Am J Transl Res 2017;9(8):3816-3826
www.ajtr.org /ISSN:1943-8141/AJTR0052126

Original Article

Hepatocyte growth factor induces breast cancer cell
invasion via the PI3K/Akt and p38 MAPK signaling
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Abstract: Hepatocyte growth factor (HGF) is a multifunctional growth factor that plays important roles in promoting
the invasion and metastasis of various tumor cells. However, there are few reports about the exact mechanisms
of HGF involved in the regulation of cell invasion via the induction of COX2. In this study, we found that HGF could
activate its receptor c-Met and up-regulate COX2 expression in a dose- and time-dependent manner, which resulted
in an increase in MMP-9 expression and subsequent invasiveness of the breast cancer cell lines MDA-MB-231 and
MCF-7. The HGF-induced expression of COX2 and MMP-9 and cell invasion were partially suppressed by COX2 gene
silencing. The PI3K/Akt and p38 MAPK signaling pathways were activated by HGF in both cell lines. However, PI3K/
Akt or p38 MAPK-specific inhibition alone partially attenuated HGF-induced COX2 and MMP-9 expression and the
invasiveness of the two breast cancer cell lines, and these HGF-induced effects were almost completely abolished
by simultaneous treatment with both inhibitors. Therefore, we concluded that HGF mediates the up-regulation of
COX2 predominantly through the PI3K/Akt and p38 MAPK signaling pathways, leading to MMP-9 expression and the
subsequent invasion of two breast cancer cell lines. This study improves our understanding of the signal transduc-
tion mechanisms in the HGF-induced invasion and progression of breast cancer.
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Introduction

Breast cancer is one of the most common
malignancies in women worldwide. Because
many breast cancer patients are diagnosed at
an advanced stage of cancer in which invasion
and metastasis have already occurred, the
5-year survival rate for patients with breast
cancer has had limited improvement in the
past twenty years. However, the invasion and
metastasis mechanisms in breast cancer
remain poorly understood, and it is necessary
to gain a better understanding of their underly-
ing causes to develop better targeted treat-
ments.

Growth factors and their receptors are attrac-
tive targets for tumor therapy because their sig-

naling pathways control tumor cell division and
survival, both of which are imbalanced in tumor-
igenesis. It has been repeatedly demonstrated
that numerous growth factors and tumor signal-
ing pathways overlap and interact with each
other. The pathogenesis of tumors is a multi-
step and complicated process in which invasion
is an essential step. There are many growth fac-
tors, and their receptors contribute to the stim-
ulation of tumor cell growth, invasion, angiogen-
esis and metastasis [1, 2]. Hepatocyte growth
factor (HGF), which acts by binding to its tyro-
sine kinase receptor, c-Met, plays an important
role in many solid cancers in humans including
breast cancer [1]. The dysregulated expression
of this ligand-receptor axis often leads to inva-
sion, metastasis and poor prognosis [3]. HGF, a
stromal-derived growth factor, is a multifunc-
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tional cytokine, and previous clinical studies
have demonstrated that the high expression of
HGF and/or c-Met correlates with an invasive
phenotype for various tumors, including breast
cancer [3-5]. HGF has been shown to be
involved in the regulation of various cellular
processes in vitro, including proliferation, apop-
tosis, angiogenesis and extracellular matrix
invasion. However, the underlying mechanisms
of HGF-induced cell invasion are not completely
understood.

Cyclooxygenase 2 (COX2), an inducible form of
cyclooxygenase, is the rate-limiting enzyme for
the production of prostaglandins (PEGs), which
are considered to be involved in inflammation
and the progression of carcinoma [6]. The up-
regulation of COX2 should lead to increased
prostaglandin production, which in return acti-
vates the growth, invasion and suppression of
apoptosis in cancer cells [6, 7]. Nonsteroidal
anti-inflammatory drugs (NSAIDs) are beneficial
in breast cancer therapy. It has been reported
that nimesulide and celecoxib, which are inhibi-
tors of COX2, have been recently tested as ther-
apeutic treatments for tumors [6-8]. Other
research showed that nimesulide also inhibits
the activity and expression of aromatase in
some breast cancer cell lines [7]. It has been
reported that HGF dramatically increased the
expression of COX2 in colorectal carcinoma
cells, which might be mediated by two major
signaling pathways including the phosphati-
dylinositol 3-kinase (PI3K) and mitogen-activat-
ed protein kinase (MAPK) pathways, and it has
been reported that COX2 is a vital downstream
regulator of HGF [9].

In this study, we investigated whether HGF
induces the up-regulation of COX2 via activa-
tion of the PI3K/Akt and p38 MAPK signaling
pathways and facilitates the increased expres-
sion of MMP-9 and the subsequent invasion of
MDA-MB-231 and MCF-7 cells. This study might
provide valuable insight into the mechanism of
the HGF signaling involved in the progression
and development of breast cancer.

Material and methods
Cell lines and growth conditions

The human breast cancer cell lines, MDA-
MB-231 and MCF-7, were obtained from the
Department of Immunology, Zhongshan School
of Medicine, Institute of Human Virology, Sun
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Yat-sen University, Guangzhou, PR China. The
breast cancer cells were cultured in DMEM
(Gibco, Grand Island, NY USA) supplemented
with 10% FBS and a 1% penicillin/streptomycin
solution (Invitrogen, Carlsbad, CA USA). Human
recombinant HGF was obtained from PeproTech
Inc. (Rocky Hill, NJ USA). The inhibitors of the
p38 MAPK and Akt pathways were purchased
from Cell Signaling Technology, Inc. (Beverly,
MA USA).

RNA preparation and quantitative real-time
PCR (qRT-PCR)

The breast cancer cells were deprived of serum
for 24 h and then exposed to different concen-
trations of human HGF for the indicated times.
Total RNA was isolated from the cells with the
TRIzol reagent (Invitrogen, Carlsbad, CA USA)
according to the manufacturer’'s protocol.
Reverse transcription polymerase chain reac-
tion (RT/PCR) was performed. Then, quantita-
tive real-time PCR (gRT-PCR) was performed to
quantify the level of COX2 mRNA based on the
general fluorescence detection of SYBR Green
(TaKaRa, Osaka, Japan) using the Lightcycler
thermocycler (BD, Bedford, MA USA). The pro-
cedure for quantitative real-time PCR were as
follows: 30 s at 95°C for an initial denaturation
followed by 40 cycles of 10 s at 95°C for dena-
turing, 22 s at 55°C for annealing, and 30 s at
72°C for extension. Measurements were per-
formed in triplicate. The specific primers sets
used for human COX2 and B-actin (control)
were as follows: COX2: forward: 5’-TCA AAA CCG
AGG TGT A-3’ and reverse: 5-GTG GGT AAG TAT
GTA GTG C-3’; B-actin: forward: 5’-AAG ATG ACC
CAG ATC ATG TTT G-3’ and reverse: 5-CTT TGC
GGA TGT CCA CGT-3..

Western blot analysis

Cells were treated with various concentrations
of HGF or different inhibitors. All inhibitors were
dissolved in DMSO. The working concentra-
tions for various inhibitors were 40 uM
LY294002 and 10 uyM SB202190. The same
volume of DMSO was used as a control.
Different inhibitors and DMSO were added to
cells 1 h before HGF stimulation. After treat-
ment with a combination of HGF for the indi-
cated times, cells were lysed with RIPA buffer
consisting of 20 mM Tris/HCI (pH 7.5), 150 mM
NaCl, 1% Nonidet P-40, 0.5% deoxycholate,
0.1% SDS, 1 mM EDTA, 50 mM NaF, 1 mM sodi-
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Figure 1. HGF induced the invasion of breast cancer cells through its receptor c-Met. A: Representative immunob-
lots of whole-cell lysates from the breast cancer cell lines MDA-MB-231 and MCF-7. Cell extracts were prepared, and
equal amounts (30 ug) of each sample were analyzed by Western blotting as described in Materials and Methods.
B: HGF induced breast cancer cell invasion. MDA-MB-231 and MCF-7 cells were serum-deprived overnight and then
treated with various doses of HGF to detect their invasiveness. Cells were fixed in methanol and stained with crystal
violet. The number of invasive cells was counted in five randomly selected fields. Micrographs demonstrate a ran-
dom field in the lower chamber membrane under different concentrations of HGF (x100). C: Diagrams displaying
the effect of different concentrations of HGF on invasion (*, P<0.05 vs. the MDA-MB-231 control group, #, P<0.05
vs. the MCF-7 control group).

um orthovanadate, and Complete Proteinase Danvers, MA USA), and MMP-9 (Bioworlde,
Inhibitor Mixture Tablets (Roche Applied USA).

Science, German). Protein concentrations were

determined with the DC Protein Assay (Bio-Rad, Plasmids construction and transfection

Cambridge, MA USA). An equal amount of total
protein was separated by 10% SDS polyacryl-
amide gel electrophoresis, and the proteins
were transferred onto a polyvinylidene difluo-
ride membrane. Membranes were incubated
overnight in TBS containing 0.1% Tween-20 and
5% dried skim milk at 4°C to block nonspecific
binding. The membranes were then incubated
overnight with primary antibodies at 4°C and
subsequently with the appropriate secondary
antibodies for 2 hours at room temperature.
Signals were detected using an enhance che-
miluminescence (ECL) kit (Millipore, USA). Qu-
antification of protein signals was performed
with the Gel-Pro Analyzer software (Quantity
One, USA). The primary antibodies used in the
Western blot analysis included human COX2
(Santa Cruz, CA USA), c-Met, phosphor-c-Met
(Santa Cruz, CA USA), B-actin (Santa Cruz, CA
USA), Akt, phospho-Akt (Ser-473), p38 MAPK, Invasion assays were performed with 8 um-pore
phospho-p38 MAPK (Cell Signaling Technology, Transwell chambers (Corning, NY, USA) as

The oligonucleotides (5-GATCCCATGGAATTAC-
CCAGTTTGTTCAAGAGACAAACTGGGTAATTC-
CATGTTTTTGTCGACA-3’ and 5-AGCTTGTCGAC-
AAAAACATGGAATTACCCAGTTTGTCTCTTG-
AACAAACTGGGTAATTCCATGG-3’), which enco-
de the shRNA-specific targeting of human
COX2, were cloned into the Hind Il and Bam Hl
sites in the pGenesil-1 vector (Genesil, Wuhan,
China), which carries a kanamycin-resistance
gene. The recombinant interference and non-
sense shRNA plasmids were named pshRNA-
COX2 and pshRNA-HK, respectively. Breast
cancer cells were transfected with pshRNA-
COX2 or pshRNA-HK with Lipofectamine™
2000 (Invitrogen, Carlsbad, CA USA) following
the manufacturer’s instructions.

Cell invasion assay
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Figure 2. HGF-induced COX2 expression in breast cancer cells as analyzed
by gRT-PCR and Western blot. A: HGF dose-response of COX2 mRNA expres-
sion in MDA-MB-231 and MCF-7 cells. Breast cancer cells were grown to 80%
confluence and serum-deprived for 24 hours. Cells were then treated with the
indicated concentrations, ranging from 10 to 60 ng/ml of HGF for 12 h. B:
Time-dependent up-regulation of COX2 in breast cancer cells at the indicated
time points. All values were normalized to the expression level of the control
group, which was set to 1. C: Western blotting was performed for COX2, and
B-actin confirmed equal protein loading. D: Western blot analysis for COX2 fol-
lowing 60 ng/ml HGF treatment for the indicated times in breast cancer cells
(*, P<0.05 vs. the MDA-MB-231 control group and #, P<0.05 vs. the MCF-7

control group).

described with modification [10, 11]. The upper
chamber was coated with 70 ul of Matrigel (BD
Biosciences, Bedford, MA USA) diluted 1:3 in
serum-deprived DMEM and incubated at 37°C
for 2 h. The MDA-MB-231 and MCF-7 cells were
suspended in serum-free DMEM and seeded in
the upper wells of each transwell. The lower
chambers were pro-coated with fibronectin
filled with DMEM containing 10% FBS. HGF (60
ng/ml) plus various inhibitors or DMSO were
added into the lower wells as indicated in the
figures. After incubation at 37°C with 5% CO,
for 16 h, the invaded cells on the lower cham-
ber membranes were fixed in methanol and
stained with 0.2% crystal violet for 15 min. The
number of invading cells was counted under a
microscope in five random fields.

Statistical analysis

All values were expressed as the mean * stan-
dard deviation (SD). The Student’s t test was
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HGF facilitates the invasion
of breast cancer cells

The positive expression of
the HGF receptor c-Met and
an HGF-induced increase in
phosphorylated c-Met (p-c-
Met) in the breast cancer
cell lines MDA-MB-231 and
MCF-7 as measured by We-
stern blot suggested that
both breast cancer cell lines
could respond to HGF (Figure
1A). The effects of HGF on
the invasion of breast cancer
cells were determined by a
transwell chamber assay.
In the presence of various
concentrations of HGF, the
number of invasive cells for
both breast cancer cell lines
was significantly increased
(Figure 1B), and HGF showed a concentration-
dependent stimulation effect that became evi-
dent in the presence of 60 ng/ml HGF; thus, 60
ng/ml HGF was used in subsequent experi-
ments.

6h  12h

HGF up-regulates COX2 expression

Given the important role of COX2 and HGF in
cell invasion, proliferation, and survival during
tumorigenesis, we hypothesized that HGF regu-
lates COX2 in breast cancer cells. To examine
this hypothesis, quantitative real-time PCR
(gRT-PCR) was performed to determine wheth-
er HGF regulated COX2 mRNA expression in
MDA-MB-231 and MCF-7 cells. As shown in
Figure 2A, the mRNA level of COX2 was mark-
edly increased by HGF in a dose-dependent
manner (Figure 2A). Further analysis confirmed
that COX2 mRNA was up-regulated by 60 ng/ml
HGF in a time-dependent manner (Figure 2B).

Am J Transl Res 2017;9(8):3816-3826
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Figure 3. The HGF-induced invasion of MDA-MB-231 and MCF-7 breast can-
cer cells is partially suppressed by COX2 gene silencing. A, B: MDA-MB-231
and MCF-7 cells were transfected with pshRNA-HK and pshRNA-COX2. Total
cell lysates was used for Western blot analysis. A lower level of COX2 protein
was detected in the HGF+pshRNA-COX2 group (*P<0.05), but it was higher
than control (*P<0.05). C: Knockdown of the COX2 gene inhibited the HGF-
induced cell invasion of MDA-MB-231 and MCF-7 cells (*P<0.05 vs. HGF and
HGF+pshRNA-HK groups), and there was no statistically significant difference
between the pshRNA-HK-transfected breast cancer cell lines and the HGF
group (**P>0.05).
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Figure 4. COX2 regulated expression of MMP-9 in HGF-stimulated MDA-
MB-231 and MCF-7 cells. Total cell lysates were analyzed by Western blot
analysis for MMP-9 (*, P<0.05 vs. the control group; #, P<0.05 vs. the HGF

group).
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Consistent with the up-regu-
lation of COX2 mRNA tran-
scription, the protein expres-
sion level of COX2 as me-
asured by Western blot sh-
owed similar dose- and time-
dependent induction in HGF-
stimulated cells (Figure 2C
and 2D).

HGF-induced breast cancer
cell invasion is partially
abolished by COX2 gene
silencing

We next investigated whe-
ther the breast cancer cell
invasion induced by HGF
was affected by COX2. MDA-
MB-231 and MCF-7 cells
were transfected with pshR-
NA-COX2, and the COX2 tr-
anslation level in the HGF+
pshRNA-COX2 group was lo-
wer than that in the HGF+
pshRNA-HK and HGF groups
(*P<0.05) but higher than
control (*P<0.05). However,
there was no significant dif-
ference in the COX2 expres-
sion between the HGF and
HGF+pshRNA-HK groups (Fi-
gure 3A, 3B). These findings
indicated that the pshRNA-
COX2 plasmid could partially
silence HGF-induced COX2
expression. The treatment of
both breast cancer cell lines,
which were transfected with
the pshRNA-COX2 plasmid,
with 60 ng/ml HGF showed
less obvious HGF-induced
invasiveness than those with
HGF and HGF+pshRNA-HK
treatment. However, there
was no significant difference
in the invasiveness of the
HGF and HGF+pshRNA-HK
transfected groups (Figure
3C). These results suggest-
ed that HGF-stimulated cell
invasion was at least partial-
ly mediated by the up-regula-
tion of COX2 expression in
both breast cancer cell lines.

Am J Transl Res 2017;9(8):3816-3826
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tial of breast cancer cell lines
induced by HGF up-regulated
COX2 expression. As shown
in Figure 4, HGF could up-
regulate the expression of
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tly decreased MMP9 expres-
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or without HGF (P<0.05).
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Figure 5. HGF up-regulates COX2 through the Akt/PI3K and p38 MAPK signal- way in gastric and non-small
ing pathways. A: HGF induces Akt and p38 MAPK phosphorylation in MDA- cell lung cancer cells, and
MB-231 and MCF-7 cells. Cells were serum-deprived for 24 h followed by HGF activates COX2 expres-
treatment as indicated, and extracted proteins were analyzed by Western blot . .
to assay the expression of Akt and p38 MAPK and phosphorylated Akt and S'On. in .a PI3K—de.pendent
p38 MAPK. B-D: The HGF-induced increase in the expression of the cox2  fashion in endothelial cells;
protein occurs via the Akt and p38 MAPK pathways. MDA-MB-231 and MCF- therefore, we determined
7 cells were serum-deprived for 24 h and then treated with signaling inhibi- whether HGF induced COX2
tors for 1 h followed by 60 ng/ml HGF treatment for 15 min for p-Akt and up-regulation via the PI3K/
p-p38 MAPK detection and 12 h for COX2 detection. (*, P<0.05 vs. the con- Akt and/or p38 MAPK path-
trol group; #, P<0.05 vs. the HGF or HGF+DMSO groups; **, P<0.05 vs. the .
HGF+LY294002, HGF+SB202190, HGF or HGF+DMSO groups). ways in breast cancer cells.
The activation of c-Met by

HGF was first confirmed by
Western blot analysis for total and phosphory-
lated c-Met (p-c-Met) in MDA-MB-231 and
MCF-7 cells. As shown in Figure 5A, phosphory-
lated Met was increased by HGF treatment in
both breast cancer cell lines. Furthermore,

9 Control HGF  HGF+  HGF+ HGF+ HGF
DMSO LY294002 SB202190 +LY294002
+SB202190

HGF-induced MMP-9 expression is partially
restrained by COX2 gene knockdown

We further investigated the possible down-
stream effector mediating the invasive poten-
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Figure 6. The Akt/PI3K and p38 MAPK pathways participate in COX2 regulation of HGF-induced invasion and MMP-
9 production. A and B: MDA-MB-231 and MCF-7 cells were incubated in the presence or absence of 60 ng/ml HGF
plus 10 uM LY294002 (Akt/PI3K inhibitor) or/and 10 me SB202190 (p38 inhibitor). Cells were used in invasion
assays as described in Materials and Methods. Micrographs demonstrate a random field from the lower chamber
membrane under different conditions (100x). C and D: LY294002 and SB202190 decreased the HGF-induced
expression of the MMP-9 protein. (*, P<0.05 vs. the control group; #, P<0.05 vs. the HGF and control groups; **,
P<0.05 vs. the HGF, HGF+LY294002 or HGF+SB202190 groups).

Western blotting confirmed that the phosphory-
lation of Akt and p38 MAPK was increased by
HGF (Figure 5A), and HGF led to the maximal
induction of phosphorylated Akt (p-Akt) and
phosphorylated p38 MAPK (p-p38 MAPK) with-
in 15 min, and this stimulation persisted for 60
minutes (data not shown). In contrast, MDA-
MB-231 and MCF-7 cells displayed little to no
phosphorylated c-Met, Akt and p38 MAPK in
the absence of HGF, and there were no obvious
changes in the level of total c-Met, p38 MAPK
and Akt with or without HGF treatment in both
breast cancer cell lines (Figure 5A). These find-
ings suggested that activation of the PI3K/Akt
and p38 MAPK signaling pathways is involved
in HGF-induced cell invasion.

To examine whether the PI3K/Akt and/or p38

MAPK signaling pathways mediate HGF-
induced COX2 up-regulation in breast cancer

3822

cells, MDA-MB-231 and MCF-7 cells were pre-
treated with the specific PI3-kinase inhibitor
LY294002 and/or SB202190, a selective inhib-
itor of p38 MAPK phosphorylation, for 1 h fol-
lowed by HGF treatment, and protein samples
from the breast cancer cells were subjected to
Western blot analysis. It was found that the p-c-
Met levels were not obviously changed; howev-
er, the HGF-mediated phosphorylation of Akt
and p38 MAPK was inhibited by LY294002 and
SB202190, respectively (Figure 5A). The addi-
tion of either LY294002 or SB202190 partially
suppressed HGF-induced COX2 up-regulation
in both breast cancer cell lines (Figure 5A).
Furthermore, in the presence of LY294002 and
SB202190, HGF-mediated COX2 up-regulation
was completed abolished (Figure 5B-D). These
results indicate that HGF-driven COX2 up-regu-
lation predominantly occurs through the PI3K/
Akt and p38 MAPK signaling pathways.

Am J Transl Res 2017;9(8):3816-3826
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HGF-driven COX2 up-regulation via the PI3K/
Akt and p38 MAPK pathways results in
increased MMP-9 expression and the subse-
quent invasion of MDA-MB-231 and MCF-7
cells

To further evaluate the potential role of the
Akt/PI3-kinase and p38 MAPK pathways in
HGF-induced invasion, the effects of LY294002
and SB202190 on the invasion of HGF-
stimulated breast cancer cells were tested.
Concentrations of 10 pmol/L for LY294002
and 10 umol/L for SB202190 partially attenu-
ated the HGF-induced increase in the invasion
of both breast cancer cell lines. In the presence
of simultaneous treatment with LY294002 and
SB202190, the HGF-driven increase in inva-
sion was completely prevented in MDA-MB-231
and MCF-7 cells (Figure 6A, 6B). Furthermore,
the MMP-9 expression levels were signifi-
cantly decreased in the LY294002/HGF or
SB202190/HGF groups compared with the
HGF group. Similarly, the HGF-induced expres-
sion of MMP-9 was completely inhibited in the
presence of LY294002 and SB202190 as well
(Figure 6C, 6D). Thus, we found that the Akt/
PI3K and p38 MAPK pathways are involved in
the HGF-mediated induction of COX2, leading
to the up-regulation of MMP-9 and a subse-
quent increase in the invasion of MDA-MB-231
and MCF-7 cells.

Discussion

It has been demonstrated that HGF could acti-
vate several biological functions in cancer cells
including proliferation, migration, invasion,
angiogenesis and morphogenesis through the
tyrosine phosphorylation of its receptor c-Met
[2, 12]. HGF and/or its receptor c-Met are often
dysregulated in breast cancer and other
tumors, which is associated with poor progno-
sis [2, 3, 12]. Nevertheless, the exact mecha-
nism of the HGF-induced increase in cell inva-
siveness is not fully understood. In previous
studies, it has been reported that HGF increas-
es the invasiveness of MBA-MB-231 cells in
vitro [13-15]. In this report, we provide evidence
that the HGF-stimulated increase in the inva-
siveness of breast cancer cells could be medi-
ated via the up-regulation of COX2, and we
identify the intracellular signal pathways that
are potentially involved in this process.

We confirmed that the HGF receptor c-Met was
positively expressed, and HGF could stimulate
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the production of phosphorylated c-Met (p-c-
Met) and the invasion of both breast cancer cell
lines in a dose-dependent manner (Figure 1).
These findings have revealed that the HGF-
induced invasion of breast cancer cells could
be mediated through the HGF/c-Met pathway.

There are two classical isoenzymes of COX.
COX1 is constitutively expressed in many cell
types, whereas the inducible isoenzyme COX2
is expressed only in response to certain stimuli
such as cytokines and various growth factors
[16]. COX2 plays a role in the development of
many cancers including breast cancer, which
makes it a potential target for breast cancer
prevention and therapy [17]. Singh et al. [18]
demonstrated that COX2 expression in MCF-7
breast cancer cells stimulated genomic insta-
bility and doxorubicin resistance. Robertson et
al. [19] found that the COX2 enzyme was abun-
dant in invasive breast cancer. It was reported
that IL-1B3 and TNF-a could up-regulate COX2 in
a thyroid epithelial cell line and that COX2 was
induced by pro-inflammatory cytokines via
NF-kB transcription [20-22]. Evidence was pro-
vided demonstrating that COX2 expression
could be induced by HGF in non-small cell lung
cancer cells [6].

In this study, we investigated the effects of HGF
on invasiveness and COX2 expression in the
MDA-MB-231 and MCF-7 breast cancer cell
lines. It was found that HGF increased the inva-
sion of both breast cancer cell lines in a dose-
dependent manner. It was also demonstrated
that the levels of COX2 were up-regulated in
MDA-MB-231 and MCF-7 cells after HGF treat-
ment in a dose- and time-dependent manner.
To further examine the role of COX2 in HGF-
induced cell invasion, breast cancer cells were
transfected a COX2-silencing vector and
observed for their response to HGF. Our find-
ings demonstrate that HGF-induced MDA-
MB-231 and MCF-7 cell invasion was partially
inhibited by COX2 gene silencing. This finding
further supported the hypothesis that the HGF-
induced up-regulation of COX2 expression con-
tributes to the HGF-stimulated invasion of
breast cancer cells.

It is known that the primary component of the
extracellular matrix (ECM), a meshwork-like
substance found within the extracellular space
that is in association with the basement mem-
branes of cell surfaces, includes collagen, glu-
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cosamine, glycoprotein, and proteoglycan [23].
Tumor cells can generate proteolytic enzymes
that act through autocrine or paracrine mecha-
nisms to degrade the ECM so that invasion
occurs [24]. MMP-9, a member of matrix metal-
loproteinases (MMPs) family, is considered to
play an important role in tumor cell invasion
[25]. Our results revealed that HGF could up-
regulate MMP-9 expression and induce cell
invasion, and targeting the COX2 gene by
silencing could down-regulate MMP-9 expres-
sion and reduce the invasiveness of breast
cancer cell lines (Figures 3, 4). These findings
indicate that MMP-9 is a downstream effector
mediating the increased invasion of breast can-
cer cells induced by HGF-up-regulated COX2
expression. Taken together, these results have
suggested that HGF might induce the invasion
of breast cancer cells through a COX2-
dependent pathway, and HGF mediated COX2
up-regulation could lead to increased MMP-9
expression and the subsequent invasion of
MDA-MB-231 and MCF-7 cells.

It was reported that various signaling pathways
are involved in the HGF-induced regulation of
COX2 expression in different tumors. In colorec-
tal cancer cells, the ERK and PI3K/Akt signal-
ing pathways were required for HGF-induced
COX2 protein up-regulation [26]. Siegfried et al.
found that the MEK1/2 and p38 pathways and
not the PI3K/Akt pathway participate in the
HGF-mediated induction of COX2 in non-small
cell lung cancer [6]. Furthermore, HGF could
induce MMP-9 expression and the subsequent
invasion of SKOV-3 ovarian cancer cells through
the MAPK signaling pathway [10]. Evidence was
provided that the HGF/c-Met/stat3 signaling
pathway is involved in the invasion of skin
tumor cells [27]. Moreover, it was reported that
HGF promoted MDA-MB-231 cell invasion via a
PI3K dependent mechanism [28].

We next investigated which signaling pathway
is involved in the HGF-driven regulation of COX2
expression. Our results demonstrated that HGF
induced the expression of COX2, whereas
LY294002 (an inhibitor of PI3k that blocks Akt
activation) or SB202190 (an inhibitor of p38
MAPK) could partially inhibit the HGF-induced
up-regulation of COX2, subsequent MMP-9
expression and cell invasion. Furthermore, in
the presence of LY294002 and SB202190, the
HGF-mediated COX2 up-regulation, MMP-9
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expression and cell invasion were almost com-
pleted abolished. These results have indicated
that the PI3K/Akt and p38 MAPK pathways are
the predominant signaling pathways that medi-
ate HGF-induced COX2 up-regulation in breast
cancer cells, which further result in an increase
in MMP-9 expression and cell invasion.

Given that there is strong evidence for the
involvement of HGF/c-Met-induced COX2 up-
regulation in the oncogenesis of human can-
cers including breast cancer, inhibitors target-
ing this pathway have been in research and
development [29-32]. For example, NK4, an
HGF mutant that is a competitive antagonist of
HGF, showed obvious anticancer effects in vari-
ous carcinomas [1, 33, 34]. In addition, it has
been reported that the selective COX2 inhibi-
tors nimesulide and celecoxib were studied as
therapeutic agents against tumors [6-8], and
the tumor c-Met level and circulating HGF levels
could be used as criteria for COX2 inhibitor use
for gastric cancer treatment [35]. All of the
above reports and our current research have
indicated that HGF/Met-induced COX2 up-regu-
lation is a valuable, potential target for the pre-
vention and treatment of cancer invasion and
metastasis.

In conclusion, our study has demonstrated that
HGF could up-regulate COX2 expression pre-
dominantly through the PI3K/Akt and p38
MAPK signaling pathways and result in the
increased production of MMP-9 and the subse-
quent invasiveness of breast cancer cells.
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