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Inhibition of integrin 31 decreases the malignancy
of ovarian cancer cells and potentiates anticancer
therapy via the FAK/STAT1 signaling pathway
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Abstract. Integrin $1 (ITGBI) is frequently upregulated in
ovarian cancer, and promotes ovarian tumorigenesis and
cancer progression. However, the effects of ITGB1 inhibition
on ovarian cancer progression and anticancer therapy remain
to be elucidated. The results of the present study indicated that
ITGBI1 was upregulated in HO-8910 and HO-8910PM ovarian
cancer cell lines, and knockdown of ITGBI using short hairpin
RNA markedly increased tumor cell apoptosis, decreased
tumor cell adhesion and migration, and reduced tumor cell
invasion by suppressing matrix metalloproteinase (MMP)-2
and MMP-9 expression. Furthermore, the results of the present
study provided evidence regarding the role of ITGBI inhibi-
tion in bevacizumab anticancer therapy. The activation of
signal transducer and activator of transcription 1 (STAT1) by
focal adhesion kinase (FAK) is involved in integrin-mediated
cell migration and adhesion. In the present study, the expres-
sion levels of FAK were markedly upregulated in ovarian
cancer. The adherence and migratory potentials of ovarian
cancer cells were significantly reduced when the FAK/STAT1
signaling pathway was inhibited by fludarabine. The results
of the present study demonstrated that ITGBI inhibition
effectively reduced tumorigenesis and disease exacerbation,
and contributed to bevacizumab anticancer therapy via the
FAK/STATI signaling pathway, suggesting that inhibition of
ITGBI is a potential novel therapeutic strategy for ovarian
carcinogenesis.

Correspondence to: Dr Wen Zou, Department of Oncology,
The Second Xiangya Hospital of Central South University,
139 Renmin Road, Changsha, Hunan 410011, P.R. China

E-mail: csuzouwen2014@163.com

Key words: integrin 1, bevacizumab, focal adhesion kinase/signal
transducer and activator of transcription pathway, ovarian cancer

Introduction

Ovarian cancer is the most lethal gynecological malignancy,
and one of the leading causes of morbidity and mortality
worldwide (1). In ovarian carcinoma, cancer cells frequently
metastasize by implanting onto the peritoneal mesothelial
surface of the abdominal cavity. The resulting peritoneal
implants are characterized by the adhesion, migration, and
invasion of the tumor cells into the peritoneum and under-
lying organs (2).

Integrins are a large family of cell surface adhesion
proteins that are involved in epithelial cell-matrix interac-
tions. Upregulation of integrins has been associated with
malignancy (3,4), particularly during invasion, metastasis,
and angiogenesis (5,6). Increasing evidence suggests that
aberrantly expressed integrins have a role in ovarian cancer
pathophysiology (7-9). Integrin p1 (ITGBI1), regulates
broader functional activities such as cellular proliferation,
adhesion, and invasion, and previous studies have suggested
its implication in therapeutic resistance in numerous
solid cancer models (10-12) and hematopoietic malignan-
cies (13,14). Focal adhesion kinase (FAK) is upregulated
in various malignancies, such as breast, colon, prostate,
neck, and ovarian cancer (15,16). FAK is an important
regulator of survival, proliferation, migration, and invasion,
processes that are all involved in tumorigenesis and metas-
tasis (17,18). Therefore, FAK signaling may be regarded as
a potential target in the development of anticancer drugs.
A previous study demonstrated that FAK, identified as a
downstream kinase of ITGBI, has an important role in
integrin-stimulated signaling events. Integrin clustering
induces autophosphorylation of FAK and activates signaling
pathway networks (19). However, the mechanisms underlying
ITGBI1 inhibition-induced suppression of ovarian cancer
progression, and the contribution of ITGBI1 inhibition in anti-
cancer therapy remains to be elucidated. The present study
investigated the effects of ITGBI inhibition on tumor apop-
tosis, invasion and migration, and bevacizumab anticancer
therapy in ovarian cancer cells. Furthermore, the present
study investigated the signaling pathways that may mediate
the anti-invasive and anti-migratory effects that resulted
from ITGBI inhibition.
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Materials and methods

Ovarian cancer cell culture. Human ovarian surface epithelial
cells (HOSEpic), HO-8910 and HO-8910PM ovarian cancer
cells were used in the present study. HO-8910PM cells are highly
metastatic ovarian cancer cells derived from HO-8910 (20).
The cell lines were grown in RPMI 1640 (GE Healthcare Life
Sciences, Hudson, NH, USA) supplemented with 10% fetal
bovine serum (Invitrogen Life Technologies, Carlsbad,
CA, USA), 1% penicillin and streptomycin (Sigma-Aldrich,
St. Louis, MO, USA), in an atmosphere containing 5% CO,,
at 37°C. The cell lines were purchased from the Cell Bank
of Shanghai Institutes for Biological Sciences, the Chinese
Academy of Science (Shanghai, China).

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
from the cells with TRIzol (Invitrogen Life Technologies)
and reverse transcribed into cDNA with reverse transcriptase
from the Primescript RT Reagent kit (Takara Biotechnology
Co., Ltd., Dalian, China), as described previously (21). The
RT-qPCR reactions were performed using the Thermal Cycler
Dice Real-Time PCR system (Takara Biotechnology Co.,
Ltd.) and the ABI 7300 Thermal Cycler (Applied Biosystems
Life Technologies, Carlsbad, CA, USA) with the following
cycling conditions: Initial denaturation at 95°C for 10 min,
and 40 cycles of 95°C for 30 sec, 55°C for 30 sec, and 72°C
for 2 min. In order to ensure the reproducibility of the results,
all the genes were tested in triplicate. The following primers
from BGI Tech (Shenzhen, China) were used for the present
study: ITGBI, sense 5-GTCTCAGACTGGCTTCAGTG-3',
antisense 5'-ATGATTGTACCGAGGCTGTC-3"; FAK,
sense 5'-GCGGCCCAGGTTTACTGAA-3', antisense
5'-GGCCTGTCTTCTGGACTCCAT-3"; and p-actin
(human), sense 5'-~AGGGGCCGGACTCGTCATACT-3', and
antisense 5'-GGCGGCACCACCATGTACCCT-3". Reaction
of each sample was performed in triplicate. Relative expres-
sion levels were calculated using the 2-AACt method.

Lentivirus packaging and infection. Three precursor small
hairpin RNA sequences targeting ITGB1 (GenBank accession
no. NM_133376; GTGTACAGATCCGAAGTTTCA) were
designed using an Internet application system (http://rnaide-
signer.lifetechnologies.com/rnaiexpress/plate.jsp; Invitrogen
Life Technologies). The anti-ITGBI1 sequence was inserted
into a lentiviral vector gene (Shanghai GenePharma Co., Ltd.,
Shanghai, China) in order to construct a recombinant lenti-
viral vector GV248, as previously described (22). HO-8910
and HO-8910PM cells in 6-well plates (2x10° cells/well) were
transfected with 42 ul ITGB1-shRNA lentiviral vector (LV,
2.40x10® transducing units) or 12 pl negative control (NC)
lentiviral vector (LV-NC; 1.8x10? transducing units) at 37°C.
A total of 5 yg/ml polybrene (Sigma-Aldrich) was added
to enhance the transfection efficiency. A selection medium
supplemented with 2.5 pg/ml puromycin (Sigma-Aldrich)
was used to obtain a stable transfected cell line over the
course of 2 weeks.

Treatment of cells with bevacizumab and fludarabine. The
ovarian cancer cells transfected with the LV-ITGB1-RNAi
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vector were treated with 10 pg/ml bevacizumab (Avastin®;
Genentech, Inc., South San Francisco, CA, USA) for 24 h,
and then cell apoptosis, adhesion and invasion were detected.
The HO-8910 and HO-8910PM cells were treated with
1.54 ug/ml fludarabine (Selleck Chemicals, Houston, TX,
USA) for 24 h, and then protein expression, adhesion and
invasion were detected.

Western blot analysis. Whole cell extracts were prepared
using radioimmunoprecipitation assay lysis reagent
(Sigma-Aldrich), according to the manufacturer's instruc-
tions. The proteins were then quantified using a bicinchoninic
acid assay (Pierce Biotechnology, Inc., Rockford, IL, USA),
prior to being separated by 10% SDS-PAGE, and detected
by western blotting on a polyvinylidene difluoride membrane
(EMD Millipore, Billerica, MA, USA). The membranes
were blocked with 3 ml Tris-buffered saline with Tween 20
(TBST; Auragene Bioscience Co., Changsha, China) with
5% bovine serum albumin (Auragene Bioscience Co.) for
2 h at room temperature. The membranes were incubated
overnight at 4°C with the following primary antibodies:
Rabbit polyclonal anti-ITGB1 (sc-13590; 1:200), anti-STAT1
(sc-345; 1:500), anti-phosphorylated STAT1 (sc-135648;
1:500), anti-FAK (sc-558; 1:500), anti-matrix metallopro-
teinase (MMP)-2 (sc-13594; 1:500) and MMP-9 (sc-21733;
1:200) primary antibodies (Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA). The membranes were incubated for 1 h at
37°C with the anti-f-actin antibody (sc-8979; 1:6,000; Santa
Cruz Biotechnology, Inc.). The membranes were washed
3 times with TBST, then incubated with the horseradish
peroxidase-conjugated goat anti-rabbit immunoglobulin G
secondary antibody (Pierce Biotechnology, Inc.), followed by
3 additional washes with TBST. A SuperSignal West Femto
Enhanced Chemiluminescence Detection system (Pierce
Biotechnology, Inc.) was used for detection. The blots were
analyzed with the CanoScan LiDE 110 scanner (Canon, Inc.,
Tokyo, Japan) and Image Pro-Plus software, version 6.0
(Media Cybernetics, Inc., Rockville, MD, USA).

In vitro adhesion assay. The cells were pretreated with or
without bevacizumab (10 pg/ml) for 24 h. The cells were then
suspended in serum-free Dulbecco's modified Eagle's medium
(GE Healthcare Life Sciences) to form a single-cell suspen-
sion, prior to being seeded at a density of 10° cells/well into
96-well plates precoated with Matrigel™ (BD Biosciences,
Franklin Lakes, NJ, USA). The wells were incubated at 37°C
for 50 min, and washed three times with phosphate-buffered
saline (PBS) in order to remove non-adherent cells. Cell
viability was determined using an MTT assay.

Cell survival assay. An MTT assay was used to estimate
cell viability (23). Briefly, the cells were plated at a density
of 1x10* cells/well in 96-well plates. Following exposure
to the original and the stably lentivirus infected cell lines
of ovarian cancer, with or without bevacizumab (10 yg/ml)
treatment for 24 h, the cells were incubated with MTT
(Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China) at a final concentration of 0.5 mg/ml for 4 h at 37°C.
The medium was carefully discarded, and 150 mM dimethyl
sulfoxide (Beijing Solarbio Science & Technology Co., Ltd.)
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Figure 1. Expression of integrin 31 (ITGB1) and focal adhesion kinase (FAK) in ovarian cancer cells. (A) Reverse transcription-quantitative polymerase chain
reaction detected the mRNA expression levels of ITGB1 and FAK in normal human ovarian surface epithelial cells (HOSEpic), and ovarian cancer cells
(HO-8910 and HO-8910PM). (B) Western blot analysis detected the protein expression levels of ITGB1 and FAK. Data are presented as the mean + standard

deviation. "P<0.01, vs. the normal ovarian cells (HOSEpic).

was added to dissolve the formazan crystals. The absorbance
was measured at 570 nm using a multi-well scanning spectro-
photometer reader (756MC; Jinghua Instruments, Shanghai,
China). The cells in the control group were considered
100% viable.

Flow cytometry. An Annexin V and propidium iodide (PI)
Fluorescein Staining kit (Bender MedSystems GmbH, Wien,
Austria) were used to measure cell apoptosis, according to
the manufacturer's instructions. Briefly, 5x10° cells were
suspended in 500 pl 1X binding buffer containing 10 mM
HEPES (pH 7.4), 140 mM NaCl, and 2.5 mM CaCl,. The cells
were then incubated with annexin V (1:20) for 5 min, prior
to being incubated with PI (1 mg/ml) for 15 min. The rate of
apoptosis was evaluated by flow cytometry (MoFlo™ XDP;
Beckman Coulter, Inc., Brea, CA, USA).

Invasion assay. The cells were cultivated to 80% confluence in
12-well plates. Cellular growth was subsequently observed for
24 h. All the experiments were repeated in triplicate. Cell inva-
sion was determined by the Transwell assay. Cells suspended
in serum-free medium were added into the upper chamber of
the insert with Matrigel (BD Biosciences). Following incuba-
tion for 24 h at 37°C, cells remaining on the upper side of
the membrane were carefully removed, while cells that had
migrated through the membrane were fixed with 75% alcohol
(Auragene Bioscience Co.) and stained with crystal violet
(Sigma-Aldrich) for 25 min, washed with water and air-dried.
The cells that invaded the membrane were counted using a
light microscope (AE31; Motic, Xiamen, China).

Migration assay. For the wound healing assay, cells were
seeded in 12-well plates and grown to 90% confluence.
Monolayers in the center of the wells were scraped with

pipette tips and washed with PBS. Cell movement into the
wound area was monitored and the images were captured at
0 and 24 h using the AE31 light microscope. The migration
distance between the leading edge of the migrating cells
and the edge of the wound was compared, as previously
described (24).

Statistical analysis. Each experiment was repeated in trip-
licate. Data are presented as the mean + standard deviation,
and analyzed using SPSS 18.0 (SPSS, Inc., Chicago, IL, USA).
Statistical comparisons between the groups were analyzed
using two-tailed Student's t-tests. P<0.05 was considered to
indicate a statistical significant difference.

Results

Expression levels of ITGBI and FAK in ovarian cancer
cells. To assess whether ITGB1 and FAK were dysregulated
in ovarian cancer cells, the expression levels of ITGB1 and
FAK in normal ovarian cells (HOSEpic) and ovarian cancer
cells (HO-8910 and HO-8910PM) were analyzed. As shown
in Fig. 1A, the mRNA expression levels of ITGBI and FAK
were significantly increased in metastatic ovarian cancer cell
lines, as compared with the normal ovarian cells, with the
expression levels of ITGB1 and FAK being the highest in the
highly metastatic HO-8910PM cell line. Similar results were
obtained from the western blot analysis (Fig. 1B). These data
suggest that suppression of ITGB1 may be associated with
carcinogenesis of ovarian cancer.

ITGBI inhibition suppresses cell invasion and MMP
expression in ovarian cancer cells. Previous studies have
demonstrated that ITGB1 may mediate tumor growth, apop-
tosis, adhesion, and signaling in various cancer cells (7,22).
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Figure 2. Integrin 31 (ITGBI) inhibition suppresses invasion and expression of matrix metalloproteinase (MMP)-2 and MMP-9 in ovarian cancer. (A) Transwell
invasion chambers were used to evaluate cell invasion. Representative photomicrographs of the membrane-associated cells were assayed by Giemsa staining
(magnification, x200). (B) Western blot analysis was used to determine the effects of ITGBI inhibition on MMP-2 and MMP-9 expression. Data are presented
as the mean + standard deviation of duplicates from a representative experiment performed in triplicate. "P<0.01, vs. the control (Con) and lentiviral vector

(LV)-NC groups.
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Figure 3. Integrin $1 (ITGBI) inhibition enhances the effect of bevacizumab treatment on cell apoptosis. (A and B) MTT analysis. (C) Flow cytometric assay.
Data are presented as the mean + standard deviation of duplicates from a representative experiment performed in triplicate. ‘P<0.01, vs. the control (Con) and
lentiviral vector (LV)-negative control (NC) groups. “P<0.01, vs. the LV-ITGB1 and bevacizumab-treated (Beva) groups.

Due to the fact that invasion is an important factor for cancer
expansion and metastasis, the present study examined whether
ITGBI inhibition altered the rate of invasion of cancer
cells through transwell chambers coated with Matrigel™.
Anti-ITGBI lentiviral vectors were transfected into HO-8910

and HO-8910PM cells to inhibit the expression of ITGBI.
Concordant with the previous results, significant attenuation
of ovarian cancer cell invasion was observed in the lentivirus
(LV)-ITGBI1-RNA interference (RNAi) group, as compared
with the control and LV-NC groups (Fig. 2A).
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Figure 4. Effects of integrin 31 (ITGBI) inhibition and bevacizumab treatment on ovarian cancer cell adhesion. Data are presented as the mean + standard
deviation of duplicates from a representative experiment performed in triplicate. "P<0.01, vs. the control (Con) and lentiviral vector (LV)-negative control (NC)
groups. “"P<0.01, vs. the LV-ITGB1 and bevacizumab-treated (Beva) groups.
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Figure 5. Effects of integrin f1 (ITGBI) inhibition and bevacizumab treatment on ovarian cancer cell invasion, as determined by wound healing assay. A
wound was introduced by scraping a pipette tip across confluent HO-8910 and HO-8910PM cells. After 24 and 48 h, images of the cells were captured under
phase-contrast microscopy (magnification, x40). Data are presented as the mean + standard deviation of duplicates from a representative experiment performed
in triplicate. “P<0.05, vs. the control (Con) and lentiviral vector (LV)-negative control (NC) groups.

MMPs, specifically MMP-2 and MMP-9, are the most (ECM) (25,26), and has an important role in cancer cell
important proteases for the degradation of type IV collagen, metastasis. In order to determine the effects of ITGBI inhi-
which is the predominant constituent of extracellular matrix ~ bition on MMP-2 and MMP-9 protein expression, western
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Figure 6. Integrin 1 (ITGB1)/focal adhesion kinase (FAK)/signal transducer and activator of transcription 1 (STAT1) pathway regulates cell adherence and
migration in ovarian cancer. (A) The effects of fludarabine (Flu) on the ITGB1/FAK/STAT1 pathway. HO-8910 and HO-8910PM cells were treated with
1.54 pug/ml Flu for 24 h, prior to being collected and lysed. Total protein was separated by SDS-PAGE and analyzed by immunoblotting with the indicated
antibodies. The results are representative of three different experiments. The effects of Flu on (B) adhesion and (C) migration of ovarian cancer cells. Data
are presented as the mean * standard deviation of experiments performed in triplicate. "P<0.01, vs. control. Similar results were obtained in two additional

experiments.

blotting was performed. As shown in Fig. 2B, ITGB1 knock-
down significantly downregulated the protein expression
levels of MMP-2 and MMP-9 in the ITGBI-RNAI group,
as compared with the control and LV-NC groups. These
results suggest that ITGB1 inhibition suppresses MMP-2 and
MMP-9 expression.

ITGBI inhibition enhances the effect of bevacizumab treat-
ment. Bevacizumab offers promise as an antiangiogenic in the
treatment of ovarian cancer (27); however, acquired resistance
limits the use of bevacizumab as a therapeutic agent. The
present study demonstrated the effects of the combination of
ITGBI inhibition and bevacizumab treatment on apoptosis,
adhesion and migration of ovarian cancer cells. Ovarian
cancer cells with knocked down ITGB1 were treated with
10 pg/ml bevacizumab for 24 h, and cell apoptosis, adhesion,
and invasion were detected.

As shown in Fig. 3, MTT assay and flow cytometry were
used to detect HO-8910 and HO-8910PM cell apoptosis.
Cellular proliferation markedly decreased following ITGB1
inhibition and treatment with 10 yg/ml bevacizumab (Fig. 3A
and B). Furthermore, ITGBI1 inhibition further reduced cell
proliferation in bevacizumab-treated ovarian cancer cells.
Concordant with the results of the MTT assay, Annexin V/PI

staining demonstrated that the percentage of apoptotic cells
was significantly increased in both the LV-ITGBI and beva-
cizumab (Beva) groups, as compared with the control group.
In addition, ITGBI inhibition further increased cell apoptosis
in bevacizumab-treated ovarian cancer cells. These results
suggest that ITGBI1 inhibition regulates bevacizumab therapy
by decreasing cell proliferation and increasing cell apoptosis.

The adhesion of cancer cells to endothelial cells or the
ECM has an important role in establishing metastasis (20).
Integrin regulates adhesion and signaling in ovarian cancer (7).
The present study evaluated the effects of ITGBI silencing on
ovarian cancer cell adhesion to ECM proteins. The number of
adherent cells markedly decreased following ITGBI inhibi-
tion (Fig. 4). The inhibitory effects of cell adhesion induced
by ITGBI silencing may contribute to the inhibition of cell
metastasis. Concordant with the results of the apoptosis anal-
ysis, ITGBI inhibition enhanced the effects of bevacizumab
treatment against cell adhesion in ovarian cancer. As shown in
Fig. 4, significant attenuation of ovarian cancer cell adhesion
was observed in the LV-ITGBI + Beva group, as compared
with the Beva group.

The inhibitory effects of ITGB1 suppression on ovarian
cancer cell migration were determined by wound healing
assay. HO-8910 and HO-8910PM cells were transfected with
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ITGBI-RNAIi and treated with bevacizumab, and wound
closure was monitored and the images of the wound closure
were captured. The results of the wound healing assay indi-
cated that ITGBI inhibition significantly attenuated HO-8910
and HO-8910PM cell migration after 48 h (Fig. 5). These data
indicate that ITGBI silencing may effectively inhibit HO-8910
and HO-8910PM cell motility. Furthermore, cell migration
was significantly decreased in the LV-ITGBI + Beva group, as
compared with the Beva group. These data suggest that the the
inhibitory effects of combination treatment of bevacizumab
and ITGBI have an improved effect compared with bevaci-
zumab simple treatment alone on HO-8910 and HO-8910PM
cell migration.

ITGBI/FAK/STATI pathway in ovarian cancer cells. The
subsequent experiments of the present study focused on the
signaling pathways involved in ITGB1-mediated suppression
of metastatic potential in ovarian cancer cells. To determine
whether the STAT1 signaling pathway was involved in cell
adhesion and migration in ovarian cancer, HO-8910 and
HO-8910PM cells were treated with 1.54 ug/ml fludarabine
for 24 h. ITGBI and FAK expression were not significantly
affected by fludarabine. However, STAT1 and p-STATI1
expression were markedly downregulated by fludarabine
(Fig. 6A). As shown in Fig. 6B, the adhesion ratio was signifi-
cantly decreased in the fludarabine group, as compared with
the control group. Concordant with the adhesion assay results,
fludarabine significantly inhibited ovarian cancer cell migra-
tion, as determined by the wound healing assay (Fig. 6C). FAK
and c-Src form a dual kinase complex, which functions to
promote cell motility, cell cycle progression, and cell survival.
Previous studies have demonstrated that ITGB1-mediated
FAK signaling is closely associated with tumor growth and
metastasis (19,28). In a previous study, co-immunoprecipita-
tion and in vitro binding assays demonstrated that STAT1 was
transiently and directly associated with FAK during cell adhe-
sion (29), and its activity was induced by the integrin signaling
pathway. These results indicate that the ITGB1/FAK/STATI1
pathway is involved in cell adhesion and migration in ovarian
cancer.

Discussion

Integrin-mediated cell adhesion and migration have essen-
tial roles in cell growth and development. Previous studies
have demonstrated that ITGBI is able to mediate ovarian
carcinoma cell adhesion, invasion, and migration (8,30).
In the present study, the anti-metastatic effects of ITGB1
inhibition on the HO-8910 and HO-8910PM ovarian cancer
cell lines, as well as its molecular mechanism of action,
were investigated. ITGBI inhibition induced cell apoptosis,
which was determined by the inhibition of cell adhesion,
migration, and invasion, as well as by the suppression of
MMP-2 and MMP-9 expression. The results of the present
study also demonstrated that ITGBI1 inhibition enhanced
bevacizumab treatment in ovarian cancer. Furthermore, the
inhibition of STAT]1 signaling by fludarabine revealed that
the ITGB1/FAK/STAT1 pathway may be associated with the
molecular mechanisms that underlie the anti-invasive effects
of ITGBI inhibition.
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Metastasis is closely associated with cancer therapeutic
efficacy and patient prognosis. Metastasis is a multistep
process involving numerous factors. Cellular migration, the
attachment of cancer cells to the ECM components, and
invasion into surrounding tissues are critical to metastasis.
Therefore, decreased migration, cell-matrix adhesion,
and invasive potential may contribute to the prevention of
metastasis. In the present study, the effects of ITGBI inhi-
bition on apoptosis, migration, invasion, and adhesion to
ECM proteins were determined. The results indicated that
ITGBI inhibition significantly increased cell apoptosis, as
determined by flow cytometry, and suppressed the migra-
tion and invasion of ovarian cancer cells, as determined
by wound healing and transwell invasion assays. The cell
adhesion assay revealed that inhibition of ITGBI attenu-
ated the adhesion of ovarian cancer cells to Matrigel™.
These results indicated that anti-migration, anti-invasion,
and anti-adhesion functions may be important contributors
to the anti-metastatic activity of ITGBI inhibition. MMPs
are a well-known family of zinc-binding enzymes that have
been reported to be upregulated in cancer, and numerous
studies have demonstrated that overexpression of MMPs
facilitates cancer cell progression, suggesting that MMPs are
also involved in metastasis (31,32). In the present study, the
inhibition of ITGB1 suppressed MMP-2 and MMP-9 protein
expression. These results suggested that ITGB1 inhibition
has the potential to inhibit ovarian cancer metastasis by
suppression of MMP-2 and MMP-9 expression. In conclu-
sion, inhibition of ITGBI resulted in tumor cell apoptosis and
disrupted tumor mass formation.

Previous studies demonstrated that ITGB1 may be
associated with therapeutic resistance to various agents and
ionizing radiation in the treatment of cancer (33-36). Notably,
ITGBI-mediated resistance is thought to occur at the level
of the tumor cells themselves. A recent study demonstrated
that ITGBI inhibition combined with bevacizumab treat-
ment reduced the risk of resistance in glioblastoma (34). In
the present study, ITGBI1 inhibition enhanced the effects
of bevacizumab on apoptosis, adhesion, and migration of
ovarian cancer cells. The results lead to the hypothesis that
ITGBI inhibition combined with bevacizumab treatment
may reduce the required dose of the bevacizumab anticancer
agent, thus potentially reducing drug-related morbidity in
ovarian cancer.

It has been suggested that integrin/FAK has an impor-
tant role in regulating various cellular functions, including
adhesion, migration, invasion, survival, growth, and differ-
entiation (37). FAK activates STAT1 in integrin-mediated
cell migration and adhesion (29). A previous study demon-
strated that FAK/STAT] increased the malignant potential
of ovarian epithelium (28). Therefore, ITGB1/FAK/STAT1
signaling is a promising therapeutic target for ovarian
cancer. In the present study the adherence and migratory
potentials of ovarian cancer cells were significantly reduced
following the inhibition of the ITGB1/FAK/STATI signaling
pathway by fludarabine. These results revealed that inhib-
iting FAK/STAT1 signaling exerts anti-metastatic effects on
ovarian cancer cells.

These data suggested that ITGBI inhibition effectively
reduced tumorigenesis and disease exacerbation, and
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contributed to bevacizumab-induced anticancer therapy via
the FAK/STATI signaling pathway. This further elucidated
the anti-tumor molecular mechanisms underlying ITGB1
inhibition, suggesting that targeting ITGBI is a potential
strategy for the prevention and treatment of ovarian cancer
metastasis.
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