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Abstract

Purpose To investigate biological impact of the down-
regulation of yes-associated protein (YAP) through RNA
interference in the process of epithelial-mesenchymal
transition in MHCC97H and MHCC97L.

Methods MHCC97H and MHCC97L cells were tran-
siently transfected by YAP-siRNA. Furthermore, protein
expressions and mRNA levels of characteristic markers of
epithelial-mesenchymal transition (E-cadherin, N-cad-
herin) were examined by Western blotting and real-time
polymerase chain reaction, and transwell invasion assay
was used to detect changes of invasiveness of MHCC97H
and MHCCO97L cells.

Results The transfected group with YAP-siRNA in
MHCCO97H after 72 h by Western blotting showed obvi-
ously higher expression of E-cadherin compared with the
control group (P < 0.05), and lower expression of N-cad-
herin (P < 0.05). In MHCC97L cells, the expression of
E-cadherin was also significantly increased (P < 0.05);
however, N-cadherin expression did not significantly
change (P > 0.05). Moreover, compared with the control
group, Transwell invasion assay showed that the number of
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the transfected groups was significantly decreased in
MHCC97H and MHCCO97L cell lines (both P < 0.05). The
result of real-time polymerase chain reaction indicated that
mRNA levels of E-cadherin increased (P < 0.05), but the
mRNA levels of N-cadherin did not significantly change
(P > 0.05) in these two cell lines, indicating some effects
of post-transcriptional regulation mechanism after silenc-
ing YAP.

Conclusions YAP expression in human hepatocellular
carcinoma cell lines MHCC97H and MHCC97L is closely
related with the characteristic markers of epithelial-mes-

enchymal transition, N-cadherin and E-cadherin
expression.
Keywords Hepatocellular carcinoma (HCC) -

YAP (yes-associated protein) - Epithelial-mesenchymal
transition (EMT)

Introduction

Hepatocellular carcinoma (HCC) is the sixth most preva-
lent cancer and third leading cause of cancer-related mor-
tality worldwide [1]. Due to high incidence of tumor
recurrence, frequent intrahepatic spread, and extrahepatic
metastasis during the initial diagnosis, the recurrence rate
in 5 years in patients who have undergone tumor resection
remains approximately 70 % [2]. The overall survival time
after liver resection remains the major obstacle to achieve
long survival [3]. Thus, improved understanding of the
molecular mechanism of HCC recurrence is essential for
the development of new therapeutic strategies. The ability
of epithelial cells to undergo mesenchymal transitions
during embryogenesis, wound healing, and malignant
progression is now widely accepted as a core biological
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process [4]. It has recently become clear that epithelial—
mesenchymal transition (EMT) plays a great role not only
in cancer cell proliferation, invasion, and metastasis, but
also in tumor recurrence. During this process, the expres-
sion of epithelial marker E-cadherin is down-regulated, and
the expression of mesenchymal markers, fibronection,
vimentin, and N-cadherin, is up-regulated [5].

The Hippo signaling pathway originally discovered in
Drosophila consisting of several negative growth regulators
acting in a kinase cascade that ultimately phosphorylates
and inactivates Yorkie (Yki), a transcriptional coactivator
that positively regulates cell growth, survival, and prolif-
eration [6]. Core components of the Hippo pathway include
the Mst1/2, Lats1/2, and YAP, which consists of a kinase
cascade in which Mst1/2 forms a complex with the adaptor
protein WW45 and phosphorylates the kinases Latsl and
Lats2 as well as the adaptor protein Mob. A Lats/Mob
complex then phosphorylates and represses the transcrip-
tional coactivator YAP, YAP is phosphorylated and inhib-
ited by the Lats tumor suppressor, and this phosphorylation
results in its association with 14-3-3 binding motif and from
the nucleus into the cytoplasm. Overexpression of YAP in
the Hippo pathway during cancer development and pro-
gression are now clear [7]. YAP, which was termed a
candidate oncogene, is a key component of the Hippo sig-
naling pathway and plays a critical role in the development
and progression of multiple cancer types, including HCC
[8]. YAPI has been reported to be potently prometastatic in
breast cancer and melanoma cells [9]. However, the asso-
ciation of YAP involving in EMT of HCC had not been
thoroughly investigated. In the present study, we explored
the knockdown of yes-associated protein (YAP) through
RNA interference in the process of epithelial-mesenchymal
transition in MHCC97H and MHCCO97L cells.

Materials and methods
Cell culture

The HCC cell lines MHCC97H and MHCC97L (HCC cell
lines with high and low migratory potential, respectively)
used in this study were obtained from the Shanghai Insti-
tute of Cell Biology (Shanghai, China) and were main-
tained in DMEM containing 10 % fetal bovine serum
(Gibco, Grand Island, NY, USA) at 37° C with 5 % COs,.

RNA extraction, reverse transcription,
and quantitative real-time polymerase chain
reaction (QRT-PCR)

Total RNA from tissues and cells was extracted using
Trizol reagent (Invitrogen, Carlsbad, CA). For detection of

YAP, E-cadherin, and N-cadherin, total RNA was tran-
scribed into cDNA using The Transcriptor First Strand
cDNA Synthesis Kit (Roche Applied Scienceis) designed
to reverse transcribe RNA. Primers used are as follows:
GAPDH-F, 5-CGGAGTCAACGGATTTGGTCGTAT-3,
GAPHH-R, 5-AGCCTTCTCCATGGTGGTGAAGAC-3;
YAP-F, 5-CTGATGCAGGCACTGCAGGAG-3', YAP-R,
5'-ACTGGTGGGGGCTGTGACG-3'; E-cadherin-F, 5'-G
ACCGAGAGAGTTTCCCTACG-3’; E-cadherin-R, 5'-TC
AGGCACCTGACCCTTGTA-3'; N-cadherin-F, 5'-GAG
ATCCTACTGGACGGTTCG-3'; N-cadherin-R, 5'-TCTT
GGCGAATGATCTTAGGA-3'. Studying gene expression
levels, via two-step RT-PCR, using qualitative RT-PCR on
the LightCycler® Carousel-Based System, the LightCy-
cler® 480 System, the PCR reaction was evaluated using
melting curve analysis. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was amplified to ensure cDNA
integrity, and to normalize expression, SYBR Green/ROX
gPCR Master Mix Amplification of the generated cDNA
was performed using SYBR Premix EX Taq II (Roche
Applied Scienceis). All of the above experiments were
performed according to the manufacturer’s instructions. All
of the reactions were run in triplicate, and data were ana-
lyzed according to the comparative Ct (2722 method.

Cell transfection

YAP-siRNA (h) was synthesized from SANTA CRUZ
BIOTECHNOLOGY, Inc. The plasmids were transfected
into cells using Lipofectamine RNAIMAX (Invitrogen)
and were incubated for 48 h according to the manufac-
turer’s instructions. Stable cell lines were selected using
the appropriate antibiotics for at least 48 h after
transfection.

Transwell assay

Transwell assay was performed using the Matrigel-coated
(8 Im pore size; BD, Franklin Lakes, NJ, USA) filters in
24-well plates. Briefly, cells were trypsinized and seeded
onto the upper chamber of the transwells (1 x 10> cells/
well) in supplement-free serum DMEM medium. The
lower chamber of the transwells was filled with the DMEM
medium (including 10 % fetal bovine serum).The cham-
bers were incubated at 37 °C with 5 % CO2 for 24 h. At
the end of incubation, cells on the upper surface of the filter
were removed using a cotton swab. Cells migrating through
the filter to the lower surface were fixed with 4 %
paraformaldehyde for 10 min and stained with 0.1 %
crystal violet for 10 min. Migrated cells were viewed and
photographed under a phase-contrast microscope (Olym-
pus, Tokyo, Japan) and counted in five randomly chosen
fields.
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Protein extraction and Western blot analysis

Cells were washed three times with ice-cold phosphate-
buffered saline (PBS) and lysed in RIPA buffer (50 mM
Tris (pH 7.4), 150 mM NacCl, 0.5 % sodium deoxycholate,
1 mM EDTA, 1 % Triton X-100) containing fresh pro-
tease, and phosphatase inhibitor cocktails (Sigma) by
incubating for 20 min at 4 °C. The protein concentration
was determined using the Bio-Rad assay system (Bio-Rad,
Hercules, CA, USA). Equal amounts of protein extracts
(30 ng) were subjected to 10 % sodium dodecyl sulfate—
polyacrylamide (SDSPAGE) gel electrophoresis and
transferred to polyvinylidenedifluoride (PVDF) membranes
(Millipore, Billerica, MA) and sequentially incubated with
indicated primary antibodies against E-cadherin, N-cad-
herin (1:1000, Cell Signaling Technology),YAP, and
GAPDH (1:1000, Cell Signaling Technology) overnight at
4 °C. Horseradish peroxidase (HRP)-conjugated secondary
antibody (1:2000, Abcam) was incubated at room tem-
perature for 1 h. The blots were developed using enhanced
chemiluminescence detection reagents and scanned with a
Molecular Imager system (Bio-Rad).

Statistical analysis

Each experiment was repeated at least three times. Derived
values were presented as the mean =+ SD. Student’s ¢ test
(two tailed) or Student-Newman—Keuls (SNK test,
ANOVA) was employed to analyze the differences using
SPSS 13.0 software. P < 0.05 was considered to be sta-
tistically significant.

Results

Knockdown of YAP is involved in the invasive
ability of HCC cell lines

To assess the effect of YAP knockdown in HCC cell
invasive ability, the transwell assay was employed. We
transfected sequences of YAP-siRNA or control-siRNA
(consists of a scrambled sequence that will not lead to the
specific degradation of any cellular message). The results
showed that the cells number of YAP-siRNA group was
significantly decreased in MHCC97H compared with the
control group (66 = 6.89 vs 117 £ 7.23, P < 0.05)
(Fig. 1a, b), and compared with the control group, the
number of the YAP-siRNA group was also significantly
decreased in MHCC97L (40 £ 2.65 vs 77 + 4.33,
P < 0.05) (Fig. la, b). The result indicated that knock-
down of YAP inhibits the invasive ability of HCC cell
lines.
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Knockdown of YAP changed the mRNA and protein
levels of EMT markers in MHCC-97H cells

In order to examine the effects of YAP knockdown in
MHCC-97H cell line, we transfected two sequences of
YAP-siRNA (1 and 2) or control-siRNA. At 72 h, after
YAP-siRNA compared with the control group, we
observed that the YAP-siRNA group in MHCC97H
showed obviously higher protein expression levels of
E-cadherin (P < 0.05), and lower expression of N-cadherin
(P < 0.05) (Fig. 2a, b). Compared with the control group,
the mRNA levels of E-cadherin increased (P < 0.05), but
the mRNA levels of N-cadherin and vimentin did not
significantly change (P > 0.05), indicating some effects of
post-transcriptional regulation mechanism after knock-
down of YAP in MHCC97H (Fig. 4a).

Silencing of YAP changed the mRNA and protein
levels of EMT markers in MHCC-97L cells

MHCCOI7L cells were also transiently transfected by YAP-
siRNA, and were examined by Western blotting and real-
time polymerase chain reaction. In MHCCO97L cells,
compared with the control group, the protein expression of
E-cadherin was also significantly increased (P < 0.05);
however, the protein expression of N-cadherin did not
significantly change (P > 0.05) (Fig. 3a, b). The result of
real-time polymerase chain reaction indicated that mRNA
levels of E-cadherin were increased (P < 0.05), but mRNA
levels of N-cadherin were not significantly changed
(P > 0.05), compared with the control group (Fig. 4b).

Discussion

Recently, growing evidence has shown that tumor pro-
gression, including local invasion, spreading through the
circulation and metastasis, is mediated by EMT [10].
Several cancer-associated cascades have emerged as
important regulatory signaling for EMT. These include
phosphoinositide 3-kinase (PI3 K)/Akt, Wnt, Notch,
Hedgehog, and nuclear factor-kB (NF-xB)-dependent
pathways [11-13]. As EMT markers, the downregulation
of E-cadherin and upregulation of N-cadherin protein play
a promoting factor in tumor cell invasion and metastasis
[14, 15]. YAP overexpression has been demonstrated
nuclei associated with the development of a variety of
tumors, and is considered a tumorigenic gene [16]. In vivo,
YAPI has been reported to be potently prometastatic in
breast cancer and melanoma cells; the metastatic potential
of breast cancer and melanoma cells is strongly correlated
with increased TEAD transcriptional activity, and
increased YAP/TEAD activity plays a causal role in cancer
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Fig. 1 The invasive ability of MHCC97H and MHCC97L cells can
be blocked by YAP downregulation. a the change of MHCC97H and
MHCC97L cells number in the YAP-siRNA group and the control
group. b Compared with the control group, MHCC97H cells
(66 +6.89 vs 117 £7.23, P <0.05) and MHCCO7L cells

progression and metastasis [9]. The association of YAP
with EMT of HCC had not been thoroughly investigated.

In the present study, we found that knockdown of YAP
in MHCC97H showed obviously higher expression of
E-cadherin compared with the control group (P < 0.05),
and lower expression of N-cadherin (P < 0.05). In
MHCCO97L cells, the expression of E-cadherin was also
significantly increased (P < 0.05); however, N-cadherin
expression did not significantly change (P > 0.05).
Knockdown of YAP can cause changes in protein levels of
EMT markers. For the result of different N-cadherin
expression in the two cell lines, we consider MHCC97L
cell lines may be low migratory potential, whose EMT
phenomenon caused by the presence of the cell itself is not
obvious, so the mesenchymal markers N-cadherin did not
change significantly. Additionally, Transwell invasion
assay showed that the number of the transfected group cells
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(40 £ 2.65 vs 77 £ 4.33, P < 0.05) in YAP-siRNA (h) group were
significantly decreased compared with the control group, the figure
shows mean (mean) and standard error (SE), *P < 0.05, optical
microscope magnification (x200)

was significantly decreased in MHCC97H and MHCC97L
(P < 0.05), compared with the control group. The invasion
assay confirmed that the silencing of YAP protein signifi-
cantly inhibits the invasion capacity of HCC cell lines,
indicating that inhibition of the expression of YAP protein
can suppress the invasive ability of HCC.

YAP may regulate EMT through multiple mechanisms.
Some studies delineate one mechanism, in which YAPI is
required for TGF signaling by interacting with the
Smad2/3/4 complex. Interestingly, a recent study also
linked Hippo signaling pathway with TGFf signaling by
showing that TGFB stimulates Smad2/3/4 binding to
WWTRI1 (also known as TAZ), a YAP1 paralogue. As a
result, WWTR1 was recruited to TGFp response elements
in human embryonic stem cells. Loss of WWTRI led to
failure of Smad2/3/4 complexes to accumulate in the
nucleus and activate transcription [17, 18]. In human breast
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Fig. 2 YAP-specific siRNA effectively suppressed the protein level
of EMT marker after 72 h in MHCC97H. a The protein level of
E-cadherin compared with the control group was up-regulated
(P < 0.05), N-cadherin in the experimental group was down-
regulated (P < 0.05). b Semiquantification of Western blot bands
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Fig. 3 YAP-specific siRNA effectively suppressed the protein level
of EMT marker after 72 h in MHCC97L. a The protein level
expression of E-cadherin was significantly increased (P < 0.05);
however, N-cadherin expression did not significantly change
(P > 0.05). b Semiquantification of Western blot bands shown in
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shown in densitometric analysis of E-cadherin and N-cadherin bands
was performed and normalized with that of GAPDH. The significance
of the difference was assessed using student’s ¢ test, GAPDH as an
internal control, the figure shows mean (mean) and standard error
(SE), *P < 0.05
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Densitometric analysis of E-cadherin and N-cadherin bands was
performed and normalized with that of GAPDH. The significance of
the difference was assessed using student’s ¢ test, GAPDH as an
internal control, the figure shows mean (mean) and standard error
(SE), *P < 0.05
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Fig. 4 a, b The mRNA level of E-cadherin, N-cadherin in MHCC97L and MHCC97H cells after transfected by YAP-siRNA or control-siRNA

was shown in figure (mean + SD, n = 3), *P < 0.05
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cancer cell line MCF10A cells, Michael Overholtzer et al.
found that overexpression of YAP protein can promote
breast cancer MCF10A cells EMT phenomenon. Silencing
expression of MCF7 breast cancer cell line Hs578T in YAP
protein significantly reduced tumor cell migration and
invasion [7]. In HCT116 colon cancer cells, the capacity
for proliferation, metastasis, and invasion was dramatically
reduced by knockdown of YAP and TAZ. Co-overex-
pression of YAP and TAZ is an independent predictor of
prognosis for patients with CRC [19]. Nallet-Staub et al.
found that Stable YAP knockdown dramatically reduced
the expression of the classical Hippo target CCN2/con-
nective-tissue growth factor (CTGF), as well as anchorage-
independent growth, capacity to invade Matrigel. Inver-
sely, YAP overexpression increased melanoma cell inva-
siveness, associated with increased TEA domain-
dependent transcription and CCN2/CTGF expression [20].
Our experiments found that knockdown of YAP in
MHCC97L and MHCC97H cells dramatically inhibits the
invasive ability of cells. The expression of YAP is asso-
ciated with EMT of HCC. In MHCC97L and MHCC97H
cells, the mRNA levels of N-cadherin did not change dif-
ference (P > 0.05), we consider that there maybe some
post-transcriptional regulation mechanism. Yu et al. found
that yes-associated protein 1 (YAP1) as a novel target of
miR-200a and found that targeting of YAP1 by miR-200a
resulted in decreased expression of proapoptotic proteins,
which leads to anoikis resistance. Overexpression of miR-
200a protected tumor cells from anoikis and promoted
metastases in vivo [21].

In summary, the present study conclusively presents
evidence of the following: that YAP knockdown is able to
suppress cell invasion in MHCC97H and MHCCO97L by
modulating the characteristic markers of EMT. Further-
more, the association of YAP involving in EMT of HCC
using mice needs to be further confirmed. Collectively, a
novel molecular mechanism of HCC EMT could be pro-
posed, based on which a potentially effective therapeutic
approach could be developed for the inhibition of invasion,
and metastasis of HCC.
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