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Abstract: Alpinumisoflavone (AIF) is a naturally occurring flavonoid that is a major bioactive component of the me-
dicinal plant Derris eriocarpa. In this study we evaluated the antimetastatic effect of AIF and investigated the un-
derlying mechanism of action using in vitro and in vivo models of melanoma. We found that AIF impaired the
metastatic potential of A375 and SK-MEL-1 human melanoma cells by promoting cell differentiation as assessed
by melanin content, protoporphyrin IX accumulation, and tissue transglutaminase activity. In addition, AIF inhibited
cell adhesion, migration, and invasion in melanoma cells. We found that AIF treatment decreased cyclooxygenase-2
(COX-2) expression, and COX-2 overexpression attenuated the inhibitory effects of AIF on the metastatic behaviors
of melanoma cells. AIF dose-dependently increased microRNA-124 (miR-124) levels and decreased levels of sphin-
gosine kinase 1 (SPHK1), a target of miR-124. In a mouse model of melanoma, AIF suppressed lung metastasis.
Taken together, our findings suggest that AIF inhibits metastasis in melanoma by modulating COX-2 expression, at
least in part, through targeting the miR-124/SphK1 axis. Our study provides evidence that AIF may be useful as an

antimetastatic agent in the treatment of melanoma.
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Introduction

Skin cancer, which is now the most common
type of cancer in white populations [1], is tradi-
tionally classified as melanoma or nonmelano-
ma. Malignant melanoma is an aggressive and
deadly skin cancer that is responsible for most
skin cancer-related deaths [2]. According to the
American Cancer Society, 9,710 melanoma-as-
sociated deaths occurred in the United States
in 2014, and the number of new cases of inva-
sive melanoma was estimated at 76,100 [3].
Furthermore, the incidence and mortality rates
of melanoma have increased world-wide in the
last 30 years, especially in young people [4]. If
diagnosed and treated at an early stage, mela-
noma is curable; however, metastatic melano-
ma is difficult to treat. Most advanced melano-
mas respond poorly to radiotherapy and che-
motherapy, and no currently available therapy
effectively inhibits the metastatic spread of
this cancer [5], resulting in the high mortality

rate [6]. The development of novel agents that
can decrease the metastatic potential of mela-
noma may represent an effective strategy for
its prevention or treatment.

Risk factors for the development of melanoma
included exposure to solar ultraviolet (UV) radi-
ation, nevus count, skin phototype, family his-
tory of melanoma and, hypothetically, exposure
to artificial light [7]. Of these factors, UV expo-
sure is considered the most common cause of
melanoma. Exposing the skin to UV irradiation
upregulates the expression of cyclooxygen-
ase-2 (COX-2), one of the two isoforms of COX
[8]. In contrast to COX-1, which is constitutively
expressed in most tissues and is involved in
normal physiological functions, COX-2 is an in-
ducible rate-limiting enzyme that catalyzes the
conversion of arachidonic acid to prostaglan-
dins and can be activated by extracellular stim-
uli such as UV radiation, hormones, cytokines,
and tumor promoters [8, 9]. The UV-induced
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upregulation of COX-2 and its products, prosta-
glandins, is associated with the development
and progression of melanoma [10] because of
their ability to decrease apoptosis and promote
cancer invasion and metastasis [11-13]. There-
fore, COX-2 is considered an important thera-
peutic target for melanoma.

Alpinumisoflavone (AIF) is a major bioactive
component of Derris eriocarpa, a traditional
Chinese medicinal plant that is widely distrib-
uted throughout the Yunnan, Guangxi, and Gui-
zhou provinces of China. Previous studies have
described various pharmacological activities of
AIF including atheroprotective [14], estrogenic
[15], and antibacterial actions [16]. In addition,
AIF has been identified as a potential antineo-
plastic agent [17, 18]. However, little is known
about the effect of AIF on the metastatic poten-
tial of tumor cells. In this study, we investigated
the effect of AIF on the metastatic potential of
human melanoma cell lines and in a mouse
model of melanoma. Our results showed that
AIF impairs the metastatic potential of mela-
noma cells by downregulating COX-2 via the
microRNA-124 (miR-124)/sphingosine kinase 1
(SPHK1) axis.

Materials and methods
Cell lines and cultures

The human melanoma cell lines A375 and SK-
MEL-1 and the murine melanoma cell line B16-
F10 were obtained from the American Type
Culture Collection (Rockville, MD, USA). The
cells were grown in Dulbecco’s modified Eagle
medium (DMEM, HyClone, Waltham, MA, USA)
containing 10% fetal bovine serum (FBS, Hy-
Clone) and 1% antibiotic solution (100 mg/L
streptomycin, 100 U/ml penicillin) at 37°Cin a
5% CO, atmosphere. Every 48 hours, the cells
were detached with trypsin-EDTA solution (Hy-
Clone), resuspended at 1.5 x 10%/ml, and re-
plated.

Cell proliferation assay

In vitro cytotoxicity was determined with the
MTT assay using A375 and SK-MEL-1 cells and
the Cell Counting Kit-8 (Wako Chem., Shanghai,
China) according to the manufacturer’s instruc-
tions. After a 24-hour incubation in various con-
centrations of AlF, cell viability was determined
by measuring absorbance at 595 nm with an
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enzyme-linked immunosorbent assay reader
(Tecan Group Ltd., Mannedorf, Switzerland).

Determination of melanin content

Melanin content was determined as previously
described [19]. The A375 cells were seeded in
6-well culture plates (5 x 105 cells/well in 2 ml
DMEM) and incubated overnight to allow cells
to adhere. The cells were then treated with 5 or
10 uM AIF for 48 hours, detached by using O.
25% trypsin-EDTA, and centrifuged for 15 min-
utes at 1200 x g at 4°C. The supernatant was
removed, and the cell pellets were washed with
phosphate buffer saline and lysed with 500 pl
water. Cell lysates were clarified by centrifuga-
tion at 12,000 rpm for 5 minutes and disrupted
by ultrasonic treatment at 4°C. The lysates we-
re clarified by centrifugation at 12,000 rpm for
5 minutes at 37°C, and the pellet was washed
with 10% trichloroacetic acid (500 ul) and 75%
ethanol (500 ul) and then clarified again. The
pellet was then incubated with 50 yl NaOH (1
mol/L) containing 10% DMSO for 1 hour at
80°C. Absorbance at 470 nm was measured
using an enzyme-linked immunosorbent assay
reader (Tecan Group Ltd.).

Determination of intracellular protoporphyrin
IX concentration

Intracellular protoporphyrin IX (PpIX) concentra-
tion was measured as previously described
[20]. After 24-hour treatment with 5 or 10 uM
AIF, the A375 and SK-MEL-1 cells were washed
three times with phosphate buffered saline
(PBS) and harvested by trypsinization. After
centrifugation at 800 x g for 5 min, the cells
were resuspended in 0.5 ml PBS. Intracellular
PplX concentration was analyzed by flow cytom-
etry (BD Biosciences FACScan, San Diego, CA,
USA) using an excitation wavelength of 488 nm
and emission wavelength of 650 nm and quan-
tified with CellQuest software (BD Biosciences).

Measurement of tissue transglutaminase 2
activity

To evaluate intracellular tissue transglutamin-
ase (TG2) activity, A375 cells were plated on
100-mm plates (1 x 10%/plate) and grown in
the presence of [**C]-methylamine (0.5 pl/ml)
with or without AIF. The incorporation of radiola-
beled amine into cell proteins was measured
with a scintillation counter (Beckman LS 5000
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TD, Fullerton, CA, USA), and TG2 activity was
analyzed as previously described [21].

Wound healing assay

The A375 and SK-MEL-1 cells were seeded in-
to 24-well tissue culture plates (1 x 10° cells/
well) and maintained at 37°C and 5% CO, for
24 hours to allow cell adhesion and formation
of a confluent monolayer. The monolayers we-
re scored with a sterile pipette tip to leave a
scratch approximately 0.4- to 0.5-mm wide and
then washed with serum-free medium three
times to remove dislodged cells. Wound closure
was monitored by collecting digitized images
at 0 and 24 hours after the scratch was per-
formed using an inverted microscope (Motic
China Group Co., Xiamen, China) and digital ca-
mera (Nikon, Tokyo, Japan). The digitized imag-
es were analyzed using ImageJ software.

Cell invasion assay

Cell invasion was evaluated using Transwell
plates coated with Matrigel (8-um pore size; BD
Biosciences, San Jose, California) following the
standard protocol. Cells were seeded into the
24-well plates (1 x 10%/well) and starved over-
night in serum-free medium. The cells were
then trypsinized, washed three times in DMEM
containing 1% FBS, resuspended in DMEM con-
taining 1% FBS, and then added to the upper
chamber of the Transwell plate (1 x 10° cells in
500 yl medium). Minimal Essential Medium
with 10% FBS was added to the lower chamber
as a chemoattractant. For control cells, medi-
um containing 1% FBS was added to the lower
chamber. After 24-hour incubation, the Matrigel
and cells remaining in the upper chamber were
removed with cotton swabs. Cells on the lower
surface of the membrane were fixed in formal-
dehyde and stained with hematoxylin. The cells
in at least five random microscopic fields (mag-
nification, x 200) were counted and photogra-
phed.

Determination of miRNA and mRNA levels

TRIzol Reagent (Thermo Fisher Scientific, Walt-
ham, MA) was used to extract total RNA from
cultured cells. MiRNAs expression was quanti-
fied by quantitative reverse transcription PCR
(QRT-PCR). Briefly, cDNA was obtained by using
a High Capacity cDNA Archive Kit (Applied
Biosystems, Foster City, CA, USA) and amplified
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using the ABI 7500 System (Thermo Fisher
Scientific) and a TagMan PCR kit (Applied Bio-
systems, Carlsbad, CA) according to the manu-
facture’s instructions. Expression of miR-124
was normalized to that of U6 small nuclear
RNA. COX-2 expression was determined by us-
ing primers synthesized based on published
sequences [22]. First-strand cDNA was gener-
ated from 1 pg total RNA using Super M-MLV
reverse transcriptase (BioTeke Co., Beijing, Chi-
na). PCR amplification was carried out using
SYBR Green master mix (Solarbio Co., Beijing,
China), forward and reverse primers, and 10 ng
template cDNA. COX-2 expression was normal-
ized to that of glyceraldehyde-3-phosphate de-
hydrogenase (GADPH) and analyzed using the
comparative ACt method (ABPrism software,
Applied Biosystems).

Generation of plasmid constructs and cell
lines overexpressing COX-2 or SPHK1

To generate the COX-2 overexpression vector,
the COX-2 coding sequence was obtained by
RT-PCR and cloned into a pCMV vector (Beyo-
time Institute of Biotechnology, Shanghai, Chi-
na). The resulting plasmid was named pCMV-
COX-2. Both A375 or SK-MEL-1 cells were trans-
fected with pCMV-COX-2 or the empty pCMV
vector as a control. Two days after transfection,
stable clones were selected and maintained in
medium containing G418. The SPHK1 overex-
pression vector was generated similarly. The
cDNA was amplified and subcloned into the
pCMV vector as previously described [23]. The
A375 or SK-MEL-1 cells were then transfected
with pCMV-SPHK1 or the empty pCMV vector.
Overexpression of COX-2 and SPHK1 was veri-
fied by gqRT-PCR and western blot analysis.

Silencing COX-2 or SPHK1 in melanoma cells

The siRNA oligos for COX-2 or SPHK1 gene
knockdown were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA). Two different
siRNA sequences and one scramble sequence
(control) were subcloned into plasmid vector
pGCsi-H1 according to the manufacturer’s in-
structions. These recombinant vectors were
designated p-siRNA1, p-siRNA2, and p-siRNA-
control, respectively. A375 or SK-MEL-1 cells
from logarithmic growth phase cultures were
seeded into 6-well plates (3 x 10° cells/well).
The next day, the cells were transfected with
p-siRNA1, p-siRNA2, or p-siRNA-control using
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Figure 1. AIF reduces cell viability and promotes differentiation in A375 and SK-MEL-1 human melanoma cells. A.
AIF treatment led to a time- and dose-dependent loss of cell viability. To determine the effect of AIF on cell differ-
entiation, cells were treated with AIF at the indicated concentrations for 48 hours. B. AIF treatment increased the
melanin content of cells. C. AIF treatment increased PplX accumulation. D. AIF enhanced TG2 activity. *P < 0.05,

**pP < 0.01.

Lipofectamine 2000 (Invitrogen, CA, USA) ac-
cording to the manufacturer’'s protocol. After
48 hours, transfection efficiency was evaluated
under florescence microscopy. Stable transfec-
tion was verified by qRT-PCR and western blot
analysis.

MiR-124 knockdown or overexpression

Melanoma cells were seeded into a 96-well
plate, incubated overnight, and then transfect-
ed with lentiviral constructs for miR-124 over-
expression (MiR-124 mimic), miR-124 knock-
down (miR-124 inhibitor), or control (miR-con)
(Qiagen, Dusseldorf, Germany) using Lipofec-
tamine-2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions.
Transfection efficiency was confirmed by qRT-
PCR analysis.

Western blotting analysis

Cells were harvested, lysed with ice-cold lysis
buffer (Invitrogen) for 30 minutes on ice, and
centrifuged at 4°C, 12,000 rpm for 5 minutes.
The cell lysate was collected, and lysate pro-
teins (50 ug) were separated by 10% SDS-PAGE
and transferred onto PVDF membranes (Milli-
pore, MA, USA). The proteins were probed with
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specific antibodies following the standard pro-
tocol. After washing with Tris-buffered saline
with Tween 20, the blot was incubated with the
secondary antibody for 2 hours. After washing
the blot with Tris-buffered saline with Tween
20, signals were detected using chemilumines-
cent substrate (KPL, Guildford, UK) and ana-
lyzed using Bandscan software (Glyko, Novato,
CA).

Construction of reporter plasmids and lucifer-
ase assay

The luciferase reporter plasmid was construct-
ed as previously described [23]. A fragment
containing the SPHK1 3’ untranslated region
(UTR) was amplified by PCR from human geno-
mic DNA and inserted into a pGL3 vector (Pro-
mega, Madison, WI) downstream of the stop
codon of the firefly luciferase reporter gene to
generate pGL3-3'UTR/SPHK1. For the lucifer-
ase assay, 293T cells were transiently cotrans-
fected with 0.2 pg of the pGL3-3'UTR/SPHK1
construct, 0.02 ug of the control pRL-TK-Renilla
luciferase reporter plasmid (Promega, Madison,
WI) used for normalization, and 5 pmol of miR-
124 mimic, miR-124 inhibitor, or miR-con. After
24 hours, the cells were lysed, and luciferase
activity was determined with a luminometer

Am J Transl Res 2017;9(3):986-998
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Figure 2. AIF suppresses migration and invasion in A375 and SK-MEL-1 human melanoma cells. To demonstrate the
effect of AIF on migration and invasion, cells were incubated with AIF at the indicated concentrations. A. Treatment
with 5 or 10 uM AIF for 24 hours decreased cell migration. B. Treatment with 5 or 10 uM AIF for 48 hours suppressed

cell invasion. *P < 0.05, **P < 0.01.

using the Dual-Luciferase Reporter Assay Sys-
tem (Promega), according to the manufactur-
er's instructions.

Mouse model of lung metastasis

All animal experiments were performed with
the approval of the Ethics Committee of Luo-
yang Central Hospital affiliated with Zhengzhou
University. To establish a mouse model of lung
metastasis, B16-F10 melanoma cells (10° cells
in 50 ul PBS) were injected into the tail vein of
C57BL/6 mice. The mice were randomly as-
signed to three treatment groups and received
AIF in saline (50 or 1000 mg/kg/day) or saline
(control) intragastrically for consecutive 24
days. At the end of the experiment, the mice
were sacrificed, and the lungs were dissected
to count metastasized colonies.
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Statistical analysis

All statistical analyses were performed using
SPSS statistical software. Results are present-
ed as mean + standard deviation. Groups were
compared by one-way analysis of variance, fol-
lowed by Tukey’s post hoc test for multiple com-
parisons. Student’s t-test was used for single
comparisons. P < 0.05 was considered signifi-
cant.

Results
AIF inhibits melanoma cell proliferation

To assess the effect of AIF on cell viability,
A375 and SK-MEL-1 cells were treated with O,
2,5, or 10 uyM AIF for 24, 48, or 72 hours. As
shown in Figure 1A, AIF suppressed the prolif-
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Figure 3. AIF promotes cell differentiation by suppressing COX-2 expression. Cells were incubated with AIF at the
indicated concentrations for 24 hours. A. AIF treatment dose-dependently decreased COX-2 mRNA levels. B. AIF
treatment dose-dependently decreased COX-2 protein levels. C. Transfection of a COX-2 overexpression plasmid
attenuated the effect of AIF on melanin content. D. COX-2 overexpression attenuated AlF-induced PplIX accumula-
tion. E. COX-2 overexpression attenuated the effect of AIF on TG2 activity. **P < 0.01 vs. control, P < 0.01 vs. AlF.

eration of both A375 and SK-MEL-1 cells in a
dose- and time-dependent manner. At 2 uM,
AIF did not significantly reduce the viability of
either cell line, even when the incubation was
prolonged to 72 hours. However, 24-hour incu-
bation with 5 or 10 ug/ml AIF significantly inhib-
ited cell growth. To evaluate the effect of AIF on
the metastatic potential of melanoma cells, we
used 2 and 5 uM AIF for further experiments.

AIF stimulates differentiation and suppresses
adhesion, migration, and invasion of human
melanoma cells

Metastatic melanoma is known for its pheno-
typic diversity and loss of differentiation mark-
ers. Therefore, we evaluated the effect of AIF
on TG2 activity, melanin synthesis, and PpIX ac-
cumulation as markers of differentiation [24].
After 48-hour treatment with 5 or 10 uyM AIF,
intracellular melanin content in A375 cells was
increased by approximately 50% compared to
vehicle-treated control cells (Figure 1B). AIF
treatment also increased PplX accumulation in
the melanoma cells, as demonstrated by flow
cytometry (Figure 1C). In addition, TG2 activity
was significantly enhanced by AIF treatment
(Figure 1D). Taken together, these findings
demonstrate that AIF is able to stimulate dif-
ferentiation in melanoma cell lines.

991

We next examined the effect of AIF on cell mi-
gration in A375 and SK-MEL-1 cells. As shown
in Figure 2A, AIF suppressed cell migration in a
dose- and time-dependent manner. We then
evaluated the effect of AIF on cell invasion by
using the transwell assay. As shown in Figure
2B, 48-hour incubation with 5 or 10 uyM AIF
significantly suppressed cell invasion. These
results show that AIF impairs the metastatic
potential of melanoma cells.

COX-2 is involved in the inhibitory effect of AIF
on the metastatic potential of melanoma cells

Given the pivotal role of COX-2 in the metasta-
sis of melanoma, we asked whether COX-2 was
involved in the suppressive effect of AIF on the
metastatic potential of melanoma cells. Our
results show that AIF downregulated COX-2 ex-
pression in melanoma cells at both the mRNA
and protein levels (Figure 3A, 3B). To further
explore the role of COX-2 in AlF-induced differ-
entiation and inhibition of cell adhesion, migra-
tion, and invasion, we transfected A375 and SK-
MEL-1 cells with a COX-2 overexpression plas-
mid or siRNA targeting COX-2. As shown in
Figure 3C-E, siRNA knockdown of COX-2 signifi-
cantly increased intracellular melanin synthe-
sis, PplX accumulation, and TG2 activity, whe-
reas COX-2 overexpression decreased these
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markers of differentiation. AIF treatment sig-
nificantly attenuated COX-2 overexpression in
A375 and SK-MEL-1 cells, indicating that that
AIF promotes cell differentiation, at least in
part, through the modulation of COX-2 expres-
sion. Similarly, siRNA knockdown of COX-2 sig-
nificantly decreased cell migration and inva-
sion, whereas COX-2 overexpression abrogated
the inhibitory effect of AIF on these metastatic
behaviors (Figure 4A, 4B). Collectively, our re-
sults suggest that the downregulation of COX-2
is involved in the inhibitory effect of AIF on the
metastatic potential of melanoma cells.

AIF modulates COX-2 expression by targeting
miR-124/SPHK1 expression

SPHK1 has been identified as a therapeutic tar-
get in melanoma [25] and has been reported to
regulate COX-2 transcription [26, 27]. Therefore,
we evaluated whether AIF modulated COX-2
expression by suppressing SPHK1 activity. As
shown in Figure 5A, western blot analysis sho-
wed that AIF treatment decreased SPHK1 pro-
tein levels. Since a number of flavonoid com-
pounds are able to regulate miRNAs in cancer
cells [28, 29], two computational algorithms,
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TargetScan [30] and microRNA.org [31], were
used in combination to search for miRNAs that
might mediate the effect of AIF on SPHK1 in
melanoma. Of the three miRNAs identified by
this analysis (miR-122, miR-124, and miR-411),
AIF treatment affected only the expression of
miR-124 in melanoma cells (Figure 5B). There-
fore, we examined whether SPHK1 was a direct
target of miR-124 in melanoma cells. As shown
in Figure 5C, miR-124 overexpression signifi-
cantly decreased SPHK1 expression in mela-
noma cells, whereas miR-124 knockdown sig-
nificantly increased SPHK1 expression. Similar-
ly, results of the luciferase reporter assay sho-
wed that miR-124 overexpression significantly
decreased SPHK1 gene transcription, where-
as miR-124 knockdown significantly increased
SPHK1 transcription, compared with controls
(Figure 5D). Moreover, knockdown of miR-124
or overexpression of SPHK1 attenuated the
ability of AIF to decrease COX-2 mRNA and pro-
tein levels (Figure 5E and 5F). We next exam-
ined the involvement of miR-124 and SPHK1 in
the antimetastatic effect of AIF. Our results
showed that miR-124 knockdown or SPHK1
overexpression significantly attenuated the an-
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noma cells. C. MiR-124 knockdown significantly attenuated the suppressive effects of AIF on SPHK1 expression, as demonstrated by western blot analysis. D.
Overexpression of miR-124 significantly decreased SPHK1 transcription, as assessed by the luciferase reporter assay. E. Both MiR-124 knockdown and SPHK1 over-
expression significantly attenuated the suppressive effect of AIF on COX-2 mRNA expression. F. Both MiR-124 knockdown and SPHK1 overexpression significantly
attenuated the suppressive effect of AIF on COX-2 protein expression. **P < 0.01 vs. control, P < 0.01 vs. AlF.
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mediated inhibition of cell invasion. **P < 0.01.

timetastatic effect of AIF (Figure 6A-E). Taken
together, our results showed that AIF attenu-
ates the metastatic potential of melanoma
cells by downregulating COX-2 via the miR-124/
SPHK 1 axis.

AlIF suppresses melanoma lung metastasis in
a mouse xenograft model

The antimetastatic effect of AIF was then evalu-

ated in a mouse model of melanoma. Our re-
sults showed that AIF decreased the number of
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metastatic pulmonary nodules compared to
that of control mice (Figure 7B). As shown in
Figure 7C, results of gRT-PCR and western blot
analysis showed that AIF decreased COX-2 and
SPHK1 expression and increased miR-124 ex-
pression in metastatic tissues, supporting our
in vitro results.

Discussion

Recent studies have described natural prod-
ucts that exert anticancer effects in melanoma

Am J Transl Res 2017;9(3):986-998
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[32]. In this study we showed that the naturally
occurring flavonoid AIF suppresses metastasis
in in vitro and in vivo models of melanoma. In
addition, we found that COX-2 expression,
mediated by the miR-124/SPHK1 signaling
pathway, was important for the antimetastatic
effect of AIF in melanoma.

COX-2 catalyzes the production of prostaglan-
dins, which play a central role in cancer inva-
sion and metastasis, making COX-2 a promis-
ing target for the prevention of metastatic mel-
anoma [10]. In the present study we found that
treatment with AIF impairs the metastatic
potential of melanoma cells and is associated
with decreased COX-2 expression. COX-2 is
involved in a variety of biological activities in
cancer cells. For example, Carpi et al. reported
that COX-2 inhibition results in apoptosis and
cell cycle arrest in A375 human melanoma
cells [33], induces autophagy in cervical cancer
cells [34], and exerts antiangiogenic effects in
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tumor endothelial and vascular progenitor cells
in a mouse tumor model [35]. Therefore, by
repressing COX-2, AIF may induce apoptosis
and autophagy and inhibit angiogenesis in mel-
anoma. Given that melanoma is a highly immu-
nogenic tumor [36], AIF may also induce protec-
tive immunity against melanoma [37] because
of the immunomodulatory function of COX-2
[38].

SPHK1 is an evolutionarily conserved lipid
kinase that has been implicated in the develop-
ment of a variety of various cancers including
melanoma [39]. In glioma cells, SPHK1 knock-
down induces apoptosis through decreased
PI3K/Akt signaling [40]. In addition, targeting
SPHK1 using siRNA or chemotherapeutic agen-
ts suppresses tumor cell growth in breast, pros-
tate, and brain cancers [41-43]. In the context
of melanoma, an early study by Bektas et al.
reported that high SPHK1 activity counteracts
ceramide-mediated cell death in human mela-
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noma cells [44]. Madhunapantula et al. showed
that targeting SPHK1 using siRNA or the phar-
macological inhibitor SKI-I decreased anchor-
age-dependent and -independent growth and
sensitized melanoma cells to apoptosis-induc-
ing agents [25]. Moreover, a recent study re-
ported that SPHK1 modulates communication
between melanoma cells and dermal fibro-
blasts [45]. In the present study, we provide
evidence that SPHK1 plays a role in the metas-
tasis of melanoma. Collectively, these findings
highlight the potential of SPHK1 as a therapeu-
tic target in melanoma.

MicroRNAs (miRNAs or miRs) are highly con-
served noncoding RNAs (14-24 nucleotides)
that are widely presentin mammalian genomes.
They regulate gene expression by mediating the
degradation of target mRNA or inhibition of
MRNA translation [46]. Accumulating evidence
shows that miRNA dysregulation occurs at vari-
ous stages of melanoma progression and is
associated with patient prognosis [47, 48]. A
number of miRNAs act as tumor suppressors
in melanoma. For instance, miR-137 regulates
melanocyte differentiation by repressing micro-
phthalmia-associated transcription factor (Ml-
TF) expression [48] and exerts antitumor ef-
fects in melanoma cells by regulating MITF,
c-Met, Y-box-binding protein 1, and enhancer of
zeste homolog 2 (EZH2) [49]. In addition, MITF
and EZH2 are targets of the tumor suppressor
miR-101 [50]. However, several miRNAs play
oncogenicrolesin melanoma. For example, miR-
135a promotes the progression of malignant
melanoma through the regulation of FOXO1
[51]. In addition, miR-21 is upregulated in ad-
vanced melanoma [52, 53] and regulates the
metastatic behavior of B16 melanoma cells by
inhibiting the tumor suppressor PDCD4 [54].
However, little is known about the role of miR-
124 in melanoma. In the present study, we
found that upregulation of miR-124 by AIF was
associated with impaired metastasis, suggest-
ing that miR-124 functions as a tumor suppres-
sor in melanoma.

In conclusion, our study shows that the inhibi-
tion of COX-2 contributes to the antimetastatic
effect of AIF in melanoma. We found that AIF
modulates COX-2 expression, at least in part,
through targeting the miR-124/SPHK1 axis.
Our results suggest the potential of AIF as an
anticancer agent in melanoma.
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