The Ca?* mobilisation and the inhibition of akt reduced the binding of PEO-1
cells to fibronectin

Introduction
The cell adhesion molecules, integrins, activate outside-in signalling pathway

necessary for cell invasion by mediating attachment between cells and extracellular
matrix (ECM). The integrins participate in cell morphology, migration, proliferatio

differentiation, survival (1-2) as well as apoptosis. Integrin-mediated cell attach
is necessary to cancer cell metastasis and invasion. Moreover, ECMsimte

&

many chemotherapeutic treatments (2). The studies on this topic ar ually

signalling is said to have survival advantage in different types of cancer

on integrin expressions. Signal transduction mechanisms of inte ' rian cells,

however, have not been explicitly investigated yet.

Cell-ECM adhesiveness is generally increased in i cancers that allows the
cancer cells to destroy the histological stru duced the cell-ECM
adhesiveness is also important for cancer i @n _and metastasis (3). Moreover,
some studies showed that the adhesio fPhigh metastatic cells could be
reduced by inhibiton of integrin expr jes process that leads to metastatic

cells to anoikis which is a program ath induced upon cell detachment from

ECM (4-5). Especially, the av, it-inhibiton or av-knockdown inhibited the
colonogenic and migrato of Auman prostate cancer cells in vitro and in vivo
(4,6). av integrin i eby, said to be a promising target for cancer therapy
strategies.

an spread as a cell form or spheral form from the surface of

metastatic ovarium cells should survive and proliferate without

he microenvironment of cells is dynamic and containing survival

egulate tumor cell migration, invasion, survival and spheral forms (7). In
icular, fibronectin and vitronectin (ECM proteins) proteins induce the formation of
pheroids, adherence and disaggregation of ovarium cancer cells. These proteins
disintegrated by metalloproteinase-2 increase the adhesion of ovarium cancer cells to

region of peritoneal and that is nascent stage of metastasis (8).



B-catenin is a multi-functional protein and involve in WNT signal pathway as well as
adhesion via E-cadherin in epithelial cells (9). In normal epithelial cells, B-catenin
binds to E-cadherin- a-catenin complex in adherent junctions., In the presence of
WNT signalling, however, B-catenin accumulates in the cytoplasm and then
translocate to the nucleus due to activation of large number of target genes included
LEF/TCF genes (10). These activated genes are attributed to the developmen

some diseases, especially various types of human cancers. A number of st Q
show that accumulation of B-catenin is also effective in creating ‘

microenvironment for cancer progression (11-12).

Recently, it has been shown that Akt is one of the most effectiye proteins

in B-catenin accumulation process. Especially, N-cadherin adR can lead to

stimulate B-catenin signalling pathway (13).
phosphorylates GSK3B and lead to inactivate the ppof GSK3B. In this case,

stabilization and accumulation of B-categin is

The current study aims to investigéte the of Ca*? increasing via tunicamycin
(TN) treatment and [B-catenin-Akt naling on the binding of metastatic ovarian
cancer cell (PEO-1) to fibro

integrins that play an acfive

ere we investigated the expression levels of
’EO-1 binding to fibronectin by flow cytometry
and immunofluorescénc aining. Using aRTCA), we show that increasing of

cytoplasmic calcium PEO-1 cells influenced the cells adhesion. Inhibition of

accumulation
inhibitio

adhesia

@ e and Akt signalling using specific inhibitors lead to
=10 dhesion to fibronectin. These results suggest a link between

of PE@®-1 ovarian cells and Ca?* mobilisation, function of Akt and B-catenin.

erials and Methods
Il'eulture
e PEO-1 human ovarian cancer cell line was purchased from Public Health
England (10032308) and cultured in RPMI 1640, 10 % Foetal Bovine Serum, 2 mM

sodium Pyruvate and 2 mM Glutamine.



Detection of integrin expression

Expression levels of av, a4, B1 and (6 integrin were determined using specific
antibodies by flow cytometry on PEO-1 cells. The cells were incubated with 1:200
dilution of primary antibodies against integrin subunits, subsequently washed in PBS
and incubated with 1:200 FITC-conjugated secondary antibody for 30 min at 4°C.
Control cells contain either primary antibody or FITC secondary antibody. A
washing, all samples were analysed using flow cytometer (Becton Dickin
FACSAria Il, Canada).

Localisation of integrins on cell membrane

The localisation of integrins was detected by using florgs icroscopy.

Coverslips were coated with 50 pg/ml fibronectin. The cel hen seeded,
washed with PBS and fixed with 4 % formaldeh
permeabilized with 0.1 % Tween-20. After washing
with 1 % Bovine Serum Albumin (BSA). The ¢

integrin antibodies (1:200 dilution) for jover t@4 °C, then FITC- conjugated

washed@again and then
, the cells were treated

ed with specific primary

t+

secondary antibody (1:300 dilution) for rimary antibody was not added
in the control group. After washing th& covers , they were mounted on microscope
slides. The slides were finally examined ) by using florescence microscopy and

monitored.

Binding Assays
The binding rate -1 cells to fibronectin

al-time and time-dependent analysis of binding of PEO-1.
anges in electrical impedance as cell attach and spread in a
multi-well plat8s covered with a gold microelectrode array (15). The electrode

isplayed and recorded as “cell index” values that reflect the biological

onitored cells, including the cell number, cell viability, morphology and cell
ion (16).

-well plates were coated with different concentration (1 pg/ml, 5 ug/ml, 10 ug/ml,
15 pg/ml, 25 pg/ml, 50 pg/ml, 100 ug/ml) of fibronectin except control wells. The wells
were washed with PBS and then blocked with 1 % BSA for inhibiting non—specific
binding. After a background impedance measurement, 5 x10 cell/well were seeded.

The impedance was monitored at 15 min interval during 24 h. The rate of cell
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adhesion was calculated according to normalize the cell index (NCI) or cell index
formula.

NCI = (impedance at time point n — impedance in the absence of cells) / nominal
impedance value.

Cl = (resistance measured at a time point — resistance measured without the cell) /
15Q

The Role of [Ca*?]ion PEO-1 Cell Adhesion Capacity

Integrins on cell surface were activated by fibronectin (50 pg/ml). The

on cell adhesion capacity was investigated by the RTCA system
PEO-1 cells by using IPs-independent intracellular calcium releg rgin (TG)
(50 nM, 100 nM, 500 nM, 1 pM, 2 uM) and extracellular calciu | blocker TN

glycol-bis(B-aminoethyl ether)-N,N,N',N'-tetraacetic % ich is Ca*? chelator to
elhadhesion was conducted for

create a non-calcium environment. Measureme C
24 h.
The Role of Cardamonin and Akt ndi ility of PEO-1 cells

jonedvabove. After the wells were coated with
eeded with 5 x 10* PEO-1 cells and transferred
into RTCA for 2 h incubation regnonitoring. After that, the cells were treated with
different concentrati offeardamonin (3,13 uM, 6,25 uM, 12,5 uM, 25 uM, 50 uM,
ibi catenin, and FPA 124 (5 uM, 15 uM, 25 uM, 35 uM), Akt

e cells were monitored at 30-min intervals for a period of

16-well plates were prepared as m

50 pug/ml fibronectin, the plat

were used as a control groups together with the wells

ult

ssion and Localisation of Integrins on the Surface of PEO-1 cells

he expression and localisation of a4, 31, av and B6 integrin subunits were
investigated by using flow cytometry and immunofluorescence staining. The results of

flow cytometric analysis were given in Figure 1. The expression levels of av, a4, 36




and B1 were ordered descendingly with respect to expression level. The expression

level of av integrin subunit is found to be abundant compared with the others.

0,00
Control

, B1, av and 6 integrin subunits expression
its expressions (B) on the surface of human
Cells first were treated with a4, 1, av and 36
ntroI and then FITC conjugated secondary antibodies.
(B) Left axis is exp el, right axis is the percentage differences from the
control group. levels of a4, B1, av and 36 are higher about 32 %, 48 %,
84 %, and 20¢ the control group respectively.

Figure 1. Flow cytometric a
(A) and percentage of i

PEO-1

ofd r its was demonstrated by fluorescence microscopy (Figure 2). PEO-1

lls weke incubated with specific primary integrin antibodies and localisation

Is sh d low but detectable level of B6 integrin subunit localisation whereas cells
xhiBited considerable amounts of a4, av and 31 localisations over the whole cell as
lled with specific antibodies.
he Binding Rate of PEO-1 Cells to Fibronectin
PEO-1 cells were examined by RTCA system to determine whether the binding of
cells to various concentrations (1-100ug/ml) of fibronectin. The results, shown in

Figure 3, indicate that PEO-1 cells bind to fibronectin at all concentrations compared



to control cells. The cells showed a higher percentage binding to 50 ug/ml fibronectin
(the cell index 5-6 at 24 h), however while the low fibronectin concentration (1 pg/ml)
supported little cell adhesion. The result suggests that 50 ug/ml fibronectin seems to

be a suitable concentration for using further studies.

antibodies at 37°C for 1 h. After that, PEO-1 cel
conjugated secondary antibody.

e for 24 h on 16-well plates coated with 1-50 pg/ml fibronectin
he control wells were uncoated with fibronectin. As mentioned in

ects of Calcium on PEO-1 Cell Binding

gure 4 depicts that the involvement of Ca?* increases in the mechanism of cell
adhesion to fibronectin. PEO-1 cells were plated onto 16-well plates of which were
previously coated with 50 pg/ml fibronectin in the presence or absence of various

concentrations of TN, TG or EGTA. The results demonstrate that integrin-mediated



PEO-1 adhesion to fibronectin is reduced by Ca?* mobilisation from both extracellular
Ca?* and intracellular Ca?* pool. The addition of all Ca?* mobilisation compounds
resulted in a decrease in Cl back down to zero at 24 h time point because of the cells
rounding and detaching from the well bottom.

Figure 4A demonstrate the change in cell index occurred within the first few hours of

exposing PEO-1 cells to the all concentrations of TN. The rate of adhesion of PEQ

cells to fibronectin decreased as a dose-dependent manner. 0.5 and 1 yg/ml o

TG decreased the attachment of PEQ:-1 ce nection to zero. The results

suggest the adhesion of PEO-1 cells ibri decayed by the inhibition of
endoplasmic reticulum pump via TGAreatme

Treatment of PEO-1 cells with variodg,concéntrations of EGTA was also reduced the
rate of adhesion within 5 h a
The Role of PKB/AKT aliRat y on PEO-1 Cell Binding to Fibronectin
FPA-124 was used
of inhibition of P
15 uM, 25
FPA-12 C s on cell binding at 24 h in PEO-1 is given in Figure 5B.

Figure 9A dem@nstrates the attachment of the control cells (without FPA-124). Figure

remain unchanged (Figure 4C).

iting PKB/AKT (Protein kinase B) signal pathway. Impact
/ on cell binding was tested for different concentration (5 uM,

of FPA 124 (Figure 5). Percentage of the impact of different

W the cells treated with 5 yM inhibitor increased gradually (CI: 1.9 and
er 24 h incubation time) (Figure 5B). Increasing the concentration of

r about three
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igure 4. Effects of TN, TG and EGTA on PEO-1 binding to 50 pg/ml fibronectin
after 24 h. A) PEO-1 cells were treated with 0,5-1-5-10-20 ug/ml of TN; B) with 50-
100-500 nM-1-2 uM TG and C) with 5-20-35 mM of EGTA for 24 h after plated onto
50 ug/ml fibronectin. The rate of cell adhesion was calculated according to NCI
formula.



times showed the different effects on PEO-1 cells attachment to fibronectin. For the
first few hours, the cell attachment to fibronectin raised after adding 15 yM FPA
inhibitor, however longer incubation time reduced the binding of PEO-1 cells to the
background level (Cl: 0.3). The results here suggest that FPA inhibitor might cause
rapid focal contacts between cell-fibronectin in a dose dependent manner. High
concentrations of FPA-124 (25 and 35 uM) inhibited the binding of cells to fibroné

immediately after adding into the culture medium.
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The role of PKB/AKT molecules on PEO-1 cells binding to fibronectin (A)
e impact of different FPA-124 concentrations on cell binding at 24 h (B). 16-
lIs¥plates were prepared as mentioned in section of Materials and Methods.
ious concentrations (5-35 uM) of FPA-124 inhibitor were added to each well.
hibitor was not added to the control groups. (B) Left axis is the cell index at 24 h,
right axis is the percentage differences from the control group.

The Role of Cardamonin on PEO-1 Cell Binding to Fibronectin



The effects of cardamonin on PEO-1 cell binding to fibronectin were investigated by
RTCA system and adding various concentrations (3.13, 6.25, 12.5, 25, 50 and 100
MM) of cardamonin. The results showed in Figure 6A and B. Addition of 100 uyM
cardamonin to the cells inhibited the cell binding to fibronectin about 64 %.. Except
for, 3.13 pM treatment of cardamonin, all other concentrations of cardamonin
inhibited the cell binding to fibronectin as compared to the control cells plated

uncoated wells. Treatment of cells with lowest concentration (3.13) of cardam

stimulated the rate of cell binding to fibronectin about 13 % as compared

cells. The results showed that the degradation of B-catenin in the

cardamonin has an important role in PEO-1 cell binding to fibronectin.
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re 6. The effect of cardamonin on binding of PEO-1 cells to fibronectin (A) and
rcentage of the impact of different cardamonin concentrations on PEO-1 cell
binding to fibronectin at 24 h (B). Wells were coated with 50 ug/ml fibronectin at +4
°C overnight. The cells were transferred into each well and then incubated with
cardamonin (concentration range between 3.13 uM and 100 uM) for 24 h. The results
represented are the means of two wells. (B) Left axis is the cell index at 24 h, right
axis is the percentage differences from the control group.
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Discussion

The adhesion and integrin activation are not only important to metastasize the
ovarian cancer cells onto the peritoneal mesothelial surface of the abdominal cavity
(17), but also in the resistance to anoikis of the EOC (epithelial ovarian cancer)
spheroids. It has been reported that some binding proteins might be involved in

implantation of ovarian cancer metastasis (18). Especially, the CD44 molecule,

is a receptor for ECM protein hyaluronic acid, plays a crucial role in gfiedia
mesothelial binding of ovarian cancer cells and B1 integrins such as a5g1 @ a
m

receptor for fibronectin), a3B1 (a receptor for fibronectin, collagen la and
av (a receptor for fibronectin and vitronectin) expressed by cer cells,
mediate ovarian cancer cell binding to peritoneal mesothelium found in our

experiment that the expression level of av is two folds Yakger than ontrol group in

PEO-1 cells. The other integrin expression levels 31 and B6 subunits are
higher about 32 %, 48 %, 84 % than the c

fibronectin receptor most likely contributes -mediated binding of PEO-1

espectively. The av31

cells. These results are consistent with previ indings. Carduner et al., (19)
reported that av has an important r ovatiah cancer progression. Lessan et al.,
(20) informed that B1 integrin espe&gially y responsible for adhesion of ovarian

cancer cells.

Fibronectin has bee
in ascites (21-22).
disaggregatio

ed in ovarian cancer cell metastases and is also present

ibronectin contributes to the formation, adhesion and

the bindi : of ovarian cancer cells to fibronectin should be useful for
targeteditherapies. Binding studies here suggested that PEO-1 cells could be able to
a t ectin in a dose dependent-manner and maximum binding rate was

ched'@fter adhesion of cells to 50 pg/ml fibronectin. The binding capacity of PEO-

C was also measured in the presence or absence of calcium. Because the
int€grin-mediated cell adhesion is regulated by extracellular Ca?* ions (24) and
Increased calcium concentration in cytoplasm is an essential of various signal
transduction pathways such as proliferation and apoptosis and thus is also crucial in
cancer (25). TN induces the endoplasmic stress by inhibiting glycosylation and lead

to accumulation of unfolded proteins. Endoplasmic stress has a critical role in
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regulating cell death (26). Our results clearly indicated that increased calcium levels
in cytoplasm of PEO-1 cells by either extracellular or intracellular stores is essential
for binding of these cells to fibronectin. Intracellular calcium increasing in PEO-1 cells
reduced the cell adhesiveness and also might cause the programmed cell death

induced upon cell detachment from ECM.

PKB/Akt is a serine/threonine kinase that has an important role in cell survival, a

1 cells to fibronectin in a dose dependen

participates in the signaling of adhesion)i

In this study, we found that the inhi nin by cardamonin reduced PEO-1
cells binding to fibronectin. B-catenifiis aclivated downstream signal molecule from
Akt and Akt-mediated phosp

cytosol and the translocatio o_daucleus, thus upregulates genes related to cell

of B-catenin results in its accumulation in the
proliferation such as yclin D1 and D2 (33 ). The function of 3-catenin may be
necessary for the sive"and signalling responses required for cancer. The
ity causes suppression of several cancer hallmarks and
il as a putative drug target (34). Pramanik et al.,(35) found that
tenin signalling blocked pancreatic tumour growth. Verma et al., (36)
all interfering RNA’s (siRNA) directed against (-catenin reduced B-
endent gene expression and growth of colon cancer cells. In this study,
nd that the binding ability of PEO-1 ovarian cells to fibronectin decreased by

treatment of 100 yM cardamonin suggesting that B-catenin might involve in
adhesion process of PEO-1 cells to fibronectin as well as Akt. This process could be
mediated by integrin especially av subunit, but further experiments are required for

investigating the role of av subunit under this circumstances.
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Conclusion
In conclusion, PEO-1 cells binding to fibronectin via integrins could be related to
intracellular Ca*? mobilisation and Akt singaling. However, the sensitivity of these

cells against to anoikis is still remained to be investigated.
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