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Abstract
The long non-coding RNA colon cancer-associated transcript 1 (CCAT1) has been inves-

tigated to involve in the progression of non-small cell lung cancer (NSCLC). Thus, this study

aims to explore the detailed molecular mechanisms of CCAT1 in NSCLC. The expression of

CCAT1, miR-216a-5p, RAP2B, Bax, Bcl-2, and cleaved caspase 3 was detected by qRT-

PCR or Western blot. Cell proliferation, apoptosis, migration, and invasion were analyzed

using cell counting kit-8, flow cytometry or Transwell assays, respectively. The interaction

between miR-216a-5p and CCAT1 or RAP2B was analyzed by luciferase reporter, RNA immunoprecipitation, and pull-down

assays. The expression of CCAT1 was elevated in NSCLC, and CCAT1 deletion could inhibit NSCLC cell proliferation, migration,

and invasion but induce apoptosis in vitro as well as imped tumor growth in vivo. MiR-216a-5p was confirmed to be a target of

CCAT1, and silencing miR-216a-5p could reverse CCAT1 depletion-mediated inhibitory effects on cell tumorigenesis in NSCLC.

Besides that, miR-216a-5p was decreased in NSCLC, and miR-216a-5p restoration inhibited cell tumorigenesis by regulating

RAP2B, which was verified to be a target of miR-216a-5p. Additionally, co-expression analysis suggested that CCAT1 indirectly

regulated RAP2B level by targeting miR-216a-5p in NSCLC cells. Taken together, CCAT1 deletion could inhibit cell progression in

NSCLC through miR-216a-5p/RAP2B axis, indicating a novel pathway underlying NSCLC cell progression and providing new

potential targets for NSCLC treatment.
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Introduction

Lung cancer is one of the leading causes of cancer-
associated mortality in the world with about 80–85% of
lung cancers being non-small cell lung cancer (NSCLC).1,2

Within the last decade, despite advances in the diagnosis
and treatment strategies, the five-year overall survival rate
of NSCLC remains dismal at 18%.3 Actually, more than 60%
of lung cancer patients developed the locally advanced or
metastatic disease at the time of diagnosis.4 Thus, it is
important to better understand the mechanisms underlying

NSCLC carcinogenesis and progression, and develop
promising diagnostic markers and therapeutic targets.

Long non-coding RNAs (lncRNAs) are non-protein-
coding RNA molecules longer than 200 nucleotides, and
are now considered as a new frontier in the study of
human malignant diseases.5 Increasing evidence has
indicated that lncRNAs participate in various biological
functions and disease processes, including cell prolifera-
tion, invasion, migration, apoptosis, and carcinogenesis,
through regulating oncogenes or tumor suppressor
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genes.6,7 LncRNAs are thought of as prospective bio-
markers and potential therapeutic targets in cancer.
LncRNA colon cancer-associated transcript 1 (CCAT1),
mapped at chromosome 8q24.21, was originally identified
to be an oncogene in colon cancer.8 In a series of recent
studies, CCAT1 was found to stimulate symmetric division
of NSCLC stem cells through activating the Wnt signaling
cascade, thereby facilitating the expansion of the stem cell
pool, contributing to long-term relapse and therapy fail-
ure.9 Additionally, Hu et al. revealed that CCAT1 increased
cell cisplatin resistance in NSCLC via regulating miR-130a-
3p-mediated SOX4 repression.10 All the evidence indicates
that CCAT1 may function as a significant regulator in
NSCLC development.

MicroRNAs (miRNAs) belong to a class of endogenous
non-coding RNA molecules with approximately 19–25
nucleotides in size, which have emerged as critical regula-
tors in modulating target genes expression, and act
as tumor suppressors or oncogenes in carcinogenesis.11

MiR-216a-5p, a member of miRNAs, has been reported to
be a cancer-correlated miRNA, which involves in the devel-
opment of many cancers.12,13 However, the detail effects of
miR-216a-5p on NSCLC progression are still vague.
RAP2B, a member of the Ras superfamily of guanosine
triphosphate-binding proteins, has been suggested to
implicate in the regulation of various biological processes
in human cells, such as apoptosis, proliferation, signal
transduction, and migration.14,15 Additionally, the recent
study indicated that RAP2B participated in the modulation
of multiple malignant phenotypes in lung cancer cells and
might be a novel candidate oncogene in carcinogenesis in
lung cancer.16

Here, this work attempted to investigate the expression
patterns and effects of CCAT1, miR-216a-5p and RAP2B in
NSCLC cell tumorigenesis, and explore the potential regu-
latory association among them in NSCLC progression.

Materials and methods

Patient specimens

Tumor tissues and adjacent normal lung tissues of 35
patients with NSCLC who underwent primary surgical
resection at the Department of Respiratory Medicine,
Yantai Yuhuangding Hospital were collected. All patients
were diagnosed by two independent pathologists and did
not receive any preoperative treatment. The specimens
were immediately frozen in liquid nitrogen at �80�C. The
clinical features, including age, gender, tumor size, TNM
stages, and lymphatic node metastasis were collected from
the recruited patients. In the first twoyears after surgery,
follow-up was carried out regularly every three months.
However, follow-up was routinely conducted once every
sixmonths from the third year. The last follow-up was per-
formed in June 2018. The study was approved by the Ethics
Committee of Department of Respiratory Medicine, Yantai
Yuhuangding Hospital and written informed consents
were obtained from all patients.

Cell culture and transfection

Human NSCLC cell lines (A549 and NCI-H1299) and
normal cell line BEAS-2 (ATCC, Manassas, VA, USA)
were cultured in Dulbecco’s Modified Eagle Medium
(DMEM; Gibco, Carlsbad, MD, USA) supplemented with
10% fetal bovine serum (FBS; Gibco), 100 lg/mL strepto-
mycin, and 100U/mL penicillin (Sigma, St. Louis, MO,
USA). All cells were incubated in a humidified atmosphere
at 37�C with 5% CO2.

Small interfering RNA (siRNA) targeting CCAT1
(si-CCAT1) and siRNA negative control (si-NC), the
CCAT1-specific short hairpin RNA (shRNA; sh-CCAT1)
and shRNA scramble control (sh-NC), pcDNA-CCAT1/
RAP2B overexpression vector (pcDNA-CCAT1/pcDNA-
RAP2B), and plasmid with scrambled sequence
(pcDNA-NC) were synthesized by Genepharma
(Shanghai, China). The miR-216a-5p mimic (miR-216a-5p),
miR-216a-5p inhibitor (anti-miR-216a-5p), and their
negative control (NC or anti-NC) were obtained from
RIBOBIO (Guangzhou, China). All oligonucleotides or vec-
tors were transfected into A549 and NCI-H1299 cells using
LipofectamineTM2000 reagent (Invitrogen, Carlsbad,
CA, USA).

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNAwas isolated from the tissues or cell lines using
TRIzol reagent (Invitrogen) and quantified by Nanodrop
2000 (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
The cDNA was generated from 5 mg of total RNA using a
PrimeScriptTM RT-PCR Kit (Takara, Dalian, China). Then
real-time PCR was performed using SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s introduction on the ABI
7500 real-time PCR system (Applied Biosystems).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or
U6 was as an internal control and the 2�DDCt method was
used to calculate the fold changes. The specific primer
sequences were listed as follows: miR-216a-5p, forward
50-TGTCGCAAATCTCTGCAGG-30, reverse 50-CAGAGCA
GGGTCCGAGGTA-30; U6, forward 50-CTCGCTTCGGCA
GCACA-30, reverse 50-ACGCTTCACGAATTTGCGT-30;
CCAT1, forward 50-CATTGGGAAAGGTGCCGAGA-30,
reverse 50-ACGCTTAGCCATACAGAGCC-30; RAP2B, for-
ward 50-CTCTGGTGGAAATGTGGCTCT-30, reverse 50-A
TGGTTCT CCCGGACTTCCTT-30; and GAPDH, forward
50-AACGGATTTGGTCGTATTGG-30, reverse 50-TTGATTT
TGGAGGGATCTCG-30.

Cells proliferation assay

Transfected cells with DMEM (with 10% FBS) were
seeded into 96-well plates (2� 103 cells/well) and cultured
for 24, 48, and 72 h, respectively. Subsequently, each
well was incubated with 10 lL of cell counting kit-
8 (CCK-8) solution (Dojindo, Tokyo, Japan) at each time
point for 4 h at 37�C. The absorbance value was measured
at 450 nm using a microplate reader (Bio-Rad, Hercules,
CA, USA).
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Cells apoptosis analysis

After transfection, cells were re-suspended with PBS to
obtain a cell density of 1 � 106 cells/mL, and then were
stained with the Annexin V-FITC and PI (Solarbio, Beijing,
China) in the dark. The results were detected by a flow
cytometry (BD Biosciences, San Jose, CA, USA), and the
data were analyzed by the ModFit LT.

Western blot assay

Western blot assay was performed as described before.10

Proteins were isolated using RNA immunoprecipitation
analysis (RIPA) lysis buffer (Beyotime, Shanghai, China),
and then were quantified using a bicinchoninic acid
(BCA) protein assay kit (Beyotime). Equal amounts of pro-
tein were separated with SDS-polyacrylamide gels and
transferred onto polyvinylidene difluoride membranes
(Millipore, Billerica, MA, USA). The membranes were incu-
bated with primary antibodies against RAP2B, Bax, Bcl-2
and cleaved caspase 3 as well as GAPDH overnight at 4�C,
followed by interaction with horseradish peroxidase-
labeled secondary antibodies for 2 h at room temperature
after blocked with 5% non-fat milk for 1 h at 37�C.
Immunoreactive signals were visualized using a commer-
cial enhanced chemiluminescence chromogenic substrate
(Beyotime).

Transwell assay

Cell migration and invasion were detected by transwell
assay. For the migration assay, transfected cells were
seeded in the upper chamber with serum-free DMEM
and 500 lL DMEM fixed with 10% FBS was added to the
lower chamber as a chemoattractant. After incubation for
24 h at 37�C, cells attached to the bottom were fixed with
methanol and stained with 0.5% crystal violet for 30min.
For the invasion assay, the upper transwell chambers were
pre-coated with Matrigel (BD Biosciences) for 1 h at 37�C
and other philosophy of measurement was similar to the
process of cell migration. Finally, migrated and invaded
cells in five randomly selected fields were counted using
an inverted microscope.

Luciferase reporter assay

The wild-type (WT) or mutant (MUT) CCAT1 or CDX1 30-
UTR containing the predicted miR-216a-5p target sites
were cloned into the pGL3 vectors basic vectors
(Promega, Shanghai, China), respectively. Then, these con-
structed vectors were respectively co-transfected into A549
and NCI-H1299 cells with miR-216a-5p mimics, NC, anti-
miR-216a-5p, or anti-NC using Lipofectamine 2000. Forty-
eight hours later, a dual luciferase assay kit (Promega) was
employed to analyze the luciferase activity.

RNA immunoprecipitation assay

A549 and NCI-H1299 cells were transfected with miR-216a-
5p or NC for 48 h, then cells were lysed and the lysate was
incubated with magnetic beads coated with Ago2 or IgG

antibody (Millipore). Subsequently, the immunoprecipi-
tated RNAs were analyzed by qRT-PCR.

Pull-down assay

Biotinylated (Bio)-miR-216a-5p (Bio-miR-216a-5p) or Bio-
NC was generated by GenePharma Company (Shanghai,
China), and then these biotinylated oligonucleotides were
transfected into A549 and NCI-H1299 cells for 48 h.
Subsequently, cells were lysed and incubated with
streptavidin-coupled beads. Finally, the biotin-coupled
RNA complex was isolated and was determined by
qRT-PCR.

Xenograft experiments in vivo. BALB/c nude mice
(5-week-old, N¼ 6) were bought to conduct in vivo experi-
ments in accordance with the guidelines permitted by the
Animal Research Committee of Department of Respiratory
Medicine, Yantai Yuhuangding Hospital. The nude mice
(3 mice per group) were subcutaneously injected in the
right hip with A549 cells (106) stably infected with Lenti-
sh-NC or Lenti-sh-CCAT1 to generate subcutaneous tumor
model. Tumor volumes were detected and calculated every
week after injection. The mice were killed on week 4 after
xenograft and the tumors were weighed and collected for
subsequent molecular analyses.

Statistical analysis

All statistical analyses were performed with GraphPad
Prism 7. The data were expressed as the mean� standard
deviation (SD). Student’s t-test or one-way analysis of var-
iance was used to evaluate the significant differences.
P< 0.05 suggested statistically significant.

Results

CCAT1 is up-regulated in NSCLC tissues and cell

lines and high CCAT1 expression shows poor

overall survival rate

The expression of CCAT1 was firstly detected, and results
showed CCAT1 expression was significantly increased in
NSCLC tissues and human NSCLC cell lines (A549 and
NCI-H1299) compared with the normal lung tissue and
BEAS-2B cell line (Figure 1(a) and (c)). Subsequently,
based on the median level of CCAT1, NSCLC patients
were divided into two groups: the high CCAT1 expression
group and low expression CCAT1 group. After that, we
found the overall survival of patients in the low CCAT1
expression group was significantly longer than that in the
high CCAT1 group (Figure 1(b), P ¼ 0.0149). Furthermore,
as shown in Supplementary Table 1, higher CCAT1 expres-
sion was linked to tumor size (P¼ 0.0275), TNM stages
(P¼ 0.0059), and lymph node metastasis (P¼ 0.0045). The
data reveal that NEAT1 expression was abnormal in
NSCLC and its high expression showed shorter overall sur-
vival of patients with NSCLC.
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CCAT1 promotes cell malignant phenotypes in NSCLC

To explore the biological effects of CCAT1 on NSCLC pro-
gression, A549 and NCI-H1299 cells were transfected with
si-NC or si-CCAT1, and then a visible decrease of CCAT1 in
A549 and NCI-H1299 cells transfected with si-CCAT1 was
observed, indicating the successful transfection (Figure 2
(a)). After that, CCK-8 assay showed CCAT1 silence inhib-
ited A549 and NCI-H1299 cell proliferation (Figure 2(b)).

Then we found CCAT1 deletion induced cell apoptosis in
NSCLC, reflected by the increase of apoptosis rate (Figure 2
(c)) and Bax and cleaved caspase-3 levels, as well as the
decrease of Bcl-2 levels (Figure 2(d)). Moreover, transwell
assay suggested that knockdown of CCAT1 suppressed the
migration and invasion of A549 and NCI-H1299 cells
(Figure 2(e) and (f)). Besides that, A549 and NCI-H1299
cells were also transfected with CCAT1 overexpression

Figure 2. CCAT1 deletion inhibits cell malignant phenotypes in NSCLC. A549 and NCI-H1299 cells were transfected with si-NC or si-CCAT1. (a) CCAT1 expression

was measured using qRT-PCR. Cell proliferation (b) and apoptosis (c) were detected by CCK-8 assay or flow cytometry, respectively. (d) Levels of apoptosis-related

proteins were measured by Western blot. (e and f) Cell migration and invasion abilities were detected by transwell assay. *P< 0.05. (A color version of this figure is

available in the online journal.)

Figure 1. CCAT1 expression is elevated in NSCLC tissues and cell lines. (a and b) The expression of CCAT1 in NSCLC tissues and matched adjacent normal lung

tissue, as well as in human NSCLC cell lines (A549 and NCI-H1299) and normal human lung cell line BEAS-2B was detected using qRT-PCR. *P< 0.05. (A color version

of this figure is available in the online journal.)
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vector (CCAT1), as expected, CCAT1 expression was sig-
nificantly up-regulated in A549 and NCI-H1299 cells
(Figure S1(A)). Next, functional experiments exhibited
that CCAT1 overexpression showed the exact opposite
effects by promoting cell proliferation, migration, invasion,
and inhibiting apoptosis in NSCLC (Figure S1(C) to (F)). In
sum up, we illustrated that CCAT1 facilitated NSCLC cell
carcinogenesis.

Overexpressed miR-216a-5p inhibits cell malignant
phenotypes in NSCLC

The expression of miR-216a-5p was discovered to be
decreased in NSCLC tissues and human NSCLC cell lines
(A549 and NCI-H1299) compared with that in controls
(Figure 3(a) and (b)), indicating miR-216a-5p might be an
important regulator in NSCLC development. Then to detect
the potential roles of miR-216a-5p in NSCLC, A549 and
NCI-H1299 cells were transfected with miR-216a-5p
mimic or NC mimic. After transfection, an apparent
increase of miR-216a-5p expression in A549 and NCI-
H1299 was found (Figure 3(c)). Subsequently, functional
experiments were performed and we discovered miR-
216a-5p mimic transfection markedly suppressed the

proliferation, migration, and invasion but induced apopto-
sis in A549 and NCI-H1299 cells (Figure 3(d) to (h)).
Therefore, we demonstrated that miR-216a-5p might be
an important tumor suppressor in NSCLC progression.

CCAT1 directly binds to miR-216a-5p and suppresses
miR-216a-5p expression

According to the prediction of starBase v.2.0 database,
CCAT1 was identified to have the putative binding site in
miR-216a-5p (Figure 4(a)). Then the exact copy number of
CCAT1 and miR-216a-5p expression in each cell was
detected, qRT-PCR analysis showed that CCAT1 was
expressed in 53/45 copies and miR-216a-5p was 26/18
copies in per NCI-H1299 or A549 cell (Figure S2(A) and
(B)). Thus, we suspected that CCAT1-mediated regulatory
functions might operate through a competing endogenous
RNAs (ceRNAs) mechanism. To validate their interaction,
luciferase reporter assay was performed, and results
showedmiR-216a-5p overexpression reduced the luciferase
activities of the CCAT1-wt reporter vector but not CCAT1-
mut reporter vector, while anti-miR-216a-5p transfection
showed the completely opposite effects in NCI-H1299
and A549 cells (Figure 4(b) and (c)). In the meanwhile,

Figure 3. Overexpressed miR-216a-5p inhibits cell malignant phenotypes in NSCLC. (a and b) The expression of miR-216a-5p in NSCLC tissues and matched

adjacent normal lung tissues (a), as well as in human NSCLC cell lines (A549 and NCI-H1299) and BEAS-2B cells (b) was detected using qRT-PCR. A549 and NCI-

H1299 cells were transfected with NC or miR-216a-5p. (c) The expression of miR-216a-5p was examined by qRT-PCR. Cell proliferation (d) and apoptosis (e) were

detected by CCK-8 assay or flow cytometry, respectively. (f) Levels of apoptosis-related proteins were measured by Western blot. (g and h) Transwell assay was

applied to determine cell migration and invasion abilities. *P< 0.05. (A color version of this figure is available in the online journal.)
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the RIPA and RNA pull-down assay further confirmed the
direct interaction between miR-216a-5p and CCAT1,
because a significant enrichment of CCAT1 was measured
in both assays in NCI-H1299 and A549 cells (Figure 4(d)
and (e)). Furthermore, relative quantitative PCR was per-
formed and we found CCAT1 overexpression reduced
miR-216a-5p expression, while si-CCAT1 accelerated miR-
216a-5p expression in NCI-H1299 and A549 cells (Figure 4
(f)). All the results suggested that CCAT1 was a sponge of
miR-216a-5p and inversely modulated its expression.

CCAT1 promotes NSCLC cell tumorigenesis by
interacting with miR-216a-5p

To investigate whether CCAT1/miR-216a-5p axis was
responsible for the NSCLC progression, NCI-H1299 and
A549 cells were transfected with si-NC, si-CCAT1,
si-CCAT1þ anti-NC, or si-CCAT1þ anti-miR-216a-5p, and
then we observed the expression of miR-216a-5p was pro-
moted by CCAT1 knockdown, but was inhibited by the
following addition of miR-216a-5p inhibitor (Figure 5(a)).
Subsequently, rescue assay showed that the miR-216a-5p
inhibition could attenuate the inhibitory effects of
si-CCAT1 on NCI-H1299 and A549 cell oncogenic pheno-
types (Figure 5(b) to (f)). Additionally, it was also proved
that miR-216a-5p re-expression rescued CCAT1
overexpression-induced down-regulation of miR-216a-5p

level in NCI-H1299 and A549 cells (Figure S1(B)), impor-
tantly, the regulatory effects of CCAT1 on cell malignant
phenotypes were markedly abrogated by miR-216a-5p
up-regulation in NCI-H1299 and A549 cells (Figure S1(C)
to (F)). Taken together, CCAT1 deletion exerted anti-tumor
effects on NSCLC progression by sponging miR-216a-5p.

MiR-216a-5p directly targets RAP2B and negatively
regulates RAP2B expression

We further explore the underlying regulatory mechanism
of miR-216a-5p onNSCLC progression. The potential target
genes of miR-216a-5p were predicted according to the
Targetscan database, and RAP2B was identified to have
the putative binding sites in miR-216a-5p (Figure 6(a)).
The qRT-PCR analysis indicated RAP2B was expressed in
85/74 copies and miR-216a-5p was 26/18 copies in per
NCI-H1299 or A549 cell (Figure S2(A) and (B)). Thus, the
interaction of miR-216a-5p and RAP2B was explored.
Results from luciferase reporter analysis exhibited the lucif-
erase activities of CCAT1-wt reporter vector was reduced
by the miR-216a-5p mimic, but no change was observed in
CCAT1-mut reporter vector after miR-216a-5p overexpres-
sion in NCI-H1299 and A549 cells (Figure 6(b)). Besides,
RIPA showed a great enrichment of RAP2B in NCI-H1299
and A549 cells, further confirming the direct interaction
between miR-216a-5p and RAP2B (Figure 6(c) and (d)).

Figure 4. CCAT1 directly binds to miR-216a-5p and suppresses its expression. (a) The potential binding sites between CCAT1 and miR-216a-5p. (b and c) Luciferase

reporter assay was used to demonstrate whether CCAT1 directly targeted miR-216a-5p in A549 and NCI-H1299 cells, respectively. (d) RIPA was carried out, and

expression of CCAT1 and miR-216a-5p was examined in the samples bound to the Ago2 or IgG antibody. (e) CCAT1 expression level was measured by qRT-PCR in

samples pulled down by Bio-miR-216a-5p or negative control. (f) qRT-PCR analysis of miR-216-5p level in A549 and NCI-H1299 cells transfected with CCAT1 or si-

CCAT1 was conducted. *P< 0.05. (A color version of this figure is available in the online journal.)
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Moreover, Western blot results indicated that RAP2B
expression in NCI-H1299 and A549 cells were inhibited
by overexpressed miR-216a-5p but was promoted by
miR-216a-5p inhibition (Figure 6(e)). These results indicat-
ed miR-216a-5p directly targeted RAP2B and negatively
regulated RAP2B expression.

Overexpressed miR-216a-5p represses NSCLC cell
tumorigenesis by targeting RAP2B

Based on the relationship between miR-216a-5p and
RAP2B, whether RAP2B involved inmiR-216a-5pmediated
regulation on NSCLC cell tumorigenesis was then
explored. First, the expression of RAP2B was detected
and results showed RAP2B was elevated in NSCLC tissues
and cell lines (Figure 7(a) and (b)). Then miR-216a-5p, NC,
miR-216a-5pþpcDNA (vector), or miR-216a-5pþRAP2B
were transfected into A549 and NCI-H1299 cells. After

transfection, we discovered that the expression of RAP2B
was reduced by overexpressed miR-216a-5p, while was
increased by following RAP2B transfection (Figure 7(c)).
After that, we found overexpressed RAP2B significantly
attenuated miR-216a-5p restoration-mediated inhibition
on cell proliferation, migration and invasion as well as
enhancement on cell apoptosis in NSCLC (Figure 7(d) to
(h)). In all, miR-216a-5p hindered NSCLC progression by
targeting RAP2B.

CCAT1 may promote NSCLC progression by regulating
miR-216a-5p/RAP2B axis

Based on the CCAT1/miR-216a-5p axis, we investigated
whether CCAT1 could regulate RAP2B via miR-216a-5p.
Western blot analysis showed the expression of RAP2B
was reduced by si-CCAT1 transfection, while was
increased by following miR-216a-5p inhibitor transfection

Figure 5. CCAT1 promotes the progression of NSCLC by interacting with miR-216a-5p. NCI-H1299 and A549 cells were transfected with si-NC, si-CCAT1, si-

CCAT1þ anti-NC, or si-CCAT1þ anti-miR-216a-5p. (a) qRT-PCR analysis of the level of miR-216a-5p. (b) CCK-8 assay of cell proliferation. (c) Flow cytometry of cell

apoptosis. (d) Western blot analysis of the levels of apoptosis-related proteins. (e and f) Transwell assay of cell migration and invasion abilities. *P< 0.05. (A color

version of this figure is available in the online journal.)
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Figure 6. MiR-216a-5p directly targets RAP2B and negatively regulates RAP2B expression. (a) The potential binding sites between RAP2B and miR-216a-5p. (b)

Luciferase reporter assay was used to analyze whether miR-216a-5p directly targeted RAP2B in A549 and NCI-H1299 cells, respectively. (c and d) The expression of

RAP2B was detected in A549 and NCI-H1299 cells after RIPA. (e) The protein expression of RAP2B was analyzed using Western blot in A549 and NCI-H1299 cells

transfected with miR-216a-5p or anti-miR-216a-5p. *P< 0.05. (A color version of this figure is available in the online journal.)

Figure 7. Overexpressed miR-216a-5p inhibits NSCLC progression through targeting RAP2B. RAP2B expression in NSCLC tissues and matched adjacent normal

lung tissue (a), as well as in human NSCLC cell lines (A549 and NCI-H1299) and BEAS-2B cell lines (b) was detected by qRT-PCR. RAP2B expression detection by

Western blot (c), cell proliferation by CCK-8 assay (d), cell apoptosis by flow cytometry (e), levels of apoptosis-related proteins analysis by Western blot (f), cell

migration and invasion abilities by transwell assay (g and h) in A549 and NCI-H1299 cells transfected with NC, miR-216a-5p, miR-216a-5pþ vector, or miR-216a-

5pþRAP2B. *P< 0.05. (A color version of this figure is available in the online journal.)
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in A549 and NCI-H1299 cells (Figure 8(a) and (b)), indicat-
ing that CCAT1 functioned as a ceRNA to regulate RAP2B
level by targeting miR-216a-5p in NSCLC cells. Therefore,
a CCAT1/miR-216a-5p/RAP2B axis was identified in
NSCLC cells.

CCAT1 knockdown impedes NSCLC tumor growth
in vivo by regulating miR-216a-5p and RAP2B
expression

The carcinogenic roles of CCAT1 in vivowere further inves-
tigated. As illustrated in Figure 9(a) and (b), CCAT1 silence
significantly repressed tumor growth, evidenced by the
reduction of tumor volume and weight in sh-CCAT1
groups. Subsequent molecular analysis exhibited that
CCAT1 expression was decreased in tumor masses isolated
from sh-CCAT1 groups (Figure 9(c)), and decreased CCAT1
up-regulated the level of miR-216a-5p (Figure 9(c)), and
down-regulated the level of RAP2B (Figure 9(d)).
Collectively, these results implied that CCAT1 knockdown
suppressedNSCLC tumor growth in vivo via partially mod-
ulating the expression of miR-216a-5p and RAP2B.

Discussion

It has been reported that lncRNAs interacts with genes,
proteins or chromatin remodeling to influence the

expression levels of genes, thereby affecting malignant
physiological or pathological processes.17 Recently, numer-
ous lncRNAs, like lncRNA XIST, UCA1, PVT1, and
MALAT1, have been identified to involve in the progres-
sion in NSCLC bymodulating downstream target miRNAs,
genes or pathways.18–21 CCAT1 was originally identified as
an oncogene in colon cancer, and an increasing number of
studies have showed the carcinogenic role and prognostic
value of CCAT1 in various cancers.22 For example, CCAT1
induced metastasis and predicted poor outcome in epithe-
lial ovarian cancer.23 Decrease of CCAT1 increased radio-
sensitivity of breast cancer cells through inversely
modulating miR-148b expression.24 The c-Myc interacted
with CCAT1 to promote the progression of gastric carcino-
ma.25 Thus, it is of great clinical significance to reveal the
role of CCAT1 in NSCLC cells.

Previous studies revealed that CCAT1 functioned as an
oncogene to promote docetaxel-resistant and stimulate
metastasis through epithelial-to-mesenchymal transition
in lung adenocarcinoma.26,27 However, the exact regulatory
mechanisms of CCAT1 in NSCLC remain vague. In the
current study, we recognized that CCAT1 expression was
up-regulated in NSCLC, and CCAT1 functioned as an
oncogene via promoting cell proliferation, migration, and
invasion but inhibiting cell apoptosis to promote NSCLC
progression. Furthermore, results of xenograft assay

Figure 8. CCAT1 may promote NSCLC progression by regulating miR-216a-5p/RAP2B axis. (a and b) Western blot analysis of RAP2B protein expression in A549 and

NCI-H1299 cells transfected with si-NC, si-CCAT1, si-CCAT1þ anti-NC or si-CCAT1þ anti-miR-216a-5p. *P<0.05.
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displayed that CCAT1 deletion restrained NSCLC tumor
growth in vivo.

It is well documented that lncRNAs can function as
ceRNAs to compete with other genes for miRNA binding,
thus exerting the regulatory effects of miRNAs on targeted
mRNAs.28 Thus, the mechanisms underlying CCAT1 in
NSCLC progression were elucidated, and we proved that
CCAT1 bound to miR-216a-5p. MiR-216a-5p has been
reported to function as a tumor suppressor to involve in
the progression of small cell lung cancer.29 However, there
is no research on miR-216a-5p in NSCLC. In this study,

miR-216a-5p expression was demonstrated to be decreased
in NSCLC and was negatively regulated by CCAT1.
Afterwards, rescue experiments indicated CCAT1 promot-
ed NSCLC cell progression by interacting with miR-216a-
5p. In addition, we also confirmed that miR-216a-5p
targeted RAP2B in NSCLC cells. RAP2B was elevated in
NSCLC, and was negatively regulated by miR-216-5p.
Rescue experiments suggested that overexpressed miR-
216a-5p inhibited cell tumorigenesis in NSCLC through
targeting RAP2B. In the meanwhile, CCAT1 was verified
to directly regulate RAP2B level by sponging miR-216a-5p

Figure 10. Schematic model showing the role of CCAT1 in NSCLC cell tumorigenesis. CCAT1 promoted NSCLC cell oncogenic phenotypes in vitro as well as

suppressed tumor growth in vivo by regulating miR-216a-5p/RAP2B axis. (A color version of this figure is available in the online journal.)

Figure 9. CCAT1 knockdown impedes NSCLC tumor growth in vivo by regulating miR-216a-5p and RAP2B expression. (a) Tumor volume was calculated every week

after injection. (b) Tumor masses were isolated on day 28 from each group and then were weighed. (c and d) The levels of CCAT1, miR-216a-5p, and RAP2B were

detected in two groups by qRT-PCR or Western blot. *P< 0.05. (A color version of this figure is available in the online journal.)
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in NSCLC cells, indicating a novel CCAT1/miR-216a-5p/
RAP2B axis in the regulation of NSCLC cell tumorigenesis
(Figure 10).

In sum up, we investigated that CCAT1 functioned as an
oncogene while miR-216a-5p served as a tumor suppressor
in NSCLC to regulate cell proliferation, migration, inva-
sion, and apoptosis. Additionally, molecular analyses fur-
ther identified a novel CCAT1/miR-216a-5p/RAP2B
regulatory network in the progression of NSCLC in vitro
and in vivo (Figure 10), indicating a new insight on
NSCLC pathogenesis and novel potential targets for
NSCLC treatment.
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