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Circular RNA circRNA_0082835 promotes progression and lymphatic metastasis
of primary melanoma by sponging microRNA miRNA-429
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ABSTRACT

To identify how circular RNA circRNA_0082835 impacts melanoma cells and lymphatic metastasis
to observe whether it exerts effects through its action mechanism of sponging microRNA miR-429.
Clinical baseline information was collected, and clinical samples were used for detection on
circRNA_0082835 and EZH2. The expression of circRNA_0082835, EZH2, and miR-429 was
detected by quantitative real-time PCR (RT-gPCR). Cell proliferation was tested with cell counting
kit-8 (CCK-8). Flow cytometry was applied to examination of cell cycle levels. Cell invasion and
migration were observed by transwell and wound healing. The expression of Wnt/B-catenin
pathway, cell cycle and epithelial-mesenchymal transition (EMT) marker proteins was analyzed
by western blot. Dual-luciferase determined the binding of miR-429 and circ_0082835. As a result,
the expression of circRNA_0082835 was increased and that of miR-429 was decreased with the
increase in lymphatic metastasis level. CircRNA_0082835 expression was downregulated by
circ_0082835 interference, upregulated by EZH2 interference and also downregulated after trans-
fection of both shRNA-circ_0082835 and shRNA-EZH2. Inhibiting circ_0082835 and EZH2 sup-
pressed the proliferation, invasion and migration, regulated the cell cycle levels, inhibited Wnt/p-
catenin and attenuated EMT in melanoma cells. Inhibition of circ_0082835 and/or EZH2 elevated
miR-429 expression. The binding among miR-429 and circ_0082835 was verified. MiR-429 inhibitor
reversed the effect of circ_0082835 interference while having no significant impact on EZH2. In
conclusion, circRNA_0082835 sponges miR-429 to affect the anti-tumor effect of miR-429 in
primary melanoma and lymphatic metastasis.
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‘ Block Wnt/B-catenin pathway

Introduction [3]. While this disease can be accurately diag-
nosed with biopsy, it is still a challenge to treat

patients with melanoma as surgical margin has

Melanoma usually refers to malignant mela-
noma, a type of skin cancer originated from

melanocytes, which often develops on the skin
and sometimes on the mucosal site or even
viscera including the intracranial site[1,2]. The
main metastasis route of melanoma is lymphatic
metastasis which is often occurred after stage III

only limited preciseness and the efficacy largely
depends on cancer stages [4]. Furthermore, pro-
gression assessment in lack of accuracy and
diagnostic biopsy inadequate for differentiation
between normal nevi and melanoma are also
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considered impediments for the melanoma treat-
ment [5]. Thus, it is necessary to broaden the
knowledge of melanoma and to develop more
effective treatment for this horrible disease.

The implication of circular RNAs (circRNAs)
in cancer has been reported in many studies.
For instance, Shang et al. elucidated the onco-
genicity of circMTUSI in conjunctival mela-
noma [6]; Wei et al. demonstrated the
promotive effect of circ_0020710 on melanoma
progression via regulation of miR-370-3p/
CXCL12 pathway [7]. According to the high
throughput screening (HTS) of circRNAs in
a research on melanoma [8], circRNA_0082835
is one of the circRNAs and found to be signifi-
cantly overexpressed in melanoma tissue.
Furthermore, it is noted on circBase (http://
circrna.org/) that circRNA_0082835 is located
in the EZH2 gene (chr7: 148,511,050-
148,511,229). High levels of EZH2 was shown
to be associated with more malignant forms of
melanoma [9,10]. High EZH2 expression was
related to the increased proliferation, thicker
primary melanomas, and increased invasion
[9]. Knockdown of EZH2 suppressed prolifera-
tion, restored a senescent-like phenotype of
melanoma cells, and inhibited the growth of
xenografts in mice [11]. Inhibition of EZH2
negatively regulated the proliferation of human
melanoma cells [12]. Therefore, why we
intended to find out how circRNA_0082835
affects melanoma cells.

ENCORI database (http://starbase.sysu.edu.
cn/) was consulted for potential miRNAs that
interact with cicrRNA_0082835, one of which

was miR-429. It is well substantiated that miR-
429 plays an anti-tumor role in various cancer
types. miR-429 overexpression obviously inhib-
ited proliferation and promoted apoptosis of
gastric cancer cells, which was reversed by
miR-429 inhibitor [13]. Upregulation of miR-
429 suppressed the increase of tumor size and
weight in nude mice [14]. miR-429 expression
was obviously decreased in glioblastoma tissues
and human glioma cells and miR-429 played
inhibition effects on the proliferation and inva-
sion of glioblastoma cells [15]. The tumor-
specific expression of miR-429 is also shown
on ENCORI website. However, the role of
miR-429 in regulation of melanoma cells
remains unknown and needs us to explore.

Therefore, we assume that circRNA_0082835
may be able to influence the cellular process of
melanoma cells through interaction with
miRNA-429, which alters the effects of
miRNA-429. We detected the expression of
circRNA_0082835 and miRNA-429 in mela-
noma tissues and expression of
circRNA_0082835 and EZH2 in melanoma
cells. Subsequently, cell counting kit-8 (CCK-
8), flow cytometry, transwell and wound heal-
ing assays were used to explore the effects of
inhibiting circRNA_0082835 and/or EZH2 on
the biological function of melanoma cells and
reversible effect of inhibiting miRNA-429 on
the effects of inhibiting circRNA_0082835 and/
or EZH2. Our study is expected to provide
a possible channel to the development of effec-
tive treatment for malignant melanoma in the
future.

Table 1. TNM stage and lymphatic metastasis of malignant melanoma.

Age Gender Tumor size (mm) TNM stage Lymphatic metastasis
47 Male 1 1A No
63 Female 0.1 IA No
44 Female 0.3 1A No
67 Male 0.4 1A No
63 Female 0.2 1A No
56 Male 0.1 v No
64 Female 0.1 lnc Yes
49 Female 0.3 A Yes
53 Male 0.1 A Yes
58 Male 0.2 [\ Yes
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Materials and methods
Clinical sample collection

Ten melanoma patients (five males and five
females, aged between 44 and 67) from The First
Affiliated Hospital of Nanjing Medical University
diagnosed with malignant melanoma (metastasis
or no metastasis) were chosen and melanoma tis-
sues from metastasis or no metastasis groups were
surgically resected from 10 melanoma patients.
The clinical baseline information of 10 melanoma
patients is shown in Table 1. Informed consent
forms were signed by all patients. The ethics com-
mittee has approved this study of The First
Affiliated Hospital of Nanjing Medical University
between December 2018 and December 2020 in
our department (2020-SR-563).

Cell lines and treatments

Human melanoma cell lines available in our
laboratory include cell strains A375 (cat. no.
CRL-1619), WM451 (cat. no. CRL-2813), SK-
MEL-24 (cat. no. HTB-71), and WM35 (cat. no.
CRL-2807), all sourced from American Type
Culture Collection (ATCC). Normal human mela-
nocyte cell line HM (cat. no. MZ-2700) was pur-
chased from Mingzhou Biological Technology Co.,
Ltd (Ningbo, China). The cells were grown in
Dulbecco’s Modified Eagle’s Medium (DMEM;
Thermo Fisher Scientific, Waltham, MA, USA)
containing 10% fetal bovine serum (FBS; Thermo
Fisher Scientific, Waltham, MA, USA) or Eagle’s
Minimum Essential Medium (EMEM; Thermo
Fisher Scientific, Waltham, MA, USA) containing
15% FBS. For subculture, the complete growth
medium was removed, and the cell layers were
rinsed with 0.25% (w/v) Trypsin-0.53 mM ethy-
lene diamine tetraacetic acid solution (EDTA;
GIBCO BRI, Grand Island, NY, USA). Next,
3.0 mL of Trypsin-EDTA was added to the flask
for dispersion of the cells. 8.0 mL of complete
growth medium was then added, and the cells
were aspirated by gently pipetting. Cell suspension
in new culture vessels was incubated at 37°C. The
medium was renewed every 2-3 days.

shRNA plasmids of circ_0082835 and EZH2 as
well as miRNA-429 inhibitor were constructed or
synthesized by GenePharma (Shanghai, China).
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Quantitative real-time PCR (RT-qPCR)

Total RNA was extracted using TRIzol"™ reagent
(Invitrogen, Carlsbad, CA, USA). Reverse tran-
scription was performed to synthesize cDNA,
according to the manufacturer’s protocol of the
PrimeScript RT reagent kit (TaKaRa, Tokyo,
Japan). RT-qPCR was performed with SYBR
Premix Ex Taq (TaKaRa) on a CFX96 Realtime
System (Bio-Rad Laboratories, Inc., Hercules, CA).
The procedure was 30 s at 95°C for the holding
stage, 5 s at 95°C and 30 s at 60°C in total 40 cycles
for the cycling stage. Relative quantification was
calculated with the application of 27**“' method
[16]. The expression levels of circRNA_0082835
and EZH2 were normalized to GAPDH and miR-
429 expression levels to Ue6.

Cell Counting Kit-8 (CCK-8)

Cell proliferation was examined using CCK-8
(Beyotime, Nanjing, China) referring to
a previous study [17]. Melanoma cells were
added into the plate at a density of 100 pl
2 x 107 cells per well. After treatments in different
groups, 10 pl of CCK-8 solution was added to each
well for incubation with the cells for 2 h.
Absorbance was measured using a Multiskan™ Go
microplate spectrophotometer (Thermo Fisher
Scientifc, Inc.) at 450 nm, respectively, after incu-
bation for 24 h, 48 h, and 72 h.

Flow cytometry

Melanoma cell cycles were detected with flow
cytometry. Cells in the number of approximately
1 x 10° were centrifuged, suspended in 0.3 ml PBS
buffer (Aladdin, Shanghai, China) containing 10%
FBS (Thermo Fisher Scientific, Waltham, MA,
USA) and fixed at —20°C for 24 h after addition
of 0.7 ml absolute ethyl alcohol. The cells were
then centrifuged at 3000 r/min for 30 min and
resuspended by 1 ml PBS (Aladdin, Shanghai,
China) after the supernatant was discarded. After
centrifugation once again, the cells were sus-
pended in 100 pl 1 mg/ml RNase A (Beyotime,
Nanjing, China) and placed at 37°C for 30 min to
achieve sedimentation of the cells. A 400 pl 50 pg/
ml propidium iodine (PI; Sigma-Aldrich, St. Louis,
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MO, USA) was used to stain the cells in the dark
for 10 min before detection by a Beckman Coulter
CytoFLEX and BD FLOWJO-V10 software
(Beckman Coulter, Inc.).

Transwell assay

The invasion ability of the cells was assayed by
transwell assay referring to a previous study [18].
A 100 ul of Matrigel (Corning Incorporated,
Corning, NY, USA) diluted in serum-free medium
(Sigma-Aldrich, St. Louis, MO, USA) at 4°C and
then used to precoat the membrane of the upper
chamber. The chamber was placed in a 37°C envir-
onment for about 1 h to allow gel formation. Cells
growing in the logarithmic stage were washed with
PBS (Aladdin, Shanghai, China) and suspended in
serum-free medium. The density of the cells was
adjusted to 5 x 10°/ml. Next, 500 pl of culture
medium containing 5% FBS was added to the
lower chamber of the 24-well plate. Transwell
chamber was put in the plate by a tweezer.
A 150 ul of cell suspension was added to the
upper chamber followed by incubation for 24 h.
Subsequently, transwell chamber was taken out,
and the culture medium was absorbed. Matrigel
and cells in the upper chamber were gently wiped
with a cotton swab. The chamber was then put in
a new 24-well plate and fixed with 600 pl of 4%
paraformaldehyde (Aladdin, Shanghai, China) for
30 min, followed by staining with 0.1% crystal
violet (Solarbio, Beijing, China) for 10 min. After
air drying, cells were observed and counted with
a high-power microscope from five different visual
angles.

Wound healing assay

Cell migration was detected by wound healing
assay referring to a previous study [19].
A horizontal line was evenly drawn across the
hole on the back of the 6-well plate using a ruler,
about every 0.5 ~ 1 cm. 5 x 10° cells were added to
well and grown overnight. The tip of a pipette was
used to create wound on the cell surface the
next day. The cells were then washed 3 times
with PBS (Aladdin, Shanghai, China) and incu-
bated in serum-free medium in a 37°C, 5% CO,

incubator. Images were taken at 0 h, 6 h, 12 h and
24 h of incubation.

Western blot analysis

Gene expression of target proteins was detected by
western blot referring to a previous study [17].
Protein samples were prepared using RIPA lysis
buffer (Beyotime, Nanjing, China). And protein
concentration was determined by bicinchoninic
acid (BCA) kit (Abcam, Cambridge, MA, USA).
SurePAGE™ precast sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) gel
(GenScript, Nanjing, China) was used for electro-
phoresis. SDS-PAGE buffer was added to the pro-
tein samples, which were then denatured by
boiling water bath at 100°C for 5 min. The samples
after cooldown were loaded into the well and
electrophorized until bromophenol blue reached
the bottom of the gel. After the samples were
transferred to polyvinylidene fluoride (PVDF)
membrane (Corning Incorporated, Corning, NY,
USA) and fixed with 5% bovine serum albumin
(BSA; Thermo Fisher Scientific, Waltham, MA,
USA), they were incubated against Wnt5a
(ab282153; dilution, 1:1000; Abcam), P-catenin
(ab68183; dilution, 1:1000; Abcam), CyclinD1
(ab16663; dilution, 1:200; Abcam), CyclinEl
(ab33911; dilution, 1:1000; Abcam), CRKL
(ab32018; dilution, 1:1000; Abcam), E-cadherin
(E-cad) (ab40772; dilution, 1:10,000; Abcam),
N-cadherin (N-cad) (ab76011; dilution, 1:5000;
Abcam) and GAPDH (ab9485; dilution, 1:2500;
Abcam) at 4°C overnight and then with diluted
goat Anti-Rabbit IgG (H + L) secondary antibody
(ab6721 dilution, 1:2000; Abcam) at room tem-
perature for 1 h. The protein bands were visualized
on a Tanon Chemiluminescence Imaging system
with an ECL regent (Thermo Fisher Scientific).
The density of the protein bands was quantified
using Alphalmager™ 2000 Imaging System (Alpha
Innotech).

Dual-luciferase reporter assay

The interaction between miR-429 and
circ_0082835 or EZH2 was verified by dual-
luciferase reporter assay referring to a previous
study [20]. Transfection of WT-circ_0082835/



EZH2, MUT-circ_0082835/EZH2 and miR-429
mimic was performed using Lipofectamine 2000
reagent (Thermo Fisher Scientific, Waltham,
MA, USA) when the cells converged about
70%. 48 h after transfection, the culture med-
ium was absorbed. The cells were lysed and
centrifuged at 10,000 x g for 5 min, and the
supernatant was collected. The firefly and

Renilla luciferase activities were detected
according to the guidelines of the dual-
luciferase  reporter assay kits (Abcam,

Cambridge, MA, USA) using Dual-Luciferase
Reporter Assay System (Promega Biotech Co.,
Madison, USA). The ratio of the firefly and
Renilla luciferase activities represented the rela-
tive luciferase activity.

Statistical analysis

Data are presented as the mean + standard
deviation (SD). Two-group comparisons were
analyzed with Student’s t test and one-way
ANOVA followed by the Turkey’s test was
applied to the comparison between multiple
groups. GraphPad Prism 6 analyzed the data
and graphed the figures. P value less than 0.05
suggests significant statistical difference.
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Results

Increased circRNA_0082835 expression and
decreased miR-429 expression in clinical
melanoma samples

The detection of circRNA_0082835 and miR-429
expressions in clinical melanoma samples was con-
ducted by RT-qPCR. The result showed rising
circRNA_0082835 expression level and declining
miR-429 expression level as the number of meta-
static lymph nodes increased (Figure 1(a-B)).
circRNA_0082835 expression was negatively
related to the miR-429 expression (Figure 1(c)).
Therefore, increased circRNA_0082835 expression
and decreased miR-429 expression are ascertained
in clinical melanoma samples.

Inhibiting circRNA_0082835 and/or EZH2
suppresses melanoma cell proliferation

The expressions of circRNA_0082835 and EZH2 in
different melanoma cell strains were detected first by
RT-qPCR, which found that WM451 cells had the
highest expression of both (Figure 2(a-B)). Thus,
WM451 was selected for the subsequent experi-
ments. shRNA plasmids of circRNA_0082835
(shRNA-circ) and EZH2 (shRNA-EZH2) were
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Figure 1. Increased circRNA_0082835 expression and decreased miR-429 expression in clinical melanoma samples. (a-b)
Relative expressions of circRNA_0082835 and miR-429 in metastatic melanoma, detected by gPCR. ***P < 0.001 vs. No metastasis
group. (c) correlation analysis between circRNA_0082835 and miR-429.
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Figure 2. Inhibiting circRNA_0082835 and/or EZH2 suppresses melanoma cell proliferation. (a-b) Relative expressions of
circRNA_0082835 and EZH2 in different melanoma cell strains, detected by gPCR. *P < 0.05 and ***P < 0.001 vs. HM group. (c-d)
Relative expressions of circRNA_0082835 and EZH2 in WM451 cells before and after transfection of shRNA-circ and/or shRNA-EZH2,
detected by qPCR. (e) OD value of WM451 cells before and after transfection of shRNA-circ and/or shRNA-EZH2, detected by CCK-8.
*P < 0.05, **P < 0.01 and ***P < 0.01 vs. Control group. *P < 0.05 and ***P < 0.001 vs. ShRNA-NC group. ***P < 0.001 vs. shRNA-circ

group. *¥p < 0.001 vs. shRNA-EZH2 group.

constructed and, respectively, transfected or co-
transfected into WM451 cells. The transfection
effects of above shRNA plasmids were determined
by RT-qPCR. Greatly downregulated
circRNA_0082835 and upregulated EZH2 were
shown in  shRNA-circ group; Increased
circRNA_0082835 expression and greatly decreased
EZH2 expression were shown in shRNA-EZH2
group; The expressions of these two were both
downregulated in shRNA-both group (Figure 2
(c-d)). CCK-8 examined WM451 cell proliferation
after transfection and found that transfection of
shRNA-circ, shRNA-EZH2 and/or weakened cell
proliferation to different degrees (Figure 2(e)),
among which co-transfection of shRNA-circ and
shRNA-EZH2 inhibited cell proliferation the most.
The above results tell wus that Inhibiting
circRNA_0082835 and/or EZH2 suppresses mela-
noma cell proliferation.

Inhibiting circRNA_0082835 and/or EZH2
regulates cell cycle and suppresses the invasion
and migration of melanoma cells

The flow cytometry, transwell assay and wound heal-
ing assay were used to detect the effects of inhibiting
circRNA_0082835 and/or EZH2 on cell cycle, inva-
sion and migration of melanoma cells. The percen-
tage of G1 phase in the full cell cycle of WM451 cells
increased, while that of S phase decreased after trans-
fection of shRNA-circ and/or shRNA-EZH2. The
percentage of G2 phase increased compared to the
NC after shRNA-circ transfection, while its decline
was observed in ShRNA-EZH2 group and shRNA-
both group (Figure 3(a)). Additionally, the invasion
ability of WM451 cells was largely weakened by
shRNA-circ, slightly weakened by shRNA-EZH2
and significantly weakened by shRNA-both
(Figure 3(b)). The migration ability of WM451
cells, evidenced by much wider scratch in shRNA-
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Figure 3. Inhibiting circRNA_0082835 and/or EZH2 regulates cell cycle and suppresses the invasion and migration of
melanoma cells. (a) WM451 cell cycle distribution before and after transfection of shRNA-circ and/or shRNA-EZH2, detected by flow
cytometry. (b) Relative invasive WM451 cells before and after transfection of shRNA-circ and/or shRNA-EZH2, detected by transwell.
(c) Relative wound width of WM451 cells before and after transfection of shRNA-circ and/or shRNA-EZH2, detected by wound
healing. **P < 0.01 and ***P < 0.01 vs. Control group. *P < 0.05, P < 0.01 and **P < 0.001 vs. ShRNA-NC group. **P < 0.01 and **
P < 0.001 vs. shRNA-circ group. %&p < 0.001 vs. shRNA-EZH2 group.

circ, shRNA-EZH2 and shRNA-both groups
(Figure 3(c)). These results indicate that melanoma
cell cycle can be regulated, and its invasion and
migration abilities can be suppressed by inhibition
of circRNA_0082835 and/or EZH?2.

Inhibiting circRNA_0082835 and/or EZH2 blocks
Wnt/B-catenin, suppresses cell cycle-related
protein expression and attenuates epithelial-
mesenchymal transition (EMT) in melanoma cells

The expressions of Wnt/B-catenin signaling-
related proteins, cell cycle-related proteins, and

EMT-related proteins were determined by western
blot analysis. It was found that Wnt/p-catenin
expression and cell cycle-related protein expres-
sion were both downregulated by contrast with
the NC after shRNA-circ, shRNA-EZH2 or
shRNA - both were transfected into WM351
cells (Figure 4(a)). Meanwhile, transfection of
shRNA-circ and/or shRNA-EZH2 noticeably
reduced the expression of CRKL and N-cad,
while elevating that of E-cad to varying degrees
(Figure 4(b)). These data suggest that inhibiting
circRNA_0082835 and/or EZH2 blocks Wnt/p-
catenin pathway, suppresses cell cycle-related
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protein expression and attenuates EMT in mela-
noma cells.

MiRNA-429 binds to circRNA_0082835 and its
inhibition reverses the anti-proliferation effect of
cicrRNA 0082835 knockdown

The transfection effects, interaction between miR-
429 and circ_0082835 and the reversible effect of
miR-429 inhibitor on cicrRNA 0082835 knock-
down for proliferation of melanoma cells were
respectively ~ detected by RT-qPCR, Dual-
luciferase reporter assay and CCK-8 assay. miR-
429 expression increased notably after transfection
of shRNA-circ and co-transfection of shRNA-circ
and shRNA-EZH2, whereas only minorly
increased miR-429 was observed in shRNA-EZH?2
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group (Figure 5(a)). Dual-luciferase reporter activ-
ity confirmed the binding of miRNA-429 to
circRNA_0082835, while no significant change of
the relative luciferase activity was observed in
EZH2 group (Figure 5(b-c)). Subsequently, miR-
429 inhibitor and shRNA-circ were transfected
into WM351 cells for further exploration on the
interaction between miR-429 and
circRNA_0082835. Decreased miR-429 expression
was detected in WM351 cells co-transfected with
shRNA-circ/shRNA-EZH2 and miR-429 inhibitor
(Figure 5(d-e)). The proliferation level of WM351
cells was higher in shRNA-circ/shRNA-EZH2
+ miR-429 inhibitor group than that in shRNA-
circ/shRNA-EZH2 group (Figure 5(f)). These
results demonstrate that miR-429 binds to
circRNA_0082835 and that its inhibition reverses
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Figure 5. MiRNA-429 binds to circRNA_0082835 and its inhibition reverses the anti-proliferation effect of cicrRNA_0082835
knockdown. (a) Relative expression of miR-429 in WM451 cells before and after transfection of shRNA-circ and/or shRNA-EZH2,
detected by gPCR. ***P < 0.001 vs. Control group. P < 0.001 vs. ShRNA-NC group. *¥P < 0.001 vs. shRNA-EZH2 group. (b-c)
Relative luciferase activity in wt-circ + mimic NC, mut-circ + mimic NC, wt-circ + miR-429 mimic, wt-EZH2 + mimic NC, mut-EZH2
+ mimic NC, wt-EZH2 + miR-429 mimic and mut-EZH2 + miR-429 mimic, detected by dual-luciferase reporter assay. ***P < 0.001 vs.
wt-circ group. (d-e) Relative expression of miR-429 in WM451 cells before and after the transfection of miR-429 inhibitor in shRNA-
circ groups and shRNA-EZH2 groups was detected by qPCR. **P < 0.01 and ***P < 0.001 vs. shRNA-circ group. **P < 0.01 and
#¥p < 0,001 vs. shRNA-circ +miR-429 inhibitor group. (f) OD values of WM451 cells before and after the transfection of miR-429
inhibitor in shRNA-circ groups and shRNA-EZH2 groups were detected by CCK-8. ***P < 0.001 vs. shRNA-circ group.
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Figure 6. MiR-429 inhibitor affects cell cycle regulation and reverses the anti-invasion and anti-migration effects of
circRNA_0082835 knockdown. (a) WM451 cell cycle distribution before and after transfection of miR-429 inhibitor in shRNA-circ
groups and shRNA-EZH2 groups, detected by flow cytometry. (b) Relative invasive WM451 cells before and after transfection of miR-
429 inhibitor in shRNA-circ groups and shRNA-EZH2 groups, detected by transwell. (c) Relative wound width of WM451 cells before
and after transfection of miR-429 inhibitor in shRNA-circ groups and shRNA-EZH2 groups, detected by wound healing. ***P < 0.001
vs. shRNA-circ group. P < 0.01 and *P < 0.001 vs. shRNA-circ +miR-429 inhibitor group. *°P < 0.01 vs. shRNA-EZH2 group.

&&&p < 0,001 vs. ShRNA-EZH2 + miR-429 inhibitor group.

the anti-proliferation effect of circRNA_0082835
knockdown. It is also worth notice that the rever-
sal in shRNA-EZH2 group was not as obvious as
that in shRNA-circ group, which also shows the
direct interaction between miR-429 and
circRNA_0082835.

MiR-429 inhibitor affects cell cycle regulation
and reverses the anti-invasion and
anti-migration effects of circRNA_0082835
knockdown

Cell cycle distribution, invasion level and migration
ability of WM451cells were examined again after



transfection of miR-429 inhibitor, respectively, by
flow cytometry, transwell and wound healing.
Figure 6(a) shows that compared to the NC, the
percentage of Gl phase decreased and that of
S phase increased in shRNA-circ group after trans-
fection of miR-429 inhibitor. The percentage of G2
phase was reduced in shRNA-EZH2 group, com-
pared to the NC, after transfection of miR-429 inhi-
bitor. Meanwhile, the percentages of G1 phase and
S phase exhibited no significant changes in sh-EZH2
group, neither did that of G2 phase in shRNA-circ
group. Moreover, miR-429 inhibitor enlarged sig-
nificantly the number of relative invasive WM451
cells in shRNA-circ group in comparison to the NC,
while shRNA-EZH2 groups only exhibited exiguous
changes without statistical significance (Figure 6
(b)). Additionally, the wound width of WM451
cells was much narrower after transfection of miR-
429 inhibitor compared to the NC in shRNA-circ
group, whereas shRNA-EZH2 groups again exhib-
ited no significant difference (Figure 6(c)). It can be
concluded based on these results that miR-429 inhi-
bitor affects cell cycle regulation and reverses the
anti-invasion and anti-migration effects of
circRNA_0082835 knockdown.

MiR-429 inhibitor reverses the effects of
circRNA_0082835 knockdown on Wnt/B-catenin,
cell cycle-related protein expressions and EMT in
melanoma cells

The expressions of Wnt/p-catenin signaling-
related proteins, cell cycle-related proteins, and
EMT-related proteins were affected by the inhibi-
tory effects of shRNA-circ transfection, which was
reversed by miR-429 inhibitor. The expressions of
Wnt5a, B-catenin, CyclinD1 and CyclinEl were
upregulated in WM451 cells (Figure 7(a)).
Meanwhile, in shRNA-EZH2 groups, miR-429
inhibitor slightly increased Wnt5a expression
and had no significant impact on the expressions
of the rest. Furthermore, increased expression of
CRKL and N-cad and decreased expression of
E-cad were observed in shRNA-circ + miR-429
inhibitor group compared to the NC (Figure 7
(b)). Generally speaking, shRNA-EZH2 groups
were not significantly affected by miR-429 inhibi-
tor, even though N-cad expression was elevated
by co-transfection of miR-429 inhibitor and
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shRNA-EZH2. The results suggest that miR-429
inhibitor reverses the effects of circRNA_0082835
knockdown on Wnt/B-catenin, cell cycle-related
protein expressions as well as EMT in melanoma
cells.

Discussion

Primary melanoma is a type of skin cancer with
high malignant level and high metastatic level,
which can also arise on other sites such as the
mucosal layer and the intracranial region [21].
This cancer is indeed once incurable and has
now become a preventable and curable cancer,
with the premise of early screening and diagnosis
[22]. The initial form of melanoma can be just
similar to a mole or is a mole (cancerized under
long-term exposure to the sun), due to which early
diagnosis tends to be easily overlooked by the
patients [23,24]. While this disease can be largely
prevented by daily sunscreen application, patients
with diagnosed malignant melanoma will have to
go through treatment including surgical interven-
tion and immunotherapy, both being able to result
in significant adverse symptoms [25,26]. Thus, the
quest for a more effective and less harmful
approach to melanoma treatment is still a long
way to go.

In recent years, an explosion of studies has
suggested that circular RNAs (circRNAs) point to
the dysregulation of certain biological processes,
which further reveals its close implication in can-
cer incidence and development [27,28]. A study
conducted high-throughput sequencing on
circRNA types and expressions in malignant mel-
anoma tissues, where circRNA_0082835 overex-
pression was shown to be a significant one [8].
CircBase annotation of circRNA_0082835 shows
its site on EZH2, whose expression exhibits no
significant difference in cutaneous melanoma,
according to GEPIA database.

Therefore, we carried out a series of experi-
ments to identify the role of circRNA_0082835
and EZH2 in melanoma cells.

We transfected the shRNA plasmids of
circRNA_0082835 and/or EZH2 into melanoma
cells WM451 to knockdown circRNA_0082835
and EZH2 expressions. It was then found that
the proliferation, invasion and migration levels of
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Figure 7. MiR-429 inhibitor reverses the effects of circRNA_0082835 knockdown on Wnt/B-catenin, cell cycle-related

protein expressions and EMT in melanoma cells. (a) Relative expressions of Wnt/B-catenin signaling-related proteins and cell
groups, detected by western blot. (b) Relative expressions of and EMT-related proteins in WM451 cells before and after transfection

of miR-429 inhibitor in shRNA-circ groups and shRNA-EZH2 groups, detected by western blot. *P < 0.05, **P < 0.01 and ***P < 0.001
vs. shRNA-circ group. *P < 0.05, P < 0.01 and *#P < 0.001 vs. shRNA-circ +miR-429 inhibitor group. **P < 0.01 vs. ShRNA-EZH2

cycle-related proteins in WM451 cells before and after transfection of miR-429 inhibitor in shRNA-circ groups and shRNA-EZH2
group. ¥P < 0.05 and %¥P < 0.01 vs. sShRNA-EZH2 + miR

429 inhibitor group.



WM451 cells were conspicuously reduced after
shRNA-circ or shRNA-EZH2 transfection and
were reduced most prominently after co-
transfection of shRNA-circ and shRNA-EZH2.
CircRNA_0082835 and/or EZH2 knockdown also
changed the distribution of different cell cycle
phases in WM451 cells. The expressions of marker
proteins that are related to Wnt/B-catenin signal-
ing pathway and EMT were assayed as well in this
study to explore more potentials of
circRNA_0082835. Wnt/B-catenin is a classic
pathway that has been extensively studied in var-
ious cellular progresses and is abnormally acti-
vated in many cancer types to exert
a carcinogenic effect [29,30]. Inhibited Wnt/f-
catenin expression was demonstrated in our
study by circRNA_0082835 and/or EZH2 knock-
down. Epithelial-mesenchymal transition (EMT)
is another participant in cancer progression that
contributes to cancer cell invasion and resistance
to anti-cancer drugs [31]. We observed decreased
EMT-related N-cad expression and increased
E-cad expression in WM451 cells after transfection
of shRNA-circ and/or shRNA-EZH2. Thus, it is
validated here that inhibiting circRNA_0082835
and/or EZH2 may suppress melanoma cell growth
by suppressing proliferation, invasion and migra-
tion, regulating cell cycle, blocking Wnt/p-catenin
pathway and attenuating EMT.

According to ENCORI database, there exist sev-
eral miRNAs that circRNA_0082835 may interact
with, one of which is miRNA-429. This miRNA
caught our attention for reports on its anti-tumor
property and how it prevents melanoma cells from
aggravated progression [20,32,33]. Therefore, we
carried out more experiments to identify the rela-
tionship between miRNA-429 and
circRNA_0082835 and the role of it in melanoma
cells.. We first found noticeably upregulated
miRNA-429 expression after circRNA_0082835
inhibition and then verified the binding of
miRNA-429 to circRNA_0082835 by performing
dual-luciferase reporter assay. We further exam-
ined whether miRNA-429 inhibition affects the
effect of circRNA_0082835 knockdown on mela-
noma cells. Our results showed that miR-429 inhi-
bitor reversed the anti-proliferation, anti-
migration and anti-invasion effects of shRNA-
circ interference in melanoma cells. Furthermore,
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the expressions of Wnt/B-catenin signaling-related
proteins and cell cycle-related proteins inhibited
by circRNA_0082835 knockdown were further ele-
vated after transfection of miR-429 inhibitor,
which also reversed the effect of
circRNA_0082835 knockdown on EMT-related
protein expressions. Meanwhile, impact on the
effects of EZH2 knockdown was scarce in shRNA-
EZH2 + miR-429 inhibitor groups.

Conclusion

Our study is the first to describe the role of
circRNA_0082835 in primary melanoma and lym-
phatic metastasis. It supports that
circRNA_0082835 sponges miR-429 and that its
overexpression inhibits the anti-tumor effect of
miR-429 in melanoma cells. Data in our study
may inspire a new approach to the therapeutic
strategies for this malignant disease.
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