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Soluble Fibronectin Activates RhoA and Causes Cytoskeleton-related

Changes of Cancer Cells

Yong-Jin Li, Yong-Chang Chen*, Ying Wang, Yan Tao, Wen-Rong Xu
(School of Medicine, Jiangsu University, Zhenjiang 212001, China)

Abstract

It is well known that fibronectin within extracellular matrix can ligate membrane receptor integrin

and induce RhoA mediated signals leading to reorganization of the cytoskeleton and regulation of cell migration.

However, a big portion of fibronectin is dissolved in the plasma. Whether soluble fibronectin has similar effect needs

to be elucidated. Here we show that adding soluble fibronectin to cell culture medium caused change of RhoA

protein from inactive GDP-binding form to active GTP-binding form, with increased association with its substrate.

Antibody against osf3; integrin prevented the activation of RhoA protein. Soluble fibronectin induced F-actin forma-

tion of the cells. In human prostate cancer cell line PC-3, soluble fibronectin caused morphological change from

polygonal to round and antibody against o3, integrin prevented the change. The results revealed that soluble fibronectin

could bind aisf, integrin and induce RhoA mediated signal transduction.

Key words

Integrins are membrane receptors that anchor cells
to extracellular matrix proteins. They mediate cellular
adhesion and motility and play a central role in regulat-
ing cell growth and apoptosis ['31. Integrin can trans-
duce signals between cells and extracellular matrix
(ECM). The interaction between ECM component and
integrin leads to reorganization of the cytoskeleton and
regulation of cell migration, and activates many intrac-
ellular signaling pathways. Such events have been most
extensively studied in fibroblasts and linked to activa-
tion of small GTPases belonging to the Rho family of
small GTP-binding proteins “.. Rho family of small G
proteins acts as a molecular switch, cycling between an
active GTP-bound state and an inactive GDP-bound state,
and plays important role in regulating cellular activities
51, RhoA is a chief member of Rho family of small GTP-
binding proteins and mediates signaling relating to cy-
toskeleton arrangement, migration, proliferation and gene
expression. Research data have addressed the signifi-
cance of the association between integrin and RhoA -8,

Fibronectin is a secreted glycoprotein with mo-
lecular size of 450 kDa. It is distributed in both unsolv-
able and soluble forms. The former is mainly in extra-
cellular space or extracellular matrix and the latter is
mainly in the plasma. The fibronectin within extracellular

soluble fibronectin; RhoA; integrin

matrix is involved in cell adhesion, cell motility,
opsonization, wound healing, and maintenance of cell
shape. It can bind integrin on the surface of the cells
attached to the matrix and activate integrin-mediated sig-
nal transduction .. It has been reported that RhoA was ac-
tivated in cells attached to fibronectin-coated surface "%,
However, it was not clear whether soluble fibronectin
could activate RhoA or not. This experiment was de-
signed to investigate the effect of soluble fibronectin on
RhoA activity and the consequent cytoskeleton-related
changes in human gastric cancer cell line SGC-7901
and human prostate cancer cell line PC-3.

1 Material and Methods
1.1 Cell lines

Human gastric adenocarcinoma cell line SGC-7901
was provided by Institute of Biochemistry and cell
Biology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences. Human prostate cancer
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cell line PC-3 was a kind gift from Dr. Renate Pilz in
University of California, San Diego, USA.
1.2 Reagents

Dulbecco’s modified eagle media (DMEM) culture
medium was from Gibco (Grand Island, NY). Fetal calf
serum (FCS) and newborn calf serum (NBCS) were
from Minhai Bio-engineering Co. Ltd (Lanzhou, China).
Mouse monoclonal antibody against RhoA was from
Santa Cruz Biotechnology (Santa Cruz, CA). Rabbit
polyclonal antibody against integrin o3, was from
Chemicon International (Temecula, CA). Goat anti mouse
and rabbit horseradish peroxidase (HRP)-conjugated
secondary antibodies were from Jackson Immuno-
Research Laboratories (West Grove, PA). Lysophos-
phatidic acid (LPA) and fibronectin (from bovine plasma)
were from Sigma (St. Louis, Missouri). Enhanced
chemiluminescence (ECL) reagents were from
Amersham Biosciences (Buckinghamshire, England).
1.3 Preparation of Rhotekin-GST

The plasmid DNA encoding RhoA binding domain
(RBD) of Rhotekin fused to glutathione-S-transferase
(GST) was transfected into E.coli. The bacteria were
cultured at 37 “C over night (o/n) and then induced with
isopropyl-beta-D-thiogalactopyranoside (IPTG) at 30 C
for 2 h to express proteins. The bacteria cells were ly-
sed with lysis buffer containing 50 mmol/L Tris-HC1 pH
7.4, 1% NP-40, 150 mmol/L NaCl, 5 mmol/L MgCl,, 1
mmol/L dithiothreitol (DTT), 10 pg/ml aprotinin, 10 pg/
ml leupeptin, and 1 mmol/L phenylmethan-sulfonyl fluo-
ride (PMSF). The lysate was centrifuged and the su-
pernatant was incubated with glutathione beads at 4 C
for 2 h. The beads were washed several times with
washing buffer containing 50 mmol/L Tris-HCl pH 7.4,
0.5% Triton X-100, 150 mmol/L NaCl, 5 mmol/L MgCl,
and 1 mmol/L DTT. After the final washing, the beads
were suspended in washing buffer containing 10% glyc-
erol and kept in —70 ‘C until use.
1.4 RhoA-GTP pull down assay

Rho activity was measured according to the method
from Ren ez al. "'. Briefly, 3 x 10° cells were seeded on
10 cm dish. After different treatment, the cells were
washed with Tris-buffered saline (TBS) and lysed with
400 pl lysis buffer containing 50 mmol/L Tris-HC1 pH

7.4, 1% NP-40, 1% CHAPS, 200 mmol/L. NaCl, 1 mmol/L
MgCl,, 10 pg/ml leupeptin, 10 pg/ml aprotinin and 1
mmol/L PMSF. The cell lysate was centrifuged to get
rid of the cell debris. Ten microliters of the supernatant
was kept for loading control and the rest of the super-
natant was incubated with GST-Rhotekin-glutathione
beads at 4 ‘C for 45 min, with continuous shaking. The
beads were washed three times with a buffer contain-
ing 50 mmol/L Tris-HCI pH 7.4, 2% NP-40, 200 mmol/
L NaCl, and 10 mmol/L MgSO,. After the final washing,
20 pl of 2x sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) loading buffer was added
to the beads and the beads were boiled for 5 min to
release proteins.
1.5 Western blotting

SDS-PAGE gels of different concentrations were
cast according to the molecular size of target proteins.
Samples proteins were accumulated with voltage of 8
V/cm and then separated with voltage of 15 V/cm on
gel. After electrophoresis, the proteins on the gel were
transferred onto PolyvinylideneFluioride (PVDF) mem-
brane and the membrane was blocked with 3% bovine
serum albumin (BSA) in TBS-T for 1 h at room temper-
ature (RT). The incubation with primary antibody was
over night at 4 C and the incubation with secondary
antibody was 50 min at RT, with three times of wash-
ing after each incubation. ECL reagents were used to
visualize the positive bands on the membrane. Briefly,
same volumes of solution A and solution B were mixed
and added onto the protein side of the membrane. The
incubation was 1 min at RT. The exposure time of the
first film was 15 s. The exposure time of the second
film was adjusted according to the extensity of the sig-
nals on the first film.
1.6 Fluorescent microscopy

The cells grown on cover slips were fixed with
fresh prepared 2% paraformaldehyde in phosphate-buff-
ered saline (PBS). After being penetrated with 0.3%
Triton X-100 and washed with PBS, cells were stained
with 50 ng/ml rhodamine-conjugated phalloidin for 1 h
at RT to visualize filamentous actin. The formation of
F-actin of the cells was observed with fluorescent

microscope.
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partially blocked the effect of soluble fibronectin (Fig.
4C). The blocking effect was similar to that of Y27632,
an inhibitor of RhoA related protein kinase Rock (Fig.
4D).

3 Discussion

Integrin consists of one o and one B subunit. So
far, 8  subunits and 18 o subunits have been found and
the subunits may assemble into 24 instinct integrins!!'!!.
Among them, integrin o, is the receptor of fibro-
nectin "%, When cells attach to extracellular matrix con-
taining fibronectin, integrin o, is activated. The acti-
vated integrin then associates with G protein and causes
the switch of the protein from GDP-binding to GTP-
binding. The GTP-binding G protein can trigger signal
transduction and cause alternation of cell activities. There
has been a lot of research data about the fibronectin-
integrin mediated signal transductions and nearly most
of them are based on the interaction between fibronectin
and integrin through attachment of the cells on extra-
cellular matrix containing fibronectin 351, However, a
big portion of fibronectin is soluble within the body .
Soluble fibronectin exists mainly in the blood plasma
and can reach each part of the body along the blood
stream. There is no research data addressing whether
the soluble fibronectin can activate integrin-mediated
signal transduction or not. Our results showed for the
first time that adding soluble fibronectin to culture me-
dium caused the activation of RhoA, one of the most
important events of integrin-mediated signal transduction.
This indicated that soluble fibronectin can also bind
integrin and activate consequent signal events.

As membrane receptors that anchor cells to extra-
cellular matrix, integrins not only mediate cellular adhe-
sion and motility, but also play a central role in regulat-
ing cell growth and apoptosis. It has been proved that
engagement of integrins o3, can lead to prolonged RhoA

activation ! and many cellular activities induced by
integrin ligation appear dependent on RhoA activity, in-
cluding integrin-induced activation of the MAP kinase
pathway, cytoskeletal changes and cell migration!!3810l,
To address the effect of soluble fibronectin further, we
observed the formation of F-actin and the morphologi-
cal change of the cells treated with soluble fibronectin.
The results showed that soluble fibronectin increased
the formation of F-actin and caused the change of cel-
lular shape from polygonal to round. This indicated that
soluble fibronectin could stimulate cell activities such
as changes of cytoskeleton and cellular configuration.

Integrin 0P, and its ligand fibronectin are highly
expressed in many cancers including prostate cancers
and may influence tumor cell growth, invasion, and
metastasis 1. RhoA is also highly expressed in cancer
cells and is pivotal in migration and metastasis of the
cells. Our results revealed the association between soluble
fibronectin-integrin and RhoA related cell signaling and
activity. This will provide available clue and help to
illuminate the complicated signaling pathways of can-
cer cells.
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&I, G mIRIEIR T AT IE WA Yk F 8, T2 8 B @& SGC-7901 F 4§ RhoA & GDP
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¥ RhoA /8913 544 %,
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