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cancer cells by sponging miR-363-3p to
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Abstract: Long noncoding RNA (lncRNA), specifically the
upregulation of lncRNA NR2F1 antisense RNA 1 (NR2F1-
AS1), has been involved in the progression of non-small
cell lung cancer (NSCLC), but the mechanisms that underlie
this remain unclear. In this study, the expression of NR2F1-
AS1, miR-363-3p, and SOX4 was assessed in NSCLC cells. A
loss-of-function assay was used to measure the tumorigen-
icity of NSCLC cells. The glycolysis and glutamine metabo-
lism of NSCLC cells was also measured via extracellular
acidification rate, consumption of glucose and glutamine,
and production of lactate and ATP. The relationships
among NR2F1-AS1, miR-363-3p, and SOX4 were detected
via dual-luciferase reporter assay. HK-2, GLS1, and SOX4
levels were also analyzed. We found that both NSCLC tis-
sues and cells had higher levels of NR2F1-AS1. Silencing of
NR2F1-AS1 inhibited the tumorigenicity of cells in vitro and
reduced the glycolysis and glutamine metabolism of NSCLC
cells. Regarding its mechanism, NR2F1-AS1 positively regu-
lated the SOX4 level by sponging miR-363-3p. Furthermore,
miR-363-3p inhibition or SOX4 overexpression reversed the
repressing role of sh-NR2F1-AS1 in the tumorigenicity of
NSCLC cells. In summary, NR2F1-AS1 promotes the tumor-
igenicity of NSCLC cells by regulating miR-363-3p/SOX4.
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1 Introduction

Lung cancer, one of the most serious cancers globally, is
broadly classified into small cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC). Clinically, most lung
cancer patients are diagnosed as NSCLC [1,2]. Despite the
current chemotherapeutic and radiotherapeutic treatments,
many NSCLC patients still have a poor prognosis due to the
lack of a reliable treatment strategy [3]. More recently, the
development of targeted therapy and immunotherapy has
prolonged the survival of NSCLC patients [4], but treatment
outcomes remain unsatisfactory. Therefore, it is extremely
vital to find novel therapeutic strategies for NSCLC patients.
Emerging evidence has demonstrated that the activation of
NSCLC cells is related to glucose consumption and metabo-
lism [5,6]. Inhibiting glucose metabolism can also delay
NSCLC progression, which can potentially be a new reliable
strategy for NSCLC therapy [7]. Although more knowledge
has emerged regarding the metabolic reprogramming of
NSCLC, themechanisms underlying NSCLC glycolysis remain
obscure.

Long noncoding RNAs (lncRNAs) include many tran-
scripts that lack protein-coding ability [8,9]. Until now,
lncRNAs have now been closely implicated in several
biological roles, such as transcriptional regulation [10],
RNA processing [11], epigenetic modification [12], and post-
translational modification [13]. Aberrant lncRNA expression
has vital functions during tumorigenesis and glycolysis
[14,15]. In fact, various dysregulations of lncRNA have
been found regarding the growth, metastasis, and develop-
ment of NSCLC [16,17]. For example, the elevated expres-
sion of hox transcript antisense intergenic RNA in NSCLC
tissues is associated with a shorter overall survival
time [18,19]. By controlling TDG-mediated acetylation,
LINC00467 increased cell growth and metastasis through
the Akt pathway in NSCLC cells [20]. He et al. found that
lncRNA NNT-AS1 acts as a sponge in regulating YAP1 levels
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through competition for miR-22-3p, thereby promoting the
progression of NSCLC [21]. LINC00243 elevates NSCLC cell
proliferation and glycolysis via overexpression of PDK4 by
sponging miR-507 [22]. Therefore, tumor-specific lncRNAs
are the potential targets for the development of novel stra-
tegies against NSCLC [23,24].

A few reports have linked lncRNA NR2F1 antisense
RNA 1 (NR2F1-AS1) to tumorigenesis and tumor progression
[25–27]. However, the extent of the pro-oncogenic effect of
NR2F1-AS1 on NSCLC is limited [28]. In this study, we found
that NR2F1-AS1 induces tumorigenicity and glycolysis in
NSCLC cells. We also demonstrated that NR2F1-AS1 knock-
down ormiR-363-3pmimics can repress glycolysis in NSCLC
cells. Moreover, we observed that NR2F1-AS1 exerts this pro-
oncogenic role via miR-363-3p/SOX4. Our data may provide
new evidence for targeting NR2F1-AS1 as a promising ther-
apeutic approach for NSCLC.

2 Materials and methods

2.1 Clinical specimen collection

A total of 20 paired NSCLC tumors and normal samples
were obtained from Xiang’an Hospital. All subjects gave
written informed consent. This study was approved by
the Ethics Committee of the Xiang’an Hospital. All sam-
ples were stored in liquid nitrogen for use.

2.2 Cell lines and transfection

Human normal bronchial epithelial cell line 16HBE, A549,
and H522 cells were purchased from Shanghai Cellular
Research Institute and cultured in RPMI-1640 medium
(ScienCell, Beijing, China) with 10% fetal bovine serum
(FBS) in a 37°C atmosphere with 5% CO2.

The shRNA of NR2F1-AS1 (sh-NR2F1-AS1#1-3), miR-
363-3p mimic and inhibitor, pcDNA SOX4 overexpression
plasmid, and the NC controls were obtained from Genepharma
(Shanghai, China). The cells were transfected with lipofec-
tamine 3000 reagent for 48 h.

2.3 Quantitative real-time PCR (qRT-PCR)

The trizol reagent was utilized, and cDNA was synthesized
using the cDNA synthesis kit (Roche, Basel, Switzerland).
One Step SYBR PrimeScript RT-PCR kit was used for qRT-
PCR. The primers were listed as follows: NR2F1-AS1 (sense:

5′-CATGCCGTGATGTAAGCTGC-3′; antisense: 5′-GCGACTG
TTTCACCTCTCCA-3′), miR-363-3p (sense: 5′-GCCGAGAATT
GCACGGTATC-3′; antisense: 5′-CTCAACTGGTGTCGTGGA-
3′), U6 (sense: 5′-CTCGCTTCGGCAGCACA-3′; antisense:
5′-AACGCTTCACGAATTTGCGT-3′), and β-actin (sense:
5′-CTCGCCTTTGCCGATCC-3′; antisense: 5′-TCTCCATGTC
GTCCCAGTTG-3′).

2.4 Cell counting kit 8 (CCK8) and
clonogenic assay

NSCLC cells were planted into a 96-well culture. At the
indicated time, the cells were treated with CCK8 (Beyotime,
Shanghai, China). The OD value was determined at 450 nm
using a microplate reader.

For clonogenic assay, NSCLC cells were planted in
2.5 cm dishes for 2 weeks at 37°C. The colonies were
dyed with crystal violet (Beyotime, Shanghai, China)
and counted via a microscope.

2.5 Transwell assay

The upper transwell unit precoated with matrigel (Corning,
China)was used in the invasion assay and not in the migra-
tion assay. Cells were planted in the top unit coated with
Dulbecco’s modified Eagle’s medium. The RPMI-1640
medium and 15% FBS were supplied into the lower unit.
After 12 h, the cells in the lower surface were stained with
DAPI and counted.

2.6 Measurement of glycolysis and
extracellular acidification rate (ECAR)

Glucose consumptionand lactate accumulationweremeasured
using the Glucose Assay Kit and Lactate Assay Kit (Abcam, CA,
USA) according to the manufacturer’s instructions.

Cells were consecutively treated with glucose, oligo-
mycin, and 2-deoxyglucose. The ECAR of cells was detected
using the Glycolysis Rate Determination Kit and evaluated
using the Seahorse XFe Extracellular Flux Analyzer (Seahorse
Bioscience Inc., Billerica, MA, USA).

2.7 Western blot analysis

Proteins were separated from the samples using the radio-
immunoprecipitation assay buffer lysis buffer. The sam-
ples were resolved using 10% sodium dodecyl sulfate
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polyacrylamide gel electrophoresis gel and transferred to
nitrocellulose membranes. The blots were incubated with
the primary antibodies HK-2, 1, GLS1, and SOX4, followed
by the secondary antibody. The blots were identified using
enhanced chemiluminescence system.

2.8 Dual-luciferase reporter assay

The sequences of NR2F1-AS1 and SOX4 3'UTR were cloned
into wild-type (WT) or mutate-type vectors and cotrans-
fected with either miR-363-3p mimic or miR-NC into cells.
The Dual-Luciferase Reporter Assay System was used to
calculate the luciferase activity.

2.9 Statistical analysis

Measurements are presented as the mean ± standard
deviation. The t-test was conducted for two groups, whereas
one-way analysis of variance followed by a post hoc test
were conducted for three or more groups using the SPSS
19.0 software (IBM, Armonk, NY, USA). Statistical signifi-
cance was set at P < 0.05.

3 Results

3.1 Expression of NR2F1-AS1 was upregulated
in NSCLC tissues and cell lines

To observe the expression of NR2F1-AS1 in NSCLC tissues
and cell lines, the qRT-PCR assaywas performed. Expression

of NR2F1-AS1 was notably higher in NSCLC samples than
that in normal tissues (Figure 1a). Particularly, NR2F1-AS1
levels were enhanced in A549 and H522 cells than that in
16HBE cells (Figure 1b). So, NR2F1-AS1 expression was upreg-
ulated in NSCLC tissues and cell lines.

3.2 NR2F1-AS1 had an oncogenic effect on
the progression of A549 and H522 cells

To determine the biological role of NR2F1-AS1 in NSCLC
cells, three shRNAs of NR2F1-AS1 were subjected to a
loss-of-function test. Then, sh-NR2F1-AS1#2 were used.
After treatment with sh-NR2F1-AS1, NR2F1-AS1 expres-
sion was effectively hindered in both A549 and H522 cells
(Figure 2a and b). Both CCK8 assay and colony formation
data showed that the downregulation of NR2F1-AS1 could
reduce growth in NSCLC cells (Figure 2c and d). More-
over, transwell and invasion assays observed that the
silencing of NR2F1-AS1 had an antimigrative effect on
NSCLC cells (Figure 2e–h). Altogether, these findings
confirm that NR2F1-AS1 has an oncogenic effect on the
progression of NSCLC cells.

3.3 Downregulation of NR2F1-AS1 prevented
glycolysis in NSCLC cells

Inhibiting glycolysis is a new therapeutic strategy for
NSCLC. As shown in Figure 3a and b, NR2F1-AS1 knock-
down notably diminished the glucose uptake and lactate
production of A549 and H522 cells, demonstrating that

Figure 1: The expression of NR2F1-AS1 in NSCLC tissues and cell lines: (a) the expression of NR2F1-AS1 in the paired NSCLC tumor samples
and adjacent samples were measured via qRT-PCR and (b) the NR2F1-AS1 expression in 16HBE cells and NSCLC cell lines (A549 and H522)
were measured via qRT-PCR. **P < 0.01.
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Figure 2: NR2F1-AS1 silencing blocked NSCLC progression in vitro. A549 and H522 cells were transfected with sh-NC or sh-NR2F1-AS1. (a and
b) The level of NR2F1-AS1 was assessed to check the transfection efficiency of shRNA1-3. (c) The CCK8 assay, (d) colony formation assay,
(e and f) transwell assay, and (g and h) invasion assay were operated to determine NSCLC progression in vitro. **P < 0.01.

Figure 3: NR2F1-AS1 silencing limited the NSCLC cells’ glycolysis and glutamine metabolism. A549 and H522 cells were transfected with
sh-NC or sh-NR2F1-AS1. (a–d) The glucose consumption, lactate production, and ECAR were quantified to assess cell glycolysis. (e and f)
Glutamine consumption and ATP release were determined by the corresponding assay. (g and h) Western blot analysis was presented to
assess HK-2 and GLS1 expression. **P < 0.01.
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Figure 4: NR2F1-AS1 served as miR-363-3p sponge in NSCLC cells. (a and b) By transfecting with sh-NC or sh-NR2F1-AS1, the expression of
miR-493-5p, miR-320a, miR-363-3p, and miR-642a-3p was assessed in A549 and H522 cells by qRT-PCR. (c and d) The connections between
miR-363-3p and NR2F1-AS1 were presented by dual-luciferase reporter assay. (e) The level of miR-363-3p in the paired NSCLC samples and
adjacent samples was tested by qRT-PCR. (f) The expression of miR-363-3p in BEAS-2B cells and NSCLC cell lines (A549 and H522) was
tested by qRT-PCR. **P < 0.01.

Figure 5: NR2F1-AS1 promoted NSCLC progression via sponging miR-363-3p. A549 and H522 cells were transfected with sh-NC, sh-NR2F1-
AS1, sh-NR2F1-AS1 + anti-miR-NC, or sh-NR2F1-AS1 + anti-miR-363-3p. The (a) viability, (b) colony number, (c and d)migration, and (e and f)
invasion of cells were determined using CCK8 assay, colony formation assay, and transwell assay. (g and h) Cell glycolysis, (i) glucose
consumption, (j) lactate production, (k) glutamine consumption, and (l) ATP production were evaluated by the corresponding assay,
respectively. **P < 0.01 compared with the sh-NC group. ##P < 0.01 compared with sh-NR2F1-AS1 group.
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NR2F1-AS1 is positively correlated with the glycolysis of
NSCLC cells. Similarly, reduction of NR2F1-AS1 inhibited
glycolysis in NSCLC cells as determined using ECAR
(Figure 3c and d). Moreover, the glutamine consumption
and ATP levels of A549 and H522 cells were blocked after
the reduction of NR2F1-AS1 (Figure 3e and f), implying that
NR2F1-AS1 is positively correlated with the glutamine
metabolism of NSCLC cells. Furthermore, the expression
of glycolysis rate-limiting enzyme HK-2 and glutamine
hydrolase GLS1 were clearly diminished by sh-NR2F1-AS1
(Figure 3g and h). Thus, NR2F1-AS1 inhibition prevented
glycolysis in NSCLC cells.

3.4 NR2F1-AS1 could sponge miR-363-3p

The mechanism of NR2F1-AS1 was determined via software
analysis, with four miRNAs –miR-493-5p, miR-320a, miR-
363-3p, and miR-642a-3p – predicted as candidate miRNAs.
After silencing of NR2F1-AS1, miRNA expression was tested,

and we observed that the expression of miR-363-3p was the
highest (Figure 4a and b). Thus, miR-363-3p was chosen for
this study. Next, the dual-luciferase reporter data revealed
that miR-363-3p mimics remarkably repressed luciferase
activity of NR2F1-AS1 WT vector, but it did not affect the
NR2F1-AS1 mutant vector (Figure 4c and d). Finally, a lower
level of miR-363-3p was found in NSCLC samples (Figure 4e
and f), which was the inverse of the expression pattern of
NR2F1-AS1. Therefore, NR2F1-AS1 could sponge miR-363-3p
expression.

3.5 NR2F1-AS1 promoted NSCLC progression
by working as miR-363-3p sponging

To verify whether NR2F1-AS1 regulates NSCLC progression
by modulating miR-363-3p expression, the sh-NR2F1-AS1
and miR-363-3p inhibitors were cotransfected into cells.
The cell function analysis demonstrated that miR-363-3p
inhibitor attenuated the inhibitory role of NR2F1-AS1

Figure 6: SOX4 was targeted by miR-363-3p. (a and b) The connections between SOX4 3'UTR and miR-363-3p were exhibited using dual-
luciferase reporter assay. (c and d) The mRNA levels of SOX4 in the paired NSCLC samples and adjacent tissues, together with BEAS-2B cells
and NSCLC cell lines (A549 and H522), were gaged by qRT-PCR. **P < 0.01.
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downregulation in the progression of A549 and H522
cells (Figure 5a–f). Furthermore, the repressing effect
of sh-NR2F1-AS1 on ECAR, glucose consumption, lactate
generation, glutamine consumption, and ATP production
of NSCLC cells was abrogated via miR-363-3p inhibitor
(Figure 5g–l). So, NR2F1-AS1 promoted NSCLC progression
via miR-363-3p sponging.

3.6 Upregulation of SOX4 reversed the
repressing effect of sh-NR2F1-AS1 on
NSCLC progression

Further tests revealed that miR-363-3p mimics reduce the
luciferase activity of SOX4 3′UTR WT vector (Figure 6a
and b). Likewise, a remarkably higher SOX4 mRNA level
was found in NSCLC samples (Figure 6c and d).

Afterward, both sh-NR2F1-AS1 and pcDNA-SOX4plasmid
were cotransfected into cells. The viability, colony number

migration, and invasion analysis demonstrated that pcDNA-
SOX4 attenuates the repression effect of NR2F1-AS1 downreg-
ulation in the progression of A549 andH522 cells (Figure 7a–f).
Furthermore, the repressing effect of NR2F1-AS1 downregula-
tion on ECAR, glucose consumption, lactate generation, glu-
tamine consumption, and ATP production of NSCLC cells was
abrogated by pcDNA-SOX4 (Figure 7g–l). These findings sug-
gest that NR2F1-AS1 modulates the tumorigenic behavior of
NSCLC cells via the miR-363-3p/SOX4 axis.

4 Discussion

Reprogramming of the glucose metabolism has a vital
role in tumorigenesis. During the development of tumor,
glycolysis is strongly promoted in tumor cells, thereby
augmenting cell aggressiveness and metastatic ability.
Targeting inhibition of glycolysis is regarded as an effec-
tive strategy for the treatment of NSCLC. In this study, we

Figure 7: NR2F1-AS1 promoted NSCLC progression by SOX4 overexpression. A549 and H522 cells were transfected with sh-NC, sh-NR2F1-
AS1, and sh-NR2F1-AS1 + pcDNA-SOX4. (a) The viability, (b) colony number, (c and d) migration, and (e and f) invasion of cells were
determined using CCK8 assay, colony formation assay, and transwell assay. (g and h) Cell glycolysis, (i) glucose consumption, (j) lactate
production, (k) glutamine consumption, and (l) ATP production were evaluated by the corresponding assay, respectively. **P < 0.01
compared with the sh-NC group. ##P < 0.01 compared with sh-NR2F1-AS1 group.
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determined the expression profile of NR2F1-AS1 in NSCLC
patients and cell line. Furthermore, we found that NR2F1-
AS1 regulates NSCLC cell oncogenicity including glycol-
ysis by miR-363-3p/SOX4 axis.

There is increasing evidence that NR2F1-AS1 operates
as an oncogene involved in the progression of NSCLC.
Moreover, the expression of NR2F1-AS1 is a potential
prognostic biomarker in the development of NSCLC. In
accordance with this, we found that NR2F1-AS1 was over-
expressed in NSCLC samples, and that the silencing of
NR2F1-AS1 inhibits the glycolysis in NSCLC cells. Some
studies have revealed that the overexpression of NR2F1-
AS1 increased glycolysis in hepatocellular carcinoma cells
[29]. Similarly, we found that NR2F1-AS1 is connected
to the metabolic changes in NSCLC cells. An important
finding is that the silencing of NR2F1-AS1 blocked glycol-
ysis and cell progression of NSCLC cells.

Further, we predicted the four targeted miRNAs of
NR2F1-AS1. We found that miR-363-3p is inversely related
with the expression pattern of NR2F1-AS1. Other studies
found that miR-363-3p plays a key role in other cancers,
including hepatocellular carcinoma [30–32]. Moreover,
we found that levels of miR-363-3p were lower in NSCLC
cells, and that this was regulated by NR2F1-AS1. Because
of the association between glycolysis and levels of miR-
363-3p [33], we checked how miR-363-3p regulated gly-
colysis in NSCLC cells. Unsurprisingly, the miR-363-3p
mimic partially blocked glycolysis in NSCLC cells. This
implies that miR-363-3p mediates glycolysis in NSCLC
cells. We also found that the miR-363-3p inhibitor over-
turned the repressing role of NR2F1-AS1 downregulation
in glycolysis in NSCLC samples. In summary, deficiency
of NR2F1-AS1 blocks glycolysis and tumorigenicity in
NSCLC cells via miR-363-3p.

SOX4 is known to have oncogenic functions in sev-
eral tumors, including glioblastoma and hepatocellular
carcinoma. Similarly, higher level of SOX4 stimulated
cell progression in NSCLC. Our report found that SOX4
was directly regulated by miR-363-3p in NSCLC cells, and
that SOX4 was overexpressed in NSCLC samples.

It is well known that lncRNAs modulate the target
mRNA expression by binding to miRNA. In this study,
we determined whether NR2F1-AS1 affected the miR-615-
3p/SOX4 signal in NSCLC cells. Interestingly, SOX4 level
was positively associated with level of NR2F1-AS1, whereas
it was negatively associated with level of miR-363-3p in
NSCLC samples. Moreover, we found that NR2F1-AS1 induces
cell progression in NSCLC samples, but these roles were over-
turned by miR-615-3p. Our findings imply that NR2F1-AS1
may regulate level of SOX4 via sponging miR-363-3p in

NSCLC cells. Therefore, the NR2F1-AS1/miR-615-3p/SOX4
signal may be involved in the glycolysis in NSCLC cells.

In summary, this study showed that inhibition of
NR2F1-AS1 suppressed glycolysis in NSCLC cells, and
the regulation of miR-363-3p/SOX4 plays a role in this.
These insights on NR2F1-AS1 could support its use as a
potent treatment choice for NSCLC.
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