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Inhibition of myeloid cell leukemia-1 by tolfenamic acid
induces apoptosis in mucoepidermoid carcinoma
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University, Jeon-ju, Korea

OBJECTIVES: The aim of this study was to evaluate the

role of tolfenamic acid (Tol) and ampiroxicam (Amp) in

the apoptotic regulation of YD-15 salivary mucoepider-

moid carcinoma (MEC).

MATERIALS AND METHODS: The effect of Tol on

apoptosis and its mechanism were examined using a 3-

(4,5-dimethylthiazol-2-yl)-5-(2,4-disulfophenyl)-2-(4-sulf-

ophenyl)-2H-tetrazolium assay, Sub-G1 population,

Western blot analysis, 4¢-6-Diamidino-2-phenylindole

staining, reverse transcriptase polymerase chain reac-

tion, immunostaining and small interfering RNA trans-

fection.

RESULTS: Tol inhibited cell growth of YD-15 cells but

Amp did not. Tol induces apoptosis in YD-15 cells as

evidenced by nuclear fragmentation, accumulation of the

sub-G1 phase and the activation of caspase 3. Tol inhib-

ited myeloid cell leukemia-1 (MCL-1) at the protein and

mRNA levels. The treatment of MCL-1 siRNA to YD-15

cells resulted in the activation of caspase 3 and the inhi-

bition of cell growth. Moreover, MCL-1 was regulated by

specificity protein 1, but not by mitogen-activated pro-

tein kinases.

CONCLUSION: These results suggest that Tol could be

a potent anti-cancer drug for YD-15 MEC cells that acts

by regulating the MCL-1 protein.
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Introduction

Mucoepidermoid carcinoma (MEC) is the most com-
mon malignant salivary tumor corresponding to 34% of
all salivary malignancies (Spiro, 1986), and is a unique
epithelial neoplasm composed of epidermoid, mucous
and intermediate cells in variable proportions. Its
clinical behavior is highly variable and ranges from
being slow-growing to being locally aggressive and
highly metastatic. Although there are many case reports
related to MEC (Takeda and Kurose, 2006; Leong et al,
2007; Das and Kalyani, 2008; Tucci et al, 2009), the
molecular risk factors for MEC have not yet been
completely understood.

Non-steroidal anti-inflammatory drugs (NSAIDs)
induce apoptosis in many cell types (Menzel et al,
2002; Abdelrahim et al, 2007; Ye et al, 2010; Zhang
et al, 2010). In studies published recently, NSAIDs, such
as celecoxib and aspirin, were shown to have anti-cancer
effects by inducing apoptosis in oral squamous carci-
noma cells (Kim et al, 2010). However, it has not been
established whether other NSAIDs, such as tolfenamic
acid (Tol) and ampiroxicam (Amp), have similar inhib-
iting effect on the proliferation of human oral cancer
cells, especially in respect of human MEC cells; the
molecular pathways involved in NSAID-induced apop-
tosis have not been well explored.

Although NSAIDs can inhibit cancer growth by
regulating the activity of cyclooxygenase (COX), there
is increasing evidence that the apoptotic action of
NSAIDs involves COX-independent pathways (Zhang
et al, 1999). Recently, several studies published that Tol
has therapeutic potential that exhibits anti-cancer activ-
ity in pancreatic and colorectal cancer models irrespec-
tive of COX-2 activity (Ding et al, 2008; Konduri et al,
2009). Myeloid cell leukemia-1 (MCL-1), a member of
the B-cell lymphoma-2 (Bcl-2) family was discovered
based on its increased expression during cell commit-
ment to differentiation in a human myeloid leukemia cell
line. MCL-1 was, in studies published recently, found to
be a critical factor for the survival of hematopoietic cells
such as human neutrophils, leukemic large granular

Correspondence: Sung-Dae Cho, Department of Oral Pathology,
School of Dentistry and Institute of Oral Bioscience, Chonbuk
National University, Jeon-ju, 561-756, Korea. Tel: +82-63-270-4027;
Fax: +82-63-270-4025, E-mail: efiwdsc@chonbuk.ac.kr
*Both authors contributed equally to this paper.
Received 4 August 2010; revised 8 October 2010; accepted 17 October
2010

Oral Diseases (2011) 17, 469–475 doi:10.1111/j.1601-0825.2010.01774.x
� 2010 John Wiley & Sons A/S
All rights reserved

www.wiley.com



lymphocytes, and multiple myeloma cell lines (Zhou
et al, 1997; Craig, 2002; Gojo et al, 2002; Kaufmann
et al, 2005). Therefore, the down-regulation of MCL-1
in cancer cells can abrogate its pro-survival function
because it is often over-expressed in cancer where it
plays a pro-survival role.

Therefore, this study examined the effects of Tol on
the growth of YD-15 salivary MEC cells as well as the
mechanism of the anti-cancer action of this compound
as related to MCL-1.

Materials and methods

Materials
Tolfenamic acid [N-(3-Chloro-2-methylphenyl)-anthra-
nilic acid, Tol] was obtained from Tokyo Chemical
Industry Co. (Tokyo, Japan) and Amp was purchased
fromLKTLaboratories (St Paul,MN,USA). Antibodies
to cleaved caspase-3 (Asp175), MCL-1, phospho-
extracellular signal-regulated kinases (ERK)1 ⁄ 2, total
ERK1 ⁄ 2, phospho-p38 (Thr180 ⁄Tyr182), total p38,
phospho-Jun N-terminal Kinase (JNK) (Thr183 ⁄
Tyr185), and total JNKwereobtained fromCell Signaling
Technology (Denver, MA, USA). The actin and specific-
ity protein1 (Sp1) antibodies was supplied by Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA). SB203580,
mithramycin A, 4¢-6-Diamidino-2-phenylindole (DAPI)
and propidium iodide (PI) was acquired from Sigma-
Aldrich Chemical Co. (St Louis, MO, USA).

Cell culture and drug treatment
YD-15 mucoepidermoid carcinoma cells were obtained
from the College of Dentistry, Yonsei University (Seoul,
Korea). The cells were cultured at 37�C in RPMI1640
containing 10% fetal bovine serum (FBS) and 100 U ⁄ml
each of penicillin and streptomycin in an atmosphere
containing 5% CO2. The cells were treated with Tol or
Amp (20, 40, and 60 lM) diluted in DMSO [vehicle
control; 0.1% (v ⁄ v DMSO ⁄RPMI1640 containing 10%
FBS)] for 6, 12, 24, 48 and 72 h depending on the
experimental designs.

3-(4,5-dimethylthiazol-2-yl)-5-(2,4-disulfophenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay.

A CellTiter 96 Aqueous One Solution Cell Prolifer-
ation Assay Kit (Promega, Madison, WI, USA) was
used to examine the effects of 20, 40 and 60 lM of Tol
and Amp on the cell viability in YD-15 cells. Briefly, the
cells were treated with different concentrations of Tol
and Amp. The viability was determined using a CellTiter
96 Aqueous One Solution detection kit and quantified
using a microplated reader (BioTeck Instruments Inc.,
Winooski, VT, USA) at 490 and 690 nm (background).

Fluorescence-activated cell sorter analysis
After treatment with Tol and Amp, the detached cells
(floaters) were collected by centrifugation and com-
bined with the adherent cells. The cells were then fixed
with ice-cold solution of 70% ethanol overnight at
)20�C and treated with 0.02 mg ⁄ml PI and 150 lg ⁄ml
RNase A. To detect nuclear fragmentation, sub-G1

peak on DNA content was analysed using a FAC-

SCalibur flow cytometer (BD Biosciences, Franklin
Lakes, NJ, USA).

Western blotting
The protein samples were subjected to sodium dodecyl
sulfate polyacrylamide gel electrophoresis, transferred
to membranes and blocked with 5% skim milk followed
by hybridization with the indicated antibodies. The
protein bands with the horseradish peroxidase-conju-
gated secondary antibody were observed using a chemi-
luminescence detection kit.

DAPI staining
The cells showing nuclear condensation and fragmenta-
tion were observed. The YD-15 cells treated with Tol
and Amp were harvested by trypsinization and fixed in
100% methanol at RT for 20 min. The cells were
deposited on slides, stained with a DAPI solution and
viewed under a fluorescence microscope.

Reverse transcription-polymerase chain reaction
Total RNA was isolated from the cells using an Easy-
blue Total RNA Extraction kit (iNtRON Biotechnol-
ogy, Sung-Nam city, Korea). cDNA was synthesized
from the total RNA using ImProm-II Reverse Tran-
scription System (Promega) according to the manufac-
turer’s instructions. cDNA was obtained by PCR
amplification using glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH)- and MCL-1-specific primers as
described below under the following PCR conditions (25
or 30 cycles: 1 min at 95�C, 1 min at 60�C, and 1 min 30
at 72�C). GAPDH primers used were, forward: CGG
AGT CAA CGG ATT TGG TCG TAT and reverse:
AGC CTT CTC CAT GGT GGT GAA GAC. MCL-1
primers used were, forward: TGC TGG AGT TGG
TCG GGG AA and reverse: TCG TAA GGT CTC
CAG CGC CT. PCR products were analysed by 2%
agarose gel electrophoresis.
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Figure 1 The effect of Tol and Amp on cell proliferation in YD-15
salivary MEC cells. YD-15 cells were treated with DMSO or 20, 40 or
60 lM of Tol (a) or Amp (b) for 24, 48 and 72 h. Cell proliferation was
determined using a MTS assay. The points are the mean ± s.d. of
three independent experiments. *P < 0.05 as compared with the
control group
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Immunocytochemistry
After specific treatments, the slide cultures were washed
twice with cold phosphate-buffered saline, fixed with a
Fixation Solution and permeabilized with Permeabili-
zation Solution (BD Biosciences) for 1 h. After three
more washes with phosphate buffered saline with tween
20, the cells were blocked with 1% bovine serum
albumin and incubated with the indicated antibodies
overnight at 4�C. Subsequently, the cells were incubated

with the fluorescein isothiocyanate (FITC)-conjugated
secondary antibodies for 2 h at room temperature, and
observed by a fluorescence microscopy (scope A1,
AX10; Carl Zeiss, Blauvelt, NY, USA).

Transfection of siRNA
The small interfering RNA (siRNA) mediating the
down-regulation of human MCL-1 was transfected by
SMART pool-specific MCL-1 (siMCL-1) or nonspecific
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Figure 3 Effects of Tol and Amp on MCL-1
protein and mRNA expression in YD-15
salivary MEC cells. (a) The effects of 20, 40
or 60 lM of Tol or Amp for 72 h on the
expressions of MCL-1 protein were deter-
mined by Western blot analysis; (b) The
effects of DMSO, Tol or Amp for 72 h on
MCL-1 mRNA expression were determined
by RT-PCR as described in Materials and
methods; (c) Immunostaining for MCL-1.
YD-15 cells were treated with DMSO or
60 lM of Tol or Amp for 48 h and immu-
nostained with IgG or MCL-1 antibodies
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Figure 2 The effect of Tol and Amp on the apoptosis of YD-15 salivary MEC cells. YD-15 cells were treated with DMSO or 20, 40 or 60 lM of Tol
or Amp for 72 h. (a) The sub-G1 fraction was assessed by PI staining and flow cytometry analysis. The accumulation of sub-G1 population (fold
induction of control) was quantified and the results of triplicate experiments are expressed as the mean ± s.d. *P < 0.05 as compared with the
DMSO treatment group; (b) Immunoblot detection of the cleaved caspase 3 in whole cell lysates. Actin was used to normalize the protein loading
from each treatment; (c) Fluorescence microscopy images of the DAPI-stained YD-15 cells showing the concentration-dependent appearance of an
apoptotic morphology in the Tol-treated YD-15 cells; (d) The number of cells with nuclear fragmentation and condensation was quantified and the
results of triplicate experiments are expressed as the mean ± s.d. *P < 0.05 as compared with the DMSO treatment group
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control (siCon) pool double-stranded RNA oligonucle-
otides using DharmaFECT2 transfection reagent
(Dharmacon Inc., Lafayette, CO, USA) according to
the manufacturer’s protocol. Briefly, the cells were
seeded in six-well plates and transfected transiently with
50 nM of siMCL-1 or siCon. After transfection, the cell
viability was determined by MTS assays and the MCL-1
and caspase-3 protein levels were analysed by Western
blotting.

Statistical analysis
The values are expressed as the mean ± s.d. The
significance of the difference from the respective controls
for each experimental test condition was assayed by
using a t-test of the data obtained from triplicate
experiments. A P-value of <0.05 was regarded as
indicating a significant difference.

Results

Tol, but not Amp inhibits the growth of YD-15 salivary
MEC cells
At first, we examined the anti-proliferative activities of
Tol and Amp in YD-15 salivary MEC cells. The cells
were treated with Tol or Amp (0–60 lM) for 24, 48 and
72 h and then cell viability was determined using a MTS
assay. Tol significantly decreased the cell viability in a
concentration- and time-dependent manner, but Amp
did not (Figure 1).

Tolfenamic acid, but not Ampiroxicam inhibits apoptosis
in YD-15 salivary mucoepidermoid carcinoma cells
Next, the effects of Tol or Amp on the apoptosis of
YD-15 cells were investigated. Sub-G1 population
analysis, western blot analysis using antibody against
caspase 3 and DAPI staining were performed to
determine if Tol or Amp increases apoptosis. Only
Tol increased the Sub-G1 population in a concentra-
tion-dependent manner, activated caspase 3 and caused
nuclear condensation and fragmentation (Figure 2).
These results suggest that the apoptotic cell death event
contributes to the growth-inhibitory effect of Tol in
YD-15 cells.

MCL-1 is attenuated by Tol to inhibit cell growth and
induce apoptosis, but not Amp
In order to find out the mechanism underlying
Tol-induced apoptosis, it was examined whether Tol
affects the expression of MCL-1 protein and mRNA in
YD-15 cell lines. The results showed that only Tol
significantly decreased MCL-1 protein and mRNA in
YD-15 cells (Figure 3a,b). Confirmation that Tol
decreased MCL-1 protein expression in YD-15 cells
was determined by immunocytochemical analysis
(Figure 3c). MCL-1 immunostaining was observed in
YD-15 cells treated with vehicle control (DMSO) or
Amp, whereas Tol decreased MCL-1 staining. A time-
course study revealed a decrease in the MCL-1 protein
12–48 h after the treatment of Tol and caspase 3 was
activated simultaneously (Figure 4a). It was hypothe-
sized that the attenuation of MCL-1 might induce
apoptosis and inhibit cell growth. Therefore, the effect
of siMCL-1 on the apoptosis of YD-15 cells was
investigated. Figure 4b shows the activation of caspase
3 in YD-15 cells transfected with siMCL-1. siMCL-1
also decreased the viability of YD-15 cells significantly
(Figure 4c).

MCL-1 is clearly regulated by Sp1, but not mitogen-
activated protein kinases
To assess the role of Sp1 on Tol-induced apoptosis, the
effect of Tol on the Sp1 protein in YD-15 cells was first
analysed. The Tol treatment for 72 h decreased Sp1
protein concentration-dependently (Figure 5a). Further-
more, the effect of mithramycin A (a specific Sp1 DNA
binding inhibitor) on MCL-1 protein and cell viability
was determined by western blot analysis and an MTS
assay. Figure 5b,c showed that the down-regulation of
Sp1 by mithramycin A decreased the cell viability and
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Figure 4 The function of the MCL-1 protein for the proliferation of
YD-15 cells. (a) Time-dependent effect of Tol on MCL-1 and cleaved
caspase 3 was performed in YD-15 cells treated with 60 lM of Tol for
0, 6, 12, 24 and 48 h; (b) RNA interference with siMCL-1. YD-15 cells
were transfected with siCon (non-specific) or siMCL-1 for 72 or 96 h
and the whole cell lysates were analysed by Western blot analysis for
MCL-1, cleaved caspase 3 and actin. The values measured by Western
blot analysis are representatives of two independent experiments; (c)
Cell viability in siCon- or siMCL1-transfected YD-15 cells was
detected using a MTS assay. The points are the mean ± s.d. of three
independent experiments. *P < 0.05 as compared with the control
group
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affected the MCL-1 protein. The effect of Tol on the
phosphorylation status of mitogen-activated protein
kinases (MAPKs) in YD-15 cells was also evaluated.
Tol increased the phosphorylated forms of p38 MAPK
and ERK1 ⁄ 2 without modifying JNK (Figure 5d).
There was no change in the total form of MAPKs, as
measured by Western blotting. Furthermore, the cells
were pretreated with SB203580, a selective p38 MAPK
inhibitor for 1 h, and treated with 60 lM of Tol for
72 h. The cells were harvested and cell viability was
analysed. As shown in Figure 5e, SB203580 did not
protect YD-15 cells from the decrease in cell viability
induced by Tol.

Discussion

There is increasing epidemiological and experimental
evidence that traditional non-prescription analgesics
NSAIDs have a protective effect in various cancers
(Agrawal and Fentiman, 2008) suggesting that NSAIDs
are promising anti-cancer drug candidates. In studies
published recently, several research groups reported that
NSAIDs have anti-cancer effects of oral cancer cell lines
(Hao et al, 2009; Kim et al, 2010; Park et al, 2010). An
NSAID, Tol, has been demonstrated to exhibit anti-
cancer activity in relation to pancreatic and colorectal
cancer cells (Ding et al, 2008; Konduri et al, 2009). For
examining whether Tol is capable of regulating the
proliferation of oral cancer cells, we used a recently

established and characterized YD-15 MEC cell-line,
which is a very important set of tumor cells in the field of
oral cancer biology (Lee et al, 2005). This study, first,
demonstrated that Tol shows the inhibitory effect on the
cell growth of YD-15 cell lines through the induction of
apoptosis, whereas Amp was not effective in this case.
MCL-1 is an anti-apoptotic member of the Bcl-2 family
that was originally cloned as an early induction gene
during differentiation of the myeloid cell line, ML-1
(Kozopas et al, 1993). Although MCL-1 is an essential
anti-apoptotic factor in the development and differen-
tiation of normal cells, the deregulation of MCL-1
expression often results in its over-expression, which
contributes to several human diseases. Recently, there
have been many reports suggesting the relationship
between MCL-1 and carcinogenesis. In particular,
several reports suggested that the down-regulation of
MCL-1 induces apoptosis in oral cancer cells (Nagata
et al, 2009; Park et al, 2010). In addition, many
synthetic chemicals have been examined for their anti-
cancer activities in a wide range of cancer cell lines and
the down-regulation of MCL-1 expression has been
reported to be one of the critical mechanisms for their
anti-cancer activities (Tang et al, 2006; Ding et al, 2008;
Kuroda et al, 2008). Therefore, this study examined the
ability of Tol to down-regulate MCL-1 in YD-15 cells at
the protein and mRNA levels in YD-15 cells. The results
showed that Tol decreases MCL-1 significantly in a
concentration-dependent manner, but Amp did not
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Figure 5 The effect of Tol on the upstream target proteins of MCL-1. (a) Effects of DMSO or Tol for 72 h on Sp1 protein expression were
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cause any change. It suggests that only Tol down-
regulating MCL-1 could induce apoptotic cell death.
The time-course study also demonstrated the parallel
induction of MCL-1 and cleaved caspase 3 indicating
that the down-regulation of MCL-1 by Tol is associated
with apoptosis. Next, the role of MCL-1 on the
potential target for tumor therapy of MEC cells using
siRNA MCL-1 was examined. In the present study,
MCL-1 siRNA inhibited the cell growth of cultured
YD-15 salivary MEC cells established from human
tongue carcinomas. Furthermore, the inhibition of cell
growth by MCL-1 siRNA was attributable to the
activation of caspase 3. This strongly suggests that the
down-regulation of MCL-1 induces apoptosis in sali-
vary MEC cells.

The MCL-1 is strongly regulated by MAPKs, because
it possesses many phosphorylation sites. It was reported
that an interruption of the ERKs pathway by pharma-
cologic MEK inhibitors reduces the MCL-1 basal levels
and the JNK pathway also transcriptionally up-regu-
lates the expression of MCL-1 (Selzer et al, 2002; Park
et al, 2010). These reports suggest that MCL-1 may be
mediated in part by MAPKs. Therefore, we have shown
the levels of p-ERK1 ⁄ 2, p-p38 and p-JNK in YD-15
cells and only p-p38 and p-ERK1 ⁄ 2 were increased
significantly by the treatment of Tol to YD-15 cells.
Because ERK1 ⁄ 2 pathway usually regulates MCL-1
positively based on data reported in the literatures, Tol
appears to activate ERK1 ⁄ 2 pathway in order to
response to its apoptotic action irrespective of the
expression level of MCL-1 in this study. Inhibition of
p38 MAPK with a pretreatment with a chemical
inhibitor (SB203580) did not reverse Tol-inhibited cell
growth. These results indicate that the Tol-induced
apoptosis of YD-15 cells is not mediated by MAPKs.

Sp1 was reported to be associated with tumor
growth and strongly expressed in tumor tissues, and
that Tol attenuates the expression of the Sp1 protein to
inhibit tumor cell growth in pancreatic and esophageal
cancer cells (Abdelrahim et al, 2007; Papineni et al,
2009). In studies published recently, a chromatin
immunoprecipitation assay revealed Sp1 ⁄ Sp3 binding
sites on the MCL-1 promoter indicating that Sp1 can
regulate MCL-1 directly (Saxena et al, 2007). This
study showed that Tol decreased the expression of the
Sp1 protein. Sp1 DNA binding inhibitor (mithramycin
A) was used to show direct evidence of the Sp1 protein
in modulating the MCL-1 protein. These results
confirmed that the attenuation of Sp1 protein expres-
sion down-regulates MCL-1 protein and inhibits the
growth of YD-15 cells.

In summary, this study showed that Tol inhibits the
proliferation of MEC cells, YD-15 cells and modulates
the expression of MCL-1. This expression is totally
dependent on the Sp1 protein and not MAPKs. To the
best of our knowledge, this is the first report that the
apoptotic mechanism of Tol in salivary MEC cells might
involve the regulation of the MCL-1 protein. Therefore,
the development of Tol and its related compounds
targeting the MCL-1 protein may be a novel class of
drugs for the treatment of salivary MEC.

Acknowledgements

This study was supported by Bio R&D program through the
Korea Science and Engineering Foundation (M10870050003-
08N7005-00311) and Basic Science Research Program through
the National Research Foundation of Korea (2010-0007598)
funded by the Ministry of Education, Science and Technology.

Author contributions

Kyeong-Hee Choi, Jung-Hyun Shim and Le Diem Huong
performed the experiments and laboratory analyses. Nam-Pyo
Cho performed the data analyses. Sung-Dae Cho designed the
research plan and prepared the manuscript. All authors
participated in the editing and final preparation of this
manuscript.

References

Abdelrahim M, Baker CH, Abbruzzese JL et al (2007).
Regulation of vascular endothelial growth factor receptor-
1 expression by specificity proteins 1, 3, and 4 in pancreatic
cancer cells. Cancer Res 67: 3286–3294.

Agrawal A, Fentiman IS (2008). NSAIDs and breast cancer: a
possible prevention and treatment strategy. Int J Clin Pract
62: 444–449.

Craig RW (2002). MCL1 provides a window on the role of the
BCL2 family in cell proliferation, differentiation and
tumorigenesis. Leukemia 16: 444–454.

Das S, Kalyani R (2008). Sclerosing mucoepidermoid carci-
noma with eosinophilia of the thyroid. Indian J Pathol
Microbiol 51: 34–36.

Ding Q, Huo L, Yang JY et al (2008). Down-regulation of
myeloid cell leukemia-1 through inhibiting Erk ⁄Pin 1
pathway by sorafenib facilitates chemosensitization in breast
cancer. Cancer Res 68: 6109–6117.

Gojo I, Zhang B, Fenton RG (2002). The cyclin-dependent
kinase inhibitor flavopiridol induces apoptosis in multiple
myeloma cells through transcriptional repression and down-
regulation of Mcl-1. Clin Cancer Res 8: 3527–3538.

Hao Y, Xie T, Korotcov A et al (2009). Salvianolic acid B
inhibits growth of head and neck squamous cell carcinoma
in vitro and in vivo via cyclooxygenase-2 and apoptotic
pathways. Int J Cancer 124: 2200–2209.

Kaufmann SH, Karp JE, Letendre L et al (2005). Phase I and
pharmacologic study of infusional topotecan and Carbopl-
atin in relapsed and refractory acute leukemia. Clin Cancer
Res 11: 6641–6649.

Kim YY, Lee EJ, Kim YK et al (2010). Anti-cancer effects of
celecoxib in head and neck carcinoma.Mol Cells 29: 185–194.

Konduri S, Colon J, Baker CH et al (2009). Tolfenamic acid
enhances pancreatic cancer cell and tumor response to
radiation therapy by inhibiting survivin protein expression.
Mol Cancer Ther 8: 533–542.

Kozopas KM, Yang T, Buchan HL, Zhou P, Craig RW
(1993). MCL1, a gene expressed in programmed myeloid cell
differentiation, has sequence similarity to BCL2. Proc Natl
Acad Sci USA 90: 3516–3520.

Kuroda J, Kamitsuji Y, Kimura S et al (2008). Anti-myeloma
effect of homoharringtonine with concomitant targeting of
the myeloma-promoting molecules, Mcl-1, XIAP, and beta-
catenin. Int J Hematol 87: 507–515.

Lee EJ, Kim J, Lee SA et al (2005). Characterization of newly
established oral cancer cell lines derived from six squamous
cell carcinoma and two mucoepidermoid carcinoma cells.
Exp Mol Med 37: 379–390.

Tolfenamic acid inhibits MCL-1 to suppress YD-15 cells
K-H Choi et al

474

Oral Diseases



Leong SC, Pinder E, Sasae R, Mortimore S (2007). Mucoep-
idermoid carcinoma of the tongue. Singapore Med J 48:

e272–e274.
Menzel T, Schauber J,KrethF et al (2002). Butyrate and aspirin
in combination have an enhanced effect on apoptosis in
human colorectal cancer cells.Eur J Cancer Prev 11: 271–281.

Nagata M, Wada K, Nakajima A et al (2009). Role of myeloid
cell leukemia-1 in cell growth of squamous cell carcinoma.
J Pharmacol Sci 110: 344–353.

Papineni S, Chintharlapalli S, Abdelrahim M et al (2009).
Tolfenamic acid inhibits esophageal cancer through repres-
sion of specificity proteins and c-Met. Carcinogenesis 30:

1193–1201.
Park IS, Jo JR, Hong H et al (2010). Aspirin induces apoptosis
in YD-8 human oral squamous carcinoma cells through
activation of caspases, down-regulation of Mcl-1, and
inactivation of ERK-1 ⁄ 2 and AKT. Toxicol In Vitro 24:

713–720.
Saxena A, Moshynska OV, Moshynskyy ID et al (2007). Short
nucleotide polymorphic insertions in the MCL-1 promoter
affect gene expression. Cancer Lett 251: 114–131.

Selzer E, Thallinger C, Hoeller C et al (2002). Betulinic acid-
induced Mcl-1 expression in human melanoma – mode of
action and functional significance. Mol Med 8: 877–884.

Spiro RH (1986). Salivary neoplasms: overview of a 35-year
experience with 2,807 patients. Head Neck Surg 8: 177–184.

Takeda Y, Kurose A (2006). Pigmented mucoepidermoid
carcinoma, a case report and review of the literature on
melanin-pigmented salivary gland tumors. J Oral Sci 48:
253–256.

Tang R, Faussat AM, Majdak P et al (2006). Semisynthetic
homoharringtonine induces apoptosis via inhibition of
protein synthesis and triggers rapid myeloid cell leukemia-
1 down-regulation in myeloid leukemia cells. Mol Cancer
Ther 5: 723–731.

Tucci R, Matizonkas-Antonio LF, de Carvalhosa AA, Castro
PH, Nunes FD, Pinto DD Jr (2009). Central mucoepider-
moid carcinoma: report of a case with 11 years’ evolution
and peculiar macroscopical and clinical characteristics. Med
Oral Patol Oral Cir Bucal 14: E283–E286.

Ye X, Zhou W, Li Y et al (2010). Darbufelone, a novel anti-
inflammatory drug, induces growth inhibition of lung cancer
cells both in vitro and in vivo. Cancer Chemother Pharmacol
66: 277–285.

Zhang X, Morham SG, Langenbach R, Young DA (1999).
Malignant transformation and antineoplastic actions of
nonsteroidal antiinflammatory drugs (NSAIDs) on cyclo-
oxygenase-null embryo fibroblasts. J Exp Med 190: 451–459.

Zhang Z, Huang L, Zhao W, Rigas B (2010). Annexin 1
induced by anti-inflammatory drugs binds to NF-kappaB
and inhibits its activation: anticancer effects in vitro and in
vivo. Cancer Res 70: 2379–2388.

Zhou P, Qian L, Kozopas KM, Craig RW (1997). Mcl-1, a
Bcl-2 family member, delays the death of hematopoietic cells
under a variety of apoptosis-inducing conditions. Blood 89:
630–643.

Tolfenamic acid inhibits MCL-1 to suppress YD-15 cells
K-H Choi et al

475

Oral Diseases



Copyright of Oral Diseases is the property of Wiley-Blackwell and its content may not be copied or emailed to

multiple sites or posted to a listserv without the copyright holder's express written permission. However, users

may print, download, or email articles for individual use.


