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Introduction: Recently, the incidence of melanoma has been rising and there is a lack of
effective targeted therapies. The regulatory mechanisms of microRNA-1246 (miR-1246)
have been found in many cancers, except melanoma. This study focused on the regulatory
mechanism of miR-1246 in melanoma development.

Methods: The expression of miR-1246 was assessed using quantitative real-time poly-
merase chain reaction (RT-qPCR). Cell viability and metastasis were detected by Transwell
and MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assays. The pro-
tein expression of epithelial mesenchymal transition (EMT) makers was assessed by
Western blot analysis. The target gene of miR-1246 was detected using luciferase reporter
assay.

Results: MiR-1246 expression was increased in melanoma tissues and cells. In addition,
upregulation of miR-1246 promoted cell viability and metastasis in melanoma. Forkhead box
protein A2 (FOXA2) was confirmed to be a direct target of miR-1246. And FOXA2
expression was decreased in melanoma and was suppressed by miR-1246. Importantly,
upregulation of FOXA?2 restored the carcinogenesis of miR-1246 in melanoma.
Conclusion: MiR-1246 promoted cell viability and metastasis in melanoma by inhibiting
FOXA2 expression.
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Introduction
Malignant melanoma is a tumor of melanocytes derived from the skin and other
organs. Malignant melanoma is more common in adults, and cases of congenital
massive pigmented nevus are more common in children." Although the inci-
dence of melanoma is low, its malignancy and mortality are high. In addition,
melanoma is prone to distant metastases.” Thus, surgical resection of melanoma
that has not yet metastasized should be performed at the early stage. Patients
with extensively metastatic melanoma often use chemotherapy and radiation
therapy.> The stage of melanoma is closely related to the prognosis. The
5-year survival rates for stage I, II, IIl and IV were 94%, 44%, 38%, and
4.6%, respectively. In addition, the thickness of the primary tumor is signifi-
cantly correlated with the prognosis. The 5-year survival rates of <I mm and
>4 mm were 92% and 43%.* Therefore, early diagnosis and treatment are very
important. Biochemical therapy and molecular targeted therapy have broad
prospects in the treatment of melanoma.

Recently, microRNA (miRNA) has become a major breakthrough in under-
standing the regulation of gene expression, and its role in malignant tumors has
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been extensively explored. MiRNAs mainly degrade or
inhibit the expression of target genes by binding to their
3'-untranslated region (3'-UTR).” In melanoma, miR-29a
was found to inhibit the growth, migration and invasion of
melanoma cells by directly targeting BMI1.° It was’ found
that miR-155 promoted the proliferation and invasion of
uveal melanoma cells by regulating NDFIP1 expression.
Especially, it has been reported that miR-1246 was upre-
gulated in metastatic cutaneous melanoma.® However, the
function of miR-1246 has not been illuminated in mela-
noma. In addition, previous studies have shown that miR-
1246 was upregulated in hepatocellular carcinoma, ovarian
carcinoma and esophageal squamous cell carcinoma.”"’
However, downregulation of miR-1246 was identified in
cervical cancer and prostate cancer.'>'? Functionally, miR-
1246 promoted cell proliferation, invasion and drug resis-
tance in breast cancer by targeting CCNG2.'* In contrast,
miR-1246 inhibited cell invasion and epithelial mesench-
ymal transition (EMT) in lung cancer by targeting
CXCR4." These findings indicate that the role of miR-
1246 depends on the type of human cancers. In this study,
we mainly investigated the role of miR-1246 in melanoma.

As a member of the forkhead box transcription factor
A family, forkhead box protein A2 (FOXA2) has the
ability to regulate metabolism and homeostasis.'®
Currently, many studies have shown that FOXA2 is
involved in the regulation of human cancers. Zhu et al'’
found that FOXA2 inhibited the occurrence of gastric
cancer in vitro and in vivo. In addition, FOXA2 inhib-
ited tumor metastasis by blocking EMT in human lung
cancer.'® The anti-tumor effect of FOXA2 was also
detected in pancreatic cancer.'® Epigenetic regulation
of FOXA2 has been reported to be involved in the
pathogenesis of melanoma.”’ However, the relationship
between FOXA2 and miR-1246 has not been reported.
Therefore, we investigated their interaction in this study.
Meanwhile, the function of miR-1246 was also explored
in melanoma cells.

Patients and Methods

Clinical Tissues

The tissues used in this experiment were collected from 43
melanoma patients in Weihai Central Hospital Affiliated to
Qingdao University. All melanoma patients who participated
in the experiment underwent surgery only. Participants pro-
vided written informed consents before the study began, and
the experiment was approved by the Human Ethics

Committee of Weihai Central Hospital Affiliated to
Qingdao University. This study is performed in accordance
with the Declaration of Helsinki.

Cell Culture and Transfection

Human epidermal melanocytes (HEM, ScienCell Research
Laboratories, San Diego, CA, USA) were seeded in mel-
anocyte culture medium. A375 and A2058 human mela-
noma cell lines (American Type Culture Collection,
ATCC, Manassas, VA, USA)) were cultured in dulbecco’s
modified eagle medium (DMEM) medium (Invitrogen;
Carlsbad, CA, USA) with 10% fetal bovine serum (FBS)
(Gibco, Rockville, MD, USA) at 37°C in an atmosphere
with 5% CO,. Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) was used to transfect miR-1246 mimics, miR-
1246 inhibitors, FOXA2 siRNA or FOXA2 plasmid
(Generay Biotech, Shanghai, China) to A375 cells,
respectively.

RNA Isolation and Real-Time Quantitative
Polymerase Chain Reaction (RT-qPCR)

Total RNA isolation was performed using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The cDNA solution was
obtained using Prime-Script miRNA ¢DNA Synthesis kit
(TaKaRa, Tokyo, Japan). RT-qPCR was performed using
SYBR-Green Premix Ex Taq II (TaKaRa, Tokyo, Japan) on
ABI 7500 thermocycler (Applied Biosystems, Foster City,
CA, USA). U6 or GAPDH was used as the control for miR-
1246 or FOXA2, respectively. The expressions of miR-
1246 and FOXA2 were quantified by the 274 method.
The primers used in our work were as follows: miR-1246,
forward primer: 5-TGA AGT AGG ACT GGG CAG
AGA-3', reverse primer: 5'-TGT TTG CAA TAG CCC
TTT GAG-3'; U6, forward primer: 5-CTC GCT TCG
GCA GCA CA-3, reverse primer: 5-AAC GCT TCA
CGA ATT TGC GT-3'; FOXA2 forward primer: 5'-ATG
CAC TCG GCT TCC AGT AT-3', reverse primer: 5-GTT
GCT CAC GGA GGA GTA GC-3'; glyceraldheyde 3-phos-
phate dehydrogenase (GAPDH) forward, 5-ACA TCG
CTC AGA CAC CAT G-3, reverse, 5'-TGT AGT TGA
GGT CAA TGA AGG G-3'.

MTT (3-(4,5-Dimethylthiazol-2-yl)-

2,5-Diphenyl Tetrazolium Bromide) Assay
Firstly, transfected A375 cells (4x10° cells/well) were pre-
pared in a 96-well plate. A375 cells were then incubated in
fresh medium for 24, 48, 72 or 96 h, respectively. After that,
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10 puL of MTT solution (Sigma—Aldrich, St. Louis, MO,
USA) was added there, and the cells were further cultured
for 4 h. Next, the MTT solution was aspirated and the
Formazan solution was added to fully dissolve the crystals.
The absorbance of each well was measured with
a microscope (Olympus Corp., Tokyo, Japan) at 490 nm.

Transwell Assay

Matrigel (BD Biosciences, Franklin Lakes, NJ, USA)
was coated in the upper chambers for cell invasion.
Next, 2 x 10* transfected A375 cells were placed in
the upper chamber. A chemoattractant medium contain-
ing 10% FBS was added to the lower chamber. The cells
were incubated for 12 h at 37°C. The moving cells were
fixed and stained. The number of invading cells was
observed under a microscope. Matrigel is not required
for cell migration assay, and other procedures are the
same as cell invasion assay.

Western Blot Analysis

First, we used radioimmunoprecipitation assay (RIPA) buf-
fer (Beyotime, Shanghai, China) to lyse protein samples.
Protein samples were separated in 10% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
protein loading buffer. The protein was then transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore,
Billerica, MA, USA). Next, primary antibodies (Bax, Bcl-
2, FOXA2 and GAPDH) were added and the membrane was
incubated at 4°C overnight. After washing, corresponding
secondary antibodies were added and incubated the mem-
brane for 2 h at room temperature. Finally, protein bands
were detected using electrochemiluminescence (ECL)
reagent (Millipore, Billerica, MA, USA).

Dual-Luciferase Reporter Assay

The pcDNA3.1 plasmid vectors (Promega, Madison, WI,
USA) containing the 3-UTR of wild-type or mutant
FOXA?2 was prepared. Next, the above luciferase vectors
and miR-1246 mimics were co-transfected into A375 cells.
After 48 h, the dual-luciferase reporter assay system
(Promega, Madison, WI, USA) was used to assess lucifer-
ase activity.

Statistical Analysis

Experimental data were analyzed using Statistical Product
and Service Solutions (SPSS) 18.0 (SPSS Inc., Chicago,
IL, USA) or Graphpad Prism 6 (La Jolla, CA, USA).
Data are shown as mean + SD (standard deviation).
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Figure | The expression of miR-1246 was increased in melanoma. (A, B) The
mRNA miR-1246 expression in melanoma tissues and cell lines. (C) The miR-1246
expression regulated by its mimics or inhibitor in A375 cells. ¥P<0.05, **P<0.01.

Comparisons between multiple groups were performed
using one-way ANOVA test followed by Post Hoc Test
(Least Significant Difference). Significant differences were
defined as P<0.05.
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Figure 2 MiR-1246 promoted cell viability and metastasis in melanoma cells. (A) The cell proliferation regulated by miR-1246 mimics or inhibitor in A375 cells. (B)
miR-1246 regulated the expressions of Bcl-2/Bax in A375 cells. (C, D) Cell migration and invasion in A375 cells with miR-1246 mimics or inhibitor *P<0.05,

**P<0.01.
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Results
MiR-1246 Expression Was Increased in

Melanoma
In melanoma tissues and cell lines, the abnormal expression
of miR-1246 was observed. We found that miR-1246

expression was significantly increased in melanoma tissues
compared to normal tissues (P<0.01, Figure 1A). Similarly,
compared to HEM cells, upregulation of miR-1246 was
detected in A375 and A2058 cell lines (P<0.01 or 0.05,
Figure 1B). The findings suggest that miR-1246 may be
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Figure 3 MiR-1246 directly targeted FOXA2. (A) The binding sites between FOXA2 with miR-1246. (B) Luciferase reporter assay. (C) MiR-1246 was negatively correlated
with FOXA2 in melanoma tissues. (D, E) FOXA2 expression regulated by miR-1246 mimics or inhibitor in A375 cells **P<0.01.
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involved in the pathogenesis of melanoma. Because the
difference in miR-1246 expression was more significant in
A375 cells than A2058cells, A375 cells were selected to
investigate the function of miR-1246 in melanoma. Next,
miR-1246 mimics or inhibitor was transfected into A375
cells. RT-qPCR showed that miR-1246 mimics can promote
miR-1246 expression, but miR-1246 inhibitors can reduce
its expression in A375 cells (P<0.01, Figure 1C).

MiR-1246 Promoted Cell Viability and

Metastasis in Melanoma

Next, the effects of miR-1246 on cell viability and metastasis
were investigated in A375 cells using MTT and Transwell
assays. First, it was found that miR-1246 overexpression
promoted cell proliferation, while miR-1246 knockdown
inhibited cell in A375 (P<0.01,
Figure 2A). Then, we investigated how miR-1246 regulates
apoptosis-associated proteins (Bcl-2/Bax) in A375 cells. We
found that upregulation of miR-1246 suppressed Bax expres-

proliferation cells

sion and promoted the expression of survival gene Bcl-2
(P<0.01, Figure 2B). In contrast, knockdown of miR-1246
promoted Bax expression and suppressed Bcl-2 expression
level (P<0.01, Figure 2B). In addition, Transwell assay

A
*%
3 1.5+
(@)
i
kS I
c 1.0
Rel
(]
(]
g p— —
2 0.5
)
)
=
ke
o 0.0 T T
x Normal tissues melanoma cancer
2
N\ 2 O((\
W < e® W 0
‘\'\9‘5\) W
FOXA2 wED ———

GAPDH N> e

showed that miR-1246 mimics promoted cell migration.
And knockdown of miR-1246 suppressed cell migration in
A375 cells (P<0.01, Figure 2C). Similarly, cell invasion also
showed the same results (P<0.01, Figure 2D). Collectively,
miR-1246 promoted cell viability and metastasis in
melanoma.

MiR-1246 Directly Targeted FOXA2

To further illustrate how miR-1246 promotes the progres-
sion of melanoma, we explored the targets of miR-1246 in
the TargetScan (http://www.targetscan.org/) database. It
predicts that miR-1246 has a binding site with the
3'-UTR of FOXA2 (Figure 3A). Luciferase reporter
assay showed that miR-1246 overexpression reduced the
luciferase activity of Wt-FOXAZ2, but had no effect on the
luciferase activity of Mut-FOXA2 (P<0.01, Figure 3B). In
melanoma tissues, a negative correlation was detected
between miR-1246 and FOXA2 (P<0.0001, R220.5243;
Figure 3C). In addition, we found that FOXA2 expression
was reduced by miR-1246 mimics and promoted by miR-
1246 inhibitor (P<0.01, Figure 3D and E), consistent with
the above results. These findings suggested that miR-1246
directly targeted FOXA2 and reverse-regulated FOXA?2
expression in melanoma.
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Figure 4 FOXA2 was downregulated in melanoma. (A, B) The mRNA and protein expression of FOXA2 in melanoma tissues and cell lines **P<0.01.
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FOXA2 Was Downregulated in Melanoma

Next, the abnormal expression of FOXA2 was detected in
melanoma tissues and cell lines. We found that FOXA?2 was
downregulated in melanoma tissues compared to normal
tissues (P<0.01, Figure 4A). In addition, FOXA2 expres-
sion was lower in A375 and A2058 cell lines than in HEM
cells (P<0.01, Figure 4B). The results indicate that FOXA2
may be involved in the occurrence of melanoma.

Upregulation of FOXA2 Restored the

Carcinogenesis of miR-1246 in Melanoma
To explore the role of FOXA2 in melanoma, the FOXA2
vector was transfected into A375 cells with miR-1246
mimics. The decreased expression of FOXA2 in A375
cells with miR-1246 mimics was restored by the FOXA2
vector (Figure 5A). Functionally, the FOXA2 vector atte-
nuated the increased ability of cell proliferation induced by
miR-1246 mimics (Figure 5B). Similarly, the reversal
effect of FOXA2 on cell migration and invasion was also
detected in A375 cells with miR-1246 mimics (Figure 5C
and D). Briefly, upregulation of FOXA?2 restored the car-
cinogenesis of miR-1246 in melanoma.

Discussion

Recently, the important regulatory mechanisms of miR-
1246 have been found in human cancers. For example,
miR-1246 promoted the proliferation, invasion, and migra-
tion of cervical cancer cells by inhibiting THBS2
expression.”’ Similarly, miR-1246 has also been reported
to induce cell motility and invasion in oral squamous cell
carcinoma by regulating DENND2D.?* In addition, miR-
1246 was found to promote the progression of non-small
cell lung cancer.”® Most studies have shown that miR-1246
plays a role in human cancers by mediating the expres-
sions of target genes such as CCNG2 and CPEB4.”*%* In
melanoma, increased expression of miR-1246 was found.
The upregulation of miR-1246 was related to the resis-
tance of BRAF inhibitors.?® However, it is unclear how
miR-1246 regulates melanoma tumorigenesis. Therefore,
we designed this study to further elucidate the regulatory
mechanism of miR-1246 in melanoma.

In our study, the carcinogenic effect of miR-1246 was
also identified in melanoma. First, we found the increased
expression of miR-1246 in melanoma. Overexpression of
miR-1246 promoted cell viability and metastasis in mela-
noma. These results are consistent with the results of pre-
vious studies. In addition, miR-1246 suppressed Bax

expression and promoted Bcl-2 expression in melanoma
cells, which has not been reported in other cancers.
Moreover, we also found that FOXA?2 is a direct target of
miR-1246 and upregulated in melanoma. Meanwhile,
FOXA2 expression was inversely correlated with miR-
1246 in melanoma. More importantly, upregulation of
FOXA2 impaired the carcinogenic effect of miR-1246 in
melanoma. These findings indicated that miR-1246 pro-
moted the progression of melanoma by targeting FOXA?2.
As a target gene, FOXA2 has been regulated by various
miRNAs, such as miR-1291 and miR-590.""** Consistent
with our results, downregulation of FOXA?2 has been reported
to serve as a tumor suppressor in lung cancer, breast cancer
and pancreatic cancer.'®***° In addition, miR-141-3p has
been reported to foster cell growth, invasion, and tumorigen-
esis of cervical cancer by targeting FOXA2.*! MiR-92a was
found to promote the proliferation and invasion of hepatocel-
lular carcinoma cells by regulating FOXA2.** These findings
support our conclusion that miR-1246 promotes cell viability
targeting FOXA2.
Nevertheless, miR-1246 must have multiple targets in mela-

and metastasis in melanoma by
noma cells, and it must also have other downstream targets.
Therefore, other potential downstream targets of miR-1246 in
melanoma cells deserve further study. In addition, the pigmen-
tation degree of the tested human melanocytes cell line has not
been detected. It is important to analyze the correlation
between miR-1246 and pigmentation degree. In the future,
we will conduct further research to solve the above problems.

Conclusion

In summary, upregulation of miR-1246 was observed in
melanoma. In addition, upregulation of miR-1246 promoted
cell viability and metastasis in melanoma by downregulating
FOXAZ2. Based on these results, we suspect that miR-1246
may have potential as a diagnostic indicator of melanoma.
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