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Background: Proliferative diabetic retinopathy (PDR) may be
a response to abnormal angiogenic growth factors such as
vascular endothelial growth factor (VEGF), angiopoietin-2
(Ang-2), and the soluble angiopoietin receptor tie-2. The
authors hypothesised the following: (a) there are differences
in plasma levels of these growth factors in different grades of
diabetic retinopathy; and (b) that the effects of intervention
with panretinal laser photocoagulation (PRP) for PDR, and
angiotensin receptor blockade (using eprosartan) for patients
with other grades of diabetic retinopathy will be to reduce
levels of the growth factors.
Methods: Cross sectional and interventional study (using PRP
and eprosartan) in diabetic patients. VEGF, Ang-2, and tie-2
were measured by ELISA.
Results: VEGF (p,0.001) and Ang-2 levels (p,0.001) were
significantly higher in 93 diabetic patients compared to 20
healthy controls, with the highest levels in grade 2 and grade
3 diabetic retinopathy (p,0.05). Tie-2 was lower in diabetics
compared to controls (p = 0.008), with no significant
differences between the diabetic subgroups. Overall, VEGF
significantly correlated with Ang-2 (p,0.001) and tie-2
(p = 0.004) but the correlation between Ang-2 and tie-2
levels was not significant (p = 0.065). Among diabetic
patients only, VEGF levels were significantly correlated with
Ang-2 (p,0.001) and tie-2 (p,0.001); the correlation
between Ang-2 and tie-2 levels was also significant
(p,0.001). There were no statistically significant effects of
laser photocoagulation on plasma VEGF, Ang-2, and tie-2 in
the 19 patients with PDR, or any effects of eprosartan in the
28 patients with non-proliferative diabetic retinopathy.
Conclusion: Increased plasma levels of VEGF and Ang-2, as
well as lower soluble tie-2, were found in diabetic patients.
The highest VEGF and Ang-2 levels were seen among
patients with pre-proliferative and proliferative retinopathy,
but there was no relation of tie-2 to the severity of
retinopathy. As the majority of previous research into Ang-
2 and tie-2 has been in relation to angiogenesis and
malignancy, the present study would suggest that Ang-2 and
tie-2 may be used as potential indices of angiogenesis in
diabetes mellitus (in addition to VEGF) and may help
elucidate the role of the angiopoietin/tie-2 system in this
condition.

S
evere visual impairment associated with diabetic retino-
pathy is primarily a result of diabetic maculopathy or a
sequel of retinal neovascularisation, leading to vitreous

haemorrhage and/or tractional retinal detachment. In dia-
betic patients, some of the earliest pathophysiological
retinovascular changes include selective loss of capillary
pericytes, impairment of retinal vascular autoregulation, and
the failure of the capillary circulation.1 These changes
subsequently lead to increased retinal vascular permeability,
chronic retinal hypoxia and extensive retinal ischaemia,
eventually resulting in retinal neovascularisation. These
processes are thought to be mediated by various growth
factors, such as vascular endothelial growth factor (VEGF).2 3

More recently, oncology research has identified other
growth factors, such as those of the angiopoietin family,
that appear to have a major role in angiogenesis and
metastasis.4 5 The roles of two members of the angiopoietin
family, angiopoietin-1 and angiopoietin-2 (Ang-1 and Ang-2)
are becoming increasingly understood, and may act alongside
VEGF in tumour angiogenesis, as well as in retinal
neovascularisation.6 Indeed, VEGF has been shown to be
responsible for the initiation of angiogenesis through
recruitment and proliferation of endothelial cells, a process
that Ang-1 potentiates.7 8 The angiopoietins interact with the
endothelium via endothelial cell specific tyrosine kinase
receptors, tie-1 and tie-2. The role of the tie-2 receptor has
been examined in neovascularisation associated with malig-
nancy, and soluble tie-2 has been detected in the plasma of
patients with vascular disease,9 but we are not aware of
previous data on plasma Ang-2 and tie-2 levels in patients
with diabetes, and the relation with diabetic retinopathy.
Pan retinal laser photocoagulation is the current manage-

ment for proliferative diabetic retinopathy, although the
possibility that drug treatment (for example, with drugs that
block the renin-angiotensin system) is an attractive option.
In non-hypertensive patients aged 20–59 with little or no
nephropathy and with type 1 diabetic, a recent 2 year
randomised double blind placebo controlled trial using
retinal photographs at baseline and follow up (24 months)
reported a reduction in the progression of retinopathy, as well
as less development of proliferative retinopathy, in patients
treated with the angiotensin converting enzyme (ACE)
inhibitor, lisinopril.10

VEGF is a potent angiogenic growth factor. Raised plasma
levels of this growth factor in patients with cancer may relate
to ongoing angiogenesis.11 In the eye, numerous types of
retinal cells are recognised to produce VEGF, including
retinal pigment epithelial cells, pericytes, endothelial cells,
Muller cells, and astrocytes.12 13 Intraocular VEGF levels have
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also been studied in animal models and human vitreous
fluid, where the levels are found to be high in patients with
active intraocular neovascularisation, such as proliferative
diabetic retinopathy, ischaemic central retinal vein occlusion,
rubeosis iridis, and retinopathy of prematurity.12 We recently
reported a small pilot study of 18 patients with proliferative
retinopathy (secondary both to diabetes and retinal vein
occlusion), who had significantly raised plasma VEGF levels
when compared to diabetics with background retinopathy
only and healthy controls.14 Following panretinal laser
photocoagulation of the patients with proliferative retino-
pathy, there was a significant reduction in plasma VEGF
levels at 4 months follow up.
The aim of this study was to extend our previous pilot data

in patients with proliferative retinopathy, with the following:
(a) a cross sectional study in diabetic patients only,
examining the relation of VEGF, Ang-2, and the soluble
angiopoietin receptor tie-2 to different grades of diabetic
retinopathy; and (b) to assess the effects of intervention with
panretinal laser photocoagulation (PRP) for proliferative
diabetic retinopathy, and angiotensin receptor blockade
(using eprosartan) for patients with other grades of diabetic
retinopathy.

PATIENTS AND METHODS
Patients with proliferative retinopathy secondary to diabetes
with no previous PRP therapy were recruited from the
medical retina and diabetic clinics. Patients with type 1
diabetes with pre-proliferative retinopathy and background
diabetic retinopathy were recruited if their resting diastolic
blood pressure was .80 mm Hg and/or systolic blood
pressure .130 mm Hg. Patients with type 2 diabetes with
background diabetic retinopathy who had not received
previous laser therapy were also studied. The diagnosis of
proliferative retinopathy was made on slit lamp biomicro-
scopy with the aid of fluorescein angiography in doubtful
cases. Trained photographers took fundus photographs of
two 50˚ fields of each eye centred on the macula temporal
and disc nasal. The diabetic retinopathy was graded accord-
ing to the worse affected eye by masked expert observers
using retinal photographs. Based on the modified Airlie
House photographic classification, retinopathy was graded as
grade 1 or non-proliferative retinopathy, grade 2 or pre-
proliferative retinopathy, and grade 3 or proliferative retino-
pathy.15

Twenty eight patients with proliferative retinopathy under-
went PRP, and were re-examined at 2 months. Nineteen
patients with pre-proliferative retinopathy, and background
diabetic retinopathy, who are not taking an ACE inhibitor or
angiotensin receptor antagonist at baseline, were treated
with eprosartan 600 mg daily, and the dose increased over
2 weeks to 800 mg, if diastolic blood pressure was more than

80 mm Hg at a 1 week visit. Patients were also re-examined
and had repeat blood samples for research indices at
2 months.
Exclusion criteria for all subjects were a history of renal

or liver impairment, malignancy, cardiovascular disease
(previous myocardial infarction, stroke, peripheral artery
disease), uncontrolled hypertension (.160/95 mm Hg), con-
nective tissue disease, deep vein thrombosis, or pulmonary
embolism (confirmed, where appropriate, by laboratory
tests). Baseline blood samples were compared to healthy
control subjects recruited from those attending hospital for
non-acute minor surgical conditions, such as cataract surgery
and hernia surgery, and from members of the hospital staff.
None of the patients or healthy controls had a history of renal
or liver disease, malignancy, connective tissue disease, deep
vein thrombosis, or pulmonary embolism. The project had the
approval of the ethics committee of West Birmingham Health
Authority and all patients gave informed consent to the
study.
A 20 ml blood sample was taken at baseline and in those

undergoing with intervention with PRP or eprosartan, at
2 months. VEGF, tie-2, and Ang-2 were measured by ELISA
using commercial reagents.9 10

Power calculations and statistical analysis
Based on our pilot study,13 we calculated that 18 patients and
18 controls would have 90% power at the p,0.01 significance
level to detect a change of one standard deviation in VEGF
levels. As growth factor data are non-parametrically dis-
tributed, it is presented as median (IQR, interquartile range).
Differences between patients and healthy controls were
compared using the one way analysis of variance (ANOVA)
or Kruskal-Wallis test as appropriate, while paired compar-
isons between levels at baseline and 4 months post-laser/
drug were compared using the paired Wilcoxon test. Data
were correlated using Spearman’s rank method. Data were
entered onto a computerised database and statistical calcula-
tions performed on a microcomputer using a commercially
available statistical package (Minitab version 12 for
Windows, Minitab Inc, State College, PA, USA). A value of
p,0.05 was considered significant in all statistical analyses.

RESULTS
Plasma VEGF levels (p,0.001) and Ang-2 levels (p,0.001)
were significantly higher in diabetic patients compared to
controls, with the highest median levels in grade 2 and grade
3 diabetic retinopathy (Tukey’s post hoc test after log
transformation, p,0.05) (table 1). Levels of tie-2 were lower
in diabetics compared to controls (p=0.008), with no
significant differences between the diabetic subgroups
(Tukey’s post hoc test after log transformation, p.0.05)
(table 1).

Table 1 Plasma vascular endothelial growth factor, angiopoietin-2, and soluble angiopoietin receptor tie-2 in diabetic
retinopathy

Healthy controls

Diabetic retinopathy

p ValueGrade 1 Grade 2 Grade 3

Number 20 38 22 33
Males (n) 12 25 11 25
Age (years) 54.5 (15.3) 61.6 (14.7) 61.6 (14.1) 61.3 (13.8) 0.275
VEGF (pg/ml) 29 (25–58) 110 (68–170) 140 (120–208) 140 (60–275) ,0.001
Ang-2 (ng/ml) 1.2 (0.75–1.75) 1.7 (1.4–2.3) 2.4 (1.6–5.1) 2.3 (1.6–4.0) ,0.001
tie-2 (ng/ml) 7.8 (6.1–9.3) 3.0 (2.0–5.4) 4.0 (2.5–8.2) 4.0 (2.0–10.0) 0.008

Data presented as median and IQR, comparisons using the Kruskal-Wallis test.
Grade 1, non-proliferative retinopathy; grade 2, preproliferative retinopathy; grade 3, proliferative retinopathy.
VEGF, vascular endothelial growth factor; Ang-2, angiopoietin-2; tie-2, soluble angiopoietin receptor tie-2.
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Correlations
In the patients and controls, VEGF levels were significantly
correlated with Ang-2 (r=0.587, p,0.001) and tie-2
(r=0.27, p=0.004). However, the correlation between
Ang-2 and tie-2 levels was not significant (r=0.178,
p=0.065). Age only significantly correlated with Ang-2
levels (r=0.234, p=0.013). Among diabetic patients only,
VEGF levels were significantly correlated with Ang-2
(r=0.442, p,0.001) and tie-2 (r=0.518, p,0.001). The
correlation between Ang-2 and tie-2 levels was significant
(r=0.509, p,0.001). There were no correlations with age
among the diabetic subgroup.

Effects of intervention
There were no statistically significant effects of laser
photocoagulation on plasma VEGF, Ang-2, and tie-2 levels
in the 19 patients with proliferative diabetic retinopathy
(table 2). Similarly, there were no statistically significant
effects of eprosartan in the 28 patients with non-proliferative
diabetic retinopathy (table 3).

DISCUSSION
In this study, we have confirmed previous observations of
increased plasma VEGF levels in diabetic patients, as well as
previous observations of higher plasma VEGF levels in
patients with more severe retinopathy,13 with the highest
median VEGF levels among patients with pre-proliferative
and proliferative retinopathy (grades 2 and 3). We also show,
for the first time, that Ang-2 levels are increased in diabetics,
with the highest levels among patients with grade 2 and 3
retinopathy. Furthermore, we also demonstrate that soluble
tie-2 levels are lower among diabetics than controls, with no
relation to the severity of retinopathy.
VEGF correlated with both Ang-2 and tie-2 among

diabetics and in the whole study cohort, in keeping with
these three indices being possible indices of angiogenesis.
Interestingly, the correlation between Ang-2 and tie-2 was
only significant in the diabetic patients, as has previously
been shown in cancer patients.10 We have previously reported
plasma tie-2 levels to be higher in patients with coronary
artery disease compared to healthy controls, as well as a
significant correlation between tie-2 and VEGF in this patient
group (Spearman r=0.59, p,0.001).15 That levels of tie-2
correlate with other angiogenic markers is consistent with
work suggesting interactions between the VEGF and angio-
poietin families of growth factors and receptors.10 Certainly,
Ang-2 appears to be an antagonist to tie-2, and in tumour
models, high expression of Ang-2 coincides with vessel

regression and high levels of VEGF at the tumour margin—in
keeping with robust angiogenesis.16 Indeed, Ang-2 may cause
destabilisation of the vascular network, promoting the
greater expression of VEGF.
In contrast with our previous pilot study,14 there was no

significant reduction in VEGF levels after panretinal photo-
coagulation in the present study. Our previous pilot study
included patients with proliferative retinopathy secondary to
both diabetes and retinal vein occlusion, while the present
study was confined to diabetic patients only and significant
cardiovascular disease or hypertension were exclusion cri-
teria. Many patients in the present cross sectional study were
also treated with ACE inhibitors at baseline (reflecting
current clinical practice), and pre-intervention VEGF levels
were also much lower that than reported in our pilot study,
making a substantial change secondary to intervention more
difficult to show. These reasons may also account for the
corresponding lack of effect of panretinal photocoagulation
on Ang-2 and tie-2 levels.
Similarly, we failed to show a significant effect of

eprosartan on our research indices in patients with pre-
proliferative diabetic retinopathy. In our previous study in
hypertensive patients (a minority of whom had concomitant
diabetes), treatment with either an ACE inhibitor or losartan
resulted in a significant reduction in plasma VEGF levels,17

although we are not aware of any previous published data on
the effect of angiotensin receptor blockers on Ang-2 or tie-2
in diabetes.
This study is limited by its cross sectional design and

numbers in the intervention arms are relatively small. It is
possible that patients with diabetes had significant under-
lying atherosclerotic vascular disease, although we attempted
to exclude such patients to minimise confounding effects.
In conclusion, we have shown increased plasma levels of

VEGF and Ang-2, as well as lower soluble tie-2, in diabetic
patients. The highest median VEGF and Ang-2 levels were
seen among patients with pre-proliferative and proliferative
retinopathy, but there was no relation of tie-2 to the severity
of retinopathy. As the majority of previous research into Ang-
2 and tie-2 has been in relation to angiogenesis in
malignancy, and the present study would suggest that Ang-
2 and tie-2 may be used as a potential indices of angiogenesis
in diabetes mellitus (in addition to VEGF) and may help
elucidate the role of the angiopoietin/tie-2 system in this
condition.
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