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Abstract

e AIM: To investigate retinal vascular endothelial growth
factor (VEGF) level and retinal cells apoptosis in the early
stage of diabetic NOD mouse retina.

¢« METHODS: Animals were divided into the control group
(non-diabetes mice) (2,4,6,8,12 weeks group, n=30)
and diabetes group (2,4,6,8,12 weeks group, n=30).
ELISA ( Enzyme-Linked Immunosorbent Assay ) was
performed to detect VEGF level in both serum and retina.
Transmission electron microscope method was used to
examine retinal cell apoptosis.

e RESULTS:. Compared with the control group, VEGF
levels in serum and retina were increased significantly in
the NOD group (12 weeks: 4.9 +0.4pg/g versus 0. 19 +
0.1pg/g in serum sample, P<0.01; 165.0 +9. 0ug/g versus
18.0 +4.0ug/g in retinal sample, P<0.01). There exists a
positive correlation between serum VEGF and retinal
VEGF levels in the early diabetic NOD mice (y=0.9902, P=
0.001). The number of the cells apoptosis in the ganglion
cells and endothelium can also been found increased
significantly in the NOD group(P<0.01).

e CONCLUSION: The high VEGF expression may be
contributed to increase retinal cells apoptosis. Many
factors associated with retinal VEGF expression might
involve in the early diabetes stage.
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INTRODUCTION
D iabetic retinopathy is the most common diabetic eye
disease and a leading cause of blindness. Diabetic

retinopathy is characterized increased microvascular permeabi-
lity, cell damage, abnormal blood flow autoregulation,
disordered angiogenesis and increased adhesive properties of
the endothelium. All these factors can cause -capillary
occlusion, microvascular degeneration and abnormal neovas-
cularization, then eventually leading to irreversible blindness.
Hyperglycemia is an independent risk factor for the develop-

. . I .
ment of cardiovascular disease'' . However, the mechanisms

of hyperglycemia and hyperglycemia’s effect on tissue damage
and clinical complications remain unclear. Vascular endothelial
growth factor ( VEGF) might play a particularly important role
in diabetic retinopathy!>. The expression changes and effect
of VEGF on apoptosis in retinal cells induced by hyperglycemia
are still elusive.

The nonobese diabetic ( NOD ) mouse is an useful and
important model of autoimmune type 1 diabetes. The incidence
of spontaneous diabetes in the NOD mouse varied from 60%
to 80% in females and 20% to 30% in males. Diabetes onset
typically occurs at 12 to 14 weeks of age in female mice and

!, This study aims to study the

slightly later in male mice
expression of VEGF on apoptosis in retinal cells in diabetic
NOD mice.

MATERIALS AND METHODS

Animals NOD mice ( Jackson Laboratory, Bar Harbor,
ME) were bred in the animal house of Central South
University. Mice were housed by pairs in plastic cages under
a pathogen-free environment, continuously access to food and
water on a 12-hour light/dark cycle. All animal experiments
were in accordance with the guidelines of the ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research.
Mice were considered to be diabetic when non-fasting blood
glucose levels were > 16. 67mmol/L ( One-Touch Lifescan
meter; Lifescan, Inc., Milpitas, CA) using whole blood
collected from the tail vein. Only females were used in the
studies because disease progression in males is slower and less

Then these diabetic NOD mice were divided
into 5 groups according to duration of diabetes (2, 4, 6, 8

. 2
consmtent{ .

and 12 weeks group after onset of diabetes, n =30). The
control groups were made up of sibling without diabetes. Body
mass and blood glucose concentration were monitored every
week. Diabetic mice were not given routine insulin injections.
At 2, 4,6, 8 and 12 weeks after onset of diabetes, the mice
were anesthetized with sodium pentobarbital (100mg/kg, IP)
and decapitated. The diabetic NOD mice had significantly
elevated concentrations of blood glucose compared with those
in control group. At death, the NOD mice also weighed
significantly less than the control animals (Table 1).

Methods

VEGF expression The eyes of both groups were rapidly
removed and retinas were dissected, immediately frozen in
liquid nitrogen and stored at -70°C. ELISA method was used
to determine VEGFE protein concentration according to the
manufacturer’s protocol (Quantikine Mouse VEGF ELISA kit;
R&D Systems, Minneapolis, MN). The measurement was
performed on three samples for each experimental condition.

Four retinas of each sample were placed into 200L of buffer
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Figure 1

A Endothelial cell apoptosis; B: Pericyte apoptosis; C: Perivascular edema, obstruction of microvascular; D: Capillary

basement membrane thickening and microvascular wall change; E: Ganglion cells apoptosis.

A and sonicated for 30 seconds at 50Hz. The lysate was
centrifuged at 22 000g for 15 minutes at 4°C. VEGF
concentration  was  determined  spectrophotometrically
(Microplate Reader 680 XR; Bio-Rad) at 450nm. In each
experiment, all samples and standards were measured twice.
Data were collected as picograms VEGF per milligrams of total
protein and averaged in the same graph. Blood was
centrifuged at 2 000g for 20 minutes and then serum was
stored at -20°C. Same protocol was applied to both serum
VEGF and VEGF in retina.
Ultrastructural changes

(diabetic 4 weeks and 12 weeks group) were prefixed by
immersion in 22¢g/1. glutaraldehyde in 0. Imol/L (pH 7.4)
Sorensen’s phosphate buffer for 4 hours, and then postfixed in
10g/L osmium tetroxide in 0. 1mol/L. (pH 7. 2) sodium
phosphate buffer. The samples were dehydrated in graded
ethyl alcohol series and embedded in Araldite CY212.

Ultrathin sections were contrasted with uranyl acetate and lead

The eyeballs from diabetic mice

citrate for examination by transmission electron microscope
(LEO 906E, Oberkochen, Germany) .
Statistical Analysis

and correlation analysis via the SPSS statistical program were

Two-way analysis of variance, (-test

used to analyze the data. P <0.05 was considered statistically
significant.
RESULTS
VEGF expression VEGF protein level in the diabetic NOD

mice was increased compared with control mice. Retinal
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VEGF expression in diabetic mice of 2, 4, 6, 8 and 12 weeks
group were( pg/g): 23.0+5.0, 33.0+7.0, 64.0£6.0,
92.0 +£7.0 and 165. 0 £9. 0. There were no significant
differences of retinal VEGF expression between 2, 4, 6, 8
and 12 weeks in non-diabetic groups( P <0.01. Serum VEGF
expression in diabetic mice of 2, 4, 6, 8 and 12 weeks group
were (pg/g):0.53 £0.10, 0.76 +£0.10, 1.24 +0. 20,
2.37 £0.20, 4.96 £0.40, and no significant differences in
non-diabetic mice ( P < 0. 01, Table 1). There was linear
correlation between retinal VEGF and serum VEGF in diabetic
NOD mice(r=0.9902, P=0.001).

Ultrastructural changes Retinal capillary basement membrane,
endothelial cells and ganglion cells were normal in control
group. Increasing membrane thickeness(Figure 1A) , microvas-
cular occlusion and perivascular edema can be observed in
retinal capillary basement ( Figure 1B, 1C); chromatin
margination with nuclear deformation in the endothelial cells
(Figure 1A ) and pericyte ( Figure 1B ); an irregular
aggregation of nuclear chromatin with vacuolar degeneration in
the ganglion cells can also be observed in 4 weeks NOD
group. Retinal pathological change became more obvious in 12
weeks NOD mice, which includes apparent thickening of
capillary basement membrane (Figure 1D) ; nuclear membrane
shrinkage and nuclear chromatin condensation in the
endothelial cells ( Figure 1D ) ; cell shrinkage, pyknosis of
nuclear, distribution of nuclear chromatin and loss of

mitochondrial cristae in the ganglion cells (Figure 1E).
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Table 1 Body mass, blood glucose and VEGF levers in diabetes mice (xxs, n=30)
Group (wk) Mass(g) Glucose (mg/dL) Retinal VEGF(pg/g)  Serum VEGF(ug/g)
Control 2 23.0+3.0 152.0£9.0 16.0 £4.0 0.18 £0.10

4 28.0+3.0 138.0£21.0 17.0£5.0 0.19£0.10
6 31.0+£4.0 146.0 £16.0 16.0£3.0 0.19£0.10
8 32.0+1.0 144.0 £5.0 18.0£3.0 0.19 £0.20
12 36.0+£2.0 140.0 £8.0 18.0 £4.0 0.18 £0.10
Diabetes 2 23.8+1.2 479.0 £33.0 23.0£5.0 0.53 £0.10
4 24.0+£2.3 477.0 £23.0 33.0+7.0 0.76 £0.10
6 22.0+3.2 488.0 +£27.0 64.0+£6.0 1.24 £0.20
8 20.0+£4.3 558.0 £44.0 92.0+7.0 2.37+£0.20
12° 18.0 3.5 576.0 £27.0 165.0+£9.0 4.96 £0.40

PP <0.01 vsespective 12 weeks value in control group (unpaired i-test) .

DISCUSSION

Increased glucose levels and fluctuation in blood glucose are
two leading causes of retinal vascular injury in diabetic
patients'*'. However, effect of VEGF on the pathogenesis of
DR has not clear. Therefore, the study of the effect of VEGF
on apoptosis in NOD retinal cells can help us to understand
diabetic retinopathy. Increased glucose level can be observed
in diabetic NOD mice at age of 12 weeks. After 4 weeks of
onset of diabetes, retinal capillary basement membrane

became  thickening.  Perivascular edema, pericytes,
endothelial cells and ganglion cells apoptosis can also be
found in NOD group. The pathological process became more
obvious in the 12 weeks of diabetes. Capillary basement
membrane became thicker; under the transmission electron
microscope, more apoptosis of endothelial cells and ganglion
cells can be observed. The vascular endothelial cell is a
dynamic cell layer where they communicate chemical signals
with other cells in the vessel wall. These signals contribute to
monolayer integrity and vascular function” . The balance is
seriously disrupted in the diabetic retinal microvasculature
because of accelerated apoptosis of pericytes and endothelial
cells resulting in progressive vasodegeneration'® . Elevated
glucose levels in diabets can interrupt normal cell substrate
communication and vascular function, then induce the

endothelial cell loss!”’.

Damage of the endothelium is
accompanied by breakdown of the inner blood retinal barrier.
the process can lead the local release of cytokines and
chemokines such as VEGF, IGF-1, SDF-1 by the adjacent

8.9]

endothelium'**'. Further more, increased VEGF expression

can be found in the retina and serum of 4 weeks and 12 weeks
NOD.

The potential relationship between endothelial cell apoptosis
and VEGF expression is still ambiguous. Hyperglycemia
induces cells hypoxia and vascular inflammation in retina.
Then these retinopathy will stimulate retinal cells apoptosis
and vascular changes. In the other side, these apoptotic

bodies
upregulate VEGF expression. VEGF is responsible for the

can make uninjured endothelial monolayers to

growth of new blood vessels via the stimulation of endothelial

cell proliferation. VEGF also stimulates endothelial cell
proliferation, migration, and survival. When retinal pigment
epithelial cells begin to apoptosis because of lack of nutrition
(ischemia), VEGF takes over to create neovascularization
and acts as a restorative function in other parts of the body.
VEGF can be massively upregulated by hypoxia. Its levels are
increased in the retina and vitreous of patients and in animal
models of ischemic retinopathy. A recent report had showed
that 14 weeks diabetic mice from streptozotocin injection
exhibited neuronal cell death in the retinal ganglion cell

layer' "'

In this study, we demonstrate that the retinas of the
NOD mice showed retinal vascular pathlogical changes,
apoptosis of both retinal vascular cells and retinal neuronal
cells. These hyperglycemia-induced retinopathy were atte-
nuated with time, which indicated that hyperglycemia plays an
important role in the pathogenesis of this disease. These
changes become worse with the increasing VEGF expression in
the retina and blood. Retinopathy in NOD mice, such as
retinal vascular cells and neuronal degeneration were all
deteriorated by hyperglycemia and VEGF, which indicated
that VEGF and hyperglycemia plays an important role in the
pathology of this disease. There are many factors related with
retinal VEGF expression in the early diabetes, such as
hyperglycemia, increased retinal cells apoptosis, inflammation
and ischemia. All these risk factors have an effect on the

diabetic retinopathy.
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B# . # % NOD /N R F 8 & A0 M JE VEGF % 3k Fn 4l
W R T L, AR —F A< &,

J7iE NOD /D E 4 3t B4 (ERE R R /N EL) (2,4,6,8,
12wk 41 ,n=30) Fo4E %% 4 (2,4,6,8,12wk 4 ,n=30),
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