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Abstract: Raf kinase inhibitor protein (RKIP), an inhibitor of Raf-mediated activation of mitogen-activated protein/
extracellular signal-regulated kinase kinase (MEK), has been identified as a metastasis suppressor gene. However,
the role of RKIP in human choriocarcinoma remains undetermined. Therefore, in the present study, we investigated
the expression of RKIP in human choriocarcinoma cells and evaluated the effects of RKIP on choriocarcinoma cell
proliferation and invasion. Our results indicated that RKIP was lowly expressed in human choriocarcinoma cells.
Overexpression of RKIP inhibits choriocarcinoma cell proliferation, migration and invasion, promotes the apoptosis
of choriocarcinoma cells. Furthermore, overexpression of RKIP significantly inhibited the expression of MEK and
ERK phosphorylation in choriocarcinoma cells. Taken together, these data suggest that RKIP suppresses cell pro-
liferation and invasion in choriocarcinoma cells through inhibiting the MAPK signaling pathway, implying that RKIP

may serve as a potential molecular target for the treatment of human choriocarcinoma.
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Introduction

Choriocarcinoma is a highly malignant tropho-
blastic tumor, and occurs in females at the ori-
gin of the chorionic epithelium of the placenta.
This rare malignant tumor exhibits a high inci-
dence of metastasis, primarily to the lungs,
brain, and liver, and there is no effective treat-
ment [1, 2]. This is largely attributed to a lack of
complete understanding of the exact mecha-
nism for this malignancy. Therefore, further
understanding of the molecular mechanisms of
choriocarcinoma progression and the develop-
ment of novel strategies for the diagnosis,
treatment and prognosis of choriocarcinoma
are required.

Raf-1 kinase inhibitory protein (RKIP), a mem-
ber of the phosphatidylethanolamine-binding
protein (PEBP) family, is a conserved, small,
cytosolic protein originally purified from bovine
brain. RKIP has been identified as a modulator

of extracellular signal-regulated kinase (ERK)
[3], nuclear factor-kappa B (NF-kB) [4], and G
protein coupled receptor (GPCR) signaling cas-
cades [5]. RKIP was found to be implicated in
neural development, cardiac function, and
spermatogenesis [6-8]. For example, Hellmann
et al. reported that RKIP enhances neuronal dif-
ferentiation in human SH-SY5Y cells [9]. In addi-
tion, RKIP has been identified as a tumor sup-
pressor gene. Significantly decreased RKIP
expression has been demonstrated in many
kinds of malignant tumors, such as colorectal
cancer [10], breast cancer [11] and prostate
cancer [12]. RKIP was also reported to inhibit
invasiveness and metastasis of malignant
tumor [10]. However, the role of RKIP n human
choriocarcinoma remains undetermined. Here,
the expression of RKIP was evaluated in human
choriocarcinoma cell lines. The in vitro effects
of RKIP in relation to proliferation, invasion,
apoptosisand cell signaling pathways putatively
involved were also investigated.
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Figure 1. RKIP is lowly expressed in human chorio-
carcinoma cell lines. A. RKIP mRNA expression in
human choriocarcinoma cell lines (BeWo and JEG-
3 cells) was significantly lower than that in normal
HTR-8/SVneo cell line as determined by RT-gPCR. B.
Down-regulated RKIP protein was displayed in BeWo
and JEG-3 cells than that in HTR-8/SVneo cells by
western blot. All the data are expressed as means +
SD from three independent experiments. "P<0.05 as
compared with the control group.

Materials and methods
Cell culture

The human choriocarcinoma cell lines (BeWo
cells and JEG-3) and a normal HTR-8/SVneo
cell line (American Type Culture Collection,
Manassas, VA) were cultured in DMEM medium
(Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS), 50 U/ml of
penicillin and 50 pg/ml of streptomycin (Sigma,
St. Louis, MO, USA).

Total RNA extraction, reverse transcription
and quantitative real-time quantitative PCRs
(RT-gPCR)

Total RNA was extracted from cells using Trizol

reagent (Invitrogen, Carlsbad, CA, USA). 2 ug of
total RNA was reversely transcribed for cDNA
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using the reverse transcription (RT) kit (Takara
Biotechnology, Dalian, China) and Oligo dT
primer according to the manufacturer’s instruc-
tion. RT-gPCR was performed using a 7500
Real-Time PCR System (Applied Biosystems,
USA) with Fast Start Universal SYBR Green
Master (Roche, USA). The specific primers were
as follows: RKIP, forward: 5-AGCAGTGGCA-
CAGTCCTC-3’, reverse 5-TGGTCTCCAGATCGG-
TTG-3’; and B-actin, forward: 5-AGAAAATCTG-
GCACCACACC-3, reverse: 5-TAGCACAGCCTG-
GATAGCAA-3'. The PCR cycling program was
95°C for 3 min, then 35 cycles of 95°C for 20 s,
60°C for 20 s and 72°C for 15 s, and a final
extension at 72°C for 5 min.Relative quantifica-
tion of RKIP mRNA expression was calculated
using the 222°T method.

Western blot

Total proteins were extracted from cells using
RIPA lysis buffer (Beyotime, Nantong, China).
The protein concentration was measured using
Bradford protein dye reagent (Bio-Rad). Proteins
(30 pg/lane) were separated by 10% SDS-
polyacrylamide gel electrophoresis and trans-
ferred onto transferred onto polyvinylidene
difluoride membranes (Millipore, USA). The
membranes were blocked with 5% non-fat milk
in tris-buffered saline. After blocking, the target
proteins were probed with primary antibodies
(anti-RKIP, anti-phospho-MEK, anti-MEK, anti-
phospho-ERK, anti-ERK or GAPDH) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) overnight
at 4°C. Then, the blots were washed and incu-
bated with horseradish peroxidase-conjugated
secondary antibody. The signal was visualized
with an enhanced chemiluminescence detec-
tion reagent (Millipore, Boston, MA, USA).
GADPH was used as the loading control.

Plasmid construction and transfection

FLAG-tagged RKIP expression vector was con-
structed by inserting PCR amplified RKIP
fragment into a pcDNA3 vector (Invitrogen,
Carlsbad, CA, USA) linked with FLAG tag at the
amino terminus. The RKIP expression vector
and empty pcDNA3 were transfected into
human choriocarcinoma cells using Lipofect-
amine 2000 reagent (Invitrogen, Carlsbad, CA,
USA). The transfected cells were selected with
G418 at the concentration 800 pyg/ml, and the
resistant clones were further confirmed by
Western blotting.
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Figure 2. RKIP inhibits the proliferation of choriocarcinoma cells. A, B. BeWo and JEG-3 cells were transfected with
empty vector or Flag-RKIP for 48 h. Expression of RKIP protein was assessed by Western blotting and normalized
to GAPDH. C, D. Overexpression of RKIP significantly the proliferation of BeWo and JEG-3 cells, respectively. All the
data are expressed as means + SD from three independent experiments. *P<0.05 as compared with the empty
vectorgroup.Vector, transfected with an empty vector; OE, overexpression.

Proliferation assay

Cell proliferation was evaluated by 3-(4.
5-methylthiozol-2yl)-2.5-diphenyltetrazolium
bromide (MTT) assay. In brief, BeWo cells and
JEG-3 cells were seeded in a 96-well culture
plate at a density of 1x10* cells/well, respec-
tively. After 24, 48 or 72 h of incubation, the
medium was discarded and replaced with an
equal volume (100 pL) of fresh medium con-
taining 0.456 mg/mL MTT and incubated for 4
h at 37°C in the dark. The culture media was
removed and 200 yl DMSO was added to each
well. The absorbance at 570 nm was measured
with a microplate reader (Bio-Rad, Hercules,
CA, USA).
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Migration and invasion assays

In vitro Transwell migration assays were per-
formed in modified Boyden chambers with
8-mm pore filter inserts in 24-well plates (BD
Biosciences, Eugene, OR, USA). Briefly, the
lower chamber was filled with DMEM containing
10% FBS. Cells transfected with empty vector
or Flag-RKIP (1x10° cells per well) suspended in
0.1% FBS medium were seeded in the upper
compartment. After 24 h of incubation, cells
were fixed in methanol for 15 minutes and
stained with 0.05% crystal violet in PBS for 15
min. Cells on the upper side of the filters were
removed with cotton-tipped swabs, and the fil-
ters were washed in PBS. Cells on the under-
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Figure 3. RKIP inhibits the migration and invasion of choriocarcinoma cells. BeWo and JEG-3 cells were transfected
with empty vector or Flag-RKIP for 24 h. A. Effect of RKIP overexpression on BeWo cell migration using Transwell as-
say. B. Effect of RKIP overexpression on BeWo cell invasion using Matrigel assay. C. Effect of RKIP overexpression on
JEG-3 cell migration using Transwell assay. D. Effect of RKIP overexpression on JEG-3 cells invasion using Matrigel
assay. All the data are expressed as means + SD from three independent experiments. "P<0.05 as compared with
the empty vector group.Vector, transfected with an empty vector; OE, overexpression.

side of the filters were viewed and counted
under a microscope (Olympus, Tokyo, Japan).

Invasion assays were done using modified
Boyden chambers with filter inserts for 24-well
dishes containing 8-uym pores (Millipore,
Boston, MA, USA). The same procedures
described above were used, except that the fil-
ters were precoated with 100 ml Matrigel at a
1:4 dilution in DMEM to form a genuine recon-
stituted basement membrane.

Cell apoptosis assay

JEG-3 cells (1x10° cells/ml) were seeded into
each well of a 24-well plate for 48 h. The stain-
ing was carried out according to the instruc-
tions provided by the manufacturer of the Pl
Annexin-V Apoptosis Detection Kit [, BD
Pharmingen (BD Biosciences, USA). Briefly,
cells were washed with PBS, suspended in 1x
binding buffer and then treated with annexin-V
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APC and propidium iodide (Pl) for 15 min. The
percentage of cells undergoing apoptosis and
necrosis was quantified using a flow cytometer
(Abcam, Cambridge, UK) equipped with Cell
Quest software within 1 h.

Statistical analysis

All experiments were repeated three times, and
data were expressed as the mean + SD from a
representative experiment. The statistical sig-
nificance of the difference was analyzed by
ANOVA and post hoc Dunnett’s test. Statistical
significance was defined as P<0.05.

Results

RKIP is lowly expressed in human choriocarci-
noma cell lines

The expression profile of RKIP at mRNA in two
human choriocarcinoma cell lines (BeWo and

Int J Clin Exp Med 2015;8(12):22183-22190



RKIP suppresses choriocarcinoma cell proliferation and invasion

A
o
:
o0 100 10t q0°
Annexn V-FITC
B 30-
;\? 20+
2‘ 10- :
-
vector RKIP OE

REIFP OFE

L |
E —
010 107 10t 10®
Annexn V-FITC

Cc vector RKIP OE
Bel-2
Bax

GAPDH

Figure 4. RKIP promotes the apoptosis of choriocarcinoma cells. A. JEG-3 cells were transfected with empty vector
or Flag-RKIP for 24 h. Apoptosis was determined by AnnexinV-FITC/PI staining detected by flow cytometry. B. Quan-
tification of A. C. The expression of apoptotic proteins Bax and Bcl-2 in JEG-3 cells was assessed by Western blot.
GAPDH was used as internal control to ensure that equal amounts of proteins were loaded in each lane. All the data
are expressed as means + SD from three independent experiments. “P<0.05 as compared with the empty vector
group.Vector, transfected with an empty vector; OE, overexpression.

JEG cells), and a normal HTR-8/SVneo cell line
was examined by RT-qPCR analysis. As indicat-
ed in Figure 1A, RKIP mRNA expression was
down-regulated in BeWo and JEG-3 cells com-
pared with that of HTR-8/Svneo cells. Similarly,
Western blot analysis demonstrated that the
expression of RKIP protein was also decreased
in BeWo and JEG cells (Figure 1B).

Effect of RKIP on the proliferation of choriocar-
cinoma cells

To determine the cellular function of RKIP,
BeWo and JEG-3 cell lines were transiently
transfected with RKIP. We observed that over-
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expression of RKIP significantly increased
endogenous RKIP protein expression in BeWo
and JEG-3 cells, respectively (Figure 2A and
2B). Next, the effect of RKIP on the proliferation
of choriocarcinoma cells was determined using
MTT assay. We found that overexpression of
RKIP significantly inhibited the proliferation of
BeWo and JEG-3 cells, respectively (Figure 2C
and 2D).

Effect of RKIP on themigration and invasion of
choriocarcinoma cells

Next, the effect of RKIP on the migration and
invasion of choriocarcinoma cells was exam-
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Figure 5. RKIP suppresses choriocarcinoma cell mi-
gration and invasion via MAPK signaling. JEG-3 cells
were transfected with empty vector or Flag-RKIP for
24 h. (A) The protein level of p-MEK/MEK and p-ERK/
ERK were determined by western blot analysis, GAP-
DH was used as a loading control. Quantification of
(B) p-MEK/MEK and (C) p-ERK/ERK. All the data are
expressed as means = SD from three independent
experiments. “P<0.05 as compared with the empty
vector group.Vector, transfected with an empty vec-
tor; OE, overexpression.

ined. We found that overexpression of RKIP sig-
nificantly reduced the migratory ability of BeWo
and JEG-3 cells, respectively (Figure 3A and
3C). In addition, Boyden chamber invasion
assays demonstrated that the invasiveness of
BeWo and JEG-3 cells was also significantly
decreased after overexpression of RKIP (Figure
3B and 3D).

Effect of RKIP on the apoptosis of choriocarci-
noma cells

Then, we investigated whether RKIP can regu-
late apoptosis of choriocarcinoma cells. As indi-
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cated in Figure 4A and 4B, the percentage of
apoptotic cells was higher in the RKIP-
overexpressing JEG-3 cells than that in the
empty vector-containing JEG-3 cells (from
22.3% to 5.6%). Consistent with the results of
RKIP modulation of apoptosis, RKIP overex-
pression increased the expression of Bax, and
decreased the expression of Bcl-2 in JEG cells
(Figure 4C).

RKIP suppresses choriocarcinoma cell migra-
tion and invasion via MAPK signaling

RKIP has been identified as a suppressor of the
mitogen-activated protein kinase (MAPK) path-
way [13]. So, we investigated the effect of RKIP
on MAPK signal-related molecules expression.
As indicated in Figure 5, we found that the
expression of MEK and ERK phosphorylation
was dramatically decreased in transfected
JEG-3 cells, whereas no change in total MEK
and ERK was observed. These results imply
that RKIP may directly influence activation of
the ERK/MAPK pathway.

Discussion

RKIP can inhibit cell proliferation and migra-
tion/invasion of gastric cancer [14], colorectal
cancer [10] and glioma [15]. However, the role
of RKIP in human choriocarcinoma is unknown.
This study suggests critical function of RKIP in
human choriocarcinoma. First, RKIP was lowly
expressed in human choriocarcinoma cells.
Second, overexpression of RKIP inhibits chorio-
carcinoma cell proliferation, migration and
invasion. Third, overexpression of RKIP pro-
motes choriocarcinoma cell apoptosis. Me-
chanistically, overexpression of RKIP signifi-
cantly inhibited the expression of MEK and ERK
phosphorylation in choriocarcinoma cells.

RKIP is a metastasis suppressor whose expres-
sion is reduced in nasopharyngeal carcino-
matissues and is absent in nasopharyngeal
carcinoma metastases [16]. The expression of
RKIP in gastric cancer cells was also decreased
significantly in comparison to that of normal
gastric mucosal epithelial cells, and up-regula-
tion of RKIP significantly decreased the cell
viability and the S-phase fraction in SGC-7901
cells [14]. Consistent with the previous studies,
in this study, it was found that the expression of
RKIP was down-regulated in BeWo and JEG
cells compared with that of HTR-8/Svneo cells,
and overexpression of RKIP inhibits choriocar-
cinoma cell proliferation. These findings indi-
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cate that RKIP may play an important role in the
development and progression of choriocarci-
noma.

Cell motility is determined by dynamic cytoskel-
eton and contributes significantly to the migra-
tion, invasion and metastasis of malignant
tumor cells [17]. Tumor invasion is an early
marker of metastasis. Therefore, understand-
ing of tumor invasion is of great importance.
Wang et al. reported that overexpression of
RKIP suppressed colorectal cancer cell metas-
tasis in vitro and in vivo, whereas knockdown of
RKIP expression in colorectal cancer cells and
its murine model increased metastatic ability
[10]. Overexpression of RKIP in prostate cancer
cells was also associated with decreased in
vitro cell invasion, decreased development of
lung metastases in vivo [12]. In line with these
results, our study confirms the critical roles of
RKIP implicated in motility of choriocarcinoma
cells. Overexpressed RKIP largely inhibited cell
migration and invasion. These results suggest
that the expression level of RKIP is a negative
regulator of migration and invasiveness in cho-
riocarcinoma cells.

Apoptosis, which is known as programmed cell
death, is a physiological process which is medi-
ated by a series of gene regulation and cell-
signaling pathways. The Bcl-2 family of proteins
represents key regulators of apoptosis and can
be classified into two functionally distinct
groups: anti- and pro-apoptoticproteins. Bcl-2
protein is a critical cell death inhibitor, whereas
Baxacts as pro-apoptoticprotein. Alterations in
the levels of anti- and pro-apoptotic proteins
influence apoptosis [18]. In the present study,
we found that overexpression of RKIP promotes
apoptotic processes along with decreased ratio
of Bcl-2/Bax in choriocarcinoma cells.

Accumulating evidence suggests that the
MAPK pathway plays an important role in sev-
eral tumors [19-21]. The Ras-dependent Raf/
MEK1/2-ERK1/2 signaling cascade is one of
most extensively studied MAPK pathways,
hyperactivation of which has been demonstrat-
ed by previous studies to play major roles in
choriocarcinoma cell proliferation and metas-
tasis [22, 23]. In addition, it has been docu-
mented that RKIP, which negatively regulates
the mitogen-activated protein kinase (MAPK)
pathway.In hepatocellular carcinoma, reduced
RKIP expression has been demonstrated,
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which contributes to dysregulated MAPK signal-
ing pathway and enhanced proliferation and
migration of Hepatocellular carcinoma cells in
vitro [24]. In the present study, we found that
the expression of MEK and ERK phosphoryla-
tion was dramatically decreased in transfected
JEG cells, whereas no change in total MEK and
ERK was observed. These results imply that
RKIP may suppress the proliferation and inva-
sion of choriocarcinoma cells through inhibiting
the MAPK signaling pathway.

In conclusion, RKIP suppresses the prolifera-
tion and invasion ofchoriocarcinoma cells
through inhibiting the MAPK signaling pathway.
These data suggest that RKIP plays an impor-
tant role in the pathogenesis of choriocarcino-
ma and is a potential therapeutic target for
human choriocarcinoma treatment.
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