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Abstract

AIM: To investigate the effects of class I phosphatidy-
linositol 3-kinase (PI3K) inhibitor LY294002 on the
invasiveness and related mechanisms of implanted
tumors of SGC7901 human gastric carcinoma cells in
nude mice.

METHODS: Nude mice were randomly divided
into model control groups and LY294002 treatment
groups. On days 5, 10 and 15 after treatment,
the inhibitory rate of tumor growth, pathological
changes in tumor specimens, expression levels of
matrix metalloproteinase (MMP)-2, MMP-9, CD34
[representing microvessel density (MVD)] and vascular
endothelial growth factor (VEGF), as well as apoptosis
indexes in tumor samples were observed.

RESULTS: In this study, we showed that treating

the tumors with LY294002 could significantly inhibit
carcinoma growth by 11.3%, 29.4% and 36.7%, after
5, 10 and 15 d, respectively, compared to the control
group. Hematoxylin & eosin staining indicated that
the rate of inhibition increased progressively (23.51%
+ 3.11%, 43.20% =+ 3.27% and 63.28% * 2.10% at
5, 10 and 15 d, respectively) along with apoptosis.
The expression of MMP-2 was also downregulated
(from 71.4% + 1.6% to 47.9% * 0.7%, 31.9% %
0.9% and 7.9% £ 0.7%). The same effects were
observed in MMP-9 protein expression (from 49.4%
+ 1.5% to 36.9% % 0.4%, 23.5% =+ 0.9% and 7.7%
* 0.6%), the mean MVD (from 51.2% + 3.1% to
41.9% + 1.5%, 30.9% + 1.7% and 14.9% = 0.8%),
and the expression of VEGF (from 47.2% £ 3.1% to
25.9% + 0.5%, 18.6% + 1.2% and 5.1% + 0.9%) by
immunohistochemical staining.

CONCLUSION: The class I PI3K inhibitor LY294002
could inhibit the invasiveness of gastric cancer cells by
downregulating the expression of MMP-2, MMP-9, and
VEGF, and reducing MVD.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is the fourth most frequently diagnosed
malignancy worldwide, accounting for 12% of all cancer-
related deaths. In Asia and parts of South America in
particular, gastric cancer is the most common epithelial
malignancy and a leading cause of cancer-related
death!”. The major cause of death from gastric cancer

www.wjgnet.com



Xing CG et a/. LY294002 and gastric cancer invasiveness

5045

i1s metastasis that is usually resistant to conventional
treatment.

Invasiveness and metastasis are the leading biological
characteristics of a malignant tumor, and have a close
relation with factors such as movement of tumor cells,
apoptosis and metastasis-associated genes. Matrix
metalloproteinase (MMP)-2, MMP-9, intratumoral
microvessel density (MVD) and vascular endothelial
growth factor (VEGF) are important angiogenic factors,
which have a higher expression in tumor tissues, may
induce angiogenesis in the tumor and play an important
role in metastases, invasion and prognosis of gastric

[3-7]
cancer

. However, the underlying mechanism remains
uncertain.

The phosphatidylinositol 3-kinase (PI3K) pathway
plays a central role in the regulation of cell proliferation,
growth, differentiation and survival®’. Dysregulation
of this pathway is frequently observed in a variety of
tumors, including brain tumors and breast, ovarian and
other carcinomas'""?. Therefore, inhibition of PI3K
signaling is under investigation as a potentially useful
approach for cancer treatment. However, the detailed
mechanisms are pootly understood.

LY294002 is a specific inhibitor of class [ PI3K.
The antitumor activity of LY294002 may be related to
the induction of apoptosis of tumor cells, but the precise
mechanism of its antitumor activity is not well understood.

In the present study, we investigated whether the
inhibition of class I PI3K by LY294002 restricted
the growth and invasiveness of implanted tumors of
SG7901 cells in nude mice. Through this research, we
would suggest that the class I PI3K inhibitor 1Y294002
could play an important role in the inhibition of
progression of gastric carcinoma, and may be of value
in effective clinical antitumor therapy.

MATERIALS AND METHODS

Materials

SG7901 cells and female Balb/c nude mice (4 wk old,
16-18 g) were purchased from the Chinese Academy
of Sciences (Shanghai, China). RPMI-1640 medium
was purchased from Gibco (Rockville, MD, USA).
Fetal bovine serum was purchased from Hangzhou
Sijiging Biological Engineering Material Co. (Hangzhou,
China), anti-MMP-2 (sc-13595), anti-MMP-9 (sc-21733),
anti-CD34 (sc-19621) and anti-VEGF (sc-57490)
monoclonal antibodies were purchased from Santa Cruz
Biotechnology, Inc. (USA). SP kit was purchased from
Maixin Biotechnology (Fuzhou, China).

Drug preparation

LY2940029 was purchased from Cell Signaling
Technology (Beverly, MA, USA) and diluted in phosphate
buffered saline (PBS) to create a stock solution that was
stored according to the manufacturer’s instructions.
The final concentration of the 1.Y294002 solution used
was 500 umol/L. This concentration of LY294002 was
selected on the basis of our experiments on implanted
tumors of human SGC7901 cells in nude mice.

Cell culture

SGC7901 cells were maintained in RPMI-1640 medium
(Gibco) containing 10% heat-inactivated fetal bovine
serum (Hangzhou Sijiqing Biological Engineering
Material Co.), 0.03% L-glutamine (Sigma) and incubated
in a 5% CO2 atmosphere at 37°C. Cells in the mid-log
phase were used in the experiments.

Inhibitory rate of tumor growth
A transplanted tumor model was established by
injecting 1 X 10° cells/mL human SGC7901 into the
subcutaneous tissue in the armpit of nude mice. After
10 d, 25 nude mice were randomly divided into four
groups, and 0.2 mL normal saline solution, 1Y294002
(500 pmol/L) was directly injected adjacent to the
tumor, twice at a 2 d interval (5 d group), three times at
2 d intervals (10 and 15 d group). There were six nude
mice given saline, 19 nude mice given LY294002 (six in
the 5 d group, six in the 10 d group, seven in the 15 d
group). Changes in tumor volume = (1/6) X abc (a: the
length of the tumor, b: the width of the tumor and c:
the depth of the tumor) were measured at 5, 10, 15 d
after LY249002 treatment and the tumor inhibition rate
of each group was calculated.

Inhibitory rate of tumor growth = [C(V1 - Vo) - T(V1 -
Vo)]/C(V1 - Vo)

Where C is the control group, T is the treated group,
Viis the volume before treatment (mm’), and Vo is the
volume after treatment (mm”).

Hematoxylin and eosin (HE) and immunohistochemical
staining

Tumor specimens were taken from areas next to the
margin of the tumors as well as from more central
areas. All the specimens were formalin-fixed, paraffin-
embedded and pathologically diagnosed to be gastric
carcinoma and evaluated using HE for conventional
histological assessment. Histological characteristics were
reviewed by two pathologists.

The tumor samples were cut into 4 pum thick slices
and fixed in acetone. After washing in PBS, slices were
incubated in 0.3% H20: solution at room tempetature
for 5 min. Slices were then incubated with anti-MMP-2
or anti-MMP-9 or anti-MVD or anti-VEGF monoclonal
antibody at a 1:300 dilution at 4C overnight. After
washing in PBS, the second antibody, biotinylated anti-
rat IgG, was added and the cells were incubated at room
temperature for 1 h. After washing in PBS, avidin-
biotin complex was added and then incubated at room
temperature for 10 min. Diaminobenzidine was used as
the chromogen. After 10 min, the brown color signifying
the presence of antigen bound to antibodies was
detected by light microscopy. Controls were prepared
in the same manner as the experimental group, except
for incubation with the primary antibody. The positive
rate (PR) was calculated as follows: PR = (number of
positive cells/total number of cells) X 100%.

Immunohistochemical assessment
The cytoplasm with MMP-2, MMP-9 and VEGF
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appeared as brown in color. Immunohistochemical
staining was independently evaluated by two pathologists,
who were blinded to the experimental data. Two hundred
cells were chosen under the microscope to evaluate the
stained cell number against the total cell number in the
field. Based on the positive cell number, the criteria were
set as follows: negative (-) having a positive cell number
< 10%; (+) having 11%-50% positive cells; (++) having
51%-75% positive cells; and (+++) having > 75%
positive cells. The results of staining of MMP-2, MMP-9
and VEGF were classified into negative (staining of <
10% of cells) or positive (staining of > 10% of cells).

Evaluation of MVD

MVD-CD34 of tumor tissues were evaluated at low
power field (X 40). The tissue sections were screened
and five areas with the most intense neovascularization
(hot spots) were selected. Microvessel counts of these
areas were performed at high power field (X 200).
Cases with discrepancies in scores between the two
investigators were evaluated jointly to obtain a common
consensus score. Any positively stained endothelial cell
or endothelial cell cluster that was cleatly separated from
the adjacent microvessels, tumor cells and connective
elements was counted as one microvessel, irrespective
of the presence of a vessel lumen. An automated
microvessel count/field was computed in each hot
spot and the mean microvessel count of the 5 most
vascularized areas was taken as the MVD-CD34, which
was expressed as the absolute number of microvessels
per 0.74 mm” (X 200 field). The microvessel count that
was higher than the median of microvessel count was
taken as high MVD-CD34 and the microvessel count
that was lower than the median of microvessel count
was taken as low MVD-CD34.

Statistical analysis

All data are presented as mean% £ SD. Statistical analysis
was carried out using ANOVA followed by Dunnett’s
#-test, with P < 0.05 taken to indicate significance.

RESULTS

Effect of the LY294002 on tumor growth

SGC7901 cells (1 x 10%) were injected subcutaneously
into the armpit of nude mice. Within 1 wk, visible
tumors had developed at the injection sites. To
determine the therapeutic effectiveness of LY294002,
intratumoral injection of LY294002 was started after
the volume of the implanted tumor reached 20 mm”,
and was repeated every 2 d for a total of three times.
As shown in Table 1, LY294002 markedly suppressed
tumor growth compared with PBS alone (P < 0.01). No
gross adverse effects, i.e. the loss of body weight, were
observed during the experimental periods. Moreover,
LY294002 inhibited the proliferation of the implanted
tumor of human SGC7901 cells in nude mice in a time-
dependent fashion. The inhibition rate of the tumors

Groups Number of animals Volume of tumors (mm®) Inhibition
Beginning End Beginning End rate (%)

Control 5 5 206 £1.1 536.3+12.4

PBS 5 5 205+12 5257169

LY294002 15 15
5d 5 5 209+14 4762+6.7 11.3+1.13"
10d 5 5 20.8+1.6 4359+74 294+147°
15d 5 5 204+17 379.2+93 36.7+212°

P < 0.05 vs control.

was 11.31% £ 13% on day 5, 29.4% * 1.47% on day 10
and reached 36.7% £ 2.12% on day 15.

LY294002 reduced cell viability and induced apoptosis
of transplanted SGC7901 tumor cells

Treatment with LY294002 for 5, 10 and 15 d in
SGC7901 cells produced intensive HE staining
indicating apoptosis. A significant increase in apoptosis
was observed along with the time that tumors were
treated (Figure 1). After 5 d, the rate of inhibition
reached 23.51% % 3.11%. The rate of inhibition rose
when the experimental time increased, reaching 43.20%
+ 3.27% on day 10 and 63.28% £ 2.10% on day 15
after 1.Y294002 treatment. All the results indicated that
1.Y294002 induced apoptosis (Figure 1E-H).

Similatly, in the lymphatic vessels, the effect of the
drug increased with time. The invasion rate of the tumor
cells in the lymphatic vessels decreased from 75.69% =*
3.5% to 63.78% * 4.3%, 45.62% * 3.1% and 28.17% *
2.7% at 5, 10 and 15 d, respectively, after treatment with
LY294002 (Figure 1A-D).

LY294002 inhibited the expression of MMP-2 and MMP-9
proteins
Positive staining was distributed in the cell membrane
and cytoplasm (Figures 2 and 3). The PR of MMP-2
protein downregulated was from 71.4% % 1.6% in the
control group to 47.9% £ 0.7%, 31.9% % 0.9% and 7.9%
+ 0.7% at 5, 10 and 15 d, respectively, after treatment
with LY294002 for (Figure 2E-H). Significant differences
in the expression were observed between the 500 pmol/
L LY249002 group and the control group at every time
point (P < 0.05). Similarly, the expression of MMP-9
decreased from 49.4% £ 1.5% to 36.9% £ 0.4%, 23.5%
T 0.9%, 7.7% % 0.6%, respectively (Figure 3E-H).

In the lymphatic vessels, we found that the expression
of MMP-2 in the tumor cells also decreased from 59.23%
+ 6.2% to 45.46% £ 7.3%, 32.14% + 1.9%, 14.01% £ 3.9%
at the various time points (Figure 2A-D). Interestingly,
MMP-9 shared the same characteristics in expression as
that of MMP-2, which fell from 39.95% + 5.7% to 25.32%
T 6.5%, 12.84% £ 2.8%, 4.01% £ 5.9% (Figure 3A-D).

LY294002 decreased the expression of MVD and VEGF
Positively stained particles of MVD-CD34 were mainly
distributed in the plasmalemma of cells, though some
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were expressed in the cytoplasm (Figure 4). The mean
MVD was much lower in the tumors treated with
LY294002 than in the control group.

According to the PR of MVD protein of the control
group and the experimental group after treatment with
LY294002 5, 10, 15 d, the expression of MVD was
downregulated from 51.2% £ 3.1% to 41.9% £ 1.5%,
30.9% * 1.7% and 14.9% * 0.8% after 5, 10 and 15 d,
respectively (Figure 4E-H). A significant difference in
positive expression was observed between the 500 pmol/L

p |

Figure 1 Pathological changes in
lymphatic vessels and SGC7901
tumor cells in the model control
groups (A, E) and treatment groups
(B-D, F-H). Lymphatic vessels (A-D)
(HE, x 200) and tumor cells (E-H)
(HE, x 100); control groups (A, E);
LY294002 groups on days 5 (B, F),
day 10 (C, G), day 15 (D, H).
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LY294002 group and the control group at every time
point (P < 0.05). Similarly, the expression of VEGF
decreased from 47.2% * 3.1% to 25.9% % 0.5%, 18.6%
+ 1.2% and 5.1% £ 0.9%, respectively (Figure 5E-H).
In the vascular area, we found that the effect of the
agent increased with time, and the MVD of the tumor
cells decreased from 37.65% % 2.7% to 27.24% *
5.3%, 10.64% * 3.5%, 5.26% £ 1.3% at 5, 10 and 15 d,
respectively (Figure 4A-D). The VEGF expression was
also downregulated from 34.25% %+ 1.7% to 25.21% =*
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2.3%, 11.34% £ 5.1% and 3.26% £ 0.3%, respectively
(Figure 5A-D).

DISCUSSION

Currently only a few chemotherapeutic drugs are effective
for the treatment of human gastric carcinoma'” and there
is an increasing interest in the use of drugs to prevent
its occurrence or invasiveness. The lipid kinase PI3K is a
proto-oncogene that generates 3’-phosphoinositides at the

e

Figure 2 Pathological changes
of the expression of MMP-2 in
lymphatic vessels and SGC7901
tumor cells in the model control
groups (A, E) and treatment groups
(B-D, F-H). Lymphatic vessels (A-D)
(HE, x 200) and tumor cells (E-H)
(HE, x 100); control groups (A, E);
LY294002 groups on days 5 (B, F),
day 10 (C, G), day 15 (D, H).
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cell membrane. The best-charactetized inhibitors of PI3K
are LY294002 and wortmannin. 1Y294002 effectively
inhibits the growth of many types of tumor cells 7z vitro
and 7z vivo, via the inhibition of PI3K and downstream
components of the pathwaym‘”]. It is possible that
LY294002 inhibits proliferation and induces apoptosis in
SGC7901 cells through inhibiting class I PI3K. However,
the downstream molecules involved in the apoptotic
death of tumor cells following inhibition of PI3K/Akt by
1.Y294002 remain to be identified""?.
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Tumor metastasis involves a series of complex
processes in which many gene products take part in
regulating MMPs, which play an important role in
breaking the extracellular matrix, are overexpressed
in malignant tumors and are believed to contribute to
tumor proliferation, invasion, and metastasis' . Among
the MMPs, MMP-2 and MMP-9 are closely related to the
metastasis of tumors, and have been specifically considered
to be important factors in facilitating lymphatic invasion
and metastases in gasttic carcinoma™ .,

Figure 3 Pathological changes
of the expression of MMP-9 in
lymphatic vessels and SGC7901
tumor cells in the model control
groups (A, E) and treatment groups
(B-D, F-H). Lymphatic vessels (A-D)
(HE, x 200) and tumor cells (E-H)
(HE, x 100); control groups (A, E);
LY294002 groups on days 5 (B, F),
day 10 (C, G), day 15 (D, H).

MVD is a quantitative index for carcinoma angio-
genesis, which indicates the regulation of the progress
and metastasis of primary gastric carcinoma, and can
therefore serve as a marker for carcinoma prognosis™ ™.
VEGTE is one of the agents accelerating the formation of
blood vessels, and plays a vital part in tumor-associated
microvascular invasion™”. It has been found that tumor
metastasis is speeded up by VEGFEF, which is highly
expressed in gastric carcinoma, thus may be used as an
index for poor prognosis of gastric carcinoma™ .
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In the present study, there was a significant difference
in the expression of MMP-2, MMP-9 and VEGE, and
in MVD between the transplanted gastric tumor tissues
treated by the class I PI3K inhibitor LY249002 and
that of the control group (P < 0.05), indicating that
LY249002 may inhibit the gene expression of MMP-2,
MMP-9, MVD, and VEGF. We also showed that
LY294002 reduced the viability and induced apoptosis
in the implanted tumor of human SGC7901 cells, thus
demonstrating the cytotoxic effects of LY294002. Both

Figure 4 Pathological changes of
the expression of MVD in lymphatic
vessels and SGC7901 tumor cells
in the model control groups (A, E)
and treatment groups (B-D, F-H).
Lymphatic vessels (A-D) (HE, x 200)
and tumor cells (E-H) (HE, x 100);
control groups (A, E); LY294002
groups on days 5 (B, F), day 10 (C, G),
day 15 (D, H).

the 7n vitro invasion assay and the 7 vivo nude mice assay
suggested that 1.Y249002 had the potential to inhibit the
invasion and metastasis of gastric cancer. This may be
the result of the decrease of the expression of MMP-2,
MMP-9, MVD and VEGF together with the cytotoxicity
towards the tumor cells, both induced by LY294002.
Moreover, no gross adverse effects, i.e. loss of body
weight, were observed during our experimental periods.
These findings suggest that inhibition of the class 1 PI3K
signaling pathway is a potent and safe strategy for
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managing gastric cancers, and further indicated that
development of LY249002-based therapies may be an
emerging approach for the next step in gastric cancer
management.
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Background
The phosphatidylinositol 3-kinase (PI3K) pathway plays a central role in the
regulation of cell proliferation, growth, differentiation, and survival. Dysregulation of
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Figure 5 Pathological changes
of the expression of VEGF in
lymphatic vessels and SGC7901
tumor cells in the model control
group (A, E) and treatment group
(B-D, F-H). Lymphatic vessels (A-D)
(HE, x 200) and tumor cells (E-H)
(HE, x 100); control groups (A, E);
LY294002 groups on days 5 (B, F),
day 10 (C, G), day 15 (D, H).
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this pathway is frequently observed in a variety of tumors, including brain tumors
and breast, ovarian and other carcinomas. Currently only a few chemotherapeutic
drugs are effective for the treatment of human gastric carcinoma and there is an
increasing interest in the use of drugs to prevent its occurrence or invasiveness.
Research frontiers

LY294002 is a specific inhibitor of class I PI3K. The antitumor activity of
LY294002 may be related to the induction of apoptosis of tumor cells, but the
precise mechanism of its antitumor activity is not well understood.
Applications

The research indicated that development of LY249002-based therapies may be
an emerging approach for the next step in gastric cancer management.
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Terminology

Matrix metalloproteinases (MMPs) are a family of structurally related zinc-
endopeptidases. MMP-2 contributes to cell proliferation, migration, and matrix
invasion in a number of cell types such as tumor cells and fibroblasts MMP-9
is directly involved in tumor metastasis, and more recently MMP-9 activity
has been linked with the process of tumor cell invasiveness. High MVD is an
indirect measure of tumor aggressiveness. Vascular endothelial growth factor
is a potent regulator of placental vascular function. Endothelial dysfunction is a
key factor associated with preeclampsia.

Peer review

Overall, the experiment was well performed and the authors have presented
interesting data to provide a mechanistic insight into the antitumor effect of
LY294002.
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