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ABSTRACT

Oral squamous cell carcinoma (0SCC) has a striking tendency to migrate and metastasize. Cysteine-rich 61 (Cyr61), from the CCN gene family,
is a secreted and matrix-associated protein, which is involved in many cellular activities such as growth and differentiation. However, the
effects of Cyr61 on human OSCC cells are largely unknown. In this study, we found that Cyr61 increased the migration and the expression of
matrix metalloproteinases-3 (MMP)-3 in human OSCC cells. av35 or a6Bf1 monoclonal antibody (mAb), focal adhesion kinase (FAK)
inhibitor, and mitogen-activated protein kinase (MEK) inhibitors (PD98059 and U0126) inhibited the Cyr61-induced increase of the migration
and MMP-3 up-regulation of OSCC cells. Cyr61 stimulation increased the phosphorylation of FAK, MEK, and extracellular signal-regulated
kinase (ERK). In addition, NF-«kB inhibitors suppressed the cell migration and MMP-3 expression enhanced by Cyr61. Moreover, Cyr61
increased NF-kB luciferase activity and binding of p65 to the NF-kB element on the MMP-3 promoter. Taken together, our results indicate that
Cyr61 enhances the migration of OSCC cells by increasing MMP-3 expression through the av33 or a6B1 integrin receptor, FAK, MEK, ERK,
and NF-kB signal transduction pathway. J. Cell. Biochem. 113: 1977-1986, 2012. © 2012 Wiley Periodicals, Inc.
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The invasion of tumor cells is a complex, multistage process. To

O ral squamous cell carcinoma (0SCC) represents 1-2% of all
facilitate the cell motility, invading cells need to change the cell-cell

human malignancies. It is characterized by a high degree of

local invasiveness and a high rate of metastasis to cervical lymph
nodes. The migration of OSCC into maxillary and mandibular bones
is a common clinical problem [Lyons and Jones, 2007]. Because
OSCC cancer is a type of highly malignant tumor with a potent
capacity to invade locally and metastasize distantly [Thomas and
Speight, 2001; Greenberg et al., 2003], an approach that decreases its
ability to invade and metastasize may facilitate the development of
effective adjuvant therapy.

adhesion properties, rearrange the extracellular matrix (ECM)
environment, suppress anoikis and reorganize their cytoskeletons
[Roussos et al., 2011]. Matrix metalloproteinases (MMPs) have
important roles in these processes because their proteolytic activities
assist in degradation of ECM and basement membrane [Egeblad and
Werb, 2002]. MMPs are a large family of structurally related
calcium- and zinc-dependent proteolytic enzymes involved in the
degradation of many different components of the ECM [Vincenti,
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2001]. MMP-3 (stromelysin-1) is secreted as an inactive soluble pro-
form which can be activated by a variety of proteases [Carmeliet
et al., 1997]. Like most MMPs, MMP-3 is not expressed in normal
tissue, but is rapidly induced in cases of tissue repair or during
remodeling processes [Page-McCaw et al., 2007]. It has been also
reported that MMP-3 plays a critical role in ECM turnover and cell-
cell interactions, as well as tumor metastasis [Boonrao et al., 2010;
Tang et al., 2010].

Cysteine-rich 61 (Cyr61) is the first cloned member of the CCN
family [Lau and Nathans, 1985], which comprises Cyr61/CCN1,
connective tissue growth factor (CTGF/CCN2), nephroblastoma
overexpressed (Nov/CCN3), Wisp-1/elm1 (CCN4), Wisp-2/rCopl
(CCN5), and Wisp-3 (CCN6). Most members of the CCN family share
a uniform modular structure and exhibit diverse cellular functions
such as regulation of cell division, chemotaxis, apoptosis, adhesion,
motility, and ion transport [Dhar and Ray, 2010]. Cyr61 has been
reported to mediate cell adhesion, stimulate chemostasis, augment
growth factor-induced DNA synthesis, foster cell survival, and
enhance angiogenesis [Grzeszkiewicz et al., 2002]. Elevated Cyr61
expression is associated with advanced breast adenocarcinoma
pathogenesis, pancreatic cancer, and gliomas [Tsai et al., 2002; Lin
et al., 2004]. Interestingly, down-regulated Cyr61 expression is also
noted in prostate cancer, uterine leiomyoma, rhabdomyosarcoma,
and non-small cell lung carcinoma [Sampath et al., 2001; Croci
et al., 2004]. The contrasting expression of Cyr61 in different types
of cancer suggests that Cyr61 may exert a sophisticated function
depending on cellular context.

Previous studies have shown that Cyr61 modulates cell migration
and invasion in human cancer cells [Lin et al., 2004; Tan et al.,
2009]. Cyr61-mediated migration may involve activation of integrin
receptors [Tan et al., 2009]. However, the effect of Cyr61 on MMPs
expression and migration activity in human OSCC cells is mostly
unknown. We hypothesized that Cyr61 might be capable of
regulating OSCC cancer migration and MMPs expression. Here,
we found that Cyr61 increased the migration and the expression of
MMP-3 in OSCC cells. In addition, avB3/a6B1 integrin receptor,
focal adhesion kinase (FAK), MAPK kinase (MEK), extracellular
signal-regulated kinase (ERK), and NF-«B signaling pathways may
be involved in the increase of MMP-3 expression and cell migration
by Cyr61.

MATERIALS

Anti-mouse and anti-rabbit IgG-conjugated horseradish peroxidase,
rabbit polyclonal antibodies specific for B-actin, p-FAK, FAK,
p-ERK, ERK, p-IKK, IKK, p-IkB, IkB, p-p65, p65, MMP-3 and the
small-interfering RNAs (siRNAs) against MMP-3, FAK, and control
(for experiments using targeted siRNA transfection; each consists of
a scrambled sequence that will not lead to the specific degradation of
any known cellular mRNA) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). PD98059 and U0126 were
purchased from Calbiochem (San Diego, CA). Rabbit polyclonal
antibodies specific for avB3, o581, and a6B1 integrin were
purchased from Chemicon (Temecula, CA). The recombinant human
Cyr61 was purchased from PeproTech (Rocky Hill, NJ). The NF-«xB

luciferase plasmid was purchased from Stratagene (La Jolla, CA). The
phosphorylation site mutant of FAK(Y397F) was a gift from Dr. J.A.
Girault (Institut du Fer a* Moulin, Moulin, France). The ERK2 (K52R)
mutant was a gift from Dr. M. Cobb (South-Western Medical Center,
Dallas, TX). The MEK1 mutant was a gift from Dr. W.M. Fu (National
Taiwan University, Taipei, Taiwan). The IKKa(KM) and IKKB(KM)
mutants were gifts from Dr. H. Nakano (Juntendo University, Tokyo,
Japan). pSV-B-galactosidase vector and luciferase assay kit were
purchased from Promega (Madison, MA). All other chemicals were
purchased from Sigma-Aldrich (St. Louis, MO).

CELL CULTURE

The human OSCC cell line SCC4, SAS, and Cal-27 were obtained
from the American Type Culture Collection (Rockville, MD). The cells
were maintained in DMEM supplemented with 20 mM HEPES and 10%
heat-inactivated FCS, 2mM glutamine, penicillin (100U/ml), and
streptomycin (100 pwg/ml) at 37°C with 5% CO,.

MIGRATION ASSAY

The migration assay was performed using Transwell (Costar, NY;
pore size, 8 wm) in 24-well dishes. Before the migration assay, cells
were pretreated for 30min with different concentrations of
inhibitors, including the FAK inhibitor, MMP-3 inhibitor, U0126,
PD98059, or vehicle control (0.1% DMSO). Approximately, 1 x 10*
cells in 100 ul of serum-free medium were placed in the upper
chamber, and 300 ul of the same medium containing Cyr61 was
placed in the lower chamber. The plates were incubated for 24 h at
37°C in 5% CO,, and then cells were fixed in methanol for 15 min
and stained with 0.05% crystal violet in PBS for 15 min. Cells on the
upper side of the filters were removed with cotton-tipped swabs, and
the filters were washed with PBS. Cells on the underside of the filters
were examined and counted under a microscope. Each clone was
plated in triplicate in each experiment, and each experiment was
repeated at least three times. The number of migrating cells in
each experiment was adjusted with a cell viability assay to correct
for proliferation effects of Cyr61 (corrected migrating cell
number = counted migrating cell number/percent of viable cells)
[Lu et al., 2010].

QUANTITATIVE REAL-TIME PCR

Total RNA was extracted from OSCC cells using a TRIzol kit
(Invitrogen, Carlsbad, CA). The reverse transcription reaction was
performed using 2 pg of total RNA that was reverse transcribed into
cDNA using oligo(dT) primer [Hsieh et al., 2003; Wang et al., 2003].
The quantitative real-time PCR (qPCR) analysis was carried out
using Tagman® one-step PCR Master Mix (Applied Biosystems, CA).
Two microliter of total cDNA mixtures were added per 25-pl
reaction with sequence-specific primers and Tagman® probes.
Sequences for all target gene primers and probes were purchased
commercially (B-actin was used as internal control; Applied
Biosystems). qPCR assays were carried out in triplicate (one
independent RNA sample for each treatment) on an StepOnePlus
sequence detection system. The cycling conditions were 10-min
polymerase activation at 95°C followed by 40 cycles at 95°C for 155
and 60°C for 60s. The threshold was set above the non-template
control background and within the linear phase of target gene
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amplification to calculate the cycle number at which the transcript
was detected (denoted Cy).

WESTERN BLOT ANALYSIS
Cellular lysates were prepared as described [Huang et al., 2003;
Tseng et al., 2003]. Proteins were resolved on SDS-PAGE and

transferred to Immobilon polyvinyldifluoride (PVDF) membranes.
The blots were blocked with 4% BSA for 1 h at room temperature and
then probed with rabbit anti-human antibodies against MMP-3, 3-
actin, FAK, p-FAK, p-ERK, p-IKK, IKK, p-IkBa, IkBa, p-p65, or p65
(1:1,000) for 1h at room temperature. After three washes, the blots
were subsequently incubated with a donkey anti-rabbit peroxidase-
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Fig. 1. Cyr61 induces cell migration and MMP-3 expression in human OSCC cells. A,B
activities measured with the Transwell after 24 h. (C) SCC4 cells were incubated with Cyr61
SCC4 cells were incubated with Cyr61 for 24 h, and the mRNA and protein expression of M

: Cells were incubated with various concentrations of Cyr61, and in vitro migration
(100 ng/ml) for 24 h, and the mRNA expression of MMPs was examined by qPCR. D,E:
MP-3 was examined by qPCR and Western blotting. F: SCC4 cells were incubated with

Cyr61 for indicated time intervals, and MMP-3 expression was examined by Western blotting. G,H: SCC4 cells were pretreated with MMP-3 inhibitor (40 wM) or transfected
with MMP-3 and control siRNA for 24 h followed by stimulation with Cyr61, and in vitro migration was measured with the Transwell after 24 h. Results are expressed as the

mean =+ SE. “P < 0.05 compared with control. #P < 0.05 compared with Cyr61-treated

group.
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conjugated secondary antibody (1:1,000) for 1h at room tempera-
ture. The blots were visualized with enhanced chemiluminescence
and Kodak X-OMAT LS film (Eastman Kodak, Rochester, NY).

FLOW CYTOMETRIC ANALYSIS

The human OSCC cells were plated in six-well dishes. The cells were
then washed with PBS and detached with trypsin at 37°C. The cells
were fixed for 10 min in PBS containing 1% paraformaldehyde.
After rinsing in PBS, the cells were incubated with a mouse anti-
human antibody against avB3 or a6fB1 integrin (1:100) for 1h at
4°C. The cells were then washed again and incubated with
fluorescein isothiocyanate-conjugated goat anti-rabbit secondary
IgG (1:100; Leinco Tec. Inc., St. Louis, MO) for 45 min and analyzed
by flow cytometry using FACS Calibur and CellQuest software (BD
Biosciences).

REPORTER ASSAY

The OSCC cells were transfected with reporter plasmid using
Lipofectamine 2000 (Invitrogen) according to the manufacturer’s
recommendations. Twenty-four hours after transfection, the cells
were treated with inhibitors for 30 min and then Cyr61 or vehicle
was added for 24 h. Cell extracts were then prepared, and luciferase
and B-galactosidase activities were measured.

CHROMATIN IMMUNOPRECIPITATION ASSAY
Chromatin immunoprecipitation analysis was performed as
described [Huang and Chen, 2005]. DNA immunoprecipitated

with anti-p65 was purified and extracted with phenol-chloroform.
The purified DNA pellet was subjected to PCR, and PCR products
were resolved with 1.5% agarose gel electrophoresis and visualized
with UV light. The primers 5'-AATTCACATCACTGCCACCA-3’ and
5'-CTCTGTGGCAATAAGATCCC-3’ were utilized to amplify across
the MMP-3 promoter region (—392 to —207) [Souslova et al., 2010].

STATISTICS

The values given are means + SEM. The significance of difference
between the experimental groups and controls was assessed by
Student’s t-test. The difference was significant if the P-value was
<0.05.

Cyr61 INCREASES MIGRATION AND MMP-3 EXPRESSION IN OSCC
CELLS

Cyr61 has been reported regulates migration and invasion of human
cancer cells [Lin et al., 2004; Tan et al., 2009]. However, the effect of
Cyr61 on migration of OSCC cells is mostly unknown. The Cyr61 for
0OSCC cell migration was examined using the Transwell assay.
Treatment of SCC4 cells with Cyr61 (10-100 ng/ml) increased cell
migration (Fig. 1A). In addition, Cyr61 also dose-dependently
induced other human OSCC cell migration (SAS and Cal-27 cells;
Fig. 1B). Previous study has shown a significant expression of MMPs
in human OSCC cells [Sorsa et al., 2004]. We therefore, hypothesized
that any of these MMPs may be involved in Cyr61-directed OSCC

B 30 -
25 il
2.0
15 # #
1.0

0.5

MMP-3 mRNA expression

0.0

laG  19G  gvp3 oS

Cyré1

abfi1 Ab

A 400
] *
°
£ 300
]
(5]
B
= 200
5 ¥ #
T 100
2 |
E
0
laG Igé avp3d a5p1  w6f1 Ab
Cyré1
Cs
-g 500 =3 Control 2
g =1 Cyréd
5 o * 1
S
2
1~
o
E 0
-
&
&
g 100
¢ L[] []
]
3 o
" avfp3 abpi

Fig. 2.

Cyr61 increases OSCC cell migration through avB3/a6B1 integrin. A,B: SCC4 cells were pretreated with av@33, o531, or 61 monoclonal antibody (10 wg/ml) for

30 min followed by stimulation with Cyr61. The in vitro migration activity and MMP-3 expression were measured with Transwell and qPCR. C: SCC4 cells were treated with
Cyr61 for 24 h, and cell surface avB3 and w631 integrin expression was examined by flow cytometry. Results are expressed as the mean =+ SE. P < 0.05 compared with control.

#P < 0.05 compared with Cyr61-treated group.
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migration. Treatment of cells with Cyr61 induced the expression of
MMP-3 but not other MMPs by using qPCR (Fig. 1C). Cyr61 also
increased mRNA and protein expression of MMP-3 in a dose- and
time-dependent manner (Fig. 1D-F). Pretreatment of cells with
MMP-3 inhibitor reduced Cyr61-induced cell migration (Fig. 1G).
Furthermore, transfection of cells with MMP-3 siRNA markedly
inhibited the Cyré61-induced cell migration and MMP-3 expression
(Fig. 1H). These data suggest that Cyr61-induced cancer migration
may occur via up-regulation of the MMP-3.

Cyr61-DIRECTED OSCC MIGRATION THROUGH «VB3/a6p1
INTEGRIN

Previous study has shown Cyr61 affects cells migration through
binding to cell surface integrin receptors [Tsai et al., 2002; Tan et al.,
2009]. We therefore, hypothesized that integrins signaling pathway
may be involved in Cyr61l-directed OSCC cancer migration.
Pretreatment of SCC4 cells for 30 min with anti-avB3 or a6p1
monoclonal antibody (mAb) but not anti-a581 mAb markedly
inhibited the Cyr61-induced cancer migration (Fig. 2A). In addition,
avp3 or a6B1 mAb reduced Cyr61-enhanced MMP-3 expression
(Fig. 2B). On the other hand, Cyr61 also increased cell surface av33
and a6B1 expression (Fig. 2C). Therefore, the Cyr61 increased cell

migration and MMP-3 expression in human OSCC cells via avp3/
a6PB1 integrin receptor.

FAK, MEK, AND ERK SIGNALING PATHWAYS ARE INVOLVED IN THE
Cyr61-MEDIATED CELL MIGRATION OF OSCC CELLS

FAK has been shown to be capable of regulating integrin-mediated
signaling [Schlaepfer and Hunter, 1998; Mitra and Schlaepfer,
2006]. Phosphorylation of tyrosine 397 of FAK has been used as a
marker of FAK activity. As shown in Figure 3A, FAK phosphoryla-
tion decreased in a time-dependent manner in response to Cyr61
stimulation. Treatment of OSCC cells with FAK inhibitor blocked
Cyr61-inhanced migration and MMP-3 expression (Fig. 3B,C).
Transfection of cells with FAK(Y397F) mutant or FAK siRNA also
reversed the Cyr61-induced cell migration and MMP-3 expression
(Fig. 3D,E). MEK/ERK signaling pathway can be activated by a
variety of growth factors [Zehorai et al., 2010]. We then examined
whether Cyr61 stimulation also enhances the activation of the MEK/
ERK pathway. Cyr61-induced the migration of SCC4 cells were
greatly reduced by treatment with MEK inhibitors PD98059 and
U0126 (Fig. 4B). The MEK inhibitors PD98095 and U0126 also
inhibited the Cyr61l-increased MMP-3 expression (Fig. 4C). In
addition, treatment of cells with Cyr61 increased phosphorylation of
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Fig. 3.

Involvement of FAK signaling pathway in response to Cyr61 in OSCC cells. A: SCC4 cells were incubated with Cyr61 for indicated time intervals, and p-FAK expression

was determined by Western blotting. B,C: SCC4 cells were pretreated with FAK inhibitor (200 nM) for 30 min followed by stimulation with Cyr61. The in vitro migration activity
and MMP-3 expression were measured with Transwell and qPCR. D,E: SCC4 cells were transfected with FAK mutant or siRNA for 24 h followed by stimulation with Cyr61. The in
vitro migration activity and MMP-3 expression were measured with Transwell and qPCR. Results are expressed as the mean = SE. *P < 0.05 compared with control. #P < 0.05

compared with Cyr61-treated group.

JOURNAL OF CELLULAR BIOCHEMISTRY

1981

CYR61 INCREASES THE MIGRATION OF OSCC CELLS



A Cyré1

0 10 15 30 60 120

E=s= e

FT I I K NVIES

B 300
5 250 =
£
S 200
b #
2 150 Ly
5 100
s
o 50
=
0 C, Q 7 A
o
Oy, e V72 0,
Cyré1
D 300
Ezm
=
g 200
] I #
=2 150 T T
§ 100
o
=
=
g Yoy, " F5) )
W. A,
by, Ok, mé.&_ -e@#
Cyré1

Fig. 4.

3.0

2.5

2.0

1.5

— 3t
| 3¢

1.0

0.5

MMP-3 mRNA expression

0.0

k]
25
2.0

15 # #

1.0
0.5
0.0 o

MMP-3 mRNA expression [T]

MEK/ERK pathway is involved in Cyr61-mediated migration in human OSCC cells. A: SCC4 cells were incubated with Cyr61 for indicated time intervals, and p-ERK

expression was determined by Western blotting. B,C: SCC4 cells were pretreated with PD98059 (30 .g/ml) and U0126 (10 M) for 30 min followed by stimulation with Cyr61.
The in vitro migration activity and MMP-3 expression were measured with Transwell and qPCR. D,E: SCC4 cells were transfected with MEK or ERK mutant for 24 h followed by
stimulation with Cyr61. The in vitro migration activity and MMP-3 expression were measured with Transwell and qPCR. Results are expressed as the mean + SE. “P< 0.05

compared with control. #P < 0.05 compared with Cyr61-treated group.

ERK (Fig. 4A). Transfection of cells with MEK1 or ERK2 mutant
reduced the Cyr61-mediated cell migration and MMP-3 expression
(Fig. 4D,E). Taken together, these results indicate that the avB3/
a6fB1 integrin, FAK, MEK, and ERK pathway is involved in Cyr61-
induced migration and MMP-3 up-regulation in human OSCC
cells.

INVOLVEMENT OF NF-kB IN Cyr61-INDUCED CELL MIGRATION
AND MMP-3 EXPRESSION

As previously mentioned, NF-kB activation is necessary for the
migration and invasion of human OSCC cells [Lu et al., 2011]. To
examine whether NF-«kB activation is involved in the signal
transduction pathway caused by Cyr61 that leads to cell migration
and MMP-3 expression, the NF-«kB inhibitor pyrrolidine dithiocar-
bamate (PDTC) was used. Figure 5A,B shows that PDTC inhibited the
enhancement of cell migration and MMP-3 expression induced by
Cyr61. Furthermore, pretreatment of SCC4 cells with an IkB protease
inhibitor [L-1-tosylamido-2-phenylenylethyl chloromethyl ketone
(TPCK)] antagonized the potentiating action of cell migration and
MMP-3 expression (Fig. 5A,B). These results indicated that NF-«B
activation is important for Cyr61-induced cancer cell migration and

the expression of MMP-3. We further examined the upstream
molecules involved in Cyr61-induced NF-kB activation. Stimula-
tion of cells with Cyr61-induced IKKa/B phosphorylation in a time-
dependent manner (Fig. 5C). Furthermore, transfection with IKK« or
IKKB mutant markedly inhibited the Cyr61-induced cell migration
and MMP-3 expression (Fig. 5D,E). These data suggest that IKKa/B
activation is involved in Cyr61-induced the migration activity of
human OSCC cells. Treatment with SCC4 cells with Cyr61 also
caused IkBa and p65 phosphorylation in a time-dependent manner
(Fig. 5Q).

We next investigated whether p65 binds to the NF-«kB element on
the MMP-3 promoter after Cyr61 stimulation. The in vivo
recruitment of p65 to the MMP-3 promoter (—392 to —207) was
assessed by the chromatin immunoprecipitation assay [Souslova
et al., 2010]. In vivo binding of p65 to the NF-kB element of the
MMP-3 promoter occurred after Cyr61 stimulation (Fig. 6A).
Binding of p65 to the NF-kB element and p65 phosphorylation by
Cyr61l was attenuated by FAK inhibitor, U0126, or PD98059
(Fig. 6A,B). To directly determine NF-kB activation after Cyr61
treatment, SCC4 cells were transiently transfected with «B-
luciferase as an indicator of NF-«kB activation. As shown in
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Fig. 5.

NF-kB is involved in Cyr61-mediated migration in human OSCC cells. A,B: SCC4 cells were pretreated with PDTC (10 uwM) or TPCK (3 M) for 30 min followed by

stimulation with Cyr61. The in vitro migration activity and MMP-3 expression were measured with Transwell and qPCR. C: SCC4 cells were incubated with Cyr61 for indicated
time intervals, and p-IKK, p-IkB, and p-p65 expression was determined by Western blotting. D,E: SCC4 cells were transfected with IKKa or IKKB mutant for 24 h followed by
stimulation with Cyr61. The in vitro migration activity and MMP-3 expression were measured with Transwell and qPCR. Results are expressed as the mean + SE. “P < 0.05

compared with control. #P < 0.05 compared with Cyr61-treated group.

Figure 6C, Cyr61 treatment of OSCC cells for 24 h caused increase in
kB-luciferase activity. In addition, the Cyr61-induced increase in
kB-luciferase activity was also inhibited by treatment with FAK
inhibitor, PD98059, or U0126 (Fig. 6C). Co-transfection with FAK,
ERK, IKKa, or IKKB mutant also reduced Cyr61-increased NF-«B
luciferase activity (Fig. 6D) Taken together, these data suggest that
activation of FAK, MEK, and ERK are required for Cyr61-induced
NF-kB activation in human OSCC cells.

The elucidation of the molecular biology of cancer cells in recent
years has identified various molecular pathways that are altered in

different cancers. This information is currently being exploited to
develop potential therapies that target molecules in these pathways.
To achieve metastasis, cancer cells must evade multiple barriers and
overcome certain rules. Several discrete steps are discernible in the
biological cascade leading to metastasis: loss of cellular adhesion,
increased motility and invasiveness, entry and survival into the
circulation, entrance into new tissue, and eventual colonization of a
distant site [Gupta and Massague, 2006]. The mechanism of
metastasis is a complicated and multistage process, however, our
study showed that Cyr61 induces cell migration and the expression
of MMP-3 in human OSCC cells. Here, we provide evidence that
MMP-3 acts as crucial transducers of cell signaling, regulating cell
migration and Cyr61 acts as a critical mediator of the metastasis
activity of cancer cells in the tumor microenvironment. However, we
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Fig. 6. FAK/MEK/ERK pathway is mediated Cyr61-induced NF-kB activation. A: SCC4 cells were pretreated with FAK inhibitor, or U0126 then stimulated with Cyr61 for
120 min, and the chromatin immunoprecipitation assay was then performed. Chromatin was immunoprecipitated with anti-p65. One percentage of the precipitated chromatin
was assayed to verify equal loading (input). B: SCC4 cells were pretreated with FAK inhibitor, PD98059, or U0126 then stimulated with Cyr61 for 120 min, and the p-p65
expression was examined by Western blotting. SCC4 cells were pretreated with FAK inhibitor, PD98059 and U0126 for 30 min (C) or transfected with mutant of FAK, ERK, IKKa,
and IKKB mutant (D) before exposure to Cyr61. NF-«B luciferase activity was measured, and the results were normalized to the 3-galactosidase activity and expressed as the
mean = SE for three independent experiments performed in triplicate. “P< 0.05 compared with control. #P < 0.05 compared with Cyr61-treated group. E: Schematic
presentation of the signaling pathways involved in Cyr61-induced MMP-3 expression in human OSCC cells. Cyr61 acts through av33/a6B1 integrin receptor to activate FAK,
MEK, and ERK, leading to the activation of p65, resulting in the activation of NF-«kB element on the human MMP-3 promoter and the initiation of MMP-3 expression. This

MMP-3 induction increases the cell migration of human OSCC cells.

did not have tissue samples from OSCC patients to examine the
expression of Cyr61 in clinic patients. Therefore, whether Cyr61
through paracrine or autocrine to increase cell motility are needed
further examination.

Enzymatic degradation of ECM is one of the crucial steps in
cancer invasion and metastasis. It has been reported that MMPs play
important role in Cyr61-induced metastasis in human cancer cells
[Maeta et al., 2007; Tan et al., 2009]. In this study, we found that
Cyr61-induced MMP-3 expression in human OSCC cells without
significantly changing the expression of MMP-1, -2, -9, and -13
mRNAs. Treatment of cells with MMP-3 inhibitor-reduced Cyr61-
mediated cell migration. In addition, the inhibition of Cyr61-
enhanced MMP-3 protein expression with siRNA significantly
suppressed Cyr61-induced migration. Therefore, MMP-3 may be the
Cyr61-responsive mediator, and it causes the degradation of ECM
may lead to subsequent cancer migration and metastasis.

FAK, a potential candidate-signaling molecule, has been shown
to be capable of regulating integrin-mediated signaling [Miranti and
Brugge, 2002]. We demonstrate that Cyr61 decreased phosphoryla-
tion of tyrosine 397 of FAK. Furthermore, the FAK inhibitor, mutant,
or siRNA antagonized the Cyr61-induced migration activity and
MMP-3 expression, suggesting that FAK inhibition is an obligatory
event in Cyr61-induced migration in these cells. We also found that
PD98059 and U0126 (MEK inhibitors) inhibited Cyr61-induced
migration. Stimulation of cells with Cyr61 increased phosphoryla-
tion of ERK. The MEK1 and ERK2 mutant also reduced the Cyr61-
mediated MMP-3 expression and cell migration. Therefore, our

results provide evidence that Cyr61 increase migration and MMP-3
expression in OSCC cells through FAK/MEK/ERK signaling pathway.

NF-kB has been shown to control the induced transcription of
MMP-3 in human cancer cells [Tang et al., 2010]. The results of this
study show that NF-kB activation contributes to Cyr61-induced
MMP-3 production and migration in human OSCC cells, and that the
inhibitors of the NF-kB-dependent signaling pathway, including
PDTC or TPCK inhibited Cyr61-induced MMP-3 expression and
cancer migration. In an inactivated state, NF-kB is normally held
in the cytoplasm by the inhibitor protein IkB. Upon stimulation,
such as by TNF-a, IkB proteins become phosphorylated by the
multisubunit IKK complex, which subsequently targets IkB for
ubiquitination, and then are degraded by the 26S proteasome.
Finally, the free NF-kB translocates to the nucleus, where it activates
the responsive gene [Hatada et al., 2000]. In the present study, we
found that treatment of SCC4 cells with Cyr61 resulted in increases
in IKKa/B phosphorylation and p65 binding to NF-kB element.
Using transient transfection with kB-luciferase as an indicator of
NF-kB activity, we also found that Cyr61-induced an increase in
NF-«B activity. These extracellular signals activate the IKK
complex, which is comprised of catalytic subunits (IKKa and
IKKB) and a linker subunit (IKKy/NEMO). This kinase complex
phosphorylates IkBa at Ser’? and Ser’® and signals for ubiquitin-
related degradation [Chen et al., 1995]. The released NF-«B is then
translocated into the nucleus where it promotes NF-kB-dependent
transcription. There is also a strong evidence that IKKa and IKK( are
themselves phosphorylated and activated by one or more upstream
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activating kinases [Hatada et al., 2000]. p65 is phosphorylated at
Ser®?® by a variety of kinases through various signaling pathways,
and this enhances the p65 transactivation potential. The results of
this study showed that Cyr61 increased the phosphorylation of IKK,
IkBa, and p65. On the other hand, FAK inhibitor, U0126 and
PD98059 reduced Cyr61-mediated NF-kB promoter activity. Our
data indicated that FAK/MEK/ERK and NF-«B pathways might play
important role in the expression of MMP-3 and cell migration of
human OSCC cells. Furthermore, pretreatment of cells with av33 or
a6B1 integrin mAb reduced Cyr61-mediated FAK, ERK, and p65
phosphorylation (Supplementary Fig. S1). Therefore, Cyr61-induced
FAK, ERK, and NF-kB activation through avB3/a6B1 integrin
receptor.

In conclusion, we present here a molecular mechanism of Cyr61-
induced migration of human OSCC cells by up-regulation of MMP-
3. Cyr61 increases MMP-3 expression through avB3/a6B1 integrin,
FAK, MEK, ERK, and NF-kB signaling pathway and induces tumor
metastasis.
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