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YAP/TAZ activation, induced by disruption of
E-cadherin-mediated cell-to-cell contact, promotes the cadherin
switch by facilitating nuclear translocation of Slug in human
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Abstract : Epithelial-to-mesenchymal transition (EMT) is closely related to the development of
malignancy in human oral squamous cell carcinoma (hOSCC) cells. “Cadherin switch” refers to expression
changes from E-cadherin to N-cadherin that occur during the malignant transformation of a cancer cell
accompanying the EMT. The molecular mechanisms underlying the cadherin switch in hOSCC have not
yet been fully elucidated. The Hippo pathway is known to transmit extracellular mechanical cues induced
by changes in cell density, which in turn affect gene expression. Here, we found that the cadherin switch
is induced at a low but not high cell density in the hOSCC cell line HSC-4. We also found that knockdown
of YAP/TAZ, which is part of the Hippo pathway, increased E-cadherin expression but decreased
N-cadherin expression in HSC-4 cells. The nuclear translocation of EMT-related transcription factor Slug
was observed in HSC-4 cells at low cell density. In addition, low cell density-induced Slug nuclear
translocation was inhibited by knockdown of YAP. Moreover, disruption of cell-to-cell adhesion with anti
E-cadherin antibody promoted nuclear translocation of YAP, resulting in the cadherin switch in HSC-4
cells. These results suggested that YAP/TAZ mediates the low cell density-induced cadherin switch
through nuclear translocation of Slug and that intercellular contact mediated by E-cadherin inhibits the

cadherin switch through negative modulation of the Hippo pathway. Thus, disruption of E-cadherin-
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mediated cell-to-cell contact-induced YAP/TAZ activation promotes cadherin switch through promotion

of EMT-related transcription factor Slug nuclear translocation in hOSCC HSC+4 cells.

Keywords: cadherin switch; Hippo pathway; YAP/TAZ; Slug; E-cadherin

Epithelial-to-mesenchymal transition (EMT)
is closely related to the development of
malignancy in human oral squamous cell
carcinoma (hOSCC) cells V. It is known that
advancement of EMT increases the invasive
and metastatic potential of hOSCC cells, while
mesenchymal-to-epithelial transition (MET)
decreases the invasive and metastatic potential
of hOSCC cells ? . Therefore, balance between
EMT and MET in hOSCC cells modulates the
status of cancer invasion and metastasis.
Elucidation of the molecular mechanisms
underlying the switch between EMT and
MET, which could help the establishment of
novel therapeutic methods to control hOSCC
invasion and metastasis, has not been fully
accomplished yet.

Cadherin switch, the change in gene
expression from E-cadherin to N-cadherin
accompanying EMT, is known to be important
for the malignant transformation of cancer

¥4 and has also been reported in the

cells
clinical analysis of the cancer ° . In addition, it
has been reported that the cadherin switch is
induced by Slug, an EMT-related transcription

)
factor 7

. EMT-related transcription factors
play important roles in the promotion of EMT
in various kinds of SCC cells: Snail, Slug, Twist
and ZEB promote expression of mesenchymal
marker N-cadherin but suppress E-cadherin,
resulting in EMT progression ¥ . We
previously reported that transforming growth
factor-pl (TGF-Bl) suppresses the expression
of E-cadherin in hOSCC cell line HSC-4,

resulting in the promotion of EMT in this cell

V0 TGF-B1-induced expression of Slug

line
did not affect the expression of N-cadherin in
HSC-4 cells. It is unknown whether other
EMT-related transcription factors lead to
upregulation of N-cadherin in hOSCCs.

The Hippo pathway is known to include
molecular mechanisms that relay extracellular
signals stimulated by changes in cell density
which then affect gene expression within the
cells V' . In the Hippo pathway, transcriptional
coactivator with PDZ-binding motif (TAZ)
binds to phosphorylated Smad2/3-Smad4
complex in the cytoplasm, which promotes the
nuclear translocation of the TAZ-Smad2/3-
Smad4 complex . Yes-associated protein (YAP)
and TAZ interacted with TEAD or Runx2 to
upregulate their transcriptional activity 14
YAP/TAZ regulate cell proliferation and cell

W15 The Hippo pathway

differentiation
positively regulates the progression of EMT in
breast cancer cells ' . Several molecules of the
cell membrane act by sensing extracellular
mechanical stress, i.e., Fatl ', Crumbs

18) 16)

complex , Scribble complex , or

E-cadherin *

' and relay signals to the Hippo
pathway. However, it remains to be clarified
whether the Hippo pathway positively
regulates the progression of EMT in hOSCC
cells.

Here, we examined how the status of cell-to-
cell contact affects the activity of extracellular
mechanical stress transmitters YAP and TAZ
in the Hippo pathway in HSC-4 cells. In
addition, we evaluated how YAP and TAZ

affect the activity of EMT-related transcription
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factor Slug. Thus, we aimed to investigate
whether YAP and TAZ play important roles
in the promotion of EMT in HSC+4 cells.

Materials and Methods

Materials

hOSCC HSC4 cell lines were obtained from
the Human Science Resource Cell Bank (Osaka,
Japan). hOSCC LMF-4 cell line was gifted by
Dr. F. Momose of Tokyo Medical and Dental

2 Protease inhibitor cocktail for

University
use in mammalian cell and tissue extracts and
phosphatase inhibitor cocktail 1 and 2 were
purchased from Merck (St. Louis, MO, USA).

All other reagents were analytical grade.

Cell culture

All cell lines were grown at 37C and 5% CO..
Human HSC-4 squamous cell carcinoma cells
were cultured in Eagle’s minimum essential
medium (MEM, Merck) supplemented with
10% fetal bovine serum (FBS, Thermo Fisher
Scientific, Rockville, MD, USA). LMF-4 cells
were cultured in DMEM (Thermo Fisher
Scientific) containing 10% FBS.

Suppression of gene expression by
small interfering RNAs (siRNAs)
Human siRNAs of Slug (MISSION siRNA,
Hs_SNAIS_9785, Merck), YAP siRNA
(MISSION esiRNA, HU-11302-1, Merck), and
TAZ siRNA (MISSION esiRNA, HU-08032-1,
Merck) were used for gene knockdown
analysis. Cells were seeded at a density of 1 X
10° cells per well in 24 well-plates and
transfected with 10 nM siRNA using
Lipofectamine RNAIMAX (Life Technologies,
Carlsbad, CA) according to the manufacturer’s
instructions. Forty-eight hours after
transfection, cells were used for RT-qPCR

analysis of gene expressions or

immunofluorescence analysis, as described
below. siControl (MISSION® siRNA Universal
Negative Control #1, SIC-001, Merck), which
does not possess significant homology to
vertebrate gene sequences, was used as a
negative control. Suppression of gene
expression by siRNA was evaluated by RT-
qPCR for the target genes.

Quantitative real time RT-PCR (RT-
aPCR)

For total RNA preparation, 1.0 or 50 x 10°
cells were cultured in 12-well dishes. Total
RNA was isolated using the ISOGEN reagent
(Nippon Gene, Toyama, Japan) according to
manufacturer’s instructions. We reverse
transcribed total RNA to first-strand ¢cDNA
using the poly-A primer provided in the RT-
PCR System Kit (Takara Bio Inc., Shiga,
Japan). RT-qPCR was performed on a
Thermal Cycler Dice Real Time System
(Takara Bio) using SYBR Premix Ex Taq II
(Takara Bio) with gene-specific primers
(listed in Table I). The mRNA expression
levels of target genes were normalized to that
of the endogenous reference gene [-actin or
GAPDH and expressed as fold increase or
decrease relative to levels in the control
sample % .

Immunofluorescence analysis of
cultured cells

For immunofluorescence analysis of cultured
cells, cells were sub-cultured in individual wells
on &-chamber slides at a density of 1.0 or 5.0
x 10" cells/well (BD Biosciences, NJ, USA)
and maintained in MEM or DMEM
supplemented with 10% FBS for 2 days. Cells
were then fixed in 4% paraformaldehyde for
30 min and permeabilized with 0.2% Triton
X-100 in PBS. After blocking with 2% (w/v)
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Table I. Sequence of primers for RT-gPCR

Target mRNA

Oligonucleotide sequence (5'-3")

Predict size (bp)

E-Cadherin (F) TACACTGCCCAGGAGCCAGA 103
(R) TGGCACCAGTGTCCGGATTA

N-Cadherin (F) CGAATGGATGAAAGACCCATCC 171
(R) GCCACTGCCTTCATAGTCAAACACT

Slug (F) TGTTGCAGTGAGGGCAAGAA 158
(R) GACCCTGGTTGCTTCAAGGA

YAP (F) GGGTGGCAATATTCAGTGCTTAAC 122
(R) GTTATGATAGGCACACCCACAATTC

TAZ (F) GCTGAGCGTACAGGCAGACA 95
(R) AGGAACATAAACCATGGGTCCTT

GAPDH (F) GCACCGTCAAGGCTGAGAAC 138
(R) TGGTGAAGACGCCAGTGGA

B-Actin (F) GGAGATTACTGCCCTGGCTCCTA 89
(R) GACTCATCGTACTCCTGCTTGCTG

bovine serum albumin in PBS, cells were
labelled with mouse anti-E-cadherin (1:200,
#610181, BD Biosciences), mouse anti-N-cadherin
(1:200, #610920, BD Biosciences), mouse anti-
Slug (1:200, sc-166476, Santa Cruz Biotechnology,
Santa Cruz, CA, USA), rabbit anti-YAP (1:200,
#4912 Cell Signaling Technology, Beverly, MA,
USA), or mouse anti-TAZ (1:300, #560235, BD
Biosciences) antibody and incubated at room
temperature for 1 h and then at 4° C overnight.
After being washed with 0.2% Triton X-100 in
PBS to remove excess primary antibody, cells
were incubated with Alexa Fluor® 488 or
568-conjugated goat anti-mouse IgG (1:1000,
Molecular Probes, Thermo Fisher Scientific), or
with Alexa Fluor” 488 or 568-conjugated goat
anti-rabbit IgG (1:1000, Thermo Fisher
Scientific) for anti-Slug antibody. Cells were
incubated in this mixture for 60 min at room

temperature. After washing with 0.2% Triton

X-100 in PBS to remove excess secondary
antibody, cells were stained with DAPI (1:500,
KPL, Gaithersburg, MD, USA). The slides were
washed, and a fluorescent signal was detected
by confocal microscopy (C1 si, Nikon, Tokyo,
Japan) (Fig. 1A) or fluorescence microscope
(IX70, Olympus, Tokyo, Japan).

Calcium Depletion Experiment

HSC-4 cells (1.0 or 5.0 x 10" cells/well in
8-chamber slide) were cultured in MEM
without FBS medium, which was then changed
to either DMEM without FBS (control) or to
SMEM, containing Ca®* and Mg”" free minimal
essential medium, without FBS and containing
30 uM CaCly (Ca*" Depletion), and then
incubated for 4 h. Cells were then fixed for
immunofluorescence analysis accordingly as
described by Varelas, X. et al. ¥ .

Contact inhibition assay
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Briefly, 1 X 10° cells in 12-well dishes were
treated with 10 pg/ml anti-human E-cadherin
mouse antibody (Clone SHE78-7, Takara Bio
Inc., Shiga, Japan) or normal mouse IgG (sc-
2025, Santa Cruz) for 24 h under serum-free
conditions. Antibody-treated HSC-4 cells were
then stained with anti-YAP antibody and then
analyzed by a fluorescence microscope.
Expression levels of E- and N-cadherin mRNAs

were examined by RT-qPCR analysis, as

A)
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described above.

Statistical analysis

All experiments were performed at least 3
times independently. Results are expressed as
the mean * standard deviation (SD). Differences
between high- and low-cell density groups were
analyzed using the unpaired Student t-test,
while differences among multiple samples were

analyzed using the Tukey’'s multiple comparison
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c)_ |, LMF-4

) nHigh Density
Low Dansity

f_-I

E-cadherin  N-cadherin

Cadherins/B-actin

0O = N WM~ 00O

Relative mRNA expression of

Figure. 1 : Expression levels of cadherins are regulated by cell density status in HSC-4 culture

(A) The localization of E- and N-cadherin was determined using confocal microscopy. Cells were

cultured at high or low cell density for 48 h. Cells were then immunostained with the indicated

antibodies as well as DAPI to detect nuclei and observed by confocal microscopy, as described in
Materials and Methods. Scale bars represent 25 um. mRNA expression levels of cadherins in HSC-
4 cells (B) or LMF-4 cells (C) cultured at low or high density for 48 h were analyzed by using
RT-qPCR. Primers for RT-qPCR are indicated in Table I. The expression levels of E-cadherin
(black bars) and N-cadherin (gray bars) were examined. Values have been normalized to B-actin
mRNA levels. Data are the mean = SD of triplicate experiments (*P < 0.05; **P < 0.01).
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test with IBM SPSS Statistics 24 software. For
all statistical analyses, P value <0.05 was
considered to be statistically significant, and all

tests were two-tailed.
Results

Expression levels of E-cadherin and
N-cadherin are reciprocally regulated
by the status of HSC-4 cell density
We examined whether the expression of E-
and N-cadherin were affected by hOSCC cell
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density. E-cadherin was strongly expressed
and localized around the cell membrane in
HSC4 cells at a high cell density (5.0 x 10*
cells/well in 8-chamber slide) (Fig. 1A, upper
panels). In contrast, E-cadherin was detected
as punctate dots, and its localization was
frequently observed in the cytoplasmic region
in HSC-4 cells at low cell density (1.0 x 10*
cells/well in 8-chamber slide). Furthermore,
N-cadherin expression was not observed in
HSC-4 cells at a high cell density (Fig. 1A, left
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Figure. 2 : YAP/TAZ positively regulates cadherin switch in HSC-4 cells
(A and B) The cells were transfected with YAP or TAZ siRNA (siYAP or siTAZ) or negative
control siRNA (siControl) as described in the Materials and Methods section. E-cadherin (A) and
N-cadherin (B) expression were detected by RT-qPCR analysis in HSC-4 cells. Values have been
normalized to B-actin mRNA levels. Data are expressed as the mean = SD of triplicate
experiments (*P < 0.05; *P < 0.01). The localization of YAP (C) and TAZ (D) in HSC-4 cells at
low and high cell density was evaluated by fluorescence immunostaining. Cells were
immunostained with anti-YAP (C) or anti-TAZ (D) antibodies and with DAPI to detect nuclei.

Scale bars represent 25 pm.
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lower panel), but a slight expression of
N-cadherin was observed at low cell density
(Fig. 1A, right lower panel). Next, the
expression levels of E- and N-cadherin in HSC-
4 cells were analyzed by RT-qPCR. In HSC4
cells, a low cell density culture induced
N-cadherin expression 6.5 times higher than in
a high cell density culture (Fig. 1B, right
graph). In contrast, a low cell density culture
reduced expression of E-cadherin by 2 times
compared to the high cell density culture in
HSC4 cells (Fig. 1B, left graph). Thus, a low
cell density in HSC4 cell culture induced the
cadherin switch. A low cell density culture
induced a 2.5 times lower E-cadherin expression
than a high cell density culture in the other
hOSCC cell line LMF-4 than in HSC4 cells (Fig.
1C, left graph). In addition, a low cell density
culture increased N-cadherin expression,
although statistical significance was not reached
(Fig. 1C, right graph). Moreover, western blot
analysis revealed that the protein expression
levels of E-cadherin at low cell density were
lower than that at a high cell density in HSC-4
cells (data not shown). In addition, while
protein expression levels of N-cadherin were
not detectable by Western blot at high cell
density in HSC-4 cells, N-cadherin protein
expression levels were detectable at low cell
density, (data not shown). These results indicate
that the expression of E- and N-cadherin are
reciprocally regulated by the levels of cell
density in hOSCC cells.

Hippo signaling targets YAP/TAZ
regulate the cadherin switch in HSC-
4 cells

We examined whether the expression levels
of E- and N-cadherin were affected by gene
knockdown of YAP/TAZ, respectively. RT-
gPCR analysis revealed that both siYAP and

siTAZ led to upregulation of E-cadherin
expression and downregulation of N-cadherin
expression in HSC4 cells (Fig. 2A and B). In
addition, nuclear translocation of YAP/TAZ
from the cytoplasm was observed at low cell
density in HSC4 cells (Fig. 2C and D).

Nuclear translocation of EMT-related
transcription factor Slug is positively
regulated by the Hippo signaling
target YAP

We examined the effect of EMT-related
transcription factor Slug, known to be involved
in EMT, on the cadherin switch. RT-qPCR
analysis revealed that Slug siRNA led to
upregulation of E-cadherin (Fig. 3A). In
addition, while Slug was observed to localize to
the nucleus of HSC4 cells at low cell density,
it localized to the cytoplasmic region at high
cell density (Fig. 3B). However, expression
levels of Slug were not influenced by high-, and
low-cell densities in HSC-4 cells (Fig. 3C). In
addition, administration of YAP siRNA inhibited
the nuclear localization of Slug (Fig. 3D). These
data indicate that nuclear translocation of
EMT-related transcription factor Slug is
positively regulated by the Hippo signaling
target YAP, resulting in Slug-mediated

suppression of E-cadherin expression.

Elucidating factors upstream of Hippo
signaling which regulate YAP/TAZ in
HSC-4 cells

We aimed to elucidate the upstream factors
that regulate Hippo signaling targets YAP/
TAZ which induce a Slug-mediated cadherin
switch. Firstly, we examined the contribution
of the Ca*-dependent adhesion protein(s) at
the cell surface by using a Ca*"-depletion
treatment of the culture media ¥ . The

rationale for this approach is that various
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Figure. 3 : Nuclear translocation of Slug is positively regulated by YAP

(A) Expression levels of E-cadherin in HSC4 cells with Slug knockdown were examined. Cells
were transfected with Slug siRNA (siSlug) or negative control siRNA (siControl), as described in
the Materials and Methods section. The expression of Slug mRNA was examined by RT-qPCR.
Primers for RT-qPCR are indicated in Table I. The values have been normalized to B-actin mRNA
levels. Data are expressed as mean =+ SD of triplicate experiments (P < 0.01). (B) The
localization of Slug was observed using fluorescent microscopy. Cells were immunostained with
anti-Slug antibody, and stained with DAPI to detect nuclei. (C) The mRNA expression levels of
Slug in HSC-4 cells cultured at low or high cell density were analyzed using RT-qPCR. Values
+ SD of
triplicate experiments. Scale bars represent 25 pm. (D) Localization of E- and N-cadherin was
observed using fluorescent microscopy. Cells were transfected with YAP siRNA (si-YAP) or
negative control siRNA (siControl) for 48 h, and then immunostained with the anti-YAP (red)
and anti-Slug (green) antibodies, and DAPI (blue). Scale bars represent 25 um.

have been normalized to GAPDH mRNA levels. Data are expressed as the mean

types of cell-to-cell adhesive molecules, including
E-cadherin, need Ca®" for their adhesive
functions # . The nuclear localization of YAP
was observed following Ca®"-depletion
treatment (30 pM) but not observed under
non-Ca*-depleted culture conditions (1,800
uM) in HSC-4 cells (Fig. 4A). Then, we

examined how the disruption of E-cadherin-
mediated cell-to-cell adhesion affects nuclear
localization of YAP. As shown in Fig. 4B, the
E-cadherin neutralizing antibody inhibited the
nuclear localization of YAP in HSC4 cells and
also induced the cadherin switch as opposed to
control antibody in HSC-4 cells (Fig. 4C). We
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also found that the degree of cadherin switch
induced by the neutralizing antibody against
E-cadherin was weaker at high cell density
than at low cell density in HSC4 cells (data
not shown). These results indicate that the
cadherin switch is induced by disruption of
intercellular bonds between E-cadherins in a

Hippo pathway-dependent manner.

Discussion
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Our findings show that a low cell density
culture increases expression of N-cadherin
while decreasing expression of E-cadherin,
whereas a high cell density culture decreases
expression of N-cadherin and increases
expression of E-cadherin in hOSCC cells (Fig.
1). LMF-4 cells have higher invasive and
metastatic characteristics than HSC4 cells .
Expression levels of E-cadherin at high cell

density were higher than that at low cell

m
—

YAP DAPI

+Control AB

+E-cadherin AB

Figure. 4 : Intercellular contact mediated by E-cadherin inhibits the cadherin switch through negative

modulation of Hippo pathway

(A) HSCA cells were cultured in low Ca*" (30 uM) medium in SMEM or in standard Ca®* concentration
(1,800 uM) in DMEM for 4 h. Cells were immunostained with anti-YAP antibody, and with DAPI to
detect nuclei. The localization of Slug was observed using fluorescent microscopy. Scale bars represent
25 um. (B and C) HSC4 cells were incubated with an anti-human E-cadherin neutralizing antibody
(Clone SHE78-7) (E-cadherin AB) or with control IgG (Control AB) for 24 h under serum-free
conditions. (B) The localization of YAP in HSC4 cells treated with E-cadherin AB was observed using
fluorescent microscopy. Cells were immunostained with an anti-YAP antibody, and stained with DAPI
to detect nuclei. Scale bars represent 25 um. (C) The expression levels of E-cadherin (black bars) and
N-cadherin (gray bars) were examined by RT-qPCR. Values have been normalized to the B-actin
mRNA levels. Data are expressed as the mean = SD of triplicate experiments (*P < 0.05; *P < 001).
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density in LMF-4 cells; however, expression
levels of N-cadherin at low cell density were
almost the same as those at high cell density
(Fig. 1C), suggesting that N-cadherin
expression might not be affected by the status
of cell density in hOSCC cells with highly
invasive and metastatic characters.

siYAP and siTAZ upregulated E-cadherin
expression but downregulated N-cadherin
expression in HSC+4 cells (Fig. 2A and B). In
addition, the nuclear translocation of YAP/
TAZ from the cytoplasmic region was observed
at low cell density in HSC4 cells (Fig. 2C and
D). Taken together, these results strongly
suggest that Hippo signaling targets YAP/TAZ
play an important role in the low cell density-
induced cadherin switch in HSC+4 cells.

Slug is an important EMT-related factor
for downregulation of E-cadherin gene
expression » . Slug contributes to activation
of the cadherin switch in bladder cancer .
We demonstrated that a low cell density
culture promotes nuclear translocations of Slug
(Fig. 3C), and YAP/TAZ (Fig. 2C and D).
The nuclear translocation of Slug was inhibited
by gene knockdown of YAP in HSC-4 cells
(Fig. 3D). Tang Y et al. reported that Slug/
Snail bound to YAP/TAZ *" and Serrano I, et
al. showed that nuclear translocation of Slug is
promoted by TGF-B1, resulting in EMT * .
TAZ regulates the nuclear translocation of the
TGF-B1-provided transcription factors complex
Smad2/3/4 ¥ . These results suggest that
YAP/TAZ in the Hippo pathway play
important roles in the cadherin switch through
induction of nuclear translocation of EMT-
related transcription factors in hOSCC cells.

On the other hand, Serrano I, et al. showed
that nuclear translocation of Slug is promoted
by TGF-l, resulting in EMT * . TAZ regulates
the nuclear translocation of the TGF-Bl-provided

transcription factors complex Smad2/3/4 2.
These results suggested that YAP/TAZ in the
Hippo pathway play important roles on the
cadherin switch through induction of nuclear
translocation of EMT-related transcription
factors in hOSCC cells. On the other hand, Snail
is one of the most widely studied EMT-related
transcription factors, which regulates the
cadherin switch in EMT ¥ . Snail positively
regulates the TGF-Bl-induced cadherin switch
in human lung carcinoma A549 cells ® . In
addition, Snail protein has been shown to
increase and accumulate in nuclei through
mechanical signals by YAP ) and to bind to
YAP/TAZ * . We previously found that the
expression levels of Snail were upregulated
during the TGF-Bl-induced EMT in HSC-4
cells ® . However, it remains to be clarified
whether YAP played an important role in
the nuclear translocation of Snail in TGF-
B1-stimulated HSC4 cells.

We examined what kind of factors were
involved in the activation of YAP/TAZ through
the Hippo pathway in HSC-4 cells. We first
examined the contribution of the Ca®*'-
dependent adhesion proteins on the cell surface
by using low calcium treatments of the culture

¥ Cadherin family proteins involving

media
E-cadherin require Ca*" for cadherin-cadherin
interaction on the cell surface *. We found
that the nuclear localization of YAP occurred
following low calcium treatment (Fig. 4A). We
also found that the localization of E-cadherin
was observed in the cytoplasmic region at low
cell density (Fig. 1A). Kim et al. reported that
the cell-to-cell contact mediated by E-cadherin
negatively regulates the Hippo signaling
pathway through nuclear exclusion of YAP in

) .
9 Therefore, we examined

breast cancer
whether cell-to-cell interaction mediated by

E-cadherin suppressed nuclear localization of
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YAP by using a neutralizing antibody against
E-cadherin. The neutralizing antibody against
E-cadherin expectedly suppressed nuclear
localization of YAP (Fig. 4B), resulting in
inhibition of the cadherin switch in HSC4 cells
(Fig. 4C). This data suggests that the
disruption of E-cadherin-mediated adherens
junction might induce deactivation of Hippo
pathway, which in turn activates YAP/TAZ
and promotes its nuclear translocation.

Scribble (SCRIB) is a cell polarity protein,
which is localized to adherens junctions,
constituting the Scribble complex and resulting
in maintenance of epithelial cell polarity and
the suppression of tumorigenesis % SCRIB
depletion disrupts cell-to-cell interaction
mediated by E-cadherin *” . In addition, loss of
E-cadherin leads to mislocalization of SCRIB
from adherens junctions * . Also, SCRIB binds
to TAZ, inhibiting TAZ-promoted EMT
progression in epithelial cells ' . These results
suggest that the cadherin switch was inhibited
by E-cadherin/SCRIB axis which suppresses
the activity of TAZ in epithelial cells. However,
it is unknown whether SCRIB plays an
important role in the high density culture-
induced inhibition of the cadherin switch in
HSCA4 cells.

Here, we demonstrated that YAP/TAZ
mediates the low cell density-induced cadherin
switch through nuclear translocation of Slug
and that intercellular contact mediated by
E-cadherin inhibits the cadherin switch through
negative modulation of the Hippo pathway.
Thus, disruption of E-cadherin-mediated cell-to-
cell contact induces YAP/TAZ activation and
promotes cadherin switch by facilitating
nuclear translocation of the EMT-related
transcription factor Slug in hOSCC HSC+4 cells.

Funding

This work was supported in part by JSPS
KAKENHI Grant Numbers JP18K17237 to D,
S, JP16H05534 to A, I, and JP17K11851 to M,
K. from the Ministry of Education, Culture,

Sports, Science, and Technology of Japan.
Conflicts of Interest

The authors declare that they have no

competing interests.

References

1) Smith, A, Teknos, T. N, and Pan, Q. : Epithelial to
mesenchymal transition in head and neck squa-
mous cell carcinoma. Oral. Oncol,, 49: 287-292, 2013.

2) Fabregat, I, Malfettone, A., and Soukupova, J. :
New Insights into the Crossroads between EMT
and Stemness in the Context of Cancer. J. Clin.
Med., 5: 37, 2016.

3) De, Craene, B and Berx, G. : Regulatory net-
works defining EMT during cancer initiation and
progression. Nat. Rev. Cancer., 13: 97-110, 2013.

4) Wheelock, M. J., Shintani, Y., Maeda, M., Fuku-
moto, Y., and Johnson, K. R. : Cadherin switching.
J Cell Sci., 121: 727-735, 2008.

5) Lade-Keller, J., Riber-Hansen, R., Guldberg, P.,
Schmidt, H., Hamilton-Dutoit, S. J., and Steiniche,
T.: E- to N-cadherin switch in melanoma is asso-
ciated with decreased expression of phosphatase
and tensin homolog and cancer progression. Br. J.
Dermatol., 169: 618-628, 2013.

6) Katafiasz, D., Smith, L. M., and Wahl, JK. : Slug
(SNAI2) expression in oral SCC cells results in
altered cell-cell adhesion and increased motility.
Cell. Adh. Migr., 5: 315-322, 2011.

7) Wu, K., Zeng, J., Zhou, ], Fan, J., Chen, Y., Wang,
7., Zhang, T., Wang, X., and He, D. : Slug contrib-
utes to cadherin switch and malignant progres-
sion in muscle-invasive bladder cancer develop-
ment. Urol, Oncol., 31: 1751-1760, 2012.

8) Scanlon, C.S., Van, Tubergen, E. A., Inglehart, R.
C., and D'Silva, N. J. : Biomarkers of epitheli-
al-mesenchymal transition in squamous cell carci-
noma. J. Dent. Res., 92: 114-121, 2013.

9) Saito, D., Kyakumoto, S, Chosa, N., Ibi, M., Taka-
hashi, N., Okubo, N., Sawada, S., Ishisaki, A. and
Kamo, M. : Transforming growth factor-betal in-
duces epithelial-mesenchymal transition and inte-
grin alpha3betal-mediated cell migration of HSC-
4 human squamous cell carcinoma cells through
Slug. J. Biochem., 153: 303-315, 2013.

10) Hino, M., Kamo, M., Saito, D., Kyakumoto, S,
Shibata, T., Mizuki, H., and Ishisaki, A. : Trans-



34 Taifu HIRANO, Daishi SAITO, Yuko KOMATSU, Hiroyuki YAMADA, Akira ISHISAKI, Masaharu KAMO

forming growth factor-f1 induces invasion ability
of HSC-4 human oral squamous cell carcinoma
cells through the Slug/Wnt-5b/MMP-10 signalling
axis. J. Biochem., 159: 631-640, 2016.

11) Zhao, B, Tumaneng, K, and Guan, K. L. : The
Hippo pathway in organ size control, tissue re-
generation and stem cell self-renewal. Nat. Cell.
Biol,, 13: 877-883, 2011.

12) Varelas, X., Sakuma, R., Samavarchi-Tehrani, P.,
Peerani, R., Rao, B. M., Dembowy, J., Yaffe, M. B.,
Zandstra, P. W, and Wrana, J. L. : TAZ controls
Smad nucleocytoplasmic shuttling and regulates
human embryonic stem-cell self-renewal. Nat.
Cell. Biol,, 10: 837-848, 2008.

13) Tumaneng, K. Russell, R. C., and Guan, K. L. :
Organ Size Control by Hippo and TOR Pathways.
Curr. Biol,, 22: R368-79, 2012.

14) Hiemer, S. E.,, and Varelas, X. : Stem cell regula-
tion by the Hippo pathway. Biochim. Biophys.
Acta., 1830: 2323-2334, 2013.

15) Liu, H,, Jiang, D., Chi, F., and Zhao, B. : The Hip-
po pathway regulates stem cell proliferation,
self-renewal, and differentiation. Protein. Cell., 3:
291-304, 2012.

16) Cordenonsi, M., Zanconato, F., Azzolin, L.,
Forcato, M., Rosato, A., Frasson, C., Inui, M., Mon-
tagner, M., Parenti, A. R, Poletti, A., Daidone, M.
G., Dupont, S., Basso, G., Bicciato, S., and Piccolo, S.
: The Hippo Transducer TAZ Confers Cancer
Stem Cell-Related Traits on Breast Cancer Cells.
Cell,, 147: 759-772, 2011.

17) Li, Z., Razavi, P, Li, Q, Toy, W., Liu, B., Ping, C.,
Hsieh, W., Sanchez-Vega, F., Brown, D. N., Da,
Cruz, Paula, A. F., Morris, L., Selenica, P., Eichen-
berger, E., Shen, R., Schultz, N., Rozen, N., Scaltri-
ti, M., Brogi, E., Baselga, J., Reis-Filho, J. S., Chan-
darlapaty, S. : Loss of the FAT1 Tumor
Suppressor Promotes Resistance to CDK4/6 In-
hibitors via the Hippo Pathway. Cancer. Cell., 34:
893-905.e8, 2018.

18) Varelas, X., S, Samavarchi-Tehrani, P., Narimat-
su, M., Weiss, A., Cockburn, K., Larsen, B. G., Ros-
sant, J., and Wrana, J. L. : The Crumbs complex
couples cell density sensing to Hippo-dependent
control of the TGF-B-SMAD pathway. Dev. Cell,
19: 831-844, 2010.

19) Kim, N. G, Koh, E., Chen, X., and Gumbiner, B.
M. : E-cadherin mediates contact inhibition of pro-
liferation through Hippo signaling-pathway com-
ponents. Proc. Natl. Acad. Sci. USA., 108: 11930-
11935, 2011.

20) Momose, F., Araida, T., Negishi, A., Ichijo, H,
Shioda, S., and Sasaki, S. : Variant sublines with
different metastatic potentials selected in nude
mice from human oral squamous cell carcinomas.
J. Oral. Pathol. Med,, 18: 391-395, 1989.

21) Livak, K. J. and Schmittgen, T. D. : Analysis of

relative gene expression data using real-time
quantitative PCR and the 2- A A Ct method.
Methods 25: 402-408, 2001.

22) Kim, S. A., Tai, C. Y., Mok, L. P, Mosser, E. A.,
and Schuman, E. M. : Calcium-dependent dynam-
ics of cadherin interactions at cell-cell junctions.
Proc. Natl. Acad. Sci. USA., 108: 9857-9862, 2011.

23) Castro, Alves, C., Rosivatz, E., Schott, C., Holl-
weck, R., Becker, I, Sarbia, M., Carneiro, F., and
Becker, K. F. : Slug is overexpressed in gastric
carcinomas and may act synergistically with SIP1
and Snail in the down-regulation of E-cadherin. J.
Pathol,, 211: 507-515, 2007.

24) Tang, Y. Feinberg, T, Keller, E. T., Li, X-Y., and
Weiss, S. ]. : Snail/Slug binding interactions with
YAP/TAZ control skeletal stem cell self-renewal
and differentiation. Nat. Cell. Biol, 18: 917-929, 2016.

25) Serrano, I, McDonald, P. C., Lock, F. E., and
Dedhar, S. : Role of the integrin-linked kinase
(ILK) /Rictor complex in TGFB-l-induced epi-
thelial-mesenchymal transition (EMT). Onco-
gene., 32: 50-60, 2013.

26) Liu, J, G. Hu, D. Chen, A-Y. Gong, G.S. Soori,
T.J. Dobleman, and X.-M. Chen. 2013. Suppression
of SCARADS by Snaill is essential for EMT-associ-
ated cell migration of A549 cells. Oncogenesis.
2:€73. doi:10.1038/0oncsis.2013.37.

27) Zhang, K., W.R. Grither, S. Van Hove, H. Biswas,
S.M. Ponik, K.W. Eliceiri, P.J. Keely, and G.D.
Longmore. 2016. Mechanical signals regulate and
activate SNAIL1 protein to control the fibrogenic
response of cancer-associated fibroblasts. J. Cell
Sci., 129:1989-2002.

28) Chiba, T. Ishisaki, A. Kyakumoto, S. Shibata,
T., Yamada, H., and Kamo, M. : Transforming
growth factor-f1 suppresses bone morphogenetic
protein-2-induced mesenchymal-epithelial transi-
tion in HSC-4 human oral squamous cell carcino-
ma cells via Smadl/5/9 pathway suppression.
Oncol. Rep., 37: 713-720, 2017.

29) Martin-Belmonte, F., and Perez-Moreno, M. :
Epithelial cell polarity, stem cells and cancer. Nat.
Rev. Cancer., 12: 23-38, 2011.

30) Qin, Y., Capaldo, C., Gumbiner, B. M., and Maca-
ra, I. G. : The mammalian Scribble polarity pro-
tein regulates epithelial cell adhesion and migra-
tion through E-cadherin. J. Cell Biol,, 171:
1061-1071, 2005.

31) Navarro, C., Nola, S, Audebert, S, Santoni, M.-J.,
Arsanto, J-P., Ginestier, C., Marchetto, S., Jacque-
mier, J., Isnardon, D, Le Bivic, A., Birnbaum, D,
and Borg, J-P. : Junctional recruitment of mam-
malian Scribble relies on E-cadherin engagement.
Oncogene, 24:4330-4339, 2005.



