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Abstract

Background: Non-small cell lung cancer (NSCLC) accounts for 85% of lung
cancer which is the most frequently diagnosed malignancy in China. Colon can-
cer associated transcript 1 (CCAT1) acts as an oncogene in enhancing tumor
progression. However, the effects of CCAT1 in NSCLC remain unclear. The pur-
pose of this study was to explore the role of CCAT1 in NSCLC.

Methods: Wound healing and transwell assays were performed to measure cell
migration. RT-qPCR was employed to calculate the mRNA level of CCAT1 and
miR-490.

Results: High expression of CCAT1 was observed in NSCLC tissues and cells,
with low expression of miR-490. CCAT1 promoted the proliferation and
metastasis of H1299 and A549 cells, while miR-490 had the opposite effect.
CCAT1 could specifically bind to miR-490 and regulate its expression. MiR-
490 partially reversed the inhibitory effect of CCAT1 on cell proliferation and
metastasis.

Conclusions: The CCAT1/miR-490 molecular axis has been shown to be impor-
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tant for the treatment of NSCLC.

Introduction

Lung cancer is one of the most frequently determined
malignancies, with the highest mortality reported in
China.! Non-small cell lung cancer (NSCLC) accounts for
85% of lung cancer. The main subtypes of NSCLC are ade-
nocarcinoma, squamous cell carcinoma and large cell car-
cinoma.” Currently, despite improvements in the treatment
of NSCLC, the five-year survival rate for patients remains
at less than 15%. Thus, it is important that the novel
molecular biomarkers for the early diagnosis of NSCLC are
explored.

Long non-coding RNA (IncRNA) is a new type of RNA
molecule with a length of more over 200 nt.> RNAs are
thought not to be able to code for proteins because they
lack long open reading frames (ORFs). Several IncRNAs,
which have tumor suppressor or oncogenic properties, are
reported to be highly dysregulated in multiple cancers.*”
For example, IncRNA colon cancer associated transcript
1 (CCAT1), a 2628 bp IncRNA located at chromosome
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8q24.21, has been found to be overexpressed in several
cancers, including colorectal cancer, breast cancer and
hepatocellular carcinoma."® CCAT]1 function as an onco-
gene in human cancer and is involved in tumor-genesis,
progression, metastasis, and patient survival.” Knockdown
of CCAT1 was found to inhibit cell growth, invasion
and peritoneal metastasis in gastric cancer in a study by
Li et al."’

Accumulating evidence indicates that IncRNA acts as a
microRNA (miRNA) sponge to capture miRNAs, and reg-
ulate cancer progression.'' LncRNA CCAT1 has been
found to contribute to cell growth and invasion of gastric
cancer by sponging miR-219."> CCAT1 was found to pro-
mote cell migration via targeting miR-490 in gastric cancer
in a report by Zhou et al.'> Moreover, in a study by Dou
et al., CCATI functioned as a competing endogenous RNA
to regulate hepatocellular carcinoma progression by spong-
ing miR-490."* Low expression of miR-490 has been
reported in multiple tumors, including prostate cancer,
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bladder cancer and hepatocellular carcinoma.'®™” In this
study, we highlight that CCAT1 promotes cell proliferation
and migration via sponging miR-490 in NSCLC. These
findings will provide more insight into how CCAT1 pro-
motes the metastasis of NSCLC, which will help to develop
new therapeutic targets for NSCLC.

Methods

Human samples

Between 2016 and 2018, 45 NSCLC tissues and adjacent
normal tissue samples were obtained from patients under-
going lung cancer resection at The Affiliated Hospital of
Qingdao University. All the patients in the study had
received no radiation or chemotherapy before surgery. The
surgically excised NSCLC and normal lung tissue samples
of patients were immediately frozen and stored in liquid
nitrogen. The experiment was approved by the Ethics
Committee of The Affiliated Hospital of Qingdao Univer-
sity and the tissues were collected with the consent of all
the patients.

Cell culture and transfection

The NSCLC cells (A549 and H1299) and a finite cell line
MRC-5 were purchased from ATCC. All the cells were cul-
tured in RPMI-1640 medium (Gibco, Carlsbad, CA, USA)
containing 10% FBS (Gibco) at 37°C and 5% CO.,.

MiR-490 mimic and CCAT1 overexpressed plasmid
(pEX-CCAT1) were designed and purchased from Gen-
ePharma (Shanghai, China). MiR-490 inhibitor and
CCAT1 knockdown vector (shRNA-CCATI)
obtained from RiboBio Company (Guangzhou, China).
2 % 10° H1299 cells were seeded in each well of six-well
plates. The transfection was performed using lipofectamine
2000 (Invitrogen).

were

Real-time quantitative polymerase chain
reaction (RT-qPCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was uti-
lized to isolate total RNAs. After detecting the purity and
concentration using NanoDrop ND-2000 spectrophotome-
ter (NanoDrop Wilmington DE), the RNA was reverse
transcribed to cDNA. Next, the SYBR Green PCR Master
mix (Thermo Fisher Scientific, USA) was utilized to per-
form the qPCR on ABI 7300 machine (Applied Biosystems,
Foster City, CA, USA). U6 and GAPDH were used as the
internal control to normalize miR-490 and CCAT1 expres-
sion. The 272" method was applied to evaluate CCAT1
and miR-490 relative expression.
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MTT assay

3-(4,5-dimethylthazol-2-yl)-2,5-diphenyltetrazolium  bro-
mide (MTT) assay was conducted to measure the cell pro-
liferative ability. H1299 cells were seeded in 96-well plates,
and cultivated for 24, 48, and 72 hours. The absorbance
was measured at a wavelength of 490 nm using a multi-
microplate test system (POLARstar OPTIMA; BMG Lab
technologies, Germany).

Transwell assay

Transwell assay (BD Biosciences, San Jose, CA, USA) was
performed to assess cell migration in 24-well inserts.
H1299 cells were suspended in 200 pL serum-free RPMI
1640 medium, and then seeded on the upper chamber. The
lower chamber was filled with 600 pL normal RPMI 1640
medium containing 20% serum. After cultivation for
24 hours, the unmigrated cells were wiped with a cotton
swab. Meanwhile, the migrated cells were fixed and then
stained using 4% polyformaldehyde and 0.1% crystal violet.
The migrated cells number were then counted under a
microscope.

Wound healing assay

Transfected cells were grown on 24-well collagen IV or
fibronectin coated plates (BD Biocoat) pretreated with
mitomycin C (1 pg/mL) 12 hours before an artificial
wound was created at O hours. Photographs were taken
(x10) at 0 hours and 6 hours. The distances subtracted
across the wound at 0 hours and 6 hours were expressed as
pm/hour.

Dual luciferase reporter gene assay

Dual luciferase reporter gene assay was utilized to confirm
the relationship between CCAT1 and miR-490. The wild-
type or mutant CCATI and miR-490 mimic were
cotransfected in HI1299 cells.
48 hours, the luciferase activity was measured using the
dual luciferase reporter assay system (Promega, Madison,
WI, USA).

After transfection for

Statistical analysis

The comparison between two or multiple groups were per-
formed using the two-tailed unpaired student’s t-test or
post hoc Tukey HSD test. The linear correlations between
two variables were measured using Pearson’s correlation
coefficient (r).
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Results

CCAT1 overexpressed in NSCLC tissues and
cells

To detect the functions of CCAT1 in human NSCLC,
quantitative real-time PCR (qRT-PCR) analysis was uti-
lized to measure CCAT1 expression in 51 pairs of human
NSCLC tissues and corresponding adjacent normal tissues.
CCAT1 was found to be overexpressed in NSCLC tissues
versus the adjacent normal tissues (P < 0.05) (Fig 1a). Sim-
ilarly, CCAT1 expression was also evaluated in two cell
lines, A549 and H1299, and a normal cell line MRC-5. We
discovered that CCAT1 expression was higher in NSCLC
cells than that of MRC-5 (P < 0.05) (Fig 1b).

LncRNA CCAT1 depletion attenuated
proliferation of NSCLC in vitro and in vivo

To clarify the role of CCAT1 in NSCLC cells, CCAT1
expression was assessed after transfection with overexpressed
CCAT1 or silencing of CCATI1 in H1299 cells (P < 0.05)
(Fig 2a). Cell proliferation was measured by an MTT assay.
Transfection of pEX-CCAT1 promoted cell proliferation,
whereas cell proliferation was inhibited by knocking down
CCAT1 (P <0.05) (Fig 2b). In addition, H1299 cells stably
transfected with shRNA-CCAT1 and a negative control were
subcutaneously injected into nude mice, and cultivated for
26 days. The length and width of the tumors were measured
every three days, and we found that knockdown CCAT1
inhibited tumor volume (P < 0.05) (Fig 2c). After dis-
section of the mice, the tumor volumes were calculated, and
it was found that shENA-CCAT1 had smaller volumes than
the control mice (P < 0.05) (Fig 2d).

CCAT1 suppressed cell migration in NSCLC

Wound healing and transwell assays were performed to
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cells HI1299. As expected, compared with the control
group, overexpression of CCAT1 promoted cell migration
(P < 0.05), whereas H1299 cells transfected with sh-CCAT1
inhibited cell migration compared with the control group
(P < 0.05) (Fig 3a). Similarly, the wound healing method
also revealed that cell migration was enhanced by over-
expression of CCAT1 (P < 0.05), while knockdown of
CCAT1 suppressed cell migration (P < 0.05) (Fig 3b). Taken
together, these results indicated that CCAT1 promoted the
migration of H1299 cells.

To further confirm that CCATI regulated NSCLC cell
progression, we also used A549 cells to perform cell func-
tional experiments. First, CCAT1 was upregulated
(P <0.05) or downregulated (P < 0.05) in A549 cells by
transfecting pEX-CCAT1 or shRNA-CCAT1 (Fig 4a).
MTT and transwell assays were then performed to measure
cell proliferative and migratory abilities. Similar to the
H1299 cell results, we found that overexpression of CCAT1
promoted cell proliferation (P < 0.05) and migration
(P <0.05) in A549 cells. However, silencing of CCAT1
inhibited cell proliferation (P <0.05) and migration
(P < 0.05) in A549 cells (Fig 4b and c). The results confirm
that CCAT1 promoted proliferation and migration in both
H1299 and A549 cells.

CCAT1 functioned as miR-490 sponge and
regulated its expression in H1299 cells

It has been reported that CCAT1 acts as a carcinogenic
IncRNA promoting the proliferation and invasion of
NSCLC cells. LncRNA can be utilized as a ceRNA to regu-
late the expression of miRNA and cell biological function.
StarBase was utilized to predict that miR-490 contains
binding sequences for CCAT1, and dual luciferase reporter
assay was performed to verify CCAT1 binding to miR-490
(Fig 5a). We determined that miR-490 mimic decreased
the luciferase activity of wild type CCAT1 compared with
the control (P < 0.05). However, there was no difference in

measure cell migration when altering CCAT1 in NSCLC luciferase activity between miR-490 mimic + mutant
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Figure 2 LncRNA CCAT1 depletion attenuated the proliferation of NSCLC in vitro and in vivo (a) CCAT1 expression was assessed after transfection
with overexpressed CCAT1 or silencing of CCAT1 in H1299 cells 3, pEX-NC; £33, pEX-CCATT; £33, shRNA-NC; €23, shRNA-CCAT1. (b) Transfec-
tion of pEX-CCAT1 promoted cell proliferation, whereas cell proliferation was inhibited by knocking down CCAT1 -e-, pEX-NC; -m, pEX-CCATT;
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Figure 3 CCAT1 suppressed cell migration in H1299 cells (a) Overexpression of CCAT1 promoted cell migration, whereas transfected sh-CCAT1
inhibited cell migration 3, pEX-NC; 23, pEX-CCAT1; £33, shRNA-NC; 3, shRNA-CCAT1. (b) ound healing method also revealed that cell migra-
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Figure 4 CCAT1 suppressed cell proliferation and migration in A549 cells (@) pEX-CCAT1 or shRNA-CCAT1 were used to overexpress or knockdown
CCAT1 in A549 cells £33, pEX-NC; 3, pEX-CCAT1; e, ShRNA-NC; -m=, ShRNA-CCAT1. (b) Transfection of pEX-CCAT1 enhanced cell proliferation,
while transfection of ShRNA-CCAT1 inhibited cell proliferation in A549 cells -e=, pEX-NC; s, pEX-CCAT1; £33, shRNA-NC; £33, shRNA-CCAT1. (c)
Cell migration was enhanced by transfecting pEX-CCAT1, but was suppressed by transfecting shRNA-CCAT1 in A549 cells £33, pEX-NC; €3, pEX-

CCAT1; €2, shRNA-NC; 23, shRNA-CCATT.

CCAT1 and miR-490 mimic + mutant CCAT1 in H1299
cells (P > 0.05) (Fig 5b). Real-time quantitative PCR was
utilized to calculate the levels of miR-490 after altering
CCAT1 in H1299 cells. We found that miR-490 was down-
regulated after transfection with pEX-CCAT1 vectors
(P <0.05), and that it was upregulated after silencing
CCATI in H1299 cells (P < 0.05) (Fig 5¢).

To explore the function of miR-490 in NSCLC, miR-
490 expression was assessed in tissues and cells. MiR-490
level was found to be lower in cancer tissue specimens
than normal tissue samples (P < 0.05) (Fig 5d). The con-
nection between CCAT1 and miR-490 expression was
calculated in NSCLC tissues, and we discovered that
CCAT1 had a negative connection with miR-490
(P < 0.05) (Fig 5e). miR-490 expression in cells was also
evaluated, and we found that there was lower expression
of miR-490 in H1299 and A549 cells versus normal cells
MRC-5 (P < 0.05) (Fig 5f).

MiR-490 suppressed proliferation and
migration in H1299 cells

RT-qPCR showed that miR-490 mimic transfection pro-
moted miR-490 expression in HI1299 cells (P < 0.05)
(Fig 6a). MTT and transwell assays were utilized to
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evaluate cell proliferation and migration, and as expected,
miR-490 impaired the proliferation of H1299 cells after
transfection with miR-490 mimic (P < 0.05) (Fig 6b). The
number of migrated cells was also reduced when miR-490
was overexpressed in H1299 cells (P < 0.05) (Fig 6¢c). All the
findings indicate that miR-490 inhibited cell proliferation
and migration in H1299 cells.

MiR-490 partially restored the promotion
of CCAT1 on cell proliferation and
migration

Because we found that CCAT1 reduced miR-490 expres-
sion, we sought to assess the effect of miR-490 on
CCAT1-mediated NSCLC cells. MiR-490 mimic and
shRNA-CCAT1 were cotransfected into HI1299 cells
(P < 0.05) (Fig 7a). MTT assay indicated that compared to
transfection with shRNA-CCAT1 alone, transfection of
miR-490 mimics and shRNA-CCAT]1 significantly reduced
the proliferation of NSCLC cells (P < 0.05) (Fig 7b).
Transwell assay produced similar results, and miR-490
mimic and shRNA-CCAT1 cotransfected into cells showed
lower migration compared with transfection of shRNA-
CCAT1 alone (P < 0.05) (Fig 7c).
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Figure 5 CCAT1 functioned as a a b ' H1299
miR-490 sponge and regulated its
expression in H1299 cells (a) StarBase

was utilized to predict that miR-490  cCAT] WT  5-...CAGCCCUGCCACUUACCAGGUUG...3'
contains  binding  sequences  for I | | I | I

CCATI. (b) MiR-490 mimic decreased  jsa-miR-490  3'-... GUCGUACCUCAGGAGGUCCAAC...5'
luciferase activity of wild-type CCAT1

compared with the control £3, NC; CCATIMUT 5'-...CAGCCCUGCCACUUAGGUCCAAG...3'

3, MiR-490 mimic. (¢) MiR-490 was
downregulated after being trans- ¢ 51

fected with pEX-CCAT1 vectors, and
upregulated after silencing of CCAT1
in H1299 cells 22, pEX-NC; @I, pEX-
CCAT1; 2O, shRNA-NC; £2, shRNA-
CCAT1. (d) MiR-490 level was lower
in cancer tissue specimens than nor-
mal tissue samples. (e) CCAT1 had
negative connection with miR-490. (f)
There was low expression of MiR-490
in H1299 and A549 cells versus nor- . .
mal cells MRC-5. € 15 f NT NSCLC

0.54 "

Relative luciferase activity

o

H1299 CCATI-WT CCATI-MUT

.~
<
%

a

1.0

g
°

b
n
*

Relative miR-490 mRNA expressiom level

Relative mRNA level of miR-490

=
[S)

4
)

S
n
%
%

Relative expression of miR-490

P<0.05 ®

e
N

Relative mRNA level of miR-490
*

0 1 2
Relative expression of CCAT1

e

MRC-5 A549 H1299

Figure 6 MiR-490 suppressed prolif- a ,s - b -
eration and migration in H1299 cells

(@) RT-gPCR showed that miR-490
mimic transfection promoted miR-490
expression in H1299 cells -e~, NC; =,
miR-490 mimic. (b) MiR-490 impaired
the proliferation of H1299 cells after
transfection with miR-490 mimic £33,
NC; £33, miR-490 mimic. (c) The num-
ber of migrated cells was also reduced
when miR-490 was overexpressed in
H1299 cells £33, NC;, £33, miR-490
mimic. ’ 24 ) 96
Times

H1299

-

°
o
n

=
n

B

Absorbance (490nm)
=l
£

S
w

miR-490 expression fold change
S
n

o
>
=

c 601 H1299
H1299

401 ——

20

Cell number of migration

>

Thoracic Cancer 12 (2021) 364-371 © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 369



CCAT1 promotes NSCLC by sponging miR-490

._
n

H1299 0.6

=)
n
1

|

o
o
*
Absorbance (490nm)
=l
s

=]
w
1

Relative miR-490 mRNA expressiom level

e
)

0.2

J. Wang et al.

Figure 7 MiR-490 partially restored

the promotion of CCAT1 on cell prolif-
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Discussion

LncRNAs have been widely reported to contribute to the
physiological processes of tumors. LncRNA CCAT1 has
been reported to act as a biomarker for cell proliferation in
esophageal cancer and prostate cancer.'®'® Recent studies
have shown that the expression of IncRNA CCATI is
increased in multiple types of cancers. In this study, we dis-
covered that CCAT1 expression was higher in NSCLC tissue
specimens than normal tissue specimens. Similarly, CCAT1
was also upregulated in NSCLC cells A549 and H1299 ver-
sus normal cells MRC-5. Consistent with the findings of
previous studies, we found that upregulation of CCAT1 pro-
moted cell proliferation, and knockdown CCAT1 suppressed
cell proliferation in vitro and in vivo. Moreover, it has been
reported that CCAT1 accelerates cell migration in cervical
cancer and bladder cancer.’®*' In this study, we found that
CCAT1 promoted the migration of H1299 and A549 cells.
These findings indicate that CCAT1 may act as an onco-
gene, thus contributing to NSCLC progression.

There is increasing evidence that IncRNA might play a
competitive endogenous RNA (ceRNA) role, often interacting
with miRNAs and mutually regulating expression of each
other.” CCAT1 has been reported to function as a ceRNA of
several miRNAs, including miR-218, miR-181, miR-30c and
miR-185 in a number of studies.”>** CCAT1 has also been
found to sponge miR-490 to enhance TGFp1-induced EMT
of ovarian cancer cells.”” In this study, miR-490 was deter-
mined to directly bind to CCAT1 which was confirmed by
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luciferase reporter assay. The expression of miR-490 was
downregulated after overexpressing CCAT1, and enhanced
by silencing CCAT1. There was low expression of MiR-490
in NSCLC tissues and cells versus corresponding tissues and
normal cells. MiR-490 has a negative correlation with CCAT1
in NSCLC tissues, which is consistent with the findings of
Zhao et al. in their study on glioma®® Overexpression of
miR-490 impaired H1299 cell viability and migration. In
addition, miR-490 partially restored the inhibitory effect of
knockdown CCAT1 on cell viability and migration. All the
findings in this study demonstrated that CCAT1 affected
tumor progression by sponging miR-490.

In conclusion, we determined that LncRNA CCAT1
enhances the proliferation and metastasis of NSCLC cells
through sponging miR-490. However, other possible mech-
anisms leading to CCAT1-mediated NSCLC cell metastasis
should be studied in the future. Our findings revealed that
CCAT]1 promotes cancer metastasis by regulating miR-490
and facilitates the development of effective therapies for
NSCLC.
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