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Abstract. Prostaglandin E, (PGE,) has been shown to influ-
ence cell invasion and metastasis in several types of cancer,
including hepatocellular carcinoma (HCC). However, the
molecular mechanisms underlying it remain to be further
elucidated. Snail, as one of key inducers of epithelial-mesen-
chymal transition (EMT), plays pivotal roles in HCC invasion
and metastasis. The present study was designed to evaluate the
possible signaling pathways through which PGE, regulates
Snail protein expression in HCC cell lines. PGE, markedly
enhanced Huh-7 cell invasion and migration ability by upregu-
lating the expression level of Snail protein, and EP2 receptor
played an important role in this process. Src, EGFR, Akt
and mTOR were all activated and involved in the regulation
of Snail protein expression. Our findings suggest that PGE,
could upregulate the expression level of Snail protein through
the EP2/Src/EGFR/Akt/mTOR pathway in Huh-7 cells, which
promotes HCC cell invasion and migration.

Introduction

Malignant tumor is one of the leading causes of mortality.
The mortality rates of liver cancer are the third highest in the
world (1). Hepatocellular carcinoma (HCC) is a malignant
tumor with a potent ability to invade locally and metastasize
distantly (2). Due to the lack of effective chemoprevention or
systematic treatment, the prognosis of HCC is very poor (3).
Therefore, it is of utmost importance to explore the molecular
mechanisms of HCC.

Prostaglandin E, (PGE,), a predominant metabolic product
of cyclooxygenase-2 (COX-2), has been shown to affect
numerous tumorigenic progressions, such as HCC (4), renal
cell carcinoma (5) and prostate cancer (6). Endogenous and
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exogenous PGE, might promote carcinoma cell growth (7),
invasion (8) and migration (6) via activation of a series of signal
transduction pathways. PGE, exerts its biological functions
through binding with four types of E prostanoid receptors on
the cell surface membrane (9,10), among which, the EP2
receptor is believed to be involved in cancer cell proliferation
and invasion (11-13).

Tumor invasion and metastasis are characterized by
epithelial-mesenchymal transition (EMT) (14). EMT is a
critical process enabling the tumor cells to migrate from the
primary tumor and metastasize to distant sites (15). Previous
studies suggested that Snail is a zinc-finger transcriptional
repressor governing EMT during tumor progression (16-18).
Snail has been found to play a major role in promoting tumor
cell migration and invasion in many cancer types (19-21), and
its expression predicts a poor outcome in patients with meta-
static cancer (16).

In HCC, the most abundant prostaglandin is PGE, (22);
increased COX-2 expression has been documented (23) and
Snail expression was significantly higher (24). Based on these
findings, our previous studies showed that PGE, could signifi-
cantly enhance HCC cell invasion and migration through
upregulation of Snail expression level; however, the detailed
mechanisms through which PGE, regulates Snail protein
expression remains to be further clarified. In the present study,
PGE, was found to upregulate Snail expression level via the
EP2 receptor in Huh-7 cells. Src, EGFR, Akt and mTOR were
all involved in the EP2 receptor-mediated Snail protein expres-
sion. These findings reveal that PGE, could promote HCC cell
invasion through upregulating Snail expression level via the
EP2/Src/EGFR/Akt/mTOR pathway.

Materials and methods

Materials. The human HCC cell line Huh-7 was obtained from
the American Type Culture Collection (ATCC; Manassas, VA,
USA). Dulbecco's modified Eagle's medium (DMEM) was
from Invitrogen (Carlsbad, CA, USA). PGE, and PI3K inhib-
itor LY294002 were from Cayman Chemical Co. (Ann Arbor,
MI, USA). EP2 receptor agonist butaprost, Src inhibitor PP2
and anti-p-actin antibody were from Sigma-Aldrich (St. Louis,
MO, USA). EGFR inhibitor AG1478 and mTOR inhibitor
PP242 were from Merck Millipore. Anti-phosphorylated
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EGFR (Tyr1173) antibody was from SAB (Signalway Antibody,
Nanjing, China), anti-EGFR antibody, anti-phosphorylated
Akt (Ser473) antibody, anti-Akt antibody, anti-phosphorylated
mTOR antibody, anti-mTOR antibody, anti-Snail antibody
were from Cell Signaling Technology (Danvers, MA, USA).
The protein assay was from Bio-Rad Laboratories (Hercules,
CA, USA). Electrochemiluminescence (ECL) reagents
were from Amersham Biosciences (Piscataway, NJ, USA).
The Transwell unit was from Costar Corning (Cambridge,
MA, USA). Matrigel was from BD Biosciences, (Discovery
Labware, Bedford, MA, USA).

Cell line and culture. HCC Huh-7 cells were cultured in
DMEM, supplemented with 10% fetal calf serum at 37°C
in a humidified 5% CO, incubator. The experiments were
performed when cells reached 80% confluence and were
conducted in serum-free medium with serum deprivation for
12 h before the experiments.

Cell migration assays. Cell migration assays were performed
in 24-well Transwell chambers Prior to experiment, the lower
surfaces of the membranes were coated with gelatin (1%)
diluted in PBS. Cells (5x10*) were added to the upper Transwell
chamber and media with 10%FBS were added to the lower
Transwell chamber. The serum-free media plus pharmacolog-
ical agents were added in the upper Transwell chamber. After
12 h of incubation at 37°C, the cells were fixed and stained
by 0.1% crystal violet for 30 min at room temperature. After
washing the wells with PBS, the cells on the upper surface of
the filter were removed with a cotton swab. The migrating cells
on the lower surface of the filter were solubilized with 10%
acetic acid 10 min and quantified by measuring the absorbance
at 550 nm.

Cell invasion assays. Cell invasion assays were performed in
Matrigel-coated 24-well Transwell chambers. Cells (5x10%)
were added to the upper Transwell chamber and media with
10% FBS were added to the lower Transwell chamber. The
serum-free media plus pharmacological agents were added
in the upper Transwell chamber. After 24 h of incubation at
37°C, the cells were fixed and stained by 0.1 % crystal violet
for 30 min at room temperature. After washing the wells with
PBS, the cells on the upper surface of the filter were removed
with a cotton swab. The invading cells on the lower surface of
the membrane were solubilized with 10% acetic acid 10 min
and quantified by measuring the absorbance at 550 nm.

Western blot analysis. Different pharmacological agents
were used for the treatment of HCC Huh-7 cells for various
times. The cells were collected into modified radioimmuno-
precipitation assay (RIPA) buffer (50 mM Tris-HCI pH 7.4,
1% NP-40, 0.25% Na-deoxycholate, 150 mM NaCl, 1 mM
EDTA, 1 mM PMSF, protease inhibitor cocktail) and placed
on ice for 30 min. Lysates were sonicated on ice and centri-
fuged at 15,000 x g/min for 30 min. Protein concentrations
of cells were measured by Bio-Rad protein assay kit. Equal
amounts of proteins (40-60 pg) were separated by SDS-PAGE
and transferred onto nitrocellulose membranes. Membranes
were blocked with 5% non-fat dry milk-PBST buffer for 1 h
at room temperature and incubated with the corresponding
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primary antibodies overnight at 4°C with gentle shaking.
Then, membranes were washed by PBST and incubated for
2 h with the peroxidase-conjugated secondary anti-rabbit or
anti-mouse antibodies at room temperature. The signals were
detected by enhanced chemiluminescent reagent (ECL) and
analyzed with the ImageJ analysis software.

Statistical analysis. Data are expressed as the means + SD.
Student's t-test was used for evaluation of statistical signifi-
cance and a value of P<0.05 was considered to indicate a
statistically significant difference.

Results

PGE, promotes HCC cell migration and invasion. The cell
invasion assays were utilized to analyze the effects of PGE,
on HCC cell migration and invasion. Huh-7 cells were treated
with vehicle or exogenous 10 uM PGE, in the upper chamber
and media plus 10% FBS were added to the lower Transwell
chamber. As shown in Fig. 1, in the Transwell assay, cell
migration was found to increase by 192% when the cells were
treated with PGE, for 12 h. Cell invasion was found to increase
by 186% when the cells were treated with PGE, for 24 h. These
results demonstrate that PGE, significantly promotes Huh-7
cell migration and invasion.

PGE, induces Snail expression in HCC cells. To identify the
potential effects of PGE, on Snail expression, Huh-7 cells were
treated with various concentrations of PGE, for 24 h. As shown
in Fig. 2, treatment of Huh-7 cells with PGE, significantly
increased the expression level of Snail protein compared with
the control group. These data indicate that PGE, upregulates
Snail expression in a dose-dependent manner in Huh-7 cells.

EP?2 receptor is involved in PGE,-induced Snail expression.
Based on our previous results, we know that PGE, promotes
HCC cell proliferation and invasion via EP2 receptor, and
PGE, also markedly increases the Snail expression level. Thus,
we postulated that PGE, could increase the expression level
of Snail protein via EP2 receptor. To evaluate this hypothesis,
we treated Huh-7 cells with various concentrations of EP2
agonist butaprost; as shown in Fig. 3, treatment of Huh-7 cells
with butaprost significantly increased the expression level of
Snail protein compared with the control group. These results
indicate that EP2 receptor plays an important role in PGE,-
induced Snail expression.

Involvement of Src in PGE,-induced Snail expression. We
further investigated whether Src is involved in the Snail expres-
sion induced by butaprost. As shown in Fig. 4, pretreatment of
Huh-7 cells with Src inhibitor PP2 markedly suppressed the
Snail expression induced by butaprost. These observations
indicate that Src kinase is involved in EP2 receptor-mediated
Snail expression.

EGFR/Akt is involved in EP2-mediated Snail expression.
Phosphatidylinositol 3-kinase (PI3K), the kinase that modu-
lates the phosphorylation of Akt, is one of the most important
downstream proteins in the EGFR signaling pathway. We
sought to clarify the EGFR and Akt effects on EP2 receptor
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Figure 1. The migration and invasion abilities of Huh-7 cells are induced by PGE,. (A) The control group cell migration. (B) The PGE, treatment group cell
migration. The cell migration assay was performed in 24-well Transwell chambers. Huh-7 cells (5x10*) were plated in the upper chamber in the presence of
vehicle or 10 uM PGE, in serum-free medium. The medium with 10% FBS was added to the lower chamber at 37°C for 12 h. Then, the cells were fixed with
ethanol and stained with 0.1% crystal violet for 30 min at room temperature. The cells on the upper surface of the filter were removed with a moist cotton swab.
The migrating cells on the lower surface of the filter were solubilized with 10% acetic acid 10 min and quantified by measuring the absorbance at 550 nm.
(C) The control group cell invasion. (D) The PGE, treatment group cell invasion. The cell invasion assay was performed in Matrigel-coated 24-well Transwell
chambers. Huh-7 cells (5x10%) were plated in the upper chamber in the presence or absence of 10 uM PGE, in serum-free medium. The medium with 10% FBS
was added to the lower chamber at 37°C for 24 h. Then, the cells were fixed with ethanol and stained with 0.1% crystal violet for 30 min at room temperature.
The cells on the upper surface of the filter were removed with a moist cotton swab. The invading cells on the lower surface of the membrane were solubilized
with 10% acetic acid 10 min and quantified by measuring the absorbance at 550 nm. Data are expressed as the mean + SD of three independent experiments.
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Figure 2. PGE, induces the expression of Snail protein in Huh-7 cells. Huh-7
cells cultured in serum-free medium were treated with different concentra-
tions of PGE, for 24 h; 40 mM Licl and 10 M MG132 were added 7 h before
lysis of the cells. Total protein was isolated and equal amounts of protein
were separated by SDS-PAGE. Snail expression level was determined by
immunoblotting with anti-Snail antibody. f-actin as loading control was
determined by immunoblotting with anti-f-actin antibody. Quantitative
analysis of Snail expression level was carried out by calculating the ratio
between the Snail protein and (3-actin expression levels from three different
experiments. "P<0.05, “P<0.01 compared with the control.
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Figure 3. PGE, induces Snail expression via the EP2 receptor in Huh-7
cells. Huh-7 cells cultured in serum-free medium were treated with different
concentrations of butaprost for 24 h; 40 mM Licl and 10 uM MG132 were
added 7 h before lysis of the cells. Cell lysates were collected and analyzed
by western blotting. Snail expression level was determined by immunoblot-
ting with anti-Snail antibody. -actin as loading control was determined by
immunoblotting with anti-f-actin antibody. Quantitative analysis of Snail
expression level was carried out by calculating the ratio between the Snail
protein and f-actin expression levels from three different experiments.
“P<0.01, compared with the control.
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Figure 4. Src is involved in the Snail expression induced by EP2 receptor.
Huh-7 cells cultured in serum-free medium were pretreated with PP2 at
10 uM for 1 h, and were then treated with 5 uM butaprost for 24 h; 40 mM Licl
and 10 uM MG132 were added 7 h before lysis of the cells. Snail expression
level was determined by immunoblotting with anti-Snail antibody. $-actin as
loading control was determined by immunoblotting with anti--actin anti-
body. Quantitative analysis of the Snail expression level was carried out by
calculating the ratio between Snail protein and (3-actin expression levels from
three different experiments “P<0.01, compared with the control; *P<0.01,
compared with butaprost treatment. Buta, butaprost.

agonist-induced Snail expression. As PI3K modulates the phos-
phorylation of Akt, Huh-7 cells were pre-treated with EGFR
inhibitor 5 uM AG1478 or PI3K inhibitor 10 M 1.Y294002
for 1 h before 5 uM butaprost treatment for 24 h, and were
subsequently subjected to immunoblotting assay to assess the
effect of these inhibitors on butaprost-induced expression of
Snail. The data in Fig. 5A show that butaprost-induced Snail
expression was decreased ~67.92% by the EGFR inhibitor and
~56.63% by the PI3K inhibitor. To determine whether EGFR
and Akt were activated by EP2 receptor agonist stimulation,
activation of EGFR and Akt was measured by detecting the
phosphorylation of EGFR and Akt with western blot analysis.
Huh-7 cells were exposed to 5 uM butaprost for different
periods of time. EGFR and Akt activation were detected at
5 min following butaprost treatment. As shown in Fig. 5B
and C, the phosphorylation level of EGFR and Akt increased
significantly after butaprost treatment in Huh-7 cells, and the
effect reached its maximum at 30 and 45 min, respectively.
These data indicate that butaprost induced EGFR and Akt
phosphorylation in a time-dependent manner in Huh-7 cells.
Based on these findings, treatment with 5 M butaprost for
45 min was used for subsequent experiments. Huh-7 cells
were pre-treated with Src inhibitor 10 uM PP2 or EGFR
inhibitor 5 uM AG1478 for 1 h before 5 uM butaprost treat-
ment for 45 min. The data in Fig. 5D show that AG1478 and
PP2 suppressed the butaprost-induced Akt phosphorylation,
further indicating that activated Src and EGFR are upstream
of Akt. The experiments in the above sections showed that
EGFR/Akt is involved in the EP2-mediated Snail expression
in Huh-7 cells.
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mTOR plays a key role in EP2-mediated Snail expression.
Mammalian target of rapamycin (mTOR) is an important
downstream of PI3K/Akt signaling. To clarify the mTOR
inhibitor 5 yuM PP242 effects on EP2 agonist-induced Snail
expression, Huh-7 cells were pre-treated with or without PP242
for 1 h prior to 5 uM butaprost treatment for 24 h, and were
subsequently subjected to immunoblotting assay to assess
the effect of these inhibitors on butaprost-induced expres-
sion of Snail. As shown in Fig. 6A, butaprost-induced Snail
expression was almost completely suppressed by the mTOR
inhibitor. Then, to determine whether the mTOR was activated
by EP2 receptor agonist stimulation, activation of mTOR was
measured by detecting the phosphorylation of mTOR with
western blot analysis. Huh-7 cells were exposed to 5 uM
butaprost for different periods of time. mTOR activation was
detected at 5 min following butaprost treatment. As shown in
Fig. 6B, the phosphorylation level of mTOR increased signifi-
cantly after butaprost treatment, and the effect reached its
maximum at 15 min. The data indicate that butaprost induced
mTOR phosphorylation in a time-dependent manner in Huh-7
cells. The data presented in the above sections indicate that
mTOR is involved in the EP2-mediated expression of Snail in
Huh-7 cells.

Discussion

Cyclooxygenase-2 (COX-2) plays a significant role in the
progression of HCC; higher tumor cytosolic COX-2 level is
associated with poorer patient survival (25,26). PGE,, the
key product of COX-2, plays crucial roles in the development
of several human malignant tumors, including HCC (27-30).
However, the exact mechanisms through which PGE, promotes
hepatocarcinogenesis are only beginning to be resolved.
Previous studies indicated that PGE, exerts its biological
functions via interaction with four types of G-protein-coupled
receptors (GPCRs): EP1, EP2, EP3 and EP4, on the cell surface
membrane (31). The downstream signaling transduction path-
ways of these EP receptors have been well characterized. The
EP1 receptor is coupled with Gaq protein and thus signals
through protein kinase C (PKC) and intracellular Ca?*; the
EP3 receptor is coupled with Gai protein, with inhibitory
effects on adenylyl cyclase (AC); the EP2 and EP4 receptors
are both coupled with Gas protein, but they have different
downstream signal pathways; the EP4 receptor could activate
the phosphatidylinositol 3-kinase (PI3K)-Akt pathway and the
EP2 receptor could increase intracellular cAMP level and thus
activate protein kinase A (PKA) pathway (10,32,33).

The epithelial-mesenchymal transition (EMT) is regarded
as a key step in epithelium-derived tumor invasion and metas-
tasis (34). During the EMT process, epithelial cells lose cell
polarity and adhesion, and undergo transdifferentiation into
a mesenchymal phenotype with highly migratory abilities.
Snail, as one of the zinc-finger transcriptional factors, plays
pivotal roles in a number of tumor invasions and metastasis
(15,35). As one of the main transcription factors controlling
the EMT process, Snail could repress E-cadherin (one of
the epithelial marker proteins) transcription level by binding
with E-box element on the E-cadherin promoter, and increase
some mesenchymal marker proteins expression level, such as
Vimentin (19,36). Furthermore, recent studies have indicated
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that during the progression of HCC, Snail expression level was
markedly increased and could enhance the cancer cell invasion
ability through upregulating the MMP gene family expression
(37,38). Meanwhile, in renal cell carcinoma, elevated Snail and
MMP protein expression level frequently indicated the poor
prognosis of patients with this malignant tumor (39).

It was reported that in non-small cell lung cancer (NSCLC),
knockdown of Snail protein interrupted the PGE,-induced
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Figure 5. EGFR and Akt are involved in the expression of Snail protein
induced by PGE, via EP2 receptor. (A) The effect of EGFR inhibitor AG1478
and PI3K inhibitor LY294002 on Snail expression induced by the EP2
receptor. Huh-7 cells cultured in serum-free medium were pretreated with
5 uM AG1478 or 10 uM LY294002 for 1 h, and were then treated with 5 yuM
butaprost for 24 h; 40 mM Licl and 10 xuM MG132 were added 7 h before
lysis of the cells. Snail expression level was determined by immunoblot-
ting with anti-Snail antibody. f-actin as loading control was determined by
immunoblotting with anti-f3-actin antibody. Quantitative analysis of the Snail
expression level was carried out by calculating the ratio between Snail pro-
tein and B-actin expression levels from three different experiments. “P<0.01,
compared with the control; #P<0.01, compared with butaprost treatment.
(B) The effect of butaprost on EGFR phosphorylation. Huh-7 cells cultured
in serum-free medium were treated with butaprost at 5 uM for the indicated
times, and cell lysates were obtained. EGFR phosphorylation level was deter-
mined by immunoblotting with anti-phospho-EGFR antibody. Total EGFR
expression level in cell lysates was determined by reprobing the same blot
with anti-EGFR antibody. (C) The effect of butaprost on Akt phosphoryla-
tion. Huh-7 cells cultured in serum-free medium were treated with butaprost
at 5 uM for the indicated times, and cell lysates were obtained. Akt phos-
phorylation level was determined by immunoblotting with anti-phospho-Akt
antibody. Total Akt expression level in cell lysates was determined by
reprobing the same blot with anti-Akt antibody. Quantitative analysis of the
Akt phosphorylation level was carried out by calculating the ratio between
Akt protein and phosphorylation level from three different experiments.
“P<0.05, “P<0.01 compared with the control. (D) The Src and EGFR inhibi-
tors suppressed butaprost-induced phosphorylation of Akt. Huh-7 cells were
serum-starved for 12 h and then pre-treated with 10 uM PP2 or 5 uM AG1478
for 1 h before 5 uM butaprost treatment for 45 min. Akt phosphorylation level
was determined by immunoblotting with anti-phospho-Akt antibody. Total
Akt expression level in cell lysates was determined by reprobing the same
blot with anti-Akt antibody. Quantitative analysis of the Akt phosphoryla-
tion level was carried out by calculating the ratio between Akt protein and
phosphorylation level from three different experiments. "P<0.05, compared
with the control; #P<0.01 compared with butaprost treatment. Buta or B,
butaprost; P, PP2; AG, AG1478; LY, LY94002.

repression of E-cadherin expression level (40). In the Huh-7
cell line, we confirmed that PGE, could promote HCC cell
migration and invasion. At the same time, we also found that
PGE, markedly increased Snail expression level. However,
the mechanisms underlying PGE,-upregulated Snail protein
expression level remain unclear. PGE, could bind with four
types of EP receptors on the cell surface membrane and transmit
the different signal transduction pathways to show various
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Figure 6. mTOR is involved in the expression of Snail protein induced by
EP2 receptor. (A) The effect of mTOR inhibitor PP242 on Snail expression
induced by EP2 receptor. Huh-7 cells cultured in serum-free medium were
pretreated with PP242 at 5 uM for 1 h, and were then treated with 5 yM
butaprost or 10 M PGE2 for 24 h; 40 mM Licl and 10 uM MG132 were
added 7 h before lysis of the cells. Snail expression level was determined
by immunoblotting with anti-Snail antibody. B-actin as loading control was
determined by immunoblotting with anti-f-actin antibody. (B) The effect
of butaprost on mTOR phosphorylation. Huh-7 cells cultured in serum-free
medium were treated with butaprost at 5 yM for the indicated times, and
cell lysates were obtained. mTOR phosphorylation level was determined by
immunoblotting with anti-phospho-mTOR antibody. Total mTOR expres-
sion level in cell lysates was determined by reprobing the same blot with
anti-mTOR antibody. Quantitative analysis of the mTOR phosphorylation
level was carried out by calculating the ratio between mTOR protein and

phosphorylation level from three different experiments. “P<0.05, *P<0.01
compared with the control.

physiological and pathophysiological functions. Hence, which
type of EP receptor is mainly responsible for this phenomenon
is of particular interest to us. It is well-established that EP2
receptor plays a crucial role in various types of carcinogenesis
(11,41). The present study showed that treatment of Huh-7 cells
with butaprost could significantly increase the Snail expres-
sion level, which indicates that EP2 receptor plays a key role in
PGE,-induced Snail expression.

On the basis of previous research, we know that the EP2
receptor is coupled with the Gas protein to exert its biological
functions. The heterotrimeric G protein consists of a, § and vy
subunits, and o subunits could be divided into Gas, Gai and
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Gagq. Different subtypes of Ga subunits could mediate specific
signaling pathways. When binding with PGE,, EP2 receptor
could activate the Gas subunit, which increases intracellular
cAMP level, and thus enhances the PKA activity. Based on
this canonic pathway, treatment of Huh-7 cells with the AC
inhibitor SQ22536 and the PK A inhibitor H89 should block the
effects of PGE, or EP2 receptor agonist-induced-snail expres-
sion. However, we did not observe these expected results in our
experiments (data not shown). These results indicate that the
Gas/AC/PKA pathway, the canonic pathway of EP2 receptor
may not be responsible for the EP2 receptor-mediated Snail
protein expression.

Several studies have shown that GPCRs could also modu-
late the activation of the EGFR (8,27,42,43). In endometrial
cancer, activation of EGFR resulted in overexpression of
Snail (44). In human mesenchymal stem cells, PGE, could
promote cell migration and proliferation, at least in part,
via the EP2 receptor-dependent 3-arrestin-1/JNK signaling
pathways (45). In squamous cell carcinoma, activation of the
EP2 receptor could transactivate the EGFR via PKA and c-Src
kinases (46). In mouse skin papilloma, the EP2 receptor could
form a complex with f-arrestin-1 and Src, which promoted the
tumor formation (47). Therefore, we hypothesized that the EP2
receptor might upregulate the Snail expression in 3-arrestin-1/
Src/EGFR pathways. The observations that the inhibitor of
the Src and EGFR suppressed the expression of Snail induced
by EP2 receptor agonist support our hypothesis. These data
suggest that Src and EGFR are involved in butaprost-mediated
Snail expression.

The EGF receptor is a transmembrane tyrosine kinase that
belongs to the HER/ErbB protein family. EGFR controls a
variety of biological responses such as cell proliferation and
migration (48). These effects are mediated via activation of
downstream molecules, including the PI3K/Akt pathway
(43,49). PI3K is composed of the p85 regulatory subunit and
the p110 catalytic subunit. When EGFR is activated, which
could recruit the p85 subunit, the p110 subunit is activated,
leading to PI3K activation. Activated PI3K can phosphorylate
PIP2 to form the second messenger PIP3. PIP3 could activate
3'-phosphoinositide-dependent kinase (PDK) by binding
to the PH domain of PDK. Activated PDK activates Akt by
phosphorylating its Thr308 and Ser473. Early reports showed
that, in HCC cells and human liver cancer tissues, the level of
COX-2 expression and Akt phosphorylation is correlated posi-
tively with the cell proliferation (50). Blocking of either COX-2
or the Akt pathway can inhibit the process of EMT (51). In
glioma C6 cells, PGE, induces HO-1 protein expression via
EP2 receptor through PKA and PI3K signaling pathways (52).
These findings suggest that Akt may play an important role in
the EP2 receptor-mediated Snail expression. Our data showed
that when binding with PGE,, the EP2 receptor could mark-
edly enhance Akt activity.

Activation of Akt mainly goes through phosphorylation of
the forkhead family transcription factor FKHR and inhibition
of BAD phosphorylation activity to anti-apoptosis, via mTOR
to mediate cell proliferation, via GSK-3f3, caspase-9 and other
downstream substrates to exert biological effects (53). One
protein that is emerging as a central downstream of Akt is
mTOR, which regulates tumor cell proliferation, growth and
survival (54,55). mTOR usually regulates biogenesis with two
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types of complexes, mMTORC1 and mTORC2, activating p70S6
kinase, which enhances the translation of mRNAs, and inhib-
iting 4E-BP1, a translational repressor of mRNAs, contributes
to cell growth and proliferation (56,57). Our data showed that
EP2 receptor agonist triggered the activation of mTOR. The
results suggest that the activation of mMTOR may be involved in
EP2-mediated Snail expression.

In conclusion, the results showed that the subtype 2 of
PGE, receptor upregulating Snail protein appears not to be
through the canonic G protein-dependent activation of PKA
pathway but through the Src-EGFR-Akt-mTOR pathway. The
present study provides further insight into the mechanisms
by which PGE, promotes HCC invasion and migration.
Targeting of the PGE,/EP2/Snail pathway may be a novel
therapeutic strategy in the prevention and treatment of malig-
nant diseases.
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