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carcinoma development and is negatively regulated by miR-22-3p
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Abstract
Purpose Long noncoding RNAs (lncRNAs) are emerging as key regulators in cancer initiation and progression. LINC01137 is a
recently identified lncRNA of which the functional role in the development of oral squamous cell carcinoma (OSCC) has not
been determined yet.
Methods We analyzed the expression of LINC01137 using a microarray-based OSCC gene expression dataset (GSE31056), and
validated the results obtained using RT-qPCR in 26 pairs of primary OSCC tumor tissues and adjacent non-tumor tissues. The
proliferative and invasive effects of LINC01137 on OSCC cells were determined using CCK-8, colony formation and transwell
assays, respectively. Targeted binding between miR-22-3p and LINC01137 was verified using a dual luciferase reporter assay.
Results We found that LINC01137 was significantly upregulated in primary OSCCs. LINC01137 knockdown inhibited OSCC
cell proliferation, migration and invasion, whereas LINC01137 overexpression induced opposite effects. LINC01137 upregula-
tion along with p53 inhibition enhanced the malignant transformation of oral cells. In addition, we found that miR-22-3p can
directly target LINC01137 through interaction with a putative miR-22-3p-binding site present within the LINC01137 sequence.
A significant negative correlation was observed between LINC01137 and miR-22-3p expression in primary OSCC specimens.
Exogenous overexpression of miR-22-3p markedly reduced the endogenous expression level of LINC01137 in OSCC cells.
Additional functional assays showed that miR-22-3p overexpression enhanced the inhibitory effect of siRNA-mediated
LINC01137 silencing on OSCC cell proliferation, migration and invasion, whereas miR-22-3p inhibition had the opposite effect.
Conclusions Our results indicate that LINC01137 functions as an oncogenic lncRNA in OSCC. miR-22-3p can directly target
LINC01137 and negatively regulate its expression and function.
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1 Introduction

Oral squamous cell carcinoma (OSCC) is one of the most
invasive head and neck malignancies and is prone to lymph
node and distant metastasis [1]. OSCC accounts for about 3%
of all malignant tumors worldwide, with 550,000 new cases
every year [2]. The main risk factors for OSCC are smoking
and alcohol use, as well as DNA oncogenic viruses and betel
nut chewing [3]. Until now, the basic treatment for OSCC is
surgical resection accompanied by radiotherapy and chemo-
therapy [4]. Although several advances have been made in
surgical techniques, adjuvant therapies and general patient
care, the prognosis of OSCC remains poor, with a 5 year over-
all survival rate of ~ 50% [5, 6]. A deeper understanding of
the molecular mechanisms underlying OSCC is considered
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important for a better early diagnosis, proper treatment and
improved prognosis of patients suffering from this disease.

Whole genome and transcriptome sequencing efforts have
shown that only ~ 2% of the human genome encodes pro-
teins, while > 90% of it is transcribed as non-coding RNAs
(ncRNAs) [7]. Among this vast number of ncRNAs, there are
two types of regulatory RNAs, microRNAs (miRNAs) and
long non-coding RNAs (lncRNAs), which play key roles in
numerous physiological and pathological processes [8].
MiRNAs are highly conserved, single stranded, small
ncRNAs that range in size from 19 to 25 nucleotides [9].
They regulate gene expression mainly through silencing of
specific target messenger RNAs (mRNAs) at the post-
transcriptional level [10, 11]. LncRNAs are single-stranded
RNAs over 200 nucleotides in length without protein-coding
ability [12, 13]. They act as potential regulators of various cell
biological process, such as proliferation, programmed cell
death, migration and differentiation [14]. Abnormal expres-
sion of lncRNAs has been related to diverse diseases, and
specific lncRNAs have been found to play vital roles in the
initiation and progression of various malignancies, including
OSCC [15, 16]. It has for example been reported that lncRNA
MORT is downregulated in OSCC, and that decreasedMORT
expression is correlated with a poor survival, whereas MORT
overexpression leads to inhibition of OSCC cell proliferation
via downregulation of ROCK1 [17]. LncRNA ANRIL has
been found to be highly expressed in tumor tissues and sera
of OSCC patients, and to promote the proliferation and sup-
press the apoptosis of OSCC cells by regulating the TGF-β/
Smad signaling pathway [18].

Although research on miRNAs and lncRNAs mainly fo-
cuses on the regulation of protein coding genes, it has been
shown that miRNAs and lncRNAs can also interact with each
other to form extra post-transcriptional regulatory interaction
networks. LINC01787 represents an example of this type of
regulation. It binds pre-miR-125b, inhibits the binding be-
tween DICER and pre-miR-125b and, thereby, represses the
generation of mature miR-125b [19]. Previously, we have
shown that miR-96 can directly target lncRNA TP53TG1
and negatively regulate its expression, whereas TP53TG1
can act as a sponge for miR-96 and, thereby, repress the in-
hibitory effect of miR-96 on KRAS [20].

Long intergenic non-protein coding RNA 1137
(LINC01137, NCBI no: NR_038842.1) is a recently identi-
fied 1443-bp lncRNA of which the locus is located on chro-
mosome 1p34.3. Following exposure to hydrogen peroxide,
mercury II chloride and etoposide, the expression of
LINC01137 has been found to be significantly upregulated
in human HepG2 cells. These observations suggest that
LINC01137 may serve as a useful indicator of chemical stress
responses [21]. Smoking, alcohol consumption and betel nut
chewing are all considered major risk factors for OSCC [22].
More than 60 toxic chemicals have been identified in tobacco

and its use may cause epigenetic alterations in oral epithelial
cells and induce defective DNA damage responses that appear
to be strongly associated with tumor induction [23, 24]. Here,
we hypothesize that the toxic metabolites and stimuli from
tobacco, alcohol and betel nut may act as stress factors that
affect LINC01137 expression, which in turn may play a role
in the development and progression of OSCC.

In the present study, we investigated the putative role of
LINC01137 in human OSCC as well as putative interactions
between LINC01137 and miRNAs. We show that
LINC01137 is significantly upregulated in primary OSCC
tumor tissues and cell lines, and that it plays a role in promot-
ing malignant processes in OSCC cells, including prolifera-
tion, migration and invasion. We also found that miR-22-3p
can directly target LINC01137 through interaction with a pu-
tative miR-22-3p binding site within the LINC01137 se-
quence and, thereby, negatively regulate LINC01137 expres-
sion and function.

2 Materials and methods

2.1 Patient tissue samples and cell culture

Tissue samples were obtained from 26 cases diagnosed with
OSCC at The Second Hospital of Hebei Medical University
(Shijiazhuang, China), during 2015–2018. None of the pa-
tients received radiotherapy or chemotherapy before opera-
tion. Immediately after resection, the tissue samples were
snap-frozen in liquid nitrogen and placed in a -80 °C freezer
for long-term storage. All cases were confirmed as OSCC
through pathological examination. This study was approved
by the Research Ethics Committee of The Second Hospital of
Hebei Medical University. Informed consents were signed by
all patients before using the resected tissues for research
purposes.

Human OSCC cell lines (HSC3 and HSC4) were obtained
from the Japanese Collection of Research Bioresources Cell
Bank (JCRB, Osaka, Japan). The human tongue squamous
cell carcinoma cell line Tca8113 was purchased from the
Tumor Cell Bank of the Chinese Academy of Medical
Science (Beijing, China), whereas the human normal oral cell
line HGF-1 (ATCC CRL-2014) was obtained from the
American Type Culture Collection (Rockville, MD, USA).
RPMI-1640 medium (Gibco, Grand Island, NY) supplement-
ed with 10% FBS (Gibco) was used for HSC3, HSC4 and
Tca8113 cell culture, whereas Dulbecco’s Modified Eagle’s
Medium (Gibco) supplemented with 10% FBS was used for
HGF-1 cell culture. Morphological examination, growth
curve testing and mycoplasma detection were performed for
all cell lines one month before the study, in accordance with
the ATCC cell line verification test requirements. The four cell

596 Du et al.



lines used in this study have also been authenticated by short
tandem repeat profiling.

2.2 RNA isolation and RT-qPCR

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used for
total RNA extraction from OSCC tissues and cells. A
ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan) and a
TaqMan MicroRNA Reverse Transcription Kit (Applied
Biosystems, Carlsbad, CA, USA) were employed for
LINC01137 and miRNA detection, respectively. RT-qPCR
was performed using SYBR Premix Ex Taq II (Qiagen,
Hilden, Germany). The amplification conditions included ini-
tial pre-denaturation at 95 °C for 2 min, followed by 40 cycles
of denaturation at 95 °C for 10 s and annealing at 60 °C for
1 min. Relative fold changes in gene expression were deter-
mined using the 2−ΔΔCT method. All primer sequences used
are listed in Table 1.

2.3 siRNA and miRNA transfections

siRNAs specifically targeting LINC01137 or p53 [25]
were purchased from Genepharma (Suzhou, Jiangsu, China).
miRNAs that potentially bind to LINC01137 were predicted
using miRcode software (http://www.mircode.org) [26]. Hsa-
miRNA mimics and inhibitors were also purchased from
Genepharma. Lipofectamine 2000 (Invitrogen) was used for
siRNA or miRNA transfection. OSCC cells were transfected
with 40 nM siRNA or 40 nM miRNA. The sequences of the
siRNAs and miRNAs used in this study are listed in Table 2.

2.4 Plasmid construction and transfection

For overexpression of LINC01137 in HSC4 and HGF-1 cells,
full-length LINC01137 was synthesized and subcloned into a
pCDNA3.1 vector (Invitrogen), generating a pCDNA3.1-
LINC01137 plasmid that was subsequently verified by DNA
sequencing. Lipofectamine 2000 Reagent (Invitrogen) was
used for plasmid transfection.

2.5 CCK-8 proliferation assay

Transfected OSCC cell suspensions were seeded into 96 well
plates (2 × 103 cells/well) and cultured for 24, 48, 72, 96 and
120 hours, respectively, after which CCK-8 solution (Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) was added
to each well. Next, the plates were incubated for 2 hours after
which absorbance at 450 nm was measured.

2.6 Colony formation assay

Twenty-four hours after transfection, OSCC cells were seeded
into six-well plates (103 cells/well) and cultured for 2 weeks.
Subsequently, colonies were visualized by incubation with
1% crystal violet and counted.

2.7 Migration and invasion assays

Transwell chambers (3422, Corning, Kennebunk, ME, USA)
or Matrigel (BD Biosciences, San Jose, CA, USA) precoated
Transwell chambers were employed for migration and inva-
sion assays, respectively. Cells (2x105) in serum-free media
were added to the upper chamber 24 h after transfection, and

Table 1 Primers for RT-qPCR
Gene Primer direction Sequence

LINC01137 PCR primer F 5’-CAATGACTCGGCGGAATGTG-3’

PCR primer R 5’-ACCCAGGAGTGAGTGAAGGT-3’

p53 PCR primer F 5’-GCTGCTCAGATAGCGATGGT-3’

PCR primer R 5’-ACAGTCAGAGCCAACCTCAG-3’

GAPDH PCR primer F 5’-GCACCGTCAAGGCTGAGAAC-3’

PCR primer R 5’-GCCTTCTCCATGGTGGTGAA-3’

MALAT1 PCR primer F 5’-GCTCAGTTGCGTAATGGAAAG-3’

PCR primer R 5’-GTGTTCTCTTGAGGGACAGTAG-3

miR-22-3p RT primer 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACacactt-3’

PCR primer F 5’-CGAAGCTGCCAGTTGAAG-3’

PCR primer R 5’-GTGCAGGGTCCGAGGT-3’

U6 RT primer 5’-CGCTTCACGAATTTGCGTGTCAT-3’

PCR primer F 5’-GCTTCGGCAGCACATATACTAAAAT-3’

PCR primer R 5’-CGCTTCACGAATTTGCGTGTCAT-3’
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medium containing 10% FBS was added to the lower cham-
ber. After culture for 48 hours, the cells on the upper surface
were scraped off and washed away, after which the chambers
were immersed in 4 % paraformaldehyde for 30 minutes.
Next, the cells that migrated/invaded to the lower surface were
stained with 0.1 % crystal violet and counted under a
microscope.

2.8 Western blot analysis

Cells were harvested, placed on ice and lysed in lysis buffer to
collect total proteins. A BCA Protein Assay Kit (Solarbio,
Beijing, China) was employed for measuring the protein con-
tent, after which 50 µg was loaded per lane on SDS-
polyacrylamide gels, separated and transferred to PVDFmem-
branes (Millipore, Billerica, MA, USA). For protein detection,
the following antibodies were used: anti-MMP-9 (Affinity,
Cincinnati, OH, USA), anti-Vimentin (Cell Signaling,
Danvers, MA, USA), anti-Survivin (Cell Signaling), anti-
CyclinD1 (Abcam, Cambridge, MA, USA), anti-Snail
(Arigo Biolaboratories, Hsinchu, Taiwan), anti-β-actin
(Santa Cruz Biotechnology, Dallas, TX, USA), anti-Bax
(Abcam), anti-Bcl-2 (Abcam), anti-MMP-2 (Bioss, Woburn,
MA, USA) and anti-Twsit (Affinity). Band densities were
quantified using ImageJ software 1.46 (NIH, Bethesda, MD,
USA) and normalized to β-actin.

2.9 Cytoplasmic/nuclear fraction isolation

NE-PER Nuclear and Cytoplasmic Extraction Reagents
(Thermo Scientific, Waltham, MA, USA) were used for sep-
aration of nuclear and cytoplasmic fractions of OSCC cells
following the manufacturer’s instructions. TRIzol reagent
(Invitrogen) was used for RNA extraction from each subcel-
lular fraction, after which RT-qPCR analyses were performed.

2.10 Luciferase reporter assay

Full-length LINC01137 was synthesized and inserted into a
pmirGLO Dual-Luciferase miRNA Target Expression Vector
(Promega, Madison, WI, USA) downstream of the luc2 re-
porter gene to generate a pmirGLO-LINC01137-WT vector.
Site-directed mutagenesis of the putative miR-22-3p binding
site within the LINC01137 sequence was performed to con-
struct a pmirGLO-LINC01137-MUT vector. Both plasmids
were verified by DNA sequencing. Wild-type or mutant
pmirGLO-LINC01137 vectors were co-transfected with
miRNA-22-3p mimic or control NC into OSCC cells using
Lipofectamine 2000 (Invitrogen). Luciferase activity was de-
tected using a dual-luciferase reporter assay system (Promega)
24 hours after transfection.

2.11 Statistics

SPSS 22.0 software (SPSS, Chicago, IL, USA) was employed
for all statistical analyses in this study. Paired samples t-test
was used to analyze expression differences between OSCC
and matched normal tissues. Independent samples t-test was
used to analyze changes in proliferation, migration and inva-
sion after transfection. Spearman correlation test was used for
expression correlation assessment. Each experiment was car-
ried out at least three times independently. Data are shown as
mean ± SD, and a p value < 0.05 was considered to be statis-
tically significant.

3 Results

3.1 LINC01137 is upregulated in OSCC

The ENCODE project was used to analyze LINC01137 acti-
vation and diffusion in different cancer cell lines. CHIP-seq
data from the ENCODE database revealed 16 candidate cis-

Table 2 Sequences of siRNAs,
miRNA mimic, inhibitor and
negative control

Name Nucleotide sequence

siLINC01137-1 Sense 5’-GCUCUUGGGCUCAAGCAAUTT-3’

Antisense 5’- AUUGCUUGAGCCCAAGAGCTT-3’

siLINC01137-2 Sense 5’-GCAUCAUGCAUGUAACUUUTT-3’

Antisense 5’-AAAGUUACAUGCAUGAUGCTT-3’

sip53 Sense 5’-GGAAAUUUGCGUGUGGAGUTT-3’

Antisense 5’-ACUCCACACGCAAAUUUCCTT-3’

miR-22-3p mimic Sense 5’-AAGCUGCCAGUUGAAGAACUGU-3’

Antisense 5’-AGUUCUUCAACUGGCAGCUUUU-3’

miR-22-3p inhibitor Sense 5’-ACAGUUCUUCAACUGGCAGUCC-3’

Negative control (NC) Sense 5’-GUACCUGACUAGUCGCAGATT-3’

Antisense 5’-UCUGCGACUAGUCAGGUACTT-3
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regulatory elements on human chromosome 1 (Fig. S1),
which were close to or overlapped with the LINC01137 gene.
The expression level of LINC01137 in most tumor cell lines
tested was significantly higher than that in normal cells ac-
cording to the RNA-seq data provided by the ENCODE data-
base (Fig. S2). Next, we used the Genotype-Tissue Expression
(GTEx) Project and TCGA RNA-seq public datasets to ana-
lyze LINC01137 expression in normal and tumor specimens.
We found that among 25 common tumor types, the expression
level of LINC01137 in most of them, including head and neck
squamous cell carcinoma (HNSCC), was significantly higher
than that in its corresponding normal tissues, whereas in only a
few tumors LINC01137 expression was similar or lower than
that in normal tissues (Fig. S3). Gene expression profiling
analysis of GSE31056 from pubmed GEO DataSets showed
that in 23 pairs of OSCC tumors and adjacent normal oral
mucosa tissues, LINC01137was one of the most differentially
expressed lncRNAs, and that its expression in tumor tissues
was significantly higher than that in adjacent normal oral mu-
cosa tissues (Fig. 1a). To further verify this result, we exam-
ined the expression of LINC01137 in OSCC cell lines (HSC3,
HSC4, Tca8113) using RT-qPCR and found that, compared
with normal oral mucosa tissue, the OSCC cells showedmark-
edly higher levels of LINC01137 expression (Fig. 1b). Next,
we comparatively analyzed the expression of LINC01137 in
26 paired OSCC and adjacent normal oral mucosa tissues
using RT-qPCR. We found that the expression of
LINC01137 in the OSCC tissues was markedly increased
compared to that in the normal oral mucosa tissues (Fig. 1c).
Based on the median value, the 26 OSCC cases could be
divided into two groups: those with a high LINC01137 ex-
pression level (n = 11) and those with a low LINC01137 ex-
pression level (n = 15). Subsequent statistical analysis re-
vealed that the LINC01137 expression level significantly cor-
related with the occurrence of lymph node metastasis
(Table S1, p < 0.05), but was not associated with other clini-
copathological parameters, including gender, age, tumor size
and tumor differentiation status (Table S1, p > 0.05).

The coding potential of LINC01137 was evaluated using
CPAT (Coding-Potential Assessment Tool) software [27],
and revealed that the possible open reading frame (ORF) of
LINC01137 is very short and, thus, that LINC01137 does not
appear to have coding capacity (Table 3). In addition, we used
ExPaSy (https://web.expasy.org/translate/) to predict the
protein coding ability of LINC01137. The predicted ORFs
of LINC01137 are highlighted in red in Fig. S4. These
ORFs are not only very short, but also discontinuous with
several breakups, which further confirms that LINC01137
may not have a protein coding ability. In addition to an open
reading frame, the ability of lncRNAs to be translated or not
depends on the presence of ribosome binding sites. The
predicted results of RegRNA2.0 (http://regrna2.mbc.nctu.
edu.tw/index.html) indicate that there are no ribosome

binding sites present within the LINC01137 sequence (Fig.
S5). Together, these observations indicate that LINC01137
has no protein coding capacity.

3.2 LINC01137 knockdown inhibits OSCC cell
proliferation

To evaluate the effect of LINC01137 on OSCC cell prolifer-
ation, we downregulated its expression by transfecting HSC3
and Tca8113, two cell lines in which LINC01137 expression
is relatively high, with two different siRNAs directed against
LINC01137 (siLINC01137-1 and siLINC01137-2). After
48 h, the knockdown efficiencies were detected by RT-
qPCR. We found that LINC01137 expression was markedly
decreased in the siLINC01137 groups compared to that in the
control groups (Fig. 2a). Next, growth curves of OSCC cells
transfected with siLINC01137s were plotted using a CCK-8
proliferation assay. The results showed that LINC01137
knockdown markedly inhibited the growth of both HSC3
and Tca8113 cells (Fig. 2b and Fig. S6). Subsequent colony
formation assays confirmed that LINC01137 knockdown sig-
nificantly inhibited the growth of HSC3 and Tca8113 cells
(Fig. 2c). To investigate the mechanism underlying the effect
of LINC01137 knockdown on OSCC cell proliferation, we
next examined expression level changes of cell cycle and
apoptosis-related proteins, including Cyclin D1, Survivin,
Bcl-2 and Bax, using Western blotting. We found that the
expression levels of Cyclin D1, Survivin and Bcl-2 in the
LINC01137 knockdown groups were all significantly lower
than those in the control group, while the expression level of
Bax was significantly increased following LINC01137 down-
regulation (Fig. 2d), suggesting that LINC01137 knockdown
decreases the proliferative ability of OSCC cells by inhibiting
cell cycle progression and promoting apoptosis.

3.3 LINC01137 knockdown inhibits OSCC cell
migration and invasion

To quantify the effect of LINC01137 knockdown on the mi-
gratory ability of OSCC cells, transwell migration assays were
performed. We randomly selected ten fields to count the num-
ber of HSC3 and Tca8113 cells that entered the lower cham-
ber through the foramen. By doing so, we found that the
average number of cells invading through the foramen of each
visual field was significantly lower in the LINC01137 knock-
down groups than that in the control groups (Fig. 3a), indicat-
ing that the migratory ability of the OSCC cells was impaired.
To test the invasive ability of OSCC cells, transwell invasion
assays were conducted, and the cells that crossed through the
chamber coated with Matrigel were counted. We found that
LINC01137 knockdown strongly suppressed the invasiveness
of HSC3 and Tca8113 cells, in both cases being about half of
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that of the control cells (Fig. 3b). Collectively, these results
suggest that LINC01137 can regulate the migration and inva-
sion of OSCC cells. In order to assess the mechanism under-
lying the effect of LINC01137 on OSCC cell migration and
invasion, we examined the expression of EMT markers by
Western blotting after LINC01137 downregulation.We found
that the expression of Vimentin, Twist, Snail, MMP-2 and
MMP-9 was significantly decreased in the LINC01137
knockdown groups (Fig. 3c), suggesting that EMT may be
involved in LINC01137-mediated regulation of OSCC cell
migration and invasion.

3.4 LINC01137 overexpression promotes OSCC cell
proliferation, migration and invasion

To further explore the biological effect of LINC01137 on
OSCC cells, we exogenously overexpressed this lncRNA by
transfection of a pcDNA3.1-LINC01137 plasmid into HSC4
cells, which show a relatively low endogenous level of
LINC01137. Using RT-qPCR, we found that the expression
of LINC01137 was drastically increased following
pcDNA3.1-LINC01137 transfection compared to that in
pcDNA3.1 empty vector transfected cells (Fig. 4a).
Subsequent growth curves based on CCK-8 assays showed
that LINC01137 upregulation markedly increased HSC4 cell
proliferation (Fig. 4b). In addition, we found that the colony
forming ability of HSC4 cells was markedly increased after
LINC01137 overexpression, as indicated by larger and more
colonies formed in the LINC01137 upregulation group

(Fig. 4c). Additional transwell assays revealed that
LINC01137 overexpression significantly enhanced the
migrative and invasive capacities of HSC4 cells (Fig. 4d).
These data indicate that LINC01137 may function as an on-
cogenic lncRNA enhancing the proliferation, migration and
invasion of OSCC cells.

3.5 LINC01137 overexpression along with p53
inhibition promotes malignant transformation of
normal oral cells

Most OSCC tumor tissues and cells harbor p53 mutations,
which are likely to be involved in the development of OSCC
[28, 29]. In order to test whether the “two hit hypothesis” applies
to LINC01137 in the initiation of OSCC, we knocked down p53
and simultaneously overexpressed LINC01137 in normal oral
HGF-1 cells. We found that the p53 mRNA level was markedly
decreased after transfection with a siRNA targeting p53 (Fig. 5a).
Subsequent CCK-8 assays showed that p53 downregulation or
LINC01137 upregulation alone could promote HGF-1 cell
growth, whereas a more profound increase in proliferation was
seen after simultaneous p53 knockdown and LINC01137 over-
expression (Fig. 5b). The colony forming ability of HGF-1 cells
was also most profoundly increased in the p53 knockdown/
LINC01137 overexpression group, compared to p53 knockdown
or LINC01137 overexpression alone (Fig. 5c). Using transwell
assays we found that both p53 inhibition and LINC01137 upreg-
ulation had the most significant effect on HGF-1 cell migration
and invasion, whereas p53 knockdown or LINC01137

Fig. 1 LINC01137 is upregulated in OSCC tissues and cell lines. a
LINC01137 expression analysis using NCBI/GEO/GSE31056 OSCC
gene profiling datasets (n = 23). Since only one normal oral tissue could
be found in patient No. 13, this information was not included in the
analysis. Values are shown as median with 95%CI. bRT-qPCR analysis

of endogenous LINC01137 expression in OSCC cell lines and normal
oral mucosa. The transcript levels were normalized to GAPDH expres-
sion. n = 3, *p < 0.05. c RT-qPCR analysis of LINC01137 expression in
26 pairs of OSCC tissues and corresponding normal oral mucosa. The
transcript levels were normalized to GAPDH expression

Table 3 The coding potential of
LINC01137 calculated by CPAT
software

Sequence Name RNA Size ORF Size Ficket Score Hexamer

Score

Coding

Probability

Coding

Label

LINC01137

(NR_038842.1)

1443 243 0.6923 -0.082 0.019 NO
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overexpression alone only moderately increased the migrative
and invasive abilities of HGF-1 cells (Fig. 5d-e). Overall, these
observations imply that LINC01137 upregulation alongwith p53
inhibition may enhance the malignant transformation of normal
oral cells.

3.6 miR-22-3p negatively regulates LINC01137
expression

Recently, it has been found that lncRNAs may exert their func-
tions by binding specific miRNAs. To explore whether
LINC01137 acts similarly, miRcode software (http://www.
mircode.org) [22] was used to search for putative LINC01137-

miRNA interactions. Several miRNAs were predicted to have
binding sites for LINC01137 (Fig. S7). We subsequently
transfected HSC3 and Tca8113 cells with the respective
miRNAmimics and found that miR-22-3p exhibited the greatest
effect on the expression of LINC01137 (Fig. S8 and Fig. 6b).
This miRNA was chosen for further analysis. The “seed se-
quences” between miR-22-3p and LINC01137 showed perfect
base pairing and were found to be conserved across species (Fig.
6a). Using RT-qPCR, we found that transfection of a miR-22-3p
mimic significantly reduced the expression of endogenous
LINC01137 in HSC3 and Tca8113 cells, suggesting that miR-
22-3p may negatively regulate LINC01137 expression (Fig. 6b).
To further explore the relationship between miR-22-3p and

Fig. 2 LINC01137 downregulation inhibits OSCC cell proliferation. a
After transfecting HSC3 and Tca8113 cells with NC or LINC01137
siRNAs, RT-qPCR was performed to detect LINC01137 expression.
The transcript levels were normalized to GAPDH expression. n = 3,
**p < 0.01. b Growth of HSC3 and Tca8113 cells after LINC01137
knockdown determined by CCK-8 assays. n = 3, *p < 0.05,**p < 0.01.

c Effect of LINC01137 downregulation on the colony forming abilities
of HSC3 and Tca8113 cells. n = 3, **p < 0.01. d Expression of
proliferation-related proteins (Cyclin D1, Survivin, Bcl-2 and Bax) de-
tected by Western blotting after LINC01137 knockdown in HSC3 and
Tca8113 cells. n = 3, *p < 0.05
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LINC01137, the expression level of miR-22-3p in clinical spec-
imens was examined. RT-qPCR data showed that, contrary to
the high expression of LINC01137 in OSCC, the expression of
miR-22-3p in the same tumor samples was low, thus indicating a
marked negative correlation between LINC01137 and miR-22-
3p expression (Fig. 6c, r = -0.7420, p< 0.001). Among the 26
OSCC cases tested, 12 exhibited high miR-22-3p levels and 14
exhibited lowmiR-22-3p levels, relative to themedian value.We
found that the low miR-22-3p levels were significantly associat-
ed with lymph node metastasis (Table S1, p< 0.05). In addition,
we detected LINC01137 and miR-22-3p expression in the

nuclear and cytoplasmic fractions of HSC3 and Tca8113 cells
by RT-qPCR. The results showed that the expression of
LINC01137 and miR-22-3p in the cytoplasm of HSC3 and
Tca8113 cells was significantly higher than that in the nucleus
(Fig. 6d), indicating that both of them were mainly located in the
cytoplasm, which is a prerequisite for their interaction.

3.7 miR-22-3p directly targets LINC01137

To verify whether LINC01137 is a bona fide target of miR-22-
3p, full-length wild-type and mutant LINC01137 sequences

Fig. 3 LINC01137 downregulation inhibits OSCC cell migration and
invasion. a Transwell chambers were used to detect the effect of
LINC01137 knockdown on the migration of HSC3 and Tca8113 cells.
n = 10 fields, **p < 0.01. b Transwell chambers precoated with Matrigel
were used to detect the effect of LINC01137 knockdown on the invasion

of HSC3 and Tca8113 cells. n = 10 fields, **p < 0.01. cWestern blotting
was performed to detect the expression of EMT related proteins
(Vimentin, Snail, Twist, MMP-2 and MMP-9) after LINC01137 knock-
down in HSC3 and Tca8113 cells. n = 3, *p < 0.05
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were separately inserted into a pmirGLO vector, generating
pmirGLO-LINC01137-WT and pmirGLO-LINC01137-

MUT vectors (Fig. S9 and Fig. 6e). Next, we transfected each
of these with a miR-22-3p mimic or a negative control (NC)

Fig. 4 Overexpression of LINC01137 promotes proliferation, migration
and invasion of OSCC cells. a After transfection of HSC4 cells with
pcDNA3.1 empty vector or pcDNA3.1-LINC01137 vector, RT-qPCR
was used to detect LINC01137 expression. The transcript levels were
normalized to GAPDH expression. n = 3, **p < 0.01. b Growth of
HSC4 cells after LINC01137 overexpression assessed by CCK-8 assays.

n = 3, *p < 0.05,**p < 0.01. c Effect of LINC01137 overexpression on
colony formation of HSC4 cells. n = 3, **p < 0.01. d Transwell chambers
were used to detect the effect of LINC01137 overexpression on the mi-
gration of HSC4 cells. n = 10 fields, **p < 0.01. e Transwell chambers
precoated with Matrigel were used to detect the effect of LINC01137
overexpression on the invasion of HSC4 cells. n = 10 fields, **p < 0.01
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into OSCC cells. Using a dual luciferase reporter assay we
found that miR-22-3p upregulation markedly reduced the

luciferase activity, and that directed mutagenesis of the miR-
22-3p-binding region in the LINC01137 sequence abolished

Fig. 5 LINC01137 overexpression along with p53 inhibition can
promote malignant transformation of normal oral cells. a After
transfection of HGF-1 cells with sip53, RT-qPCR was used to detect
p53 mRNA expression. The transcript levels were normalized to
GAPDH expression. n = 3, **p < 0.01. b HGF-1 cells were transfected
with sip53 or pcDNA3.1-LINC01137 alone or in combination, after
which their growth was assessed using CCK-8 assays. n = 3, *p <
0.05,**p < 0.01. c Colony formation assays were employed to detect

the growth ability of HGF-1 cells after transfection with sip53 or
pcDNA3.1-LINC01137 alone or in combination. n = 3, **p < 0.01. d
Transwell chambers were used to detect the migrative ability of HGF-1
cells after transfection with sip53 or pcDNA3.1-LINC01137 alone or in
combination. n = 10 fields, **p < 0.01. e Transwell chambers precoated
withMatrigel were used to detect the invasive ability of HGF-1 cells after
transfection with sip53 or pcDNA3.1-LINC01137 alone or in combina-
tion. n = 10 fields, **p < 0.01
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the repressive effect of miR-22-3p on the luciferase activity
(Fig. 6f), which suggests that miR-22-3p can directly target
LINC01137.

3.8 miR-22-3p functionally regulates LINC01137

Since we found that LINC01137 silencing resulted in prolif-
eration, migration and invasion inhibition of OSCC cells, the
tumor suppressive effect of LINC01137 silencing might be
regulated by miR-22-3p, as miR-22-3p can directly target

LINC01137. To test this hypothesis, the proliferative,
migrative and invasive abilities of OSCC cells were evaluated
after co-transfection of siLINC01137 and miR-22-3p mimic
or inhibitor. Using a colony forming assay we found that,
compared with the siLINC01137 transfected group, OSCC
cells had a lower cell proliferation ability when co-
transfected with siLINC01137 and miR-22-3p mimic, and a
higher cell proliferation ability when co-transfected with
siLINC01137 and miR-22-3p inhibitor (Fig. 7a).
Concordantly, we found that the migrative and invasive

Fig. 6 Validation of LINC01137 as a direct target of miR-22-3p in
OSCC. a Predicted binding sites of miR-22-3p within the LINC01137
sequence are shown. The area within the frame represents conserved
complementary nucleotides of the miR-22-3p seed sequence in various
mammals. b RT-qPCR was performed to determine the expression of
LINC01137 after miR-22-3p overexpression in HSC3 and Tca8113 cells.
n = 3, **p < 0.01. cRT-qPCRwas performed to determine the expression
of miR-22-3p in OSCC tissues and corresponding normal oral mucosa,
after which Spearman correlation analysis was performed to explore the
correlation between miR-22-3p and LINC01137 expression (r = -0.7420,

p < 0.001). d Percentages of LINC01137, miR-22-3p, GAPDH and
MALAT1 levels in cytoplasmic and nuclear fractions of HSC3 and
Tca8113 cells detected by RT-qPCR. GAPDH serves as a cytoplasmic
localization marker, and MALAT1 as a nuclear localization marker. e
Schematic representation of wild-type (pmirGLO-LINC01137-WT) and
mutant (pmirGLO-LINC01137-MUT) dual luciferase reporter constructs.
f Luciferase activity in HSC3 and Tca8113 cells co-transfected with miR-
22-3p mimic and pmirGLO-LINC01137-WT or pmirGLO-LINC01137-
MUT vectors detected by dual-luciferase reporter assay. n = 3, *p < 0.05

605Long non‐coding RNA LINC01137 contributes to oral squamous cell carcinoma development and is negatively...



abilities of the OSCC cells were decreased following co-
transfection with siLINC01137 and miR-22-3p mimic, and
increased following co-transfection with siLINC01137 and
miR-22-3p inhibitor, when compared with the LINC01137
only downregulated group (Fig. 7b-c). Overall, these data in-
dicate that overexpression of miR-22-3p can enhance the in-
hibitory effect of siLINC01137 on OSCC cell proliferation,
migration and invasion, while knockdown of miR-22-3p can
at least partially rescue the effect of siLINC01137 on the pro-
liferation, migration and invasion of OSCC cells.

4 Discussion

It has been well documented that lncRNAs play critical roles
in the development of various tumors, and increasing numbers
of tumor suppressive or oncogenic lncRNAs are emerging as
novel diagnostic, prognostic and/or therapeutic markers
[30–33]. Also, aberrant expression patterns and functional ef-
fects of lncRNAs in OSCC have begun to be revealed.
lncRNABLACAT1 has, for example, been found to be highly
expressed in OSCC and its knockdown to inhibit the viability,
migration and invasion of OSCC cells [34]. LncRNA
CEBPA-AS1, which is localized in peri-nuclear and cyto-
plasm domains, has been found to function as a potential
oncogenic lncRNA in OSCC and to be related with a poor
differentiation and high clinical stages [35]. Silencing of
lncRNA CRNDE has been found to inhibit EMT via inacti-
vation of the Wnt/β‑catenin signaling pathway, thereby de-
creasing the migration and invasion of human OSCC cells
[36]. In spite of these results, the functional role of lncRNAs
in OSCC initiation and progression is far from well-
characterized.

Through the analysis of microarray-based gene expression
profiling data (GSE31056), we found that LINC01137 was
one of the most highly expressed lncRNAs in OSCC.
Subsequent RT-qPCR analyses confirmed that the expression
of LINC01137 was indeed markedly increased in primary
OSCC tissues and cell lines. Additional CCK-8 and colony
formation assays showed that LINC01137 knockdown signif-
icantly reduced the proliferative ability of OSCC cells, while
transwell assays revealed that LINC01137 downregulation
strongly suppressed the migrative and invasive abilities of
OSCC cells. Conversely, we found that LINC01137 overex-
pression enhanced the proliferation, migration and invasion of
OSCC cells. In addition, we found that LINC01137 upregu-
lation along with p53 inhibition appeared to enhance the ma-
lignant transformation of normal oral cells. Together, these
findings indicate that LINC01137 plays an oncogenic role in
OSCC, and that the high expression of LINC01137 in OSCC
may contribute to tumor progression. We also found that after
LINC01137 downregulation the expression of Cyclin D1,
Survivin, Bcl-2 and that of several EMT-related proteins

including Vimentin, Twist, Snail, MMP-2 and MMP-9, was
significantly decreased, while the expression of Bax was
markedly increased, suggesting that LINC01137 knockdown
may reduce the proliferative, migrative and invasive abilities
of OSCC cells by inhibiting cell cycle progression, promoting
apoptosis and inhibiting EMT. As yet, however, the specific
molecular events downstream of LINC01137 remain to be
explored in further detail.

It has been reported that besides protein-coding genes,
lncRNAs may serve as targets of miRNAs [8]. LncRNAs
may function as competing endogenous RNAs (ceRNAs)
through competitively binding miRNAs and, thereby, reduc-
ing the inhibitory effects of miRNAs on their targets [37–39].
Conversely, miRNAs may regulate lncRNAs via binding to
target sequences, which is similar to miRNA-mediated
targeted mRNA silencing. For instance, miR-196a can direct-
ly bind to the seventh exon of GAS5 and, thereby, inhibit the
expression of GAS5 [40]. Also, miR-125b has been found to
regulate HOTTIP expression at the post-transcriptional level,
i.e., the endogenous HOTTIP level and the HOTTIP-coupled
luciferase activity could both be inhibited by miR-125b over-
expression [41]. Another miRNA, miR-141 can directly bind
to HOTAIR and suppress its expression and function in an
Ago2-dependent manner [42].

In order to explore whether LINC01137 can interact with
miRNAs, a search for miRNAs that may possibly target
LINC01137 was performed and, by doing so, 6 miRNAs were
predicted to exhibit complementary base pairing with
LINC01137. After evaluation of LINC01137 expression chang-
es upon overexpression of these miRNAs, miR-22-3p was se-
lected for further analysis. It showed the greatest effect on
LINC01137 expression and the predicted miR-22-3p binding
sites within the LINC01137 sequence were found to be highly
conserved across species. It has recently been reported that miR-
22-3p is downregulated inmany tumors, including hepatocellular
carcinoma, retinoblastoma, gastrointestinal stromal tumor and
lung adenocarcinoma, and may function as a tumor suppressor
in these tumors [43–46]. Here, we found that the expression of
miR-22-3pwas decreased inOSCC tissues, and to be significant-
ly negatively correlatedwith LINC01137 expression. Exogenous
expression ofmiR-22-3p resulted in a significant downregulation
of LINC01137 in OSCC cells, suggesting that miR-22-3p may
negatively regulate LINC01137 expression. In addition, we
found that both LINC01137 andmiR-22-3pweremainly located
in the cytoplasm of OSCC cells, and that miR-22-3p can directly
target LINC01137 in a sequence-specific manner. Additional,
functional assays revealed that exogenousmiRNA-22-3p expres-
sion enhanced the repressive effect of siLINC01137 on OSCC
cell proliferation, migration and invasion, whereas miR-22-3p
knockdown partially rescued the repressive effect of
siLINC01137 on OSCC cells. The results of our present study
are consistent with recent reports on the direct regulation of
lncRNAs by miRNAs.
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In conclusion, we found that lncRNA LINC01137 is
upregulated in OSCC and may play a role as an onco-
gene through the promotion of OSCC cell proliferation,
migration and invasion. miR-22-3p directly targets
LINC01137 and suppresses LINC01137 expression and
function. The high expression of LINC01137 in OSCC

may at least partly contribute to the observed downreg-
ulation of miR-22-3p. The direct regulation of lncRNAs
by other regulatory RNAs such as miRNAs greatly in-
creases the complexity of gene expression regulation,
and may provide new insights into the mechanisms un-
derlying OSCC initiation and progression.

Fig. 7 miR-22-3p inhibits LINC01137 activity. a HSC3 and Tca8113
cells were co-transfected with siLINC01137 and miR-22-3p mimic or
miR-22-3p inhibitor, after which cell viability was detected using colony
formation assays. n = 3, *p < 0.05. b HSC3 and Tca8113 cells were co-
transfected with siLINC01137 and miR-22-3p mimic or miR-22-3p

inhibitor, after which cell migration was detected using transwell assays.
n = 10 fields, *p < 0.05. c HSC3 and Tca8113 cells were co-transfected
with siLINC01137 and miR-22-3p mimic or miR-22-3p inhibitor, after
which their invasive ability was determined using transwell chambers
precoated with Matrigel. n = 10 fields, *p < 0.05
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