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Abstract

AIM: Vascular endothelial growth factor (VEGF) is a potent
mediator of peritoneal fluid accumulation following tumor
progression. This study investigated the role of VEGF
secreted by cancerous cells in the formation of malignant
ascites.

METHODS: VEGF expression was eliminated by
knockdown in the pancreas cancer cell-line PancO2 using
vector-based short-hairpin type RNA interference (RNAI).
Malignant ascites formation in the mouse was analyzed
by intraperitoneal injection of PancO2 cells expressing
VEGF or with expression knockdown.

RESULTS: The VEGF knockdown PancO2 cell was
successfully established. Knockdown of VEGF did not affect
cancer cell proliferation /n vitro or in vivo. The volume of
ascites following peritoneal expansion of the tumor in VEGF
knockdown cells and control cells did not differ statistically
in this /n vivo study. Moreover, the VEGF concentration in
the ascites did not differ statistically.

CONCLUSION: Malignant ascites formation might be
mediated by VEGF production in noncancerous tissues,
such as stromal compartments. An anti-VEGF strategy
against malignant ascites could be applied to various
tumors regardless of whether they secrete VEGF.
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INTRODUCTION

Ascites formation is a critical problem in patients with
advanced pancreatic cancer. Vascular endothelial growth
factor (VEGF), known as an angiogenic growth factor, is a
potent mediator of peritoneal fluid accumulation in tumors.
The accumulation of tumor ascites fluid may result from
increased permeability of the blood vessels lining the
peritoneal cavity. The hyperpermeability of vessels might
be mediated by VEGF secreted from tumor cells!'?. VEGF
antisense plasmid suppresses ascites formation in ovatian
carcinoma®. VEGF is widely expressed in various normal
tissues and many tumors*’. VEGF expression has been
detected in both cancer cells themselves and stromal
compartments®®, raising the question of the relative role
of each compartment in VEGF-mediated ascites formation.
Recent studies using RAS-transformed VEGF-deficient
adult dermal fibroblasts or fibrosarcomas generated from
VEGF-null RAS-transformed mouse embryonic fibroblasts
concluded that VEGF production in stromal compartments
plays a critical role in tumor angiogenesis™’. Howevet, the
role of VEGF in ascites formation in the stroma is pootly
understood.

RNA interference (RNAI) is an evolutionarily conserved
mechanism of gene silencing. Recently, 21- to 23-nucleotide
double-stranded RNA (short interfering RNA, siRNA)
molecules have been shown to exhibit specific RNAi
characteristics. A plasmid vector expressing siRNA was
reported to enable long-term persistence of the silencing effect;
a phenomenon termed as ‘stable RNA{!" %, 'This system is
a powerful tool for analyzing endogenous gene silencing.

To confirm whether VEGF secreted from cancer cells
has a critical role in malignant ascites formation, we used
the stable RNAi system to knockdown the VEGF gene in a
mouse pancreatic cancer cell line.
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MATERIALS AND METHODS

Plasmids

pcDNA-Flag-VEGF expressing vector was constructed as
follows: The total RNA was extracted from mouse Colon26
cell using ISOGEN (Nippon Gene, Tokyo, Japan), then
the cDNA templates were synthesized from 1 pg of total
RNA using the ImProm-1T™ Reverse Transctiption System
(Promega). PCR amplification of mouse VEGFA (191 amino
acids) containing Flag sequence was performed using the
following two primers: 5-ATG GAC TAC AAG GAC GAC
GAT GAC AAA GAT AACTTT CTG CTC TCT TGG
GTG-3’ and 5-TCA CCG CCT TGG CTT GTC ACA-3.
The PCR product was subcloned into the pCR4Blunt-TOPO
vector (Invitrogen, USA), and then EwRI-Flag-VEGF-EwRI
fragment was inserted into the EcwRI site of the pcDNA
vector (Invitrogen, USA).

Plasmid carrying RNAi targeted to VEGF was constructed
as previously described. Five 21-nucleotide sequences
of the mouse VEGF gene, which had no homology to
genomic sequences in a BLAST search, were originally
selected using the original algorithm!'?. We designed forward
and reverse short-hairpin RNA (Table 1), and both
oligonucleotides were annealed to each other (99 C for
2 min, 72 to 4 °C for 2 h) and inserted into the BspMI site
of the pcPUR+ Uobicassette vector, thereby generating
pcPUR+UG6-VEGFi.

Cell culture

PancO2 cell line was generated from pancreatic cancer
cells derived from C57BL/6 mice, obtained from Dr.
Michael A. Hollingsworth, Eppley Institute, University of
Nebraska, Omaha, NE, USA. The cells were maintained in
Dulbecco’s modified Eagle’s medium (Sigma, St. Louis, MO,
USA) supplemented with 10% fetal bovine serum (Sigma)
a 37 'C in a 50 mL./L. CO, atmosphere.

Establishing VEGF knockdown pancreatic cancer cell lines
Stable knockdown cells were established as described™?.
Briefly, the targeting or control vectors were transfected
into PancO2 cells using FuGene6 (Roche), and the
puromycin-resistant clones or cell pools were selected as
stable transfectants. We called stable clones transfected with
pcPUR+UG6-VEGFi ot pcPUR+U6-iRenilla (control vector)
as “VEGF-KD” or “VEGF-WT”, respectively.

Western blot analysis

Western blot analysis was performed as described™. Briefly,
cells were lysed in RIPA buffer (50 mmol/L Tris pH 8,
0.1% SDS, 0.5% deoxycholate, 1% NP-40, 150 mmol/L
NaCl, 1 tablet complete mini protease inhibitor/10 mL,
Roche Diagnostics GmbH, Germany). Next, equal amounts
of total cell lysates were electrophoresed and transferred
to Pall Fluoro Trans W membrane (Wako, Osaka, Japan).
The membranes were incubated with anti-Flag (M2) antibody
or anti-B-actin antibody. After washing, the membrane was
incubated with horseradish peroxidase-conjugated
secondary antibody and visualized using an enhanced
chemiluminescence detection system (ECL Advance,
Amersham Bioscience, UK).

VEGF measurement by ELISA

To analyze the VEGF production of VEGF-WT and
VEGF-KD clones, they were grown in six-well plates with
standard medium for 24 h. The medium was replaced
with 1 mL of fetal bovine serum-free medium and cells
were grown for another 24 h. Then, the VEGF content

of the culture supernatants was measured using ELISA
(SRL, Japan).

MTT assay

3X10* VEGF-KD7 and VEGF-WT cells were seeded in
24-well plates, and the numbers of viable cells were
determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay (Sigma, St. Louis,
MO, USA) at 24 and 48 h*l. The absorbance at 570 nm

was measured using a microplate reader.

In vivo animal study

C57BL/6 mice wete putchased from CLEA (Japan). All
procedures involving experimental animals were performed
in accordance with protocols approved by the Committee
for Animal Research of the University of Tokyo and
complied with the Guide for the Care and Use of Laboratory
Animals (NITH Publication No. 86-23, revised 1985). 1x10°
VEGF-KD7 ot VEGF-WT cells were injected intraperitoneally
into C57BL/6 mice. Ascites accumulation and peritoneal
dissemination occurred approximately 2 wk following
inoculation of the cancer cells. In this model, the tumot-
bearing mice survived for 30-40 d. We weighed the mice
every 2-3 d. Twenty-four days after inoculation, some of
the mice were anesthetized with pentobarbital sodium
(120 mg/kg) and the ascites collected. After centrifuging to
remove cancer cells, the volume of ascites was measured.
The VEGF concentration was measured using ELISA
(SRL, Japan).

Statistical analysis

The data are expressed as meantSD. Groups were compared
using Student’s ~test. P<0.05 was considered statistically
significant.

RESULTS

Establishing VEGF knockdown pancreatic cancer cell lines
To study whether VEGF secreted from cancer cells has a
critical role in the formation of malignant ascites in pancreatic
cancer, we attempted to knockdown the VEGF gene in the
mouse pancreatic cancer cell line PancO2. We constructed
five plasmids that expressed short hairpin RNAs (as shown
in Table 1) targeting the non-isoform-specific common area
of VEGF (GenBank locus: NM 009505) under the control
of the U6 promoter (pcPUR+UG6-VEGFil-5)". Next, we
transiently transfected PancO2 cells with pcPUR+UG6-
VEGFi1-5 and the Flag-VEGF expression vector, and
examined VEGF expression using Western blotting, As shown
in Figure 1A, of the five different sites tested, RNAil-3
proved to be effective for blocking VEGF protein expression,
and site 1 was used in subsequent experiments.

To establish stable VEGF knockdown cells, PancO2
cells were transfected with pcPUR+UG-VEGFil or
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Table 1 siRNAs targeting VEGF gene

Site 1 Sense 5'-caccgagatagagtatatctttaaggtgtgetgteecttgaagatgtactctatetettttt-3”

Antisense 5'-gcataaaaagagatagagtacatcttcaagggacagcacaccttaaagatatactctatctc-3’

Site 2 Sense 5'-caccgagtatatcttcaagttgttcgtgtgetgtccggacggcttgaagatgtactettttt-3”

Antisense 5'-gcataaaaagagtacatcttcaagccgtccggacageacacgaacaacttgaagatatacte-3

Site 3 Sense 5’-caccattatgaactttctgttctctgtgtgctgtccagagageagaaagttcatggtttttt-3”

Antisense 5’-gcataaaaaaccatgaactttctgctctctggacageacacagagaacagaaagttcataat-3’

Site 4 Sense 5'-caccatggatgtctattagtgaagegtgtgetgtecgettegetggtagacgtecatttttt-3”

Antisense 5'-gcataaaaaatggacgtctaccagcgaageggacageacacgcttcactaatagacatccat-3”

Site 5 Sense 5'-caccaagttactgttgtctaattgagtgtgetgtectcaattggacggeagtagcettttttt-3”

Antisense 5'-gcataaaaaaagctactgeegtccaattgaggacageacactcaattagacaacagtaactt-3’
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Figure 1 Establishment of VEGF knockdown pancreatic cancer cell lines. A:
Western blot showing marked reduction of VEGF expression in knockdown
cells. Screening of the most effective targeting site for the VEGF gene. B: VEGF
production of stable knockdown PancO2 cell clones. VEGF-WT and VEGF-KD
clones (KD 1-10) were grown in 6-well plates, and the VEGF concentration in
culture supernatant was measured using ELISA in triplicates. The growth medium
was used as negative control (NC).

pcPUR+UG6-iRenilla (control), and incubated with 5 pg/ml.
puromycin (Wako, Osaka, Japan). Then, we selected
puromycin-resistant clones. Parental PancO2 cells,
VEGF-WT, and VEGF-KD clones were grown in 6-well
plates and the VEGF content in the culture supernatant
was measured in triplicates. As shown in Figure 1B, parental
cells produced VEGF 3 340£151 pg/mlL for 2X10° cells/
24 hvs 3 1022285 pg/mL in VEGF-WT controls. VEGF
production was significantly reduced in the pcPUR+UG-
VEGFil stable clones. VEGF-KD7 produced VEGF
(152116 pg/mL) and was used in subsequent expetiments.

Effect of VEGF knockdown on cancer cell growth

To investigate the effect of VEGF knockdown on the cell
proliferation potential 7 vitro, 3X10* VEGF-KD7 and
VEGF-WT cells were grown in 24-well plates. The numbers
of viable cells were assessed using the MTT assay. As shown
in Figure 2A, there was no statistical difference in cell
proliferation between these two cell lines. To study the cell
growth 7 vive, 2X10° VEGF-KD7 ot VEGF-WT cells were
injected into C57BL/6 mice subcutaneously. Small tumors

were typically observed, 1 wk after tumor implantation,
measured, and the volume was calculated as [(length (mm)
Xwidth (mm)?)]/2. As shown in Figure 2B, the growth of
the VEGF knockdown cell line and control cells was not
statistically different.
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Figure 2 Effect of VEGF knockdown on cell proliferation. A: 3x10* VEGF-KD7
or VEGF-WT cells were grown in 24-well plates, and the numbers of viable
cells were assessed using the MTT assay at 24 (P = 0.082) and 48 h (P = 0.078)
(n = 4, meanxSD); B: 2x10% VEGF-KD7 or VEGF-WT cells were injected into
C57BL/6 mice subicutaneous, the tumor size was measured, and the volume
was calculated as [(length (mm)xwidth (mm)3)]/2 (n = 4, P = 0.18, meanxSD).

Effect of VEGF knockdown in the tumor grafted mouse ascites
model

Ascites was induced by the intraperitoneal injection of
1%x10° VEGF-KD7 or VEGF-WT cells into C57BL./6 mice.
Ascites accumulation and petitoneal dissemination occurred
about 2 wk after cancer cell inoculation. The ascites was
bloody in both groups. As shown in Figure 3A, the volume
of ascites did not differ between the VEGF-KD?7 cell line
and control VEGF-WT cells (1.9£0.22 »5 1.7£0.16 mL,
P =0.10). Next, we measured the concentration of VEGF
in ascites. As shown in Figure 3B, the VEGT tended to be
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Figure 3 Effect of VEGF knockdown in a tumor grafted mouse ascites model. A: The ascites volume of mice inoculated with VEGF-KD7 or VEGF-WT cells (n =
5, P = 0.10, mean+SD); B: The VEGF concentration in ascites. VEGF in the ascites was measured using ELISA (n = 4, P = 0.054, mean+SD). C: 1x10° VEGF-KD7
or VEGF-WT cells were inoculated into mice intraperitoneally and the mice were weighed (n = 8, P=0.05 in each data point).

lower in the VEGF-KD?7 cell line (517£181) compared with
VEGF-WT cells (1 001£331), but the difference was not
significant (P = 0.054). Both study groups showed extensive
macroscopic peritoneal dissemination, but there was no
difference in tumor weight between VEGF-KD?7 and
VEGF-WT cells (0.63£0.15 g »5 0.56+0.16 g, P = 0.8). To
analyze the systemic effect, the mice were weighed every 2
or 3 d. As shown in Figure 3C, no difference was observed
between VEGF-KD7 and VEGF-WT cells. The survival
of mice inoculated with VEGF-KD7 or VEGF-WT cells
did not differ statistically (35£4.7 d »s 38.2+4.2 d, P = 0.29).

DISCUSSION

Pancreatic cancer progression is associated with the
accumulation of ascites in the peritoneal cavity. At least
three different pathological events cause ascites, i.c., reduced
lymphatic drainage from the peritoneal cavity: the obstruction
of lymphatic vessels by tumor cells; hyperpermeability of the
microvessels lining the petitoneal cavity; and angiogenesis!'”.
VEGF contributes to ascites formation by enhancing
vascular permeability and promoting new vessel growth.
To investigate the role of VEGF secreted from cancer
cells in ascites formation following pancreatic cancer
progression, we established VEGF knockdown pancreatic
cancer cell lines using the stable RNAi method. The stable
RNAI system is a useful tool for analyzing endogenous gene
silencing!" . Using this system, we were the first to succeed
in establishing a VEGF knockdown stable cell line, and to
analyze its effect iz vivo. Others have used VEGF knockdown
cells, but theit analyses involved 7 vitro expetiments!®.
Recent studies using fibrosarcomas generated from
VEGF-null RAS-transformed mouse embryonic fibroblasts
concluded that VEGF production in stromal compartments
plays a critical role in tumor angiogenesis!'”. It has also been
reported that tumor-infiltrating lymphocytes produce a
number of potent angiogenic growth factors, cytokines, and
proteases!"). In another study, we used mouse syngenic colon
cancer cells, which do not express VEGF protein i vitro,
but the levels of VEGF protein expression in the tumor
tissues did not differ statistically from PancO2 tumors
(data not shown). Although VEGF protein expression was
significantly reduced in our VEGF-KD7 cell line 7 vitro,
the VEGF concentration in the ascites fluid was not

statistically different compared with VEGF-WT cells. During
tumor progression, infiltrating cells to the stroma produce
a number of potent angiogenic growth factors, cytokines,
and proteases. These findings indicate that cancerous
compartments, such as the stromal tissues of a tumor, can
play a critical role as the scaffold in VEGF production, and
VEGTF production in tumor tissues is not solely dependent
on tumor cells. The accumulation of tumor ascites maybe
induced by VEGF-dependent increase of permeability
in the blood vessels of the peritoneum, and stromal
compartments of the tumor tissue and peritoneum plays a
critical role in VEGF-mediated ascites formation.

VEGTF is a key mediator of tumor angiogenesis. Recent
reports indicate that blocking VEGF is an effective strategy
for treating human cancer®. The VEGF-specific antibody
bevacizumab has anti-vascular effects in human rectal
cancetP!. Malignant ascites formation might be mediated
in a cancer cell-type independent manner, and anti-VEGF
strategy could be applied to various tumors regardless of
whether they secrete VEGE.
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