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ABSTRACT

Oral squamous cell carcinoma (OSCC) is a major prevalent malignancy throughout the world, and its mortality rate is approximately 50%.1–3 Despite advances in
conventional treatments including surgery, radiotherapy
and chemotherapy, the survival rate for OSCC has not
improved significantly over the past few decades.4 High
mortality seems to be induced by the emergence of therapy-resistant local recurrences and the development of
distant metastases.5, 6 Thus, more effective therapeutic
strategy is urgently required for improving the clinical
outcome of OSCC.
Recent data have demonstrated that multiple cancers, including OSCC, contain a small subpopulation of
cells that have stem cell-like properties, so-called cancer
stem cells (CSCs).7–9 CSCs have the unique features of
self-renewal and asymmetrical division, and show resistance to radio- and chemotherapy.10, 11 CSCs in OSCC
were first isolated using cell surface marker CD44.5 The
existence of CSCs may explain the high rate of recurrences after conventional therapies. Therefore, targeting
of CSCs is considered to provide a new strategy to improve therapeutic effects on many cancers.
Wnt/beta-catenin signal is one of the crucial signaling pathways for self-renewal and differentiation of
CSCs.12, 13 Expression levels of stem cell related genes,
including CD44, are regulated by this pathway. We
have previously shown that Wnt/beta-catenin signal is
suppressed during the hepatic differentiation process of
human mesenchymal stem cells (MSCs),14, 15 and recently developed small molecule compounds, derivatives
of Wnt/beta-catenin signal inhibitors, that efficiently

Background

Oral squamous cell carcinoma is a prevalent and frequently lethal malignancy worldwide. Existence of treatment-resistant cancer stem cells is considered to be associated with tumor formation, recurrence
and metastasis. Wnt/beta-catenin signal is one of the
crucial signaling pathways for cancer stem cells. Wnt/
beta-catenin signal inhibitor may reduce the population
of cancer stem cells and improve therapeutic effects on
the cancers.
Methods The effects of three derivatives of Wnt/
beta-catenin signal inhibitors, HC-1, IC-2 and PN3-13,
which we recently developed, on oral squamous cell carcinoma cell line HSC2, were examined by luciferase reporter assay, WST assay, cell sorting assay and apoptosis
assay.
Results The reporter assay showed that these small
molecule compounds reduced Wnt/beta-catenin transcriptional activity in HSC2 cells. Of these compounds,
IC-2 and PN3-13 inhibited cell viability in a dose-dependent manner, whereas HC-1 did not at even higher
concentrations. Notably, however, the cell-sorting assay
revealed that HC-1 significantly reduces the CD44-positive population of oral squamous cell carcinoma cells,
compared to other compounds without affecting cell
viability. In addition, HC-1 increases the cytotoxicity of
HSC2 cells to 5-fluorouracil. The combination treatment
of HC-1 with 5-fluorouracil significantly increased the
apoptotic cells whereas treatment by either compound
did not.
Conclusion These data suggest that HC-1 is an effective compound to target cancer stem cells, and the
combination treatment of HC-1 and 5-fluorouracil can
stimulate the tumor suppressive effect on oral squamous
cell carcinoma cells.

Corresponding author: Toshiaki Tsubota, PhD
ttsubota@med.tottori-u.ac.jp
Received 2016 January 13
Accepted 2016 February 4
Abbreviations: 5-FU, 5-fluorouracil; ATRA, all-trans retinoic acid;
CSC, cancer stem cell; DMSO, dimethylsulfoxide; HMBA, hexamethylamine bisacetamide; IC50, inhibitory concentration 50; MSC,
mesenchymal stem cell; OSCC, Oral squamous cell carcinoma;
PMA, phorbol myristate acetate

Key words

5-fluorouracil; cancer stem cells; oral
squamous cell carcinoma; small molecule compound;
Wnt/beta-catenin signal inhibitor
93

S. Yokogi et al.

suppress Wnt/beta-catenin transcriptional activity in human MSCs.16, 17 In the present study, we found that these
compounds also suppress the Wnt/beta-catenin signal
in human OSCC cell line HSC2. Of these compounds,
HC-1 effectively reduced the rate of CD44-positive cells
without affecting cell viability. In addition, HC-1 sensitized HSC2 cells to 5-fluorouracil (5-FU), a DNA/RNA
synthesis inhibitor,18 by virtue of enhancement of apoptotic cell death.

x(50-C)/(D-C) + LOG(B)] - A, a higher concentration of
two values that sandwich IC50; B, a lower concentration
of two values that sandwich IC50; C, cell viability (%) at
B; D, cell viability (%) at A.
Flow cytometry

HSC2 cells were seeded onto 10 cm plate at a density
of 5 × 105 cells/well. After overnight incubation, the
cells were treated with indicated concentrations of compounds for 48 h. Then cells were sorted by a cell sorting
system (FACS-Aria, Becton Dickinson and Company,
Franklin Lakes, NJ) using CD44 mouse antibody (Cell
Signaling Technology, Danvers, MA) and goat-antimouse IgG Alexa 488 (Life Technologies, Carlsbad,
CA).

MATERIALS AND METHODS
Compounds

We recently developed new small molecular compounds,
the derivatives of the compounds which were originally
reported to be Wnt/beta-catenin signal inhibitors of colorectal cancer cells,19–21 for human MSCs.17 These compounds include HC-1, a derivative of hexachlorophene;
IC-2, a derivative of ICG-001; and PN-3-13, a derivative
of PNU-74654. The compounds were dissolved in dimethylsulfoxide (DMSO) whose final concentration was
1%, and used in the experiments.

Apoptosis assay

HSC2 cells were seeded onto a 6-well plate at a density of 1 × 105 cells/well. After overnight incubation,
the cells were treated with 0.1 µM 5-FU and/or 0.1 µM
HC-1 for 48 h. Then, the cells were stained by annexin-V and PI using an annexin-V-FLOUS Staining Kit
(Roche Diagnostics, Indianapolis, IN), photographed
with a microscope (IX-71) (Olympus, Tokyo, Japan) and
analyzed using an image analysis system (inForm 2.0)
(PerkinElmer, Norwalk, CT).

Cells and culture

Human OSCC cell line, HSC2 were kindly provided by
Dr. H. Kugoh (Tottori Univ., Yonago, Japan). The cells
were incubated in DMEM (Life Technologies, Carlsbad,
CA) supplemented with 10% FBS, 1% penicillin streptomycin, 2 mM L-glutamine, 0.2% NaHCO3 and 3.5 g/L
D-glucose with or without chemical compounds.

Western blot analysis

Cell lysis proteins (12.5 µg) were subjected to Western
blot assay. The rabbit polyclonal antibody against beta-catenin (Cell Signaling Technology, Danvers, MA)
and goat polyclonal antibody against Actin (Santa Cruz
Biotechnology, Santa Cruz, CA) were used. Actin was
served as an internal control.

Luciferase reporter assay

HSC2 cells were seeded onto a 24-well plate at a density of 5 × 104 cells/well. After overnight incubation, the
cells were transfected with pTCF4-CMVpro-Fluc and
pRL-CMV-Rluc plasmids14 using Lipofectamine 2000
(Invitrogen, Carlsbad, CA) for 4 h, and then treated with
various concentrations of compounds for 48 h. The luciferase activity was measured by Dual-LuciferaseR Reporter assay system (Promega, Madison, WI) and MiniLumat LB 9506 (Berthold Technologies, Bad Wildbad,
Germany).

Statistical analysis

All the values were expressed as mean ± SD. Multiple
comparison was performed by a one-way ANOVA followed by a Tukey HSD test or Games-Howell test using
predictive analytics software (SPSS, Chicago, IL). The
differences between the two groups were analyzed by an
unpaired two-tailed Student’s t-test. A P-value less than
0.05 was considered to be significant.

WST assay

HSC2 cells were seeded onto a 96-well plate at a density
of 2.5 × 103 cells/well. After overnight incubation, the
cells were treated with various concentrations of compounds for 48 h. Cell viability was analyzed by WST
assay using Cell Counting kit-8 (Dojindo, Kumamoto,
Japan) and Micro plate reader (Tecan, Männedorf, Switzerland). IC50 values are 50% cell growth inhibitory
concentrations of each compound, which are obtained
from the following equation: IC50 = 10^[LOG(A/B)

RESULTS
Small molecule compounds inhibit TCF4/beta-catenin transcriptional activity in OSCC HSC2 cells

To examine the effect of derivatives of Wnt/beta-catenin
signal inhibitors on TCF4/beta-catenin transcriptional
activity in OSCC cells, a luciferase reporter assay was
performed using HSC2 cells. The cells were treated
with various concentrations of HC-1, IC-2, PN3-13 or
94
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Fig. 1. Small molecule compounds inhibit TCF4/beta-catenin transcriptional activity in OSCC HSC2 cells. TCF4/beta-catenin transcriptional activity was examined by luciferase reporter assay with indicated concentrations of 5-FU (0–100 µM), HC-1 (0–100 µM), IC-2
(0–100 µM) and PN3-13 (0–50 µM). The cells were transfected with pTCF4-CMVpro-Fluc plasmid and internal control pRL-CMVRluc plasmid, and luciferase activity of pTCF4-CMVpro-Fluc (Fluc) was normalized by the activity of pRL-CMV-Rluc (Rluc).*P < 0.05,
compared to 0 µM of each compound. The statistics were examined by unpaired Student’s t-test. Data are shown as mean ± SD of three
experiments. 5-FU, 5-fluorouracil; OSCC, Oral squamous cell carcinoma.

5-FU for 48 h (Fig. 1). All the derivatives significantly
suppressed the luciferase activity in a dose-dependent
manner, indicating that these compounds possess an inhibitory effect on Wnt/beta-catenin signal in HSC2 cells
(Fig. 1)

HC-1 reduces CD44-positive population in HSC2
cells

Growing evidence suggests that CSCs are highly resistant to conventional therapies and are responsible for
recurrence and metastasis.10, 11 Thus, the suppression of
CSCs seems to be important for cancer therapy. To examine the effect of Wnt/beta-catenin inhibitors on CSC
population, we next performed FACS analysis using antibody specific to CD44, a CSC marker for OSCC (Fig.
3A).5 HSC2 cells were treated with these compounds for
48 h at two different concentrations (lower and higher)
whose values are close to the IC50 of the cell viability
assay (Fig. 2). Both concentrations displayed similar
effects on the CD44-positive population. IC-2 showed a
modest decrease of CD44-positive cells, whereas PN313 and 5-FU did not significantly change the rate, com-

Cell viability assay of HSC2 cells treated with
chemical compounds

To investigate the effect of Wnt/beta-catenin signal
inhibitors on proliferation of HSC2 cells, cell viability
was analyzed by WST assay. The cells were treated with
various concentrations of compounds for 48 h. IC-2,
PN3-13 and 5-FU significantly reduced cell viability in
a dose-dependent manner with IC50 at 31 µM, 9.6 µM
and 4.1 µM, respectively (Fig. 2). HC-1 had little effect
on cell viability up to 50 µM, whereas it reduced that to
about 50% at 100 µM.
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Fig. 2. Cell viability assay of HSC2 cells treated with small molecule compounds. Cells were treated with increasing concentrations of
5-FU, HC-1, IC-2 and PN3-13 for 48 h. Cell viability was analyzed by WST assay. *P < 0.05, compared to 0 µM of each compound. The
statistics were examined by unpaired Student’s t-test. Data are shown as mean ± SD of three experiments. 5-FU, 5-fluorouracil.

pared to DMSO treatment (Fig. 3B). Interestingly, HC-1
clearly and more effectively reduced the CD44-positive
population, compared to other compounds (Fig. 3B),
suggesting that HC-1 efficiently targets CSCs of OSCC
cells.

or without HC-1 (Fig. 4B). Annexin -V and PI staining
revealed that apoptosis increased when the cells were
treated with 5-FU in combination with HC-1, compared
to DMSO treatment (Figs. 4B and C). No induction of
apoptosis was observed in the cells treated with HC-1
or 5-FU alone, which is consistent to the cell viability
assay (Figs. 2 and 4A). These results suggest that HC-1
increases the cytotoxic effect of 5-FU through enhancement of apoptosis in HSC2 cells.

Combined treatment using 5-FU and HC-1 increases the rate of apoptotic cell death

The decrease of the CD44-positive population by HC-1
treatment raised the possibility that HC-1 increases the
cytotoxicity of conventional anticancer drugs, such as
5-FU. To test the effect of the combination treatment,
HSC2 cells were treated with 0 to 100 µM 5-FU alone
or in combination with HC-1 (Fig. 4A). The concentration of HC-1 used was 50 µM, which showed no inhibitory effect on HSC2 proliferation (Fig. 2). Notably, HC-1
significantly enhanced the cytotoxicity of 5-FU even at
0.1 µM (Fig. 4A). To investigate how HC-1 enhanced the
cytotoxicity of 5-FU, we examined whether apoptosis
of the cells is induced by the treatment of 5-FU with

DISCUSSION
CSCs have self-renewal ability, higher tumor forming
capacity, and show resistance to chemotherapy.10, 11
Thus, CSCs are thought to be a key factor for tumorigenesis, progression, metastasis and recurrence after
treatments. To improve therapeutic effect on cancers,
targeting the CSCs is considered to provide an effective
strategy. CSCs use many of the same signaling pathways
that have been found in normal stem cells, such as Wnt/
beta-catenin, Notch and Hedgehog.22–24 Wnt/beta-cat96
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Fig. 3. HC-1 reduces CD44-positive population in HSC2 cells. Cells were treated by 5-FU, HC-1, IC-2 and PN3-13 for 48 h with indicated
concentrations and sorted by cell sorting system using CD44 antibody.
A: Representative sorting images of the cells treated with lower or higher concentration, of which value is close to IC50 of the compounds
(Fig. 2), with the ratio of CD44-positive cells. B: Quantification of CD44-positive cells treated with lower or higher concentration, of
which value is close to IC50. *P < 0.05, **P < 0.01, compared between two groups. The statistics were examined by one-way ANOVA,
followed by Tukey HSD test. Data are shown as mean ± SD of three experiments. 5-FU, 5-fluorouracil; DMSO, dimethylsulfoxide; IC50,
inhibitory concentration 50.

enin signal is an evolutionary conserved developmental
pathway, which is crucial for self-renewal and differentiation of CSCs.12, 13 Since we have recently developed
small molecule compounds, the derivatives of Wnt/beta-catenin signal inhibitors that efficiently suppress Wnt/
beta-catenin transcriptional activity of human MSCs,16,
17
we tested the effects of these inhibitors on HSC2
OSCC cells. Here, we showed that HC-1, IC-2 and PN313 reduced Wnt/beta-catenin signal in HSC2 cells. Of
these compounds, HC-1 showed efficient reduction of
CD44-positive population without affecting cell viability. In addition, HC-1 sensitized HSC2 cells to 5-FU,
which inhibits the synthesis of DNA/RNA in non-CSCs.

These results suggest that HC-1 is an effective compound to enhance the cytotoxicity of the cells by shifting
CSCs to non-CSCs (Fig. 4E).
It has been reported that one of the first successes
of differentiation therapy is to use all-trans retinoic acid
(ATRA), which was given to patients suffering from
acute promyelocytic leukemia.25 ATRA treatment stimulates the shift of abnormal leukemic promyelocytes
into mature granulocytes, and markedly improves patient survival.26 The success of this therapy has induced
the concept that changes of the cell state are effectively
used to treat other forms of cancers. The other agents
that have similar effects to change the leukemic cell
97
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chosen, photographed from each group, and statistically analyzed. *P < 0.05, **P < 0.01, compared between two groups. The statistics
were examined by one-way ANOVA, followed by Games-Howell test. Data are shown as mean ± SD of 10 fields. D: Western blot analysis of beta-catenin using HSC2 cells treated with DMSO, 50 µM or 100 µM HC-1 for 48 h. Actin was used as an internal control. E:
Model of the chemotherapeutic effect of combined treatment with HC-1 and 5-FU to CD44-positive OSCC cells. Wnt/beta-catenin inhibitor HC-1 stimulates shift of CD44-positive cells (CSCs) to CD44-negative cells (non-CSCs), and sensitizes HSC2 cells to 5-FU through
enhancement of apoptotic cell death. 5-FU, 5-fluorouracil; CSC, cancer stem cell; DMSO, dimethylsulfoxide; OSCC, Oral squamous cell
carcinoma.

state include phorbol myristate acetate (PMA), hexamethylamine bisacetamide (HMBA), DMSO and vitamin
D3.27–30 Since HC-1 efficiently shifted CSCs to nonCSCs in OSCC cells, HC-1 may also be beneficial for
cancer therapy. HC-1 is a derivative of hexachlorophene.
Hexachlorophene inhibits Wnt/beta-catenin signal by
promoting E3 ubiquitin-protein ligase SIAH1-dependent degradation of beta-catenin.21 Consistent with this,

Western blot analysis showed that HC-1 also decreased
protein levels of beta-catenin (Fig. 4D), suggesting that
HC-1 inhibits Wnt/beta-catenin signal through beta-catenin reduction. Therefore, beta-catenin degradation
may be associated with the reduction of CSC population. Further studies are required to reveal the crucial
function of HC-1 in shifting CSCs to non-CSCs, which
would also facilitate understanding of CSC property and
98
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development of cancer chemotherapy.
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