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Myeloid cell leukemia-1 is a molecular indicator for
malignant transformation of oral lichen planus
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Abstract. Oral lichen planus (OLP), characterized by a
chronic mucocutaneous inflammatory condition, is a common
disease of the oral cavity. Retrospective and prospective
epidemiological data suggest that OLP is considered to have
malignant potential. However, it is unclear as to which types of
molecules may cause malignant transformation of OLP. In the
present study, the presence of myeloid cell leukemia-1 (Mcl-1)
and B-cell lymphoma-2 (Bcl-2) was studied by western blot
analysis in 11 OLP and three normal oral mucosa (NOM)
samples and in two human oral cancer cell lines. The func-
tional role of Mcl-1 in oral cancer cells was analyzed using
a trypan blue exclusion assay and soft agar assay. Mcl-1 was
strongly expressed in the OLP and the two oral cancer cell lines
compared with NOM, whereas Bcl-2 was not. Sorafenib and
mithramycin A decreased cell viability in MC-3 and HSC-3
oral cancer cells and at same concentration they reduced
the expression level of Mcl-1 in the two cell lines. The two
chemicals affected Mcl-1 protein and significantly inhibited
neoplastic cell transformation in the two cell lines. We suggest
that the malignant potential of OLP may be associated with
the expression of Mcl-1, and that downregulation of Mcl-1 may
prevent malignant transformation of OLP to oral cancer.
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Introduction

Oral lichen planus (OLP), characterized by a chronic muco-
cutaneous inflammatory condition (1), is considered to be
a T-cell-mediated immunological process, although the
etiology and pathogenesis of OLP is not completely under-
stood (2). The prevalence of OLP has been estimated to be
between 0.5 and 3% in a number of studies (3-5). A previous
review reported an overall age-standardized prevalence of
1.27% (0.96% in males and 1.57% in females) (6). These data
reflect that OLP is a common mucosal disease of the oral
cavity.

One of the most significant issues concerning OLP is
the question of its potential for malignant transformation
into oral squamous cell carcinoma (OSCC). Since the World
Health Organization (WHO) developed diagnostic criteria
for OLP that included clinical and histopathological stan-
dards in 1978 (7), certain authors have considered OLP to be
a precancerous lesion based on retrospective and prospective
epidemiological data (8-11). Van der Meij et al proposed
a modification of the WHO diagnostic criteria for OLP to
include the definition of an entity referred to as ‘oral lichenoid
lesion’ (OLL) and to differentiate between OLL and OLP
clinically and histopathologically. By applying clinically
and histologically diagnostic modified WHO criteria, these
authors reported that patients with OLL have an increased
risk of oral cancer, but this increased risk was not detected in
patients with OLP (12).

A cytokine-based microenvironment arising from the
chronic inflammation of OLP may induce genetic alterations
of epithelial cells to progress to malignancy (13). Although a
permanent cure of OLP is not yet possible, various treatment
regimens have been designed to improve management of the
symptoms of OLP (14). Several studies have suggested that the
expression of apoptosis- and cell cycle-regulating proteins,
including p53 protein, B-cell lymphoma-2 (Bcl-2) and Bax,
was also involved in the transformation process (15,16).
However, the mechanisms causing the malignant transforma-
tion of OLP remain unclear.

Therefore, the purpose of the present study was to
detect and compare several proteins including myeloid cell
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Figure 1. Myeloid cell leukemia-1 (Mcl-1) expression is associated with the pathogenesis of oral lichen planus (OLP). (A and B) The difference in Mcl-1 expres-
sion between normal oral mucosa and OLP. Whole-cell lysates were analyzed by western blot analysis using antibodies against Mcl-1 and B-cell lymphoma-2

(Bcl-2). Actin was used as a loading control.

leukemia-1 (Mcl-1) as possible molecules involved in the
malignant transformation of OLP in normal oral mucosa
(NOM), OLP and two human oral cancer cell lines (MC-3
and HSC-3). We also suggest a strategy on how to prevent
malignant transformation of OLP.

Materials and methods

Patients and tissue samples. A total of 14 outpatients were
investigated by two dentists between 2012 and 2013. Three
normal samples of gingiva without pathological lesions
were provided from outpatients (one male and two females;
age range from 49 to 56 years) for implant surgery at the
Department of Prosthodontics, Chonbuk National University
Hospital (Jeonju, Korea). Eleven samples of outpatients (three
males and nine females; age range from 49 to 73 years) with
OLP were obtained from the Department of Oral Medicine, of
the same hospital. The materials and methods in the present
study were approved by the ethics committee of Chonbuk
National University Hospital (CUH2013-04-031-001) and
written informed consent was obtained from all patients.

Cell lines and cell culture. MC-3 cells (human mucoepider-
moid carcinoma) were provided by Professor Junzheng Wu
(Fourth Military Medical University, Xi'an, China) and HSC-3
cells (human oral squamous carcinoma) were obtained from
Professor Shindo (Hokkaido University, Hokkaido, Japan).
The two cell lines were cultured in Dulbecco's modified
Eagle's medium/F12 supplemented with 10% fetal bovine
serum (FBS; Welgene, Daegu, Korea) and antibiotics at 37°C
in a 5% CO, incubator.

Reagents and antibodies. A DC protein assay kit was
obtained from Bio-Rad Laboratories, Inc. (Madison, WI,
USA). Trypan blue solution was purchased from Gibco Life
Technologies (Paisley, UK). Antibodies against Mcl-1 and
Bcl-2 were obtained from Cell Signaling Technology, Inc.
(Charlottesville, VA, USA). Actin was purchased from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).

Western blot analysis. To determine the levels of protein
expression, whole-cell lysates were prepared with lysis buffer
and protein concentrations were measured. Equal amounts
of proteins were loaded on sodium dodecyl sulphate-poly-
acrylamide gel, transferred to polyvinylidene membranes

and assessed using an enhanced chemiluminescence western
blotting reagent (Luminol; Santa Cruz Biotechnology, Inc.).

Trypan blue exclusion assay. The effects of sorafenib
(LC Laboratories, Woburn, MA, USA) and mithramycin A
(Sigma-Aldrich, St. Louis, MO, USA) on cell viability were
determined using a trypan blue exclusion assay. Cells were
incubated with sorafenib and mithramycin A for 48 h, stained
with trypan blue (0.4%), and then viable cells were counted
using a hemocytometer (Thermo Fisher Scientific, Waltham,
MA, USA).

Anchorage-independent growth assay. MC-3 and HSC-3 cells
were treated with various concentrations of sorafenib or mith-
ramycin A in 1 ml 0.3% basal medium Eagle's agar containing
10% FBS. The culture was incubated at 37°C in a 5% CO,
incubator for 20 days, and then colonies were counted.

Statistical analysis. Student's t-test was used to determine
the significance of differences between the control and treat-
ment groups; P<0.05 was considered to indicate a statistically
significant difference.

Results

Correlation between Mcl-1 expression and pathogenesis
of OLP. To clarify the potential role of anti-apoptotic Bcl-2
family proteins on the pathogenesis of OLP, we compared three
samples of NOM and eleven samples from outpatients with
proven OLP. Notably, the expression of Mcl-1 was significantly
higher in the OLP than in the NOM samples, although in both
samples it was lower than in the MC-3 and HSC-3 human oral
cancer cell lines (Fig. 1A and B). However, there was no asso-
ciation between Bcl-2 expression and the pathogenesis of OLP.
These results indicate that Mcl-1 expression may contribute to
malignant transformation in OLP.

Effects of sorafenib and mithramycin A on cell growth and
Mecl-1 expression in human oral cancer cell lines. To inves-
tigate the potential effects of sorafenib and mithramycin A
on cell viability in human oral cancer cell lines, we treated
the cells with dimethyl sulfoxide or various concentrations of
sorafenib and mithramycin A for 48 h. As shown in Fig. 2A
and B, the two chemicals notably decreased cell viability in
MC-3 and HSC-3 cell lines. To evaluate whether the effects
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Figure 2. Sorafenib and mithramycin A decrease cell viability and Mcl-1 expression in human oral cancer cell lines. (A and B) MC-3 and HSC-3 cells were
treated with dimethyl sulfoxide (DMSO) or various concentrations of sorafenib and mithramycin A for 48 h. The effects on cell viability were determined using
a trypan blue exclusion assay. The results are expressed the means + standard deviation of three experiments. "P<0.05 compared with the DMSO-treated group.
(C and D) Whole-cell lysates were analyzed by western blot analysis using an antibody against Mcl-1. Actin was used as a loading control.
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Figure 3. Sorafenib and mithramycin A decrease anchorage-independent growth in human oral cancer cell lines. (A and B) For the soft agar assay, MC-3 and
HSC-3 cells were treated with sorafenib and mithramycin A for 20 days, and then colonies were counted. The results are expressed as the means + standard
deviation of three experiments. "P<0.05 compared with the dimethyl sulfoxide-treated group.
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of sorafenib and mithramycin A on growth inhibition were
associated with the regulation of Mcl-1 expression, we used
western blot analysis. As shown in Fig. 2C and D, sorafenib
and mithramycin A reduced Mcl-1 expression in the two
cell lines. To further confirm the anti-proliferative effects of
sorafenib and mithramycin A, we carried out anchorage-inde-
pendent colony formation assay. The results in Fig. 3A and B
reveal that sorafenib and mithramycin A effectively decreased
neoplastic cell transformation in MC-3 and HSC-3 cells. These
results indicate that sorafenib and mithramycin A may have
the ability to prevent neoplastic transformation from OLP to
oral cancer through downregulation of Mcl-1.

Discussion

Apoptosis, also termed programmed cell death, may be
triggered by various stimuli from outside or inside the
cell and characterized by well-defined biochemical and
morphological changes (17). Bcl-2 family members control
mitochondrial outer membrane permeabilization, and may
be either pro-apoptotic (Bax, Bak, Bid, Bim and Bad, among
others) or anti-apoptotic (Bcl-2, Bel-xL. and Mcl-1, among
others) (18). Bcl-2 has the function of inhibiting apoptosis at
various stages and is strongly associated with cancer develop-
ment, increasing the genetically altered cell survival rate. In
oral cancer, it is observed from the initial stages of carcino-
genesis up to the appearance of metastasis (19-21). Mcl-1 has
been reported to be a critical survival-promoting molecule
in hematopoietic cells, and its overexpression is known to
be associated with a variety of human hematopoietic and
lymphoid cancers (22). The anti-apoptotic splice variant of
Mcl-1 was also augmented in human oral cancer (23), and
our previous study demonstrated that the overexpression of
Mcl-1 may be strongly correlated with oral cancer develop-
ment (24).

In the present study, we hypothesized that Bcl-2 or Mcl-1
may play a significant role in potential malignant transfor-
mation of OLP. To test this hypothesis, our approach was to
evaluate their expression levels in OLP samples compared
with NOM samples and MC-3 and HSC-3 human oral cancer
cell lines. Our results demonstrated that Mcl-1 expression
was notably higher in patient samples of OLP than NOM,
with both levels being lower than in MC-3 and HSC-3 human
oral cancer cell lines, while there was no difference in Bcl-2
expression levels among the samples and cell lines. We
demonstrated the difference in expression levels of Mcl-1
protein among NOM, OLP and human oral cancer cell lines
for the first time. These results indicate that Mcl-1 expression
may contribute to the pathogenesis of OLP and its possible
progression to oral cancer. In a previous comparative
study (25), no statistically significant differences between the
expression of Bcl-2 in OLP and OSCC were observed, which
is consistent with our results. This suggests no association
between Bcl-2 expression and pathogenesis of OLP and
progression to oral malignancy.

Several studies have reported a high expression level
of Mcl-1 in tumor cells of human primary squamous cell
carcinoma (SCC) and SCC cell lines (24,26). It has been
demonstrated that the blockage of its function may play a
potentially critical and novel role by the use of either specific
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siRNA or inhibitor in the treatment of SCC (26). To date,
several therapeutic strategies have been designed to abrogate
the anti-apoptotic function of Mcl-1 in a variety of tumor
types (27,28). Therefore, we hypothesized that downregu-
lation of Mcl-1 may prevent malignant transformation of
OLP to oral cancer. Previously, in vitro and in vivo studies
by our group reported that sorafenib and mithramycin A
regulated Mcl-1 protein to inhibit the proliferation of oral
cancer (24,29). Thus, we assessed the anti-proliferative effect
of sorafenib and mithramycin A on MC-3 and HSC-3 cells in
order to demonstrate the function of Mcl-1 in the malignant
transformation of OLP to oral cancer. The results revealed
that the two chemicals notably decreased cell viability and
neoplastic cell transformation in the two cell lines. Although
we did not directly treat the OLP specimens with sorafenib
and mithramycin A, these results indicate that the inhibition
of Mcl-1 may prevent malignant transformation of OLP to
oral cancer.

In summary, we demonstrated that Mcl-1 protein is
expressed at a higher level in OLP than in NOM, and lower
than in oral cancer cell lines. We also observed that the
decreases in Mcl-1 protein by sorafenib and mithramycin A
reduced cell growth and inhibited neoplastic cell transfor-
mation. Our study indicates that the malignant potential of
OLP may be correlated with the expression of Mcl-1, and
a strategy to downregulate Mcl-1 may prevent its malignant
potential. However, further studies are required in order to
support this hypothesis.
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