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Circular RNA circ_0061140 accelerates hypoxia-induced glycolysis, migration, 
and invasion in lung adenocarcinoma through the microRNA-653/ 
hexokinase 2 (HK2) axis
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ABSTRACT
Circular RNA (circRNA) is considered to be an essential regulator of multiple human malignancies. 
However, the role and molecular mechanism of circ_0061140 in lung adenocarcinoma ((LUAD) 
remain elusive. The levels of circ_0061140, microRNA (miR)-653 and hexokinase 2 (HK2) were 
examined by RT-qPCR. Downstream targets of circ_0061140 were predicted by circinteractome 
website and verified by luciferase reporter and RIP assays. HK2 protein level was assessed via 
Western blotting. The migratory and invasive abilities of LUAD cells were assessed via wound 
healing and transwell assays. It was uncovered that circ_0061140 level was elevated in LUAD 
samples, and the high level of circ_0061140 was related to poor survival rate of LUAD patients. 
Circ_0061140 deletion inhibited glycolysis, migration and invasion of hypoxia-treated LUAD cells. 
Moreover, circ_0061140 could modulate HK2 level by absorbing miR-653. Furthermore, miR-653 
silence or HK2 addition neutralized the effects of circ_0061140 knockdown on LUAD progression 
under hypoxia. This study elaborated that circ_0061140 accelerated hypoxia-triggered glycolysis, 
migration and invasion in LUAD cells via downregulating miR-653 and increasing HK2 expression.
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Introduction

Lung cancer is one of the most common malig-
nancies and has the highest mortality rate in the 
world [1]. Lung adenocarcinoma (LUAD), a major 
subclass of lung cancer, accounts for nearly 40% of 
lung cancer cases [2]. In the past few decades, the 
incidence of LUAD has increased significantly, 
posing a major threat to human life and health 
[3,4]. Despite extensive efforts have been paid in 
the diagnosis and treatment of LUAD, it remains 
the most aggressive and fastest fatal disease, with 
a 5-year survival rate < 15% [5]. Thus, the identi-
fication of new molecular markers is important for 
the early diagnosis and treatment of LUAD.

Circular RNAs (circRNAs) are a class of non- 
coding RNAs (ncRNAs) that harbor covalently 
closed-loop structures [6]. Recently, it attracted 
more attention about circRNAs’ function in the 
progression of malignant tumors, including 
LUAD. For example, circ_0027446 aggregated 
LUAD cell metastasis via regulating miR-1236-3p 
and increasing ZEB1 [7]. CircPRKCI facilitated 

cell viability and migration in LUAD via the 
miR-219a-5p/CAMK1D axis [8]. CircPUM1 accel-
erated the tumorigenesis of LUAD through inter-
acting with miR-326 [9]. Circ_0061140, a newly 
discovered circRNA, has been shown to act as 
a carcinogenic function in several cancer types. 
For instance, circ_0061140 expedited cell viability 
and invasion by modulation of miR-1236 in blad-
der cancer [10]. Besides, circ_0061140 aggravated 
prostate cancer progression through absorbing 
miR-1193 [11]. Nonetheless, the mechanism of 
circ_0061140 in LUAD development remains 
elusive.

MicroRNAs (MiRNAs) are a group of non- 
coding RNAs containing ~ 22 nts, with a role in 
regulating gene expression [12]. Dysregulated 
miRNAs were reported to participate in LUAD 
progression. Wang et al implied that miR-335-5p 
modulated the downregulation of CCNB2 to sup-
press LUAD development [13]. Li et al implied 
that miR-490-3p repressed LUAD cell viability 
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and accelerated apoptosis through inactivating the 
Wnt/β-catenin signaling [14]. Tong et al displayed 
that miR-365 attenuated LUAD cell viability, 
migration, and invasion via regulating ETS1 and 
inactivating AKT/mTOR pathway [15]. miR-653, 
a miRNA related to tumorigenesis, has been con-
firmed to be a tumor suppressor in various can-
cers, such as melanoma and breast cancer [16,17]. 
Besides, hexokinase 2 (HK2) is an essential 
enzyme associated with glucose metabolism and 
is necessary for glycolysis, proliferation, and 
migration in lung cancer [18]. Nevertheless, 
whether miR-653 and HK2 participated in the 
circ_0061140-mediated mechanism in LUAD 
remains obscure.

This work aimed to explore the expression and 
underlying mechanism of circ_0061140 in LUAD. 
It was hypothesized that circ_0061140 was upre-
gulated in LUAD and promoted migration, inva-
sion, and glycolysis in hypoxia-induced LUAD 
cells via the miR-653/HK2 axis.

Materials and methods

Tissues samples

38 pairs of LUAD tissues and matched normal lung 
tissues were acquired from the Second Affiliated 
Hospital of Zhejiang University School of 
Medicine. All specimens were immediately con-
served at −80°C for use. Patients did not receive 
systemic treatment of chemotherapy or radiother-
apy before surgery and written informed consents 
from patients were gained. This study was permitted 
by the Ethics Committee of the Second Affiliated 
Hospital of Zhejiang University School of Medicine.

Cell culture and hypoxia treatment

Human LAUD cell lines (A549, NCI-H23, H1975, 
and H1299) and a normal human bronchial 
epithelial cell line (HBE) were gained from 
ATCC (Manassas, Virginia) and cultured in 
RPMI-1640 medium (Invitrogen) with 10% (FBS 
under 5% CO2 at 37°C. For hypoxia stimulation, 
A549 and NCI-H23 cells were grown in a hypoxia 
chamber with 1% O2 for different time points (0, 
6, 12, 24, and 48 h).

Cell transfection

Small interfering RNA (siRNA) against 
circ_0061140 (si-circ_0061140), negative control 
(si-NC), miR-653 mimics, NC mimics, miR-653 
inhibitor and NC inhibitor were purchased from 
Ribobio (Guangzhou, China). HK2 sequence was 
cloned into pcDNA3.1 to construct pcDNA3.1/ 
HK2. The transfection was done with 
Lipofectamine 2000 (Invitrogen).

Reverse transcription-quantitative PCR (RT-qPCR) 
assay

Total RNAs were extracted using TRIzol Kit 
(Invitrogen). RNA was reverse-transcribed into 
cDNA using a PrimeScript RT reagent Kit 
(Takara). Then, RT-qPCR was conducted using 
SYBR-Green PCR kit (Applied Biosystems). The 
2–ΔΔCT method was used for the calculation of 
gene expression. GAPDH or U6 were regarded as 
controls [19].

Wound healing assay

Briefly, A549 and NCI-H23 cells were seeded in 
6-well plates. Then, the scratches were made with 
a pipette tip. Cells were starved and cultured for 
24 h. Cell migration was analyzed using an 
inverted microscope (Olympus Corporation) [20].

Examination of glucose consumption and lactate 
production

A549 and NCI-H23 cells were added into 24-well 
plates and stimulated by hypoxia for 24 h. Glucose 
consumption and lactate production were exam-
ined using a Glucose Uptake Colorimetric Assay 
Kit and Lactate Colorimetric Assay Kit (Biovision, 
San Francisco, CA) [21].

Western blot

Total protein was isolated using RIPA buffer 
(Beyotime), exposed to 10% SDS-PAGE, and 
transferred onto PVDF membranes (Millipore). 
Next, the membranes were blocked in 5% skim 
milk, and then interacted with primary antibodies 
containing anti-HK2 (ab209847, 1:500, Abcam), 
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and anti-GAPDH overnight at 4 C. Following the 
incubation of secondary antibody for 1 h. The 
protein signals were analyzed by the ECL system 
kit (Pierce, Rockford, USA) [22].

Transwell invasion assay

The invasive ability was detected via transwell 
invasion assay using transwell chambers (pore 
size 8 μm) coated with Matrigel (Sigma). Briefly, 
transfected cells were seeded into the apical cham-
ber with free-serum medium. The bottom cham-
bers were filled with complete RPMI-1640 
medium. After 24 h, cells in the bottom chamber 
were dyed with crystal violet (Sangon). Cell num-
bers were counted by a microscope (Nikon, 
Japan) [23].

Dual-luciferase reporter assay

The sequences of circ_0061140 and HK2 3’-UTR 
containing wild-type or mutated miR-653 binding 
sites were cloned into pmirGLO reporter vectors 
(Promega), namely circ_0061140-WT, 
circ_0061140-Mut, HK2-WT, or HK2-Mut. The 
miR-653 mimics or NC mimics and the above 
vectors were co-transfected into cells. After 48 h, 
the luciferase activity was detected using the dual- 
luciferase detection system (Promega).

RNA immunoprecipitation (RIP) assay

RIP assay was performed using the EZ-Magna RIP 
kit (Millipore). A549 and NCI-H23 cells trans-
fected with miR-653 mimics or NC mimics were 
lysed in RIP lysis buffer, cell lysates were treated 
with magnetic beads combined with anti-Ago2 or 
anti-IgG. The abundances of circ_0061140, miR- 
653, and HK2 were measured by RT-qPCR [24].

Statistical analysis

Data analyses were assessed using SPSS 21.0 (IBM) 
and exhibited as the mean ± SD. The comparison 
was performed with Student’s t-test or one-way 
ANOVA. Survival curves were generated by 
Kaplan-Meier method. Pearson correlation analy-
sis assessed the interaction between genes. P < 0.05 
had statistical significance.

Results

In this study, we investigated the biological role 
and molecular mechanism of circ_0061140 in 
LAUD. Functional assays revealed that knock-
down of circ_0061140 inhibited hypoxia-induced 
glycolysis, migration, and invasion in LAUD via 
sponging miR-653 and modulating HK2 
expression.

Circ_0061140 is upregulated in LAUD under 
hypoxia

Firstly, we detected the abundance of circ_0061140 
in LAUD tissues by RT-qPCR. As exhibited in 
Figure 1a, circ_0061140 level was enhanced in 
LAUD tissues (Figure 1a), and the high level of 
circ_0061140 was related to the low survival rate 
of LAUD patients (Figure 1b). Moreover, RT-qPCR 
results displayed that circ_0061140 level was ele-
vated in LAUD cell lines (Figure 1c). A549 and 
NCI-H23 cells were chosen for further experiments 
due to the highest circ_0061140 expression. Besides, 
the level of circ_0061140 was tested in LAUD cells 
after exposure to hypoxia. Results exhibited that the 
abundance of circ_0061140 was enhanced in A549 
and NCI-H23 cells after hypoxia treatment in 
a time-dependent manner (Figure 1d and e). 
These data manifested that circ_0061140 was upre-
gulated in LAUD cells under hypoxia.

Circ_0061140 deletion hampers 
hypoxia-stimulated glycolysis and metastasis of 
LAUD cells

Then, the regulatory role of circ_0061140 in 
LAUD progression under hypoxia was explored. 
It was manifested that circ_0061140 level was 
decreased by circ_0061140 deletion in hypoxia- 
treated LAUD cells (Figure 2a). Moreover, hypoxia 
treatment increased glucose consumption and lac-
tate production in A549 and NCI-H23 cells, while 
circ_0061140 silence abrogated these effects 
(Figure 2b-c). Furthermore, Western blotting 
determined that HK2 protein level was elevated 
by hypoxia treatment, which was decreased via 
circ_0061140 deficiency (Figure 2d). Besides, 
LAUD cell migration and invasion were promoted 
by hypoxic stimulation, while circ_0061140 
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interference mitigated these effects (Figure 2e and 
f). The above data elaborated that circ_0061140 
knockdown suppressed LAUD development 
under hypoxia.

miR-653 is sponged by circ_0061140

The downstream regulatory mechanism of 
circ_0061140 in LAUD was elucidated, and the 
targets of circ_0061140 were predicted by 
Circular RNA Interactome (https://circinterac 
tome.nia.nih.gov/). The binding sites of 
circ_0061140 and miR-653 were displayed in 
Figure 3a. To confirm this interaction, luciferase 
reporter and RIP assays were conducted in A549 
and NCI-H23 cells. Results determined that the 
addition of miR-653 restrained the activity in 
circ_0061140-WT group, but not in circ_0061140- 
Mut group (Figure 3b). Moreover, high enrich-
ment of circ_0061140 and miR-653 was identified 
in Ago2 group (Figure 3c). Furthermore, RT- 
qPCR results displayed that miR-653 level was 

reduced in LAUD tissues and cells (Figure 3d 
and e). Also, miR-653 was downregulated by 
hypoxia treatment in LAUD cells (Figure 3f and 
g). Overall, we concluded that circ_0061140 tar-
geted miR-653 in LAUD cells.

HK2 is targeted by miR-653

Subsequently, the target genes that may bind to 
miR-653 were predicted through bioinformatics 
websites (TargetScan, PITA, and PicTar), and we 
uncovered that HK2 was a potential target of miR- 
653 (Figure 4a). Moreover, it was confirmed that 
the luciferase activity in HK2-WT was inhibited by 
miR-653 supplementation, but no evident changes 
in HK2-Mut group (Figure 4b). Moreover, HK2 
level was augmented in LAUD tissues and cells 
(Figure 4c and d). Similarly, RT-qPCR determined 
that HK2 expression was elevated by hypoxia sti-
mulation in A549 and NCI-H23 cells (Figure 4e). 
Therefore, HK2 was directly targeted by miR-653.

Figure 1. Circ_0061140 is upregulated in LAUD under hypoxia. (a) RT-qPCR was used to detect the expression of circ_0061140 in 
LAUD tissues. (b) Kaplan-Meier method performed the survival curves of circ_0061140 in LAUD patients. (c) RT-qPCR showed the 
expression of circ_0061140 in OC cell lines (A549, NCI-H23, H1975 and H1299) and human bronchial epithelial cell line (HBE). (d and 
e) RT-qPCR showed circ_0061140 expression in A549 and NCI-H23 cells after 1% hypoxia exposure for 0, 6, 12, 24, and 48 h. 
*P < 0.05, **P < 0.01.
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Circ_0061140 modulates HK2 expression through 
absorbing miR-653

To study whether circ_0061140 modulated HK2 
level, the relationship among circ_0061140, miR- 
653, and HK2 was assessed. We identified that 

miR-653 level was inversely correlated with 
circ_0061140 or HK2 (Figure 5a and b). 
However, the HK2 levels were positively related 
to circ_0061140 levels (Figure 5c). Next, RT- 
qPCR analysis displayed that miR-653 level was 

Figure 2. Circ_0061140 deletion hampers hypoxia-stimulated glycolysis and metastasis of LAUD cells. (a) RT-qPCR showed the 
expression of circ_0061140 in A549 and NCI-H23 cells transfected with si_circ_0061140 or si-NC in LAUD under hypoxic condition. 
(b-d) Glycolysis was evaluated by the glucose consumption, lactate production, and Western blotting showed glycolysis-associated 
enzyme HK2 protein level. (e and f) Wound healing and transwell assays showed the migration and invasion of A549 and NCI-H23 
cells transfected with si_circ_0061140 or si-NC in LAUD under hypoxic condition. *P < 0.05, **P < 0.01, ***P < 0.001.
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enhanced by circ_0061140 knockdown, which 
was weakened by miR-653 inhibition in A549 
cells (Figure 5d and e). Meanwhile, HK2 protein 
level was decreased by circ_0061140 knockdown, 
which was reversed by miR-653 inhibtion (figure 
5f and g). In sum, we concluded that 
circ_0061140 positively modulated HK2 by tar-
geting miR-653 in LAUD cells.

Circ_0061140 deficiency represses LAUD 
progression by regulating miR-653 and HK2 
under hypoxia

To investigate whether miR-653 and HK2 partici-
pated in circ_0061140-mediated glycolysis, migration, 
and invasion of LAUD under hypoxia, A549 and 

NCI-H23 cells were transfected with si-NC, si-circ 
_0061140, si-circ_0061140+ miR-NC inhibitor, si- 
circ_0061140+ miR-653 inhibitor, si-circ_0061140 
+ pcDNA3.1 and si-circ_0061140+ pcDNA3.1/HK2. 
We discovered that miR-653 silence or HK2 supple-
mentation rescued the suppressive effects of 
circ_0061140 silence on glucose consumption, lactate 
production, HK2 expression in A549 and NCI-H23 
cells under hypoxia (Figure 6a–c). Meanwhile, 
circ_0061140 deficiency suppressed the migration 
and invasion of LAUD cells under hypoxia, while 
miR-653 knockdown or HK2 overexpression abated 
these effects (Figure 6d and e). Taken together, 
circ_0061140 deficiency hindered LAUD develop-
ment under hypoxia through regulating the miR- 
653/HK2 axis.

Figure 3. miR-653 is sponged by circ_0061140. (a) Putative binding regions of circ_0061140 in miR-653 predicted with Circular RNA 
Interactome. (b) Luciferase reporter assay showed the luciferase activity of wild-type or mutant circ_0061140 in A549 and NCI-H23 cells 
transfected with NC mimics or miR-653 mimics. (c) RIP assay showed the levels of circ_0061140 and miR-653 of A549 and NCI-H23 cells in 
Ago2 group. (d and e) RT-qPCR analysis was used to detect the expression of miR-653 in LAUD tissues and cells. (f and g) The abundances 
of miR-653 was detected in A549 and NCI-H23 cells after exposure of hypoxia. The data were presented as mean ± SD *P < 0.05, **P < 0.01.
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Figure 5. Circ_0061140 modulates HK2 expression through absorbing miR-653. (a and b) Pearson correlation analysis showed the 
correlation between miR-653 and circ_0061140 or HK2 expression in LAUD tissues. (c) Pearson correlation analysis showed the 
correlation between circ_0061140 and HK2 expression in LAUD tissues. (d and e) RT-qPCR analysis showed the expression of miR-653 
in A549 and NCI-H23 cells transfected with si-NC, si_circ_0061140 and si_circ_0061140+ miR-653 inhibitor. (f and g) Western 
blotting analysis showed the expression of HK2 in A549 and NCI-H23 cells transfected with si-NC, si-circ_0061140 and si-circ 
_0061140+ miR-653 inhibitor. *P < 0.05, **P < 0.01.

Figure 4. HK2 is targeted by miR-653. (a) Venn diagram analysis showed the potential target of miR-653. (b) Luciferase reporter gene 
assay showed the luciferase activity of wild-type or mutant HK2 in A549 and NCI-H23 cells transfected with NC mimics or miR-653 
mimics. (c and d) RT-qPCR analysis showed the expression of HK2 in LAUD tissues and cell lines. (e) RT-qPCR determined HK2 
expression in A549 and NCI-H23 cells after hypoxia exposure for 0, 6, 12, 24, and 48 h. *P < 0.05, **P < 0.01.
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Figure 6. Circ_0061140 deficiency represses LAUD progression by regulating miR-653 and HK2 under hypoxia. (a–c) Glycolysis was 
evaluated by the glucose consumption, lactate production, and RT-qPCR showed HK2 expression in A549 and NCI-H23 cells 
transfected with si-NC, si-circ_0061140, si-circ_0061140+ miR-NC inhibitor, si_circ_0061140+ miR-653 inhibitor, si-circ_0061140 
+ pcDNA3.1, and si-circ_0061140 + pcDNA3.1/HK2. (d and e) Wound healing and transwell assays showed the migration and 
invasion of A549 and NCI-H23 cells transfected with si-NC, si-circ_0061140, si-circ_0061140+ miR-NC inhibitor, si-circ_0061140+ miR- 
653 inhibitor, si-circ_0061140+ pcDNA3.1 and si-circ_0061140 + pcDNA3.1/HK2. The data were presented as mean ± SD *P < 0.05, 
**P < 0.01.
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Discussion

Accumulating studies illuminated the crucial 
role of circRNAs in the biological processes of 
diverse malignancies. For example, deficiency of 
circ_0013958 restrained cell viability and metas-
tasis, but facilitated cell apoptotic in ovarian 
cancer [25]. circFBLIM1 functioned as 
a ceRNA to expedite the viability and invasion 
of hepatocellular cancer cells via mediating 
miR-346 [26]. Circ_0061140 has been reported 
as an oncogene in serval human cancers, such 
as prostate cancer [11], bladder cancer [10], 
endometrial cancer [27]. In addition, intratu-
moral hypoxia has been identified as a driving 
force of tumor progression [28,29], and 
circRNA could be regulated by hypoxia in 
tumors [30,31]. In this work, we identified 
that circ_0061140 level was alerted by hypoxia 
stimulation, suggesting that circ_0061140 might 
act as a crucial function in LAUD development 
under hypoxia. In addition, functional assays 
revealed that the silencing of circ_0061140 atte-
nuated hypoxia-stimulated glycolysis, migration, 
and invasion in LAUD.

CircRNAs exhibited their biological roles by act-
ing as ceRNAs of miRNAs in human cancers [32]. 
It was reported that circ_0061140 modulated tumor 
development by sponging miRNAs. For example, 
circ_0061140 enhanced the viability rate and inva-
sion of bladder cancer cells via absorbing miR-1236 
[33]. Circ_0061140 interference inhibited cell 
growth and metastasis via regulating the miR-370/ 
FOXM1 axis in ovarian cancer [34]. Here, we con-
firmed that circ_0061140 could target miR-653. 
miR-653 was implied to be an anti-tumor gene in 
some cancers. For example, lncRNA PLK1S1 expe-
dited renal cell carcinoma cell viability and invasion 
by absorbing miR-653 and altering CXCR5 level 
[35]. Moreover, circHIPK3 facilitated gastric cancer 
metastasis through interacting with miR-653 and 
miR-338-3p to modulate NRP1 expression under 
hypoxia [36]. This research implied that miR-653 
level was reduced in LAUD cells treated by hypoxia. 
miR-653 deletion reversed circ_0061140 silence-in-
duced effects on the glycolysis and metastasis of 
hypoxia-stimulated LAUD cells.

It is well known that the biological effects of 
miRNAs are achieved by regulating mRNA 

level, so we used bioinformatics websites to 
predict the potential target gene of miR-653, 
HK2 was selected as the target of miR-653 
because of its tumor-promoting impact. 
Previous studies have shown that HK2 is essen-
tial for glucose metabolism in various cancers. 
Wang et al exhibited that miR-202 impaired 
pancreatic cancer glycolysis and repressed cell 
proliferation by increasing HK2 [32]. Besides, 
Liu et al implied that HK2 was highly expressed 
in breast cancer, and HK2 supplementation 
reversed the suppressive impacts of miR-143- 
3p addition on breast cancer cell behaviors 
[33]. Herein, we uncovered that HK2 was over-
expressed in LAUD tissues and cells, and HK2 
addition neutralized the influence of 
circ_0061140 inhibition on LAUD progression. 
These results elucidated that circ_0061140 
accelerated hypoxia-driven LAUD development 
via the miR-653/HK2 axis.

Conclusion

Our study demonstrated that circ_0061140 was upre-
gulated in LAUD under hypoxia. Moreover, 
circ_0061140 deficiency mitigated hypoxia-induced 
glycolysis, migration and invasion in LAUD via 
sponging miR-653 and modulating HK2, suggesting 
that circ_0061140 might be a novel therapeutic and 
diagnostic target for LAUD.

Data availability

The datasets generated during and/or analyzed during the 
current study are available from the corresponding author on 
reasonable request.

Disclosure statement

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

Funding

The author(s) reported there is no funding associated with 
the work featured in this article.

ORCID

Shaobin Wang http://orcid.org/0000-0003-4253-1961

7164 S. WANG ET AL.



References

[1] Skrickova J, et al. Lung cancer. Cas Lek Cesk. 157 
(5):226–236.

[2] Myers DJ, Wallen JM. Lung adenocarcinoma. In: 
StatPearls. Treasure Island (FL); 2021.

[3] Denisenko TV, Budkevich IN, Zhivotovsky B. Cell 
death-based treatment of lung adenocarcinoma. Cell 
Death Dis. 2018;9(2):117.

[4] Khoo C, Rogers TM, Fellowes A, et al. Molecular 
methods for somatic mutation testing in lung adeno-
carcinoma: EGFR and beyond. Transl Lung Cancer 
Res. 2015;4(2):126–141.

[5] Kolomeyer AM, Brucker AJ, O’Brien JM. Metastatic 
lung adenocarcinoma. Ophthalmology. 2017;124(7):969.

[6] Meng S, Zhou H, Feng Z, et al. CircRNA: functions 
and properties of a novel potential biomarker for 
cancer. Mol Cancer. 2017;16(1):94.

[7] Yu Z, Zhu X, Li Y, et al. Circ-HMGA2 (hsa_-
circ_0027446) promotes the metastasis and 
epithelial-mesenchymal transition of lung adenocarci-
noma cells through the miR-1236-3p/ZEB1 axis. Cell 
Death Dis. 2021;12(4):313.

[8] Sui MH, Zhang WW, Geng DM, et al. CircPRKCI 
regulates proliferation, migration and cycle of lung 
adenocarcinoma cells by targeting miR-219a-5p- 
regulated CAMK1D. Eur Rev Med Pharmacol Sci. 
2021;25(4):1899–1909.

[9] Chen J, Xu S, Chen S, et al. CircPUM1 promotes the 
malignant behavior of lung adenocarcinoma by regu-
lating miR-326. Biochem Biophys Res Commun. 
2019;508(3):844–849.

[10] Feng F, Chen AP, Wang XL, et al. Circ_0061140 pro-
motes metastasis of bladder cancer through adsorbing 
microRNA-1236. Eur Rev Med Pharmacol Sci. 2021;25 
(5):2157.

[11] Wang K, Fan Y, Sun J, et al. Circ_0061140 stimulates 
the malignant development of prostate cancer by tar-
geting miR-1193. Transl Androl Urol. 2021;10 
(5):1928–1938.

[12] Li J, Tan S, Kooger R, et al. MicroRNAs as novel 
biological targets for detection and regulation. Chem 
Soc Rev. 2014;43(2):506–17.

[13] Wang X, Xiao H, Wu D, et al. miR-335-5p regulates 
cell cycle and metastasis in lung adenocarcinoma by 
targeting CCNB2. Onco Targets Ther. 
2020;13:6255–6263.

[14] Li Z, Jiang D, Yang S. MiR-490-3p inhibits the malig-
nant progression of lung adenocarcinoma. Cancer 
Manag Res. 2020;12(p):10975–10984.

[15] Tong L, Han WZ, Wang JL, et al. MicroRNA-365 
inhibits the progression of lung adenocarcinoma 
through targeting ETS1 and inactivating AKT/mTOR 
pathway. Eur Rev Med Pharmacol Sci. 2020;24 
(9):4836–4845.

[16] Liu F, Hu L, Pei Y, et al. Long non-coding RNA 
AFAP1-AS1 accelerates the progression of melanoma 

by targeting miR-653-5p/RAI14 axis. BMC Cancer. 
2020;20(1):258.

[17] Xie R, Tang J, Zhu X, et al. Silencing of hsa_circ_0004771 
inhibits proliferation and induces apoptosis in breast 
cancer through activation of miR-653 by targeting ZEB2 
signaling pathway. Biosci Rep. 2019;39(5).

[18] Gu F, Zhang J, Yan L, et al. CircHIPK3/miR-381-3p 
axis modulates proliferation, migration, and glycolysis 
of lung cancer cells by regulating the AKT/mTOR 
signaling pathway. Open Life Sci. 2020;15(1):683–695.

[19] Zheng Y, Zeng J, Xia H, et al. Upregulated lncRNA 
Cyclin-dependent kinase inhibitor 2B antisense RNA 1 
induces the proliferation and migration of colorectal 
cancer by miR-378b/CAPRIN2 axis. Bioengineered. 
2021;12(1):5476–5490.

[20] Huang JG, Tang X, Wang -J-J, et al. A circular RNA, 
circUSP36, accelerates endothelial cell dysfunction in 
atherosclerosis by adsorbing miR-637 to enhance WNT4 
expression. Bioengineered. 2021;12(1):6759–6770.

[21] Yan B, Ren Z, Sun J, et al. IGF2-AS knockdown inhi-
bits glycolysis and accelerates apoptosis of gastric can-
cer cells through targeting miR-195/CREB1 axis. 
Biomed Pharmacother. 2020;130:110600.

[22] Tang C, Feng W, Bao Y, et al. Long non-coding RNA 
TINCR promotes hepatocellular carcinoma prolifera-
tion and invasion via STAT3 signaling by direct inter-
acting with T-cell protein tyrosine phosphatase 
(TCPTP). Bioengineered. 2021;12(1):2119–2131.

[23] Wang F, Gu T, Chen Y, et al. Long non-coding RNA 
SOX21-AS1 modulates lung cancer progress upon 
microRNA miR-24-3p/PIM2 axis. Bioengineered. 
2021;12(1):6724–6737.

[24] Xie L, Pan Z. Circular RNA circ_0000467 regulates 
colorectal cancer development via miR-382-5p/EN2 
axis. Bioengineered. 2021;12(1):886–897.

[25] Pei C, Wang H, Shi C, et al. CircRNA hsa_-
circ_0013958 may contribute to the development of 
ovarian cancer by affecting epithelial-mesenchymal 
transition and apoptotic signaling pathways. J Clin 
Lab Anal. 2020;34(7):e23292.

[26] Bai N, Peng E, Qiu X, et al. circFBLIM1 act as a ceRNA 
to promote hepatocellular cancer progression by 
sponging miR-346. J Exp Clin Cancer Res. 2018;37 
(1):172.

[27] Liu Y, Chang Y, Cai Y. Hsa_circ_0061140 promotes 
endometrial carcinoma progression via regulating 
miR-149-5p/STAT3. Gene. 2020;745:144625.

[28] Kim CW, Oh E-T, Kim JM, et al. Hypoxia-induced 
microRNA-590-5p promotes colorectal cancer progres-
sion by modulating matrix metalloproteinase activity. 
Cancer Lett. 2018;416:31–41.

[29] Ullmann P, Nurmik M, Schmitz M, et al. Tumor sup-
pressor miR-215 counteracts hypoxia-induced colon 
cancer stem cell activity. Cancer Lett. 2019;450 
(p):32–41.

[30] Du Q, Han J, Gao S, et al. Hypoxia-induced circular 
RNA hsa_circ_0008450 accelerates hepatocellular 

BIOENGINEERED 7165



cancer progression via the miR-431/AKAP1 axis. 
Oncol Lett. 2020;20(6):388.

[31] Feng J, Li Z, Li L, et al. Hypoxiainduced circCCDC66 
promotes the tumorigenesis of colorectal cancer via the 
miR3140/autophagy pathway. Int J Mol Med. 2020;46 
(6):1973–1982.

[32] Bach DH, Lee SK, Sood AK. Circular RNAs in cancer. 
Mol Ther Nucleic Acids. 2019;16:118–129.

[33] Feng F, Chen AP, Wang XL, et al. Circ_0061140 pro-
motes metastasis of bladder cancer through adsorbing 
microRNA-1236. Eur Rev Med Pharmacol Sci. 2020;24 
(10):5310–5319.

[34] Chen Q, Zhang J, He Y, et al. hsa_circ_0061140 knock-
down reverses FOXM1-mediated cell growth and 
metastasis in ovarian cancer through miR-370 sponge 
activity. Mol Ther Nucleic Acids. 2018;13:55–63.

[35] Li W,Yang D, Zhang Y, et al. Long noncoding RNA PLK1S1 
was associated with renal cell carcinoma progression by inter-
acting with microRNA653 and altering CXC chemokine 
receptor 5 expression. Oncol Rep. 2020;44(5):1985–1996.

[36] Jin Y, Che X, Qu X, et al. CircHIPK3 promotes metas-
tasis of gastric cancer via miR-653-5p/miR-338-3p- 
NRP1 axis under a long-term hypoxic 
microenvironment. Front Oncol. 2020;10:1612.

7166 S. WANG ET AL.


	Abstract
	Introduction
	Materials and methods
	Tissues samples
	Cell culture and hypoxia treatment
	Cell transfection
	Reverse transcription-quantitative PCR (RT-qPCR) assay
	Wound healing assay
	Examination of glucose consumption and lactate production
	Western blot
	Transwell invasion assay
	Dual‑luciferase reporter assay
	RNA immunoprecipitation (RIP) assay
	Statistical analysis

	Results
	Circ_0061140 is upregulated in LAUD under hypoxia
	Circ_0061140 deletion hampers hypoxia-stimulated glycolysis and metastasis of LAUD cells
	miR-653 is sponged by circ_0061140
	HK2 is targeted by miR-653
	Circ_0061140 modulates HK2 expression through absorbing miR-653
	Circ_0061140 deficiency represses LAUD progression by regulating miR-653 and HK2 under hypoxia

	Discussion
	Conclusion
	Data availability
	Disclosure statement
	Funding
	References

