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Abstract: Background: Malignant melanoma is a skin cancer with a high rate of metastasis. Numerous circular RNAs 
(circRNAs) have been shown to play vital roles in melanoma. This research aimed to investigate the role and molecu-
lar basis of circ_0016418 in melanoma progression. Methods: The abundanced of circ_0016418, miR-605-5p and 
glutaminase (GLS) were measured using quantitative real-time polymerase chain reaction or western blot analysis. 
Cell proliferation was evaluated using Cell Counting Kit-8 (CCK-8) assay and colony formation assay. Cell migra-
tion and invasion were assessed by transwell assay. Cell cycle and apoptosis were monitored by flow cytometry. 
The levels of glutamine consumption and glutamate were examined using commercial kits. The interaction among 
circ_0016418, miR-605-5p and GLS was verified with the dual-luciferase reporter assay. A xenograft model was 
used to analyze tumor growth in vivo. Results: Circ_0016418 and GLS were up-regulated, while miR-605-5p was 
down-regulated in melanoma tissues and cells. Circ_0016418 silencing hindered cell proliferation, metastasis, and 
glutamine catabolism and promoted cell cycle arrest and apoptosis in A375 and A875 cells. Circ_0016418 modu-
lated melanoma progression and glutamine catabolism through sponging miR-605-5p. Also, miR-605-5p inhibited 
melanoma progression and glutamine catabolism by targeting GLS. Moreover, circ_0016418 depletion blocked 
tumor growth in vivo. Conclusion: Knockdown of circ_0016418 suppressed melanoma development and glutamine 
catabolism by modulating the miR-605-5p/GLS pathway.
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Introduction

Malignant melanoma derived from melano-
cytes is the leading cause of skin cancer-relat-
ed death, and its incidence is increasing year 
by year [22]. Melanoma is the most aggressive 
form of skin cancer and can quickly become 
life-threatening if it spreads [17]. Metastatic 
cutaneous melanoma has no radical treat-
ment, and its prognosis is unsatisfactory with a 
5-year overall survival rate of only 5% [23]. The 
pathogenesis of melanoma is not completely 
clear. Hence, identifying novel molecular path-
ways in melanoma is critical to improving poor 
prognosis.

Circular RNAs (circRNAs) are novel non-coding 
RNAs with covalently closed loops formed by 
back-splicing [21]. A growing number of studies 
have manifested that circRNAs exert a crucial 

function in tumorigenesis and development 
[12]. Also, aberrantly expressed circRNAs par-
ticipate in the progression of melanoma [1]. For 
example, circ_0017247 facilitated melanoma 
metastasis by interacting with miR-145 [4]. In 
addition, circRNA_0084043 contributed to cell 
growth and metastasis in malignant melanoma 
by directly binding to miR-153-3p and up-regu-
lating Snail [15]. Previous research unveiled 
that circ_0016418 derived from Vasohibin-2 
(VASH2) was overtly up-regulated in skin mela-
noma [25]. Nevertheless, the mechanism of 
circ_0016418 in melanoma is still insufficient. 

MicroRNAs (miRNAs) are non-coding RNAs con-
sisting of ~22 nucleotides that modulate post-
transcriptional silencing of target genes [7]. 
Mounting evidence has validated that miRNA 
dysregulation is closely associated with human 
diseases, including cancer [14]. For instance, 
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miR-139-5p ameliorated the malignancy of me- 
lanoma through targeting IGF1R to weaken the 
PI3K/AKT pathway [26]. Additionally, miR-140-
5p suppressed melanoma progression by bind-
ing to SOX4 and inhibiting the activation of the 
Wnt/β-catenin and NF-κB pathways [30]. More- 
over, miR-145-5p impeded the development of 
malignant melanoma by repressing the TLR4-
mediated NF-κB pathway [9]. Herein, bioinfor-
matics analysis discovered that circ_0016418 
might bind to miR-605-5p. Therefore, we spec-
ulated that circ_0016418 regulated melanoma 
progression by mediating miR-605-5p. 

Furthermore, we first demonstrated that circ_ 
0016418 facilitated glutamine catabolism. 
Abnormal metabolism is a hallmark of tumor 
cells, for example, increased glutamine catabo-
lism [8]. Glutamine has multiple effects in can-
cer cells, including maintaining mitochondrial 
metabolism, activating cell signaling, and pro-
moting cell replication [27]. Glutaminase (GLS) 
is a rate-limiting enzyme for glutamine catabo-
lism, catalyzing the hydrolysis of glutamine to 
glutamate [11]. In addition, recent research 
revealed that GLS up-regulation expedited glu-
tamine catabolism and malignant melanoma 
development [16]. 

In this research, we elucidated the function of 
circ_0016418 in melanoma progression and 
glutamine catabolism. We also investigated the 
association between circ_0016418 and the 
miR-605-5p/GLS pathway. Thus, our research 
provided a potential therapeutic target for me- 
lanoma.

Materials and methods 

Specimen collection

Thirty patients diagnosed with melanoma were 
recruited from the First Affiliated Hospital of 
Northwest Minzu University. All patients did not 
receive preoperative treatment and signed 
written informed consent. Melanoma tissues 
and adjacent normal tissues were collected by 
resection. This research was ratified by the 
Ethics Committee of the First Affiliated Hospital 
of Northwest Minzu University.

Cell culture

Human epidermal melanocytes (HEMn-LP) 
were purchased from Invitrogen (Carlsbad, CA, 
USA) and incubated in medium 254 (Gibco, 

Carlsbad, CA, USA) supplemented with Human 
Melanocyte Growth Supplement (HMGS; Gi- 
bco). Human malignant melanoma cell lines 
(A375 and A875) were purchased from Shang- 
hai Fusheng Industrial Co., Ltd. (Shanghai, 
China) and maintained in Dulbecco’s Modified 
Eagle Medium (DMEM; Gibco) supplemented 
with 10% fetal bovine serum (FBS; Gibco). All 
cells were cultured in an atmosphere of 5% CO2 
at 37°C.

Cell transfection

Small interfering RNA (siRNA) against circ_ 
0016418 (si-circ_0016418-1 and si-circ_001- 
6418-2), the siRNA control (si-NC), miR-605-5p 
mimic, the mimic control (miRNA NC), miR-605-
5p inhibitor, the inhibitor control (inhibitor NC), 
GLS overexpression vector (pc-GLS), and the 
negative control (pc-NC) were synthesized with 
the use of Ribobio (Guangzhou, China). Lipo- 
fectamine 3000 (Invitrogen) was utilized to 
transfect oligonucleotides and vectors into mel-
anoma cells.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

RNA extracted by Trizol reagent (Invitrogen) was 
reverse-transcribed into complementary DNA 
using a specific RT-PCR kit (Takara, Dalian, 
China). Then, SYBR Green PCR Master Mix 
(LMAI Bio, Shanghai, China) was used to per-
form quantitative PCR. The expression abun-
dance was calculated using the 2-ΔΔCt method. 
For RNase R digestion assay, 2 μg RNA was 
incubated with or without RNase R (Solarbio, 
Beijing, China) for 30 min. Next, circ_0016418 
and VASH2 levels were measured using qRT-
PCR. The primers included: circ_0016418-F: 
5’-CTCCGACCCAAGTGAGAAGC-3’, circ_00164- 
18-R: 5’-CAGCCTGTAGTTTGGGACC-3’; VASH2-F: 
5’-CTCTTCCAGCCTTCCTTCCT-3’, VASH2-R: 5’- 
AGCACTGTGTTGGCGTACAG-3’; miR-605-5p-F: 
5’-TAAATCCCATGGTGCCT-3’, miR-605-5p-R: 5’- 
TGGTGTCGTGGAGTCG-3’; GAPDH-F: 5’-GGGAA- 
ACTGTGGCGTGAT-3’, GAPDH-R: 5’-GAGTGGGTG- 
TCGCTGTTGA-3’; U6-F: 5’-CTCGCTTCGGCAGCA- 
CA-3’, U6-R: 5’-AACGCTTCACGAATTTGCGT-3’. 
GAPDH or U6 was regarded as an internal 
reference. 

Cell viability assay

5×103 transfected melanoma cells were inject-
ed into 96-well plates. After incubation for 0 h, 
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24 h, 48 h or 72 h, the medium was discarded, 
and the fresh medium containing 10 μL Cell 
Counting Kit-8 (CCK-8) solution (Beyotime, 
Shanghai, China) was mixed with melanoma 
cells. After reaction for 4 h, the absorbance 
was measured using a Microplate Reader 
(BioTek, Burlington, VT, USA).

Transwell assay

Unlike s cell migration test, the upper chamber 
in cell invasion test is covered with Matrigel (BD 
Biosciences, San Diego, CA, USA). In brief, the 
medium with 10% FBS was injected into the 
lower chamber. After 24 h in culture, the invad-
ed and migrated cells were stained with 0.5% 
crystal violet for 15 min and counted in three 
random fields using a microscope.

Colony formation assay

Transfected A375 and A875 cells were main-
tained in six-well plates and incubated in medi-
um containing 10% FBS at 37°C for 14 days. 
After staining with 0.5% crystal violet, the colo-
nies were photographed and counted in at 
least three independent replications.

Flow cytometry

For cell cycle analysis, the transfected cells 
were digested with trypsin and suspended in 
PBS buffer after transfection for 48 h. Subs- 
equently, the precipitate obtained by centrifu-
gation was re-suspended in PBS buffer. After 
digestion with RNAase, the cells were stained 
with 1% propidium iodide (PI; ab14083, Abcam, 
Cambridge, UK) for 25 min. Then, the cell cycle 
distribution was monitored by a flow cytometer 
(Beckman Coulter, Miami, FL, USA). 

For cell apoptosis analysis, A375 and A875 
cells were washed with PBS after digestion with 
trypsin. Then, the cells were reacted with 
AnnexinV-fluorescein isothiocyanate and PI for 
15 min in the dark. Next, the apoptotic rate was 
examined using a flow cytometer (Beckman 
Coulter).

Detection of glutamine consumption and 
glutamate

Transfected melanoma cells were cultured in 
DMEM harboring 2 mM glutamine. After incu-
bation for 24 h, glutamine consumption and 
glutamate were examined using corresponding 

kits (Biovision, Milpitas, CA, USA) according to 
the manufacturer’s requirements. 

Western blot assay

Protein was extracted using RIPA buffer (So- 
larbio). Next, the equal amount of protein was 
separated by polyacrylamide gel electrophore-
sis and transferred onto polyvinylidene difluo-
ride membranes (Millipore, Billerica, MA, USA). 
After blocking with 5% non-fat milk, the mem-
branes were incubated with primary antibodies 
against GLS (1:1000; ab260047, Abcam) or 
GAPDH (1:2500; ab9485, Abcam). Subsequ- 
ently, the membranes were placed with the 
secondary antibody (1:20000; ab205718, 
Abcam). Finally, the signal intensity was mea-
sured using an ECL reagent (Solarbio).

Dual-luciferase reporter assay

The wild-type luciferase reporter vectors 
(WT-circ_0016418 or WT-GLS 3’UTR) were con-
structed using cloning circ_0016418 or GLS 
3’UTR containing miR-605-5p binding sequ- 
ence into pmirGLO vectors (Promega, Madison, 
WI, USA). The mutant luciferase reporter vec-
tors (MUT-circ_0016418 or MUT-GLS 3’UTR) 
were formed through mutating the binding site. 
Then, the constructed luciferase reporter and 
miR-605-5p mimic or miRNA NC were incubat-
ed into A375 and A875 cells. The luciferase 
activity was examined using Dual-Lucy Assay 
Kit (Solarbio).

Xenograft tumor experiment

The xenograft assay was ratified by the Animal 
Research Committee of the First Affiliated 
Hospital of Northwest Minzu University. BALB/c 
nude mice (5-week-old) were randomly divided 
into two groups (n=6). Lentivirus containing 
circ_0016418 short hairpin RNA (sh-circ_ 
0016418) or negative control (sh-NC) con-
structed by Genechem (Shanghai, China) was 
transfected into A875 cells. Then, 5×106 stably 
transfected cells were subcutaneously injected 
into the right abdomen of mice. Tumor volume 
was measured every 7 days. After 28 days, the 
mice were sacrificed, and the xenograft tumors 
were weighed. 

Statistical analysis

Data were shown as mean ± standard devia-
tion. The differences were evaluated by Stu- 
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dent’s t-test or one-way analysis of variance 
using GraphPad Prism 7 software (GraphPad 
Inc., La Jolla, CA, USA). P<0.05 was considered 
significant.

Results

Circ_0016418 is up-regulated in melanoma 
tissues and cells

We first tested circ_0016418 level in 30 pairs 
of primary malignant melanoma tissues and 
adjacent normal tissues. As shown in Figure 
1A, circ_0016418 expression was markedly 
increased relative to normal tissues. We also 
examined circ_0016418 level in HEMn-LP and 
melanoma cells (A375 and A875) and revealed 
that circ_0016418 expression was distinctly 
elevated in melanoma cells (Figure 1B). In addi-
tion, RNase R digestion analysis exhibited that 
circ_0016418 level had no change, while the 
mRNA level of its linear isoform VASH2 was sig-
nificantly reduced after treatment with RNase 
R (Figure 1C). These data evidenced that 
circ_0016418 was highly expressed and stable 
in melanoma. 

Circ_0016418 silencing hinders melanoma 
development and glutamine catabolism in 
melanoma cells

To investigate the biologic function of circ_ 
0016418 in melanoma cells, A375 and A875 
cells were incubated with si-NC, si-circ_ 
0016418-1 or si-circ_0016418-2. qRT-PCR 
analysis suggested that si-circ_0016418-2 
had the most significant knockdown efficiency, 
so si-circ_0016418-2 (si-circ_0016418) was 
selected for subsequent experiments (Figure 

2A). Next, CCK-8 and colony formation assays 
unveiled that down-regulation of circ_0016418 
suppressed the proliferative ability of A375 and 
A875 cells (Figure 2B and 2D). Meanwhile, 
transwell analysis showed that circ_0016418 
silencing inhibited the invasion and migration 
of melanoma cells (Figure 2C). Flow cytometry 
displayed that knockdown of circ_0016418 
markedly triggered cell cycle arrest and apopto-
sis in A375 and A875 cells (Figure 2E and 2F). 
Additionally, the levels of glutamine consump-
tion and glutamate in the si-circ_0016418 
group were significantly decreased in compari-
son with the si-NC group (Figure 2G and 2H). 
Also, GLS is a rate-limiting enzyme in glutamine 
catabolism. Western blot analysis suggested 
that transfection with si-circ_0016418 dramat-
ically reduced GLS protein level (Figure 2I). 
Collectively, these data indicated that circ_ 
0016418 silencing alleviated the malignancy of 
melanoma and suppressed glutamine catabo-
lism in melanoma cells.

Circ_0016418 modulates melanoma progres-
sion and glutamine catabolism by regulating 
miR-605-5p

Next, we used Circular RNA Interactome data-
base to predict possible targets for circ_ 
0016418. As exhibited in Figure 3A, miR-605-
5p contained potential binding sites for 
circ_0016418. Next, dual-luciferase reporter 
assay displayed that miR-605-5p mimic strik-
ingly reduced the luciferase activity of WT- 
circ_0016418 reporter (Figure 3B). In addition, 
miR-605-5p levels in melanoma tissues and 
cells were markedly lower than those in the nor-
mal group (Figure 3C and 3D). Besides, the 

Figure 1. Circ_0016418 is up-regulated in melanoma tissues and cells. A. Circ_0016418 level was examined in 
melanoma tissues (n=30) and adjacent normal tissues (n=30). B. Circ_0016418 level was measured in human 
epidermal melanocytes (HEMn-LP) and melanoma cells (A375 and A875). C. After treatment of A375 and A875 cells 
with RNase R, the expression of circ_0016418 and VASH2 mRNA was tested. *P<0.05.
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Figure 2. Circ_0016418 silencing hinders melanoma development and glutamine catabolism in melanoma cells. (A) A375 and A875 cells were incubated with 
si-NC, si-circ_0016418-1 or si-circ_0016418-2, and the levels of circ_0016418 and VASH2 mRNA were examined using qRT-PCR. (B-I) A375 and A875 cells were 
transfected with si-NC or si-circ_0016418-2 (si-circ_0016418). Cell viability (B), invasion and migration (C), and colony numbers (D) were tested using CCK-8 as-
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say, transwell assay (100×) and colony formation assay. (E and F) Flow cytometry was utilized to assess cell cycle and apoptosis. (G and H) The levels of glutamine 
consumption and glutamate were detected using commercial kits. (I) GLS level was measured using western blot. *P<0.05.

Figure 3. Circ_0016418 modulates melanoma progression and glutamine catabolism by regulating miR-605-5p. (A) The putative binding sequence between 
circ_0016418 and miR-605-5p is exhibited. (B) Luciferase activity was determined in A375 and A875 cells co-transfected with WT-circ_0016418 or MUT-
circ_0016418 and miRNA NC or miR-605-5p mimic. (C and D) The expression of miR-605-5p was measured in melanoma tissues and cells. (E) MiR-605-5p level 
was determined in A375 and A875 cells transfected with inhibitor NC or miR-605-5p inhibitor. MiR-605-5p level (F), cell viability (G), invasion and migration (H), 
colony numbers (I), cell cycle and apoptosis (J and K), glutamine consumption (L), glutamate level (M) and GLS protein level (N) were examined in A375 and A875 
cells incubated with si-NC, si-circ_0016418, si-circ_0016418+inhibitor NC or si-circ_0016418+miR-605-5p inhibitor. *P<0.05.
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inhibition efficiency of miR-605-5p was con-
firmed using qRT-PCR (Figure 3E). Furthermore, 
to explore whether circ_0016418 played a role 
in melanoma by modulating miR-605-5p, A375 
and A875 cells were incubated with si-NC, si-
circ_0016418, si-circ_0016418+inhibitor NC, 
or si-circ_0016418+miR-605-5p inhibitor, re- 
spectively. First of all, transfection with miR-
605-5p inhibitor attenuated the increase of 
miR-605-5p level caused by circ_0016418 
depletion (Figure 3F). Meanwhile, circ_0016418 
silencing blocked melanoma cell proliferation, 
invasion, and migration, and accelerated mela-
noma cell cycle arrest and apoptosis, while 
these impacts were abolished by down-regulat-
ing miR-605-5p (Figure 3G-K). Moreover, circ_ 
0016418 depletion reduced the levels of gluta-

mine consumption, glutamate, and GLS, where-
as introduction of miR-605-5p inhibitor abro-
gated these effects (Figure 3L-N). Altogether, 
these data evidenced that circ_0016418 regu-
lated melanoma progression and glutamine 
catabolism by sponging miR-605-5p. 

MiR-605-5p inhibits melanoma progression 
and glutamine catabolism through targeting 
GLS

TargetScan online database displayed that GLS 
was a putative target gene for miR-605-5p 
(Figure 4A). Then, dual-luciferase reporter anal-
ysis showed that mature miR-605-5p overtly 
decreased the luciferase activity of WT-GLS 
3’UTR reporter (Figure 4B). Compared with the 

Figure 4. MiR-605-5p inhibits melanoma progression and glutamine catabolism by targeting GLS. A. The predicted 
binding sites of miR-605-5p on GLS 3’UTR and its mutant sites are shown. B. Luciferase activity was examined in 
A375 and A875 cells co-transfected with WT-GLS 3’UTR or MUT-GLS 3’UTR and miRNA NC or miR-605-5p mimic. 
C and D. The protein level of GLS was detected in melanoma tissues and cells. E. GLS protein expression was ex-
amined in A375 and A875 cells transfected with pc-NC or pc-GLS. F-M. After A375 and A875 cells were incubated 
with miRNA NC, miR-605-5p mimic, miR-605-5p mimic+pc-NC or miR-605-5p mimic+pc-GLS, GLS expression, cell 
viability, invasion and migration, colony numbers, cell cycle and apoptosis, glutamine consumption, and glutamate 
level were measured using corresponding methods. *P<0.05.
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normal group, GLS protein level was remark-
ably increased in melanoma tissues and cells 
(Figure 4C and 4D). Additionally, the protein 
expression of GLS in pc-GLS group was signifi-
cantly elevated relative to pc-NC group, indicat-
ing an efficient overexpression efficiency (Fi- 
gure 4E). In order to verify whether miR-605-5p 
modulated melanoma growth by targeting GLS, 
a series of rescue experiments were performed 
in A375 and A875 cells incubated with miRNA 
NC, miR-605-5p mimic, miR-605-5p mimic+pc-
NC or miR-605-5p mimic+pc-GLS. The results 
revealed that transfection with pc-GLS abated 
the reduction of GLS level induced by miR-605-
5p mimic (Figure 4F). Next, up-regulation of 
miR-605-5p impeded melanoma cell prolifera-
tion, invasion, and migration and promoted cell 
cycle arrest and apoptosis, while these effects 
were reversed following overexpression of GLS 
(Figure 4G-K). Furthermore, the levels of gluta-
mine consumption and glutamate were strik-
ingly reduced after introduction of miR-605-5p 
mimic, whereas the changes were undermined 

by up-regulating GLS (Figure 4L, 4M). To sum 
up, these data demonstrated that miR-605-5p 
suppressed melanoma development and gluta-
mine catabolism by modulating GLS. 

Circ_0016418 regulates GLS expression by 
sponging miR-605-5p

Firstly, co-transfection of si-circ_0016418 and 
pc-GLS alleviated the decrease in GLS protein 
level caused by circ_0016418 silencing (Figure 
5A). To explore the regulatory effect of circ_ 
0016418 on GLS expression, A375 and A875 
cells were transduced with si-NC, si-circ_ 
0016418, si-circ_0016418+inhibitor NC or si-
circ_0016418+miR-605-5p inhibitor. As depi- 
cted in Figure 5B, circ_0016418 depletion sig-
nificantly reduced GLS protein level, while the 
impact was abated after transfection with miR-
605-5p inhibitor. These data indicated that 
circ_0016418 sponged miR-605-5p to regu-
late GLS expression. 

Figure 5. Circ_0016418 regulates GLS expression by sponging miR-605-5p. A. GLS protein level was measured 
in A375 and A875 cells transfected with si-NC, si-circ_0016418, si-circ_0016418+ pc-NC or si-circ_0016418+pc-
GLS. B. GLS protein level was examined in A375 and A875 cells incubated with si-NC, si-circ_0016418, si-
circ_0016418+inhibitor NC or si-circ_0016418+miR-605-5p inhibitor. *P<0.05.
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Knockdown of circ_0016418 blocks tumor 
growth in vivo

To further elucidate the role of circ_0016418 in 
tumorigenesis in vivo, we established a mela-
noma xenograft mouse model. As exhibited in 
Figure 6A, circ_0016418 silencing markedly 
reduced tumor volume. After 28 days, the nude 
mice were killed, and the tumors removed. The 
results illustrated that circ_0016418 knock-
down remarkably decreased tumor weight 
(Figure 6B). Meanwhile, the levels of circ_ 
0016418 and GLS were overtly decreased, and 
miR-605-5p level was strikingly elevated in the 
sh-circ_0016418 group compared with the 
sh-NC group (Figure 6C-E). These results evi-
denced that circ_0016418 depletion inhibited 
melanoma growth in vivo.

Discussion

Accumulating evidence has illuminated that 
altered glutamine catabolism in tumor cells 
exerts a critical effect on cell proliferation [10]. 
On the other hand, the energy requirements of 
glutamine in tumors are generally highly hetero-
geneous [5]. Recently, several studies have cor-
roborated that circRNAs play a regulatory role 
in tumor progression by regulating aspects of 
cellular metabolism, including glycolysis, gluta-

mine catabolism, and fat metabolism [28]. 
Nevertheless, the function of circ_0016418 in 
glutamine catabolism remains unknown. 

circRNAs regulate a range of biological func-
tions, including cellular metabolism, since they 
function as miRNA sponges or directly interact-
ing with proteins [31]. For example, Bian et al. 
demonstrated that circ_0025039 expedited 
melanoma progression and glucose metabo-
lism by sponging miR-198 to elevate CDK4 [2]. 
Lin et al. disclosed that circRNA ITCH up-regula-
tion restrained glucose uptake by reducing 
GLUT1 expression, thereby preventing melano-
ma cell proliferation [13]. Moreover, Han et al. 
suggested that circ-FOXM1 facilitated melano-
ma development and glycolysis by inhibiting 
miR-143-3p and activating FLOT2 [24]. In this 
research, we confirm that circ_0016418 level 
was remarkably increased in melanoma. Be- 
sides, previous research indicated that circ_ 
0016418 contributed to cell proliferation and 
metastasis in skin melanoma by sponging miR-
625 to activate YY1 [34]. Similarly, we show 
that circ_0016418 depletion impeded mela-
noma progression and glutamine catabolism. 

Furthermore, we used prediction software to 
mine possible targets for circ_0016418 to elu-
cidate the potential mechanism of circ_ 

Figure 6. Knockdown of circ_0016418 blocks tumor growth in vivo. A875 cells transfected with sh-NC or sh-
circ_0016418 were subcutaneously injected into nude mice. A. Tumor volume was measured every 7 days. B. After 
the mice were killed, the xenograft tumors were weighed. C-E. The levels of circ_0016418, miR-605-5p, and GLS 
were examined using qRT-PCR or western blot. *P<0.05.
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0016418 in melanoma. Due to the novelty of 
the circ_0016418/miR-605-5p pathway, miR-
605-5p was chosen as a candidate for further 
research. Several studies have revealed that 
miR-605 has a tumor-suppressive effect in a 
variety of tumors. In prostate cancer, knock-
down of miR-605 strengthened oncogenicity by 
activating EN2 [33]. In non-small-cell lung can-
cer, miR-605 overexpression hindered cell pro-
liferation and metastasis through down-regula-
tion of FOXP1 [32]. In melanoma, miR-605 
suppressed tumor progression through inhibi-
tion of INPP4B-induced SGK3 activation [3]. In 
the current research, miR-605-5p level was 
prominently reduced in melanoma. More impor-
tantly, we evidenced that circ_0016418 was a 
decoy for miR-605-5p, and miR-605-5p down-
regulation eliminated the inhibition of circ_ 
0016418 silencing on melanoma development 
and glutamine catabolism. 

Increasing evidence has manifested that miR-
NAs modulate gene expression by base-pairing 
with cytoplasmic mRNA 3’UTR [6]. Herein, we 
first verified that miR-605-5p directly bound to 
GLS 3’UTR and negatively regulated GLS 
expression. Hence, we hypothesized that circ_ 
0016418 might serve as a competing endoge-
nous RNA (ceRNA) for miR-605-5p to mediate 
GLS expression. Also, GLS is a key enzyme in 
glutamine metabolism and a tumor-promoting 
factor in various cancers [19, 20]. In prostate 
cancer, GLS silencing repressed cell prolifera-
tion and accelerated apoptosis through sup-
pression of Wnt/β-catenin pathway [29]. In glio-
ma, GLS down-regulation blocked cell proli- 
feration through modulation of oxidative stress 
[18]. In the present research, we discovered 
that GLS up-regulation mitigated the inhibition 
of miR-605-5p overexpression on melanoma 
progression and glutamine catabolism. Mech- 
anistically, we revealed that circ_0016418 ele-
vated GLS level by sponging miR-605-5p.

In conclusion, our research unveiled that 
circ_0016418 contributed to melanoma devel-
opment and glutamine catabolism, acting as a 
ceRNA for miR-605-5p to up-regulate GLS. 
Furthermore, circ_0016418 depletion imped-
ed tumor growth in vivo. These findings hinted 
that circ_0016418/miR-605-5p/GLS pathway 
might provide new treatment strategies for 
melanoma.
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