
Abstract. MicroRNA deregulation is involved in tumor
initiation and progression. The aim of this study was to
identify and validate the microRNA candidates that
contribute to the metastasis of oral tongue squamous cell
carcinoma (OTSCC). Using microarrays, a panel of
differentially expressed microRNAs was identified in paired
OTSCC cell lines with different metastatic potential.
Selected microRNA candidates (including hsa-miR-222)
were further validated using quantitative PCR approach.
Functional analysis indicated that hsa-miR-222 inhibits
OTSCC cell invasion. Ectopic transfection of hsa-miR-222
reduced the expression of MMP1 and SOD2 in OTSCC cell
lines. Direct targeting of hsa-miR-222 to specific sequences
located in the 3’-untranslated regions of both MMP1 and
SOD2 mRNAs were confirmed using luciferase reporter
gene assays. Furthermore, SOD2 knockdown by siRNA led
to the downregulation of MMP1 expression. Taken together,
these results suggested that hsa-miR-222 regulates the
MMP1 expression through both direct cis-regulatory
mechanism (targeting MMP1 mRNA) and indirect trans-
regulatory mechanism (indirect controlling of MMP1 gene
expression by targeting SOD2). Our results indicate that
hsa-miR-222 plays an important role in OTSCC invasion,
and may serve as a novel therapeutic target for OTSCC
patients at risk of metastatic disease. 

MicroRNAs (miRNAs) are a class of endogenous small
non-coding RNAs that control the target gene expression at
both of transcriptional and post-transcriptional levels. It is
currently estimated that the human genome may have 800-
1,000 miRNAs (1). Although they account for only a minor
fraction of the expressed genome, microRNAs are essential
regulators of diverse cellular processes including
proliferation, differentiation, apoptosis, survival, motility,
invasion and morphogenesis. Several microRNAs have been
functionally classified as proto-oncogenes or tumor
suppressors and are aberrantly expressed in various cancer
types including leukemia (2, 3), lymphoma (4), breast
cancer (5, 6), colorectal cancer (7), lung cancer (8, 9), and
liver cancer (10, 11), and oral cancer (12-15). Deregulation
(e.g., overexpression or loss of expression) of these
"cancerous" microRNAs contributes to tumor initiation and
progression by promoting uncontrolled proliferation,
favoring survival, inhibiting differentiation and/or
promoting invasive behavior (16, 17). 

Oral tongue squamous cell carcinoma (OTSCC) exhibits
frequent local/regional invasion and metastasis.
Improvement in patient survival requires better
understanding of tumor invasion and metastasis so that
aggressive tumors can be detected early in the disease
process and targeted therapeutic interventions can be
developed. Like most of the other human cancers, OTSCC
is a disease involving multi-step dynamic changes in the
genome. However, most studies on OTSCC have mainly
focused on protein-coding genes, and our knowledge on the
alterations of the non-coding genes in OTSCC is limited.
This study seeks to identify and validate the microRNA
candidates that contribute to metastasis in OTSCC. 
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Materials and Methods

Cell culture and transfection. The UM1 and UM2 cells used in this
study are paired cell lines with different metastatic potential that
were generated from a single patient with OTSCC (18). These
cell lines were maintained in DMEM/F12 supplemented with
10%  FBS, 100 U/mL penicillin and 100 μg/mL streptomycin
(GIBCO) at 37˚C in a humidified incubator containing 5%  CO2.
For functional analysis, hsa-miR-222 mimics and non-targeting
miRNA mimics (negative control)  from Dharmacon were
transfected into cells using DharmaFECT Transfection Reagent
1 according to the manufacturer’s instructions. In brief, cells
were plated in 6 cm diameter cell culture dishes to 60%
confluence. For each dish, 7.5 μl of hsa-miR-222 mimic (20 μM)
and 6 μl of DharmaFECT Transfection Reagent were added into
1.5 ml of antibiotic-free opti-MEM medium (Invitrogen),
separately, and then mixed together for forming the transfection
complex. The transfection complex (100 nM) was added to cells
and incubated for 24 h before replacing the medium. 

MicroRNA microarray. Total RNA from OSCC cell lines was
isolated using a miRNeasy Mini Kit from Qiagen. The quality
and quantity of the RNA samples were assessed by standard
electrophoresis and spectrophotometer methods. Microarray
analysis was performed by Genosensor Corporation (Tempe, AZ,
USA) based on the GenoExplorer microRNA Full Kit protocol.
The GenoExplorer human miRNA array contains triplicated
probesets representing approximately 900 microRNA, including
both precursor microRNA and mature microRNA. Duplicated
array assays were performed for each sample. Detectable probes
were defined as probe signal intensity equal or above the signal
threshold (array background + 2 x background standard
deviation). Arrays were normalized based on global signal
intensity. Differential miRNA expression was determined using
a two-sided t-test on a single miRNA basis.

Real-time RT-PCR analysis. The relative expression level of
miRs in UM1 and UM2 cell lines was determined based on a
quantitative 2-step RT-PCR assay using mirVana™ qRT-PCR
microRNA Detection Kit as per the manufacturer’s protocol
(Ambion). The quantitative PCR was performed using iQ SYBR
Green Supermix (Bio-Rad) in a BIO-RAD iCycler iQ real-time
PCR detection system. Specific primer sets for hsa-miR-138,
hsa-miR-155, hsa-miR-205, hsa-miR-221, hsa-miR-222 and U6
were obtained from Ambion. The relative expression level of
miRs was determined using the 2–delta delta Ct analysis method
(19), where U6 was used as an internal reference.

Targeting gene prediction for hsa-miR-222. We performed a search
for the hsa-miR-222 targeted genes based on 2 existing candidate
lists: i. a list of differentially expressed proteins in OSCC cell lines
with different metastatic potential (including UM1 and UM2)
based on our previous proteomic study (20); and ii. a list of
differentially expressed mRNAs in OTSCC based on our previous
genomic study (21). A total of 75 genes were included in this
search. The 3’ untranslated regions (3’-UTR) of these genes were
retrieved from GenBank. Potential targeting sites for hsa-miR-222
were identified based on sequence complementary to hsa-miR-
222. Since we were assessing the RNA-RNA interaction, G:U was
also considered as complementary pairing. The predicted targeting

sequences were also confirmed using TargetScanHuman 5.1
(http://www.targetscan.org/).

Flow cytometry-based apoptosis and cell cycle analysis. Cells
were grown in 6-well plates to about 60%  confluence and
transiently transfected with the desired miRNAs at a final
concentration of 100 nM. The cells were digested and collected
after 48 h post-transfection, and washed with PBS twice. For cell
apoptosis measurement, the cells were resuspended in 1×
Binding Buffer, and 5 μl of Annexin FITC Conjugate, and 10 μl
of propidium iodide solution were added to each cell suspension,
separately. For cell cycle analysis, the cells were resuspended in
PBS and then fixed in ethanol at –20˚C overnight. The cells were
washed with PBS and resuspended in Staining Solution (50
μg/mL of propidium iodide, 1 mg/mL of RNase A, 0.1%  Triton
X-100 in PBS). The stained cells (1×105)  were then analyzed
with a flow cytometer (FACScalibur, Becton-Dickinson).

In vitro cell invasion assay. The invasion assay was performed
using a Cultrex 96-well membrane invasion assay kit (R&D
Systems) as described previously (20). Briefly, in day 1, 50 μl
of 0.5 × BME coating solution was placed in each well of a top
invasion chamber, and the cells were starved in serum-free
medium. On day 2, the cells were harvested and seeded into the
top chamber at 5×104 cells/well. 100 μl of serum-free medium
were added to each well of the bottom invasion chamber. The
device was assembled and incubated at 37˚C in an incubator
containing 5%  CO2 for 24 h. On day 3, the cells in the top
chamber were washed with PBS and transfected with desired
miRNA reagents (or siRNA reagents) at a final concentration of
100 nM. Correspondingly, the medium in the bottom chamber
was replaced with fresh DMEM/F12 medium containing 10%
FBS. Forty-two hours after transfection, medium in both
chambers were aspirated and each well was washed with 1×
Washing Buffer. 150 μl of Cell Dissociation Solution/Calcein
AM was added to the bottom chamber and incubated at 37˚C for
1 hour. Experiments were performed at least twice, separately,
and 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.

Western blotting analysis. 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 with rabbit anti-p27 (Cell Signaling
Technology), mouse anti-SOD2 (ABCam), or mouse anti-MMP1
(R&D Systems) in room temperature for 1 hr or overnight at
4˚C. Mouse anti-beta-actin (Sigma) was used for internal
control. The membranes were washed three times in PBST and
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incubated for 1 hour with appropriate secondary antibodies
conjugated to horseradish peroxidase, washed three times in
PBST, and treated with Immun-Star HRP peroxide buffer and
Luminol/Enhancer (Bio-Rad) for chemiluminescence detection
of protein bands.

Dual luciferase reporter assay. The 3’ untranslated region of
SOD2 and MMP1 mRNA containing the miRNA-222 binding
sites were amplified using PCR [primers for SOD2, 5’-
ctgatctagacca cgatcgttatgctgagt-3’ (forward) and 5’-
tctgtctagaccagttcagttcacctgcta-3’ (reverse) , and primers for
MMP1 5’-tctgtctagaatgtagcctttt-3’ (forward) and 5’-
tcgatctagacgcggctacattctaaat-3’ (reverse)] and cloned into the
Xba I site of the pGL3 (Promega), separately. The constructs
were then verified by sequencing. For the luciferase reporter
assays, the cells were grown in 10%  FBS in DMEM to ~70%
confluence in 12-well plates. Cells were transfected with 500 ng
of firefly luciferase reporter vector containing the SOD2 3’-UTR
(named pGL3-SOD2 3’-UTR) or MMP1 3’-UTR (named pGL3-
MMP1 3’-UTR), using lipofectamine 2000 (Invitrogen). The
pRL-TK vector (Promega) was co-transfected as internal control
for normalization of the transfection efficiency. After 48 hours,
transfected cells were harvested with ice-cold phosphate-buffered
saline, and dual luciferase assay were performed according to the
manufacturer's protocol (Promega) using a Lumat LB 9507
Luminometer (Berthold Technologies).

Statistical analysis. Statistical analysis was done with Student’s
t-test. Differences with p<0.05 were considered statistically
significant.

Results

The UM1 and UM2 are paired cell lines from a single
OTSCC patient (18). These cell lines exhibit different
metastatic potential, where UM1 is more aggressive than
UM2 in term of cell invasion (20). Microarray analysis
was performed to identify the differentially expressed
microRNA in UM1 and UM2 cells. As shown in Table I,
23 miRNAs were down-regulated, and 22 miRNAs were
up-regulated in UM1 when compared to its corresponding
counterpart (UM2). Real-time quantitative RT-PCR assays
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Table I. Differentially expressed microRNA in UM1 and UM2 cells*.

microRNA fold microRNA fold 

(UM1/UM2) (UM1/UM2)

hsa-miR-7 0.26 hsa-miR-18b 3.28

hsa-miR-30a 5p 0.47 hsa-miR-19a 3.42

hsa-miR-30e 3p 0.32 hsa-miR-20b 2.45

hsa-miR-34b 0.27 hsa-miR-31 2.88

hsa-miR-34c 0.29 hsa-miR-106a 2.77

hsa-miR-96 0.37 hsa-miR-148b 2.42

hsa-miR-99a 0.23 hsa-miR-197 2.81

hsa-miR-99b 0.36 hsa-miR-203 ∞ ***

hsa-miR-100 0.25 hsa-miR-205 2.81

hsa-miR-125a 0.26 hsa-miR-342 3.02

hsa-miR-125b 0.32 hsa-miR-370 3.03

hsa-miR-130a 0.37 hsa-miR-532 2.23

hsa-miR-130b 0.41 hsa-miR-560-pre 3.26

hsa-miR-138 0.40 hsa-miR-564 2.40

hsa-miR-155 0 ** hsa-miR-564-pre 4.77

hsa-miR-181c 0.39 hsa-miR-566 4.35

hsa-miR-181d 0.33 hsa-miR-574-pre 6.49

hsa-miR-221 0.27 hsa-miR-595 3.83

hsa-miR-222 0.26 hsa-miR-619-pre 5.89

hsa-miR-224 0.27 hsa-miR-638 3.25

hsa-miR-503 0.27 hsa-miR-638-pre 2.04

hsa-miR-565-pre 0.42 hsa-miR-662-pre 3.58

hsa-miR-594-pre 0.39

*p<0.01; **hsa-miR-155 was not detected in UM1; ***hsa-miR-203

was not detected in UM2.

Figure 1. Validating the differential expression of microRNAs in UM1/UM2 cell lines. The qRT-PCR was performed as described in the Materials and
Methods section to assess the hsa-miR-138, hsa-miR155, hsa-miR-205, hsa-miR-221 and hsa-miR-222 in UM1 and UM2 cell lines. Statistically
significant differences in expression levels of all the tested microRNAs were observed for the paired UM1/UM2 cell lines (p<0.05).
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Figure 2. The effects of miR-222 on apoptosis, cell cycle, invasion and p27 expression in OTSCC cells. UM1 cells were transfected with hsa-miR-
222 mimic and negative control microRNA mimic. Untreated UM2 cells were used as a control. Apoptosis (A), cell cycle (B), cell invasion (C) and
p27 protein levels (D) were measured in these cells as described in the Material and Methods section. Data represents at least 3 independent
triplicated experiments with similar results.



were performed to validate the selected miRNA
candidates (Figure 1), including down-regulation of hsa-
miR-138, hsa-miR-155, hsa-miR-221, hsa-miR-222 and
up-regulation of hsa-miR-205 in cell line with more
aggressive phenotype (UM1).

To evaluate the involvement of hsa-miR-222
dysregulation in OTSCC tumorigenesis and metastasis,
functional analyses were performed to test the effects of
hsa-miR-222 on cell invasion, apoptosis, and cell cycle.
As shown in Figure 2A, decrease in apoptosis was
observed in UM1 cells transfected with the hsa-miR-222
mimic. However, the change was not statistically
significant (p=0.08). No apparent difference in cell cycle
was observed in UM1 cells transfected with hsa-miR-222
mimics (Figure 2B). As shown in Figure 2C, ectopic
transfection of hsa-miR-222 mimics led to a significant
decrease in cell invasion when compared to cells
tranfected with the negative control (p<0.05). Apparent
decrease in migration was also observed in cells
transfected with hsa-miR-222, but the difference was not

statistically significant (data not shown). Reduced
expression of p27 was observed in cells transfected with
the hsa-miR-222 mimic (Figure 2D), which is in
agreement with previous observations (22, 23).

We performed a search for the hsa-miR-222 targeted
sites in the 3’-UTRs of candidate genes from 2 existing
candidate lists: 1)  a list of differentially expressed
proteins in OSCC cell lines with different metastatic
potential ( including UM1 and UM2) based on our
previous proteomic study (20), and 2)  a list of
differentially expressed mRNAs in OTSCC based on our
previous genomic study (21). A targeting site for hsa-
miR-222 was identified in the 3’-UTR of the MMP1
mRNA (Figure 3A). To confirm that hsa-miR-222 directly
targets this sequence located in MMP1 mRNA, luciferase
reporter assay was performed using a construct in which
this targeting site were cloned into the 3’-UTR of the
reporter gene (pGL3-MMP1 3’-UTR). As illustrated in
Figure 3B, when cells were transfected with hsa-miR-222,
the luciferase activity was significantly diminished when
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Figure 3. miR-222 targeting MMP1. A) The predicted hsa-miR-222 targeting sequence in MMP1 3’-untranslated region (3’-UTR). B) Duel luciferase
reporter assay was performed as described in the Material and Methods section using constructs containing the predicted targeting sequence cloned
into the 3’-UTR of the reporter gene (pGL3-MMP1 3’-UTR). Statistically significant differences in luciferase activities were observed when cells were
transfected with hsa-miR-222 mimic and negative control microRNA (p<0.05). C) The MMP1 protein level was reduced when UM1 cells were
transfected with hsa-miR-222 mimic as measured by western blots. D) Western blot analysis confirming the effective knockdown of MMP1 expression
by specific siRNA in UM1 cells. E) Cell invasion was measured in UM1 cells treated with MMP1 specific siRNA and control siRNA. Statistically
significant difference in cell invasion was observed (p<0.05). Data represents at least 3 independent triplicated experiments with similar results.



compared to the cells transfected with negative control.
Furthermore, ectopic transfection of hsa-miR-222 reduced
the protein level of MMP1 in UM1 cells as shown by
western blots (Figure 3C). To confirm that the reduction
of MMP1 has a functional relevance to UM1 cell invasion,
we knocked-down MMP1 using specific siRNA (Figure
3D), and demonstrated that the reduced MMP1 level is
associated with reduced cell invasion (Figure 3E). Thus,
these results suggest that hsa-miR-222 regulates OTSCC
invasion by targeting MMP1 mRNA. 

Interestingly, we also identified SOD2 as another direct
hsa-miR-222 target gene, and a potential targeting site
was identified in the 3’-UTR of the SOD2 mRNA (Figure
4A). To confirm the direct interaction of hsa-miR-222 and
this targeting site, luciferase reporter assay was performed
using construct containing this targeting site at the 3’-
UTR of the reporter gene (pGL3-SOD2 3’-UTR). As

illustrated in Figure 4B, when cells were transfected with
hsa-miR-222 mimic, the luciferase activity was
significantly diminished when comparing to the cells
transfected with negative control. Furthermore, ectopic
transfection of hsa-miR-222 reduced the expression of
SOD2 in UM1 cells as shown by western blots (Figure
4C). To confirm that the reduced SOD2 has a functional
relevance to UM1 cell invasion, we performed the
knockdown of SOD2 using a siRNA approach (Figure
4D), and demonstrated that the reduced SOD2 level is
associated with reduced cell invasion (Figure 4E).
Interestingly, knockdown of SOD2 also led to reduction
in MMP1 level (Figure 4D). This is in agreement with
previous observations that SOD2-dependent production of
H2O2 regulates expression of MMP family members
(including MMP1) and contributes to cancer cell
metastasis (24-26). Take together, these results suggest
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Figure 4. miR-222 targeting SOD2. A) The predicted hsa-miR-222 targeting sequence in SOD2 3’-untranslated region (3’-UTR). B) Duel luciferase
reporter assay was performed as described in the Material and Methods section using constructs containing the predicted targeting sequence cloned
into the 3’-UTR of the reporter gene (pGL3-SOD2 3’-UTR). Statistically significant differences in luciferase activities were observed when cells were
transfected with hsa-miR-222 mimic and negative control microRNA (p<0.05). C) The SOD2 protein level was reduced when UM1 cells were
transfected with hsa-miR-222 mimic as measured by western blots. D) Western blot analysis confirming the effective knockdown of SOD2 expression
by specific siRNA in UM1 cells. The SOD2 knockdown also reduced the expression level of MMP1. E) Cell invasion was measured in UM1 cells
treated with SOD2 specific siRNA and control siRNA. Statistically significant difference in cell invasion was observed (p<0.05). Data represents at
least 3 independent triplicated experiments with similar results.



that hsa-miR-222 regulates UM1 cell invasion, at least in
part, by indirectly regulating MMP1 expression through
targeting SOD2 mRNA. 

Discussion and Conclusion

An essential characteristic of cancer is the ability to
invade surrounding tissues and metastasize to regional and
distant sites. In this study, we identified a set of
differentially expressed miRNAs from paired OTSCC cell
lines with different metastatic potential, including hsa-
miR-222. This microRNA has been previously suggested
to play a role in tumorigenesis by targeting cell cycle
inhibitor p27, which leads to the deregulation of cell cycle
control in several cancer types (22, 23). Our results
showed that hsa-miR-222 regulates the expression of p27
in OTSCC. However, this effect on p27 does not lead to
statistical significant changes in cell cycle in our study.
This apparent contradiction may be due to the potential
defect(s) in the signaling pathways downstream of p27 in
the cell lines we examined. Further study will be needed
to fully explore this phenomenon. Nevertheless, the
observed changes in cell invasion induced by hsa-miR-
222 suggested that these cell lines can provide us with a
useful model system to study the hsa-miR-222 effect(s)
on metastasis and cell invasion in OTSCC. 

It has been demonstrated that microRNA direct-target
the mRNA and regulate the expression of the target gene
at post-transcriptional levels (e.g., enhance mRNA

degradation and inhibit translation). This cis-regulation
occurs by direct interaction of the ~21 nucleotide mature
microRNA to an imperfectly matched sequence in the
target mRNA. The identification of targeted genes for
specific microRNA is an essential step to evaluate the
functional role(s) of the microRNA. However, one single
microRNA can potentially regulate hundreds of protein-
coding genes. The potential mechanisms of microRNA-
mediated genes may contribute to various biological
functions and may also present multifactorial
interaction(s)  and encompass different biological
pathways. As an effort to ensure our target gene searching
is relevant to OTSCC and metastasis, we restricted our
search to candidate genes from our previous genomic and
proteomic studies (20, 21). Our search yielded 2
promising candidate targets for hsa-miR-222, MMP1 and
SOD2. Both have been shown to differentially express in
OTSCC and functionally implicated in cell invasion and
metastasis. Based on our functional studies, we are
confident that these 2 genes are functional targets for hsa-
miR-222, and play important role(s)  in hsa-miR-222-
mediated cell invasion and metastasis. 

In addition to direct targeting specific sequences in
mRNA (cis-regulation), microRNA may affect the
expression of additional genes through indirect regulatory
mechanisms (27). Following the expression changes of
specific microRNA-targeted genes (e.g., genes coded for
transcription factors, and genes coded for RNA regulating
proteins), subsequent effects may alter the levels of other
mRNAs (or protein interaction), and thus microRNA may
exert its effects on the expressed genome through trans-
regulatory mechanism(s) . One of our interesting
observations is that hsa-miR-222 regulates the MMP1
level through both cis- and trans-regulatory mechanisms
(Figure 5) . While the direct targeting of MMP1 mRNA
effectively reduced the MMP1 expression, the indirect
pathway to regulate MMP1 by regulating SOD2 is very
intriguing. Several studies have shown that the SOD2-
dependent production of H2O2 leads to increased
expression of MMP family members ( including MMP1
and MMP9) and that there is a strong correlation between
this increase in MMP levels and enhanced metastasis (24-
26). Thus, SOD2-dependent up-regulation of MMPs may,
at least in part, contribute to increased invasion and
metastatic capacity of tumors displaying elevated SOD2
levels. Furthermore, a single nucleotide polymorphism
(SNP) that creates an Ets site at the promoter region of
the MMP1 gene has been shown to be responsible for the
SOD2 dependent MMP1 expression (25). This SNP has
been shown to be associated with OSCC susceptibility and
aggressiveness in multiple studies (28-31). Thus, our
results, together with early studies, illustrated an
interesting regulatory network for the hsa-miR-222
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Figure 5. Potential mechanisms utilized by miR-222 to regulate MMP1
expression and cell invasion.



mediated reduction of MMP1 level and inhibition of cell
invasion and metastasis in OTSCC. 

In summary, our study identified a list of differentially
expressed microRNAs that may contribute to the
differential metastatic potential in OTSCC. Among those
microRNAs, hsa-miR-222 has been demonstrated to
regulate MMP1 expression and cell invasion through both
cis- and trans-regulatory mechanisms. Further studies will
be needed to fully understand the functional role(s)  of
hsa-miR-222 in OTSCC.
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