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Cancer-released exosomal circular RNA circ_0008717 promotes cell 
tumorigenicity through microRNA-1287-5p/P21-activated kinase 2 (PAK2) axis in 
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ABSTRACT
Circular RNA (circRNA) circ_0008717 has been revealed to promote cell carcinogenesis in non- 
small cell lung cancer (NSCLC). Exosomal circRNA packaged into exosomes has been defined as 
a potential diagnostic and therapeutic biomarker of cancers. However, little attention is focused 
on the role of circRNAs within exosomes in NSCLC. Exosomes were isolated by ultracentrifugation 
method and qualified by nanoparticle tracking analysis and Western blot. Levels of circ_0008717, 
microRNA (miR)-1287-5p, and P21-activated kinase 2 (PAK2) were detected using qRT-PCR and 
western blot. The interaction between miR-1287-5p and circ_0008717 or PAK2 was investigated. 
The phenotypes of NSCLC cells with circ_0008717 downregulation were tested. Circ_0008717 was 
highly expressed in NSCLC. Functionally, circ_0008717 deficiency suppressed cell malignant 
phenotypes in NSCLC in vitro and in nude mice. Circ_0008717 sponged miR-1287-5p to elevate 
PAK2, a downstream target of miR-1287-5p. Silencing of miR-1287-5p blocked the antitumor 
effects of circ_0008717 knockdown in NSCLC cells. Besides, miR-1287-5p repressed cell oncogenic 
behaviors in NSCLC by targeting PAK2. Besides that, we confirmed that circ_0008717 was 
incorporated into exosomes in NSCLC cells. Circ_0008717 knockdown inhibited NSCLC tumorigen-
esis via miR-1287-5p/PAK2 axis, and the extracellular circulating circ_0008717 was transferred 
through incorporation in exosomes.
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1 Introduction

Non-small cell lung cancer (NSCLC) is one of 
the deadliest cancers worldwide with a five-year 
survival rate less than 17.1% [1,2]. Thus, it is of 
utmost importance to probe the mechanisms of 
NSCLC carcinogenesis for the development of 
advanced medicines to improve clinical out-
comes in NSCLC patients. Currently, the extra-
cellular vesicle exosomes have been identified to 
mediate tumor communication [3] and can 
transfer and exchange their cargo, like protein, 
lipids, or noncoding RNAs, into tumor cells and 
the extracellular microenvironment [4,5], thus 
affecting the development of many types of can-
cers. Exosomes have been identified that may be 
potentially implicated in the tumorigenesis of 
malignancy and act as potential clinical biomar-
kers for the therapy and diagnosis of cancers via 
the transfer of proteins and circular RNAs 
(circRNAs) [6,7].

Recently, non-coding RNAs (ncRNAs) have been 
proposed to be the potential modulators of cancer cell 
carcinogenesis, metabolism, and drug resistance [8– 
10]. CircRNAs are defined as highly conserved 
ncRNAs possessing covalently closed-loop structures. 
Thus, they can be resistant to the degradation of 
exonuclease [11,12]. Importantly, circRNAs are iden-
tified to play significant roles in diverse cellular 
responses, developmental and disease processes 
[13,14]. Thus, circRNAs may be promising candidates 
for future therapeutic interventions in cancers [15]. 
Circ_0008717 (circABCB10) is a novel identified 
circRNA. Fu et al. showed that circABCB10 was ele-
vated in hepatocellular carcinoma (HCC) and pre-
dicted poor survival. What is more, knockdown of 
circABCB10 suppressed cell proliferative and invasive 
abilities in HCC by down-regulating HMG20A via 
miR-670-3p [16]. Zhou et al. uncovered that high 
circ_0008717 expression was directly linked to low 
survival in osteosarcoma, and circ_0008717 induced 
the progression of malignant cell phenotypes to pro-
mote osteosarcoma development through binding to 
the miR-203/Bmi-1 axis [17]. Additionally, it was also 
demonstrated that circ_0008717 was elevated in 
NSCLC, and promoted cancer progression via miR- 
1252/FOXR2 axis [18]. In any case, whether exosomal 
circ_0008717 serves as a therapeutic biomarker for 
NSCLC still needs further study.

Therefore, in this study, we aimed to explore 
circ_0008717 derived from exosome on mechan-
isms underlying the progression of NSCLC. 
Exosomal circ_0008717 expression in NSCLC 
serum and cells were measured, and then we 
further explored the action and molecular 
mechanisms of circ_0008717 in NSCLC progres-
sion using in vitro and in vivo assays.

2 Materials and methods

2.1 Tissues samples and serum collection

Tumor tissues, adjacent normal tissues, and blood 
samples from 48 NSCLC patients at Tianjin First 
Center Hospital were acquired. The blood samples 
collected from 48 healthy controls were used as con-
trol. The supernatant serum was obtained by centri-
fugation and was immediately preserved at −80°C 
until use. Written informed consent had been pro-
vided by all recruiters and the Ethics Committee of 
Tianjin First Center Hospital allowed this research.

2.2 Cell culture

Human NSCLC cell lines (A549 and H1299) and 
bronchial epithelial cells (BEAS-2B) were bought 
from Chuan Qiu Biotechnology (Shanghai, China) 
and cultivated in the RPMI-1640 medium 
(Invitrogen, Carlsbad, CA, USA) plus 1% penicil-
lin/streptomycin and 10% FBS at 37°C with 5% CO2.

2.3 Exosome (exo) isolation

The isolation of exosomes was performed using 
differential ultracentrifugation and 0.22 μm filtra-
tion as previously described [19]. Purified exo-
somes were collected and used immediately, or 
were resuspended in PBS to observe the morphol-
ogy of exosomes using transmission electron 
microscopy (TEM) (JEOL, Akishima, Japan), or 
to investigate the size and the distribution using 
nanoparticle tracking analysis (NTA) with the Zeta 
View 8.04.04 SP2 7 software.

2.4 Western blot analysis

The RIPA lysate harboring protease inhibitor 
(Beyotime, Beijing, China) was employed to 
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extract proteins from exosomes, cells, or tumor 
tissues. Then immunoblotting was carried with 
primary antibodies (Abcam, Cambridge, MA, 
USA) included CD63 (1:2000, ab68418), CD81 
(1:5000, ab109201), P21-activated kinase 2 
(PAK2) (1:3000, ab76293), Bcl-2 (1:2000, 
ab182858), GADPH (ab181602, 1:10000), and 
Bax (1:1000, ab32503). Immunoreactive bands 
were observed employing the ECL system 
(Beyotime) and quantified with Image Lab 
software.

2.5 qRT-PCR

The extraction of whole-RNA from exosome pellets, 
cells, or tissues was performed by TRIzol reagent 
(Invitrogen) according to the standard procedure. 
Then Prime Script RT Master Mix and SYBR 
Premix Ex Taq (Qiagen, Valencia, CA, USA) were 
utilized for cDNA generation and qRT-PCR analysis, 
respectively. The relative expression was assessed 
using 2−ΔΔCt method with the internal references of 
GADPH and U6. The sequence of primers was listed: 
circ_0008717: F 5’-GCCTTTCCATTCCGTCAGGA 
-3’, R 5’-ACCACGCTCAAAACAAAGGTG-3’; 
miR-1287-5p: F 5’-AGCTGGATCAGTGGTTCG 
AG-3’, R 5’-CAGTGCAGGGTCCGAGGTAT-3’; 
PAK2: F 5’-TCTTCCTCCCCCAGGGTTG-3’, R 5’- 
AATCGAGCCCACTGTTCTGG-3’; GAPDH: F 5’- 
GAAGGTGAAGGTCGGAGTC-3’, R 5’-GAAGA 
TGGTGATGGGATTTC-3’; U6: F 5’-GCTTCG 
GCAGCACATATACTAAAAT-3’, and R 5’- CGC 
TTCACGAATTTGCGTGTCAT-3’.

2.6 Cell transfection

The siRNA targeting circ_0008717 covalent closed 
junction (si-circ_0008717#1, si-circ_0008717#2), 
pcDNA3.1 PAK2 overexpression vector (pc- 
PAK2), and corresponding negative control (NC) 
(si-NC, pc-NC), miR-1287-5p mimic, inhibitor, 
and the NC (miRNA NC, or inhibitor NC), as 
well as lentiviral particles carrying either 
a scrambled sequence (sh-NC) or circ_0008717- 
specific shRNA (sh-circ_0008717) were provided 
by Invitrogen (USA). All cell transfection was per-
formed using lipofectamine 2000 (Invitrogen) 
according to the manufacturer’s instruction.

2.7 MTT assay

Transfected cells were interacted with MTT 
reagent (Beyotime) fixed by fresh medium 
(200 µL) in a 96-well plate. After 4 h post- 
reaction, the formed precipitation per well was 
dissolved by incubating with 200 µL dimethyl sulf-
oxide (DMSO; Beyotime). The absorbance was 
assayed using a spectrophotometer at 490 nm.

2.8 Colony formation assay

Transfected cells were seeded into 6-well plates at 
500 cells per well with fresh medium for 14 days 
incubation. Then the culture was terminated, and 
colonies were counted after 0.1% crystal violet 
staining.

2.9 Transwell assay

The transfected cells were diluted to 5 × 104/mL 
with complete medium and then planted in the 
top of transwell chambers without (migration 
assay) or with (invasion assay) the matrigel mem-
branes, and 500 μL medium plus 10% FBS was 
filled into the lower chambers. Following 24 h 
hatch, migrated and invaded cells in five random 
fields were selected to count using a microscope 
after being stained.

2.10 Cell cycle analysis

Transfected cells were digested by trypsin to 
obtain single-cell suspensions. After being fixed 
by 75% ethanol for 4 h, cells were mixed with 
propidium iodide (PI, Beyotime). The distribution 
of cells was examined via the FACS Calibur flow 
cytometry.

2.11 Tube formation assay

A 48-well plate was filled with 75 μL Matrigel 
(Beyotime). After solidification, HUVECs were 
suspended in the indicated cell conditioned med-
ium and incubated for another 5 h. Then images 
were obtained using a bright-field microscope, and 
the number of branches was assessed.
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2.12 Cell apoptosis assay

Transfected cells were resuspended with a binding 
buffer and then stained with Annexin V-FITC and 
PI (Beyotime) following the standard protocol, 
and apoptotic cells were detected by flow 
cytometry.

2.13 Dual-luciferase reporter assay

The sequences of circ_0008717 or PAK2 3'UTR 
possessing binding sites in miR-1287-5p or 
mutated sequences in the binding region were 
cloned into the pGL3 luciferase reporter vectors 
(Promega, Shanghai, China). Then the recombi-
nant luciferase reporter vectors and pRL-TK 
Renilla vector with indicated miRNAs were co- 
transfected into NSCLC cells, and luciferase activ-
ities were tested after 48 h of transfection.

2.14 RNA pull-down assay

NSCLC cells were infected with biotin-labeled 
circ_0008717 probe (circ_0008717 probe) and 
a control probe (Oligo probe) provided by 
GenePharma (Shanghai, China), followed by lys-
ing and proceeding to incubate with streptavidin- 
coated magnetic beads. Finally, the abundance of 
RNAs was measured by qRT-PCR analysis.

2.15 RNA immunoprecipitation (RIP) assay

NSCLC cells were lysed by RIP buffer, followed by 
interacting with magnetic beads (Millipore, 
Billerica, MA, USA) conjugated with normal 
mouse IgG or human anti-Ago2, and proceeding 
to digest the protein using Proteinase K. Finally, 
the immunoprecipitated RNA was extracted for 
qRT-PCR.

2.16 Xenograft experiments in vivo

A549 cells transfected with lentivirus mediated sh- 
circ_0008717 or sh-NC were injected into the 
nude mice subcutaneously (4–6 weeks old). The 
tumor size was determined weekly. Mice were 
euthanized at day 28, and tumors were isolated, 
weighed, and used for the detection of 
circ_0008717, miR-1287-5p, and PAK2 using 

western blot or qRT-PCR. Also, tumors were 
fixed in formalin for immunohistochemistry 
(IHC) with the PAK2 antibody (1:250, ab76293, 
Abcam). All experiments were performed in line 
with the guidelines approved by the Ethics 
Committee of Tianjin First Center Hospital.

2.17 Statistical analysis

Data were presented as the mean ± standard 
deviation (SD). One-way analysis of variance 
(ANOVA) or Student’s t-test was utilized to deter-
mine the statistical differences between different 
groups with GraphPad Prism 7 software. P values 
<0.05 suggested statistical significance.

3 Results

3.1 Circ_0008717 is packaged into exosomes in 
NSCLC

To investigate exosome-based mechanisms under-
lying the progression of NSCLC, we extracted and 
characterized exosomes from serum. A round 
shape with double-layer membrane structure was 
observed in the vesicles (Figure 1a). Then NTA 
further showed that the size distribution of vesicles 
was about 100 nm (Figure 1b). In addition, CD63 
and CD81, the exosomal markers, were detectable 
in the isolated vesicles (Figure 1c). All these data 
indicated the successful isolation of exosomes. 
Subsequently, the expression of circ_0008717 was 
discovered to be higher in exosomes isolated from 
NSCLC patients and cells than those of healthy 
controls and normal BEAS-2B cells (Figure 1(d, 
e)). Additionally, a significant elevation of 
circ_0008717 was shown in NSCLC tissues and 
cells (Figure 1(f,g)). Additionally, qRT-PCR analy-
sis displayed that RNase A treatment alone failed 
to affect circ_0008717 expression, while the level 
of circ_0008717 was overtly declined in the RNase 
A and Triton X 100 group (Figure 1h), revealing 
the package of circ_0008717 in exosomes. 
Moreover, the association between circ_0008717 
expression and pathological characteristics was 
analyzed, and results exhibited that high 
circ_0008717 expression was linked with tumor 
size and advanced TNM stages (Table 1). In all, 
these results indicated that circ_0008717 was 
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packaged into exosomes, and exosomal 
circ_0008717 was tightly associated with NSCLC 
progression.

3.2 Circ_0008717 knockdown suppresses cell 
growth and mobility in NSCLC

Following the transfection of si-NC or si-circ 
_0008717 (si-circ_0008717#1 and si-circ 
_0008717#2), we found that si-circ_0008717 nota-
bly reduced circ_0008717 expression (Figure 2a), 

and then si-circ_0008717#2 (also shown si-circ 
_0008717) was chosen for subsequent experi-
ments. Functionally, knockdown of circ_0008717 
repressed the proliferation of A549 and H1299 
cells (Figure 2(b,c)). Besides, transwell assay 
showed that si-circ_0008717 suppressed the inva-
sion and migration of A549 and H1299 cells 
(Figure 2d). Meanwhile, we discovered that A549 
and H1299 cells in the G0/G1 phase were accu-
mulated upon circ_0008717 silencing but 
decreased in the S phase after circ_0008717 
decrease, indicating cell cycle arrest (Figure 2e).

3.3 Circ_0008717 knockdown suppresses 
angiogenesis and induces apoptosis in NSCLC

Moreover, the number of formed branches of 
HUVECs was reduced in the si-circ_0008717 
group (Figure 3a). In addition, apoptotic A549 
and H1299 cells were promoted by si-circ 
_0008717 (Figure 3b), accompanied by the 
decrease of Bcl-2 and increase of Bax proteins 
(Figure 3(c,d)). Taken together, circ_0008717 
knockdown inhibited NSCLC progression by sup-
pressing cell oncogenic behaviors.

Figure 1. Circ_0008717 is packaged into exosomes of NSCLC. (a) Exosomes from serum were analyzed under transmission 
electron microscopy; (b) Nanoparticle tracking analysis was used to measure exosome particle size and concentration; (c) Western 
blot for CD63 and CD81 expression in exosomes; (d) Levels of circ_0008717 expression in exosomes from serum in NSCLC and 
normal; N = 48 per group; (e) QRT-PCR detection of circ_0008717 expression in exosomes from bronchial epithelial cells BEAS-2B 
and NSCLC cells; (f–g) Circ_0008717 expression was determined by qRT-PCR in NSCLC and normal tissues, as well as BEAS-2B and 
NSCLC cells. (h) Circ_0008717 expression was detected by qRT-PCR in A549 and H1299 incubating with RNase A alone or in 
combination with Triton X-100. All experiments repeated three times. *P < 0.05 and ** P < 0.01.

Table 1. Correlation between circ_0008717 expression and clin-
ical clinicopathological parameters of NSCLC patients.

Parameter Case

Circ_0008717 expression

P valueLow (n = 24) High (n = 24)

Age (years) 0.562
≤ 60 22 12 10
> 60 26 12 14

Gender 0.149
Female 25 15 10
Male 23 9 14

Tumor size 0.0004**
≤ 5 cm 20 16 4
> 5 cm 28 8 20

TNM stages 0.0192*
I–II 20 14 6
III–IV 28 10 18

TNM, tumor-node-metastasis; *P < 0.05 and ** P < 0.01. 
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3.4 MiR-1287-5p is a target of circ_0008717 in 
NSCLC cells

To elucidate whether circ_0008717 acts as 
a miRNA sponge to regulate NSCLC progression, 
we searched the database of CircInteractome 
(https://circinteractome.nia.nih.gov/index.html). 
Circ_0008717 possesses the binding sites of miR- 
1287-5p (Figure 4a). MiR-1287-5p mimic drama-
tically suppressed the luciferase activity of WT-circ 
_0008717 rather than MUT-circ_0008717 
(Figure 4(b,c)). Meanwhile, we designed 

a biotinylated-circ_0008717 probe to conduct 
a pull-down assay. The enrichment of 
circ_0008717 in by circ_0008717 probe confirmed 
the pull-down efficiency (Figure 4d). Then qRT- 
PCR analysis displayed the enrichment of miR- 
1287-5p in circ_0008717 probe compared with 
the oligo probe (Figure 4e). Moreover, relative to 
the control Anti-IgG group, we also found 
circ_0008717 and miR-1287-5p were significantly 
enriched in the Ago2 overexpression group 
(Figure 4(f,g)). MiR-1287-5p expression was 

Figure 2. Circ_0008717 knockdown suppresses cell growth and mobility in NSCLC. Following assigned transfection, (a) qRT-PCR 
analysis of circ_0008717 expression in A549 and H1299 cells; (b–c) The cell proliferation of A549 and H1299 cells were determined 
by MTT (b) and colony formation assay (c); (d) Transwell assay (100 ×) was used to detect cell invasion and migration; (e) Cell cycle 
was analyzed by Flow cytometry. Error bars stand for the mean ± SD of three independent measurements. *P < 0.05.
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discovered to be decreased in NSCLC tissues and 
cell lines (Figure 4(h,i)). Also, the effect of 
circ_0008717 on miR-1287-5p expression was 
investigated. First, we detected that miR-1287-5p 
inhibitor predominantly suppressed miR-1287-5p 
expression relative to inhibitor NC in A549 and 
H1299 cells (Figure 4j). Next, qRT-PCR analysis 
also indicated that circ_0008717 silence notably 
increased miR-1287-5p expression level in A549 
and H1299 cells, which was reversed by miR- 
1287-5p inhibitor (Figure 4k). Collectively, 
circ_0008717 directly bound to miR-1287-5p.

3.5 Silencing of miR-1287-5p attenuates the 
antitumor effects mediated by si-circ_0008717 in 
NSCLC cells

We then explored whether the action of 
circ_0008717 was mediated by miR-1287-5p using 
rescue assay. We proved that miR-1287-5p inhibi-
tion abolished si-circ_0008717-mediated repression 

of the proliferative (Figure 5(a–c)), migratory, and 
invasive abilities (Figure 5(d,e)) in A549 and H1299 
cells. Besides, miR-1287-5p inhibitor abrogated 
circ_0008717 silencing-mediated cell cycle arrest 
(Figure 5(f,g)), decrease of branch number 
(Figure 5h), and promotion of cell apoptosis 
(Figure 5(i–k)) in A549 and H1299 cells. Thus, we 
showed that circ_0008717 promoted NSCLC pro-
gression by binding to miR-1287-5p.

3.6 PAK2 is a target of miR-1287-5p in NSCLC 
cells

According to the starbase database, PAK2 possesses 
putative binding sites in miR-1287-5p (Figure 6a). 
Then a decline of luciferase activity in A549 and 
H1299 cells co-transfected with WT-PAK2 and miR- 
1287-5p mimic was detected (Figure 6(b,c)). At the 
same time, in contrast to the control IgG immunopre-
cipitates, miR-1287-5p and PAK2 were significantly 
enriched in Ago2 immunoprecipitates (Figure 6(d,e)). 
Thus, miR-1287-5p targeted PAK2 in NSCLC cells. 

Figure 3. Circ_0008717 knockdown suppresses angiogenesis and induces apoptosis in NSCLC. A549 and H1299 cells were 
transfected with circ_0008717 siRNA (si-circ_0008717) and siRNA NC (si-NC); (a) Tube formation assay for HUVECs with the 
conditioned medium of indicated cells. (b) Flow cytometry of cell apoptosis rate. (c–d) Protein levels of Bax and Bcl-2 protein in 
cells were assayed by western blot. Error bars stand for the mean ± SD of three independent measurements. *P < 0.05.

BIOENGINEERED 8943



Subsequently, we observed that PAK2 was elevated in 
NSCLC tissues and cell lines in comparison to those of 
control groups (Figure 6(f,g)). Additionally, pc-PAK2 
transfection significantly up-regulated PAK2 in A549 
and H1299 cells (Figure 6h) and also could rescue 
miR-1287-5p mimic-mediated PAK2 down- 
regulation (Figure 6i). Collectively, miR-1287-5p tar-
geted PAK2 expression in NSCLC cells.

3.7 MiR-1287-5p inhibits oncogenic phenotypes 
in NSCLC cells via PAK2

Given the miR-1287-5p/PAK2 axis in NSCLC cells, 
whether PAK2 participated in the activity of miR- 
1287-5p in NSCLC progression was probed. We 
found miR-1287-5p re-expression suppressed cell 
proliferation (Figure 7(a–c)), migration, and inva-
sion abilities (Figure 7(d,e)), cell cycle (Figure 7(f,g)), 
and tube formation (Figure 7h) and enhanced apop-
tosis (Figure 7(i–k)) in A549 and H1299 cells, while 
PAK2 overexpression attenuated these anticancer 
effects induced by miR-1287-5p re-expression in 

NSCLC cells (Figure 7(a–k)). These results implied 
that miR-1287-5p suppressed NSCLC progression 
by targeting PAK2.

3.8 Circ_0008717 upregulates PAK2 through 
binding to miR-1287-5p

Considering the above findings, we assumed that 
circ_0008717 might be able to modulate PAK2 via 
miR-1287-5p. As the exhibition of Figure 8a, 
circ_0008717 knockdown resulted in a reduction of 
PAK2 level, while this phenomenon was rescued by 
miR-1287-5p repression. Thus, we knew that 
circ_0008717 was able to upregulated PAK2 through 
absorbing miR-1287-5p.

3.9 Circ_0008717 knockdown impedes tumor 
growth in vivo

The functions of circ_0008717 in vivo were further 
investigated through xenograft tumor models. As 
shown in Figure 9(a,b), tumor volume and weight 

Figure 4. MiR-1287-5p is a target of circ_0008717 in NSCLC cells. (a) The binding sites of miR-1287-5p on circ_0008717. (b–g) 
The binding between miR-1287-5p and circ_0008717 was validated using dual-luciferase reporter, pull-down and RIP assays. (h,i) 
qRT-PCR analysis of miR-1287-5p expression in NSCLC tissues and normal adjacent tissues, as well as in normal BEAS-2B cells and 
NSCLC cells. (j) The interference efficiency of miR-1287-5p inhibitor or inhibitor NC was detected by qRT-PCR in A549 and H1299 
cells. (k) qRT-PCR analysis was conducted to investigate the effects of circ_0008717 on miR-1287-5p expression in A549 and H1299 
cells. Error bars stand for the mean ± SD of three independent measurements. *P < 0.05 and ** P < 0.01.
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were greatly inhibited in sh-circ_0008717 group com-
pared with those in sh-NC group. Besides, molecular 
analysis showed that circ_0008717 level was down- 
regulated in tumors of sh-circ_0008717 group, sug-
gesting successful injection of sh-circ_0008717 
(Figure 9c). Meanwhile, it was observed that 
circ_0008717 deficiency elevated miR-1287-5p 
expression (Figure 9d) and reduced PAK2 expression 
in vivo (Figure 9e). Moreover, IHC assay confirmed 
that circ_0008717 knockdown caused decreased 
PAK2 expression (Figure 9f). Altogether, 
circ_0008717 deficiency hindered NSCLC growth 
in vivo via miR-1287-5p/PAK2 axis.

4 Discussion

In our study, a high expression of circ_0008717 
was validated in NSCLC, circ_0008717 defi-
ciency suppressed cell oncogenic phenotypes in 
NSCLC. Importantly, xenograft experiments dis-
played that circ_0008717 deficiency hindered 
NSCLC growth in vivo. All these data suggested 
the anticancer property of circ_0008717 siRNA 
in NSCLC. Exosomes are endosome-derived 

vesicles containing an abundance of cargoes 
and can transmit and exchange their diverse 
cargoes with other cells and the extracellular 
microenvironment, forming a complex commu-
nication network that promotes the growth and 
progression of cancer [20,21]. All kinds of cells 
can secrete exosomes, and exosomes are stable in 
body fluids due to their phospholipid bilayer. 
Moreover, they have a low-risk for cancer occur-
rence [22]. Thus, exosomes are considered ideal 
vehicles for in vivo delivery for therapeutic 
information. Importantly, it has emerged that 
exosomes carrying circRNAs possess therapeutic 
potential in tumor management [23]. For exam-
ple, exosomal circRNA PDE8A released by 
tumor facilitated invasive growth of pancreatic 
cancer [7]. Exosomal circRNA_100338 enhanced 
the angiogenesis and invasiveness of cells to 
aggress HCC metastasis [19]. Exosomal 
circ_0006156 enhanced cell survival in papillary 
thyroid cancer (PTC) via miR-1178/TLR4 path-
way to modulate PTC progression [24]. In this 
study, circ_0008717 was uncovered to be stably 
packaged into exosomes in NSCLC, and could 

Figure 5. Silencing of miR-1287-5p attenuates the antitumor effects mediated by si-circ_0008717 in NSCLC cells. After 
indicated transfection, (a–c) The proliferation analysis of cells with MTT assay and colony formation assay. (d,e) Transwell assay for 
cell invasion and migration. (f,g) Flow cytometry for cell cycle analysis. (h) Tube formation in HUVECs by conditioned medium from 
indicated cells. (i) Flow cytometry of cell apoptosis rate. (j,k) Bax and Bcl-2 protein levels in cells were tested by western blot. Error 
bars stand for the mean ± SD of three independent measurements. *P < 0.05 and ** P < 0.01.
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be secreted into the microenvironment by exo-
somes. Therefore, the in vivo delivery of 
circ_0008717 siRNA via exosomes might be 
a promising therapeutic method for NSCLC, 
which still needs to be further validated in the 
future.

MiRNA-based therapies have been shown to 
hold great promise via either modulating the 
oncogene or the tumor suppression gene with 
miRNAs [10,25,26]. Based on the ceRNA 
hypothesis [27,28], miRNA targets of 
circ_0008717 in NSCLC cells were investigated. 
We identified and confirmed that circ_0008717 
sponged miR-1287-5p in NSCLC cells. Studies 
showed that miR-1287-5p mediated 

circ_0005576-induced promotion of cervical 
cancer progression [29]. Besides, miR-1287-5p 
was decreased in breast cancer, and silencing of 
miR-1287-5p promoted cancer growth [30]. In 
NSCLC, Chang et al. showed miR-1287 was 
sponged by circ_0026134 and the oncogenic 
role of circ_0026134 was reversed by miR-1287 
[31]. It was also identified that miR-1287 was 
implicated in NSCLC progression by the 
circ_0016760/miR-1287/GAGE1 pathway [32]. 
Consistent with previous research, we discovered 
the anticancer potential of miR-1287-5p in 
NSCLC. More importantly, miR-1287-5p defi-
ciency counteracted the anticancer action of si- 
circ_0008717 in NSCLC progression.

Figure 6. PAK2 is a target of miR-1287-5p in NSCLC cells. (a) The predicted binding sites of miR-1287-5p on PAK2. (b–e) Dual- 
luciferase reporter and RIP assays were utilized to confirm the interaction between PAK2 and miR-1287-5p in A549 and H1299 cells. 
(f,g) Western blot analysis of PAK2 expression in NSCLC tissues and normal adjacent tissues, as well as in normal BEAS-2B cells and 
NSCLC cells. (h) The transfection efficiency of pc-NC or pc-PAK2 was verified by western blot. (i) Western blot analysis was employed 
to investigate the impact of miR-1287-5p on PAK2 expression profile. Error bars stand for the mean ± SD of three independent 
measurements. *P < 0.05 and ** P < 0.01.
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PAK2 has been shown to modulate differen-
tiation, motility, and attachment in a large num-
ber of cellular contexts, including tumor cells 
[33,34]. Recent studies have revealed that PAK2 
was elevated in many types of cancer and per-
formed oncogenic effects to induce malignant 
progression in these cancers [35–37]. 
Importantly, it was also shown that PAK2 

reversed miR-7-5p-mediated phenotypic changes 
to promote NSCLC progression [38]. In our 
research, we validated miR-1287-5p-targeted 
PAK2, and overexpression of PAK2 attenuated 
the suppressive of miR-1287-5p in the malignant 
phenotypes of NSCLC cells. Moreover, we also 
found circ_0008717 sponged miR-1287-5p to 
promote PAK2 expression.

Figure 8. Circ_0008717 indirectly regulates PAK2 through binding to miR-1287-5p. After indicated transfection, the PAK2 
expression in A549 and H1299 cells was detected by western blot. Error bars stand for the mean ± SD of three independent 
measurements. *P < 0.05 and ** P < 0.01.

Figure 7. MiR-1287-5p inhibits malignant phenotypes in NSCLC cells by targeting PAK2. A549 and H1299 cells were 
transfected with miR-1287-5p and/or pc-PAK2. (a–c) MTT assay and colony formation assay for the cells proliferation; (d–e) 
Transwell assay for A549 and H1299 cell invasion and migration abilities. (f–g) Flow cytometry for cell cycle in A549 and H1299 
cells. (h) Tube formation in HUVECs by conditioned medium from indicated A549 and H1299 cells. (i) Flow cytometry of A549 and 
H1299 cell apoptosis rate. (j,k) Bax and Bcl-2 protein levels in A549 and H1299 cells were detected by western blot. Error bars stand 
for the mean ± SD of three independent measurements. *P < 0.05 and ** P < 0.01.
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5 Conclusion

Above all, this study demonstrated that 
circ_0008717 was stably packaged into exosomes 
in NSCLC, and functionally, circ_0008717 was an 
oncogenic factor that promoted tumorigenesis in 
NSCLC by elevating PAK2 expression through 
miR-1287-5p, which might offer a novel insight 
into the understanding of exosomal circRNA biol-
ogy in NSCLC, and the development of exosome- 
based therapeutic strategy for NSCLC patients.

Ethics approval and consent to participate

The design of this protocol follows the tenets of the 
Declaration of Helsinki, approved by the Ethics Committee 
of Tianjin First Center Hospital.

List of abbreviations

NSCLC non-small cell lung cancer
NTA nanoparticle tracking analysis
PAK2 P21-activated kinase 2

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by Tianjin-funded Key 
Construction Protects-Specialized Subject of Clinical 
Laboratory Medicine, Tianjin First Center Hospital 

(2019CM16) and Key Project of Tianjin Natural Science 
Foundation (18JCZDJC98500).

References

[1] Goldstraw P, Ball D, Jett JR, et al. Non-small-cell lung 
cancer. Lancet. 2011;378:1727–1740.

[2] Siegel RL, Miller KD, Jemal A. Cancer Statistics. CA 
Cancer J Clin. 2017;67:7–30.

[3] Abels ER, Breakefield, XO. Introduction to 
Extracellular Vesicles: Biogenesis, RNA Cargo 
Selection, Content, Release, and Uptake. Cellular & 
Molecular Neurobiology; 2016. p. 301–312.

[4] Cocucci E, Meldolesi J. Ectosomes and exosomes: shed-
ding the confusion between extracellular vesicles. 
Trends Cell Biol. 2015;25:364–372.

[5] Valencia K, Luis-Ravelo D, Bovy N, et al. miRNA cargo 
within exosome-like vesicle transfer influences meta-
static bone colonization. Mol Oncol. 2014;8:689–703.

[6] Li Y, Zheng Q, Bao C, et al. Circular RNA is enriched 
and stable in exosomes: a promising biomarker for 
cancer diagnosis. Cell Res. 2015;25:981–984.

[7] Li Z, Yanfang W, Li J, et al. Tumor-released exosomal 
circular RNA PDE8A promotes invasive growth via the 
miR-338/MACC1/MET pathway in pancreatic cancer. 
Cancer Lett. 2018;432:237–250.

[8] Farhan M, Aatif M, Dandawate P, et al. Non-coding 
RNAs as mediators of tamoxifen resistance in breast 
cancers. Adv Exp Med Biol. 2019;1152:229–241.

[9] Balas MM, Johnson AM. Exploring the mechanisms 
behind long noncoding RNAs and cancer. Noncoding 
RNA Res. 2018;3:108–117.

[10] Kwok GT, Zhao JT, Weiss J, et al. Translational appli-
cations of microRNAs in cancer, and therapeutic 
implications. Noncoding RNA Res. 2017;2:143–150.

Figure 9. Circ_0008717 knockdown impedes tumor growth in vivo. (a,b) Tumor size and weight of xenograft were detected. (c– 
e) qRT-PCR or western blot was utilized to assay the levels of circ_0008717, miR-1287-5p and PAK2 in tumors from each group. (f) 
Representative images of PAK2 staining in the tumors. *P < 0.05 and ** P < 0.01.

8948 H. WANG ET AL.



[11] Rybak-Wolf A, Stottmeister C, Glazar P, et al. Circular 
RNAs in the mammalian brain are highly abundant, 
conserved, and dynamically expressed. Mol Cell. 
2015;58:870–885.

[12] Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs 
are a large class of animal RNAs with regulatory 
potency. Nature. 2013;495:333–338.

[13] Panda AC, Abdelmohsen K, Gorospe M. SASP regulation 
by noncoding RNA. Mech Ageing Dev. 2017;168:37–43.

[14] Hombach S, Kretz M. Non-coding RNAs: 
Classification, Biology and Functioning. Adv Exp 
Med Biol; 2016:937. p.3–17.

[15] Kristensen L, Hansen T, Venø M, et al. Circular RNAs 
in cancer: opportunities and challenges in the field. 
Oncogene. 2018;37:555.

[16] Fu Y, Cai L, Lei X, et al. Circular RNA ABCB10 
promotes hepatocellular carcinoma progression by 
increasing HMG20A expression by sponging 
miR-670-3p. Cancer Cell Int. 2019;19:1–11.

[17] Zhou X, Natino D, Qin Z, et al. Identification and 
functional characterization of circRNA-0008717 as an 
oncogene in osteosarcoma through sponging miR-203. 
Oncotarget. 2018;9:22288.

[18] Tian X, Zhang L, Jiao Y, et al. CircABCB10 promotes 
nonsmall cell lung cancer cell proliferation and migra-
tion by regulating the miR-1252/FOXR2 axis. J Cell 
Biochem. 2019;120:3765–3772.

[19] Huang XY, Huang ZL, Huang J, et al. Exosomal 
circRNA-100338 promotes hepatocellular carcinoma 
metastasis via enhancing invasiveness and 
angiogenesis. J Exp Clin Cancer Res. 2020;39:20.

[20] Abels ER, Breakefield XO. Introduction to extracellular 
vesicles: biogenesis, RNA cargo selection, content, release, 
and uptake. Cell Mol Neurobiol. 2016;36:301–312.

[21] Choi DS, Kim DK, Kim YK, et al. Proteomics, tran-
scriptomics and lipidomics of exosomes and 
ectosomes. Proteomics. 2013;13:1554–1571.

[22] Hu G, Drescher KM, Chen XM. Exosomal miRNAs: 
biological properties and therapeutic potential. Front 
Genet. 2012;3:56.

[23] Jiang N, Pan J, Fang S, et al. Liquid biopsy: circulating 
exosomal long noncoding RNAs in cancer. Clin Chim 
Acta. 2019;495:331–337.

[24] Wu G, Zhou W, Pan X, et al. Circular RNA profiling 
reveals exosomal circ_0006156 as novel biomarker in 
papillary thyroid cancer. Mol Ther Nucleic Acids. 
2020;Mar 6(19):1134-1144.

[25] Woo SY, Lee SY, Yu SL, et al. MicroRNA-7-5p’s role in 
the O-GlcNAcylation and cancer metabolism. 
Noncoding RNA Res. 2020;5:201–207.

[26] Rehman S, Aatif M, Rafi Z, et al. Effect of 
non-enzymatic glycosylation in the epigenetics of 

cancer. Semin Cancer Biol. 2020; Dec 2:S1044-579X 
(20)30257-1.

[27] Wang J, Wang D, Wan D, et al. Circular RNA in 
invasive and recurrent clinical nonfunctioning pitui-
tary adenomas: expression profiles and bioinformatic 
analysis. World Neurosurg. 2018;117:e371–e386.

[28] Zhang X, Wang S, Wang H, et al. Circular RNA 
circNRIP1 acts as a microRNA-149-5p sponge to pro-
mote gastric cancer progression via the AKT1/mTOR 
pathway. Mol Cancer. 2019;18:20.

[29] Ji F, Du R, Chen T, et al. Circular RNA circSLC26A4 
accelerates cervical cancer progression via miR-1287- 
5p/HOXA7 axis. Mol Ther Nucleic Acids. 
2020;19:413–420.

[30] Schwarzenbacher D, Klec C, Pasculli B, et al. MiR- 
1287-5p inhibits triple negative breast cancer growth 
by interaction with phosphoinositide 3-kinase CB, 
thereby sensitizing cells for PI3Kinase inhibitors. 
Breast Cancer Res. 2019;21:20.

[31] Chang H, Qu J, Wang J, et al. Circular RNA 
circ_0026134 regulates non-small cell lung cancer cell 
proliferation and invasion via sponging miR-1256 and 
miR-1287. Biomed Pharmacother. 2019;112:108743.

[32] Li Y, Hu J, Li L, et al. Upregulated circular RNA 
circ_0016760 indicates unfavorable prognosis in 
NSCLC and promotes cell progression through 
miR-1287/GAGE1 axis. Biochem Biophys Res 
Commun. 2018;503:2089–2094.

[33] Varshney P, Dey CS. P21-activated kinase 2 (PAK2) 
regulates glucose uptake and insulin sensitivity in neu-
ronal cells. Mol Cell Endocrinol. 2016;429:50–61.

[34] Nuche-Berenguer B, Ramos-Álvarez I, Jensen R. The 
p21-activated kinase, PAK2, is important in the activa-
tion of numerous pancreatic acinar cell signaling cas-
cades and in the onset of early pancreatitis events. 
Biochim Biophys Acta Mol Basis Dis. 
2016;1862:1122–1136.

[35] Wang Y, Tong J, Lin H, et al. CCHE1 accelerated the 
initiation of oral squamous cell carcinoma through 
enhancing PAK2 expression by sponging miR-922. 
J Oral Pathol Med. 2020;49(7):636-644.

[36] Zhan W, Liao X, Chen Z, et al. LINC00858 promotes 
colorectal cancer by sponging miR-4766-5p to regulate 
PAK2. Cell Biol Toxicol. 2020;36(4):333–347.

[37] Zhang Y, Lin P, Zou J, et al. MiR-216a-5p act as 
a tumor suppressor, regulating the cell proliferation 
and metastasis by targeting PAK2 in breast cancer. 
Eur Rev Med Pharmacol Sci. 2019;23:2469–2475.

[38] Li Q, Wu X, Guo L, et al. MicroRNA-7-5p induces cell 
growth inhibition, cell cycle arrest and apoptosis by 
targeting PAK2 in non-small cell lung cancer. FEBS 
Open Bio. 2019;9:1983–1993.

BIOENGINEERED 8949


	Abstract
	1  Introduction
	2  Materials and methods
	2.1  Tissues samples and serum collection
	2.2  Cell culture
	2.3  Exosome (exo) isolation
	2.4  Western blot analysis
	2.5  qRT-PCR
	2.6  Cell transfection
	2.7  MTT assay
	2.8  Colony formation assay
	2.9  Transwell assay
	2.10  Cell cycle analysis
	2.11  Tube formation assay
	2.12  Cell apoptosis assay
	2.13  Dual-luciferase reporter assay
	2.14  RNA pull-down assay
	2.15  RNA immunoprecipitation (RIP) assay
	2.16  Xenograft experiments invivo
	2.17  Statistical analysis
	3  Results
	3.1  Circ_0008717 is packaged into exosomes in NSCLC
	3.2  Circ_0008717 knockdown suppresses cell growth and mobility in NSCLC
	3.3  Circ_0008717 knockdown suppresses angiogenesis and induces apoptosis in NSCLC
	3.4  MiR-1287-5p is atarget of circ_0008717 in NSCLC cells
	3.5  Silencing of miR-1287-5p attenuates the antitumor effects mediated by si-circ_0008717 in NSCLC cells
	3.6  PAK2 is atarget of miR-1287-5p in NSCLC cells
	3.7  MiR-1287-5p inhibits oncogenic phenotypes in NSCLC cells via PAK2
	3.8  Circ_0008717 upregulates PAK2 through binding to miR-1287-5p
	3.9  Circ_0008717 knockdown impedes tumor growth invivo
	4  Discussion
	5  Conclusion
	Ethics approval and consent to participate
	List of abbreviations
	Disclosure statement
	Funding
	References

