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Abstract

Vitronectin has been identified mainly as an adhesion protein that signals through uPAR and
selected integrin receptors. In addition to its pro-adhesive properties, we identified recently
vitronectin as a main chemoattractant present in diluted plasma/serum that directly stimulates
migration of cancer cells. We also found that this pro-migratory activity of vitronectin can be
quenched by fibrinogen. Based on this we hypothesized that this may explain preference of cancer
cell to metastasize to fibrinogen-low microenvironments such as lymphatics or peritoneal cavity.
Based on this, we decided to investigate a role of vitronectin in metastasis of ovarian cancer cells
to peritoneal cavity. We tested migratory responsiveness of three human ovarian cancer cell lines
to ascites isolated from ovarian cancer patients and characterize possible molecules involved in
migration of ovarian cancer cells. The ascites samples were exposed to heat inactivation,
proteinase K digested, dialyzed and charcoal stripped. We also performed cut-off filtration analysis
and by employing ELISA assays to measure concentration of vitronectin in ascites fluid samples.
Finally, we employed shRNA against uPAR and small molecular inhibitors of integrin receptors to
assess their involvement in biological effects of vitronectin. From our studies, we found that the
similarly to diluted plasma, vitronectin in absence of fibrinogen is a main chemotactic/
chemokinetic protein present in ascites fluid. We also found that these pro-migratory properties of
vitronectin can be quenched by addition of fibrinogen. Our studies also indicate that both uPAR
and integrin receptors on ovarian cancer cells regulate migration of these cells to vitronectin
gradient. In summary, we identified free soluble vitronectin as a potent direct chemoattractant for
ovarian cancer cells and that its activity is suppressed after binding to fibrinogen. Since in ascites
fluids vitronectin is present in free form because of a lack or low level of fibrinogen, this could
explain preferences of ovarian cancer stem cells to metastasize within peritoneum. We propose
that inhibitors which could sequester soluble vitronectin in similar fashion as fibrinogen, could be
employed as a novel anti-metastatic drugs.
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INTRODUCTION

Ovarian cancer has the highest mortality rate among all gynecological malignancies. The
high mortality of this tumor is mainly a result of advance stage of cancer at the time of
diagnosis, in the 75% of cases, and also is a result of its high metastatic properties [1, 2].
The ovarian carcinoma metastasizes either by continuous infiltration of neighboring organs
or disseminate within the abdominal cavity via peritoneal fluid [1, 2]. Metastasis of
advanced ovarian carcinoma is associated with the presence of ascites which contains
heterogeneous population of cells including cancer cells and cancer stem cells. Interestingly,
that unlike most other cancers, ovarian tumors rarely disseminates through the blood vessels

[1].

The search for potential chemotactic/chemokinetic factors involved in metastasis identified
several factors enhancing migration of cancer cells such as chemokines, cytokines, growth
factors, complement cascade cleavage fragments, eicosanoids, bioactive lipids, and
extracellular nucleotides [3-10]. However, the chemotactic activities of most of these factors
for malignant cells have been demonstrated in vitro assays when they were employed at
hyperphysiological concentrations as compared to their levels in biological fluids [3-5].

Recently, we identified soluble vitronectin as a main chemoattractant present in diluted
human plasma/serum and intestinal fluid [11, 12]. We also found that this pro-migratory
property of vitronectin is inhibited in presence of fibrinogen which could explain the
preference of most tumors cells to migrate to lymphatics and body cavities where
concentration of fibrinogen is low.

Based on this observation and taking into consideration that ovarian cancer preferentially
spread within peritoneal cavity and well known fact that peritoneal mesothelium secrets
vitronectin into peritoneal fluid [13], we became interested to define the role of vitronectin
in migration of ovarian cancer cells. Vitronectin, has been so far identified as adhesion factor
for these cells and its role in cell migration had been considered rather to be indirect one
[13-16].

Herein we report that soluble free vitronectin induces migration of ovarian cancer cells and
presumably cancer stem cells in ligand-receptor dependent manner. Moreover, its activity is
suppressed after binding to fibrinogen. Since ascites fluid is usually poor in fibrinogen,
vitronectin is present in free, unbound form which may explain preference of ovarian cancer
cells and cancer stem cells to disseminate within the peritoneum [1]. We propose that
inhibitors which could bind soluble vitronectin in similar fashion as fibrinogen, these
inhibitors could be employed as a potent anti-metastatic drugs in cancer patients.
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MATERIAL AND METHODS

Cell lines

The A2780 and OVCAR-4 cancer cell lines were maintained in RPMI 1640 medium,
whereas CAOV 3 was maintained in DMEM. All media were supplemented with 10% (or
20% for OVCAR4) FBS, 100 U/ml penicillin, and 10 pg/ml streptomycin. Medium for
OVCAR4 was additionally supplemented with 10 pg/ml insulin. Cells were cultured in a
humidified atmosphere of 5% CO» at 37°C, and the medium was changed every 48 hours.
All cell line where authenticated by STR analysis.

Chemotaxis assay

Chemotaxis assays were performed as described [6-8]. In some experiments the cells were
pretreated with the inhibitors: ATN161 (100-500 uM, Medkoo Biosciences, Chapel Hill,
NC) for 30 min or RGD (1 - 100 uM, ApexBio Technology, Houston, TX) for 60 min at
37°C. Inhibitors were also added to the lower chambers and were present throughout the
experiment.

Treatment of ascites fluid

Molecular-weight cut off (MWCO) fractions were obtained by centrifugation of ascites fluid
in a Centricon Ultracel YM (Millipore, Billerica, MA) with different MWCOs (10, 30, 50,
or 100 kDa) and the flow-through fractions were used for experiments. Dialyzed ascites
fluid was obtained by dialysis of plasma samples against PBS (without calcium and
magnesium, HyClone, Logan, UT) in a Slide-A-Lyzer dialysis cassette with a 3,500-Da
MW(CO (ThermoFisher Scientific, Waltham MA) and used for experiments. Ascites fluid
with enzymatically destroyed proteins was obtained by a 4-h incubation of a 10% ascites
fluid sample (in PBS) at RT with proteinase K at a final concentration of 6 mAU/ml. Next,
10 ul of plasma was analyzed on a polyacrylamide gel stained with Coomassie Brilliant Blue
R to confirm complete digestion of protein. The potential negative effect of proteinase K
itself on cells was limited by adding 1 mM phenylmethyl sulfonyl fluoride (PMSF) into the
sample before chemotaxis assay. Heat inactivation of ascites sample was by incubation of
ascites fluids at different temperature for 1 h. Charcoal stripped ascites fluid was obtained by
overnight incubation of ascites fluid sample with charcoal (0.1 g of activated charcoal per
0.5 ml of ascites fluid)

Adhesion to fibronectin

Cells were made quiescent for 3 hours with 0.5% BSA in RPMI 1640 medium or DMEM
before incubation with plasma, ascites fluid or vitronectin for 5 min. Subsequently, cell
suspensions (5 x 103/50 ul) were applied to 96-well plates covered with fibronectin (10
pg/ml) and incubated at 37°C for 10 min. The wells were coated with fibronectin overnight
at 4°C and blocked with 0.5% BSA for 2 hours before the experiment. After incubation, the
plates were washed three times to remove non-adherent cells, and the number of adherent
cells was counted under an inverted microscope.
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Phosphorylation of intracellular pathway proteins

Western blots analysis to assess phosphorylation of MAPKp42/44 and AKT was performed
as described [6-8].

Flow cytometry

Knockdown

Cells were detached using Cell Stripper (Corning), followed by a 2-h incubation in
appropriate medium with 2% FBS. Cells were stained with a mouse primary antibody
against human integrin receptor asf; (1:25, Millipore) for 30 min at 37°C. Cells were
washed and incubated with an Alexa Fluor 488 goat anti-mouse secondary antibody (1:100,
Life Technologies, Carlsbad, CA). A murine phycoerythrin (PE)-conjugated anti-human
CD87 antibody (1:20; clone VIMS5, Biolegend, San Diego, CA) was used to analyze the
UPAR receptor, and murine FITC-conjugated anti-human CD51/61 antibody (1:20; clone
2366, Biolegend) was used for staining of the human a3 integrin receptor. The cells were
analyzed using an LSR cell cytometer (BD Biosciences, Franklin Lakes, NJ). Analysis of the
data was performed using FlowJo 7.2.5 software (FLOWJO, Ashland, OR, USA). Unstained
cells and cells incubated with isotype control antibodies were used as controls.

of uPAR with short hairpin RNA

In RNA interference (RNAI) experiments, the short hairpin RNA (shRNA)-generating
plasmid pSUPER.retro.puro (Oligoengine, Seattle, WA) was used. The targeting base
sequence for human uPAR was as described [12]. As a control, ShRNA against Renilla was
used [17]. A2780 were electroporated with 125 V for 5 ms with sShRNA vector using NEPA
21 (Nepa Gene, Portsmouth, NH). Selection of pSuper.retro.puro—expressing cells was
conducted by exposure of /n vitro cultures to puromycin at a final concentration of 0.5
ug/mL for 6 days.

Statistical analysis

RESULTS

All results are presented as mean + SD. Statistical analysis of the data was performed using
Student’s t-test for unpaired samples, with p < 0.05 considered significant.

Ascites contains factor(s) that induce chemotactic/chemokinetic response of ovarian

cancer cells

To better characterize pro-migratory properties of ovarian cancer ascites we analyzed
response of A2780 cells to different dilutions of ascites and found that even highly diluted
ascites fluid (x 20 diluted) stimulates migration of ovarian cancer cells in Transwell assays
(Figure 1A). Moreover we observed this effect for all 6 patients’ derived ascites fluids
(Figure 1B). Additionally, we also found that ascites fluid stimulates migration of not only
of A2780 but also another two ovarian cancer cell lines (CAOV3, OVCAR4) (Figure 1C).
Moreover, ovarian ascites possesses both chemotactic as well as chemokinetic activity since
in the absence of gradient (ascites fluid added to upper and lower chamber of Transwells)
inhibited only by ~50% migratory response of A2780 cells to lower chamber (Figure 1D).
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Evidence that the migration-enhancing factor(s) present in diluted 1% plasma is a protein
with molecular mass in the range 50-100 kDa

To characterize the molecule(s) in ascites responsible for enhanced ovarian cancer cell
migration, we employed several complementary approaches. First, in order to eliminate
small molecules, such as extracellular nucleotides that are endowed with chemotactic
properties (e.g., ATP and UTP) we dialyzed ascites fluid through 3.5-kDa-MWCO
membranes. We found that dialysis did not affect the chemotactic activity of ascites fluids
which suggests that molecules smaller than 3.5 kDa are not involved in this process (Figure
1E). Next we charcoal stripped ascites fluid and removed potential pro-migratory bioactive
lipids [6, 8]. Figure 1E shows that charcoal stripping, similar to dialysis did not inhibit pro-
migratory activity of ascites fluid, which indicates that bioactive lipids are not responsible
for observed pro-migratory response of ovarian cancer cells.

Next, to test if this potential pro-migratory factor has a peptide/protein structure we exposed
ascites fluid to high temperature and observed a decrease in its chemotactic activity (Figure
1F). Next, to support this better we added to ascites fluid proteinase K which also reduced
the pro-migratory activity of ascites samples (Figure 1G). As demonstrated in the same
Figure the response of cells could be again restored by addition of fresh ascites fluid.
Finally, molecular filtration studies revealed that this chemotactic/chemokinetic factor, most
likely is a protein, with molecular weight in the range 50-100 kD (Figure 1H).

Fibrinogen acts as a natural inhibitor of ascites fluid activity

Our studies with diluted 1% plasma revealed a novel role for fibrinogen that act as
chaperone of vitronectin in diluted plasma and serum [11, 12]. Therefore we decided to test
whether we will observe similar inhibitory effect of fibrinogen on ascites fluid-induced
migration of ovarian cancer cells. In fact Figure 2A demonstrates that fibrinogen inhibits
pro-migratory properties of ascites. Next we analyzed inhibitory effect of normal plasma
with plasma depleted from fibrinogen on migration of A2780 cells to vitronectin. Figure 2B
shows that plasma that is enriched in fibrinogen inhibits pro-migratory effect of 10% ascites
whereas plasma from which fibrinogen has been chemically extracted does not possess this
inhibitory activity. This confirms our previous observation that fibrinogen acts as a natural
inhibitor of protein/peptide-based pro-migratory factor that is present in plasma and
intestines fluids [11, 12].

Soluble vitronectin as a main chemoattractant/chemokinetic factor present in ascites

fluids

Next, we asked if vitronectin is in fact a main chemoattractant/chemokinetic factor present
in ascites. For this purpose, first we measure vitronectin concentration in 6 patients’ ascites
and detected vitronectin on average ~200 ug/ml that corresponds to its concentrations in
human plasma/serum (Figure 2C). In Transwell experiments, when vitronectin was added to
the lower chamber in concentration corresponding to its concentration present 10% ascites
(20 pg/ml) it turned out to be a chemoattractant for all three ovarian cancer cell lines
employed in our studies (Figure 2D). Finally, based on results observed with ascites fluid in
Figure 1D, we employed check-board assay to analyze whether vitronectin possess some
chemokinetic activity, and found that vitronectin similarly as ascites fluid can stimulate
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migration of cells when added at the same time to the upper and lower chamber of
Transwells (Figure 2E). This experiment demonstrated that vitronectin possesses both
chemotactic as well chemokinetic activity. Finally, we also found that stimulation with
diluted 1% plasma, ascites fluid as well as vitronectin increases adhesion of A2780 cells to
fibronectin (Figure 2F).

Ascites fluid and vitronectin activate phosphorylation of p42/44 MAPK and AKT

To check whether response of cells to ascites and vitronectin is receptor-dependent, we
analyzed phosphorylation of p42/44 MAPK and AKT in A2780 cell line in response to
stimulation by plasma, ascites fluid and fibronectin (Figure 3A). We observed an increased
phosphorylation of both kinases.

Several receptors for vitronectin including urokinase (UPAR) and integrin asp; and a3
have been reported [18-21]. Our flow cytometry analysis (Figure 3B) indicates that uPAR
and asp; receptors were detectable in all tested cell lines whereas a.,p3 integrin receptor
was expressed only by one out of three cell lines. Moreover, vitronectin receptors on cancer
cells seem to be functional, since stimulation of cell lines with vitronectin induced p42/44
MAPK and AKT phosphorylation (Figure 3A).

UPAR and integrin receptors are involved in migration of ovarian cancer cells to vitronectin

gradient

As mentioned above both uPAR and selected integrin are main receptors for vitronectin.
Therefore, we tested which of the vitronectin receptor/s play a role in ovarian cancer cell
migration. To address this, first we downregulated expression of uPAR receptor in A2780
cells by employing plasmid encoding shRNA and found ~70% inhibition of mMRNA
expression for uPAR (data not shown). This reduction somehow corresponded to ~70%
inhibition in migratory response of A2780 cells to vitronectin (Figure 4A). Interestingly, we
could also detect some decrease in migration of A2780 cells after pre-treatment of these
cells with integrin blocking peptide RGD (Figure 4B). This suggests existence of
cooperation between uPAR and integrin receptors in modulation of ovarian cancer cells
responsiveness to vitronectin gradient. To support this further, as reported in Figure 4C, in
CAOV3, a cell line in which we detect very low UPAR receptor but at the same time these
cells expressed both analyzed integrin receptors, pre-treatment of these cells by RGD
inhibited migration to vitronectin.

DISCUSSION

One of the major problems in cancer therapy is ability of cancer cells to leave primary tumor
and metastasize to distant tissue/organ where they establish secondary tumors [22]. In
contrast to most hematogenously metastasizing tumors, ovarian cancer cells primarily
disseminate within the peritoneal cavity and this process is facilitated in the presence of
ovarian ascites fluid [1]. Several factors have been reported to be responsible for migration
of ovarian cancer cells including chemokines [23], growth factors [24] and bioactive lipids
[25]. Nevertheless, in in vitro migration assays have been employed usually at very high
concentrations that are not encountered in ascites.
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Therefore, we asked what factor/s present in ovarian ascites can be responsible for ovarian
cancer cells migration. Based on our previous work with diluted 1% plasma which identified
soluble vitronectin as main chemoattractant present in fibrinogen poor fluids [11, 12] and
hypothesized that vitronectin may be a main migration-promoting factor in fibrinogen poor
or even free ovarian ascites. To support this, we found that similar to diluted plasma/serum,
the main chemoattractant present in ascites fluids is heat inactivation and protein K digest
sensitive protein within 50-100 kDa range and that the pro-migratory activity of this protein
could be inhibited by fibrinogen. Based on the molecular size and physical properties we
focused on free vitronectin that is abundant in ascites from patients with ovarian cancer. It is
well known that vitronectin could be produced by mesothelial cell lining peritoneal cavity
[13] as well as secreted by tumor ovarian cancer cells themselves [26].

Vitronectin is a glycoprotein and is detectable at high level in peripheral blood, extracellular
matrix, and bone [27]. Ovarian cancer ascites fluid was found to be enriched in vitronectin
as compared to ascites fluid isolated from non-oncologic individuals which lead to the
suggestion that vitronectin could serve as potential marker for ovarian cancer [28]. Our
analysis indeed confirmed that in ascites fluids concentration of vitronectin is relatively high
(~200 pg/ml) similar to its concentration in normal human plasma [29, 30].

Molecular analysis of the vitronectin structure revealed that it contains three structural
domains: i) an N-terminal somatomedin B domain, which binds to plasminogen activator
inhibitor 1 (PAI-1); ii) a central domain containing hemopexin homology; and iii) a C-
terminal domain that also has hemopexin homology [31, 32]. Vitronectin also contains an
RGD sequence that binds to aspq and a,B3 integrin receptors and through somatomedin B
domain it can bind to urokinase receptor (UPAR, also known as CD87) [33, 34].
Interestingly, despite high homology between vitronectin and hemopexin, we did not
observed any stimulatory effect on ovarian carcinoma cell migration when hemopexin was
added to the lower chamber (data not shown). An important question remains which of the
domains of vitronectin molecule binds to fibrinogen? This interaction has been reported in
the past by demonstrating that it is difficult to purify from plasma fibrinogen that is not
“contaminated” by vitronectin [35].

Vitronectin for a long time has been considered as a factor that only in indirect manner may
affect cell migration being a component of intercellular matrix that together with fibronectin
plays a role in cell adhesion by interacting with integrin receptors on cell surface [18, 33].
Vitronectin also binds activator inhibitor-1 (PAI-1), extends its lifetime and through active
PAI-1 controls hemostasis by inhibiting fibrinolysis and affects angiogenesis. Since this
interaction blocks binding site for integrin receptors it has been postulated that PAI-1-
vitronectin binding can negatively regulate adhesion of cells and thus also play a role in
regulation of cell migration [36]. Binding of vitronectin to uPAR can also as postulated
mediate cell adhesion to vitronectin by triggering a novel type of integrin signaling that is
independent of integrin-matrix engagement [37]. This signaling is active for vitronectin
mutants deficient in integrin binding site and it is also efficiently executed by integrins
deficient in ligand binding [37]. Moreover it was also found that that uPAR can form
complexes with asf1 and a,p3 integrin receptors which suggest that they cooperate in
regulation of cell adhesion and migration [38, 39]. Indeed, in our studies we found that by
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simultaneous inhibition of UPAR as well as integrin receptors activity we can significantly
reduce migration of ovarian carcinoma cells.

The first step in the metastatic process is egress of cancer cells from the primary tumor site
into the interstitial fluid, which requires detachment of cells from mass and then stimulation
of their migration [22]. In both these steps vitronectin plays important role as it directly
stimulates cell migration and egress form the tumor. From the practical point of view, the
inhibition of vitronectin-receptors on cancer cells on one hand inhibits cell migration, but on
other increases detachment of cells from primary mass. Indeed, use of avp3 receptor
inhibitors resulted in increased metastatic potential of ovarian cancer cells. Therefore, based
on our data we envision that in order to decrease motility of cancer cells without impairing
their adhesion and promoting detachment from primary tumor, it would be more important
to develop in the future vitronectin small molecule chaperoning compounds that will mimic
action of fibrinogen. For this, further studies are needed to identify fragments in vitronectin
and fibrinogen that interact with each other.

In conclusion, we demonstrate herein for first time that free soluble vitronectin is a potent
direct chemoattractant for ovarian cancer cells and that its activity is suppressed after
binding to fibrinogen. Because of absence of fibrinogen, in ascites fluid, vitronectin is
present in free and unbound form which can explain preferences of ovarian cancer cells to
metastasize to peritoneum. In addition to the presence of cancer cells in ascites, existence of
cancer stem cells with various markers have been reported in human ascites from patients
with ovarian cancer [40-51]. These cells are reported to be chemo-resistance and cause of
metastasis and recurrence of cancer [42, 52-54]. Therefore it is safe to conclude that
vitronectin present in ascites that helps in migration and invasion of cancer cells is also
responsible for migration and metastasis of cancer stem cells to peritoneum as well as other
organs. Finally, we propose that inhibitors which would bind/chaperone soluble vitronectin
in similar fashion as fibrinogen could be employed as a part of anti-metastatic treatment in
patients with ovarian cancer.
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Figure 1. Ovarian ascites fluid contains protein molecule/sthat stimulates migration of ovarian
cancer cells

Panel A. Dose-dependent effect of human ovarian ascites fluid on the migration of A2780
cells. Panel B. Migration of A2780 cells across Transwell membranes to various human
ovarian ascites samples (A1-A6). Experiment was performed twice with similar results.
*p<0.05. Panels C. Migration of CAOV3 and OVCARA4 ovarian cancer cell lines to ovarian
ascites fluid (A). Experiment was performed twice with similar results. *p<0.05. Panel D.
Chemotaxis (ascites in lower chamber only) vs chemokinesis (ascites fluid in upper and
lower chamber) analysis of response of A2780 cells to ascites. Experiment was performed
twice with similar results. *p<0.05. Panel E. The migration of A2780 cells across Transwell
membranes in response to 10% ovarian ascites fluid, 10% ovarian ascites fluid dialyzed over
a 3.5-kDa-MWCO membrane or 10% charcoal stripped ovarian ascites fluid. Experiment
was performed twice with similar results. *p<0.05. Panel F. The temperature-dependence of
10% ascites preincubation on A2780 cell migration. *p<0.05. Experiment was performed
twice with similar results. *p<0.05. Panel G. The migration of A2780 cells in response to
10% ovarian ascites fluid (A) preincubated with proteinase K (PK). To confirm the complete
inhibition of PK by PMSF throughout the chemotaxis, a rescue experiment was performed in
which 10% fresh was added. Experiment was performed twice with similar results. *p<0.05.
Panel H. The migration of A549 cells across Transwell membranes in response to different
fractions obtained by centrifugation in Centricon filters with different MWCOs. Experiment
was performed twice with similar results. *p<0.05.
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fibrinogen which suggest that vitronectin isa main chemoatr actan/chemokinetic factor present

in ovarian ascites fluids

Panel A. The inhibitory effect of fibrinogen (FG) on the migration of A2780 cells in

response to 10% human ovarian ascites fluid. Panel B. Migration of A2780 cell line to 10%
ascites (A) is inhibited by 10% plasma (P) but not by 10% plasma without fibrinogen (P-Fb).
Experiment was performed twice with similar results. *p<0.05. Panel C. ELISA analysis of
vitronectin concentration in 6 ovarian ascites fluids samples. Panel D. Migration of A2780,
CAOV3 and OVCAR4 ovarian cancer cell lines to vitronectin. Experiment was performed at
least twice with similar results. *p<0.05 Panel E. Chemotaxis (vitronectin in lower chamber
only) vs chemokinesis (vitronectin in upper and lower chamber) analysis of response of
A2780 cells to vitronectin. Experiment was performed twice with similar results. *p<0.05.
Panel FB. The adhesion of A2780 cells to fibronectin after stimulation with plasma, ascites
and vitronectin for 5 min. Experiment was performed twice with similar results. *p<0.05.
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Figure 3. Ovarian cancer cell lines express functional vitronectin receptor
Panel A. Phosphorylation of p42/44 MAPK and AKT after stimulation of A2780 cells with

human plasma, ovarian ascites and vitronectin. Experiment was performed twice with
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similar results. Panel B. Flow cytometry analysis of the expression of urokinase receptor
(UPAR) and the two integrin receptors a3 and asp; in different ovarian cancer cell lines.

Flow cytometry analysis was performed at least twice for each of the cell lines.
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Figure 4. Effect of vitronectin receptor inhibition on migration of ovarian cancer cells
Panel A. Migration of A2780 cells stable transfected cells with control (shRenilla-R5) or

shRNA against UPAR (shuPAR-Z4) to vitronectin. Experiment was performed three times
with similar results. *p < 0.05. Panel B. Effect of RGD pre-treatment on migration of
A2780 cells to vitronectin. Experiment was performed twice with similar results. *p < 0.05.
Panel C. Effect of RGD pre-treatment on migration of CAOV3 cells to vitronectin.
Experiment was performed three times with similar results *p0.05.
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