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Ascites formation and peritoneal dissemination are critical problems in patients with advanced
ovarian cancer. Vascular endothelial growth factor (VEGF), also known as angiogenic growth
factor, is a potent mediator of peritoneal fluid accumulation and angiogenesis of tumors. E-Cadherin
is an adhesion molecule that is important for cell-to-cell interaction. To elucidate the molecular
mechanism of ascites formation and peritoneal dissemination of ovarian cancer, we examined the
expression of VEGF and E-cadherin in different ovarian cancer cell lines and utilized nude mice to
compare the biological characteristics of ovarian cancer cells. Three human ovarian cancer cell
lines (AMOC-2, HNOA and HTBOA) were used in this study. Expression of genes was analyzed by
northern blotting and RT-PCR methods. AMOC-2 expressed E-cadherin, but not VEGF. HNOA
expressed VEGF without E-cadherin expression. HTBOA expressed both VEGF and E-cadherin.
Each human ovarian cancer model revealed a specific feature. The AMOC-2 mouse had a single
large peritoneal tumor without ascites or remarkable peritoneal dissemination. HTBOA and
HNOA mice had bloody ascites and marked peritoneal dissemination. Introduction of VEGF anti-
sense into HTBOA cells could inhibit the ascites formation. It is suggested that VEGF is important
for the ascites formation via the increased vascular permeability effect. The deregulation of E-cad-
herin expression might be involved in the peritoneal dissemination. These molecules are important
for the formation of specific features of advanced ovarian cancer. Ovarian cancer cell lines that
had different gene expression patterns produced nude mouse human ovarian cancer models with
different characteristics.
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Ovarian cancer is the second most common gynecologic
malignancy, with an estimated 6000 new cases in 1999 in
Japan, leading to 4000 deaths.1) Advanced ovarian cancer
is characterized by peritoneal dissemination and ascites
formation. The major route of spread is direct extension.
Patients with advanced ovarian cancer may suffer from
this specific spread to any peritoneal surface, including the
omentum. Many investigators have shown that angiogene-
sis plays an important role in the growth, progression, and
metastasis of solid tumors.2–4) Several molecules have
been identified as angiogenic factors. Among them, vascu-
lar endothelial growth factor (VEGF) plays an important
role in tumor angiogenesis. VEGF, also called vascular
permeability factor (VPF), is believed to be a potent medi-
ator of peritoneal fluid accumulation and a primary stimu-
lant of the vascularization in ascites tumors. The expres-
sion of VEGF has been widely demonstrated in various nor-

mal tissues5) and many human and animal tumors,5, 6)

including ascites tumors.7, 8) The accumulation of tumor
ascites fluid might result from increased permeability of
the blood vessels lining the peritoneal cavity and the hyper-
permeability of vessels might be mediated by VEGF
secreted from ascites tumor cells.7, 9) VEGF is easily
detected in the peritoneal fluid of two well-characterized
transplantable mouse tumors, as early as 2 to 5 days
after the injection of 106 tumor cells, by both a functional
bioassay and an immunofluorometric assay.10) Therefore, it
has been proposed that VEGF secretion by tumor cells is
responsible for initiating and maintaining the ascites pat-
tern of tumor growth.10)

Adhesion molecules such as connexin, cadherin, and
catenin correlate with cell migration and dissemination.11–14)

Cadherins are structurally and functionally related trans-
membrane glycoproteins that mediate the Ca2+-dependent
homophilic adhesion, development, and morphogen-
esis.11, 15, 16) Several types of cadherins have been identified:
E-cadherin is expressed on most epithelia and some car-
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cinoma cells of epithelial origin, N-cadherin in nervous tis-
sues, and P-cadherin in the placenta. Their decreased expres-
sion and dysfunction might be related to invasion and
metastasis,15, 17–19) as well as peritoneal dissemination,20) by
disruption of the tumor cell-to-cell junctions. Epithelial
cells acquire invasive properties after the loss of E-cadherin
function due to specific antibody treatment and antisense
RNA treatment.17, 21) It is believed that well-differentiated
carcinoma, which has cell-cell adhesion, highly expresses
E-cadherin, whereas poorly differentiated carcinoma,
which has weak cell-cell adhesion, shows loss of expres-
sion and abnormal location of E-cadherin.22–24)

To elucidate the molecular mechanisms of ascites for-
mation and peritoneal dissemination of human ovarian
cancer, we focused on the expression of VEGF and E-cad-
herin in different ovarian cancer cell lines and produced
human ovarian cancer ascites models using nude mice to
compare the tumor biology.

MATERIALS AND METHODS

Cells and cell culture  Three established ovarian carci-
noma cell lines were used for this study. AMOC-2 was
established from serous cyst adenocarcinoma,25) and
HTBOA and HNOA were established from poorly differ-
entiated adenocarcinoma,26) and endometrioid adenocarci-
noma,27) respectively. Cells were cultured in RPMI 1640
(Gibco BRL, Grand Island, NY) supplemented with 10%
fetal bovine serum (FBS) (JRH Biosciences, Lenexa, KS)
in a CO2 incubator (5% CO2) at 37°C.
RNA extraction and northern blot hybridization  Total
RNA was isolated from cells with an Ultraspec RNA iso-
lation system (Biotex, Houston, TX). Fifteen micrograms
of each cellular RNA sample was denatured and subjected
to electrophoresis in 1.0% agarose gels containing 0.22 M
formaldehyde as described by Tsang et al.28) The gels were
stained with ethidium bromide to verify that each lane
contained similar amounts of undegraded rRNA. Northern
blotting was performed as described previously.29) For
northern blot analysis, probes were labeled with 32P-dCTP,
using a Prime-it II kit (Stratagene, La Jolla, CA). The spe-
cific cDNA probe for VEGF was a 0.6-kb EcoRI-HindIII
fragment.30) A 531 bp human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH: EC 1.2.1.12) cDNA was used31)

as an internal control for the amount of RNA in each RNA
blot. Labeled probes were purified through a Nick column
(Amersham Pharmacia Biotech UK, Ltd., Buckingham-
shire, UK) before hybridization.
RT-PCR  Five micrograms of total RNA was treated with
1 unit of Dnase I (Gibco BRL) at room temperature for 15
min. After inactivation of Dnase I, the total RNA was
reverse-transcribed by using a SuperScript Preamplifica-
tion System for First Strand cDNA Synthesis Kit (Gibco
BRL) as specified in the manufacturer’s protocol. We used

oligo dT as a primer for reverse transcription. PCR was
carried out with the following primers: forward primer 5′-
TGGAATCCAAGCAGAATTGC-3′ and reverse primer 5′-
GGAGGATTATCGTTGGTGTC-3′ for E-cadherin; for-
ward primer 5′-TCGGGCCTCCGAAACCATGA-3′ and
reverse primer 5′-CCTGGTGAGATCTGGTTC-3′ for
VEGF32); forward primer 5′-CGCAGAAGGAGATCACT-
GCC-3′ and reverse primer 5′-CTCGTAGGGGGTTTC-
AAGTG-3′ for human β-actin. The reaction mixture of 50
µl contained 1/20 volume of cDNA, 200 mM of each
dNTP, 0.125 unit of TaKaRa EX Taq (TaKaRa Shuzo Co.,
Ltd., Shiga), 1× buffer (supplied with enzyme), and 100
pmol each of the forward and reverse primers. The mixture
was subjected to amplification using a TaKaRa MP Ther-
mal cycler (TaKaRa Shuzo Co., Ltd.). The reaction with
E-cadherin primers was performed with 30 cycles at
94°C for 1 min, 50°C for 2 min, and 72°C for 2 min. A
final 10-min extension step was added after the last cycle.
The reactions with VEGF and β-actin primers were per-
formed with 30 cycles at 94°C for 1 min, 55°C for 1 min,
and 72°C for 1 min. Then 10 µl of the PCR product was
electrophoresed on a 1.0% agarose gel and photographed
under UV light after staining with ethidium bromide.
Human ovarian cancer ascites model  To evaluate the
tumor biology of ovarian cancer cells, 5- to 6-week-old
BALB/cAnNCrj-nu /nu nude mice (Charles River Japan,
Inc., Chiba) were used. Three ovarian cancer cell lines that
were exponentially growing were trypsinized and counted.
For each, 1×107 cells suspended in 1 ml of phosphate-
buffered saline were inoculated intraperitoneally into nude
mice. Twenty-one days after the inoculation, the mice
were killed by deep anesthesia using diethyl ether. The
ascites was collected and intraperitoneal findings were
carefully studied. We observed the macroscopic peritoneal
dissemination, and the size and the number of tumors in
the abdomen. The ascites fluid was stored at −80°C after
centrifugation to remove cancer cells. A part of the tumor
was fixed in 10% formaldehyde for further analysis.
Quantitative assay of VEGF in ascites fluid  The VEGF
concentration of cell-free ascites fluid accumulated in
HTBOA and HNOA mice was assayed using a human
VEGF measuring kit (Immuno-Biological Laboratories
Co., Ltd., Gunma). Sandwich enzyme immunoassay was
done with 20-fold diluted ascites fluid.
Vascular permeability assay  Miles’ assay33) was con-
ducted to analyze the vascular permeability. A guinea pig
was anesthetized and 0.5 ml of 0.5% Evans blue (Sigma,
St. Louis, MO) was injected into the intracardiac space.
Ten minutes later, 200 µl of samples and control physio-
logical saline were intracutaneously injected into the
shaved back, and leakage of dye was observed as the pres-
ence of blue spots surrounding the injected site after
another 30 min.
Microvessel density  Tissues of nude mouse tumors were
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fixed with 10% formalin solution for one week before
being dehydrated by alcohol replacement and embedded in
paraffin. The tumors generated in the nude mice were
fixed with 10% formalin, and embedded in paraffin.

For immunohistochemistry, we used an anti-CD31 anti-
body (DAKO, Glostrup, Denmark), which was specific to
lymphocyte protein and endothelial cells of mouse blood
vessels.34) For the detection of the primary antibody, we
used a biotinylated anti-mouse serum peroxidase-conju-
gated streptavidin HISTFINE SAB-PO kit (Nichirei Co.,
Tokyo). For secondary and tertiary antibodies, we also
used a SAB-PO kit which utilized streptavidin as an agent.
3,3′-Diaminobenzidine tetrahydrochloride (DAB) was used
to detect the protein. Negative control was performed in all
cases by omitting the primary antibody. We counted the
number of individual microvessels within an area of 0.6
mm2 under ×200 power magnification with an Olympus
BX50 microscope (Olympus, Tokyo) on anti-CD31 anti-
body-stained sections.34)

Plasmid construction and transfection  The mammalian
expression vector pcDNA3.1(−) (Invitrogen, Carlsbad,
CA) was used. A 0.6-kb EcoRI-HindIII fragment of VEGF
cDNA was cloned into pcDNA3.1(−) in the antisense
direction. Lipofectamine 2000 (Invitrogen) was used to
transfect the HTBOA cell line with either the control vec-
tor (pcDNA3.1(−) with no insert) or the pcDNA3.1(−)
vector containing VEGF cDNA fragment in the antisense
direction. Selection and maintenance of neo-resistant trans-
fectants were performed in the presence of G418 (Sigma).
After 14 days, single colonies were picked up.
Statistics  The VEGF concentration and microvessel den-
sity quantification were compared by means of Student’s t
test. A P value of <0.05 was considered to be statistically
significant.

RESULTS

Expression of VEGF and E-cadherin mRNA in human
ovarian cancer cell lines  The expression of VEGF
mRNA was examined in 3 human ovarian cancer cell
lines. The results of northern blot analysis are shown in
Fig. 1a. Two major bands were observed in HNOA and
HTBOA. The expression of VEGF was very weak in
AMOC-2. We performed RT-PCR to investigate the form
of the VEGF mRNA. Oligonucleotide primers correspond-
ing to the 5′ noncoding region and 3′ noncoding region of
the gene were used to amplify the whole coding region of
all known splicing forms of VEGF mRNA.32) By RT-PCR
in three human ovarian cancer cell lines, two major prod-
ucts (530 and 662 base pairs) corresponding to VEGF121
and VEGF165, which are known to be secreted efficiently,
were detected in HNOA and HTBOA (Fig. 1b).

The expression of E-cadherin was also examined. As
shown in Fig. 1b, a 721bp E-cadherin-specific product was

detected in HTBOA and AMOC-2. However, no expres-
sion of E-cadherin was found in HNOA.
Tumor biology of ovarian cancer cell lines  To deter-
mine the characteristics of the tumor biology of each cell
line, we utilized the nude mouse models. Cells of each line
were inoculated into groups of 10 nude mice. Each mouse
was killed by deep anesthesia with diethyl ether 21 days
after inoculation and the tumor biological characteristics
were compared. Table I summarizes the results. The photo-
graph in Fig. 2 shows a representative of each mouse. The
AMOC-2 mouse frequently generated a single large tumor
in the peritoneal cavity (7 of 10 mice) without ascites for-
mation or remarkable peritoneal dissemination. Seven of
the 10 HTBOA mice and 5 of the 10 HNOA mice had
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Fig. 1. Expression of VEGF and E-cadherin mRNA in human
ovarian cancer cells. (a) Northern blot analysis of VEGF mRNA
in 3 human ovarian cancer cell lines. Fifteen micrograms of total
RNA from each cell line was used for the analysis. Filter mem-
branes were hybridized with 32P-labeled VEGF cDNA probes.
Arrowheads indicate the positions of 18S and 28S rRNA. VEGF
mRNA were detected in HNOA and HTBOA. A GAPDH cDNA
probe was used for the internal control of RNA. (b) RT-PCR
analysis of VEGF and E-cadherin mRNA in three cell lines. Five
micrograms of total RNA was reverse-transcribed to 1st strand
cDNA. 1/20 volumes of 1st strand cDNAs were amplified using
VEGF- and E-cadherin-specific primers as described in “Materi-
als and Methods.” The human β-actin primer was used for the
internal control. M, 100-bp ladder; lane 1, HNOA; lane 2,
HTBOA; lane 3, AMOC-2.

Table I. Biological Property of Each Human Ovarian Cancer
Model

Cell line

AMOC-2 HTBOA HNOA

Tumorigenicity 7/10 8/10 10/10
Ascites formation 1/10 7/10 5/10
Peritoneal dissemination 1/10 7/10 9/10

The numbers represent the numbers of mice that exhibited each
biological property.
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bloody ascites fluid. Seven of the 10 HTBOA mice and 9
of the 10 HNOA mice had extensive macroscopic perito-
neal dissemination. HNOA mice tended to have diffuse
peritoneal dissemination, as well as marked weight loss,
and they weakened rapidly. HTBOA mice produced
bloody ascites most frequently.
Measurement of VEGF in the ascites fluid  The concen-
trations of VEGF in the ascites of HTBOA and HNOA
mice were measured using a human VEGF ELISA kit.
Although one of the 10 AMOC-2 mice produced ascites
fluid, the volume was too small to measure the concentra-
tion. Fig. 3 shows the average levels of human VEGF in 7
HTBOA mice and 5 HNOA mice in which ascites accu-
mulated. The average VEGF concentration was higher in
the ascites fluids of HTBOA mice (4713.3±1083.0 ng/ml)
than in those of HNOA mice (2233.3±481.8 ng/ml)
(P<0.05).

Vascular permeability of the ascites fluid  We performed
Miles’ assay using a guinea pig to confirm the vascular
permeability-enhancing activity. Fig. 4 shows the result.
Three representative HTBOA mouse ascites showed blue
spots due to the leakage of Evans blue.
Microvascular density of the tumor  To evaluate the
angiogenic activity of VEGF in ovarian cancer cells, we
examined the microvascular densities of HTBOA and
AMOC-2 tumors by immunohistochemical analysis using
an anti-CD31 antibody specific for endothelial cells of
mouse blood vessels. Microvascular density was deter-
mined by counting the number of stained cells. Fig. 5
shows the results of the microvascular density assay. The
HTBOA tumor that produced VEGF had higher microvas-
cular density than the AMOC-2 tumor that did not express
VEGF.
Suppression of ascites by VEGF antisense plasmid  In
order to confirm the role of VEGF in ascites form accu-
mulation, we constructed an antisense expression vector.
Several clones were picked up after the transfection and
we confirmed the expression of antisense VEGF by RT-
PCR using primers located at the cloning sites (data not
shown). Two clones designated HTBOA-VEGFas and
HTBOA-pcDNA3.1 were used for further experiments.
Expression of VEGF protein was analyzed by western
blotting. The expression of VEGF was decreased in
HTBOA-VEGFas (data not shown).

We inoculated aliquots of 1×107 cells into nude mice.
Twenty-one days after the inoculation, the mice were
killed. One of 10 HTBOA-VEGFas mice revealed obvious
bloody ascites, while seven of 10 HTBOA-pcDNA3.1
mice revealed bloody ascites (Table II). Although antisense
VEGF reduced the ascites accumulation, the frequencies
of tumor formation and peritoneal dissemination were not
altered between the antisense and control mice.

Fig. 2. Tumor biology of ovarian cancer cells.  Cells (1×107) of
each ovarian cancer cell line were inoculated intraperitoneally
into groups of 10 BALB/cAnNCrj-nu/nu nude mice.  The mice
were killed at 21 days, and the tumorigenicity, ascites formation
and peritoneal dissemination were observed.  The photographs
show a representative of each type of mouse.

AMOC-2 HTBOA HNOA

Fig. 3. ELISA of human VEGF in ascites fluid.

C 1 2 3

Fig. 4. Vascular permeability activity of the ascites from
HTBOA mice. Aliquots of 200 µg of the control and 3 samples
of the ascites from HTBOA mice were injected into the back of a
guinea pig for Miles’ assay. Although the control did not show
any blue spot, the 3 samples of the ascites from HTBOA mice
showed blue spots due to increased vascular permeability. C,
control (200 µg of physiological saline); 1–3, 3 representative
samples of ascites from HTBOA mice.
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DISCUSSION

The aim of our study was to analyze the molecular
mechanism of the peritoneal dissemination and ascites for-
mation by human ovarian cancer cells. We analyzed the
expression of VEGF and E-cadherin mRNA in 3 human
ovarian cancer cell lines. Then human ovarian cancer
models using nude mice were analyzed to assess the tumor
biology of each cell line. Interestingly, the 3 cell lines
showed different characteristics of gene expression.
AMOC-2 expressed E-cadherin, but not VEGF, as shown
by northern blot hybridization and RT-PCR. HNOA
expressed VEGF without E-cadherin expression. HTBOA
expressed both VEGF and E-cadherin. Furthermore, each
human ovarian cancer model revealed a specific feature.
These findings suggested that the lack of E-cadherin
expression was related to rapid dissemination, and VEGF
expression played an important role in ascites formation.

VEGF is a multifunctional molecule that has been
implicated in vasculogenesis, endothelial cell proliferation
and migration, vascular permeability, lymph node metasta-
sis, and stromal degradation through the activation of pro-
teolytic enzymes involved in tumor invasiveness and
angiogenesis.35–40) Our data strongly indicated a relation-
ship between VEGF expression and ascites formation. In
addition, VEGF produced by ovarian cancer cells in this
study showed vascular permeability-enhancing activity
and angiogenic activity. Luo et al. reported that VEGF
neutralizing antibody can inhibit fluid accumulation and
tumor growth in two mouse ascites tumors.41) We also
demonstrated the inhibitory effect of VEGF antisense on
ascites accumulation of human ovarian cancer cells. The
inhibition of VEGF is suggested to be an important strat-
egy to prevent ascites accumulation.

Cell dissociation and acquisition of cell motility are
believed to affect the initial steps in the metastatic pro-
cess.42) Suppressed expression or dysfunction of the cad-
herin-catenin complex might reduce cell-cell adhesion and
trigger the escape of cancer cells from the primary
tumor.43) Fixen et al. reported that E-cadherin-mediated

HTBOA

b-1

AMOC-2

b-2

a

HTBOA AMOC-2

Fig. 5. Microvascular densities of the tumors of HTBOA and
AMOC-2 mice. (a) Immunohistochemistry of HTBOA and
AMOC-2 tumors. Endothelial cells were stained by an anti-CD31
antibody. (b) CD31-positive microvessels were counted at ×200
magnification. Five fields of 3 tumors each from HTBOA (b-1)
and AMOC-2 (b-2) mouse were used for the analysis.

Table II. Tumor Biology of HTBOA-VEGFas and HTBOA-
pcDNA3.1

HTBOA-VEGFas HTBOA-pcDNA3.1

Tumorigenicity  7/10  8/10
Ascites formation  1/10 7/10
Peritoneal dissemination 7/10 8/10

Cells (1×107) of each cell line were inoculated intraperitoneally
into groups of 10 BALB/cAnNCrj-nu /nu nude mice. The mice
were killed at 21 days, and the tumorigenicity, ascites formation
and peritoneal dissemination were observed. The numbers repre-
sent the numbers of mice that exhibited each biological property.
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cell-to-cell adhesion prevents invasiveness of human carci-
noma cells.22) From these studies, the lack of E-cadherin
expression is related to the spread of cancer cells. The lack
of E-cadherin expression in HNOA cells might be associ-
ated with the most rapid progress of peritoneal dissemina-
tion. However, the difference of molecular characteristics
between AMOC-2 and HTBOA as regards peritoneal dis-
semination is not clear. It is suggested that other factors
are related to the dissemination of HTBOA.

It has been reported that the expression of matrix metal-
loproteinases (MMPs) and VEGF, and reduction of E-cad-
herin correlate with lymph node metastasis of esophageal
cancer40, 44) and the metastatic potential of pancreatic can-
cer.45) The formation of ascites is directly associated with
expression of VEGF, and survival is inversely associated
with expression of IL-8 by human ovarian carcinomas in
nude mice.46) However, there has been little information
about the relationships between VEGF and E-cadherin,
and human ovarian cancer.

In summary, we have demonstrated the importance of
VEGF expression and the lack of E-cadherin expression

for the progression of human ovarian cancer cells, sug-
gesting that these factors closely correlate with the malig-
nant potential of ovarian cancer cells. The correlation of
the clinical outcomes of patients with VEGF and E-cad-
herin expression should be examined. These molecules
could be molecular targets for ovarian cancer therapy. Fur-
thermore, our human ovarian cancer ascites model should
be useful to analyze the mechanism of progression of
ovarian cancer, and to evaluate the efficacy of therapeutic
agents.
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