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Abstract

Background: Altered expression of Mcl-1, an anti-apoptotic member of the Bcl-2 family, has been linked to the progression
and outcome of a variety of malignancies. We have previously reported the overexpression of Mcl-1 protein in human oral
cancers. The present study aimed to evaluate the clinicopathological significance of the expression of three known Mcl-1
isoforms in oral tumors and the effect of targeting Mcl-1L isoform on chemosensitivity of oral cancer cells.

Methods: The expression of Mcl-1 isoforms- Mcl-1L, Mcl-1S & Mcl-1ES was analyzed in 130 paired oral tumors and 9 oral cell
lines using quantitative real-time PCR & protein by western blotting. The Mcl-1 mRNA levels were correlated with
clinicopathological parameters and outcome of oral cancer patients. The effect of Mcl-1L shRNA or Obatoclax (a small
molecule Mcl-1 inhibitor), in combination with Cisplatin on chemosensitivity of oral cancer cells was also assessed.

Results: Anti-apoptotic Mcl-1L was predominantly expressed, over low or undetectable pro-apoptotic Mcl-1S and Mcl-1ES
isoforms. The Mcl-1L transcripts were significantly overexpressed in all cancer cell lines and in 64% oral tumors versus
adjacent normals (P<<0.02). In oral cancer patients, high Mcl-1L expression was significantly associated with node positivity
(P=0.021), advanced tumor size (P=0.013) and poor overall survival (P=0.002). Multivariate analysis indicated Mcl-1L to be
an independent prognostic factor for oral cancers (P=0.037). Mcl-1L shRNA knockdown or its inhibition by Obatoclax in
combination with Cisplatin synergistically reduced viability and growth of oral cancer cells than either treatment alone.

Conclusion: Our studies suggest that overexpression of Mcl-1L is associated with poor prognosis and chemoresistance in
oral cancers. Mcl-1L is an independent prognostic factor and a potential therapeutic target in oral cancers.

Citation: Palve V, Mallick S, Ghaisas G, Kannan S, Teni T (2014) Overexpression of Mcl-1L Splice Variant Is Associated with Poor Prognosis and Chemoresistance in
Oral Cancers. PLoS ONE 9(11): e111927. doi:10.1371/journal.pone.0111927

Editor: Kithiganahalli N Balaji, Indian Institute of Science, Bangalore, India
Received June 9, 2014; Accepted October 9, 2014; Published November 19, 2014

Copyright: © 2014 Palve et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Data Availability: The authors confirm that all data underlying the findings are fully available without restriction. All relevant data are within the paper.
Funding: The authors have no support or funding to report.
Competing Interests: The authors have declared that no competing interests exist.

* Email: tteni@actrec.gov.in

Introduction gene family, essential for development, differentiation, and
proliferation [5]. Cellular expression of Mcl-1 is tightly regulated
through multiple transcriptional and post-transcriptional mecha-
nisms [6]. Increased Mcl-1 expression can produce moderate
short-term viability enhancement in a broad range of cell types.
Mcl-1 may promote cell survival by suppressing the release of
cytochrome-c from mitochondria via heterodimerisation and the

Oral cancer is the most prevalent cancer among Indian males
and is predominantly associated with tobacco-chewing habit
prevalent in the country [1]. Despite recent advances in treatment
modalities like surgery, radiotherapy/chemotherapy, the long
term survival of oral cancer patients has not changed significantly.
The factors associated with poor prognosis of oral cancer include,
presentation at an advanced clinical stage & uncontrolled loco-
regional recurrence [2]. Hence it is important to elucidate the
mechanisms involved in the development and progression of oral
cancer and identify molecular targets for better discase manage-
ment.

neutralization of effector pro-apoptotic BH3-only proteins such as
Bak and Noxa [7]. The overexpression of Mcl-1 has been reported
in a variety of malignancies including hematopoietic, lymphoid
and solid tumors [8,9]. Overexpression of Mcl-1 has been
associated with aggressive tumor features, resistance to treatment

) ) ) and poor prognosis in breast, gastric, ovarian & cervical cancers
Oral cancers have repeatedly been associated with apoptotic [10-13].

dysregulation [3]. The pro and anti-apoptotic members of the Bcl-
2 family are the key regulators of cellular apoptosis and play a
critical role in regulating cell survival [4]. Mcl-1 (Myeloid cell
leukemia-1) is an important anti-apoptotic member of the Bcl-2

Although the Mcl-1 gene has been studied extensively in
multiple myeloma and leukemia, there are rare reports on Mcl-1
analysis in head and neck cancer. Recent studies from our
laboratory have demonstrated significant overexpression of Mcl-1
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protein in oral cancer cell lines, premalignant lesions (OSF) and
oral tumors by immunohistochemistry [14]. We have also
demonstrated high PCNA and Mcl-1 protein expression to be
associated with poor prognosis in oral cancer patients treated with
definitive radiotherapy [15]. However, the situation is complex
due to the existence of three distinct Mcl-1 isoforms having
contrasting functions namely anti-apoptotic Mcl-1L and pro-
apoptotic Mcl-1S & Mcl-1ES [16]. Interestingly, our lab has
recently reported the association of anti-apoptotic Mcl-1L isoform
with survival and radioresistance of oral squamous carcinoma cells
[17].

Mcl-1 has also been shown to play a role in chemoresistance of a
variety of cancers, but the role of its isoforms in chemoresistance
has not been studied in cancers including oral cancers. Radiation
followed by chemotherapy is the common treatment modality for
oral cancer and Mcl-1 overexpression has been shown to provide
resistance to conventional chemotherapeutic drugs like Cisplatin
[18]. Several reports have shown that Mcl-1 promotes cell survival
and targeting Mcl-1 via BH3-mimetic molecules can induce cell
death in Cisplatin resistant cancer cells [19,20]. Recently,
Obatoclax, a BH3 mimetic small molecule inhibitor has been
shown to antagonize Mcl-1 protein and overcome Mcl-1 mediated
resistance to apoptosis [21,22]. Our recent studies indicate Mcl-1
to be important for the survival of oral cancer cells and hence
targeting Mcl-1 could be useful in treatment of oral cancer
patients. However, to the best of our knowledge, such studies are
not available in oral cancer. The present study was thus
undertaken to evaluate the clinical significance of Mcl-1 isoforms
in oral cancer and the efficacy of targeting Mcl-1 to chemosensitize
oral cancer cells in vitro.

Materials and Methods

Cell cultures

Seven oral cancer cell lines- SCC25, QLL1 (From Dr. Park,
Yonsei University College of Medicine, Korea [23] & Dr
Rheinwald, Harvard Medical School, Boston [24]); UP-
CI:SCC029B, UPCI:SCC040 & UPCI:SCC074 (From Dr. S
Gollin, University of Pittsburgh, PA) [25]; AW8507 & AW13516
[26] were used in the study. Additionally an immortalized Fetal
Buccal Mucosa (FBM) [27] and a Dysplastic Oral Keratinocyte
(DOK) (from Dr. Ken Parkinson, Queen Mary’s School of
Medicine & Dentistry, UK)[28] cell lines were also used in study.
The cells were maintained in MEM or IMDM supplemented with
10% FBS & 1% standard antibiotic mixture in 5% COy incubator
at 37°C as described earlier [17,23,29].

Oral tissues

This study was approved by the Institutional Review Board of
Tata Memorial Centre and Sharad Pawar Dental College, India.
Written informed consents were obtained from all the study
participants. Treatment naive primary oral tumor samples and
their adjacent normal tissues were obtained from 130 patients
undergoing surgery at the Head and Neck Unit and from the
ICMR National Tumor Tissue Repository, Tata Memorial
Centre, Mumbai, India. Inflamed oral tissues (n=20) were
collected as healthy normal tissues from patients undergoing
minor dental surgical procedure at the Department of Oral
Pathology, Sharad Pawar Dental College, Wardha, India. All the
tissues were frozen immediately in liquid nitrogen and stored at
—80°C until analysis. The clinicopathological characteristics of the
cohort are illustrated in Table 1.
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RNA isolation and Real-time PCR

RNA from cell pellets and tissues were extracted using TRI
reagent (Sigma, USA) according to the manufacturer’s protocol.
The RNA was dissolved in DEPC-treated water and contaminat-
ing DNA was removed by DNasel treatment (Sigma, USA). RNA
integrity was analyzed by electrophoresis and samples were
preserved at —80°C until analysis, as described earlier [17].
cDNA was synthesized with 500 ng total RNA, using a First
Strand cDNA synthesis kit (MBI Fermentas, Canada) according to
the manufacturer’s instructions. The cDNA was then subjected for
quantitative real-time PCR using Tagman universal PCR master
mix (ABI, 4304437) and Mcl-1 isoform specific gene expression
probes (ABI, Mcl-1L:Hs00172036_m1; Mcl-1S:Hs00766187_m1
& Mcl-1ES:4331348). The amplification was done on ABI-
7900HT real time PCR system (Applied Biosystems, USA).
GAPDH (ABI, Hs99999905_m1) was used as internal control to
normalize inter sample variation in RNA input & amplification
efficiency. All amplification reactions were done in triplicates,
using DEPC treated water as negative controls. The analysis of
gene expression data was done by using the Comparative Cp
method of relative quantification [30].

Western blotting

Proteins were extracted from cell pellets and tumor tissues as
described earlier [14]. Briefly, 30 mg of frozen tissue was
pulverized in mortal & pestle using liquid Nitrogen, dissolved in
chilled ProteoJET Mammalian Cell Lysis Reagent containing
ProteoBlock Protease Inhibitor Cocktail (Fermentas, USA) and
sonicated on ice. The tissue or cell lysates were cleared by
centrifugation at 14000 rpm at 4°C. The protein estimation was
performed by the Bradford method. The tissue/cell lysates (30—
50 pg) were resolved on 12% SDS-PAGE gels and transferred
onto PVDF membranes (Millipore, USA). Membranes were
blocked with 5% skimmed milk in TBS for 2 hrs. and incubated
overnight at 4°C with mouse monoclonal antibody against Mcl-1L
(1:1000) (Santa Cruz Biotechnology, USA). The membranes were
stripped and reprobed with rabbit polyclonal antibody against B-
actin (1:2000) (Santa Cruz Biotechnology, USA) as loading
control. Secondary antibodies used were Horseradish peroxidase
conjugated IgG (1:5000) (Santa Cruz Biotechnology, USA).
Proteins were visualized with enhanced chemiluminescence kit
(GE Healthcare, US). Densitometry analysis of developed X-ray
film was performed using Image]J software (NIH, Bethesda, MD).

Mcl-1L knockdown

The expression of Mcl-1L was downregulated by cloning Mcl-
1L shRNA cassette in pTRIPZ lentiviral system as per manufac-
turer’s instructions (Applied Biosystems, USA). A non-targeting
oligonucleotide sequence was cloned as control. The viral particles
were generated by co-transfecting the recombinant Mcl-
1LshRNA-pTRIPZ constructs and packaging plasmids in
HEK293FT cells. Further, three oral cancer cell lines namely
AW8507, UPCL:SCC029B & UPCIL:SCC040 were transduced
and the stable selection was done using puromycin selection
marker. The expression for shRNA was induced by doxycycline
and post 72 hrs. of treatment, the levels of Mcl-1L were assessed
by qRT-PCR and western blotting. The specific silencing of Mcl-
1L was confirmed in three independent experiments.

Cell death by PI staining

PI (Propidium lodide, Santa Cruz Biotechnology, CA) staining
was done for the detection of cell death in the three oral cancer cell
lines (AW8507, UPCI:SCC029B & UPCI:SCC040) after different

November 2014 | Volume 9 | Issue 11 | e111927



Mcl-1 in Prognosis and Chemoresistance of Oral Cancer

Table 1. Clinicopathological characteristics of 130 oral cancer patients.

Characteristics No. (%)
Gender
Male 99 (76.2)
Female 31 (23.8)
Age (Range 13-80 years)
>53 63 (48.5)
<53 67 (51.5)
Habits
Tobacco chewing 81 (62.3)
Tobacco chewing + Alcohol 15 (11.5)
Smoking 04 (3.1)
Smoking + Alcohol 02 (1.5)
Tobacco chewing + Smoking 13 (10)
Tobacco + Smoking + Alcohol 06 (4.6)
No habits 07 (5.4)
NA 02 (1.6)
Primary site of tumor
Buccal Mucosa 46 (35.4)
Tongue 45 (34.6)
Alveolus 35 (26.9)
Others 04 (3.1)
Tumor classification
T1+T2 42 (32.3)
T3+ T4 88 (67.7)
Lymph Node
NO 47 (36.2)
N1 32 (24.6)
N2 51 (39.2)
Differentiation
Well 16 (12.4)
Moderate 82 (63.6)
Poor 31 (24.0)

Abbreviations: NA = Not Available.
doi:10.1371/journal.pone.0111927.t001

treatment combinations. Briefly, cells were collected by trypsin-
ization, post different treatments as described earlier. Cells were
washed with PBS and 10 pl PI was added. The cells were then
incubated for 2 min in dark and analyzed at 488 nm, on a flow
cytometer (FACS Caliber, BD, USA).

MTT assay

Cells were seeded at 2000 cells per well in 96-well plates
containing DMEM with 10% FBS. After 24 h, cells were either
left untreated or treated with different concentrations of Cisplatin
(0.025-10.0 pg/ml) (MP Biomedicals, India) or Obatoclax (0, 1.0
10.0 nM) (Selleck chem USA). The 50% inhibitory concentrations
(IC50) for Cisplatin and Obatoclax were calculated from the
survival curves for all the cell lines. DMSO containing medium
served as the respective control. Following incubation of cells with
Obatoclax and/or Cisplatin for 72 h, the cell growth was assessed
by the MTT assay, as per manufacturer’s instructions (Sigma,
USA). Briefly, the spent medium was removed and 50 pl of MTT
solution (I mg/ml) was added to each well. The plates was
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incubated for 4 hrs at 37°C in CO, incubator and the formazan
crystals in viable cells were dissolved by using dimethyl sulfoxide
(DMSO, 100ul per well). The plate was agitated on an orbital
shaker for 10 min and the absorbance was measured at 540 nm
using reference wavelength of 690 nm on micro plate reader
(Spectramax, USA). Five wells were used for each drug
concentration, and the experiment was repeated three times. In
another experiment, to evaluate whether combination of treat-
ments would achieve higher growth inhibition than individual
treatment, oral cancer cells were treated with doxycycline to
knockdown Mcl-1 expression or Obatoclax (5 nM) to inhibit Mcl-
1 activity, followed by Cisplatin at a concentration lower than the
1C50 dose. All the experiments were performed in triplicates.

Trypan blue assay & Confocal Microscopy

Cells were seeded into 24-well plates at a density of 5x10* per
well. The Mcl-1 expression was targeted either by Doxycycline or
Obatoclax treatments or in combination with Cisplatin as
described above. Cells were trypsinzed after 48 hrs. of treatment
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and trypan blue (0.4%) staining was performed. The number of
viable cells were counted using a hemocytometer and compared to
untreated control. The data are shown from three independent
experiments. The imaging of cells after different treatments was
carried out using an inverted microscope with LSM Image
Browser 4.2 software (Carl Zeiss, USA).

Statistical analysis

Statistical analysis was done using a licensed version of SPSS
software package 15.0. To statistically correlate the expression of
Mcl-1 isoforms with clinicopathological parameters, the data was
dichotomized into two groups namely: the Mcl-1 isoform high
expressers and low expressers. For comparison the mean
expression of Mcl-1 isoforms in healthy normals and histologically
normal adjacent tissues were used. The correlation between
clinicopathological parameters (gender, age, site, habits, size,
node, metastasis, recurrence) was done using the Chi Square test
(x%). Kaplan Meier curves were used for evaluating the overall
survival and the difference within the groups was calculated with
Log Rank test of significance. The predictive parameters in the
univariate analysis were incorporated into multivariate analysis
using Cox’s proportional hazard test to identify the factors that
were independent predictors of survival. The Graphpad Prism)
software was used to plot graphs and the data of two similar &
dissimilar groups were statistically analyzed by Student-t test &
Mann Whitney test. The variation among group means was
analyzed by one-way analysis of variance (ANOVA) test. The data
are reported as mean *SD. The p value <0.05 was considered
statistically significant.

Results

Expression of Mcl-1 isoforms in oral cell lines

gRT-PCR analysis revealed, predominant high expression of
anti-apoptotic Mcl-1L isoform over low or undetectable pro-
apoptotic Mcl-18S and Mcl-1ES expression in all the oral cell lines
(Figurela). Mcl-1L was found to be significantly overexpressed at
both mRNA & protein level in all seven oral cancer cell lines
(SCC25, UPCLSCC029B, UPCILSCC040, UPCIL:SCCO074,
QLLI, AW8507 and AW13516) as compared to immortalized
normal FBM & dysplastic DOK cell line (Figure 1).

Expression of Mcl-1 isoforms in oral tissues

gRT-PCR analysis revealed significant (p=0.02) high expres-
sion of Mcl-1L mRNA in 64% (84/130) of oral tumors of different
subsites as compared to normal tissue (Figure 2a). Moreover, no
significant difference was observed between Mcl-1L expression
from tumors of different subsites. The relative expression of Mcl-
1L isoform was ~5 fold higher than Mcl-1S and ~10 fold higher
to Mcl-1ES isoform in oral tumors (data not shown). Similarly,
western blot analysis showed high Mcl-1L protein expression in
oral tumors versus adjacent normal tissues (figure 2b).

Correlation of Mcl-1 expression with clinicopathological
parameters & outcome

Univariate analysis revealed significant correlation of high Mcl-
1L expression with node positivity (p=0.021) and advanced
tumors (p=0.013). However, no significant correlation was
observed between expression of Mcl-1 isoforms and gender, age,
tobacco/alcohol habits, primary site & differentiation of oral
cancer patients (Table 2). Notably, low expression of pro-apoptotic
Mcl-1S isoform showed a trend towards positive significance with
poorly differentiated tumors (p =0.053).
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Correlation of Mcl-1 expression with overall survival

The Kaplan—Meier survival curves of low and high expressers of
Mcl-1L showed a statistically significant difference (p =0.002).
Patients expressing high anti-apoptotic Mcl-1L exhibited poor
overall survival versus those expressing low Mcl-1L (Figure 3a).
Inversely, patients expressing high pro-apoptotic Mcl-1S exhibited
significantly better overall survival (p=0.051) as compared to
those having low Mcl-1S (Figure 3b). Notably, the relative ratio of
Mecl-1L/Mcl-18 also showed a positive correlation (p = 0.006) with
the poor overall survival of oral cancer patients (Figure 3c).
Additionally, the univariate analysis also revealed poor overall
survival in node positive versus node negative oral cancer patients
(p =0.003). The other parameters like age, tobacco/alcohol habits
and differentiation did not significantly influence overall survival of
these patients.

Multivariate analysis

Among the two isoforms (Mcl-1L & Mcl-1S) analyzed, theMcl-
1L expression influenced the overall survival of oral cancer
patients. The Mcl-1L variable, which had emerged significant in
the univariate analysis, was examined using the Cox regression
model in the multivariate analysis (Figure3d). Patients expressing
high Mcl-1L exhibited shorter overall survival and 3.2 time’s
higher risk of poor survival as compared to those expressing low
Mcl-1L (p=0.037). This implies that Mcl-1L is an independent
prognostic factor for oral cancer.

shRNA mediated down regulation of Mcl-1L

In the three oral cancer cell lines (AW8507, UPCIL:SCC040 &
UPCI:SCC029B) transduced with Mcl-1L shRNA-pTRIPZ len-
tiviral particles, the Mcl-1L expression was successfully downreg-
ulated post doxycycline treatment. The control wells represent the
cells without doxycycline treatment. The quantitative real time
PCR and western blot analysis confirmed the down regulation of
Mcl-1L at both mRNA and protein levels, in all the three cancer
cell lines (Figure 4). However, the levels of Mcl-1S & Mcl-1ES
remained unaltered (Data not shown).

Effect of Mcl-1L knockdown &/or Cisplatin on cell death

The induction of cell death was analyzed by PI staining followed
by FACS analysis in the three oral cancer cell lines (AW8507,
UPCI:SCC040 & UPCI:SCC029B) post different treatments as
described earlier. The shRNA mediated knockdown of abundantly
expressed Mcl-1L isoform or Cisplatin treatment revealed
induction of cell death in all cell lines. The cell death induced in
AWS8507, UPCI:SCC040 & UPCI:SCC29B, post Mcl-1L knock-
down was 31% (SD 2.5), 27% (SD 1.5) and 24% (SD 3.5) or post
Cisplatin treatment was 50% (SD 2.1), 42% (SD 2.7), and 46%
(SD 3.1) respectively. Moreover, shRNA mediated Mcl-1L
knockdown followed by Cisplatin treatment together showed
78% (SD, 1.2), 71% (SD 1.8) and 82% (SD 2.0) of cell death
respectively. The combined treatments of Mcl-1L knockdown and
Cisplatin showed a statistically significant (p<<0.05) difference in
induction of cell death as compared to either treatments alone
(Figure 5b), thereby, suggesting a synergistic effect of the
combined treatments on cell death.

Effect of BH3 mimetic Obatoclax and/or Cisplatin on cell
viability and growth

Figure 6a illustrates representative confocal microscopy images
of AWS8507 cells treated with Cisplatin and/or Obatoclax.
Interestingly the combined treatments of Obatoclax & Cisplatin
showed increased cell death as compared to individual treatments.
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Figure 1. Expression of Mcl-1 isoforms in oral cell lines. (a) Expression of Mcl-1L & Mcl-1S mRNA in oral cell lines; Mcl-1 ES levels were

undetectable (* P<0.03) (b) Mcl-1L protein expression in oral cell lines.

doi:10.1371/journal.pone.0111927.g001

Additionally, the trypan blue dye exclusion assay was performed to
determine the effect on cell viability in oral cancer cell lines
(AW8507, UPCLSCC040 & UPCLSCCO029B) after different
treatments. Notably, the BH3 mimetic Obatoclax or Cisplatin
could successfully reduce cell viability in all the three cancer cell
lines. Moreover, the combination of Obatoclax and Cisplatin
together significantly (p<<0.05) reduced cell viability as compared
to either treatments alone. The combined treatment of Obatoclax
& Cisplatin exhibited a 3-7 fold reduction in cell viability as
compared to the individual treatments (Figure 6b). Moreover, the
MTT proliferation assay also revealed a significant (p<<0.05)
reduction in cell growth (2-4 fold) after combined treatment of
Cisplatin and Obatoclax as compared to either treatments alone
(Figure 6c) thereby, suggesting a synergistic effect of the combined
treatment on cell viability and growth of oral cancer cells.

Discussion

In the present study, we assessed the expression of Mcl-1
isoforms (Mcl-1L, Mcl-1S & Mcl-1ES) in oral tumors versus
normal tissues, to determine whether they would be useful as
prognostic markers in oral cancer patients. So far, limited
information is available on the role of Mcl-1 isoforms in
pathogenesis of oral cancer. To our knowledge, this is the first
study to correlate the expression of the three Mcl-1 isoforms with
clinicopathological parameters of oral cancer patients. Our study
demonstrates significant high expression of anti-apoptotic Mcl-1L
in majority of oral cancer cell lines and tumors (64%) as compared
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to corresponding normals. We also demonstrate that high Mcl-1L
expression was significantly associated with the poor outcome of
oral cancer patients. Further, targeting Mcl-1L by shRNA or
Obatoclax in combination with Cisplatin could synergistically
induce cell death in oral cancer cells. Hence, overexpression of
Mcl-1L may represent an important mechanism contributing to
the oral cancer cell survival, thereby contributing in the
development and progression of oral cancer.

The dysregulation of apoptosis regulating genes has been
reported to play a key role in the development and progression of
several human malignancies. The anti-apoptotic Mcl-1 is an
important member of the apoptosis regulating Bcl-2 family and
has been shown to be overexpressed in variety of cancers
including, cervical, ovarian, pancreatic, hepatocellular, non-small
cell lung, testicular germ cell cancers and melanomas [8]. Notably,
the present study for the first time demonstrates overexpression of
Mcl-1L splice variant in oral cancer cell lines & majority of oral
tumors versus normal tissues. There is only a single report
analyzing Mcl-1 isoforms & their clinical significance so far in clear
cell renal carcinomas [31]. In contrast to our results, this study
however demonstrated an association of low Mcl-1L expression
with aggressive phenotypes in clear cell renal carcinomas. Also,
there is no information available on the expression of Mcl-1
isoforms in oral cancers. In the present study, the correlation of
Mcl-1 isoforms and clinicopathological parameters of oral cancer
patients, revealed significant association of Mcl-1L splice variant
with advanced tumor size (p=0.013) and lymph node positivity
(p=0.021). Kaplan-Meier survival analysis of low versus high
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doi:10.1371/journal.pone.0111927.g002

expressers of Mcl-1L mRNA showed that high Mcl-1L expression
was significantly associated with poor overall survival (p =0.002).
As observed in the present study for Mcl-1 isoforms, high Mcl-1
protein expression and its association with poor prognosis has been
demonstrated in cervical, gastric, lung and ovarian cancers [11—
13,32]. However, a previous study from our lab could not find the
above association at the Mcl-1 protein level [14]. The present
study was undertaken to elucidate the expression profile of Mcl-1
isoforms in oral cell lines and a large cohort of tumors, which
demonstrated the association of anti-apoptotic Mcl-1L expression
with prognosis in oral cancer. This is the first study, demonstrating
the correlation of Mcl-1L splice variant with outcome of oral
cancer patients and Mcl-1L as an independent prognostic marker
for oral cancers.

Mcl-1 is tightly regulated at the transcriptional, post transcrip-
tional and translational levels [6] and the exact mechanism of Mcl-
1 overexpression in oral cancers is not known. The pro-apoptotic
Mcl-1S & Mcl-1ES isoforms were expressed at low or undetectable
levels as compared to the predominantly expressed Mcl-1L and
did not correlate with clinicopathological parameters of oral
cancer patients. Notably, the short pro-apoptotic Mcl-1S only
binds to Mcl-1L possibly neutralizing its anti-apoptotic function
[33]. Moreover, the recently identified pro-apoptotic Mcl-1ES
isoform may also bind and neutralize the anti-apoptotic function
of full length Mcl-1L isoform, though it is expressed at very low or
undetectable levels. We therefore analyzed the relative ratios of
Mcl-1L/Mcl-1S isoforms, which revealed a significant positive
correlation with the poor overall survival of patients, implying that
the low expression of Mcl-1S & Mcl-1ES in oral cancers is possibly
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insufficient to completely neutralize the high expression of anti-
apoptotic Mcl-1L isoform. To the best of our knowledge this is the
first study quantitating the expression of the three Mcl-1 isoforms
and their correlation with clinicopathological parameters &
outcome of oral cancer patients. Our findings are also supported
by the previous reports in gastric and cervical cancers demon-
strating the association between high Mcl-1 protein expression
with tumor size, histological grade, lymph node involvement,
metastasis & poor clinical outcome [11,34]. Moreover, the
prognostic significance of high Mcl-1 protein expression has also
been demonstrated in breast, ovarian, non-small cell lung cancer
and several hematological malignancies [10,13,35].

Mcl-1 is overexpressed in a variety of human malignancies and
proposed to be a potential therapeutic target [8]. Mcl-1
overexpression also appears to be a key factor in the resistance
of various cancer types to conventional treatments, including
radiation and chemotherapy. The down regulation of Mcl-1 has
been shown to sensitize neuroblastoma cells to cytotoxic chemo-
therapy and resistant melanoma cells to Fas mediated apoptosis
[36,37]. Moreover, in our present study, shRNA mediated down
regulation of Mcl-1L has shown to chemosensitize oral cancer cells
(AW8507, UPCIL:SCC040 & UPCI:SCCO029B) to Cisplatin indi-
cating a crucial role for Mcl-1 in treatment resistance in oral
cancers. Studies targeting Mcl-1 via antisense therapy have also
shown to chemosensitize hepatocellular carcinoma cells in vitro
[38,39]. Although our study indicates depletion of Mcl-1L
expression from 90% to 20% by shRNA (fig.4a) a minimal cell
death (25%) was observed. This suggests that besides Mcl-1 there
might be other factors contributing in survival of cells post
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Figure 3. Survival analysis of oral cancer patients. (a-c) Kaplan—-Meier estimates of overall survival of oral cancer patients with low or high
expression of Mcl-1 isoforms; (d) Multivariate analysis of oral cancer patients.
doi:10.1371/journal.pone.0111927.g003
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Figure 4. Down regulation of Mcl-1L expression in oral cancer cell lines. (a & b) shRNA mediated down regulation of Mcl-1L mRNA & protein
in AW8507, UPCI:SCC040 & SCCC29B oral cancer cells as compared to the control.
doi:10.1371/journal.pone.0111927.g004
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Figure 5. Estimation of Cisplatin IC50 for seven oral cancer cell lines by MTT assay (a) and the effect of Mcl-1L knockdown and/or
Cisplatin on induction of cell death by PI staining (b) (* & 3 P<0.05, vs. individual treatments).

doi:10.1371/journal.pone.0111927.9005

Cisplatin treatment. Several other studies have also reported
proteins like Survivin [40], Oct4 & Nanog [41], MUC4 [42],
secretary Kinl7 [43], etc. playing an important role in chemo-
resistance of oral squamous carcinoma cells. However, this is the
first study correlating the association of Mcl-1L splice variant with
chemoresistance of oral cancer.

Recent studies from our lab have shown a role for Mcl-1L
isoform in radioresistance of oral squamous carcinoma cells and as
a prognostic factor in prediction of disease-free survival of oral
cancer patients treated with definitive radiotherapy. [15,17].
Hence, depletion of Mcl-1 appears to be a prerequisite to radio/
chemo sensitize cancer cells that overexpress Mcl-1 protein, to
promote apoptosis. Several attempts have been made to target the
anti-apoptotic Bcl-2 family proteins including Mcl-1 in tumors
using a variety of inhibitors. Among these, the most promising
inhibitor, a BH3 mimetic ABT-737 has failed to overcome
resistance due to Mcl-1 overexpression. Further studies indicate
that, Mcl-1 down-regulation alone can potentiate ABT-737
lethality in leukemia cells [44]. In the present study a pan Bcl-2
small molecule inhibitor, Obatoclax (GX15-070) which is known
to antagonize Mcl-1 and overcome Mcl-1 mediated resistance to
apoptosis was used [21]. Obatoclax has been shown to sequester
anti-apoptotic Bcl-2 family proteins and up-regulate expression of

PLOS ONE | www.plosone.org 9

Puma, Noxa & Bim which further induced apoptosis in neoplastic
mast cells [45]. In a recent study, Obatoclax has been shown to
reduce levels of anti-apoptotic proteins including Mcl-1 and
induced pro-survival autophagy & apoptosis in Head & Neck
Squamous Carcinoma Cells [46]. This is the only study available
supporting the importance of BH3 mimetic small molecule
inhibitors in treatment of oral cancer patients. The present study
has demonstrated a synergistic effect of Obatoclax and Cisplatin
on oral cancer cell viability and growth, indicating that elimination
of anti-apoptotic Mcl-1L is crucial for chemosensitization the oral
cancer cells.

This is the first study that demonstrates expression of the three
Mcl-1 splice variants in oral cancer cell lines & tumor tissues.
Moreover, high Mcl-1L mRNA was significantly associated with
advanced tumor size, nodal involvement & poor outcome of oral
cancer patients. Also, depleting or inhibiting Mcl-1L levels could
successfully chemosensitize oral cancer cells to Cisplatin treatment.
These studies suggest that Mcl-1L splice variant is overexpressed
in oral cancers and its targeting may be important in the treatment
outcome of oral cancer patients.
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Figure 6. Effect of combination of BH3 mimetic Obatoclax and Cisplatin on cell viability & growth. (a) Confocal microscopic
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doi:10.1371/journal.pone.0111927.g006

Conclusion

Our study for the first time assessed Mcl-1 splice variants in oral
cancer and demonstrated, anti-apoptotic Mcl-1L isoform to be a
chemoresistance and prognostic factor and a potential therapeutic
target in oral cancers.
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