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Abstract
This study revealed the prognostic significance of long non-coding RNA (lncRNA) CCDC144NL-AS1 in NSCLC patients 
and discussed the effect and mechanism of proliferation, migration, and invasion of non-small cell lung cancer (NSCLC) 
cells. 128 pairs of NSCLC tissues and paracancerous tissues were collected, and qRT-PCR was used to detect the differential 
expression of lncRNA CCDC144NL-AS1 in all tissues and cells lines. Kaplan–Meier analysis and Cox proportional hazards 
model analysis were used to estimate the prognostic value of lncRNA CCDC144NL-AS1. CCK-8 and Transwell assays 
confirmed the effect of lncRNA CCDC144NL-AS1 on the proliferation, migration, and invasion of NSCLC. Bioinformatics 
was used to predict the microRNAs that lncRNA CCDC144NL-AS1 might bind to miR-490-3p. The regulation of lncRNA 
CCDC144NL-AS1 on miR-490-3p was verified by luciferase activity assay with wide type or mutation. The expression of 
lncRNA CCDC144NL-AS1 was enhanced in both NSCLC tissues and cell lines. Patients with overexpression of lncRNA 
CCDC144NL-AS1 have a poor prognosis, and lncRNA CCDC144NL-AS1 is an independent prognostic factor for NSCLC. 
Increased the relative expression level of lncRNA CCDC144NL-AS1 can promote the proliferation, migration, and inva-
sion of NSCLC cells. LncRNA CCDC144NL-AS1 might target miR-490-3p. LncRNA CCDC144NL-AS1 can be used as 
an oncogene of NSCLC to predict patient prognosis and promote tumor proliferation, migration, and invasion by targeting 
miR-490-3p.
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Introduction

Lung cancer is one of the malignancies with the highest 
morbidity and mortality in the world [1]. Lung cancer can be 
divided into small cell lung cancer and non-small cell lung 
cancer (NSCLC) according to the different clinicopathologi-
cal types [2, 3]. NSCLC is the main type of lung cancer. Due 
to the lack of early clinical manifestations, tumor cells usu-
ally have lymphatic metastasis and distant metastasis, with 
poor prognosis and low five-year survival rate when patients 
show obvious clinical symptoms [4, 5]. Many genetic altera-
tions represent feasible molecular therapeutic targets for the 
treatment of NSCLC, which acts as applicable predictor bio-
markers using as personalized medicine [6]. These novel tar-
geted therapies, including checkpoint immunotherapy, have 
shown promising results in the treatment of advanced-stage 
NSCLC [7, 8]. Therefore, it is very important to search for 
more effective prognostic markers for NSCLC to improve 
the survival rate of patients with NSCLC.
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Long non-coding RNAs (lncRNAs) are over 200 bp in 
length, which are different from miRNAs around 20 bp 
in length. lncRNAs were once considered as dark mat-
ter in RNA because of the limited protein-coding abil-
ity. However, it was later found that lncRNAs have the 
role of regulating transcription and gene expression levels 
after transcription [9–11]. The competitive endogenous 
RNA mechanism is the recognized regulation mechanism 
of lncRNAs. This mechanism suggests that lncRNAs can 
competitively bind to miRNAs and exert inhibitory effects 
on target genes through negative regulation of miRNAs, 
thus, participating in the regulation of various signaling 
pathways and biological functions [12].

A large number of studies have confirmed that lncRNAs 
are involved in tumor cell proliferation, migration, inva-
sion, angiogenesis, and other pathological processes and 
affect the prognosis of tumor patients [13–15]. Abnormal 
expression of lncRNAs is associated with the occurrence 
and development of a variety of tumors. Recent studies 
have found that lncRNA CCDC144NL-AS1 plays an 
important regulatory role in the development of gastric 
cancer, osteosarcoma, and colorectal cancer, but its role 
in NSCLC remains unclear [16–18]. In this research, we 
aimed to study the expression level of CCDC144NL-AS1 
in NSCLC, reveal the biological effect and prognostic 
significance of CCDC144NL-AS1 on NSCLC, and fur-
ther explore the mechanism of lncRNA CCDC144NL-
AS1-miR-490-3p in the occurrence and development of 
NSCLC.

Materials and Methods

Patients and Tissues Collection

A total of 128 patients with NSCLC diagnosed in Peo-
ple’s Hospital of Rizhao from February 2012 to December 
2015 were selected, and the NSCLC tissues and corre-
sponding adjacent normal tissues were surgically removed. 
Clinical characteristics of the patients were also collected. 
Inclusion criteria for patients: (1) NSCLC diagnosed by 
histopathological examination; (2) all patients had not 
received radiotherapy or chemotherapy before surgery; 
(3) according to the lung cancer TNM staging of its clini-
cal pathological information classification, including I/II 
and III/IV. Tissue specimens were immediately frozen and 
preserved in liquid nitrogen. This study was approved by 
the Ethics Committee of People’s Hospital of Rizhao, and 
informed consent was signed with all patients. To inves-
tigate the effect of CCDC144NL-AS1 on prognosis in 
patients with NSCLC, all enrolled patients were followed 
up for 5 years.

Cell Culture and Transient Transfection

Human normal lung cell lines BEAS-2B and NSCLC 
cell lines H1299, NCI-H650, A549, and HCC827 were 
purchased from the Institute of Cell Biology, Chinese 
Academy of Sciences, Shanghai (Shanghai, China). All 
cell lines were cultured in RPMI-1640 medium contain-
ing 10% fetal bovine serum (FBS; Gibco, NY, USA) at 
37 °C and 5%  CO2 saturated humidity. The medium was 
changed once every other day, and the cells in the loga-
rithmic growth phase were selected for the experiment.

For cell transfection, si-CCDC144NL-AS1 was applied 
for interfered RNAs designed for CCDC144NL-AS1, and 
si-NC was siRNA negative control. si-CCDC144NL-
AS1 or si-NC purchased Genepharm. Co. (Shanghai, 
China) was transfected into H1299 and A549 cells. The 
miR-490-3p mimics, inhibitor negative control (inhibitor 
NC), or miR-490-3p inhibitor was constructed by Ribo-
bio (Guangzhou, China). Transfection was performed 
according to the instructions of the Lipofectamine 2000 
kit (Invitrogen, Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), and cells in each group were collected for 
subsequent experiments.

RNA Isolation and qRT‑PCR for RNA Expression Level

Total RNA was extracted from cell lines and tissues using 
TRIzol reagent (Thermo Fisher Scientific, Waltham, 
MA, USA), and the total RNA of lncRNA CCDC144NL-
AS1 or miR-490-3p was reverse-transcribed into cDNA 
according to the instructions of TaqMan miRNA reverse 
transcription kit (Thermo Fisher Scientific) or the Super-
script III transcriptase (Invitrogen, Grand Island, NY), 
respectively. Subsequently, SYBR PrimeScript RT-PCR 
kit (TaKaRa, Dalian, China) was used for qRT-PCR assay, 
and the experiment was completed on an ABI 7500 PCR 
System. GAPDH was used as the internal reference gene 
for lncRNA CCDC144NL-AS1, and U6 was used for miR-
490-3p. The results were analyzed by  2−ΔΔCt method.

Nuclear and Cytoplasmic Separation Experiment

The nuclear and cytoplasmic separation experiment 
was performed following the protocols of a PARIS kit 
(Ambion, Austin, USA). Nuclear and cytoplasmic RNAs 
were separated from H1299 and A549 cells (1 ×  107), and 
then the expression of lncRNA CCDC144NL-AS1 in 
nuclear and cytoplasm was detected using qRT-PCR assay 
using GAPDH (cytoplasmic control) and U6 (nuclear con-
trol) for standardization.
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Cell Proliferation Assay

Cell-Counting Kit-8 (CCK-8) assays were conducted to 
detect the ability of cell proliferation. H1299 and A549 
cells in each group were spread into 96-well plates. 10 μL 
CCK-8 solution was added to each well for 24, 48, and 72 h, 
respectively. After incubation for 2 h, an absorbance value 
at 450 nm was detected by the SpectraMax Plus 384 Micro-
plate Reader (Molecular Devices, LLC). Each group is pro-
vided with 3 duplicate holes.

Cell Migration and Invasion Assays

Cell migration assay: 200 μL serum-free medium cell sus-
pension contains transfection cell (5 ×  104 cells/well) that 
was inoculated in Transwell chamber, and under the condi-
tion of 37 °C and 5%  CO2 cultivate 24 h, takes out the cham-
ber, wipes gently with cotton swabs upper cells after removal 
of nutrient solution, PBS washing, adds 4% paraformalde-
hyde-fixed 30 min, 0.1% crystal violet staining for 10 min, 
PBS washing, microscope, and photographed counting. Cell 
invasion assay: RPMI-1640 medium was added at a ratio of 
1:5 to dilute Matrigel and then spread in the upper chamber 
of the Transwell chamber. After drying at room temperature, 
the cell invasion assay was carried out according to the steps. 
Finally, the number of cells stained with crystal violet under 
the microscope was the number of invaded cells.

Luciferase Reporter Assay

The 3’UTR luciferase expression vector WT-CCDC144NL-
AS1 and MUT-CCDC144NL-AS1 were constructed to 
target wild-type and mutated CCDC144NL-AS1 genes. 
H1299 cells in the logarithmic growth phase were seeded 
into 24-well plates (5 ×  104 cells per well). Cells in WT-
CCDC144NL-AS1 or MUT-CCDC144NL-AS13 groups 
were transfected with miR-490-3p mimic, miR-NC, or miR-
490-3p inhibitor using Lipofectamine 2000 when 80% of the 
cells were grown and fused. Dual-luciferase reporter assay 
was performed as described in the Dual-luciferase reporter 
assay kit (Promega). The results were statistically analyzed 
by the ratio of firefly luciferase activity to sea kidney lucif-
erase activity. The experiment was repeated 3 times.

Statistical Analyses

Statistical analysis was performed using SPSS 20.00 
(SPSS Inc., Chicago, IL, USA) or GraphPad 5.0 (Graph-
Pad Software, Inc., La Jolla, CA, USA). Measurement data 
were expressed as mean ± standard deviation, a 2-tailed 
student’s t test was performed for comparison between 
two groups, and one-way or two-way analysis of variance 
(ANOVA) was used for comparison between multiple 

groups. Spearman correlation analyses were used to test 
the correlation between CCDC144NL-AS1 and miR-
490-3p expression. P < 0.05 indicated statistically signifi-
cant difference.

Results

Expression of lncRNA CCDC144NL‑AS1 in NSCLC 
Tissues and Cell Lines

The expression of lncRNA CCDC144NL-AS1 in NSCLC 
tissues and cell lines was evaluated by qRT-PCR. Com-
pared with human normal lung tissues, CCDC144NL-
AS1 was all highly expressed in NSCLC tissues (P < 0. 
001, Fig. 1a). Furthermore, the expression of lncRNA 
CCDC144NL-AS1 was compared in the tissues of 
patients with or without lymph node metastasis (LNM). 
The data revealed that the expression levels of lncRNA 
CCDC144NL-AS1 were higher in the lymph node metas-
tasis-positive tissues than that in negative lymph node 
metastasis tissues (P < 0.001, Fig. 1b). Meanwhile, the 
expression level of lncRNA CCDC144NL-AS1 was sig-
nificantly increased in four lung cancer cell lines (H1299, 
NCI-H650, A549, and HCC827), compared with human 
normal lung cell lines BEAS-2B. It is worth noting that 
the expression level of CCDC144NL-AS1 was the high-
est in H1299 cell line and was followed by A549 cell line 
(P < 0. 05, Fig. 1c). Besides, lncRNA CCDC144NL-AS1 
was expressed in the nuclear and cytoplasm of H1299 and 
A549 cells, whereas the expression levels in the cytoplasm 
were higher than that in nuclear (P < 0.001, Fig. 1d), which 
suggesting that the lncRNA CCDC144NL-AS1 acted a 
major role in the cytoplasm of NSCLC.

Correlation Between Expression of lncRNA 
CCDC144NL‑AS1 and Clinical Data of Patients 
with NSCLC

First, 128 NSCLC patients were divided into high expression 
group (n = 66) and low expression group (n = 62) according 
to the average expression level of CCDC144NL-AS1. Then, 
the relationship between the lnc CCDC144NL-AS1 expres-
sion with clinical characteristics in NSCLC was explored. 
The results are supplied in Table 1. It can be the inference 
that lymph node metastasis (P = 0.003) and TNM stage 
(P = 0.001) were significant in correlation with the expres-
sion level of CCDC144NL-AS1, the difference was statisti-
cally significant. However, there was no significant differ-
ence in other clinical features, including age, gender, tumor 
size, smoking status, and cell differentiation (P > 0.05).



936 Molecular Biotechnology (2021) 63:933–940

1 3

Upregulation of lncRNA CCDC144NL‑AS1 
is Associated with Poor Prognosis in NSCLC Patients

The Kaplan–Meier curve is plotted according to the rela-
tionship between the expression level of CCDC144NL-AS1 
and the 5-year survival rate of NSCLC patients. As shown 
in Fig. 2, the high lncRNA CCDC144NL-AS1 expression 
group showed a lower 5-year survival rate compared to those 
in the low expression group (P < 0.05). Multivariate analy-
ses were introduced to study independent prognostic fac-
tors associated with overall survival. In Table 2, the results 
revealed that lncRNA CCDC144NL-AS1 (HR = 2.577, 
P = 0.003), lymph node metastasis (HR = 1.920, P = 0.036), 
and TNM stage (HR = 1.960, P = 0.030) were the prognostic 
factors of NSCLC.

The Effect of lncRNA CCDC144NL‑AS1 on Cell 
Proliferation, Migration and Invasion

Two NSCLC cell lines (H1299 and A549) with the lowest 
expression of lncRNA CCDC144NL-AS1 were selected. 
For cell proliferation, the results of RT-qPCR showed that 

the relative expression of si-CCDC144NL-AS1 decreased 
significantly compared with that of control and si-NC 
(P < 0.001, Fig. 3a, b). Then, the CCK-8 experiment showed 
that knockdown of lncRNA CCDC144NL-AS1, OD value 
decreased, which represented the down-regulation of 
lncRNA CCDC144NL-AS1expression weakened cell pro-
liferation ability (P < 0.001, Fig. 3c, d). For migration and 
invasion, transwell assays were first conduct, the number of 
cell migration and invasion was significantly reduced when 
lncRNA CCDC144NL-AS1 expression was knocked down, 
compared with that of untreated cells and cells transfected 
si-NC (P < 0.001, Fig. 3e–h).

LncRNA CCDC144NL‑AS1 Targets miR‑490‑3p

Bioinformatics analysis showed that lncRNA CCDC144NL-
AS1 had an adsorption-binding site with miR-490-3p 
(Fig. 4a). Luciferase reporter gene assay results showed that 
the luciferase activity of WT-CCDC144NL-AS1 of the miR-
490-3p mimic group was significantly decreased compared 
with control, mimic NC or inhibitor NC group after transfec-
tion of WT-CCDC144NL-AS1 in the H1299 cell line, and 

Fig. 1  Relative lncRNA CCDC144NL-AS1 expression in NSCLC 
tissues and cell lines. A The qRT-PCR analysis detected the expres-
sion level of lncRNA CCDC144NL-AS1 in 128 pairs of NSCLC tis-
sues and the corresponding normal tissues with three independent 
repeats. B The expression of lncRNA CCDC144NL-AS1 was com-
pared in lymph node metastasis-positive or negative tissues with three 

independent repeats. C qRT-PCR analysis of lncRNA CCDC144NL-
AS1 in NSCLC cell lines and human normal lung cell lines. The 
expression was measured with three independent repeats. D Detec-
tion of lncRNA CCDC144NL-AS1 expression in H1229 and A549 
cells by nuclear and cytoplasmic separation experiments with three 
repeats. ***P < 0.001, **P < 0.01, *P < 0.05
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the luciferase activity in miR-490-3p inhibitor group was 
significantly increased (P < 0.001). However, no effect was 
found on luciferase activity in MUT-CCDC144NL-AS1-
transfected cells (P > 0.05, Fig. 4b). The expression level 
of miR-490-3p in NSCLC tissues was also analyzed, the 
results showed that the expression level of miR-490-3p in 
NSCLC tissues was significantly higher than that in normal 
tissues (P < 0.001, Fig. 4c). In addition, Fig. 4d reveals that 
the expression of lncRNA CCDC144NL in NSCLC tissues 
was significantly negatively correlated with the expression 
of miR-490-3p (P < 0.0001). Then H1299 cells were trans-
fected with si-NC, si- CCDC144NL. The results of Fig. 4e 
showed that si-CCDC144NL can promote the relative 
expression of miR-490-3p (P < 0.001).

Discussion

NSCLC has a high incidence in China, which seriously 
threatens people’s life and health [19–21]. It has been found 
that the progress of NSCLC involves a series of changes 
at the molecular level, so the study at the molecular level 
has become a new focus of tumor research [22, 23]. Tar-
geted therapies and immunotherapy are developing rapidly, 
whereas the overall survival rate of NSCLC patients remains 
dissatisfactory [24]. LncRNA is an important part of tumor 
biology and can regulate the progression of tumors through a 
variety of mechanisms, and are also closely related to tumor 
metastasis, invasion, and patient prognosis [25, 26]. More 
and more new lncRNAs have been found to play an impor-
tant role in NSCLC. For example, a previous study demon-
strated that lnc-ROR acts as an oncogene in NSCLC and is 
associated with poor prognosis in patients with NSCLC [27]. 
Recent studies have shown that the expression of lnc-PINT 
was decreased in NSCLC and also proved that lnc-PINT 
plays a vital biological role in NSCLC by sponging miR-543 
and inducing PTEN [28].

Table 1  Correlation of the lnc CCDC144NL-AS1 expression with 
clinical characteristics in NSCLC

Parameters Cases 
(n = 128)

lnc CCDC144NL-AS1 
expression

P

Low (n = 62) High (n = 66)

Age 0.864
  ≤ 60 63 31 32
  > 60 65 31 34

Gender 0.799
 Male 77 38 39
 Female 51 24 27

Tumor size 0.740
  ≤ 5 cm 60 30 30
  > 5 cm 68 32 36

Smoking status 0.584
 Non-smoker 61 28 33
 Smoker 67 34 33

Differentiation 0.193
 Well, moderate 73 39 34
 Poor 55 23 32

Lymph node metastasis 0.003
 Negative 78 46 32
 Positive 50 16 34

TNM stage 0.001
 I, II 81 48 33
 III, IV 47 14 33

Fig. 2  Kaplan–Meier curves for NSCLC patients with high and low 
levels of lncRNA CCDC144NL-AS1 (log-rank test: P = 0.002)

Table 2  Multivariate cox analysis of clinical characteristics in rela-
tion to overall survival

Characteristics Multivariate analysis

HR 95% CI P

Lnc CCDC144NL-AS1 2.577 1.374–4.833 0.003
Age 0.910 0.518–1.598 0.742
Gender 0.675 0.378–1.206 0.185
Tumor size 1.504 0.839–2.695 0.171
Smoking status 0.774 0.439–1.364 0.376
Differentiation 1.553 0.878–2.749 0.131
Lymph node metastasis 1.920 1.043–3.533 0.036
TNM stage 1.960 1.066–3.602 0.030
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In this study, lncRNA CCDC144NL-AS1 has been 
shown to be a possible prognostic marker for NSCLC and 
has important significance in the development of NSCLC. 
First, the expression of lncRNA CCDC144NL-AS1 showed 
an upregulation tendency in both NSCLC tissues and cell 
lines, and the expression levels were higher in lymph node 
metastasis-positive tissues. Besides, lncRNA CCDC144NL-
AS1 was closely associated with poor prognosis in patients 
with NSCLC. Based on the above results, we speculate that 
lncRNA CCDC144NL-AS1 may be involved in the develop-
ment process of NSCLC and maybe an oncogene of NSCLC. 
Then, cellular function assays were carried out. Overex-
pression of lncRNA CCDC144NL-AS1 demonstrated to 
enhance the ability of proliferation, migration, and invasion 
in NSCLC cells. These conclusions were consistent with the 
results of lncRNA CCDC144NL-AS1 in gastric cancer. In 
a study on gastric cancer, it was found that overexpression 
lncRNA CCDC144NL-AS1 was an independent predictor 
of poor prognosis, and lncRNA CCDC144NL-AS1 could 
promote the tumor cellular functions, illustrating the car-
cinogenic role of lncRNA CCDC144NL-AS1/miR-143-3p/
MAP3K7 axis in gastric cancer [16]. In addition, lncRNA 
CCDC144NL-AS1 not only shows great research value in 
tumors but also plays an important impact in diseases. For 

example, in endometriosis, lncRNA CCDC144NL-AS1 
may be involved in the pathogenesis of endometriosis and 
reduces the migration and invasion of endometrial stromal 
cells, providing a new idea for the treatment of endome-
triosis [29]. Consequently, lncRNA CCDC144NL-AS1 is a 
potential biomarker that should be attended to both in tumors 
and diseases.

To fur ther study the mechanism of lncRNA 
CCDC144NL-AS1 in NSCLC, the bioinformatics method 
and luciferase activity assays were applied. The results 
displayed that miR-490-3p might be the target gene of 
lncRNA CCDC144NL-AS1, and the luciferase activity of 
WT- CCDC144NL-AS1 was significantly reduced when 
miR-490-3p mimic was introduced. In view of these, we 
proposed that lncRNA CCDC144NL-AS1 combined with 
miR-490-3p was involved in the regulation of tumor biologi-
cal function in NSCLC.

miR-490-3p, which is located on chromosome 7q33, has 
previously been suggested to act as a suppressor or oncogene 
for a variety of tumors [30, 31]. Recent studies have demon-
strated that miR-490-3p was down-regulated in lung cancer 
and suppresses tumor progression [16, 32, 33]. In the present 
study, we also confirmed that miR-490-3p expression was 
down-regulated in NSCLC tissues and markedly negative 

Fig. 3  Effects of lncRNA CCDC144NL-AS1 expression levels on 
cell proliferation, migration, and invasion abilities in H1299 and 
A549 cells. A and B The expression level of lncRNA CCDC144NL-
AS1 was verified by qRT-PCR after transient transfection with si-NC/
si-lncRNA CCDC144NL-AS1. The data were analyzed using one-
way ANOVA followed Turkey’s post hoc test with 5 times experi-

ments. C and D The CCK-8 assay was performed to examine cell pro-
liferation with 3 independent repeats. E and F The migration abilities 
of H1299 and A549 cells were assessed with Transwell assay with 
5 repeats. G and H The invasive abilities of H1299 and A549 cells 
were assessed with Transwell assay with 5 repeats. ***P < 0.001, 
**P < 0.01
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correlation between lncRNA CCDC144NL-AS1 and miR-
490-3p. Furthermore, the relative expression of miR-490-3p 
was correspondently increased when the expression of 
lncRNA CCDC144NL-AS1 was decreased in the H1299 cell 
line. These results indicate that miR-490-3p can be used as 
a target of lncRNA CCDC144NL-AS1, and the two inter-
act to affect tumor progression. The reciprocal regulation of 
lncRNA CCDC144NL-AS1 and miR-490-3p has also been 
studied in osteosarcoma. Juliang He et al. demonstrated 
that CCDC144NL-AS1 exerts a cancer-promoting effect in 
osteosarcoma, and mainly by functioning as a sponge for 
miR-490-3p and increasing HMGA2 expression [17].

Although we try our best to explore the role of lncRNA 
CCDC144NL-AS1 in the occurrence and development of 
NSCLC, there are still some unsatisfactory aspects. The 
sample size is limited due to we can only collect volunteer 
patients in our hospital and have not been able to verify our 
results in animals. In future research, we will collect samples 
from a variety of ways, expand the sample size, carry out 
in vivo experiments, and explore the mechanism of abnor-
mally expressed lincRNA in NSCLC.

Taken together, this study proposed that lncRNA 
CCDC144NL-AS1 was up-regulated in NSCLC tissues and 

cell lines, and overexpression of lncRNA CCDC144NL-
AS1 was closely associated with poor prognosis in NSCLC 
patients. Down-regulation of lncRNA CCDC144NL-AS1 
expression can inhibit the proliferation, migration, and 
invasion of lung cancer cells, and the mechanism may be 
related to the targeting of miR-490-3p. These results sug-
gested that lncRNA CCDC144NL-AS1 can be used as a 
prognostic marker of lung cancer, which provides a basis 
for future molecular research on the treatment of NSCLC.
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