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CircFAM53B promotes the proliferation and metastasis of glioma through 
activating the c-MET/PI3K/AKT pathway via sponging miR-532-3p
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ABSTRACT
Increasing evidence reveals that circular RNAs (circRNAs) regulate multiple biological functions in 
glioma. Previously, several reports have illustrated that circFAM53B contributes to cancer devel
opment. However, the functions and mechanisms of circFAM53B in glioma remain elusive. Here, 
we gauged the circFAM53B profile in glioma tissues and cell lines and conducted gain-of-function 
assays of circFAM53B to verify circFAM53B’s influence on the proliferation and metastasis of 
glioma cells (including A172 and LN18). As a result, circFAM53B was up-regulated in glioma 
tissues (vs. the matched non-tumor tissues). Higher levels of circFAM53B predicted poorer survival 
of glioma patients. Functionally, circFAM53B up-regulation accelerated cell proliferation, colony 
formation, invasion and epithelial-mesenchymal transition (EMT), and heightened Bax/Bcl2 ratio. 
By contrast, circFAM53B down-regulation repressed glioma development in vitro. Mechanistically, 
bioinformatics analysis suggested that circFAM53B served as a competitive endogenous RNA 
(ceRNA) by sponging miR-532-3p, which targeted proto-oncogene (MET) and receptor tyrosine 
kinase (c-MET). miR-532-3p up-regulation delayed glioma development and inactivated the PI3K/ 
AKT axis. Moreover, the treatment of the c-MET inhibitor SGX523, the PI3K inhibitor LY294002, and 
the Akt inhibitor MK-2206 reduced circFAM53B-mediated oncogenic effects. Conclusively, 
circFAM53B aggravated glioma progression by up-regulating the c-MET/PI3K/AKT pathway and 
down-regulating miR-532-3p. Thus, the circFAM53B/miR-532-3p/c-MET/PI3K/AKT axis is a potential 
treatment target for glioma.

ARTICLE HISTORY
Received 19 June 2021 
Revised 24 November 2021 
Accepted 25 November 
2021 

KEYWORDS
Glioma; circFAM53B; c-MET; 
PI3K; noncoding RNA; 
progression

1. Introduction

Glioma is the most frequent tumor in the central 
nervous system (CNS) characterized by high mor
bidity and mortality and a low five-year survival 
rate [1,2]. Surgery is the main therapeutic therapy 
for glioma. However, glioma patients’ median sur
vival rate remains low even with advanced surgery, 
radiotherapy, chemotherapy and interventional 
therapy due to its strong invasiveness, high recur
rence, and drug resistance [3,4]. Hence, it is urgent 
to probe the pathological mechanism of glioma 
and to search for new treatment options.

Circular RNAs (circRNAs) are closed-loop non
coding RNAs formed by reverse splicing without 3′- 
end and 5′-end [5]. Recently, increasing studies have 
uncovered that circRNAs are dysregulated in multi
ple cancers and exert vital roles in tumorigenesis and 

tumor progression [6,7]. Moreover, circRNAs also 
affect glioma progression and act as therapeutic tar
gets [8]. CircFAM53B (ID: hsa_circ_0020318), 
a novel circRNA located on chr10:126,305,648– 
126,395,456, was first identified by Salzman J et al. 
[9]. The latest research revealed that circFAM53B is 
overexpressed in ovarian cancer (OC) and is related 
to clinical staging and poor prognosis of OC patients. 
Moreover, circFAM53B accelerates OC cell prolif
eration, migration, and invasion through the 
miR-646/VAMP2 and miR-647/MDM2 pathways 
[10]. Nonetheless, the biological functions of 
circFAM53B in glioma remain unknown.

MicroRNAs (miRNAs) are noncoding RNAs 
with a length of 19–22 bases and are widely 
expressed in cells. By targeting the 3ʹ-untranslated 
region (3ʹUTR) of mRNAs, miRNAs modulate the 
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protein-coding gene expression at the post- 
transcriptional level [11,12]. What’s more, 
miRNAs contribute to tumorigenesis and tumor 
development, including cell proliferation, survival, 
tumor angiogenesis, invasion, and metastasis 
[13,14]. For example, down-regulated miR-145 
leads to increased expression of metastatic protein 
ROCK1, thus facilitating glioma invasion [15]. 
Additionally, miR-483-3p facilitates neuroblastoma 
cell proliferation and migration as an oncogene 
[16]. In parallel, miR-532-3p mediates various can
cer as a tumor suppressor [17,18], while its role in 
glioma needs further studies.

At present, we discover that circFAM53B is up- 
regulated in glioma tissues and is correlated with 
glioma patients’ poorer survival rate. Through 
gain-of-function experiments, we observed that 
up-regulation of circFAM53B aggravated glioma. 
Meanwhile, miR-532-3p was an underlying target 
of circFAM53B. Furthermore, bioinformatics ana
lysis substantiated that MET was targeted by miR- 
532-3p. Thus, we posit that there is a circFAM53B 
-miR-532-3p-c-MET axis in glioma.

2. Materials and methods

2.1. Collection of clinical samples

Forty paired cancerous and adjacent non- 
cancerous tissues in primary glioma patients 
were collected from the First People’s Hospital 
of Suzhou. None of the patients were treated 
with preoperative chemotherapy or radiotherapy. 
The specimens were diagnosed independently by 
two pathologists. The Research Ethics 
Committee of the First People’s Hospital of 
Suzhou granted this study (approval number: 
SZF2018-223), and all involved patients signed 
informed consent.

2.2. Cell culture and transfection

Human glioma cells (U251, A172, TJ861, TJ905, 
and LN18) and healthy glial cells HEB were 
ordered from the Chinese Academy of Sciences 
(Shanghai, China). The cells were cultured in 
a DMEM-F12 medium comprising 10% FBS and 
1% penicillin/streptomycin (Beijing Solarbio 
Science&Technology Co., Ltd, Beijing, China) at 

37°C with 5% CO2. The DMEM-F12 and FBS were 
acquired from Thermo Fisher Scientific (Shanghai, 
China). We substituted the medium every 2– 
3 days. The MET inhibitor SGX523 (4 nM, Cat. 
No. S1112, Selleck), the PI3K inhibitor LY294002 
(1 µM, Cat. No. S1105, Selleck), and the AKT 
inhibitor MK-2206 2HCL (5 µM, Cat. No. S1078, 
Selleck) were administered to glioma cells for 
24 hours for inhibiting MET, PI3K, AKT, 
respectively.

CircFAM53B overexpression plasmids, small 
interfering RNA targeting circFAM53B (si- 
circFAM53B) and the blank vectors (vector, or si- 
NC) were designed and synthesized by Shanghai 
Genechem Co., Ltd. miR-532-3p mimics and the 
negative controls (miR-NC) were provided by 
Shanghai Integrated Biotechnology Co., Ltd. 
Twenty-four hours before the transfection, A172 
and LN18 cells were cultured in 24-well plates 
(1 × 105 cells/well). Next, the cells were transfected 
with the above vectors using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). Twenty-four 
hours later, the medium was replaced with 
a fresh compete medium. Then, we applied quan
titative reverse transcription-polymerase chain 
reaction (qRT-PCR) to assess the profile of 
circFAM35B or miR-532-3p to evaluate the trans
fection efficiency.

2.3. qRT-PCR

qRT-PCR was conducted to verify the profiles of 
circFAM35B, miR-532-3p, and cancer-related 
genes (MET and FZD6). Glioma cells were har
vested, and the total RNA was extracted out of 
cells with the TRIzol reagent (Invitrogen). The 
RNA purity and content were calculated by spec
trophotometry. The absorbance ratio between 1.8 
and 2.0 at 260 nm and 280 nm is considered 
acceptable. 2 μg RNA was transcribed into cDNA 
with the RevertAid First Strand cDNA Synthesis 
Kit (Thermo Fisher Scientific, Waltham, MA, 
USA). Next, 1 μL cDNA was taken, and qRT- 
PCR was conducted using SYBR Green qPCR 
Master Mix (MedChemExpress, NJ, USA) on the 
ABI 7500 Fast Real-Time PCR System (Applied 
Biosystems, Foster City, CA). Finally, the PCR 
amplification was evaluated by the melting curve. 
The endogenous control of miR-532-3p was U6, 
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and GAPDH was the housekeeping gene of other 
genes. The expression was quantified by the 
2−∆∆CT method. All experiments were conducted 
in triplicate.

2.4. Cell counting kit-8 (CCK8) assay

Each group of A172 and LN18 cells in the expo
nential growth phase were made into single-cell 
suspensions. After cell counting, the cells were 
inoculated into six 96-well plates (1000 cells/well) 
and cultured for different durations (24, 48, 72, 
96 hours). Then, 90 μL culture medium and 10 μL 
CCK-8 solution (Beyotime Biotechnology, Wuhan, 
China) were added to the sample, and blank con
trol wells were supplemented with the culture 
medium only. After incubation for 2 hours, the 
absorbance (A) value (450 nm) was observed and 
recorded with a microplate. Cell proliferation in 
each group was evaluated by subtracting the 
A value of the corresponding blank group from 
the A value of cells in each group according to the 
standard curve. All experiments were made three 
times.

2.5. Transwell assay

The 24-well Boyden chamber with 8-μm pore size 
polycarbonate membranes (Corning, NY, USA) 
was adopted to test cell invasion. Cells were placed 
in the Matrigel-coated upper chamber (Beyotime 
Biotechnology, Wuhan, China) at 2 × 104 cells/ 
well, and the lower chamber was supplemented 
with a 600 μL complete medium (containing 20% 
FBS). The cells were maintained at 37°C for 
24 hours. Afterward, cell suspension in the upper 
chamber was removed, and the lower chamber 
cells were fastened with 4% paraformaldehyde 
(PFA) and stained with 0.1% crystal violet. 
Finally, the invaded cells were counted. All tests 
were repeated three times.

2.6. Colony formation assay

A172 and LN18 cells transfected with circFAM35B 
overexpression plasmids, miR-532-3p mimics, or 
miR-NC were harvested. Next, phosphate-buffered 
saline (PBS) was utilized to resuspend the cells. 
Next, the suspension was inoculated into 6-well 

plates (150 cells/well). The next week, the plates 
were put in the incubator (37°C, 5% CO2). Finally, 
the colonies were dyed with crystal violet 
(Beyotime Biotechnology, Wuhan, China) and 
observed with a light microscope (Olympus, 
Japan).

2.7. Western blot

Total cellular proteins were isolated with the RIPA 
lysis solution (Beyotime Biotechnology, Wuhan, 
China). They were then quantified by the BCA 
method and reserved at −80°C. After denaturing, 
20 μg of total proteins were separated by 10% SDS- 
PAGE and transferred to PVDF membranes 
(300 mA constant current). After that, the mem
branes were sealed with TBST solution containing 
5% skim milk for 1 hour at room temperature 
(RT) and maintained overnight at 4°C with pri
mary antibodies of MET (also known as c-MET) 
(Abcam, ab68141, 1:1000), p-PI3K (Abcam, 
ab182651, 1:1200), PI3K (Abcam, ab191606, 
1:1200), p-AKT (Abcam, ab38449, 1:1000), AKT 
(Abcam, ab8806, 1:1000), E-cadherin (Abcam, 
ab40772, 1:1000), Vimentin (Abcam, ab92547, 
1:1000), Bax (Abcam, ab32503, 1:1000) and Bcl2 
(Abcam, ab182858, 1:1000). Subsequently, TBST 
was applied to rinse the membranes (4 times, 
8 minutes/time). Next, the membranes were kept 
with the corresponding HRP-conjugated second
ary antibodies (WuHan AmyJet Scientific Inc.) 
(concentration: 1:2000) at RT for 1.5 hours, fol
lowed by cleaning with TBST 4 times (8 minutes/ 
time). The Pierce ECL Western blot Substrate kit 
(Thermo, Shanghai, China) was employed for 
X-ray development. All tests were conducted in 
triplicate.

2.8. Dual-luciferase reporter gene experiment

Here, the dual-luciferase reporter assay system 
(Promega, Madison, WI, USA) was adopted. 
Objective fragments of wild-type circFAM35B 
(circFAM35B-wt), wild-type MET (MET-wt), 
mutant type MET (MET-mut) and mutant 
circFAM35B (circFAM35B-mut1, circFAM35B- 
mut2, circFAM35B-mut1+ mut2) were integrated 
into the pGL3 vector (Promega, Madison, WI, 
USA) to synthesize corresponding reporter 
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vectors. Then those vectors were co-transfected 
with miR-532-3p mimics or miR-NC into A172 
cells. The luciferase activity was detected 48 hours 
after the transfection. All experiments were done 
three times.

2.9. RNA immunoprecipitation (RIP)

RIP was implemented to determine the targeting 
correlation between miR-532-3p and 
circFAM35B using the EZ-Magna RIP Kit 
(Millipore, Billerica, MA, USA). A172 cells 
were lysed. Next, the lysates were incubated 
with the RIP buffer, which contained magnetic 
beads conjugated with the normal mouse IgG (as 
negative control) or human anti-Ago2 antibody 
(Millipore). Subsequently, proteinase K was 
applied to remove the proteins, and the immu
noprecipitated RNA was collected. At last, qRT- 
PCR was conducted to estimate circFAM35B 
and miR-532-3p expression.

2.10. Xenograft tumor model in nude mice

In-vivo experiments were implemented in BALB/ 
c-nude mice to figure out the impact of 
circFAM53B on tumor proliferation and metasta
sis. Twenty-four mice (6-week-old, 22–25 g) were 
commercially provided by the Laboratory Animal 
Center of Nanjing Medical University (Nanjing, 
China). All of them could eat and drink at random 
and were housed in a 50% humidity environment 
with 12 hours of light/dark cycles. A172 cells 
transfected with circFAM35B overexpression plas
mids or negative vectors were subcutaneously 
injected into the right side of the mouse’s back. 
Tumor volumes were monitored every 5 days. 
Thirty days later, we killed the mice and stripped 
the tumors and weighed them. Tumor volume 
(V) = (width2 × length)/2. The animal experiments 
were authorized by the Animal Research Ethics 
Committee of China Pharmaceutical University 
(approve number: CXY2019-059) following the 
ARRIVE guidelines and the Basel Declaration. All 
animals received humane care required by the 
National Institutes of Health (USA) guidelines.

2.11. Immunohistochemistry (IHC)

IHC was performed to examine EMT markers 
(E-cadherin and Vimentin) and Ki67 in tumors. 
The isolated tumor tissues were immobilized by 
4% PFA for 24 hours at RT, followed by paraffin- 
embedding and sectioning (4-μm thick). After 
that, the sections were adopted for IHC. The anti
bodies (all from Abcam) applied in this study 
included E-cadherin (ab40772, 1:200), Vimentin 
(ab92547, 1:200) and Ki67 (ab15580, 1:200).

2.12. Statistics

SPSS17.0 (SPSS Inc., Chicago, IL, USA) was 
adopted for data analysis. The measurement data 
were presented as mean ± standard deviation 
(x ± s). The pairwise comparison was made by 
t test, while a one-way analysis of variance was 
employed to compare multiple means. SNK-q test 
was adopted for pairwise comparison between the 
mean values of various data. P< 0.05 represented 
statistical significance.

3. Results

3.1. CircFAM53B was highly expressed in glioma

We determined circFAM53B expression in glioma 
tissues and cell lines with qRT-PCR to probe 
circFAM53B’s function in glioma. It turned out 
that the circFAM53B level was elevated in glioma 
tissues (vs. normal adjacent tissues) (P< 0.001, 
Figure 1(a). Four glioma cell lines, including 
A172, TJ861, TJ905, and LN18, had significantly 
higher levels of circFAM53B compared to that in 
HEB cells (P< 0.001, Figure 1(b)). Besides, higher 
circFAM53B levels were linked to poorer survival 
of glioma patients (p = 0.0441, Figure 1(c). 
Therefore, we supposed that circFAM53B was an 
oncogene in glioma.

3.2. CircFAM53B accelerated glioma cell 
proliferation, invasion, EMT and choked 
apoptosis

We established circFAM53B overexpression mod
els in A172 and LN18 cells to make certain the 
functions of circFAM53B in glioma (Figure 2(a)). 
Next, the CCK8 assay, colony formation assay and 
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Western blot were utilized to assess cell prolifera
tion and apoptosis, respectively. The outcomes 
revealed that circFAM53B up-regulation markedly 
enhanced the proliferation of A172 and LN18 cells 

(Figure 2(b-c)). Western blot data demonstrated 
that forced circFAM53B overexpression heigh
tened Bcl2 levels, curbed Bax levels, and declined 
the Bax/Bcl2 ratio, suggesting that circFAM53B 

Figure 1. The circFAM53B level in glioma.
(a). qRT-PCR tested the circFAM53B profile in glioma tissues and adjacent non-tumor tissues, *** P< 0.001. (b). qRT-PCR examined 
circFAM53B expression in normal cell lines HEB and glioma cell lines (U251, A172, TJ861, TJ905, and LN18), NS represents P> 0.05, 
*** represents P< 0.001 vs. the HEB group. (c). The survival of glioma patients with high or low levels of circFAM53B was compared 
by Kaplan-Meier plotter assay. N = 3. 

Figure 2. Up-regulation of circFAM53B intensified the malignant behaviors of glioma cells.
(a). CircFAM53B overexpression models were conducted in A172 and LN18 cells, and the circFAM53B profile was examined by qRT- 
PCR. (b). CCK-8 evaluated the influence of overexpressing circFAM53B on cell proliferation. (c). The colony formation assay verified 
cell colony formation ability. d. Western blot monitored the profiles of Bax and Bcl2 in A172 and LN18 cells. E. A172 and LN18 cell 
invasion was tested by Transwell assay. F. Western blot tested E-cadherin and Vimentin expression in A172 and LN18 cells. NS 
represents P> 0.05, ** represents P< 0.01, *** represents P< 0.001. N = 3. 
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reduced cell apoptosis (Figure 2(d)). Furthermore, 
transwell assay and Western blot were implemen
ted to test cell invasion and EMT markers. 
Notably, up-regulating circFAM53B intensified 
invasion, restrained E-cadherin, and facilitated 
Vimentin expression in glioma cells (Figure 2(e) 
and (f)). Overall, circFAM53B was an oncogene in 
glioma.

3.3. Effect of knocking down CircFAM53B on cell 
proliferation, invasion, EMT and apoptosis

We established circFAM53B knockdown models 
in A172 and LN18 cells to validate the function 
of circFAM53B in glioma (Figure 3(a)). Secondly, 
the CCK8 assay, colony formation assay and 
Western blot were employed to assay cell prolif
eration and apoptosis, respectively. As a result, 
circFAM53B knockdown dramatically restrained 

the proliferation and viability of A172 and LN18 
cells (Figure 3(b-c)). As evidenced by Western blot 
outcomes, circFAM53B knockdown enhanced the 
Bax/Bcl2 ratio, suggesting that it intensified apop
tosis (Figure 3(d)). Besides, we adopted the 
Transwell assay and Western blot to test cell inva
sion and EMT. Notably, knocking down 
circFAM53B impeded cell invasion, elevated 
E-cadherin expression and reduced Vimentin 
expression (Figure 3(e) and (f)). These outcomes 
revealed that circFAM53B knockdown hampered 
proliferation, invasion and EMT of glioma cells.

3.4. CircFAM53B triggered A172 cell growth 
and EMT in vivo

The in-vivo experiment was applied to make cer
tain the impact of circFAM53B on A172 cell pro
liferation. Our findings displayed that A172 cells 

Figure 3. Influence of CircFAM53B knockdown on cell proliferation, invasion, EMT and apoptosis.
(a): A circFAM53B knockdown model was established in A172 and LN18 cells. qRT-PCR gauged the circFAM53B expression. (b): CCK-8 
assay evaluated the impact of circFAM53B knockdown on cell proliferation. (c): The colony formation assay checked cell colony 
formation. (d): Western blot tested the expression of apoptosis-related proteins (Bax and Bcl2) in A172 and LN18 cells. (e): Transwell 
assay was conducted for evaluating cell invasion. (f): Western blot was used for detecting EMT-related proteins (E-cadherin and 
Vimentin) in A172 and LN18 cells. N = 3, *P< 0.05, **P< 0.01, ***P< 0.001 (vs.si-NC group). 
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up-regulating circFAM53B formed larger tumors 
(Figure 4(a-c)). Then, IHC was conducted to 
monitor Ki67 (a proliferation marker) in tumor 
tissues, which disclosed that the circFAM53B 
group had a higher Ki67-positive rate (vs. the 
vector group) (Figure 4(d)). The Bcl2 and Bax 
expression in tumor tissues was examined by 
Western blot, revealing that Bax was down- 
regulated while Bcl2 was up-regulated in the 
circFAM53B group versus the vector group 
(Figure 4(e)). Furthermore, IHC illustrated that 
the E-cadherin expression was declined and the 
Vimentin profile was obviously heightened in the 
circFAM53B group versus the vector group (figure 
4(f)). These data confirmed that circFAM53B 
accelerated A172 cell proliferation and metastasis 
in vivo.

3.5. CircFAM53B targeted and dampened 
miR-532-3p

We adopted the bioinformatics database Starbase 
(htttp://starbase.sysu.edu.cn/index.php) and 
circInteractome (https://circinteractome.nia.nih. 

gov/) to probe the downstream molecular 
mechanism of circFAM53B. Meanwhile, Venn’s 
diagram was utilized, which illustrated that miR- 
532-3p was targeted by circFAM53B (Figure 5 
(a)). In addition, qRT-PCR manifested that miR- 
532-3p was notably down-regulated in glioma 
tissues and cells (Figure 5(b)). Besides, the 
circFAM53B expression was reversely related to 
miR-532-3p expression (Figure 5(c-d)). The 
binding relationship between circFAM53B and 
miR-532-3p was shown in Figure 5(e). As testi
fied by the dual-luciferase reporter assay, miR- 
532-3p mimics markedly hampered the lucifer
ase activity of A172 cells transfected with 
circFAM53B-wt, while they had little influence 
on cells transfected with circFAM53B-mut1 
+ mut2 vectors (Figure 5(f)). RIP testified that 
circFAM53B and miR-532-3p were more 
enriched in the anti-Ago2 group, suggesting 
that circFAM53B bound with miR-532-3p 
through Ago2 (Figure 5(g)). In parallel, we 
modulated the expression of circFAM53B. qRT- 
PCR revealed that circFAM53B overexpression 
led to down-regulation of miR-532-3p, while 

Figure 4. CircFAM53B boosted A172 cell proliferation and EMT in vivo.
A172 cells up-regulating circFAM53B were applied for in-vivo experiments. (a). Tumor volumes in nude mice were measured every 
five days. (b). Tumor images isolated from nude mice. (c). The tumor was weighed. (d). IHC was employed to examine Ki67 (a 
proliferation marker) in tumor tissues. E. The profiles of Bcl2 and Bax in tumor tissues were examined by Western blot. F. IHC gauged 
E-cadherin and Vimentin expression in tumor tissues. *** represents P< 0.001. N = 5. 
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circFAM53B knockdown up-regulated miR-532- 
3p (Figure 5(h-i)). In summary, miR-532-3p was 
down-regulated in glioma tissues and cells, and 
it was targeted by circFAM53B.

3.6. The role of circFAM53B /miR-532-3p in 
glioma

To probe the mutual regulation of circFAM53B 
and miR-532-3p in glioma development, miR- 
532-3p mimics were employed to overexpress 

miR-532-3p, and circFAM53B overexpression 
plasmids were supplemented to up-regulate 
circFAM53B. qRT-PCR manifested that miR-532- 
3p was up-regulated after the miR-532-3p mimic 
transfection, while circFAM53B up-regulation 
impeded the miR-532-3p level (vs. the miR-532- 
3p group) (Figure 6(a)). Next, glioma cell prolif
eration, colony formation, apoptosis, invasion and 
EMT were monitored. The data revealed that miR- 
532-3p up-regulation hindered glioma cells’ pro
liferation, colony formation, invasion and EMT 

Figure 5. miR-28-5p was a sponge RNA of circFAM53B.
a. Starbase and circInteractome searched potential target genes of circFAM53B. Venn’s diagram was applied to analyze common 
miRNAs. b. qRT-PCR determined miR-532-3p expression in glioma tissues and adjacent non-tumor tissues. ***P< 0.001 (vs.Normal 
group). c. Pearson linear regression was adopted to clarify the association between circFAM53B and miR-532-3p in glioma tissues. 
d. miR-532-3p expression in HEB, U251, A172, TJ861, TJ905, and LN18 was compared by Western blot. * represents P< 0.05, ** 
represents P< 0.01, *** represents P< 0.001 vs. HEB group. E. Dual-luciferase reporter assay affirmed the binding correlation between 
miR-532-3p and circFAM53B in A172 cells. F. Dual-luciferase reporter gene assay was conducted to confirm the binding association 
between miR-532-3p and circFAM53B. G. RIP assay verified the binding association between miR-532-3p and circFAM53B in A172 
cells, and the enrichment of miR-532-3p and circFAM53B was determined by qRT-PCR. H. The miR-532-3p profiles in A172 and LN18 
cells overexpressing circFAM53B were examined by qRT-PCR. I: qRT-PCR monitored the miR-532-3p expression after knocking down 
circFAM53B. *** represents P< 0.001. N = 3. 
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and facilitated apoptosis (Figure 6(b-f)). In con
trast, overexpression of circFAM53B strengthened 
the proliferation, colony formation, invasion and 
EMT of glioma cells (vs. the miR-532-3p group) 
(Figure 6(b-f)). Those outcomes collectively hinted 
that miR-532-3p suppressed glioma, and 
circFAM53B might function as an oncogene via 
dampening miR-532-3p.

3.7. CircFAM53B/miR-532-3p modulated c-MET/ 
PI3K/AKT

We conducted bioinformatics analysis through 
miRPath v.3 (http://snf-515788.vm.okeanos.grnet. 
gr/index.php?r=miRpath) to clarify the potential 
mechanisms that circFAM53B/miR-532-3p regu
lated glioma. As a result, we discovered that there 
were four pathways regulated by miR-532-3p 
(Figure 7(a)). Through miRanda and microT data
bases, we observed that MET and FXD6 were possi
ble targets of miR-532-3p. Next, we implemented 
qRT-PCR to verify the two candidate genes in glioma 
cells. The data substantiated that miR-532-3p over
expression substantially restrained MET expression, 
while it exerted no effect on FXD6 (Figure 7(b)). In 
this setting, we conducted the dual-luciferase repor
ter assay and discovered that miR-532-3p targeted 
MET (Figure 7(c-d)). Moreover, we tested the 
c-MET/PI3K/AKT profile under selectively modula
tion of circFAM53B and miR-532-3p. As a result, 
overexpressing circFAM53B elevated c-MET, 
p-PI3K and p-AKT levels, while knockdown of 
circFAM53B led to the opposite result (Figure 7 
(e-f)). Similar to the rescue experiment, 
circFAM53B overexpression in cells up-regulating 
miR-532-3p reactivated c-MET/PI3K/AKT pathway 
(compared with the miR-532-3p group, Figure 7(g). 
Moreover, by examining the correlation between 
circFAM53B and miR-532-3p and the c-MET/ 
PI3K/AKT pathway, we observed that circFAM53B 
was positively correlated with the c-MET/PI3K/AKT 
pathway and miR-532-3p was negatively correlated 
with the c-MET/PI3K/AKT pathway (Figure 7 
(h-m)). Therefore, we believe that the circFAM53B- 
miR-532-3p axis affects glioma progression by med
iating the c-MET/PI3K/AKT pathway.

3.8. Inhibition of the c-MET/PI3K/AKT pathway 
expression reduced the oncogenic effects of 
circFAM53B

To probe the influence of suppressing the expression 
of the c-MET/PI3K/AKT pathway on the carcino
genic effect of circFAM53B, we added the MET 
inhibitor SGX523 (4 nM, Cat. No. S1112, Selleck), 
the PI3K inhibitor LY294002 (1 µM, Cat. No. S1105, 
Selleck), and the AKT inhibitor MK-2206 2HCL 
(5 µM, Cat. No. S1078, Selleck) into A172 cells stably 
transfected with circFAM53B overexpression plas
mids. qRT-PCR results displayed that the application 
of the above inhibitors had no significant effects on 
circFAM53B expression (P> 0.05 vs.circFAM53B 
group, Figure 8(a)). Subsequently, we gauged cell 
proliferation and invasion using the CCK8 assay, 
colony formation assay and Transwell assay, which 
illustrated that the proliferative and migrative ability 
of the cells was notably choked by the addition of 
these inhibitors (Figure 8(b-d)). Furthermore, 
Western blot was adopted to check the expression 
of apoptosis-related proteins (Bax and Bcl2) and 
EMT-related proteins (E-cadherin and Vimentin). 
As a result, the addition of these inhibitors resulted 
in up-regulation of Bax and E-cadherin and down- 
regulation of Bcl2 and Vimentin in the cells, suggest
ing that these inhibitors intensified apoptosis and 
restrained EMT (Figure 8(e-f)). Meanwhile, admin
istration of SGX523 diminished the expression levels 
of c-MET, p-PI3K and p-AKT. LY294002 treatment 
repressed p-PI3K and p-AKT, whereas MK-2206 
2HCL only attenuated the p-AKT level (Figure 8 
(g)). Thus, inactivating the c-MET/PI3K/AKT path
way suppressed cell proliferation, invasion and EMT, 
reversing the oncogenic effect of circFAM53B.

4. Discussion

Here, we observed that circFAM53B was notably 
up-regulated in glioma. Meanwhile, the 
circFAM53B/miR-532-3-5p/c-MET/PI3K/AKT 
axis has a vital role in mediating glioma progres
sion (Figure 9).

Uncontrolled cell proliferation and metastasis 
remain the obstacles in treating glioma. Emerging 
evidence has illustrated that circRNAs contribute to 
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the malignant process of glioma by regulating pro
liferation, apoptosis, migration, invasion, and che
moresistance [19,20]. For instance, circPVT1 is up- 
regulated in glioma tissues, and it facilitates glioma 
cell proliferation and metastatic potential by modu
lating miR-199a-5p [21]. Similarly, overexpressing 
CircPIP5K1A strengthens glioma cell proliferation, 
invasion, and EMT and impedes apoptosis both 

in vivo and in vitro [22]. Among multiple 
circRNAs, circFAM35B exerts a prominent role in 
tumorigenesis. For instance, circFAM35B accelerates 
OC development [10]. Here, our data revealed that 
circFAM35B was significantly up-regulated in 
glioma tissues, which predicted unfavorable survival 
of glioma patients. Furthermore, functional assays 
verified that down-regulating circFAM35B 

Figure 7. CircFAM53B/miR-532-3p modulated the MAPK/ERK pathway.
a. miRPath v.3 revealed that four pathways were regulated by miR-532-3p. B. Through miRanda and microT databases, the potential 
downstream targets of miR-532-3p were analyzed. qRT-PCR illustrated that MET and FZD6 were targets of miR-532-3p. NS represents 
P> 0.05, *** represents P< 0.001 vs.miR-NC group. N = 3. C. The binding sites between MET and miR-532-3p were exhibited. d. Dual- 
luciferase reporter gene assay was conducted to confirm the binding association between miR-532-3p and MET. NS represents 
P> 0.05, *** represents P< 0.001 vs.miR-NC group. N = 3. e-g: Western blot assessed the expression of the c-MET/PI3K/AKT pathway 
following up- or down-regulation of circFAM53B and miR-532-3p. H-J: Pearson’s correlation analyzed the correlations between 
circFAM53B and MET (H), circFAM53B and PIK3CA (I), circFAM53B and AKT1 (J) expressions in 40 glioma tissues. k-m: Pearson’s 
correlation analyzed the correlations between miR-532-3p and MET (K), miR-532-3p and PIK3CA (L), miR-532-3p and AKT1 (M) 
expression in 40 glioma tissues. 
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dampened the malignant behaviors of glioma cells. 
Hence, circFAM35B was an oncogene in glioma.

Abundant reports have established that miRNAs 
affect tumorigenesis and tumor development by 
modulating gene expression [23]. For example, 

miR-10b is overexpressed in glioma samples and 
expedites cell invasion by regulating MMP-14 and 
uPAR via HOXD10 [24]. Meanwhile, overexpressing 
miR-106b-5p facilitates glioma cell proliferation and 
abates cell apoptosis [25]. miR-532-3p has higher 

Figure 8. Impacts of inactivating the c-MET/PI3K/AKT pathway expression on the oncogenic effect of circFAM53B.
The MET inhibitor SGX523 (4 nM, Cat. No. S1112, Selleck), the PI3K inhibitor LY294002 (1 µM, Cat. No. S1105, Selleck), and the AKT 
inhibitor MK-2206 2HCL (5 µM, Cat. No. S1078, Selleck) into A172 cells stably transfected with circFAM53B overexpression plasmids. 
A: qRT-PCR detected circFAM53B expression. B: CCK8 tested cell viability. C: The colony formation assay was employed to measure 
the colony-forming ability of the cells. D: Transwell assay testified cell invasion. E-F: Western blot monitored the expression of 
apoptosis-related proteins (Bax and Bcl2) and EMT-related proteins (E-cadherin and Vimentin). G: Western blot evaluated MET, PI3K 
and AKT expression. ***P< 0.001 (vs.Vector); NSP>0.05, &&&P< 0.001 (vs. circFAM53B group). N = 3. 
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expression in hepatocellular carcinoma (HCC) tis
sues and is associated with the advanced stages of 
HCC. Functionally, miR-532-3p enhances HCC cell 
migration, invasion and proliferation by targeting 
receptor protein tyrosine phosphatase T (PTPRT) 
[26]. In parallel, miR-532-3p reduces the prolifera
tion and EMT of colorectal cancer cells through 
ETS1 and ETS1/TGM2 [27], suggesting that it is 
a tumor suppressor. What’s more, dysregulated 
miR-532-3p is involved in glioma. A recent study 
indicated that SNHG10 aggravates glioma through 
miR-532-3p/FBXL19 [28]. Here, we discovered that 
miR-532-3p was a sponge of circFAM53B, and it was 
down-regulated in glioma tissues. Besides, up- 
regulating miR-532-3p led to reduced glioma cell 
proliferation, invasion and EMT. Therefore, overex
pressing circFAM53B functioned as an oncogene by 
restraining miR-532-3p, a tumor suppressor in 
glioma.

The MET pathway is a classical signaling pathway 
controlling diversified essential cell biological pro
cesses in tumorigenesis and tumor development, 
including apoptosis, migration, translation, metabo
lism, and is of interest as a therapeutic target [29,30]. 
Besides, MET and its ligand hepatocyte growth fac
tor (HGF) trigger glioma cells’ proliferation, survival, 
migration, invasion, angiogenesis, stemness, and 

therapeutic resistance [31]. Thus, modulating the 
MET pathway activation is potentially relevant for 
glioma therapy. For example, the pharmacologic 
(crizotinib) inhibition of c-MET leads to enhanced 
reprogramming of fatty acid metabolism and pro
duction of reactive oxygen species in glioblastoma 
[32]. Interestingly, miRNAs also target the c-MET 
pathway. For instance, miRNA-128-3p enhances the 
curative effect of temozolomide on glioblastoma cells 
by repressing c-Met and EMT [33]. In parallel, over
expressing miR-23b-3p hampers the proliferative, 
migrative, and invasive ability of cervical cancer 
cells [34]. Here, bioinformatics analysis illustrated 
that c-MET was a promising target of miR-532-3p 
in glioma. miR-532-3p was confirmed to target the 
3ʹ-UTR of MET (also known as c-MET) and abate 
MET expression. Besides, Western blot manifested 
that overexpressing circFAM53B enhanced c-MET, 
p-PI3K, and p-AKT levels. Inhibiting the c-MET/ 
PI3K/AKT pathway using the related inhibitors 
obviously reduced circFAM53B-mediated oncogenic 
effects. Thus, circFAM53B/miR-532-3p regulated 
glioma development by modulating the c-MET/ 
PI3K/AKT pathway.

Overall, our study confirms that circFAM53B 
facilitates glioma cell proliferation and invasion and 
regulates glioma evolvement by regulating the miR- 

Figure 9. The mechanism diagram of circFAM53B in glioma.
circFAM53B boosts cell proliferation, invasion and EMT, and inhibits apoptosis. circFAM53B facilitates the activation of the c-MET/ 
PI3K/AKT pathway through the inhibition of miR-532-3p. 
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532-3p-c-MET/PI3K/AKT axis (Figure 9). This 
study has provided further insights into the molecu
lar mechanisms regulating glioma development and 
progression, which facilitates the diagnosis and treat
ment of gliomas.
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