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Abstract

AIM: To clarify the significance of vascular endo-
thelial growth factor (VEGF) in peritoneal metastasis
from gastric cancer, using the gastric cancer cell line
MKN-45 compared with the high potential peritoneal
dissemination gastric cancer cell line MKN-45P.

METHODS: The supernatant of culture medium of
MKN-45 cells or MKN-45P cells was collected and the
concentrations were measured of various cytokines,
matrix metalloproteinases, growth factor and angio-
genic factors, including VEGF. We performed an initial
pilot study to explore whether bevacizumab, a human-
ized monoclonal antibody against VEGF, had any sup-
pressive effect on the peritoneal dissemination from
gastric cancer in an experimental nude mouse model

(4 9

Tap
JBaishideng®

WJCCM | www.wjgnet.com

48

of peritoneal metastasis.

RESULTS: The concentrations of interleukin-6 (IL-6),
IL-8, VEGF and matrix metalloproteinase-2 protein in
the culture supernatant were each significantly higher
than each of those for MKN-45. In the /7 vivo study,
the volume of ascites and the mitotic index were sig-
nificantly lower in the therapy group than in the non-
therapy group. The survival curve of the therapy group
was significantly higher than that of the non-therapy
group. These results suggested that VEGF was corre-
lated with peritoneal metastasis from gastric cancer.

CONCLUSION: Findings suggested that bevacizumab
for inhibiting VEGF could suppress peritoneal dissemi-
nation from gastric cancer.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Petitoneal metastasis is the most common form of re-
currence from gastric cancer and is associated with a
poor prognosis. Therefore, the management of any dis-
semination in the peritoneal cavity is important in the
treatment of gastric cancer. However, there is as yet no
effective treatment against peritoneal metastasis from
gastric cancer. The development of peritoneal metastasis
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1s a multistep process, beginning with the detachment of
cancer cells from the primary tumor, their attachment to
peritoneal mesothelial cells, retraction of the mesothelial
cells, and exposure of the basement membrane. After
attachment to the basement membrane, the cancer cells
degrade in the extracellular matrix and then prolifer-
ate!'”. Finally, the cancer cells induce angiogenesis and
lymphangiogenesis. Many cytokines, growth factors,
matrix metalloproteinases and angiogenic factors play
important roles in these steps. Tumor growth requires
new vessel formation and this is driven predominantly
by vascular endothelial growth factor (VEGF), the most
potent angiogenic molecule known and the principle
target for antiangiogenic therapy. VEGF levels in malig-
nant ascites are remarkably elevated”. VEGF has been
reported to enhance vascular permeability and angio-
genesis in the abdominal wall and contributes to the es-
tablishment of peritoneal dissemination with malignant

%3 In ovarian cancer, three pathological events

ascites
are thought to cause malignant ascites: obstruction of
the lymphatic vessels by tumor cells inhibiting lymphatic
drainage from the peritoneal cavity; hyperpermeability
of microvessels lining the peritoneal cavity; and angio-
genesis'”, In gastric cancer, there was a tendency for the
tumor/normal ratio of VEGF mRNA to be correlated
with distant metastasis”’ and positive expression of tis-
sue VEGE, circulating VEGE, VEGF-C and VEGF-D
were each associated with poor prognosis in resected
gastric cancer'”, We have previously reported that tissue
VEGF was a useful indicator of peritoneal recurrence
of gastric cancer”. The aim of the present study was to
clarify the significance of VEGF in peritoneal metastasis
from gastric cancer. We compared cytokines, matrix me-
talloproteinases (MMPs) and VEGF in the gastric cancer
cell line MKN-45 and in the high potential peritoneal
dissemination gastric cancer cell line MKN-45P, using an
enzyme-linked immunosorbent assay (ELISA) method.
Furthermore, we investigated whether administration
of VEGF antibody could prevent peritoneal metasta-
sis from gastric cancer. Bevacizumab is a humanized
monoclonal antibody against VEGF and was the first
commertcially available angiogenesis inhibitor. We inves-
tigated whether bevacizumab had a suppressive effect on
peritoneal dissemination from gastric cancer, experimen-
tally, using a mouse peritoneal metastasis model.

MATERIALS AND METHODS

Cell lines

We used the high potential peritoneal dissemination
cell line MKN-45P, established from the human gastric
cancer cell line MKN-45 (derived from a poorly dif-
ferentiated adenocarcinoma in a 62 year old woman;
Health Science Research Resources Bank, Tokyo, Japan)
in our institute, as described previously””]. Briefly, nude
mice (BALB/c nu/nu) were subcutaneously inoculated
with MKN-45 cells and the subcutaneous nodules wete
removed and injected into other nude mice intraperito-
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neally. The cancer cells from the peritoneal nodules were
injected into the abdominal cavity of other mice. The
process was continued through to a seventh generation.
The resulting high potential peritoneal dissemination
cell line was named MKN-45P. MKN-45 and MKN-
45P cells were each maintained in RPMI-1640 medium
(Nihon Seiyaku Co., Komaki, Aichi, Japan) supple-
mented with 10% heat inactivated fetal bovine serum
(FBS) (Gibco Uxbridge, Middlesex, United Kingdom), 2
mmol/L-glutamine and penicillin-streptomycin (50 TU/
mL and 50 pg/mlL, respectively) at 37.0 “C in humidified
air with 5% COs..

Measurement of cytokines in conditioned medium

For measurement of cytokines in conditioned medium,
the MKN-45 cells (1 x 10° cells/10 mI) or MKN-45P
cells (1 X 10° cells/10 mL) were placed in 100 mm tissue
culture dishes IWAKI Co., Funabashi, Chiba, Japan)
and cultured for 72 h in medium containing 10% FBS at
37.0 C in humidified air with 5% COz2. The number of
cells in each cell line was evaluated visually at 12, 24, 48
and 72 h (values: mean of three fields). The supernatant
was then collected and the concentrations of interleukin-
1B (IL-1B), I1L-6, IL-8, I11.-10, hepatocyte growth fac-
tor (HGF), transforming growth factor-f1 (TGF-f1),
VEGE MMP-2, MMP-9 and tissue inhibitor of metal-
loproteinases-1 (TIMP-1) proteins were each measured
using the ELISA method (IL-1f, IL-8 and IL-10: Bio
Source Europe S. A., Nivelles, Belgium; IL-6: Fujirebio
Inc., Tokyo, Japan; HGF: Otsuka Pharmaceutical Co.
Ltd., Tokyo, Japan; TGF-B1 and VEGF: RD System
Inc., Minneapolis, MN, United States; MMP-2, MMP-9
and TIMP-1: Daiichi Fine Chemical Co. Ltd., Takaoka,
Toyama, Japan). Each cytokine was measured in 5 sam-
ples and the means of these were compared between the

MKN-45 cells and the MKN-45P cells.

Animals

4 wk old athymic male BALB/c nu/nu nude mice, each
weighing 18 g, were obtained from CLEA (Tokyo, Ja-
pan). The mice were housed in cages under specific
pathogen-free conditions and provided with sterilized
food and water ad libitum.

Drugs

The humanized murine monoclonal antibody against hu-
man VEGF (bevacizumab, Avastin) was purchased from
Genetech (San Francisco, CA, United States).

Experimental design

The experimental group consisted of 5 wk old male
mice (7 = 10). We determined a working concentration
of bevacizumab according to Wildiers ez 2/, On day 0,
we injected 1 X 10" MKN-45P cells into the abdominal
cavity of each mouse, followed by a single intraperito-
neal () injection of 200 pg bevacizumab in 1 mL saline
on day 0 and day 4. On day 21, five mice were sacrificed
under ether anesthesia; these were weighed and then we
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Table 1 Comparison of cytokines between MKN-45 and MKN-45P

IL-1B (pg/mL) IL-6 (pg/mL) IL-8 (pg/mL) VEGF (pg/mL) MMP-2 (ng/mL) TIMP-1 (ng/mL)
MKN-45 09+0.7 1.2+0.7 381.9 +147.1 1335.0 + 624.3 03+0.1 27+18
MKN-45P 04+0.2 29+0.6 891.4 +210.2 3806.0 +229.8 0.7+0.5 6.0+4.0
P value 0.109 0.045 0.011 0.013 0.021 0.126

IL: Interleukin; VEGF: Vascular endothelial growth factor; MMP: Matrix metalloproteinase; TIMP: Tissue inhibitor of metalloproteinase.

calculated the mean number of tumor nodules in a 1
cm’ area in three fields on the mesentery and calculated
the volume of ascites. We also extracted retroperitoneal
tissues for histological examination. Another five mice
were monitored until they died and the survival rate was
calculated using the Kaplan-Meier method. A matching
number of control mice were given 1 mL of drug-free
saline.

Histology

After extraction, the retroperitoneal tissues were fixed
for 12 h in 10% neutral buffered formaldehyde, then cut
every 5 mm horizontally and embedded in paraffin. Par-
affin sections were stained with hematoxylin-eosin (HE)
and examined using light microscopy. We counted the
frequency of hydronephrosis on the retroperitoneal tis-
sues. The mitotic index was defined as the mean number
of mitotic figures in a 400 times magnified field from
ten arbitrary microscopic fields.

Immunohistochemistry

VEGF was analyzed using immunohistochemical stain-
ing and the avidin-biotin-peroxidase complex technique
(Vectastain ABC Kit; Vector, Burlingame, CA, United
States). Briefly, 3 um thick sections of the formalin-fixed
paraffin-embedded tissue specimens were deparaffinized
and dehydrated. The sections were washed with phos-
phate-buffered saline (PBS), treated with 0.3% hydrogen
peroxide in methanol for 30 min to block endogenous
peroxidase, and then incubated with primary antibody in
a humidified chamber at 4 ‘C overnight. As the primary
antibody, rabbit polyclonal antibody A-20 was used (Santa
Cruz Biotechnology, Santa Cruz, CA, United States)
for VEGE, diluted at 1:200. Sections were washed three
times with PBS, then incubated with biotinylated horse
anti-rabbit immunoglobulin G antibody for 30 min,
washed again three times with PBS, and then incubated
with avidin-biotinylated peroxidase complex for 30 min.
After three additional washings with PBS, staining was
developed by incubating the sections in 3-amino-9-
ethylcarbazole (Vector) for 5 min. The sections wete then
counterstained with hematoxylin and mounted. The cell
types showing positive staining for VEGF were defined
morphologically by H and E staining, using serial sec-
tions. VEGF expression was classified as one of three
categories using a method modified from the literature
that was previously used on gastric tissue”, depending
on the percentage of tumor cells stained: category 1 be-
ing less than 30% of cells stained; category 2 being from
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30% to 49% stained; and category 3 being 50% or more
cells stained.

Ethics
This study was approved by Kurume University Institu-
tional Animal Care and Use Committee of Ethics.

Statistical analysis

Student’s ~test and the y” test were used to analyze the
data for any significant difference and any difference was
considered statistically significant when the P value was
less than 0.05. The cumulative survival rate was calcu-
lated using the Kaplan-Meier method. The significance
of any difference between the survival curves was de-
termined using the log-rank test and any difference was
considered significant at the 5% level.

RESULTS

Measurement of cytokines in condition medium

The number of MKN-45 or MKN-45P cells was count-
ed at 24, 48 and 72 h. There was no difference in the
number of cancer cells between the two cell lines.

The concentrations of cytokines in conditioned media
from MKN-45 and from MIKN-45P are shown in Table
1. The concentrations of 1L.-6, I1.-8, VEGF and MMP-2
protein in the culture supernatants from MKN-45P
were each significantly higher than each of those from
MKN-45 (P = 0.045, P = 0.011, P = 0.013 and P = 0.021,
respectively) (Table 1).

Peritoneal dissemination model

Peritoneal dissemination with bloody ascites was recog-
nized in all five mice using the MKN-45P cell line (Figure
1A). Numerous nodules were seen on the mesentery
(Figure 1B). We confirmed histologically that the nodule
in the peritoneum was composed of cancer cells. All five
mice in the non-therapy group were cachexic; however,
there was no significant difference in body weight (P =
0.591) and no difference in the number of peritoneal
nodules (P = 0.783) between the therapy and non-ther-
apy group. The volume of ascites in the therapy group
was significantly less than that in the non-therapy group
(P = 0.042). No side-effects of bevacizumab were evi-
dent, such as bleeding, bowel perforation or thrombosis
(Table 2).

Histopathological findings
In the therapy group, two right kidneys (40%) and one
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Table 2 Number of tumor nodules, volume of ascites, body weight, frequency of hydronephrosis and mitotic index in the mice

treated with bevacizumab and the untreated mice

Treatment n Tumor nodules Ascites (mL) Body weight (g) Hydronephrosis Mitosis index
Right kidney Left kidney

Non-therapy 5 16.64 £ 5.06' 0.60 £ 0.51 12.21+0.51° 4 (80) 2 (40) 21.0+5.7°

Therapy B 17.66 +3.45 0.04 £ 0.03 12.41 £ 0.61 2 (40) 1 (20) 9.6+21

'P =0.783;°P = 0.042; °P = 0.591; P < 0.01 vs therapy group.

Figure 1 Peritoneal dissemination model. A: Bloody ascites was recognized
in the peritoneal cavity of the peritoneal dissemination model, using the MKN-
45P cell line; B: Numerous tumor nodules (arrowheads) were recognized on the
mesentery.

left kidney (20%) showed hydronephrosis. In the non-
therapy group, four right kidneys (80%) and two left
kidneys (40%) showed hydronephrosis. The frequency
of hydronephrosis in the therapy group was lower than
that in the non-therapy group (Table 2). In the therapy
group, the grade of hydronephrosis was mild and only a
small amount of tissue was recognized in the retroperi-
toneum. In contrast, in the non-therapy group, the grade
of hydronephrosis was severe and a large amount of tu-
mor tissue was recognized in the retroperitoneum (Figure
2). High magnification examination of the tumor tissue
revealed a lower number of mitoses in the therapy group
than in the control group (Figure 3).

Immunohistochemical findings

Immunoreactivity for VEGF was mainly identified as
supranuclear staining or diffuse staining in the cytoplasm
of the cancer cells (Figure 4). Based on the percentage of
positive tumor staining, all of the five mice in the therapy
group were in category 2, whereas all of the five mice in
the non-therapy group wete in category 3 (Figure 4).

Mitotic index

The mitotic index was 9.6 = 2.1 in the therapy group
and this was significantly lower than that of 21.0 £ 5.7
in the non-therapy group (P < 0.01) (Table 2).

Survival curves
We investigated the findings for any correlation be-
tween survival and bevacizumab treatment. The median
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survival of the treated mice was 30.8 d and that of the
untreated mice was 26.6 d The survival of the therapy
group was significantly longer than that of the non-

therapy group (P = 0.005) (Figure 5).

DISCUSSION

Research in the field of tumor angiogenesis has provided
a foundation for radical development in the management
and treatment of human cancers. VEGF is the most
sensitive angiogenic factor and is expressed in cancer
cells. Several clinical trials have confirmed that targeting
the vascular VEGF/VEGTF receptor pathway can show
some clinical benefit. VEGF was initially described as a
vascular permeability factor by Senger ez a/'? in 1983 and
was later cloned and found to be homologous to VEGF
by Ferrara ez al”. VEGE has been reported to enhance
the permeability of tumor vessels”™, to induce serine
protease or metalloproteases' "', to inhibit apoptosis
in endothelial cells"®'" and to inhibit the maturation of
dendritic cells". Since then, several randomized trials
have shown a clinical benefit by various VEGF-targeted
agents in patients with metastatic colorectal cancer, ad-

vanced non small cell lung cancer, renal cell carcinoma,
hepatocellular carcinoma and metastatic breast cancer'"”.
VEGF-targeted therapy has thus become an important
treatment option for several human malignancies.

Peritoneal metastasis in gastric cancer takes place
through a multistep process involving the detachment of
cancer cells from the primary tumor, their attachment to
the distant peritoneum, invasion into the subperitoneal
space, proliferation and angiogenesis' ”. Angiogenesis
is a key step in the various stages of human cancer de-
velopment and dissemination. Previous reports have
indicated that the presence of angiogenic factors is an
essential event in the development of peritoneal metas-
tasis™ .

In gastric cancer, there is a tendency for the tumor/
normal ratio of VEGF mRNA to be correlated with
distant metastasis'. Positive expression of tissue VEGE,
circulating VEGE, VEGF-C and VEGF-D were each as-
sociated with poor prognosis in resected gastric cancer'™.
We have previously reported that tissue VEGFE was a
useful indicator of peritoneal recurrence from gastric
cancer”. In our immunohistochemical study on clinical
specimens, the VEGF score of patients with peritoneal
recurrence was significantly higher than that of patients
without peritoneal recurrence and the VEGF score was
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Figure 2 Macroscopic and histological findings of the retroperitoneal tissue. A: Hydronephrosis in the left kidney in the non-therapy group (HE, x 40); B: A large
amount of tumor tissues (arrowheads) was recognized on the retroperitoneum in the non-therapy group (HE, x 40); C: Mild hydronephrosis in the right kidney in the
therapy group (HE, x 40); D: A small amount of tumor tissues (arrowheads) was recognized on the retroperitoneum in the therapy group (HE, x 40). HE staining, with
low magnification, on the cut surface of retroperitoneal tissues in the non-therapy group and the therapy group.

Figure 3 High magnification of tumor tissue. High magnification revealed tumor tissue in both the non-therapy group (A) and in the therapy (B) group. The number
of mitoses (arrowheads) in the non-therapy group was larger than that in the therapy group (HE, x 400).

a significant parameter of peritoneal recurrence, suggest-
ing that VEGF was correlated with peritoneal metastasis
from gastric cancer and that VEGF was a useful indica-
tor of peritoneal recurrence”,

The present study reveals that the concentrations
of IL-6, IL-8, VEGF and MMP-2 protein in the cul-
ture supernatant of MKN-45P are each significantly
higher than each of those of MKN-45. IL-6 has been
reported as a prognostic factor in gastric carcinoma and
is significantly correlated with the incidence of lymph
node metastasis and liver metastasis”’. IL.-8 has been

reported as a prognostic factor in gastric carcinoma and
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is significantly correlated with the depth of invasion and
vessel infiltration™. T1.-6 and T1.-8 are each related to the
accomplishment of peritoneal dissemination by induce-
ment of angiogenesis”>*",

Degradation of the extracellular matrix is considered
to be a prerequisite for peritoneal metastasis and MMPs
are thought to play an important role in this process” .
There are many reports that highly invasive cancer cells
with a high potential for metastasis stimulate the produc-
tion of MMPs”" and that MMP-2 is significantly corre-
lated with depth of invasion, lymph node metastasis and
distant metastasis from gastric cancer”

November 4, 2013 | Volume 2 | Issue 4 |
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Figure 4 Immunohistochemical staining of tumor tissue. Immunoreactivity for vascular endothelial growth factor (VEGF) was mainly identified as supranuclear
staining or diffused staining in the cytoplasm of cancer cells. A: All 5 mice in the non-therapy group according to the percentage of positive tumor staining were in cat-
egory 3, with 50% or more cells stained (VEGF, x 200); B: All 5 mice in the therapy group were in category 2, with 30 to 49% stained (VEGF, x 200).

i0fp—m———— Non-therapy group (7 = 5)
—— Thera roup (7 =5

08 L py group (7 = 5)
0.6
0.4 -
0.2
0.0 7\ Il Il Il Il Il 6 Il Il Il

0 5 10 15 20 25 30 35 40

Log rank test: 7 = 0.005
t/d

Figure 5 Survival curves. Survival curves of the bevacizumab-treated (n = 5),
and untreated mice (n = 5). The mean survival duration of the treated mice was
30.8 d and of the untreated mice was 23.6 d (P = 0.005).

These studies have provided clear evidence that VEGF
is an essential element in the development of peritoneal
metastasis. Accordingly, we investigated whether VEGF
antibody might prevent peritoneal metastasis from gastric
cancer.

Bevacizumab is a monoclonal antibody against VEGF
that inhibits tumor growth by blocking angiogenesis.
Cancer cells transferred with VEGF have been found to
have an increased potential for the development of tu-
morigenesis in a xenograft model®. According to several
reports, antiangiogenic agents can decrease tumor vessel
permeability and prevent tumor growth!"*!! Jain ¢ 4/
have reported that antiangiogenic therapy normalized tu-
mor vessels and reduced interstitial fluid pressure, which
finally decreased malignant ascites. In the present study,
all the mice in the non-therapy group were cachexic.
However, there was no significant difference in body
weight between the therapy group and the non-therapy
group because the volume of ascites in the therapy
group was significantly less than that in the non-therapy
group. These findings suggested that bevacizumab sup-
pressed cell proliferative activity by inhibiting angiogen-
esis of VEGE, thus contributing to the smaller amount
of tumor tissue and the low incidence of hydronephro-
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sis in the therapy group. Although the number of peri-
toneal nodules did not differ significantly between the
two groups, the nodules on the mesentery in the treated
group appeared to have been smaller but these were too
small to be measured or weighed. The tumors on the
retroperitoneum in the non-therapy group were larger
than those in the therapy group and large tumors need
new blood vessels for their growth. On immunohisto-
chemical staining, the percentage of tumor cells stained
for VEGF in the therapy group was lower than that in
the non-therapy group. The mitotic index in the therapy
group was also significantly lower than that in the non-
therapy group. These results suggested that bevacizumab
might suppress the vascular permeability effect and the
cell proliferative activity by inhibiting angiogenesis of
VEGF and thereby prolonging survival in the mice in
the therapy group.

The findings from the present study indicate that the
addition of bevacizumab to standard treatment might
prolong the survival of gastric cancer patients, especially
those with peritoneal metastasis. In conclusion, combi-
nation of bevacizumab with anticancer drugs may sup-
press peritoneal dissemination from gastric cancer.

The results from the present study show that VEGF
was correlated with peritoneal metastasis from gastric
cancer. Accordingly, using bevacizumab to inhibit VEGF
may suppress peritoneal dissemination from gastric can-
cet. Therefore, combination of bevacizumab with an-
ticancer drugs might suppress peritoneal dissemination
from gastric cancer.

COMMENTS

Background

The therapy for peritoneal metastasis is the most important treatment to
improve the prognosis of advanced gastric cancer. However, there is yet no
effective treatment against peritoneal metastasis from gastric cancer. The
relationship between vascular endothelial growth factor (VEGF) and peritoneal
metastasis has been reported. Therefore, the authors investigated whether
bevacizumab, a humanized monoclonal antibody against VEGF, had a sup-
pressive effect on peritoneal dissemination from gastric cancer, experimentally,
using a mouse peritoneal metastasis model.
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Research frontiers
The research hot spot is suppression of peritoneal metastasis and prolonging
the survival of peritoneal metastasis by bevacizumab.

Innovations and breakthroughs

The authors proved that bevacizumab reduced the volume of ascites and de-
creased the proliferative activity of cancer cells on the peritoneum macroscopi-
cally and microscopically. So, this research proved the suppressive effect of be-
vacizumab for peritoneal metastasis from gastric cancer more clearly than other
similar articles. Moreover, hydronephrosis is one of the most popular events of
peritoneal metastasis from gastric cancer clinically. In this research, the authors
focused on the hydronephrosis and proved the suppressive effect of bevaci-
zumab for hydronephrosis to reduce the tumor volume on the retroperitoneum.
Applications

The results show that using bevacizumab to inhibit the VEGF may suppress
peritoneal dissemination from gastric cancer. Therefore, bevacizumab could be
used in preventing peritoneal recurrence and the combination of bevacizumab
with anticancer drugs may suppress peritoneal dissemination from gastric can-
cer.

Peer review

The authors think that the design of this study is good and they analyze the ef-
fect of molecular targeting therapy for VEGF against peritoneal metastasis from
gastric cancer. The results are interesting and suggest that bevacizumab could
be used in preventing peritoneal recurrence. The combination of bevacizumab
with anticancer drugs may suppress peritoneal dissemination from gastric can-
cer.
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