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Disclosure of a stem cell phenotype in an oral squamous
cell carcinoma cell line induced by BMP-4 via
an epithelial-mesenchymal transition
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Abstract. A small subset of cells within a malignant neoplasm,
named cancer stem cells (CSCs) or tumour initiating cells, are
thought to be capable of initiating the neoplasm itself, and of
driving its growth and recurrence after treatment. It is unclear
whether CSCs can be identified and experimentally induced
within oral squamous cell carcinoma (OSCC), although this
has been reported for a number of other tumour types. In this
study, we aimed to determine whether BMP-4 (bone morpho-
genetic protein-4) could induce epithelial-mesenchymal
transition (EMT) with acquisition of stem cell-like phenotypes
in a cell-culture model. Furthermore, the differential expression
of ABCG2, a putative CSC marker, was determined in human
normal oral mucosa and OSCC tissues at mRNA and protein
level. The results showed that after treatment with BMP-4,
most Tca8113 cells (a human tongue OSCC cell line) changed
their morphology from slabstone to spindle-shaped, and
demonstrated enhanced expression of ABCG2 compared with
non-treated cells. Expression of Oct-4 was induced in cell
nuclei with up-regulation of EMT markers (Snail, Slug and
vimentin), and down-regulation of E-cadherin. Interestingly,
the expression of hTERT, CD44 and Bmi-1 (generally accepted
as markers of CSCs) were up-regulated, but this was not
synchronous with the expression of EMT markers. Tumour
spheres were formed after stimulation with BMP-4, with high
expression of CD44 and ABCG2. In human tissues, ABCG2
was strongly expressed in OSCC, but not in normal mucosa.
This study suggests that BMP-4-mediated EMT constitutes
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one possible pathway for the development of CSCs in oral
cancer, implying a transient therapeutic opportunity if EMT
can be interrupted early in the evolution of such a neoplasm.

Introduction

Oral squamous cell carcinoma (OSCC) shares the natural
history and poor outcomes with other SCC of the upper aero-
digestive tract (1). Populations of cells with cancer stem cell
(CSC) properties have been described in cell lines from cancers
of the colon (2), lung (3) and pancreas (4). Two methods have
been described recently to isolate putative CSCs from OSCC
cell lines. One is to separate them into a side population (SP)
by flow cytometry, based on the high expression of the putative
stem cell marker ABCG2 (5,6); the other attempts to use
associated CSC markers, such as Bmi-1, CD44 and Oct-4, to
identify CSCs microscopically (7,8). Using sections of normal
human skin, ABCG2 was seldom detected on presumptive
epidermal stem cells (ESCs) located within the basal layer
and the SP of disaggregated epidermal cells lacked stem cell
features (9). It is therefore, important to reconsider whether
CSCs in OSCC originate from the transformation of the
healthy oral epithelial cells equivalent of ESCs or whether
they can be induced within the neoplasm once malignant
transformation has occurred.

Bone morphogenetic protein-4 (BMP-4) has broad functions
in regulating normal tissue patterning and neoplasia (10).
Overexpression of BMP-4 has been demonstrated in malignant
oral epithelium compared with normal oral mucosa and benign
lesions arising therefrom (11). Stromal fibroblasts cultured
from head/neck cancer tissues produce factors, including
BMP-4, which affect the functional properties of normal
keratinocytes in culture, including promotion of epithelial-
mesenchymal transition (EMT)-like alterations (12).

CSCs conceptually represent key targets for therapy.
However, CSCs are hard to eliminate because of their insen-
sitivity to chemotherapeutics and their ambiguous origin. In
this study, we hypothesized that the generation of CSCs in
OSCC was not restricted to the transformation of stem cells
within the affected, initially normal oral epithelium but could
be induced within the cancer cell population itself, via the
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process of EMT. This assumption was examined by studying
the effects of BMP-4 on an OSCC cell line, showing the
promotion of EMT, and that the affected cells disclosed CSC
properties including the development of cell spheres. ABCG2
was found to be highly expressed in primary oral cancer
lesions and in metastatic neck nodes, but not in normal tissue.

Materials and methods

Cell line and cell culture. The cell line Tca8113, derived from
a human squamous cell carcinoma of the tongue (13), was
purchased from China Center for Type Culture Collection and
maintained in RPMI-1640 medium supplemented with 10%
(v/v) FCS in 25-cm? flasks. When cells reached 50% confluence,
this medium was replaced with fresh medium containing
recombinant BMP-4 at 2 ng/ml (R&D Systems, MN, USA)
and cultures maintained for 1 and 2 weeks, respectively, while
untreated cells were set at 0 week as controls.

Patients, specimen collection and preparation. Following
approval by the University Ethics Committee and with
informed consent from the patients, fresh tissues were
collected from 7 patients who underwent resections of OSCC
at Guanghua School of Stomatology, Sun Yat-sen University.
Those samples included 2 cervical lymph nodes containing
metastatic tumour from one patient. Diagnoses were confirmed
from pathology reports: cases were staged according to the
International Union Against Cancer rules for Head/Neck
Cancer reporting (TNM classification, 1997) (14). Patients
undergoing preoperative chemo/radiation therapy were
excluded. Nine cases of oral mucosal tissues were harvested
as controls from patients undergoing removal of impacted
teeth. All specimens were collected immediately upon surgical
excision and frozen in liquid nitrogen for total RNA extraction.

Total RNA extraction. The stored patient samples described
above were thawed, ground and dissolved in TRIzol reagent
(Invitrogen, USA), whilst Tca8113 cell cultures were harvested,
before and after treatment with BMP-4, for total RNA
extraction. The RNA was reverse-transcribed to cDNA using
an iScript cDNA Synthesis kit (Bio-Rad, CA, USA) according
to the manufacturer's instructions.

Quantitative real-time PCR (qPCR) assay for ABCG2
expression. The mRNA levels of ABCG?2 in both the Tca8113
cell-model and the human samples were measured by qPCR
(iCycler 1Q5, Bio-Rad). The primer and probe sequences used
for amplification of the ABCG2 gene were: forward, 5'-GGG
TAA TCC CCA GGC CTC TA-3, reverse, 5-CCA GCT CTG
TTC TGG ATT CCA-3' and probe, 5'-FAM-AGC TCA GAT
CAT TGT CAC AGT CGT ACT-TAMRA-3'; for B-actin,
forward, 5'-GCA TGG GTC AGA AGG ATT CCT-3, reverse,
5'-TCG TCC CAG TTG GTG ACG AT-3', and probe, 5'-FAM-
CCT CAC CCT GAA GTA CCC CAT CGA GC-TAMRA-3.
Levels of the different mRNAs were subsequently normalized
against f-actin mRNA levels. All experiments were performed
at least in duplicate.

In order to validate the mRNA expression, we performed
immunohistochemisty of ABCG2 (1:20, Boster, China). Ten
additional archival paraffin-embedded specimens of normal
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mucosa and OSCCs each were used from the storage of the
Department of Oral Pathology.

Tumour sphere assay. After treatment with BMP-4, single
cells of Tca8113 were plated in ultralow attachment plates
(Corning, NY, USA) at a density of 20,000 viable cells/ml of
primary culture and 1,000 cells/ml in passages. Cells were
grown in serum-free epithelial growth medium supplemented
with B27 (Invitrogen) containing 20 ng/ml of epidermal growth
factor and basic fibroblast growth factor (BD Biosciences, MD,
USA). Tumour spheres were collected by gentle centrifugation
(800 rpm) after 6 days, resuspended in PBS and cytospun onto
slides for immunofluorescent double-staining of CD44 (1:100,
Cell Signaling Technology, CA, USA) and ABCG2 (1:100).

Immunocytochemistry. Following treatment with BMP-4,
Tca8113 cells in 96-well plates were fixed in 4% paraform-
aldehyde for 10 min and washed with PBS. Cell membranes
were permeablised with 0.2% Triton X-100/PBS for 10 min
prior to the performance of immunocytochemistry. Primary
anti-pan-cytokeratin antibody (1:100, Boster) and anti-
vimentin (1:100, Boster) were incubated with cells at 4°C
overnight, while immunofluorescence was used to trace the
subcellular location of Oct-4 (1:100, Santa Cruz, Biotechnology,
Santa Cruz, CA, USA). Non-immune serum of the same
species was used as a negative control.

In vitro wound healing assay. Tca8113 cells were seeded in
6-well culture dishes at 3x10° cells/well and incubated until
confluent. An artificial wound was incised with a pipette tip in
the central area of the confluent culture on the dish. Detached
cells were removed carefully with PBS. BMP-4 (5 ng/ml) and
serum-free medium were respectively added to each well for
48 h and cells which migrated into wound areas were observed
by inverted microscopy every 12 h up to 48 h.

Semi-quantitative reverse transcription-PCR (RT-PCR). The
cDNA products gained from Tca8113 cells were assessed by
conventional RT-PCR for the expression of both EMT- and
CSC-related genes: the former genes included, Snail, Slug and
E-cadherin; and the latter, hTERT, CD44 and Bmi-1. The
primers used have been previously reported (15-18). The PCR
products were resolved by electrophoresis on 2% agarose gels
and visualized by ethidium bromide staining. The bands of
EMT and CSC markers were normalized against the intensity of
the house-keeping gene [3-actin, and analysed by densitometry.

Western blots. Total protein was extracted using a standard
method. Briefly, 40 pg of protein of each sample was subjected
to SDS-PAGE on 10% gels. Bands were transferred to PVDF
membranes and blocked with 5% (w/v) non-fat dry milk in
Tris-buffered saline (TBS) for 2 h at room temperature.
Membranes were then incubated with each primary antibody
overnight at 4°C. Antibodies used were a-tubulin (1:3,000,
Abcam, USA), Slug (1:1,000, Cell Signaling Technology),
Snail (1:200, Santa Cruz Biotechnology), E-cadherin (1:1,000,
Invitrogen), hTERT (1:200, Boster), CD44 (1:500) and Bmi-1
(1:300, Cell Signaling Technology). Membranes were washed
twice and incubated with horseradish peroxidase-conjugated
secondary antibody for 2 h at room temperature. Subsequently,



ONCOLOGY REPORTS 26: 455-461, 2011

100 [ 1l 1 |

80

—

401

201

Relative mRNA levels of ABCG2

0wk 1wk 2 wks

457

B
a [
Owk 1wk 2wks Owk 1wk 2wks
Bini-] — Bmi-1
CDI4 [ [ s sy CDM
WTERT [ WTERT
Ecad [ g e - Ecad
Snail | — Snail
Sy ——— -
e — Slug
p-actin EENE—— -
= |, ubuin
b
250

f

Relative mRNA levels
—_— o b
= & 8 & 8

CD44 Bmi-1 hTERT Slug Snail E-cad

Figure 1. Enrichment of cancer stem cell properties in Tca8113 cells. (A) The mRNA of ABCG?2 is transiently expressed in Tca8113 cells by real-time PCR at
different time points after treatment of BMP-4. "Significantly different from the untreated and the treated for 2 weeks sample with P<0.05. (B) Expression of
arange of EMT (E-cadherin, Snail, Slug) and stem cell markers (Bmi-1, CD44, hTERT) is detected at the mRNA and protein level by RT-PCR (a) visualized
bands; (b) converted to quantitative values using densitometry and (c) Western blots. (C) Oct-4 translocation from the cytoplasm to the cell nuclei of Tca8113
cells. Bar, 50 ym. (D) Illustration of a typical tumour sphere. Immunofluorescent expression of CD44 (b) and ABCG?2 (c), with the specific DNA stain, DAPI

at (a), and a merged image in (d) (Bar, 25 ym).

the protein bands were detected by enhanced chemilumi-
nescence and visualised by VersaDoc MP Imaging Systems
(Bio-Rad).

Statistical analysis. Data from qPCR assays were analyzed by
one-way analysis of variance, using the Statistical Analysis
System 8.0. A P-value of <0.05 was taken to denote statistical
significance.

Results

Stem cell-like phenotypes are disclosed in BMP-4-treated
Tca8113 cells. We found that the mRNA expression for
ABCG?2 was increased dramatically in treated cells at week 1
compared with the non-treated cells, but declined at week 2
(Fig. 1A). The associated markers of EMT and of CSC were

all slightly up-regulated while E-cadherin was down-regulated
at teh mRNA level as determined using RT-PCR (Fig. 1Ba).
Western blot analysis showed the protein expression to be
consistent with the mRNA (Fig. 1Bc) and with a time-related
pattern similar to that of ABCG2, with the peak expression at
week 1. Specific changes were noted in Oct-4 expression, with
the product apparently moving from the cytoplasm to the
nucleus (Fig. 1C) in 2-dimensional culture. In the anchorage-
independent cultures, formation of tumour spheres was
observed, along with high expression of CD44 and ABCG2 by
immunofluorescence staining (Fig. 1D).

Snail family members are pivotal regulators of the EMT
process mediated by BMP-4. Snail and Slug were up-regulated
at both the mRNA and protein levels (Fig. 1B). The intensity
of Snail up-regulation was not as strong at the protein level as
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Figure 2. EMT characteristics in Tca8113 cells. (A) Cell morphology changes from slabstone (arrows) to spindle-shaped (arrows) following treatment with
BMP-4: week 0 (a), week 1 (b) and week 2 (c) (Bar, 50 gm). (B) Immunocytochemical staining demonstrates the expression of cytokeratin (a), but not vimentin
(b) in untreated Tca8113 cells; positive cytokeratin (c) and vimentin (d) staining in Tca8113 cells treated with BMP-4 for 2 weeks (Bar, 50 ym). (C) Wound
healing assay. Spindle-shaped cells (arrows) appear on the margin of the artificial wounds. The speed of healing was slightly faster in BMP-4 treated cells

than that in untreated cells (Bar, 150 pm).

at the mRNA level. The expression of Slug was equally clear
in both assays. Such observations may indicate that Slug was
the major regulator within the Snail family in Tca8113 cells.

BMP-4 mediates acquisition of mesenchymal characteristics
in Tca8113 cells. During cultivation with BMP-4, cancer cells
gradually changed their morphology from slabstone to
spindle-shaped, particularly at week 2 (Fig. 2A). Immuno-
cytochemistry demonstrated the presence of cytokeratin in
both treated and untreated cells, but vimentin was only
demonstrated in BMP-4 treated cells (Fig. 2B). Interestingly,
the wound healing assay demonstrated short-term EMT as
spindle-like cells appeared at the wound margin of both
BMP-treated and control groups. Cells treated with BMP-4
grew slightly faster than controls (Fig. 2C).

Expression of ABCG?2 varies with the nature of OSCC tissues.
To help understand the significance of the expression of ABCG2
in the in vitro cell-model, clinical samples were examined by
gPCR and by immunohistochemistry. Of the fresh cancer
specimens, five were T,NM, lesions, one T,N;M, and one a
T,N,M, lesion (Fig. 3A). ABCG2 mRNA was highly expressed
in all 9 primary lesions and in 2/2 metastatic lymph nodes
examined (Fig. 3B). No expression was detectable in the
normal tissues. ABCG2 was about 2-fold higher in the lower
deep cervical node than that in the upper deep cervical node
(data not shown). By immunohistochemistry, ABCG2 appeared
negative in the normal mucosa compared with the positive
controls (Fig. 4A and B). Interestingly, the staining gradually
increased from weak expression on the basement membrane
of epithelial pegs (Fig. 4C and D) to infiltrating cancer nests,
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Figure 3. The mRNA expression of ABCG2 in normal oral mucosa and
OSCCs using real-time PCR. (A) The locations of OSCC and TNM grade of
specimen. (B) Statistical analysis of ABCG2 mRNA expression in OSCC
tissues at stages T;NM,, T,N,M, and T,N,M,. There was no expression of
ABCG2 in normal oral mucosa (data not shown), while ABCG2 mRNA
increased dramatically from T,N,M, to T,N,M,. “Significant at P<0.01.

particularly in lymph nodes (Fig. 4E and F and Table I).
Furthermore, spindle-shaped cancer cells showed expression of
both cytokeratin and ABCG2 in metastatic deposits (Fig. 4G
and H), consistent with findings from our in vitro model.

Discussion

There is considerable interest in the formation and behavior of
putative CSCs driving tumour proliferation and recurrence.
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However, the origin of CSCs is still unclear; some studies
indicate that their origin is from the stem cells of adult self-
renewing tissues, including blood, secretory organs and stratified
squamous epithelia (19,20). On the other hand, Weinberg's
group has demonstrated that CSCs can be enriched within an
existing malignancy, by ‘dedifferentiation’ of mature tumor
cells through an EMT pathway (21). Current cancer chemo-
prophylaxis focuses on the former strategy: prevention of the
malignant transformation of adult stem cells to CSCs, but this
generally fails. Since CSCs may be temporarily ‘stored’ in a
state of quiescence or kept in the cell cycle at G/G, phase, this
type of cell is able to escape the effects of chemopreventative
or chemotherapeutic agents. This forces us to explore other
potential therapeutic windows by increasing our understanding
of the processes of dedifferentiation within a population of
cells comprising an existing malignant neoplasm.

Using an in vitro cell-model, Tca8113 tongue cancer cells
were treated with BMP-4 to determine whether EMT was
involved in CSC formation. As expected, we found that
cytokeratin expression remained, with decreased expression
of E-cadherin, while vimentin appeared, indicating the
induction of EMT. According to the literature, EMT is a
transient process during tumour initiation and early growth:
this is followed by mesenchymal-epithelial transition (MET),
the next half circle of tumour growth (22). Significantly, in our
wound healing assay, cells in the control group also underwent
EMT, perhaps indicating that EMT is a normal physiological
process during tissue development, remodeling and repair
(23). Indeed 3 subtypes of EMT have been described (24);
Type 1 EMT, which occurs during embryogenesis and organ
development; Type 2 EMT, which is biophysically associated
with tissue regeneration and organ fibrosis; Type 3 EMT,
which is associated with invasion by neoplastic cells, and
ultimately metastasis. Whilst the cells in our wound healing
assay might be considered to be behaving like the Type 2
cells, given that they are an immortalized line derived from a
human tongue cancer, and that EMT is readily enhanced by
BMP-4, it is reasonable to assume they represent Type 3.

In the study of EMT pathways, the Snail family of zinc-
finger transcription factors is generally regarded as a key player.
Members of this family act upstream of E-cadherin in the
control of cell adhesion and migration (25), and it is known
that the TGF-f3 superfamily (including BMP-4) affects Snail
expression (26). Thus, in our experiments, we suggest that
there is a signaling pathway whereby BMP-4 controls EMT via

Table I. The semi-quantitative analysis of immunohistochemical expression of ABCG?2 in paraffin tissue sections of normal oral

mucosa and OSCCs.

Tissues Cytokeratin ABCG2
Normal oral mucosal epithelium +++ -/+
Primary lesions (adjacent normal epithelial peg) +++ +
Primary lesions (epithelial cancer nests) ++++ ++
Metastasis sites (lymph node) ++++ 4+

The expression of cytokeratin in the normal oral mucosa was set as being +++. For ABCG2, +, positive expression; -/+, either negative or very

weak staining.
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Figure 4. Representative samples of the expression of ABCG2 at the protein level in normal oral mucosa and OSCCs using immunohistochemistry (Bar, 100 gzm).
Cytokeratin is used as a positive control in the left panels (A, C, E and G) and ABCG2 is shown in the right panels (B, D, F and H). (A and B) normal oral
mucosa; (C and D) proliferative epithelial pegs in the adjacent normal epithelium, (E and F) invasive cancer cells of a primary OSCC; (G and H) metastatic
deposits. The inset of (B) shows the absence of ABCG2 expression in the normal epithelium, but distinct expression in invading keratinocytes are observed in
(D) and (F) (Bar, 25 ym). The insets of (G) and (H) (Bar, 50 zm) show spindle-shaped cells (arrows) strongly positive for cytokeratin and ABCG2, respectively,

in lymphatic deposits.

Snail family activity. In addition, in our studies, the expression
levels of hTERT, CD44 and Bmi-1 were also increased. Impor-
tantly, the formation of tumour spheres and the translocation
of Oct-4 from the cytoplasm to the nucleus, implies that the
ability for self-renewal was enhanced in our Tca8113 cells, as
also shown by Okamoto et al (7).

More importantly, the peak of ABCG2 mRNA expression
in treated-Tca8113 cells was at week 1, declining unexpectedly
at 2 weeks. Currently there is controversy regarding the role
of ABCG2 in the process of EMT. Some studies have demon-
strated an increase in ABCG2 associated with EMT (27),
while others, using ABCG2 to define a side population in

studies of a breast cancer cell line in vitro have shown that the
SP was depleted when provoked by TGF-f1 (28). In our study,
not only was there fluctuation in ABCG2, but also the expression
of CD44, hTERT and Bmi-1 tended to rise and fall as the
culture time increased. It appears that the development of
markers of EMT and of stemness may not be synchronous.
Although both phenomena might be necessary for cells to
acquire enhanced motility and the ability for self-renewal,
fundamental prerequisites for colonisation of secondary sites
(29), we suggest that the disclosure of stemness takes place at
the early stage of EMT, while cell metastasis occurs at later
stages of EMT. This is supported by the findings of ABCG2
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immunohistochemistry in the present study: ABCG2 was
highly expressed in nests of invading malignant keratinocytes
of primary lesions ahead of the appearance of spindle-shaped
cells in metastatic sites. This implies a transient opportunity
for elimination of CSCs before the migration of malignant
cells to secondary sites.

In summary, our results indicate that the stemness of OSCC
cells can be disclosed via an EMT pathway in the presence of
BMP-4 stimulation. This suggests that the origin of CSCs is
multiple and not restricted to transformation of adult stem
cells, implying a transient therapeutic opportunity if the process
of EMT can be interrupted.
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