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TAZ is overexpressed in prostate cancers and regulates the
proliferation, migration and apoptosis of prostate cancer PC3 cells
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Abstract. TAZ (transcriptional coactivator with PDZ-binding
motif), which is also known as WW domain-containing
transcription regulator 1 (WWTRI1), a downstream effector
of the Hippo pathway, has been reported to regulate cancer
cell proliferation, migration and apoptosis by acting as a
transcriptional coactivator. However, the function of TAZ in
prostate cancer cells has not been investigated. In the present
study, TAZ expression in prostate cancer (PCa) and benign
prostatic hyperplasia tissues, PCa cell lines, and normal
prostate epithelial cells was determined with the use of immu-
nohistochemistry. TAZ was knocked down by shRNA in the
PC3 cells, a prostate cancer cell line, and cell viability and
migration assays were performed to determine the biological
functions of TAZ. A mouse subcutaneous xenograft model
was used to determine the in vivo effects of TAZ knockdown
on tumor growth. We demonstrated that TAZ is overexpressed
in PCa tissues, and the expression levels were found to be
positively correlated with the Gleason scores of cancer grade.
Moreover, TAZ knockdown inhibited PC3 cell proliferation,
reduced cell migration, and induced apoptosis. Further experi-
ments demonstrated that TAZ knockdown may lead to PC3
cell apoptosis through the exogenous apoptotic pathway by
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inducing the expression and cleavage of caspase-4 and -7. In
the tumor xenograft model, TAZ knockdown led to a decreased
tumor growth rate. Taken together, the experimental results
indicate that TAZ plays a significant role in the proliferation,
migration and apoptosis of prostate cancer cells. TAZ could be
a useful biomarker for PCa diagnosis/prognosis, and it could
be a potential target for the treatment of prostate cancers.

Introduction

Prostate cancer (PCa) is a commonly diagnosed malignancy,
and it is the second leading cause of cancer-related deaths
among American males (1,2). While early detection and adju-
vant therapy have led to the reduced death rate of PCa patients
in the past decade worldwide (1,3), management of late-stage
PCa cases remains a challenge. A better understanding of the
pathologic mechanisms underlying the initiation, progres-
sion, and metastasis of prostate cancer is required for future
improvement in the detection, prevention, and treatment
of this common disease. TAZ (transcriptional coactivator
with PDZ-binding motif), which is also known as WW
domain-containing transcription regulator 1 (WWTR1) (4),
shares amino acid sequence homology with the WW domain of
the Yes-associated protein (YAP) in amino acid sequences (4).
TAZ and YAP form a protein complex that shuttles between
the cytoplasm and the nucleus (4,5). By interacting with other
transcriptional factors such as the TEAD domain family
(TEADI1, TEAD2, TEAD3, and TEAD4), the complex serves
as a transcriptional coactivator that regulates gene transcrip-
tion (5). It was reported that TAZ and YAP are controlled by
the Hippo pathway by two mechanisms. The Hippo pathway
activates the core kinase cassette, leading to repression of TAZ
and YAP functions. Alternatively, LAST, a component of the
Hippo pathway, interacts with TAZ and YAP, sequestering
them at cell-cell junctions and preventing their nuclear trans-
location (6,7).

Overexpression of YAP and TAZ as a result of gene
amplification and epigenetic modulation has been detected in
a variety of malignancies such as breast, liver, lung, gastric,
ovarian and colorectal tumors (8-14). Increased levels of TAZ
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in tumor tissues were associated with poor prognosis of retino-
blastoma and non-small cell lung carcinoma (15,16). YAP- and
TAZ-mediated gene transcription is important for the devel-
opment and sustainability of malignant behaviors of cancer
cells (12,14,17). Chan et al reported that forced overexpression
of TAZ in a breast cell line (MCF10A cells) induced morpho-
logic changes and promoted cell migration and invasion (13),
whereas knockdown of TAZ in breast cancer MCF7 and Hs578T
cells suppressed cell migration and invasion. TAZ knockdown
in MCF7 cells also led to an inhibition of cell proliferation in
soft agar and the cancer growth rate in a mouse subcutaneous
xenograft model (13). Lysophosphatidic acid (LPA) has been
reported to contribute to the tumorigenesis and metastasis
by promoting the proliferation, migration, and invasion of
cancer cells (18). Jeong et al reported that treatment with LPA
increased the motility of an ovarian epithelial cancer cell line
(R182) in the wound scratch assay (11). Interestingly, knock-
down of TAZ expression using a TAZ-specific siRNA resulted
in the abrogation of LPA-stimulated cell mobility in the wound
scratch assay (11). These results suggest that TAZ may play an
important role in the regulation of cell anchorage-independent
growth and migration. The function of TAZ in prostate cancer
has not been investigated. In the present study, we examined
the role of TAZ in the proliferation, migration and apoptosis of
PC3 prostate cancer cell line and the effect of TAZ knockdown
on tumor growth in the mouse xenograft model.

Materials and methods

Collection of clinical specimens. This study was approved
by the Human Research Ethics Committee of the Affiliated
Wuxi No. 2 People's Hospital of Nanjing Medical University
(Wuxi, Jiangsu, China) (approval no. 20170719). All partici-
pants signed informed consent prior to enrollment. This study
was conducted according to the principles of the Declaration
of Helsinki. Patients were diagnosed following the Guidelines
for Diagnosis and Treatment of Urology in China (2014) (19).
Thirty-three patients (aged between 63-78 years, mean
age 69.4 years) with benign prostatic hyperplasia (BPH),
23 patients (aged between 56-79 years, mean age 67.3 years)
with low Gleason scores (L-GL) and 25 (aged between
63-81 years, mean age 71.3 years) patients with high Gleason
scores (H-GL) were included in the study.

Immunohistochemistry (IHC). Human prostate cancer and
benign prostate hyperplasia tissues obtained from surgery fixed
and embedded by routine procedures were retrieved from the
Department of Pathology at the Affiliated Wuxi No. 2 People's
Hospital of Nanjing Medical University (from September 2017
to May 2018). Tissue sections were deparaffinized three times
in fresh xylene for 5 min each time, before they were rehydrated
sequentially with 100, 95, 80 and 75% ethanol/PBS solutions
for 5 min at each step. Paraffin-embedded tissues were cut
into 5 pm thick sections. Antigen retrieval was performed
with a 2100-Retriever (PickCell Laboratories BV, Prestige
Medical, Ltd.) for 12 min in sodium citrate buffer (pH 6.0).
The slides were quenched with 0.6% H,O, for 20 min. After
rinsing with PBS, the sections were blocked in PBS containing
5% goat serum and 2% bovine serum albumin for 2 h at room
temperature, and they were subsequently incubated overnight
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with the primary antibody (dilution 1:1,000, anti-TAZ, Abcam,
USA; cat. no. ab84927) at 4°C. The slides were washed with
PBS containing 0.1% Tween 20, and then they were incubated
with a secondary antibody (dilution 1:2,000, anti-rabbit, Cell
Signaling Technology, Inc. (CST), China; cat. no. 8114) for
2 h. After extensive washing, the slides were incubated with
Vectastain ABC reagent for 60 min. A diaminobenzidine tetra-
hydrochloride peroxidase substrate (Dako Envision System K
1395; Dako) was applied to the slides for 3 to 5 min in the dark,
and reactions were terminated by washing in PBS. The slides
were observed under a microscope (Olympus BX53; Olympus
Corp.) with magnification x200, and images were captured and
analyzed. Positive cells were counted with the use of Imagel
software (National Institutes of Health, Germany; v1.8.0), and
the number of positive cells were calculated and compared.

Cell culture. Prostate carcinoma cell lines (PC3, DU-145,
22RV1 and LNCaP cells) were purchased from the American
Type Culture Collection (ATCC). The normal human prostate
epithelial cell line RWPE-1 was obtained from Professor
Chun Lu of Nanjing Medical University. PC3, DU-145 and
LNCaP cells were maintained in RPMI-1640 medium, and
22RV1 cells were maintained in DMEM/F-12. All media were
supplemented with 10% fetal bovine serum (FBS), 100 U/ml
penicillin, and 100 pxg/ml streptomycin. Cell cultures were
maintained at 37°C in a 5% CO, atmosphere.

Cell transfection with short hairpin RNA (shRNA). PC3 cells
grown to 70% confluence were transfected with shRNA
plasmid DNA using jetPRIME transfection reagent (Polyplus)
according to the manufacturer's instructions. The shRNA
duplexes were designed by GenePharma as follows: TAZ-1,
GGCAGTATCCCAGCCAAATCT; TAZ-2, GGCTCATGA
GTATGCCCAATG; TAZ-3, GCAGCAGAAACTGCG
GCTTCA; TAZ-4, GCTCAGATCCTTTCCTCAATG; NC,
non-specific control, contains the scrambled sequences with
the same length of TAZ-specific oligonucleotides: TTCTCC
GAACGTGTCACGTCT. The efficacy of plasmid constructs
was verified by real-time PCR and western blot analysis after
cell transfection.

Western blot analysis. Cells (1x10°) were seeded in 6-well
plates and grown to 70-80% confluency before they were
lysed with whole lysis buffer (50 mM HEPES, 150 mM
NaCl, 1 mM EGTA, 10 mM sodium pyrophosphate, 1.5 mM
MgCl,, 100 mM sodium fluoride, 10% glycerol, and 1% Triton
X-100). Cell lysates were centrifuged (12,000 x g) for 30 min
at 4°C and supernatants were used for western blotting. Cell
proteins were resolved by a 10% SDS-PAGE gel, transferred
onto nitrocellulose membranes (GE Healthcare Life Sciences)
and stained with 0.1% Ponceau S solution (Sigma-Aldrich;
Merck KGaA) to assess transfer and equal loading of samples
(50 pg). After blocking in 5% nonfat milk for 30 min, the
membranes were blotted with the following primary anti-
bodies overnight at 4°C, including anti-f-actin (dilution
1:1,000, Abcam; cat. no. 8226), anti-TAZ (dilution 1:2,000,
Abcam; cat. no. ab84927), anti-caspase-4 (dilution 1:2,000,
Abcam; cat. no. 25898), anti-caspase-7 (dilution 1:2,000,
Abcam; cat. no. 69540), and anti-caspase-9 (dilution 1:2,000,
Abcam; cat. no. 202068). After washing, the membranes were
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incubated with horseradish peroxidase-conjugated secondary
antibodies (dilution 1:2,000, anti-rabbit and anti-mouse, Cell
Signaling Technology, Inc.; cat. nos 14708 and 14709) for
30 min at room temperature. An enhanced chemiluminescence
Western blotting system (GE Healthcare Life Sciences) was
applied for image development following the manufacturer's
instructions.

RNA isolation and real-time quantitative PCR. Total RNA
was isolated using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). One microgram of total RNA in a volume
of 20 ul was reverse transcribed using the SuperScript III
reagent (Thermo Fisher Scientific, Inc.). Real-time PCR was
performed with a 7500 PCR machine (Applied Biosystems,
USA) in a total volume of 20 ul, which consisted of 10 ul of 2X
SYBR Master Mix (Applied Biosystems), 10 pM of forward
and reverse primers (COSMO Genetech) and diluted cDNA.
The PCR conditions were as follows: Initial denaturation
at 95°C for 5 min, followed by 40 cycles of denaturation at 95°C
for 10 sec and amplification at 59°C for 45 sec. The primer
sequences were as follows: TAZ forward: TCAACAGCTCAA
CTTTCGGG; TAZ reverse: TTGGCTGACAAATCCCGA
CC; B-actin forward: CATGTACGTTGCTATCCAGGC; and
B-actin reverse: CTCCTTAATGTCACGCACGAT. Relative
mRNA levels of the target genes were normalized to those of
the B-actin gene, which served as an internal reference, and
the relative changes in the mRNA levels were calculated by
the 2-24% method (20).

MTT cell viability assay. PC3 cells were seeded in 96-well
plates at a density of 1x10° cells per well. Ten microliters of
MTT dye (Sigma-Aldrich; Merck KGaA) was added to each
well, and incubated with the cell culture for 4 h. Formazan
dissolved in DMSO (100 ul) was added to each well, and the
absorbance was measured by a microplate reader at 490 nm
and recorded.

Wound scratch assay. PC3 cells (1x10°) were seeded in 6-well
plates and then were transfected with shRNA plasmid DNA.
Artificial wounds were generated in the cell cultures using
pipette tips (4 cm) and images were taken under a microscope
and recorded. Wound healing was visualized at 0, 24 and 48 h.
For each group, 3 artificial wounds were photographed at
different time points and the relative cell migration rates were
calculated.

Flow cytometric analysis. For cell apoptosis assay, PC3
(1x10° and DU-145 (1x10°) cells were seeded in 6-well plates
and then were transfected with the indicated shRNA plasmid
DNA. Floating and adherent PC3 and DU-145 cells were
collected, washed, and resuspended in 500 pl of staining buffer
containing 5 ul of Annexin-V FLUOS and 5 pl of propidium
iodide (PI) (BD Biosciences). Following incubation on ice in
the dark for 15 min, cells were examined by flow cytometry
(BD FACS Aria III, BD Biosciences). The fluorescence of
FITC and PI was measured in the BV421 channel (405 nm)
and PE channel (561 nm), respectively.

In vivo xenograft model. The usage of mice for the xenograft
experiment was approved by the Institutional Animal Ethics
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Committee of Jiangnan University. In total, 5 athymic male
mice (weight, 16-20 g; age, 4-6 weeks) were purchased from
the Animal Center of the Chinese Academy of Science
(Shanghai, China). Animal xenograft experiments were
performed following the ARRIVE Guidelines (https:/www.
nc3rs.org.uk/arrive-guidelines). Mice were housed at the
animal facility of the Laboratory Animal Center of Jiangnan
University. The experimental conditions of the mice included:
A specific pathogen-free environment, 12 h light/dark cycle,
and free access to food and water. PC3 cells were stably
transfected with shRNA vectors and then were harvested by
trypsin digestion. In order to establish a subcutaneous tumor
model, five million cultured PC3 cells in 200 pl of volume
were inoculated subcutaneously into the mice. Five mice were
used in each of the experimental or control group. The tumor
volume (V) was estimated every 2 days using the equation:
V=0.5 x a x b? (a, length; b, width). Sixteen days after injec-
tion, the mice were anesthetized intraperitoneally with a 1%
sodium pentobarbital solution as 45 mg/kg, before cervical
dislocation was used for sacrifice. Throughout the experi-
ments, tumor volume was monitored to ensure that the tumor
diameter would not exceed 15 mm.

Statistical analyses. Quantitative data are expressed as the
mean + SD. Statistical analyses were performed using SPSS
Statistics 20.0 (IBM Corp.). For comparison among multiple
groups, ANOVA tests were first performed and if the P-value
was less than 0.05, Tukey test was subsequently conducted for
one-to-one comparison between different groups. Student's
t-test was performed when two groups were compared.
Spearman regression was perform to analyze the correlation
between TAZ expression and Gleason scores. P<0.05 was
considered to indicate a statistically significant difference.

Results

Increased TAZ expression in prostate cancer tissues. Samples
from 33 patients with benign prostatic hyperplasia (BPH),
23 patients with low Gleason scores (<6, L-GL) and 25 patients
with high Gleason scores (>6, H-GL) were collected and
examined for TAZ expression. We first compared TAZ
mRNA expression levels in BPH, well differentiated, and
poorly differentiated prostate cancer tissues. The results of
real-time PCR indicated significantly increased TAZ mRNA
levels in the L-GL and H-GL groups compared to that of
the BPH group (Fig. 1A). Western blot analysis verified the
increased TAZ protein expression in cancer tissues (Fig. 1B).
Fig. 1C shows the immunohistochemistry (IHC) results of
two representative samples from each group. TAZ was mostly
expressed in glandular epithelial cells. While weak staining
was detected in BPH samples, strong staining was observed
in the L-GL and H-GL specimens. Semi-quantitative analysis
confirmed that while both L-GL and H-GL groups contained
more TAZ-positive cells compared to the BPH group, H-GL
tissues contained more TAZ-positive cells than L-GL tissues
(Fig. 1D; upper graph). The Gleason score system was
applied to provide an objective measure of the malignant
characteristics of cancers. Regression analysis showed that
TAZ expression positivity was quantitatively and positively
correlated with Gleason scores in the L-GL and H-GL groups
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Figure 1. TAZ expression levels in BPH, L-GL and H-GL tissues. (A) Results of real-time quantitative PCR, show significantly increased TAZ mRNA levels
in H-GL and L-GL tissues compared with those in BPH tissues. (B) Representative results of western blot analysis show TAZ overexpression in H-GL
and L-GL tissues. (C) Representative images of immunohistochemical analysis of BPH, L-GL and H-GL tissues with the use of TAZ-specific antibodies
(magnification x200). Note the significantly higher TAZ positive rate in H-GL (N=25) and L-GL (N=23) when compared to BPH (N=33) cases. (D) Upper
panel: Immunohistochemistry images were analyzed with the use of ImagelJ software and a significantly higher TAZ-positive cell rate was found in cancer
tissues when compared to this rate in the control tissues. Lower panel: Regression analysis showed that TAZ expression positivity was positively correlated
with the Gleason scores in the L-GL and H-GL groups. "P<0.05, and “P<0.01. TAZ, transcriptional coactivator with PDZ-binding motif; BPH, benign prostatic
hyperplasia; H-GL, high Gleason score; L-GL, low Gleason score.
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Figure 2. TAZ expression levels in different prostate cancer cell lines and efficiency of TAZ knockdown in PC3 cells. (A) Real-time PCR results demonstrating
different TAZ mRNA levels in PC3, DU-145, LNCaP, 22RV1 and RWPE-1 cell lines. (B) TAZ mRNA levels in PC3 cells 48 h after transfection with 4 short
hairpin RNA species. B-actin mRNA levels were used as an internal reference. Compared to the nonspecific control (NC) levels, TAZ-1 and TAZ-3 transfec-
tion efficiently inhibited TAZ mRNA expression. (C) Western blot analysis confirmed the high efficiency of TAZ-1 and TAZ-3 in the silencing of TAZ in PC3
cells. “P<0.01. TAZ, transcriptional coactivator with PDZ-binding motif.

(Fig. 1D; lower graph). Thus, as previously observed in other  TAZ knockdown in PC3 cells inhibits prostate cancer cell
cancer types, TAZ mRNA and protein were overexpressed in  viability. Comparison of TAZ expression levels in multiple
prostate cancer tissues. prostate cancer cell lines showed that TAZ mRNA was
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Figure 3. TAZ knockdown leads to inhibition of PC3 cell viability. (A) MTT cell viability assays were performed 60 h after cell transfection with 4 species of
TAZ shRNA. A significant inhibition of cell viability was observed in cells transfected with TAZ-1 compared with the control group. (B) After cell transfec-
tion with the sShRNAs, TAZ-1 but not TAZ-3 was found to significantly inhibited cell viability at 72 and 96 h post-transfection, respectively. “P<0.01, compared
with the negative control (NC) group. TAZ, transcriptional coactivator with PDZ-binding motif.
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Figure 4. TAZ knockdown inhibits PC3 cell migration. (A) Cells were transfected with control (NC) or TAZ-1 shRNAs. At 24 h post-transfection, cell cultures
were scratched, and wound closures were measured at 0, 24 and 48 h after scratching. (B) A significantly wider gap (reduced wound closure) was observed in cell
cultures transfected with TAZ-1 shRNA compared with the cultures transfected with the control shRNA (NC) at 24 (upper panel) and 48 h (lower panel) after
scratch, indicating decreased cell migration. (C) Transwell assays were performed at 36 h after transfection with TAZ-1 or control sShRNA (NC). (D) A reduced
cell migration was observed in cells transfected with TAZ-1 shRNA in comparison with the control (NC) cells, indicating that TAZ knockdown significantly
inhibited cell migration. “P<0.01. TAZ, transcriptional coactivator with PDZ-binding motif.

highly expressed in the PC3 cell line (Fig. 2A), which was  (NC) were designed and subcloned into a plasmid to be used
subsequently used for the knockdown experiments. Four short  in the transfection experiments. TAZ mRNA and protein
hairpin RNA (shRNA) species and a nonspecific control RNA  levels were determined by real-time PCR and western blot
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cells. “P<0.01. TAZ, transcriptional coactivator with PDZ-binding motif.

assays, respectively. While two shRNAs (TAZ-2 and TAZ-4)
had no significant effect on TAZ expression, TAZ-1 and
TAZ-3 effectively inhibited TAZ expression (Fig. 2B and C).
Following cell transfection with the four vectors containing
different TAZ shRNAs, an MTT cell viability assay was
performed (Fig. 3A). The results indicated that the knockdown
of TAZ expression by TAZ-1 led to a significant inhibition of
cell viability compared with the non-specific control group.
In additional experiments, after transfection with TAZ-1 and
TAZ-3 vectors, MTT assays were performed at different time
points to establish cell viability curves (Fig. 3B). TAZ-1, but not
TAZ-3 or the non-specific control RNA, caused a significant
inhibition in cell viability at 72- and 96-h post-transfection.
Although both TAZ-1 and TAZ-3 appeared to be effective
for TAZ knockdown on the mRNA level, for some unknown
reasons, only TAZ-1 showed effects in the cell viability experi-
ment. Therefore, TAZ-1 was used for subsequent experiments.

TAZ knockdown inhibits PC3 cell migration. We performed a
wound scratch assay to determine the function of TAZ in cell
migration of prostate cancer cells. At 48 h after transfection
with TAZ-1 and control RNA vectors, wound scratches were
madein cell cultures. Cell culture images were captured, and the

scratch gap was measured. At 24- and 48-h post-transfection,
the cell culture with TAZ knockdown showed a significantly
wider gap than the control culture (Fig. 4A and B). After 48 h,
the control culture showed near closure of the gap, whereas
the TAZ knockdown cell culture had a gap measured approxi-
mately 50% of the original width (Fig. 4B). Similarly, results
of the Transwell assay at 36-h post-transfection revealed that
TAZ knockdown led to a significant inhibition of cell migra-
tion (Fig. 4C).

TAZ knockdown induces cell apoptosis in the PC3 and
DU-145 cell lines. To further clarify the biological func-
tions of TAZ, cell apoptosis assays were performed. At 48-h
post-transfection, PC3 and DU-145 cells were collected, fixed,
and stained with a FITC-labelled Annexin antibody and with
PI. Flow cytometric analysis was carried out to compare cell
death between the TAZ-1 treatment group and the control
group. The results showed that TAZ knockdown in these
cells led to a significant increase in cell apoptosis in the PC3
(Fig. 5A and B) and DU-145 cell lines (Fig. 6A and B). To
investigate the mechanism of apoptosis, we performed western
blot analysis of caspase-4, -9 and -7, and found that the protein
expression levels and cleavage products of caspase-4, and -7
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cleavage of caspase-7 was increased, confirming the apoptotic effects of TAZ knockdown in DU-145 cells. “P<0.01. TAZ, transcriptional coactivator with

PDZ-binding motif.

(but not caspase-9) were obviously elevated following TAZ
knockdown in the PC3 cell line (Fig. 5C). In regards to the
DU-145 cell line, after TAZ knockdown, the protein expression
level and cleavage products of caspase-7 were also obviously
increased (Fig. 6C). These results indicated that the reduction
in TAZ led to cell apoptosis through the exogenous apoptotic
pathway mediated by caspase-7 cleavage.

TAZ knockdown inhibits xenograft tumor growth. PC3 cells
were transfected with TAZ-1 or control vectors, and stably
transfected transfection clones were selected by treatment with
puromycin treatment for 21 days. Stably transfected cells were
mixed with Matrigel matrix and were injected subcutaneously
into the right (TAZ-1) and left (NC) rear flanks of 5 male nude
mice. Tumor growth was monitored by measurement of tumor
volume for the TAZ knockdown and control groups. Tumor
volumes were calculated, and tumor growth curves were
established. It was observed that TAZ-1 stable transfectants
and control cells were capable of developing tumor masses
after inoculation. However, TAZ knockdown transfectants
exhibited significant decreased tumor volume at 12 days
and thereafter (Fig. 7A and B). On the 16th day, mice were
sacrificed and tumors were dissected and weighed. The mean

tumor weight of the TAZ-1 group was significantly lower than
that of the control group (Fig. 7C). These findings indicated
that TAZ knockdown substantially affected tumor growth,
highlighting a significant role for TAZ-1 in PC3 cell malignant
behavior in vivo.

Discussion

TAZ (transcriptional coactivator with PDZ-binding motif),
which is also known as WW domain-containing transcription
regulator 1 (WWTR1) is known to be overexpressed in multiple
types of tumors including breast cancer, lung cancer and
ovarian malignancies (10,13,16). It was reported that increased
TAZ expression is associated with the malignant features of
tumors and the poor survival of patients. Zhang et al observed
that high TAZ expression in retinoblastoma lesions was corre-
lated with a larger tumor base, regional lymph node metastasis,
lower tumor cell differentiation, and shorter overall survival
(OS) as well as progression-free survival (PFS) (15). In another
study, Wei et al examined 214 gastric cardia adenocarcinomas
and found that TAZ expression was inversely correlated with
cumulative survival. The authors proposed that TAZ, which is
a Hippo signaling effector, could be a metastatic biomarker for
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Figure 7. TAZ knockdown inhibits xenograft tumor growth. (A) PC3 cells
transfected with control (NC) or TAZ-1 shRNAs were injected subcutane-
ously into the rear flanks of nude mice. The tumor diameters were measured
and the tumor volumes (V) were estimated every 2 days using the equation:
V=0.5 x a x b? (a, length; b, width). Significantly decreased tumor volumes
were observed for cells transfected with TAZ-1 shRNA. (B) Sixteen days
after tumor cell inoculation, the mice were sacrificed and tumous were
dissected and weighted. (C) Statistical analysis of tumor weight showed that
the mean tumor weight of the TAZ knockdown group was markedly lower
than that of the control (NC) group. “P<0.01. TAZ, transcriptional coacti-
vator with PDZ-binding motif.

gastric cardia adenocarcinoma (21). Our immunohistochem-
istry results indicated that higher grade PCa tissues expressed
significantly increased levels of TAZ, suggesting that the
function of TAZ is associated with the malignant behaviors of
prostate cancer. This observation also prompted us to investi-
gate the function of TAZ in prostate cancer cells.
Accumulated data supported that TAZ may participate in
the regulation of cell proliferation, migration and apoptosis.
Previously, in vitro studies showed that in the gastric cancer
AGS cell line, shRNA-mediated knockdown of TAZ resulted
in impaired cell migration (21). In addition, TAZ overex-
pression triggered a loss of epithelial morphology (22,23),
promoted cell viability, and supported anchorage-independent
growth (7,14). In the present study, we demonstrated that
shRNA-mediated TAZ knockdown in PC3 cells inhibited
cell viability and reduced cell migration, suggesting a posi-
tive role for TAZ in cell proliferation and cell mobility. This
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observation is reminiscent of the close association of TAZ
expression levels with high pathological grade of prostate
cancers. Both TAZ and YAP contain the WW domain that is
known to mediate protein-protein interactions. TAZ alone or
TAZ/YAP complex is able to interact with TEAD1/4 in the
nucleus to modulate the latter's DNA binding and transcrip-
tional activity (24,25). Hayashi et al performed quantitative
PCR in HepG2 cells and found that siRNA-mediated TAZ
knockdown resulted in decreased expression levels of
cysteine-rich angiogenic inducer 61 (CYR61) and connec-
tive tissue growth factor (CTGF) mRNA (26). CTGF and
Cyr61 proteins promote cell migration and inhibit cell
apoptosis (27,28). Genetic ablation of TAZ induces HepG2
liver cancer cell apoptosis by activating the CaMKII/
MIEF1 signaling pathway (29). In CCLP-1, an intrahepatic
cholangiocarcinoma cell line, TAZ knockdown promoted
P53 expression and induced cell apoptosis (30,31). It was
also reported that phosphorylation of YAP and TAZ by SRC/
ABL tyrosine kinase could enhance their interaction with P53
in mammary stem cells (32). Thus, as observed in this and
previous studies that one important function of TAZ could
be the promotion of cancer progression, which is most likely
achieved by a divergent set of mechanisms. However, these
mechanisms were described in non-prostate cancer cells, and
further investigation on the upstream and downstream events
in prostate cancers are required for a complete picture of the
TAZ regulatory pathway leading to changes in cell migration
and apoptosis.

Our in vivo experiments using a mouse subcutaneous xeno-
graft model demonstrated that TAZ knockdown in PC3 cells
resulted in a lower tumor growth rate, suggesting that tumor
growth relied on a sufficient level of TAZ. This observation is
consistent with the findings that TAZ overexpression correlated
with a high grade of prostate cancer. Previous studies indicated
that when TAZ expression was knocked down by siRNA treat-
ment of HepG2 cells, caspase-3 cleavage was increased (33).
Our findings indicated that TAZ knockdown led to increased
expression and cleavage of caspase-4. Since both caspase-3
and -7 are common executors of cell apoptosis, our observa-
tion is consistent with previous research. Moreover, our results
showing the increased expression and cleavage of caspase-4
indicated that TAZ knockdown induced cell apoptosis through
the activation of the exogenous apoptotic pathway.

Our comparison of four prostate cancer cell lines PC3,
DU-145, LNCaP and 22RV1, and the normal prostate epithe-
lial cell line RWPE-1 showed that these cells express varied
TAZ mRNA levels, with PC3 cells expressing a relatively
higher level of TAZ mRNA. However, we could not estab-
lished if the in vivo growth of these cell lines was related
to their TAZ levels since xenograft growth curves were not
determined for all cancer cell lines except for PC3. Similarly,
although knockdown experiments showed a positive correla-
tion between tumor growth and TAZ expression levels, effects
of TAZ overexpression on tumor growth was not examined.
Secondly, analysis of cell apoptosis following TAZ knockdown
was determined only in PC3 and DU-145 cell lines. Thirdly,
although we determined the TAZ expression levels in human
prostate cancer tissues and found a direct correlation between
TAZ levels and tumor grade, TAZ expression levels were not
determined in the xenograft tissues. These disadvantages to a
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certain extent limited the extrapolation of our observation to a
broader scope, e.g., other prostate cancer cells.

Taken together, the present study demonstrated that TAZ
plays a critical role in the viability, migration, and apoptosis of
prostate cancer cells. The significant increase in TAZ expres-
sion in prostate cancers, especially the high TAZ levels in
high Gleason score (H-GL) tissues, suggested that TAZ could
be a useful biomarker for the diagnosis and/or prognosis of
prostate cancer patients. Since TAZ tends to be overexpressed
in high-grade cancers, and since sufficient TAZ levels appear
to be required for the vitality and functions of prostate cancer
cells, TAZ targeting could be a novel therapeutic strategy for
treating the most lethal subgroup of prostate malignancies.
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