
O R I G I N A L  R E S E A R C H

Long Non-Coding RNA CAR10 Facilitates 
Non-Small Cell Lung Cancer Cell Migration and 
Invasion by Modulating the miR-892a/GJB2 
Pathway

This article was published in the following Dove Press journal: 
Cancer Management and Research

Shanshan Li 1,** 

Yize Liu 2,** 

Guanzhen Qiu 2 

Yinzhou Luo2 

Lan Luan 3 

Tiance Xu4 

Yong Wang2,5 

Shuyue Xia 1,6

1Respiratory Department, Central Hospital 
Affiliated to Shenyang Medical College, 
Shenyang, Liaoning, 110024, People’s Republic 
of China; 24th Department of Orthopedics, 
Central Hospital Affiliated to Shenyang 
Medical College, Shenyang, Liaoning, 110024, 
People’s Republic of China; 3Department of 
Pathology, Central Hospital Affiliated to 
Shenyang Medical College, Shenyang, 
Liaoning, 110024, People’s Republic of China; 
42nd Department of Neurology, Central 
Hospital Affiliated to Shenyang Medical 
College, Shenyang, Liaoning, 110024, People’s 
Republic of China; 5Central Laboratory, 
Central Hospital Affiliated to Shenyang 
Medical College, Shenyang, Liaoning, 110024, 
People’s Republic of China; 6Dean’s Office, 
Central Hospital Affiliated to Shenyang 
Medical College, Shenyang, Liaoning, 110024, 
People’s Republic of China  

*These authors contributed equally to this 
work  

Introduction: Non-coding RNAs, including long non-coding (lnc)RNAs and microRNAs 
(miRs), play crucial roles in numerous malignant tumors, including non-small cell lung 
cancer (NSCLC).
Methods: The expression levels of chromatin-associated RNA Intergenic 10 (CAR10), gap 
junction protein beta 2 (GJB2) and miR-892a in NSCLC were evaluated by reanalyzing three 
Gene Expression Omnibus (GEO) datasets, and performing reverse transcription-quantitative 
PCR, immunohistochemistry staining and Western blot analysis, accordingly. Functionally, 
Transwell and Matrigel assays were performed to measure changes in the migration and 
invasion abilities of the A549 and H1299 cell lines. The targeted binding effects between 
CAR10 and miR-892a, as well as between miR-892a and GJB2 were confirmed by conduct-
ing dual-luciferase reporter and RNA pull-down assays, respectively.
Results: The present study demonstrated that CAR10 was upregulated in patients with 
NSCLC, which was also associated with a poor prognosis. Functionally, CAR10 was 
confirmed to be oncogenic and promoted NSCLC cell migration and invasion, using over-
expression and knockdown Transwell assays. Furthermore, GJB2 expression was revealed to 
be upregulated and was positively correlated with CAR10 expression in NSCLC. A further 
mechanistic study revealed that GJB2 was a downstream target of CAR10, which induced 
the migration and invasive potential of the A549 and H1299 cell lines. More specifically, 
miR-892a was found to serve as a bridge between CAR10 and GJB2, via similar miRNA 
response elements. The RNA pull-down and luciferase assays indicated that miR-892a 
directly binds both CAR10 and GJB2.
Conclusion: CAR10 promoted NSCLC cell migration and invasion by upregulating GJB2 
and sponging miR-892a. These findings illustrated that the CAR10/miR-892a/GJB2 axis may 
be a novel molecular target for the treatment of NSCLC.
Keywords: chromatin-associated RNA 10, gap junction protein beta 2, microRNA-892a, 
metastasis, non-small cell lung cancer

Introduction
It has been estimated that ~234,030 new cases of lung and bronchial cancer were 
diagnosed in the United States in 2018.1 As the most common subtype of lung 
cancer, non-small-cell lung cancer (NSCLC) accounts for ~85% of all cases of 
lung cancer.2 Cigarette smoke and air pollution are the primary sources of lung 
carcinogens, and the aggressive nature of NSCLC leads to an unfavorable 
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prognosis, with a 5-year survival rate of <5%.3 At initial 
diagnosis, a large proportion of patients with NSCLC 
also exhibit distant metastases at sites, such as the bone, 
skin, thyroid and the brain.4,5 Therefore, the identification 
of novel and effective anti-metastatic molecules for the 
treatment of NSCLC is of great importance. Long non- 
coding (lnc)RNAs, which are different RNA transcripts 
without protein coding ability, have been associated with 
a diverse number of cellular and biological processes.6,7 

Accumulating evidence has suggested that dysregulation 
of lncRNA expression has been associated with tumor-
igenesis, metastasis and drug-resistance via numerous 
mechanisms in multiple different types of 
malignancy.8,9 Chromatin-associated RNA Intergenic 10 
(CAR10) was first revealed to regulate the expression of 
neighboring genes by modulating the chromatin structure 
in cis.9 Guo et al demonstrated that CAR10 acted as an 
oncogene in leiomyomas and that CAR10 knockdown 
suppressed leiomyoma cell proliferation.10 Furthermore, 
Ge et al reported that CAR10 was upregulated in lung 
adenocarcinoma (LUAD), and that CAR10 stabilized 
zinc finger protein SNAI-1 and −2 mRNA expression 
levels by sequestering microRNA (miRNA/miR)-30 and 
miR-203, subsequently promoting the proliferation, 
migration and invasiveness of LUAD cell lines.11 

However, to date, the function of CAR10 in NSCLC 
has not been fully elucidated.

In the current study, analysis of the Gene Expression 
Omnibus (GEO) datasets GSE19188, GSE30219 and 
GSE118370 revealed that CAR10 expression was upregu-
lated in patients with NSCLC, and was also associated 
with the expression of gap junction protein beta 2 
(GJB2). In addition, GJB2 was found to be 
a downstream gene of CAR10, and CAR10 was also 
shown to promote GJB2-mediated migration and invasion 
by sponging miR-892a in NSCLC cell lines.

Materials and Methods
Patients and Tissue Samples
A total of 50 NSCLC and paired adjacent tumor samples 
were collected during tumorectomy at the Central Hospital 
Affiliated to Shenyang Medical College (Shenyang, 
China) between April 2011 and April 2015. All 50 cases 
were diagnosed with NSCLC according to a definite 
pathological diagnosis, and were clinically staged based 
on the Tumor-Node-Metastasis classification of the 
International Union Against Cancer. Written informed 

consent was provided from all the patients, and the study 
was approved by the Institute Research Medical Ethics 
Committee of the Central Hospital Affiliated to 
Shenyang Medical College.

Cell Culture
The normal human 16HBE bronchial epithelial cell line, and 
the NSCLC cell lines, H1975, A549 and H1299 were pur-
chased from the Institute of Biochemistry and Cell Biology of 
the Chinese Academy of Sciences (Shanghai, China). The 
16HBE cell line was cultured in Airway Epithelial Cell Basal 
Medium (PromoCell, Heidelberg, Germany), while the H1975 
cell line was cultured in RPMI-1640 medium (Gibco; Thermo 
Fisher Scientific, Inc.), and the A549 and H1299 cell lines were 
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.). All 
culture media were supplemented with 10% fetal bovine serum 
(FBS; Sigma-Aldrich; Merck KGaA), 100 IU/mL penicillin 
(Shanghai Baoman Biotechnology Co., Ltd.) and 100 mg/mL 
streptomycin (Shanghai Baoman Biotechnology Co., Ltd.). All 
the cell lines were maintained at 37°C in a humidified atmo-
sphere containing 5% CO2.

Reverse Transcription-Quantitative (RT-q) 
PCR
The RT-qPCR procedure was performed as previously 
described.12 Total RNA was extracted from tissue speci-
mens and cancer cell lines using TRIzol® (Invitrogen; 
Thermo Fisher Scientific, Inc.). The RNA samples were 
reversed transcribed into cDNA using the RNA PCR kit, 
and qPCR was performed to detect the mRNA expression 
levels of CAR10, GJB2 and miR-892a using SYBR® 

Premix Ex Taq II (all from Takara Biotechnology Co., 
Ltd.). GAPDH and U6 were used as the internal controls 
for CAR10/GJB2 and miR-892a expression, respectively. 
The primers were synthesized by Guangzhou RiboBio Co., 
Ltd., and the sequences are displayed in Table 1.

Oligonucleotide and Plasmid Transfection
A total of three specific small interfering (si)RNAs targeting 
CAR10 and GJB2, as well as a corresponding scramble 
control siRNA (siSCR), were chemically synthesized by 
Guangzhou RiboBio Co., Ltd., and transfected into the 
A549 and H1299 cell lines to knockdown CAR10 or GJB2, 
respectively. CAR10 and GJB2 overexpression plasmids 
(oeCAR10 and oeGJB2), and miR-892a mimics and inhibi-
tors were also synthesized by Guangzhou RiboBio Co., Ltd, 
to overexpress or knockdown miR-892a expression, 
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respectively. All plasmids and oligonucleotides were trans-
fected into the A549 and H1299 cell lines using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer’s instructions, and as 
previously reported.13 The sequences of the synthesized oli-
gonucleotides and plasmid primers are listed in Table 1.

Transwell Assay
Transwell and Matrigel assays were performed as pre-
viously described.14 Briefly, the A549 and H1299 cell 

lines were seeded (1x104 cells/well) into the Matrigel- 
coated (for the invasion assay) or uncoated (for the migra-
tion assay) upper chambers of Transwell inserts (BD 
Biosciences) and placed into 24-well plates. Culture 
media, with or without 10% FBS, were added to the 
lower and upper chambers, respectively, and the plates 
were incubated for 24 h at 37°C. The next day, non- 
invasive/migratory cells were removed and the cells that 
had transitioned onto the membrane of the lower chamber 
were fixed in 3.75% formaldehyde, then stained using 
crystal violet. An inverted microscope (Olympus 
Corporation) was used to count the number of cells in 
five random fields per chamber.

Western Blot Analysis
Total protein was extracted from the A549 and H1299 cell 
lines using RIPA lysis buffer (Sigma-Aldrich; Merck 
KGaA), and 10 μg of each sample was quantified using 
a BCA Protein Assay kit (Beyotime Institute of 
Biotechnology) according to the manufacture’s protocol. 
Next, 50 µg protein/lane was separated using 10% SDS- 
PAGE and transferred onto a polyvinylidene fluoride 
membrane. After blocking in 5% skimmed milk in TBS- 
Tween-20 (TBST; 25 mM Tris, pH 7.5, 150 mM NaCl and 
0.1% Tween-20) for 1 h at room temperature, anti-GJB2 
(Abcam, cat. no. ab65969, dilution rates of 1:250) and 
anti-β-actin (Abcam, cat. no. ab179467, dilution rates of 
1:2500) antibodies were further incubated with the mem-
brane at 4°C overnight. After washing three times with 
TBST, the membranes were incubated with a secondary 
antibody (1:2000; cat. no. ab97047; Abcam) at room tem-
perature for 1 h. The protein bands were detected on an 
X-ray film using an enhanced chemiluminescence detec-
tion system.

Immunohistochemistry (IHC) Staining
IHC staining was performed to detect the protein expres-
sion levels of GJB2 according to a previously described 
method.15 NSCLC tissue specimens were fixed in 4% 
paraformaldehyde, embedded in paraffin and cut into 
4-μm thick sections. The sections were subsequently 
deparaffinized, rehydrated, then incubated in hydrogen 
peroxide to block endogenous peroxidase/phosphatase 
activity. Following antigen retrieval, each sample was 
blocked with 10% goat serum (Bioworld Technology, 
Inc.), then incubated with a primary antibody (anti-GJB2; 
1:200; cat. no. ab65969; Abcam) overnight at 4°C. The 
samples were then incubated with the secondary antibody 

Table 1 Primer and Oligonucleotide Sequences Used in the 
Present Research

A. Primers Sequences (5ʹ-3ʹ)

CAR10 forward 

primer

TCTGCTGGACTTAGGCTGGT

CAR10 reverse 
primer

TGCTGCAGTGTGTGGCTATC

GJB2 forward primer CCCGACGCAGAGCAAACC

GJB2 reverse primer TAGCACACGTTCTTGCAGCC
GAPDH forward 

primer

CAAGGTCATCCATGACAACTTTG

GAPDH reverse 
primer

GTCCACCACCCTGTTGCTGTAG

miR-892a forward 
primer

GCGGCGGCACTGTGTCCTTTCTG

miR-892a reverse 

primer

ATCCAGTGCAGGGTCCGAGG

U6 forward primer CTCGCTTCGGCAGCACA

U6 reverse primer AACGCTTCACGAATTTGCGT

B. Oligonucleotide Sequences (5ʹ-3ʹ)

siCAR10-1 forward GAGUGACUCAUUCUCCUGUTT
siCAR10-1 reverse ACAGGAGAAUGAGUCACUCTT

siCAR10-2 forward CAGGUCAAAUCAGGAGGCUTT

siCAR10-2 reverse AGCCUCCUGAUUUGACCUGTT
siCAR10-3 forward AAUGUGACUAGACACAAAG

siCAR10-3 reverse CUUUGUGUCUAGUCACAUU

siGJB2-1 forward CAUUUAAAACAUUAAAAUA
siGJB2-1 reverse UAUUUUAAUGUUUUAAAUG

siGJB2-2 forward GCCUCAUGUCAAAUAUUUA

siGJB2-2 reverse UAAAUAUUUGACAUGAGGC
siGJB2-3 forward AGCAUUUUGUAAUAAUAAA

siGJB2-3 reverse UUUAUUAUUACAAAAUGCU

oeCAR10 forward GGTACCAGACACAAAGTAGCCCAGAG
oeCAR10 reverse GAATTCAGCAGTTTGTGTTTACCTGTC

oeGJB2 forward GGTACCCCCAGGACCCGCCTA

oeGJB2 reverse GAATCCCATGTCAAGCATAATGGCAA
miR-892a mimic CACUGUGUCCUUUCUGCGUAG

miR-892a inhibitor CUACGCAGAAAGGACACAGUG
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(goat anti-rabbit IgG H&L; 1:500; cat. no. ab97047; 
Abcam) at 37°C for 20 min, prior to the addition of 
a streptavidin-horseradish peroxidase complex. The sec-
tions were then stained with diaminobenzidine tetrahy-
drochloride (MedChemExpress) and counterstained with 
hematoxylin (Amresco, LLC). All sections were individu-
ally assessed by two experienced pathologists.

Dual-Luciferase Reporter Assay
The luciferase assay was performed as previously 
described.16 Full-length CAR10 and GJB2 3ʹ-untranslated 
region (UTR) constructs containing miR-892a binding 
sites were amplified and cloned into a psiCHECK2 vector 
(Promega Corporation). The luciferase reporter vector was 
co-transfected with miR-892a or negative control (NC) 
mimics into the A549 or H1299 cell lines using 
Lipofectamine® 3000. The relative luciferase activity was 
determined using the Dual-Luciferase Reporter Assay 
System according to the manufacturer’s protocol 
(Promega Corporation).

RNA Pull-Down Assay
The RNA pull-down assay was performed as previously 
described.16 Briefly, wild-type and mutant CAR10 tran-
scripts were labeled using a Biotin RNA Labeling Mix 
(Roche Diagnostics) and T7 RNA polymerase (Roche 
Diagnostics), treated with RNase-free DNase I (Roche 
Diagnostics), then purified using the RNeasy Mini kit 
(Qiagen, Inc.). Subsequently, 1 mg whole-cell lysate 
from the A549 or H1299 cell lines was incubated with 3 
μg purified biotinylated transcripts for 1 h at 25°C. The 
complexes were isolated using streptavidin agarose beads 
(Invitrogen; Thermo Fisher Scientific, Inc.). Any RNA 
present in the pull-down material was detected using RT- 
qPCR analysis to confirm the enrichment of miR-892a.

Statistical Analysis
All statistical analyses were performed using SPSS v20.0 
(IBM Corp) and GraphPad Prism v5.0 (GraphPad 
Software, Inc.) software. All experiments were repeated 
in triplicate and the data are presented as the mean ± SD. 
Associations between CAR10 expression and the clinico-
pathological features of patients with NSCLC were 
assessed using either Pearson’s χ2 or Fisher’s exact tests. 
Survival analysis was performed using the Log rank test in 
GraphPad Prism v5.0. A Student’s t-test was used when 
the variance between groups was equal, and the Wilcoxon 
signed rank test was used when the variance between 

groups was unequal. P<0.05, from a two-tailed test, was 
considered to indicate a statistically significant difference.

Results
CAR10 Expression Levels are 
Upregulated and Associated with a Poor 
Prognosis in Patients with NSCLC
Firstly, CAR10 mRNA expression in the collected NSCLC 
and paired adjacent tumor tissue samples was quantified 
using RT-qPCR. As indicated in Figure 1A and B, CAR10 
was upregulated in the majority of the NSCLC tissue 
samples (44/50; 88.00%; P<0.0001; Figure 1B). CAR10 
expression was also analyzed using the GEO datasets, and 
as previously reported by Li et al,11 was markedly upre-
gulated in the GSE19188, GSE30219 and GSE118370 
datasets (Figure 1C–E). In addition, the association 
between CAR10 expression and lymph node metastasis 
was assessed; the expression of CAR10 was notably 
higher in patients with NSCLC and lymph node metastasis 
(N1 and N2) compared with that in patients without lymph 
node metastasis (N0) (Figure 1F). To evaluate the clinical 
role of CAR10 in NSCLC, the 50 collected samples were 
divided into CAR10-high and CAR10-low groups (n=25 
each) according to the median expression value, and the 
association between CAR10 expression and clinicopatho-
logical features was evaluated. As illustrated in Figure 1G 
and Table 2, high CAR10 expression was significantly 
associated with a shorter survival time (determined using 
Kaplan-Meier analysis; P=0.014), a higher pathological 
grade (P=0.000) and more frequent lymph node metastasis 
(P=0.018). Finally, CAR10 expression was determined in 
a normal human bronchial epithelial cell line (16HBE) and 
four NSCLC cell lines (A549, H1975, SPCA1 and 
H1299). CAR10 expression was significantly upregulated 
in the four NSCLC cell lines compared with that in the 
16HBE cells (P<0.001; Figure 1H).

CAR10 Promotes Migration and Invasion 
in the A549 and H1299 Cell Lines
The role of CAR10 in NSCLC cell migration and invasion 
was subsequently investigated. Of the three specific 
CAR10 siRNAs, the most efficient siRNA (siCAR10-2) 
was selected for use in the RNA interference experiments 
(Supplementary Figure 1A and B). Furthermore, CAR10 
overexpression plasmids (oeCAR10) were synthesized and 
transfected into the A549 and H1299 cell lines, and RT- 
qPCR was used to confirm the mRNA expression levels of 
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CAR10. As presented in Figure 2A and C, CAR10 expres-
sion was down- and upregulated following transfection 
with CAR10 siRNAs and oeCAR10, respectively. 
Furthermore, a subsequent Transwell assay was performed 
to determine the changes in metastatic ability in A549 and 
H1299 cell lines. As represented in Figure 2B and D, up- 
and downregulation of CAR10 promoted and suppressed 
migration and invasion, respectively, in the A549 and 
H1299 cell lines (P<0.01).

GJB2 is Upregulated and Positively 
Correlated with CAR10 in NSCLC
To further investigate the potential downstream targets of 
CAR10 in NSCLC, the differentially expressed genes 
(DEGs) in GSE19188, GSE30219 and GSE118370 were 
analyzed. The top 100 upregulated DEGs are displayed in 
Figure 3A. Ultimately, 8 genes including GJB2 were fil-
tered out, as they overlapped in the 3 profiling arrays 
(Supplementary Tables I–III). GJB2 was selected for 
further investigation, as it was significantly associated 
with poor prognosis in patients with NSCLC, which was 
determined using Kaplan-Meier Plotter analysis software 
(Figure 3B).17 GJB2 was markedly upregulated in all three 
datasets, GSE19188, GSE30219 and GSE118370 
(P<0.0001, P=0.0106 and P=0.0029, respectively) (Figure 
3C–E), and gradually increased with advanced staging of 
NSCLC (Figure 3F). Furthermore, GJB2 was found to be 

upregulated in the NSCLC cell lines (Figure 3G). Finally, 
the Pearson’s correlation coefficient test illustrated that 
GJB2 expression was positively correlated with that of 
CAR10, according to the data from the aforementioned 
profiling arrays (P<0.0001, P<0.0001 and P=0.0359) 
(Figure 3H–J).

CAR10 Promotes Migration and Invasion 
by Upregulating GJB2 in the A549 and 
H1299 Cells
The aforementioned findings indicated that GJB2 was 
upregulated in NSCLC, and positively correlated with the 
expression of CAR10. Therefore, the role of GJB2 in 
CAR10-induced migration and invasion was investigated 
further. Up- and downregulation of CAR10 was positively 
regulated by GJB2 protein expression in the A549 and 
H1299 cells (Figure 4A and B). In addition, three GJB2 
siRNAs were constructed and the most efficient was 
selected for the following GJB2-RNA interference experi-
ments (Supplementary Figure 2A and B). A Transwell 
assay was also performed, and as displayed in Figure 4C 
and D, the overexpression of CAR10 promoted A549 and 
H1299 cell migration and invasion, and this effect was 
abolished by knocking down GJB2 (co-transfection with 
oeCAR10 and siGJB2). Conversely, CAR10 knockdown 
suppressed the migratory and invasive abilities of the 
A549 and H1299 cell lines, which was reversed by GJB2 

Figure 1 CAR10 is upregulated and associated with a poor prognosis in patients with NSCLC. (A and B) Expression of CAR10 in 50 NSCLC and paired ANT samples was 
measured using RT-qPCR. ****P<0.0001. CAR10 expression in NSCLC and normal lung tissues or ANTs was analyzed in the (C) GSE19188, (D) GSE30219 and (E) 
GSE118370 datasets. (F) CAR10 was highly expressed in patients with lymph node metastasis (N1 and N2) compared with those without (N0). **P<0.01 and ##P<0.01 vs 
the N0 and N1 groups, respectively. (G) Kaplan-Meier analysis was conducted to determine OS time in the patients with NSCLC and high or low CAR10 expression levels; 
P=0.0006. (H) The CAR10 expression in a normal human bronchial epithelial cell line (16HBE) and in the A549, H1975, SPCA1 and H1299 NSCLC cell lines was determined 
using RT-qPCR. ***P<0.001. The data are presented as the mean ± SD from three independent experiments. 
Abbreviations: CAR10, chromatin-associated RNA Intergenic 10; NSCLC, non-small cell lung cancer; RT-qPCR, reverse transcription-quantitative PCR; ANT, adjacent 
normal tissue; OS, overall survival.
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overexpression. In brief, these findings indicated that 
CAR10 promoted migration and invasion in the A549 
and H1299 cells by upregulating GJB2.

GJB2 is a Direct Target of miR-892a
A number of studies have recently demonstrated that 
lncRNAs function as miRNA sponges to regulate their 
downstream targets. In the current study, several 
miRNAs were also found to be involved in the 
CAR10/GJB2 axis-mediated migration and invasion of 
the A549 and H1299 cells. Using online bioinformatics 
tools RegRNA 2.0, miRWalk, miRDB and 
TargetScan,18–21 five miRNAs that may interact with 
GJB2 or CAR10 were found to overlap in all four of 
the databases evaluated (Figure 5A). miR-892a was 
selected for further investigation, as it was 

downregulated in a miRNA profiling array of NSCLC 
(GSE19945) (Figure 5B). miR-892a was also frequently 
downregulated in the 50 collected NSCLC tissue sam-
ples (39/50; 78.00%; Figure 5C and Supplementary 
Figure 3A) and in NSCLC cell lines (Supplementary 
Figure 3B), and was found to be negatively correlated 
with the expression of GJB2 (Figure 5D). Furthermore, 
the up- and downregulation of miR-892a was negatively 
regulated by GJB2 protein expression (Figure 5E and 
F), and the upregulation of miR-892a was functionally 
demonstrated to suppress A549 and H1299 cell migra-
tion and invasion; this suppressive effect was reversed 
by upregulating GJB2 expression (co-transfection of 
miR-892a mimics and oeGJB2) (Figure 5G). By con-
trast, downregulation of miR-892a (transfection with an 
miR-892a inhibitor) enhanced the migratory and inva-
sive abilities of the A549 and H1299 cell lines, which 
were attenuated by GJB2 inhibition (co-transfection with 
miR-892a inhibitor and siGJB2) (Figure 5H). A wild- 
type reporter plasmid (GJB2-luc-WT) containing miR- 
892a binding sites, and a mutant reporter plasmid 
(GJB2-luc-MUT) with mutated miR-892a binding 
sequences, were constructed to confirm the targeted 
binding effect between GJB2 and miR-892a (Figure 
5I). A luciferase reporter assay was then performed. 
As showed in Figure 5J and K, co-transfection of GJB2- 
luc-WT and miR-892a mimics significantly decreased 
the luminescence of the A549 and H1299 cell lines. 
When the miR-892a seeding sequences in GJB2 were 
mutated, luminescence was restored. Collectively, these 
findings suggested that miR-892a is an upstream regu-
lator of GJB2, which itself regulates A549 and H1299 
cell migration and invasion by suppressing GJB2.

CAR10 Upregulates GJB2 Partially by 
Sequestering miR-892a
As aforementioned, CAR10 was indicated to promote 
NSCLC cell migration and invasion by upregulating 
GJB2, and GJB2 was revealed to be a direct target of 
miR-892a. Therefore, the association between CAR10, 
miR-892a and GJB2 was investigated further. lncRNAs 
are known to regulate downstream mRNAs by sponging 
miRNAs (the competitive endogenous RNA theory), 
which was first proposed by Leonardo Salmena.22 In 
the present study, CAR10 was hypothesized to regulate 
GJB2 by miR-892a sequestration, and was found to 
upregulate GJB2 at the protein level (Figure 4A). 

Table 2 Association of CAR10 Expression with 
Clinicopathological Features of NSCLC

Features No. of 
Cases

CAR10 p value†

High Low

Age (yrs) 1.000
≤65 23 11 12

>65 27 14 13

Gender 0.396

Male 24 14 10

Female 26 11 15

Smoking history 0.773

Smokers 30 14 16
Never smoker 20 11 9

Histological subtype 0.946
AD 18 8 10

SQC 17 9 8

LCLC 11 6 5
Carcinoid 4 2 2

TNM stage 0.019
IA - IIB 17 5 14

IIIA - IV 33 20 11

Lymph node 

metastasis

0.018

Negative 12 2 10

Positive 38 23 15

Tumor size (cm) 1.000

≤5 31 15 16

>5 19 10 9

Note: †P-value obtained from Pearson Chi-Square test or Fisher’s exact test. 
Abbreviations: AD, adenocarcinoma; SQC, squamous carcinoma; LCLC, large cell 
lung cancer.
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Notably, the facilitative effect of CAR10 was signifi-
cantly abrogated by miR-892a overexpression. 
Furthermore, when the CAR10 miR-892a binding sites 
were mutated, the promotive effect on GJB2 was abol-
ished (Figure 6A) (P<0.01). A luciferase assay was also 
performed to detect the targeted binding effect between 
CAR10 and miR-892a. As shown in Figure 6B and C, 
co-transfection of a WT CAR10 reporter plasmid 
(CAR10-luc-WT, containing WT miR-892a binding 
sequences) and miR-892a mimics resulted in a marked 
decrease in luminescence. When the predicted seeding 
sequences were mutated (co-transfection of CAR10-luc- 
MUT and miR-892a mimics), the luminescence was 
restored (P<0.01). These phenomena indicated that 
CAR10 could directly bind with miR-892a. 
Furthermore, cell lysates from the A549 and H1299 
cell lines were incubated with biotin-labeled CAR10 
(biotin-CAR10-WT and biotin-CAR10-MUT, containing 
wild-type and mutant miR-892a binding sequences, 
respectively), then RT-qPCR was performed following 
RNA pull-down (to evaluate the retrieved miR-892a). 
Figure 6D and E indicated that miR-892a was signifi-
cantly enriched in the biotin-CAR10-WT group com-
pared with that in the biotin-CAR10-MUT group 
(P<0.0001).

CAR10 Promotes Migration and Invasion 
by Regulating the miR-892a/GJB2 Axis
Finally, CAR10 overexpression (oeCAR10) and mutant 
plasmids with mutated miR-892a binding sequences 
(oeCAR10-MUT) were transfected into the A549 and 
H1299 cells. GJB2 expression was evaluated using 
Western blot analysis (Figure 7A and B). A Transwell 
assay was then performed to determine the effect of the 
CAR10/miR-892a/GJB2 axis on NSCLC cell migration 
and invasion. As illustrated in Figure 7C and D, compared 
with that in the vector control group, oeCAR10, but not 
oeCAR10-MUT, promoted migration and invasion in the 
A549 and H1299 cell lines; the facilitative effect of 
oeCAR10 was reversed by GJB2 knockdown (co- 
transfection with oeCAR10 and siGJB2). In addition, 
further suppression of miR-892a abolished the inhibitory 
effect of siGJB2 in the NSCLC cells. Taken together, these 
results illustrated that CAR10 promoted migration and 
invasion by regulating the miR-892a/GJB2 axis.

Discussion
Accumulating evidence indicates that ncRNAs, including 
lncRNAs and miRNAs, contribute to carcinogenesis and 
cancer progression. lncRNAs are known to regulate gene 
expression at local transcriptional sites (in-cis) and at 

Figure 2 CAR10 promotes migration and invasion in the A549 and H1299 cells. (A and C) Expression of CAR10 after different oligonucleotide transfections was detected 
using reverse transcription-quantitative PCR. **P<0.01 and ****P<0.001. (B and D) Changes in the metastatic abilities of the A549 and H1299 cell lines were determined 
using Transwell and Matrigel assays. **P<0.01. The data are presented as the mean ± SD from three independent experiments. 
Abbreviations: CAR10, chromatin-associated RNA Intergenic 10; siSCR, scramble control siRNA; siCAR10, specific CAR10 siRNA; oeCTR, control overexpression 
plasmid; oeCAR10, CAR10 overexpression plasmid.

Cancer Management and Research 2021:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1973

Dovepress                                                                                                                                                                 Li et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


distinct independent loci (in-trans).7 CAR10 was first 
reported by Kanduri et al in a deep sequencing study of 
CARs from human fibroblasts.9 They also revealed that 
CAR10 is positioned between two protein-coding RNAs, 
fibronectin and ADAM metallopeptidase domain 12. Li 
et al reported that CAR10 promoted epithelial-to- 
mesenchymal transition (EMT) by directly binding to 
miR-30 and miR-203, and subsequently regulating the 
expression level of SNAI-1 and −2 in lung 
adenocarcinoma.11 The present study also focused on the 
expression of CAR10 in three NSCLC-associated expres-
sion profiling arrays from GEO datasets, which revealed 
that CAR10 was significantly upregulated in NSCLC. In 
addition, high CAR10 expression levels were associated 
with lymph node metastasis and poor prognosis; thus, the 

role of CAR10 in NSCLC cell metastatic ability was 
evaluated. Using overexpression and knockdown assays, 
CAR10 was demonstrated to serve as an oncogene and 
promote NSCLC cell metastasis.

To determine the potential downstream target of 
CAR10, the top 100 upregulated genes in the 
GSE19188, GSE30219 and GSE118370 datasets were 
identified. GJB2 was selected, as it overlapped in all 
three datasets, and high GJB2 expression was asso-
ciated with poor prognosis in 1145 patients with 
NSCLC. GJB2 (also known as connexin 26), is located 
on chromosome 13q12.11 and contains three exons. 
GJB2 is considered to be an oncogene and has been 
associated with tumor growth, EMT and lymph node 
metastasis in multiple types of cancer.23–26 The results 

Figure 3 GJB2 is upregulated and positively associated with CAR10 expression in NSCLC. (A) Diagram of screening the DEGs in the GEO datasets, GSE19188, GSE30219 
and GSE118370 using the GEO2R online software. (B) Prognostic value of GJB2 in 1145 patients with NSCLC was determined using the Kaplan-Meier Plotter tool (https:// 
kmplot.com/analysis/). GJB2 expression in NSCLC and normal lung tissues or ANTs was analyzed in (C) GSE19188, (D) GSE30219 and (E) GSE118370. (F) Expression of 
GJB2 in patients at different stages of NSCLC was detected using immunohistochemical analysis. *P=0.0106, **P=0.0029, ****P<0.0001. Magnification, x400. Scale bar, 50 μm. 
(G) GJB2 expression in a normal human bronchial epithelial cell line (16HBE) and in four NSCLC cell lines (A549, H1975, SPCA1 and H1299) was determined using reverse 
transcription-quantitative PCR. ***P<0.001. Correlation between CAR10 and GJB2 expression in the (H) GSE19188, (I) GSE32219 and (J) GSE118370 GEO datasets. (J) 
was assessed using Pearson’s correlation analysis. The data are presented as the mean ± SD from three independent experiments. 
Abbreviations: GJB2, gap junction protein beta 2; CAR10, chromatin-associated RNA Intergenic 10; NSCLC, non-small cell lung cancer; DEG, differentially expressed 
gene; GEO, Gene Expression Omnibus; ANT, adjacent normal tissue.
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of the present study indicated that GJB2 expression 
was positively correlated with that of CAR10, and 
CAR10 was revealed to positively regulate GJB2 pro-
tein expression. Furthermore, CAR10 promoted 
NSCLC cell migration and invasion by upregulating 
GJB2 expression, which collectively suggested that 
GJB2 is a downstream target in CAR10-induced 
NSCLC cell migration and invasion.

A high number of studies have demonstrated that lncRNAs 
function as miRNA sponges to regulate the expression of 
mRNA.13,16,27 lncRNAs serve as miRNA decoys via their 
miRNA response elements, and protect the corresponding 
downstream mRNAs from degradation.22 A previous study 
demonstrated that CAR10 was primarily located in the cyto-
plasm and served as miR-30 and miR-203 sponges to promote 
SNAI-1 and −2 expression.11 CAR10 was therefore considered 
to regulate GJB2 using a similar mechanism. Using online 
bioinformatics tools, the present study revealed that miR- 
892a was the key molecule connecting CAR10 and GJB2. 
Analyzing the GEO GSE19945 dataset revealed that miR- 
892a was downregulated in NSCLC, and subsequent RT- 

qPCR detection in patient tissues also demonstrated similar 
results. miRNAs are known to directly bind and regulate their 
target genes. Using luciferase reporter and RNA pull-down 
assays, the present study demonstrated that both GJB2 and 
CAR10 were targets of miR-892a, and that miR-892a sup-
pressed NSCLC cell metastasis by directly binding to the GJB2 
3ʹUTR. Transwell assays also revealed that CAR10 promoted 
NSCLC cell migration and invasion via GJB2 upregulation by 
sponging miR-892a.

Conclusion
Cancer metastasis is a complex biological process, that is 
facilitated by numerous molecules and signaling pathways. 
The results of the present study indicated that CAR10 
served as an oncogene by promoting the migration and 
invasion abilities of the NSCLC cells. CAR10 was also 
shown to enhance the expression of GJB2 by acting as 
a decoy for miR-892a. As a regulator of tumor metastasis, 
CAR10 could have significant potential as a diagnostic and 
prognostic marker, and as a therapeutic target in NSCLC. 

Figure 4 CAR10 promotes migration and invasion by upregulating GJB2 in the A549 and H1299 cell lines. GJB2 protein expression level was determined in the (A) A549 
and (B) H1299 cells using Western blot analysis, after up- and downregulation of CAR10. **P<0.01. Changes in the metastatic ability of (C) A549 and (D) H1299 cells after 
different CAR10 and GJB2 interventions were determined using Transwell and Matrigel assays. Not significant, P>0.05 and ***P<0.001. Scale bar, 100 μm. The data are 
presented as the mean ± SD from three independent experiments. 
Abbreviations: CAR10, chromatin-associated RNA Intergenic 10; GJB2, gap junction protein beta 2.
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Figure 5 GJB2 is a direct target of miR-892a. (A) Potential miR interaction partners of CAR10 and GJB2 were predicted using the TargetScan, miRDB, RegRNA and 
miRWalk online platforms. (B) Expression of miR-892a in normal lung and NSCLC tissues was determined by analyzing the GSE19945 dataset. *P=0.0255. (C) miR-892a was 
downregulated in the majority of NSCLC tissue samples (39/50; 78.00%), as confirmed using RT-qPCR. (D) Expression of miR-892a was inversely correlated with that of 
GJB2 in 50 NSCLC tissue samples. P=0.0210. (E) miR-892a expression following transfection with miR-892a mimics and inhibitors was quantified using RT-qPCR; NC mimics 
and NC inhibitors were used as the corresponding controls. **P<0.01 and ****P<0.00001. (F). GJB2 protein expression was determined using Western blot analysis. (G) 
miR-892a upregulation suppressed A549 cell migration and invasion abilities, and the suppressive effect was reversed by co-overexpression with GJB2. Not significant, 
P>0.05, and ***P<0.001. (H) miR-892a knockdown enhanced the metastatic abilities of the H1299 cells, and this promotive effect was abolished by GJB2 inhibition. Not 
significant, P>0.05, and ***P<0.001. Scale bar, 100 μm. (I) GJB2 3ʹUTR possesses a binding site for miR-892a at position 975–982 (upper panel). The schematic diagrams of 
wild-type and mutant binding sequences of GJB2 reporter plasmids are displayed in the lower panel. Relative luminescence was determined using a luciferase assay in (J) 
A549 and (K) H1299 cells co-transfected with wild-type or mutant GJB2 reporter plasmids and miR-892a mimics. Not significant, P>0.05, and **P<0.01. Data are presented 
as the mean ± SD from three independent experiments. 
Abbreviations: GJB2, gap junction protein beta 2; miR, microRNA; CAR10, chromatin-associated RNA Intergenic 10; NSCLC, non-small cell lung cancer; RT-qPCR, 
reverse transcription-quantitative PCR; NC, negative control; UTR, untranslated region.
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Figure 6 CAR10 upregulates GJB2 partially by sequestering miR-892a. (A) Overexpression of CAR10 increased GJB2 protein expression in the A549 and H1299 cells, and 
the enhancing effect was abrogated by co-overexpression of miR-892a. **P<0.01. Luciferase assays were performed using the (B) A549 and (C) H1299 cells to identify the 
targeted binding effect between CAR10 and miR-892a. Not significant, P>0.05, and **P<0.01. (D) Schematic diagram of the RNA pull-down assays, that were used to assess 
the association between CAR10 and miR-892a; (E) miR-892a was markedly enriched in the biotin-CAR10-WT group in the A549 and H1299 cells. ****P<0.0001. The data 
are presented as the mean ± SD from three independent experiments. 
Abbreviations: CAR10, chromatin-associated RNA Intergenic 10; GJB2, gap junction protein beta 2; miR, microRNA; WT, wild-type.

Figure 7 CAR10 promotes A549 and H1299 cell migration and invasion by regulating the miR-892a/GJB2 axis. CAR10 upregulation enhanced GJB2 protein expression in 
the (A) A549 and (B) H1299 cells. The facilitative effect was dismissed when the binding sites were mutated, and GJB2 suppression also reversed the promotive effect of 
oeCAR10. miR-892a inhibition restored the expression of GJB2. Not significant, P>0.05, and **P<0.01. Transwell and Matrigel assays were performed in the (C) A549 and 
(D) H1299 cells using the aforementioned treatments. Metastatic abilities of the A549 and H1299 cell lines were altered in accordance with GJB2 protein expression level, as 
aforementioned. Not significant, P>0.05 and **P<0.01. The data are presented as the mean ± SD from three independent experiments. 
Abbreviations: CAR10, chromatin-associated RNA Intergenic 10; miR, microRNA; GJB2, gap junction protein beta 2.
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Therefore, the CAR10/miR-892a/GJB2 axis may present 
a novel target for the molecular treatment of NSCLC.
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