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Abstract
e AIM: To investigate the effects of the phosphatidylinositol

3-kinase (PI3K) inhibitor LY294002 on retinal neovascularization
(RNV) in the oxygen-induced retinopathy (OIR) mouse model
and human umbilical vein endothelial cells (HUVECSs).

e METHODS: C57BL/6J mice were randomly divided into
normoxia-control, OIR-control and LY294002 treatment
groups. LY294002 or phosphate-buffered solution was
intraperitoneally injected daily into mouse pups from P6
to P9 in LY294002 treatment group or OIR-control group.
Morphological and pathological changes in RNV, as well
as expression levels of PI3K, serine-threonine kinase
(AKT) and vascular endothelial growth factor (VEGF) were
observed. HUVECs treating with LY294002 were exposed
to hypoxia; the expression of PI3K, AKT and VEGF were
examined by Western blot and RT-PCR analyses.

e RESULTS: Compared with the OIR-control group, LY294002
significantly inhibit RNV. Adenosine diphosphatase
(ADPase) staining and hematoxylin and eosin staining
indicated that the clock hour scores of neovascularization
and the nuclei of pre-retinal neovascular cells in the
LY294002 treatment group were clearly less than those in
the OIR-control group (1.41%£0.52 vs 6.20%1.21; 10.50%+1.58
vs 22.25%1.82, both P<0.05). Intravitreal injection of
LY294002 (in the LY294002 treatment group) markedly
decreased PI3BK/AKT-VEGF expression compared with the
OIR-control group by immunohistochemistry, Western
blotting and RT-PCR (all P<0.05). In HUVECs treated
with hypoxia, expression of PI3K, AKT and VEGF were
downregulated in the hypoxia-LY294002 group (all P<0.05).
e CONCLUSION: The PI3K inhibitor LY294002 can inhibit
RNV by downregulating PI3K, AKT, and VEGF expression
in vivo and in vitro. LY294002 may provide an effective
method for preventing retinopathy of prematurity (ROP).
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INTRODUCTION

he phosphatidylinositol 3-kinase/serine-threonine kinase
T (PI3K/AKT) is a signal transduction pathway activated
by several membrane receptors such as growth factors, and
plays a critical role in cellular energy metabolism, cytoplasmic
movement and cellular cycle progression'’. The PI3K/AKT
signaling pathway involves numerous pathological and
physiological processes and mediates angiogenesis in many
diseases”™.
Recent researches demonstrated that the PI3K/AKT pathway
activates vascular endothelial growth factor (VEGF) and
advances neoplasm blood vessel®. Our recent study revealed
that PI3K/AKT is closely involved in the retinopathy of
prematurity (ROP)*. There is a strong possibility that the
anti-angiogenic effect of LY294002 (a specific inhibitor of
PI3K) is related to downregulation of PI3K/AKT, but the exact
mechanism of its anti-angiogenic activity is still unclear.
In this study, LY294002 was applied to the oxygen-induced
retinopathy (OIR) model and human umbilical vein endothelial
cells (HUVECs:) to observe the inhibitory effect on retinal
neovascularization (RNV), and could, therefore, be valuable
for clinical anti-angiogenic therapy.
MATERIALS AND METHODS
Animals From the Shengjing Hospital of China Medical
University, we purchased C57BL/6J timed-pregnant dams. Mouse
pups and their mothers were housed at room temperature
(21°C) and a 12-h light/dark cycle. The usage of animals were
adherence to the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research.
Oxygen Induced Retinopathy in Mice In order to produce
OIR, mouse were put in 75%+2% oxygen (from P7 to P12)
and returned to normal air on P12. Mice were randomly
divided into three groups: normoxia-control, OIR-control
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and LY?294002 treatment groups (n=60/group). Mice in the
normoxia-control group were raised in the normal air. Mice in
the OIR-control group were injected intraperitoneally with
0.1 mL of phosphate-buffered solution (PBS) once a day from
P6 to P9. Mice in the LY294002 treatment group were injected
intraperitoneally with 0.1 mL of LY294002 once a day from
P6 to P9. Three groups of mice were killed on P17.

Drug Preparation LY2940029 was purchased from Cell
Signaling Technology (Sigma, St. Louis, MI, USA), and diluted
in dimethyl sulfoxide (DMSO) to create an inventory solution.
LY?294002 solution (the final concentration) was 40 pmol/L.
Quantitative Assessment of Retinal Neovascularization by
ADPase Staining In view of the higher intensity of adenosine
diphosphatase (ADPase) staining and the characteristics of
neovascularization, the ADPase-stained flat-mounted retina
was used to measure the cluster area, as previously published"”.
Each and every retina was separated into twelve equal sections
using the Olympus B201 optical microscope (Olympus
Corporation, Tokyo, Japan) to count the clock hour scores of
neovascularization.

Quantitative Assessment of Retinal Neovascularization
by Counting Vascular Cell Nuclei Briefly, the eyes were
enucleated, formalin-fixed, paraffin embedded and evaluated
by conventional histological assessment using hematoxylin
and eosin staining. Vascular cell nuclei were counted under a
light microscope'. Two independent reviewers reviewed the
histological features.

Immunohistochemistry Immunohistochemical analysis
was performed with a “Strept Avidin Biotin Complex”
immunohistochemistry kit (Boster Bioengineering Co.,
Wuhan, China). PBS was used as a negative control, and
diaminobenzidine (DAB) was used as the chromogen. Images
were observed under a light microscope.

Cell Culture HUVECs (Kirkland, WA, USA) were cultured
in Dulbecco’s minimum essential medium (DMEM) with
10% fetal bovine serum (FBS) in atmosphere containing 5%
CO,. Cells were then divided into the normoxia-control (20%
0,, 5% CO,, 75% N,) and hypoxia groups (1% O,, 5% CO,,
94% N,). The hypoxia group was further subdivided into the
hypoxia-control group and the hypoxia-LY294002 group.
The hypoxia-LY294002 group were treated with LY294002
(40 pmol/L) for 30min before being placed in an incubator.
Subsequent experiments were carried out after 24h of exposure
to hypoxia.

Western Blot Analysis The protein from each sample was
extracted with lysis buffer. Proteins were isolated and transferred
to polyvinylidene fluoride (PVDF) membranes (Merck
Millipore, Billerica, MA, USA). Membranes were incubated
for the night at 4°C with phosphorylated (p)-PI3K, p-AKT1/2/3
and VEGF (1:2000, Santa Cruz Biotechnology Inc., USA).
Thereafter, membranes were incubated with horseradish-

peroxidase-conjugated secondary antibodies (1:2000,
Zhongshan Jingiao Biotechnology Co. Ltd., China) for 1h. For
statistical analysis, the protein bands were quantified using
Image J software.

Real-time Reverse Transcription-polymerase Chain
Reaction Extraction of RNA from the HUVECs and retinas
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
cDNA synthesis was performed according to the RNA
polymerase chain reaction (PCR) protocol (PrimeScriptTM
RT Reagent Kit-Perfect Real Time, Takara Bio, Otsu, Japan).
B-actin was used as a normalizing control. The primer
sequences were PI3K: 5’-GGCTTGGACCGAATGCT-3’
(forward) and 5’-TTGTTGAAGGCTGTGGC -3’ (reverse);
AKT: 5’-AGCAAACAGGCTCAC AGGT T-3’ (forward)
and 5’-TAAGTCCTCCCCATCTCCCT-3’ (reverse);
VEGF: 5°-CCCGACAGGGAAGACAAT-3" (forward)
and 5’-TCTGGAAGTGAGCCAACG -3’ (reverse); and
B-actin: 5’-GAGAGGGAAATCGTGCGTGA-3’ (forward)
and 5’-GCCTAGAAGCATTTGCGGTG-3’ (reverse). PCR
reactions were performed in a volume of 25 pL using SYBR
Green PCR Master Mix (Premix Ex Taq""-Perfect Real Time,
Takara Bio, Otsu, Japan) with a 7300 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA).

Statistical Analysis Significant differences were determined
using the independent-sample #-test. All data were represented
by the meantstandard deviation (SD). P<0.05 was significant
significance.

RESULTS

Inhibition of LY294002 in Oxygen-induced Retinopathy
Model To ascertain if LY294002 significantly alters the
development of new blood vessels in the eye, we examined
the morphology and pathology of the retina. Neovascular
plexus and non-perfusion area in the OIR-control group
(6.20+1.21) was more than in the normoxia-control group
(0.91+0.10) (#=5.762, P<0.05). Compared to the OIR-
control group (6.20+1.21), the retinas from the LY294002
treatment group had less severe neovascular plexus and non-
perfusion area, vascular tortuosity and less irregular expansion
(1.41£0.52, =5.363, P<0.05; Figure 1). This result showed
that Y294002 inhibits the formation of new blood vessels, but
does not reduce the number of existing vessels systemically.
As shown in Figure 2, the nuclei of preretinal neovascular
cells breaking through the internal limiting membrane (ILM)
in the OIR-control group (22.25+1.82) was more than in
the normoxia-control group (8.91%1.12, 1=5.131, P<0.05).
Moreover, LY294002 treatment group (10.50£1.58) were
significantly less than those in the retinas from the OIR-control
group (22.25+1.82, =4.182, P<0.05), verifying the anti-
neovascularization effects of LY294002 on the retina.
Expression of p-PI3K, p-AKT and Vascular Endothelial
Growth Factor by Immunohistochemistry Localization

1285



Inhibition of LY294002 in neovascularization

eovascularization

SN WAoo N

o O O O O o o
o

Q1.
80 Normoxia-

control

Clock hour scores of ©

OIR-control  LY294002

treatment

Figure 1 Typical retinal angiogram from the eyes of groups Images are typical retinal angiogram of the retina of the normoxia-control

group (A), the OIR-control group (B), and the LY294002 treatment group (C). Statistical analysis results were shown in D. Arrows indicate

neovascularization (magnification: 100x, n=15). “P<0.05 vs normoxia-control group; "P<0.05 vs OIR-control group.
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Figure 2 Preretinal neovascular cells breaking through the ILM of P17 mice were counted Images are representative retinal sections from

the normoxia-control (A), OIR-control (B), and LY294002 treatment group (C). Statistical analysis results were shown in D. Arrows indicate

preretinal vascular endothelial cells (Magnification: 400, n=150). “P<0.05 vs normoxia-control group; "P<0.05 vs OIR-control group.

and expression levels of p-PI3K, p-AKT and VEGF in three
groups were observed by immunohistochemistry (Figure 3).
Immunohistochemical staining of retina slices showed that
expression levels of p-PI3K, p-AKT and VEGF were weakly
detected only in ganglion cell layer (GCL) and inner plexiform
layer (IPL) of the normoxia-control group, whereas they were
strongly detected in GCL, IPL, inner nuclear layer (INL), outer
nuclear layer (ONL) and neovascularization breaking through
the ILM in the OIR-control group. However, the expression of
p-PI3K, p-AKT and VEGF in the LY294002 treatment group
was lower in the GCL, IPL, INL and ONL compared with the
OIR-control group. These results demonstrated that hypoxia
activated the PI3K/AKT-VEGF signaling pathway.

Inhibition of LY294002 Through PI3K/AKT-VEGF
Signaling Pathway For purpose of detecting the effect of
LY294002, we performed Western blot analysis and real-
time reverse transcription-polymerase chain reaction (RT-
PCR) for quantitative detection. Western blotting showed
that p-PI3K, p-AKT, and VEGF protein levels in the OIR-
control group were increased compared with the normoxia-
control group (all P<0.05), whereas they were reduced by
46.12%, 34.34%, and 43.69% in the LY294002 treatment
group, respectively, contrasted with the OIR-control group (all
P<0.05; Figure 4). Real-time RT-PCR showed similar results
in retina samples: PI3K, AKT, and VEGF mRNA levels in the
LY294002 treatment group were reduced by 44.44%, 49.78%,
and 34.49%, respectively, compared with the OIR-control
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group (all P<0.05; Figure 5). These results demonstrated that
LY294002 inhibited RNV by inhibiting the expression of
PI3K, AKT and VEGF in the OIR model.

HUVECs Apoptosis Induction by LY294002 under Hypoxic
Conditions Through PI3K/AKT-VEGF Signaling Pathway
Our previous data showed that the early apoptotic rate was
decreased, but that the late apoptotic rate was significantly
increased in the hypoxia-LY294002 group compared to
the hypoxia-control group, which indicated that LY294002
exerted pro-apoptotic effects on HUVECs". Transfection
with LY294002 decreased the expression levels of all three
proteins (p-PI3K, p-AKT, and VEGF). Compared with the
hypoxia-control group, protein levels of p-PI3K, p-AKT, and
VEGF in the hypoxia-LY294002 group were decreased by
50.51%, 59.56% and 46.92%, respectively (all P<0.05; Figure
6). Real-time RT-PCR showed that PI3K, AKT, and VEGF
mRNA levels in the hypoxia-LY294002 group were reduced
by 43.60%, 40.61%, and 53.59%, respectively, compared with
the hypoxia-control group (all P<0.05; Figure 7). These results
indicated that LY294002 not only inhibited the expression
of PI3K, AKT and VEGF, but also inhibited apoptosis of
HUVEC:s in vitro.

DISCUSSION

PI3K is considered to act as second messengers''*'", which

[12

is commonly observed in human tumors"”. The pathway of

PI3K/AKT is closely correlated to tumor progression and
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Figure 3 Hypoxia upregulated PI3K/AKT-VEGF expression in
the OIR model A: Protein expression of p-PI3K, p-AKT and VEGF
were determined by immunohistochemistry (magnification: 400x);
B: The integrate optical density (IOD) of p-PI3K, p-AKT and VEGF
in three groups. ‘P<0.05 vs normoxia-control group; "P<0.05 vs OIR-
control group.

resistance to chemotherapy”. Dysregulation of this pathway
is frequently observed in a variety of tumors, including breast,
ovarian and other carcinomas'>"*.,

Previous research studies have revealed that PI3K/AKT is
an effective angiogenesis factor. The effective angiogenesis
characteristics of PI3K/AKT were confirmed in a rabbit cornea
model"” and in a mouse ischemic retinal model"®. In addition,
PI3K/AKT can also regulate the expression of genes related to
angiogenesis and matrix remolding, including VEGF, matrix
metalloproteinase (MMP)-2, MMP-9"'". Thus, PI3K/AKT
can directly and indirectly induce angiogenesis.

LY294002, a PI3K inhibitor, easily passes through the cell
membrane and inhibits mitogen-activated protein kinase
(MAPK) activity by competitively inhibiting the ATP binding
site in the PI3K subunit, but does not inhibit the expression
of proteinkinase C (PKC), proteinkinase A (PKA), or other
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Figure 4 LY294002 inhibited RNV by inhibiting protein
expression of PI3K/AKT-VEGF signaling pathway in the OIR
mice model A: Western blot assay for protein expression of p-PI3K,
p-AKT and VEGF; B: Statistical analysis. *P<0.05 vs normoxia-
control group; "P<0.05 vs OIR-control group.
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Figure 5 LY294002 inhibited RNV by inhibiting mRNA
expression of PI3K/AKT-VEGF signaling pathway in the OIR
mice model mRNA expression levels of PI3K, AKT and VEGF were
determined by real-time RT-PCR. *P<0.05 vs normoxia-control group;
°P<0.05 vs OIR-control group.

phosphate kinases. Several studies have shown that LY294002

can significantly inhibit the growth of lung carcinoma",

1 gvarian carcinoma™ and the like.

gastric carcinoma
However, the role of LY294002-induced RNV inhibition has
not been frequently investigated. Here we report evidence that
LY?294002 as a small molecule inhibitor is effective and safe in
inhibiting ocular angiogenesis in vivo and in vitro.

Our study found that the neovascularization clock hour scores
and the number of preretinal neovascular cell nuclei were

clearly lower in the LY294002 treatment group than in the
1287
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Figure 6 LY294002 inhibited apoptosis of HUVECSs by inhibiting
protein expression of PI3K/AKT-VEGF signaling pathway in vitro
A: Western blot assay for protein expression of p-PI3K, p-AKT and
VEGF; B: Statistical analysis. “P<0.05 vs normoxia-control group;

°P<0.05 vs hypoxia-control group.
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Figure 7 LY294002 inhibited apoptosis of HUVECs by inhibiting
mRNA expression of the PI3K/AKT-VEGF signaling pathway
in vitro mRNA expression levels of PI3K, AKT and VEGF were
determined by real-time RT-PCR. “P<0.05 vs normoxia-control group;

°P<0.05 vs hypoxia-control group.

OIR-control group. Intravitreal injection of LY294002 can
selectively inhibit intraocular angiogenesis without affecting
retinal morphology.

Immunohistochemical, Western blot and real-time RT-PCR
analyses indicated that protein and mRNA expression levels of
PI3K, AKT, and VEGF in RNV were reduced by intravitreal
injection of LY294002. To further investigate the effect of
LY294002 in OIR, we also examined the expression of the
PI3K/AKT-VEGF pathway in HUVECs under hypoxia treated
with LY294002. In this experiment, because of the sufficient
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source, convenient materials and convenient operation of
HUVEC, so it was used to simulate the endothelial cell (EC)
of retinopathy of prematurity (ROP) or RNV, and HUVEC
was the main material for studying EC of RNV in vitro. The
results of our previous and this experimental study indicated
that LY294002 activated apoptosis of HUVECs under hypoxia
conditions by depressing the PI3K/AKT-VEGF signaling
pathway.

Our results confirm that depletion of PI3K may play an anti-
angiogenic role by reducing the production of VEGF in vivo
and in vitro. We also discoveryed the anti-angiogenic effect of
LY294002 which is due to the reduction in PI3K/AKT-VEGF.
Therefore, these results mightily indicate that LY294002 can
provide an effective treatment for preventing ROP.
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