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RLIP76 silencing inhibits cell proliferation
and invasion in melanoma cell line A375
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Abstract. - OBJECTIVE: RLIP76 is a stress-re-
sponsive membrane protein regulating multi-
ple cellular signaling pathways and is overex-
pressed in a number of malignant tumor cells.
The aim of this study is to test whether the
RLIP76 plays a critical role in cellular growth,
apoptosis, cell cycle distribution and chemore-
sistance in melanoma.

MATERIALS AND METHODS: In this study,
human melanoma cell line A375 was sta-
bly transfected with an RLIP76-targeted shR-
NA-containing vector to investigate the role of
RLIP76 in cellular function. Quantitative RT-PCR
and Western blot revealed significant suppres-
sion of RLIP76 in A375 cells after transfection
with shRNA-containing vector. Cell proliferation
was determined by MTT assay. Wound scratch
ad transwell assays were used for cell migration
and invasion.

RESULTS: The results showed that shRNA
decreased the expression of RLIP76 in human
melanoma cell line A375, and the knockdown
of RLIP76 gene significantly inhibited A375 cell
growth, resulted in G1 phase arrest and apop-
tosis increase of A375. Moreover, by testing the
cell migratory and invasive abilities by wound
scratch and transwell assays, it determined that
the RLIP76 also suppressed cell migration and
invasion in A375 cells and P13K/Akt signalling

CONCLUSIONS: Overall, this study suggests
that RLIP76 is a potential therapeutic target
against melanoma.
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Introduction

Malignant melanoma is an aggressive and dea-
dly skin cancer accounting for a majority of skin
cancer-related deaths and keeps a stable mortality
rate'. The increased occurrence of malignant me-
lanoma has been rising worldwide, especially in

the past decades particularly in young people?>.
The high mortality and treatment resistance pose
an enormous challenge®. Most of the advanced
melanomas respond poorly to radiotherapy and
chemotherapy. Effective therapies against the
metastatic spread of melanoma are unavailable®.
Therapy aims at the novel molecular targets, whi-
ch potentially reduces the growth and progression
of melanoma, may facilitate the development of
an effective preventive or therapeutic strategy.

RLIP76 (DNP-SG ATPase) is a multi-fun-
ctional protein involved in the ATP-dependent
transport of glutathione conjugates and che-
motherapy drugs®®. The majority of early studies
focused on the transporter activity of RLIP76.
Accumulating evidences suggest that RLIP76
is involved in cell proliferation, metastasis and
ligand-dependent receptor endocytosis’!'. Fur-
thermore, RLIP76 is a stress-inducible non-ABC
transporter that is overexpressed in most of the
cancer cell lines and various human cancers'.
RLIP76-targeted therapy using antibody, sShRNA
or antisense leads to durable and complete remis-
sion in xenografts of human lung and colon can-
cer’® as well as prostate and kidney cancer'* .
An early research by Singhal et al'® showed that
the administration of RLIP76 antibodies, siRNA,
or antisense oligonucleotides of B16 melanoma
cells in syngeneic mouse caused complete tumor
regression within 10 days. However, the role of
RLIP76 in the cellular activity of melanoma is
not fully understood.

In this study, we tested the hypothesis that
RLIP76 plays a critical role in cellular growth,
apoptosis, cell cycle distribution and chemoresi-
stance in melanoma. Our findings showed that the
RLIP76 silencing by shRNA inhibited prolifera-
tion, induced apoptosis, blocked cell cycle pro-
gression and promoted the invasion of melanoma
cells.
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Materials and Methods

Cell Lines and Cultures

The human melanoma A375 cells were purcha-
sed from American Type Culture Collection (Ma-
nassas, VA, USA) and were maintained in Dulbec-
co’s Modified Eagle Medium (DMEM; Invitrogen,
Carlsbad, CA, USA) containing 4 mM/L glutami-
ne, 3.7 g/L sodium bicarbonate, 4.5 g/L. glucose and
10% fetal bovine serum. Cells were maintained in a
5% CO, humidified incubator at 37°C.

Interference Vector Construction and
Transfection

The shRNA oligos for RLIP76 gene knock-
down were designed and synthesized as pre-
viously described!®. Three different sShRNA se-
quences and one scramble sequence as control
were inserted into the plasmid vector pGCsi-HI.
The resulting plasmids were designated as pGC-
si-H1-RLIP76-1, -2, -3 and -control, respecti-
vely. The A375 cells in logarithmic growth pha-
se were seeded in a 6-well plate and transfected
with plasmids as previously described!’. The
resulting cell lines were designated as A375/
pGCsi-H1-RLIP76-1, -2, -3 and -control, re-
spectively. After 48-72 h post-transfection, the
transfection efficiency was examined under flo-
rescence microscopy. RT-PCR and Western blot
were used to determine the inhibitory activity.
The vector containing shRNA sequences with
greater than 70% inhibitory rate (pGCsi-H1-R-
LIP76) and the vector containing control sequen-
ce (pGCsi-H1-control) were selected for the sub-
sequent experiments.

Quantitative RT-PCR (GRT-PCR)

Total RNA was extracted from the cells using
RNAsimple Total RNA Kit (TIANGEN Co., Bei-
jing, China). The primer was synthesized based
on published sequence!’. Quantitative RT-PCR
was performed as previously described [19] by
using a SYBR Green reaction kit (TaKaRa, Da-
lian, Shenyang, China) and an Exicycler 96 RT-
PCR machine (BIONEER co., Daejeon, Korea).
Briefly, the first-strand cDNA was reversely tran-
scribed from 1 pg total RNA by using the super
M-MLV (Moloney Murine Leukemia Virus) re-
verse transcriptase (BioTeke Co., Beijing, China).
For each PCR reaction, a master mix was prepared
that included SYBR GREEN mastermix (Solarbio
Co., Beijing, China), forward primer, reverse pri-
mer, and 10 ng template cDNA. The PCR condi-
tions were 5 min at 95°C followed by 40 cycles

of 95°C for 30 s, 60°C for 30 s, and 72°C for 30 s.
The products were stored at 4°C.

Western Blot

Cells were washed with ice-cold PBS (pho-
sphate-buffered saline) and harvested in 100 pL
of cell lysis buffer (Cell Signaling, Danvers, MA,
USA) containing protease inhibitors (Sigma-Al-
drich, St. Louis, MI, USA). Extracted proteins
were separated on SDS-PAGE (sodium dodecyl
sulphate-polyacrylamide gel electrophoresis) and
transferred electrophoretically onto a polyvinyli-
dene difluoride membrane (Millipore, Billerica,
MA, USA). Proteins were probed with specific
antibodies following standard protocol. The se-
condary antibodies used in this work were goat
anti-rabbit IgG-HRP, goat anti-mouse 1gG-HRP
and donkey anti-goat I[gG-HRP (Beyotime Insti-
tute of Biotechnology, Shanghai, China).

Cell Proliferation Assay

Cell proliferation was determined by methyl
thiazolyl tetrazolium (MTT) assay (Sigma-Al-
drich, St. Louis, MO, USA). Briefly, cells were
plated at a density of 5x10° cells/well in 96-well
culture plates. After treatment, 20 pL of MTT (5
mg/mL in PBS) was added to each well and in-
cubated for 2 h. MTT formazan was dissolved in
150 pL of isopropanol, and the absorbance was
measured at 595 nm with an ELISA reader (Tecan
Group Ltd, Ménnedorf, Switzerland).

Cell Cycle Analysis

Cell cycle analysis was conducted using
Cell Cycle and Apoptosis Analysis Kit (Beyoti-
me, Shanghai, China) following manufacturer’s
instructions at 48 h after transfection. Briefly, cells
were collected and fixed with 70% cold ethanol at
4°C overnight. DNA was stained with propidium
iodide (0.05 mg/mL) and RNase (2 mg/mL) for
30 min at room temperature. A FACScan cytome-
try (Beckman Coulter Inc., Miami, FL, USA) was
used to analyze cells. The percentage of cells in
G,/G,, S, and G,/M phases of the cell cycle was
assessed with Cell Lab Quanta SC Software.

Cellular Apoptosis

The effect of RLIP76 knockdown on apoptosis
was evaluated using flow cytometry and Hoechst
staining as previously described. 1) Flow cytome-
try analysis: Cellular apoptosis was determined
using an FITC Annexin V apoptosis kit (BD Phar-
mingen, Franklin Lakes, NJ, USA) according to
manufacturer’s instructions. In brief, cells were
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Figure 1. Effect of RLIP76 knockdown on cell growth (“»<0.01 vs. control).

washed with ice-cold phosphate-buffered saline
and re-suspended in binding buffer (10 mM HE-
PES, pH 7.4, 140 mM NaCl, and 2.5 mM CaCl,)
at a concentration of 1x10° cells/mL. Cells were
stained with annexin V-FITC and propidium io-
dide (PI) for 15 min in the dark before flow cyto-
metry (Beckman Coulter Inc., Miami, FL, USA).

Wound Scratch Assay

Stably transfected cells were seeded into 6-well
plates and cultured to 90% confluence. The con-
fluent cell monolayer was wounded using a sterile
200 pL pipette tip. The suspended cells were wa-
shed using normal growth medium. The scratch
wound was captured after 24 h using an OLY M-
PUS IX81 microscope (Tokyo, Japan) in three
fields of view at 100x magnification. The area of
the open wound was quantified using Photoshop
(Adobe, San Jose, CA, USA). The cellular mi-
gration was determined by the ratios of decreased
open area after 24 h relative to the open area at 0
h. Three independent assays were performed.

Transwell Invasion Assay

24-well Transwells coated with Matrigel (8 um
pore size; BD Biosciences, San Jose, CA, USA)
were used for cell invasion assays. Equal numbers
(1x10%) of non-transfected cells, as well as stably
transfected cells, were plated in separate wells.
Cells were cultured overnight in serum-free me-
dium before trypsinization and re-suspended at a
density of 2x10° cells/mL in DMEM containing
1% FBS. The cells were loaded into the upper
chamber, with MEM (Modified Eagle Medium)
containing 10% FBS as chemo-attractant in the
lower chamber. The medium containing 1% FBS
in the lower chamber was used as a control. The
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Matrigel and the cells remaining in the upper
chamber were removed by cotton swabs following
24-h incubation. The cells in the lower surface
of the membrane were stained with hematoxylin
after the cells were fixed with formaldehyde solu-
tion. The cells in at least five random microscopic
fields (x200) were counted and photographed.

Statistical Analysis

Three independent experiments were perfor-
med with the cells in independent cultures at three
different times. All the data were expressed as
mean £+ SD. Results were evaluated by one-way
ANOVA using SPSS13.0 software (SPSS Inc.,
Chicago, IL, USA) and followed by Dunnett’s
t-test. A value of p<0.05 was considered as stati-
stically significant.

Results

ShRNA Decreased the Expression
of RLIP76 in Human Melanoma
Cell Line A375

RLIP76 was knocked down with shRNA, using
a GFP-containing vector pGCsi-H1. After tran-
sfection, more than 70% cells in each group were
GFP-positive, indicating high transfection effi-
ciency. The qRT-PCR and Western blot were used
to confirm RLIP76 silencing. qRT-PCR analysis
revealed a significant decrease in RLIP76 tran-
scription in cells transfected with pGCsi-H1-R-
LIP76 while no significant difference was found
between pGCsi-H1-control and parental A375
cells. Western blot also revealed a significant de-
crease in RLIP76 expression in the transfected
cell lines pGCsi-H1-RLIP76 (Figure 1A).
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Figure 2. Effect of RLIP76 knockdown on cell cycle distribution and apoptosis (¥*p<0.05 vs. control).

Knockdown of RLIP76 Suppresses A375
Cell Growth

The effect of RLIP76 knockdown on in vitro
A375 cell growth was assessed by MTT assay at
0, 24, 48 and 72 h post-transfection. Compared
with controls, the growth of shRNA-transfected
cells was significantly inhibited in a time-de-
pendent manner with the highest inhibitory rate
of 41.0+£3.5% observed at 72 h in A375/pGC-
si-H1-RLIP76 cell lines, respectively (Figure 1B).

Knockdown of RLIP76 Arrested A375
Cells in the G1 Phase

To investigate whether RLIP76 knockdown af-
fected cell cycle regulation, flow cytometry was
performed at 48 h post-transfection. As shown in
Figure 2A, interference with RLIP76 expression
led to cell cycle arrest at G1 phase compared with
controls. Also, the increase in G1 phase cell popu-
lation was accompanied by a concomitant decrea-
se in cell number during S-phase in both cell lines
with RLIP76 knockdown without altering the cell
population in G2 phase. These results suggested
that RLIP76 knockdown inhibited cell cycle at G1
phase and increased the A375 cell population in
the proliferative S phase.

Knockdown of RLIP76 Increases A375
Cell Apoptosis

Our results showed that RLIP76 knockdown
inhibited cell growth and affected cell cycle di-
stribution in A375 cells. Therefore, we examined
whether knockdown of RLIP76 enhanced apopto-
sis in A375 cell line using flow cytometry at 72 h
after transfection. We found that the apoptosis rate

was significantly higher in shRNA-transfected
A375 cells compared with untransfected parental
control or control-transfected cells (Figure 2B).

Knockdown of RLIP76 Suppresses Cell
Migration and Invasion in A375 Cells

We tested the cell migratory and invasive abili-
ties using the wound scratch and transwell assays
to determine the role of RLIP76 knockdown in mi-
gration and invasion in vitro. The results of wound
scratch migration assay (Figure 3A) showed that
the A375 cells with RLIP76 knockdown migrated
significantly slower than the control cells at 24 h.
Furthermore, the transwell invasion assay showed
that RLIP76 knockdown significantly impaired
the invasive abilities of A375 cells compared with
the control cells (Figure 3B).

Knockdown of RLIP76 Suppresses PI3K/
Akt Signaling

Next, we examined the downstream signa-
ling modulated by RLIP76 silencing. Our results
showed that RLIP76 knockdown was associated
with the suppression of PI3K-AKT pathway in
A375 cells, suggesting that RLIP76 exerted an-
ti-tumor effect in vitro in A375 cells by inhibiting
PI3K/AKkt signaling (Figure 4).

Discussion
Some papers'*!® have reported that RLIP76
overexpression is a common feature of malignant

cancer cells. Previously, in vitro studies demon-
strated RLIP76 expression in melanoma cell lines.
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Figure 3. Effect of RLIP76 knockdown on cell migration and invasion (*"p<0.01 vs. control).

In vivo researches showed that the administration
of RLIP76 antibodies, siRNA, or antisense oli-
gonucleotides to mice bearing the syngeneic B16
mouse melanoma cells caused complete tumor re-
gression within 10 days'¢. Therefore, we designed
this work to investigate the cellular function of
RLIP76 to elucidate the mechanism of melanoma
formation.

In the present study, shRNA was used to silence
RLIP76 in human melanoma A375 cell lines. Re-
sults from the qRT-PCR and Western blot assays
confirmed the efficient suppression was due to the
selected shRNA-containing vector. The effect of
RLIP76 knockdown on cell growth of A375 cel-
Is was explored. MTT assay results showed that
transfection with RLIP76-targeted shRNA signi-
ficantly inhibited cell growth in a time-dependent
manner. Singhal et al'® reported that RLIP76 sup-
presses tumor growth via Ral or Ras-R signaling
pathway or through the regulation of the expres-
sion of heat shock proteins. Subsequently, Leake
et al*® also demonstrated that RLIP76 regulates
P13/Akt signaling pathway, which is important in
signal transduction via upstream growth factor re-
ceptors. Therefore, cell growth inhibition induced
by RLIP76 knockdown may be a result of cros-
stalk in multiple signaling.

Accumulating evidences suggest that RLIP76
regulates cell cycle progression. Wang et al'’ re-
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ported that the inhibition of RLIP76 expression
arrests glioma cells in the G1 phase. Yao et al*!
also found that the reduced RLIP76 expression
by shRNA results in cell cycle arrest at G1 phase
in leukemia cells. According to previous investi-
gations, our results showed that the RLIP76 inhi-
bition in A375 cells resulted in G1 phase arrest
and decreased the percentage of cells in S phase,
further supported the functional role of RLIP76 in
cell cycle progression.

Previous studies demonstrated the role of
RLIP76 as an anti-apoptotic GS-E and drug tran-
sporter in solid tumors'®. The anti-apoptotic role
of RLIP76 was reported in a number of human
cancer cell lines such as glioma and leukemia
cell lines'”?!. Further, Wang et al'? suggested that
RLIP76 may suppress apoptosis and promote the
proliferation of glioma cells by direct ATP-depen-
dent xenobiotic transport and activation of Racl-
INK signaling pathway. In this paper, we also
found that the RLIP76 knockdown in A375 cells
significantly increased apoptotic cells compared
with controls, which was consistent with the pre-
vious findings.

The role of RLIP76 in metastasis has been stu-
died in a variety of in vitro and in vivo models.
In vitro studies in colon cancer and glioma cells
showed that RLIP76 knockdown suppressed cell
invasion'"?. Lee et al*® observed that RLIP76
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Figure 4. Effect of RLIP76 knockdown

regulates tumor cell transactivation of endothe-
lial cells via control of VEGF expression and
secretion, suggesting induction of angiogenesis.
RLIP76 depletion inhibited tumor neovasculari-
zation in a mouse model of melanoma®. A recent
study® releaved that ARNO (a guanine nucleotide
exchange factor for Arf6) interacts with RLIP76
N-terminus and regulates cell spread and motility
via PI3K and Arf6, independent of RLIP76 con-
trol of Rac.

Conclusions

We demonstrated that the RLIP76 knockdown
with shRNA in human melanoma A375 cells re-
sulted in anti-proliferative effect, induced apop-
tosis, caused cell cycle arrest, and suppressed cell
migration and invasion. Results suggested that
the RLIP76 knockdown might represent potential
gene therapy for melanoma in conjunction with
conventional chemotherapy.
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