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Abstract

Background: Transcriptional co-activator with PDZ-binding motif (TAZ), a downstream
effector of the Hippo pathway, has been reported to regulate organ size, tissue homeostasis,
and tumorigenesis by acting as a transcriptional co-activator. Lysophosphatidic acid (LPA)
is a bioactive lipid implicated in tumorigenesis and metastasis of ovarian cancer through
activation of G protein-coupled receptors. However, the involvement of TAZ in LPA-induced
tumorigenesis of ovarian cancer has not been elucidated. Methods: In order to demonstrate
the role of TAZ in LPA-stimulated tumorigenesis, the effects of LPA on TAZ expression and
cell migration were determined by Western blotting and chemotaxis analyses in R182 human
epithelial ovarian cancer cells. Results and Conclusion: Treatment of R182 cells with the LPA
receptor inhibitor Ki1l6425 blocked LPA-induced cell migration. In addition, transfection of
R182 cells with small interfering RNA specific for LPA receptor 1 resulted in abrogation of LPA-
stimulated cell migration. LPA induced phosphorylation of ERK and p38 MAP kinase in R182
cells and pretreatment of cells with the MEK-ERK pathway inhibitor U0126, but not the p38
MAPK inhibitor SB202190, resulted in abrogation of LPA-induced cell migration. Pretreatment
of R182 cells with U0126 attenuated LPA-induced mRNA levels of TAZ and its transcriptional
target genes, such as CTGF and CYR61, without affecting phosphorylation level of YAP. These
results suggest that MEK-ERK pathway plays a key role in LPA-induced cell migration and
MRNA expression of TAZ in R182 cells, without affecting stability of TAZ protein. In addition,
small interfering RNA-mediated silencing of TAZ expression attenuated LPA-stimulated
migration of R182 cells. These results suggest that TAZ plays a key role in LPA-stimulated

migration of epithelial ovarian cancer cells.
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Introduction

Lysophosphatidic acid (LPA) is a naturally occurring phospholipid produced by
activated platelets, mesothelial cells, fibroblasts, adipocytes and some cancer cells [1, 2].
Generation of LPA occurs through hydrolysis of phosphatidic acid by soluble phospholipase
A, or A, [3, 4] or hydrolysis of lysophosphatidylcholine by autotaxin/lysophospholipase D
[5]. Accumulating evidence suggests that patients with ovarian cancer produce elevated
levels of LPA in serum and malignant ascites [6, 7]. LPA has been reported to contribute to
tumorigenesis and metastasis by promoting proliferation, migration, and invasion of cancer
cells [2]. LPA stimulates adhesion, migration, and invasion of ovarian cancer cells, thereby
regulating tumorigenicity and aggressiveness of ovarian cancer [8, 9].

Specific G-protein-coupled receptors have been reported to mediate LPA-stimulated
cellular responses, such as migration and proliferation of cancer cells [10]. Three of seven
identified LPA receptors, Edg-2/LPA,, Edg-4/LPA,, and Edg-7/LPA,, belong to the family of
endothelial cell differentiation genes [11]. The Edg family LPA receptors, LPA,, LPA, and
LPA,, have been reported to show an association with tumorigenicity and aggressiveness
of ovarian cancer cells [9, 12]. Activation of LPA receptors leads to activation of various
intracellular signaling pathways, including Ras-MAPK, phosphoinositide-3-kinase-Akt,
phospholipase C, and RhoA [10]. The Ras-MAPK pathway has been reported to mediate
LPA-stimulated migration of ovarian cancer cells [13]. However, the molecular mechanism
underlying LPA-stimulated cell migration has not been elucidated.

TAZ (transcriptional co-activator with PDZ-binding motif) and its functional analog
Yes-associated protein (YAP) are WW domain-containing proteins that functions as a co-
activator of many transcription factors that are critical to development of various tissues
[14-16]. They have been identified as a component of the emerging Hippo-LATS tumor
suppressor pathway, which plays important roles in regulation of organ size control,
proliferation, apoptosis, and cancer development [17-19]. The LATS tumor suppressor can
phosphorylate TAZ and YAP, leading to cytoplasmic retention and functional inactivation
of TAZ and YAP in mammary cells [20]. TAZ and YAP act mainly through TEAD family
transcription factors to stimulate expression of its downstream targets connective tissue
growth factor (CTGF) and Cyr61 that promote proliferation and inhibit apoptosis [21]. In
addition, TAZ is overexpressed in invasive breast cancer tissues [22], and overexpression of
TAZ has been shown to enhance proliferation, migration, transformation, and epithelial-to-
mesenchymal transition in immortalized mammary epithelial cells [20, 22]. LPA has recently
been reported to inhibit the Hippo pathway kinases LATS1/2 through the G, .-mediated
pathway, thereby activating TAZ and YAP [23]. These results suggest a possible implication
of TAZ in LPA-induced cellular responses, including migration of cancer cells. However, it is
still unclear whether TAZ plays a role in LPA-induced migration of ovarian cancer cells. In
the current study, we demonstrate an important role of TAZ in LPA-stimulated migration
of ovarian cancer cells and characterize the signaling mechanisms associated with LPA-
induced expression of TAZ.

Materials and Methods

Materials

RPMI 1640 medium was purchased from HyClone (Thermo scientific, Utah). Phosphate-buffered
saline, trypsin, and Lipofectamin reagent were purchased from Invitrogen (Carlsbad, CA). LPA (1-oleoyl-2-
hydroxy-sn-glycero-3-phosphate) and Kil6425 were purchased from Sigma-Aldrich (St. Louis, MO).
Antibodies against TAZ, YAP, p-YAP, ERK, p-ERK, p38, and p-p38 were purchased from Cell Signaling
Technology, Inc. (Danvers, MA). Anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody was
purchased from EMD Millipore (Billerica, MA).
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Cell culture

R182 and SKOV3 cells were maintained in RPMI 1640 medium containing 10% fetal bovine serum
and penicillin/streptomycin at 37°C with 5% CO, R182 cells were kindly donated by Prof. Gil Mor (Yale
University School of Medicine). SKOV3 cells were purchased from the American Type Culture Collection
(Manassas, VA). To determine the effects of LPA on TAZ expression, cells were seeded onto 6-well plates, and
incubated in serum-starved RPMI 1640 medium for 24 h, followed by treatment with LPA or vehicles (0.1%
fatty acid-free bovine serum albumin).

Transfection of small interfering RNA (siRNA)

For siRNA experiments, R182 cells were trypsinized and suspended in OPTI-MEM at a density of 5 x
10%cells/mL and then added to each well of the plates. Cells were transfected with appropriate siRNAs using
Lipofectamine reagent according to the manufacturer’s instructions (Invitrogen). siRNA duplexes were
synthesized, desalted, and purified by Samchully Pharm. Co. Ltd. (Siheung, Gyeonggi, Korea), as follows:
LPA,,5"-GGACUUGGAAUCACUGUUUUU-3' (sense) and 5'-AAACAGUGAUUCCAAGUCCUU-3' (antisense); TAZ,
5-AGGAACAAACGUUGACUUATT-3' (sense) 5'-UAAGUCAACGUUUGUUCCUTT -3’ (anti-sense). The control
siRNA (D-001206-13-05) was purchased from Dharmacon, Inc. (Chicago, IL).

Western blotting

Western blot was performed according to standard procedure using SDS-PAGE. Cells were lysed using
lysis buffer (20 mM Tris-HCl, 1 mM EGTA, 1 mM EDTA, 10 mM NaCl, 0.1 mM phenylmethylsulfonyl fluoride,
1 mM Na,VO,, 30 mM sodium pyrophosphate, 25 mM B-glycerol phosphate, 1% Triton X-100, pH 7.4). Cell
lysates were centrifuged for 15 min at 4°C, and supernatants were used for Western blotting. Lysates were
resolved by SDS-PAGE, transferred onto a nitrocellulose membrane (GE Healthcare Life Sciences, Piscataway,
NJ), and then stained with 0.1% Ponceau S solution (Sigma-Aldrich) to ensure equal loading. After blocking
with 5% nonfat milk for 30 min, the membranes were immunoblotted with various antibodies overnight
at 4°C, and the bound antibodies were visualized with horseradish peroxidase-conjugated secondary
antibodies using the enhanced chemiluminescence Western blotting system (GE Healthcare Life Sciences).

Reverse transcription-polymerase chain reaction (RT-PCR)

All RNA samples were prepared using TRizol reagent (Sigma-Aldrich). RNA samples (2 pg) were
reverse-transcribed to complementary DNA using M-MLV Reverse transcriptase (Promega) and 0.5 pg of
oligo (dT) 15 primer (Promega). The cDNA in 1 pL of the reaction mixture was amplified with 0.5 U of
GoTaq DNA polymerase, 25 pM MgCl, 10 uM dNTP (Promega), and 10 pmol each of sense and antisense
primers. The thermal cycle profile was as follows: denaturation at 95°C for 30 s, annealing at 51-55°C for 30
s depending on the primers used, and extension at 72°C for 90 s. Each PCR reaction was carried out for 25-
30 cycles, and PCR products were size fractionated on 1.4% ethidium bromide/agarose gel and quantified
under UV transillumination.

Real-time PCR assay was performed in 7500 real-time PCR machine (Applied Biosystems) and the data
generated were analyzed with the Applied biosystems 7500 Software (version 2.0.6). The cDNA was diluted
and used for quantification (with -actin gene as a control) by real-time PCR. The assay was carried out in a
total reaction volume of 20 pl that consisted of 10 pl of 2X SYBR Green Master Mix(2X) (Applied Biosystems),
10 picomoles of each primer (COSMO genetech) and 2 pl of each dilute cDNA. The protocol was as follows:
40 cycles at 95°C for 15 s and 60°C for 1 min. The primer pairs are as follows in this study : LPA, receptor
5'-TCT TCT GGG CCA TTT TCA AC-3’, 5"-TGC CTR AAG GTG GCG CTC AT-3’, LPA, receptor 5’-CCT ACC TCT TCC
TCA TGT TC-3', 5"-TAA AGG GTG GAG TCC ATC AG-3'; LPA, receptor 5’-GGA ATT GCC TCT GCA ACA TCT-3,
5-GTC TTT ACT CCT TGG AGG CCA TGT-3’; TAZ 5’-CAG CAA TGT GGA TGA GAT GG-3’, 5’-TCA TTG AAG AGG
GGG ATC AG-3": GAP DH 5'-TCC ATG ACA ACT TTG GTA TCG-3', 5'-TGT AGC CAA ATT CGT TGT CA-3'; B-actin
5'-AAC ACC CCA GCC ATG TAC G-3', 5'-ATG TCA CGC ACG ATT TCC C-3', CTGF 5'-TAT GAT TAG AGC CAA CTG
CC-3', 5'-GAG TAC GGA TGC ACT TTT TG-3'; CYR61 5'-TGG AGT TCA CGA GAA ACA AT-3', 5'-GTA ACT CGT
GTG GAG ATA CC-3".

Immunostaining and analysis of images
R182 cells were seeded on coverslips in a 24-well plate. After treatment with LPA, cells were fixed
with 4% paraformaldehyde for 10 min, and washed twice with phosphate-buffered saline, followed by
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permeabilization with 0.1% Triton X-100 in TBS. After blocking in 5% BSA for 1 h at room temperature, cells
were incubated with anti-TAZ primary antibody overnight at 4 C. After washing with phosphate-buffered
saline, the specimens were incubated with Alexa 488 goat anti-rabbit secondary antibody, followed by
washing and mounting in Vectashield medium (Vector Laboratories) with 4',6-diamidino-2-phenylindole
(DAPI) for visualization of nuclei. A laser scanning confocal microscopy (Olympus FluoView FV1000) was
used for visualization of stained specimens.

Cell migration and scratch wound healing assay

Cell migration assay was performed using a chemotaxis assay and a scratch wound healing assay. For
measurement of chemotactic cell migration, cells were harvested with 0.05% trypsin containing 0.02%
EDTA, washed once, and suspended in serum-free media at a concentrationof 1 x 10° cells/ml. A membrane
filter with 8-um pores of the disposable 96-well chemotaxis chamber (Neuro Probe, Inc., Gaithersburg, MD)
was pre-coated for 4 h with 20 pg/mL rat-tail collagen at room temperature; an aliquot (50 pL) of cell
suspension was loaded into the upper chamber, and test reagents were then placed in the lower chamber,
unless otherwise specified. For elucidation of signaling pathways involved in LPA-induced migration, the
cells were pre-incubated with pharmacological inhibitors for 10 min before loading. After incubation of the
cells with LPA in the absence or presence of inhibitors for 12 h at 37°C, the upper surface of each filter was
scraped free of cells by wiping it with a cotton swab, and the filters were then dis-assembled. The number
of cells that had migrated to the lower surface of each filter was determined by counting the cells in three
places under microscopy at x100 magnification after staining with Hoechst.

For measurement of cell migration using a scratch wound healing assay, cells were seeded in 24-well
plates at a density of 5 x 10* and grown to confluence, followed by serum starvation for 24 h. The serum-
starved cells were scratched once per well using a P20 pipette tip for creation of an artificial wound and
treated with serum-free medium in the absence or presence of LPA. After 12 h, wounds were photographed
using a digital camera mounted on an inverted microscope.

Cell proliferation assay

To measure the effects of LPA on cell proliferation of R182 cells, a colorimetric 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was used: MTT is metabolized by NAD-dependent
dehydrogenase to form a colored reaction product (formazan), and the amount of dye formed correlates
directly with the number of cells. For determination of cell numbers, R182 cells were seeded in a 24-well
culture plate at a density of 2 x 10* cells/well, cultured for 48 h in normal growth medium, serum-starved
for 24 h, and treated with various reagents (or a vehicle control) for the indicated times. Cells were washed
twice with PBS and incubated with 100 pl of MTT (0.5 mg/ml) for 2 h at 37 C. Formazan granules generated
by the cells were dissolved in 100 pl of dimethylsulfoxide, and the absorbance of the solution at 562 nm was
determined using a PowerWave microplate spectrophotometer (Bio-Tek Instruments, Inc.; Winooski, VT)
after dilution to a linear range.

Statistics

The results of multiple observations are presented as mean + S.D. Student's ¢t test was used for analysis
of differences between the two groups. For multivariate data analysis, two-way ANOVA was used for
assessment of group differences, followed by post hoc comparisons tested using Scheffe's method.

Results

LPA treatment induces expression of TAZ in R182 epithelial ovarian cancer cells

To explore the effect of LPA on expression of TAZ in ovarian cancer cells, two different
epithelial ovarian cancer cell lines, R182 and SKOV3 cells, were treated with LPA for increasing
periods of time. Expression of TAZ showed a time-dependent increase upon treatment with
LPA (Fig. 1A). Increased expression of TAZ was detected at 3 h after treatment with LPA in
R182 cells and maximal stimulation was observed at 6 h. LPA-induced expression of TAZ
was more evident in R182 cells than in SKOV3 cells. LPA treatment caused a mobility shift
of TAZ, suggesting dephosphorylation of TAZ in response to LPA. To explore the effect of
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Fig. 1. Effects of LPA on ex-
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LPA on dephosphorylation of TAZ/YAP, phosphorylation levels of YAP was determined by
Western blotting using a phospho-YAP antibody (S127). LPA treatment resulted in a rapid
decrease in YAP phosphorylation (Fig. 1A). LPA-induced dephosphorylation of YAP was
detected as early as 1 h and recovered 6 h after LPA treatment. These results suggest that
LPA induces dephosphorylation of TAZ and YAP in R182 cells, while increased protein levels
of YAP were hardly observed by LPA treatment. In addition, treatment with LPA resulted in
a dose-dependent increase in TAZ expression along with decrease of YAP phosphorylation
(Fig. 1C). Immunostaining with anti-TAZ antibody showed LPA-stimulated expression of
TAZ, which was mostly localized in nuclei of R182 cells (Fig. 1D), suggesting LPA-induced
TAZ expression in the nuclear fraction of epithelial ovarian cancer cells.

LPA stimulates migration of R182 cells through a LPA -dependent mechanism

To explore the role of LPA in migration of R182 cells, chemotactic migration was
determined using a Boyden chamber apparatus. As shown in Fig. 2A, treatment with
LPA resulted in stimulation of chemotactic migration of R182 cells in a dose-dependent
manner. To clarify involvement of LPA receptors in LPA-induced cell migration, the effect
of Ki16425, an inhibitor specific for LPA receptors 1 and 3, on LPA-stimulated migration
was explored. Pretreatment of cells with Ki16425 resulted in complete abrogation of LPA-
stimulated migration of R182 cells (Fig. 2B), suggesting involvement of LPA or LPA, in the
LPA-stimulated cell migration. Because LPA, and LPA,, but not LPA,, are expressed in R182
cells (Fig. 2C), we next examined the involvement of LPA, in LPA-induced cell migration. In
R182 cells, expression of LPA, in R182 cells was silenced by transfection with LPA -specific
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Fig. 2. Role of LPA in LPA-induced migration of
ovarian cancer cells. (A) Dose-dependent effect of
LPA on chemotactic migration of R182 cells. Data
indicate mean #* SD (n=4). * p < 0.05 vs control. (B)
mRNA expression of three LPA receptors (LPA1,
LPA2, and LPA3) and GAPDH. (C) Effects of Ki16425
on LPA-stimulated migration of R182 cells. LPA-
induced migration of R182 cells was determined

in the absence or presence of 1 uM Kil16425. (D) o 001 o4 1 10
siRNA-mediated silencing of LPA1. R182 cells were [LPA], uM
transfected with LPA -specific siRNA (si-LPA)) or
control siRNA (si-control), and expression levels of
LPA1 and GAPDH were determined by RT-PCR. (E)
siRNA-transfected R182 cells were treated with 1 uM
LPA or vehicles for 12 h, followed by determination
of cell migration. Data indicate mean * SD (n=4).
* p<0.05.
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siRNA (Fig. 2D). siRNA-mediated silencing of LPA expression markedly inhibited LPA-
stimulated migration of R182 cells (Fig. 2E). These results suggest a critical role of LPA, in
LPA-simulated migration of epithelial ovarian cancer cells.

LPA is involved in LPA-induced expression of TAZ

To explore the question of whether LPA, is involved in LPA-induced expression of TAZ,
the effect of Ki16425 on LPA-stimulated expression of TAZ was determined. As shown in
Fig. 3A, LPA-stimulated expression of TAZ in R182 cells was inhibited by pretreatment of
cells with Ki16425. In addition, siRNA-mediated silencing of LPA, resulted in attenuation of
LPA-induced expression of TAZ (Fig. 3B). These results suggest a key role of LPA, in not only
LPA-induced cell migration but also TAZ expression.

ERK is involved in LPA-induced cell migration and TAZ expression

LPA-induced stimulation of LPA, leads to activation of MAP kinases, including ERK, JNK,
and p38 MAPK [10]. To clarify the involvement of MAP kinases in LPA-stimulated chemotaxis
and TAZ expression in R182 cells, we explored the effects of LPA on phosphorylation of MAP
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Fig. 4. Role of MAP kinases A D - -
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and 1 h, respectively, and normalized to those of GAPDH and YAP. Data indicate mean * SD (n=4).*, p < 0.05.
(F) Effect of U0126 on LPA-stimulated mRNA levels of TAZ, CTGF, and Cyr61. R182 cells were treated with 1
UM LPA or vehicles in the absence or presence of 10 uM U0126 for 1 h, followed by determination of mRNA
levels of TAZ, CTGF, and Cyr61 by real-time RT-PCR and normalization to the levels of 3-actin in each sample.
Data indicate mean * SD (n=3). *, p < 0.05.

kinases. As shown in Fig. 4A, treatment with LPA induced phosphorylation of ERK and p38
MAPK in a time-dependent manner. However, phosphorylation of JNK was not detected after
treatment with LPA in R182 cells (data not shown). To explore involvement of ERK and p38
MAPK in LPA-stimulated cell migration, we examined the effects of the ERK inhibitor U0126
and the p38 MAPK inhibitor SB202190 on LPA-induced cell migration. Pretreatment of cells
with U0126, but not SB201290, markedly inhibited LPA-induced migration of R182 cells
(Fig. 4B), suggesting involvement of ERK in LPA-stimulated cell migration.

To assess the role of ERK in LPA-induced expression of TAZ, we next examined the
effect of U0126 on LPA-stimulated phosphorylation of ERK and expression of TAZ. As
shown in Fig. 4C, pretreatment of R182 cells with U0126 resulted in blockade of LPA-
induced phosphorylation of ERK. In addition, LPA stimulation resulted in the increase of TAZ
expression at 6 h, and pretreatment of R182 cells with U0126 markedly but not completely
attenuated LPA-induced protein levels of TAZ (Fig. 4D and 4E). YAP phosphorylation was
decreased at 1 h after LPA treatment; however, pretreatment with U0126 did not affect the
LPA-induced dephosphorylation of YAP and mobility shift of TAZ. These results suggest
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Fig. 5. Role of TAZ in LPA-induced

A
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silencing of TAZ expression. R182 cells

were transfected with si-control or si- g 200
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stimulated healing of wound scratch.
Wounds were generated in siRNA-transfected R182 cells, treated with 1 uM LPA or vehicles (control) for 12
h, and then wound healing was photographed using a digital camera mounted on an inverted microscope.
(D) Inhibition of LPA-induced proliferation by silencing of TAZ expression. siRNA-transfected R182 cells
were treated with 1 pM LPA or vehicles (control) for 3 days, followed by determination of cell proliferation.
Data indicate mean * SD (n=4).* p < 0.05.

that ERK plays a key role in LPA-induced expression of TAZ in R182 cells without affecting
phosphorylation of YAP and TAZ.

TAZ and YAP act as a co-factor for TEAD transcription factors to stimulate gene
expression of proliferation-proliferating genes such as CTGF and Cyr61. To explore whether
LPA treatment can induce gene expression of TAZ and its target genes CTGF and Cyr61, we
quantified the mRNA levels of TAZ, CTGF, and Cyr61. As shown in Fig. 4F, mRNA levels of TAZ,
CTGE and Cyr61 were increased in response to LPA treatment. To determine the role of ERK
in LPA-induced expression of TAZ, CTGF, and Cyr61, we examined the effects of U0126 on
mRNA levels of the genes. Treatment with U0126 abrogated LPA-induced mRNA expression
of TAZ; however, LPA-induced mRNA expression of CTGF and Cyr61 were markedly, but
not completely, attenuated by U0126 treatment. These results suggest that ERK-dependent
transcription of TAZ plays a crucial role in the LPA-induced transcription of CTGF and Cyr61.

TAZ plays a key role in LPA-stimulated migration of R182 ovarian cancer

To explore the role of TAZ in migration of ovarian cancer cells, we examined the effects
of siRNA-mediated silencing of TAZ on LPA-induced migration of R182 cells. LPA-stimulated
expression of TAZ was blocked by transfection of R182 cells with TAZ-specific siRNA (Fig. 5A).
To determine whether TAZ is involved in LPA-stimulated cell migration, we next examined
the effect of siRNA-mediated silencing of TAZ on LPA-induced cell migration. As shown in
Fig. 5B, LPA-stimulated migration of R182 cells was blocked by transfection of cells with
TAZ-specific siRNA. To confirm this finding, we next examined involvement of TAZ in LPA-
stimulated motility of ovarian cancer cells in a scratch wound healing assay. As shown in Fig.
5C, treatment with LPA enhanced motility of R182 cells and wound healing, and silencing
of TAZ expression by transfection with TAZ-specific siRNA resulted in abrogation of LPA-
stimulated wound healing.

LPA reportedly stimulates not only cell migration but also proliferation in various
cell types [2]. In order to explore whether TAZ is involved in regulation of LPA-stimulated
proliferation of epithelial ovarian cancer cells, we examined the effect of siRNA-mediated
silencing of TAZ expression on LPA-induced cell proliferation. Treatment of R182 cells with
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LPA-induced cell proliferation, and siRNA-mediated silencing of TAZ expression abrogated
LPA-induced proliferation (Fig. 5D). Taken together, these results indicate that TAZ plays a
key role in LPA-induced migration and proliferation of R182 cells.

Discussion

In the current study, we demonstrated that LPA stimulates TAZ expression in two
different epithelial ovarian cancer cell lines, R182 and SKOV3 cells. In addition, treatment
with LPA induced nuclear localization of TAZ and a rapid and transient dephosphorylation of
YAP in R182 cells. It has been reported that not only LPA but also sphingosine-1-phosphate
activates YAP and TAZ through G,, ,-RhoA-dependent inhibition of the Hippo pathway
kinases LATS1/2 [23]. Treatment with S1P induced nuclear localization of YAP through S1P,
receptor, a G protein-coupled receptor [23, 24]. In addition, protease-activated receptors
decrease phosphorylation and increase nuclear localization of YAP/TAZ by inhibiting
LATS1/2 through a G,, ,,-dependent mechanism [25]. These results support the pivotal role
of G protein-coupled receptors, including LPA,, in regulation of the Hippo-YAP/TAZ pathway.

We demonstrated a pivotal role of ERK in LPA-induced migration of R182 cells. In support
of the current study, LPA has been reported to induce migration of pancreatic carcinoma
cells through a G, -ERK-dependent pathway [26]. In addition, LPA stimulated migration
of MDA-MB-231 breast cancer cells through a phosphoinositide-3-kinase-ERK-dependent
mechanism [27]. It has been reported that JNK cooperates with oncogenic Ras to inactivate
the Hippo pathway, leading to tumorigenesis [28]. Raf-1 kinase inhibits MST2/Hippo
kinase by preventing its dimerization and phosphorylation of MST2 through a mechanism
independent of the kinase activity of Raf-1 [29]. In the current study, we demonstrated that
LPA-induced mRNA level of TAZ gene was abrogated by pretreatment with the MEK1/2-
ERK pathway inhibitor U0126, implying a crucial role of ERK in LPA-induced transcription
of TAZ gene. However, LPA-stimulated protein level of TAZ was partially inhibited by
U0126 treatment. Furthermore, mRNA expression of TAZ target genes, CTGF and Cyr61,
was partially attenuated by pretreatment with U0126. We showed here that LPA-induced
dephosphorylation of YAP and mobility shift of TAZ were not abrogated by U0126 treatment,
suggesting that ERK is not involved in LPA-induced regulation of protein stability of TAZ and
YAP. Increased stability of TAZ protein has been reported to be responsible for LPA-induced
expression of TAZ [23]. Taken together, these results suggest that not only transcription of
TAZ gene but also stabilization of TAZ protein is implicated in LPA-induced increase of TAZ
protein in R182 cells, although the molecular mechanism by which ERK activation leads to
up-regulated expression of TAZ and its target genes needs to be clarified further.

siRNA-mediated knockdown of TAZ expression resulted in abrogation of LPA-induced
migration and proliferation of R182 ovarian cancer cells. siRNA-mediated silencing of TAZ
expression has been shown to down-regulate proliferation and migration of immortalized
mammary epithelial cells [22]. It has been recently reported that LPA treatment induced
migration of human epithelial ovarian cancer cells through an YAP-dependent mechanism
[30]. The role of Hippo signaling in regulation of cell migration was supported by a recent
report suggesting that Hippo/MST1 kinase mediates chemotaxis through regulation of
spreadingand cell adhesion [31]. An association of high levels of nuclear YAP in primary tumor
tissues with poor survival in ovarian cancer patients has been reported [32]. In addition,
overexpression of YAP resulted in increased cell proliferation and migration, resistance to
cisplatin-induced apoptosis, and anchorage-independent growth in immortalized ovarian
surface epithelial cells, suggesting the role of Hippo/YAP as an ovarian cancer oncogene [32].
Taken together, these results suggest a pivotal role of TAZ in regulation of migration, invasion,
and metastasis of ovarian cancer. Although further exploration of the molecular mechanism
by which TAZ regulates LPA-induced cell migration is needed, in the present study, we report
on the LPA -TAZ signaling cascade as a novel target for treatment of ovarian cancer.
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Abbreviations

GAPDH (glyceraldehydes-3-phosphate dehydrogenase); LPA (lysophosphatidic
acid); LPA, (LPA receptor 1); LPA, (LPA receptor 2); LPA, (LPA receptor 3); RT-PCR
(reverse transcription-polymerase chain reaction); siRNA (small interfering RNA); TAZ
(Transcriptional coactivator with PDZ-binding motif); YAP (Yes-associated protein).
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