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Effect of the combination of a cyclooxygenase-1
selective inhibitor and taxol on proliferation, apoptosis
and angiogenesis of ovarian cancer in vivo
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Abstract. This study was designed to investigate the effects
of a cyclooxygenase (COX)-1 inhibitor, SC-560, administered
in combination with taxol, on the molecular mechanisms of
antitumor efficacy in a SKOV-3 human ovarian carcinoma
cell xenograft-bearing mouse model. The mice were treated
with 6 mg/kg/day SC-560 by gavage twice every other day
and20 mg/kg taxol by intraperitoneal injection once a week for
three weeks. Microvessel density (MVD) and vascular endo-
thelial growth factor (VEGF) mRNA levels of ovarian cancer
were detected in the tumor tissues using immunohistochemistry
and reverse transcription-polymerase chain reaction (RT-PCR),
respectively. The index of proliferating and apoptotic cells in
the tumor tissues was determined by staining for Ki-67 and
using the terminal deoxynucleotidyl transferase-mediated
dUTP nick end labeling (TUNEL) method, respectively. On
day 7 after the end of administration, the tumor volume of mice
in the combination group was reduced by 55.35% compared
with that of the control mice, and the difference was statistically
significant (P<0.05). In the combination group, the expression
of VEGF, MVD and the cell proliferation index were inhibited
significantly, while the apoptotic index was notably increased
(all P<0.01, compared with the control group). Our results
indicate that the molecular mechanisms of the antitumor effi-
cacy of SC-560 combined with taxol therapy may act in part by
inhibiting tumor angiogenesis, reducing cell proliferation and
inducing cell apoptosis.

Introduction
Ovarian cancer is the fifth most common cause of cancer-

related mortality among women (1). Over the past two
decades, despite recent advances in surgery and chemotherapy,
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the overall cure rate of ovarian cancer has remained approxi-
mately 30% (2). Taxol has been widely used in the treatment
of cancers, including ovarian cancer (3,4). However, the multi-
drug resistance of tumor cells has been the main cause for the
failure of chemotherapy. Combination chemotherapy is one
of the strategies being used to overcome drug resistance. The
current standard of initial chemotherapy for ovarian cancer is
carboplatin and paclitaxel (5).

Previous studies have reported the inhibitory effects of
COX-2 inhibitors in combination with taxol on tumor growth
(6,7). The results demonstrated clear antagonistic effects when
COX-2 inhibitors were administered concurrently with taxol.
Cyclooxygenase (COX) is a key enzyme that catalyzes the
committed step in prostaglandin synthesis (8). Two enzyme
isoforms of COX are known, referred to as COX-1 and
COX-2 (9). COX-1 is constitutively expressed in most tissues
and plays a role in various physiological functions, whereas
COX-2 is transiently inducible by stimuli such as cytokines,
growth factors, mitogens, tumor promoters and hormones,
and also regulates inflammation, differentiation, mitogenesis
and angiogenesis (8,9). Previous findings showed that COX-1
is the predominant COX isoform expressed in ovarian cancer
(10-14). These results suggest that COX-1 is a target for the
prevention and/or treatment of epithelial ovarian cancer. In
addition, numerous studies have shown that COX-1 selective
inhibitors may have potent antitumor activity in combating
ovarian tumors (10,12,13,15). These results indicate that
COX-1 is involved in the progression of ovarian carcinoma and
that COX-1 selective inhibitors may inhibit tumor growth by
inhibiting tumor angiogenesis, reducing cell proliferation and/
or accelerating apoptosis. However, studies of the combined
effects and antitumor mechanisms of COX-1 inhibitors and
taxol on ovarian cancer have not yet been reported.

In this study, we investigated the effects of SC-560, a COX-1
inhibitor, combined with taxol, on the growth of tumors, cell
proliferation, apoptosis and angiogenesis using nude mice
transplanted with a human ovarian cancer SKOV-3 cell line as
an experimental model system.

Materials and methods

Human ovarian tumors in nude mice. In the present study,
we used SKOV-3 cells to study tumor growth in vivo. The
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SKOV-3 cells were implanted subcutaneously into the dorsal
skin (2x10° cells) of female athymic nude mice (nu/nu,
7-8 weeks old). When the tumors were visible (7 days after
inoculation), the mice were randomly divided into four groups,
(n=6 mice per group): the SC-560 group, the taxol group, the
combination group (SC-560 plus taxol), and the control group.
SC-560 (Sigma Chemical Co., St. Louis, MO, USA) was
administered by oral gavage twice every other day at a dose
of 6 mg/kg/day. Taxol (Bristol Myers Squibb SRL, Italy) was
administered by intraperitoneal injection once a week at a dose
of 20 mg/kg. The drugs were suspended in a 0.5 ml solution
of 0.5% methycellulose and 0.025% Tween-20 (both obtained
from Sigma Chemical Co.). The dose of SC-560 was selected
for its specificity in inhibiting COX isotypes (16). The control
group was administered 0.9% normal saline by gavage twice
every other day at a dose of 0.5 ml a time as well as 0.9% normal
saline administered intraperitoneally once a week at a dose of
0.5 ml. The drugs or vehicle were administered over a period of
21 days, commencing 7 days after the tumors became palpable.

A linear caliper was used to measure tumor dimensions
twice a week, and the tumor volume was calculated using the
equation V (mm?®) = a x b?/2, where a is the largest diameter
and b is the smallest diameter (17). Tumor growth was evalu-
ated by the inhibition rate and calculated using the formula:
IR = C - T/C x100%, where IR is the mean inhibition rate, 7 is
the mean tumor volume in the treatment group, and C is the
mean tumor volume in the control group. The animals were
weighed weekly throughout the experiment. On day 28, the
mice were sacrificed, and tumor tissue samples were collected
and then fixed in 10% phosphate-buffered formalin solution
for immunohistology or stored at -80°C until analysis. The
tumor tissue samples were snap-frozen in liquid nitrogen prior
to storage at -80°C.

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was isolated from tissues using TRIzol reagent
from Invitrogen Life Technologies (Carlsbad, CA, USA),
according to the manufacturer's instructions. Total RNA
(5 pg) was reverse-transcribed using SuperScript II from
Invitrogen Life Technologies according to the manufacturer's
instructions. Transcribed products were subjected to PCR for
VEGEF (sense primer, 5'-atggacgtctaccagcgaag-3'; antisense
primer, 5'-aatgctttctccgetctgaa-3') and (-actin (sense primer,
5'-ttgctgacaggatgcagaag-3'; antisense primer, 5'-acatctgetgg
aaggtggac-3'). The oligodeoxynucleotides were synthesized
on a Model DNA synthesizer (Shenggong, Shanghai, China).
Amplification for VEGF cDNA started with a 3-min dena-
turation cycle at 94°C followed by a 30-sec denaturation at
94°C, 30-sec annealing at 52°C, 30-sec extension at 72°C
and a final extension at 72°C for 15 min. The PCR profile for
[-actin consisted of a 3-min initial denaturation cycle at 94°C
followed by a 1-min denaturation at 94°C, 1-min annealing
at 55°C and 1-min extension at 72°C. The PCR mixture was
then maintained at 72°C for 15 min for final extension. The
composition of the PCR mixture has been described previ-
ously (18). Final PCR products were then electrophoresed on
2% agarose gel and stained with ethidium bromide. Ultraviolet
(UV)-illuminated gels were captured using Polaroid Type 667
films. Photographs were quantitated using a Bio-Rad 2000
image scanner. The intensity of B-actin amplification was used
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as an internal standard. The results of real-time PCR were
analyzed by the DCT method: ACT = CT ecieq gene = CT practins
RQ (relative quantitation) = 22T x100%. The results of real-
time PCR were presented as the ratio between the selected
genes and [-actin transcripts.

Immunohistochemistry. Immunohistochemistry was
performed as previously described (19). Sections were depa-
raffinized and hydrated by sequential immersion in xylene
and graded alcohol solutions. Immunohistochemical staining
was performed using the streptavidin-biotin method. For the
staining for CD,,, the sections were immersed in normal goat
serum for 34 min. Microvessel density (MVD) was evaluated
according to the method first described by Weidner ez al (20).
The entire tumor section was first carefully scanned using
low magnification light microscopy (x40) to locate the area
demonstrating the most intense neovascularization. As the
immunohistochemistry of CD;, revealed slight heterogeneity
within the same tumor, the five most highly vascularized areas
(hot spots) were selected in x200 magnification fields. The
mean of five counts was calculated and used in the statistical
analysis. Sections of the tumor samples were also fixed in
10% neutral-buffered formalin and processed for immuno-
histochemistry (H&E staining). The proliferation index was
evaluated by staining for Ki-67. Following deparaffinization,
the tissue sections were heated at 121°C for 15 min in 10 mM
Tris HCI with 1 mM EDTA (pH 9.0). Endogenous peroxidase
was blocked with 3% hydrogen peroxide in methanol for 10 min
at room temperature. The samples were incubated with Ki-67
antibody [clone MIB-5 (M7248)] for 90 min at room tempera-
ture. The sections were then incubated in EnVision reagent
for 40 min and DAB/H,0, for 8-12 min at room temperature.
Proliferation was assessed by counting the number of nuclei
stained positive for Ki-67 and the total number of cancer cells
at a magnification of x400 in five representative regions of the
tumor. Results are expressed as the proportion of positively
stained cells over the total number of cells. The proliferation
index was calculated as: (number of Ki-67-labeled cells/total
number of cells) x100%.

TUNEL assay. Terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling (TUNEL) assay was used
to measure apoptosis using a TUNEL kit from Chemicon Co.
Beijing Zhongshan Biotechnology Co., China). TUNEL assay
is a method of demonstrating apoptotic cell death. The tissue
samples were fixed in 4% paraformaldehyde (PFA) for 24 h
then dehydrated and embedded in paraffin. The paraffin-
embedded tissues were cut into 4-ym sections. Following
deparaffinization in a graded alcohol series, the tissue sections
were covered with 20 yg/ml proteinase K in phosphate-
buffered saline (PBS) for 15 min at room temperature, and
endogenous peroxidase activity was blocked. The samples
were then incubated with TdT enzyme and biotin-16-dUTP in
TdT buffer containing 0.01% bovine serum albumin for 1.5 h
at 37°C in a humidity chamber. The avidin-biotin complex
(ABC) method was used to detect biotin-16-dUTP nucleotides
that had been incorporated into DNA fragments using DAB as
the chromogen. In each tissue specimen, five high-power fields
at x400 magnification were randomly selected and the apop-
totic index (AI) was calculated as the percentage of positive
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Table I. The ACT of VEGEF in the four groups (control, SC-560, taxol and SC-560/taxol combination group).*

VEGF Control SC-560 Taxol SC-560 + taxol
121 6.94+0.23 7.1320.30 7.87+0.32 9.14+0.33
165 4.58+0.26 5.34+0.30 6.28+0.49 7.00+0.48
189 6.34+0.23 6.54+0.21 7.79+0.29 8.99+0.23

“Molecular isoforms of VEGF were generated by alternative splicing, rendering proteins containing 189-, 165- and 121-amino acid residues.
VEGEF 189, 165 and 121 were routinely detected in this series of ovarian cancer.

800,00
* Control
* SC-560
& Taxol
600.00- O SC-560+Taxol
o
E
E
o
E
2
©  400.00—
>
13
c
E
2
c
]
-
=
200.00=
0.00=
1 I 1 1 1 1 I 1 1
0 3 7 10 14 17 2 L -]
Days after tumor transplantation

Figure 1. Effects of SC-560 and taxol on tumor growth in vivo. The inhibitory
effect of SC-560 and taxol on tumor growth was determined in an ovarian
cancer model using SKOV-3 cells. After 7 days had elapsed to allow for tumor
establishment, mice were treated with SC-560 and taxol for 21 days. Average
tumor volume of mice in all treatment groups was significantly different from
vehicle-treated mice on day 28. "P<0.05, compared with control.

cells, using the equation: Al = (number of positive cells/total
number of cells) x100% (21).

Statistical analysis. Statistical analysis was performed using
SPSS software (SPSS version 17.0, SPSS). Statistical signifi-
cance between the control and treated groups was determined
using the Student's t-test. The experimental data were shown
as the means = standard error (SE). P<0.05 was considered to
indicate a statistically significant result.

Results

Inhibition of ovarian cancer growth. Tumor growth increased
throughout the study period in the control group, whereas
growth was gradually suppressed in the treatment groups.
Fig. 1 shows the relative effect of SC-560 and/or taxol therapy.
On day 28, the tumor volume of mice in the SC-560, taxol and

250

#*
*
H

§
—

VEGF mRNA (%)
§

050~

000=- i

SCE60

r .
Control SC560+Taxol

Taxol

Figure 2. Effects of the drugs on the expression of VEGF mRNA. "P<0.05;
"P<0.01; "P<0.05; bars indicate standard error.

combination groups was reduced by 44.67, 54.48 and 55.35%,
respectively, compared with the control mice. The inhibitory
effect observed in the SC-560, taxol and combination groups
was statistically significant compared with that of the control
group (P<0.05 for all).

Effect on VEGF production. In this study, we measured VEGF
levels in xenograft tumors by real-time PCR analysis. Four
molecular isoforms of VEGF were generated by alternative
splicing, rendering proteins containing 206-, 189-, 165- and
121-amino acid residues (22). Although VEGF 206 transcripts
were not amplified, VEGF 189, 165 and 121 were routinely
detected in this series of ovarian cancer. Real-time PCR analysis
indicated the ACT (cycle threshold, = CT ecied gene = CT paciin)
of VEGF in the four groups (Table I). A comparison of the
results of the control and treatment groups revealed the expres-
sion levels of VEGF mRNA to be significantly suppressed in
the taxol (P<0.05) and combination groups (P<0.01) (Fig. 2).
The combination therapy demonstrated a more synergistic
effect than SC-560 on the inhibition of mRNA expression
(P<0.05).

Effect on tumor blood vessels. To evaluate the consequence
of antiangiogenic therapy, we examined the residual tumors
histologically. Immunohistochemical analysis of frozen tumor
sections revealed a decrease in the number of CD,,-positive
microvessels in mice treated with SC-560 and/or taxol. The
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MVD in the treatment groups was 45.27+1.29% (SC-560),

oo |'—**—==| 53.43+2.22% (taxol) and 43.20+0.94% (SC-560/taxol), which
was statistically significant compared with that of the control
group (73.20+0.80%) (P<0.01 for all; Fig. 3). In addition, the
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Figure 3. Effects of SC-560 and/or taxol on microvessel density (MVD)
in vivo. The MVD of vehicle- and all drug-treated tumors illustrated the
profound inhibitory effect of SC-560 and/or taxol. "P<0.05; “P<0.01; bars

indicate standard error.
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SC-560/taxol combination therapy demonstrated a greater
reduction effect than taxol alone on MVD (P<0.05).

Effect on cell proliferation. We assessed cell growth in
xenograft tumors in nude mice treated with vehicle, SC-560,
taxol and SC-560/taxol using proliferation-associated nuclear
antigen (Ki-67) staining. The quantification of the Ki-67-
positive cells in the tumors revealed that SC-560 combined
with taxol treatment in nude mice resulted in a marked decrease
in the proliferation index compared with the control group
(Fig. 4A). Data on the proliferation index in the four groups are
shown in Fig. 4B. In the SC-560 group, the proliferation index
was 12.00+2.13%, which is statistically significant compared
with that of the control group (24.67+4.61%, P<0.05). The
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Figure 4. Cell proliferation in xenograft tumors of nude mice treated or not treated with SC-560 and/or taxol. (A) Representative photomicrograph of
Ki-67 staining of tumor tissue. Magnification, x400. (B) Quantitative data for the proliferation index is shown as a percentage of Ki-67-positive cells. The
proliferation index shows the proliferation inhibition of SC-560 and/or taxol on tumors. "P<0.05; “P<0.01; “P<0.05; bars indicate standard error.
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Figure 5. Cell apoptosis in xenograft tumors of nude mice treated or not treated with SC-560 and/or taxol. (A) Apoptotic cells of tumor tissue. Magnification,
x400. (B) Quantitative data for the apoptotic index is shown as a percentage of TUNEL-positive cells. The apoptotic index illustrates the apoptotic induction
of SC-560 and/or taxol on tumors. ‘P<0.05; “P<0.01; bars indicate standard error.

combination group demonstrated a notable reduction in the
proliferation index (8.67+1.15%) compared with the control
group (P<0.01). In addition, the combination group demon-
strated a greater reduction in the proliferation index compared
with the taxol group (P<0.05).

Effect on cell apoptosis. To evaluate the extent of apoptosis
in tumor tissue in the cancer-bearing mouse model, apoptotic
cells were stained using the TUNEL method and the number
of apoptotic-positive cells was counted in a high-power field.
A notable increase in apoptotic-positive cells was observed
in the combined therapy group compared with the control
group (Fig. 5A). Data on the apoptotic index of the four groups
are shown in Fig. 5B. The apoptotic index was 56.17+2.09,
51.33+1.26 and 69.50+2.87% in the SC-560, taxol and combi-
nation groups, respectively, which is statistically significant

compared with that of the control group (33.00+3.22%; P<0.01
for all). In addition, the combination group demonstrated a
synergistic effect on the induction of cell apoptosis in tumors
compared with the SC-560 (P<0.05) and taxol group (P<0.01).

Discussion

Numerous studies have demonstrated that COX molecules are
involved in the onset and progression of a variety of malig-
nancies and are overexpressed in ovarian cancer (13,23,24).
Other studies have found that COX-1, but not COX-2, is the
predominant COX isoform expressed in human ovarian cancer
(11,12,15,25). Additional evidence that an elevated COX-1
expression contributes to cancer development has emerged
through studies of ovarian cancer using animal models (13,26).
Thus, COX-1 is overexpressed in ovarian cancer, suggesting
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that COX-1 production plays a role in ovarian cancer develop-
ment. The present study has shown that COX-1 selective
inhibitors inhibited the growth of tumor cells by inhibiting
COX-1 activity, thereby reducing prostaglandin I, (PGI,) and
PGE, levels, inhibiting the production of angiogenic factors
and ultimately impeding tumor angiogenesis (10,12,27).

Angiogenesis refers to the recruitment of new blood
vessels and forms an essential component of the metastatic
pathway. Numerous studies have indicated that angiogenesis is
considered essential for tumor growth and the development of
metastases (28-30). As one of the most important angiogenic
factors, VEGF stimulates the proliferation of endothelial cells
and also increases vascular permeability and protein extravasa-
tions, which then provides nutrition and gas exchange for the
growth of tumor cells (31). VEGF has been shown to play a
key role in the growth and progression of ovarian cancer
(32,33). Our results have shown that SC-560 and taxol therapy
inhibited VEGF mRNA expression, and a combination therapy
of the two drugs demonstrated a synergistic effect. Previous
studies have found that the expression of COX-1 leads to an
increased expression of VEGF and that the inhibition of COX-1
reverses this response (15,34,35). The above studies indicate
that COX-1 inhibitors may indirectly inhibit VEGF expres-
sion by inhibiting COX-1 expression. Combined with previous
research results, the present study indicates that the decrease
in tumor-associated VEGF by SC-560 and taxol may be a
crucial mechanism in controlling angiogenesis and inducing
the inhibition of overall tumor growth. Studies showed that
VEGF-positive tissue was associated with a high MVD
expression, whereas VEGF-negative tissue demonstrated a low
expression of MVD, indicating a positive correlation between
VEGF and MVD (36,37). The increase of MVD, an indirect
marker of intense tumor vascularization, increases blood
volume (38), and increased MVD is known to be associated
with both evolution of disease and survival (39-41). Our results
indicated that SC-560 and/or taxol therapy caused a marked
reduction in MVD compared with vehicle-treated control, and
the combination therapy revealed a synergistic effect on the
inhibition of MVD. These results suggest that the potent antian-
giogenic activity of SC-560 combined with taxol is the primary
mechanism of inhibition of tumor growth in the animal model
of ovarian cancer.

The delicate balance between apoptosis and cell prolif-
eration is essential in controlling the cyclical growth of the
reproductive tissues and plays a significant role in the preven-
tion of neoplastic transformation (42,43). Unrestricted cell
proliferation and reduced apoptosis are hallmarks of cancer
cells (27). Our results demonstrated that SC-560 combined with
taxol therapy had a synergistic effect on the inhibition of cell
proliferation and induction of apoptosis in tumors. Our previous
study indicated that SC-560 inhibited the PGE, level by inhib-
iting the expression of COX-1 in SKOV-3 ovarian carcinoma
xenograft-bearing mice (10). Munkarah et al (44) found that
PGE, stimulated proliferation and inhibited cell apoptosis by
promoting tumor angiogenesis in epithelial ovarian cancer. The
above studies suggest that SC-560 reduces the PGE, level by
inhibiting the production of COX-1, then inhibiting cell prolif-
eration and promoting apoptosis, and finally suppressing tumor
growth. It is understood that one of mechanisms by which taxol
inhibits the growth of ovarian cancer is by binding selectively
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and reversibly to the B subunit of tubulin, promoting tubulin
polymerization and the formation of stable microtubules,
causing cell cycle arrest at the G2/M phase and eventually
resulting in the inhibition of cell proliferation by blocking
cell division and cell death through an apoptotic pathway
(45). Therefore, our results suggest that taxol supplemented by
COX-1 inhibitors in the treatment of ovarian cancer enhances
the effect of taxol alone on the inhibition of cell proliferation
and induction of apoptosis, in addition to inducing a synergistic
inhibition effect on the growth of ovarian cancer.

In conclusion, this study demonstrated that the molecular
mechanisms of the antitumor efficacy of SC-560 combined
with taxol therapy may act in part through the inhibition of
tumor angiogenesis, the reduction of cell proliferation and
the induction of cell apoptosis. However, whether COX-1
inhibitors combined with taxol therapy can be adopted as a
new chemotherapy regimen in the treatment of ovarian cancer
requires further investigation.
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