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Circ_0016760 accelerates non-small-cell lung cancer progression
through miR-646/AKT3 signaling in vivo and in vitro
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Abstract
Background: Currently, the prognosis of non-small-cell lung cancer (NSCLC)
patients remains dismal due to recurrence and metastasis. The purpose of our study
was to explore the role of circular RNA_0016760 (circ_0016760) in NSCLC progres-
sion and its associated mechanism.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was
implemented to measure the expression of circ_0016760, microRNA-646 (miR-
646) and AK strain thymoma serine/threonine kinase 3 (AKT3). The protein level
of AKT3 was examined by Western blot assay. Cell Counting Kit 8 assay, transwell
assays, and flow cytometry were conducted to analyze cell proliferation, metastasis,
and apoptosis. Dual-luciferase reporter assay was used to confirm the interactions
that were predicted by bioinformatics software (Circular RNA Interactome and
TargetScan). A xenograft tumor model was built to investigate the role of
circ_0016760 in vivo.
Results: Circ_0016760 and AKT3 were highly expressed in NSCLC tissue specimens
and cell lines. Circ_0016760 interference suppressed cell proliferation, migration, and
invasion and promoted the apoptosis of NSCLC cells. Circ_0016760 interacted with
miR-646 and negatively regulated its expression. MiR-646 silencing partly
counteracted circ_0016760 knockdown-mediated influences in NSCLC cells. MiR-646
bound to the AKT3 30 untranslated region in NSCLC cells, and miR-646
overexpression-induced effects in NSCLC cells were partly overturned by the addition
of AKT3 overexpression plasmid. Circ_0016760 silencing reduced the expression of
AKT3 through enhancing miR-646 expression. Circ_0016760 knockdown suppressed
NSCLC tumor growth in vivo.
Conclusion: Circ_0016760 played an oncogenic role to promote the proliferation,
migration, and invasion and restrained the apoptosis of NSCLC cells via miR-646/
AKT3 signaling.
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INTRODUCTION

Non-small-cell lung cancer (NSCLC) is the most common
pathological subtype of lung cancer.1 Although considerable

improvement has been made in the clinical diagnosis and
treatment of NSCLC, the prognosis of NSCLC patients
remains unsatisfactory owing to recurrence and distant
metastasis.2–4 Understanding the molecular mechanism
behind NSCLC progression is meaningful for identifying
novel effective therapeutic targets.
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Circular RNAs (circRNAs) are a class of noncoding
RNAs (ncRNAs) featuring a covalently continuous circular
structure without 30 or 50 ends.5,6 Accumulating studies have
demonstrated the involvement of circRNAs in tumorigene-
sis. For example, circ-DNMT1 is reported to accelerate the
development of breast cancer by promoting autophagy.7

Circ_0026344 is reported to inhibit the motility of colorectal
cancer cells.8 A previous study reported that circ_0016760
expression is upregulated in NSCLC and circ_0016760 plays
an oncogenic role in NSCLC.9 However, the mechanism of
circ_0016760 in biological properties of NSCLC cells has
not been fully addressed.

MicroRNAs (miRNAs) are another group of noncod-
ing RNAs that are 18–24 nucleotides in length.10

miRNAs are reported to play pivotal regulatory roles in
cancer initiation and progression.11,12 Accumulating evi-
dence has demonstrated that circRNAs can function as
miRNA sponges to regulate cellular biological pheno-
types.13 For instance, circ-ABCB10 is reported to facili-
tate the malignant behaviors of breast cancer cells by
targeting miR-1271.14 Circ_0078767 is reported to
restrain NSCLC development by acting as a molecular
sponge for miR-330-3p.15 Through bioinformatics analy-
sis, miR-646 was predicted as a candidate target of
circ_0016760 in this study. Previous studies demon-
strated that miR-646 plays a tumor suppressor role in
many malignancies,16–19 including NSCLC. For instance,
Wang et al. claimed that miR-646 restrains the malignant
behaviors of NSCLC cells by downregulating FGF2 and
CCND2.19 In this study, the interaction between miR-646
and circ_0016760, and their functional correlation in
NSCLC progression were explored.

It is widely established that miRNAs are involved in
the regulation of cellular physiological and pathological
processes by interacting with the 30 untranslated region
(30 UTR) of messenger RNAs (mRNAs), thereby causing
translational repression or degradation of target
mRNAs.20,21 Through bioinformatics analysis, AK strain
thymoma serine/threonine kinase 3 (AKT3) was predicted
as a possible target of miR-646 in this study. AKT3 is
reported to play an oncogenic role in many malignancies.
For instance, miR-16-5p is reported to suppress the devel-
opment of breast cancer by downregulating AKT3, thus
inactivating NF-κB signaling.22 LINC00565 is reported to
facilitate the proliferation while blocking the apoptosis of
gastric cancer cells by enhancing AKT3 expression via
sponging miR-665.23 As for NSCLC, Qi et al. claimed that
miR-217 attenuates NSCLC development by down-
regulating AKT3,24 indicating the pro-tumor role of
AKT3 in NSCLC. In the current study, the binding rela-
tion between miR-646 and AKT3, and their functional
association in NSCLC progression were investigated.

In this study, we first analyzed the expression pattern
of circ_0016760 in NSCLC tissues and cell lines. Loss-of-
function experiments were conducted to analyze the bio-
logical role of circ_0016760 in NSCLC cells. Then,
the downstream miRNA/mRNA axis of circ_0016760

was predicted by bioinformatics analysis and verified by
rescue experiments.

MATERIALS AND METHODS

Clinical samples

Fifty pairs of NSCLC tissues and adjacent normal tissues
were obtained from patients who had been diagnosed with
NSCLC and underwent surgical resection at the Central
Hospital of Enshi Tujia and Miao Autonomous Prefecture.
All samples were stored at �80�C until the determination of
RNA or protein expression. All participants gave informed
consent. The protocol for the clinical experiments was
approved by the Ethics Committee of the Central Hospital
of Enshi Tujia and Miao Autonomous Prefecture. Clinical
experiments were performed in accordance with the Decla-
ration of Helsinki.

Cell culture

Human normal bronchial epithelial cell line 16HBE and two
NSCLC cell lines (A549 and H460) were purchased from the
Cell Resource Center of the Shanghai Institute of Biochemis-
try (Shanghai, China). All the above-mentioned cell lines
were grown aat the Roswell Park Memorial Institute-1640
medium (RPMI-1640; Gibco) plus 10% fetal bovine serum
(FBS; Gibco) and 1% penicillin/streptomycin (Sangon Bio-
tech). All cell lines were maintained at 37�C atmosphere
with 5% CO2.

Cyclization validation

RNA samples (2 μg) were incubated with 3 U/μg RNase R
(Epicenter Technologies) for 30 min at 37�C. The levels of
circ_0016760 and SNAP47 mRNA were determined by
quantitative real-time polymerase chain reaction
(qRT-PCR).

Subcellular fractionation

NSCLC cells were washed using phosphate buffered saline
(PBS) and re-suspended. PARIS™ Kit Protein and RNA
Isolation system (Thermo Fisher Scientific) were utilized to
extract cytoplasmic RNA and nuclear RNA.

Quantitative reverse transcription polymerase chain reaction

RNA was extracted with TRIzol (Invitrogen). RNA was used
as the template to synthesize cDNA using a Prime Script RT
reagent Kit (for circ_0016760, SNAP47 and AKT3; Takara)
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and a One Step Prime Script miRNA cDNA Synthesis Kit
(for miR-646; Takara). The synthesized cDNA was used as
the template for the PCR, which was conducted using SYBR
Premix Ex Taq II (Takara) and specific primers shown in
Table 1. PCR was conducted on an ABI 7500 HT system
(Applied Biosystems). Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) served as the control for circ_0016760,
SNAP47, and AKT3 mRNA, while U6 acted as the internal
reference for miR-646. The relative expression was analyzed
by the 2�ΔΔCt method.

Western blot assay

After isolating the protein content using radio-
immunoprecipitation assay (RIPA) lysis buffer (Sangon Bio-
tech), a BCA Kit (Beyotime) was used for protein
quantification. Protein samples (35 μg) were loaded onto
each well of the sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) gel to separate total proteins
according to molecular weight and charge. Through semidry
electrotransferring, these proteins were blotted to the poly-
vinylidene fluoride (PVDF) membrane (Bio-Rad). After sea-
ling the nonspecific sites with 5% skimmed milk, primary
antibodies, including anti-AKT3 (ab152157; Abcam) and
anti-GAPDH (ab8245; Abcam), were incubated with the
membrane with gentle agitation. Subsequently, horseradish
peroxidase (HRP)-labeled secondary antibody (Abcam) was
used to probe the membrane. Protein bands were visualized
by a BeyoECL Plus Kit (Beyotime).

Cell transfection

Circ_0016760 targeting small interfering RNAs (si-circ_
0016760#1, si-circ_0016760#2, and si-circ_0016760#3), AKT3
siRNA (si-AKT3), negative control siRNA (si-NC), circ_0016760
overexpression reconstructed plasmid (circ_0016760), pLCDH-
cir empty vector (Vector), lentivirus short hairpin RNA against
circ_0016760 (Lv-sh-circ_0016760), Lv-sh-NC, miR-646 mimics
(miR-646), miR-NC, miR-646 inhibitor (in-miR-646), in-miR-
NC, AKT3 reconstructed plasmid (pcDNA-AKT3), and
pcDNA-control were purchased from GenePharma and Ribobio.
The small RNA or plasmid was transfected into NSCLC cells
with Lipofectamine 3000 reagent (Invitrogen) when cell conflu-
ence reached about 70%.

Cell Counting Kit 8 assay

NSCLC cells in 96-well plates were cultured to settle down.
At an appropriate time after transfection (0 h, 24 h, 48 h or
72 h), 10 μl of Cell Counting Kit 8 (CCK8) reagent
(Dojindo) was added to incubate with the transfected
NSCLC cells for 2 h. The absorbance was determined at
450 nm. The cell proliferation curve was generated through
continuously measuring the optical density.

Transwell assays

The migration and invasion abilities were measured using
24-well transwell chambers with a pore size of 8 μM
(BD Biosciences) that was pre-coated with Matrigel (for
transwell invasion assay; BD Biosciences) or not (for transwell
migration assay). After transfection for 24 h, cells with serum-
free medium were seeded into the upper chambers. The lower
chambers were added with culture medium with 10% FBS.
After 24 h of incubation, cells located in the upper surface were
mechanically removed using the cotton swab. The numbers of
migrated and invaded cells in five fields at a magnification time
of 100 were counted under an optical microscope.

Flow cytometry

Annexin V-fluorescein isothiocyanate (Annexin V-FITC)
Apoptosis Detection Kit (BD Biosciences) was used to ana-
lyze the proportion of NSCLC cells with FITC+ and
propidium iodide+/� (PI+/�). NSCLC cells after 72 h of
transfection were incubated with Annexin V-FITC (5 μl)
and PI (5 μl) for 15 min in the dark. Cell apoptosis was
assessed on FACSCalibur (BD Biosciences).

Target prediction

The miRNA binding partners of circ_0016760 were
predicted by Circular RNA Interactome, and

T A B L E 1 Primers used in qRT-PCR

Gene Direction Sequence

Circ_
0016760

Forward
primer

50-CTCAGAAGCGCAAGAACCTC-30

Reverse
primer

50-TGGGCTCCAGGTAGTAGGTG-30

SNAP47 Forward
primer

50-GCCGGATTTGAAGAGGCAGAAG-30

Reverse
primer

50-ATCTCTCCAGTGCTGTCAGTC-30

MiR-646 Forward
primer

50-GGCGAAGCAGCTGCCTC-30

Reverse
primer

50-GCAGGGTCCGAGGTATTC-30

AKT3 Forward
primer

50-TTTTCTCTATTATTTGGGCTGAGT
C-30

Reverse
primer

50-CCCCTCTTCTGAACCCAACC-30

U6 Forward
primer

50-CTCGCTTCGGCAGCACA-30

Reverse
primer

50-AACGCTTCACGAATTTGCGT-30

GAPDH Forward
primer

50-TATGATGACATCAAGAAGGTGGT-30

Reverse primer 50-TGTAGCCAAATTCGTTGTCATAC-30
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TargetScan software was used to seek the mRNA targets
of miR-646.

Dual-luciferase reporter assay

The sequence fragment of circ_0016760 or AKT3 30UTR,
including the putative complementary sites with miR-646, was
synthesized and cloned into pmirGLO vector (Promega), termed
wild-type circ_0016760 (WT-circ_0016760) and WT-AKT3.
Themutant sequence fragment in circ_0016760 or AKT3 30UTR
was also amplified and inserted into pmirGLO vector (Promega)
to constructMUT-circ_0016760 andMUT-AKT3. These lucifer-
ase plasmids were simultaneously transfected with miR-NC or
miR-646 into NSCLC cells that were seeded in 24-well plates.
The intensities of Firefly and Renilla luciferase were examined
with theDual-Luciferase Reporter Assay SystemKit (Promega).

Xenograft tumor model

Animal manipulates were conducted according to the proto-
cols approved by the Animal Care and Use Committee of the
Central Hospital of Enshi Tujia and Miao Autonomous Pre-
fecture and in accordance of guidelines provided by the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals. BALB/c mice purchased from Vital
River Laboratory Animal Technology (Beijing, China) were
grouped into control group (Lv-sh-NC, n = 5) and silencing
group (Lv-sh-circ_0016760, n = 5). A total of 2.7 � 106

A549 cells stably expressing Lv-sh-NC or Lv-sh-circ_0016760
were subcutaneously injected into the mice. Tumor growth
was recorded through measuring the length and width of
tumors every 4 days, and tumor volume was analyzed as
width2 � length � 0.5. At 28 days after inoculation, tumors
were collected and weighed. qRT-PCR and Western blot
assay were used to measure the expression of circ_0016760,
miR-646, and AKT3 in tumor tissues.

Statistical analysis

Statistical analysis was conducted using GraphPad Prism 7.0
software and the data from three independent experiments
were expressed as mean � standard deviation. Differences
in two groups or multiple groups were analyzed by Student’s
t-test or one-way analysis of variance (ANOVA) followed by
Tukey’s test, respectively. Linear correlation was analyzed by
Spearman’s correlation coefficient. The difference was
identified to be statistically significant with p < 0.05.

RESULTS

The expression of circ_0016760 and AKT3 is aberrantly increased in

NSCLC tissues and cell lines

We initially determined the expression of circ_0016760 in
NSCLC tumor samples and cell lines along with adjacent

F I G U R E 1 The expression of circ_0016760 and AKT3 is aberrantly increased in NSCLC tissues and cell lines. (a) Circ_0016760 expression was analyzed
in 50 pairs of NSCLC tissues and adjacent nontumor tissues via qRT-PCR. (b) The expression pattern of circ_0016760 in normal human bronchial epithelial
cell line 16HBE and two NSCLC cell lines (A549 and H460) was determined by qRT-PCR. (c) The mRNA level of AKT3 in 50 pairs of NSCLC tumor tissues
and adjacent normal tissues was measured via qRT-PCR. (d) The abundance of AKT3 protein in NSCLC tumor tissues and adjacent normal specimens was
detected by Western blot assay. (e) qRT-PCR was conducted to determine the mRNA expression of AKT3 in normal bronchial epithelial cell line 16HBE and
NSCLC cell lines A549 and H460. (f) Western blot assay was utilized to measure the protein level of AKT3 in 16HBE and NSCLC cell lines. (g) Spearman’s
correlation coefficient was used to evaluate the linear correlation relationship between the expression of circ_0016760 and AKT3 mRNA level. **p < 0.01
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nontumor samples, and normal human bronchial epithelial
cell line 16HBE. Circ_0016760 expression was observed to
be remarkably upregulated in NSCLC tissues compared to
adjacent normal tissues (Figure 1a). Circ_0016760 expres-
sion was also found to be enhanced in two NSCLC cell lines
in comparison with that in the 16HBE cell line (Figure 1b).
The circular structure of circ_0016760 was tested by exonu-
clease RNase R. RNase R digestion notably reduced the
mRNA level of the linear form of circ_0016760 (SNAP47),
while the level of circ_0016760 remained unaffected in
Mock group and RNase R group (Figure S1a,b), suggesting
that circ_0016760 was a circular transcript. The subcellular
distribution of circ_0016760 in NSCLC cells was analyzed
prior to exploring its biological function. Circ_0016760 was
mainly located in the cytoplasmic fraction of NSCLC cells
(Figure S1c,d), which implied that circ_0016760 might func-
tion as an miRNA sponge in NSCLC cells. Similar to the
expression tendency of circ_0016760, AKT3 mRNA and
protein expression were also elevated in NSCLC tumor tis-
sues compared to adjacent nontumor tissues (Figure 1c,d).
The mRNA and protein levels of AKT3 were upregulated in

both NSCLC cell lines than that in 16HBE cell line
(Figure 1e,f). AKT3 mRNA expression was positively corre-
lated with the level of circ_0016760 (Figure 1g). These find-
ings suggest that circ_0016760 and AKT3 might be
implicated in the pathogenesis of NSCLC.

Circ_0016760 silencing hampers cell proliferation, migration, and

invasion and triggers cell apoptosis in NSCLC cells

To explore the function of circ_0016760, we designed three
siRNAs targeting its junction site to specifically knockdown
circ_0016760 rather than its linear mRNA. Si-circ_0016760#2
was selected in the following experiments due to it high inter-
ference efficiency in both the two NSCLC cell lines (Figure 2a,
b). We also tested the specificity of si-circ_0016760#2 in
NSCLC cells. Transfection with si-circ_0016760#2 markedly
reduced the expression of circ_0016760, while the expression
of its linear counterpart (SNAP47 mRNA) remained almost
unchanged with the transfection of si-NC or si-circ_0016760#2
(Figure S1e,f). Cell proliferation was markedly restrained with

F I G U R E 2 Circ_0016760 silencing hampers cell proliferation, migration, and invasion and triggers cell apoptosis in NSCLC cells. (a and b) The
interference efficiencies of si-circ_0016760#1, si-circ_0016760#2, and si-circ_0016760#3 in NSCLC cells were assessed by qRT-PCR, and the si-NC-
transfected group was used as the control group. (c–g) A549 and H460 cells were transfected with si-NC or si-circ_0016760#2. (c and d) CCK8 assay was
conducted for the analysis of the cell proliferation curve in two groups. (e) Transwell migration assay was conducted to analyze cell migration ability after
transfection for 24 h. (f) Cell invasion ability was analyzed through counting the number of invaded NSCLC cells via transwell invasion assay. (g) Flow
cytometry was utilized to analyze cell apoptosis rates in two groups after 72 h of transfection. The apoptosis rate was analyzed as the percentages of NSCLC
cells with FITC+ and PI+/�. *p < 0.05, **p < 0.01
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the silencing of circ_0016760 (Figure 2c,d). Circ_0016760
interference notably reduced the numbers of migrated
and invaded NSCLC cells (Figure 2e,f), suggesting that
circ_0016760 depletion restrained cell migration and invasion
abilities. Circ_0016760 interference also notably enhanced the
apoptosis rate in two NSCLC cell lines (Figure 2g). These
results suggested that circ_0016760 interference suppressed cell
proliferation, migration, and invasion and induced the apopto-
sis of NSCLC cells.

MiR-646 is a target of circ_0016760 in NSCLC cells

Circular RNA Interactome software was used to predict the
binding partners of circ_0016760, and miR-646 was
predicted as a possible target of circ_0016760 (Figure 3a).

Dual-luciferase reporter assay was conducted to verify the
interaction between miR-646 and circ_0016760 and the
binding sites. MiR-646 transfection dramatically decreased
the luciferase activity with the co-transfection of WT-
circ_0016760 compared with miR-NC and WT-
circ_0016760 group (Figure 3b,c), suggesting the interaction
between miR-646 and circ_0016760. Furthermore, luciferase
activity in the MUT-circ_0016760 group remained
unchanged with the co-transfection of miR-NC or miR-646
(Figure 3b,c), suggesting that “AGCUGCU” sites in
circ_0016760 were indeed the target sites with miR-646.
Circ_0016760 transfection significantly elevated its expres-
sion in NSCLC cells (Figure 3d). The MiR-646 level was
reduced with the accumulation of circ_0016760, while
circ_0016760 silencing increased the expression of miR-646
in NSCLC cells (Figure 3e,f), suggesting the negative

F I G U R E 3 MiR-646 is a target of circ_0016760 in NSCLC cells. (a) The predicted binding sequence between miR-646 and circ_0016760 via Circular RNA
Interactome software is shown. (b and c) A549 and H460 cells were co-transfected with miR-NC or miR-646 and WT-circ_0016760 or MUT-circ_0016760. Dual-
luciferase reporter assay was used to analyze the luciferase activities in four groups to verify the interaction between miR-646 and circ_0016760. (d) The level of
circ_0016760 was determined in NSCLC cells transfected with Vector or circ_0016760 for 24 h by qRT-PCR. (e and f) The expression of miR-646 was examined in
A549 and H460 cells transfected with circ_0016760 or si-circ_0016760#2 along with their negative control (vector or si-NC) by qRT-PCR. (g) qRT-PCR was carried
out for the examination of miR-646 expression in 50 pairs of NSCLC tissues and adjacent normal tissues. (h) The linear correlation between miR-646 and
circ_0016760 was analyzed by Spearman’s correlation coefficient. *p < 0.05, **p < 0.01; ns, no significant difference
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regulatory relationship between miR-646 and circ_0016760
in NSCLC cells. Ago2 is an important component of the
RNA-induced silencing complex (RISC), and it functions
as a key regulator of microRNA functions.25 Subsequently,
we analyzed if the regulation of miR-646 by circ_0016760
was Ago2-dependent. High silencing efficiencies of two
Ago2 siRNAs were confirmed by Western blot assay
(Figure S2a). Circ_0016760 overexpression notably down-
regulated the expression of miR-646 in NSCLC cells
(Figure S2b,c). However, there was no significant difference
in the expression of miR-646 in circ_0016760 plasmid and
Ago2 siRNA co-transfected groups relative to their control
groups (Figure S2b,c), demonstrating that the regulation of
miR-646 by circ_0016760 was Ago2-dependent. There was
a significant reduction in miR-646 expression in NSCLC
tissues compared with that in adjacent normal tissues
(Figure 3g). MiR-646 expression level was negatively
correlated with the abundance of circ_0016760 (Figure 3h).
Overall, circ_0016760 interacted with miR-646 and
negatively regulated the expression of miR-646 in
NSCLC cells.

Circ_0016760 interference-mediated effects are partly alleviated by the

co-transfection with in-miR-646

The interference efficiency of in-miR-646 was high in
NSCLC cells (Figure 4a). Si-circ_0016760#2 was co-
transfected with in-miR-646 into NSCLC cells.
Circ_0016760 interference enhanced the expression of
miR-646, and the co-transfection with in-miR-646
decreased the level of miR-646 in NSCLC cells once again
(Figure 4b,c). The circ_0016760 knockdown-mediated
suppressive effect in cell proliferation was partly
counteracted by the addition of in-miR-646 (Figure 4d,
e), suggesting that circ_0016760 silencing restrained cell
proliferation through enhancing the level of miR-646 in
NSCLC cells. The number of migrated NSCLC cells was
reduced with the silencing of circ_0016760, and cell
migration ability was partly rescued with the introduc-
tion of in-miR-646 (Figure 4f). The number of invaded
NSCLC cells in four groups exhibited a similar trend
to the number of migrated NSCLC cells (Figure 4g),
which together demonstrated that circ_0016760 knockdown

F I G U R E 4 Circ_0016760 interference-mediated effects are partly alleviated by the co-transfection with in-miR-646. (a) The expression of miR-646 was
determined in A549 and H460 cells transfected with in-miR-NC or in-miR-646 for 24 h via qRT-PCR. (b–h) A549 and H460 cells were transfected with si-
circ_0016760#2 alone or together with in-miR-646. (b and c) qRT-PCR was applied to measure the level of miR-646 in NSCLC cells after transfection for
24 h. (d and e) The number of NSCLC cells after transfection for 0 h, 24 h, 48 h or 72 h was estimated via CCK8 assay, and the cell proliferation curve was
generated. (f and g) The numbers of migrated and invaded NSCLC cells were assessed by transwell migration assay and transwell invasion assay. (H) Cell
apoptosis rate was analyzed as the proportion of NSCLC cells with FITC+ and PI+/� via flow cytometry. *p < 0.05, **p < 0.01
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suppressed cell migration and invasion through upregulating
miR-646. The cell apoptosis rate was elevated in the si-
circ_0016760#2 group, and the addition of in-miR-646
inhibited the apoptosis of NSCLC cells (Figure 4h). Overall,
circ_0016760 silencing-induced suppressive effects in cell pro-
liferation, migration, and invasion, and promoting influence in
cell apoptosis were all partly overturned by the silencing of
miR-646.

MiR-646 binds to AKT3 in NSCLC cells

We predicted the downstream binding partners of miR-646
using the bioinformatics method via TargetScan software.
As shown in Figure 5a, the sequence “GCUGCU” in the 30

UTR of AKT3 was complementary with the sequence
“CGACGA” in miR-646, thus AKT3 was predicted as one of
the candidate targets of miR-646. The interaction between

F I G U R E 5 MiR-646 binds to AKT3 in
NSCLC cells. (a) TargetScan software was used to
predict the binding partners of miR-646, and the
complementary sites between miR-646 and the
30UTR of AKT3 are shown. (b and c) Dual-
luciferase reporter assay was performed to
confirm the target relationship between miR-646
and AKT3. (d and e) The mRNA level of AKT3
was examined in NSCLC cells transfected with
miR-NC, miR-646, in-miR-NC or in-miR-646 via
qRT-PCR. (f and g) Western blot assay was
utilized for the determination of AKT3 protein
expression in A549 and H460 cells transfected
with miR-NC, miR-646, in-miR-NC or in-miR-
646. *p < 0.05, **p < 0.01; ns, no significant
difference
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miR-646 and AKT3 was subsequently confirmed by dual-
luciferase reporter assay. As displayed in Figure 5b,c, the
intensity of luciferase was declined with the co-transfection
of miR-646 and WT-AKT3 relative to miR-NC and WT-
AKT3 group, suggesting that miR-646 bound to AKT3 in
NSCLC cells. Luciferase intensity was unaffected in the
MUT-AKT3 group when co-transfected with miR-646 or
miR-NC (Figure 5b,c), suggesting that AKT3 interacted with
miR-646 via its “GCUGCU” sequence. Apart from AKT3,
we also focused on the potential interactions between
miR-646 and other members of the AKT family (AKT1
and AKT2). Through using the bioinformatics software
TargetScan, AKT2 was also predicted to be a candidate

target of miR-646, while there was no potential binding
sequence between miR-646 and AKT1. The results of the dual-
luciferase reporter assay revealed that miR-646 cannot interact
with AKT2 in NSCLC cells (Figure S3). Thus we concentrated
on the target interaction between miR-646 and AKT3 in the
following experiments. We transfected miR-646 or in-miR-646
and their negative controls (miR-NC and in-miR-NC) into
NSCLC cells to measure the expression of AKT3 to investigate
the regulatory relationship between miR-646 and AKT3. MiR-
646 accumulation caused significant reduction in both the
mRNA and protein expression of AKT3 in NSCLC cells, while
the mRNA and protein abundance of AKT3 was enhanced
with the interference of miR-646 (Figure 5d–g). Taken

F I G U R E 6 MiR-646 overexpression-induced effects in NSCLC cells are partly overturned by the accumulation of AKT3. (a) The overexpression
efficiency of miR-646 was analyzed in NSCLC cells by qRT-PCR. (b) The expression of AKT3 mRNA was examined in A549 and H460 cells transfected with
pcDNA-control or pcDNA-AKT3 by qRT-PCR. (C-I) A549 and H460 cells were transfected with miR-NC, miR-646, miR-646 + pcDNA-control or miR-
646 + pcDNA-AKT3. (c) The mRNA expression of AKT3 was determined in transfected NSCLC cells by qRT-PCR. (d) The protein level of AKT3 was
measured by Western blot assay. (e and f) CCK8 assay was used to analyze cell proliferation ability. (g and h) The migration and invasion abilities of NSCLC
cells were analyzed by transwell migration and invasion assays. (i) Cell apoptosis rate was analyzed by flow cytometry, and the apoptosis rate indicated the
apoptotic NSCLC cells with FITC+ and PI+/�. *p < 0.05, **p < 0.01

CHEN ET AL. 3231



together, AKT3 was confirmed as a target of miR-646, and it
was negatively regulated by miR-646 in NSCLC cells.

MiR-646 overexpression-induced effects in NSCLC cells are partly

overturned by the accumulation of AKT3

Loss-of-function experiments were conducted to explore the
role of ATK3 in NSCLC cells. The high interference

efficiency of si-AKT3 in NSCLC cells was verified by West-
ern blot assay (Figure S4a). AKT3 silencing significantly
restrained the proliferation, migration, and invasion, and
induced the apoptosis of NSCLC cells (Figure S4b–f),
suggesting that AKT3 exerted an oncogenic role in NSCLC
cells. To investigate if miR-646-induced effects in NSCLC
cells were partly based on its negative regulatory relationship
with AKT3, we conducted compensation experiments
through transfecting miR-646 alone or together with

F I G U R E 7 AKT3 is regulated by circ_0016760/miR-646 axis in NSCLC cells. (a–c) The mRNA and protein levels of AKT3 in A549 and H460 cells
transfected with si-NC, si-circ_0016760#2, si-circ_0016760#2 + in-miR-NC or si-circ_0016760#2 + in-miR-646 were determined by qRT-PCR and Western
blot assay. *p < 0.05, **p < 0.01

F I G U R E 8 Circ_0016760 silencing blocks NSCLC progression in vivo. BALB/c mice were arbitrarily divided into two groups (n = 5). A total of
2.7 � 106 A549 cells stably expressing Lv-sh-NC or Lv-sh-circ_0016760 were subcutaneously injected into the mice. (a) The representative images of tumors
in the Lv-sh-NC group and the Lv-sh-circ_0016760 group are shown. (b) Tumor volume was recorded every 4 days as length � width2 � 0.5. (c) Tumors
were weighed after 28 days of inoculation. (d and e) The expression of circ_0016760 and miR-646 was determined by qRT-PCR. (f) Western blot assay was
implemented to measure the protein level of AKT3 in tumor tissues. *p < 0.05, **p < 0.01
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pcDNA-AKT3 into NSCLC cells. We initially assessed the
overexpression efficiencies of miR-646 mimics and pcDNA-
AKT3 in NSCLC cells. MiR-646 mimics transfection notably
increased the level of miR-646 in both A549 and H460 cells
(Figure 6a). The transfection efficiency of pcDNA-AKT3
was high in NSCLC cells (Figure 6b). MiR-646
overexpression-induced reduction in AKT3 mRNA and pro-
tein expression was largely attenuated by the addition of
pcDNA-AKT3 in NSCLC cells (Figure 6c,d). MiR-646 accu-
mulation hampered cell proliferation, migration, and inva-
sion while promoting the apoptosis of NSCLC cells
(Figure 6e–i), and the tumor suppressor role of miR-646
was in agreement with the former results. As shown in
Figure 6e,f, AKT3 overexpression partly rescued the prolifer-
ation ability of NSCLC cells which was restrained by the
overexpression of miR-646. MiR-646 overexpression-
induced suppression in cell migration and invasion was
partly alleviated by the addition of pcDNA-AKT3
(Figure 6g,h). The accumulation of AKT3 also partly
restrained miR-646-induced apoptosis in NSCLC cells
(Figure 6I). Overall, miR-646 suppressed the proliferation,
migration, and invasion and induced the apoptosis of
NSCLC cells partly through reducing AKT3 expression.

AKT3 is regulated by circ_0016760/miR-646 axis in NSCLC cells

The above results suggest the negative regulatory interaction
between miR-646 and circ_0016760 or AKT3, and we subse-
quently tested the regulatory interaction between
circ_0016760 and AKT3 in NSCLC cells. Circ_0016760
knockdown reduced the mRNA and protein expression of
AKT3, while this suppressive effect was partly counteracted
by the addition of in-miR-646 in NSCLC cells (Figure 7a–c).
These findings revealed that circ_0016760 enhanced the
expression of AKT3 through sponging and downregulating
miR-646 in NSCLC cells.

Circ_0016760 silencing blocks NSCLC progression in vivo

We further analyzed the role of circ_0016760 in the tumorige-
nicity of NSCLC tumors through xenograft tumor assay.
Circ_0016760 silencing significantly restrained tumor growth
of NSCLC in vivo (Figure 8a). Tumors from the Lv-sh-
circ_0016760 group grew more slowly than that in the Lv-sh-
NC group (Figure 8b). The tumors in the Lv-sh-NC group also
had much heavier weight compared with that in the Lv-sh-
circ_0016760 group (Figure 8c). Circ_0016760 expression was
markedly reduced in the Lv-sh-circ_0016760 group in compar-
ison with that in the Lv-sh-NC group (Figure 8d).
Circ_0016760 knockdown notably enhanced the expression of
miR-646 in tumor tissues (Figure 8e). Moreover, the AKT3
protein level was also found to be reduced with the silencing of
circ_0016760 in tumor tissues (Figure 8f). The level of
proliferation-associated marker Ki-67 in tumor tissues was also
tested by immunohistochemistry. As shown in Figure S5, the

Ki-67 level was notably reduced in tumor tissues in the Lv-sh-
circ_0016760 group relative to the Lv-sh-NC group. Overall,
these data demonstrate that circ_0016760 silencing suppressed
NSCLC tumor growth in vivo.

DISCUSSION

Numerous circRNAs have been identified to be dysregulated in
a variety of cancers, and the regulatory roles of circRNAs in
cancers have also been documented.26,27 As for NSCLC, Dong
et al. claimed that circ_0076305 elevates the cisplatin resistance
of NSCLC cells through targeting miR-296-5p/STAT3 axis.28

Wang et al. proved that circ-PRMT5 contributes to the prolif-
eration ability of NSCLC cells through elevating EZH2 expres-
sion via miR-377/miR-382/miR-498.29 Li et al. claimed that
circ_0016760 is highly expressed in NSCLC and high expres-
sion of circ_0016760 accelerates NSCLC progression via the
miR-1287/GAGE1 signal axis. Hao et al. proved that
circ_0016760 accelerates the colony formation, metastasis, and
extracellular acidification rate of NSCLC cells to contribute to
NSCLC progression via miR-577/ZBTB7A signaling.30 Consis-
tent with these reports, circ_0016760 abundance was signifi-
cantly enhanced in NSCLC tissue specimens and cell lines.
Circ_0016760 knockdown blocked cell proliferation, migration,
and invasion while triggering the apoptosis of NSCLC cells.

After clarifying the role of circ_0016760 in NSCLC cells,
we intended to elucidate the underlying mechanism behind
the pro-tumor role of circ_0016760. It is generally known
that circRNAs could act as miRNA sponges to release down-
stream mRNAs from the inhibition of miRNAs, thus elevat-
ing the expression of these mRNAs. For example, Sun et al.
proved that circ-SFMBT2 accelerates the proliferation of
gastric cancer cells through sponging miR-182-5p to elevate
the enrichment of CREB1.31 Tang et al. demonstrated that
circ_0000515 facilitates the development of cervical cancer
through upregulating ELK1 via sponging miR-326.32 Here,
the results of the dual-luciferase reporter assay verified that
miR-646 bound to circ_0016760 in NSCLC cells. The nega-
tive regulatory relationship between miR-646 and
circ_0016760 was then confirmed by qRT-PCR assay. Zhang
et al. claimed that miR-646 hampers the proliferation and
metastasis of gastric cancer cells through targeting
FOXK1.16 Li et al. reported that low abundance of miR-646
is associated with tumor metastasis in clear cell renal carci-
noma.33 MiR-646 suppresses the malignant progression of
breast cancer through targeting HDAC2.17 MiR-646
represses NSCLC development through targeting FGF2 and
CCND2.34 These works together demonstrate that miR-646
plays an antitumor role in cancers. MiR-646 abundance was
reduced in NSCLC. The results of compensation experi-
ments suggest that circ_0016760 silencing-mediated sup-
pressive effects on the malignant properties of NSCLC cells
are partly based on the upregulation of miR-646.

AKT3 was found to be a target of miR-646 in NSCLC
cells. AKT3 is involved in tumorigenesis via PI3K/AKT sig-
naling.35,36 In addition, Li et al. found that AKT3 silencing
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causes significant suppression in cell proliferation and
motility in thyroid cancer cells.37 Hu et al. demonstrated
that AKT3 accelerates the proliferation and suppresses cell
apoptosis of gastric cancer cells.23 MiR-217 is found to
attenuate the progression of NSCLC through suppressing
AKT3.24 We found that AKT3 was negatively modulated by
miR-646, and miR-646 overexpression restrained NSCLC
progression through reducing AKT3. Circ_0016760 posi-
tively regulated AKT3 expression through sponging miR-
646 in NSCLC cells. The results of xenograft tumor assay
suggested that circ_0016760 knockdown notably blocked
the tumor growth of NSCLC in vivo.

In summary, miR-646 was confirmed as a target of
circ_0016760, and AKT3 was verified as a target of miR-646
in NSCLC cells. Circ_0016760 contributed to the prolifera-
tion and metastasis, and restrained cell apoptosis of NSCLC
cells through targeting the miR-646/AKT3 axis, which pro-
vided new insight into developing novel therapeutic
methods for NSCLC patients. Circ_0016760 and AKT3
might be effective therapeutic targets in NSCLC treatment,
and restoration of miR-646 expression might be a potential
therapeutic strategy for NSCLC patients.
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