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miR-26b is downregulated in human tongue squamous cell
carcinoma and regulates cell proliferation and metastasis
through a COX-2-dependent mechanism
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Abstract. MicroRNAs (miRNAs) are important gene regula-
tors that play a profound role in tumorigenesis. Previous studies
have revealed that miR-26b is downregulated in a wide range of
malignant tumors and plays an important role in the regulation
of carcinogenesis and tumor progression. In the present study,
we revealed that miR-26b expression was decreased in human
tongue squamous cell carcinoma and was associated with
clinical stage, lymph node metastasis and survival prognosis.
Ectopic expression of miR-26b suppressed the proliferation
and metastasis of human tongue squamous cell carcinoma
cells. Using a luciferase reporter assay, combined with western
blot analysis results, we identified PTGS2 (prostaglandin-
endoperoxide synthase-2, encoding COX-2) as the functional
target of miR-26b. Specific inhibition of COX-2 activity by
nimesulide further confirmed that miR-26b was able to regu-
late the cell proliferation and metastasis of the human tongue
squamous cell carcinoma cells through a COX-2-dependent
mechanism. Taken together, these results suggest that miR-26b
serves as a tumor suppressor by targeting COX-2 and calls for
the use of miR-26b as a potential therapeutic tool for human
tongue squamous cell carcinoma, where COX-2 is often hyper-
activated.

Introduction

Oral squamous cell carcinoma (OSCC) represents 1-3% of
all human malignancies, among which, tongue squamous
cell carcinoma represents 25-50% of all cases of OSCC (1-3).
Tongue squamous cell carcinoma is characterized by its high
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rate of proliferation and nodal metastasis. Although it is visibly
located in the oral cavity, ~50% of patients are in advanced
stage III and IV upon presentation (4,5). The understanding
of the molecular pathways of carcinogenesis or progression
would be helpful in improving diagnosis, therapy and preven-
tion of this disease.

MicroRNAs (miRNAs) are small (~20-22 nucleotides),
endogenous, noncoding RNAs, functioning as negative regula-
tors of gene expression through antisense complimentarity to
their target messenger RNAs (6). Evidence suggests that disor-
dered expression of miRNAs contributes to the initiation and
progression of human cancer (7,8). A previous study conducted
by Wong et al evaluated the miRNA expression patterns
in human tongue squamous cell carcinoma and revealed
that miR-26b, an miRNA known to have tumor-suppressive
properties, was downregulated in human tongue squamous
cell carcinoma tissues (9). Reduced miR-26b expression has
been observed in several types of tumors, including breast,
colorectal and pancreatic cancer, and it may play an important
role in the regulation of carcinogenesis and tumor progression
via targeting specific signaling pathways (10-15).

In the present study, we revealed that reduced miR-26b
expression was correlated with advanced clinical stage, lymph
node metastasis, and poor prognosis in patients with tongue
squamous cell carcinoma. More importantly, we illustrated
that miR-26b could regulate the malignant phenotype of
human tongue squamous cell carcinoma cells by directly
targeting PTGS2 (prostaglandin-endoperoxide synthase-2,
encoding COX-2), a known mediator of cell proliferation and
metastasis (16,17). Thus, our findings provide valuable clues
towards understanding the specific tumor-suppressive function
and the regulatory mechanisms of miR-26b in human tongue
squamous cell carcinoma. Further investigation may validate
miR-26b as an effective therapeutic target in the future.

Materials and methods

Clinical samples. Tissues of tongue squamous cell carcinoma
and the matched normal counterparts were obtained from
surgical specimens collected immediately after resection
from patients undergoing primary surgical treatment of oral
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tongue carcinoma at the Department of Stomatology, The
First Affiliated Hospital of the PLA General Hospital, and
Department of Stomatology, Wuhan General Hospital of
Guangzhou Command. The samples were flash frozen in liquid
nitrogen and stored at -80°C. Histology of the tissues was
evaluated by the hospital pathologist. Written consent of tissue
donation for research purposes was obtained from patients
before tissue collection, and the protocol was approved by the
Ethics Committees of The First Affiliated Hospital of the PLA
General Hospital, and Wuhan General Hospital of Guangzhou
Command.

Cell culture and cell transfection. Human tongue squamous
cell carcinoma cell lines HSC-3, SCC-4 and Cal27, and human
normal oral keratinocytes (hNOKSs) were routinely cultured in
RPMI-1640 medium (Hyclone Laboratories, Logan, UT, USA)
supplemented with 10% fetal bovine serum (Hyclone) at 37°C
in a 5% CO, incubator. For transient transfection, the cells were
transfected with miR-26b mimics/inhibitor and their respective
negative control duplexes (Ambion, Austin, TX, USA) using
Lipofectamine 2000 (Invitrogen Life Technologies, Carlsbad,
CA, USA). After a 24-h transfection, the cells were collected
for quantitative real-time RT-PCR (qRT-PCR) analysis or
further processing.

qRT-PCR. The TagMan stem-loop RT-PCR method was used
to assess the expression of mature miR-26b with kits from
Applied Biosystems (Foster City, CA, USA). The real-time
PCR results, recorded as threshold cycle numbers (Ct), were
normalized against an internal control (U6). For relative
expression levels, the 22 method was used as previously
described (18). Experiments were carried out in triplicate for
each data point, and analysis was carried out by using Bio-Rad
1Q software.

Cell cycle analysis. Cells transfected with miR-26b
mimics/inhibitor were harvested 24 h later by trypsinization,
washed with ice-cold PBS, fixed in 70% ethanol and stored at
4°C. Following overnight incubation, cells were washed and
resuspended in propidium iodide (PI) staining buffer. DNA
content was evaluated by flow cytometry (XL-MCL; Coulter
Epics, Miami, FL, USA).

Apoptosis analysis. Detection of apoptotic cells by flow
cytometry was performed as described previously (19). Cells
transfected with miR-26b mimics/inhibitor were harvested
24 h later and then Annexin V/PI analysis by flow cytometry
(XL-MCL,; Coulter Epics) was performed.

Migration and invasion analysis. Transwell chambers (8-ym
pore size, Corning, Inc., Corning, NY, USA) were used in the
migration and invasion analysis. For migration assays, 1x10°
cells were plated in the top chamber lined with a non-coated
membrane. For invasion assays, the chamber inserts were coated
with 200 ug/ml of Matrigel and dried overnight under sterile
conditions. Then, 1x10° cells were plated in the top chamber.
In both assays, cells were suspended in medium without serum
or growth factors, and medium supplemented with serum was
used as a chemoattractant in the lower chamber. After incuba-
tion at 37°C for 48 h, the top chambers were wiped with cotton
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Table I. Relationship between the clinicopathological param-
eters and miR-26b expression in the human tongue squamous
cell carcinoma cases.

No. of miR-26b
Variable cases (%) expression P-value
Age (years)
>60 17 (56.7) -13.35+0.59 0.739
<60 13 (433) -13.03x0.74
Gender
Male 19 (63.3) -13.47+0.63 0.459
Female 11 (36.7) -12.76+0.62
Tumor size
>4 8(26.7) -12.72+0.76 0.532
<4 22 (73.3) -13.39+0.56
Differentiation
Well/moderately 20 (66.7) -13.50+0.60 0.377
Poor/undifferentiated 10 (33.3) -12.63+0.67
TNM stage
Tand IT 15 (50) -12.24+0.63 0.032
IIT and IV 15 (50) -14.18+0.58
Lymph node status
No metastasis 16 (53.3) -12.27+0.59 0.026
Metastasis 14 (46.7) -14.28+0.62

wool to remove the non-migrating or non-invasive cells. The
invasive cells on the underside of the membrane were fixed in
100% methanol for 10 min, air-dried, stained with 0.1% crystal
violet and counted under a microscope. The mean of triplicate
assays for each experimental condition was used.

Western blot analysis. Total cell lysate was prepared in 1X
SDS buffer. Equal amounts of protein were analyzed by
western blotting, using antibodies against COX-2, VEGF-C,
cyclin D1 and p-actin (Santa Cruz Biotechnology, Santa Cruz,
CA, USA).

Luciferase assay. The 3'UTR segments of PTGS2 mRNA
containing the miR-26b binding sites were amplified by
PCR from human genomic DNA and inserted into the
pMIR-Report luciferase reporter vector (Ambion) and
named pMIR-PTGS2-3'UTR. A mutant version from the
site of perfect complementarity was also generated and
named pMIR-mut-PTGS2-3'UTR. The recombinant reporter
vectors with wild-type or mutant PTGS2 3'UTR were then
cotransfected with miR-26b mimics or control into SCC-4
cells, respectively, using Lipofectamine™ 2000. The lucif-
erase assay was performed according to the manufacturer's
instructions.

Statistical analysis. The data are expressed as means + SEM.
Differences were compared by one-way ANOVA analysis
followed by the LSD t-test. Survival curves were plotted by
the Kaplan-Meier's method, and the log-rank test was carried
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Figure 1. miR-26b expression in clinical samples. (A) miR-26b was differentially expressed between the tongue squamous cell carcinoma tissues and the
corresponding adjacent non-neoplastic mucosal tissues (n=30, P<0.05). (B) Samples of human tongue squamous cell carcinoma were divided into 2 groups
according to the mean expression of miR-26b (mean= -13.21). Cases with levels of miR-26b below the mean were miR-26b low expressors (n=15), and those
with levels of miR-26b above the mean were miR-26b high expressors (n=15). (C) Kaplan-Meier survival curve and log-rank test for patients with high and

low miR-26b expression (P<0.05).

out to compare differences in survival. All statistical analyses
were performed using SPSS 19.0 software (SPSS Inc., Chicago,
IL, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of miR-26b is downregulated in human tongue
squamous cell carcinoma and is associated with poor patient
survival. To investigate the role of miR-26b in human tongue
squamous cell carcinoma, we first compared the expression
levels of miR-26b between carcinoma tissue samples and
paired adjacent non-neoplastic mucosal tissues from 30 cases
of tongue squamous cell carcinoma patients. Consistent
with the microarray results presented by Wong et al (9), the
qRT-PCR results verified that the miR-26b expression level
in tongue squamous cell carcinoma tissues (-13.21+0.46) was
significantly lower than that in the non-neoplastic mucosal
tissues (-11.06+0.50) (P<0.05, t=8.355, paired t-test) (Fig. 1A).
Correlations between the miR-26b expression level and
clinicopathologic characteristics of the tongue squamous
cell carcinoma cases are summarized in Table I. Statistically
significant associations between miR-26b expression and
clinical stage and between miR-26b expression and metastasis
were observed in the present study. The median expression
of miR-26b was -14.18+0.58 in the 15 cases with advanced
stage (stage III and I'V) disease, whereas the median expres-
sion was -12.24+0.63 (P<0.05, Mann-Whitney U test) in the
other 15 cases with early-stage (stages I and II) disease. In the

14 cases with lymph node metastasis, the median expression of
miR-26b was -14.28+0.62, which was significantly lower than
the median expression (-12.24+0.63) in the 16 non-metastatic
cases (P<0.05). The expression of miR-26b in the tongue squa-
mous cell carcinoma patients did not correlate with age, gender,
tumor size, or cell differentiation. Moreover, we examined
whether the level of miR-26b expression was associated with
survival in the patients with tongue squamous cell carcinoma.
Patients were subsequently divided into low expression (n=15)
and high expression groups (n=15) based on miR-26b levels
greater or less than the mean (-13.21) (Fig. 1B). Kaplan-Meier's
survival analysis revealed that patients whose primary tumors
displayed low expression of miR-26b had a shorter median
survival time. The 5-year survival rate of patients with low
miR-26 expression was 26.7%, which was significantly lower
than the survival rate in patients with high miR-26b expression
(53.3%, P<0.05, log-rank test, Fig. 1C).

Association between miR-26b expression and tumorigenesis
of human tongue squamous cell carcinoma cells. We further
detected the expression of miR-26b in hNOKs and 3 human
tongue squamous cell carcinoma cell lines, HSC-3, SCC-4
and Cal27. As shown in Fig. 2A, all of the 3 carcinoma cell
lines had a relatively low miR-26b expression compared to
that of the hNOKSs. Among the 3 carcinoma cell lines, SCC-4
cells had a moderate expression of miR-26b. Therefore, the
SCC-4 cells were chosen to evaluate the effects of miR-26b
expression on the oncogenicity of human tongue squamous
cell carcinoma cells. Fig. 2B shows that miR-26b expression
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Figure 2. Effects of miR-26b expression on the tumorigenesis of human tongue squamous cell carcinoma cells. (A) miR-26b expression in human normal oral
keratinocytes (hNOKs) and tongue squamous cell carcinoma cells (HSC-3, SCC-4 and Cal27). (B) miR-26b expression in the SCC-4 cells transfected with the
miR-26b-specific inhibitor/mimics or the negative control. Effects of miR-26b expression on (C) proliferation, (D) apoptosis, (E) migration and (F) invasion.
Data represent means + SEM (n=5). "P<0.03, vs. the negative control.
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Figure 3. COX-2 is the direct functional target of miR-26b. (A) Bioinformatics prediction by miRanda. (B) The expression changes in COX-2 protein in the
SCC-4 cells after miR-26b-specific inhibitor or mimic transfection. (C) Construct sequence alignment of the miR-26b seed region and the predicted miR-26b
binding site in COX-2 3’'UTR (wild-type), and the mutant construct obtained by site-directed mutagenesis by changing 6-base pairs of miR-26b seed-sequence
(mutant). (D) Assay for luciferase activity was performed in SCC-4 cells. The values are the means from 5 independent experiments + SEM.

was strongly reduced or increased in the SCC-4 cells after  cells, while inhibition of miR-26b expression led to increased
transfection of the miR-26b-specific inhibitor or mimics. cell proliferation (Fig. 2C, P<0.05). No significant influence on
By flow cytometry, a significant accumulation of cells in the  apoptosis was observed in the SCC-4 cells after treatment with
Gl phase was observed in the miR-26b-upregulated SCC-4  the miR-26b specific inhibitor or mimics (Fig. 2D). We further
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Figure 4. Influence of nimesulide on proliferation, migration and invasion in miR-26b-downregulated SCC-4 cells. After a 24-h transfection of the
miR-26b-specific inhibitor, SCC-4 cells were collected by centrifugation and then exposed to nimesulide (100 gzmol/l) for another 6 h. (A) Cell cycle analysis
by flow cytometry. (B and C) Results of the migration and invasion assays. (D) Western blot analysis of COX-2, VEGF-C, cyclin DI and f3-actin in the SCC-4

cells. Data represent means + SEM (n=5). "P<0.05.

performed Transwell assays to determine whether altered
miR-26b expression could influence the metastatic phenotype
of the SCC-4 cells. As shown in Fig. 2E and F, miR-26b inhibi-
tion significantly increased the ability of the SCC-4 cells to
migrate and invade, while miR-26b upregulation suppressed
the migration and invasion (P<0.05).

COX-2 is the direct functional target of miR-26b. Using
bioinformatics analysis, such as miRanda and TargetScan, we
found that miR-26b contained specific binding sequences for
the 3'UTR region of the COX-2 gene (PTGS2) (Fig. 3A). In
agreement with the computer prediction, COX-2 protein levels
were significantly suppressed in the miR-26b mimic group
whereas these levels were increased in the miR-26b inhibitor
group (Fig. 3B). In order to further validate the relationship
between miR-26b and COX-2, a dual luciferase reporter assay
was performed in the SCC-4 cells. The sequences of the
3'UTR of wild-type and mutated COX-2 are shown in Fig. 3C.
No reduction in luciferase activity was observed in the SCC-4
cells transfected with miR-26b mimics and mutated COX-2,
but an ~45% reduction in luciferase activity was observed in
wild-type COX-2 (P<0.05, Fig. 3D).

A COX-2-dependent mechanism is involved in the regulation
of oncogenesis induced by miR-26b. We further investigated
the influence of nimesulide, a COX-2-specific inhibitor, on
the proliferation, migration and invasion of SCC-4 cells (20).
As shown in Fig. 4A-C, nimesulide abolished the promoting
effects of miR-26b inhibition on the proliferation, migration
and invasion in SCC-4 cells, suggested the critical role of
COX-2 in miR-26b-regulated oncogenesis (P<0.05). Previous

studies revealed that COX-2 could promote the proliferation
and metastasis of human tongue squamous cell carcinoma
cells through the VEGF-C pathway (21-25). In the present
study, we investigated the expression changes of VEGF-C in
SCC-4 cells by western blot analysis. As shown in Fig. 4D,
the protein level of VEGF-C was significantly increased in
the miR-26b-silenced SCC-4 cells, however, this was reversed
by treatment of nimesulide. We also investigated the expres-
sion changes in cyclin D1, a key cell cycle-regulatory protein.
Western blot analysis results indicated that cyclin D1 was also
significantly upregulated in the miR-26b-silenced SCC-4 cells
and this upregulation was reversed by nimesulide.

Discussion

Dysregulation of miRNAs is common in various cancers.
Dysregulated miRNAs play a role in carcinogenesis or
tumor progression by altering the normal gene expression
patterns. miR-26b has been found to be downregulated in
several types of human tumors and has been suggested to
be a tumor-suppressor gene (10-15). In the present study, we
confirmed the decrease in miR-26b expression in human
tongue squamous cell carcinoma and defined the clinical
importance of miR-26b in predicting lymph node metastasis
and survival. Furthermore, we identified that COX-2 is the
functional target of miR-26b in human tongue squamous cell
carcinoma cells.

miR-26b (hsa) is classified as a member of the miR-26
family (miR-26a/b) and has been reported as a critical
regulator in carcinogenesis and tumor progression by acting
as a tumor-suppressor gene in various cancers (10-15).
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miR-26b was first revealed to be downregulated in human
breast cancer tissues and to mediate the proliferation and
apoptosis of human breast cancer cells through targeting
SLC7A11, PTGS2 (encoding COX-2) and CDK8 (10,26,27).
Subsequently, miR-26b was found to be downregulated in
human colorectal, pancreatic and parathyroid cancer, glioma
and hepatocellular carcinoma (11-15), further indicating the
tumor suppressive property of this miRNA. Wong et al and
Hsu er al (28) consistently reported that miR-26b expres-
sion was decreased in human head and neck cancer tissues
compared with that in paired normal tissues. In human tongue
squamous cell carcinoma, Wong et al revealed that miR-26b
had a ~4-fold reduction in expression level in laser capture
microdissection-procured carcinoma cells compared with the
matched normal cells (9). In the present study, we confirmed
the reduced expression of miR-26b in 30 cases of tongue squa-
mous cell carcinoma patients and revealed that its expression
was associated with clinical stage, lymph node metastasis, and
survival prognosis.

The PTGS2 gene encodes the COX-2 enzyme, which cata-
lyzes the conversion of arachidonic acid to prostaglandins and
other eicosanoids. COX-2 expression is undetectable in most
normal tissues but is induced in response to hypoxia, inflam-
matory cytokines, tumor promoters, growth factors and other
stressors (17). Mounting evidence has revealed that COX-2
expression is overexpressed in a variety of human tumors,
including human tongue squamous cell carcinoma (29-31).
COX-2 overexpression may contribute to carcinogenesis by
modulating metabolism, proliferation, apoptosis, metastasis,
angiogenesis and immune surveillance. Several clinical
studies have established the potent anticancer activity of
COX-2 inhibition by using COX-2 specific inhibitors (such as
celecoxib) (32,33). Targeting COX-2 with specific miRNAs
may be another reasonable approach to inhibit COX-2 activity.
At present, many miRNA-based cancer therapeutics is either
in the preclinical or clinical trial phase. In the present study,
we observed that ectopic expression of miR-26b could inhibit
the proliferation and metastasis of human tongue squa-
mous cell carcinoma cells and revealed that miR-26b could
decrease the protein level of COX-2 by directly binding to its
3'UTR. Considering the reduced expression of miR-26b and
the critical role of COX-2 expression in carcinogenesis, we
suggest that the replacement therapy of miR-26b, for example
lentiviral-mediated delivery of mimic miR-26b, may be a
promising therapeutic approach for human tongue squamous
cell carcinoma.

Taken together, we revealed that reduced miR-26b expres-
sion is correlated with advanced clinical stage, lymph node
metastasis, and poor prognosis in patients with tongue squa-
mous cell carcinoma. In addition, we provide evidence that
COX-2 is the direct functional target of miR-26b. These results
indicate that miR-26b may serve as a tumor-suppressor gene
involved in human tongue squamous cell carcinoma.
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