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Abstract

AlIM: To construct antisense VEGF,¢5 eukaryotic expression
vector PCDNA;-as-VEGF 5 and to study its expression and effect
on the proliferation of hepatocarcinoma SMMC-7721 cells.

METHODS: VEGF5; cDNA was inserted into polylinker sites
of eukaryotic expression vector PCDNA; to construct PCDNA;-
as-VEGFiss. Then the vector was transferred into human
hepatocarcinoma cell strain SMMC-7721 with cation
lipofectamine 2000 mediated methods to evaluate the
expression of VEGF protein and the inhibitory effect on the
proliferation of hepatocarcinoma SMMC-7721 cells.

RESULTS: The detection indicated the presence of VEGF
cDNA in normally cultured SMMC-7721 cells by PCR. VEGF
mMRNA expression was notably decreased in SMMC-7721 cells
by RT-PCR after PCDNAs-as-VEGF 45 transfection. The expression
of VEGF protein was dramatically inhibited (142.01+7.95 vs
1 625.52+64.46 pg- ml*, P<0.01) 2 days after transfection,
which correlated with the dose of PCDNAs-as-VEGF,¢; gene.
VEGF protein was most expressed in PCDNA; transferred
SMMC-7721 cells but few in PCDNA;-as-VEGF,¢s transferred
cells by immunohistochemical staining. The apoptotic rate
of hepatocarcinoma SMMC-7721 cells was significantly
promoted (17.98+0.86% vs 4.86+0.27%, P<0.01) and the
survival rate was notably decreased (80.99+£3.20% vs
93.52+3.93%, P<0.05) due to antisense VEGFes by flow
cytometry (FCM). The transfection of antisense VEGF 5 gene
resulted in the inhibitory effect on the proliferation of
hepatocarcinoma cells by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) and the death of all
hepatocarcinoma cells on day 6 after transfection.

CONCLUSION: It is confirmed that antisense VEGF45 can
inhibit the expression of VEGF protein, interfere with the
proliferation and induce the apoptosis of hepatocarcinoma
cells in our study. Antisense VEGF¢s gene therapy may play
an important role in the treatment of human hepatocarcinoma.
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INTRODUCTION

In recent years it has become clear that angiogenesis is not
only important in physiological processes such as embryonic
development, wound healing, and organ and tissue
regeneration, but also plays apivotal rolein tumor progression
and metastasis. Neovascularization is critical for the rapid
growth of solid tumord?. However, most if not all solid tumors
appear to be dependent on angiogenesis for their further
expansion and preventing tumor cell apoptosiswhen their size
exceeds beyond 1-2 cubic millimeters®. Tumor cells promote
angiogenesis by secreting angiogenic factors, especially
vascular endothelial growth factor (VEGF) or vascular
permeability factor (PVF)1,

VEGF is a specific mitogen for endothelial cells that has
been shown to be expressed in many tumor cell lines and
vascular smooth muscle cellg® and isimportant not only for
angiogenesis, but also for maintenance of existing blood
vesseld7. VEGF characterized by rapidly growing solid tumors
can also derive from immune cells that infiltrate tumorg®.
Increased serum VEGF is found in cancer patients® and
elevated VEGF levels are reported to be a prognostic clinical
factor correlated with decreased survival in patientswith breast,
ovarian, lung, gastric, liver and colon!*** cancers.

Inhibition of VEGF action that controls tumor-induced
angiogenesison amolecular basis may therefore be asuccessful
approach to the treatment of human hepatocarcinomas.
Since VEGF isaso known as the vascular permeability factor
(VPF)# inhibition of VEGF may induce a dual therapeutic
effect (e.g., antiangiogenic and anti-edematous) in patientswith
hepatocarcinoma*®!.

We constructed successfully antisense VEGF;¢s eukaryotic
expression vector PCDNA-as-V EGF,6s and transferred it into
human hepatocarcinomacellsin vitro with cation lipofectamine
2000 mediated methods to evaluate the expression of VEGF
protein and the inhibitory effect on the proliferation of
hepatocarcinomacells.

MATERIALS AND METHODS

Plasmid PCDNA;-as-VEGF ¢ constructions

The SMMC-7721 cell line had ahigh expression of endogenous
VEGEF protein, and used in antisense VEGF,¢5 transfection
studies. The entire coding region of human VEGFs; cDNA
(0.6 kb) containing the 165 amino acid coding regions, was
obtained from the PSV-VEGF¢ plasmid (Preserved by
professor Bai-Gen Zhang, Renji Hospital, Shanghai, China),
and subcloned into the Pbluescript M13- expression vector
(preserved by Biochemistry Department of Nanjing University,
Nanjing, China) generating the Phluescript -V EGF,¢ plasmid
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with endonucleases EcoR | and Pst | (MBI) digested. Then the
Pbluescript -V EGFy¢s was digested by EcoR | and BamH | to
obtain VEGF,s cDNA that was reverse inserted into the
PCDNA; eukaryon expression vector (preserved by Shanghai
Institute for Biologic Science, Shanghai, China) generating
the antisense VEGF¢5 plasmid PCDNA ;-as-VEGF,es. It was
confirmed by restriction endonuclease analysis, PCR (Roche)
and nucleotide sequencing (Shanghai Sangon Biological
Engineering Technology and Service Co. Ltd., China). Then
the antisense VEGF¢; plasmid was amplified by transferring
into activated Ecol. DHs, was extracted with QIAGEN plasmid
purification kit (QIAGEN) following the manufacturer’ s
instructions.

ELISA for VEGF protein in cell culture supernatant

The day before transfection, the SMMC-7721 cells were
trypsinized, counted, and plated in 24-well platesat 1x10°cells
per well so that they were 90-95% confluent on the day of
transfection. Cellswereplated in 0.5 ml of DMEM containing
10% fetal bovine serum (FBS) and no antibiotics. For each
well of cellsto be transfected, 1.0 mg of DNA (PCDNA; or
PCDNA;-as-VEGFes) and 3.0 ml of lipofectamine 2000
(LF2000) reagent were diluted respectively into 50 m of
DMEM without serum and antibiotics, and incubated for 5 min
at room temperature. Once the L F2000 reagent was diluted, it
was combined with DNA within 30 min, and then incubated
at room temperaturefor 20 min to allow DNA-LF2000 reagent
complexes to form. The DNA-LF2000 reagent complexes
(100 m) were added directly to each well and mixed gently by
rocking the plate back and forth. The cells were incubated at
37°C inaCO; incubator for 48 h until they wereready to assay
for transgene expression. The amount of human VEGF protein
in cell culture supernatant was quantified by using an ELISA
kit for human VEGF (Quantikine, R and D Systems)4.

Semiquantitative reverse transcription (RT)-PCR analysisi*®
Tripure RNA isolation system (Roche) was used to isolate
RNA from hepatocarcinoma SMMC-7721 cells after the
transfection of DNA-LF2000 reagent complexes. According
to the manufacturer’ sinstructions, total RNA was resuspended
in nuclease-free water (Promega), and the absorbance wasread
at A260 and A280. The quality of RNA was checked on a 1%
denaturing agarose gel to ensure the presence of 28 Sand 18 S
ribosomal bands. VEGF mRNA expressions were measured
using semiquantitative RT-PCR. One ng of total RNA was
added to a 50 m RT-PCR reaction (PCR-Access, Promega).
The reaction master mix was prepared according to the
manufacturer’ singtructionswith b-actin (asan internal control
for both qualitative and semiquantitative RT-PCR) and VEGF
gene-specific primers. The primer sequences were 5_-
GAGGGCAGAATCATCACGAAGT -3_ (sense) and 5_-
TCCTATGTGCTGGCCTTGGTGA -3_ (antisense) for
VEGF. The primer sequences for b-actin amplification were
5 - CCAAGGCCAACCGCGAGAAGATGAC -3_ (sense)
and 5 - AGGGTACATGGTGGTGCCGCCAGAC _
(antisense). For quantitation of MRNA, primerswereused in a
reaction involving one cycle of reverse transcription at 48°C
for 45 min and 30 cycles of denaturation at 94° for 1 min,
annealing at 55°C for 1 min, and extension at 72°C for 45 s.
Then the resulting RT-PCR fragments were electrophoresed
on 2% agarose gelsat 110 V for 35 min.

VEGF165 cDNA PCR detection

Highpure DNA isolation system (Roche) was used to isolate
DNA from normally cultured hepatocarcinoma SMMC-7721
cells. The primer sequences were 5 - GAGGGCAGAATC
ATCACGAAGT -3_ (sense) and 5_- TCCTATGTGCTGG

CCTTGGTGA -3_ (antisense) for VEGF. VEGF PCR was 30
cycles of denaturation at 94°C for 1min, annealing at 55°C
for 1 min, and extension at 72°C for 45 s. Then the fragments
were identified by electrophoresis.

Flow cytometric analysis

The survival rate and apoptotic rate of hepatocarcinoma
SMMC-7721 cells after antisense VEGF,¢s transfections were
determined by propidium iodide (PI) and annexin V staining.
Hepatocarcinoma cells were digested by 0.25% trypsin at
37 °C for 20 min and fixed with ice-cold 70% ethanol at a cell
density of 1x10° miL. Pl and annexin V were then added and
incubated with cellsin the dark for 30 min until detected by
flow cytometry!®,

MTT assay

The day before PCDNA;-as-VEGF¢s transfection, the
hepatocarcinoma SMMC-7721 cells were trypsinized and
counted, plated in 96-well plates at 1x10%cells per well. Cells
were plated in 100 mi of DMEM containing serum and no
antibiotics, and incubated at 37°C in a CO, incubator for 48 h
until they were ready to transfer antisense VEGF,¢s. For each
well of cells to be transfected, 0.2 ng of DNA (PCDNA; or
PCDNA;-as-VEGFe) and 0.6 ml LF2000 were diluted
respectively into 50 m of DMEM without serum. The DNA-
L F2000 reagent complexes (100 nt) were added directly to
each well and mixed gently by rocking the plate back and
forth. The cellswereincubated at 37°C in a CO, incubator for
48 h until they were ready to assay for proliferation of
hepatocarcinoma cellsby MTT.

MTT assay was performed according to the methods of
Mosmanni*1, After the culture supernatant was sucked out,
100 M 5 mg- mI"* MTT (Sigma) stock solution in PBS was
respectively added to 4 wells each group each day for 5 days.
After 4 h of incubation, 100 M DM SO (Sigma) containing
serum was added into each well. The plate was mixed gently
by rocking back and forth until the blue sedimentation was
completely dissolved. Then the absorbances were read by
Tecan’ s sunrise absorbance microplate reader (A-5082)1,

Immunohistochemistry
The genetransferred hepatocarcinoma SMMC-7721 cellswere
trypsinized and sliced by cytofuge (Cytocentrifuge System
M801-22, StatSpin). The dlices containing SMMC-7721 cells
weredried at 37°C overnight, rehydrated and exposed to 0.5
per cent hydrogen peroxide for 30 min to block the endogenous
peroxidase activity. They were washed with distilled water
and TRIS-HCL buffered saline (TBS) at PH 7.6, and then
incubated with 1:5 normal rabbit serum for 10 min to reduce
background staining. Next, the slices were incubated with
diluted primary antibody at room temperature for 1 h. The
antibody, a mouse monoclonal anti-human VEGF (DAKO,
UK) was applied at adilution of 1:200. The slices were then
washed and a secondary antibody, horseradish peroxidase-
conjugated rabbit anti-mouse immunoglobulin (DAKO, UK)
at 1:50 dilution was applied for 30 min at room temperature.
Thereafter, the slices were reacted in hydrogen peroxide-
diaminobenzidine (DAB) solution to produce a brown color
and counterstained with haematoxylin.

TBS was used as washing buffer between each stage of
the staining and TBS containing 1 per cent bovine serum
abumin was used to dilute the antibody.

Statistical calculations

The data were expressed as mean+SD. Besides a two-sided
Student t test with a level of significance at 5%, a multiple-
factor ANOVA (Tukey’ stest) was performed to analyze the
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data of different groups. All the data were analyzed with the
statistical software SPSS10.0.

RESULTS

Identification of eukaryotic expression vector PCDNA;-as-
VEGFyg5

The eukaryotic expression vector PCDNA ;-as-V EGF 5 Was
identified by restriction endonucleases cut with EcoR | and
BamH | and electrophoresis generating a 600 bp fragment
according to the result from GeneBank. The fragment obtained
from PCR was 258 bp in length. VEGFs CDNA was reverse
subcloned into the site after T7 promoter appeared on the
plasmid PCDNA; by nucleotide sequencing, coinciding
completely with the sequence from GeneBank. There were no
endonuclease cut sites of EcoR |, Pst | and BamH | by
zymogram analysis.

Detection of SMMC 7721 cells after PCDNA;-as-VEGF g5
transfection

VEGF cDNA was highly expressed in normally cultured
hepatocarcinoma SMMC-7721 cells by PCR. But the VEGF
MRNA expression was dramatically decreased after PCDNAs-
as-VEGF ¢ transfection in hepatocarcinoma SMMC-7721 cells
(Figure 1). The expression of VEGF protein in the culture
supernatant of hepatocarcinoma SMMC-7721 cells was
sgnificantly inhibited (142.01+7.95 vs 1 625.52+64.46 pg- ml™,
P<0.01) 2 days after antisense VEGF¢s transfection when
compared to PCDNA; transfected controls, which correlated
with the dose of antisense VEGF,¢s gene. VEGF protein was
highly expressed in most normally cultured hepatocarcinoma
cells by immunohistochemical staining, but only in few
hepatocarcinoma cells 2 days after antisense VEGF s
transfection (Figure 2).

Evaluation of functions of eukaryotic expression vector
PCDNA;-as-VEGF g

The apoptotic rate of hepatocarcinoma cells was significantly
promoted (17.98+0.86% vs4.86+0.27%, P<0.01) and the survival
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rate was notably decreased (80.99+3.20% vs 93.52+3.93%,
P<0.05) due to antisense VEGF ¢ by flow cytometry (FCM).
The transfection of antisense VEGF,¢ gene resulted in the
inhibition on the proliferation of hepatocarcinoma cells using
MTT and the death of all hepatocarcinoma cells on day 6 after
transfection (Figure 3).
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Figure 1 Effect of PCDNA3-as-VEGF s on VEGF mRNA ex-
pression of hepatocarcinoma SMMC-7721 cells by RT-PCR.
VEGF mRNA expression was negative after PCDNA3-as-
VEGF,/LF2000 transfected. (Lane 1: PCDNA3/LF2000
transfected, Lane 2: PCDNAS3-as-VEGF165/LF2000 transfected;
b-actin: 587 bp, VEGF 258 bp).
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Figure 3 Effect of PCDNA;-as-VEGFs on proliferation of
hepatocarcinoma SMMC-7721 cells by MTT.
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Figure 2 Immunohistochemical staining for expression of VEGF protein after DNA/LF2000 transfection in hepatocarcinoma
SMMC-7721 cells. Positive signal for VEGF protein is brown and located in cytoplasm. A: (x100), B: (x400): PCDNAS3 transferred
SMMC-7721 cells; C: (x100), D: (x400): PCDNA3-as-VEGF165 transferred.
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