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Abstract: MicroRNAs (miRNAs) play important roles in melanoma. Although miR-637 has been suggested to be a tumor suppressor in several cancers, its

function in melanoma and the molecular mechanism behind that function remain unclear. In this study, we investigated the role of miR-637 in human melanoma
and explored its relevant mechanisms. We found that the expression of miR-637 is significantly downregulated in melanoma tissues and cell lines. While overex-
pression of miR-637 inhibited melanoma cell proliferation and cell cycle G1-S transition, and induced apoptosis. Inhibition of miR-637 promoted cell proliferation
and G1-S transition, and suppressed apoptosis. Subsequent investigation revealed that miR-637 expression was inversely correlated with P-REX2a expression in
melanoma tissues. P-REX2a was determined to be a direct target of miR-637 by using a luciferase reporter assay. Overexpression of miR-637 decreased P-REX2a
expression at both the mRNA and protein levels, and suppression of miR-637 increased P-REX2a expression. Importantly, silencing P-REX2a recapitulated the
cellular and molecular effects seen upon miR-637 overexpression, whereas, overexpression of P-REX2a eliminated the effects of miR-637 overexpression on
melanoma cells. Furthermore, both enforced expression of miR-637 or silencing of P-REX2a resulted in activation of PTEN, leading to a decline in AKT phospho-
rylation. Taken together, our study demonstrates that miR-637 inhibites melanoma cell proliferation by activation of AKT signaling pathway and induces apoptosis
through regulation of Bcl-2/Bax expression via targeting P-REX2a. These findings suggest that miR-637 plays a crucial role in melanoma progression, and may

serve as a potential novel target for melanoma therapy.
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Introduction patients with melanoma.
MicroRNAs (miRNAs) is a class of single-stranded,
Melanoma is one of the most aggressive and lethal small, endogenous non-coding, highly conserved
type of skin cancer that derives from the pigment- RNAs, approximately 19-25 nucleotides in length that
containing cells known as melanocytes (1). It is the can regulate gene expression post-transcriptionally by
fifth and seventh most common cancer in United States binding to 3'-untranslated regions (UTRs) of target mR-
males and females, respectively (2), and is one of the NAs, leading to mRNA degradation and/or suppression
most common cancers in adolescents and young adults of translation (9-11). The aberrant expression of miR-
(3). The incidence of melanoma has increased rapidly NAs has been found to play multiple roles in a variety of
in the past few decades, such that 3.1 million people biological processes, including cell proliferation, diffe-
were diagnosed and 59,800 died with the active disease rentiation, cycles, metabolism, apoptosis, development
in 2015 (4). The major risk factors of affecting mela- and tumorigenesis (12-16). Previous studies have shown
noma include ultraviolet light and fair feature such as that dysregulation of miRNAs plays an important role in
light hair, skin and eye color (5). Unfortunately, despite melanoma progression. Recently, several studies have
the great advance in the therapy of melanoma, the five shown that miR-637 is clinically significant and acts as
year overall survival of melanoma patients in advanced a crucial role in carcinogenesis and cancer progression,
stage remains poor (6). Tumorigenesis is a polyfactorial such as papillary thyroid carcinoma, pancreatic ductal
and multistep process involving different gene changes, adenocarcinoma, glioma and hepatocellular carcinoma
such as the inactivation of tumor suppressor genes, acti- (17-20). However, the role of miR-637 in melanoma
vation of oncogenes and abnormal expression of can- and the molecular mechanisms behind its role are still

cer-related genes (7,8). Therefore, it is critical to dis- unknown.

cover the molecular mechanisms underlying melanoma In the present study, we investigated the function of
development and progression, which could identify miR-637 and the mechanism that regulates this function
novel biomarkers and develop therapeutic strategies for in human melanoma. We found that the expression of
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miR-637 was significantly downregulated in melanoma
tissues and correlated with clinicopathological charac-
teristics. Our results also showed that phosphatidylino-
sitol 3,4,5-trisphosphate RAC exchanger 2a (P-REX2a)
had an overexpression in melanoma tissues compared
with adjacent normal tissues. As predicted, we observed
that miR-637 could target P-REX2a by using bioinfor-
matics software (miRanda and TargetScan). P-REX2a is
a guanine nucleotide exchange factor for the RAC gua-
nosine triphosphatase, playing a PTEN-interacting pro-
tein, which can activate the phosphoinositide 3-kinase
(PI3K) signaling pathway by antagonizing PTEN in
cancer cells (21). Additionally, our results demonstrated
that miR-637 potently inhibited human melanoma cell
proliferation, induced G1-S cell cycle arrest and cell
apoptosis. More importantly, we provide evidence that
P-REX?2a is a direct and functional target of miR-637
for the first time. Overall, our data suggest that miR-637
may be a novel therapeutic target in melanoma therapy.

Materials and Methods

Human tissue samples

Human melanoma samples (61) were collected from
patients who were diagnosed with the disease at the De-
partment of Dermatology, the First Affiliated Hospital,
Xi’an Jiaotong University, China. Informed consents
were obtained from each patient before specimen col-
lection. The tissue samples were stored at -80 °C until
use. Clinicopathological data were obtained through
reviewing their pathology records. The study was ap-
proved by the Ethical Committee of Xi'an Jiaotong Uni-
versity, and guidelines of the committee were followed.

Cell culture

Human melanoma cell lines A375, SK-MEL-28,
Mel-RM, and normal skin cell line HaCaT were pur-
chased from the Cell Bank (Shanghai Genechem Co.,
Ltd., Shanghai, China). All cell lines have been detec-
ted and authenticated by the Cell Bank. Cells (1x10°
cells/ml) were cultured in Dublecco's modified essen-
tial medium (DMEM; Life Technologies, Grand Island,
NY, USA) containing 10% fetal bovine serum (Gibco
BRL, NY, USA), penicillin (100 U/mL), streptomycin
(100 pg/mL) and were incubated at 37 °C in a incubator
containing 5% CO,,.

Quantitative real-time PCR

The RNA was extracted from human melanoma tis-
sue samples and cell lines by using TRIzol reagent (In-
vitrogen, Carlsbad, CA, USA). SYBR Premix Ex Taq Il
Kit (Takara, China) were used for the measurement of
miR-637 expression and P-REX2a mRNA expression.
Quantitative real-time PCR (qRT-PCR) were conduc-
ted through using the iCycler iQ Multicolor qRT-PCR
System (Bio-Rad, USA). These results were norma-
lized to RNUG6B (U6) gene or B-Actin gene expression.
These correlative primer sequences were as follows:
miR-637 reverse-transcribed primer, 5'-GTCGTATC-
CAGTGCGTGTCGTGGAGTCGGCAATTGCAC-
TGGATACGACACGCAGA-3"; miR-637 forward,
5'- ATCCAGTGCGTGTCGTG-3"; miR-637 reverse,
5'-TGCTACTGGGGGCTTTCGGGC-3"; U6 reverse-
transcribed primer, 5-CGCTTCACGAATTTGCG-

TGTCAT-3’; U6 forward, 5-GCTTCGGCAGCA-
CATATACTAAAAT-3'"; U6 reverse, 5'-CGCTTCAC-
GAATT TGCGTGTCAT-3'; P-REX2a forward, 5'-AA-
CCATGAGAAGGCACAAAAA-3"; P-REX2a reverse,
5'-CTTGCATATTCTTTGTATTGGTGT-3"; B-Actin
forward, 5'-TGGCACCCAGCACAATGAA-3;
B-Actin reverse, 5'- CTAAGTCATAGTCCGC CTA-
GAAGCA -3".

Vector construction

Hsa-miR-637 precursor expression vector (named
miR-637) and control empty vector (named Control)
were constructed with synthetic oligonucleotides and
interpolated into pcDNA6.2-GW/EmGFPmiR plasmid
according to the manufacturer’s instructions. Full-length
human P-REX2a complementary DNA was cloned into
the pPCMV2-GV 146 vector (Genechem Co. Ltd). Accor-
ding to the manufacturer’s instructions, transfection was
fulfilled through using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA).

Anti-miR-637/P-REX2a siRNA synthesis and trans-
fection

Interfering RNA oligonucleotides were used as
miR-637 inhibitors (named anti-miR-637), and synthe-
sised from Gene Pharma (Shanghai, China). The
sequence of anti-miR-637 was 5-ACGCAGAGCCC-
GAAAGCCCCCAGU-3'. Scramble siRNA was used
as control (named anti-miR-Control), and this sequence
was 5'- CAGUACUUUUGUGUAGUACAA-3". The
RNA oligonucleotides were transfected into human
melanoma A375 cells with Lipofectamine 2000. Small
interfering RNA (siRNA) was used to silence human P-
REX2a gene. Human P-REX2a siRNA (sense 5-CA-
CUAUGGCCAUCAUUGAUTT-3', antisense 5'-AU-
CAAUGAUGGCCAUAGUGTT-3") and negative
siRNA (NC-siRNA, sense 5-UUCUCCGAACGUGU-
CACGUTT-3', antisense 5-ACGUGACACGUUCG-
GAGAATT-3") were compounded by GenePharma Cor-
poration (Shanghai, China). The siRNAs were transfec-
ted through using Lipofectamine 2000, and diluted to 60
nM in A375 cells in future experiment.

Dual-luciferase assay

The binding site for miR-637 in the 3’-UTR of P-
REX2a was constructed (Beijing AuGCT DNA-SYN
Biotechnology Co. Ltd, Beijing, China) and cloned in
the pmirGLO Dual-Luciferase expression vector (na-
med P-REX2a-WT). The mutated 3’-UTR sequences of
P-REX2a were also cloned and named P-REX2a-MT.
The pre-miR-637 expression vector and WT or MT re-
porter plasmids were cotransfected into HEK293 cells.
Then, the cells were collected 24 hours after transfec-
tion. Dual-Luciferase Assay System (Promega, Madi-
son, WI, USA) was performed for examining reporter
activity according to the manufacturer's protocol.

MTT assay

Human melanoma A375 cells (3,000 cells/well in
200 ul DMEM medium) were planted into 96-well
plates and cultivated for 24 hours. The cells were trea-
ted with Control, miR-637, anti-miR-Control, anti-
miR-637, NC-siRNA (60 nM), P-REX2a siRNA (60
nM), Vector control and P-REX2a expression vector
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for 24, 48 and 72 hours, respectively. Cell viability was
measured with MTT assay FLUOstar OPTIMA (BMG
Labtechnologies, Germany) at a wavelength of 492 nm.

Cell counting assay

To examine cell proliferation, 2.5 x 103 cells were
seed into 60 mm diameter plates and cultured for 24
hours. A375 cells were treated with Control, miR-637,
anti-miR-Control, anti-miR-637, NC-siRNA (60 nM),
P-REX2a siRNA (60 nM), Vector control and P-REX2a
expression vector, respectively. The numbers of cells
were calculated at 24, 48 and 72 hours after treatment
through using the Countess automated cell counter (Life
Technologies Corp., Carlsbad, USA).

Cell cycle analysis

The A375 cells were seeded in 6-well plates and trea-
ted for 48 hours. The cells were collected and washed in
PBS, and fixed in 70% ice-cold ethanol at 4 °C. These
fixed cells were washed in PBS and stained through
using 50 pg/ml propidium iodide (PI) containing 50 pg/
ml RNase A (DNase free) for 20 min at room tempe-
rature. Next, the cells were examined by fluorescence-
activated cell sorting (BD Biosciences, USA). ModFit
software was used to analyze the cell-cycle populations.

Apoptosis analysis

A375 cells were cultured into 6-well plates in tri-
plicate and treated for 48 hours. Annexin-V FITC
Apoptosis Detection Kit (Invitrogen, USA) was used
to measure cell apoptosis according to the manufactu-
rer's instructions. The stained cells were examined by
using a flow cytometer (BD Biosciences, USA). ModFit
software was used to analyze apoptosis.

Western blot analysis

Human melanoma cells or tissue samples were lysed
by using a RIPA lysis buffer (Wolsen, China). Total pro-
tein was separated in 10% SDS polyacrylamide gels,
and electrophoretically transferred to nitrocellulose
membrane (Roche, Switzerland). Primary antibodies
were used to incubate the membrane at 4 °C. The pri-
mary antibodies were as follows: mouse polyclonal an-
ti-P-Rex2a (1:1,000, Cell Signaling Technology, USA),
rabbit monoclonal antibody anti-PTEN (1:1,000, Cell
Signaling Technology, USA), rabbit monoclonal anti-
AKT (1:2,000, Santa Cruz, CA, USA), rabbit mono-
clonal anti-p-AKT (1:1,000, Santa Cruz, CA, USA),
mouse monoclonal anti-CDK2 (1:1,000, Santa Cruz,
CA, USA), mouse monoclonal anti-Cyclin D1 (1:1,000,
Santa Cruz, CA, USA), rabbit monoclonal anti-Bcl2
(1:1,000, Santa Cruz, CA, USA), rabbit monoclonal
anti-Bax (1:1,000, Santa Cruz, CA, USA), mouse mo-
noclonal anti-B-Actin (1:4,000, Santa Cruz, CA, USA).
ECL (Pierce, USA) was used to incubate the membranes
for chemiluminescence detection. Then, the blots were
scanned and the optical density was calculated with
Quantity One imaging software.

Statistical analysis

All experiments were performed in triplicate at least.
The data were presented as mean £ SEM of 3 inde-
pendent experiments. Statistical analysis was performed
using SPSS 19.0 software (Abbott Laboratories, Chica-

go, IL). The statistical significance between the groups
was analyzed by using one-way ANOVA or Student's
t-test. Chi-square test was employed to analyze the rela-
tionships between miR-637 expression and clinicopa-
thologic characteristics. The correlation between miR-
637 and P-Rex2a was estimated using Pearson's correla-
tion analysis in melanoma tissues. P<0.05 was conside-
red to indicate a statistically significant difference.

Results

MiR-637 is frequently downregulated in human me-
lanoma tissues and cell lines

To explore whether miR-637 was involved in the re-
gulation of tumorigenesis of melanoma, we performed
gRT-PCR to examine its expression in clinical samples
(61 melanoma specimens and 61 adjacent normal tis-
sues) and tumor cell lines. The qRT-PCR assay showed
that miR-637 expression was significantly lower in
80.3% (49/61) of the melanoma tissues than in adja-
cent normal tissues (Fig. 1A). Further research revealed
that the relationship between miR-637 expression and
clinicopathologic features of melanoma patients. Low
miR-637 expression was associated with lymph node
metastasis and TNM stage (Table 1). However, the miR-
637 expression was not associated with gender, age and
tumor thickness. Additionally, miR-637 expression was
remarkably downregulated in human melanoma cell
lines (A375, SK-MEL-28 and Mel-RM) as compared
with normal skin cell line (HaCaT) (Fig. 1B). The re-
sults suggested that miR-637 might be a useful biomar-
ker for malignant status of human melanoma.

MiR-637 inhibites human melanoma cell prolifera-
tion, induces G1-S arrest and apoptosis in A375 cells

We investigated the role of miR-637 in human mela-
noma, and A375 cells were transfected with miR-637
precursor expression vector, empty vector, miR-637
antisense oligonucleotides, or negative control. The
expression of miR-637 was measured by qRT-PCR af-
ter transfection. The results showed that the miR-637
expression was remarkably increased in miR-637 vec-
tor compared with empty vector, whereas there were
no significant differences between anti-miR-637 group
and anti-miR-Control group (Fig. 2A and B). MTT as-
say showed that the overexpression of miR-637 signi-
ficantly inhibited the proliferation of melanoma A375
cells at 48 and 72 hours after transfection (Fig. 2C), but
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Figure 1. miR-637 is downregulated in human melanoma tissues
and cell lines. (A) The qRT-PCR assay revealed that miR-637
expression was significantly decreased in melanoma tissues as
compared with adjacent normal tissues. (B) qRT-PCR was used to
analyze miR-637 expression in human melanoma cell lines (A375,
SK-MEL-28 and Mel-RM), and a normal skin cell line (HaCaT)

*P<0.001.
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Table 1. The correlation between miR-637 expression and clinicopathologic features of melanoma patients.

miR-637 expression

Characteristics Number of cases High(n=12) Low (n=49) P value
Gender 0.582
Male 34 7 27

Female 27 5 22

Age 0.683
>60 years 25 5 20

<60 years 36 7 29

Tumor thickness 0.329
<1l mm 23 4 19

>] mm 38 8 30

Lymph node metastasis 0.013
Yes 24 2 22

No 37 10 27

TNM stage 0.006
I/ 11 28 9 19

1/1v 33 3 30
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Figure 2. miR-637 inhibits human melanoma A375 cell prolifera-
tion and induces G1-S cell cycle arrest. (A) The miR-637 expres-
sion was determined in A375 cells after miR-637 overexpression.
*P<0.001. (B) The miR-637 expression was measured in A375
cells after anti-miR-637 treatment. (C) MTT assay showed that
miR-637 overexpression decreased the cell viability at 48 and 72
hours after transfection. *P<0.001 (D) Anti-miR-637 increased the
cell viability at 48 and 72 hours after transfection. *P<0.01. (E)
Cell counting assay showed that miR-637 overexpression inhi-
bited A375 cell proliferation. *P<0.001. (F) Anti-miR-637 pro-
moted A375 cell growth. *P<0.01. (G) Flow cytometry analysis
of cell cycle visualized via PI staining. Histogram represented the
percentage of cells in G1/GO, S, and G2/M phases after miR-637
overexpression. ¥*P<0.01. (H) The percentage of cells in G1/GO,
S, and G2/M phases after anti-miR-637 transfection. ¥*P<0.01. (I)
Cell apoptosis was visualized using Annexin-V/PI staining. The
data showed the percentages of early apoptosis and late apopto-
sis after miR-637 overexpression. *P<0.01. (J) The data showed
the percentages of early apoptosis and late apoptosis after anti-
miR-637 transfection. n=3, *P<0.01.
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anti-miR-637 promoted A375 cell growth at 48 and 72
hours after transfection (Fig. 2D). At the same time, si-
milar trend were observed in cell counting assay. MiR-
637 overexpression suppressed A375 cell proliferation
while anti-miR-637 promoted cell growth (Fig. 2E and
F). Since cell cycle is involved in controlling cell proli-
feration, we detected the process with a flow cytometer
48 hours after treatment. Our results showed that miR-
637 overexpression resulted in a marked accumulation
of G1/G0 phase population and a reduction of S phase
population in melanoma A375 cell (Fig. 2G); howe-
ver, inhibition of miR-637 significantly decreased G1/
GO phase population and increased S phase population
(Fig. 2H). Evaluation of cell apoptosis revealed that the
proportion of early-apoptotic to late-apoptotic cells in-
creased significantly when miR-637 was overexpressed
(Fig. 21), and remarkably decreased when the cells were
transfected with anti-miR-637 carrying plasmids (Fig.
2J). These findings suggested that miR-637 inhibited
human melanoma cell proliferation, while inducing
G1-S cell cycle arrest and cell apoptosis.

P-REX2a is a direct target of miR-637

Bioinformatic databases (RegRNA and miRanda)
were used to identify a large number of potential target
genes of miR-637. Of these candidates, P-REX2a was
selected for the further analysis. A binding site of miR-
637 was discovered in the 3'-UTR of P-REX2a mRNA
ranging from dinucleotide 4815 to 4835 bp (Fig. 3A).
To verify whether miR-637 directly targets P-REX2a, a
dual-luciferase reporter system containing WT and MT
3’-UTR of P-REX2a was used. HEK293 cells were co-
transfected with reporter plasmids and pre-miR-637 or
pmirGLO empty vector (Control). It was found that pre-
miR-637/WT-P-REX2a-UTR transfected cells showed
a significant reduction of luciferase activity, but pre-
miR-637/MT-P-REX2a-UTR transfected cells failed to
decrease the relative luciferase activity (Fig. 3B), sug-
gesting that miR-637 directly targets the 3'-UTR of P-
REX2a. Then, we measured P-REX2a expression at the
levels of mRNA and protein. These results showed that
the expression of P-REX2a remarkably upregulated at
both levels in melanoma tissues as compared with adja-
cent normal tissues (Fig. 3C and D). The effect of miR-
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at the 3'-UTR of P-REX2a. (B) The luciferase reporter plasmid
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ted into A375 cells incombination with miR-637 or Control. Luci-
ferase activity decreased in wild type P-REX2a-3'-UTR group.
*P<0.01. (C) P-REX2a mRNA expression in human melanoma tis-
sues. ¥P<0.001. (D) P-REX2a protein level was measured in mela-
noma tissues by Western blot. (E) miR-637 and P-REX2a levels
were inversely correlated. 2724¢ values of miR-637 and P-REX2a
were subjected to a Pearson correlation analysis (n=61, r=-0.6355,

P<0.001, Pearson’scorrelation).

637 on P-REX2a was assessed based on the data obtai-
ned from qRT-PCR. A significant inverse correlation
was identified between P-REX2a and miR-637 (Fig. 3E;
n=61, r =-0.6355, P<0.001, Pearson’s correlation).

MiR-637 suppresses melanoma cell growth, induces
G1-S arrest and apoptosis through PTEN/AKT si-
gnaling pathway by targeting P-REX2a

Overexpression of miR-637 significantly downregu-
lated the mRNA expression of P-REX2a in A375 cells,
while anti-miR-637 remarkably increased P-REX2a
mRNA expression (Fig. 4A and B). Meanwhile, similar
trends were observed in protein levels (Fig. 4C and D).
To further investigate the potential molecular mecha-
nisms of miR-637-regulated cell proliferation, cell cycle
transition and apoptosis, we measured the protein levels
of related PTEN/AKT signaling pathway, G1 regula-
tors and Bcl2/Bax by using western blot analysis. The
results showed that miR-637 overexpression decreased
p-AKT (at serine 473), Cyclin D1 and CDK2 protein
expression levels in A375 cells (Fig. 4C). In contrast,
anti-miR-637 increased p-AKT, Cyclin D1 and CDK2
protein expression (Fig. 4D) whereas the protein ex-
pression of PTEN and total AKT remained unchanged.
Moreover, we found that miR-637 could also suppress
Bcl2 protein expression and promote Bax protein ex-
pression (Fig. 4C and D). These results demonstrated
that miR-637 could modulate melanoma cell prolifera-
tion, cycle and apoptosis through regulating P-Rex2a/
PTEN/AKT signaling pathway.

Knockdown of P-Rex2a inhibits melanoma A375 cell
proliferation

Since miR-637 regulated cell proliferation, cycle
and apoptosis in melanoma cells, and P-Rex2a was vali-
dated as a direct target of miR-637. We knocked down
P-Rex2a expression in melanoma cells by RNA interfe-
rence (RNAI) to confirm its involvement in the tumor
suppressor functions of miR-637. We confirmed that
P-Rex2a mRNA expression was specifically knocked
down in A375 cells by gqRT-PCR (Fig. 5A). Silencing
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Figure 4. MiR-637 regulates PTEN/AKT signaling pathway in
human melanoma cells by targeting P-REX2a. (A) The P-REX2a
mRNA was determined in A375 cells after miR-637 overexpres-
sion. ¥P<0.001. (B) The P-REX2a mRNA was examined in A375
cells after anti-miR-637 treatment. *P<0.001. (C) miR-637 ove-
rexpression inhibited the expressions of P-REX2a, p-AKT, Cyclin
D1, CDK2 and Bcl2, and promoted Bax expressions in A375 cells.
(D) Anti-miR-637 upregulated P-REX2a, p-AKT, Cyclin DI,
CDK2 and Bcl2 expressions, and downregulated Bax expression.
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Figure 5. P-REX2a siRNA suppresses the proliferation of hu-
man melanoma A375 cells. (A) qRT-PCR results showed the
knockdown efficiency of P-REX2a siRNA in A375 cells. (B) MTT
assay showed that P-REX2a siRNA decreased the viability of
A375 cells at 48 and 72 hours. (C) Cell counting assay showed
that P-REX2a siRNA inhibited A375 cell proliferation. (D) Flow-
cytometry analysis showed the percentage of A375 cells in the
G1/G0, S, and G2/M phases. G1/G0 phase cells increased after
P-REX2a siRNA streatment, S and G2/M phase cells decreased.
(E) The data showed the percentage of early and late apoptosis
after P-REX2a siRNA treatment. *P<0.01. (F) P-REX2a, p-AKT,
Cyclin D1, CDK2 and Bcl2 protein expressions decreased after P-
REX2a siRNA streatment, while Bax protein expression increased.
n=3, *P<0.01.

of P-Rex2a remarkably decreased the cell activity at 48
and 72 hours after transfection (Fig. 5B). Cell counting
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assay also showed that silencing of P-Rex2a signifi-
cantly inhibited A375 cell proliferation (Fig. 5C). Silen-
cing of P-Rex2a increased G1/GO phase population,
decreased S and G2/M phase population in A375 cells
(Fig. 5D). Moreover, silencing P-Rex2a induced apop-
tosis in A375 cells (Fig. SE). These observations were
similar to those of miR-637 overexpression, indicating a
similar effect in P-Rex2a knockdown and miR-637 ove-
rexpression. In addition, we analyzed knockdown effi-
ciency of P-Rex2a siRNA in protein level. The protein
expression of P-Rex2a significantly decreased in siRNA
group compared with NC-siRNA group (Fig. 5SF). While
the p-AKT, Cyclin D1, CDK2 and Bcl2 protein expres-
sions also reduced. Bax protein expression increased in
siRNA group (Fig. 5F). However, there were no change
in the protein expressions of PTEN and total AKT (Fig.
5F).

Overexpression of P-Rex2a eliminated the effects of
miR-637 on melanoma A375 cells

To further demonstrate that miR-637 exhibited tu-
mor suppressor function via P-Rex2a, we constructed
P-Rex2a overexpression vector, which was cotrans-
fected with miR-637 into A375 cells. Overexpression
of P-Rex2a in A375 cells rescued P-Rex2a expression
level reduced by miR-637 (Fig. 6A). After cotransfected
with the miR-637 and P-Rex2a vector, we found that the
overexpression of P-Rex2a counterbalanced the tumor
suppressor effect of miR-637 in melanoma cells at cell
proliferation (Fig. 6B and C). The effect of overexpres-
sion of P-Rex2a on cell cycle progression was examined
by flow cytometry. It was found that overexpression of
P-Rex2a was in cline to re-enter S-phase in A375 cells

@

# 3 Control
€3 miR-637
3 miR-637+P-REX2a

P-Rex2a mRNA fold change
S £ 8 & ¢
0D value (492 nm)

Control miR-637 miR-637+P-REX2a

C

100

3 Control
€D miR-637
£ miR-637+P-REX2a

EB miR-637 5 7
D miR-637+P-REX2a 5 60
2 50
@ 40
2
S0
= 10

80,
60:
40

Cell number (x 1¢")

20

m

* £ Control

EB miR-637 PIEN
3 miR-637+P-REX2a

25
20
15
10

Cell apoptosis rate (%)

Early apoptosis  Late apoptosis

Figure 6. P-REX2a overexpression rescues miR-637-induced cel-
lular phenotypes in melanoma cells. (A) P-REX2a overexpression
rescued P-Rex2a mRNA expression level reduced by miR-637.
(B) MTT assay was performed to examine the growth of A375
cells after co-transfecting with P-REX2a and miR-637. (C) Cell
counting assay was used to measure the A375 cell proliferation
following the co-transfection with P-REX2a and miR-637. (D)
Cell cycle was determined in A375 cells at 48 hours. (E) Apoptosis
was detected in A375 cells at 48 hours. (F) P-REX2a, PTEN, p-
AKT, AKT, Cyclin D1, CDK2, Bcl2 and Bax protein expressions
were examined after cotransfected with P-REX2a and miR-637.
*P<0.01, compared with Vector control group; #P<0.01, compared
with miR-637 overexpression group. n=3.

(Fig. 6D). Moreover, overexpression of P-Rex2a eli-
minated the impact of miR-637 on A375 cell apoptosis
(Fig. 6E). Further analysis revealed that overexpression
of P-Rex2a upregulated the P-Rex2, p-AKT, Cyclin D1,
CDK2 and Bcl2 protein expressions, downregulated the
Bax protein expression compared with miR-637 ove-
rexpression (Fig. 6F). These results further demonstra-
ted that miR-637 exhibit tumor suppressor role through
PTEN/AKT signaling pathway by targeting P-REX2a.

Discussion

According to recent evidence, miRNAs play an cru-
cial role in regulating human cancer cell proliferation,
differentiation, survival, apoptosis, migration and inva-
sion (8,22,23). It has been widely researched that abnor-
mal miRNA expression contributes to melanoma carci-
nogenesis and development by directly downregulating
target gene. Although the clinical significance of miR-
NAs has been well characterized in melanoma, the role
and the underlying molecular mechanism of dysregu-
lated miRNAs remain unknown. Identifying miRNAs
and elucidating their biological functions in melanoma
will help seek for novel targets for the diagnosis and
therapy. It is reported that miR-637 was significantly
downregulated in glioma tissues and suppressed glioma
cell growth, migration and invasion by targeting Aktl
(19). miR-637 inhibited human pancreatic ductal ade-
nocarcinoma cell proliferation and induced apoptosis
by suppressing Aktl expression (18). Moreover, miR-
637 dramatically inhibited hepatocellular carcinoma
cell growth and induced apoptosis through suppression
of Stat3 phosphorylation by restraining leukemia inhi-
bitory factor (20). However, the clinical significance
and function of miR-637 in melanoma remain unclear.
The clinicopathological significance of miR-637 ex-
pression was also analyzed. The results showed that
low miR-637 levels were significantly associated with
lymph node metastasis and TNM stage in melanoma.
The experiment demonstrated that miR-637 remarkably
suppressed melanoma cell proliferation by inducing
G1-S phase arrest and promoted cell apoptosis. These
findings indicate that miR-637 plays an important role
in melanoma development and progression.

Furthermore, our miR-637 target analysis identified
P-REX2a as a direct target of miR-637. P-REX2a is a
guanine nucleotide exchange factor for RAC GTPase,
which could encode a protein-suppressing phosphatase
activity against phosphatidylinositol 3,4,5-trisphosphate
(21,24). In the present study, we found that P-REX2a
had an over-expression in melanoma compared with
normal tissues, which showed an inverse correlation
between P-REX2a expression and miR-637 expression
in melanoma tissues. These findings implied that miR-
637 might affect the progression of melanoma by targe-
ting P-REX2a. Further bioinformation analysis showed
that there was a miR-637-binding site at 4815-4835 nt
of the P-REX2a 3'UTR. The dual-luciferase reporter
assays demonstrated that miR-637 directly targeted P-
REX2a by recognizing the 3'UTR of P-REX2a mRNA
and inhibited P-REX2a translation. P-REX2a has shown
to involve tumorigenesis and development. Evidences
support that P-REX?2a stimulated breast cancer cell pro-
liferation (21). In addition, the expression of P-REX2a
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was increased in gastric cancer tissues, and silencing of
P-Rex2a remarkably inhibited gastric cancer cell pro-
liferation and induced apoptosis (25). Our results also
demonstrated that knockdown of P-REX2a suppressed
melanoma cell proliferation by inducing G1-S phase ar-
rest and promoted cell apoptosis. In addition, we found
that the over-expression of P-Rex2a counterbalanced
the tumor suppressor effect of miR-637 in melanoma
cells. These results further verify that miR-637 func-
tion as at tumor suppressor role by repressing P-REX2a
expression.

P-REX2a could regulate AKT phosphorylation in
a PTEN-dependent manner by binding to PTEN (21).
The PTEN is frequently lost in cancers, and germline
PTEN mutations are linked to inherit cancer predispo-
sition syndromes (26). PTEN is a phosphatase that may
dephosphorylate PIP3, the lipid product of the class I
PI3K (27). PI3K/AKT signaling pathway is one of the
most potent prosurvival signaling pathways in cancers
(28). The aberration of AKT signaling pathway is in-
volved in tumorigenesis and progression, such as liver,
breast, prostate, lung, colorectal and gastric cancers
(29). It is reported that the activation of AKT signaling
pathway is associated with various clinicopathologic
characteristics of cancer (30). AKT affects the function
of generous substrates associated with cell cycle pro-
gression via direct phosphorylation of target proteins
or indirectly controlling protein expression levels (29).
AKT downstream regulators Cyclin D1 and CDK2 are
crucial transcriptional factors in the GO/G1 phase (31).
Cyclin D-CDK4/6 and Cyclin A-CDK2 protein kinase
complexes could regulate the cellular progression from
G1/G0 phase to S phase o (32). Previous studies found
that Cyclin D1 and CDK2 were involved in the human
tumorigenesis (33). Our results demonstrated that miR-
637 overexpression and P-REX2a siRNA could inhi-
bit the expressions of cyclin D1 and CDK2, induced
G1-S phase arrest through suppressing AKT signaling
pathway. On the contrary, anti-miR-637 and P-REX2a
overexpression promoted the expression of cyclin DI
and CDK2, drove more cells into the S phase by acti-
vating AKT signaling pathway. Our findings suggest
that miR-637 inhibits G1-S phase transition through
suppression of AKT signaling pathway by targeting P-
REX?2a.

The growth rate of cancer tissues is determined by
proliferative and cell death. An imbalance between
apoptosis related proteins, such as Bcl-2 and Bax, may
induce dysregulation of apoptosis, which lead to onco-
genesis and tumour development. Pro-apoptotic mem-
bers such as Bax induce the release of cytochrome c
and cause mitochondrial dysfunction. On the contrary,
anti-apoptotic members such as Bcl-2 paly protectors of
the outer membrane and preserve its integrity by inhibi-
ting the release of cytochrome (34). Therefore, a criti-
cal determinant of the intrinsic apoptosis pathway is the
balance between the ratio of Bax and Bcl-2 expression
(35). Similar to what has been previously shown (36),
we also provide evidence that miR-637-induced PI3K/
AKT pathway plays a crucial role in the governance of
the Bcl-2 and Bax family.

In conclusion, our study demonstrates that miR-637
functions as a tumor suppressor gene in melanoma. We
find that miR-637 is downregulated and associated with

clinicopathologic characteristics of melanoma patients.
miR-637 inhibits melanoma cell proliferation via sup-
pression of PTEN/PI3K/AKT signaling pathway and
induces apoptosis through regulation of Bcl-2/Bax ex-
pression by targeting P-REX2a. These findings suggest
that miR-637 plays a significant role in melanoma pro-
gression, and may serve as a potential novel target for
melanoma therapy.

Acknowledgements

The present study was supported by Shaanxi Pro-
vince Natural Science Foundation (No. 2016JM4263),
Science Foundation for Youths of the First Affiliated
of Xi'an Jiaotong University (No. 2016QN-07) and
China Postdoctoral Science Foundation grant (No.
2017M546426). The authors declare no conflicts of
interest.

Conflict of interest
The authors declare no conflicts of interest.

References

1. Liu S, Gao G, Yan D, Chen X, Yao X, Guo S, et al. Effects of
miR-145-5p through NRAS on the cell proliferation, apoptosis, mi-
gration and invasion in melanoma by inhibiting MAPK and PI3K/
AKT pathways. Cancer Med 2017; 6:819-833.

2. Vennepureddy A, Thumallapally N, Motilal Nehru V, Atallah JP,
Terjanian T. Novel drugs and combination therapies for the treat-
ment of metastatic melanoma. J Clin Med Res 2016; 8:63-75.

3. Weir HK, Marrett LD, Cokkinides V, Barnholtz-Sloan J, Patel
P, Tai E, Jemal A, Li J, et al. Melanoma in adolescents and young
adults (ages 15-39 years): United States, 1999-2006. ] Am Acad
Dermatol 2011; 65:S38-S49.

4. Chen X, Chang L, QuY, Liang J, Jin W, Xia X. Tea polyphenols
inhibit the proliferation, migration, and invasion of melanoma cells
through the down-regulation of TLR4. Int J Immunopathol Pharma-
col 2018; 32:394632017739531.

5. Strickland LR, Pal HC, Elmets CA, Afaq F. Targeting drivers
of melanoma with synthetic small molecules and phytochemicals.
Cancer Lett 2015; 359:20-35.

6. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA
Cancer J Clin 2012; 62:10-29.

7. ZhaoL,LiuY, Tong D, Qin'Y, Yang J, Xue M, et al. MeCP2 pro-
motes gastric cancer progression through regulating FOXF1/Wnt5a/
beta-Catenin and MYOD1/Caspase-3 signaling pathways. EbioMe-
dicine 2017; 16:87-100.

8. Zhao LY, Tong DD, Xue M, Ma HL, Liu SY, Yang J, et al.
MeCP2, a target of miR-638, facilitates gastric cancer cell prolifera-
tion through activation of the MEK1/2-ERK1/2 signaling pathway
by upregulating GIT1. Oncogenesis 2017; 6:¢368.

9. Hyrina A, Olmstead AD, Steven P, Krajden M, Tam E, Jean F.
Treatment-induced viral cure of hepatitis ¢ virus-infected patients
involves a dynamic interplay among three important molecular
players in lipid homeostasis: circulating microRNA (miR)-24, miR-
223, and proprotein convertase subtilisin/kexin type 9. EBioMedi-
cine 2017; 23:68-78.

10. Zhao LY, Yao Y, Han J, Yang J, Wang XF, Tong DD, et al. miR-
638 suppresses cell proliferation in gastric cancer by targeting Sp2.
Dig Dis Sci 2014; 59:1743-1753.

11. Gallo A, Jang SI, Ong HL, Perez P, Tandon M, Ambudkar I, et
al. Targeting the Ca(2+) sensor STIM1 by exosomal transfer of Ebv-
miR-BART13-3p is associated with sjogren's syndrome. EBioMedi-
cine 2016; 10:216-226.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 11

56



Jian Zhang et al.

MiR-637 inhibited human melanoma cell proliferation.

12. Xu J, Lin H, Li G, Sun Y, Chen J, Shi L, et al. The miR-367-3p
increases sorafenib chemotherapy efficacy to suppress hepatocel-
lular carcinoma metastasis through altering the androgen receptor
signals. EBioMedicine 2016; 12:55-67.

13. Cao Y, Zhang L, Wei M, Jiang X, Jia D. MicroRNA-409-3p
represses glioma cell invasion and proliferation by targeting high-
mobilitygroup nucleosome-binding domain 5. Oncol Res 2017;
25:1097-1107.

14. Wang Q, Navitskaya S, Chakravarthy H, Huang C, Kady N, Ly-
dic TA, et al. Dual Anti-Inflammatory and Anti-Angiogenic Action
of miR-15a in Diabetic Retinopathy. EBioMedicine 2016; 11:138-
150.

15. Fan Z, Cui H, Yu H, Ji Q, Kang L, Han B, et al. MiR-125a
promotes paclitaxel sensitivity in cervical cancer through altering
STAT3 expression. Oncogenesis 2016; 5:¢223.

16. Huang J, Yang J, Lei Y, Gao H, Wei T, Luo L, et al. An ANCCA/
PRO2000-miR-520a-E2F2 regulatory loop as a driving force for
the development of hepatocellular carcinoma. Oncogenesis 2016;
5:e229.

17. Yuan Q, Liu Y, Fan Y, Liu Z, Wang X, Jia M, et al. LncRNA
HOTTIP promotes papillary thyroid carcinoma cell proliferation,
invasion and migration by regulating miR-637. Int J Biochem Cell
Biol 2018; 98:1-9.

18. Xu RL, He W, Tang J, Guo W, Zhuang P, Wang CQ, et al. Pri-
mate-specific miRNA-637 inhibited tumorigenesis in human pan-
creatic ductal adenocarcinoma cells by suppressing Akt1 expression.
Exp Cell Res 2018; 363:310-314.

19. Que T, Song Y, Liu Z, Zheng S, Long H, Li Z, et al: Decreased
miRNA-637 is an unfavorable prognosis marker and promotes glio-
ma cell growth, migration and invasion via direct targeting Aktl.
Oncogene 2015; 34:4952-4963.

20. Zhang JF, He ML, Fu WM, Wang H, Chen LZ, Zhu X, et al.
Primate-specific microRNA-637 inhibits tumorigenesis in hepato-
cellular carcinoma by disrupting signal transducer and activator of
transcription 3 signaling. Hepatology 2011; 54:2137-2148.

21. Fine B, Hodakoski C, Koujak S, Su T, Saal LH, Maurer M, et
al. Activation of the PI3K pathway in cancer through inhibition of
PTEN by exchange factor P-REX2a. Science 2009; 325:1261-1265.
22. Padi SK, Zhang Q, Rustum YM, Morrison C, Guo B. Mi-
croRNA-627 mediates the epigenetic mechanisms of vitamin D to
suppress proliferation of human colorectal cancer cells and growth
of xenograft tumors in mice. Gastroenterology 2013; 145: 437-446.
23. Behbahani GD, Ghahhari NM, Javidi MA, Molan AF, Feizi N,
Babashah S. MicroRNA-mediated post-transcriptional regulation
of epithelial to mesenchymal transition in cancer. Pathol Oncol Res

2017;23:1-12.

24. Donald S, Hill K, Lecureuil C, BarnouinR, Krugmann S, John
Coadwell W, et al. P-Rex2, a new guanine-nucleotide exchange fac-
tor for Rac. FEBS Lett 2004; 572:172-176.

25. AiY, Zhou Q, Li L, Pan Z, Guo M, Han J. Interference of P-
REX2a may inhibit proliferation and reverse the resistance of
SGC7901 cells to doxorubicin. Oncol Lett 2018; 15:3185-3191.

26. Eng C. PTEN: one gene, many syndromes. Hum Mutat 2003;
22:183-198.

27. Maehama T, Dixon JE. The tumor suppressor, PTEN/MMACI,
dephosphorylates the lipid second messenger, phosphatidylinositol
3,4,5-trisphosphate. J Biol Chem 1998; 273:13375-13378.

28. Ejaz A, Mitterberger MC, Lu Z, Mattesich M, Zwierzina ME,
Horl S, et al. Weight loss upregulates the small GTPase DIRAS3 in
human white adipose progenitor cells, which negatively regulates
adipogenesis and activates autophagy via Akt-mTOR inhibition.
EbioMedicine 2016; 6:149-161.

29. Xu N, Lao Y, Zhang Y, Gillespie DA. AKT: a double-edged
sword in cell proliferation and genome stability. ] Oncol 2012; 2012:
951724.

30. Zhang J, Tong DD, Xue M, Jiang QY, Wang XF, Yang PB, et al.
FAM196B acts as oncogene and promotes proliferation of gastric
cancer cells through AKT signaling pathway. Cell Mol Biol (Noisy-
le-grand) 2017; 63: 18-23.

31. Maddika S, Ande SR, Wiechec E, Hansen LL, Wesselborg S, Los
M. Akt-mediated phosphorylation of CDK2 regulates its dual role in
cell cycle progression and apoptosis. J Cell Sci 2008; 121:979-988.

32. Zhao LY, Zhang J, Guo B, Yang J, Han J, Zhao XG, et al. MECP2
promotes cell proliferation by activation ERK1/2 and inhibiting p38
activity in human hepatocellular carcinoma HEPG2 cells. Cell Mol
Biol (Noisy-le-grand) 2013; 59:0L1876-1881.

33. Chu X, Zhang T, Wang J, Li M, Zhang X, Tu J, et al. Alternative
splicing variants of human Fbx4 disturb cyclin D1 proteolysis in
human cancer. Biochem Biophys Res Commun 2014; 447:158-164.
34. Yang J, Liu X, Bhalla K, Kim CN, Ibrado AM, Cai J, et al. Pre-
vention of apoptosis by Bcl-2: release of cytochrome ¢ from mito-
chondria blocked. Science 1997; 275:1129-1132.

35. LiuJ, Huang R, Lin D, Peng J, Wu X, Lin Q, et al. Expression of
survivin and bax/bcl-2 in peroxisome proliferator activate receptor-y
ligands induces apoptosis on human myeloid leukemia cells in vitro.
Ann Oncol 2005; 16:455-459.

36. Tsuruta F, Masuyama N, Gotoh Y. The phosphatidylinositol
3-kinase (PI3K)-Akt pathway suppresses Bax translocation to mito-
chondria. J Biol Chem 2002; 277:14040-14047.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 11

57



