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Background: Oral squamous cell carcinoma (OSCC) oncogenic mechanisms still remain elusive. Herein,
we proposed to understand the biological role of a newly discovered OSCC miRNA.

Methods: MiR-1297 related to OSCC was selected for this study. TagMan qRT- PCR assay was used to pro-
file miRNA and gene expression in 16 tumors with matched adjacent non-tumor tissues. CCK-8 assay and
colony formation assay were used to demonstrate cell proliferation. Protein level was determined by
western blotting. SPSS was used for statistical analyses.

Results: MiR-1297 is repressed and PTEN activated in OSCC. Moreover, the miR-1297 overexpressing cell
lines displayed a decrease in cell growth rate. And, suppression of miR-1297 reversed the cell growth
rate. In addition, PTEN silencing display the similar pattern as miRNA-1297 overexpression to enhance
0OSCC cell growth.

Conclusions: MiRNA and gene expression changes are common event in OSCC. Our results suggest miR-
1297 may drive tumor progression through PTEN. And, miR-1297 could be a promising candidate for
future investigation.

© 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Oral squamous cell carcinoma (OSCC) is the 6th most common
human malignancy worldwide and accounted for the 90% of oral
cancers. The incidence rate is rising, especially in the younger peo-
ple (Landis et al., 1999). Multi-step process driven by the accumu-
lation of genetic or epigenetic events has become increasing clear
in development of cancer (Sharma et al., 2010; Williams, 2000).
Of these risk factors, the pathogenesis mechanism of miRNAs
remains to be fully elucidated.

MiRNAs are naturally occurring non-coding RNAs and regulates
the expression of target genes by binding to the specific sequences
of the 3’ untranslated region (3’-UTR) (Zeng et al., 2005). MiRNAs
have unveiled a new complexity in the gene regulatory network
and played critical roles in various of biological processes
(Bushati and Cohen, 2007). Many malignancies have been showed
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to be related to the dysfunction of miRNA expression, including
oral cancer (Calin and Croce, 2006; Hui et al., 2010). Currently,
the small size and low molecular weight of miRNAs made them
as attractive options for therapeutic targets for cancer molecular
therapy.

OSCC has become an important problem not only because of
significant mortality, but also the functional defects and disfigure-
ment often associated with its treatment (Epstein et al., 2002). In
this study, we identified the expression of miR-1297 in OSCC spec-
imens, as well as investigated the effects of miR-1297 on OSCC cell
growth. And, we further discussed that miR-1297 contributed to
the malignant of OSCC through targeting PTEN. Our results indicate
that miR-1297 may be a new therapeutic target in OSCC and add
another layer of complexity in miRNA biology.

2. Material and methods
2.1. Cell culture

The human OSCC cell line, SSC-4, was provided by American
Type Cell Collection (Manassas, VA, USA). The cells were cultured
in specific media according to the manufacturer and maintained
in a humidified incubator at 37 °C with atmosphere of 5% (v/v)
CO2 in air.
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2.2. RNA isolation and quantitative real-time PCR

Total RNA was isolated from frozen tumor tissues, non-tumor
tissues and cells using TRI (Molecular Research Center, Cincinnati,
OH). RNA quality and quantity were determined by Nanodrop 1000
(Nanodrop; Thermos Fisher Scientific, Waltham, MA) by spec-
trophotometric analysis. RNAs were reverse transcribed into cDNA
using Moloney murine leukemia virus reverse transcriptase (Invit-
rogen, Carlsbad, CA) after the removal of residual DNA. Quantita-
tive real-time PCR (qRT- PCR) was performed in triplicate using
the ABI 7500 system (Applied Biosystems, Foster City, CA). All
the gene and miRNA specific probes are commercial available from
Applied Biosystems.

2.3. miR-1297 overexpression and suppression

To evaluate the biologic roles of miR-1297, miR-1297 was
stable overexpressed in SSC-4 by lentiviral system in vitro (Applied
Biological Materials Inc, Richmond, BC) according to the instruc-
tion. The empty lentiviral vector (miR-NC) was used as vector con-
trol. To suppress the expression of miR-1297, miR-1297 inhibitor
(anti-miR-1297) (GeneCopoeia, Guangzhou, China) assay was per-
formed as previously described (Feng and Dong, 2015). The
matched negative control is anti-miR-NC.

2.4. Western blotting analysis

15 pg of total protein extracts were separated on SDS-PAGE gels
(Bio Rad Laboratories, Hercules, CA) and transferred to nitrocellu-
lose membranes and blocked with 5% non-fat dry milk for 1 h in
room temperature. After then, membranes were incubated with
PTEN primary antibody (Santa Cruz Biotechnology, Santa Cruz,
CA) overnight at 4 °C. After being washed with TBST for 3 times,
the membranes were incubated with the secondary antibody
(Bio-rad) for 1 h. Band signals were visualized by the enhanced
chemiluminescence kit (Pierce, Minneapolis, MN, USA). GAPDH
(Abcam, Cambridge, MA) was used as internal control.

2.5. PTEN silencing

For the PTEN silencing, the lentiviral system, short hairpin RNA
of PTEN lentiviral vector (shi- PTEN) and matched negative control
vector (sh-NC) were commercial available from System Biosciences
(Mountain View, CA). Transfection shRNA lentiviral particles were
generated as previously described (Zhang et al., 2015).

2.6. Cell viability assay

Cell Counting Kit-8 (CCK-8) was used to determine the number
of viable cells according to the manufacture’s protocol (Promega,
Madison, WI). SSC-4 cells (5000 per well) were seeded in 96-well
plates in 100 pl medium. Cells were transfected with MiR-1297-
mimic or miRNA control vector (miR-con) after 24 h culture. At
the end of transfection, transfection medium was replaced by
100 pl fresh medium. Cells were treated with CCK-8 dye at indi-
cated time points.

2.7. Colony formation assay

SSC-4 cells were seeded in the 6-well plates at a density of
1000 cells/well after 24 h of transfection of miR-1297 or miR-NC.
Clones were fixed with methanol and stained with 2% Giemsa solu-
tion (Merck, Darmstadt, German) for 10 min after culture for 2
weeks.

2.8. Statistics

SPSS software (version 16.0.1, SPSS Inc., Chicago, IL, USA) for
Windows was used for the statistical analyses. Statistical analysis
data are expressed as mean + standard deviation (N = 3). Unpaired
2 tail student t-test was performed to compare the difference
between two groups. P (probability) less than .05 was considered
as significant difference.

3. Results
3.1. MiR-1297 is down-regulated in tumor tissues

MiR-1297 emerged as a significant miRNA with 2.5-fold down-
regulated in tumors tissues compared with the non-tumor tissues
in our miRNA microarray preliminary studies (16 cases of tumors
and the matched adjacent non-tumor tissues) (data not shown).
By qRT-PCR, we found miR-1297 levels were dropped by 1.8-fold
(p <.05) in the tumor tissues compared to non-tumor tissue sam-
ples (Fig. 1). These results suggest that miR-1297 plays a role in
the progression of oral squamous carcinoma.

3.2. MiR-1297 suppresses proliferation of SSC-4 cells

To decipher the biological role of miR-1297 plays in the pro-
gression, we subsequently determined whether overexpression of
miR-1297 would affect the SSC-4 cell growth. Stable transfection
with lentiviral vector containing miR-1297 produced high level
of miR-1297 in the SSC-4 cells (Fig. 2A). The miR-1297 overex-
pressing cells showed consistent decrease in cell proliferation rate
compared with the miR-NC overexpressing and wild type cells, as
measured by CCK-8 kit (Fig. 2B). In addition, compared with the
miR-NC transfected cells, SSC-4 cells transfected with miR-1297
formed less colonies (Fig. 2C).

To further confirm the suppressing function, we investigate
whether block of miR-1297 would increase cell growth rate.
MiR-1297 level significantly decreased after SSC-4 cells transfected
with anti-miR-1297 (Fig. 3A). As shown in Fig. 3B and C, a marked
increase in cell proliferation and colony numbers were observed
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Fig. 1. miR-1297 is down-regulated in tumors compared with non-tumor tissues.
qRT-PCR examined the expression level of miR-1297 in OSCC specimens. Values
represent the mean + standard deviation, P < .05, versus non-tumor tissues.
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Fig. 2. Effects of miR-1297 on SSC-4 cell proliferation. SSC-4 cells were transfected
with lentiviral vector control (miR-NC) and miR-1297. (A) the expression level of
miR-1297 in SSC-4 cells; (B) CCK-8 cell proliferation assay with SSC-4 cells or SSC-4
cells expressing either miR-NC or miR-1297; (C) Representative colony formation
assays of SSC-4 cells expressing either miR-NC or miR-1297. Values represent the
mean + standard deviation (N =3). 'P<.05, versus WT; ~P <.05, versus miR-NC.
Scale bar: 1 cm.

after down-regulation of miR-1297. Our data of miR-1297 sug-
gested its suppressing role in cell proliferation.

3.3. PTEN is up-regulated in tumor tissues and repressed by miR-1297

To further clarify the cellular mechanisms underlying miR-1297
mediated cell proliferation, we used the bioinformatics tool, Tar-
getscan, to predict target genes of miR-1297. Among these poten-
tial regulatory genes, PTEN was found to be up-regulated in the
tumor tissues versus nontumor tissues by qRT- PCR (Fig. 4A). Next,
we investigate the mRNA and protein levels of PTEN after miR-
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Fig. 3. Effects of miR-1297 knockdown on SSC-4 cell proliferation. miR-1297 was
knockdown in SSC-4 cells with anti-miR-1297. (A) the expression level of miR-1297
in SSC-4 cells; (B) CCK-8 cell proliferation assay with SSC-4 cells after miR-1297
knockdown; (C) Representative colony formation assays of SSC-4 cells expressing
after miR-1297 knockdown. Values represent the mean * standard deviation (N =
3). P <.05, versus WT; P <.05, versus anti-miR-NC. Scale bar: 1 cm.

1297 overexpression. And, we found both the mRNA and protein
levels of PTEN were significantly decreased by the increasing level
of miR-1297 (Fig. 4B, C). These results suggest that both miR-1297
and PTEN are involved in the tumor progression.

3.4. PTEN silencing inhibits SSC-4 cell proliferation

To assess the role of PTEN in the tumor progression, we silenced
PTEN and determined whether the cell proliferation was affected.
As shown in Fig. 5A, sh-PTEN significantly reduced the PTEN pro-
tein expression in SSC-4 cells. And, we also found silencing PTEN
inhibits cell proliferation which is similar to miR-1297 overexpres-
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Fig. 4. PTEN expression in tissue and SSC-4 cells. (A) PTEN mRNA expression level
was determined by qRT-PCR in OSCC specimens. Values represent the mean +
standard deviation (N=3), 'P<.05, versus non-tumor tissues; (B) PTEN mRNA
expression with SSC-4 cells or SSC-4 cells expressing either miR-NC or miR-1297.
Results are mean + standard deviation (N = 3). 'p <.05 vs WT; "p <.05 vs miR-NC;
(C) PTEN protein level was determined by western blotting. GAPDH was used as
an internal control.

sion (Fig. 5B). These data provide further evidence that miR-1297
could inhibit OSCC progression through regulation of PTEN.

4. Discussion

Accumulating evidences showed that dysregulation of miRNAs
was frequently observed in a various types of cancers and plays
important roles in tumor progression (Hata and Lieberman, 2015;
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Fig. 5. Effects of PTEN silencing on SSC-4 cell proliferation. (A) PTEN protein
expression level was determined by western blotting after PTEN silencing; (B) CCK-
8 cell proliferation assay with SSC-4 cells after PTEN silencing. Values represent the
mean + standard deviation (N = 3). P <.05, versus WT; P < .05, versus sh-NC.

Yates et al., 2013). The expression and biological roles of miRNAs
in OSCC remain incompletely characterized and underlie the lack
of effective treatment. Herein, miR-1297 expression was signifi-
cantly lower in the tumor tissues than non-tumor tissues, which
is consistent with a previous observation (Chen et al., 2014). And,
miR-1297 was also found to suppress the SSC-4 cell growth. Addi-
tionally, miR-1297 downregulation is inversely correlated with
PTEN expression in tissue samples. Furthermore, we found that
PTEN expression was inhibited after miR-1297 overexpression.
Moreover, under PTEN silencing, the cell growth exhibited the sim-
ilar pattern as miR-1297 overexpression. Our results indicate that
miR-1297 involved in the cell proliferation through PTEN.

MiRNAs are noncoding small RNAs and have been found to reg-
ulate tumor progression through targeting genes that are critical
for cancers. MiR-1297 is one of the poorly understood miRNAs.
The expression and functions of miR-1297 are cell and tissue spe-
cific. Recently, miR-1297 has been found to be down-regulated in
colorectal cancer (Chen et al., 2014). However, miR-1297 was sig-
nificantly up-regulated in Laryngeal squamous cell carcinoma
(LSCC) compared with normal tissue (Li et al., 2012). In this study,
we found that miR-1297 was significantly down-regulated in OSCC
tumors compared with non-tumor tissues. In addition, miR-1297
overexpression has been observed to contribute to SSC-4 cell pro-
liferation in vitro.

PTEN is a protein phosphatase and well-known as a tumor sup-
pressor gene down-regulated in multiple types of cancers (Levine
et al., 2002; Mehrian-Shai et al., 2007; Ghosh-Choudhury et al.,
2009; Vinciguerra et al.,, 2009; Yang et al., 2010; Zhang et al.,
2010; Nagy et al., 2011; Bian et al., 2012; Kong et al., 2012; Akca
et al.,, 2013). PTEN has been found to be regulated by miR-21 in
the human hepatocellular cancers (Meng et al., 2007). And, loss
of PTEN in the primary prostate cancers correlates with high Glea-
son score and advanced stage (McMenamin et al., 1999). However,
in our study, we found that PTEN is up-regulated in tumors com-
pared with non-tumor tissues. And, PTEN expression is negatively
correlated with miR-1297 expression. Furthermore, PTEN silencing
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inhibits the SSC-4 cell proliferation which exhibit the similar
effects as miR-1297 overexpression. This leaves us with an inter-
esting direction to follow in the future studies.

In summary, our data demonstrated that miR-1297 was down-
regulated in OSCC and the overexpression of miR-1297 inhibited
SSC-4 cell proliferation. Moreover, PTEN, a crucial tumor suppres-
sor, is inversely correlated with miR-1297 expression. The identi-
fied link of miR-1297/PTEN may be useful in the understanding
of OSCC progression and provide a new candidate for the therapeu-
tic targeting in OSCC.
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