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Abstract

e AIM: To evaluate the effects of lentivirus -mediated

pigment epithelium-derived factor ( P£OF ) gene transfer
performed in treatment of rats with established choroidal
neovascularization (CNV), and investigates the
mechanism by which PEDF inhibits CNV in rats.

e METHODS: Brown Norway (BN) rats (/7=204) were

induced by exposure to a laser, and then randomly
assigned to 3 groups: no treatment; treatments with
intravitreal injection of lentivirus - P£DF -green
fluorescent protein (GFP) or lentivirus—control GFP (free
fluorescent protein). Following induction and treatment,
the CNV tissue was assessed for form, size and vessel
leakage by fluorescein fundus angiography (FFA), optical
coherence tomography (OCT), histopathology, and
examination of choroidal flat mounts. VEGF, Flk-1, and
PEDF expression were evaluated by real -time
polymerase chain reaction (PCR) and Western blot.

e RESULTS: A stable laser-induced rat model of CNV

was successfully established, and used to demonstrate
lentivirus —-mediated AP£FDG gene transfer by intravitreal
injection. Expression of green fluorescence labelled
PEDF was observed in the retina up to 28d after
injection. An intravitreal injection of lentivirus — PEOF-
GFP at 7d led to a significant reduction in the size,
thickness and area of CNV showed by FFA, OCT and
choroidal flat mounts. PEDF was up -regulated while
VEGF and Flk-1 were down-regulated in the lentivirus—
PEDF-GFP group. The differences in VEGF and Flk-1
expression in the control and lentivirus— P£DF groups at
1112

7, 14, 21 and 28d after
statistically significant.
e CONCLUSION: Lentivirus -mediated APEDF gene

transfer is effective for use in treatment of laser-induced
CNV, and PEDF exerts its therapeutic effects by
inhibiting expression of VEGF and Flk-1.
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INTRODUCTION
A ge-related macular degeneration (AMD) is the leading
cause of vision loss among older adults (aged >65y) in
populations, and the wet (neovascular or exudative) form of
AMD produces severe visual loss. As it has been estimated
that 25% of Asians will be > 60 years old by 2050 ™, AMD
will likely become a major public health problem producing
a significant economic burden. While the pathogenesis of
AMD is not entirely clear, it appears to involve the complex
modulation of several molecular factors, including vascular
endothelial ~ growth (VEGF) and pigment
epithelium-derived factor (PEDF). VEGF is a signalling
protein that stimulates vasculogenesis and angiogenesis, and

factor

plays a key role in the neovascularization process which
occurs in AMD ©, PEDF is believed to be the most potent
natural inhibitor of angiogenesis in the retina and choroid of
the eye . Intravitreal injections of anti-VEGF agents are
currently considered an integral part of the standard treatment
regimen for neovascular AMD®; however, this approach has
some disadvantages. The current research on delivery of the
PEDF gene using traditional techniques has been limited to
studies
conducted because of the short duration of gene expression

experimental studies. No clinical have been
achieved, the difficulty in maintaining the gene in its
activated state ©*, and the adverse effects associated with
traditional gene delivery techniques. As a result, there is great
demand for developing a method which allows the
maintenance of high PEDF tissue levels for an extended

period of time. A previous study showed that lentiviral
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vectors are safe and effective for use in transfections
designed to maintain the long-term and stable expression of a
gene, while not stimulating a significant immune response®.
In this study, we evaluated the effect of lentivirus-mediated
PEDF gene transfer in treating a rat model of established
choroidal neovascularization (CNV), and also explored the
mechanism for the effect. Our results were encouraging, and
suggest a new, innovative strategy for treating CNV.
MATERIALS AND METHODS

Animal Model of Choroidal Neovascularization All
animal studies were conducted in compliance with guidelines
provided in the Association for Research in Vision and
Ophthalmology (ARVO) Statement. Adult male Brown
Norway (BN) rats (200-250 g) were obtained from the
animal center of Capital Medical University, and housed in
the University's Animal care Facility, food and water were
available ad libitum. The rats were anesthetized with an
intraperitoneal injection of 10% chloral hydrate (4 mg/kg
body weight), and their pupils were dilated with topical
tropicamide (0.5%). Only right eyes were used in the study.
CNV was induced with an argon laser " (Coherent; Santa
Clara, CA, USA) that had a wave length of 520 nm and a
spot size of 100 wm at a power of 180 mW. The exposure
(8 dots) were
located at 2 disc diameters from the head of the optic nerve.

time was 0.05s. The laser-induced lesions

The presence of a bubble at the time of lasering was taken as
an indication that Bruch's membrane had ruptured. This
injury was sufficient to induce CNV. Twenty-seven spots
showed hemorrhage after photocoagulation; however, they
were not used in the experiment.

Lentivirus —pigment Epithelium —derived Factor and
Treatment Groups A total of 204 CNV BN rats were
randomly assigned to three groups (68 rats in each group): 1)
group; 2) a group
lentivirus- 22D/ -green fluorescent protein (GFP); 3) a group
injected with lentivirus-control GFP. The lentivirus- ZZ0F
vector and control vector were purchased from GeneChem

a no treatment injected with

Company (Shanghai, China). The lentivirus vector system
comprised GV208, pHelper 1 vector, and pHelper 2 vector.
The mouse PZD/F gene-expression sequence was subcloned
to generate an entry vector, and the target gene fragment was
obtained after Agel/Agel enzyme digestion. The sequences of
the forward and reverse primers were 5'-GAGGATCCCCGG
GTACCGGTCGCCACCATGCAGACCCTGGTGCTACTC-
3" and 5-TCACCATGGCGACCGGAGTGCTGCTGGGGT
CCA GGATTC-3', respectively, and the polymerase chain
reaction (PCR) product size was 1300 bp. PEDF over-
expression plasmids and the RNAi vector PEDF-RNAI-LV
for the A#£/DF gene that produces PEDF shRNA were
successfully constructed, and packaged into 293T cells. A
control vector was constructed using identical methods,
except that the coding region for GFP was substituted for the

PEDF coding region. When the 293T cells reached 90% to
95% confluency, the complete culture medium was removed,
and the cells were exposed to medium containing either the
packaging mix, expression plasmid DNA, or control plasmid
DNA with lipofectamine. After incubation for 24h, the
infection medium was replaced with complete culture
medium. Lentivirus-containing supernatant fractions were
harvested at 72h after transfection; after which, they were
centrifuged to remove pelleted debris and stored at -80°C . The
final concentration of the virus suspension was 2x10" TU/L.
Intravitreal injections were performed using a Harvard pump
(Hamilton Company, USA) and
pulled glass micropipets. Each micropipet was calibrated to

microinjection apparatus

deliver 5 uL of vehicle upon depression of a foot switch.
When the foot switch was depressed, the sharpened tip of the
micropipet was passed through the sclera just behind the
limbus into the vitreous cavity.

Observations of Green Fluorescent Protein Expression
The eyes were enucleated at 7, 14, 21 and 28d after laser
treatment (two eyes at each time point), and immediately
embedded in Optimum Cutting Temperature compound
(Tissue-Tek, Sakura Finetek Inc; Tokyo, Japan). The
embedded eyes were then frozen in a cryostat (Leica
CM1900; Berlin, Germany) maintained at -20°C and 6 pm
serial frozen sections of each eye were cut along the vertical
meridian plane and air-dried. The sections were then
mounted onto slides and fixed in formalin solution for 30min;
after which, they were examined by fluorescence microscopy
(emission wavelength=490 nm) to observe expression of GFP
fluorescence.

Fluorescein Fundus Angiography and Optical Coherence
Tomography The dilated pupils of anesthetized rats were
examined by fluorescein fundus angiography (FFA)
performed using a digital fundus camera (Model TRC 50 IA;
Topcon, Paramus, Japan). Optical coherence tomography
(OCT) was performed using a Cirrus HD-OCT device (Carl
Zeiss Meditec; Dublin, CA, USA). Fluorescein sodium was
injected intraperitoneally (0.5 mL/kg of 10% fluorescein
sodium), and the timer was started as soon as the injection
was administered. FFA and OCT were performed for each
animal at 7, 14, 21 and 28d after laser treatment. The OCT
images were used to evaluate the maximum thickness of
CNV, defined as the highly reflective layer above the retinal
pigment epithelium (RPE). To minimize observer variations,
all scans were performed by the same experienced physician.
The thickness of CNV was quantified using proprietary
software designed for use in Cirrus HD-OCT. Fluorescein
angiograms were qualitatively and quantitatively evaluated
by a blinded observer, and the degree of laser-induced CNV
was estimated by angiographic leakage. The laser-induced
lesions were graded based on the observed fluorescein
leakage, and then divided into the following four categories
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as described by Semkova e 2/": (+) no leakage and little
damage; slight hyperfluorescence without leakage or
(+1) leakage and

moderate damage; points of increased hyperfluorescence

increased fluorescence size and intensity;
intensity, but no increase in size; (+++) leakage and severe
damage; points of hyperfluorescence that show increased size
and intensity; (++++) leakage and very severe damage.
Confluent points of increased hyperfluorescence, with the
retinas almost completely occupied by the leakage;
sometimes difficult to distinguish the different laser-induced
burns.

Choroidal Flat Mounts Briefly, eyes were enucleated at 7,
14, 21 and 28d after laser treatment (five eyes at each time
point), and immediately fixed for 1h in a solution of 4%
paraformaldehyde (EM Grade; Polysciences, Inc.; Warrington,
PA, USA) in phosphate-buffered saline (PBS; 9 g/L NaCl,
0.232 g/L KH,PO,, and 0.703 g/L Na,HPO,; pH 7.3). Under a
dissecting microscope, the anterior segment and crystalline
lens were removed, and the retinas were detached and
separated from the optic nerve head with a pair of fine curved
scissors. The remaining eye cups were washed with cold ICC
buffer (0.5% BSA, 0.2% Tween 20, and 0.05% sodium azide)
in PBS. Next, a 1:100 dilution of thodamine Arczzus comumuais
agglutinin | was incubated at 4C with gentle rotation for 4h
and then washed with cold immunocytochemical (ICC)
buffer. A 1:1000 dilution of a 10 mg/mL solution of
4',6-diamidino-2-phenylindole (DAPI) was incubated for
15min, and then washed with cold ICC buffer. Radial cuts
and the

sclera-choroid/RPE complexes were flat mounted, covered

were made toward the optic nerve head,

and sealed. The confocal images obtained were evaluated
with commercial image-analysis software, and the results
were compared with those obtained using our fluorescent
labeling technique. All images were collected by confocal
microscopy.

Measurements of Pigment Epithelium —derived Factor
and Vascular Endothelial Growth Factor Activity by
Western Blot Eyes were enucleated at 7, 14, 21 and 28d
after laser treatment (five eyes at each time point). Each eye
was bisected posterior to the iris; after which, the lens was
lifted out, and the vitreous removed. After a careful
examination and dissection to remove any contaminating
material, the vitreous was placed into tubes surrounded by
ice. The rat vitreous was then pooled, and the total volume
was measured by pipette aspiration. Next, the vitreous was
quickly homogenized in ice-cold lysis buffer (pH 7.5), and an
aliquot of the homogenate was assayed for protein content
using the bicinchoninic acid protein assay. The remaining
supernatant was stored at -70°C for future analysis of its
PEDF and VEGF contents.

The vitreous proteins were separated by electrophoresis on
12% SDS-polyacrylamide gels. Prior to electrophoresis, the
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protein samples were boiled in a denaturing sample buffer,
and an equal amount of protein was loaded onto each lane.
Electrophoresis was conducted at 120 V for 1h under
reducing conditions at room temperature. The separated
proteins were then transferred to a polyvinylidene difluoride
(PVDF) membrane. After blocking the membrane, the
proteins were stained with the following antibodies:
(1:1000, Biosynthesis
Biotech; Beijing, China), anti-VEGF monoclonal antibody
(1:1000, Biosynthesis Biotech, China), and anti-B-actin
antibody (1:1000, Abcam; Cambridge, MA, USA). The

stained protein bands were visualized by incubation with a

anti-PEDF monoclonal antibody

Horseradish Peroxidase (HRP)-conjugated goat anti-rabbit or
anti-mouse secondary antibody (1:10000, ZSGB Biotech;
Beijing, China) and chemoluminescent substrates (ECL Plus,
PerkinElmer, Inc; Covina, CA, USA). Staining intensity was
analyzed with Image J software, and the protein levels were
normalized to those of Z-zczin .

Measurements of Pigment Epithelium —derived Factor,
Vascular Endothelial Growth Factor and Flk-1 mRNA
by Real-time Polymerase Chain Reaction PEDF, VEGF
and VEGF Receptor-2 (Flk-1) mRNA expression were
examined by quantitative real-time PCR. Total tissue RNA
was extracted and purified with Trizol reagent. Next, a 5 pL
aliquot of purified RNA was used as a template for cDNA
synthesis in the presence of 15 pL of SxRT buffer, 1 pL of
random primer, 1 wL of reverse transcriptase, and 8 pL of
RNAse-free water. The reverse transcriptase was inactivated
at 25°C for 10min, 60°C for 10min, and 70°C for 10min. The
PCR reaction mixture (50 pL) consisted of 1 pL of cDNA,
25 pL of 2xPCR buffer, 0.6 L x2 of primers, and 22.8 pL
of RNAse-free water. Next, the newly synthesized cDNA
was denatured by heating at 94°C for 3min, and the template
was amplified by 35 cycles of an incubation step (94C for
20s), an annealing (60°C for 20s), and an extension step
(70°C for 20s). The sequences of the forward and reverse
primers were as follows: 5'-GCAACCCTCGCATAGACCTT-
3" and 5'-CCTGTCCTCGTCCAAGTGAAA-3', respectively,
for the AZDF gene; 5'-ACGAAAGCGCAAGAAATCCC-3'
and 5-TTAACTCAAGCTGCCTCGCC-3', respectively, for
the VZGF gene; 5'-TAGCACGACAGAGACTGTGAGG-3'
and 5'-TGAGGTGAGAGAGATGGGTAGG-3', respectively
for the /-7 gene; 5-CCCATCTATGAGGGTTACGC-3'
and 5'-TTTAATGTCACGCACGATTTC-3, respectively for
B-actin A cycle fluorescence intensity was recorded for each
sample. The PCR reactions were performed in quintuplicate,
and the mean value of the fluorescence intensity was
calculated and statistically analyzed.

Statistical Analysis All data were analyzed using SPSS for
Windows, Version 13.0. Chicago, IL: SPSS Inc., and results
are presented as the mean +SD. Differences were evaluated
using ANOVA, followed by the Student-Newman-Keuls test



Int J Ophthalmol,
Tel:8629-82245172

Vol. 9, No. 8, Aug.18, 2016
8629-82210956 Email:ijopress @163.com

www. ijo. cn

Figure 1 Ocular sections were examined by fluorescence microscopy on day 7 after injection A: Representative image of

fluorescence microscopy findings in the no treatment group; B: Representative image of fluorescence microscopy findings in the

lentivirus- ZZ0/-GFP group. GFP fluorescence appeared in all retinal layers, and especially in photoreceptors and RPE cells.

for multiple comparisons. The Student's 7/ -test was used to
analyze pairwise comparisons. A /7 -value <0.05 was
considered statistically significant.

RESULTS

All rats used in the studies were in good health throughout
the experimental procedures, and their eyes showed no
obvious complications ( eg inflammation, corneal opacity,
cataract, vitreous opacity, retinal hemorrhage) after
intravitreal injection.

Localization of Lentivirus-pigment Epithelium -derived
Factor —green Fluorescent Protein Expression
GFP

fluorescence in all layers of the retina. This fluorescence was

Fluorescence  microscopy  showed  prominent
especially prominent in photoreceptors and RPE cells at 7d
after intravitreal injection of lentivirus- Z£22/-GFP (Figure 1).
Green fluorescence was observed until 4wk after injection.

Quantitative Assessment of Fluorescein Angiographic
Features following Lentivirus -mediated Zjemens
FFA

examinations of CNV on day 7 after photocoagulation

Fpithelium -derived Facfor Gene Transfer
showed the creation of laser-induced lesions partially
resulting from CNV. Moderate-to-severe fluorescein leakage
days 14 and 28
photocoagulation. FFA showed that intravitreal injection of
lentivirus- 2222/ on day 7 after laser treatment led to a
significant reduction in the size of the CNV area as visualized

was observed between after

after fluorescein injection. Large and diffuse areas of leakage
were observed in the control rats showing CNV, while CNV
lesions in rats which received lentivirus- Z2722/-GFP did not
exhibit significant leakage (Figure 2).

Optical
Choroidal Neovascularization Induction and Lentivirus—

Coherence Tomography Findings after

mediated Pement FEpithelium —derived Facfor Gene

Transfer Intraretinal layers were recognizable in
high-resolution OCT images, and thus CNV tissue induced
by laser photocoagulation was examined in those images. At
the OCT

disruption of a highly reflective layer corresponding to the

7d after photocoagulation, images showed

RPE and choriocapillaris in the lesion. A flat, highly

reflective layer resulting from the disruption of the lesions
was observed under the sensory retina, and was identified as
developmental stage CNV tissue. OCT images obtained
between days 14 and 21 showed that the highly reflective
layer extended to the subretinal space, and its thickness had
increased. On day 28, OCT images showed that the
spindle-shaped layer reflected with greater intensity, but its
thickness remained similar to that observed on day 21. OCT
also showed that an intravitreal injection of lentivirus- 222/~
GFP on day 7 after laser application led to a significant
reduction in the thickness of the CNV (Figure 3).

Areas of CNV in Choroidal Flat Mounts The areas of the
induced CNV lesions as measured in choroidal flat mounts
were smaller in eyes that received an intravitreal injection of
lentivirus- Z£22/-GFP on day 7, when compared with those
areas in control eyes (10.93+6.02x10° mm?* rs 14.16+6.73%
10? mm?’, respectively) (Figure 4). The differences between
lesion areas in the control group/lentivirus-control-GFP group
and lentivirus- 2272/ group remained statistically significant
(<0.05) from day 7 to day 28 after photocoagulation.
Quantitative Assessment of Western Blot Studies
Western blot analyses were performed to evaluate VEGF and
PEDF expression. Each experiment was repeated 3 times.
When PEDF
up-regulated and VEGF levels were down-regulated in the
lentivirus- Z£22/- GFP group after day 7. The differences in
PEDF and VEGF expression in the control, lentivirus-
control-GFP, and lentivirus- ZZ2/-GFP groups on days 7,
14, 21 and 28 after photocoagulation were all statistically
significant ( #~<0.05, Figure 5).

Quantitative Assessment of Real-time Polymerase Chain

compared with controls, levels were

Reaction The results of real-time PCR are shown in Figure
6. When compared with the control group, the level of PEDF
expression in the lentivirus group began to increase on day 7
after photocoagulation, and was markedly increased on day
14 (Figure 6A). A statistical analysis showed that PEDF
expression was significantly higher in the lentivirus- ZZ2F -
GFP group on days 7, 14, 21 and 28 after photocoagulation
(2 <0.05). In contrast, the levels of VEGF and Flk-1
1115
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Figure 2 FFA of CNV lesions A-D: Representative late-phase FFA images of untreated laser-induced CNV areas at 7, 14, 21 and 28d after
laser photocoagulation. FFA showed that laser-induced lesions partially resulted in emergence of CNV areas on day 7 after photocoagulation.

From 14d to 28d, the CNV areas showed moderate-to-severe fluorescein leakage; E-H: Representative late-phase FFA images of

control-lentivirus CNV areas at 7, 14, 21 and 28d after laser photocoagulation. The degree of angiographic leakage in this group was the same

as that in the untreated laser-induced CNV group; I-L: Representative late-phase FFA images of CVN areas in rats which received

lentivirus- 20/ The images were taken at 7, 14, 21 and 28d after laser photocoagulation. FFA showed that an intravitreal injection of

lentivirus- 20/ on day 7 after laser treatment led to a significant reduction in the size of the CNV area, as seen after fluorescein injection.

Large and diffuse areas of leakage were not observed.

expression in the lentivirus- Z£2F -GFP group were
significantly lower than those in the control groups on days 7,
14, 21 and 28 (all 2~ <0.05) (Figure 6).

DISCUSSION

Antiangiogenic treatment is one of the most effective
strategies for managing retinal and CNV diseases, including
AMD and diabetic retinopathy. These eye diseases occur
worldwide, and can cause irreversible blindness >, It has
been suggested that an imbalanced expression of stimulators
and inhibitors of blood vessel growth significantly contributes
to the pathogenesis of neovascularization, and several
therapeutic agents have demonstrated an ability to decrease
the amount of neovascularization ™. VEGF is currently
believed to be the most effective factor for promoting vessel
growth, whereas PEDF is believed to be the most potent
natural inhibitor of retinal and choroidal angiogenesis ™. The
role of VEGF in CNV development has been intensively
investigated. For example, VEGF production is upregulated
during in both human CNV and laser-induced CNV.
Furthermore, administration of exogenous VEGF promotes
CNV, while inhibition of VEGF activity leads to CNV

1116

suppression. Two receptors for VEGF have been identified,
and are referred to as VEGFR-1 and VEGFR-2, respectively.
VEGFR-2 is also referred to as Flk-1, and plays a pivotal role
in CNV. VEGFR-2 is expressed in all endothelial cells and
can be detected on retinal progenitor cells. In contrast to the
controversial role of VEGFR-1 in the neovascularization
process, the VEGFR-2-mediated signaling pathway is
generally considered to promote the formation of new blood
vessels ' Intravitreal injections of anti-VEGF agents are
currently a part of the standard treatment regimen for
neovascular AMD . However, such agents have some
disadvantages, such as a short half-time, which leads to the
need for repeated injections. A therapeutic strategy that
combines an anti-VEGF agent with a second therapeutic
modality that has a different mechanism of action would
represent an important step forward in the treatment of AMD.

As the most effective antiangiogenic factor, PEDF has been
the focus of current research on ways to inhibit angiogenesis.
Endogenous cellular PEDF was first identified in the
conditioned media of cultured human fetal RPE cells by
Tombran-Tink and Johnson in 1989 !, PEDF is a 50 kDa
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Figure 3 OCT images of CNV lesions A-D: Representative OCT images of untreated laser-induced CNV taken at 7, 14, 21 and 28d after
laser photocoagulation; E-H: Representative OCT images of control-lentivirus CNV taken at 7, 14, 21 and 28d after laser photocoagulation.

The thickness and characteristics of the CNV in this group were the same as in the untreated laser-induced CNV group; I-L: Representative

OCT images of lentivirus-PEDF CNV taken at 7, 14, 21 and 28d after laser photocoagulation. In this group, OCT showed significantly

reduced thickness of the CNV; M: Comparison of CNV thickness in the three groups.

glycoprotein containing eight relatively small exons and
seven introns belonging to the noninhibitory serpin family. It
is produced by RPE cells, as well as by photoreceptors and
ganglion cells, and its highest concentrations are found in the
inter-photoreceptor ~ matrix.  Previous  studies  have
that PEDF is

neurotrophic factor that promotes neuron differentiation™"¥.

demonstrated a neuroprotective and
In addition to its neurotrophic and neuroprotective functions,
PEDF has also been identified as a potent antiangiogenic
factor. Presently, research on the delivery of 222/ into cells
vzz traditional gene delivery techniques is limited to
experimental in vitro and animal studies, and little clinical
trials have been attempted. This is because of the adverse
effects associated with traditional gene delivery techniques,
and the difficulty of sustaining long-term 2Z7)F expression'*®.
Therefore, it is necessary to develop a new gene vector which
demonstrates safe targeting and provides for high transfect

efficiency. Lentiviral vectors are efficient and safe when used
to transfect a gene that requires long-term stable expression®.
effect of
yzz intravitreal

In the present study, we examined the
lentivirus- ZZ0F gene transfer performed
injection in treatment of rats with laser-induced CNV.

Our study showed promising results. We successfully
developed a stable laser-induced CNV model, and found that
lentivirus- ZZF produced
significant inhibition of CNV. We also examined the
formation of CNV by several methods, including FFA, OCT
The results showed that the
creation of laser-induced lesions resulted in the emergence of
CNV on day 7 after photocoagulation. The induced CNV

process was accompanied by moderate-to-severe fluorescein

an intravitreal injection of

and choroidal flat mounts.

leakage from 14 to 28d after photocoagulation. FFA showed

that an intravitreal injection of lentivirus- 222/ on day 7

after laser application led to a significant reduction in the size
1117
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Figure 4 Choroidal flat mounts of CNV lesions A-D: Representative images of choroidal flat mounts of untreated laser-induced CNV

28d

regions at 7, 14, 21 and 28d after laser photocoagulation; E-H: Representative images of choroidal flat mounts of control-lentivirus CNV at 7,
14, 21 and 28d after laser photocoagulation; I-L: Representative images of choroidal flat mounts of lentivirus- 222/ CNV at 7, 14, 21 and
28d after laser photocoagulation. The areas of the induced CNV lesions measured in choroidal flat mounts were smaller in eyes that received
an intravitreal injection of lentivirus- ZZ2/ on day 7 when compared to those areas in control eyes. All experiments were repeated 3 times,
and data are expressed as the mean+SD (~ =5 eyes). The differences between control and lentivirus- 242/ treated eyes remained statistically

significant from day 7 to day 28 ( ~<0.05).

of the CNV area visualized after fluorescein injection. Large
and diffuse areas of leakage were observed in the eyes of the
non-treated CNV rats, while the CNV lesions in rats which
received lentivirus-mediated transfer of the Z£Z2/ gene did
not exhibit significant fluorescein leakage. At the same time,
choroidal flat mounts showed smaller areas of CNV in the
lentivirus- 2Z2F group. In a previous paper "), we compared
different methods for laser-induced CNV,
including examination of paraffin sections, frozen sections,
and the use of high-resolution OCT. The results showed that
while the histopathological images obtained from both

evaluating

paraffin sections and frozen sections correlated with the OCT
images, only the frozen sections accurately matched the OCT
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images. Therefore, we selected high resolution OCT as the
method to evaluate CNV. The results showed that the CNV
regions in the lentivirus- 2272/ group were obviously less
thick compared to those in the other two groups.

In 2002, Mori e7 2/ ™ reported that AAV-mediated gene
transfer of AZ72F could inhibit CNV When compared with
the methods used in that paper, we used more advanced
examination methods that allowed us to obtain clearer images
and more reliable results. Additionally, we also analyzed the
mechanism for CNV inhibition.

Our results showed that in the lentivirus- Z£2F group, PEDF
was up-regulated, while VEGF and Flk-1 were down-
regulated after 7d after photocoagulation. Furthermore, the
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Figure 5 Western blot analysis of PEDF and VEGF protein
expression in the control group, lentivirus—control group, and
lentivirus — ZZPDF group A: The bands of PEDF and VEGF

proteins in the control group, lentivirus-control group and
lentivirus- ZZ0F group on days 7, 14, 21 and 28 after laser
photocoagulation; B: Increased expression of PEDF in the
lentivirus- 222/ group as compared with expression in the control
group and lentivirus-control group from 7 to 28d after laser
photocoagulation; C: Decreased VEGF
lentivirus- 2/ group as compared with expression in the control

group and lentivirus-control group from 7 to 28d after laser

expression in the

photocoagulation. All experiments were repeated 3 times.

differences between the control group/lentivirus-control
group and lentivirus- ZZ72F group on days 7, 14, 21 and 28
were all statistically significant (/2 <0.05). These results
strongly suggest that PEDF exerts its antiangiogenic effect by
decreasing VEGF expression and down-regulating Flk-1.

We found that lentivirus- 222/ could prevent laser
induced-CNV, and the effect could last for up to 28d.
However, we did not check for any intraocular inflammatory
phenomena. Previously, Mori e7 2/ ™ reported that adeno-
associated viral (AAV)-mediated transfer of the 2272/ gene
could inhibit CNV, without producing any significant
inflammation. Since that time, adenovirus and adeno-
vector-mediated AP£LF gene transfer
in numerous laboratories .

associated virus
methods has been used
However, the traditional gene therapy method has some
potential disadvantages. These include a short duration of
gene expression, the need for repeated intraocular injections,
and the possibility of immune reactions *; therefore, its
application remains limited. In contrast, lentiviral vectors

appear to be safe and effective for producing long-term stable
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Figure 6 Real-time PCR analysis of PEDF, VEGF and Flk-1

in the control -lentivirus group and

mRNA expression
lentivirus — ZZDF group A: When compared with the control
group and lentivirus-control group, the level of PEDF mRNA
expression in the lentivirus- ZZ0F -GFP group increased after day 7,
and was markedly increased on day 14. A statistical analysis showed
that PEDF expression in the lentivirus- 222/ -GFP group was
significantly higher than that in the control group on days 7, 14, 21
and 28 (all #<0.05); B: Expression of VEGF mRNA in the
lentivirus- Z£20/F group was decreased as compared with expression
in the control group and lentivirus-control-GFP group from day 7 to
day 28 after laser photocoagulation. The differences in VEGF
expression between the control and lentivirus- Z222/-GFP groups on
days 7, 14, 21 and 28 were all statistically significant (/~<0.05); C:
From day 7 to day 28 after laser photocoagulation, there was
decreased expression of Flk-1 mRNA in the lentivirus- ZZ20/-GFP
group as compared with expression in the control group and
lentivirus-control-GFP group. The differences in Flk-1 mRNA
expression between the control group and lentivirus- 2220/ GFP
group on days 7, 14, 21 and 28 after photocoagulation were all
statistically significant ( Z~<0.05).

gene expression, with little immune response by the recipient.
We have not found any previous paper reporting the
inhibition of CNV by lentivirus-mediated transfer of Z£2F%
Our study has some weakness that should be mentioned.
First, the observation times used in the study were short, and
should be increased to include 2mo or 3mo time points.
Second, we did not evaluate immunological reactions. For
example, electron microscopy could be used to examine the
retina for any toxic effects resulting from the gene transfer
process. Third, the effects of lentivirus- ZZ2/ were not
1119
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compared with the effects other agents such as anti-VEGF
agent, AAV-mediated Z£7/ gene transfer or a combined
treatment. In any case, lentivirus-mediated transfer of 2227
was shown to be effective for treating laser-induced CNV,
and may also be an innovative approach for treating CNV.
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