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Abstract
¢ AIM: To determine the effects of laser photocoagulation
on serum levels of angiopoietin -1 (Ang -1),

angiopoietin -2 (Ang-2), soluble angiopoietin receptor
Tie -2 (Tie -2), Ang -1/Ang -2 ratio and vascular
endothelial growth factor (VEGF) in patients with type 2
diabetes mellitus (T2DM) and proliferative diabetic
retinopathy (PDR). We also explored the role of the Ang/
Tie system in PDR.

* METHODS: Totally 160 patients with T2DM, including 50

patients with non-diabetic retinopathy (NDR), 58 patients
with non—proliferative diabetic retinopathy (NPDR), and
52 patients with PDR were enrolled in this study. Serum
Ang -1, Ang -2, Tie-2 receptor and VEGF levels were
measured using enzyme -linked immunosorbent assays
for all patients and were repeated in 26 patients who
underwent laser photocoagulation two months after the
procedure.

¢ RESULTS: The median levels of Ang-2 and VEGF in serum

were significantly higher in the NPDR group (4.23 ng/mL
and 303.2 pg/mL, respectively) compared to the NDR group
(2.67 ng/mL and 159.8 pg/mL, respectively, ~<0.01), with
the highest level in the PDR group (6.26 ng/mL and
531.2 pg/mL, respectively, 2<0.01). The median level of
Ang-1 was significantly higher in the NPDR group (10.77
ng/mL) compared to the NDR group (9.31 ng/mL) and the
PDR groups (9.54 ng/mL) (/~<0.05), while no difference
was observed between the PDR and NDR groups. Ang-1/
Ang-2 ratio of PDR group was lowest in three groups (1.49
vs 2.69 and 2.90, both #<0.01). The median level of Tie-2
was not significantly different among three groups ( ~>0.05).
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Ang-2 was positively correlated with VEGF and Tie-2 in
the PDR and NPDR groups (both A<0.05). Among the 26
patients who underwent laser photocoagulation, serum
Ang-2 and VEGF levels significantly decreased (both
P <0.05), whereas serum Ang-1 level and Ang-1/Ang-2
ratio were weakly increased (/>0.05). The median levels
of Ang-2 and VEGF in serum were highest in PDR group,
however, Ang-1/Ang-2 ratio of PDR group was lowest in
three groups.

¢ CONCLUSION:

serum Ang-2 and VEGF levels. The Ang/Tie system and
VEGF play an important role in the development and
progression of T2DM patients with PDR.

Laser photocoagulation can reduce
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INTRODUCTION
D iabetic retinopathy (DR) is a common microvascular
complication of diabetes. It can lead to blindness and
severely impairs the quality of life of diabetic patients. The
onset and progression of DR involve various mechanisms
including disorders in blood coagulation and hemodynamics,
oxidative stress, as well as multiple neovascularization-
stimulating cytokines such as vascular endothelial growth
factor (VEGF), epidermal growth factor and angiopoietin
(Ang) M. Of these, VEGF is a key regulatory factor.
Microcirculatory disorders result in retinal hypoxia, which
ultimately increase VEGF expression rzz multiple pathways,
and thus play a key role in the development of proliferative
diabetic retinopathy (PDR). Recent research has shown that
Ang is also an important factor that regulates the growth of
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new blood vessels.

The Ang family consists of a group of angiogenic factors
including Ang-1, Ang-2, Ang-3 and Ang-4. All members of
this family bind to the tyrosine kinase with immunoglobulin
and epidermal growth factor homology domains (Tie-2) on
endothelial cells. Ang-1 and Ang-2 have been relatively well
studied. Binding of Ang-1 or Ang-2 to the Tie-2 receptor on
endothelial cells, induces its phosphorylation, which regulates
physiological and pathological vascularization by Ang/Tie
showed that,
diabetes-associated damage of the blood-retinal barrier was
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pathway
inhibited by Ang-1 in a dose-dependent manner, indicating
that Ang-1 has a protective effect against DR P9, While
Ang-2 was found to enhance vascular budding and increase
vascular permeability, then causes the pathological changes
in retinopathy. They act in an agonistic or antagonistic
manner . So, the balance between Ang-1 and Ang-2,
together with Ang/Tie signaling pathways, play essential
roles in angiogenesis of retina. Recent publication showed
that Ang-2 levels were significantly increased in the DR
patients, but few involve the relation of Ang-1/Ang-2 ratio
with the DR.

The development of new vessels marks the onset of PDR.
Recent studies have shown that the expression of Ang-2 and
VEGF in the retina are increased in PDR. Ang-2 and VEGF
have synergistic effects in terms of promoting vascular
permeability and together stimulate retinal neovascularization®,
According to Peters e 2/ ¥, treating pig retinal vascular
endothelial cells with Ang-2 or VEGF alone increased the
permeability of retinal vascular endothelial cells by 30%-100%.
However, when the cells were treated with VEGF and Ang-2
simultaneously, permeability increased by 300%, suggesting
that vascular permeability is remarkably increased in the
presence of both VEGF and Ang-2.

Laser photocoagulation is currently the most effective way to
treat PDR. However, the effects of this procedure on Ang-1,
Ang-2 and VEGF remain unclear. Since hypoxia can
upregulate the expression of VEGF and Ang-2, we
speculated that the improvements in hypoxia following laser
photocoagulation may downregulate VEGF and Ang-2 levels.
Therefore, in this study, we measured serum levels of Ang-1,
Ang-2, Tie-2 receptor, VEGF and calculate the ratio of
Ang-1 to Ang-2 before and after laser photocoagulation to
investigate the role of the Ang/Tie system in PDR.
SUBJECTS AND METHODS

Patients A total of 160 inpatients who were treated in our
department between February 2011 and January 2012 were
enrolled in this study. Type 2 diabetes mellitus (T2DM) was
diagnosed based on the 1999 World Health Organization
criteria. The staging of retinopathy was based on the DR
staging criteria established at the 1985 National Conference

on Fundus Disease. DR was divided into non-PDR group and
PDR group. Based on these criteria, the patients consisted of
50 patients (30 males and 20 females) with non-DR group,
58 patients (32 males and 26 females) with NPDR group, and
(30 males and 22 females) with PDR group.
Twenty-six patients with PDR (14 males and 12 females)

52 patients

underwent laser photocoagulation, and the same parameters
were measured 2mo after the procedure (PDR-LP group). DR
was confirmed by fundus fluorescein angiography, which was
performed by the same ophthalmologist at the Department of
Ophthalmology in our hospital. All of the patients were naive
to retinal laser photocoagulation. Patients with liver or kidney
dysfunction, cancer, cerebrovascular disease (including
myocardial infarction, cerebral infarction, and peripheral
vein thrombosis, uncontrolled

artery disease), deep

hypertension  (>160/95 mm Hg) or who were using
angiotensin-converting enzyme inhibitors were excluded
from this study. All patients were fully informed and sign the
consent form. The study was approved by the Ethics
Committee of Shaoxing People's Hospital.

Methods Physical examination findings and medical history
were recorded for all subjects. After an overnight fast of 10h,
the patients were asked to rest for 20min and venous blood
samples were taken for biochemical tests, including fasting
plasma glucose (FPG), complete blood count, triglyceride
(TG), total cholesterol (TC), low density lipoprotein
(LDL-C), glycosylated hemoglobin (HbAlc), liver and
kidney function. Blood pressure (systolic blood pressure,
SBP; diastolic blood pressure, DBP), body weight, and body
height were measured, and body mass index (BMI) was
calculated. Then 75 g oral glucose tolerance were performed
(2h post-load glucose, 2hPG). Ophthalmic examination,
fundus fluorescein angiography, electrocardiography, chest
radiography, abdominal B-ultrasound scanning and other
examinations were also performed.

For measurement of Ang-1, Ang-2, VEGF, and Tie-2, serum
samples were separated by centrifuging blood at 2000 r/min
for 15min, and stored at -80°C. Enzyme-lined immunosorbent
(Boster,
absorbance measured using a Biochrom Anthos 2010
Microplate Reader (Autobio, Zhengzhou, China). Standard
products and quality control products provided in each kit

assays Wuhan, China) were performed and

were used to limit measurement error. Other laboratory
parameters included TG
method), TC
chromatography assay), FPG and 2hPG (glucose oxidase
method).

Statistical Analysis

(glycerol phosphate oxidase
(enzymatic colorimetry), HbAlc (affinity

Continuous data are expressed as
mean *standard deviation. Ang-2 and VEGF levels are
medians  (IQR) because

represented  as they were
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Table 1 Patient characteristics

Items NDR (7=50) NPDR (7=58) PDR (n=52) F P
Age (a) 51.1+£12.0 53.849.9 54.2+10.2 1.277 0.282
Duration of diabetes (a) 2.52+4.01 3.98+3 .85 6.6£6.71% 8.621 0.000
BMI (kg/m?) 23.643.6 23.943.0 23.943.5 0.151 0.860
SBP (mm Hg) 121414 126+14 128416 2.677 0.072
DBP (mm Hg) 73.7+8.1 75.3+7.7 76.6+8.3 1.693 0.187
HbAIC (%) 9.97+2.35 9.1842.37 9.012.38 2.417 0.093
FPG (mmol/L) 11.73+4.21 11.4543.36 11.35+4.41 0.120 0.887
2hPG (mmol/L) 22.74+6.14 22.53+6.04 21.95+45.95 0.237 0.789
TC (mmol/L) 5.1241.25 5.05+1.27 5.7242.14 2.801 0.064
TG (mmol/L) 1.65+0.90 1.69+1.19 2.65+3.86 2.981 0.054
LDL-C (mmol/L) 2.69+0.78 2.66+0.90 3.04+1.40 2.229 0.111

#P<0.01 vs NDR; © P<0.05 vs NPDR.

Table 2 Serum Ang-1, Ang-2, VEGF, Tie-2, and Ang-1/Ang-2 ratio levels among the NDR group, NPDR

group, and PDR group

Items NDR (7=50) NPDR (7=58) PDR (n=52) X P

Ang-1 (ng/mL)  9.31(7.79-11.64)  10.77 (9.01-12.07) 9.54 (8.64-11.4) 8.742 0.013
Ang-2 (ng/mL) 2.67 (1.41-4.25) 423 (2.51-5.48)° 6.26 (4.16-8.01)>9 37.033 0.000
Ang-1/Ang-2 2.90 (1.94-6.40) 2.69 (1.81-4.45) 1.49 (1.21-2.20)>¢ 27.955 0.000
VEGF (pg/mL)  159.8 (40.8-376.4) 3032 (80.1-527.1)*  531.2/(299.2-867.6)*¢  28.541 0.000
Tie-2 (ng/mL) 3.54 (2.84-4.45) 3.69 (3.18-4.41) 3.91 (2.65-5.38) 0.910 0.635

4p<0.05 and *P<<0.01 vs NDR; 4P<0.01 vs NPDR.

non-normally distributed. Comparisons among three groups
were performed using analysis of variance (ANOVA) or
Kruskal-Wallis test depending on the distribution of the
parameter. Comparisons between two groups were performed
using Wilcoxon test. Spearman's correlation test was
performed to assess possible association among Ang-1,
Ang-2, VEGF and Tie-2 levels. Logistic regression analyses
was used to identify factors associated with DR. Data were
analyzed using SPSS 13.0 software. Values of 2<0.05 were
considered statistically significant.

RESULTS

Patient Characteristics As is shown in Table 1, the age,
blood pressure, HbAlc, TC, TG, BMI, FPG and 2hPG were
not significantly different among the NDR, NPDR and PDR
groups (all Z2>0.05). However, the duration of diabetes was
significantly longer in the PDR group than in the NPDR
(£<0.01) and NDR (2<0.05) groups.

Comparison of Serum Ang-1, Ang-2, VEGF and Tie-2
levels As is shown in Table 2 and Figure 1, Ang-2 and
VEGF levels were significantly different among the NDR,
NPDR and PDR groups (both 2 <0.01). The median Ang-2
and VEGF levels in the PDR group (6.26 ng/mL and
531.2 pg/mL, respectively) were significantly higher than
those in the NPDR group (4.23 ng/mL and 303.2 pg/mL,
respectively) and NDR group (2.67 ng/mL and 159.8 pg/mL,
respectively) (all #<0.01). They were also higher in the
NPDR group than in the NDR group (both #<0.01). By
comparison, the median Ang-1 level was not significantly
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Figure 1 Serum Ang-2 , Ang-1, and Tie-2 levels among the
NDR group, NPDR group, and PDR group.

different between the PDR and NDR groups (9.54 »s
9.31 ng/mL), but was significantly higher in the NPDR group
(10.77 ng/mL, 2<0.05 ws PDR and NDR). No significant
differences were found in Tie-2 levels among the NDR
(3.54 ng/mL), NPDR (3.69 ng/mL) and PDR groups
(3.91 ng/mL) (£2>0.05).

Comparison of the Levels of Ang—1/Ang-2 Ratio As is
shown in Table 2, the ratio of Ang-1/Ang-2 in PDR group
(149, range 1.21-2.20) were significantly decreased
compared to NDR (2.69, range 1.81-4.45) and NPDR group
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Table 3 Effects of laser photocoagulation on serum Ang-1, Ang-2, VEGF, Tie-2 and Ang-1/Ang-2 ratio levels

in patients with PDR

Before laser

After laser

Ttems photocoagulation photocoagulation Z P

Ang-1 (ng/mL) 9.57 (8.97-11.56) 9.93 (8.73-11.18) -0.826 0.409

Ang-2 (ng/mL) 6.60 (3.13-7.34) 6.37 (2.55-7.37)* -2.019 0.043

Ang-1/Ang-2 1.45 (1.25-2.33) 1.51(1.27-2.78) -1.740 0.082

VEGF (pg/mL) 487.8 (317.9-837.0) 451.4 (323.4-710.5) -2.095 0.036

Tie-2 (ng/mL) 3.05(2.43-4.03) 3.04 (2.27-3.66) -1.689 0.091
4P<0.05 vs the pre-operative level.

(2.90, range 1.94-6.40), (=-4.612, -4.479, respectively,
both 2<0.01). But was not significantly difference between
NPDR and NDR (Z=-0.949, 2=0.343). The Ang-1/Ang-2
ratio in PDR group was approximately half that in NDR
group.

Correlation Analysis In PDR group, Spearman correlation
analysis showed that Ang-2 was positively correlated with
VEGF (,=0.301, 2=0.03) and Tie-2 (r=0.278, 2=0.046).
Similarly, Ang-2 waspositively correlated with VEGF (»=0.381,
£=0.003) and Tie-2 (- =0.284, #=0.031) in the NPDR
group. By comparison, Ang-2 was positively correlated with
VEGF (7 =0.288, 2=0.043) but not with Tie-2 (=0.084,
£=0.573) in the NDR group. Ang-2 was not correlated with
age or FPG in any of the three groups.

Effects of Laser Photocoagulation on Ang-1, Ang -2,
VEGF, Tie-2 and Ang-1/Ang-2 Ratio Levels Serum
Ang-2 and VEGF levels significantly decreased after laser
photocoagulation (both 2~ <0.05; Table 3). In contrast, Ang-1
level and the Ang-1/Ang-2 ratio increased after laser
photocoagulation, although this change did not reach
statistical significance (/2 >0.05).

Multivariate Logistic Regression Analysis Multivariate
logistic regression analysis was performed using DR as the
dependent variable (yes=1, no=0) and age, duration of
diabetes, BMI, SBP, DBP, FPG, 2hPG, HbAlc, TC, TG,
Ang-1, Ang-2, Tie-2 and VEGF as independent variables.
This analysis revealed that Ang-2 (B3=-0.402, Z=0.002),
VEGF (3=-0.002, £~=0.028), duration of diabetes (=-0.124,
£ =0.033) and HbAlc (B=-0.106, /2 =0.043) were
independent risk factors for DR.

DISCUSSION

The pathological changes associated with DR include
selective loss of retinal capillary pericytes, microaneurysm
formation, vascular leakage and neovascularization. The
pathogenetic mechanisms are complicated. Recent studies on
its pathogenetic mechanisms have mainly focused on growth
factors, particularly VEGF and Ang-2. It has consistently
been reported that the levels of Ang-2 and VEGF in the
retina and serum are increased during DR U, The
of Ang-2 and VEGF promote

synergistic ~ actions

hypoxia-induced retinal neovascularization, a pathological
feature of PDR. Although both Ang-2 and VEGF are
associated with the severity of retinopathy and their serum
levels increase remarkably during PDR, the Ang-1/Ang-2
ratio and the changes of these parameters after laser
photocoagulation remain unclear.

In the present study, we found that the serum Ang-2 and
VEGF levels were significantly higher in patients with PDR
or NPDR than in patients without DR (zZe NDR group).
These levels were also higher in the PDR group than in the
NPDR group, suggesting that serum Ang-2 and VEGF levels
are associated with the severity of DR. According to
Hackett ez 2/™), the expression of Ang-2 on the surface and
in the inner nuclear layer of the retina increased either during
embryonic development of the retina and during pathologic
neovascularization in adults. Another study revealed that
Ang-2 can promote the formation and development of new
vessels in retina in response to hypoxia . Hence, Ang-2 is
associated with pathologic neovascularization in patients with
PDRM™,

Ang-2 and VEGF levels were significantly correlated with
Tie-2 level, suggesting that the Ang/Tie signaling system may
interact with VEGF during the development of DR.
Microcirculatory disorders result in retinal hypoxia, which
lead to increased VEGF expression. In addition, VEGF and
hypoxia can upregulate the expression of Ang-2 [,
Therefore, VEGF and Ang-2 seem to interact with each other
studies
demonstrated that the effect of Ang-2 on vessels is dependent
on the presence of VEGF Pl In the absence of VEGF,
Ang-2 suppresses the ability of Ang-1 to phosphorylate Tie-2,

to promote neovascularization. Many have

and thus cause vascular degeneration and endothelial cell
apoptosis. In the presence of VEGF, Ang-2 promotes
vascularization, which is accompanied by increased vascular
permeability. Therefore, the synergistic effects of Ang/Tie
and VEGEF should be carefully considered when attempting to
reduce vascular permeability in DR

We also found that the serum Ang-1 level was significantly
higher in patients with NPDR than in those without DR and
those with PDR. This suggests that serum Ang-1 levels

651



Angiopoietin and Tie-2 levels in proliferative diabetic retinopathy

increase during early DR, which may represent an adaptive
compensatory mechanism to promote/support cellular repair,
maintain the integrity of endothelial cells, promote the
maturation and stabilization of new microvessels, and
strengthen the integrity of the vascular structure 5. Since
both of the Ang-1 and Ang-2 compete for the same Tie-2
receptor and cause apposite effects concerning angiogenesis,
therefore, it is not sufficient to measure only one angiopoietin®.
In the study of malignant melanoma, decreased Ang-1/Ang-2
ratio made angiogenesis more easy, and showed progression
of the tumor P, So we calculated the ratio between the two
antagonistic angiooietin, which may be a better parameter to
assess the balance of the ongoing angiopoietin process.
According to our measurement, the ratio of Ang-1/Ang-2
began to decline when at NPDR stage, suggesting that the
balance between Ang-1 and Ang-2 has already been broken
in the early period of DR. With the aggravation of DR, an
increased levels of Ang-2 and little changed levels of Ang-1,
shift the balance towards angiogenesis. the Ang-1/Ang-2 ratio
in PDR group was approximately half that in NDR group.
The serum Ang-1 and Ang-1/Ang-2 ratio increased after laser
photocoagulation, although postoperative levels were not
significantly different from the preoperative levels. As a
natural antagonist of Ang-1, Ang-2 can competitively bind to
Tie-2, and thus block the vessel-stabilizing effect of Ang-1.
In the presence of VEGF, Ang-2 competitively inhibit the
effect of Ang-1, disrupting the connection with endothelial
cells and increasing vessel permeability and inducing
hypoxia-related retinal neovascularization®. Increases in the
Ang-1/Ang-2 ratio can help vessel stabilization. Therefore,
increasing the Ang-1/Ang-2 ratio by increasing Ang-1 or
decreasing Ang-2 levels may represent a new therapeutic
target for DR. However, the thresholds of the Ang-1/Ang-2
ratio that may benefit vascular stability still need to be
established.

Tie-2 levels were not significantly different among the three
groups of patients, or between before and after laser
photocoagulation. These results indicate that Tie-2 levels
may be not associated with the severity of DR.

In our current study, we also found that the serum Ang-2 and
VEGF
photocoagulation in patients with PDR. The change of VEGF

levels significantly  decreased after laser
is consistent with those reported in other studies %), Laser
photocoagulation is currently the most effective way to treat
PDR. By blocking the retinal neovessels, microangiomas, and
diseased capillaries and small vessels, laser photocoagulation
can destroy the hypoxic retina, lower its oxygen
consumption, and ultimately improve the hypoxic status of
the retina. Since hypoxia can upregulate the expression of
VEGF and Ang-2, improvements in the hypoxic status after
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laser photocoagulation may downregulate VEGF and Ang-2
levels. However, we failed to see an increase in Ang-1/Ang-2
raito  reached  statistic  significance  after  laser
photocoagulation, considering that this may relate to the
relatively short follow-up time. Furthermore, one study
showed that the decrease in serum Ang-2 and VEGF levels
after panretinal laser photocoagulation was not statistically
significant ®4, One explanation for their finding may be that
diabetic patients with retinopathy also have underlying
atherosclerosis and/or macroangiopathy, which can affect
Ang-2 and VEGF levels. In the current study, we attempted
to exclude possible effects of these confounding factors.
Multivariate logistic regression analysis showed that Ang-2,
VEGF, duration of diabetes and HbAlc were independent
risk factors for DR. Therefore, serum Ang-2 and VEGF
levels, duration of diabetes and HbA 1c may help clinicians to
predict the severity of DR.

In our study, although we tried to avoid possible effects of
factors such as hypoxic/ischemic diseases, it is possible that
unidentified tumor(s) and underlying ischemic cardiovascular
and cerebrovascular diseases may influence the levels of
Ang-2 and other markers.

In summary, our study demonstrated that serum Ang-2 and
VEGEF levels were remarkably increased in T2DM patients
with PDR and in those with NPDR compared with patients
without DR, and the Ang-1/Ang-2 ratio in PDR group were
significantly decreased compared to NPDR group and NDR
group. Notably, serum VEGF and Ang-2 levels were
downregulated after panretinal laser photocoagulation in
diabetic patients with PDR. Therefore, serum Ang-2 and
VEGF levels are associated with the severity of PDR in
T2DM patients. These results indicate that the Ang/Tie
system, together with VEGF, plays an important role in the
onset and progression of PDR.
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