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CircRNA hsa_circ_0030018 regulates the development of glioma via regulating 
the miR-1297/RAB21 axis 
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Circular RNAs (circRNAs) play a crucial role in tumor occurrence and progression. And the dysregulated circRNAs are 
reported to be relevant to glioma development. Nevertheless, the function and regulatory mechanism of hsa_circ_0030018 
in glioma progression are largely indistinct. The abundances of hsa_circ_0030018, miR-1297, and RAB21 were detected 
using quantitative real-time polymerase chain reaction or western blot. Cell proliferation was assessed via colony formation 
assay and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay. Cell apoptosis and cell cycle 
progression were evaluated by flow cytometry. Cell migration and invasion were examined using transwell assay and wound 
healing assay. The protein levels were measured by western blot. The interaction between miR-1297 and hsa_circ_0030018 
or RAB21 was validated via dual-luciferase reporter analysis, RNA immunoprecipitation (RIP), and RNA pull-down assays. 
A xenograft model experiment was performed to analyze the function of hsa_circ_0030018 on tumor growth in vivo. hsa_
circ_0030018 and RAB21 levels were enhanced, and the miR-1297 level was reduced in glioma tissues and cells. The silence 
of hsa_circ_0030018 or overexpression of miR-1297 impeded cell proliferation, metastasis, and expedited cell apoptosis and 
cycle arrest in glioma cells. Furthermore, hsa_circ_0030018 modulated glioma malignant behaviors via sponging miR-1297, 
and miR-1297 suppressed glioma development via targeting RAB21. Moreover, hsa_circ_0030018 knockdown inhibited 
tumor growth in vivo. The hsa_circ_0030018 knockdown repressed glioma progression by mediating the miR-1297/RAB21 
pathway, providing potential therapeutic targets for glioma treatment. 
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Glioma is a common malignant brain tumor, which is a 
serious threat to human health [1, 2]. Because of the high 
postoperative recurrence rate and resistance to chemo-
therapy, the outcomes of glioma patients remain poor and it 
is a challenge to completely cure the patients with glioma [3, 
4]. Despite numerous improvements in understanding the 
pathogenesis of glioma, the molecular mechanisms of glioma 
genesis are still mainly undiscovered. In consequence, it is 
urgent to explore new therapeutic targets for glioma treat-
ment and elucidate the latent mechanism of the glioma 
process.

Circular RNAs (circRNAs) are a family of non-coding 
RNAs (ncRNAs) harboring covalently closed loops, and 
exert pivotal roles in specific diseases via acting as microRNA 
(miRNA) sponges [5, 6]. Lots of evidence have authen-
ticated that abnormally expressed circRNAs are closely 
related to the tumorigenesis and development of glioma 
[7, 8]. For instance, circSMO742 could expedite glioma 
growth by targeting miR-338-3p to enhance SMO expres-

sion [9]. Silencing circNFIX impeded glioma progression 
via the miR-378e/RPN2 axis [10]. hsa_circ_0030018 (also 
known as circ-POSTN) has been reported to serve as a 
decoy of miR-599 to prevent esophageal carcinoma progres-
sion by regulating ENAH expression [11]. Nevertheless, the 
biological action of hsa_circ_0030018 in glioma has not been 
perfectly clarified yet. Exceptionally, one research reported 
that hsa_circ_0030018 had been verified to accelerate glioma 
cell growth and invasion via miR-1205 [12]. While other 
regulatory pathways of hsa_circ_0030018 in glioma were 
not clear. Therefore, it is indispensable to explore the precise 
action and mechanism of hsa_circ_0030018 in the carcino-
genesis of glioma.

microRNAs (miRNAs) are a kind of pivotal regulators of 
genetic expression, which can regulate gene expression at the 
post-transcriptional level in both physiological and patho-
logical conditions [13, 14]. Mounting studies have unveiled 
that miR-1297 level was decreased and the overexpression 
of miR-1297 could impede cell development via regulating 
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different downstream genes in diverse cancers, such as 
pancreatic cancer [15], gastric cancer [16], prostate cancer 
[17], and so on. In addition, the miR-1297 abundance was 
visibly lessened and miR-1297 overexpression could hinder 
tumorigenesis in glioma via functional target HMGA1 [18]. 
Rab GTPase 21 (RAB21) is a member of the Rab GTPase 
family [19]. RAB21 deficiency might restrain proliferation 
and facilitate apoptosis in human glioma cells [20], which 
hinted that RAB21 might perform a carcinogenic role in 
glioma. Even so, whether miR-1297 and RAB21 participate 
in the modulatory action of hsa_circ_0030018 in glioma 
development is vague.

In this research, we first inspected hsa_circ_0030018 
abundance in glioma tissues and cell lines and revealed its 
role in cancer development in vitro and in vivo. Further-
more, we explored the latent molecular mechanism of the 
hsa_circ_0030018/miR-1297/RAB21 axis in glioma cells 
through gain- and loss-of-function experiments, which 
provided a fresh theoretical basis and potential targets for 
glioma therapy.

Patients and methods

Clinical tissues and ethics statement. 40 tumor samples 
from glioma patients and 40 normal brain tissues from patients 
who received surgery because of other reasons except glioma 
were obtained from Jiaozhou People’s Hospital and stored at 
–80 °C for further subsequent research. All participants did 
not receive another radiotherapy, chemotherapy, or related 
therapies before study initiation. Meanwhile, all participants 
were completely informed about this research purpose and 
signed written informed consent before sample collection. 
This research was permitted by the Ethics Committee of 
Jiaozhou People’s Hospital.

Cell culture. Human glioma cell lines (A172, U251, 
LN229, and T98) and normal human astrocytes (NHAs) 
were provided by the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). All glioma cell lines were grown 
in Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen, 
Carlsbad, CA, USA) plus 10% fetal bovine serum (FBS; 
Hyclone, Logan, UT, USA) and 1% antibiotics (Invitrogen). 
NHAs were cultured with astrocyte medium (Gibco, Grand 
Island, NY, USA). All the cells were cultivated in a 5% CO2 
humidified air atmosphere at 37 °C.

Cell transfection. For circ_0030018 silence, small-inter-
fering RNAs (siRNAs) against hsa_circ_0030018 (si-hsa_
circ_0030018#1, #2, and #3) or short hairpin RNAs (shRNAs) 
targeting hsa_circ_0030018 (sh-hsa_circ_0030018) were 
transfected into U251 and LN229 cells, and a non-target 
siRNA (si-NC) or shRNA (sh-NC) was employed as the 
negative control, respectively. For miR-1297 alteration, the 
synthetic miR-1297 mimics or miR-1297 inhibitor were 
introduced into U251 and LN229 cells, with a corresponding 
scrambled sequence (NC mimics or NC inhibitor) as the 
negative control. hsa_circ_0030018 or RAB21 upregulation 

was performed using hsa_circ_0030018 or RAB21 overex-
pression plasmid, with a non-target pCD-ciR or pcDNA3.1 
(pcDNA) vector as a negative control. All oligonucleotides 
and plasmids were bought from Origene (Beijing, China) 
and transfected into U251 and LN229 cells for 48 h using 
Lipofectamine 3000 (Invitrogen) based on the specifica-
tion when cell confluence reached ~80%. The transfection 
efficacy was detected via qRT-PCR or western blot at 24 h 
post-transfection.

Quantitative real-time polymerase chain reaction 
(qRT-PCR). Total RNA was isolated using TransZol (Transgen 
Biotech, Beijing, China), and reversely transcribed into cDNA 
using PrimeScript RT Reagent kit (Takara, Dalian, China) 
or microRNA Reverse Transcription Kit (Qiagen, Hilden, 
Germany). Finally, the cDNA, SYBR Green (Solarbio, Beijing, 
China), and specific primers (Sangon, Shanghai, China) were 
employed to perform qRT-PCR on the PCR system. The 
relative transcript expression of specific genes was evalu-
ated based on the 2−ΔΔCt method and normalized to glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) or small 
nuclear RNA U6. The primers of the relative genes included: 
hsa_circ_0030018 (sense, 5’-ATAAACTCCTCTATCCA-
GCA-3’;  antisense,  TCCACAGGCACTCCATCAAT-3’), 
POSTN  (sense,  5’-GAGACACACCCGTGAGGAAG-3’; 
antisense, 5’-ACCACAGGAGGCTAACTCCA-3’), miR-1297 
(sense,  5’-TCGGCAGGTTCAAGTAATT-3’;  antisense, 
5’-CTCAACTGGTGTCGTGGA-3’), RAB21 (sense, 5’-GTC- 
TCGCTCTGTCACCC-3’;  antisense,  5’-CACGCCTGTA-
ATCCC-3’), U6 (sense, 5’-AATTGGAACGATACAGAG- 
AAGATTAGC-3’; antisense, 5’-TATGGAACGCTTCACGA-
ATTTG-3’), and GAPDH (sense, 5’-GAATGGGCAGCC-
GTTAGGAA-3’; antisense, 5’-AAAAGCATCACCCGGA-
GGAG-3’).

Ribonuclease R (RNAse R) and Actinomycin D treat-
ment. For RNase R digestion test, total RNA obtained from 
U251 and LN229 cells was incubated with 3 U/μg RNAse R 
or not (GeneSeed, Guangzhou, China) for 15 min at 37 °C. 
Additionally, U251 and LN229 cells were stimulated with 
2 μg/ml Actinomycin D (Solarbio). Then, the expression of 
hsa_circ_0030018 or linear POSTN mRNA was examined 
using qRT-PCR.

Subcellular fractionation assay. The subcellular local-
ization of hsa_circ_0030018 was measured by Cytoplasmic 
and Nuclear RNA Purification Kit (Norgen Biotek Corp., 
Belmont, MA, USA). The nuclear RNA and cytoplasmic RNA 
were obtained from U251 and LN229 cells using the above 
kit in compliance with the recommendations. Finally, the 
proportion of hsa_circ_0030018 in cytoplasmic and nucleus 
fractions was determined using qRT-PCR. GAPDH or U6 
was used as the reference of cytoplasmic RNA or nuclear 
RNA, respectively.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay and colony formation assay. 
MTT assay and colony formation assay were employed for 
quantification analysis of cell proliferation. For MTT assay, 
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U251 and LN229 cells (2×103 cells/well) were seeded into 
96-well plates and incubated for 1, 2, 3, or 4 days at 37 °C. 
At each time point, MTT (5 mg/ml; Solarbio) was added 
to incubate cells for an additional 4 h. Subsequently, 100 μl 
dimethyl sulfoxide (Solarbio) was added to each well. Then 
the optical density (OD) value at 490 nm was determined 
by a microplate reader (Bio-Gene Technology, Guangzhou, 
China). For colony formation assay, U251 and LN229 cells 
(500 cells/well) were plated into 6-well plates and cultivated 
for 14 days. Next, the cells were fixed with 4% paraformalde-
hyde (Solarbio) and dyed with 0.5% crystal violet (Solarbio). 
The colony formation number was counted by a microscope 
(Nikon, Tokyo, Japan).

Cell apoptosis and cell cycle assay. Cell apoptosis assay 
was performed by using Annexin V-fluorescein isothiocya-
nate (FITC) apoptosis detection kit (BD Pharmingen, San 
Diego, CA, USA). Briefly, at 48 h post-transfection, U251 
and LN229 cells were collected and washed. Then, cells were 
double-stained with 5 μl of Annexin V labeled with FITC 
and 5 μl of propidium iodide (PI) in the dark for 30 min 
at 4 °C. Apoptotic cells were detected by a FACScan flow 
cytometer (Becton Dickinson, Mountain View, CA, USA).

For cell cycle detection, 100 μl of cell suspension was 
treated with 10 μM RNAse R to remove RNA, then DNA 
was marked with 20 mg/ml PI staining solution (Solarbio) 
for 20 min at 37 °C. Cell cycle distribution at different phases 
was assessed using a FACScan flow cytometer (Becton 
Dickinson).

Transwell assay. Cell migration and invasion were 
detected through transwell chambers (Corning Inc., 
Corning, NY, USA). The procedures of migration and 
invasion were similar, but the upper compartment of the 
chambers was pre-coated with Matrigel (BD Bioscience, 
San Jose, CA, USA) for invasion assay. U251 and LN229 
cells (1×104 cells/well) in 150 μl of serum-free medium were 
added into the upper compartment, while 500 μl medium 
with 10% serum was added into the lower chamber. After 
culturing at 37 °C for 24 h, the trans-membrane cells were 
fixed with methanol and stained with crystal violet. Then, 
the number of migrated or invasive cells was counted with 
a microscope (Nikon) with an enlargement factor of 100×.

Wound healing assay. Cell migration ability was also 
analyzed by the wound healing assay. Transfected U251 
and LN229 cells were cultivated in 6-well plates for 24 h 
in DMEM containing 5% FBS. Then a wound was made 
with the tip of a sterile pipette (200 μl) in the monolayer 
cells. Afterward, cells were gently washed with phosphate-
buffered saline (PBS; Beyotime, Shanghai, China) twice and 
maintained in a serum-free medium for 24 h. To ensure 
true detection of migration, the cells were exposed to a 
DNA synthesis inhibitor mitomycin C (10 μg/ml; Abcam, 
Cambridge, MA, USA) for 2 h before wound healing. 
Finally, the wound width was respectively photographed at 
0 h and 24 h under a microscope (Nikon) with 40× magni-
fication.

Western blot analysis. For protein analysis, the proteins 
were isolated from tissues or cultured cells with RIPA lysis 
buffer (Beyotime). Protein samples were subjected to electro-
phoresis on 10% sodium dodecyl sulfate-polyacrylamide 
gel (SDS-PAGE) and then transferred to nitrocellulose 
membranes (Solarbio). Next, the membranes were soaked 
in 5% nonfat milk and incubated with primary antibodies 
at 4 °C overnight. The primary antibodies were shown as 
follows: anti-proliferating cell nuclear antigen (PCNA) 
(ab152112; 1:1000 dilution; Abcam), cyclinD1 (ab226977; 
1:2000 dilution; Abcam), anti-cleaved-caspase 3 (ab2302; 
1:1000 dilution; Abcam), anti-matrix metalloprotein 2 
(MMP-2; ab97779; 1:2000 dilution; Abcam), anti-MMP-9 
(ab38898; 1:1000 dilution; Abcam), anti-RAB21 (ab88762; 
1:1000 dilution; Abcam), anti-GAPDH (ab181602; 1:5000 
dilution; Abcam). GAPDH was used as an inner refer-
ence. Then, the proteins were incubated with the secondary 
antibodies against goat anti-mouse or anti-rabbit horse-
radish peroxidase (HRP)-conjugated IgG antibody (ab6728 
or ab6721, 1: 2000 dilution, Abcam). Finally, the immuno-
reactive bands were visualized using an enhanced chemilu-
minescent (ECL) kit (Solarbio), and the density of protein 
signaling was assessed by the Quantity One software 
(Bio-Rad, Hercules, CA, USA).

Xenograft model. BALB/c nude mice (male, 4-week-old) 
were bought from Beijing Vital River Laboratory Animal 
Technology (Beijing, China) and randomly divided into 2 
groups (n = 5/group). U251 cells (2×106) were stably trans-
fected with lentiviral vectors of sh-hsa_circ_0030018 or 
sh-NC using Lipofectamine 3000, and then subcutaneously 
injected into the left flank of nude mice. Tumor volume 
was calculated by measuring the formed tumor size every 5 
days with the formula: 0.5 × length × width2. 25 days later 
after inoculation, the mice were euthanized by the cervical 
dislocation to remove the tumors for weight and further 
molecular analyses. The current animal assays had procured 
the permission of the Animal Ethics Committee of Jiaozhou 
People’s Hospital.

Dual-luciferase reporter assay. The molecular targets 
of circ_0030018 or miR-1297 were predicted via online 
bioinformatics database starBase (http://starbase.sysu.edu.
cn/). The wild-type luciferase reporter plasmids (wt-hsa_
circ_0030018 and wt-RAB21 3’UTR) and their mutants 
(mut-hsa_circ_0030018 and mut-RAB21 3’UTR) were 
generated through inserting the wild-type sequence of hsa_
circ_0030018 or RAB21 3’UTR harboring miR-1297 comple-
mentary sites or mutant-type sequence of hsa_circ_0030018 
or RAB21 3’UTR into pGL3 promoter vectors (Invitrogen), 
respectively. The constructed reporter vectors were co-trans-
fected with miR-1297 mimics or NC mimics into U251 and 
LN229 cells. After 48 h transfection, the relative luciferase 
activity was detected with a Dual-Lucy Assay Kit (Solarbio).

RNA immunoprecipitation (RIP) assay. For the verifi-
cation of the relationship between hsa_circ_0030018 or 
RAB21 and miR-1297, Magna RIPTM RNA-Binding Protein 
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indicated a significant difference. Furthermore, the linear 
correlation analysis among hsa_circ_0030018, miR-1297, 
and RAB21 was performed using Pearson’s correlation coeffi-
cient analysis.

Results

hsa_circ_0030018 was upregulated in glioma cells. 
First, the expression of hsa_circ_0030018 in glioma cell lines 
(A172, U251, LN229, and T98) and normal cell line NHAs 
was detected by qRT-PCR. The results revealed that hsa_
circ_0030018 was highly expressed in glioma cells relative 
to NHAs, especially in U251 and LN229 cells (Figure 1A). 
Therefore, U251 and LN229 cells were utilized to further 
explore the role of hsa_circ_0030018 in glioma cells. To 
confirm the circular characterization of hsa_circ_0030018, 
the expression of hsa_circ_0030018 and linear POSTN 
mRNA was probed in U251 and LN229 cells after RNAse 
R or transcriptional inhibitor Actinomycin D treatment. 
The results indicated that RNAse R could degrade linear 
RNA (POSTN) rather than circRNA (hsa_circ_0030018) 
(Figures  1B, 1C). Furthermore, Actinomycin D treatment 
revealed that hsa_circ_0030018 was more stable than linear 
POSTN mRNA (Figures 1D, 1E). Therefore, these data 
confirmed that hsa_circ_0030018 was a circular RNA and 
might play a pivotal role in glioma progression.

Silenced hsa_circ_0030018 restrained the proliferation, 
metastasis, and induced cell apoptosis and cycle arrest 
in glioma. For exploring the role of hsa_circ_0030018 in 
glioma, hsa_circ_0030018 expression was knocked down in 

Immunoprecipitation kit (Millipore, Billerica, MA, USA) 
was utilized to execute the RIP assay. U251 and LN229 cells 
were lysed in RIP lysis buffer (Sigma-Aldrich, St. Louis, MO, 
USA). The cell lysate was incubated with antibodies against 
immunoglobulin G (anti-IgG, Abcam) or antibodies against 
argonaute 2 (anti-Ago2, Abcam) conjugated with magnetic 
beads (Sigma-Aldrich) at 4 °C overnight. Afterward, 
proteinase K (Sigma-Aldrich) was used to digest the protein 
in magnetic beads. Then, qRT-PCR was used to measure the 
enrichment of hsa_circ_0030018, miR-1297, and RAB21 in 
the anti-Ago2 or anti-IgG group.

RNA pull-down assay. The biotin-coupled miR-1297 
probe (Bio-miR-1297) and control oligo probe (Bio-NC) 
were synthesized by RiboBio (Guangzhou, China). Briefly, 
U251 and LN229 cells were lysed using a lysis buffer. 
Bio-miR-1297 or Bio-NC was incubated with C-1 magnetic 
beads (Life Technologies, Carlsbad, CA, USA) to generate the 
probe-coated beads. Thereafter, the probe-coated beads were 
incubated with sonicated U251 and LN229 cells. Finally, the 
RNA complexes were extracted with the RNeasy Mini Kit 
(Qiagen). The levels of hsa_circ_0030018 and RAB21 were 
assessed via qRT-PCR.

Statistical analysis. The results were presented as mean ± 
standard deviation obtained from 3 times repeated indepen-
dent experiments. GraphPad Prism 6.0 software (GraphPad 
Software Inc., La Jolla, CA, USA) was utilized for data statis-
tical analysis. Statistical significance of data between 2 groups 
or among multiple groups was assessed by Student’s t-test or 
one-way analysis of variance followed by Tukey post-hoc 
test in specific circumstances, respectively. A p-value <0.05 

Figure 1. hsa_circ_0030018 was upregulated in glioma cells. A) The level of hsa_circ_0030018 in NHAs, A172, U251, LN229, and T98 cells was mea-
sured by qRT-PCR. B, C) hsa_circ_0030018 and linear POSTN levels were detected by qRT-PCR in U251 and LN229 cells exposed to RNAse R. D, E) 
The levels of hsa_circ_0030018 and POSTN were examined by qRT-PCR after Actinomycin D stimulation. *p<0.05
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U251 and LN229 cells. The results indicated that the expres-
sion of hsa_circ_0030018 was distinctly declined after hsa_
circ_0030018 silence (si-hsa_circ_0030018#1, #2 and #3), 
while the expression of POSTN mRNA had no significant 
changes (Figures 2A, 2B). Meanwhile, si-hsa_circ_0030018#1 
with the highest transfection efficiency was used for further 
experiments. Subsequently, the biological functions of hsa_
circ_0030018 in glioma were evaluated. MTT and colony 
formation assays showed that hsa_circ_0030018 remark-
ably suppressed the viability and colony formation ability 
of U251 and LN229 cells (Figures 2C–2E). Moreover, flow 
cytometry results indicated that silenced hsa_circ_0030018 
enhanced cell apoptosis and cell cycle distribution in the 
G1 phase (Figures 2F, 2G). Besides, the interference of hsa_
circ_0030018 suppressed migration and invasion of U251 
and LN229 cells, which was demonstrated by the Transwell 
assay (Figures 2H, 2I). Conformably, the wound healing assay 
also manifested that the wound closure rate was lessened 
by the hsa_circ_0030018 knockdown in U251 and LN229 
cells (Supplementary Figure S1), indicating that the hsa_
circ_0003732 silence impeded cell migration. In addition, 
the protein expression levels of viability-related marker 
(PCNA), cycle-related marker (CyclinD1), and metastasis-
related markers (MMP-2 and MMP-9) were dramatically 
restrained by silenced hsa_circ_0030018, while apoptosis-
related marker (cleaved-caspase 3) was enhanced, which 
once again confirmed the above results (Figures  2J–2L). 
These results suggested that the hsa_circ_0030018 knock-
down could repress glioma progression in vitro.

At the same time, a mice xenograft model was also used 
to explore the effect of circ_0030018 silence on glioma 
tumor growth in vivo. Therein, U251 cells with stable trans-
fection of sh-hsa_circ_0030018 or sh-NC were subcutane-
ously injected into nude mice to induce a xenograft model. 
Through monitoring the tumor size every 5 days after the 
first injection on day 5, we found that the tumor volume was 
significantly decreased after the circ_0030018 knockdown 
(Figure  2M). Moreover, after 25 days, the tumor weight 
was remarkably reduced in the sh-hsa_circ_0030018 group 
in comparison to the sh-NC group (Figure 2N). Addition-
ally, the level of circ_0030018 was markedly decreased in 
the sh-hsa_circ_0030018 group (Figure 2O). These findings 
indicated the tumor-promoting role of circ_0030018 in 
glioma in vivo.

hsa_circ_0030018 was a sponge for miR-1297. Subcel-
lular fractionation assay revealed that hsa_circ_0030018 was 
principally located in the cytoplasm (Figure 3A). Using the 
starBase, we found that hsa_circ_0030018 had complemen-
tary binding sites with miR-1297 (Figure 3B). As depicted in 
Figure 3C, miR-1297 was lowly expressed in glioma cell lines 
rather than normal NHAs cell line. To confirm the interac-
tion between hsa_circ_0030018 and miR-1297, the dual-
luciferase reporter assay, RIP assay, and RNA-pull down assay 
were conducted. Dual-luciferase reporter assay revealed 
that the miR-1297 overexpression significantly reduced the 

luciferase activity in the wt-hsa_circ_0030018 group, while 
it had no effect on the luciferase activity in the mut-hsa_
circ_0030018 group in U251 and LN229 cells (Figures 3D, 
3E), implying the interaction between hsa_circ_0030018 
and miR-1297. Furthermore, the RIP assay indicated that 
the levels of hsa_circ_0030018 and miR-1297 were visibly 
enriched in the anti-Ago2 group compared with that in the 
anti-IgG group (Figures 3F, 3G), and the RNA-pull down 
assay suggested that the enrichment of hsa_circ_0030018 
was increased in the Bio-miR-1297 group relative to the 
Bio-NC group (Figure 3H). What’s more, the expression of 
miR-1297 was distinctly elevated in U251 and LN229 cells 
after hsa_circ_0030018 interference and depressed after hsa_
circ_0030018 overexpression (Figures 3I, 3J). These above 
results testified that hsa_circ_0030018 could directly interact 
with miR-1297 in glioma cells.

Interference of miR-1297 could reverse the inhib-
iting effect of hsa_circ_0030018 knockdown on glioma 
progression. To probe whether miR-1297 was involved in 
hsa_circ_0030018-mediated glioma development, U251 
and LN229 cells were transfected with si-NC, si-hsa_
circ_0030018#1, si-hsa_circ_0030018#1 + NC inhibitor, or 
si-hsa_circ_0030018#1 + miR-1297 inhibitor. The qRT-PCR 
results suggested that miR-1297 inhibitor could invert the 
promotion effect of si-hsa_circ_0030018 silence on miR-1297 
expression, implying that the successful transfection of 
si-hsa_circ_0030018#1 and miR-1297 inhibitor (Figure 4A). 
Simultaneously, interference of miR-1297 attenuated the 
suppressive effects of hsa_circ_0030018 silence on cell prolif-
eration, colony formation, migration, invasion, and enhance-
ment effects on apoptosis and cell cycle arrest in the G1 
phase (Figures 4B–4I). In addition, miR-1297 inhibitor also 
overturned the decreasing effect of si-hsa_circ_0030018#1 
on the protein levels of PCNA, CyclinD1, MMP-2, and 
MMP-9, as well as the enhancive effect on the protein level of 
cleaved-caspase 3 in U251 and LN229 cells (Figures 4J–4O). 
Taken together, it was concluded that the knockdown of hsa_
circ_0030018 could inhibit glioma progression via increasing 
miR-1297 expression.

miR-1297 directly targeted RAB21 in glioma. RAB21 
was predicted to be a candidate target of miR-1297 by starBase 
and the complementary sequence between them appeared 
in Figure 5A. Interestingly, contrary to the declined expres-
sion of miR-1297 in glioma cells, the mRNA and protein 
levels of RAB21 were overtly raised (Figures 5B, 5C). Then, 
we constructed wt-RAB21 3’UTR and mut-RAB21 3’UTR 
to confirm the correlation between miR-1297 and RAB21. 
The results showed that the luciferase activity of wt-RAB21 
3’UTR reporter vector was clearly reduced in U251 and 
LN229 cells after the hmiR-1297 overexpression, while there 
was no remarkable change in that of the mut-RAB21 3’UTR 
group (Figures 5D, 5E). RIP and RNA-pull down assays 
also verified the interaction between miR-1297 and RAB21 
(Figures 5F–5H). More interestingly, the mRNA and protein 
abundances of RAB21 were both decreased in U251 and 
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Figure 2. The influence of hsa_circ_0030018 knockdown on glioma development. A, B) The knockdown efficiency of hsa_circ_0030018 (si-hsa_
circ_0030018#1, #2, and #3) in U251 and LN229 cells was detected using qRT-PCR. (C–L) U251 and LN229 cells were transfected with si-NC or si-hsa_
circ_0030018#1. C, D) Cell viability was detected in cells after transfection for 1 day, 2 days, 3 days, or 4 days using MTT assay. E) The colony formation 
was analyzed in cells by colony formation assay. F, G) The apoptotic rate and cell cycle distribution were measured by flow cytometry. The apoptotic 
rate represented the ratio of cells in right lower and upper quadrants. H, I) Cell migration and invasion were tested via Transwell assay (100×). J–L) 
The protein abundances of PCNA, CyclinD1, cleaved-caspase 3, MMP-2, and MMP-9 in cells were examined using western blot. M–O) U251 cells trans-
fected with sh-hsa_circ_0030018 or sh-NC were subcutaneously injected into nude mice to induce a xenograft model. (M) Tumor volume was measured 
every 5 days after 5 days of injection through a caliper. (N) After 25 days, mice were sacrificed and the resected tumors were weighed. (O) The level of 
hsa_circ_0030018 was examined using qRT-PCR. *p<0.05
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Figure 3. hsa_circ_0030018 directly targeted miR-1297. A) Subcellular fractionation assay was conducted to detect the levels of hsa_circ_0030018 in 
the cytoplasm and the nucleus of U251 and LN229 cells. B) The predicted binding sequence between hsa_circ_0030018 and miR-1297 was exhibited. 
C) miR-1297 abundance was examined in glioma cells using qRT-PCR. D, E) Luciferase activity was detected in U251 and LN229 cells co-transfected 
with wt-hsa_circ_0030018 or mut-hsa_circ_0030018 and miR-1297 mimics or NC mimics. F, G) RIP assay was carried for the assessment of hsa_
circ_0030018 and miR-1297 levels in the anti-Ago2 or the anti-IgG group. H) The enrichment of hsa_circ_0030018 was analyzed via the RNA-pull 
down assay in the Bio-miR-1297 or the Bio-NC group. I, J) The miR-1297 level was tested in U251 and LN229 cells with transfection of si-NC, si-
hsa_circ_0030018#1, pCD-ciR, or hsa_circ_0030018. *p<0.05

LN229 cells after miR-1297 overexpression, while increased 
by a miR-1297 inhibitor (Figures 5I–5L). Thus, all these 
findings affirmed that RAB21 was a target of miR-1297 in 
glioma.

Overexpression of RAB21 counteracted the blocking 
effects of miR-1297 on glioma cells progression. In order 
to investigate the function of miR-1297 in glioma and 
whether it required RAB21, U251 and LN229 cells were 
co-transfected with miR-1297 mimics, miR-1297 mimics + 
RAB21, or corresponding negative controls. The transfec-
tion of the RAB21 overexpression vector effectively restored 
the abundance of RAB21 in U251 and LN229 cells, which 
was declined by miR-1297 mimics transfection (Figures 
6A, 6B). In addition, miR-1297 overexpression obviously 
restrained cell proliferation, colony formation, migration, 
invasion, and reinforced apoptosis and cell cycle arrest 
in the G1 phase (Figures  6C–6P). Nevertheless, RAB21 
addition partly overturned the effect of miR-1297 on these 

events (Figures 6C–6P) in U251 and LN229 cells. Hence, we 
concluded that miR-1297 could regulate glioma progression 
by targeting RAB21.

hsa_circ_0030018 regulated RAB21 expression by 
sponging miR-1297. To perfect the hypothesis of the hsa_
circ_0030018/miR-1297/RAB21 regulatory network, we 
measured the influence of hsa_circ_0030018 on RAB21 
expression. U251 and LN229 cells were transfected with 
si-NC, si-hsa_circ_0030018#1, si-hsa_circ_0030018#1 + 
NC inhibitor, or si-hsa_circ_0030018#1 + miR-1297 inhib-
itor. As displayed in Figures 7A and 7B, the mRNA and 
protein abundances of RAB21 were evidently declined by 
hsa_circ_0030018 silence, while they were restored by the 
miR-1297 inhibition. Moreover, hsa_circ_0030018 and 
RAB21 were upregulated while miR-1297 was downregu-
lated in glioma tissues compared to that in adjacent normal 
tissues (Figures 7C–7F). Besides, correlation analysis 
showed that miR-1297 expression was negatively corre-
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lated with hsa_circ_0030018 or RAB21 expression, while 
hsa_circ_0030018 and RAB21 expression were positively 
correlated (Figures 7G–7I). Collectively, our data confirmed 
that hsa_circ_0030018 could regulate RAB21 expression via 
miR-1297 in glioma.

Discussion

Glioma is the most familiar intracranial tumor, which 
could cause conspicuous mortality and morbidity [1], so it is 
indispensable to probe into the novel diagnosis and therapy 
technology of glioma. The dysregulated circRNAs are 
involved in glioma development [21]. In this paper, we inves-
tigated the role of hsa_circ_0030018 and the corresponding 
regulatory mechanism of it by regulating the miR-1297/
RAB21 axis in glioma.

Mounting publications have attested the pivotal roles 
of circRNAs in multifarious human tumors by sponging 
miRNAs to modulate gene expression [22]. Similarly, the 
circRNA/miRNA/mRNA axis has also been demonstrated 
to be concerned with glioma tumorigenesis. For example, 
circ_0074362/miR-1236-3p/HOXB7 axis and circ-TTBK2/
miR-520b/EZH2 axis contributed to human glioma devel-
opment [23, 24]. However, the study on a signal pathway 
about hsa_circ_0030018 in glioma by targeting miRNAs 
is exceedingly sparse. To our knowledge, only Yang et al. 
indicated that hsa_circ_0030018 had a high expression in 
glioma and it could facilitate cell growth and metastasis via 
sponging miR-1205 [12]. In keeping with this consequence, 
this study suggested that hsa_circ_0030018 was upregulated 
in glioma tissues and cells, and hsa_circ_0030018 deficiency 
impeded cell proliferation, metastasis, and induced cell 

Figure 4. hsa_circ_0030018 regulated glioma progression via modulating miR-1297. U251 and LN229 cells were transfected with si-NC, si-hsa_
circ_0030018#1, si-hsa_circ_0030018#1 + NC inhibitor, or si-hsa_circ_0030018#1 + miR-1297 inhibitor. miR-1297 expression (A), cell viability (B, C), 
number of colonies (D), apoptotic rate (E), cell cycle distribution (F, G), cell migration and invasion (H, I), and the levels of PCNA, CyclinD1, cleaved-
caspase 3, MMP-2, and MMP-9 (J–O) were examined using appropriate methods. *p<0.05
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apoptosis and cycle arrest. Therefore, hsa_circ_0030018 has a 
latent broad application in the fields of glioma diagnosis and 
prognosis evaluation. What is more, the expression level of 
hsa_circ_0030018 in glioma tissues is expected to be a novel 
biomarker to diagnose glioma. Furthermore, bioinformatic 
analysis (starBase) predicted that hsa_circ_0030018 had a 
binding sequence with miR-1297, which was confirmed in 
a dual-luciferase reporter assay in glioma cells. All these 
data manifested the oncogenic role of hsa_circ_0030018 in 

glioma progression, and we speculated it might be relevant 
to miR-1297.

Accumulating evidence has corroborated that microRNAs 
serve pivotal roles in glioma genesis and development [25]. 
miR-1297 has been certified to take part in cancer progres-
sion acting as a tumor suppressor or oncogene. For instance, 
miR-1297 hindered cell growth and metastasis via EphA2 
in bladder carcinoma [26], and it impeded tumorigenesis 
and invasiveness by targeting HMGA2 in hepatocellular 

Figure 5. miR-1297 directly targeted RAB21 in glioma. A) The putative binding sequence of miR-1297 and RAB21. B, C) The mRNA and protein levels 
of RAB21 were detected in glioma cells via qRT-PCR and western blot. D, E) Luciferase activity was examined in U251 and LN229 cells co-transfected 
with wt-RAB21 3’UTR and mut-RAB21 3’UTR and miR-1297 mimics or NC mimics. F–H) The interaction between miR-1297 and RAB21 was verified 
by RIP and RNA-pull down assays in U251 and LN229 cells. I–L) The RAB21 abundance was assessed in U251 and LN229 cells after transfection of 
miR-1297 mimics, NC mimics, NC inhibitor, or miR-1297 inhibitor using qRT-PCR and western blot. *p<0.05
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carcinoma [27]. In the meantime, studies also reported that 
miR-1297 facilitated the carcinogenic action of liver cancer 
via targeting RB1 [28], and it also could serve as an oncogenic 
gene via modulating the PTEN/Akt/Skp2 pathway in NSCLC 
cells [29]. These antipodal results of miR-1297 in cancers 
may be attributed to a different type of tumor or complicated 
tumor microenvironment. However, the researches about the 
role of miR-1297 in glioma are very rare. Wang et al. reported 
that miR-1297 level was reduced in glioma and inhibited 
tumorigenesis [18], and Li et al. attested that miR-1297 
acted as an anti-oncogene in GBM [30]. In accordance with 
these results, the present study exhibited that the miR-1297 

abundance was dramatically reductive in glioma tissues and 
cells. Moreover, further rescue assays demonstrated that 
miR-1297 interference partly reversed the suppressive action 
of hsa_circ_0030018 silence on glioma progression, and that 
there was a reversed relation between hsa_circ_0030018 and 
miR-1297 level. The above data showed that miR-1297 as a 
tumor suppressor and it might be involved in glioma progress 
by serving as a target of hsa_circ_0030018.

As a member of the Rab subfamily, RAB21 was testified to 
regulate cell motility and adhesion in several tumor cell types, 
containing prostate cancer, breast cancer, and liver cancer 
[31]. RAB21 had a carcinogenic influence in the develop-

Figure 6. miR-1297 inhibited glioma progression via targeting RAB21. U251 and LN229 cells were transfected with NC mimics, miR-1297 mimics, 
miR-1297 mimics + pcDNA, or miR-1297 mimics + RAB21. RAB21 mRNA level (A), RAB21 protein level (B), cell viability (C, D), number of colonies 
(E), apoptotic rate (F), cell cycle distribution (G, H), cell migration and invasion (I, J), and the protein levels of PCNA, CyclinD1, cleaved-caspase 3, 
MMP-2, and MMP–9 (K-P) were tested using appropriate methods in cells after transfection. *p<0.05
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ment of glioma via accelerating cell proliferation and hinder 
cell apoptosis [20]. MicroRNAs are virtually involved in the 
post-transcriptional gene expression by binding to 3’UTR of 
target genes messenger RNA (mRNA) in cancer [32]. Liu et 
al. corroborated that miR-200b could restrain glioma genesis 
by targeting RAB21, RAB23, RAB18, and RAB3B [33]. By 
using starBase, dual-luciferase reporter assay, RIP assay, and 
RNA-pull down assay, the current findings indicated that 
miR-1297 directly targeted RAB21 in glioma, and RAB21 
overexpression neutralized the restraining effects of miR-1297 
on glioma cells’ progression. Simultaneously, miR-1297 
could negatively regulate RAB21 expression in glioma cells. 
In addition, the qRT-PCR analysis indicated the upregulation 
of hsa_circ_0030018 and RAB21, and the downregulation of 
miR-1297 in glioma tissues. Furthermore, there were signifi-
cant linear correlations among hsa_circ_0030018, miR-1297, 
and RAB21 levels. Therefore, it was manifested that hsa_
circ_0030018 regulated RAB21 expression by sponging 
miR-1297 in glioma. Collectively, the data gave evidence of 
the tumorigenic role of hsa_circ_0030018 in glioma develop-
ment, and this might partly attribute to its regulation of the 
miR-1297/RAB21 axis. This study provided insights into the 

participation of hsa_circ_0030018, miR-1297, and RAB21 
in glioma tumorigenesis, and offered target candidates for 
glioma diagnosis and therapeutic strategy.

In conclusion, these findings unveiled that hsa_
circ_0030018 was overexpressed in glioma, and hsa_
circ_0030018 interference alleviated the malignant behaviors 
of glioma in vitro via serving as a miR-1297 sponge to inhibit 
RAB21. Moreover, the hsa_circ_0030018 depletion impeded 
tumor growth in vivo. This study for the first time validated 
the importance of the hsa_circ_0030018/miR-1297/RAB21 
axis in glioma, which might provide hopeful targets for 
glioma treatment.

Supplementary information is available in the online version 
of the paper.
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