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Overexpression of TAZ promotes cell proliferation, migration
and epithelial-mesenchymal transition in ovarian cancer
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Abstract. The Hippo pathway is dysregulated in multiple types
of human cancer, including ovarian cancer. Nuclear expression
of yes-associated protein 1 (YAP1), a downstream transcrip-
tion coactivator of the Hippo pathway, has been demonstrated
to promote tumorigenesis in ovarian cancer and may serve as a
poor prognostic indicator. However, transcriptional coactivator
with PDZ binding motif (TAZ), a downstream target of the
Hippo pathway and paralog of YAP in mammalian cells, has
not been fully investigated in ovarian cancer. The present study
aimed to investigate the dysregulation and biological function
of TAZ in ovarian cancer. Reverse transcription-quantitative
polymerase chain reaction and western blotting revealed that
TAZ mRNA and protein levels, respectively, were upregulated
in ovarian cancer, and a meta-analysis of ovarian cancer
microarray datasets identified that increased expression of
TAZ mRNA is correlated with poor prognosis in patients
with ovarian cancer. In addition, TAZ-knockdown in ovarian
cancer cells demonstrated that TAZ regulates the migration,
proliferation and epithelial-mesenchymal transition of ovarian
cancer cells. Furthermore, pharmacological disruption of the
YAP/TAZ/TEA domain protein complex resulted in a decrease
in ovarian cancer cell migration, proliferation and vimentin
expression. The results of the present study indicate that the
overexpression of TAZ is important in the development and
progression of ovarian cancer, and may function as a potential
drug target for treatment of this disease entity.

Introduction

Ovarian cancer is the third most prevalent malignancy of the
female reproductive system (1,2). Of all the types of ovarian
cancer, epithelial ovarian cancer has the poorest prognosis and
is the primary cause of cancer-associated mortality in adult
women (1,2). Therefore, understanding the mechanisms that
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underlie the development and progression of ovarian cancer
is the focus of numerous, intensive studies. Dysregulation of
multiple signaling pathways has been implicated in the initia-
tion, progression and metastasis of ovarian cancer, including
the mitogen-activated protein kinase and phosphoinositide
3-kinase/AKT/mammalian target of rapamycin signaling
pathways (2).

The Hippo pathway is an emerging signaling pathway
that is crucial for tissue homeostasis, organ size control, cell
differentiation and the development of various types of human
cancer, including ovarian cancer (3,4). The core components of
the mammalian Hippo pathway consist of the upstream kinases
Mstl/2, large tumor suppressor kinase 1 (LATS1/2) and their
respective scaffold proteins, WW45 and MOBI. Activation
of the Hippo tumor suppressor pathway increases the phos-
phorylation level of the transcription coactivator yes-associated
protein 1 (YAP)/transcriptional coactivator with PDZ binding
motif (TAZ), which results in the cytoplasmic retention of
YAP/TAZ and protein degradation. As YAP/TAZ promotes cell
proliferation and survival through the activation of downstream
transcription factors, most notably the TEA domain (TEAD)
transcription factor family members, activation of the Hippo
pathway results in inhibition of TEAD-dependent transcrip-
tion. Dysregulation of the Hippo pathway has been observed
in human cancer, including ovarian cancer (5-9). The nuclear
expression of YAP has been identified to promote ovarian cancer
tumorigenesis and functions as a poor prognostic indicator for
the disease (7). However, TAZ, a paralog of YAP in mammalian
cells, has not yet been investigated in ovarian cancer.

The aim of the present study was to investigate the dysreg-
ulation and biological function of TAZ in ovarian cancer.
The study identified that TAZ mRNA and protein are overex-
pressed in ovarian cancer, and a meta-analysis of an ovarian
cancer database indicated that high TAZ mRNA expression
correlated with poor prognosis in patients with ovarian cancer.
In addition, TAZ-knockdown resulted in decreased prolifera-
tion and migration of ovarian cancer cells, and verteporfin, a
compound that disrupts the interaction between YAP/TAZ
and TEAD, decreased the viability of the ovarian cancer
cells and almost abolished cell migration. Taken together, the
results of the present study indicate that the overexpression of
TAZ, a potential mechanism for the activation of YAP/TAZ
downstream gene expression, may promote ovarian cancer
tumorigenesis and progression, and may serve as a potential
therapeutic drug target.
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Materials and methods

Ovarian cancer specimen collection. All human ovarian
cancer and paired normal samples (n=7) were obtained
from the Department of Gynecology, Songgang People's
Hospital, (Shenzhen, China) between December 2011 and
February 2012. The cancer tissues and paired normal tissues
were resected and fast frozen in liquid nitrogen, and then the
samples were transferred into cryogenic tubes and stored at
-80°C for long-term storage. Informed consent was obtained
from all patients and approval was obtained from the Ethics
Committee of Songgang Hospital (Shenzhen, China) for the
use of all specimens.

Cell culture and transfection. SKOV-3 ovarian cancer cells
were obtained from the American Type Culture Collection
(Manassas, VA, USA) and cultured in Dulbecco's modified
Eagle's medium (Hyclone; GE Healthcare Life Sciences, Logan,
UT, USA) supplemented with 10% fetal bovine serum (FBS;
Sigma-Aldrich , St. Louis, MO, USA) and 1% penicillin/strep-
tomycin at 37°C with 5% CO,. Small interfering RNA (siRNA)
transfection was performed using Lipofectamine® 2000 (Invi-
trogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA),
according to the manufacturer's protocol. The TAZ siRNA
primer sequences were as follows: TAZ-siRNA-1, GACAUG
AGAUCCAUCACUA; and TAZ-siRNA-2, GGACAAACA
CCCAUGAACA (10). TAZ siRNA and non-targeting control
siRNA (UUCUCCGAACGUGUCACGU). were synthesized
by Shanghai GenePharma Co., Ltd. (Shanghai, China).

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) and reverse transcribed into cDNA with a PrimeScript®
RT-PCR kit (Takara Biotechnology Co., Ltd., Dalian, China).
gPCR was performed using SYBR® Premix Ex Taq™ (Takara
Biotechnology Co., Ltd.) on an ABI 7500 Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The primers used were as follows: Forward, ATTCATCGC
CTTCCTAGGGT and reverse, GGCTGGGAGATGACCTTC
AC for TAZ; forward, GTCATCCAACGGGAATGCA and
reverse, TGATCGGTTACCGTGATCAAAA for GAPDH.
The cycling conditions were as follows: 95°C for 30 sec,
followed by 40 cycles of 95°C for 5 sec and 60°C for 34 sec.
ddH,0 was used as a negative control. The 2244 method was
used for quantification (11).

Western blot analysis. Cancer tissues and cultured SKOV-3
cells were harvested and lysed with 1% NP-40 lysis buffer
[50 mM Tris-HCI, pH 7.8; 150 mM NaCl; 1% NP-40 with
protease inhibitor cocktail (P8340; Sigma-Aldrich); phenyl-
methylsulfonyl fluoride; 50 mM NaF; and 1 mM Na;VO,].
Protein (50 pug per sample) was separated by 10% SDS-PAGE
and transferred to a nitrocellulose membrane. The membrane
was blocked with 5% milk and incubated at 4°C overnight
with the following primary antibodies: Monoclonal rabbit
anti-YAP/TAZ (#8418), monoclonal rabbit anti-zonula
occludens-1 (ZO-1; #8193) (Cell Signaling Technology,
Inc., Danvers, MA, USA), monoclonal rabbit anti-vimentin
(#2707-1; Epitomics, Burlingame, CA, USA), monoclonal
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mouse E-cadherin (#610181; BD Transduction Laboratories;
BD Biosciences, Franklin Lakes, NJ, USA), monoclonal
mouse N-cadherin (#610920; BD Transduction Laboratories;
BD Biosciences) and monoclonal mouse-f3-actin (#A1978;
Sigma-Aldrich). All antibodies used in this study were diluted
at a 1:1,000 ratio unless otherwise stated. Subsequently, the
membrane was incubated with secondary antibodies horeradish
peroxidase (HRP)-labeled goat anti-rabbit immunoglobulin
(Ig)G(H+L) (#A0208; Beyotime Institute of Biotechnology,
Haimen, China) and HRP-labeled goat anti-mouse IgG(H+L)
(#A0216; Beyotime Institute of Biotechnology), and the
proteins were visualized using enhanced chemiluminescent
reagents (EMD Millipore, Billerica, MA, USA).

Migration assay. Transwell systems (24-well insert; Corning
Incorporated, Corning, NY, USA) were used to analyze cell
migratory ability. siRNA-transfected SKOV-3 cells were
suspended in media containing 1% FBS, seeded at a density
of 1.0x10° cells/well in the upper chamber and incubated at
37°C with 5% CQO,. Cells on the upper membrane surface were
removed 12 or 24 h later using a cotton bud, whilst cells on the
lower membrane were fixed in 4% formaldehyde, stained with
crystal violet and counted under a phase-contrast microscope.

Cell proliferation and viability assay. siRNA-transfected
SKOV-3 cells were seeded in a 96-well plate (2,000 cells/well),
and the number of cells was measured daily using a Cell
Counting Kit-8 (CCK-8) assay (Dojindo Molecular Technolo-
gies, Inc., Kumamoto, Japan) for 5 days. For the verteporfin
(#SMLO0534; Sigma-Aldrich) treatment experiments,
6,000 SKOV-3 cells were seeded per well and treated with the
indicated concentrations of verteporfin (0.1, 0.3, 1.0, 3.0 and
9.0 uM) for 1 day, incubated at 37°C with 5% CO,. Cell
viability was measured by CCK-8 assay (Dojindo Molecular
Technologies, Inc.), according to the manufacturer's protocol.

Statistical analysis. Kaplan-Meier plots of the overall and
progression-free survival time of patients with ovarian cancer
stratified by TAZ mRNA expression level were constructed
using KMplot (http://kmplot.com/analysis). Survival data
were analyzed using the log-rank test; all other data were
analyzed using Student's t-test. Results are presented as the
mean + standard deviation. Statistical analysis was performed
using SPSS 19.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was
considered to indicate a statistically significant difference. For
the cell proliferation and Transwell assays, each experiment
was repeated twice. Typical results of one experiment are
shown. For the cell proliferation assay, standard deviation was
calculated based on the use of 6 repeated wells per group. For
the Transwell assay, standard deviation was calculated based
on 3 repeated Transwells per group.

Results

TAZ expression is upregulated in ovarian cancer. TAZ is a
paralog of YAP in mammalian cells (3,4) and dysregulation of
YAP has been reported in ovarian cancer; however, the func-
tion of TAZ in ovarian cancer has not yet been investigated.
To understand the dysregulation of TAZ in ovarian cancer, the
expression of TAZ mRNA was analyzed in 7 ovarian cancer
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Figure 1. TAZ is overexpressed in and correlated with a poor prognosis in patients with ovarian cancer. (A) Reverse transcription-quantitative polymerase
chain reaction analysis of TAZ mRNA expression levels and (B) western blot analysis of TAZ protein expression levels in the 7 ovarian cancer samples and
paired normal tissues. Kaplan-Meier plots of the (C) progression-free and (D) overall survival time of patients with ovarian cancer stratified by TAZ mRNA
expression level, constructed using KMplot (http:/kmplot.com/analysis). The log-rank test was performed to assess statistical significance of survival data. N,
normal; C, cancer; TAZ, tafazzin; HR, hazard ratio.
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Figure 2. TAZ-knockdown inhibits cell proliferation and migration, and induces epithelial-mesenchymal transition in ovarian cancer cells. SKOV-3 cells were
transfected with siRNA targeting human TAZ and control siRNA. (A) At 48 h post-transfection, the cells were plated into 96-well plates and the cell numbers
were detected by Cell Counting kit-8 assay. (B) Migratory ability of the SKOV-3 cells, as detected by Transwell assay. Representative images (x100 magnifica-
tion) of each group are shown. Crystal violet staining. “P<0.05 vs. con, Student's t-test. (C) Western blot analysis of SKOV-3 cells transfected with indicated
siRNA 72 h post-transfection. OD, optical density; siRNA, small interfering RNA; CON, control; TAZ, tafazzin; ZO, zonula occludens; VIM, vimentin;
YAP, yes-associated protein 1.

and paired normal tissue samples. Notably, as presented in
Fig. 1A, TAZ mRNA was upregulated in 6/7 ovarian cancer

samples compared with the paired normal tissues. Western
blot analysis of these 7 paired cancer and normal tissues also
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showed that TAZ protein was overexpressed in 5/7 ovarian
cancer tissues (Fig. 1B). These results suggest that TAZ
mRNA and protein expression are upregulated in ovarian
cancer. To investigate the association between upregulated
TAZ expression and the prognosis of patients with ovarian
cancer, the present study analyzed a public online data-
base (12) integrating 13 public datasets with 1,305 cases with
progression-free data and 1,581 cases with overall survival
data, and observed that high expression of TAZ mRNA was
a significant indicator of poor prognosis in ovarian cancer.
Patients with a high expression level of TAZ mRNA had a
shorter period of progression-free (P=0.000035; Fig. 1C) and
overall survival (P=0.0048; Fig. 1D).

TAZ regulates cell proliferation, migration and epithe-
lial-mesenchymal transition (EMT) in ovarian cancer cells.
To investigate the function of TAZ in ovarian cancer cells, two
siRNAs targeting human TAZ were transfected into SKOV-3
cells and cell proliferation was analyzed following transfection.
Transfecting each TAZ siRNA either individually or in combi-
nation resulted in a significant decrease in the proliferation of the
SKOV-3 cells (P=0.00004, siRNA-TAZ-1+2 vs. siRNA-CON;
Fig. 2A). Next, the current study performed Transwell assays
to determine whether TAZ-knockdown affects the migra-
tory ability of ovarian cancer cells. As presented in Fig. 2B,
knockdown of TAZ in the SKOV-3 cells largely decreased their
migratory ability compared with control cells (P=0.000089).
Overexpression of TAZ in breast cancer promotes EMT (13,14),
therefore, the protein expression levels of several EMT markers
were also examined in the TAZ-knockdown cancer cells.
Although no changes were observed in canonical EMT markers,
including E-cadherin and N-cadherin (data not shown), a
moderate increase in the expression level of epithelial marker
Z0-1 and a decrease in the level of mesenchymal marker
vimentin were identified in TAZ-knockdown versus control
cells (Fig. 2C). These results indicate that mesenchymal-epithe-
lial transition was induced by TAZ-knockdown in the SKOV-3
cells. Taken together, the data suggests that TAZ serves a vital
role in promoting proliferation, migration and EMT in ovarian
cancer cells.

Pharmacological disruption of the interaction between
YAPITAZ and TEAD decreases cell viability and migra-
tion, and induces EMT in ovarian cancer cells. YAP/TAZ
have been demonstrated to promote the tumorigenesis and
progression of multiple types of cancer primarily through
TEAD family members (14,15), therefore, disrupting the
interaction between YAP/TAZ and TEAD may serve as a
promising target for new drugs. Verteporfin, a drug used
previously for the treatment of macular degeneration, was
identified to disrupt the YAP/TEAD complex (16,17). The
present study observed that verteporfin treatment results
in decreased SKOV-3 cell viability (P=0.0014, 3 vs. 0 uM)
Fig. 3A). Furthermore, verteporfin treatment significantly
decreased and nearly abolished the migratory ability of the
SKOV-3 cells (P=0.0000043; Fig. 3B). Similar to the effect
of TAZ-knockdown on the SKOV-3 cells, the current study
observed markedly decreased vimentin expression levels in
the SKOV-3 cells following verteporfin treatment (Fig. 3C).
These results indicate that disruption of the YAP/TAZ/TEAD
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Figure 3. Pharmacological inhibition of taffazin/TEA domain interac-
tions decreases cell viability and migration, and induces EMT in ovarian
cancer cells. SKOV-3 cells were treated with the indicated concentrations
of verteporfin for 24 h prior to analysis. (A) Cell viability was analyzed by
Cell Counting kit-8 assay. (B) Cell migration was analyzed by Transwell
assay. Representative images (x100 magnification) of each group are shown.
Crystal violet staining. "P<0.05, Student's t-test. (C) Protein expression was
analyzed by western blotting. DMSO, dimethyl sulfoxide; VIM, vimentin;
Z70-1, zonula occludens-1.

complex mimics the effect of TAZ-knockdown in SKOV-3
ovarian cancer cells.

Discussion

Dysregulation of the Hippo tumor suppressor pathway has
been observed in multiple types of human cancer. Inactivation
of upstream tumor suppressors (including hypermethylation
of Mstl or decreased expression of LATS1/2) or activation
of downstream oncogenes YAP/TAZ result in enhanced
cell proliferation, inhibition of cell apoptosis and promotion
of metastasis (3,4). In ovarian cancer, nuclear expression of
YAP, indicative of YAP activation, was identified to correlate
with poor prognosis (7). Furthermore, the overexpression of
Drosophila Yki®'*** or human YAPS'?7A, a constitutively active
Yki/YAP mutant, was reported to induce tumorigenesis in
the Drosophila ovary (5). Such data indicates the vital role of
YAP/TAZ activation in ovarian cancer.
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TAZ, first identified as a 14-3-3 binding protein, shares
50% of its amino acid sequence with YAP in mammalian
cells (18). Although the biochemical regulation of YAP/TAZ
by the Hippo pathway is similar, the functions of YAP/TAZ
are different in certain aspects. For example, in mice, Taz
knockout leads to the development of polycystic kidney
disease and emphysema (19), while Yap knockout results in
embryonic lethality (20). The transcriptional regulation of
YAP and TAZ also differ from one another. Gender deter-
mining region Y box 2 (21) and GA binding protein (22)
have been reported to regulate YAP transcription; however,
no transcription factor has yet been identified to regulate
the transcription of TAZ. Although the TAZ gene locus
amplification has been identified in 10% of ovarian cancer
samples in The Cancer Genome Atlas datasets (23), further
efforts are warranted to determine whether additional tran-
scription factors are implicated in the overexpression of TAZ
in ovarian cancer. In addition, despite similarities between
the biochemical regulatory mechanisms and primary down-
stream target genes of YAP and TAZ, it was reported that
YAP and TAZ also regulate different downstream target
genes (14), which may result in the proteins exerting distinct
functions in ovarian cancer development and progression.
The identification of more TAZ downstream target genes in
ovarian cancer may elucidate novel functions of the protein
in the development of this disease.

Overexpression of TAZ and activation of YAP have been
observed in ovarian cancer, therefore, TAZ/YAP may func-
tion as a potential drug target for the treatment of ovarian
cancer. Furthermore, disruption of the YAP/TAZ/TEAD
complex has been reported to inhibit YAP/TAZ-induced
tumorigenesis in liver cancer models (16). The present study
demonstrated that verteporfin treatment induced a similar
phenotype to that observed following TAZ-knockdown in
the SKOV-3 cells, further indicating that disruption of the
YAP/TAZ/TEAD complex may function as a therapeutic
target in patients with ovarian cancer.

In conclusion, the results of the current study indicate
that overexpression of TAZ at the mRNA and protein level
promotes the tumorigenesis and progression of ovarian
cancer, and may, therefore, serve as a potential therapeutic
drug target for this disease.
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