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Abstract. – OBJECTIVE: Some circular RNAs 
(circRNAs) have been testified to play crucial 
roles in the regulation of skin melanoma, includ-
ing circRNA_0016418 (circ0016418). However, 
the regulatory mechanism of circ0016418 in skin 
melanoma is undiscovered.

MATERIALS AND METHODS: The RNA ex-
pression was examined through quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
and associated-proteins levels were measured 
via Western blot. Cell counting kit-8 (CCK-8) as-
say was used for detecting cell proliferation. 
Transwell assay was conducted to assess the 
abilities of migration and invasion. The target re-
lation was analyzed by Dual-Luciferase report-
er assay.

RESULTS: The levels of circ0016418 and Yin 
Yang 1 (YY1) were up-regulated in skin mela-
noma tissues and cells. Knockdown of both 
circ0016418 and YY1 had suppressive effects on 
proliferation, migration, invasion, and epitheli-
al-mesenchymal transition (EMT) of skin mela-
noma cells. YY1 overexpression reverted the in-
hibitory effects on skin melanoma cells caused 
by circ0016418 knockdown. Circ0016418 nega-
tively modulated microRNA-625 (miR-625) ex-
pression and miR-625 directly targeted YY1. 
Circ0016418 functioned as a competitive endog-
enous RNA (ceRNA) of miR-625 to regulate YY1 
expression.

CONCLUSIONS: Circ0016418 regulated pro-
liferation, migration, invasion, and EMT of skin 
melanoma cells through miR-625/YY1 axis. 
Circ0016418 might be a useful indicator of the 
therapeutic strategies of skin melanoma.
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Introduction

Skin melanoma is a kind of skin cancers recog-
nized as a common malignancy along with squa-
mous cell carcinoma, basal cell carcinoma, and so 

on1. Actually, skin melanoma accounts for only a 
small percentage of skin cancers, but it is respon-
sible for the great mass of skin cancers deaths2. 
Due to the complexity of risk factors, including 
melanocytic nevi, the exposure of ultraviolet 
(UV), familiar history, and genetic susceptibili-
ty3, searching more biomarkers is pivotal for the 
treatment and prognosis of skin melanoma.

Circular RNAs (circRNAs) are highly stable 
and relatively resistant to degradation due to the 
covalent closed-loop structures with the deficien-
cy of accessible tail ends4,5. Authors6-9 suggested 
that circRNAs exerted the fundamental function 
in the regulation and tumorigenesis of human 
cancers, as transcriptional/post-transcriptional 
regulators. Recently, circRNAs were reported 
to generate a significant effect on the progres-
sion of skin cancers, such as circRNA006612, 
circRNA0025039, and circRNA00553710. Cir-
cRNA_0016418 (circ0016418) is derived from 
the Vasohibin2 (VASH2) gene and located on-
chr1 (213134507-213147412). Nevertheless, there 
is little research on the regulatory mechanism of 
circ0016418 in skin melanoma.

As acknowledged tumor regulators, microR-
NAs (miRNAs) combined with the 3’-untranslat-
ed regions (3’-UTRs) of targets to degrade mRNA 
and reduce translation11. MiRNAs were showed 
to be dysregulated and efficient for the therapy 
and evolution of skin melanoma12-14. For example, 
miR-195 restrained cell proliferation in skin mel-
anoma cells by regulating prohibitin 1 (PHB1)15; 
miR-138 had a reduction of cell growth and me-
tastasis in skin melanoma cells via negatively tar-
geting the hypoxia-inducible factor 1α (HIF1α)16. 
However, the regulatory mechanism of microR-
NA-625 (miR-625) is not fully understood.

Yin Yang 1 (YY1) is a zinc finger protein of 
human glioma-associated oncogene (GLI)-Krup-
pel family17 and exerts enormous impacts on the 
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regulation of tumor growth and development at 
the transcriptional level18,19. Liu et al20 showed that 
YY1 inhibited the proliferation and migration in 
pancreatic ductal adenocarcinoma by modulat-
ing some signal pathways. Su et al21 declared that 
YY1 promoted proliferation and migration of na-
sopharyngeal carcinoma (NPC) cells. YY1 has 
been reported to be a carcinogen in skin mela-
noma22, but further researches about the concrete 
mechanism are needed.

In our present report, both the effects of 
circ0016418 on cellular behaviors of skin mela-
noma cells and the regulatory mechanism were 
explored. This study emphasizes the modulatory 
mechanism of circ0016418 in skin melanoma and 
aims to exploit a novel biomarker and provide the 
basis for the skin melanoma progression.

Patients and Methods

Tissues Collection and Cell Culture
30 pairs of skin melanoma tissues and relative 

adjacent tissues were collected from patients who 
were subjected to the melanoma resection (no 
treatment for skin melanoma before surgery) at 
Huashan Hospital, Fudan University (Shanghai, 
China). All tissues were immediately stored at 
–80°C. Informed consent was signed by all par-
ticipators. Our research was authorized by the 
Ethics Committee of Huashan Hospital, Fudan 
University (Shanghai, China).

Human normal keratinocyte cell line HaCaT 
was purchased from Cell Lines Service GmbH 
(CLS GmbH, Eppelheim, Germany) and skin 
melanoma cell lines (SKMEL1 and SKMEL5) 
were purchased from American Type Culture 
Collection (ATCC; Manassas, VA, USA). These 
cells were cultivated in Dulbecco’s Modified Ea-
gle’s Medium (DMEM; Thermo Fisher Scientific, 
Waltham, MA, USA) replenished with 10% fetal 
bovine serum (FBS; Gibco, Rockville, MD, USA) 
and antibiotics (100 U/mL penicillin and 100 μg/
mL streptomycin; Gibco, Rockville, MD, USA) 
in a 37°C incubator with 5% CO2.

Cell Transfection
Small interfering RNA (siRNA) against 

circ0016418 (si-circ0016418#1, si-circ0016418#2 
and si-circ0016418#3), siRNA targeting YY1 (si-
YY1#1, si-YY1#2 and si-YY1#3), pcDNA-YY1 
overexpression vector (YY1), miR-625 mimic 
(miR-625), miR-625 inhibitor (anti-miR-625), 
and corresponding negative controls (si-NC, vec-

tor, miR-NC, anti-NC) were purchased from GE-
NEWIZ (Suzhou, China). Lipofectamine 3000 
kit (Invitrogen, Carlsbad, CA, USA) was used for 
cell transfection. When inoculated cells reached 
80% of the monolayer coverage, vectors/oligo-
nucleotides-lipid complexes were added to cells 
following the operating manual. Then, cells were 
harvested at the specific time according to the re-
quirements of assays.

Quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR)

The extraction of total RNA was implement-
ed utilizing TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). Following the reference manuals, re-
verse transcription experiment and PCR reaction 
were administrated by PrimeScript™ RT Master 
Mix and TB Green® Premix Ex Taq™ II Kit (Ta-
KaRa, Dalian, China), respectively. Glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) and 
small nuclear RNA U6 were used for normalizing 
the data. The primers were synthesized from GE-
NEWIZ and listed as follows: circ0016418 (For-
ward: 5’-CTCCGACCCAAGTGAGAAGC-3’, 
Reverse: 5’-CAGCCTGTAGTTTGGGACC-3’); 
VASH2 (Forward: 5’-ACGTCTCAAAGATGCT-
GAGG-3’, Reverse: 5’-CTCTCCGACCCAAGT-
GAGAA-3’); miR-625 (Forward: 5’-CCAG-
GGGGAAAGTTCTATAGTCC-3’, Reverse: 
5’-CAGTGCGTGTCGTGGAGT-3’); YY1 (For-
ward: 5’-TAACTTTGCTTGCGGTAGATT-3’, Re-
verse: 5’-CTACAACTGAGCACCACTTTCT-3’); 
GAPDH (Forward: 5’-GGGAAACTGTG-
GCGTGAT-3’, Reverse: 5’-GAGTGGGT-
GTCGCTGTTGA-3’); U6 (Forward: 5’-GC-
GCGTCGTGAAGCGTTC-3’, Reverse: 
5’-GTGCAGGGTCCGAGGT-3’). The analysis of 
relative expression levels was performed through 
the 2-∆∆Ct method.

Ribonuclease R (RNase R) Treatment
For the sake of analyzing the stability of 

circ0016418, 2 μg extracted RNA was incubated 
using 3U/μg RNase R (Epicentre Technologies; 
Madison, WI, USA) for 30 min under the tem-
perature of 37°C. After RNase R was treated, the 
relative RNA levels of circ0016418 and VASH2 
were examined through qRT-PCR.

Western Blot
After total proteins were extracted by cell ly-

sis buffer (Sigma-Aldrich, St. Louis, MO, USA), 
Western blot was administrated first through 
sodium dodecyl sulfate-polyacrylamide gel 
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electrophoresis (SDS-PAGE). After that, the 
polyvinylidene difluoride (PVDF) membranes 
(Sigma-Aldrich, St. Louis, MO, USA) were uti-
lized to transfer proteins, following blocked by 
5% skim milk (Sigma-Aldrich; St. Louis, MO, 
USA) for more than 3 h. After that, under the 
temperature of 4°C, the membranes were incu-
bated with primary antibodies anti-YY1 (Abcam, 
CA, UK, ab109237, 1:1000), anti-E-cadherin (Ab-
cam, ab40772, 1:1000), anti-N-cadherin (Abcam, 
ab76011,1:1000), anti-Vimentin (Abcam, ab92547, 
1:1000) or anti-GAPDH (Abcam, ab181602, 
1:3000) overnight. After incubation with pri-
mary antibodies, secondary antibody (Abcam, 
ab205718, 1:5000) was incubated for about 45 
min at room temperature. Eventually, the bands 
of proteins were emerged by means of enhanced 
chemiluminescence (ECL) reagent (Sigma-Al-
drich; St. Louis, MO, USA).

Cell Counting Kit-8 (CCK-8)
SKMEL1 and SKMEL5 cells were inoculated 

into a 96-well plate to perform cell transfection. 
At 0 h, 24 h, 48 h, and 72 h, cell incubation of 10 
μL CCK-8 (Sigma-Aldrich; St. Louis, MO, USA) 
lasted for another 2 h. Then, the optical density 
(OD) value at the wavelength of 450 nm could be 
detected with the help of the microplate reader 
(Thermo Fisher Scientific, Waltham, MA, USA).

Transwell Migration and Invasion Assays
In the migration assay, cells were first seed-

ed into the upper chamber of transwell 24-well 
chamber (Corning, Corning, NY, USA). Next, the 
lower chamber was added with DMEM contain-
ing 10% FBS in moderation. 24 h later, cells were 
fastened by 4% paraformaldehyde and stained by 
crystal violet (Sangon Biotech, Shanghai, China). 
Finally, migrated cells were recognized by a mi-
croscope. Unlike the migration assay, the upper 
chamber must be packaged using Matrigel (Corn-
ing Life Sciences, Tewksbury, MA, USA) before 
cell seeding. Then, invaded cells can be observed.

Dual-Luciferase Reporter Assay
Circular RNA Interactome and starBase were 

used for the prediction of circRNA-miRNA and 
miRNA-gene, respectively. The sequences of 
wide-type (WT) circ0016418 and 3’-UTR of WT-
YY1 were severally cloned into pGL3 basic Lu-
ciferase vector (Promega, Madison, WI, USA) 
to construct WT-circ0016418 and YY1 3’UTR-
WT, along with their mutant-type (MT) controls 
(MUT-circ0016418 and YY1 3’UTR-MUT). Sub-

sequently, four Luciferase reporter plasmids were 
transfected into SKMEL1 and SKMEL5 cells 
with miR-625 or miR-NC, respectively. Then, 
Dual-Luciferase reporter system (Promega, Mad-
ison, WI, USA) was used for the measurement of 
relative Luciferase activity from lysed cells, in 
light of the user’s guideline.

Statistical Analysis
Data were revealed as the mean ± standard de-

viation (SD) with repetition at least three times. 
Biological analysis and data handling were carried 
out by SPSS 19.0 (IBM, Armonk, NY, USA) and 
GraphPad Prism 7 (San Diego, CA, USA). Linear 
relationship was analyzed with Spearman’s cor-
relation coefficient. Differences analysis was exe-
cuted through Student’s t-test or one-way analysis 
of variance (ANOVA) followed by Dunnett’s test. 
The difference was significant when p<0.05.

Results

Circ0016418 and YY1 Were Up-Regulated 
in Skin Melanoma Tissues and Cells

The expression of circ0016418 in skin melanoma 
was first measured. Through the analysis of qRT-
PCR, an apparent increase of circ0016418 level was 
observed in skin melanoma tissues (Figure 1A) and 
cells (SKMEL1 and SKMEL5; Figure 1B) by com-
parison with normal adjacent tissues and HaCaT 
cell line. The resistance of circ0016418 to RNase R 
was much higher than the original gene VASH2 in 
SKMEL1 (Figure 1C) and SKMEL5 (Figure 1D) 
cells, insinuating that circ0016418 was more stable. 
Besides, the mRNA and protein levels of YY1 were 
both distinctly up-regulated in skin melanoma tis-
sues contrasted to adjacent tissues (Figure 1E and 
F). Likewise, there was a significant elevation in 
YY1 mRNA (Figure 1G) and protein (Figure 1H) 
levels in SKMEL1 and SKMEL5 cells. Due to the 
identical trend of high expression, we analyzed the 
linear relation between circ0016418 and YY1 in skin 
melanoma tissues, and a significant positive correla-
tion was observed (r=0.443, p=0.0142; Figure 1I). 
The up-regulation of circ0016418 and YY1 might be 
related to the regulation of skin melanoma.

Knockdown of Circ0016418 Reduced 
Proliferation, Migration, Invasion, and 
Epithelial-Mesenchymal Transition (EMT) 
in Skin Melanoma Cells

The role of circ0016418 in skin melano-
ma was first explored. In SKMEL1 and SK-
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Figure 1. Circ0016418 and YY1 were up-regulated in skin melanoma tissues and cells. A-B, QRT-PCR was used to determine the circ0016418 expression in skin melanoma 
tissues (A) and cells (B). C-D, Circ0016418 and VASH2 levels were measured by qRT-PCR in SKMEL1 and SKMEL5 cells treated with RNase R. E-H, MRNA and protein 
levels of YY1 were detected by qRT-PCR and Western blot in skin melanoma tissues (E and F) and cells (G and H). I, Linear correlation between circ0016418 and YY1 was 
analyzed with Spearman’s correlation coefficient. *p< 0.05.
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MEL5 cells, the expression of circ0016418 was 
strikingly interfered by si-circ0016418#1, si-
circ0016418#2, and si-circ0016418#3 (Figure 
2A and B). Si-circ0016418#2 with the highest 
interference efficiency was selected to perform 
the subsequent assays. After transfection with 
si-circ0016418#2, cell proliferation was overtly 
suppressed in both SKMEL1 (Figure 2C) and 
SKMEL5 (Figure 2D) cells compared with si-
NC group. Similarly, the numbers of migrated 
cells (Figure 2E) and invaded cells (Figure 2F) 
in si-circ0016418#2 group were fewer than those 
in si-NC group. In addition, the protein level 
of E-cadherin (EMT inhibited marker) was no-
tably increased while the levels of N-cadherin 
and Vimentin (EMT promoted markers) were 
both descended in SKMEL1 (Figure 2G) and 
SKMEL5 (Figure 2H) cells transfected with si-
circ0016418#2. The above data demonstrated 
that cell proliferation, migration, invasion, and 
EMT were all restrained in skin melanoma cells 
after circ0016418 was knocked down.

Inhibition of YY1 Generated Suppressive 
Effects on Proliferation, Migration, Inva-
sion and EMT in Skin Melanoma Cells

YY1 was knocked down to investigate the 
function in skin melanoma. QRT-PCR and West-
ern blot showed that the knockdown efficiencies 
of si-YY1#1, si-YY1#2, and si-YY1#3 were all 
prominent, and si-YY1#1 was the greatest of both 
mRNA (Figure 3A and B) and protein (Figure 
3C and D) levels. Thus, SKMEL1 and SKMEL5 
cells were transfected with si-YY1#1 or si-NC. 
CCK-8 revealed that the OD value was lower in 
si-YY1#1 group than that in si-NC group (Figure 
3E and F). The transwell assay indicated that cell 
migration (Figure 3G) and invasion (Figure 3H) 
were both refrained by transfection of si-YY1#1. 
Also, down-regulation of YY1 significantly en-
hanced the protein level of E-cadherin but re-
duced the levels of N-cadherin and Vimentin in 
SKMEL1 (Figure 3I) and SKMEL5 (Figure 3J) 
cells. In short, inhibition of YY1 had inhibitory 
effects on proliferation, migration, invasion, and 
EMT of skin melanoma cells.

Overexpression of YY1 Reversed the 
Si-Circ0016418-Induced Effects on Skin 
Melanoma Cells

Si-circ0016418#2, si-circ0016418#2+YY1 or mat- 
ched controls were transfected into SKMEL1 
and SKMEL5 cells for exploring the interac-
tion between circ0016418 and YY1 in cellular 

processes. After the analysis of qRT-PCR and 
Western blot, si-circ0016418#2 transfection 
markedly decreased the YY1 mRNA (Figure 
4A) and protein (Figure 4B) levels, but the de-
crease was alleviated by YY1 transfection. Of 
note, the repression of cell proliferation caused 
by si-circ0016418#2 was abated by the up-reg-
ulation of YY1 (Figure 4C and D). Similarly, 
the transfection of YY1 signally receded the 
si-circ0016418-induced suppressant effects on 
migration (Figure 4E) and invasion (Figure 
4F). Besides, there was a notable mitigation of 
si-circ0016418#2-induced E-cadherin, N-cad-
herin, and Vimentin expression after YY1 
expression was elevated in SKMEL1 and SK-
MEL5 cells (Figure 4G and H). Taken together, 
the si-circ0016418-induced repressive effects 
on proliferation, migration, invasion, and EMT 
of skin melanoma cells were all ameliorated by 
YY1 overexpression.

Circ0016418 Negatively Modulated 
MiR-625 Expression and MiR-625 
Directly Targeted YY1

After the prediction of circular RNA In-
teractome and starBase, we found that WT-
circ0016418 and YY1 3’UTR-WT both con-
tained the binding sites of miR-625, as opposed 
to their mutant types (Figure 5A). Afterward, 
the target relation was analyzed by Dual-Lu-
ciferase reporter assay, in which the Luciferase 
activities of WT-circ0016418 (Figure 5B and C) 
and YY1 3’UTR-WT (Figure 5D and E) groups 
in SKMEL1 and SKMEL5 cells transfected 
with miR-625 were definitely declined, whereas 
the decline was blocked by MUT-circ0016418 
and YY1 3’UTR-MUT. After that, qRT-PCR 
indicated that miR-625 expression was boosted 
by the knockdown of circ0016418 (Figure 5F). 
Overexpression effect of miR-625 was evident 
(Figure 5G) and miR-625 significantly reduced 
the YY1 mRNA (Figure 5H) and protein (Fig-
ure 5I) levels. In addition, the level of miR-625 
was clearly down-regulated in skin melanoma 
tissues (Figure 5J) and cells (SKMEL1 and SK-
MEL5; Figure 5K) in comparison to normal 
adjacent tissues and HaCaT cells. In skin mela-
noma tissues, there was a conspicuous negative 
linear relation between circ0016418 and miR-
625 expression (r=-0.4958, p=0.0053; Figure 
5L), and between the levels of miR-625 and 
YY1 (r=-0.529, p=0.0027; Figure 5M). Thus, 
circ0016418 negatively regulated the miR-625 
level and YY1 was a target of miR-625.
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Figure 2. Knockdown of circ0016418 reduced proliferation, migration, invasion, and epithelial-mesenchymal transition (EMT) in skin melanoma cells. A, B, QRT-PCR 
was used for evaluating the interference efficiencies of si-circ0016418#1, si-circ0016418#2, and si-circ0016418#3 in SKMEL1 and SKMEL5 cells. C, D, CCK-8 was used to 
detect cell proliferation in SKMEL1 and SKMEL5 cells transfected with si-circ0016418#2 or si-NC. E, F, Transwell assay was administrated to measure cell migration (E) 
and invasion (F) (magnification: 300×). G, H, Western blot was utilized for examining the levels of EMT-associated proteins. *p< 0.05.
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Figure 3. Inhibition of YY1 generated suppressive effects on proliferation, migration, invasion, and EMT in skin melanoma cells. A-D, Knockdown efficiencies of si-
YY1#1, si-YY1#2, and si-YY1#3 were assessed by qRT-PCR (A and B) and Western blot (C and D) in SKMEL1 and SKMEL5 cells. E, F, Cell proliferation was examined 
by CCK-8 after transfection with si-YY1#1 or si-NC. G, H, Cell migration and invasion were determined by transwell assay. I, J, EMT-associated proteins levels were 
measured by Western blot. *p< 0.05.
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Figure 4. Overexpression of YY1 reversed the si-circ0016418-induced effects on skin melanoma cells. A, B, YY1 mRNA and protein levels were measured by qRT-PCR 
and Western blot in SKMEL1 and SKMEL5 cells transfected with si-circ0016418#2, si-circ0016418#2+YY1 or relative controls. C, D, Detection of cell proliferation was 
implemented by CCK-8. E, F, Examination of cell migration (E) and invasion (F) was carried out by transwell assay. G, H, Analysis of EMT-associated proteins levels 
was conducted by Western blot. *p< 0.05.
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Figure 5. Circ0016418 
negatively modulated 
miR-625 expression and 
miR-625 directly tar-
geted YY1. A, Circular 
RNA Interactome and 
starBase were used for 
predicting the targets of 
circ0016418 and miR-
625, respectively. B-E, 
Dual-Luciferase reporter 
assay was conducted to 
verify the relationship 
between circ-0016418 
and miR-625 (B and C) 
or miR-625 and YY1 
(D and E) in SKMEL1 
and SKMEL5 cells. F, 
Level of miR-625 was 
determined by qRT-PCR 
after transfection with si-
circ0016418#2 or si-NC. 
G, QRT-PCR was applied 
to detect the overexpres-
sion effect of miR-625. 
H, I, YY1 mRNA and 
protein levels were mea-
sured by qRT-PCR and 
Western blot after trans-
fection with miR-625 or 
miR-NC. J, K, QRT-PCR 
was utilized for examin-
ing the level of miR-625 
in skin melanoma tissues 
(J) and cells (K). L, M, 
Spearman’s correlation 
coefficient was used to 
analyze the relation be-
tween circ0016418 and 
miR-625 or miR-625 and 
YY1 in skin melanoma 
tissues. *p< 0.05.
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Down-Regulation of Circ0016418 
Restrained YY1 Expression by Promoting 
MiR-625

To research the regulatory mechanism between 
circ0016418 and YY1, SKMEL1 and SKMEL5 
cells were transfected with si-circ0016418#2, si-
circ0016418#2+anti-miR-625, and relative con-
trols. As Figure 6A depicted, anti-miR-625 trans-
fection apparently weakened the promotion of 
miR-625 expression caused by si-circ0016418#2. 
Furthermore, the mRNA level of YY1 was mark-
edly decreased by the knockdown of circ0016418, 
but miR-625 inhibitor reversely elevated the YY1 
level (Figure 6B). The suppression of miR-625 
also relieved the si-circ0016418#2-induced re-
duction of YY1 protein level (Figure 6C). These 
results attested that circ0016418 down-regulation 
inhibited the level of YY1 via up-regulating miR-
625, hinting that circ0016418 acted as a compet-
itive endogenous RNA (ceRNA) of miR-625 to 
modulate the expression of YY1.

Discussion

To obstruct the death and recurrence of skin 
melanoma, it is indispensable to search novel bio-
markers for promoting the therapy and prognosis. 
During the current research, we found circ0016418 
was overexpressed in skin melanoma, and that 
there were inhibitory effects on proliferation, mi-
gration, invasion, and EMT in skin melanoma cells 
after circ0016418 was knocked down. Further-
more, circ0016418 exerted its function via regu-
lating miR-625/YY1 axis, suggesting circ0016418 
could be a valid indicator for the treatment of skin 
melanoma as a novel oncogenic role.

Generated by back-splicing or gene rearrange-
ment, circRNAs are considered as better thera-
peutic targets and regulatory non-coding RNAs 
(ncRNAs) with sequence stability in comparison 
to linear ncRNAs5,6. In recent years, circRNAs 
were presented to be aberrantly expressed and 
regulate the different types of melanomas. Yang 

Figure 6. Down-regulation of circ0016418 restrained YY1 expression by promoting miR-625. A-B, QRT-PCR was performed 
to examine the levels of miR-625 (A) and YY1 (B) in SKMEL1 and SKMEL5 cells transfected with si-circ0016418#2, si-
circ0016418#2+anti-miR-625, and matched controls. C, Protein level of YY1 was detected by Western blot. *p< 0.05.
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et al23 unraveled that some circRNAs were dysreg-
ulated and might be promising candidates for the 
researches of mechanism in uveal melanoma, in-
cluding circ0047924, circ0128533, circ0032148, 
and so on. Ju et al24 showed that circ0005320, 
circ0067531, and circ0008042 had high expres-
sion, but circ0000869 and circ0000853 were 
down-regulated in metastatic oral mucosal mel-
anoma. For skin melanoma, circ0084043 was 
showed to be overtly up-regulated and promote 
cell proliferation, migration, and invasion25. In 
addition, circ0016418 was proved to have an in-
crease of expression in skin melanoma, and cell 
proliferation and invasion were reduced with the 
silence of circ001641826. However, the regulato-
ry mechanism of circ0016418 is entirely ill-de-
fined. This study was conducted to address this 
matter with great research significance. At first, 
circ0016418 was up-regulated in skin melanoma 
and more stable than its original gene VASH2. 
Then, knockdown of circ0016418 had a distinct 
suppression of proliferation, migration, inva-
sion. Moreover, EMT occurring in the embry-
onic development is considered as the symbol of 
canceration, and the inhibition of E-cadherin, as 
well as the increase of N-cadherin and Vimen-
tin, is shown in the EMT process27. In this re-
port, E-cadherin expression was elevated while 
N-cadherin and Vimentin were down-regulated 
after circ0016418 was knocked down, implying 
the repression of EMT. Further, circ0016418 
played an oncogenic role in skin melanoma, con-
sistent with the findings of Wang et al26.

YY1, a ubiquitous transcription factor, was 
reported to modulate the cellular phenotype of 
skin melanoma cells28. Zhao et al29 elucidat-
ed that YY1 expression was enhanced in skin 
melanoma and the down-regulation of YY1 re-
strained cell proliferation and migration. In cor-
respondence with their report, YY1 was found 
to be highly expressed in skin melanoma tissues 
and cells compared to that in normal tissues and 
cells. They showed repressive impacts of not 
only proliferation and migration but also inva-
sion and EMT process. Since the identical role 
of circ0016418 and YY1 in skin melanoma and 
the positive correlation between circ0016418 and 
YY1 in tissues, we speculated that certain reg-
ulatory mechanism existed between circ0016418 
and YY1. Further experiments indicated that 
when YY1 was overexpressed, the inhibition of 
proliferation, migration, invasion, and EMT in-
duced by knockdown of circ0016418 was abat-
ed, suggesting that knockdown of circ0016418 

reduced oncogenesis of skin melanoma by de-
creasing YY1 level.

CircRNAs, as competing endogenous RNAs 
(ceRNAs), acted as native miRNA sponges to de-
crease the combination between miRNAs and their 
target genes, resulting in the alteration of gene lev-
el30-32. For instance, Wang et al33 asserted that circu-
lar RNA protein arginine methyltransferase 5 (circ-
PRMT5) enhanced the proliferation of non-small cell 
lung cancer cells via promoting zeste homologue 2 
(EZH2) as miR-377/382/498 sponges. Circ0084043 
expedited Snail expression by sponging miR-153-3p 
in skin melanoma cells25. Hence, there might be a 
miRNA connection between circ0016418 and YY1 
to form the circRNA-miRNA-gene regulatory net-
work in skin melanoma. As expected, circular RNA 
Interactome and starBase singled out miR-625 that 
contained the binding sites of WT-circ0016418 and 
YY1 3’UTR-WT. Then, further assays demonstrat-
ed that circ0016418 negatively targeted miR-625 in 
skin melanoma cells, and miR-625 targeted YY1. 
Next, we investigated the level of miR-625 and 
found there was a reduction of miR-625 both in skin 
melanoma tissues and cells, in line with the previous 
report34. Furthermore, miR-625 inhibitor relieved 
the effect on YY1 expression caused by a decrease 
of circ0016418, manifesting that circ0016418 knock-
down reduced the level of YY1 via motivating miR-
625 in skin melanoma cells. It was indicated that 
circ0016418 modulated the expression of YY1 in 
skin melanoma cells, as a ceRNA for miR-625.

Conclusions

The knockdown of circ0016418 suppressed 
proliferation, migration, invasion, and EMT 
in skin melanoma cells by inhibiting YY1 via 
accelerating the expression of miR-625. This 
is the first study on the modulatory mecha-
nism of circ0016418 in skin melanoma, and 
the circ0016418/miR-625/YY1 axis was also 
discovered for the first time. Meaningfully, 
circ0016418 could involve in the advancement 
of therapeutic methods of skin melanoma, as 
a promising index. It is worth expecting that 
circ0016418 can work well in the clinical re-
search of the treatment for skin melanoma pa-
tients.
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