Recently, we have demonstrated increased immuno-
histochemical staining for VEGF in eyes with ocular
melanoma (Vinores et al., 1995b). While staining for
VEGF was sometimes found within tumor cells, it was
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also found in retinal neurons, retinal pigmented
epithelium (RPE), iris, and ciliary body. It was not
associated with identifiable NV, but often occurred in
areas of BRB breakdown as demonstrated by extra-
vasated albumin. To our knowledge, this was the first
demonstration of increased VEGF staining within retinal
neurons and RPE in situ, and it raises two important
questions: 1) Is the VEGF localized within retinal
neurons and RPE the result of induction by tumor cells
or does it also occur in other ocular disorders; 2) In
addition to its role in ocular NV, does VEGF contribute
to BRB breakdown? In the present study, we have
sought to address these questions by assessing
immunolocalization of VEGF in a variety of clinical and
experimental disorders.

Materials and methods
Oxygen-induced ischemic retinopathy

Ischemic retinopathy was induced in rats by the
method of Penn et al. (1993). Newborn Sprague-Dawley
rats were immediately placed in a chamber and exposed
to a high oxygen atmosphere alternating between 40%
and 80% every 12 hrs for 14 days. The rats were then
removed from the chamber and exposed to room air for
5 days. Control animals were maintained in room air for
the entire 19 days. Some animals were anesthetized with
a mixture of 5 mg/kg xylazine hydrochloride and 25
mg/kg ketamine hydrochloride. They were then perfused
with saline followed by India ink and the retinas were
whole-mounted to observe N'V. Other animals were used
for immunohistochemistry by fixing the eyes in 2%
paraformaldehyde/5% sucrose in 0.1M phosphate buffer,
pH 7.4, for 1 hr. The sucrose concentration was
increased in a stepwise fashion to 20% over 2 hrs. The
tissue was incubated overnight at 4 °C in 20% sucrose
and frozen in a 2:1 ratio of 20% sucrose in phosphate
buffer: O.C.T. compound (Miles, Elkhart, IN) using dry
ice and isopentane (Barthel and Raymond, 1990). Frozen
sections were cut, treated for 10 min at -20 °C with
methanol containing 0.75% H,0,, washed with Tris-
buffered saline (TBS), and used for immunohisto-
chemistry.

Induction of S-antigen-induced experimental auto-
immune uveoretinitis (EAU)

Female Lewis rats from 6-8 weeks of age (175-200
g) were immunized with 30 micrograms of S-antigen
mixed 1:1 with Freund’s complete adjuvant enriched
© with Mycobacterium tuberculosis strain H37Ra (DIFCO,
Detroit, MI) in a final volume of 0.1 ml by injecting one
hind footpad to induce EAU. At 8 or 11 days after
immunization, 8 eyes at each time point from rats
immunized with S-antigen or 7 eyes from normal Lewis
rats were fixed in buffered formalin, paraffin-embedded,
and sectioned for immunohistochemistry. The retinas
were dissected from 4 other eyes from each group,

frozen, and used for immunoblots.
Immunoblots

Retinas were washed, frozen, and then lysed in
buffer containing 0.0625M Tris, pH 6.8, 12.5% glycerol,
1.25% sodium dodecyl sulfate (SDS), and 1.25% B-
mercaptoethanol. Cultured cells were rinsed 2 times with
phosphate-buffered saline, lysed in buffer, and scraped.
Cell lysates were sonicated briefly. For immunoblots, the
protein concentration of the supernatant was measured
and samples containing 100 ug of protein were boiled in
Laemmli buffer (Laemmli, 1970) for 3 min. Proteins
were resolved on 15% SDS-PAGE gels and electro-
phoretically transferred to nitrocellulose paper as
previously described (Towbin et al., 1979). The
nitrocellulose paper was blocked for 1.5 hr at room
temperature with 2% nonfat dry milk (Carnation) and
incubated overnight at room temperature with a 1:200
dilution of VEGF antibodies in TBS containing 2%
milk. The paper was washed 3x10 min with TBS/milk
and incubated for 1.5 hr with a 1:200 dilution of affinity
purified rabbit anti-goat IgG conjugated to alkaline
phosphatase (Kirkegaard and Perry, Gaithersburg, MD).
After washing, the immunoreactive bands were
developed with 5-bromo-4-chloro-3-indolyl phosphate
and nitroblue tetrazolium (Kirkegaard and Perry), as
previously described (Hackett and Campochiaro, 1993).

Paraffin-embedded tissues

In addition to the eyes from Lewis rats developing
EAU, formalin-fixed postmortem and surgically-
removed eyes from humans with a variety of ischemic or
non-ischemic ocular disorders (n=164) or without any
ocular disorders (n=31) were also used for VEGF
immunostaining. Accompanying pathology reports were
also obtained. Paraffin sections of a rat intracerebral
anaplastic glioma, a human glioblastoma in the spinal
cord, and two human specimens from areas of cerebral
infarction were used for comparison.

Immunohistochemistry

Affinity-purified rabbit polyclonal IgG directed
against the 20 amino terminal residues of human VEGF
and the control peptide against which they were directed
were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA). These antibodies block VEGF activity
(Sioussat et al., 1993) and specifically react with native
and denatured VEGF in immunoblots (Santa Cruz
Biotechnology, Inc., 1994). Another anti-VEGF
antibody directed against the 16 amino terminal residues
of human VEGF was raised in rabbits. It was
demonstrated to specifically immunoprecipitate native
VEGF.

Fixed-frozen or deparaffinized sections were
blocked with 10% normal goat serum (NGS) in 0.05M
TBS for 30 min at room temperature to prevent
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nonspecific binding of antibodies. One percent NGS in
TBS was used for washing and diluting antibodies.
Excess serum was removed and, without washing, the
tissue was covered with a 1:20-1:40 dilution of VEGF
antibodies and incubated overnight at 4 °C in a
humidified chamber. After warming to room
temperature, the sections were washed. The immuno-
reaction was developed using HistoMark Red
(Kirkegaard and Perry) according to the manufacturer’s
instructions, which yielded a brilliant red reaction
product that was easily distinguished from melanin,
allowing positively-stained RPE and ciliary epithelial
cells to be recognized. Frozen sections of eyes from rats
with ischemic retinopathy and controls were incubated
with one of the primary anti-VEGF antibodies as
described above. The sections were then warmed to
room temperature and incubated for 30 min with a 1:40
dilution of goat anti-rabbit immunoglobulins (Arnel,
Brooklyn, NY), washed, and incubated 30 min with a
1:100 dilution of a rabbit peroxidase-anti-peroxidase
complex (Arnel). After thorough washing with 0.05M
Tris buffer, pH 7.6, immunoreactivity was visualized
with freshly made 3,3’-diaminobenzidine-4 HCI in Tris
buffer containing 0.0185% H,O,. The slides were
mounted with Aqua Poly/Mount (Polysciences,
Warrington, PA) and photographed on a Zeiss Axioskop
(Carl Zeiss, Thorwood, NY) using Nomarski optics and
Kodak 64T film. For controls, each anti-VEGF antibody
was incubated for 2 hr at room temperature with a
tenfold express of VEGF peptide (Santa Cruz
Biotechnology) prior to applying it to the sections or
non-immune serum was substituted for primary
antibodies.

Specimens were evaluated without knowledge of the
pathology and were graded according to localization and
intensity of stain. VEGF immunostaining in the retina,
RPE, ciliary epithelium, and iris were graded as intense
(+3), moderate (+2), weak (+1), or negative (0).
Statistical significance of staining at each site for the
various ocular disorders compared to normal eyes was
calculated using the Mann-Whitney U-test.

Color slides were scanned with an AGFA (Mortsel,
Belgium) Arcus Plus flat bed scanner. Each image was
treated in exactly the same manner without alteration of
color and composites were labeled and printed on
photographic paper with a Kodak XL 7700 Digital
Continuous Tone printer.

Results
Experimental ischemic retinopathy

In the rat model of ischemic retinopathy, areas of
nonperfusion (NP) and NV were visualized on retinal
whole mounts following perfusion with India ink (Fig.
1), demonstrating its usefulness as a model for ischemic
retinopathy. Immunostaining for VEGF with the affinity-
purified Santa Cruz antibody shows minimal background
staining in control rats, while the rats with ischemic

retinopathy showed prominent staining in the ganglion
cell layer (Fig. 2A, arrow). Incubation of the primary
antibody with VEGF peptide almost completely
eliminates the VEGF staining (Fig. 2B, arrow). Figure
2C shows similar staining of ganglion cells using the
second VEGF antibody, which is also eliminated by
preincubation with the VEGF peptide (Fig. 2D). The
essentially identical results with two VEGF antibodies
and the blocking with VEGF peptide indicate that the
ganglion cell staining is specific for VEGF. We
examined retinas from 28 rats with ischemic retinopathy
and all showed prominent staining for VEGF in ganglion
cells, whereas this was not seen in any of 10 control rats
examined.

Experimental autoimmune uveoretinitis

Rats with EAU demonstrate prominent staining for
VEGEF in the inner retina 8 days after immunization with
S-antigen (Fig. 3A). The chromogen, Histomark Red,
gives a bright red reaction product localized in ganglion
cells, astrocytes, Miiller cells, and some cells in the inner
nuclear layer in both the posterior and peripheral retina.
Preincubation of the antibody with VEGF peptide
completely eliminates the staining (Fig. 3B). Eleven
days after immunization with S-antigen, the staining for
VEGEF is even more intense (Fig. 3C), while in a control
Lewis rat there is only faint background staining (Fig.
3D).

Retinal homogenates from normal Lewis rats and
Lewis rats developing EAU were used under reducing
conditions for immunoblots. Using the affinity-purified
Santa Cruz anti-VEGF antibody, a 21 kD cross-reacting
band was detected in homogenates containing 100 pg of
total protein from rats developing EAU 11 days after
immunization (Fig. 4, lanes 3 and 4), but only a very
weak band was seen in homogenates containing 100 pg
of protein from unimmunized rats (Fig. 4, lanes 1| and 2).
Fig. 4, lane 5 shows human recombinant VEGF.

Human pathologic specimens

In normal human eyes, VEGF was demonstrated in
the retinas of only 13% (Fig. SA) and the ciliary
epithelium of 26%, and was not detected in the iris
(Table 1). VEGF immunoreactivity in the retina and iris
was significantly increased in a variety of ischemic
retinopathies (Table 1, p=0.0043) including diabetic
retinopathy (p=0.00034). The staining was never as
intense as that seen in rats with EAU (Figs. 3A,C), but as
in EAU and oxygen-induced ischemic retinopathy in
rats, VEGF staining in human ischemic retinopathies
was often associated with retinal neurons (Fig. 5B) and
the RPE (Fig. 5C), rather than with vessels. VEGF was
frequently demonstrated in the ganglion cells, the inner
and outer plexiform layers, and the nerve fiber layer with
occasional positivity in the inner and outer nuclear
layers, the RPE, and the photoreceptor inner segments.
In occasional cases of diabetic retinopathy or retinal
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vascular occlusions, more intense VEGF staining was
evident in the ciliary epithelium than in normal eyes, but
the overall incidence was not statistically significant.
VEGF-positivity was also demonstrated in the iris of 5
of 14 specimens with vascular occlusions and 1 of 26
cases of diabetic retinopathy (Table 1).

VEGF was demonstrated in the retinas of 37% of
eyes with ocular inflammatory disease or infection,
which was also significantly increased compared to
normals (p=0.0152). Striking staining was often
demonstrated in particular cell populations within the
retina in specific cases of uveitis, rubeosis with
proliferative vitreoretinopathy, cytomegalovirus
retinopathy (Fig. 5D), and endogenous aspergillis
endophthalmitis (Fig. SE). VEGF immunoreactivity was
not significantly increased in the ciliary epithelium of
eyes with inflammatory disease or infection, but
occasional cases of uveitis, Bechet’s disease, rubeosis
with proliferative vitreoretinopathy, cytomegalovirus
retinopathy and Herpesvirus retinopathy showed VEGF
positivity in the iris.

A number of other ocular disorders in which there is
BRB breakdown and usually no retinal NV also had
increased immunoreactivity for VEGF, primarily in
retinal neurons. Intraretinal VEGF positivity was
significantly increased in aphakic/pseudophakic cystoid
macular edema (p=0.045, Fig. 5F), retinoblastoma
(p=0.0234), and choroidal melanoma (p=0.0084, Fig.
5G). Several cases of aphakic/pseudophakic cystoid
macular edema, keratoplasty, choroidal melanoma, or
glaucoma also had conspicuous staining in the ciliary
epithelium or the iris (Fig. SH).

The paraffin sections of the rat intracerebral
anaplastic glioma, the human glioblastoma, and the
human brain infarcts were comparatively stained much
weaker for VEGF than most positively-stained ocular
specimens. The rat tumor showed only focal VEGF-
positivity in some peripheral regions of the tumor,
bordering on normal brain tissue. The human glio-
blastoma showed VEGF in tumor cells, including giant
cells, particularly in areas of necrosis, and in neuronal
cell bodies. In one of the cerebral infarcts, VEGF

Fig. 1. Whole-mounted, India-ink-perfused retinas from a control rat (A) and a rat with oxygen-induced ischemic retinopathy (B) demonstrating areas of

nonperfusion (NP) and neovascularization (arrows) in the latter.
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staining was localized to vessel walls and in the other it
was found within neurons in areas of infarction.

Discussion

The present study has confirmed previous reports
demonstrating thut VEGF immunoreactivity is increased
in human and experimental ischemic retinopathies
(Adamis et al., 1993, 1994; Aiello et al., 1994; Malecaze
et al., 1994; Miller et al., 1994; Dastgheib et al., 1995;
Pierce et al., 1995; Shima et al., 1995; Youssri et al.,
1995). These data and preliminary studies administering
or inhibiting VEGF (Aiello et al., 1995; Smith et al.,
1995; Tolentino et al., 1995) support a possible role for
VEGF as a mediator of ocular NV in ischemic
retinopathies. However, we also found increased VEGF
immunoreactivity in the retina in a number of ocular
disorders that are not associated with NV and, although
metabolic ischemia cannot always be ruled out, these
cases do not present overt pathological evidence of
ischemia. Since cytokines such as interleukin 18 (Li et
al., 1995) and prostaglandins E; and E, (Harada et al.,
1994) have been demonstrated to increase expression of

VEGF, production of cytokines by inflammatory cells
(which are present in each of these disorders) or in some
cases by tumor cells may be responsible for the
increased VEGF seen in these conditions. Increased
levels of cytokines have been demonstrated in EAU
(Caspi, 1989; Mahalak et al., 1991; DeKozak et al.,
1994), which is the condition that shows the most
intense VEGF staining, but shows no ischemia or NV at
the time points evaluated (McMenamin et al., 1993).
Therefore, one important finding of our study is that
VEGF immunoreactivity can be increased in the retina
and RPE by stimuli other than hypoxia, and elevated
cytokine levels provide a reasonable alternative. Another
important finding is that high levels of VEGF immuno-
reactivity can occur in retina without associated NV. The
stimulus for increased production of VEGF may be
important in this regard. Hypoxia has been demonstrated
to increase the expression of VEGF receptors (Plate et
al., 1993; Thieme et al., 1995), while this has not been
demonstrated for other cytokines. Perhaps simultaneous
increased expression of VEGF and its receptors is
required for the development of N'V.

Unlike NV, breakdown of the BRB occurs in each of

A B

[ Cp el
b 45 At T

S

Fig. 2. Oxygen-induced ischemic retinopathy in rats. A. Immunohistochemical staining with the affinity-purified anti-VEGF antibody shows prominent
staining of the ganglion cells (arrow). x 175. B. Incubation of the affinity purified antibody with VEGF peptide eliminated ganglion cell staining (arrow).
x 175. C. The second VEGF antibody also showed positive staining of ganglion cells which was unaffected by incubation with vehicle. x 350.
D. Incubation of the second antibody with VEGF peptide also eliminated the immunostaining of ganglion cells. x 350
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the conditions in which increased VEGF immuno-
reactivity was demonstrated in the retina (Vinores et al.,
1990a, 1994, 1995a,b; Derevjanik et al., 1995; Vinores,
1995). VEGF increases vascular permeability in other
tissues (Senger et al., 1983, 1986, 1990; Connolly et al.,
1989b; McClure et al., 1994; Roberts and Palade, 1995)
and may also contribute to vascular leakage in the retina.
VEGF increases microvascular permeability by
enhancing vesicular transport through a recently
described organelle, the vesiculo-vacuolar organelle
(Qu-Hong et al., 1995). Increased vesicles have been
demonstrated in retinal vascular endothelial cells in
diabetic rats (Vinores et al., 1990a,b, 1993b), humans
with diabetes (Vinores et al., 1993a), and rats with EAU
(Derevjanik et al., 1995). Therefore, VEGF may play a
role in modulation of the BRB.

Previous studies have suggested that VEGF is
primarily localized to endothelial cells (Dvorak et al.,
1991; Senger et al., 1993) or Miiller cells (Miller et al.,

1994; Pierce et al., 1995; Stone et al., 1995). In human
and rat central nervous system tumors, VEGF is
primarily localized in tumor vessels and in areas of
necrosis (Plate et al., 1992, 1993; Weindel et al., 1994);
however, it has also been demonstrated in some tumor
cells, in neurons of a human spinal cord containing a
glioblastoma, and in areas of brain infarction. VEGF
mRNA has also been reported in normal brain neurons,
particularly the granule cells of the cerebellum (Monacci
et al., 1993), and in cultured RPE cells (Adamis et al.,
1993; Kuroki et al., 1995; Kvanta, 1995). In the present
study, we have demonstrated VEGF immunoreactivity in
retinal neurons and RPE in situ. While VEGF is present
in neurons only under pathologic conditions, the
possibility arises that VEGF may have some as yet
unrecognized neuron-related function. An analogous
situation involves PDGF, which for many years was
thought to act almost exclusively in wound repair (Pierce
et al., 1991). However, PDGF is expressed in retinal

Fig. 3. Ilmunohistochemical staining for VEGF in rats developing EAU. A. Prominent immunohistochemical staining for VEGF (red) is demonstrated in
the ganglion cells, nerve fiber layer, inner plexiform layer, and in some cells in the inner nuclear layer of a Lewis rat 8 days after immunization with S-
antigen. B. Preincubation of the antibody with VEGF peptide completely eliminates the immunostaining. C. Eleven days after immunization with S-
antigen, the staining is even more intense. D. In a normal unimmunized Lewis rat, there is only faint background staining for VEGF. x 350
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Table 1. VEGF immunoreactivity in human ocular disorders.

DIAGNOSIS RETINA CILIARY EPITHELIUM IRIS
N Moderate Weak % positive Significance N Moderate Weak % positive N Moderate Weak % positive
relative to normal
Normal eyes 31 1 3 13 - 19 0 5 26 19 0 0 0
Ischemic retinopathies
Diabetes 38 9 11 53 p=0.0034 26 2 0 8 26 0 1 4
Central or branch
retinal vein oclusion 11 1 4 46 - 11 2 3 46 11 3 1 36
Central retinal artery
occlusion 3 0 1 33 - 3 1 0 33 3 0 1 33

Retinopathy of

prematurity 5 0 2 40 “ 5 0 0 0 5, 0 0 0

TOTAL 88 11 21 38 p=0.0043 64 8 20 64 3 3 9
Inflammation/infection

Uveitis 7 1 1 29 6 1 0 17 6 1 0 17
Pars planitis 5 0 0 0 - 3 0 0 0 3 0 0 0
Bechet's disease 2 2 0 100 - 2 1 1 100 2 2 0 100
Rubeosis with PVR i 1 0 14 - i 0 1 14 7 1 0 14
Cytomegalovirus

retinopathy 7 2 1 43 - 7 2 43 0 1 14
Herpesvirus retinopathy 1 1 0 100 - 1 1 0 100 1 1 0 100
Endogenous aspergillis

ophthalmitis 1 1 0 100 = - - - - - - - -
TOTAL 30 8 2 33 p=0.0152 26 5 3 31 26 5 1 23

Other ocular diseases

Aphakic/pseudophakic

cystoid macular

edema 17 3 5 47 p=0.045 17 2 3 29 17 3 0 18
Keratoplasty without

ocular complications 6 0 1 17 - 6 0 2 33 6 0 0 0
Keratoplasty with ocular

complications 8 3 5 100 . 8 3 0 37 8 1 0 12
Retinoblastoma 6 3 1 67 p=0.0234 6 0 0 0 6 0 0 0
Choroidal melanoma 37 4 12 46 p=0.0084 38 18 2 53 38 6 2 21
Glaucoma 2 1 1 100 - 2 0 0 0 2 1 0 50
Sarcoid 1 0 0 0 1 0 0 0 - - -

VEGF EXPRESSION IN RAT RETINA

C C S'Ag S'AQ VEGF Fig. 4. Imnmuno-

blot for VEGF
using the affinity-
purified antibody
shows only a faint
band at 21 kD in
homogenates of
normal Lewis rat
retinas (lanes 1
and 2). This band
was markedly
increased in
retinal
homogenates 11
days after
immunization with
S-antigen (lanes
3 and 4). Each
lane was loaded
with 100 pg of
total protein.
Recombinant
human VEGF is
shown in lane 5.
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Fig. 5. A. Normal human retina shows an absence of VEGF staining. x 260. B. The retina from a patient with diabetic retinopathy shows VEGF
positivity (red) throughout the inner retina, particularly in ganglion cells (arrows) and in the RPE (bottom). x 260. C. Higher magnification clearly shows
red immunoreaction product for VEGF in the RPE from a patient with proliferative diabetic retinopathy. x 710. D. The retina from a patient with
cytomegalovirus retinopathy demonstrates conspicuous VEGF staining in the inner segments of the photoreceptors (arrow) and the ganglion cells
(arrowheads) and weaker staining in the nerve fiber layer (top), inner plexiform layer, and outer plexiform layer. x 155. E. The retina from a patient with
endogenous aspergillis endophthalmitis also shows intense red staining for VEGF in the inner segments of the photoreceptors (bottom) and the
ganglion cells (arrowheads) with weaker staining of the nerve fiber layer, inner plexiform layer, and outer plexiform layer. x 260. F. A patient with
aphakic cystoid macular edema demonstrates VEGF positivity in retinal ganglion cells (arrowheads) with weaker staining in the nerve fiber layer, the
inner and outer plexiform layers, and the RPE (bottom). x 260. G. Diffuse immunostaining (red) for VEGF is seen throughout the retina from an eye with
a choroidal melanoma. x 130. H. Positive staining for VEGF (red) is demonstrated in the iris, particularly around vessels, from an aphakic patient with

glaucoma. x 170

g

ganglion cells and many other cells throughout the
nervous system and may mediate interactions between
neurons and glia (Richardson et al., 1988; Sasahara et
al., 1991; Yeh et al., 1991; Mudhar et al., 1993). In like
manner, VEGF production by neurons may mediate
neuronal-vascular interactions. Also, while the VEGF
receptors flt and flt-1 have thus been demonstrated only
on vascular endothelial cells (DeVries et al., 1992;
Terman et al., 1992; Quinn et al., 1993; Thieme et al.,
1995), it is possible that other cells also express them
and VEGF may mediate as yet unrecognized functions in
these cells. Additional work is needed to explore this
possibility and the potential role of VEGF in modulating
the BRB.
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