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PESV represses non‑small cell lung cancer 
cell malignancy through circ_0016760 
under hypoxia
Hong Zhang*  , Haojian Zhang, Jiye Zhu, Huan Liu and Qin Zhou 

Abstract 

Background:  Non-small cell lung cancer (NSCLC) accounts for more than 80% of lung cancers, which is the most 
common malignant tumor worldwide. Polypeptide extract from scorpion venom (PESV) has been reported to inhibit 
NSCLC process. The present study aims to reveal the roles of PESV in NSCLC progression under hypoxia and the inner 
mechanism.

Methods:  The expression levels of circular RNA 0016760 (circ_0016760) and microRNA-29b (miR-29b) were detected 
by quantitative real-time polymerase chain reaction (qRT-PCR). Protein expression was determined by western blot 
and immunohistochemistry assays. Cell migration, invasion, proliferation and tube formation were investigated by 
transwell, cell colony formation, 3-(4,5-Dimethylthazol-2-yl)-2,5-diphenyltetrazolium bromide and tube formation 
assays. The impacts between PESV and circ_0016760 overexpression on tumor growth in vivo were investigated by 
in vivo tumor formation assay.

Results:  Circ_0016760 expression was dramatically upregulated in NSCLC tissues and cells, compared with adjacent 
lung tissues and cells, respectively. PESV treatment downregulated circ_0016760 expression. Circ_0016760 silencing 
or PESV treatment repressed cell migration, invasion, proliferation and tube formation under hypoxia in NSCLC cells. 
Circ_0016760 overexpression restored the effects of PESV treatment on NSCLC process under hypoxia. Additionally, 
circ_0016760 acted as a sponge of miR-29b, and miR-29b bound to HIF1A. Meanwhile, miR-29b inhibitor impaired the 
influences of circ_0016760 knockdown on NSCLC process under hypoxia. Further, ectopic circ_0016760 expression 
restrained the effects of PESV exposure on tumor formation in vivo.

Conclusion:  Circ_0016760 overexpression counteracted PESV-induced repression of NSCLC cell malignancy and 
angiogenesis under hypoxia through miR-29b/HIF1A axis.
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Introduction
Lung cancer-related mortality accounts for more than 
15% of cancer-caused deaths worldwide [1]. Non-small 
cell lung cancer (NSCLC) accounts for more than four 
fifths of total lung cancers, posing a growing threat to 

human health [2, 3]. Hypoxia is a common pathological 
phenomenon in cancer development and can facilitate 
tumor growth [4]. Under hypoxia, glycolysis provides 
energy for cancer cell proliferation and motility [5]. Scor-
pion can promote blood circulation and remove blood 
stasis, and polypeptide extract from scorpion venom 
(PESV) is able to inhibit cell proliferation in cancers, 
including NSCLC [6, 7]. However, the mechanism of 
PESV in regulating NSCLC progression under hypoxia is 
still unclear.
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Circular RNA (circRNA) belongs to the mem-
bers of endogenous RNAs with neither 5’ caps nor 3’ 
polyadenylated tails [8]. CircRNA is involved in the 
pathogenesis of NSCLC. For example, circ_0074027 
overexpression promotes cell proliferation and metas-
tasis via sponging microRNA-185-3p (miR-185-3p) 
[9]. On the contrary, enforced circ_0078767 expression 
hinders cell proliferation and invasion through interac-
tion with miR-330-3p [10]. Additionally, circ_0016760 
promotes cell proliferation and metastasis via associ-
ating with miR-1287 and miR-577 in NSCLC [11, 12]. 
Nevertheless, whether circ_0016760 is involved in 
PESV-mediated NSCLC progression under hypoxia is 
unknown.

MiRNA is a noncoding RNA that acts function via 
binding to target gene, leading to target gene degrada-
tion or protein inhibition [13]. Previous evidence has 
suggested that miRNA participates in cancer progres-
sion [14]. MiR-29b, a cancer-related miRNA, com-
monly acts as a tumor suppressor [15]. In NSCLC, 
miR-29b has been reported to repress cell prolifera-
tion, migration and invasion [16, 17], implicating that 
miR-29b may be helpful to develop the therapeu-
tic strategy of NSCLC. In a low hypoxia condition, 
hypoxic inducible family of transcription factors 
(HIF) regulates some biological processes related to 
cell growth [18]. HIF1A is a vital regulator in hypoxic 
response and can modulate hypoxic gene expression 
[19, 20]. It is activated by prolyl 4-hydroxylases under 
hypoxia after the reduction of hydroxylation [21]. It 
has been found that HIF1A combines with miR-199a 
to inhibit NSCLC cell proliferation under hypoxia [22]. 
Wang et  al. also suggested that miR-182 promoted 
glycolysis by increasing HIF1A expression [23]. These 
evidences demonstrate the importance of HIF1A in 
the progression of NSCLC. As predicted by online 
databases, miR-29b contained the potential comple-
mentary sites of circ_0016760 and HIF1A.

Thus, the present study explored the impacts of 
circ_0016760 depletion on NSCLC malignant devel-
opment and tube formation under hypoxia, and deter-
mined whether the inner mechanism responsible for 
the effects of circ_0016760 on PESV-mediated NSCLC 
malignant progression involved circ_0016760/miR-
29b/HIF1A axis. Herein, we detected circ_0016760 
expression in PESV-treated NSCLC cells, analyzed 
the impacts of circ_0016760 on malignant develop-
ment and tube formation of NSCLC cells treated with 
PESV under hypoxia, and determined whether PESV-
mediated NSCLC cell processes was associated with 
circ_0016760/miR-29b/HIF1A axis.

Materials and methods
Clinical specimen and cell culture
Human NSCLC tissues and paracancerous normal lung 
tissues (N = 43, respectively) were collected from NSCLC 
patients from the First Hospital of Hunan University of 
Chinese Medicine. Tissues were restored at − 80 °C. The 
Ethics Committee of the First Hospital of Hunan Uni-
versity of Chinese Medicine approved this research. The 
participants signed the written informed consents. The 
clinicopathologic features of 43 NSCLC patients were 
shown in Additional file 1: Table S1.

Human lung epithelial cell-line BEAS-2B, NSCLC 
cell lines (A549 and H1299) and human umbilical vein 
endothelial cells (HUVEC) were acquired from Procell 
(Wuhan, China). Cells were cultured in Roswell Park 
Memorial Institute-1640 medium (RPMI-1640; Procell), 
bronchial epithelial cell basal medium (BEBM; Procell) or 
Ham’s F12K (Procell) at 37 °C with 95% air and 5% CO2. 
Medium was supplemented with 10% fetal bovine serum 
(FBS; Procell) as well as antibiotics (100  μg/mL penicil-
lin, 100 μg/mL streptomycin) (Millipore, Bradford, MA, 
USA). For hypoxia treatment, cells were cultured in a 
hypoxia incubator chamber (Maworde, Qiqihar, China) 
with 5% CO2, 1% O2 and 94% N2. PESV, obtained from 
Chinese Medicine Pharmacy of the First Affiliated Hospi-
tal of Hunan University of Chinese Medicine, was used to 
study the role of circ_0016760 in PESV-mediated NSCLC 
development and the underlying mechanism.

Cell transfection
Ribobio (Guangzhou, China) provided the small inter-
fering RNAs against circ_0016760 (si-circ_0016760#1, 
5’-GTC​TGG​CAT​GCA​GAG​GCA​GAA-3’; si-
circ_0016760#2, 5’-CTG​GCA​TGC​AGA​GGC​AGA​
AGA-3’ and si-circ_0016760#3, 5’-ATG​CAG​AGG​CAG​
AAG​AGG​CCT-3’), the small hairpin RNA targeting 
circ_0016760 (sh-circ_0016760), miR-29b mimic (miR-
29b, 5’-UAG​CAC​CAU​UUG​AAA​UCA​GUGUU-3’), miR-
29b inhibitor (in-miR-29b, 5’-AAC​ACU​GAU​UUC​AAA​
UGG​UGCUA-3’) and controls (si-con, con, miR-con and 
in-miR-con). The plasmids overexpressing circ_0016760 
(circ_0016760) and HIF1A (HIF1A) were built in Gen-
eseed (Guangzhou, China) using pCD5-ciR and pcDNA 
vectors.

Si-circ_0016760#2 and circ_0016760 were trans-
fected into cells with controls to reveal the effects of 
circ_0016760 on PESV-mediated NSCLC process under 
hypoxia. Si-circ_0016760#2, in-miR-29b, miR-29b or 
HIF1A was employed to determine the relationships 
among circ_0016760, miR-29b and HIF1A in regulating 
NSCLC cell processes under hypoxia. sh-circ_0016760, 
circ_0016760 and con were employed to demonstrate the 
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impacts between circ_0016760 and PESV treatment on 
tumor growth in  vivo. Cell transfection was conducted 
using Lipofectamine 2000 (Thermo Fisher, Waltham, 
MA, USA) according to the manufacturer’s instructions.

Quantitative real‑time PCR (qRT‑PCR)
TsingZol (Tsingke, Shanghai, China) was used to lyse tis-
sues and cells. RNA isolation reagents (Corning, Madi-
son, New York, USA) were then employed to isolate 
RNA. Reverse transcription was performed with High-
Capacity cDNA Synthesis kits (Thermo Fisher). For 
detecting the amount of circRNA/miRNA/mRNA, Fast 
qPCR Mix (Tsingke) was employed. Data were assessed 
using the 2−∆∆Ct method with U6 and β-actin as controls. 
Additionally, oligo(dT)18 primers and random primers 
(Solarbio, Beijing, China) were employed to confirm the 
circular structure of circRNA. The sense and antisense 
primers were circ_0016760 5’-AGA​GGT​TAT​CCC​CAT​
TTT​AGA​AGT​G-3’ and 5’-CAT​CTG​TTC​CTG​GGT​CTG​
T-3’; HIF1A 5’-GTC​TGA​GGG​GAC​AGG​AGG​AT-3’ and 
5’-AAA​GGC​AAG​TCC​AGA​GGT​GG-3’; U6 5’-CTC​GCT​
TCG​GCA​GCACA-3’ and 5’-AAC​GCT​TCA​CGA​ATT​
TGC​GT-3’; β-actin 5’-CAC​CAT​TGG​CAA​TGA​GCG​
GTTC-3’ and 5’-AGG​TCT​TTG​CGG​ATG​TCC​ACGT-3’. 
Ribobio Co., Ltd. provided the primers for miR-29b.

Transwell assay
Cell migration and invasion were analyzed by transwell 
chambers. In short, A549 cells and H1299 cells were 
mixed with serum-free Ham’s F12K medium (Procell) or 
RPMI-1640 medium (Procell), and added into the upper 
chamber, which was coated with Matrigel (Corning) for 
invasion assay. Ham’s F12K medium and RPMI-1640 
medium with 15% FBS (Procell) were severally placed 
into the lower chamber. At 24 h after transfection of plas-
mids and oligonucleotides, medium was removed and 
cells were incubated with methanol (Beyotime, Shanghai, 
China) and crystal violet (Beyotime). Results were dem-
onstrated via calculating the number of cells from 6 high-
power (100x) field microscope (Olympus, Tokyo, Japan).

Cell colony formation assay
The colony-forming ability of A549 and H1299 cells was 
revealed by colony formation assay. Shortly, cells (500 
cells per well) were grown in 6-well plates for 2  weeks 
after transfection of plasmids and oligonucleotides, and 
Ham’s F12K medium and RPMI-1640 medium (Procell) 
were replaced every 3  days. Proliferative colonies were 
immobilized and stained with paraformaldehyde (Beyo-
time) and crystal violet (Beyotime), respectively. Cell 
colony-forming ability was analyzed by determining the 
number of colonies.

3‑(4,5‑Dimethylthazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay
Cells were grown in 96-well plates for 16 h, and treated 
with test compounds. At 48  h after transfection, cells 
were went through 4 h incubation with MTT solution 
(Beyotime). After that, dimethyl sulfoxide was placed 
into each well. Samples were assessed via detecting the 
absorbance at 490  nm with microplate reader (REA-
GEN, Shenzhen, China).

Tube formation assay
Angiogenic capacity of cells was analyzed by capillary-
like network formation assay as descripted previously 
[24]. In brief, the cells were passaged in 96-well micro-
plates coated with growth factor-depleted Matrigel 
(Corning). After 16 h of culture in NSCLC-conditioned 
medium, the branch points containing at least 3 cells 
were counted under microscope (Zeiss, Melville, NY, 
USA). Results were analyzed using image J software.

Flow cytometry analysis
Cell apoptotic rate was analyzed using Annexin V-FITC 
and propidium iodide apoptotic detection kit (Solar-
bio). In brief, the cells were harvested after various 
treatments, and suspended in Binding buffer. Then, 
Annexin V-FITC and propidium iodide were used to 
incubate the cells in the dark. Finally, cell apoptotic rate 
was analyzed using a flow cytometer with CytExpert 
software.

Dual‑luciferase reporter assay
The binding sequences between miR-29b and 
circ_0016760 or HIF1A were predicted by star-
base online database and microT CDS online data-
base, respectively. The wild-type (WT) plasmids of 
circ_0016760 (circ_0016760-WT) and HIF1A (HIF1A-
WT) and their mutant (MUT) plasmids (circ_0016760-
MUT and HIF1A-MUT) were constructed by Ribobio 
Co., Ltd. Cell transfection was performed according to 
the literature’s methods [25]. Luciferase activities were 
detected using a Dual-Lucy Assay Kit (Solarbio).

RNA immunoprecipitation (RIP) assay
In short, cells were harvested and lysed using RIP 
lysis buffer (Millipore). Lysates were incubated with 
magnetic beads coated with anti-argonaute2 (anti-
Ago2; Abcam, Cambridge, UK) or anti-immunoglob-
ulin G (anti-IgG; Abcam) for 24  h. The expression of 
circ_0016760, miR-29b and HIF1A enriched by anti-
Ago2 or anti-IgG was detected by qRT-PCR.
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Western blot analysis
The lysates from cells and tissues were acquired by 
using RIPA buffer (Beyotime), and then loaded onto 
12% SurePAGE gels (Thermo Fisher). Protein bands 
were electrotransferred onto polyvinylidene fluoride 
membranes (Millipore) prior to blocking aspecific sig-
nals using 5% nonfat milk (Solarbio). After that, the 
membranes were incubated with primary antibod-
ies and secondary antibody (1:8000; Affinity, Nanjing, 
China), respectively. Protein bands were visualized 
using RapidStep ECL Reagent (Millipore). β-actin was 
employed as a reference. Primary antibodies were anti-
HIF1A (1:1500; Affinity), anti-proliferating cell nuclear 
antigen (anti-PCNA; 1:800; Otwo Biotech, Shenzhen, 
China) and anti-β-actin (1:1000; CST, Boston, MA, 
USA).

In vivo tumor formation assay
Vital River Laboratories (Beijing, China) provided 
male BALB/c nude mice (5-week old). Nude mice 
were divided into 4 groups (N = 6, respectively): 
con group, sh-circ_0016760 group, PESV group and 
PESV + circ_0016760 group. 5 × 106 A549 cells trans-
fected with sh-circ_0016760, con or circ_0016760 were 
hypodermically injected into the mice. Mice were intra-
gastrically administered with PESV (200  mg/kg) once a 
day from tumor formation to the end of experiments. On 
the 7th day after injection, tumor volume was monitored 
every 7 days. Twenty-eight days later, mice were adminis-
trated with xylazine (10 mg/kg; Seebio Biotech, Shanghai, 
China) and then euthanized by cervical dislocation. The 
forming tumors were excised for the analysis of tumor 
weight and gene expression. The Animal Care Commit-
tee of the First Hospital of Hunan University of Chinese 
Medicine agreed with this study.

Immunohistochemistry (IHC) assay
IHC assay was performed on the primary tumors from 
A549 cells according to the standard method [26]. In 
brief, 4-µm-thick sections embedded into paraffin were 
heated and deparaffinized with xylene. The slides were 
incubated with H2O2 and primary antibodies specific 
to HIF1A (1:200; Cusabio Biotech, Wuhan, China), pro-
liferating cell nuclear antigen (Ki67; 1:200; Cusabio Bio-
tech) and Cleaved Caspase-3 (1:200; Cusabio Biotech). 
Subsequent steps were carried out using IHC assay kit 
(Phygene, Fuzhou, China) as instructed. CX31-LV320 
microscope (Olympus) was utilized to capture images. 
The relative expression of the three proteins was calcu-
lated based on the percentage of stained cells and inten-
sity of immunostaining as instructed [27].

Statistical analysis
SPSS 21.0 software was employed to analyze the data 
from 3 independent duplicate tests. Results were shown 
as means ± standard deviations (SD). Significant dif-
ferences were demonstrated by Student’s t-tests, Wil-
coxon rank-sum test or one-way analysis of variance. P 
value < 0.05 was considered statistically significant.

Results
PESV treatment downregulated circ_0016760 expression 
in A549 and H1299 cells
To determine whether PESV-mediated NSCLC pro-
gression involved circ_0016760, we first detected 
circ_0016760 expression in NSCLC tissues and cells. 
Results showed that circ_0016760 expression was dra-
matically upregulated in NSCLC tissues and A549 and 
H1299 cells compared with paracancerous normal lung 
tissues and BEAS-2B cells, respectively (Fig. 1A, B). Sub-
sequently, the study analyzed the effects of PESV treat-
ment on circ_0016760 expression in A549 and H1299 
cells. qRT-PCR data showed that circ_0016760 expres-
sion was decreased in the both A549 and H1299 cells 
after PESV treatment (30  μM and 60  μM), especially 
in 60  μM PESV-treated NSCLC cells (Fig.  1C). There-
fore, 60  μM PESV was employed for further study. 
Besides, we identified the stability of circ_0016760 
using oligo(dT)18 and random primers. As presented in 
Fig. 1D, E, oligo(dT)18 primers significantly amplified lin-
ear SNAP47 rather than circ_0016760, which suggested 
that circ_0016760 lacked poly (A) tails. These data dem-
onstrated that PESV could regulate circ_0016760 expres-
sion in NSCLC cells.

Circ_0016760 silencing attenuated hypoxia‑induced cell 
migration, invasion, proliferation and tube formation 
in A549 and H1299 cells
In order to demonstrate the impacts of circ_0016760 
silencing on NSCLC process under hypoxia, the effi-
ciency of si-circ_0016760#1, si-circ_0016760#2 and si-
circ_0016760#3 in interfering circ_0016760 expression 
was firstly determined. Results showed that circ_0016760 
expression was significantly downregulated by si-
circ_0016760#1, si-circ_0016760#2 and si-circ_0016760#3, 
especially by si-circ_0016760#2 (Fig.  2A). Based on the 
consequence, si-circ_0016760#2 was chosen for further 
experiments. Subsequently, we transfected the small 
interfering RNA of circ_0016760 into hypoxia-induced 
A549 and H1299 cells to determine the consequential 
effects. qRT-PCR results showed that hypoxia treat-
ment upregulated circ_0016760 expression, whereas 
circ_0016760 silencing impaired this effect (Fig.  2B). 
Transwell assay displayed that hypoxia treatment 
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promoted cell migration and invasion, whereas these 
impacts were restored after circ_0016760 knockdown 
(Fig. 2C, D). Similarly, the colony-forming ability and via-
bility of A549 and H1299 cells were also facilitated under 
hypoxia; however, these influences were partially abol-
ished by reduced expression of circ_0016760 (Fig.  2E, 
F). In support, hypoxia-induced upregulation of PCNA 
expression was remitted after circ_0016760 knock-
down (Fig.  2G). Further, hypoxia treatment promoted 
tube formation, which was rescued after knockdown of 
circ_0016760 (Fig. 2H). Thus, these results demonstrated 
that circ_0016760 silencing could attenuate hypoxia-
induced the migration, invasion, proliferation and tube 
formation of NSCLC cells.

Circ_0016760 overexpression restrained the inhibitive 
effects of PESV treatment on NSCLC process under hypoxia
Based on the above results, the study continued to analyze 
the effects between PESV treatment and circ_0016760 on 

NSCLC process under hypoxia. Results firstly showed 
that PESV treatment induced A549 and H1299 cell apop-
tosis but had no effect on BEAS-2B cells (Additional 
file  2: Fig. S1). Circ_0016760 expression was upregu-
lated after transfection with circ_0016760 (Fig.  3A), 
suggesting that circ_0016760 was effective in increasing 
circ_0016760 expression. Subsequently, results showed 
that PESV exposure reversed the promoting effect of 
hypoxia treatment on circ_0016760 expression; however, 
this impact was partly abolished after circ_0016760 over-
expression (Fig. 3B). Besides, we found that PESV treat-
ment hindered hypoxia-induced cell migration, invasion 
and proliferation, whereas these impacts were restrained 
after circ_0016760 overexpression (Fig.  3C–F). PESV 
exposure also attenuated hypoxia-induced PCNA expres-
sion, but ectopic circ_0016760 expression impaired this 
influence (Fig.  3G). Comparatively, PESV inhibited tube 
formation under normoxia, whereas these effects were 
attenuated by ectopic circ_0016760 expression (Fig. 3H). 

Fig. 1  Circ_0016760 expression was decreased after PESV exposure in NSCLC cells. A, B Circ_0016760 expression was detected by qRT-PCR in 
NSCLC tissues (N = 43), paracancerous normal tissues (N = 43) as well as BEAS-2B, A549 and H1299 cells. C Circ_0016760 expression was detected 
at 24 h after PESV treatment (0, 15, 30 and 60 μM) by qRT-PCR in A549 and H1299 cells. D, E The circular structure of circ_0016760 was identified by 
using oligo(dT)18 primers and random primers. *P < 0.05
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These results explained that PESV could repress NSCLC 
cell migration, invasion, proliferation and tube formation 
under hypoxia by regulating circ_0016760.

Circ_0016760 upregulated HIF1A expression by sponging 
miR‑29b
Considering the feasibility of circRNA-miRNA-mRNA 
network in revealing the pathogenesis of cancers, the 
miRNA and mRNA related to circ_0016760 were further 
analyzed. As presented in Fig. 4A, B, circ_0016760 con-
tained the binding sites of miR-29b, and miR-29b pos-
sessed the binding sequence of HIF1A. To identify the 
binding relationship between miR-29b and circ_0016760 
or HIF1A, we detected the efficiency of miR-29b overex-
pression (Fig. 4C). Dual-luciferase reporter assay showed 

that the luciferase activity was dramatically repressed 
in miR-29b mimic and circ_0016760-WT group as well 
as in miR-29b mimic and HIF1A-WT group, but not in 
miR-29b mimic and circ_0016760-MUT group or in 
miR-29b mimic and HIF1A-MUT group (Fig.  4D–G). 
Meanwhile, RIP assay showed that circ_0016760, miR-
29b and HIF1A could be enriched in anti-Ago2 groups 
as compared to anti-IgG group (Fig.  4H, I). Further, 
results displayed that circ_0016760 overexpression 
dramatically downregulated miR-29b expression and 
upregulated HIF1A protein expression, whereas miR-
29b mimic attenuated these effects (Fig. 4J, K). The simi-
larly results were also observed in PESV-treated A549 
and H1299 cells (Additional file 3: Fig. S2). For instance, 
increasing circ_0016760 expression decreased miR-29b 

Fig. 2  Circ_0016760 knockdown partly abolished the impacts of hypoxia treatment on NSCLC cell malignancy. A Circ_0016760 expression was 
determined by qRT-PCR in A549 and H1299 cells transfected with si-con, si-circ_0016760#1, si-circ_0016760#2 or si-circ_0016760#3. B The influence 
of circ_0016760 knockdown on circ_0016760 expression under hypoxia was detected by qRT-PCR in A549 and H1299 cells. C, D The impacts of 
circ_0016760 repression on the migration and invasion of A549 and H1299 cells after hypoxia treatment were demonstrated by transwell assay. E, F 
Cell colony formation and MTT assays were employed to investigate the effect of circ_0016760 knockdown on the proliferation of A549 and H1299 
cells under hypoxia. (G) The effect of circ_0016760 silencing on PCNA expression under hypoxia was determined by western blot. H Tube formation 
assay was performed to reveal the impact of circ_0016760 knockdown on tube formation under hypoxia. *P < 0.05
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expression but increased HIF1A expression in PESV-
treated A549 and H1299 cells, which were relieved after 
miR-29b introduction. The above data demonstrated that 
circ_0016760 induced HIF1A production through inter-
action with miR-29b in NSCLC cells.

Circ_0016760 silencing inhibited cell migration, invasion, 
proliferation and angiogenesis by sponging miR‑29b 
under hypoxia in NSCLC cells
Given the binding relationship between circ_0016760 
and miR-29b, whether circ_0016760 modulated NSCLC 

process by sponging miR-29b under hypoxia was fur-
ther disclosed. Result first showed that miR-29b expres-
sion was downregulated after transfection with miR-29b 
inhibitor in A549 and H1299 cells (Fig.  5A), suggesting 
the success of miR-29b knockdown. Subsequently, we 
found that circ_0016760 silencing upregulated miR-29b 
expression under hypoxia, whereas miR-29b inhibitor 
reserved this impact (Fig. 5B). The data from Fig. 5C–F 
showed that circ_0016760 knockdown repressed the 
migration, invasion and proliferation of A549 and 
H1299 cells under hypoxia, which was restrained 

Fig. 3  Circ_0016760 overexpression attenuated the impacts of PESV treatment on NSCLC cell processes under hypoxia. A The overexpression 
efficiency of circ_0016760 was detected by qRT-PCR in A549 and H1299 cells. B The effects between PESV treatment and circ_0016760 
overexpression on circ_0016760 expression under hypoxia were determined by qRT-PCR in A549 and H1299 cells. C, D Transwell assay was 
conducted to determine the influences between PESV treatment and circ_0016760 overexpression on the migration and invasion of A549 and 
H1299 cells under hypoxia. E, F Cell colony formation and MTT assays were carried out to unveil the influences between PESV treatment and 
enforced circ_0016760 expression on cell proliferation under hypoxia in A549 and H1299 cells. G Western blot analysis was carried out to determine 
the influences between PESV treatment and circ_0016760 overexpression on PCNA protein expression under hypoxia. H Tube formation assay was 
conducted to determine the influences between PESV treatment and circ_0016760 overexpression on tube formation under hypoxia. *P < 0.05
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after transfection of miR-29b inhibitor. Additionally, 
circ_0016760 repression reduced PCNA expression and 
tube formation under hypoxia; however, miR-29b inhibi-
tor impaired this influence (Fig.  5G, H). These findings 
demonstrated that circ_0016760 modulated NSCLC cell 
malignancy and angiogenesis under hypoxia through 
sponging miR-29b.

MiR‑29b repressed NSCLC cell processes and angiogenic 
ability by binding to HIF1A
Whether miR-29b regulated NSCLC process by bind-
ing to HIF1A after hypoxia treatment was disclosed in 
this part. Result initially presented the high efficiency 
of HIF1A in upregulating HIF1A expression (Fig.  6A). 
Subsequently, western blot assay presented that miR-
29b overexpression dramatically decreased HIF1A pro-
tein expression under hypoxia, which was restored after 
HIF1A overexpression (Fig. 6B). The migration, invasion 
and proliferation of A549 and H1299 cells were repressed 
after transfection with miR-29b mimic under hypoxia, 

whereas HIF1A overexpression hindered these effects 
(Fig. 6C–F). Besides, the decreased expression of PCNA 
and tube formation by miR-29b overexpression under 
hypoxia were relieved by enforced HIF1A expression 
(Fig.  6G, H). Collectively, miR-29b regulated cell malig-
nancy and tube formation by interacting with HIF1A 
under hypoxia in NSCLC cells.

PESV treatment inhibited tumor formation by repressing 
circ_0016760 expression in vivo
The effects between PESV treatment and circ_0016760 
on tumorigenesis in  vivo were further revealed. Results 
showed that circ_0016760 silencing or PESV treatment 
inhibited the volume and weight of tumors, whereas 
circ_0016760 overexpression in combination with PESV 
reversed the inhibitory effects of PESV treatment on 
the volume and weight of tumors (Fig.  7A, B). Addi-
tionally, the combination treatment hindered PESV-
mediated effects on the expression of circ_0016760 and 
HIF1A (Fig.  7C, E). Meanwhile, miR-29b expression 

Fig. 4  Circ_0016760 regulated HIF1A expression via sponging miR-29b in NSCLC cells. A Starbase online database was employed to predict the 
putative binding sites between miR-29b and circ_0016760. B MicroT-CDS online database was performed to predict the putative binding sequence 
between miR-29b and HIF1A. C MiR-29b expression was detected by qRT-PCR in A549 and H1299 cells transfected with miR-29b or miR-con. D–G 
Dual-luciferase reporter assay was conducted to detect luciferase activity in A549 and H1299 cells. H, I RIP assay was carried out to reveal the direct 
binding relationship between miR-29b and circ_0016760 or HIF1A. J, K The effects between ectopic circ_0016760 expression and miR-29b mimic 
on miR-29b expression and HIF1A protein expression were demonstrated by qRT-PCR and western blot, respectively, in A549 and H1299 cells. 
*P < 0.05
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was upregulated by PESV treatment; however, enforced 
circ_0016760 expression restrained PESV-induced 
effect (Fig.  7D). Additionally, the combination of PESV 
with circ_0016760 reversed PESV-induced dysregu-
lated expression of HIF1A, Ki67 and Cleaved caspase-3 
(Fig.  7F). All these data demonstrated that PESV treat-
ment inhibited tumor formation via decreasing the 
expression of circ_0016760 and HIF1A and increasing 
miR-29b expression level in vivo.

Discussion
Most of NSCLC patients are difficult to be cured by gen-
eral treatment owing to late diagnosis [28]. For malignant 
cancers, chemotherapeutic drugs are less effective owing 

to their poor specificity, and lots of venoms specially tar-
geting cellular elements lit a new hope for cancer therapy 
[29]. Previous researches disclosed that venom-derived 
peptides participated in regulating cell metastasis and 
growth of tumor [30, 31]. PESV, a polypeptide extracted 
from scorpion venom, has been found to reverse multi-
drug resistance of leukemia stem cell [32]. In addition, 
PESV represses cell malignancy in prostate cancer [6], 
hepatocellular carcinoma [33] and lung cancer [7]. Nev-
ertheless, the roles of PESV in NSCLC process under 
hypoxia are unknown. In this study, we demonstrated 
that PESV inhibited the malignant behaviors of NSCLC 
cells by regulating circ_0016760/miR-29b/HIF1A axis 
under hypoxia.

Fig. 5  Circ_0016760 regulated NSCLC cell processes and angiogenic ability under hypoxia via sponging miR-29b. A MiR-29b expression was 
detected by qRT-PCR in A549 and H1299 cells transfected with in-miR-29b or in-miR-con. B The impacts between circ_0016760 knockdown 
and miR-29b inhibitor on miR-29b expression under hypoxia were demonstrated by qRT-PCR in A549 and H1299 cells. C, D Transwell assay was 
employed to unveil the effects between circ_0016760 silencing and miR-29b inhibitor on the migration and invasion of A549 and H1299 cells under 
hypoxia. E, F Cell colony formation and MTT assays were performed to reveal the impacts between circ_0016760 repression and miR-29b inhibitor 
on the proliferation of A549 and H1299 cells under hypoxia. G Western blot assay was employed to unveil the effects between circ_0016760 
silencing and miR-29b inhibitor on PCNA expression under hypoxia. H Tube formation assay was employed to unveil the effects between 
circ_0016760 silencing and miR-29b inhibitor on the tube formation of A549 and H1299 cells under hypoxia. *P < 0.05
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Herein, circ_0016760 expression was upregulated 
in NSCLC tissue and cell samples. Hypoxia treatment 
induced cell proliferation, migration, invasion and tube 
formation, while circ_0016760 silencing attenuated 
these effects, suggesting that circ_0016760 could pro-
mote NSCLC process. Li et  al. also demonstrated that 
circ_0016760 expression was significantly augmented 
in NSCLC specimens and cells, and its upregulation 
facilitated cell proliferation and metastasis, while sup-
pressed cell apoptosis [11, 34]. Hao et  al. also disclosed 
that circ_0016760 knockdown repressed NSCLC cell 

colony-forming ability, growth and metastasis [12, 35]. 
These findings demonstrated that circ_0016760 acted 
as an oncogene in NSCLC. Our findings were consist-
ent with these data. Beyond that, our data indicate the 
promoting effect of circ_0016760 on tube formation. 
Additionally, in this research, PESV treatment downregu-
lated circ_0016760 expression. PESV exposure repressed 
cell proliferation, migration, invasion and angiogenesis 
after hypoxia treatment. Considering the above results, 
we hypothesized that PESV might repress NSCLC cell 
malignancy under hypoxia by regulating circ_0016760. In 

Fig. 6  MiR-29b repressed NSCLC cell processes and angiogenic ability by binding to HIF1A. A The overexpression efficiency of HIF1A was 
detected by western blot in A549 and H1299 cells. B The effects between miR-29b and HIF1A on HIF1A protein expression under hypoxia were 
revealed by western blot in A549 and H1299 cells. C, D Transwell assay was performed to demonstrate the influences between miR-29b and HIF1A 
overexpression on the migration and invasion of A549 and H1299 cells under hypoxia. E, F The influences between miR-29b mimic and HIF1A 
overexpression on cell proliferation under hypoxia were unveiled by cell colony formation and MTT assays in A549 and H1299 cells. G The effects 
between miR-29b and HIF1A on PCNA protein expression under hypoxia were revealed by western blot in A549 and H1299 cells. H The effects 
between miR-29b and HIF1A on tube formation expression under hypoxia were revealed by tube formation assay in A549 and H1299 cells. *P < 0.05
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order to prove the hypothesis, rescue experiments were 
employed. Data showed that circ_0016760 overexpres-
sion relieved the inhibitory effects of PESV on NSCLC 

cell processes under hypoxia. In vivo tumor experiments 
indicated that enforced circ_0016760 expression attenu-
ated the inhibitory effect of PESV on tumor formation. 

Fig. 7  PESV regulated tumor formation by inhibiting circ_0016760 expression in vivo. A, B The impacts between PESV treatment and circ_0016760 
on the volume and weight of tumors were disclosed in vivo. C, D QRT-PCR was performed to determine the influences between PESV treatment 
and circ_0016760 on the expression levels of circ_0016760 and miR-29b in vivo. E, F Western blot and IHC assays were conducted to demonstrate 
the effects between PESV treatment and circ_0016760 on HIF1A protein expression in vivo. *P < 0.05



Page 12 of 14Zhang et al. Cancer Cell International          (2021) 21:628 

These results demonstrated that PESV could regulate 
NSCLC process by repressing circ_0016760 expression 
for the first time.

CircRNA commonly functions as a miRNA sponge 
to modulate the reciprocity of miRNA and protein 
[36]. Based on this theory, the underlying mechanism 
of circ_0016760 in mediating the effects of PESV on 
NSCLC process under hypoxia was unveiled. Results 
demonstrated that circ_0016760 was a sponge of miR-
29b, and miR-29b targeted HIF1A. As reported, c-Myc 
facilitated cell growth and invasion by suppressing miR-
29b in NSCLC [37]; miR-29b also inhibited cell migration 
and invasion in NSCLC [38]. HIF1A is an important tran-
scription factor related to tumor cell survival, angiogen-
esis and invasion [39, 40]. Circ_0014130 was indicated 
to contribute to NSCLC cell proliferation and metastasis 
by inducing HIF1A production [41]; miR-130a hindered 
cell migration and invasion under hypoxia by binding 
to HIF1A in NSCLC [42]. In the work of Chang et  al., 
we found that HIF1A regulated lung cancer progres-
sion through association with MMP9, a factor related to 
degradation of extracellular matrix and vascular remod-
eling [43]. Besides, previous data showed that HIF1A 
combined with the transcription factor of epithelial-to-
mesenchymal transition, Snail, to mediate the develop-
ment of lung cancer [44]. Based on these evidences, we 
hypothesized that circ_0016760 regulated NSCLC cell 
processes by upregulating HIF1A through sponging miR-
29b. As a result, HIF1A expression was upregulated by 
circ_0016760 overexpression, whereas miR-29b mimic 
attenuated this effect in NSCLC cells treated with PESV 
or without. Further data suggested that miR-29b inhibi-
tor restored circ_0016760 silencing-induced repression 
of NSCLC cell processes under hypoxia, and HIF1A 
overexpression impaired the repressing impacts of miR-
29b mimic on NSCLC cell processes under hypoxia. 
These evidences demonstrated that circ_0016760 reg-
ulated NSCLC process by miR-29b/HIF1A pathway 
under hypoxia. Furthermore, in  vivo data displayed 
that enforced circ_0016760 expression attenuated the 
decreased expression of circ_0016760 and HIF1A, and 
the increased expression of miR-29b expression induced 
by PESV treatment, implying that PESV could regulate 
miR-29b and HIF1A by inhibiting circ_0016760.

However, some shortcomings should be considered 
when evaluating our findings. Firstly, patient-derived 
tumor xenograft should be performed to verify the novel 
mechanism. Besides, the direct evidence between HIF1A 
and circ_0016760/miR-29b axis in regulating PESV-medi-
ated NSCLC progression under hypoxia is lacking in the 
present study. Enhancer of zeste homolog 2 (EZH2) is the 
enzymatic subunit of polycomb-repressive complex 2 and 
contributes to transcriptional silencing in the development 

of lung cancer [45]. Previous data have showed that EZH2 
regulates immune escape of lung cancer through HIF1A 
[46]. Thus, whether circ_0016760/miR-29b/HIF1A/EZH2 
pathway is responsible for PESV-mediated NSCLC cell 
malignancy under hypoxia will be investigated in future.

Conclusion
PESV treatment-mediated NSCLC progression under 
hypoxia involved the downregulation of circ_0016760. 
Circ_0016760 overexpression counteracted PESV-induced 
repression of NSCLC cell migration, invasion, and tube 
formation under hypoxia treatment. The inner mecha-
nism was PESV treatment-induced downregulation of 
circ_0016760 expression activated miR-29b to inhibit 
HIF1A production. The flowchart of the mechanism 
responsible for PESV-mediated NSCLC progression was 
shown in Additional file 4: Fig. S3. Our findings open up 
a new horizon for further investigation on the therapy of 
NSCLC with PESV. Besides, the study suggests the possi-
bility of PESV in combination with circ_0016760 depletion 
as a therapeutic agent for NSCLC.
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