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Abstract: The stiffness of extracellular matrix (ECM) has been associated with tumor growth, phenotypic plasticity,
and invasion through modulation of the intracellular signaling pathway. However, the effect of ECM stiffness on oral
cancer stem cells (CSCs) has not been fully elucidated. Therefore, we preliminarily investigated changes in pheno-
type and gene expression in CD44 positive-oral squamous cell carcinoma (OSCC) cells (i.e., CD44"e" OM-1 cells)
that were cultured on laminin-coated hydrogel with various degrees of stiffness. Mesenchymal-like morphology was
observed when cells were cultured on 4.0 kPa laminin-coated hydrogel; amoeboid-like morphology was observed
when cells were cultured on 1.0 kPa and 0.5 kPa laminin-coated hydrogel. These results indicated that CD44"en
OM-1 cells underwent mesenchymal to amoeboid transition (MAT) when cultured on laminin-coated softer hydrogel.
E-cadherin and ESA mRNA expression levels were significantly reduced in CD44"e" OM-1 cells cultured on 0.5 and
1.0 kPa laminin-coated hydrogel, compared with their levels in control cells cultured in laminin-coated dishes. Sig-
nificant changes in CD44 mRNA expression were not found in CD44"e" OM-1 cells that were cultured on different
stiff hydrogels, compared with expression in control cells. Microarray analysis revealed that expression of cofilin, an
intracellular actin-modulating protein, was increased by 8.19-fold in amoeboid-like CD44"e" OM-1 cells, compared
with mesenchymal-like CD44"e" OM-1 cells; this suggested that cofilin was associated with MAT in CD44"e" 0SCC
cells. Further studies are needed to clarify the relationship between cofilin and invasion ability in CD44"e" amoeboid-
like OSCC cells.
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Introduction (5-FU)-induced apoptosis, in addition to high
dihydropyrimidine dehydrogenase expression
[3]. In addition, we previously reported that
CD44Mhen OSCC cells with mesenchymal charac-
teristics showed CSC properties that were

mediated in a GSK3B-dependent manner [6, 7].

CD44 positive-oral squamous cell carcinoma
(OSCC) cells reportedly demonstrate character-
istics of cancer stem cells (CSCs), such as self-
renewal ability and high tumor-initiating capac-

ity [1]. Importantly, CD44"e" OSCC cells have
been shown to exhibit phenotypic plasticity,
such as mesenchymal to epithelial transition
(EMT) [2]. We previously reported that CD44"en/
ESA°" OSCC cells are involved in resistance
to chemotherapy-induced apoptosis, which
may cause cancer recurrence [3-5]. CD44"er/
ESA™ cells with mesenchymal properties
exhibited strong resistance to 5-fluorouracil

Therefore, we suspected that surviving mesen-
chymal-like CSCs after chemotherapy may
be involved in recurrence by activation of
GSK3p, resulting in worse outcomes for OSCC
patients.

In the cancer microenvironment, cancer cells
are surrounded by stromal cells, such as fibro-
blasts, immune cells, vascular cells, and extra-
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cellular matrix (ECM). In addition, cancer cells
are exposed to various types of mechanical
stresses, such as cell-cell and cell-ECM stress,
compression stress, and shear stress [8]. Cell
surface receptors in the integrin family play
important roles in mediating interactions
between cells and ECM [9]. Mechanical stress
in the tumor matrix can be sensed by integrin
receptors, resulting in mechanical force trans-
mission and biochemical signal transduction
across the cell membrane [10, 11]. Therefore,
ECM stiffness is associated with tumor growth,
phenotypic plasticity, and invasion by modula-
tion of the intracellular signaling pathway [11-
14], and may be associated with altered bio-
logic features (e.g., changes in gene expression,
cell signaling pathways, and morphologic fea-
tures) in CSCs. However, the effect of ECM stiff-
ness on CSC properties in oral cavity cancers
has not been fully elucidated. Therefore, we
preliminarily investigated changes in pheno-
type and gene expression in CD44"e" OM-1
cells that were cultured on hydrogel with vari-
ous degrees of stiffness.

Materials and methods

Cell culture and fluorescence-activated cell
sorting

The human OSCC cell line, OM-1, was cultur-
ed in Dulbecco’s modified Eagle’'s medium
(DMEM) with glucose, L-glutamine, sodium
pyruvate, and sodium bicarbonate (Merck
KGaA, Darmstadt, Germany) supplemented
with 1% penicillin/streptomycin (Thermo Fisher
Scientific, Waltham, MA, USA) and 10% heat-
inactivated fetal bovine serum under 5% CO,
in air at 37°C. Cells were released into
suspension using Accutase (Nakalai Tesque,
Kyoto, Japan), and were stained using anti-
CD44PE-conjugated antibody (BD Pharmingen,
San Diego, CA, USA). 7-AAD was used to ex-
clude dead cells. Samples were assayed us-
ing a Becton Dickenson FACSCalibur™ (BD
Pharmingen) and CD44"e" OM-1 cells were sort-
ed using Becton Dickenson FACSAria equip-
ment, in accordance with the method used
in our previous experiment [6].

Softwell assay

To investigate the effects of matrix stiffness on
CD44"er OM-1 cells, 12-well Matrigen Softwell®
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plates (Matrigen Life Technologies, Brea, CA,
USA) with eight levels of stiffness (50 kPa, 25
kPa, 12 kPa, 8.0 kPa, 4.0 kPa, 2.0 kPa, 1.0
kPa, and 0.5 kPa) were used in this study. Two
micrograms of laminin-5 (Repro CELL, Beltsville,
MD, USA) per well were used as extracellular
matrix protein, because laminin-5 is thought to
play a vital role in tumor growth and migration
[15]. After preparation of laminin-coated hydro-
gel for 3 h at room temperature, cells were
seeded at 1.0 x 10* cells per well.

RT-PCR analysis

RNA was extracted using an RNAeasy Micro kit
(Qiagen, Hilden, Germany) and 1 ug of total
RNA was subjected to cDNA synthesis using a
High Efficient Reverse Transcription Kit (Toyobo
Life Science, Osaka, Japan). Semi-quantitative
RT-PCR was performed with 10X PCR buffer,
dNTPs, Taq DNA polymerase (Toyobo Life
Science), and primers. Amplifications were
performed with 30 cycles of denaturing at 95°C
for 30 seconds, then annealing at 57°C for 30
seconds and extension at 72°C for 60 seconds.
PCR products were separated by electrophore-
sis on 2% agarose gels and visualized by stain-
ing with ethidium bromide. The primer sequenc-
es were as follows. Vimentin: 5’-CCCTCACCTG-
TGAAGTGGAT-3’ (sense), 5'-GACGAGCCATTTCC-
TCCTTC-3’ (antisense); E-cadherin: 5’-GAACGC-
ATTGCCACATACAC-3’ (sense), 5-AGCACCTTCC-
ATGACAGACC-3’ (antisense); ESA: 5-CAATGC-
AGGGTCTAAAAGCTG-3’ (sense), 5-CACCCATCT-
CCTTTATCTCAGC-3’ (antisense); CD44: 5'-TCCA-
ACACCTCCCAGTATGACA-3’ (sense), 5-GGCAGG-
TCTGTGACTGATGTACA-3’ (antisense) and G3-
PDH: 5’-GTGAACCATGAGAAGTATGACAAC-3’ (se-
nse), 5-ATGAGTCCTTCCACGATACC-3’ (antise-
nse). Kodak Digital Science 1D Software
(Eastman Kodak, Rochester, NY, USA) was used
for densitometric scanning of the PCR bands.
MRNA expression levels of vimentin, E-cadherin,
ESA, and CD44 were normalized to the internal
control (G3PDH) signals by calculating the ratio
of the band densities of vimentin, E-cadherin,
ESA, and CD44 to the control signal in each
sample.

Immunofluorescence

Cells were fixed with 4% paraformaldehyde in
phosphate-buffered saline (PBS) for 20 min-
utes, then permeabilized using 0.2% Triton-X in

Int J Clin Exp Pathol 2019;12(8):2826-2836



Amoeboid-like CD44"e" OSCC cells

CD44hish OM-1

Figure 1. Immunofluorescence localization of F-
actin and vimentin in CD44"e" OM-1 cells. Fluores-
cence immunostaining of F-actin (red) and vimentin
(green), as well as nuclear stain with 4’,6-diamidino-
2-phenylindole (DAPI) (blue). F-actin and vimentin
expression were found in the cytoplasm in CD44"en
OM-1 cells.

PBS for 5 minutes. Next, they were incubated
with an anti-vimentin mouse monoclonal anti-
body (MONOSAN, Uden, Netherlands) (diluted
1:100) in PBS with 1% bovine serum albumin
at 4°C. Binding of the anti-vimentin mouse
monoclonal antibody was revealed by incuba-
tion with Alexa Fluor® 488 goat anti-mouse
antibody (1:1000) for 60 minutes at room tem-
perature. Alexa Fluor 568 phalloidin (Thermo
Fisher Scientific) (diluted 1:500) was used to
stain F-actin. Slides were rinsed in PBS, then
mounted in Dapi-Fluoromount-G (Southern
Biotech, Birmingham, AL, USA) and examined
using a Fluorescence Microscope (BIOREVO
BZ-9000 series; KEYENCE, Kyoto, Japan).

Microarray analysis

Briefly, total RNA was reverse-transcribed to
synthesize cRNA using the GeneChip® WT PLUS
Reagent Kit (Thermo Fisher Scientific). After
synthesizing cDNA from cRNA, the sense-
stranded DNA was fragmented and biotinylat-
ed. Single-Strand cDNA was hybridized on a
Clariom S Human MicroArray (Thermo Fisher
Scientific) at 45°C for 16 h using a GeneChip
Hybridization Oven 640 (Thermo Fisher
Scientific). After hybridization, the arrays were
washed and stained by a GeneChip™
Expression, Wash and Stain Kit (Thermo Fisher
Scientific). Finally, data were collected using
the GeneChip™ Scanner 3000 7G (Thermo
Fisher Scientific). Data were analyzed with
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Expression Console Software version 1.4
(Thermo Fisher Scientific) and the Signal Spa-
ce Transformation-Robust Multi-array Average
was used for gene level analysis. Data analyses
were performed using Expression Console™
Software 1.4.1 (Thermo Fisher Scientific). To
classify the functional roles of differentially
expressed genes, Gene Ontology analysis was
performed using the Database for Annotation,
Visualization, and Integrated Discovery v6.8
[16].

Statistical methods

Statistical analysis of in vitro experiments was
performed using Dunnett tests to compare the
control group with the other groups. P values
less than 0.05 were considered significant.

Results
Morphological change in CD44"e" OM-1 cells

CD44"en OM-1 cells exhibited an epithelial-like
phenotype when they were cultured on plastic
dishes (Figure 1). To investigate the effect of
stiffness mimicking that of biological tissues on
morphological changes in cancer stem-like
cells, CD44"e" OM-1 cells were cultured on lam-
inin-coated hydrogel with various degrees of
stiffness. CD44"e" OM-1 cells cultured on 50
kPa laminin-coated hydrogel exhibited epitheli-
al-like phenotypes (Figure 2A). Nearly all
CD44"en OM-1 cells became elongated cells
when cultured on 12 kPa laminin-coated hydro-
gel (Figure 2B); they exhibited loss of cell-cell
adhesion when cultured on 8.0 kPa laminin-
coated hydrogel (Figure 2C). Mesenchymal-like
cells were observed when cells were cultured
on 4.0 kPa laminin-coated hydrogel (Figure 2D).
Importantly, amoeboid-like cells were observed
when cells were cultured on 1.0 and 0.5 kPa
laminin-coated hydrogel (Figure 2E and 2F).
Amoeboid-like CD44"e" OM-1 cells exhibited
cellular blebs (i.e., spherical cellular protru-
sions) (Figure 2E). Vimentin expression was not
observed when cells were cultured on 1.0 and
0.5 kPa laminin-coated hydrogel (Figure 2E and
2F).

E-cadherin, ESA, vimentin, and CD44 mRNA
expression level in CD44"¢" OM-1 cells

Next, we examined mRNA expression levels of
epithelial markers (E-cadherin and ESA), a mes-
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CD44"igh OM-1
12 kPa

8.0 kPa

1.0 kPa 0.5 kPa

Laminin-coated hydrogel

Figure 2. Immunofluorescence localization of F-actin and vimentin in CD44"&" OM-1 cells cultured on laminin-coated
hydrogel with various degrees of stiffness. Fluorescence immunostaining of F-actin (red) and vimentin (green), as
well as nuclear stain with 4’,6-diamidino-2-phenylindole (DAPI) (blue). A. CD44"e" OM-1 cells were cultured on 50
kPa laminin-coated hydrogel. B. CD44"g" OM-1 cells were cultured on 12 kPa laminin-coated hydrogel. C. CD44"in
OM-1 cells were cultured on 8.0 kPa laminin-coated hydrogel. D. CD44"e" OM-1 cells were cultured on 4.0 kPa
laminin-coated hydrogel. Mesenchymal-like cells were observed. E. CD44"e" OM-1 cells were cultured on 1.0 kPa
laminin-coated hydrogel. Amoeboid-like cells exhibited cellular blebs (arrow). F. CD44"e" OM-1 cells were cultured
on 0.5 kPa laminin-coated hydrogel.

Laminin-coated hydrogel kPa laminin-coated  hydrogel,
compared with CD44"e" OM-1
cells cultured on laminin-coat-
ed plastic dishes (control cells)

Laminin (-)
Laminin (+)
0.5 kPa
1.0 kPa
2.0 kPa
4.0 kPa
8.0 kPa
12 kPa
25 kPa
50 kPa

E-cadnerin [l (Figure 4A and 4B). Vimentin
ESA m MRNA expression levels were
- significantly reduced in CD44"e"

vimentin el | RT-FPCR OM-1 cells cultured on 1.0 and
CD44 m 0.5 kPa laminin-coated hydrogel,

compared with control cells (Fig-
SoEon m ure 4C). Conversely, vimentin

MRNA expression was significan-
Figure 3. mRNA expression levels of E-cadherin, ESA, vimentin, and tly increased in CD44"e" OM-1
CD44, as determined by RT-PCR. mRNA expression levels of E-cadherin, cells cultured on 8.0, 12, 25,
ESA, vimentin, and CD44 were examined by RT-PCR in CD44"¢" OM-1 and 50 kPa laminin-coated hydro-

cells cultured on laminin-coated hydrogel with various degrees of stiff- .
ydrog g gel, compared with control cells

ness: (Figure 4C). A significant change

in CD44 mRNA expression was
enchymal marker (vimentin) and CD44 by not observed in CD44"e" OM-1 cells cultur-
RT-PCR (Figure 3). E-cadherin and ESA mRNA ed on hydrogels with various degrees of
expression levels were significantly reduced in stiffness, compared with control cells (Figure
CD44"er OM-1 cells cultured on 0.5 and 1.0 4D).
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Figure 4. Relative mRNA expression levels of E-cadherin, ESA, vimentin, and CD44. The band density ratios of E-
cadherin, ESA, vimentin, and CD44 to the control signal were calculated in each sample. (A) E-cadherin, (B) ESA,
(C) vimentin, and (D) CD44. (Statistical significance levels of P < 0.01 and P < 0.001 are indicated by ** and ***,
respectively).

Table 1. Summary of upregulated genes (> 5.0-fold increase) in amoeboid-like CD44"e" cells

Gene symbol Description Fold change
C160rf52 chromosome 16 open reading frame 52 25.48
FOS FBJ murine osteosarcoma viral oncogene homolog 11.00
DHRS9 dehydrogenase/reductase (SDR family) member 9 9.00
CFL1 cofilin 1 8.19
GABRE: MIR224: MIR452 gamma-aminobutyric acid (GABA) A receptor, epsilon: microRNA 224: microRNA 452 8.13
SYTL2 synaptotagmin-like 2 7.24
BHLHE41 basic helix-loop-helix family, member e41 7.02
S100A7 S100 ¢ 6.74
CCL22 chemokine (C-C motif) ligand 22 6.47
TRIM31 tripartite motif containing 31 6.36
RFX3 Memczak2013 ALT_ACCEPTOR, ALT_DONOR, coding, INTERNAL, intronic best transcript NM_002919 6.29
KRT13 keratin 13, type | 6.09
CFB complement factor B 5.86
PSCA prostate stem cell antigen 5.70
RDH10 retinol dehydrogenase 10 (all-trans) 5.68
NAPEPLD N-acyl phosphatidylethanolamine phospholipase D 5.68
S100A7A S100 calcium binding protein A7A 5.65
PLEKHH1 pleckstrin homology domain containing, family H (with MyTH4 domain) member 1 5.24
AHCYL2 adenosylhomocysteinase-like 2 5.20
TNFAIP2 tumor necrosis factor, alpha-induced protein 2 5.09
TMPRSS4 transmembrane protease, serine 4 5.01
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Table 2. Summary of downregulated genes (< 0.2-fold decrease) in amoeboid-like CD44"e" cells

Gene symbol Description Fold
change
CTGF connective tissue growth factor 0.092
SERPINB2 serpin peptidase inhibitor, clade B (ovalbumin), member 2 0.096
TNF tumor necrosis factor 0.100
THBS1 thrombospondin 1 0.114
SPOCK1 sparc/osteonectin, cwcv and kazal-like domains proteoglycan (testican) 1 0.115
IL6 interleukin 6 0.120
DEFB103A defensin, beta 103A 0.121
SPRR1A small proline-rich protein 1A 0.127
MSN moesin 0.129
GAL galanin/GMAP prepropeptide 0.134
CTSV cathepsin V 0.140
DEFB103A: DEFB103B defensin, beta 103A: defensin, beta 103B 0.149
FAM25A family with sequence similarity 25, member A 0.154
MRPL55 mitochondrial ribosomal protein L55 0.164
SRGN serglycin 0.170
COMMD4 COMM domain containing 4 0.173
ALKBH7 alkB homolog 7 0.174
TIMM8A translocase of inner mitochondrial membrane 8 homolog A 0.179
NUAK2 NUAK family, SNF1-like kinase, 2 0.179
TIMM10 translocase of inner mitochondrial membrane 10 homolog 0.183
TMEM141 transmembrane protein 141 0.187
SPRR3 small proline-rich protein 3 0.189
TUBA4A tubulin, alpha 4a 0.190
NDUFS7 NADH dehydrogenase (ubiquinone) Fe-S protein 7 0.190

CCDCS80: LINC01279  coiled-coil domain containing 80 : long intergenic non-protein coding RNA 1279 0.191

TMEM109 transmembrane protein 109 0.196
WLS wntless Wnt ligand secretion mediator 0.197
TRHDE thyrotropin-releasing hormone degrading enzyme 0.198
CXCL10 chemokine (C-X-C motif) ligand 10 0.198
EMG1 EMG1 N1-specific pseudouridine methyltransferase 0.198

Microarray analysis of amoeboid-like CD44"s
cells and mesenchymal-like CD44"¢" cells

To clarify differences in gene expression pat-
terns between mesenchymal-like CD44"¢" cells
and amoeboid-like CD44"e" cells, we compared
gene expression between CD44"e" OM-1 cells
cultured on 0.5 kPa laminin-coated hydrogel
(i.e., amoeboid-like CD44"e" cells) and those
cultured on 4.0 kPa laminin-coated hydrogel
(i.e., mesenchymal-like CD44"e" cells). A total
of 1874 genes were differentially expressed in
amoeboid-like CD44"e" cells, compared with
those expressed in mesenchymal-like CD44"en
cells. Of these genes, 847 genes were upregu-
lated (> 2-fold increase), while 1027 genes
were downregulated (< 0.5-fold decrease). The
upregulated (> 5-fold increase) and downregu-
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lated (< 0.2-fold decrease) genes are summa-
rized in Tables 1 and 2. The chromosome 16
open reading frame 52 gene showed > 25.0-
fold increased expression in amoeboid-like
CD44"en cells, compared with its expression in
mesenchymal-like CD44"¢" cells. In addition,
cofilin, an intracellular actin-modulating pro-
tein, showed an 8.19-fold increase in CD44Men
amoeboid-like cells, compared with its expres-
sion in mesenchymal-like CD44"e" cells. In
contrast, connective tissue growth factor and
serpin peptidase inhibitor, clade B, member 2
showed > 10-fold decreased expression in
amoeboid-like CD44"e" cells compared with
mesenchymal-like CD44"e" cells.

Gene ontology analysis of microarray data was
performed to identify functional annotations

Int J Clin Exp Pathol 2019;12(8):2826-2836
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Figure 5. Gene Ontology enrichment analysis, focused on biologic processes. A. Enriched Gene Ontology terms
among upregulated (> 2-fold increase) genes in amoeboid-like CD44"e" cells, compared with mesenchymal-like
CD44"e" cells. B. Enriched Gene Ontology terms among downregulated (< 0.5-fold decrease) genes in amoeboid-like
CD44"en cells, compared with mesenchymal-like CD44"e" cells.

(e.g., biologic processes, molecular functions,
and cellular components) of > 2-fold upregulat-
ed or < 0.5-fold downregulated genes in amoe-
boid-like CD44"e" cells, compared with mesen-
chymal-like CD44"e" cells. With respect to
biological processes, multiple GO terms (e.g.,
signal transduction, biosynthetic process, ana-
tomical structure development, cellular nitro-
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gen compound metabolic process, cellular pro-
tein modification process, response to stress,
and cell differentiation) were found to include
both up- and downregulated genes (Figure 5).
With respect to cellular components, the most
abundant GO terms upregulated genes and
downregulated genes were protein-containing
complex and cytoplasm, respectively (Figure

Int J Clin Exp Pathol 2019;12(8):2826-2836
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Figure 6. Gene Ontology enrichment analysis, focused on cellular components. A. Enriched Gene Ontology terms
among upregulated (> 2-fold increase) genes in amoeboid-like CD44"¢" cells, compared with mesenchymal-like CD-
44nen cells. B. Enriched Gene Ontology terms among downregulated (< 0.5-fold decrease) genes in amoeboid-like
CD44"ecells, compared with mesenchymal-like CD44"e" cells.

6). With respect to molecular function, the
most abundant GO term was ion binding in
both upregulated and downregulated genes
(Figure 7).

Discussion

Mesenchymal-like cancer cells can migrate
through the surrounding tissue and ECM. Thus,
it is likely that such plasticity with respect
to cell motility is associated with tumor inva-
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sion and metastasis [17]. EMT is required for
CSCs to undergo metastasis followed by mes-
enchymal-to-epithelial transition (MET) and to
produce new tumor at sites of metastasis [2].
Thus, phenotypic plasticity is thought to be
an important feature for CSCs. However, it
has not been fully elucidated whether mesen-
chymal-like CD44"e" OSCC cells can undergo
further additional phenotypic change except
for MET. Mesenchymal-like cells undergo mes-
enchymal to amoeboid transition (MAT) when

Int J Clin Exp Pathol 2019;12(8):2826-2836
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Figure 7. Gene Ontology enrichment analysis, focused on molecular functions. A. Enriched Gene Ontology terms
among upregulated (> 2-fold increase) genes in amoeboid-like CD44"e" cells, compared with mesenchymal-like
CD44"e cells. B. Enriched Gene Ontology terms among downregulated (< 0.5-fold decrease) genes in amoeboid-like
CD44"e cells, compared with mesenchymal-like CD44"e" cells.

cells lose cell-ECM adhesion and increase acto-
myosin contractility [13]. Migrating mesenchy-
mal-like cancer cells can alter cell motility,
undergoing both MAT and amoeboid to mesen-
chymal transition [17]. In the present pilot
study, CD44"e" OM-1 cells underwent EMT
followed by MAT when they were cultured
on softer hydrogel. Importantly, CD44 expres-
sion did not change after undergoing MAT in
CD44"er OM-1 cells, indicating that CSC prop-
erty may be maintained in CD44"&" OSCC cells
after undergoing MAT. CD44"e" OM-1 cells with
CSC characteristics appear to have the ability
to modify cell motility in response to ECM
stiffness.
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Amoeboid-like cells exhibited cellular blebs,
which comprise dynamic protrusions that origi-
nate from the plasma membrane [18]. Rac,
Rho, and Cdc42 are Ras-related GTP-binding
proteins that regulate the assembly and organi-
zation of the actin cytoskeleton [19]. The Rho/
ROCK signaling pathway plays a key role in reg-
ulation of actomyosin contractility in amoeboid-
like cancer cells [20]; amoeboid-like cells can
move through gaps in the ECM without causing
ECM degradation or ECM-cell attachment [21].
Conversely, the occurrence of EMT is depen-
dent on ECM degradation and remodeling [21].
Thus, MAT may be involved in cancer cell inva-
sion, as well as EMT in OSCC.

Int J Clin Exp Pathol 2019;12(8):2826-2836
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Vimentin is known as the major intermediate
filament and an important canonical marker of
EMT [22]. Vimentin is extensively involved in
the regulation of signal transduction, as well as
maintenance of cellular structural integrity
[23]. In addition, vimentin is reportedly involved
in the regulation of differentiation markers,
such as involucrin, filaggrin, and loricrin, in oral
cancers [24]. Thus, vimentin may be vital for
the maintenance of CSC properties through
regulation of cell signaling pathways in OSCC
cells [6]. In the present study, vimentin mRNA
expression levels showed greater enhance-
ment in epithelial-like CD44"e" cells, compared
with levels in mesenchymal-like CD44"e" cells.
Further experiments are needed to clarify the
effect of matrix stiffness and type of ECM (e.g.,
collagen, laminin, or fibronectin) on the regula-
tion of vimentin expression.

The results of microarray analysis suggest-
ed that signal transduction, biosynthetic pro-
cesses, anatomical structure development,
and cellular nitrogen compound metabolic
process-associated genes may be associated
with MAT in CD44"e" OSCC cells. Importantly,
cofilin, an intracellular actin-modulating pro-
tein, was highly expressed in amoeboid-like
CD44"er cells. Cofilin has been identified as an
effector of TGF-B signaling in human prostate
cancer cells and is essential for growth and
homeostasis of protrusions in amoeboid meta-
static tumor cells [25, 26]. In addition, cofilin
reportedly contributes to OSCC invasive ca-
pacity [27]. Collectively, these results highlight
an important role for cofilin in the invasion and
metastatic abilities of amoeboid-like cancer
cells.

In summary, CD44"e" OM-1 cells underwent
MAT when cultured on laminin-coated softer hy-
drogel. Our observations suggest that pheno-
typic plasticity is a key characteristic of OSCC
CSCs. Additionally, cofilin may play an impor-
tant role in MAT in CD44"e"QSCC cells. Further
studies are needed to clarify the relationship
between cofilin and invasion ability in amoe-
boid-like CD44"e" OSCC cells.
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