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Objective: Glioma (GM) is a common type of malignant and aggressive tumor in brain with 
poor prognosis. Circular RNAs (circRNAs) are well-known regulators in cancer progression. 
However, its molecular basis in GM remains to be investigated.
Materials and Methods: CircRNA microarray was used to detect differentially 
expressed circRNAs in GM and matched noncancerous tissues. qRT-PCR was applied 
to detect the expression profile of circ-ELF2 in GM tissue specimens and cell lines. 
CCK-8, clone formation, AO/EB staining, flow cytometry, wound healing, and transwell 
assays were performed to identify the functions of circ-ELF2 in GM cells. The 
distribution of circ-ELF2 was analyzed by RNA-FISH and subcellular fractionation 
assay. Dual-luciferase reporter assay was applied to verify the predicted binding sites 
between miR-510-5p and circ-ELF2/MUC15 3ʹ-UTR. Rescue assay was finally conducted 
to explore whether the oncogenic role of circ-ELF2 was partially attributed to miR-510- 
5p/MUC15 signaling.
Results: We observed that circ-ELF2 was significantly upregulated in GM tissues, which 
was analyzed by circRNA microarray and qRT-PCR. Upregulation of circ-ELF2 was asso-
ciated with poor prognosis and high recurrence rate for GM patients after surgery. The 
collapse of circ-ELF2 caused growth arrest and downregulation of cell migratory and 
invasive potential of GM cells and promoted cell apoptosis. In contrast, elevated expression 
of circ-ELF2 led to the opposite effect. Mechanistically, circ-ELF2 acted as a competing 
endogenous RNA (ceRNA) for miR-510-5p to positive modulate MUC15 expression at 
posttranscriptional level. Circ-ELF2 upregulated MUC15 by sponging miR-510-5p, thus 
promoting GM growth and aggressiveness.
Conclusion: This study indicates that circ-ELF2/miR-510-5p/MUC15 signaling plays a key 
role in promoting the occurrence and development of GM.
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Introduction
Glioma (GM) is a common type of malignant and aggressive tumor in brain, which can 
be divided into astrocytomas, oligodendrogliomas, and glioblastomas according to 
morphological criteria.1,2 Although a combination of surgical resection, radiotherapy 
and adjuvant chemotherapy provides survival benefit to selected patients,3 the prognosis 
of GM remains dismal. Due to the blooming of genomic, transcriptomic and epigenetic 
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profiling, molecular understandings concerning the initiation 
and progression of GM will help to provide novel and poten-
tial therapeutic targets.4

Circular RNAs (circRNAs) are not simply splicing 
products but a new member of noncoding RNAs 
(ncRNAs) derived from exons by nonclassical back- 
splicing, hence producing the covalent closed-loop struc-
tures that endow circRNAs higher stability than linear 
RNAs.5,6 Previous publications have largely highlighted 
the regulatory functions of circRNAs in cancers, such as 
circRNA_0084043 being a growth-promoting molecule 
in malignant melanoma7 and hsa_circ_0007059 being 
a tumor suppressor in lung cancer.8 In this study, 
circRNA microarray was used to detect the differentially 
expressed circRNAs in four pairs of GM tissues and 
adjacent noncancerous samples. The biological role of 
circ-ELF2 (hsa_circRNA_103741) in GM was detailly 
analyzed. Circ-ELF2 is mapped to chr4:139,981,477– 
139,994,721. The spliced length of circ-ELF2 is 919 nt. 
The detailed functions and mechanisms of circ-ELF2 
have not been studied yet.

Materials and Methods
Ethics and Samples
All the experiments were strictly followed by the Helsinki 
Declaration concerning the biomedical principles of 
human subjects and all operating protocols were author-
ized by the Ethical Committee of Qiqihar Medical 
University. Ninety-six patients who were diagnosed with 
GM have enrolled in our study and signed the written 
informed consent for this research purpose. According to 
the median expression of circ-ELF2, these patients were 
classified into high/low expression groups. These speci-
mens were snap-frozen in liquid nitrogen for 5 min and 
then stably saved in a −80°C ultra-low temperature freezer.

Cell Lines and Culture
GM cells (U87MG, U118, U251, and LN229) and NHA 
cells were acquired from American Type Cell Collection 
(Manassas, VA, USA). All the cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; HyClone, 
Logan City, UT, USA) containing 10% fetal bovine serum 
(FBS; HyClone) at 37°C in a humidified atmosphere.

qRT-PCR and Cell Transfection
Total RNA was extracted from cell lines or tissues by 
Trizol. The content of RNA was determined by ultraviolet 

spectrophotometry. The total RNA was synthesized into 
cDNA by reverse transcription kit and PCR reaction was 
carried out according to the instructions of qRT-PCR kit. 
U6 was taken as the internal reference for the expression 
level of miRNAs and the circ-ELF2/MUC15 mRNA 
expression level was taken GAPDH as the internal refer-
ence, and the qRT-PCR results were expressed as 2−ΔΔCT. 
PCR primers for circ-ELF2 are listed below: Forward, 5ʹ- 
CACTGCATCTGTGTCAGCAAC-3ʹ and Reverse, 5ʹ- 
CTCAAGCAGGTAGGAGATTCCA-3ʹ.

Twenty-four hours before cell transfection, the cells in 
good growth condition were inoculated in a 6-well plate 
(5×105 cells per well), and the cells were transfected 
according to the instructions of LipofectamineTM 3000. 
The targeted sequences of the shRNAs specifically target-
ing to circ-ELF2 are listed as follows: sh-circ-ELF2-1, 5ʹ- 
AGCAGCTCCAAGTGGAAGCAT-3ʹ and sh-circ-ELF2 
-2, 5ʹ-CAGCAGCTCCAAGTGGAAGCA-3ʹ.

Cell Counting Kit-8 (CCK-8) and 
Clone-Forming Assay
CCK-8 (Sigma-Aldrich) was employed for cell proliferation 
detection. The transfected GM cells were supplemented with 
CCK-8 solution with 10 μL per well, followed by the absor-
bance analysis via the microplate reader at 450 nm. Human 
GM cells (LN229 and U87MG cells) were seeded in 25-mm 
plates, incubated at 37°C for 12 d, fixed with paraformalde-
hyde for 20 min and stained with crystal violet for 15 min. 
The number of colonies was counted manually.

Cell Apoptosis Determination
To detect cell apoptosis, we conducted AO/EB staining 
assay in GM cells. GM cells were seeded in 12-wells plates. 
Then, the cells were stained by a mixed AO/EB solution for 
5 min as per the manufacturer’s instructions. Images were 
acquired and cell counting was performed by Image Pro Plus 
software. For flow cytometric assay, 1 × 105 transfected cells 
were collected to perform the double staining of FITC- 
Annexin and PI via FITC-Annexin V Apoptosis Detection 
Kit (BD Biosciences) in accordance with the users’ manual.

Wound Healing Assay
The cells were cultivated in 6-well plates (Corning, NY, 
USA) until 100% confluence. A tip was used to create 
a cell-free region, and the medium was discarded. The 
cells were further cultured for 1 d with serum-free 
DMEM medium. Five fields at the lesion border were 
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randomly selected and observed under an inverted micro-
scope (Leica, Germany).

Transwell Experiments
Boyden chambers (Corning, NY, USA) were coated with or 
without Matrigel and used to study the cell migration and 
invasion. LN229 and U87MG cells were suspended in 200 
μL serum-free DMEM medium, and seeded in the top of each 
chamber insert. The bottom chambers contained complete 
medium with 10% FBS. After 24 hours of culturing, parafor-
maldehyde was fixed, and the staining solution was 0.2% 
crystal violet solution. Five fields were randomly selected 
and observed under an inverted microscope (Leica, Germany).

Subcellular Fractionation Assay
LN229 and U87MG cell lines were collected in cell frac-
tionation buffer using PARIS™ Kit (Invitrogen, USA). 
PBS washed the cell fragments. Cell fractionation buffer 
was used to place the cell lysates and centrifuged. The 
isolated RNA was used for PCR amplification.

Dual-Luciferase Reporter Gene Assay
The wild-type circ-ELF2 (circ-ELF2-wt) and the wild-type 
MUC15 (MUC15-wt) with predicted binding site of miR- 
510-5p and the promoter region of circ-ELF2-mut and 
MUC15-mut were synthesized and cloned into luciferase 
reporter vector pGL3 (Promega, Madison, WI). 293T cells 
were cotransfected with corresponding reporter plasmids and 
miR-510-5p mimics or mimics-NC by Lipofectamine 3000, 
and were detected by dual-luciferase reporter system.

RNA Immunoprecipitation (RIP)
EZ-Magna RIP™ RNA-Binding Protein Immunoprecipitation 
Kit (Millipore) was used for RIP assay. Cells were lysed in 
RIP lysis buffer, and incubated with magnetic beads conju-
gated with anti-Ago2 or anti-IgG. The immunoprecipitated 
RNA samples were then subjected to qRT-PCR analysis.

Immunoblotting
Total protein was isolated from human GM cells (LN229 
and U87MG) by using a protein purification kit (Biochain, 
Hayward, CA, USA). Forty μg of protein was separated by 
SDS-PAGE and transferred onto polyvinylidene fluoride 
membranes (PVDF, Millipore, Bradford, MA, USA). The 
membrane was blocked in TBST buffer for 2 h and then 
reacted with primary antibodies against MUC15 or 
GAPDH. The membrane was then washed three times in 
TBST buffer and incubated with secondary antibody for 2 

h at 37°C. The bands were viewed using enhanced chemi-
luminescence (ECL, Pierce, USA) and protein intensity 
was evaluated by ImageJ software (Madison, WI, USA).

Data Analysis
All data were expressed as mean ± standard deviation 
(SD). Data analysis was performed according to the over-
all characteristics of each group via the t-test. One-way 
analysis of variance (ANOVA) was used to analyze more 
than two groups. Kaplan–Meier analysis with Log rank 
test was used to analyze the clinical value of circ-ELF2. 
Pearson’s correlation coefficient test was applied to 
explore the association between the expression levels of 
RNAs. P < 0.05 was deemed statistically significant.

Results
Circ-ELF2 is Overexpressed in GM and is 
Correlated with Poor Prognosis
To identify the abnormally expressed circRNAs in GM, we 
performed circRNA microarray (Table S1) to detect the differ-
entially expressed circRNAs in GM tissues and the clustered 
heatmap is shown in Figure 1A. Hsa_circRNA_000552, 
hsa_circRNA_104798, hsa_circRNA_000543, and 
hsa_circRNA_103741 were identified as four most elevated 
circRNAs in GM tissue samples. qRT-PCR was used to inves-
tigate the levels of these circRNAs in 20 pairs of GM/adjacent 
normal samples. We identified hsa_circRNA_103741 (circ- 
ELF2) as the most upregulated one (Figure 1B). Compared 
to the RNA abundance at 0 h post-treatment of Actinomycin 
D, ELF2 mRNA level was quickly decreased 70% while circ- 
ELF2 was almost unchanged at 24 h (Figure 1C). After the 
exposure of RNA to RNase R, circ-ELF2 was shown to have 
higher resistance to exonucleolytic activity than ELF2 mRNA 
(Figure 1D). Preliminarily, we affirmed the upregulation of 
circ-ELF2 and its high stability in GM cells. In addition, qRT- 
PCR analysis demonstrated that circ-ELF2 expression was 
higher in GM specimens than in non-tumorous samples 
(Figure 1E, P < 0.01). According to the median expression 
of circ-ELF2, these patients were classified into high and low 
expression groups. Kaplan–Meier analysis indicated that the 
patients with high circ-ELF2 expression correlated with worse 
overall survival (Figure 1F) and high recurrence rate 
(Figure 1G). Circ-ELF2 expression was generally elevated in 
GM cells than NHA cell line (Figure 1H). Taken together, 
these results indicated that high circ-ELF2 expression is asso-
ciated with poor prognosis, highlighting the potential of circ- 
ELF2 as an oncogene in GM.
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Circ-ELF2 Accelerates GM Cell 
Progression in vitro
In the knockdown of circ-ELF2 mediated by shRNA vectors in 
LN229 cells, sh-circ-ELF2-1 had a better knockdown effi-
ciency than sh-circ-ELF2-2 (Figure 2A). Overexpression 
study was performed on U87MG cells because of its lowest 
expression of circ-ELF2 among the enrolled GM cells (Figure 
2B). The inhibition of cell viability (Figure 2C) and colony 
formation (Figure 2E) suggested that the downregulated circ- 
ELF2 impeded cell growth. In contrast, overexpression of circ- 
ELF2 significantly enhanced the proliferation of U87MG cells 
(Figure 2D and F). AO/EB double staining (Figure 2G) and 
flow cytometric analysis (Figure 2I) showed that decreased 
circ-ELF2 led to more apoptotic cells in LN229 cells. 
However, cell apoptosis was inhibited after circ-ELF2 over-
expression in U87MG cells (Figure 2H and J). Additionally, 

transfection of sh-circ-ELF2-1 or sh-circ-ELF2-2 blocked the 
migration of LN229 cells analyzed by wound healing and 
transwell migration assays (Figure 2K and M). Conversely, 
ectopic expressed circ-ELF2 significantly contributed to cell 
migration in U87MG cells (Figure 2L and N). Moreover, 
transwell invasion assay manifested that downregulated circ- 
ELF2 attenuated LN229 cell invasion (Figure 2M). 
Upregulation of circ-ELF2 aggravated the invasive potential 
of U87MG cells (Figure 2N).

Circ-ELF2 Acts as MiRNA Sponge for 
MiR-510-5p in GM
CircRNAs could recruit miRNAs to function as ceRNAs 
during oncogenesis.9 To verify whether circ-ELF2 had 
a similar function in GM cells, RNA-FISH and subcel-
lular fractionation assay was used to predict its 

Figure 1 Relative expression of circ-ELF2 in GM tissues and cells and its clinical significance. (A) Clustered heatmap for differentially up- and downregulated circRNAs in 
GM tissue samples. (B) Hsa_circRNA_000552, hsa_circRNA_104798, hsa_circRNA_000543, and hsa_circRNA_103741 expression levels in GM tissue samples and their 
paired noncancerous tissue samples measured by qRT-PCR. (C) qRT-PCR for circ-ELF2 and linear ELF2 mRNA expression after treatment with actinomycin D at different 
time points. (D) Relative expression of circ-ELF2 and linear ELF2 mRNA after treatment with RNase R. (E) Relative expression of circ-ELF2 in GM tissues and normal tissues 
measured by qRT-PCR. (F, G) Kaplan–Meier analysis with Log rank test was applied to evaluate the clinical value of circ-ELF2 in GM patients. (H) Relative expression of circ- 
ELF2 in GM cell lines and normal cell line measured by qRT-PCR. *P < 0.05, **P < 0.01.
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localization in cells. Data showed that circ-ELF2 was 
mainly localized to the cytoplasm (Figure 3A and B), 
indicating that circ-ELF2 might regulate target protein 
expression at posttranscriptional level. Next, we used the 
bioinformatics databases including starBase (http://star 
base.sysu.edu.cn/), circBank (http://www.circbank.cn), 
and circular RNA interactome (https://circinteractome. 
nia.nih.gov) to predict the potential miRNAs. According 
to the predicted result, there were seven miRNAs (miR- 

432-5p, miR-495-3p, miR-510-5p, miR-516b-5p, miR- 
660-5p, miR-942-5p, and miR-1251-5p) that may be 
interacted with circ-ELF2 (Figure 3C). RIP assay indi-
cated that circ-ELF2 could be co-immunoprecipitated 
with Ago2 in LN229 and U87MG cells. In addition, 
this phenotype was abrogated upon circ-ELF2 depletion 
(Figure 3D). Circ-ELF2 upregulation boosted the effi-
ciency of pulldown using biotin-labeled circ-ELF2 
probe (Figure 3E). What is more, only miR-510-5p was 

Figure 2 Circ-ELF2 promotes GM cell progression in vitro. (A) Circ-ELF2 expression was detected after transfection in LN229 cells by qRT-PCR. (B) Circ-ELF2 expression 
was detected after transfection in U87MG cells by qRT-PCR. (C, D) CCK-8 assay was used to detect the viability of LN229 and U87MG cells after circ-ELF2 silencing/ 
overexpression. (E, F) Colony formation assay was used to detect the clone-forming ability of LN229 and U87MG cells after circ-ELF2 silencing/overexpression. (G, H) AO/ 
EB staining assay was used to detect the apoptosis of LN229 and U87MG cells after circ-ELF2 silencing/overexpression. (I, J) Flow cytometric analysis was used to detect the 
apoptosis of LN229 and U87MG cells after circ-ELF2 silencing/overexpression. (K, L) Wound healing assay was used to detect the migration of LN229 and U87MG cells 
after circ-ELF2 silencing/overexpression. (M, N) Transwell migration and invasion assay was used to detect the migration/invasion of LN229 and U87MG cells after circ-ELF2 
silencing/overexpression. *P < 0.05, **P < 0.01.
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enriched in the circ-ELF2 pulldowns from GM cells 
(Figure 3F). Therefore, we regarded miR-510-5p as the 
main candidate for further research. We identified the 
downregulation of miR-510-5p in GM tissues relative to 
normal specimens (Figure 3G). To verify the direct 

binding of circ-ELF2 and miR-510-5p at the endogenous 
level, luciferase reporter analysis was constructed, which 
included circ-ELF2 binding sites of wild-type (wt) or 
mutant (mut) syndrome (Figure 3H). The results mani-
fested that miR-510-5p mimics decreased the luciferase 

Figure 3 Circ-ELF2 acts as miRNA sponge for miR-510-5p in GM. (A) RNA-FISH of circ-ELF2 localization in LN229 and U87MG cells. (B) qRT-PCR detection of the 
percentage of circ-ELF2 in the cytoplasmic and nuclear fractions of LN229 and U87MG cells. (C) Venn diagram showing the number of overlapping miRNAs of circ-ELF2. (D) 
Ago2-RNA RIP assay for circ-ELF2 levels in LN229 and U87MG cells after transfection. (E) Lysates prepared from LN229 and U87MG cells after transfection were subjected 
to RNA pull-down assay. qRT-PCR for circ-ELF2 expression in LN229 and U87MG lysates. (F) qRT-PCR for the expression of five miRNAs in LN229 and U87MG lysates. (G) 
Relative miR-510-5p expression in GM/normal tissues analyzed by qRT-PCR. (H) Schematic illustration of circ-ELF2-wt and circ-ELF2-mut luciferase reporter vectors. (I) The 
binding ability between circ-ELF2 and miR-510-5p was measured by dual-luciferase reporter assay in 293T cells. **P < 0.01.
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intensity of circ-ELF2-wt reporter vector. However, the 
luciferase activity of circ-ELF2-mut reporter vector did 
not decrease (Figure 3I).

MUC15 is a Downstream Target of 
MiR-510-5p
TargetScan database (http://www.targetscan.org/vert_72/) 
was applied to predict the potential target gene of miR- 
510-5p. We found that decreased circ-ELF2 strikingly atte-
nuated the expression of MUC15 in LN229 and U87MG 
cell lines (Figure 4A). qRT-PCR and immunoblotting were 
applied to evaluate the expression of MUC15 in GM cells 

upon miR-510-5p silencing/overexpression. As Figure 4B 
and C exhibited, miR-510-5p negatively modulated 
MUC15 expression. In addition, we found that MUC15 
mRNA expression was elevated in GM samples than their 
matched noncancerous specimens (Figure 4D). Pearson 
correlation coefficient test indicated a negative correlation 
between the expression of miR-510-5p and MUC15 mRNA 
(Figure 4E). Additionally, a positive association was found 
in circ-ELF2 and MUC15 mRNA expression (Figure 4F). 
To verify the direct binding of MUC15 3ʹ-UTR and miR- 
510-5p at the endogenous level, luciferase reporter analysis 
was constructed, which included MUC15 binding sites of 
wt or mut syndrome. The data indicated that miR-510-5p 

Figure 4 MUC15 is a downstream target of miR-510-5p. (A) Relative MUC15 mRNA expression was determined after transfection with sh-circ-ELF2-1 or sh-NC in LN229 
and U87MG cells by qRT-PCR. (B, C) Relative MUC15 mRNA and protein expression was determined after transfection in LN229 and U87MG cells by qRT-PCR and 
immunoblotting, respectively. (D) Relative MUC15 mRNA expression in GM/normal tissues analyzed by qRT-PCR. (E) Pearson correlation analysis of MUC15 mRNA and 
miR-510-5p expression in 25 paired GM tissues. (F) Pearson correlation analysis of MUC15 mRNA and circ-ELF2 expression in 25 paired GM tissues. (G) Schematic 
illustration of MUC15 3ʹ-UTR-wt and MUC15 3ʹ-UTR-mut luciferase reporter vectors. (H) The binding ability between MUC15 3ʹ-UTR and miR-510-5p was measured by 
dual-luciferase reporter assay in 293T cells. *P < 0.05, **P < 0.01.
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mimics inhibited the luciferase intensity of MUC15 3ʹ-UTR 
-wt reporter vector. Nevertheless, the luciferase intensity of 
MUC15 3ʹ-UTR-mut reporter vector did not change (Figure 
4G and H).

Circ-ELF2 Facilitates Cell Progression by 
Targeting MiR-510-5p/MUC15 Signaling
We then determined whether circ-ELF2 could affect the 
expression of MUC15 through competitive binding with 
miR-510-5p, rescue experiments were designed. As 
expected, Western blotting indicated that the silencing of 
circ-ELF2 decreased the protein levels of MUC15 in 
LN229 cells, while upregulation of circ-ELF2 enhanced 

the levels of MUC15 in U87MG cells. Simultaneously, the 
effects caused by silencing or overexpressing circ-ELF2 
were partly reversed by miR-510-5p inhibitor or mimics, 
respectively. MUC15 vector could also rescue the 
decreased MUC15 expression induced by sh-circ-ELF2 
-1. Co-transfection with circ-ELF2 vector and sh-MUC15 
could partially reverse the upregulated MUC15 in U87MG 
cells (Figure 5A). CCK-8, clone formation, and transwell 
invasion assays showed that miR-510-5p inhibitor or 
MUC15 vector reversed the proliferation, colony forma-
tion, and invasion inhibition effects induced by knock-
down of circ-ELF2 in LN229 cells, whereas miR-510-5p 
mimics/sh-MUC15 counter-acted the promoting effects 
induced by overexpression of circ-ELF2 in U87MG cells 

Figure 5 Circ-ELF2 facilitates cell progression by targeting miR-510-5p/MUC15 signaling. (A) The protein level of MUC15 was measured by Western Blot after transfection 
in LN229 and U87MG cells. (B) CCK-8 assay was performed to analyze the viability of LN229 and U87MG cells after transfection. (C) Colony formation assay was 
performed to detect the clone-forming ability of LN229 and U87MG cells after transfection. (D) Transwell invasion assay was performed to detect the invasion of LN229 and 
U87MG cells after transfection. *P < 0.05, **P < 0.01.
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by CCK-8, colony formation, and transwell invasion 
assays (Figure 5B–D). Collectively, rescue assays illu-
strated that circ-ELF2 served as a ceRNA for miR-510- 
5p to upregulate MUC15 expression, thus leading to the 
progression and development of GM.

Discussion
GM tumorigenesis is induced by a series of genetic 
changes resulting in the activation of oncogenes and the 
inactivation of tumor suppressor genes.10 Dysregulated 
circRNAs have been validated to play the oncogenic or 
tumor-suppressive roles in cancers.11,12 Through the char-
acteristic analysis in GM cells, we found that circ-ELF2 
was expressed more stable than linear ELF2 mRNA and 
was mainly localized in the cytoplasm. For its clinical 
significance, the upregulated circ-ELF2 was closely asso-
ciated with poor prognosis and high recurrence rate for 
GM patients. All these elementary analyses manifested 
that circ-ELF2 might be involved in the regulation of 
cancer development and progression in GM.

Starting from these observations, we conducted gain-/ 
loss-of function experiments to uncover the functions of 
circ-ELF2 in GM cells. As a result, we found circ-ELF2 
contributes to the proliferation, colony formation, migra-
tion, and invasion, but inhibits the apoptosis of GM cells. 
Increasing evidence shows that there are extensive interac-
tion networks involving ceRNA, in which circRNAs could 
regulate target gene expression by binding to the specific 
miRNAs.7–9 Evidence suggests that ceRNA regulatory 
model has been validated in multiple cancers. For example, 
circ-FAT1(e2) facilitates the progression of osteosarcoma 
through the miR-181b/HK2 axis.13 Circ-MTO1 suppresses 
ovarian cancer cell progression and metastasis by sponging 
miR-182-5p and upregulating KLF15 expression.14 In the 
present study, miR-510-5p was identified as a target for 
circ-ELF2 among seven candidate miRNAs. MiR-510-5p 
was previously identified as a tumor-suppressive miRNA in 
several human malignancies, such as renal cell 
carcinoma.15 However, a recent study indicated miR-510- 
5p as an oncogene in mediating thyroid cancer cell prolif-
eration, migration, and invasion through suppressing 
SNHG15.16 The above evidence suggests a tissue-specific 
mechanism employed by miR-510-5p. In this study, miR- 
510-5p functions as a tumor suppressor in GM cells, which 
is in line with most studies in human cancers. What is more, 
we identified MUC15 as the direct target of miR-510-5p. 
Mucins are high-molecular-weight membrane glycopro-
teins (>200 kDa) in various types of epithelial cells.17,18 

Studies showed that membrane-associated mucin proteins 
are intracellular receptors involved in signal transduction, 
leading to coordinated cellular responses.19,20 MUC15 is 
one of the member of mucins family. It was identified 
upregulation in multiple malignancies including colorectal 
carcinoma,21 liver cancer,22 etc. In the current study, the 
rescue analysis demonstrated circ-ELF2 as an oncogene to 
accelerate the malignant behaviors of GM depending on the 
miR-510-5p/MUC15 signaling pathway. However, there 
are still some limitations to the study. For instance, animal 
study is needed to further confirm the in vitro data.

To sum up, we showed for the first time that circ-ELF2 
exhibited its oncogenic function in GM through sponging 
miR-510-5p to mediate MUC15 expression. Therefore, the 
current work uncovered a novel oncogenic pathway in GM 
tumorigenesis, which will provide a novel insight into 
investigating the therapeutic target for GM.
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