
Abstract. Metastasis is a critical event in oral squamous
cell carcinoma (OSCC) progression. To identify proteomic
biomarkers for OSCC metastasis, 3 paired OSCC cell lines
(UM1/UM2, 1386Tu/1386Ln, 686Tu/686Ln) with different
metastatic potential were examined. Among those 3 cell lines,
UM1, 1386Ln and 686Ln exhibited a higher degree of
metastatic potential than their paired cell lines UM2, 1386Tu
and 686Tu, respectively, as measured using an in vitro cell
invasion assay. A total of 40 differentially expressed proteins
were identified using 2D-PAGE/MS proteomic approach.
Selected protein candidates (superoxide dismutase 2 and heat
shock protein 27) were further investigated by immuno-
histochemistry (IHC) method using independent OSCC
patient tissue samples. The statistically significantly increases
in IHC staining for manganese superoxide dismutase 2
(SOD2) were observed in lymph node metastatic disease
when compared with the paired primary OSCC. Our results
thus indicated that elevated SOD2 levels is associated with
lymph node metastasis in OSCC and may provide predictive
values for diagnosis of metastasis.

Oral cancer, predominantly oral squamous cell carcinoma
(OSCC), is one of the most devastating diseases. The
American Cancer Society estimated that more than 30,000
new cases of oral cancer were diagnosed in 2006,
representing approximately 3% of all malignancies in men
and 2% of all malignancies in women. Worldwide oral
cancer is a major cancer problem (ranked as the 6th), with
an estimated 300,000 new cases diagnosed annually (1, 2).
Despite the tremendous improvements in surgery, radio-
therapy and chemotherapy over the last decade, the prognosis
for patients with OSCC is more or less unchanged for the
past 3 decades. This is because patients continue to die from
metastatic diseases at regional and distant sites. Improvement
in patient survival requires an increased understanding of
tumor metastasis so that aggressive tumors can be detected
early in the disease process and targeted therapeutic
interventions can be developed.

Currently, no molecular biomarkers have been included in
clinical work-up strategies for the detection of nodal
metastasis. Since several genes have been reported in
retrospective trials to yield prognostic information
independently of the TMN classification, it is reasonable to
hypothesize that molecular “fingerprints” could exist that
might define sub-groups of patients with significantly more
aggressive disease. The tumor cells may progress via the
bloodstream or the lymphatics to colonize new areas of the
body. The metastasis of the OSCCs is unique in that they
metastasize mainly to regional lymph nodes through the
draining lymphatics, where metastasis to distant sites is
relatively uncommon. Several recent gene expression studies
from this and other laboratories have suggested the existence
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of such “fingerprints” in the primary tumor for metastasis of
OSCC (3-6). In this study, we carry out the proteomic
analysis of paired OSCC cells with different metastasis
potentials to identify these “fingerprints” for metastasis, and
further validate our findings using clinical samples.

Materials and Methods
Cell culture and in vitro cell invasion assay. Human OSSC cell
lines, UM1, UM2, MDA1386TU, 1386LN, MDA686TU and 686LN
cells were maintained in DMEM containing 10% FBS, 1,000
units/mL penicillin, and 500 μg/mL streptomycin (GIBCO) in a
37°C incubator with 5% CO2.

The Cultrex 96-well membrane invasion assay kit (Basement
Membrane Extract, R&D Systems) was used to determine the ability
of UM1, UM2, MDA1386TU, 1386LN, MDA686TU and 686LN cells
to invade into Basement Membrane Extract (BME)-coated filters
according to manufacturer’s instruction (www.rndsystems.com/pdf/
3455-096-K.pdf). Briefly, in day 1, 50 μl of 0.5xBME coating solution
was placed in each well in the cell invasion device, and cells were
starved in serum-Free medium. In day 2, the cells were harvested and
seeded into the upper chamber at 5x105 cells/well after incubating for
24 hours in serum-Free medium. 150 μl of medium per well was
added to the bottom chamber (10% FBS or without FBS). The
chambers were placed in a humidified atmosphere with 5% CO2 at
37˚C for 42 hours. In day 3, medium was aspirated from the
top/bottom chambers and each well was washed with 1x wash buffer.
100 μl of 1x Calcein AM was added to the bottom chamber, the cell
invasion device was then assembled, and incubated at 37˚C for 1 hour.
Experiments were run in quadruplicate. The top chamber was
removed, and the bottom plate was measured at 485 nm excitation and
520 nm emission. The data was compared to the standard curve to
determine the number of cells that have invaded. A separate standard
curve was used for each cell type. The percentage of cell invasion was
calculated as the number of the invaded cells divided by the number of
the cells at the start of the assay.

Proteomic analysis. Ten million cells were centrifuged at 2000g for
10 minutes at 4˚C in a microfuge. When centrifugation was complete,
the medium was removed by aspiration, leaving the cell pellet as dry
as possible. The proteins were extracted with rehydration buffer
consisting of 8 M urea, 4% CHAPS, 65 mM DTE, 0.5% ampholytes,
and a trace of bromophenol blue; the final volume was 200 μL. The
protein solution was then spun at 100,000 RPM for 30 minutes at 4˚C
and then 130 μl was absorbed into a 7 cm immobilized pH gradient
pH 3-10 IPG strip (IPG strip, GE Bioscience) overnight. The first
isoelectric focusing dimension was conducted for a total of 60 kVhr
(PROTEAN IEF cell, Bio-Rad) at room temperature. Before SDS-
PAGE electrophoresis, IPG strips were equilibrated with 3 ml of an
equilibrium solution containing 50 mM Tris-HCl (pH 8.8), 6 M urea,
30% glycerol, 2% SDS, a trace of bromophenol blue, and DTE (1%
w/v) for 20 min, followed by a second equilibration for 20 min in the
same equilibrium solution containing iodoacetamide (2.5% w/v)
instead of DTE. Finally, the strips were transferred to the top of 4-
12% Nu-Page gels and held in position with molten 0.5% agarose in
running buffer containing 25 mM Tris, 0.192 M glycine, 0.1% SDS.
Gels were run at constant voltage of 200 V for 45 minutes. The gels
were fixed and stained overnight with Coomassie blue staining
solution [50% (v/v) methanol, 0.2% (w/v) Coomassie brilliant blue
R-250, and 10% (v/v) acetic acid], and destained by washing 3 times

in destaining solution [50% (v/v) methanol and 10% (v/v) acetic
acid] for 1 h each time. Protein spots were quantified using the
PDQuest software (Protein Databases, Inc, Huntington Station, NY,
USA). All gels were also visually inspected to check for errors in spot
detection. Although spot density can vary from gel to gel, it has
previously been shown that the relative spot size and density remains
relatively stable within known biological samples. Significantly over-
expressed spots (>2-fold) were selected for analysis with mass
spectrometry. Protein spots on the gel were picked by hand. In-gel
tryptic digestion and matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) mass spectrometry of tryptic peptides was
performed as follows. Briefly, gel plugs were washed in 50%
acetonitrile, reduced of sulfide bonds in 60 mM DTT, alkylated of free
sulfhydryl groups in iodoacetamide, 50 mM ammonium bicarbonate
(pH 8.0) and 5 mM EDTA, and then incubated in trypsin [in 50 mM
ammonium bicarbonate (pH 8.0) solution at a concentration of 2
μg/100 μl] overnight. For MALDI-TOF, residual peptides were
extracted, spotted onto a MALDI-TOF target, and analyzed by a
positive-ion reflector mode with delayed extraction over the m/z range
700-4000 using a Voyager DE-PRO Mass Spectrometer (Applied
Biosystems, Foster City, CA, USA) equipped with a nitrogen laser.
Spectra were externally and internally calibrated. Peptide mass results
were used to identify the proteins using the MASCOT Peptide
Fingerprint link (http://www.matrixscience.com). Conditions were set
to allow for one missed cleavage, a mass tolerance of 50 ppm, and
limited to occur within the proximity of the protein’s approximate
molecular weight.

Western blot analysis. Cells were harvested at near confluence. After
washing with cold PBS 3 times, cells were lysed in RIPA buffer of
150 mM NaCl, 10 mM Tris-HCl, pH 7.4, 0.5% Triton X-100, and
protease inhibitors (Sigma), homogenized on ice, and centrifuged
at 15,000 rpm at 4˚C for 15 min. The supernatant was collected and
stored at –80˚C until use. Protein concentration was determined
using the Bradford assay (Bio-Rad). Twenty five μg of protein
extraction was loaded on 12% tris-polyacrylamide gels
(SDS–PAGE, Bio-Rad, USA). The proteins were then transferred
to nitrocellulose membrane (Whatman, Germany). The membranes
were blocked in 5% non-fat dry milk, washed in TBS with 0.05%
Tween 20 (TBST), and incubated in the appropriate primary
antibody solution for 2 hr at room temperature in PBST: 1:3,000
both for mouse anti-SOD2 and mouse anti-HSP27 (ABCam).
Mouse anti-beta-actin (ABCam) was set up for internal control. The
membranes were washed three times in PBST and incubated for 1
hour with goat anti-mouse antibodies (Bio-Rad) conjugated to
horseradish peroxidase at 1:5,000 dilution, washed three times in
PBST, and treated with Immun-Star HRP peroxide buffer and
Luminol/Enhancer (Bio-Rad) for chemiluminescence detection of
protein bands.

Immunohistochemical analysis. The archived tissue samples from
21 OSCC patients with pathologically detectable lymph node
metastasis were utilized in this study. Clinical characterization of
the OSSC patients was summed in Table I. This study was approved
by the ethical committee of The First Affiliated Hospital, Sun Yat-
Sen University and the Institutional Review Boards (IRB) at
University of Illinois at Chicago, IL, USA.

Tumor tissue was dehydrated in an ethanol series, cleared in xylene,
and embedded in paraffin. Five-micrometer sections were prepared and
mounted on poly-L-lysine-coated slides. Representative sections were
stained with H&E and histologically evaluated by a pathologist.
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Immunohistochemical analysis was done using a commercially
available kit (Invitrogen, Carlsbad, CA, USA). Sections were
incubated at 60°C for 30 min and deparaffinized in xylene.
Endogenous peroxidase activity was quenched by incubation in a 9:1
methanol/30% hydrogen peroxide solution for 10 min at room
temperature. Sections were rehydrated in PBS (pH 7.4) for 10 min at
room temperature. Sections were blocked with 10% normal serum for
10 min at room temperature followed by incubation with anti-SOD2
and anti-Hsp27 antibodies (ABCam) at a dilution of 1:200 for 16 h at
room temperature. After washing thrice in PBS, the sections were
incubated with secondary antibody conjugated to biotin for 10 min at
room temperature. After additional washing in PBS, the sections were
incubated with streptavidin-conjugated horseradish peroxidase enzyme
for 10 min at room temperature. Following final washes in PBS,
antigen-antibody complexes were detected by incubation with a
hydrogen peroxide substrate solution containing aminoethylcarbazole
chromogen reagent. Slides were rinsed in distilled water, cover-slipped
using aqueous mounting medium, and allowed to dry at room
temperature. The relative intensities of the completed immuno-
histochemical reactions were evaluated using light microscopy by 3
independent trained observers who were unaware of the clinical data.
A scale of 0 to 3 was used to score relative intensity, with 0
corresponding to no detectable immunoreactivity and 1, 2, and 3
equivalent to low, moderate, and high staining, respectively. Non-
parametric data was analyzed using Mann-Whitney test.

Results

Three paired OSCC cell lines (UM1/UM2, 1386Tu/1386Ln
and 686Tu/686Ln) were assembled. The UM1 and UM2 are
a paired OSCC with different metastatic potential that
generated from a single patient with OSCC of the tongue
(7). The 1386Tu/1386Ln and 686Tu/686Ln are paired cell
lines generated from primary tumors and lymph node
metastatic diseases from the OSCC patients. A critical
component of tumor metastasis is invasion of the tumor cell
through the basement membrane and into the surrounding
stroma. To evaluate the metastatic potential of these paired
cell lines, a transwell in vitro cell invasion assay was
performed (Figure 1). Under basal conditions (serum-free

medium in both lower and upper chambers of the transwell),
minimum cell invasion was observed for all cells. When
chemoattractant (10% FBS) was present in the lower
chamber, marked cell invasions were observed for all cell
lines, where the UM1, 1386Ln and 686Ln exhibited
statistically significantly elevated invasions when compared
to their paired cell lines, UM2, 1386Tu and 686Tu,
respectively (p<0.05).

Mapping proteomes, the protein complements to genomes,
has being utilized extensively to discover new disease
biomarkers for clinical and diagnostic applications. Here, the
cellular proteomes of these paired cell lines were determined
using 2D-PAGE/MS proteomic approach as described. The
representative images of 2D-PAGE analysis for UM1 and
UM2 cells were presented in Figure 2. The protein spots
were quantified and the differentially expressed spots (>= 2-
fold) were excised and in-gel tryptic digested. Matrix-
assisted laser desorption/ionization time-of-flight (MALDI-
TOF) mass spectrometry of tryptic peptides was performed
by a positive-ion reflector mode with delayed extraction over
the m/z range 700-4000 using a Voyager DE-PRO Mass
Spectrometer (Applied Biosystems, Foster City, CA, USA)
equipped with a nitrogen laser. Representative mass
spectrums were shown in Figure 3.
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Table I. Clinical characterization of the OSCC patients.

OSCC (n=21)

Age Average 45.1
(Range) 22-66

Gender Male (% ) 57.1
Female (% ) 42.9

Pathological T stage Stage 4 (% ) 19.0
Stage 3 (% ) 23.8
Stage 2 (% ) 52.4
Stage 1 (% ) 4.8

Pathological N stage Stage 2 (% ) 33.3
Stage 1 (% ) 66.7

Figure 1. Chemoattractants induced invasion of the OSCC cells. The
metastatic potentials of paired OSCC cell lines (UM1/UM2, 1386Ln/Tu,
and 686Ln/Tu) were evaluated using a transwell in vitro cell invasion
assay as described in the Material and Methods section. The invasions
for each cell lines were measured in the presence and absence of
chemoattractant (10% FBS) in the lower chamber of the transwell.
Statistically significantly differences in the invasions were observed for
all 3 paired cell lines in the presence of chemoattractant (p<0.05). The
result represents 3 independent experiments with quadruplicates of each
measurement.



A total of 40 differentially expressed proteins were
identified (16 for UM1/UM2, 11 for 1386Tu/Ln, and 13 for
686Tu/Ln, respectively), as listed in Table II. Among those
protein candidates, the enhanced expressions of SOD2 and
Hsp27 were observed in cells with elevated metastatic
potential in 2 out of 3 paired cell lines (UM1/UM2 and

1386Tu/Ln for SOD2, 1386Tu/Ln and 686Tu/Ln for Hsp27,
respectively). These observed expressional differences
independently were validated using Western blot analyses.
As shown in Figure 4, the SOD2 expression was elevated in
UM1 and 1386Ln compared to their paired cell lines (UM2
and 1386Tu, respectively). No apparent difference in SOD2
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Figure 2. 2D-PAGE based identification of differentially expressed proteins for OSCC metastasis and invasion. The proteins from OSCC cells with
different metastatic potentials were separated by 2D-PAGE (1st dimension: pH gradient 3-10; 2nd dimension: 4-12% gradient SDS-PAGE). The
gels were stained with Coomassie brilliant blue R-250 and quantified using the PDQuest software as described. Representative gel images for UM1
(A) and UM2 (B) were shown.

Figure 3. Identification of SOD2 and HSP27 as candidate biomarkers for OSCC metastasis and invasion. The MALDI-TOF mass spectrometry was
used to depict the identities of the differentially expressed protein spots identified by 2D-PAGE. Peptide mass results were used to identify the proteins
using the MASCOT Peptide Fingerprint. Representative Spectra were shown. A: Hsp27; B: SOD2.
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Table II. Differentially expressed protein identified by 2D-PAGE/MS.

Accession no. Protein name Mascot Peptides pI Mr Spot
score matched ratio

UM1/UM2
gi|34419633 zinc finger protein 135 58 6 8.44 77267 >50
gi|48994190 myomesin 1 78 11 6.51 188994 >50
gi|4557701 keratin 17 66 13 4.97 48361 7.4
gi|22748759 hypothetical protein LOC125144 47 5 9.49 13986 3.49
gi|24119203 tropomyosin 3 isoform 2 104 16 4.75 29243 3.3
gi|10863927 peptidylprolyl isomerase A 76 8 7.68 18229 2.6
gi|662841 heat shock protein 27 85 8 7.83 22427 2.5
gi|30841309 manganese-containing superoxide dismutase 85 9 6.87 23772 2.08
gi|4507645 triosephosphate isomerase 1 161 16 6.45 26938 0.76
gi|494066 chain A, glutathione S-transferase 66 6 5.44 23438 0.47
gi|119603566 hCG2026398, isoform CRA_a 56 7 9.60 45316 0.16
gi|59806361 hypothetical protein LOC387104 74 13 5.81 103478 <0.1
gi|4503571 enolase 1 159 20 7.01 47481 <0.1
gi|119617057 keratin 8 204 23 5.41 57829 <0.1
gi|4557888 keratin 18 156 18 5.34 48029 <0.1
gi|90111766 keratin 19 208 22 5.05 44065 <0.1

1386LN/TU
gi|860986 protein disulfide isomerase 100 15 6.10 57043 >50
gi|4504919 keratin 8 80 5 5.52 53671 >50
gi|30841309 manganese-containing superoxide dismutase 106 9 6.87 23772 >50
gi|5689551 KIAA1107 protein 75 7 5.93 142197 9.2
gi|913159 neuropolypeptide h3 71 8 7.43 21027 8.6
gi|4505621 prostatic binding protein 71 8 7.01 21158 8.6
gi|662841 heat shock protein 27 199 13 7.83 22427 2.73
gi|4557888 keratin 18 104 13 5.34 48029 1.9
gi|5031851 stathmin 1 110 11 5.76 17292 0.4
gi|119579750 synovial sarcoma, X breakpoint 9 49 7 9.18 19084 <0.1
gi|39793924 CGI-96 protein 48 6 8.86 14949 <0.1

686LN/TU
gi|662841 heat shock protein 27 135 11 7.83 22427 >50
gi|56204548 zinc finger, CCHC domain containing 11 52 4 8.01 34525 >50
gi|44890059 Involucrin 258 21 4.62 68551 18.8
gi|21619129 SRBD1 protein 66 7 9.04 70639 5.42
gi|4506773 S100 calcium-binding protein A9 82 7 5.71 13291 4.1
gi|4507835 uridine monophosphate synthase 56 7 6.81 52645 3.96
gi|15431310 keratin 14 261 26 5.09 51875 0.51
gi|4557701 keratin 17 70 11 4.97 48361 <0.1
gi|57209813 tubulin, beta polypeptide 69 10 4.70 48135 <0.1
gi|4757900 calreticulin precursor 67 10 4.29 48283 <0.1
gi|119617035 keratin 6E 142 21 8.38 60144 <0.1
gi|119395754 keratin 5 105 18 7.58 62568 <0.1
gi|825671 B23 nucleophosmin 94 12 4.71 31090 <0.1

Figure 4. Western blot analyses of SOD2 and Hsp27 on OSCC cells. The
expression levels of SOD2 and Hsp27 were determined for the paired
UM1/UM2, 1386Ln/Tu, and 686Ln/Tu cell lines as described. The level
of β-actin is shown as loading control. The results represent three
independent experiments with similar findings.
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expression was observed between 686Ln and 686Tu.
Similarly, the Hsp27 expression was elevated in 1386Ln and
686Ln, compared to their paired cell lines (1386Tu and
686Tu, respectively). However, the Hsp27 expression in
UM2 appeared to be higher than that in UM1, which was not
detected by our proteomic method.

To further validate the potential diagnostic values of
SOD2 and Hsp27 for lymph node metastasis, immunohisto-
chemistry analyses were performed on 21 cases of tongue
SCC patient samples, including paired primary tumor and
lymph node metastasis disease tissue samples (Figure 5). For
SOD2, IHC staining was observed in the cytoplasm of
epithelial layers except the superficial layers for the normal
tongue tissue (Figure 5A). Positive SOD2 staining was
observed in the primary SCC (Figure 5B). Diffuse
cytoplasmic staining was observed in the carcinoma cell
nests. The intensity of SOD2 staining varied dramatically
among SCC cases, but those with higher T stages generally
showed stronger SOD2 staining than those with lower T
stages (data not shown). The staining intensity for SOD2
was significantly higher in lymph node metastases (Figure
5C) than those in the paired primary tumors (p<0.05). In the
lymph node metastasis, SOD2 expression was higher in
basaloid cells that underlying the carcinoma cells nests,
when compared to the suprabasal cells.

Hsp27 staining was observed in the cytoplasm of the
spinous and granular epithelial cells, and was absent in the
basal and scattered in the most superficial layers for the
normal tongue tissue (Figure 5D). Diffuse positive IHC
labeling for Hsp27 was shown in tongue SCC samples from
both primary tumor site and lymph node metastatic diseases
(Figure 5E & F). While the apparent increases in HSP27
IHC intensities were observed in lymph node metastatic
diseases when compared with primary tumors, this difference
was not statistically significant (p>0.05).

Discussion and Conclusion

Biomarkers are measurable and quantifiable biological
parameters that can serve as indices for health-related
assessments, such as disease diagnosis, environmental
exposure and its effects, metabolic processes and
epidemiologic studies. As proteomic tools evolve, protein
biomarker discovery will become a central application of
proteomics. Profiling proteins in tissues or body fluids
over the course of disease progression could reveal
potential biomarkers indicative of specific disease status,
which may be used extensively for future medical
diagnostics. For the purposes of the biomarker discovery,
well-defined methods and robust technologies for both
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Figure 5. Immunohistochemistry analyses of SOD2 and Hsp27 on primary OSCC and paired lymph node metastasis diseases. Immunohistochemistry
analyses for SOD2 and Hsp27 were performed on tissue samples from a panel of patients with oral tongue SCC (n=21) as described using appropriate
antibodies. Representative Images (x200) were shown. A, B, C: SOD2; D, E, F: Hsp27. A, D: normal oral mucosa; B, E: primary OSCCs; C, F: lymph
node metastasis diseases. A statistically significant increase in the expression of SOD2 was observed in the lymph node metastasis diseases when
compared with the paired primary diseases (n<0.05). No statistically significant change was observed for the expression of Hsp27.



protein separation and identification are available in the
form of 2D-PAGE combined with mass spectrometry. In
reality, 2D-PAGE remains one of the best among all
available protein separation approaches. There are two
discrete separation steps in this process. Separation in the
first dimension, isoelectric focusing, is based on protein’s
charge and separation in the second dimension SDS-
polyacrylamide gel is based on protein’s molecular weight.
A single 2D-PAGE can resolve hundreds of proteins
which, when stained, form a pattern of spots. A
comparison of the intensity of individual spots yields
information on the relative amounts of each protein in the
sample. 2D gels, combined with MS applications, can be
used to define both qualitative and quantitative changes in
expression levels between biological samples, such as
comparing cancer cells derived from the same patient at
different stages of disease progression.

An essential characteristic of cancer is the ability to
invade surrounding tissues and metastasize to regional and
distant sites. Detection of local lymph node metastasis is
pivotal for choosing appropriate treatment, especially for
individuals diagnosed with OSCC in the oral cavity (8). In
this study, we identified a set of differentially expressed
proteins from paired OSCC cell lines with different
metastatic potential. Selected candidates, Hsp27 and SOD2,
were further investigated using independent OSCC patient
tissue samples. While the Hsp27 has been shown to be up-
regulated in OSCC (9, 10) and may has prognostic values
for OSCC patients (11, 12), no significant difference was
observed at IHC level between paired primary OSCC
samples and lymph node metastatic disease. On the other
hand, the IHC for SOD2 was significantly different between
paired primary tumor and lymph node metastatic disease.
Significant difference was also observed at SOD2 mRNA
level between primary OSCC samples with or without
lymph node metastasis (data not shown) (13). These results
suggested that SOD2 expression may be useful in order to
identify cases of OSCC with a more aggressive and invasive
phenotype.

Accumulating evidence has indicated that the intracellular
redox state plays important roles in cellular signaling
transduction and gene expression. But, the effects of redox
state in malignancies are somewhat contradictory. In theory,
reducing the oxidative stress may prevent DNA degeneration
and therefore prevent the development of cancer. However,
doing so may also offer increased growth potential to tumor
cells and protect them from excess of reactive oxygen
species (ROS), which would otherwise lead to apoptosis or
necrosis. Adding to the complexity is superoxide dismutase
2 (SOD2), which has been considered to be one of the most
important antioxidant enzymes. The major part of SOD2 is
present in mitochondrial matrix, the place where oxygen is
mostly consumed and where oxidative stress is most

evident. The role of SODs in carcinogenesis has been
widely studied but remains ambiguous. While the majority
of published in vitro studies have reported a protective role
of SOD2 against tumor progression in several type of cancer
cell lines (14-18), including oral cancer cell lines (19),
some recent studies have shown SOD2 enhancements with
invasion and migration of the tumor cells (20). The in vivo
studies suggest more complicated roles of SOD2 in
tumorigenesis. Increased SOD2 levels have been observed
from esophageal, gastric, brain astrocytic and colorectal
carcinomas, and often associated with metastasis and poor
prognosis (21-29). The status of SOD2 level in breast
cancer is not clear, with some studies showing increased
SOD2 level (30), while others showing a decrease in SOD2
(31). There seems to be a reduction in SOD2 levels also in
prostatic carcinomas when compared to healthy tissue (32,
33). Our results indicated a significant increase in
expression of SOD2 gene in OSCC, and this increase is
associated with increased metastasis potential. These
findings are in agreement with the recent observation in oral
cancer (10, 34).

Several studies have shown that the SOD2-dependent
production of H2O2 leads to increased expression of MMP
family members (including MMP-1 and MMP-9) and that
there is a strong correlation between this increase in MMP
levels and enhanced metastasis (35-37). Thus, SOD2-
dependent up-regulation of MMPs may, in part, contribute to
increased invasion and metastatic capacity of tumors
displaying elevated SOD2 levels. Interestingly, our early
study shown that MMP-9 expression level can provide
predictive values for lymph node metastasis and
extracapsular spread (ECS) of OSCC of the tongue (3). Our
recent study also demonstrated that MMP-1 is the most
significantly upregulated gene in tongue OSCC (13). Also,
a single nucleotide polymorphism (SNP) that creates an Ets
site at the promoter region of the MMP-1 gene has been
shown to be responsible for the SOD2 dependent MMP-1
expression (36). This SNP has been investigated extensively
and has been shown in several populations to be associated
with OSCC susceptibility and aggressiveness (38-41). While,
further studies will be needed to fully understand the
molecular role(s) of redox state and SOD2 in OSCC, our
present study, together with previous results, clearly
indicated the association of increased SOD2 level and
enhanced metastasis potential of OSCC.
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