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Overexpression of IncRNA H19 leads to reduced proliferation in
TSCC cells through miR-675-5p/GPR55
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Background: Tongue squamous cell carcinoma (T'SCC) is a highly malignant tumor and oral disease. We
intended to identify the function and mechanism of IncRNA H19 in TSCC.

Methods: Twenty-two TSCC samples were obtained, and expression levels of IncRNA H19 were measured
by quantitative real time PCR (QRT-PCR). After experimentally upregulating expression of IncRNA H19 in
TSCC cells, proliferation, invasion and migration were assessed. Further, dual-luciferase reporter gene assays
were used to examine the relationship between IncRNA H19 and GPRSS.

Results: LncRNA H19 was expressed at lower levels in TSCC tissues than in normal tissues. When
IncRNA HI19 was overexpressed, miR-675-5p expression levels were also upregulated, leading to reduced
proliferation, invasion and migration of CAL27 and SCC9 cells. Dual-luciferase reporter gene assays
revealed that miR-675-5p binds to GPRS55, which might promote growth in TSCCs.

Conclusions: The IncRNA H19/miR-675-5p/GPRS55 axis might inhibit cell proliferation, invasion and
migration in TSCC.
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Introduction squamous cell carcinoma (3), which is similar in location
and type to squamous cell carcinoma of the tongue.
Recent studies have also shown that IncRNA H19 is

closely related to the occurrence and development of

Tongue squamous cell carcinoma (TSCC) is a highly
malignant tumor and oral disease. There are many
different theories as to why and how T'SCC occurs. These

theories include environment factors, genetic factors
and immune escape factors. Recently, long noncoding
RNAs (IncRNAs) were proven to affect cell proliferation,
invasion, migration, apoptosis and the cell cycle (1,2).
LncRNA H19 exhibits abnormal expression in laryngeal
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oral squamous cell carcinoma (4-6). H19 is a nonprotein-
coding gene, and its longest transcript, IncRNA H19, is
thought to be negatively correlated with many different
tumors, including prostate cancer (7), human pancreatic

ductal adenocarcinoma (8) and breast cancer (9). It has
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also been reported that IncRNA H19 inhibits tumor cell
proliferation (7). However, some studies have indicated
that IncRNA H19 promotes tumor progression (10-12),
while others reported that IncRNA H19 might induce
resistance to 1,25(OH)2D3 in colon cancer cells (13).
Whether H19 functions in TSCC and/or how it regulates
the occurrence and development of TSCC is unknown.
The literature contends that IncRNA H19 can transcribe
miR-675-5p. Through an online prediction tool, we
found that miR-675-5p might bind to GPRS5S5, which has
been suggested as a growth promoter for TSCC in the
literature.

We hypothesized that expression of IncRNA H19 may
influence TSCC through miR-675-5p and GPRS5S5, and
aimed to explore the potential involvement of IncRNA
H19 in growth regulation of TSCC cell lines through its

exogenous overexpression.

Methods
Clinical sample collection

From January 2013 to February 2017, TSCC samples
and adjacent normal tissues (ANTs) from 22 patients were
obtained from the Department of Oral and Maxillofacial
Surgery, Stomatology Hospital of Guangzhou Medical
University, Guangdong Provincial Stomatological Hospital,
Guangzhou First Peoples’ Hospital and the No. 5 Affiliated
Hospital of Sun Yat-sen University. Patients had not
previously received radiotherapy, chemotherapy, or any
other treatment prior to surgery. Tumor tissue samples
and ANTSs (at least 2.0 cm distal to the tumor margin) were
snap-frozen in liquid nitrogen for quantitative real time
PCR (qRT-PCR) assays.

This study was approved by the Institutional Ethics
Committee of the Stomatology Hospital of Guangzhou
Medical University. The study was performed in accordance
with the Declaration of Helsinki (as revised in 2013).

Cell culture

CAL27 and SCC9 cell lines were a gift from Professor
Jinsong Li in the Department of Oral and Maxillofacial
Surgery, Sun Yat-sen Memorial Hospital, Sun Yat-sen
University. CAL27 and SCC9 cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco,
USA) containing 10% fetal bovine serum (FBS, Gibco,
USA) at 37 °C and 5% CO,.
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Design of the IncRNA H19 plasmid
LncRNA H19 (Gene ID: 283120 from NCBI)

was amplified using gene-specific forward 5’
CGGAATTCGCCACCGGGAGGGGGT 3" and reverse 5'
GATTCTAGA GCTGTACAGTGTTTATTGATGATGA
3" primers (1 pM each). PCR products were verified using
1% agarose electrophoresis. The pcDNA3.1 (+) vector,
IncRNA H19 and a nonsense sequence were all digested
with EcoR I and Xbal. Then, they were joined together to
construct a IncRNA H19 plasmid and a negative control
plasmid (The plasmid was constructed by a company called
Sagene, CHN). Resulting plasmids were then confirmed by
genetic sequencing.

Overexpression of IncRNA H19

To confirm that IncRNA H19 functions as a tumor
suppressor in TSCC, our team transfected CAL27 and
SCC9Y cells with the IncRNA H19 plasmid to overexpress
H19 (IncRNA H19 group). Cells (1x10° cells per well)
were grown to 90% confluence in 24-well plates and the
transfected with IncRNA H19 (IncRNA H19 group) using
Lipofectamine 2000 (Life Technologies Corporation, USA)
according to the manufacturer’s instructions. As a negative
control (negative control group), an additional group of
cells was transfected with the negative control plasmid and
the same amount of Lipofectamine 2000, and cells treated
with only Lipofectamine were treated as the blank group.
Culture cells were harvested in triplicate after 24, 48, and
72 h of transfection.

RNA extraction and quantitative real-time PCR

Freshly frozen clinical samples were ground, and total
RNA was extracted using TRIzol reagent (Invitrogen,
USA). CAL27 and SCC9 cells were seeded into six-well
plates at a density of 5x10* cells/well for quantitative
real time PCR (qRT-PCR) assays. Cells overexpressing
IncRNA H19 were harvested at 80% confluence, and
RNA was extracted as described above. First-strand
cDNA was synthesized using the GeneAmp® PCR System
9700 (Life Technologies Corporation, USA). Primers
used for the reaction were as follows: LncRNA H19
(forward: 5'-CGGAATTCGCCACCGGGAGGGGGT
-3" and reverse: 5'-GATTCTAGA GCTGTACAGTG
TTTATTGATGATGA-3"); miR-675-5p (forward: 5'-AC
ACTCCAGCTGGGCTGTATGCCCTCAC-3" and
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Figure 1 Low expression levels of IncRNA H19 are correlated
with TSCC progression. A heatmap showing that IncRNA H19
exhibits abnormal expression in tongue squamous cell carcinoma.
LncRNA HI19 expression levels were reduced in TSCC tissues
compared to ANTs (**P<0.01).

reverse 5'-CTCAACTGGTGTCGTGGAGTCGG
CAATTCAGTTGAGTGAGCGGT-3"); and B-actin
(forward: 5'-CCATCGTCCACCGCAAAT-3" and reverse
(5'-CCTGTAACAACGCATCTCATA-3"). Quantitative
real-time PCR was performed using StepOne and a
StepOnePlus Real-Time PCR system (Life Technologies
Corporation, USA). Finally, expression levels of IncRNA H19
and miR-675-5p were calculated using the 2*“ method. Fach
experiment was repeated at least three times.

MTT assay

The two cell lines were transfected with IncRNA H19 (IncRNA
H19 group), the negative control plasmid (negative control
group) or transfection reagents alone (blank group). Transfected
cells were grown in 96-well plates, and cell proliferation was
measured every 24 h using the Cell Proliferation Reagent
Kit I (MTT, Roche, USA) according to the manufacturer’s
instructions. The relative numbers of viable cells were calculated
using the absorbance values (optical density) at 450 nm using an
Easy Reader 340 AT (SLI-Lab Instruments). All experiments
were performed in quadruplicate.

Transwell migration assay

To detect changes in the migratory ability of cells, the two
cell lines were transfected with IncRNA H19 (IncRNA
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H19 group), the negative control plasmid (negative control
group) or transfection reagents alone (blank group). Cells
were harvested when they reached 80% confluence.

Cells were seeded at a density of 1x10’ cells/well in the
upper Transwell chambers. Then, upper Transwell chambers
were placed onto the lower Transwell chambers containing
20% FBS. Twenty-four hours after seeding, cells that had
migrated to the lower Transwell chamber were counted using
crystal violet staining solution (BD Biosciences, USA).

Transwell invasion assay

To determine changes in the invasion ability of cells, the
two cell lines were transfected with IncRNA H19 (IncRNA
H19 group), the negative control plasmid (negative control
group) or transfection reagents alone (blank group). Cells
were harvested when they reached 80% confluence. Before
seeding the cells, Matrigel (BD Biosciences, USA) was placed
in the bottom of the upper Transwell chamber to simulate
the in vivo extracellular matrix (ECM). Subsequent steps were
similar to the Transwell migration assay described above.

Dual-luciferase reporter gene assay

Luciferase activity was measured using a Dual-Luciferase
Assay Kit (Promega, Madison, WI, USA) according to the
manufacturer’s instructions to investigate the existence of

binding sites between miR-675-5p and GPRS5.

Statistical analysis

Differences between the three groups were compared using
one-way ANOVA. GraphPad Prism (version 6.0, USA)
was used to analyze the data and to construct the graphs. P
values <0.05 were considered statistically significant.

Results
LncRNA H19 is expressed at low levels in TSCC

We evaluated IncRNA H19 expression in 22 paired TSCC
tissues and ANTs and found that H19 was expressed at

significantly lower levels in TSCC tissues compared to
AN'Ts (Figure 1, P<0.01).

Plasmid construction

Agarose electrophoresis analyses showed that IncRNA
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Figure 2 Successful plasmid construction and transfection in CAL27 and SCC9 cells. LncRINA H19 and miR-675-5p expression levels were
both increased after transfection with the IncRNA H19 plasmid (**, P<0.01).

H19 (2.3 kb) was successfully incorporated into the
pcDNA3.1 (+) vector. In addition, genetic sequencing of
the vector showed that the sequence was precisely that of
IncRNA H19. After transfecting the plasmid, expression
levels of IncRNA H19 were upregulated in both CAL27
and SCC9 cell lines (Figure 24,B, P<0.05). Together, these
data showed that the plasmid overexpressing IncRNA
H19 was successfully constructed. In addition, expression
levels of miR-675-5p were upregulated in both CAL27 and
SCC9 cell lines (Figure 2C,D, P<0.05). These results are
consistent with the hypothesis of Cai (14) that IncRNA H19
is a primary microRNA precursor of miR-675-5p, which is
now well known; this indicates that when IncRNA HI19 is
upregulated, expression of miR-675-5p is also upregulated.

Upregulation of IncRNA H19 expression inbibits TSCC

cell proliferation

MTT assay results showed that cell proliferation of CAL27
and SCC9 cell lines was reduced 72 h after IncRNA

© Translational Cancer Research. All rights reserved.

H19 overexpression (Figure 34,8, IncRNA H19 group),
while in the blank and negative control groups, cell
proliferation of CAL27 and SCC9 cell lines was not affected
(Figure 34,B, blank group and negative control group).
Differences between the three groups were significant
(P<0.05). Therefore, we proposed that IncRNA H19 is
negatively correlated with TSCC progression.

Upregulation of IncRNA H19 expression inbibits TSCC
cell migration

After 24 h, cells below the Transwell chamber were
counted. The number of migrated cells was significantly
lower in the IncRNA H19-overexpressing groups than
in the blank and negative control groups (Figure 4A4,B).
The specific number of migrated cells for each group is
represented by corresponding histograms (Figure 4C,D).
The results of Transwell assays demonstrated that cell
migration ability was inhibited in response to IncRNA
H19 overexpression.
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Figure 3 Cell proliferation is inhibited in response to IncRNA H19 overexpression. A graph of CAL27 and SCC9 cell growth as measured
by MTT assay (blank, negative control, IncRNA H19). The OD value of the IncRNA H19 group was decreased compared to blank and

negative control groups (**, P<0.01).

Upregulation of IncRNA H19 expression inbibits TSCC

cell invasion

After 24 h, the number of cells that invaded the Matrigel
(BD Biosciences, USA) was significantly lower in the
IncRNA H19-overexpressing group than in the blank
and negative control groups (Figure 5A,B). The specific
number of each group are represented by corresponding
histograms (Figure 5C,D). Transwell assay results showed
that cell invasion was inhibited in response to IncRNA H19
overexpression.

GPRSS is a divect target of miR-675-5p

An online prediction tool showed that miR-675-5p and
GPRS5S5 may have several binding sites (http://www.
targetscan.org/cgi-bin/targetscan/vert_72/view_gene.cgi’r
s=ENST00000392040.1 & taxid=9606&showcnc=0&shown
c=0&shownc_nc=&showncfl=&showncf2=&subset=1). In
addition, according to dual-luciferase reporter gene assays
in CAL27 and SCC9 cells, luciferase activity was reduced
in the GPR55-3'UTR-Wt+ miR-675-5p mimic group
compared to the GPR55-3'UTR-Wt+ mimic NC group
(Figure 6A4,B, P<0.05). In addition, in the GPR55-3'UTR-
Mut+ miR-675-5p mimic and GPR55-3"UTR-Mut+ mimic
NC groups, luciferase activity was unchanged (Figure 64,B).
These data thus reveal that miR-675-5p binds to GPR5S5
and inhibits its expression.

© Translational Cancer Research. All rights reserved.

Discussion

Long noncoding RNAs, which do not code for proteins,
were ignored for many years due to their unknown
function in cells (15). With the development of gene
detection techniques, an increasing number of IncRNAs
have been identified and proven to play a role in regulating
gene expression at the epigenetic, transcriptional and
posttranscriptional levels. These IncRNAs influence
physiologic and pathologic events related to cellular growth,
proliferation, differentiation, apoptosis and injury.
LncRNA HI19 is reportedly negatively correlated with
the occurrence and development of many different tumors
(8,16-18). First, researchers confirmed that IncRNA H19
inhibited tumor growth in mice (19). In a prostate cancer
study, researchers found that IncRNA H19 suppressed
cancer metastasis by targeting TGFBI (7). Moreover, in
gastric cancer, human pancreatic ductal adenocarcinoma,
and breast cancer, IncRNA H19 was shown to mediate anti-
tumor effects (8,9,20,21). However, no comprehensive
study of the relationship between IncRNA H19 and TSCC
progression exists. In this study, IncRNA H19 exhibited
abnormal expression in TSCC (Figure 1), indicating that
IncRNA H19 might be a potential influential factor in
TSCC. In our initial experiments, we found that IncRNA
H19 expression was reduced in TSCC tissues compared
to normal tissues (Figure 1). Next, we observed that
overexpression of IncRNA H19 inhibited proliferation in
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Figure 4 Cell migration is decreased in response to IncRNA H19 overexpression. Number of migrated cells in all three groups in the
CAL27 cell line [(A) blank, negative control, IncRNA H19]. Number of migrated cells in all three groups in the SCC9 cell line [(B) blank,
negative control, IncRNA H19]. Statistics showed the number of migrated cells in the IncRNA H19 group was reduced compared to

blank and negative control groups [(C) **, P<0.05]. Statistics showed the number of migrated cells in the IncRNA H19 group was reduced

compared to blank and negative control groups [(D) **, P<0.05].

TSCC cell lines CAL27 and SCC9 (Figure 3). Therefore,
we speculated that IncRNA H19 might also exert anti-
tumor effects in TSCC.

TSCC is malignant not only due to its unlimited
reproductive capacity but also due to its considerable effects
on local invasion and cervical lymph node metastasis.
Local invasion causes TSCC to develop quickly in only a
few weeks or months in the tongue. Its migratory ability
facilitates TSCC to metastasis to the cervical lymph
nodes; for this reason, recurrence rates in TSCC patients
are relatively high, even after successful resection (22).
The number of cells that migrated through the Transwell
chamber was decreased in response to IncRNA H19
overexpression (Figure 4). These results indicate that
IncRNA H19 might inhibit migration in TSCC. In
addition, results were similar for invasion: the number of
cells that penetrated the Matrigel (BD Biosciences, USA)
was significantly decreased in response to increased H19
expression (Figure 5).

Despite these findings, we were more interested in
the mechanism through which IncRNA H19 influences
TSCC development. Many studies have indicated that

© Translational Cancer Research. All rights reserved.

H19 plays a role in tumor regulation through miR-675-
Sp. Research has indicated that IncRNA H19 can be
transcribed into miR-675-5p. MiR-675-5p is transcribed
from the first exon of IncRNA H19 and functions in the
posttranscriptional regulation of H19 (14). In a glioma
study, researchers found that H19-derived miR-675-5p
regulates cell proliferation and migration through CDKG6,
supporting the hypothesis that miR-675-5p functions
in glioma progression (23). In addition, Zhu et al. (7)
showed that the IncRNA H19/miR-675-5p axis inhibited
prostate cancer metastasis through targeting TGFBI. Ma
et al. (8) showed that IncRNA H19 derived miR-675
regulates cell proliferation by downregulating E2F-1.
Furthermore, in bladder cancer, the IncRNA H19/miR-
675-5p axis accelerates cell proliferation by regulating p53
activation (12). Zhang er al. (24) found that the IncRNA
H19/miR-675 axis is involved in promoting cardiomyocyte
apoptosis.

Based on results we obtained in this study, we aimed
to determine the probable mechanism by which IncRNA
H19 inhibits TSCC cell proliferation. After considering
a detailed review of IncRNA, we propose that IncRNA
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Figure 6 GPRS55 is a direct target of miR-675-5p. Luciferase activity was reduced in the GPR55-3'UTR-Wt+ miR-675-5p mimic group
compared to the GPR55-3"UTR-Wt+ mimic NC group [(A,B) *, P<0.05]. In addition, in the GPR55-3'"UTR-Mut+ miR-675-5p mimic and
GPR55-3'UTR-Mut+ mimic NC groups, luciferase activity was unchanged [(A,B), *, P<0.05].

functions in cells in multiple ways. First, it may affect the
expression of downstream genes through transcriptional
interference. Second, it may interfere with translation by
hybridizing with its target mRNAs. Third, it may regulate
protein activity by binding to special regions within the
protein. Fourth, it may act as a precursor for various types

© Translational Cancer Research. All rights reserved.

of small RNAs (25,26). Zhou et al. (27) found that IncRNA
H19 alters DNA methylation in the genome to change
expression patterns of specific genes. Xia ez /. (28) found
that IncRNA H19 may act as a competing endogenous
RNA (ceRNA) in translation, potentially playing important
roles in posttranscriptional regulation in gastric cancer.
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In addition, Giovarelli et al. (29) found that IncRNA HI19
controls mRNA decay by promoting the function of the
KH-type splicing regulatory protein (KSRP). Regarding
interactions with proteins, Zou er 4/. (30) found that
IncRNA H19 regulates intestinal epithelial barrier function
by interacting with the RNA-binding protein HuR.
Moreover, IncRNA H19 can act as a miRNA sponge (31),
interacting with several types of miRNAs (32). Recently,
Wang et al. (33) found that IncRNA H19 inhibits fetal liver
cell proliferation through the Wnt/B-catenin signaling
pathway.

MicroRNAs function primarily by inhibiting protein
translation. Through an online prediction tool, we found
that miR-675-5p and GPR55 may have several binding sites
(http://www.targetscan.org/cgi-bin/targetscan/vert_72/
view_gene.cgi?rs=ENST00000392040.1&taxid=9606&
showcne=0&showne=0&shownc_nc=&showncfl=&sho
wncf2=&subset=1). Dual-luciferase reporter gene assays
convincingly demonstrated that miR-675-5p binds to
GPRS55 (Figure 6).

GPRS55 belongs to the G protein-coupled receptor family.
It has important functions in the signaling and activation
of proinflammatory cells and influences the development
of cancer. In studies on the regulation of cell proliferation,
Pérez-Gomez et al. (34) found that GPR55 drives skin
carcinogenesis and is upregulated in human squamous
cell carcinoma. Some research has indicated that GPR55
promotes cell proliferation as well. Hu et 4/. (35) found
that the putative cannabinoid receptor GPR55 promotes
cancer cell proliferation, and Andradas ez /. (36) found
that GPRSS5 promotes cancer cell proliferation via ERK.
In addition, Ferro et al. (37) found that GPRSS5 signaling
promotes proliferation of pancreatic cancer cells and tumor
growth in mice. Additionally, in studies on the regulation
of cancer metastasis, Kargl ez /. (38,39) found that GPR55
promotes migration and adhesion in colon cancer cells,
and Zhou et al. (40) found that the LPI/GPR55 axis
enhances human breast cancer cell migration. Collectively,
these findings indicate that GPRS55 functions in tumor
metastasis. Andradas ez 4l. (41) found that GPR55 promotes
metastasis in triple-negative breast cancer. TSCC, which
is a human squamous cell carcinoma, may share the same
mechanism as GPR55 in promoting tumor development.
In a study on small-cell lung cancer, He er a/. (42)
found that expression of miRNAs in cancer tissue was
reduced compared to normal tissue, and further study found
that miR-675-5p may promote consistent cancer growth by
specifically binding to GPRS55 and reducing expression of

© Translational Cancer Research. All rights reserved.
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GPRS55. In this study, when IncRNA H19 was upregulated,
miR-675-5p expression was also upregulated. Therefore,
miR-675-5p decreases expression levels of GPRS5S,
potentially resulting in reduced proliferation, invasion and
migration of TSCC cells.

Despite these findings, the occurrence, development and
progression of tumors is a very complex and diverse process.
Our current study on TSCC shows only that IncRNA
H19 is negatively correlated with growth, migration and
invasion of TSCC, suggesting a possible relationship
between IncRNA H19 and TSCC. This study is entirely
performed using in vitro cell experiments, and related
research has not yet expanded to animal experiments. In
cell culture experiments, we overexpressed IncRNA H19
but did not perform reverse silencing verification studies
of IncRNA H19. In addition, detection of GPRS5S5 stopped
at the binding site of miR-675-5p, a product of IncRNA
H19, without further exploration. The results of our tissue
examination demonstrate abnormal expression of IncRNA
H19 in TSCC but did not combine tumor staging and
survival curves for patients, and the results were one-sided.
In the future, additional studies are necessary to further
explore the relationship between IncRNA H19/miR-675-
5p/GPR55 and TSCC. We expect that our research will
provide the reference and the basis for pharmacologic and
genetic therapy of TSCC.
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