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Abstract. The present study aimed to investigate the role of
Yes-associated protein (YAP) and transcriptional co-activator
with PDZ-binding motif (TAZ) in the LOVO human colon
adenocarcinoma cell line and explore the underlying mecha-
nisms. First, the expression levels of YAP and TAZ were detected
in LOVO cells using reverse-transcription quantitative PCR, and
the results suggested that YAP and TAZ were faintly expressed
in LOVO cells. To investigate the exact role of YAP and TAZ
in LOVO cells, stable YAP- and/or TAZ-overexpressing LOVO
cell lines were established using YAP and/or TAZ expression
plasmids. An MTT assay and flow cytometry were used to
assess cell proliferation and apoptosis, respectively. The results
indicated that compared with the control, YAP or TAZ overex-
pression significantly increased the proliferation ability of LOVO
cells, while apoptosis was significantly decreased. Furthermore,
the expression of the tumor-associated proteins connective
tissue growth factor and cysteine-rich angiogenic inducer 61,
which have critical roles in facilitating cancer cell proliferation,
migration and invasion, were found to be upregulated following
upregulation of YAP and TAZ. In addition, the expression of
cell apoptosis-associated protein B-cell lymphoma 2 (Bcl-2)
was significantly increased, while Bcl-2-associated X protein
and caspase-3 were inhibited by YAP or TAZ overexpression.
All of these effects were amplified when YAP and TAZ were
co-overexpressed. In conclusion, YAP and TAZ function as
tumor promoters in human colon carcinoma, and upregulation
of YAP and TAZ influences the behavior of LOVO colon adeno-
carcinoma cells via regulating tumor-associated gene expression.

Introduction

Colorectal carcinoma (CRC) is the second most common type
of malignant disease in women and the third most common
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type in men in the world and is associated with a high mortality
and morbidity rate in developed countries (1). Surgery is an
effective method for the treatment of CRC (2). Neoadjuvant
therapy only provides a slight benefit for high-risk CRC
patients, and due to the high cost and side effects, is not a
satisfactory option (3). Thus, it is important to explore novel
therapeutic strategies for CRC treatment.

The Hippo signaling pathway has crucial roles in cell
proliferation regulation, organ size control and cancer progres-
sion (4-7). Yes-associated protein (YAP) and transcriptional
co-activator with PDZ-binding motif (TAZ) are transcrip-
tional co-activators, which are inhibited by Hippo pathway
activation. Suppression of the Hippo signaling pathway leads
the dephosphorylation of YAP and TAZ, resulting in nuclear
translocation and induction of gene transcription. Studies have
demonstrated that YAP was overexpressed in human colon
cancer specimens and cell lines. Overexpression of YAP
promoted the growth and survival of colon cancer cells, which
was indicative of its oncogenic function and suggested that its
overexpression is a substantial contributor in cancer develop-
ment (8-10). In addition, studies have confirmed that TAZ is
upregulated in CRC and has an important role in CRC progres-
sion via promoting cell proliferation and survival (11-13). As
YAP and TAZ are involved in the development of CRC, their
roles and the function of the Hippo signaling pathway in human
CRC may be further explored with the aim of identifying novel
treatment targets or molecular markers.

A previous study suggested that overexpression of YAP
and TAZ is an independent prognostic factor in CRC, and that
YAP and TAZ expression in LOVO human colon adenocar-
cinoma cells was low (13). However, the exact role of YAP
and TAZ in LOVO cells and the underlying molecular mecha-
nisms have remained to be fully elucidated. Thus, the present
study investigated the role of YAP and TAZ in LOVO human
colon adenocarcinoma cells and explored the underlying
mechanisms.

Materials and methods

Cell culture. The LOVO and SW480 human colon adeno-
carcinoma cell lines were purchased from the Type Culture
Collection of the Chinese Academy of Sciences (Shanghai,
China). LOVO cells were cultured in Dulbecco's modified
Eagle's medium (Hyclone; GE Healthcare, Little Chalfont,
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UK) supplemented with 10% fetal bovine serum (FBS;
Hyclone; GE Healthcare), 1% penicillin and streptomycin in
a humidified incubator with 95% air and 5% CO, at 37°C.
SW480 cells were cultured in RPMI 1640 medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10%
FBS (Hyclone; GE Healthcare). Cells were passaged upon
reaching 90% confluence.

Cell transfection. To investigate the role of YAP and TAZ
in LOVO cells, YAP plasmids (product no. sc-400040-ACT;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA)
and/or TZA plasmids (product no. sc-400320-ACT; Santa Cruz
Biotechnology, Inc.) were transfected into LOVO cells with
30 ul Lipofectamine 2000 transfection reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) following the manufacturer's
instructions. At 24 h after transfection, the cells were used for
the subsequent experiments.

Reverse-transcription quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from LOVO cells
using TRIzol reagent (Taraka, Otsu, Japan) following the
manufacturer's instructions. The mRNA expression was deter-
mined using RT-qPCR. RT reactions were performed using
PrimeScript™ RT reagent kit (Taraka). For real-time PCR, the
SYBR® Premix Ex Taq™ II (Taraka) was used, and all reac-
tions were repeated three times with the following conditions:
95°C for 10 min, followed by 38 cycles at 95°C for 15 sec and
72°C for 30 sec. GAPDH was used as an internal control. The
2-44C method (14) was used to determine the relative amounts
of each transcript. The primers used for real time-PCR are
listed in Table 1.

Western blot analysis. Whole-cell protein was extracted using
radioimmunoprecipitation assay buffer (SolarBio, Beijing,
China), and protein samples of equal concentrations were
prepared by standardization with a Nano Drop Microvolume
Spectrophotometer (Thermo Scientific™ NannoDrop 2000)
according to the manufacturer's instructions. A total of
25 pg of protein samples were separated by 10% SDS-PAGE
and transferred onto polyvinylidene difluoride membranes
(Millipore, Billerica, MA, USA). Membranes were blocked
at room temperature for 1 h in PBS solution supplemented
with 0.1% Tween-20 and 5% fat-free powdered milk, and
blotted with primary antibodies to connective tissue growth
factor (CTGF; sc-101586; Santa Cruz Biotechnology, Inc.),
cysteine-rich angiogenic inducer 61 (Cyr6l1; sc-374129; Santa
Cruz Biotechnology, Inc.), B-cell lymphoma 2 (Bcl-2; AB112;
Beyotime Institute of Biotechnology, Shanghai, China),
Bcl-2-associated X protein (Bax; AB026; Beyotime Institute
of Biotechnology), caspase-3 (AC030; Beyotime Institute of
Biotechnology) (all used at 1:1,000 dilution) and GAPDH
(AGO19; Beyotime Institute of Biotechnology; 1:2,000 dilu-
tion) at 4°C overnight, followed by horseradish peroxidase
(HRP)-conjugated rabbit anti-mouse IgG antibody (A0192;
Beyotime Institute of Biotechnology; 1:5,000 dilution) at room
temperature for 2 h. Signals were detected by the enhanced
chemiluminescence method (Thermo Fisher Scientific,
Inc.). The ChemiDoc™ XRS+ imaging system (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) was used to analyze
the protein bands.

LI et al: YAP AND TAZ INFLUENCE LOVO CELL BEHAVIOR

Table I. Primer sequences for polymerase chain reaction.

Gene/direction Sequence (5'-3")
YAP
Forward ACGTTCATCTGGGACAGCAT
Reverse GTTGGGAGATGGCAAAGACA
TAZ
Forward GTCACCAACAGTAGCTCAGATC
Reverse AGTGATTACAGCCAGGTTAGAAAG
GAPDH
Forward CTTTGGTATCGTGGAAGGACTC
Reverse GTAGAGGCAGGGATGATGTTCT

YAP, Yes-associated protein; TAZ, transcriptional co-activator with
PDZ-binding motif.

Cell proliferation assay. An MTT assay was performed to
measure the cell proliferation. After transfection, LOVO
cells in the logarithmic growth phase were harvested with
0.25% trypsin (C0201; Beyotime Institute of Biotechnology)
and seeded at a density of 5x10° cells per well in a 96-well
plate. A total of 10 ul MTT (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) was added to the cell culture medium
of wells from designated groups every 24 h. The plates
were returned to the incubator for an additional 4 h at 37°C
in a humidified atmosphere of 5% CO,. Susbequently, the
medium was removed and the cells were solubilized in 100 ul
dimethylsulfoxide. The absorbance was measured at 490 nm
by using a spectrophotometer. Each experiment was repeated
three times.

Apoptosis assay. For detection of cell apoptosis, an
Annexin V-FITC apoptosis detection kit (A211-02; Vazyme
Biotech Co., Ltd., Nanjing, China) was used. After 24 h of
transfection, LOVO cells were washed with cold PBS and then
labeled with Annexin V-fluorescein isothiocyanate and prop-
idium iodide according to the manufacturer's instructions. BD
FACSVerse flow cytometer (BD Biosciences, Franklin Lakes,
NIJ, USA) was applied to analyze cell apoptosis. All experi-
ments were performed in triplicate.

Statistical analysis. Values are expressed as the mean + standard
deviation. Student's t-test and one-way or two-way analysis
of variance were used to assess differences between groups.
P<0.05 was considered to indicate a significant difference. All
statistical analyses were performed using IBM SPSS Statistical
software (version 20.0; IBM Corp., Armonk, NY, USA).

Results

YAP and TAZ expression in LOVO cells. A previous study
reported that YAP and TAZ expression in LOVO cells was
low (13). In the present study, the expression levels of YAP
and TAZ were detected in LOVO cells, and the results were
consistent with the previously reported ones (Fig. 1). To
investigate the role of YAP and TAZ in LOVO cells, they were
transfected with YAP and/or TZA expression plasmids. After
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Figure 1. YAP and TAZ expression in LOVO cells. (A and B) mRNA and (C) protein expression levels of YAP and TAZ in SW480 and LOVO cells were deter-
mined by reverse-transcription quantitative polymerase chain reaction and western blot analysis, respectively. Values are expressed as the mean + standard
deviation of three independent experiments. “P<0.01. YAP, Yes-associated protein; TAZ, transcriptional co-activator with PDZ-binding motif.
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Figure 2. YAP and TAZ expression in transfected LOVO cells. After LOVO cells were transfected with YAP and/or TAZ plasmids for 24 h, reverse-
transcription quantitative polymerase chain reaction and western blot analyses were performed to detect the (A and B) mRNA and (C) protein expression
levels of YAP and TAZ. Values are expressed as the mean + standard deviation of three independent experiments. “P<0.01. YAP, Yes-associated protein; TAZ,

transcriptional co-activator with PDZ-binding motif.

24 h of transfection, the mRNA and protein expression levels
of YAP and TAZ were determined by RT-qPCR and western
blot analysis, respectively. The results suggested that YAP
and/or TZA expression plasmids effectively enhanced YAP
and/or TAZ expression in LOVO cells (Fig. 2).

Enhanced YAP and/or TAZ expression enhances the prolif-
eration ability of LOVO cells. To investigate the effect of
YAP and/or TAZ overexpression on LOVO cell proliferation,
an MTT assay was performed. As demonstrated in Fig. 3,
compared with that in the control, YAP or TAZ overexpres-
sion significantly increased the proliferation ability of LOVO
cells, which was further increased as YAP and TAZ were
co-overexpressed. These results indicated that either YAP or
TAZ promoted LOVO cell proliferation, which was enhanced
when YAP and TAZ were co-overexpressed.

Enhanced YAP and/or TAZ expression inhibits apoptosis of
LOVO cells. Cell apoptosis was also measured by performing
FCM after the respective treatments. As presented in Fig. 4,
compared with that in the control group, the apoptotic rate of
YAP- or TZA-overexpressing LOVO cells was significantly
reduced, with YAP and TAZ co-overexpression resulting in an
even greater reduction of the apoptotic rate.

Enhanced YAP and/or TAZ expression alters the expression
of CTGF, Cyr61, Bcl2, Bax and caspase-3. CTGF and Cyr61
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Figure 3. YAP and/or TAZ overexpression promotes the proliferation in
LOVO cells. Cell proliferation was analyzed by an MTT assay at 24 h after
LOVO cells were transfected with YAP and/or TAZ plasmids. Groups:
NC, negative control; YAP mimics, cells transfected with YAP expression
plasmids; TAZ mimics, cells transfected with TZA expression plasmids;
YAP+TAZ, cells co-transfected with YAP and TAZ plasmids. Values are
expressed as the mean + standard deviation of three independent experi-
ments. "P<0.05, “P<0.01. YAP, Yes-associated protein; TAZ, transcriptional
co-activator with PDZ-binding motif.

are downstream genes of YAP and are regulated by YAP
proteins. CTGF and Cyr61 were reported to have critical roles
in improving cell proliferation, migration and invasion in
cancer (15). In the present study, after YAP or TAZ was over-
expressed, the protein expression levels of CTGF and Cyr61
were significantly higher compared with those in the control
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Figure 4. YAP and/or TAZ over-expression reduces the apoptosis of LOVO cells. After LOVO cells were transfected with YAP and/or TAZ plasmids for
24 h, flow cytometry was performed for cell apoptosis detection. Groups: NC, negative control; YAP mimics, cells transfected with YAP expression plas-
mids; TAZ mimics, cells transfected with TZA expression plasmids; YAP+TAZ, cells co-transfected with YAP and TAZ plasmids. Values are expressed
as the mean + standard deviation of three independent experiments. "P<0.05, “P<0.01. YAP, Yes-associated protein; TAZ, transcriptional co-activator with

PDZ-binding motif; FITC, fluorescein isothiocyanate; Q, quadrant.

group (Fig. 5). Of note, co-overexpression of YAP and TAZ
further enhanced CTGF and Cyr61 expression.

In addition, to further explore the mechanisms of the
reduction of cell apoptosis, the expression levels of the
apoptosis-associated proteins Bax, Bcl-2 and caspase-3 were
determined by western blot analysis. The results indicated that
the Bcl-2/Bax ratio of LOVO cells was markedly increased
when YAP or TAZ was overexpressed, and as expected, the
caspase-3 expression levels were notably inhibited (Fig. 5).
Furthermore, these effects were even greater when YAP and
TAZ were co-overexpressed.

Discussion

The present study demonstrated that YAP or TAZ overexpres-
sion significantly increased the proliferation ability of LOVO
human colon cancer cells, while cell apoptosis was mark-
edly inhibited. Co-overexpression of YAP and TAZ further
promoted these effects on LOVO cell growth and apoptosis.
In addition, tumor-associated genes (CTGF, Cyr61, Bcl-2, Bax
and caspase-3) were differentially expressed in LOVO cells
when YAP and/or TAZ was overexpressed. YAP and TAZ
were found to act as oncogenes in human colon cancer and had
complementary effects in regulating cell growth.

Cancer development is a complex process involving the
interaction of multiple signaling pathways that regulate normal
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Figure 5. YAP and/or TAZ overexpression changes the protein expression
of tumor- or apoptosis-associated genes in LOVO cells. At 24 h after the
transfection, CTGF, Cyr61, Bcl-2, Bax and caspase-3 protein expression
levels were determined by using western blot analysis. Groups: NC, negative
control; YAP mimics, cells transfected with YAP expression plasmids; TAZ
mimics, cells transfected with TZA expression plasmids; YAP+TAZ, cells
co-transfected with YAP and TAZ plasmids. YAP, Yes-associated protein;
TAZ, transcriptional co-activator with PDZ-binding motif; CTGF, connec-
tive tissue growth factor; Cyr61, cysteine-rich angiogenic inducer 61; Bcl-2,
B-cell lymphoma 2; Bax, Bcl-2-associated X protein.
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cell growth. The Hippo signaling pathway has important
roles in regulating cell fate and tissue growth. Studies have
revealed the deregulation of the Hippo pathway in various
human cancer types, including lung, liver, prostate, colon,
breast and gastrointestinal cancers (16-20), and that it was
frequently associated with poor prognosis of patients (21-23).
YAP and TAZ are major downstream target genes of Hippo.
Numerous studies have indicated the oncogenic role of YAP
and TAZ in several solid tumor types (16,18,24,25). YAP
overexpression has been reported to have important effects
on cell proliferation, survival, evasion of apoptosis, invasion
and migration (26,27), and TAZ was found to promote cell
proliferation and enhance cell invasion and migration (28).
The present study first detected the expression levels of YAP
and TAZ in the LOVO human colon cancer cell line and the
results revealed a low expression of YAP and TAZ. The role
of YAP and/or TAZ in LOVO cells was then investigated by
YAP and/or TAZ overexpression via plasmid transfection. The
cell proliferation ability was determined using MTT assay,
which indicated that when YAP or TAZ was overexpressed,
the proliferation ability of LOVO cells was significantly
increased, and co-overexpression of YAP and TAZ ampli-
fied this effect. These findings are consistent with those of
a previous study (13). At the same time, the expression of
the tumor-associated proteins CTGF and Cyr61, which have
critical roles in promoting cancer cell proliferation, migration
and invasion, was found to be enhanced following overexpres-
sion YAP and/or TAZ in LOVO cells.

The effect of YAP and/or TAZ overexpression on cell
apoptosis was also determined in the present study. The
results indicated that YAP and/or TAZ overexpression has
an anti-apoptotic effect. To further explore the mechanisms
underlying this cell apoptosis inhibition, the expression of
apoptosis-associated proteins (Bax, Bcl-2 and caspase-3) was
determined. The results indicated that YAP or TAZ overex-
pression inhibited LOVO cell apoptosis via increasing the
Bcl-2/Bax ratio and reducing caspase-3 expression. Of note,
these effects were further enhanced when YAP and TAZ were
co-overexpressed.

In conclusion, the results of the present study indicated
that upregulation of YAP and TAZ significantly influenced the
behavior of LOVO human colon carcinoma cells, suggesting
that YAP and TAZ have oncogenic roles in colon cancer
progression. YAP and TAZ may serve as potential targets in
the treatment of colon cancer in the future.
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