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Vascular permeability plays a key role in a wide array of life-
threatening and sight-threatening diseases. Vascular endothelial
growth factor can increase vascular permeability. Using a model
system for nonproliferative diabetic retinopathy, we found that
pigment epithelium-derived factor (PEDF) effectively abated vas-
cular endothelial growth factor-induced vascular permeability. A
44-amino acid region of PEDF was sufficient to confer the anti-
vasopermeability activity. Additionally, we identified four amino
acids (glutamate-101, isoleucine-103, leucine-112, and serine-115)
critical for this activity. PEDF, or a derivative, could potentially
abate or restore vision loss from diabetic macular edema. Further-
more, PEDF may represent a superior therapeutic approach to
sepsis-associated hypotension, nephrotic syndrome, and other
sight-threatening and life-threatening diseases resulting from
excessive vascular permeability.

Vascular permeability and its regulatory control are central to
homeostasis. Increases in vascular permeability play a key

role in the development of sepsis-associated hypotension, acute
respiratory distress syndrome, nephrotic syndrome, diabetic
nephropathy, and diabetic retinopathy. Although the physiologic
importance of maintaining the normal vascular integrity is well
appreciated, an understanding of how vascular integrity is main-
tained, and whether vascular permeability can be down-
regulated, remains elusive.

The activity of vascular endothelial growth factor (VEGF) in
promoting vascular permeability is well established (1). In
addition to promoting vascular permeability in guinea pig skin
(1), VEGF is an important mediator of angiogenesis in vivo (2,
3) and has neurotrophic�neuroprotective activity (4–6). VEGF
exerts its effects on endothelial cells by means of two tyrosine
kinase receptors, the fms-like tyrosine kinase-1 (Flt-1;
VEGFR-1) and fetal liver kinase-1 (Flk-1�KDR; VEGFR-2)
(7). VEGFR-2 is the dominant signaling receptor for many
of VEGF’s biological activities, including vascular permeability
(8, 9).

Pigment epithelium-derived factor (PEDF), a 418-aa 50-kDa
glycoprotein, is a member of the serine protease inhibitor
(serpin) family (10, 11). Although PEDF has a putative protease-
sensitive loop, unlike classical serpins such as �1-antichymotryp-
sin (ACT), PEDF lacks protease inhibitory activity. Among
serpins, this absence of antiprotease activity is not unique to
PEDF; heat shock protein 47 (HSP47), a collagen-specific
chaperone protein from the serpin family, also lacks antiprotease
activity (12). PEDF was originally identified as an extracellular
component of the retinal interphotoreceptor matrix (13, 14).
PEDF functions in promoting neurite outgrowth in Y79 retino-
blastoma cells (15, 16). More recently, PEDF has been found to
be a potent antiangiogenic factor (17), effectively inhibiting
neovascularization in a murine model of ischemia-induced ret-
inopathy (18).

The biological activities of VEGF and PEDF are similar in
some cases but antagonistic in other cases. Both VEGF and
PEDF are active in angiogenesis and motoneuron survival. In the
vascular endothelial cell system, VEGF and PEDF have coun-

terbalancing proangiogenic and antiangiogenic activities, respec-
tively (17, 19–23). In motoneurons, both PEDF and VEGF
function in concert as neurotrophic�neuroprotective agents (24–
27). Although the relationships between PEDF and VEGF in
angiogenesis and motoneuron survival have been established, it
is unknown what effect PEDF has on VEGF’s activity in vascular
permeability.

The eye is a good model system for studying vascular perme-
ability because the retinal vasculature is highly accessible, both
for treatment and for observing subsequent effects. Further-
more, the eye is a relevant model system to study vascular
permeability because this process plays a key role in the devel-
opment of nonproliferative diabetic retinopathy. In this form of
retinopathy, increased vascular permeability causes retinal
edema and consequent loss of visual acuity. In this study, we
delivered VEGF alone or VEGF in combination with PEDF or
other agents, by injection into the vitreous of the eye, to assess
their effect on vascular permeability. PEDF effectively abated
VEGF-induced vascular permeability. We identified four amino
acid residues in PEDF important for this activity.

Methods
Preparation of PEDF. Recombinant human PEDF was produced in
human embryonic kidney carcinoma 293 (HEK293) cells. Hu-
man PEDF cDNA (image clone 235156, Research Genetics,
Huntsville, AL) was inserted downstream from the cytomega-
lovirus promoter into the pRK5-KS plasmid at EcoRI and NotI
sites. The human PEDF expression plasmid and pRSV-neomycin
were cotransfected by electroporation into cells. Stable trans-
fectants were selected with Geneticin (750 �g�ml, Invitrogen).
From among 192 clones, the one secreting the highest level of
PEDF was selected by Western blot analysis of conditioned
medium (19). PEDF protein was purified from the conditioned
medium of this clone according to previously described proce-
dures (28). Instead of Sepharose S ion-exchange chromatogra-
phy, we used Mono S FPLC, eluting with a linear NaCl gradient
(20 mM NaH2PO4, pH 6.2, 0–500 mM NaCl, 10% glycerol).
Purified PEDF was a broad 50-kDa band on Coomassie blue-
stained SDS�PAGE (data not shown). Aliquots were stored in
elution buffer at �80°C.

Preparation of Synthetic Peptides. Three peptides (see Fig. 4a)
were synthesized by the Howard Hughes Medical Institute
Biopolymer Laboratory at Johns Hopkins University School of
Medicine. The PEDF peptide (PEDFpep) corresponded to amino
acid residues 78–121 of the protein (GenBank accession no.
P36955). The ACT peptide (ACTpep) corresponded to residues
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73–118 of the protein (GenBank accession no. P01011). A
chimeric peptide (CHIMERApep) was 44 amino acids in length,
with 40 amino acid residues from PEDF plus four amino acid
residues from ACT or HSP47 (GenBank accession no. P29043).
The peptides were purified, and their molecular masses were
verified by mass spectrometry.

Intravitreal Injection to Assess Bioactivity on Vascular Permeability.
C57BL�6J mice (National Cancer Institute, National Institutes
of Health), 6–8 weeks of age, were cared for in accordance with
the Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision
Research, and protocols were approved by the Johns Hopkins
University Animal Care and Use Committee. For anesthesia, the
mice each received an intramuscular injection of ketamine (20
mg�kg; Phoenix Pharmaceuticals, St. Joseph, MO), xylazine (20
mg�kg, Phoenix Pharmaceuticals), and urethane (800 mg�kg,
Sigma) in 0.3–0.4 ml of PBS (1.06 mM KH2PO4�0.15 M NaCl�
3.00 mM Na2HPO4, pH 7.4). As supplemental topical anesthesia,
each eye received one drop of 0.5% tetracaine (Wilson Oph-
thalmics, Mustang, OK). Under �10 magnification, 1 �l of
recombinant murine VEGF164 solution (12.6 ng��l in PBS; R &
D Systems) was delivered through a 20° beveled glass pipette,
with a tip diameter of 13–20 �m. The contralateral eye received
an equal volume of PBS alone or PBS containing 12.6 ng of
VEGF164 and a 20-fold molar excess of PEDF (232 ng), ACT
(278 ng), HSP47 (278 ng), PEDFpep (28.1 ng), ACTpep (29.7 ng),
or CHIMERApep (28.2 ng). Routinely, the right eye received
VEGF164 plus the putative modulatory agent; the left eye
received VEGF164.

Fluorescein Angiography. Twenty hours after intravitreal injec-
tions, each pupil was dilated with one drop of 1% atropine
sulfate. Ten minutes after the instillation, 0.1 ml of 25% fluo-
rescein (AK-FLUOR 25% AMP, Akorn, Decatur, IL) was
injected i.p. Successive photographs of the right and left retinas
were taken with a Kowa Genesis small animal fluorescein
angiography fundus camera (Tokyo) and Kodak Elite Chrome
400 film. The first photograph was taken when the fluorescence
was evident in the eye, typically within 20 s of the i.p. f luorescein
injection. Time elapsed between the alternating right and left eye
retinal photographs averaged 10 s. Fluorescein leakage mani-
fests as indistinct vascular borders progressing to diffusely hazy
fluorescence.

Evans Blue Assay. We used a modification of the method described
by Qaum et al. (29) Briefly, each mouse received intravitreal
injections of proteins or peptides, as described above. After 24 h,
the mouse was anesthetized again in the same manner, and Evans
blue (30 mg�ml in PBS, 45 mg�kg mouse weight; Sigma) was
injected through the jugular vein. After 2 h, 200 �l of blood was
taken and assayed for Evans blue. Each mouse was perfused with
1% paraformaldehyde in 50 mM sodium citrate, pH 3.5, at 37°C
to clear the vasculature of Evans blue. The anterior chamber was
incised longitudinally. A Crile forceps was used to exert gentle
pressure behind the globe and extrude the retina. The retinas
were dissected free from the lens, vitreous, and any adherent
retinal pigment epithelium. Each retina was dried in a pre-
weighed vessel, and dry weight was calculated. The Evans blue
dye was extracted with 100 �l of formamide, followed by
ultracentrifugation.

To assess the Evans blue–albumin concentration, the absor-
bance of the retinal extract and plasma samples was measured at
620 nm and 740 nm. The retinal vasopermeability was calculated
as the quantity of retinal Evans blue normalized to retinal dry
weight, plasma Evans blue concentration, and circulation time by
using the formula previously described (29, 30). As all animals
in this report had one eye injected with VEGF alone, the retinal

permeability in the VEGF-injected eyes was normalized to the
VEGF-injected eye in the set of animals where one eye received
PBS. The VEGF-induced increase in permeability was taken to
be 100%.

Statistical Analysis. All results are expressed as mean � SE. The
paired Student t test was used for comparison of eyes from the
same animal. Groups were analyzed for differences by one-way
ANOVA. Differences were considered statistically significant
when P � 0.05.

Results
Because VEGF promotes angiogenesis and vascular leakage (31)
and PEDF is an antagonist to VEGF’s angiogenic activity, we
asked whether PEDF could also counteract VEGF’s vascular
permeability activity. To answer the question, we injected
VEGF164 (the murine ortholog of human VEGF165) into the left
eye and VEGF164 in combination with PEDF into the right eye.
If PEDF were a VEGF antagonist, one would expect a decrease
in vascular permeability of the right eye compared with the
left eye.

PEDF Inhibits VEGF-Induced Retinal Vascular Permeability Qualita-
tively. Fluorescein angiography, a clinical diagnostic technique,
allows us to see photographically the effect of factors that
modulate VEGF-induced permeability. Decreased fluorescence
of one eye relative to the contralateral eye can be attributed to
different agents injected into the two eyes. Because VEGF
promotes vascular permeability, there was, as expected, in-
creased fluorescein leakage in the eye receiving VEGF164 com-
pared with the saline-injected contralateral eye (Fig. 1a). The
VEGF-induced vascular permeability was not observed when
PEDF was coinjected with VEGF164 (Fig. 1b).

To show that the antivasopermeability activity was specific to
PEDF, we tested the effect of ACT and HSP47 in the same assay.
ACT and HSP47 are from two subfamilies of the serpin super-
family (32), distinct from the subfamily to which PEDF belongs.
Despite the high level of structural conservation among serpins
(33, 34), ACT and HSP47 had no effect on VEGF-induced
fluorescein leakage in mouse retina (Fig. 1 c and d). Thus, the
inhibitory effect of PEDF on VEGF-induced vascular perme-
ability is specific to PEDF.

PEDF Inhibits VEGF-Induced Retinal Vascular Permeability Quantita-
tively. To quantify and confirm PEDF’s ability to inhibit VEGF-
induced vascular permeability, we used a modified Evans blue
assay (30). Mice, injected intravitreally as in the fluorescein
angiography experiments, received intravascular Evans blue 24 h
later. PEDF nearly abolished (95.6 � 21.2%) the VEGF-induced
permeability, whereas ACT and HSP47 had no discernible effect
(inhibition of 3.4 � 18.2% and 19.4 � 22.3%, respectively) (Fig.
2). These data corroborate quantitatively what we observed
qualitatively by fluorescein angiography: PEDF inhibits VEGF-
induced retinal vascular permeability.

PEDFpep Inhibits VEGF-Induced Vascular Permeability. Because
PEDF’s neurotrophic�neuroprotective activity has been attrib-
uted to a 44-aa region (24, 25), we asked whether this region also
possesses the permeability modulating activity. PEDFpep, which
consists of amino acid residues 78–121 of human PEDF, was
injected intravitreally in place of, and in equimolar amounts as,
full-length PEDF. The peptide effectively inhibited VEGF-
induced vascular permeability in the fluorescein angiographic
assay (Fig. 3a). A 46-aa peptide from the corresponding region
of ACT (positions 73–118, designated ACTpep) had no effect on
VEGF-induced vascular permeability.

The Evans blue assay corroborated the fluorescein angio-
graphic findings (Fig. 3b). PEDFpep blocked 83.7 � 17.1% of
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VEGF-induced retinal vascular permeability to Evans blue–
albumin. Similar to full-length ACT, ACTpep did not inhibit
VEGF-induced vascular permeability (�26.4 � 34.3%). Full-
length PEDF and PEDFpep at equimolar concentrations were
similarly potent. Analysis by one-way ANOVA showed no
significant difference between their efficacies. The 44-aa region
near the N terminus of PEDF confers the inhibitory activity of
PEDF on VEGF-induced vascular permeability.

Four Amino Acid Residues Within PEDFpep Are Necessary for Inhibiting
VEGF-Induced Vascular Permeability Activity. To identify the amino
acid residues essential for the bioactivity, we compared the
sequences and crystallographic structures of ACT, HSP47, and

PEDF (Fig. 4 a and b) and selected four candidate amino acid
residues within PEDF for evaluation as the key moieties. Pre-
vious work (24, 25) and our preliminary studies pointed to
residues 78–121 of PEDF as the active site. From the crystal
structure, the 44-aa region includes the complete secondary
structural elements s6B, hB, and hC, one turn of hD, and the
connecting loops (34). Both s6B and hB are buried in the interior
of PEDF. The elements hC, hD, and the loop connecting them
are largely exposed, forming an accessible surface. For this
reason, we focused on residues 99–121, which contain hC, the
connecting loop, and one turn of hD.

We reasoned that the key amino acids should be residues
divergent between PEDF and the two serpins devoid of vascular
permeability modulating activity (ACT and HSP47) (Fig. 4a).
On this basis, six amino acids were identified. Two of these six
amino acid residues were excluded. Arginine-99 was excluded
because its change to alanine did not modify PEDF bioactivity
(unpublished results). Proline-116 was excluded because of
proline’s role in maintaining the structure of the peptide back-
bone. The other four residues in PEDFpep (glutamate-101,
isoleucine-103, leucine-112, and serine-115) were modified to
create CHIMERApep. Analogously to alanine scanning, gluta-
mate-101 was replaced with alanine, the corresponding residue
in HSP47. Isoleucine-103, leucine-112, and serine-115 were
replaced with glutamate, the corresponding residues in ACT. At
these three residues, ACT and HSP47 share similar electron-rich
side groups (glutamine or aspartate in HSP47).

In both the fluorescein angiographic assay and the Evans blue
assay, CHIMERApep failed to inhibit VEGF-induced vascular
permeability (Fig. 4 c and d). CHIMERApep had no significant
effect on VEGF-induced Evans blue–albumin leakage (16.0 �
27.8%). In a one-way ANOVA test, CHIMERApep was signif-
icantly less effective than PEDF in the inhibition of VEGF-
induced vascular permeability.

Fig. 1. PEDF qualitatively inhibits VEGF-induced retinal vascular permeabil-
ity. Recombinant mouse VEGF164 (VEGF) was injected into one eye and the test
reagents coinjected into the contralateral eye. Fluorescein angiography re-
vealed the degree of leakage into the retina and vitreous. VEGF induced
vascular leakage to a much higher degree than that observed with PBS (a).
Other reagents were coinjected with VEGF: recombinant human PEDF (PEDF)
(b), ACT (c), and HSP47 (d). All photographs are characteristic of the results of
four or more mice.

Fig. 2. PEDF quantitatively inhibits VEGF-induced retinal vascular perme-
ability. Twenty-four hours after intravitreous injection of recombinant mouse
VEGF164 (VEGF) into one eye and test reagents into the contralateral eye, the
amount of retinal Evans blue characterizes vascular leakage. The amount of
VEGF-induced vascular leakage above control (PBS) was set to 100%. Vascular
leakage with PBS injection was set to 0% (n � 29). A second reagent was
coinjected with VEGF to test its effect on vascular permeability; human PEDF
(n � 26), but not ACT (n � 27) or HSP47 (n � 28), obliterated the VEGF-induced
vascular permeability. Data are means � SE, with n representing the number
of mice in each group. *, P � 0.05 compared with vascular permeability
induced by VEGF.
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Discussion
We report a previously undocumented activity of PEDF: its
ability to counteract VEGF-induced vascular permeability. We
found that a 44-aa fragment of PEDF (PEDFpep) was sufficient
to render the activity. We identified four amino acid residues
within PEDFpep that are important for this activity.

The relationships between the various activities of PEDF and
VEGF are not entirely clear. Initial studies showed that PEDF
induced neurite outgrowth (13), and VEGF promoted angio-

genesis and vascular permeability (1–3, 35–37). The report of
PEDF’s antiangiogenic activity revealed an antagonistic rela-
tionship between PEDF and VEGF. In various types of neuronal
cells, PEDF and VEGF share similar activities: both are neu-
rotrophic and neuroprotective (5, 25, 38). Thus, VEGF has a
triad of activities: (i) promoting angiogenesis, (ii) promoting
neuronal survival and growth, and (iii) promoting vascular
permeability. Because PEDF has effects on the first two of the
three activities, we asked whether PEDF modulates vascular
permeability. Preliminary data suggested that PEDF indeed
possesses antivasopermeability activity (39).

Vascular permeability plays a key pathophysiologic role not
only in nonproliferative diabetic retinopathy but also in many
other disease states. We chose the retinal vasculature as a model
system to study PEDF’s potential effect on vascular permeability
because the retinal vessels are easily observed through the clear
optical system of the eye. In nonproliferative diabetic retinop-
athy, one of the most common causes of vision loss, increased
vascular permeability is the sine qua non of diabetic retinal
edema. The gold standard diagnostic test for diabetic retinal
edema is fluorescein angiography, a test used to demonstrate
VEGF’s central role in the pathophysiology of diabetic retinop-
athy (40). The mouse eye injected with VEGF has increased
vascular permeability resulting in increased fluorescein leakage.
In our study, this increase was counteracted when PEDF was
coinjected, a finding confirmed with the quantitative Evans blue
assay. Thus, PEDF, like VEGF, also possesses a triad of activ-
ities. PEDF not only functions as an antiangiogenic and neuro-
trophic�neuroprotective agent, it also inhibits pathologically
increased vascular permeability. Furthermore, PEDF is natu-
rally present in the eye in significant quantities, and thus these
activities may help maintain the normally tight blood–retina
barrier of the eye.

The amounts of VEGF and PEDF used in this study were
above physiological concentrations. We used a quantity of
VEGF that was similar to the amount previously reported to
stimulate retinal vascular leakage (31). If the injected VEGF and
PEDF were evenly distributed throughout the vitreous cavity,
the intravitreal concentrations would be increased by 0.55 �g�ml
and 13 �g�ml, respectively. In comparison with intravitreal levels
in patients with proliferative diabetic retinopathy, the injected
amounts of VEGF (41) and PEDF (42, 43) would result in
concentrations that are, respectively, 2 and 1 orders of magni-
tude higher. Estimation of the level of VEGF and PEDF at or
near the vasculature and comparison of the VEGF level in our
studies to those from clinical specimens are complicated. The
temporal and spatial distributions of VEGF and PEDF are not
quantitatively known, and their levels from preproliferative
diabetic macular edema, the best suited clinical correlate, are not
available. To simulate pathologic vascular leakage, a greater
amount of VEGF may be required when the agent is given in
a single bolus rather than the steady-state elevation expected
in a chronic disease. Given that the relative balance of pro-
vasopermeability and antivasopermeability agents may be more
important than their absolute quantities (44), a higher PEDF
level would be required to thwart the action of the greater
amount of injected VEGF.

Because the neurotrophic�neuroprotective function of the
triad of PEDF activities is likely to be receptor-mediated (24,
25), is the antivasopermeability effect also receptor mediated?
The localization of the active site of both the motoneuron
survival and the antivasopermeability activities to the same 44-aa
region suggests that the activities are mediated by the same or
similar receptors.

To further refine the localization of the active site within
PEDFpep, we prepared CHIMERApep with the hypothesis that
the bioactivity would be abolished if the key amino acid residues
in PEDFpep were replaced by corresponding residues from ACT

Fig. 3. A 44-aa peptide from human PEDF, PEDFpep, effectively inhibits
VEGF-induced retinal vascular permeability. (a) PEDFpep coinjection effectively
inhibits VEGF-induced fluorescein leakage from the retinal vasculature (Up-
per). Mouse eye injected with both VEGF and ACTpep, a peptide from ACT in
the corresponding region of PEDFpep, showed no discernible difference from
the eye injected with VEGF alone (Lower). (b) PEDFpep coinjection effectively
inhibits VEGF-induced vascular permeability quantitatively by Evans blue
assay. The VEGF-induced increase in Evans blue was effectively inhibited with
coinjection of PEDFpep (n � 26) with VEGF. No inhibition of VEGF-induced
vascular permeability was observed with ACTpep coinjection (n � 28), in
equimolar amounts as PEDFpep. Data are means � SE, with n representing the
number of mice in each group. *, P � 0.05 compared with vascular perme-
ability induced by VEGF.
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or HSP47 (highlighted in yellow in Fig. 4a). When the four
candidate amino acid residues were mutated in PEDFpep, bio-
activity was lost. CHIMERApep, identical to PEDFpep, with the
exception of these four amino acid residues, is inactive in
antagonizing VEGF-induced vascular permeability by fluores-
cein angiography or by Evans blue assay. Analysis of full-length
PEDF with mutations of subsets of the four amino acids will
allow us to assess the relative contribution of each residue to
antivasopermeability activity.

In addition to the identification of the neurotrophic�
neuroprotective region of PEDF within amino acid residues
78–121, a number of other binding sites on PEDF have been
mapped: the acidic heparin binding domain, the collagen binding
domain within �-sheet A strands 2 and 3 and helix F, and the
serpin-exposed loop at residues 367–387 (34, 45). We analyzed
the binding site responsible for antivasopermeability activity and
showed that amino acid residues glutamine-101, isoleucine-103,
leucine-112, and serine-115 include the necessary components
for the activity. Whether the active sites for the three activities
are identical or extremely similar remains to be deciphered.

Identity would suggest that either a single receptor or multiple
receptors with the same binding specificities serve the three
activities. An example of multiple receptors having distinct
functions, but with extremely similar binding specificities, is the
two mannose-6-phosphate receptors (46–48).

Our study has limitations. Because the important amino acid
residues were identified in a peptide, we do not know whether
the mutated full-length PEDF protein would yield the same
functional data as the peptide. Because we mutated four of the
residues with exposed amino acid side chains, the possibility that
only a subset of the four residues, rather than all four, is
necessary for activity cannot be ruled out. Although deemed
unlikely, we do not have evidence supporting or refuting a direct
interaction between PEDF and VEGF as the mechanism of
PEDF inhibition of VEGF-induced activities. Despite these
limitations, our findings and further studies of PEDF promise to
lead to therapies to abate diabetic macular edema. PEDF or an
agent mimicking the PEDF active site may have other potential
therapeutic effects relating to vasopermeability, angiogenesis, or
motoneuron survival.

Fig. 4. Replacement of four amino acid residues on PEDFpep by corresponding residues from ACT or HSP47 abolishes modulation of vascular permeability. Four
amino acid residues were substituted in PEDFpep to give CHIMERApep. Corresponding sequences of PEDFpep, CHIMERApep, ACTpep, and HSP47 are aligned (a).
Identical and similar amino acid residues are shaded in dark and light blue, respectively. Amino acid substitutions in PEDFpep substituted to give CHIMERApep are
highlighted in yellow. The crystallographic structures of PEDF (Protein Data Bank ID code 1IMV) and ACT (Protein Data Bank ID code 1QMN) are shown (b). PEDFpep

and ACTpep are highlighted as light blue ribbons in the corresponding regions of PEDF and ACT, respectively. The four amino acid substitutions between PEDFpep

and CHIMERApep are highlighted in dark blue and labeled in red. The numbering for both proteins begins at the secretory signal peptide. VEGF was injected in
one eye, and VEGF plus CHIMERApep was injected in the contralateral eye. CHIMERApep (equimolar to PEDFpep in Fig. 3a) had no discernible effect on VEGF-induced
retinal vascular permeability by fluorescein angiogram (c) or by Evans blue assay (n � 27) (d).
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We report a previously undocumented bioactivity of PEDF,
the inhibition of VEGF-induced vascular permeability. Vas-
cular permeability is an important component in a number of
diseases. Furthermore, we identified four amino acid residues
important to PEDF function as an initial step in understanding
how PEDF exerts its effects. Our findings suggest that PEDF
may be an important therapeutic adjunct in the treatment of
life-threatening and sight-threatening diseases where in-
creased vascular permeability is a pathophysiologic mecha-

nism. The refinement of the active site for PEDF allows for
development of pharmacologic agents mimicking the active
site of PEDF.
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