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Background: Emerging evidence shows that IncRNAs are involved in carcinogenesis or suppression in diverse cancers. This
study assessed the biological role of IncRNA CCAT1 in OSCC and explored the underlying molecule mechanism.
Material/Methods: CCAT1 and DDR2 expression was measured by qRT-PCR. Colony formation assay and CCK-8 assay were per-
formed to evaluate cell proliferation. Cell cycle was determined by flow cytometric analysis and Western blot
analysis. In addition, wound healing and Transwell assay were used to assess cell migration and invasion, re-
spectively. RNA immunoprecipitation (RIP) assay were employed to identify the interaction between DDR2 and
CCAT1. Protein levels involved in DDR2/ERK/AKT pathway were estimated by Western blot assay.
Results: The findings revealed that CCAT1expression was upregulated in OSCC cell lines. Knockdown of CCAT1 re-
pressed cell proliferation, blocked the cell cycle, and suppressed the invasion and migration of TCA-8113 cells.
Moreover, DDR2 expression in OSCC cell lines was downregulated and CCAT1 silencing repressed the expres-
sion of DDR2. RIP assays validated the binding of CCAT1 and DDR2 protein. Moreover, CCAT1 silencing sup-
pressed the ERK/AKT signaling through DDR2 in TCA-8113 cells.
Conclusions: Downregulation of CCAT1 suppressed TCA-8113 cell proliferation, invasion, and migration by inactivation of
the ERK/AKT pathway via inhibition of DDR2, suggesting the value of CCAT1 in diagnosis and treatment of pa-
tients with OSCC.
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Material and Methods

Oral squamous cell carcinoma (0SCC) is a subset of head and
neck squamous cell carcinoma (HNSCC), characterized by high
lymph node metastasis and invasiveness [1,2]. Due to the high
percentage of patients at advanced stages and the character-
istic metastasis, OSCC usually has a poor prognosis, with a
5-year survival rate of less than 50% [3]. Although advances
have been made in surgery, radiotherapy, chemotherapy, and
combined treatments, difficulties in early diagnoses still limit
the effectiveness of these therapies in patients with OSCC [4].
Therefore, it is urgent to better understand pathogenesis of
0SCC and to develop more biomarkers for early diagnosis and
prognostic prediction of OSCC.

Long noncoding RNAs (IncRNAs) are transcripts that do not con-
tain a functional open reading frame (ORF), but play extensive
roles in many biological process, including gene expression,
epigenetic regulation, and post-transcription regulation [5,6].
Moreover, IncRNAs exert functional roles in progression of var-
jous cancers as tumor suppressors or oncogenic factors [7,8].
Colon cancer-associated transcript-1 (CCAT1) was found to
be dysregulated in colon cancer [9]. Previous studies demon-
strated that CCAT1 is abnormally expressed and acts as a tu-
mor promotor in several cancers, including gallbladder can-
cer [10], esophageal carcinoma [11], and gastric cancer [12].
However, whether IncRNA CCAT1 serves as a tumor promoter
in OSCC is still unclear.

Discoidin domain receptor (DDR) 2, a receptor tyrosine kinase,
can be activated by binding with collagens, followed by activa-
tion of a series of intracellular pathways, including p38, JNK,
ERK1/2, Notch-1, and NF-xB [13, 14]. DDR2 is associated with
several cellular responses during cell proliferation, differenti-
ation, metastasis, and ECM mediated by matrix metallopro-
teinase (MMP) [15-17]. Additionally, it is well established that
DDR2 functions as a regulatory factor in many human can-
cers, such as lung cancer [18], hepatocellular carcinoma [19],
and breast carcinoma [20]. DDR2 has also been showed to
be closely connected with cell invasion and metastasis in
HNSCC [21]. Bioinformatics analysis revealed that CCAT1 and
DDR2 might have the binding sites. In view of this, we specu-
lated that CCAT1 can interact with DDR2. In the present study,
we assessed CCAT1 expression in OSCC cell lines and the ef-
fects of CCAT1 silencing on OSCC cell proliferation, invasion,
and migration. Additionally, our mechanistic investigation of
the regulatory effects of CCAT1 revealed the molecular targets
and signaling repress proliferation and metastasis of OSCC.

Cell culture

0SCC cell lines CAL-27, SCC-4, SCC-9, and SCC-15 were obtained
from the American Tissue Culture Collection (ATCC, USA). The
OSCC cell line TCA-8113 and oral epithelial cell line HIOE were
obtained from the Institute of Basic Medical Sciences, Chinese
Academy of Medical Sciences (Beijing, China). Cells were cul-
tured in DMEM supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin in a humidified atmo-
sphere of 5% CO, at 37 °C.

Cell transfection

Vectors used in the study including shRNA-CCAT1-1/2, pcD-
NA-DDR2, shRNA-NC, and pcDNA-NC were constructed by
GeneChem (Shanghai, China). TCA-8113 cells were cultured
in six-well plates for 24 h and transfected with the vectors
respectively with Lipofectamine 2000 according to manufac-
turer’s protocol. The cells were then harvested at 48 h after
transfection for further experiments. The sequences of shR-
NA-CCAT1, pcDNA-DDR2 and negative controls were summa-
rized in Supplementary Table 1.

Quantitative real-time PCR (qRT-PCR)

Total RNAs were extracted from cultured cells by TRIzol reagent
(Life technology, USA). The purity of total RNA was assessed
with A NanoDrop 3000 spectrophotometer (Thermo Scientific,
Waltham, MA) at the wavelength of 260 and 280 nm. Then, the
RNAs were reversely transcribed into cDNA using PrimeScript
RT Master Mix (Takara, Japan) and PCR amplification was per-
formed with the SYBR Premix ExTaq kit (Takara, Japan) in an
ABI PRISM 7900 Real-Time system (Applied Biosystems, USA).
The PCR amplification program was as follow: 94°C for 60 sec,
followed by 40 cycles of 94°C for 30 sec, 60°C for 30 sec and
72°C for 60 sec. Primer sequences were as follows:

CCAT1, forward primer: 5’-TCACTGACAACATCGACTTTGAAG-3’,
and

reverse primer: 5'-GGAGAAAACGCTTAGCCATACAG-3’;

DDR2, forward primer: 5’-GTCCAGGCCAGACACACCAT-3’, and
reverse primer: 5'-GAGGCCAGATTCCAGATGAGG-3’;

GAPDH, forward primer: 5-GGGAGCCAAAAGGGTCAT-3’, and
reverse primer: 5’-GAGTCCTTCCACGATACCAA-3'.

All expression data were normalized to the expression of
GAPDH.

Cell counting kit-8 assay
Cell proliferation was evaluated by Cell Counting Kit-8 (CCK-8)

assay. Briefly, after transfection for 48 h, TCA-8113 cells were
seeded in a 96-well plate (2x10%/well) and cultured in DMEM
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for 24, 48 and 72 h. CCK-8 reagent was added into each well
and incubated the cells for 3 hours. Following that, the absor-
bance of each well was measured with a microplate reader at a
wavelength of 450 nm. Each group was replicated for 6 times.

Colony formation assay

Transfected cells were seeded into six-well plates at a density
of 4x10°/well and cultured in regular culture medium at 5%
CO, and 37°C for 2 weeks. After washing trice with PBS, the
cells were fixed with 4% paraformaldehyde for 15 min, fol-
lowed by staining with 0.1% crystal violet for 15 min. The col-
ony number was then observed and counted (>50 cells/colo-
ny) with a light microscope (Olympus Corp., Tokyo, Japan). The
assays were independently repeated 3 times.

Flow cytometric analysis

Flow cytometric analysis was carried out to detect the effect
of CCAT1 silence on the cell cycle distribution. TCA-8113 cells
were harvested by trypsinization at 48 h after transfection.
After centrifuged for 5 min at 300 g, cells were stained with
the Cell Cycle Analysis Kit (GenScript, USA). The data were an-
alyzed with a FACScan flow cytometer (BD Bioscience, USA)
and BD CellQuest software (BD Bioscience, USA).

Western blot analysis

After 48 h transfection, cells were collected and lysed with
RIPA lysis buffer. The protein concentration was measured by
a Bradford reagent (Bio-Rad). Next, equal amounts of cell ly-
sates were subjected to 10% SDS polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to PVDF membrane, fol-
lowed by the blockage of 5% of non-fat dried milk for 2 h.
The membrane was incubated with primary antibodies anti-
CDK2, anti-cyclinD1, anti-P27, anti-MMP2, anti-MMP9, anti-
DDR2, anti-p-ERK, anti-p-AKT, anti-ERK, anti-AKT and anti-GAP-
DH (Abcam) at 4°C overnight and incubated with horseradish
peroxidase-conjugated secondary antibodies at 37°C for 2 h.
The protein-antibody complexes were detected and visualized
by ECL Detection System (Life technologies, Gaithersburg, MD,
USA). GAPDH served as an internal control.

Wound healing scratch assay

Cell migration was evaluated by wound healing scratch assay.
Transfected cells were seeded into six-well plates (4x10%/well)
and cultured until the confluence. The cell monolayer was
scratched by a white pipette tips and washed by PBS 3 times
for removing the cell debris. After incubation for 24 h, migrat-
ed cells onto the wound surface were counted under an in-
verted microscopy. Five fields were chosen randomly to ana-
lyze in each well.
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Cell invasion assay

Cell invasive capacity was assessed by using the Transwell
chamber (Corning Costar, Cambridge, MA). Transfected cells
were harvested and suspended in serum-free DMEM. Then,
the cell suspensions were placed into the upper chamber and
to the lower chamber we added medium containing 10% FBS.
After 24 h, cells on the upper surface were removed with a cot-
ton swab, while the invasive cells in the lower chamber were
fixed with 4% paraformaldehyde and stained with 1% crystal
violet. The stained cells were counted in 5 randomly selected
visual fields per well under a light microscope (Nikon, Japan).

RNA immunoprecipitation (RIP) assay

A Magna RIP Kit (Millipore, USA) was used to confirm the in-
teraction between DDR2 and CCAT1 according to the manu-
facturer’s instructions. TCA-8113 cells were fixed with form-
aldehyde, lysed by RIP lysis buffer, and then incubated with
magnetic beads conjugated with human anti-Ago2 antibody or
normal mouse IgG control (Millipore, USA). Subsequently, the
precipitated RNAs were extracted and analyzed by gqRT-PCR.

Statistical analysis

IBM SPSS Statistics18.0 and GraphPad Prism 6 were used to
perform the data analysis. The data represent the mean+SD.
Differences between 2 groups were compared using the t test.
One-way analysis of variance (ANOVA) was performed for mul-
tiple comparisons. A value of P<0.05 was considered to be sta-
tistically significant.

Results

CCAT1 expression was highly expressed in OSCC cell lines

To identify whether CCAT1 might be a promising gene for di-
agnosis and treatment of OSCC, we detected the mRNA ex-
pression of CCAT1 in several OSCC cell lines by qRT-PCR. As
shown in Figure 1, CCAT1 expression was dramatically elevated
in OSCC cells when compared with normal oral epithelial cells.

CCAT1 silencing suppressed cell proliferation of TCA-8113
cells

To study the role of CCAT1 in OSCC cells, we transfected in-
terfering CCAT1 (shRNA- CCAT1-1/2) or empty vectors into
TCA-8113 cells for silencing of CCAT1. The effect of transfec-
tion was investigated by qRT-PCR (Figure 2A). Based on these
results, shRNA- CCAT1-1 was used in the following experi-
ments. CCK-8 assay was employed to evaluate the prolifera-
tion of TCA-8113 cells. As shown in Figure 2B, cell proliferation
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was remarkably inhibited by knockdown of CCAT1 compared

47 with the shRNA-NC group. In addition, colony formation as-
ex say also showed a decreased number of colonies after trans-
34 e fection with shRNA-CCAT1-1 (Figure 2C). The results suggest
that downregulation of CCAT1 represses cell proliferation of

*x% *x% *%% TCA-8113 cells.

Knockdown of CCAT1 inhibited TCA-8113 cell cycle

Relative expression of CCATT mRNA
N

To identify the influence of CCAT1 silencing on cell cycle of TCA-
8113 cells, cycle distribution was explored by flow cytometry.
As presented in Figure 3A, downregulation of CCAT1 enhanced
the proportion of cells in GO/G1 phase and decreased the pro-
Figure 1. CCAT1 is upregulated in several OSCC cell lines. The portion of cells in S phase. Moreover, results from Western blot
MRNA expressions of CCAT1 in CAL-27, TCA-8113, SCC- assay showed that transfection with ShRNA-CCAT1-1 attenuated
4, SCC-9, and SCC-15 cells and oral epithelial cell line the levels of CDK2 and cyclinD1 but elevated the p27 protein
HIOE were detected by qRT-PCR. Each bar represents level in TCA-8113 cells in comparison with the control or shR-
the mean+SD calculated from 3 independent . L
. ek NA-NC group (Figure 3B). These data demonstrate that inhibi-

experiments. *** P<0.001 versus control. X L
tion of CCAT1 blocks cell cycle progression in TCA-8113 cells.
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Figure 2. CCAT1 silencing inhibits TCA-8113 cell proliferation. (A) CCAT1 mRNA expression was detected after transfection with
shRNA-CCAT1-1/2. (B) Cell proliferation was evaluated by CCK-8 assay. (C) colony formation assay was employed to assess
the cloning capacity. Each bar represents the mean+SD calculated from 3 independent experiments. ** P<0.01, *** P<0.001
versus control; # P<0.01, ## P<0.001 versus shRNA-NC groups.
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Figure 3. Effects of CCAT1 silencing on cell cycle of TCA-8113 cells. (A) Flow cytometric analysis was used to evaluate the percentage
of cells in GO/G1 phase and S phase after transfection with shRNA-CCAT1-1. (B) Protein levels of CDK2, cyclinD1, and p27
were determined by Western blot analysis. Each bar represents the mean+SD calculated from 3 independent experiments.
*** P<0.001 versus control; ## P<0.001 versus shRNA-NC groups.

Silencing of CCAT1 repressed migration and invasion of
TCA-8113 cells

Next, we investigated the effects of CCAT1 knockdown on
OSCC cell migration and invasion. As shown in Figure 4A, af-
ter 24-h incubation, cells without treatment quickly migrat-
ed onto the wound area, while few cells with CCAT1 silencing
migrated. The number of invasive cells was notably reduced
in TCA-8113 cells transfected with shRNA-CCAT1-1 compared
with the control (Figure 4B). Western blot assay results re-
vealed that the activity of MMP2 and MMP9 was obviously
decreased when cells were transfected with shRNA-CCAT1-1
(Figure 4C). These results indicate that the migratory and in-
vasive capacity of TCA-8113 cells can be inhibited by down-
regulation of CCAT1.

CCAT1 regulated DDR2

Previous studies have demonstrated that DDR2 regulates ac-
tivity of MMP2/9 and ERK pathway, and serves as a tumor reg-
ulator in several types of squamous cell carcinoma [18]. Thus,
we speculated that DDR2 contributes to the inhibitory effect of
CCAT1 on OSCC cells. As shown in Figure 5A, DDR2 expression
was markedly upregulated in OSCC cell lines in contrast to the
control. Moreover, a reduction in protein and mRNA expression
of DDR2 was observed in TCA-8113 cells upon shRNA-CCAT1-1

transfection (Figure 5B, 5C). To further verify the relationship
between CCAT1 and DDR2, RIP assay was carried out. As pre-
sented in Figure 5D, the combination complex of CCAT1-1 and
DDR2 was enriched in Ago2 immunoprecipitates in compari-
son with the control IgG immunoprecipitates. The data suggest
that CCAT1 can bind to DDR2 and modulate DDR2.

CCAT1 inhibited ERK/AKT signaling pathway via DDR2

To achieve the upregulation of DDR2, DDR2 overexpression
vectors were transfected into TCA-8113 cells. The mRNA and
protein expression of DDR2 were assessed at 48 h after trans-
fection (Figure 6A, 6B). Western blot analysis results showed
that the protein level of phosphorylated ERK and AKT was re-
duced by shRNA-CCAT1-1, while DDR2 overexpression resulted
in upregulation of p-ERK and p-AKT in shRNA-CCAT1-1-trans-
fected TCA-8113 cells. At the same time, the level of total ERK
and AKT did not altered in each group (Figure 6C). These re-
sults indicate that CCAT1 regulates TCA-8113 cells through
mediating the ERK/AKT axis via DDR2.

Discussion

OSCC is a type of head and neck squamous cell carcinoma
that has a poor 5-year survival rate. There are few obviously
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Figure 4. Effects of CCAT1 silencing on the migration and invasion of TCA-8113 cells. (A) Cell migration was investigated by wound
healing scratch assay in CCAT1-silenced cells. (B) Transwell assay was applied for exploring the invasive capacity in CCAT1-
silenced cells. (C) Levels of MMP2 and MMP9 were assessed by Western blot analysis after transfection with shRNA-CCAT1-1.
Each bar represents the mean+SD calculated from 3 independent experiments. ** P<0.01, *** P<0.001 versus control;

## P<0.01, #* P<0.001 versus shRNA-NC groups.

effective treatments for OSCC. In the present study, we ex-
plored the functions of CCAT1 in TCA-8113 proliferation, inva-
sion, and migration. Furthermore, the underlying mechanism
involved in DDR2/ERK/AKT axis was also revealed.

IncRNAs have been proved to exert numerous biological effects
in various cancers. The IncRNA CCAT was first reported to be

upregulated in colon cancer and has been shown to be abnor-
mally expressed in some carcinomas, including OSCC [22]. Zhang
et al. showed that CCAT is upregulated in esophageal squamous
cell carcinoma (ESCC) tissues and is related to poor prognosis.
CCAT knockdown inhibited ESCC proliferation and migration
by regulation expression of SPRY4 and HOXB13 in vitro and in
vivo [11]. Zhu et al. reported that CCAT accelerated proliferation
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Figure 5. CCAT1 binds to DDR2 and modulates the expression of DDR2. (A) DDR2 expression is upregulated in several OSCC cell lines.
gRT-PCR and Western blot analysis were used to estimate the mRNA (B) and protein expression (C) of DDR2 in TCA-8113
cells transfected with shRNA-CCAT1-1. (D) RNA immunoprecipitation (RIP) assay was performed to confirm the combination
of CCAT1 and DDR2. Each bar represents the mean+SD calculated from 3 independent experiments. *** P<0.001 versus

respective control; ##* P<0.001 versus shRNA-NC groups.

and metastasis in hepatocellular carcinoma cells [23]. In ad-
dition, CCAT1 was found to be strongly expressed in lung SCC
(LSCQ), head and neck SCC (HNSCC), and ESCC and was mod-
ulated by TP63 or SOX2, which both promote cell proliferation
and metastasis [24—6]. CCAT1 silencing suppressed prolifera-
tion and clonogenic capacity, while CCAT1 overexpression in-
creased both the cell viability and colony number of SCC cells
[27]. In our study, CCAT1 was overexpressed in OSCC cell lines
compared with the control cells. The silencing of CCAT1 re-
pressed cell proliferation by inhibiting cell viability, reducing
colony numbers, and obstructing the cell cycle. Additionally,
CCAT1 silencing attenuated migration and invasion of TCA-8113
cells, which is in agreement with previous reports.

Tyrosine kinase discoidin domain receptors (DDRs) are inti-
mately linked with intracellular activities and functions. It has
been reported that DDR2 takes part in various cellular process-
es involved in tumor progression, including cell proliferation,
migration, invasion, and adhesion [28,29]. Previous studies
have shown that DDR2 is upregulated in human malignant tu-
mors, including oral squamous cell carcinoma [30]. Thus, DDR2
has been used as a diagnostic marker in some special cancer

types. In addition, studies also found that inhibition of DDR2
diminished migration and invasion in metastatic melanoma
cells by repression of MMP2 and MMP9 expression [31]. Based
on these previous studies, we speculated that CCAT1 knock-
down alleviates invasion and migration of TCA-8113 cells by
mediating DDR2 expression. In the present study, we focused
on the interaction of CCAT1 and DDR2. The data showed that
DDR2 expression was upregulated in several OSCC cell lines.
Downregulation of CCAT1 in TCA-8113 cells resulted in the de-
creased level of DDR2 mRNA and protein. Also, the RIP assay
results validated the combination of DDR2 and CCAT1, sug-
gesting that CCAT1 exerts regulatory effects on the develop-
ment of TCA-8113 cells by targeting DDR2.

ERK/AKT signaling is a primary determinant in cell proliferation,
migration, differentiation, and apoptosis [32]. This pathway is
often activated in human cancers, which makes it a good an-
ticancer target [33]. It has been demonstrated that ERK sig-
naling is dysregulated in OSCC [34]. Wang et al. reported that
FAP silencing inhibited cell proliferation, metastasis, and inva-
sion by blockade of the PTEN/PI3K/AKT and Ras-ERK signaling
in OSCC cells [35]. Yu et al. found that CXCR4 facilitated OSCC
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Figure 6. CCAT1 suppresses activation of the ERK/AKT signaling pathway through targeting DDR2. The mRNA (A) and protein
expression (B) of DDR2 after transfection of pcDNA-DDR2 were measured by qRT-PCR and Western blot assay, respectively.
(€) Phosphorylated levels of ERK and AKT were detected in CCAT1-silenced TCA-8113 cells with or without transfection of
pcDNA-DDR2. Each bar represents the mean+SD calculated from 3 independent experiments. *** P<0.001 versus control;
#P<0.05, ## P<0.001 versus shRNA-NC groups: © P<0.05, ®® P<0.01 versus shRNA-CCAT1+pcDNA-NC group.

cell migration and invasion by enhancing MMP 9/13 expres-
sion by activating the ERK signaling [36]. Moreover, the mod-
ulation of ERK in cancer is associated with the regulative ef-
fect of DDR2. Xie et al. revealed that DDR2 induced invasion
and metastasis in hepatocellular carcinoma cells via activa-
tion of the ERK pathway [19]. In addition, Zhang et al. discov-
ered that Nrpl promoted DDR2-ERK-Runx2 cascade by inhi-
bition of DDR2 degradation in osteoblast differentiation [37].
In the study, the expression of ERK signaling was detected.
Transfection with shRNA-CCAT1-1 inhibited the phosphory-
lation of ERK and AKT, while DDR2 overexpression increased
the phosphorylated expression of ERK and AKT after CCAT1 si-
lencing, indicating knockdown of CCAT in TCA-8113 cells sup-
pressed activation of the ERK pathway by regulating DDR2.

This study has several limitations. We chose several OSCC
cell lines to detect the CCAT1 expression, but these cell lines

cannot represent all OSCC cell lines. In addition, cell experi-
ments were performed; thus, we could only understand the
role of CCAT1 in OSCC at the cellular level. Further research is
needed to assess the effects of CCAT1 on other OSCC cell lines
and in animal experiments.

Conclusions

In summary, our study confirmed the crucial role of CCAT1 in
regulation of OSCC progression. These results revealed that
CCAT1 silencing inhibits cell proliferation, invasion, and mi-
gration in TCA-8113 cells through inactivation of the ERK/AKT
signaling pathway via repressing DDR2. Therefore, CCAT may
to be a potential biological marker and therapeutic target for
tumorigenesis of OSCC.
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Supplementary Table 1. The list of shRNA and pcDNA sequence.

shRNA-CCAT1-1
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CACCCCAT TCCATTCATTTCTCTTTCCTATTCAAGAGATAGGAAAGAGAAATGAATGGA ATGGTTTTTTG

shRNA-NC CGCGTCCCCCACCTTTCGGCACTCTCCCT TCAAGA GGGGAG AGTGCCGAAAGGTGTTTTTGGAAAT

pcDNA-DDR2 CGGGGTACCCTCCTGCCCCTAACTTACTATG

pcDNA-NC CTAGCTAG CACAACATCGACTTTGAAGTT

References:

1. Zhou X, Liu S, Cai G et al: Long non-coding RNA MALAT1 promotes tumor 17. Olaso E, Labrador JP, Wang L et al: Discoidin domain receptor 2 regulates
growth and metastasis by inducing epithelial-mesenchymal transition in fibroblast proliferation and migration through the extracellular matrix in
oral squamous cell carcinoma. Sci Rep. 2015; 5: 15972 association with transcriptional activation of matrix metalloproteinase-2.

2. Warnakulasuriya S: Global epidemiology of oral and oropharyngeal cancer. ) Biol Chem, 2002; 277(5): 3606-13
Oral Oncol, 2009; 45(4-5): 309-16 18. Hammerman PS, Sos ML, Ramos AH et al: Mutations in the DDR2 kinase

3. Wu Y, Zhang L, Zhang L et al: Long non-coding RNA HOTAIR promotes tumor gene ideptify a novel therapeutic target in squamous cell lung cancer.
cell invasion and metastasis by recruiting EZH2 and repressing E-cadherin Cancer Discov, 2011; 1(1): 78-89
in oral squamous cell carcinoma. Int ) Oncol, 2015; 46(6): 2586-94 19. Xie B, Lin W, Ye J et al: DDR2 facilitates hepatocellular carcinoma invasion

4. Manikandan M, Deva Magendhra Rao AK, Arunkumar G et al: Oral squa- and metastasis via activating ERK signaling and stabilizing SNAIL1. J Exp
mous cell carcinoma: MicroRNA expression profiling and integrative analy- Clin Cancer Res, 2015; 34: 101
ses for elucidation of tumourigenesis mechanism. Mol Cancer, 2016; 15: 28 20. Zhang K, Corsa CA, Ponik SM et al: The collagen receptor discoidin domain

5. Ip JY, Nakagawa S: Long non-coding RNAs in nuclear bodies. Dev Growth receptor 2 stabilizes SNAIL1 to facilitate breast cancer metastasis. Nature
Differ 2012: 54(1): 44-54 Cell Biol, 2013; 15(6): 677-87

6. Wang KC, Chang HY: Molecular mechanisms of long noncoding RNAs. Mol 21. von Massenhausen A, Sanders C, Bragelmann J et al: Targeting DDR2 in
Cell, 2011; 43(6): 904-14 head and neck squamous cell carcinoma with dasatinib. Int J Cancer, 2016;

R 139(10): 2359-69

7. Lee JT: Epigenetic regulation by long noncoding RNAs. Science (New York, (10 .

NY), 2012; 338(6113): 1435-39 22. Arunkumar G, Murugan AK, Prasanna Srinivasa Rao H et al: Long non-cod-
l . di df ing RNA CCAT1 is overexpressed in oral squamous cell carcinomas and pre-

8. Kung JT, Co.ognorl D, Lee JT: Long noncoding RNAs: Past, present, and fu- dicts poor prognosis. Biomed Rep, 2017; 6(4): 455-62

ture. Genetics, 2013; 193(3): 651-69
. . X . . 23. Zhu H, Zhou X, Chang H et al: CCAT1 promotes hepatocellular carcinoma

9. Alaiyan B, llyayev N, Stojadinovic A et al: Differential expression of colon cell proliferation and invasion. Int J Clin Exp Pathol, 2015; 8(5): 5427-34
cancer associated transcriptl (CCAT1) along the colonic adenoma-carcino- L
ma sequence. BMC cancer, 2013; 13: 196 24. Ha L, Ponnamperuma RM, Jay S et al: Dysregulated DeltaNp63alpha inhib-

10. Ma MZ Chu BF. Zhang Y t L ’ dine RNA CCAT1 ; " its expression of Ink4a/arf, blocks senescence, and promotes malignant
- Ma MZ, Lhu BF, Zhang ¥ et at: Long non-coding promotes gall- conversion of keratinocytes. PLoS One, 2011; 6(7): 21877
bladder cancer development via negative modulation of miRNA-218-5p. Y ?) .
Cell Death Dis, 2015: 6: e1583 25. Keyes WM, Pecoraro M, Aranda V et al: DeltaNp63alpha is an oncogene
e . . . that targets chromatin remodeler Lsh to drive skin stem cell proliferation
11. Zhang E, Han L, Yin D et al: H3K27 acetylation activated-long non-coding and tumorigenesis. Cell Stem Cell, 2011; 8(2): 164-76
RNA CCAT1 affects cell proliferation and migration by regulating SPRY4 and . . ' ’ s . .
HOXB13 expression in esophageal squamous cell carcinoma. Nucleic Acids 26. Liu K, Jiang M, Lu Y et al: Sox2 cooperates with inflammation-mediated
Res, 2017; 45(6): 3086-101 Stat3 activation in the malignant transformation of foregut basal progen-
! ! ’ itor cells. Cell Stem Cell, 2013; 12(3): 304-15
12. Mizrahi |, Mazeh H, Grinbaum R et al: Colon cancer associated transcript-1 i i X (, ) . .
(CCAT1) expression in adenocarcinoma of the stomach. J Cancer, 2015; 6(2): 27. Jiang Y, Jiang YY, Xie JJ et al: Co-activation of super-enhapcer-drlven CCAT1
105-10 by TP63 and SOX2 promotes squamous cancer progression. Nat Commun,
2018; 9(1): 3619
13. Vogel W, Gish GD, Alves F, Pawson T: The discoidin domain receptor tyro- ) . i i
sine kinases are activated by collagen. Mol Cell, 1997; 1(1): 13-23 28. Xu J, Lu W, Zhang S et al: Overexpression of DDR2 contributes to cell in-
. L ’ ’ o vasion and migration in head and neck squamous cell carcinoma. Cancer
14. Croissant C, Tuariihionoa A, Bacou M et al: DDR1 and DDR2 physical inter- Biol Ther, 2014; 15(5): 61222
action leads to signaling interconnection but with possible distinct func- »
tions. Cell Adh Migr, 2018; 12(4): 324-34 29. Labrador JP, Azcoitia V, Tuckermann J et al: The collagen receptor DDR2
15. Hou G, Vogel W Be'ndeck,MP The discoidin domain receptor tyrosine ki regulate(s)proliferation and its elimination leads to dwarfism. EMBO Rep,
. , , : - 2001; 2(5): 446-52
nase DDR1 in arterial wound repair. ) Clin Invest, 2001; 107(6): 727-35 .
o . o . 30. Velmurugan BK, Chang WH, Chung CM et al: DDR2 overexpression in oral
16. Hou G, Vogel WF, Bendeck MP: Tyrosine kinase activity of discoidin domain squamous cell carcinoma is associated to lymph node metastasis. Cancer

receptor 1 is necessary for smooth muscle cell migration and matrix me-
talloproteinase expression. Circ Res, 2002; 90(11): 1147-49

Biomark, 2018; 22(4): 747-53

Indexed in:

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€920020-9




LAB/IN VITRO RESEARCH

31.

32.

33.

34.

Poudel B, Lee YM, Kim DK: DDR2 inhibition reduces migration and invasion
of murine metastatic melanoma cells by suppressing MMP2/9 expression
through ERK/NF-kappaB pathway. Acta Biochim Biophys Sin, 2015; 47(4):
292-98

Kohno M, Pouyssegur J: Targeting the ERK signaling pathway in cancer ther-
apy. Ann Med, 2006; 38(3): 200-11

Montagut C, Settleman J: Targeting the RAF-MEK-ERK pathway in cancer
therapy. Cancer Lett, 2009; 283(2): 125-34

Mishima K, Inoue K, Hayashi Y: Overexpression of extracellular-signal reg-

ulated kinases on oral squamous cell carcinoma. Oral Oncol, 2002; 38(5):
468-74

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

35.

36.

37.

€920020-10

Sun M. et al.:
Effects of CCAT1 silencing on oral squamous cell carcinoma
© Med Sci Monit, 2020; 26: €920020

Wang H, Wu Q, Liu Z et al: Downregulation of FAP suppresses cell prolif-
eration and metastasis through PTEN/PI3K/AKT and Ras-ERK signaling in
oral squamous cell carcinoma. Cell Death Dis, 2014; 5: 1155

Yu T, Wu Y, Helman JI et al: CXCR4 promotes oral squamous cell carcinoma
migration and invasion through inducing expression of MMP-9 and MMP-
13 via the ERK signaling pathway. Mol Cancer Res, 2011; 9(2): 161-72

Zhang Y, Su J, Teng Y et al: Nrp1, a neuronal regulator, enhances DDR2-
ERK-Runx2 cascade in osteoblast differentiation via suppression of DDR2
degradation. Cell Physiol Biochem, 2015; 36(1): 75-84

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



