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Purpose:

 

To investigate the role of stimulators and inhibitors of angiogenesis in the patho-
genesis of diabetic retinopathy.

 

Methods:

 

Undiluted vitreous samples and simultaneous paired plasma samples were ob-
tained from 30 diabetic patients (35 eyes) undergoing vitreous surgery. The levels of vascular
endothelial growth factor (VEGF), endostatin, and platelet factor-4 (PF-4) were measured
simultaneously in each specimen by enzyme-linked immunosorbent assay. The severity of di-
abetic retinopathy was evaluated according to the modified Early Treatment Diabetic Retin-
opathy Study retinopathy severity scale.

 

Results:

 

Vitreous levels of VEGF and endostatin were significantly correlated with the se-
verity of diabetic retinopathy (

 

�

 

 

 

�

 

 0.52, 

 

�

 

 

 

�

 

 0.48, respectively), but the vitreous level of PF-4
was not (

 

�

 

 

 

�

 

 0.12). Vitreous levels of VEGF, endostatin, and PF-4 were not significantly cor-
related with their plasma levels. The vitreous level of VEGF was significantly correlated with
that of endostatin (

 

�

 

 

 

�

 

 0.42). The VEGF concentration was significantly higher in the vitre-
ous than in the plasma, while the endostatin concentration was not.

 

Conclusions:

 

The present study showed that VEGF and endostatin were expressed in the vit-
reous of patients with diabetic retinopathy and may be involved in the pathogenesis of this
condition.
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Introduction

 

New vessel formation in patients with diabetic ret-
inopathy causes visual loss, and is the main target of
treatment for this condition. Numerous angiogenic
factors have been implicated in the pathogenesis of
proliferative diabetic retinopathy.

 

1,2

 

 There is now
considerable evidence that various growth factors
are involved in initiating and perpetuating the pro-

cess of neovascularization.

 

1,2

 

 Because blood vessel
formation is a complex, multi-step process, several
angiogenic factors may operate under different cir-
cumstances or various factors may act synergisti-
cally. Clinically, retinal neovascularization is associ-
ated with retinal capillary closure and retinal ischemia,
leading to the hypothesis that angiogenic factors dif-
fusing from the ischemic retinal tissue may be respon-
sible for neovascularization in diabetic retinopathy.

 

1–4

 

Vascular endothelial growth factor (VEGF) is an
endothelial cell mitogen in vitro, and it induces an in-
crease of vascular permeability and angiogenesis in
vivo.

 

5,6

 

 Numerous retinal cells produce VEGF.

 

7–9

 

 In
addition, its upregulation by hypoxia has been dem-
onstrated, making VEGF an appealing candidate for
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mediating ocular angiogenesis.

 

10

 

 High-affinity VEGF
receptors have been identified on retinal endothelial
cells and pericytes.

 

11,12

 

 The normally quiescent vascu-
lature can be activated to sprout new capillaries (an-
giogenesis), a morphogenic process that is controlled
by an angiogenic switch mechanism.

 

13

 

 In some tissues,
the absence of angiogenesis inducers may ensure that
the switch stays off, while angiogenesis inducers may
be present in other tissues but held in check by higher
levels of angiogenesis inhibitors. Thus, either reducing
the concentration of angiogenesis inhibitors or in-
creasing the level of inducers may alter the balance
and switch on angiogenesis, leading to the formation
of new blood vessels.

 

13

 

 It therefore seems important
to investigate the balance between stimulators and in-
hibitors of angiogenesis, but the state of this balance
in patients with proliferative diabetic retinopathy re-
mains unknown. Most studies have only measured an-
giogenic factors in vitreous samples.

 

14–19

 

A growing number of endogenous inhibitors of
angiogenesis have been reported.

 

20–23

 

 We selected
endostatin and PF-4 as important potential angio-
genesis inhibitors. Amino acid sequence analysis has
revealed that endostatin is a C-terminal fragment of
collagen XVIII.

 

23

 

 Endostatin specifically inhibits en-
dothelial cell proliferation and potently inhibits an-
giogenesis and tumor growth.

 

23

 

 Endostatin also in-
hibits the VEGF-stimulated migration of human
umbilical vein endothelial cells in a dose-dependent
manner.

 

24

 

 PF-4 is synthesized by megakaryocytes
and is normally sequestered inside platelets.

 

25

 

 PF-4 is
reported to be an effective inhibitor of angiogenesis
in the chicken chorioallantoic membrane and a spe-
cific inhibitor of growth factor-stimulated endothe-
lial cell proliferation in vitro.

 

20

 

 Based on these reports,
we have been investigating the role of endostatin
and/or PF-4 in the pathogenesis of proliferative dia-
betic retinopathy.

In the present study, we investigated the balance
between stimulators and inhibitors of angiogenesis
in patients with diabetic retinopathy. Endostatin
seems to be significantly associated with the severity
of retinopathy in addition to VEGF, but this is the
first study to investigate the relationship between
this angiogenesis inhibitor and diabetic retinopathy.

 

Materials and Methods

 

Patients

 

We obtained samples of vitreous fluid from of 30
diabetic patients (18 men and 12 women) (35 eyes)
undergoing vitreous surgery. Their mean age was
54.9 years (range, 25–77 years) and the mean dura-

tion of diabetes was 13.2 years (range, 1–30 years).
The mean Hb

 

A1c

 

 value was 7.2% (range, 4.8–12.4%).
Vitreous fluid samples, 10 from nondiabetic patients
with ocular disease, were obtained. The nondiabetic
patients included 8 with macular hole and 2 with
epiretinal membrane; none of these 10 patients had
associated proliferative vitreoretinopathy. Undiluted
vitreous fluid samples and plasma samples were ob-
tained simultaneously from the patients. The vitreous
surgery and sampling were carried out at the Diabetes
Center of Tokyo Women’s Medical University. All pa-
tients gave informed consent. None of the patients had
undergone prior ocular surgery and none had a history
of intraocular inflammation.

The preoperative and operative findings were re-
corded. Clinical data, including the severity of dia-
betic retinopathy, were obtained from the surgeon at
the time of the operation on standard forms and
were confirmed by standardized fundus color pho-
tography and fluorescein angiography (FAG). The
severity of diabetic retinopathy was graded accord-
ing to the modified Early Treatment Diabetic Ret-
inopathy Study (ETDRS) retinopathy severity
scale.

 

26,27

 

 In particular, the severity of soft exudates,
intraretinal microvascular abnormalities (IRMA),
venous beading, venous loops, new vessels elsewhere
(NVE), new vessels on or within 1 disc diameter of
the disc (NVD), fibrous proliferation elsewhere
(FPE), vitreous hemorrhage, and retinal detachment
were graded according to the ETDRS system.

 

26

 

 The
stage of diabetic retinopathy was classified as panret-
inal photocoagulation (PRP) 

 

for

 

 treated eyes and
non-PRP 

 

for untreated

 

 eyes.
Vitrectomy was performed on 30 diabetic patients

(35 eyes) for the following conditions; 10 eyes had vit-
reous and/or preretinal hemorrhage, 7 eyes had retinal
detachment, 7 eyes had macular heterotropia, 10 eyes
had macular edema, and 1 eye had a macular hole.

The baseline assessment included an interview,
physical examination, and laboratory tests, as well as
assessment of the best-corrected visual acuity, in-
traocular pressure, and ocular fundus evaluation by
ophthalmoscopy, 10-field nonsimultaneous color
fundus photography, and FAG.

 

Sample Collection

 

After the sclerotomy ports were inserted, a vitre-
ous cutter was introduced and a sample of undiluted
vitreous (0.3–0.7 mL) was aspirated manually into a
disposable tuberculin syringe before turning on the
infusion and completing the surgical procedure. Vit-
reous samples were stored at 

 

�

 

80

 

�

 

C until assay.
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Plasma samples were also obtained from 30 of the
patients. Blood samples were immediately placed on
ice, clarified by centrifugation at 3,000 

 

g

 

 for 5 min-
utes at 4

 

�

 

C, and rapidly frozen at 

 

�

 

80

 

�

 

C until assay.
Our institutional review board approved the proto-
col for sample collection.

 

Measurement of VEGF, Endostatin, and PF-4

 

The concentrations of VEGF, endostatin, and PF-4
were measured by enzyme-linked immunosorbent
assay (ELISA) using immunoassay kits for human
VEGF, endostatin, and PF-4 (R&D Systems, Minne-
apolis, MN, USA; Cytimmune Sciences, Baltimore,
MD, USA, and Roche Diagnostics, Tokyo, respec-
tively).

 

28–30

 

The VEGF kit used could detect 2 of the 4 VEGF
isoforms (VEGF

 

121

 

 and VEGF

 

165

 

). Assays were per-
formed according to the manufacturers’ instructions.
The minimum detectable concentrations were 15.6
pg/mL, 0.95 ng/mL, and 1.0 pg/mL for VEGF, en-
dostatin, and PF-4, respectively, which meant that
the levels of these factors in vitreous fluid and
plasma were within the detectable range

 

Statistical Analysis

 

Analyses were performed with SAS Software
(SAS Institute, Cary, NC, USA).

 

31

 

 Results are pre-
sented as mean 

 

�

 

 SD or as the geometric mean 

 

�

 

SD for data shown on a logarithmic scale. To assess
the relationship between each angiogenic factor and
the ETDRS retinopathy severity, Spearman’s rank-
order correlation coefficient and the 95% confidence
interval were calculated. Two-tailed probability val-
ues of 

 

�

 

0.05 were considered to indicate statistical
significance.

 

Results

 

Severity of Retinopathy
and Vitreous Angiogenic Factors

 

Vitreous levels of VEGF, endostatin, and PF-4 in
diabetic patients were 812.0 

 

�

 

 635.0 pg/mL, 7.24 

 

�

 

4.42 ng/mL, and 16.9 

 

�

 

 12.5 pg/mL, respectively. Vit-
reous VEGF levels were significantly correlated with
the clinical severity of diabetic retinopathy (

 

�

 

 

 

�

 

 0.52,
P 

 

�

 

 .01, Figure 1A). Vitreous endostatin levels were
also significantly correlated with the clinical severity
of diabetic retinopathy (

 

�

 

 

 

�

 

 0.48, 

 

P

 

 

 

�

 

 .01, Figure 1B).
Although PF-4 was detected in the vitreous fluid, vit-
reous PF-4 levels were not significantly correlated
with the clinical severity of diabetic retinopathy (

 

�

 

 

 

�

 

0.12, 

 

P

 

 

 

�

 

 .59, Figure 1C). Vitreous levels of VEGF,
endostatin, and PF-4 in nondiabetic patients were

27.2 

 

�

 

 25.0 pg/mL, 5.84 

 

�

 

 3.25 ng/mL, and 17.4 

 

�

 

10.6 pg/mL, respectively. The mean vitreous level of
VEGF in diabetic patients was much higher than its
mean level in nondiabetic patients. The mean vitre-
ous level of endostatin and PF-4 in diabetic patients
was not higher than their mean level in nondiabetic
patients.

 

Fundus Findings and
Vitreous Angiogenic Factors

 

Among the fundus findings, the vitreous VEGF
level was significantly correlated with the grade of
soft exudates, IRMA, venous beading, venous loops,
NVE, and NVD (Table 1). In addition, the vitreous
endostatin level was significantly correlated with the
grade of IRMA, venous beading, NVE, and FPE
(Table 1). In contrast, there was no significant rela-
tionship between the vitreous PF-4 level and any of
the fundus findings (Table 1).

 

Vitreous and Plasma Angiogenic Factors

 

Plasma levels of VEGF, endostatin, and PF-4 were
55.0 

 

�

 

 44.8 pg/mL, 7.38 

 

�

 

 5.94 ng/mL, and 95.9 

 

�

 

9.98 pg/mL, respectively. Vitreous levels of VEGF,
endostatin, and PF-4 were not significantly corre-
lated with the plasma levels of these factors (

 

�

 

 

 

�

 

0.29, 

 

P

 

 

 

�

 

 .26, 

 

�

 

 

 

�

 

 0.04, 

 

P

 

 

 

�

 

 .92, 

 

�

 

 

 

�

 

 0.27, 

 

P

 

 

 

�

 

 .45, re-
spectively). The mean vitreous level of VEGF (812.0 

 

�

 

635.0 pg/mL) was much higher than its mean plasma
level (55.0 

 

�

 

 44.8 pg/mL). The vitreous levels of en-
dostatin were higher than the plasma levels in all the
patients with active proliferative diabetic retinopa-
thy (9.26 

 

�

 

 2.33 ng/mL). The mean vitreous level of
PF-4 (16.9 

 

�

 

 12.5 pg/mL) was much lower than its
mean plasma level (95.9 

 

�

 

 9.98 pg/mL) in all the dia-
betic patients.

 

Balance Between Angiogenic Factors

 

The vitreous level of VEGF was significantly cor-
related with the vitreous level of endostatin (

 

�

 

 

 

�

 

0.42, 

 

P

 

 

 

�

 

 .01, Figure 2A). The ETDRS retinopathy
severity ratings are stratified according to the vitre-
ous levels of VEGF and endostatin in Table 2. When
the vitreous level of VEGF was low (

 

�

 

800 pg/mL),
the ETDRS retinopathy rating was also low in eyes
with low vitreous levels of endostatin (

 

�

 

7 ng/mL),
while it was high in eyes with high vitreous levels of
endostatin (

 

�

 

7 ng/mL). On the other hand, when
the vitreous level of VEGF was high (

 

�

 

800 pg/mL),
the ETDRS retinopathy rating was high for eyes
with both low and high vitreous levels of endostatin.
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Vitreous levels of endostatin were not signifi-
cantly correlated with vitreous levels of PF-4 (

 

�

 

 

 

�
�

 

0.08, 

 

P

 

 

 

�

 

 .73, Figure 2B). There were no differ-
ences in the ETDRS retinopathy ratings for eyes
with low and high vitreous levels of endostatin and
PF-4 (data not shown). Vitreous levels of VEGF
were also not significantly correlated with vitreous
levels of PF-4 (

 

�

 

 

 

�

 

 

 

�

 

0.21, 

 

P

 

 � .35, Figure 2C). Like-
wise, there were no differences in the ETDRS retin-
opathy ratings between eyes with low and high vitre-
ous levels of PF-4 and VEGF (data not shown).

Vitreous levels of VEGF in non-PRP treated eyes
(1232.8 � 864.0 pg/mL) were significantly higher

than those in PRP treated eyes (612.6 � 427.4 pg/
mL) (P � .05). On the other hand, vitreous levels of
endostatin in PRP-treated eyes (8.24 � 4.88 ng/mL)
were not significantly higher than those in non-PRP
treated eyes (5.86 � 3.47 ng/mL) (P � .055).

Systemic Factors and
Vitreous Angiogenic Factors

The vitreous levels of VEGF were not significantly
correlated with age, duration of diabetes mellitus
(DM), and HbA1c (� � 0.12, P � .38, � � 0.21, P � .12,
� � 0.24, P � .08, respectively). The vitreous levels of

Figure 1. (left) Correlation between severity of diabetic
retinopathy and vitreous level of vascular endothelial
growth factor (VEGF). Severity of retinopathy was evalu-
ated using Early Treatment Diabetic Retinopathy Study
retinopathy severity scale. VEGF levels in vitreous fluid
were significantly correlated with severity of diabetic ret-
inopathy (� � 0.52, P � .01). (right) Correlation between
severity of diabetic retinopathy and vitreous levels of en-
dostatin. Endostatin levels in vitreous fluid were signifi-
cantly correlated with severity of diabetic retinopathy (� �
0.48, P � .01). (bottom) Correlation between severity of
diabetic retinopathy and vitreous level of platelet factor-4
(PF-4). PF-4 levels in vitreous fluid were not significantly
correlated with severity of diabetic retinopathy (� � 0.12,
P � .59).
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endostatin were also not significantly correlated with
the systemic factors (� � 0.18, P � .24, � � 0.19, P �
.22, � � 0.20, P � .18, respectively).

Discussion
Neovascularization is the most important event in

the development of proliferative diabetic retinopa-
thy. Prevailing evidence suggests that changes in the
relative balance of inducers and inhibitors of angio-
genesis may activate the angiogenic switch during tu-
morigenesis.13 In some tissues, the absence of angio-
genesis inducers may ensure that the switch remains
off, while inducers may be present in other tissues
but may be blocked by high levels of angiogenesis in-
hibitors. Thus, either reducing the levels of inhibi-
tors (eg, endostatin and PF-4) or increasing the level
of inducers (eg, secondary to induction of VEGF by
hypoxia) could alter the balance and activate angio-
genesis, leading to the growth of new blood vessels.13

According to previous studies, a number of angio-
genesis inducers are implicated in the pathogenesis
of proliferative diabetic retinopathy.1,2,7,9 However,
the role of the balance hypothesis and the participa-
tion of inhibitors in the pathogenesis of proliferative
diabetic retinopathy have not been investigated.

We simultaneously measured the vitreous and
plasma levels of VEGF, which is one of the most im-
portant angiogenesis stimulators, as well as the levels
of endostatin and PF-4 (angiogenesis inhibitors) in
diabetic patients. As a result, we demonstrated that
the vitreous levels of VEGF and endostatin were sig-
nificantly correlated with the severity of diabetic ret-
inopathy. Previous studies have shown that the lev-
els of many potent angiogenic factors are elevated in
the vitreous of patients who have proliferative dia-
betic retinopathy when compared with patients who

do not have proliferative retinopathy.14–19 For exam-
ple, the vitreous level of VEGF is elevated in pa-
tients with proliferative diabetic retinopathy.16–18

However, this was the first study, to our knowledge,
to detect both VEGF (an angiogenesis stimulator)
and endostatin (an angiogenesis inhibitor) in the vit-
reous, and to show that the vitreous levels of these
factors were correlated with the severity of diabetic
retinopathy.

Vitreous levels of VEGF were significantly corre-
lated with the grade of fundus findings such as soft
exudates, IRMA, venous beading, venous loops,
NVE, and NVD. Vitreous levels of endostatin were
also significantly correlated with the grade of IRMA,
venous beading, NVE, and FPE. However, the vitre-
ous levels of VEGF and endostatin were not signifi-
cantly correlated with the plasma levels of these fac-
tors. Vitreous levels of VEGF were much higher
than the plasma VEGF levels, but the vitreous level
of endostatin was similar to its plasma level. In dia-
betic retinopathy, VEGF production is induced by
local hypoxia, which is caused by occlusion of retinal
vessels.7,8,10 VEGF stimulates the growth of new ves-
sels and is believed to be involved in the pathogene-
sis of proliferative diabetic retinopathy. On the other
hand, the main inhibitor of angiogenesis in patients
with ischemic eye disease has not yet been deter-
mined. As far as we know, this is the first study to
show that endostatin (an angiogenesis inhibitor) is
significantly correlated with fundus findings such as
retinal ischemic changes (IRMA and venous bead-
ing) and proliferative changes (NVE and FPE), mak-
ing it a strong candidate as an angiogenesis inhibitor
in proliferative diabetic retinopathy. Endostatin in-
hibits VEGF-induced endothelial cell migration in
vitro and inhibits tumor growth in vivo.24 It seems
possible that the severity of diabetic retinopathy is

Table 1. Relationship Between Retinopathy Grade and Vitreous Levels of Vascular Endothelial Growth Factor (VEGF), 
Endostatin, and Platelet Factor 4 (PF-4)

Characteristic*

VEGF Endostatin PF-4

� P � P � P

Soft exudates 0.44 .04 0.26 .20 0.18 .41
IRMA 0.51 .01 0.49 .01 0.02 .92
Venous beading 0.51 .01 0.41 .04 0.21 .33
Venous loops 0.65 .001 0.30 .14 0.02 .91
NVE 0.45 .02 0.62 .001 0.09 .67
NVD 0.62 .001 0.35 .08 0.10 .63
FPE 0.35 .09 0.71 .0001 0.01 .96
Vitreous hemmorrhage 0.35 .09 0.29 .16 0.14 .52
Retinal detachment 0.21 .30 0.32 .15 0.14 .52

IRMA: intraretinal microvascular abnormalities, NVE: new vessels elsewhere, NVD: new vessels on or within 1 DD of the disc, FPE:
fibrous proliferation elsewhere.
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also related to the endostatin level in the vitreous
fluid; since endostatin blocks at one or more steps in
the VEGF-induced migration of cultured human um-
bilical vein cells and inhibits the growth of human renal
carcinoma in vivo at levels that are 1,000-100,000-fold
lower than those previously reported to be required
for its activity.24,32 In the present study, there was no
significant correlation between the vitreous and
plasma levels of VEGF, a finding that was in agree-
ment with an earlier report.33

Vitreous levels of VEGF were significantly corre-
lated with those of endostatin, and the vitreous level
of endostatin was higher in patients with severe pro-

liferative retinopathy than in those with mild prolif-
erative retinopathy. Furthermore, diabetic retinopa-
thy was mild in eyes with both a low vitreous level of
VEGF and a low level of endostatin, while retinopa-
thy was severe in eyes with high vitreous levels of
VEGF regardless of the level of endostatin. These
results suggest that the vitreous VEGF level in-
creases above the endostatin level in severe diabetic
retinopathy. It is possible that a change in the bal-
ance between VEGF and endostatin is implicated in
the pathogenesis of diabetic retinopathy.

There are several possibilities with respect to this
relationship: (1) both VEGF and endostatin may in-

Figure 2. (left) Correlation between vitreous levels of vas-
cular endothelial growth factor (VEGF) and endostatin.
Vitreous level of VEGF was significantly correlated with
that of endostatin (� � 0.42, P � .01). (right) Correlation
between vitreous levels of endostatin and platelet factor-4
(PF-4). Vitreous level of PF-4 was not significantly corre-
lated with that of VEGF (� � �0.08, P � .73). (bottom)
Correlation between vitreous levels of VEGF and PF-4.
Vitreous level of endostatin was not significantly corre-
lated with that of PF-4 (� � �0.21, P � .35).
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fluence the development of diabetic retinopathy; (2)
vitreous endostatin levels may contribute secondarily
to an increase of VEGF expression or secretion; (3)
VEGF activity may be much higher than endostatin
activity in severe proliferative diabetic retinopathy;
and (4) vitreous endostatin levels may show two pat-
terns in severe proliferative diabetic retinopathy (ei-
ther a high concentration or a low concentration). It
is unknown whether the increase of endostatin in the
vitreous fluid is secondary to enhanced production
in extraocular tissues and/or in the eye itself. It is
also unclear whether or not endostatin plays a role in
the pathogenesis of diabetic retinopathy.

In the present study, there was no relationship be-
tween the vitreous level of PF-4 and the severity of
diabetic retinopathy. PF-4 levels were not signifi-
cantly correlated with the fundus findings, including
the severity of vitreous hemorrhage. Furthermore,
the vitreous PF-4 level was lower than the plasma
level. Finally, we found no relationship between the
vitreous levels of PF-4 and VEGF. PF-4 is synthe-
sized by megakaryocytes and is usually sequestered
inside platelets.25 It displays anti-angiogenic activity in
vivo and can inhibit tumor growth without affecting
the proliferation of cancer cells.20 N-terminal pro-
cessed PF-4 exhibits a 30- to 50-fold greater inhibition
of endothelial cell growth than native PF-4,21 and PF-4
has been shown to inhibit the VEGF-induced prolif-
eration of vascular endothelial cells.22 The molecular
weights of PF-4, VEGF, and endostatin are 29 kD, 23
kD, and 20 kD, respectively. Despite these findings, it

seems that PF-4 is not involved in the pathogenesis of
diabetic retinopathy.

In conclusion, the present study showed that the
vitreous levels of VEGF and endostatin were corre-
lated with the severity of diabetic retinopathy and
with the fundus findings, but were not correlated with
the plasma levels of these factors. These findings sug-
gest that the balance between VEGF (an angiogenesis
stimulator) and endostatin (an angiogenesis inhibitor)
may determine whether or not angiogenesis occurs in
proliferative diabetic retinopathy.
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