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Melanoma is a malignant tumor. The acquisition of stemness by melanoma cells aggravates the malignant transformation,
which can be regulated by microRNAs (miRNAs, miR). MiR-363-3p is a key tumor-related miRNA, but its role in stemness
and melanoma cells is still unknown. Presently, miR-363-3p induced by hypoxia inducible factor (HIF)-2a has a positive
role in melanoma cell stemness. The levels of miR-363-3p and HIF-2a are upregulated in melanoma cell lines. Overexpres-
sion of HIF-2a significantly increased levels of miR-363-3p. However, both HIF-2a knockdown and miR-363-3p inhibition
decreased the levels of stemness markers (CD133, CD271, Jarid1B and Nanog). Furthermore, the levels of miR-363-3p and
HIF-2a were upregulated in fluorescence activated cell sorting (FACS)-sorted CD271"e"* cells. Whereas, miR-363-3p deple-
tion reduced the proportion and the ability of the CD271"¢"* cells to form spheroids, decreased the levels of CD133, CD271,
Jarid1B and Nanog with restrained proliferative activity of CD271%¢"* cells. Additionally, miR-363-3p was confirmed a key
downstream effector of HIF-2a. Intriguingly, cyclin-dependent kinase inhibitor 1A [CDKN1A, p21(Cipl/Wafl)], a key
inhibitor of S-phase DNA synthesis and cell cycle progression, was confirmed a target gene of miR-363-3p by luciferase
reporter gene assay. The protein levels of CD133, CD271, Jarid1B and Nanog were upregulated with enhanced prolifera-
tive activity of CD271M8"* cells by inhibition of p21 in melanoma cells. In conclusion, miR-363-3p is induced by HIF-2a
to promote stemness of melanoma cells via inhibiting p21. The present study provides novel insights and indicates that

HIF-2a/miR-363-3p/p21 signaling may be a potential target in melanoma research and therapy.
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Melanoma is one of the most challenging malignant
tumors that come from melanocytes. Melanoma is charac-
terized by early blood and lymphatic metastasis and difficult
to treat. The five-year survival of melanoma was extremely
low (41.3% for stage III and 17.8% for stage IV) [1]. However,
there is still a lack of effective early diagnostic markers for
treatment of melanoma and is less thorough understanding
for the molecular mechanism of melanoma.

A number of researches demonstrated that microRNAs
(miRNAs, miR) upregulation in melanoma can drive multiple
functions like promoting proliferation, stemness, migration,
invasion, and epithelial-to-mesenchymal transition (EMT)
of melanoma cells [2]. For example, [3] miR-338-5p expres-
sion is upregulated in melanoma tissues and cell lines, and
it also promotes the growth and metastasis of malignant
melanoma cells [4]. In addition, the upregulation of miR-10b,
21, 200c, 373 and 520c is found in melanoma cells, which
is related with both metastasis and stemness of cancer [5].
MiR-363-3p, a key cancer-related miRNA [6, 7], is upregu-

lated in adenocarcinoma tissues [8] and is increased in the
benign Spitz lesions, a subset of melanocytic skin lesions [9].
Although, miR-363 is increased in melanoma tissues [10,
11], the expression pattern and the function of miR-363-3p
in melanoma cells is still unknown.

Cancer stem-like cells (CSCs), a small group of hetero-
geneity cells with stem cells characteristics that exist in
tumor tissues, plays key roles in tumor development in a
growing number of studies [12]. CSCs are characterized
by self-renewal, multi-directional, differentiation, hyper-
tumorigenicity and multidrug resistance. Melanoma stem
like cells was first isolated and identified by Fang et al.[13].
After that, CD20, CD133, and CD271 are identified to be the
cell surface markers of melanoma cells [13-15]. Melanoma
stem like cells could also modulate by miRNAs. It is reported
that miR-885-5p could regulate CD133, Nanog and Oct4,
the key stem cell factors, and enhances chemoresistance
of melanoma cells. Furthermore, miR-363-3p, has been
reported to promote human glioblastoma stem cell survival
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and inhibited the expression levels of Bim, another stem cell
factor [16]. Additionally, the expression of miR-363-3p target
both cancer and stem-cell associate signaling pathways [17].
However, the function of miR-363 on stemness of melanoma
cells is unknown.

Hypoxia-inducible factors (HIF) play key roles in the
malignant of melanocytes [18] and stemness of cancer
cells [19, 20], which can upregulated the expression level
of miR-363 in K562 cells under hypoxia [21]. Given the
involvement of miR-363-3p in melanoma and stemness, we
hypothesized that miR-363-3p could be regulated by HIF
and involve in the modulation of stemness in melanoma.
Therefore, in present study, we attempted to explore the role
of miR-363-3p in melanoma and investigate upstream and
downstream of miR-363-3p. And we found that miR-363-3p
was induced by HIF-2a (EPAS1), a key member of HIE, to
promote the stemness of melanoma cells. The expression of
p21 (WAF1/Cip1), which was frequently reported to control
the cell cycle [22], was confirmed a functional target gene of
miR-363-3p, presently.

Materials and methods

Cell culture. The human melanoma cell lines A2058
and WM793B were obtained from CHI Scientific, Inc. Our
laboratory tested the cells every two years by Short Tandem
Repeat profiling. A2058 cells were grown in DMEM (Gibco
BRL, Grand Island, NY, USA, high glucose) with 10% FBS,
100 U/ml penicillin and 100 mg/ml streptomycin. WM793B
were cultured in MCDB153 and L-15 (4:1) with 2% FBS,
1.68 mM CacCl,, 100 U/ml penicillin and 100 mg/ml strepto-
mycin. The cells were maintained at 37 °C and 5% CO,.

Cell transfection. A2058 and WM793B cells were chosen
and seeded respectively in 24-well plates 24 h before the
experiment. Three small interfering RNAs (siRNAs) for
HIF-2a (HIF-2a-siRNA1, HIF-2a-siRNA2, and HIF-2a-
siRNA3) and a negative control siRNA (HIF-2a-si-NC), the
siRNAs for p21 (p21-siRNA1, p21-siRNA2, and p21-siRNA3)
and a negative control siRNA (p21-si-NC), and pcDNA3.1-
p21 (p21) for p2loverexpression and its empty vector for
negative control (p21-NC) were all constructed through the
Shanghai GenePharma company’s help (Shanghai, China).
The siRNAs for HIF-2a were used to knockdown the expres-
sion of HIF-2a and the siRNAs for p21 were used to knock-
down the expression of p21 in A2058 and WM793B cells, and
HIF-2a-pcDNA3.1 (Invitrogen Life Technologies, Carlsbad,
CA) was used to overexpression of HIF-2a and the negative
control of HIF-2a-pcDNA3.1 was null-pcDNA3.1 (Invit-
rogen). Furthermore, these siRNAs, HIF-2a-pcDNA3.1 and
null-pcDNA3.1 were respectively transfected cells for 24
h by Lipofectamine™ 2000 (Invitrogen Life Technologies)
according to the manufacturer’s instructions.

To knockdown or overexpress miR-363-3p, miR-363-3p
inhibitor (miR-363-3p-inhibitor), miR-363-3p-inhibitor-
negative control (NC), miR-363-3p-mimic (miR-mimic) and

miR-363-3p-mimic-negative control (miR-mimic-NC) were
purchased from Genepharma (Shanghai, China). Lentivirus
vectors were transduced into cells according to the supplier’s
instructions. Briefly, cells were cultured in a normal medium
for 24 h. Then they were cultured in a medium containing
Polybrene (Cruz Biotechnology, Santa Cruz, CA, USA).
Thereafter, cells were infected with the lentivirus at the
0.5x10° plaque-forming unit (pfu) overnight. The medium
was refreshed and incubated overnight without Polybrene.
Then, stable clones expressing miR-363-3p were selected with
Puromycin dihydrochloride (Santa Cruz Biotechnology).

Additionally, for investigating the effects when t when
knocking down HIF-2a combine with overexpressing
miR-363-3p or the knocking down miR-363-3p with overex-
pressing p21, the HIF-2a siRNA and miR-mimic were
co-transfected into the A2058 cells, as well as pcDNA3.1-p21
and miR-363-3p-inhibitor were co-transfected into cells for
24 h by Lipofectamine™ 2000 (Invitrogen Life Technologies)
according to the manufacturer’s instructions.

qRT-PCR. Total RNA in melanoma cells was extracted
by using TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. RNA was
transcribed into cDNAs using the Primer-Script one step
RT-PCR kit (TaKaRa, Dalian, China). To synthesize the
miRNA cDNA Synthesis Kit (Takara Biotechnology, Dalian,
China) was used. Additionally, a miScript SYBR Green
PCR Kit (Takara Biotechnology) was used for analyzing the
expression of miR-363-3p. Real time-PCR was performed
using the Applied Biosystems 7500 Sequence Detection
system (Applied Biosystems, Foster City, CA, USA). The
miR-363-3p expression was normalized to U6 (primer:
forward, 5-GCTTCGGCAGCACATATACTAAAAT-3%;
reverse, 5-CGCTTCACGAATTTGCGTGTCAT-3’). 2-4¢
method was used for analysis of quantitative changes in gene
expression according to the manufacturer’s protocols.

Western blot. Briefly, total protein was extracted by
super RIPA Lysis Buffer with Benzonase nuclease (HaiGene,
Harbin, China). Then, 20 pg of total protein was subjected
to SDS-PAGE gels. After electrophoresis, the proteins were
transferred onto a nitrocellulose filter membrane (PALL,
Mexico). After blocking by blocking buffer, the membrane
was incubated overnight with the primary antibodies at
4°C. The following primary antibodies (Abcam, Cambridge,
MA, USA) were used: Rabbit anti-HIF-2a (1:500, ab199),
CD133 (1:600, ab19898), CD271 (1:300, ab227509), Jarid1B
(1:600, ab181089), Nanog (1:800, ab21624), and p21 (1:800,
ab109520) and Anti-GAPDH rabbit polyclonal antibody
(1:10000, ab181602). The membrane was washed three times
with Tween20/TBS for five minutes each time, and incubated
with the appropriate secondary antibody (1:5000. ab222772)
for 30 minutes. After washing for three times with Tween20/
TBS, the membrane was treated with the Super ECL reagent
(HaiGene, Harbin, China). The blots were detected using
an enhanced chemiluminescence western blotting detec-
tion (Thermo Fisher Scientific). Densitometric data were
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normalized by GAPDH in triplicate, and the average was
shown above the Western blot as the ratio of the control
sample.

Cell proliferation assay. The 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay was used
for determining cells viability. Cells in different treatment
groups were plated into 96-well plates at a density of 0.5x10°
cells per well. We choose 24, 48, 72 and 96 h after cell trans-
fection, and MTT reagent (Xinshiye Biocompany, Guang-
zhou, China) were incubated for 4h at 37°C. Subsequently,
the supernatant was replaced with dimethyl sulfoxide to
dissolve solid residues. A spectrophotometer was used to
measure the absorbance at 570 nm.

Cellular immunofluorescence. Cellular immunofluores-
cence assay was performed to detected the effects of HIF-2a
inhibition or miR-363-3p inhibition. The differently trans-
fected A2058 cells in each groups were attached on coverslips,
and fixed by 4% paraformaldehyde, probed with primary
antibody at 4 °C overnight. Then, CD133 was detected using
anti-CD133 antibody (1:600, ab19898).

Flow cytometry and fluorescence-activated cell sorting.
For further studies, CD271"¢"* and CD271%~ cells were
sorted using a FACSAria flow cytometer (BD Biosciences, San
Jose, CA), which was performed as previously published [23].

Sphere-formation assay. After A2058 and WM793B
cells were transfected with miR-363-3p-inhibitor for 24h,
the cancer cells were harvested and counted for the tumor
spheroid formation assay. The sphere forming cells were
respectively established by suspension culture in stem cell-
condition medium (containing 1 ml of serum-free DMEM/
F12 supplemented with 2% B27 (Invitrogen), human
recombinant fibroblast growth factor 2 (FGF-2, 20 ng/ml)
and epidermal growth factor (EGE, 20 ng/ml, Peprotech)
and antibiotics penicillin and streptomycin) using ultra-
low attachment 6-well plates (Corning). After one week
of incubation, spheres generated were photographed and
sphere number were counted under light microscope The
experiment was performed in triplicate [24, 25].

Luciferase reporter assay. The 3’-UTR sequence of p21
predicted to interact with miR-363-3p, or a mutated sequence
within the predicted target sites, were inserted into the Xbal/
Fsel sites of the pGL3 vector (Promega, Madison, W1, USA).
The mutant 3-UTR of p21 (3°-UTR-mut) was amplified
respectively using p21-3’-UTR as the template. Dharm-
FECT Duo transfection reagent (Thermo Fisher Scientific,
Glasgow, UK) was used for analysis the luciferase activity
analysis. Then, the luciferase assays were performed with the
Dual-Glo Luciferase assay system (Promega) according to
the manufacturer’s instructions.

Statistical analyses. Continuous variables were expressed
as the means + standard deviation (SD). The quantita-
tive data between groups were compared and analyzed by
Student’s t-test (two tailed) or a one-way ANOVA followed
by Bonferroni post hoc tests, which were analyzed with SPSS
version 19.0. A p<0.05 was considered to indicate statistically

significant differences. Each experiment was repeated at least
three times.

Results

MiR-363-3p is induced by HIF-2a in melanoma cell
lines. Previously, it was reported that miR-363-3p was
upregulated in melanoma patients [11]. In order to clarify
the expression pattern of miR-363-3p in vitro, we compared
the difference of expression of miR-363-3p between human
melanocytes (HMs) and the two melanoma cell lines (A2058
and WM793B) by using qRT-PCR. As shown in Figure 1A,
in the two melanoma cells, the levels of miR-363-3p was
higher than that in the HMs (p<0.05). We investigated the
reason of the upregulation of miR-363-3p. Studies had shown
that miR-363-3p could be up-regulated by HIF-1a overex-
pression [21], we tested the expression levels of miR-363-3p
under HIF-1a overexpression, but there was no changes on
miR-363-3p levels (results not shown). We also investigated
the expression of HIF-2a, another key member of HIF family
[26]. Intriguingly, the expression levels of HIF-2a was also
upregulated in A2058 and WM793B (p<0.05, Figure 1B).
Importantly, HIF-2a overexpression by HIF-2a-pcDNA3.1
induced the overexpression of miR-363-3p in A2058 and

>
w

Relative miR-363-3p
expression (/HMs)
Relative HIF-2¢
expression (/HMs)

ol |
HMs A2058 WM793B

HIF-2a [
YOI

0_
HMs A2058 WM793B

C O cul D (o
151 @l HIF-2a -pcDNA3.1 Bl HIF-2a -pcDNA3.1
ES null-pcDNA3.1 a 8q B3 null-pcDNA3.1

T . 3E |
N 104 — |
Lll_g — %g 6 *
T g Dli % —

Ke] =9 4
g 0 54 E®
E=N"] oD
T O S0
T5 £5 7
Y X o

o ] & o

A2058  WM793B 0-

A2058  WM793B

HIF-2a  ———
cArpH I

Figure 1. HIF-2a induces miR-363-3p in melanoma cells. A) The expres-
sion levels of miR-363-3p in HMs and two melanoma cells (A2058 and
WM?793B) were measured by qRT-PCR. B) The expression of HIF-2a in
A2058 and WM793B were measured by Western blot. C) The expression
of HIF-2a was controlled by HIF-2a-pcDNA3.1 in A2058 and WM793B
cells. D) The levels of miR-363-3p were regulated by HIF-2a-pcDNA3.1
in A2058 and WM793B cells. *p<0.05, “p<0.05. All experiments were re-
peated three times. All experiments were repeated three times.
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Figure 2. The effects of both miR-363-3p and HIF-2a on the stemness of melanoma cells. A) The expression of HIF-2a was controlled by HIF-2a-siRNA
in A2058 and WM793B cells. B) The expression of miR-363-3p was controlled by miR-363-3p-inhibitor in A2058 and WM793B cells. P < 0.05,*P <
0.05. C) The expression levels of stemness markers (CD133, CD271, Jarid1B, and Nanog) were measured by Western blot in HIF-2a-siRNA transfected
A2058 and WM793B cells. *p<0.05 vs. Ctrl. D) The expression levels of stemness markers (CD133, CD271, Jarid1B, and Nanog) were measured by
Western blot in miR-363-3p-inhibitor transfected A2058 and WM793B cells. *p<0.05 vs. Ctrl. E and F) The proliferation of HIF-2a-siRNA transfected
A2058 and WM793B cells were detected at the time points 24, 48, 72 and 96 hr by MTT assays. *p<0.05 vs. Ctrl. G and H) The proliferation of miR-363-
3p-inhibitor transfected A2058 and WM793B cells were detected at the time points 24, 48, 72 and 96 hr by MTT assays. *p<0.05 vs. Ctrl. I and J) The
CD133-positive A2058 cells were tested by cellular immunofluorescence. K) The level changes of miR-363-3p in CD271""-and CD271"¢"* menlanoma
cells. L) The level changes of HIF-2a in CD271""-and CD271"¢"* melanoma cells. *p<0.05. All experiments were repeated three times.
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WM793B cells, presently (p<0.05, Figures 1C, 1D). Thus,
these results above demonstrated that miR-363-3p levels
were induced by HIF-2a in melanoma cell lines suggesting
that miR-363-3p might be a key regulator in melanoma cells.

Knockdown of HIF-2a or inhibition of miR-363-3p
suppresses the stemness markers in melanoma cells.
We speculated that the miR-363-3p and HIF-2a might be
involved in regulating the stemness of melanoma cells. In the
present study, both HIF-2a knockdown by HIF-2a-siRNA
and miR-363-3p-inhibitor in the melanoma cells inhibited
the expression levels of CD133, CD271, Jarid1B, and Nanog
(p<0.05, Figures 2A-D), as well as decreased the prolifera-
tive activity of melanoma cells (p<0.05, Figures 2E-H). In
addition, the positive expression of CD133 was also detected
by cell immunofluorescence method. It was shown that
both HIF-2a-siRNA and miR-363-3p-inhibitor inhibited
the positive expression of CD133 (Figures 21, 2J). Further-
more, we sorted the CD271"¢"* cells by FACS from A2058
and WM793B. Compared with CD271"*- subpopulation,
the levels of miR-363-3p and HIF-2a were significantly
upregulated in CD271"¢"* cells (p<0.05, Figures 2K, 2L). It
was suggested that both HIF-2a and miR-363-3p played a
positive role in the stemness of melanoma cells.

Inhibition of miR-363-3p inhibits the stemness
of CD271"s%+ cells. We directly verified the effect of
miR-363-3p on CD271"#* cell stemness. MiR-363-3p
downregulation decreased the number of CD271M&+ cell
proportion (p<0.05, Figure 3A) and inhibited the prolifera-
tion activity of CD271"¢"* cells (p<0.05, Figures 3B, 3C), as
well as downregulated the protein levels of CD133, Jarid1B
and Nanog (p<0.05, Figure 3D). In miR-363-3p downregu-
lation conditions, the spheroidization of the CD271hish/*
cells in non-adherent serum-free media was significantly
downregulated (p<0.01, Figure 3E). Additionally, the A2508
cells and CD271"¢"+ 2508 cells were respectively co-trans-
fected with miR-mimic and si-HIF-2a, the expression of the
stemness markers (CD133, Jarid1B and Nanog) were partly
upregulated in both A2508 cells and CD271"* 2508 cells
in comparison to si-HIF-2a alone (p<0.05, Figures 3F, 3G).
It is indicated that miR-363-3p plays a negative role in cell
stemness and partially relieves the inhibition role of HIF-2a
knockdown on the stemness markers.

MiR-363-3p is a key downstream of HIF-2a. Because
miR-363-3p levels were induced by HIF-2a in melanoma cell
lines, we further confirmed the relationship between HIF-2a
and miR-363-3p. Our results showed that there was no effect
of miR-363-3p knockdown on the expression of HIF-2a
in either CD271"&"+ or CD271°%- proportion (p>0.05,
Figures 4A, 4B). Thus, miR-363-3p was a key downstream of
HIF-2a in melanoma stem-like cells.

p21CPVWall g a functional target gene of miR-363-3p.
Additionally, the putative target genes of miR-363-3p were
predicted by bioinformatics software and website. Intrigu-
ingly, p21, a key inhibitor of S-phase DNA synthesis and
cell cycle progression [27, 28], was confirmed a target gene

of miR-363-3p by luciferase reporter gene assay (p<0.05,
Figures 5A, 5B). MiR-363-3p inhibition upregulated the
expression levels of p21 in these two melanoma cells (p<0.05,
Figure 5C). p21 was inhibited by siRNA (p21-siRNA) in the
melanoma cells (p<0.05, Figure 5D), however, we found that
the proportion of CD271 "+ cells and the protein levels of
CD133, CD271, Jarid1B and Nanog were all upregulated
(p<0.05, Figures 5E, 5F). Additionally, the A2058 cells were
co-transfected with miR-363-3p-inhibitor and p21-overex-
pressed recombinant plasmid, the expression of the stemness
markers (CD133, Jarid1B and Nanog) were decreased in
A2508 cells in comparison to miR-363-3p-inhibitor alone
(p<0.05, Figure 5G). Furthermore, the proliferation of the
melanoma cells in p21-siRNA groups were increased (p<0.05,
Figures 5H, 5I). It is indicated that p21 is a functional target
gene of miR-363-3p. In conclusion, miR-363-3p was induced
by HIF-2a to promote the stemness of melanoma cells via
inhibiting p21. The present study provides novel insights that
HIF-20/miR-363-3p/p21 signaling may be a potential target
of research and therapy of melanoma.

Discussion

The abnormal expression of miR-363-3p, which has a key
role in proliferation, migration, and invasion of cells [29],
was frequently reported in various types of malignant tumors
[11] and normal endothelial cells, [30, 31]. Philippidou D et
al. [11] showed that miR-363-3p was upregulated in human
melanoma tissues, but was not upregulated in breast cancer,
whereas Beltran AS et al. [32] suggested that miR-363-3p was
a potential oncogenic miRNA in breast cancer. Conti A et al.
[30] also found that miR-363-3p was upregulated in human
glioma. Consistent with these results, our study shows that
miR-363-3p is expressed with higher levels in melanoma cell
lines than in HM cells, suggesting that miR-363-3p may play
a role of oncogenic gene in melanoma.

Furthermore, we detected that the stemness markers and
proliferation of the melanoma were inhibited by miR-363-3p
inhibition. Conti A et al. [30] demonstrated that miR-363-3p
promoted glioma cell viability and its inhibition induced
downregulation of AKT, cyclin-D1, matrix metallopro-
teinase (MMP)-2, MMP-9, and Bcl-2 and upregulation of
caspase 3 in glioma [30]. More importantly, in glioblas-
toma multiform tissues, miR-363-3p was upregulated and
promoted human glioblastoma stem cell survival via inhib-
iting caspase-3, caspase-9, and Bim [16]. It has been indicated
that miR-363-3p has a key role in cancer cell stemness.
Previous studies confirmed that transplantation of human
CD271* melanoma cells into engrafted human skin or bone
in Rag2(-/-)gammac(-/-) mice resulted in melanoma, and
CD271* melanoma cells were proven to be “genuine cancer
stem cells” [15]. Thus, the CD271""* melanoma cells were
sorted and the levels of miR-363-3p was also upregulated in
CD271%ev* cells compared to CD271°¥"~ cells. Furthermore,
miR-363-3p inhibition decreased the ability of melanoma
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Figure 3. The effects of miR-363-3p on the stemness of CD271""* melanoma cells. A) The relative number changes of CD271"&"* cells in miR-363-
3p-inhibitor transfected CD271"s"* melanoma cells. p<0.05. B and C) The proliferation of miR-363-3p-inhibitor transfected CD271"s* cells were
detected at the time points 24, 48, 72 and 96 h by MTT assays. *p<0.05 vs. Ctrl. D) The expression levels of stemness markers (CD133, CD271, Jarid1B,
and Nanog) were measured by Western blot in miR-363-3p-inhibitor transfected CD271"¢"* cells. *p<0.05 vs. Ctrl. E) Relative spheroidization in the
miR-363-3p-inhibitor transfected CD271"&"* cells. F and G) The expression levels of stemness markers (CD133, CD271, Jarid1B, and Nanog) were
measured by Western blot in miR-363-3p-mimic (miR-mimic) and HIF-2a-siRNA co-transfected A2058 and CD271%8"* A2058 cells.”p<0.05, *p<0.05.
All experiments were repeated three times.
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Figure 4. miR-363-3p did not change the expression of HIF-2a in CD271"&"* or CD271'°*" cells. A and B) The expression levels of HIF-2a in CD271his/*
or CD271"" cells were tested by Western blot. All experiments were repeated three times.

cells to form spheroids, the proportion of CD271 M¢* cells,
inhibited the proliferative activity of CD271 """ cells and
downregulated stemness markers. Our results confirm that
miR-363-3p inhibition reduces melanoma stem-like cell
phenotype and proliferation.

The upstream regulator of miR-363 was further investi-
gated in the present study. Studies demonstrated that HIF-1a
induced the levels of miR-363 in K562 cells, a chronic
myeloid leukemia cell line [21], whereas there was no
obvious effect on miR-363 in A2058 and WM793B. HIF-2a,
another member of HIF family and an important inducer
of stemness marker Oct-4 [33], was presently confirmed
a positive regulator of miR-363-3p. In the present study,
HIF-2a was upregulated in the melanoma cells, and HIF-2a
knockdown also inhibited the expression levels of CD133,
Jarid1B, and Nanog in melanoma cells. Additionally, HIF-2a
overexpression remarkably upregulated miR-363-3p, but
miR-363-3p overexpression or inhibition had no effects on
HIF-2a expression levels in the melanoma cells, suggesting
that HIF-2a is an upstream positive regulator of miR-363-3p.
A number of studies support our research. Ohnishi S et
al.[34] revealed that HIF-2a could activate CD133 promoter
in human colon cancer cell line. Petruzzelli R et al.[35]
demonstrated that HIF-2a enhanced Nanog expression and
enhanced stemness by binding to an oct-sox cis-regulatory
element in the NANOG promoter in human embryonic stem
cells. Our further results found that the level of HIF-2a is
enhanced in the CD271"¢"* cells. These studies suggest that
HIF-2a might be another inducer of stemness in melanoma
by inducing the upregulation of miR-363-3p.

We further confirmed that p21 was a functional
target gene of miR-363-3p. p21 was demonstrated to be

negatively-related to melanoma cell proliferation [27],
cell cycle [36] and apoptosis [37]. By inhibition of p21 in
melanoma cell lines, the proliferative activity of CD271hish’*
cells was upregulated. Similarly, FOXD3 is an inhibitor of
cell proliferation and G1-S progression in melanoma, and
knockdown of p21 partially restored the G1-S progression
in FOXD3-expressing melanoma cells [36]. Therefore, it has
been indicated that inhibition of p21 induced proliferation
of melanoma cells. More importantly, the protein levels of
CD133, Jarid1B and Nanog in melanoma cells were upregu-
lated upon p21 inhibition. In mesenchymal stem cells, p21
knockdown by siRNAs also increased cell proliferation,
percentage of cells in S phase and the expression levels of
Oct-4 and Nanog [38]. Furthermore, p21 can be a target
gene of a number of miRNAs [39], such as miR-299-5p in
acute promyelocytic leukemia cells [40] and miR-423-3p
in colorectal cancer cells [41]. We confirmed that the
miR-363-3p bound directly to the 3> UTR region of p21,
inhibited the protein levels of p21 in melanoma, suggesting
that miR-363-3p/p21 axis is a key pathway in regulating
stemness of melanoma cells.

Of course, some issues of our work should be addressed.
In the present study, HIF-2a overexpression upregu-
lated miR-363-3p levels in the melanoma cells. Similarly,
miR-363-3p could be up-regulated by HIF-1a overexpression
[21]. However, there was no significant effect of miR-363-3p
on the expression levels of HIF-2a, indicating that there
was no miRNA-target relationship between miR-363-3p
and HIF-2a. Thus, a limitation of the present study is that
the mechanism by which HIF-2a regulates miR-363-3p in
melanoma cells remains unknown. However, miR-363-3p
could be inhibited by long non-coding RNA (IncRNA)
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Figure 5. p21 is a key target gene of miR-363-3p. A and B) Interaction of between miR-363-3p and p21 was tested by dual-luciferase reporter assay.
*p<0.05 vs. NC. C) p21 protein level changes were tested by Western blot in the miR-363-3p-inhibitor transfected melanoma cells. p<0.05. D) p21
protein level changes were tested by Western blot in the p21-siRNA transfected melanoma cells. p<0.05. E) The relative number changes of CD271"eh+
cells in the p21-siRNA transfected melanoma cells. p<0.05. F) The expression levels of stemness markers (CD133, CD271, Jarid1B, and Nanog) were
measured by Western blot in p21-siRNA transfected CD271"&"* cells. G) The expression levels of stemness markers (CD133, CD271, Jarid1B, and
Nanog) were measured by Western blot in miR-363-3p-inhibitor and pcDNA3.1-p21 (p21) co-transfected A2058 cells. p<0.05, *p<0.05. H and I) The
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All experiments were repeated three times.
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metastasis-associated lung adenocarcinoma transcript 1
which functions as a competing endogenous RNA in gall-
bladder cancer [42]. We speculate that HIF-2a might regulate
miR-363-3p by inhibiting a IncRNA. The problem will be
addressed in our future work.

In summary, our results illustrate that miR-363-3p is

induced by HIF-2a in melanoma cells and promotes their
stemness via inhibiting p21. Our findings provide new
thinking for understanding the mechanism of malignant
transformation and a potential target for the treatment of
melanoma.
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