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Circular RNA circ_0000615 knockdown suppresses the development of 
nasopharyngeal cancer through regulating the miR-338-3p/FGF2 axis 
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Nasopharyngeal cancer (NPC) is a type of head and neck cancer with a high rate of metastasis. Circular RNAs (circRNAs) 
were reported to be related to the development of human cancers. This research aimed to investigate the functional mecha-
nism of circRNA circ_0000615 in NPC. The gene expression was examined by quantitative real-time polymerase chain 
reaction (qRT-PCR) or western blot. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay 
was employed to assess cell proliferation ability. Transwell assay was used to measure cell migratory and invasive abilities. 
Furthermore, the interaction between miR-338-3p and circ_0000615 or fibroblast growth factor 2 (FGF2) was predicted 
by starBase v.2.0 and then confirmed by the dual-luciferase reporter assay. Besides, the mouse xenograft experiment was 
carried out to explore the effect of circ_0000615 on tumor growth in vivo. We detected increased levels of circ_0000615 
and FGF2, along with a decreased level of miR-338-3p in NPC tissues and cells. Circ_0000615 knockdown suppressed 
the proliferation, migration, invasion, and EMT of NPC cells. Interestingly, circ_0000615 interacted with miR-338-3p, 
and miR-338-3p targeted FGF2. Circ_0000615 inhibited miR-338-3p expression to upregulate the FGF2 level. Further-
more, both miR-338-3p depletion and FGF2 overexpression weakened the effect of circ_0000615 knockdown on NPC cell 
progression. Besides, circ_0000615 knockdown repressed tumor growth in vivo. In conclusion, our findings demonstrated 
that circ_0000615 knockdown suppressed the growth of NPC cells via modulating miR-338-3p/FGF2 axis, providing a 
theoretical basis for the treatment of NPC. 
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Nasopharyngeal cancer (NPC), with a high rate of 
metastasis, is common cancer in Southern China [1, 2]. 
After radiotherapy, the 5-year survival rate of NPC patients 
at stage I and II is approximately 90% [3]. However, many 
patients with NPC suffer from recurrence as well as metas-
tasis [4]. Moreover, drug resistance becomes a major 
obstacle for the chemotherapy of NPC [5]. Therefore, it is 
of urgency to analyze the molecular mechanism of NPC 
development for the therapy of NPC patients.

In human cancers, a lot of non-coding RNAs, including 
long non-coding RNAs (lncRNAs) and microRNAs 
(miRNAs), have shown to act as a group of pivotal regulators 
[6, 7]. The analysis of circular RNA (circRNA) functional 
mechanism further enriches the roles of non-coding RNAs 
in cancers [8]. Present evidence suggests that circRNAs 
are related to the proliferation, mobility, apoptosis, and 
epithelial-mesenchymal transition (EMT) of cancer cells 

[9, 10]. Circ_0000615 (circRNA ZNF609), identified as a 
circRNA, was reported to regulate NPC cell proliferation 
and mobility [11]. This result indicated that circ_0000615 
exerted a crucial function in NPC development. However, 
the functional mechanism of circ_0000615 in NPC is less 
reported.

miRNAs, with around 22 nucleotides, are considered 
as a family of sponges for messenger RNAs (mRNAs) to 
induce the degradation or suppress translation of mRNA 
in human cancers [12]. Furthermore, miRNAs can regulate 
the levels of diverse mRNAs and mediate a variety of cell 
progression [13]. Increasing studies suggested that miRNAs 
were involved in the development of various cancers, such 
as pancreatic cancer [14], breast cancer [15], colon cancer 
[16], and NPC [17]. Shan et al. showed that miR-338-3p 
repressed the proliferation and mobility of NPC cells 
through modulating the level of hypoxia-induced factor 
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1α (HIF-1α) [18]. However, whether miR-338-3p affecting 
NPC development by regulating other genes is unclear.

Fibroblast growth factor 2 (FGF2), identified as a 
mitogen, is a member of the FGF family that exerts impor-
tant function in the progression of cell development [19, 20]. 
In mammals, FGF modulated the growth of cells by inter-
acting with FGF receptors (FGFRs) [21]. Previous evidence 
suggested that FGF2 acted as an oncogene and was consid-
ered as a prognostic marker in NPC [22], meaning that FGF2 
was a crucial regulator in NPC development. Therefore, it is 
essential to explore the role and functional mechanism of 
FGF2 in NPC.

Here, we determined the levels of circ_0000615, 
miR-338-3p, FGF2 in NPC tissues and cells, and analyzed 
the function of circ_0000615 in NPC cells. Furthermore, the 
roles of miR-338-3p and FGF2 in circ_0000615-regulated 
cell progression were explored. Besides, we investigated the 
effect of circ_0000615 on tumor growth in vivo.

Materials and methods

Tissues and cell culture. Thirty NPC tissues and 30 
adjacent normal tissues were obtained from the patients at 
the Guangdong Second Provincial General Hospital. Our 
research was approved by the Ethics Review Committees of 
Guangdong Second Provincial General Hospital. Informed 
consent was provided by all patients.

Human normal nasopharyngeal epithelial cells (NP64) 
and NPC cells (5–8F, 6–10B, HK1, and SUNE1) were 
purchased from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). These cells were maintained in 
Roswell Park Memorial Institute-1640 (RPMI-1640) medium 
(Thermo Fisher Scientific, Waltham, MA, USA) containing 
10% fetal bovine serum (FBS; Hyclone, Logan, UT, USA), 
100 IU/ml penicillin (Millipore, Bedford, MA, USA), as well 
as 100 mg/ml streptomycin (Millipore) at 37 °C with 5% CO2.

RNA extraction and quantitative real-time polymerase 
chain reaction (qRT-PCR). Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) was applied to isolate RNA in line with 
the recommended protocol. Then, complementary DNA 
(cDNA) was generated using the Reverse Transcription Kit 
(TaKaRa, Tokyo, Japan), and qRT-PCR was conducted using 
SYBR Premix ExTaq kit (TaKaRa). The data were analyzed 
using the 2–ΔΔCt method. U6 and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) were used as the internal genes. 
The primers sequence were as follows: circ_0000615  
(Forward (F), 5’-CAGCGCTCAATCCTTTGGGA-3’; Reverse 
(R), 5’-GACCTGCCACATTGGTCAGTA-3’), miR-338-3p 
(F, 5’-TTAGTGTACCAGCCAT-3’; R, 5’-GAATGCGGG-
AGCGAA-3’), FGF2 (F, 5’-GGCTTCTTCCTGCGCATC-
CA-3’; R, 5’-GCTCTTAGCAGACATTGGAAGA-3’), U6 (F, 
5’-TGCGGGTGCTCGCTTCGGCAGC-3’; R, 5’-CCAGTG-
CAGGGTCCGAGGT-3’), and GAPDH (F, 5’-ATCACTGC-
CACCCAGAAGAC-3’; R, 5’-TTTCTAGACGGCAGGTCA-
GG-3’).

Subcellular fractionation location. Briefly, the cells 
were cultured and collected. Then, 200 μl Lysis Buffer J (Life 
Technologies, Carlsbad, CA) was added for the cell lysis. 
After centrifugation, the supernatant containing cytoplasmic 
RNA and the remaining liquid containing nuclear RNA 
were separated. Next, buffer SK and absolute ethanol were 
added to the solution, and column centrifugation was used 
to collect RNA. Finally, cytoplasmic RNA and nuclear RNA 
were determined using qRT-PCR.

RNase R treatment. 3 U/μg of RNase R (Epicentre 
Biotechnologies, Madison, WI, USA) was used to treat total 
RNA (5 μg) for 15 min twice at 37 °C.

Cell transfection. Small interfering RNA against 
circ_0000615 (si-circ_0000615), small hairpin RNA against 
circ_0000615 (sh-circ_0000615), miR-338-3p mimic 
(miR-338-3p), miR-338-3p inhibitor (anti-miR-338-3p), 
and their negative control (si-NC, sh-NC, miR-NC, and 
anti-miR-NC) were obtained from GenePharma (Shanghai, 
China). For the overexpression of FGF2 or circ_0000615, its 
sequence was inserted into the pcDNA3.1 vector (GenePh-
arma). Lipofectamine 3000 (Invitrogen) was employed to 
perform the transfection assay.

Cell proliferation assay. The 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) kit (Promega, 
Madison, WI, USA) was chosen to measure cell proliferation 
ability according to the user’s manual. Briefly, 5–8F or 6–10B 
cells were transfected and then cultured for 0 h, 24 h, 48 h, 
or 72 h, respectively. Then, the MTT solution was applied to 
treat the cells. Subsequently, the product was dissolved using 
dimethyl sulfoxide (DMSO). Finally, the microplate reader 
(Bio-Rad, Richmond, CA, USA) was employed to examine 
the absorbance at 490 nm.

Cell migration and invasion assay. Transwell chamber 
(BD Biosciences, San Jose, CA, USA) was used to assess 
cell migratory ability based on the user’s manual. Briefly, 
the top chamber was introduced with 100 μl serum-free 
medium containing transfected 5–8F or 6–10B cells, and to 
the bottom chamber, 500 μl medium containing 10% FBS 
was added. After 12 h culture, the cells on the top chamber 
were removed. Subsequently, the number of migratory cells 
was analyzed using the microscope. The same steps were 
performed for invasion assay when the insert was coated 
with the Matrigel (BD Biosciences, San Jose, CA, USA).

Western blot assay. Total proteins were obtained from NPC 
tissues or cells using lysis buffer (Beyotime Biotechnology, 
Shanghai, China). Subsequently, western blot was performed 
as described previously [23]. The primary antibodies against 
E-cadherin (1:1000, ab15148), N-cadherin (1:1000, ab18203), 
Vimentin (1:1000, ab137321), FGF2 (1:1000, ab126861), and 
GAPDH (1:1000, ab181602), and corresponding secondary 
antibodies (1:2000, ab205718) were provided by Abcam 
(Cambridge, MA, USA) in this study.

The dual-luciferase reporter assay. The interaction 
between miR-338-3p and circ_0000615 or FGF2 was 
predicted by starBase v2.0. Wild type circ_0000615 or FGF2 
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(circ_0000615 WT or FGF2 3’-UTR-WT) or mutant type 
circ_0000615 or FGF2 (circ_0000615 MUT or FGF2 3’-UTR-
MUT) was cloned into the pGL3 vector (Promega). Every 
construct and miR-NC or miR-338-3p were co-transfected 
into 5–8F and 6–10B cells. After 48 h culture, the luciferase 
density was examined using the dual-luciferase assay system 
(Promega).

Mouse xenografts. 6 weeks old female SCID mice were 
selected for this experiment that was carried out based on 
the guidance of the National Animal Care and Ethics Institu-
tion and was approved by the Animal Research Committee 
of Guangdong Second Provincial General Hospital. Briefly, 
the mice were subcutaneously injected with 5–8F cells trans-
fected with sh-circ_0000615 or sh-NC. After 7 days, tumor 
volume (length × width2/2) was calculated every 4 days. After 
day 27, the tumors were removed and tumor weights were 
analyzed. 

Statistical analysis. The data were analyzed by Student’s 
t-test, and then expressed as the mean ± standard deviation 
(SD). The relationship of gene levels was evaluated using the 
analysis of Pearson correlation. A p-value <0.05 was consid-
ered statistically significant. Each data group represented 3 
biological replicates × 3 technical replicates unless otherwise 
indicated.

Results

Circ_0000615 expression was upregulated in NPC 
tissues and cells. Firstly, the qRT-PCR assay was performed 
to detect the level of circ_0000615 in NPC tissues. The results 
suggested that circ_0000615 level was significantly higher in 

NPC tissues than that in adjacent normal tissues (Figure 1A). 
Moreover, an increased circ_0000615 level was observed 
in NPC cells (Figure 1B). On the other hand, we analyzed 
the level of circ_0000615 in nuclei and cytoplasm of NPC 
cells. As shown in Figures 1C and 1D, circ_0000615 level 
is lower in the nucleus than that in the cytoplasm. Besides, 
the stabilization of circ_0000615 structure was investigated 
through the treatment of RNase R. The results demonstrated 
that circ_0000615 was stable (Figures 1E, 1F). Therefore, 
circ_0000615 might act as an oncogene in NPC development.

Circ_0000615 knockdown suppressed NPC cell prolif-
eration, migration, invasion, and EMT. To further inves-
tigate the function of circ_0000615, si-circ_0000615 was 
used to knock down the level of circ_0000615 in 5–8F and 
6–10B cells. As shown in Figure 2A, the transfection with 
si-circ_0000615 dramatically downregulated circ_0000615 
expression. Then, the MTT assay was employed to assess cell 
proliferation ability. The results suggested that circ_0000615 
knockdown suppressed cell proliferation in 5–8F and 
6–10B cells (Figures 2B, 2C). Moreover, the transwell assay 
confirmed that cell migratory and invasive abilities were 
remarkably suppressed by circ_0000615 knockdown (Figures 
2D, 2E). Besides, we analyzed the levels of EMT-related 
proteins, E-cadherin, N-cadherin, and Vimentin, and 
found that the E-cadherin level was upregulated and the 
levels of N-cadherin, as well as Vimentin, were downregu-
lated by circ_0000615 knockdown (Figures 2F–2I). These 
data indicated that circ_0000615 knockdown repressed the 
growth of NPC cells.

Circ_0000615 was a sponge for miR-338-3p. Online 
tool starBase v2.0 predicted that miR-338-3p was a poten-

Figure 1. The level of circ_0000615 in NPC tissues and cells. A, B) The expression of circ_0000615 was detected by qRT-PCR assay in NPC and adjacent 
normal tissues (A) as well as NPC and normal cells (B). C, D) The levels of circ_0000615, U6, and GAPDH were determined in nuclei and cytoplasm of 
NPC cells. E, F) The levels of circ_0000615 and GAPDH were examined after the treatment of RNase R. *p<0.05



CIRC_0000615 REGULATES NPC DEVELOPMENT 1035

investigate whether circ_0000615 affected NPC cell growth 
through inhibiting miR-338-3p expression, 5–8F and 
6–10B cells were transfected with si-NC, si-circ_0000615, 
si-circ_0000615 + anti-miR-NC, or si-circ_0000615 + 
anti-miR-338-3p, respectively. Firstly, the qRT-PCR assay 
confirmed that miR-338-3p expression was upregulated 
due to the depletion of circ_0000615, and then downregu-
lated by the transfection with anti-miR-338-3p (Figures 4A, 
4B). Next, we analyzed cell proliferation ability using MTT 
assay and found that circ_0000615 knockdown signifi-
cantly suppressed cell proliferation, whereas this action 
was weakened by miR-338-3p depletion (Figures 4C, 4D). 
Moreover, the transwell assay suggested that cell migratory 
and invasive abilities were attenuated by circ_0000615 knock-
down, and then partly rescued by miR-338-3p depletion 
(Figures 4E, 4F). Besides, the levels of three EMT markers 
were determined. As shown in Figures 4G–4J, miR-338-3p 
depletion reversed the effect of circ_0000615 knockdown 
on the levels of EMT markers. These data indicated that 
circ_0000615 repressed miR-338-3p expression to regulate 
the growth of NPC cells.

miR-338-3p targeted FGF2. Online tool starBase v2.0 
predicted that FGF2 was a potential target of miR-338-3p 
(Figure 5A). Next, we carried out the dual-luciferase reporter 

tial target of circ_0000615 (Figure 3A). Next, the dual-
luciferase reporter assay was employed to verify this predic-
tion. As demonstrated in Figures 3B and 3C, miR-338-3p 
overexpression significantly reduced the luciferase activity 
of circ_0000615-WT, whereas didn’t change the luciferase 
activity of circ_0000615-MUT, meaning that circ_0000615 
interacted with miR-338-3p via the miR-338-3p-binding 
site. Some circRNAs are capable of regulating the abundance 
of available miRNAs through sequestering miRNAs [24]. 
Thus, we further explored whether circ_0000615 affected 
miR-338-3p expression. The results demonstrated that 
miR-338-3p expression was upregulated by circ_0000615 
knockdown and downregulated by circ_0000615 overexpres-
sion (Figure 3D). On the other hand, we determined the level 
of miR-338-3p and found that miR-338-3p level was remark-
ably decreased in NPC tissues/cells compared with normal 
tissues/cells (Figures 3E, 3F). Furthermore, the relationship 
between circ_0000615 and miR-338-3p was explored. As 
expected, the miR-338-3p level was negatively correlated 
with circ_0000615 level in NPC tissues (Figure 3G). All these 
data suggested that circ_0000615 targeted miR-338-3p and 
downregulated miR-338-3p abundance.

miR-338-3p knockdown reversed the effect of 
circ_0000615 depletion on NPC cell progression. To 

Figure 2. The function of circ_0000615 in NPC cells. A) Circ_0000615 expression was determined in 5–8F and 6–10B cells transfected with si-NC or si-
circ_0000615. B, C) The MTT assay was performed to measure cell proliferation ability. D, E) The transwell assay was employed to assess cell migratory 
and invasive abilities. F–I) The levels of E-cadherin, N-cadherin, and Vimentin were detected by western blot assay. *p<0.05
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Figure 3. The interaction between circ_0000615 and miR-338-3p. A) The interaction between circ_0000615 and miR-338-3p was predicted by starBase 
v2.0. Mutated sites are shown in red color. B, C) The luciferase activity of 5–8F and 6–10B cells transfected with circ_0000615 WT or circ_0000615 MUT 
and miR-338-3p or miR-NC was determined. D) miR-338-3p expression was measured in 5–8F and 6–10B cells transfected with si-NC, circ_0000615, 
pcDNA, pcDNA-circ_0000615, respectively. E, F) miR-338-3p expression was examined in NPC and adjacent normal tissues (E) as well as NPC and 
normal cells (F). G) The relationship between circ_0000615 level and the miR-338-3p level was explored. *p<0.05

Figure 4. The effect of miR-338-3p knockdown on circ_0000615 depletion-regulated NPC cell progression. A, B) miR-338-3p expression was detected 
in 5–8F and 6–10B cells transfected with si-NC, si-circ_0000615, si-circ_0000615 + anti-miR-NC, or si-circ_0000615 + anti-miR-338-3p, respectively. 
C, D) Cell proliferation was assessed using the MTT assay. E, F) Cell migratory and invasive abilities were examined by the transwell assay. G–J) West-
ern blot assay was employed to detect the levels of E-cadherin, N-cadherin, and Vimentin. *p<0.05
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assay to verify this interaction. As demonstrated in Figures 5B 
and 5C, the luciferase activity of FGF2 3’-UTR-WT, but 
not FGF2 3’-UTR-MUT, was remarkably reduced by the 
overexpression of miR-338-3p. These results revealed that 
miR-338-3p targeted FGF2. Then, we analyzed the level of 
FGF2 in NPC tissues and found that FGF2 level was higher in 
NPC tissues than that in adjacent normal tissues (Figures 5D, 
5E). Moreover, increased FGF2 level was observed in NPC 
cells (Figures 5F, 5G). Besides, we also confirmed that the 
FGF2 level was negatively correlated with the miR-338-3p 
level in NPC tissues (Figure 5H). On the other hand, the 
effect of miR-338-3p on FGF2 expression was investigated. 
The results demonstrated that FGF2 expression was upregu-
lated by miR-338-3p knockdown and downregulated by 

miR-338-3p overexpression (Figures  5I–5K). Therefore, 
miR-338-3p suppressed FGF2 expression through interaction.

Furthermore, our data suggested that there was a positive 
correlation between the FGF2 level and circ_0000615 level 
(Figure 5L). Then, the linear regulatory relationship between 
the circ_0000615, miR-338-3p, and FGF2 was explored. 
As shown in Figures 5M–5O, FGF2 level was dramatically 
downregulated by circ_0000615 knockdown, and then partly 
rescued due to miR-338-3p depletion. Thus, circ_0000615 
upregulated the level of FGF2 by inhibiting miR-338-3p 
expression.

FGF2 overexpression weakened the effect of 
circ_0000615 depletion on the growth of NPC cells. Next, 
we analyzed the role of FGF2 in circ_0000615-regulated cell 

Figure 5. The interaction between miR-338-3p and FGF2. A) The interaction between miR-338-3p and FGF2 was predicted by starBase v2.0. Mutated 
sites were expressed as the red color. B, C) The luciferase activity was analyzed in 5–8F and 6–10B cells transfected with FGF2 3’-UTR-WT or FGF2 
3’-UTR-MUT and miR-338-3p or miR-NC. D–G) The mRNA level and protein level of FGF2 were measured in NPC and adjacent normal tissues (D, E) 
as well as NPC and normal cells (F, G). H) The relationship between miR-338-3p level and FGF2 level was investigated. I–K) The mRNA level and pro-
tein level of FGF2 were detected in 5–8F and 6–10B cells transfected with anti-miR-NC, anti-miR-338-3p, miR-NC, or miR-338-3p, respectively. L) The 
relationship between the FGF2 level and circ_0000615 level was investigated. M–O) FGF2 expression was examined in 5–8F and 6–10B cells transfected 
with si-NC, si-circ_0000615, si-circ_0000615 + anti-miR-NC, or si-circ_0000615 + anti-miR-338-3p, respectively. *p<0.05
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progression through transfecting si-NC, si-circ_0000615, 
si-circ_0000615 + pcDNA, or si-circ_0000615 + pcDNA-
FGF2 into 5–8F and 6–10B cells. Then, the qRT-PCR assay 
and western blot assay were performed to detect the level of 
FGF2. The results indicated that the FGF2 level was downreg-
ulated by circ_0000615 knockdown and then upregulated due 
to FGF2 overexpression (Figures 6A–6C). Subsequently, the 
MTT assay was employed to detect cell proliferation ability. 
As shown in Figures 6D and 6E, circ_0000615 knockdown 
suppressed cell proliferation, whereas this effect was reversed 
by FGF2 overexpression. Furthermore, circ_0000615 knock-
down-inhibited cell migration and invasion were promoted 
by FGF2 overexpression in 5–8F and 6–10B cells Figures 6F 
and 6G. Besides, we determined the levels of EMT markers 
and found that the effect of circ_0000615 knockdown on the 
levels of EMT markers was impaired by FGF2 overexpression 
(Figures 6H–6K). These results revealed that circ_0000615 
regulated NPC cell progression by modulation of FGF2 
expression.

Circ_0000615 depletion repressed tumor growth in 
vivo. To investigate the effect of circ_0000615 on tumor 
growth in vivo, 6 weeks old female SCID mice were 

subcutaneously injected with 5–8F cells transfected with 
circ_0000615 or sh-NC. After 7 days, tumor volume was 
measured every 4 days. As shown in Figure 7A, tumor 
volume was smaller in the sh-circ_0000615 group compared 
with that in the sh-NC group. Similarly, circ_0000615 knock-
down reduced tumor weight (Figure 7B). Next, the levels of 
circ_0000615, miR-338-3p, and FGF2 in the sh-NC group 
and sh-circ_0000615 group were detected. As expected, 
circ_0000615 level (Figure 7C) and FGF2 level (Figures 7E, 
7F) were downregulated as well as the miR-338-3p level 
(Figure 7D) was upregulated in the sh-circ_0000615 group. 
Therefore, circ_0000615 depletion suppressed tumor growth 
in vivo.

Discussion

NPC, with high metastasis, is cancer that is gener-
ally diagnosed at an advanced stage [25]. CircRNAs are 
related to the development of human cancers [26]. Lots of 
studies suggested that circRNAs played a pivotal function 
by regulating the levels of downstream genes in NPC cells. 
For example, Shuai et al. revealed that circRNA_0000285 

Figure 6. The effect of FGF2 overexpression on circ_0000615 depletion-regulated NPC cell progression. A–C) FGF2 expression was determined in 5–8F 
and 6–10B cells transfected with si-NC, si-circ_0000615, si-circ_0000615 + pcDNA, or si-circ_0000615 + pcDNA-FGF2, respectively. D, E) The MTT 
assay was employed to analyze cell proliferation ability. F, G) The transwell assay was conducted to investigate cell migratory and invasive abilities. 
H–K) The levels of E-cadherin, N-cadherin, and Vimentin were detected by western blot assay. *p<0.05
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was considered as a biomarker for the prognosis of NPC and 
related to radiosensitivity [27]. Chen et al. confirmed that 
circRNA_000543 was highly expressed in NPC tissues and 
modulated cell growth via regulating miR-9 level [28]. Wei 
et al. indicated that circ_0008450 overexpression acceler-
ated NPC cell growth as well as invasion through binding to 
miR-577 [29]. Hence, the analysis of circRNA in NPC cells 
is essential.

Circ_0000615, also known as circRNA-ZNF609, was 
reported to serve as an oncogene in various cancers, such as 
rhabdomyosarcoma [30], colorectal cancer [31], renal carci-
noma [32], and breast cancer [33]. Furthermore, Zhu et al. 
confirmed that circ_0000615 was highly expressed in NPC 
tissues, and circ_0000615 depletion suppressed the prolifera-
tion and mobility of NPC cells [11]. Consistent with these 
data, our results suggested that the circ_0000615 level was 
upregulated in NPC tissues and cells, and circ_0000615 
downregulation repressed the proliferation, mobility, and 
EMT of NPC cells. These data revealed that circ_0000615 
acted as a positive regulator in NPC development.

Amounting studies demonstrate that circRNA mediates 
the level of miRNA to affect cell progression by targeting 
miRNA [34]. For instance, circular RNA_000926 repressed 
miR-411 expression via targeting miR-411 in renal cell 
carcinoma [35]. Next, we used an online tool starBase v2.0 
to explore the downstream genes of circ_0000615. The 
results indicated that miR-338-3p was a potential target 
of circ_0000615. Subsequently, the interaction between 
circ_0000615 and miR-338-3p was confirmed by the 

dual-luciferase reporter assay. Furthermore, our results 
revealed that circ_0000615 negatively regulated the level of 
miR-338-3p in NPC cells. miR-338-3p, a tumor suppressor, 
has been uncovered to inhibit cell proliferation and mobility 
in many human cancers, including breast cancer [36], renal 
cell carcinoma [37], hepatocellular carcinoma [38], and 
glioma [39]. In NPC, the miR-338-3p level was upregu-
lated, and miR-338-3p repressed NPC cell proliferation and 
mobility [18]. These data were in agreement with our results. 
Then, we speculated that circ_0000615 regulated the growth 
of NPC cells through modulating miR-338-3p expression. 
Subsequently, a series of experiments were carried out to 
verify this hypothesis. The result was accordant with our 
hypothesis, circ_0000615 inhibited miR-338-3p expression 
to modulate the growth of NPC cells.

It is widely accepted that miRNA acts as a sponge for 
mRNA via targeting 3’-untranslated region (UTR) of target 
mRNA [40]. To further explore the molecular mechanism 
of miR-338-3p, an online tool starBase v2.0 was employed 
to predict the potential targets of miR-338-3p. The results 
suggested that miR-338-3p likely bound to FGF2. Then, 
this interaction was verified by the dual-luciferase reporter 
assay. Moreover, the FGF2 level was downregulated by 
miR-338-3p. FGF2, considered as an oncogene, was highly 
expressed in various cancers, including thyroid cancer [41], 
endometrial carcinoma [42], and NPC [21]. Consistent 
with these data, our results suggested that the FGF2 level 
was increased in NPC tissues and cells.Furthermore, we 
found that circ_0000615 repressed miR-338-3p expression 

Figure 7. The effect of circ_0000615 depletion on tumor growth in vivo. A, B) Tumor volume (A) and tumor weight (B) were calculated in the sh-
circ_0000615 group and the sh-NC group. C–E) The levels of circ_0000615, miR-338-3p, and FGF2 were detected by the qRT-PCR assay. F) The protein 
level of FGF2 was determined by western blot assay. *p<0.05
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to upregulate the FGF2 level, meaning that circ_0000615 
exerted function through regulating the FGF2 level. Then, 
the effect of FGF2 on circ_0000615-regulated cell progres-
sion was explored. As expected, FGF2 knockdown reversed 
the effect of circ_0000615 on NPC cell progression. Taken 
together, circ_0000615 regulated the growth of NPC cells 
via modulating miR-338-3p/FGF2 axis. In general, circRNA, 
as an oncogene, promoted tumor growth in vivo [43]. Then, 
we analyzed the effect of circ_0000615 on tumor growth. As 
expected, tumor volume and weight were downregulated by 
circ_0000615 depletion. Thus, circ_0000615 depletion inhib-
ited tumor growth of NPC in vivo.

In conclusion, our data demonstrated that circ_0000615 
knockdown suppressed the growth and mobility of NPC cells 
through modulating miR-338-3p/FGF2 axis. Our findings 
provided a potential target for the therapy of NPC patients.
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