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Introduction

Nasopharyngeal carcinoma (NPC) originates from the 
nasopharyngeal epithelium and is particularly prevalent 
in Southeast Asia, North Africa, the Middle East, and 
Alaska (1). From the perspective of epidemiology, NPC 
occurrence may have a relation to genetics, environment 
or Epstein-Barr virus infection. (2). Approximately 70% 
of NPC patients develop cervical lymph node metastases, 
and almost all advanced patients have invasive growths 
at the base of the skull (3). Nevertheless, so far, molecu-
lar mechanisms underlying NPC development, especially 
metastasis, remain elusive. Thus, it is urgent to seek novel 
molecular targets.

Circular RNAs (circRNAs) are a special type of long-
chain non-coding RNA, containing at least hundreds of 
nucleotides, a closed-loop structure majorly formed by 
exon and intron sequences, without 5' cap and 3' tail, thus it 
is not sensitive to ribonuclease and its expression is relati-
vely stable (4). Most of the mature circRNAs currently re-
searched are derived from exons and are produced by spe-
cial alternative splicing. There are two types of circRNAs 
formed by circularization of exons: One is “lasso-driven 
circularization” formed by covalent binding of exons; the 
other is “intron pairing-driven circularization” formed by 
complementary pairing of introns, and then splicing the 
remaining introns through spliceosome to form various 
circRNAs (5). CircRNAs have close relation to the stage, 

tumor size, differentiation and metastasis of cancers (6). 
Though multiple circRNAs have been identified, the roles 
of multiple circRNAs remain unclear, especially in NPC. 
According to the hint of literature, hsa_circ_0135761 
(circEFR3A) was identified as a circRNA that presented a 
marked elevation in NPC via high-throughput sequencing 
(7). Nevertheless, its molecular mechanism in NPC is still 
elusive. Recently, some circRNAs have been demonstrated 
to regulate messenger RNA (mRNA) expression through 
functioning as a microRNA (miRNA) sponge (8-10). For 
instance, circRNA_0025202 affects tumor progression via 
the miR-182-5p/FOXO3a axis in breast cancer (11). Cir-
cular RNA CRIM1 acts as a ceRNA to promote NPC me-
tastasis through upregulating FOXQ1 (12). We hypothe-
sized that circEFR3A may exert its role in NPC in such a 
regulatory pattern.

MicroRNAs (miRNAs) are a cluster of noncoding 
RNAs that are post-transcriptional negative regulators of 
mRNA that act by binding to their 3’-untranslated region 
(3’-UTR), leading to mRNA degradation or translational 
suppression (13). Abnormal miRNA expression has been 
implicated in the progression of multiple cancers, NPC in-
cluded (14). Thus, this research majorly attempted to cla-
rify the molecular mechanism of circEFR3A carcinogene-
sis underlying NPC, which might provide a potential novel 
insight for seeking therapeutic plans of NPC.
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Materials and Methods

Animals, reagents and antibodies
Human NPC cell lines (C666-1, SUNE1, 5-8F and 

6-10B) and immortalized normal nasopharyngeal epi-
thelial cell line (NP69) from Cell Bank, Chinese Acade-
my of Sciences (Shanghai, China); four-week-old male 
BALB/c nude mice from Animal Resources Laboratory, 
Chinese Academy of Sciences (Beijing, China); lentivirus 
carrying shRNA sequence targeting circEFR3A or empty 
vector (HanBio, Shanghai, China); Lipofectamine 2000 
from Invitrogen (USA); short hairpin RNA (shRNA) tar-
geting circEFR3A (sh-circEFR3A-1/2) or shRNA nega-
tive control (sh-NC), miR-654-3p mimics, miR-654-3p 
inhibitor and corresponding negative control, EFR3A ove-
rexpression vector (pcDNA3.1-EFR3A) or empty vector 
(pcDN3.1) from GenePharma (Shanghai, China); primary 
antibodies including anti-Ki67 (0.1 µg/ml), anti-EFR3A 
(1/1000) and anti-GAPDH (1/1000) and anti-rabbit hor-
seradish peroxidase-labeled secondary antibody (1/2000) 
from Abcam (Shanghai, China).

Cell lines and cell culture
C666-1, SUNE1, 5-8F and 6-10B cells and control cell 

line NP69 were cultured in RPMI-1640 medium contai-
ning 10% FBS, 100 U/ml penicillin and 100 U/ml strep-
tomycin at 37°C with 5% CO2, and cells at logarithmic 
growth phase were taken for following assays.

RNA extraction and RT-qPCR
The total RNA was extracted from cells using TRIzol 

reagent (Invitrogen, USA). cDNA was synthesized via 
random primers and SuperScriptIII reverse transcriptase 
(Thermo Fisher, USA). RT-qPCR for miR-654-3p was 
conducted using Bulge-Loop miRNA qRT-PCR Starter Kit 
(Ribobio, Guangzhou, China) with U6 as internal normali-
zation. For circEFR3A and EFR3A, reverse transcription 
reactions were performed with Prime Script RT Reagent 
Kit with GAPDH as internal control. The PCR reaction 
was run in triplicate with 7500 Real-Time PCR System 
using SYBR Premix Ex Taq II (TaKaRa). Gene expression 
was calculated using the 2−ΔΔCt method.

Subcellular fractionation
Cytoplasmic and nuclear RNA was extracted with 

a Cytoplasmic and Nuclear RNA Purification Kit (Life 
Technologies, USA). Briefly, C666-1 and SUNE1 cells 
were collected and incubated for 10 min with lysis solution 
on ice, and then centrifuged for 3 min at 12000 g. The su-
pernatant was collected for cytoplasmic RNA and nuclear 
pellet was used for nuclear RNA extraction. GAPDH was 
used as cytoplasmic endogenous control. U6 was used as 
nuclear endogenous control.

RNase R and actinomycin D treatment
For RNase R treatment, total RNA (2 μg) was incuba-

ted with or without 3 U/μg of RNase R (Epicentre Techno-
logies, Madison, WI, USA) for 1 h at 37°C. For blocking 
transcription, 2 mg/ml actinomycin D or negative control 
DMSO (Sigma-Aldrich, MO, USA) was added into the 
cell culture medium. After treatment with actinomycin 
D and RNase R, RT-qPCR determined expression levels 
of circEFR3A and EFR3A mRNA in C666-1 and SUNE1 
cells.

Cell transfection
C666-1 and SUNE1 cells were cultured to approxima-

tely 80% confluence in plates and then transfected with 
designated plasmids using Lipofectamine 2000 according 
to the manufacturer’s instructions. After 48 h of transfec-
tion, cells were harvested for the next assays.

Colony formation
C666-1 and SUNE1 cells (1 × 103 cells/well) were see-

ded in a 6-well plate and incubated for 1 week at 37°C. 
Then, cells were washed twice in PBS, fixed with 4% for-
maldehyde for 15 min and stained with crystal violet for 
30 min. The colonies (a diameter ≥ 100 µm) were counted 
in triplicate assays.

CCK-8
Cell viability was assessed with a CCK-8 kit (Dojindo 

Laboratories, Kumamoto, Japan). Briefly, 1 × 103 C666-1 
and SUNE1 cells were seeded into each well of 96-well 
plates for culture plus CCK-8 (10 μL) at 0, 24, 48 and 72 h. 
Two hours post-incubation, optical density was measured 
with a microplate reader at 450 nm.

Transwell migration
C666-1 and SUNE1 cells were seeded in each Trans-

well chamber (Costar Corporation, USA) containing 200 
μL of serum-free RPMI-1640 (5 × 105 cells/well). The 
lower compartment was filled with RPMI-1640 contai-
ning 10% FBS. The cells were cultured for 24 h, and cells 
remaining on the upper surface of the filter membrane 
were removed, and cells on the below surface of the filter 
membrane were fixed with methanol, stained with crystal 
violet, and photographed under a microscope.

Wound healing
C666-1 and SUNE1 cells were positioned in a 6-well 

plate, and cultured until confluence reached 90%. The 
monolayer cells were scraped with a 200 μL pipette tip to 
make a wound. Then cells were cultured with a serum-free 
medium. After 24 h, wound closure percentage was calcu-
lated under a microscope.

Flow cytometry
The apoptosis was detected by combined Annexin V-

FITC/PI double staining (BD, Biosciences, USA) method. 
C666-1 and SUNE1 cells were seeded into cell plates at 
a density of 5 × 104 cells/well for culture, and then col-
lected 48 h post-transfection. After washing with PBS 3 
times, 5 μl of Annexin V-FITC and 10 μl of PI were added, 
respectively, mixed well and reacted for 10 min at room 
temperature in the dark. The apoptosis was measured on a 
flow cytometer.

Western blotting
The logarithmic phase C666-1 and SUNE1 cells were 

taken, medium in the culture dish was aspirated and cells 
were stored in a sterile centrifuge tube. After centrifu-
gation at 1200 r/min for 10 min, the lysate was added to 
resuspend cells. The protein concentration was determi-
ned by the BCA method. The 5×SDS gel electrophore-
sis buffer was added and denatured at 100°C for 10 min. 
After being completely separated by electrophoresis, the 
protein was transferred to the PVDF membrane by semi-
dry method. After blocked by 5% skimmed milk powder 
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was statistically significant upon P < 0.05.

Results

Expression characteristics of circEFR3A in NPC cells
Previously, circEFR3A was identified to present a 

marked elevation in NPC via high-throughput sequencing 
(7). We wondered why its specific role underlying NPC 
remains elusive. First, RT-qPCR measured circEFR3A ex-
pression status in human NPC cell lines (C666-1, SUNE1, 
5-8F and 6-10B) and immortalized normal nasopharyn-
geal epithelial cell line (NP69). As a result, circEFR3A 
presented a remarkable upregulation in NPC cells relative 
to controls (Figure 1A). Additionally, circEFR3A pres-
ented the highest level in C666-1 and SUNE1 cells, thus 
these two cell lines were chosen for the following assays. 
We then assessed the localization of circEFR3A in NPC 
cells. Through subcellular fractionation, circEFR3A exhi-
bited predominately cytoplasmic distribution in C666-1 
and SUNE1 cells (Figure 1B). As we know, circRNAs are 
resistant to RNase R stimulation, thus we conducted an 
RNase R digestion assay in NPC cells. Linear RNA trans-
cript (EFR3A mRNA) showed a marked degradation rela-
tive to circEFR3A, further confirming the circular nature 
of circEFR3A transcript (Figure 1C). Moreover, the sta-
bility of two transcripts was evaluated under administra-
tion with transcription inhibitor, actinomycin D. RT-qPCR 
depicted that the half-life of EFR3A mRNA was 6-12 h 
while that of circEFR3A exceeded 24 h in C666-1 and 
SUNE1 cells (Figure 1D), demonstrating that circEFR3A 
transcript presented more stability than linear transcript. 
Collectively, circEFR3A presents upregulation and stable 
characteristics in NPC cells.

circEFR3A facilitates NPC cell proliferation and mi-
gration

Due to circEFR3A upregulation in NPC cells, we hy-
pothesized that circEFR3A may function as an oncogene 
in NPC cellular behaviors. Thus, we conducted a series 
of loss-of-function assays. First, shRNA vectors (sh-
circEFR3A-1/2) and control sh-NC were transfected into 
C666-1 and SUNE1 cells. circEFRE3A level presented a 
successful silencing after shRNA transfection (Figure 2A). 
Then, colony formation and CCK-8 assessed NPC cell pro-
liferative capability. As a result, circEFR3A knockdown 

at room temperature for 2 h, the specific primary antibo-
dies were added, and incubated overnight at 4°C. Then the 
secondary antibodies were added, incubated for another 
2 h, and washed with TBS. Absorbance analysis was per-
formed after color development to calculate the relative 
expression of each protein.

Luciferase gene reporter
circEFR3A-WT and EFR3A 3’UTR-WT was construc-

ted through miR-654-3p binding site on circEFR3A/
EFR3A 3'UTR with pmirGLO vectors. Mutant (MUT) 
circEFR3A/EFR3A 3’UTR sequence was subcloned to an 
empty vector for circEFR3A-MUT and EFR3A 3’UTR-
MUT. The indicated plasmids received co-transfection 
with miR-654-3p mimics or mimics NC in C666-1 and 
SUNE1 cells. Finally, a Dual-Luciferase Reporter Assay 
System assessed luciferase intensity.

Tumor xenografts
The animal care and use ethics committee of our hos-

pital approved the animal experiments. Four-week-old 
male BALB/c nude mice were procured by Suzhou Ninth 
People’s Hospital. Subcutaneous injection of C666-1 cells 
(1 × 106) with sh-circEFR3A-1 or sh-NC into the mouse 
right side was conducted for tumor growth, named the sh-
NC group (n=3) and sh-circEFR3A-1 group (n=3). Tumor 
volume = length × width2 × 0.5. Mice were sacrificed 4 
weeks post-injection. Tumors were photographed and 
weighed and then stored at -80°C for subsequent use.

RIP
A Magna RIP RNA-Binding Protein Immunoprecipi-

tation Kit (Millipore, USA) was adopted to determine the 
relationship between circEFR3A and EFR3A. Antibodies 
used for the RIP assay were anti-AGO2 and control IgG 
(Millipore, USA), and the coprecipitated RNAs were eva-
luated by RT-qPCR.

RNA pull-down assay
NPC cells (1×107) were collected and lysed. The bio-

tinylated miR-654-3p probe synthesized by Genepharm 
(Shanghai, China) was incubated with streptavidin agarose 
beads (Thermo Scientific). The cell lysate was incubated 
with miR-654-3p probe overnight at 4°C. RNA complex 
bound to the beads was eluted, and RT-qPCR was used to 
measure circEFR3A and EFR3A 3’UTR enrichment pul-
led down by miR-654-3p probe.

Immunochemistry
Dewaxed and rehydrated tumor slides received treat-

ment of 3% hydrogen peroxide and 5% BSA. The slides 
received incubation with primary antibody anti-Ki67 (Ab-
cam, USA) overnight, and received subsequent incubation 
with a secondary antibody for 30 min at room temperature. 
Sections were counterstained with hematoxylin and obser-
ved under a microscope.

Statistical analysis
SPSS 20.0 software processed data. All independent 

experiments were performed three times. The data were 
expressed as mean ± standard deviation (m ± s). The mean 
of samples between groups was compared using t-test, 
and that of multiple groups through one-way analysis of 
variance followed by Tukey's post hoc test. The difference 

Figure 1. Observation for expression characteristics of circEFR3A 
in NPC cells. A: RT-qPCR measured circEFR3A level in NPC cell 
lines and control cell line NP69. B: Subcellular localization of circE-
FR3A in NPC cells. C: RNase R digestion assay detected circular and 
linear EFR3A degradation degree in NPC cells. D: Circular and linear 
EFR3A levels in NPC cells under actinomycin D administration.
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led to a remarkable reduction of colony amount as well as 
viability decline in C666-1 and SUNE1 cells (Figure 2B, 
2C), suggesting that circEFR3A knockdown suppressed 
NPC cell proliferation. Moreover, the transwell migration 
assay demonstrated the decreased migratory cells under 
circEFR3A silencing (Figure 2D), and the wound healing 
assay presented a similar trend in migratory cell numbers 
under circEFR3A knockdown (Figure 2E). Furthermore, 
flow cytometry illustrated that circEFR3A deficiency faci-
litated elevation in apoptotic cell proportion in C666-1 and 
SUNE1 cells (Figure 2F). Collectively, circEFR3A facili-
tates NPC cell malignant behaviors.

circEFR3A positively regulates EFR3A expression 
through the ceRNA pattern

We attempted to clarify the association of EFR3A 
circular and linear transcripts. RT-qPCR depicted that 
EFR3A level showed depletion under sh-circERF3A-1/2 
transfection in NPC cells (Figure 3A). Consistently, 
western blotting presented a decrease in EFR3A protein 
abundance under circEFR3A knockdown (Figure 3B). 
The above results demonstrated that circEFR3A exerted 
a positive regulation on EFR3A expression. Additional-
ly, UALCAN (http://ualcan.path.uab.edu/) revealed that 
EFR3A presents elevation in HNSC tissues (Figure 3C). 
RT-qPCR demonstrated that EFR3A mRNA presented 
upregulation in NPC cells relative to controls (Figure 3D). 
As circEFR3A showed cytoplasmic distribution in NPC 
cells, suggesting that circEFR3A may exert post-transcrip-
tional regulation on gene expression. Thus, we suspected 
that circEFR3A might positively modulate EFR3A in such 
a manner. circRNAs have been revealed to play a vital role 
in various tumors through competing endogenous RNA 
(ceRNA) networks (15, 16). RIP assay illustrated that both 
circEFR3A and EFR3A showed a marked enrichment in 
the anti-Ago group rather than the anti-IgG group (Figure 
3E), supporting that circEFR3A may exert regulation on 
EFR3A through ceRNA pattern. Collectively, circEFR3A 
may positively modulate EFR3A via the ceRNA network 
in NPC cells.

circEFR3A upregulates EFR3A through sponging 
miR-654-3p

CeRNAs are transcripts regulating each other post-
transcriptionally through competing for shared miRNAs 
(17). To further validate the ceRNA pattern of circE-
FR3A and EFR3A, their common miRNA was screened. 
Through overlapping results from circBank (http://www.
circbank.cn/) and starBase (https://starbase.sysu.edu.
cn/index.php), miR-654-3p was identified as a putative 
common miRNA of circEFR3A and EFR3A (Figure 4A). 
UALCAN revealed that miR-654-3p presents depletion in 
HNSC tissues (Figure 4B). RT-qPCR demonstrated that 
miR-654-3p presented downregulation in NPC cells rela-

Figure 2. circEFR3A facilitated NPC cell proliferation and mi-
gration. A: RT-qPCR detected knockdown efficacy of sh-NC or sh-
circEFR3A-1/2 in NPC cells. B: Colony formation assessed NPC cell 
proliferation under transfection with sh-NC or sh-circEFR3A-1/2. C: 
CCK-8 assessed NPC cell viability under indicated transfection. D-E: 
Transwell and wound healing evaluated NPC cell migration under in-
dicated transfection. F: Flow cytometry measured NPC cell apoptosis 
under indicated transfection.

Figure 3. circEFR3A positively regulated EFR3A expression 
through ceRNA pattern. A: RT-qPCR measured EFR3A mRNA 
level in NPC cells under circEFR3A knockdown. B: Western blotting 
measured EFR3A protein abundance in NPC cells under circEFR3A 
knockdown. C: EFR3A level in HNSC tissues and controls from the 
UALCAN database. D: RT-qPCR measured EFR3A level in NPC cell 
lines and controls. E: RIP detected circEFR3A and EFR3A enrich-
ment in products bound to anti-Ago in NPC cells.

Figure 4. circEFR3A upregulated EFR3A through sponging miR-
654-3p. A: Bioinformatics predicted potential common miRNA of 
circEFR3A and EFR3A. B: miR-654-3p level in HNSC tissues and 
controls from UALCAN database. C: RT-qPCR measured miR-654-
3p level in NPC cell lines and controls. D: RNA pull-down detected 
a binding abundance of circEFR3A or EFR3A with biotinylated miR-
654-3p in NPC cells. E: RT-qPCR detected overexpression efficacy of 
mimics NC or miR-654-3p mimics in NPC cells. F: Bioinformatics 
predicted binding fragment of miR-654-3p on circEFR3A or EFR3A 
3'UTR. G-H: Luciferase reporter assay detected the binding effect of 
circEFR3A or EFR3A with miR-654-3p in NPC cells. I, RT-qPCR 
measured EFR3A mRNA level in NPC cells under indicated transfec-
tion. J, RT-qPCR measured EFR3A protein abundance in NPC cells 
under indicated transfection.
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tive to controls (Figure 4C). RNA pull-down demonstrated 
that both circEFR3A and EFR3A showed abundant enrich-
ment in pull-down products by biotinylated miR-654-3p 
in C666-1 and SUNE1 cells (Figure 4D). Additionally, 
miR-654-3p was successfully elevated under transfection 
with miR-654-3p mimics (Figure 4E). Moreover, wild-
type binding sequence of miR-654-3p on circEFR3A or 
EFR3A 3'UTR was respectively exhibited. Simultaneous-
ly, these sequences were mutated (Figure 4F). After muta-
tion, we carried out a luciferase reporter assay to assess 
their relationships in NPC cells. As a result, the luciferase 
activity of circEFR3A-WT presented a reduction and that 
of EFR3A 3'UTR-WT exhibited a similar trend in C666-1 
and SUNE1 cells under miR-654-3p upregulation, while 
both of them showed no marked changes in mutant groups 
(Figure 4G, 4H). Subsequently, we further clarified the 
expression association of the circ-EFR3A-miR-654-
3p-EFR3A network. EFR3A mRNA and protein levels 
showed downregulation under sh-circEFR3A-1 transfec-
tion and rescued through sh-circEFR3A-1 and miR-654-
3p inhibitor cotransfection in NPC cells (Figure 4I, 4J). 
Collectively, circEFR3A competitively binds to miR-654-
3p to upregulate EFR3A.

circEFR3A facilitates NPC cell malignancy via EFR3A 
elevation

To clarify the ceRNA pattern of circ-EFR3A-miR-654-
3p-EFR3A in NPC cellular processes, we conducted res-
cue experiments. EFR3A level was overexpressed after 
transfection with pcDNA3.1-EFR3A (Figure 5A). We 
discovered that the decreased proliferation (Figure 5B), 
viability (Figure 5C) and migration (Figure 5D, 5E) and 
elevated apoptosis (Figure 5F) due to circEFR3A silencing 
were all reversed through EFR3A elevation. Collectively, 
circEFR3A facilitates NPC cell malignant phenotype via 
EFR3A upregulation.

circEFR3A contributes to NPC malignant progression 
in vivo

To clarify circEFR3A role in NPC progression, in vivo 
xenograft tumor experiments were conducted. After C666-

1 cells expressing sh-circEFR3A were inoculated in mice, 
the size, volume and weight of tumors were repressed 
(Figure 6A-C). Furthermore, the expression proportion of 
Ki67, the marker of proliferation, presented downregula-
tion in tumor tissue (Figure 6D). Collectively, circEFR3A 
facilitates NPC development in vivo.

Discussion

Increasing evidences has unveiled that the abnormal 
expressions of circRNAs are associated with the progres-
sion of NPC. circRNF13 reduces the proliferation and me-
tastasis of NPC via SUMO2 (18). circTRAF3 facilitates 
NPC metastasis through miR-203a-3p/AKT3 axis (19). 
circEFR3A, a newly identified circRNA, has not clarified 
its role in NPC. Herein, circEFR3A showed upregulation 
in NPC cells relative to controls, which is consistent with 
a previous report (7). Its high expression indicates a po-
tential oncogenic role underlying NPC. Moreover, circE-
FR3A showed a certain stability as a circular transcript. 
Additionally, circEFR3A silencing suppressed NPC cell 
proliferation and migration and facilitated NPC cell apop-
tosis. circEFR3A knockdown reduced xenograft tumor 
growth in mice. Thus, circEFR3A functioned as an onco-
gene in NPC via facilitating NPC cell malignancy in vitro 
and tumor growth in vivo.

circRNAs can bind to miRNAs or RNA-binding pro-
teins (RBPs) post-transcriptionally or during transcription 
to modulate gene expression (4, 20, 21), and thereby get 
involved in the progression of multiple diseases. circE-
FR3A has also been validated its cytoplasmic localization 
in NPC cells, suggesting its potential post-transcriptional 
regulation on gene expression. Previously, EFR3A were 
newly reported in colorectal adenomas (22). Moreover, 
EFR3A, an adapter protein for the phosphatidylinositol 
kinase PI4KA, is preferentially bound with oncogenic 
KRAS (23). As well known, circRNAs can affect cancer 
progression via regulating their host genes. For example, 
circITGA7 hinders colorectal cancer growth and metasta-
sis via upregulating transcription of its host gene ITGA7 
(24). circGOT1 enhances cell proliferation and mobility 
in esophageal squamous cell cancer via regulating its host 

Figure 5. circEFR3A facilitated NPC cell malignancy via EFR3A 
elevation. A: RT-qPCR detected overexpression efficacy of pcD-
NA3.1 or pcDNA3.1-EFR3A in NPC cells. B: Colony formation 
assessed NPC cell proliferation under transfection with sh-NC, sh-
circEFR3A-1 or sh-circEFR3A+pcDNA3.1-EFR3A. C: CCK-8 as-
sessed NPC cell viability under indicated transfection. D-E: Trans-
well and wound healing evaluated NPC cell migration under indicated 
transfection. F: Flow cytometry measured NPC cell apoptosis under 
indicated transfection.

Figure 6. circEFR3A contributed to NPC malignant progression 
in vivo. A: Pictures of tumors collected from mice under injection 
with C666-1 cells expressing sh-circEFR3A-1 or sh-NC. B: Tumor 
volume changes in each group. C: Tumor weight changes in each 
group. D: Ki67 expression changes in each group.
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gene GOT1 (25). Consistent with the above references, 
our study found that circEFR3A positively modulated li-
near transcript EFR3A mRNA level and translation, and 
EFR3A presents elevation in NPC cells. circEFR3A may 
regulate EFR3A in NPC cells in ceRNA manner. CeRNA 
pattern connects the function of protein-coding mRNAs 
with that of non-coding RNAs such as microRNAs, long 
noncoding RNAs, pseudogenic RNAs and circRNAs (17). 
Considering that any transcripts possessing miRNA res-
ponse elements can serve as ceRNAs in theory, they might 
represent a widespread form of post-transcriptional regu-
lation on gene expression in both physiology and patho-
logy (17). In addition, miRNAs exert post-transcriptional 
functions in cancer progression by binding to the 3’-UTR 
of mRNAs, leading to mRNA degradation or translational 
suppression (26). Herein, bioinformatics identified miR-
654-3p as a common miRNA of circEFR3A and EFR3A. 
Previously, miR-654-3p represses cell proliferation but 
facilitates apoptosis via downregulating RASAL2 in non-
small-cell lung cancer (27). miR-654-3p predicts poor 
prognosis of hepatocellular carcinoma and suppresses 
tumor cell growth (28). Herein, miR-654-3p showed 
downregulation in NPC cells, and mechanistically, miR-
654-3p could bind to circEFR3A and EFR3A 3’UTR in 
NPC cells. Simultaneously, miR-654-3p depletion rescued 
the reduction of EFR3A level under circEFR3A silencing. 
Thus, circEFR3A competitively interacts with miR-654-
3p to upregulate EFR3A in NPC cells. Rescue assays 
demonstrated that circEFR3A facilitated NPC cell mali-
gnant phenotype via EFR3A upregulation, further suppor-
ting ceRNA pattern of circEFR3A-miR-654-3p-EFR3A in 
NPC cell malignancy.

There are several limitations in our study. First, the 
samples of our study were relatively small. In addition, 
whether circEFR3A promoted NPC progression via in-
teracting with some certain signaling pathway was un-
known. Therefore, more relevant experiments should be 
performed in the future.

Conclusion
In conclusion, circEFR3A presents upregulation and 

functions as an oncogene in NPC progression. circEFR3A 
facilitates NPC proliferation and migration through spon-
ging miR-654-3p and upregulating EFR3A, providing a 
potential new direction for seeking therapeutic plans for 
NPC.
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