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MicroRNAs (miRNAs) are endogenous 19–25 nucleotide noncoding single-stranded RNAs that regulate
gene expression by blocking the translation or decreasing the stability of mRNAs. In this study, we
showed that miR-218 expression levels were decreased while Fbxw8 expression levels were increased
in human choriocarcinoma cell lines, and identified Fbxw8 as a novel direct target of miR-218. Overex-
pression of miR-218 inhibited cell growth arrest at G2/M phase, suppressed the protein levels of cyclin A
and up-regulated the expression levels of p27 through decreasing the levels of Fbxw8. On the other hand,
forced expression of Fbxw8 partly rescued the effect of miR-218 in the cells, attenuated cell proliferation
decrease the percentage of cells at G2/M phase, induced cyclin A protein expression and suppressed the
protein level of p27 through up-regulating the levels of Fbxw8. Taken together, these findings will shed
light the role to mechanism of miR-218 in regulating JEG-3 cells proliferation via miR-218/Fbxw8 axis,
and miR-218 may serve as a novel potential therapeutic target in human choriocarcinoma in the future.

� 2014 Published by Elsevier Inc.
1. Introduction

Choriocarcinoma typically occurs in females at the origin of the
chorionic epithelium of the placenta, and is commonly related to
gestation. The tumor is rapidly growing, widely metastasizing,
and highly invasive of surrounding tissues. Gonadal choriocarcino-
mas are usually highly sensitive to various types of anti-cancer
agents [1]. Currently on the clinical treatment of choriocarcinoma
rely on chemotherapy and radiation therapy [1]. Choriocarcinoma
of the vast majority of patients can be obtained through chemo-
therapy for a longer period of time, even the clinical cure, but che-
motherapy failure cases are not uncommon, mainly because of the
chemotherapy drug resistance, and side effects after chemotherapy
generally unable to adhere to the completion of chemotherapy
treatments. Clinical when such situations arise, the patient’s condi-
tion and prognosis will be inestimable. Given this, there is an
urgent need to develop novel strategies for the diagnosis, treat-
ment and prognosis of choriocarcinoma.

MicroRNAs (miRNAs) are small regulatory RNAs, which control
a large number of gene expressions by translational suppression
and destabilization of target mRNAs [2,3]. Currently, the number
of validated mature human miRNAs approaches 2000. Individual
miRNAs can repress multiple genes [4,5], which implies a broad
regulatory potential. Not surprisingly, miRNAs have emerged as
important regulators of virtually every biological process associ-
ated with tissue development, differentiation, cellular prolifera-
tion, cell type-specific function, and homeostasis. Consequently,
dysregulation of miRNAs has been implicated in dysfunction of
genetic regulatory networks. Indeed, several pathological condi-
tions have been linked to altered expression of miRNA [6–9].

Ubiquitin–proteasome pathway plays indispensable roles in
many biological processes [10]. A three-enzyme cascade is
involved in the protein ubiquitination: the E1ubiquitin activating
enzyme, the E2 ubiquitin conjugating enzymes, and the E3 ubiqui-
tin ligases [11]. E3 ubiquitin ligases define the specificity of the
substrate and it is likely that protein ubiquitination is mainly reg-
ulated by E3s activity or E3s substrate interaction [12]. Hundreds
of E3 ligases identified in eukaryotes were classified into four
groups: HECT-type, U-box-type, PHD-finger-type and RING-type
E3s [13]. Cullin-based E3s, one of RING-type complexes, are the
largest family among them [14,15]. The Skp1-Cul1-F-box (SCF)
multi-subunit complex is a well characterized E3s, and the F-box
protein determines the substrate specificity. Sixty-eight human
genes encoding F-box proteins have been identified [16]. F-box
protein Fbxw8 (also named Fbw6 or Fbx29), contains an
N-terminal F-box motif which is required for Skp1 binding, and a
C-terminal WD40 repeat interacted with CUL7 (also known as
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p193 or p185), which assembles a SCF-like E3 complex containing
Skp1, Fbxw8 as well as ROC1 [17]. The function of Fbxw8 is largely
unknown. Fbxw8 has been involved in the proteasomal degrada-
tion of insulin receptor substrate 1 (IRS-1) [18], and it also plays
an essential role in the proliferation of cancer cells via proteolysis
of cyclin A [19].

In order to identify novel microRNAs which could specifically
target Fbxw8, several candidate microRNAs (miR-218, miR-30a,
miR-33a, and miR-376a) were initially predicted by software anal-
ysis programme. We therefore challenged their expression in cho-
riocarcinoma cancer cells by introduction of exogenous miRNA
expression. miR-218 expression was decreased significantly in
choriocarcinoma cells normalized to human trophoblast (HT) cells.
In the present study, we confirmed the regulatory relationship
between miR-218, a known tumor suppressive miRNA, and an
oncogene, Fbxw8. We provided evidences that miR-218 could
impede choriocarcinoma JEG-3 cell line proliferation, at least partly
by targeting Fbxw8.
Fig. 1. The expression of miR-218 was negatively correlated with Fbxw8 protein
levels in choriocarcinoma cell lines. The expression levels of miRNAs in choriocar-
cinoma cell lines and the human trophoblast (HT) cells were detected by qRT-PCR
and normalized to that of U6. Results showed that the expression of miR-218 (A),
miR-30a (B), miR-33a (C) and miR-376a (D) were significantly decreased in three
choriocarcinoma cell lines compared with HT cells; (E) Increased expression of
Fbxw8 was tested by Western blot in three choriocarcinoma cell lines compared
with HT cells. (F) Band intensities were quantitated by Image-Pro Plus. The
intensities of the bands corresponding to Fbxw8 were compared with those
corresponding to b-actin. Figure is representative of three experiments with similar
results. Values are mean ± SD.
2. Materials and methods

2.1. Cells and culture

The Human trophoblast (HT) cells were isolated by trypsin-
DNase I digestion, and discontinuous Percoll gradient centrifuga-
tion, as described by the previous study [20]. This assay supplies
a 95% purity of HT cells. The isolated HT cells were cultured in
DMEM supplemented with 2 mM glutamine, 10% heat inactivated
FCS, 25 mM HEPES, 100 UI/ml penicillin and 100 mg/ml streptomy-
cin at 37 �C in 95% air and 5% CO2. Human choriocarcinoma cell
lines JEG-3, JAR and BeWo was obtained from American Type Cul-
ture Collection (Manassas, VA, USA). JEG-3, JAR and BeWo cells
were grown in DMEM medium, cultured in RPMI 1640 medium
supplemented with 10% fetal calf serum (FCS) and 1% penicillin/
streptomycin (Invitrogen, Carlsbad, CA,USA), and cultured in 95%
air and 5% CO2 at 37 �C.

2.2. Cell transfection

Ectopic expression of miR-218 in cells was achieved by trans-
fection with miR-218 mimics (Genepharma, Shanghai, China)
using Lipofectamine 2000 (Invitrogen, CA, USA). Overexpression
of Fbxw8 was performed using Fbxw8 ORF expression clone (Gene-
Copoecia, Guangzhou, China). Cells were plated in 6-well clusters
or 96-well plates and transfected for 24 h or 48 h. Transfected cells
were used in further assays or RNA/protein extraction.

2.3. RNA extraction and SYBR green quantitative PCR analysis

Total RNA was extracted from cells using Trizol reagent (Invit-
rogen, CA, USA). Mature miR-218 expressions in cells were
detected using a Hairpin-it TM miRNAs qPCR kit (Genepharma,
Shanghai, China). Expression of RNU6B was used as an endogenous
control. Fbxw8 expression was measured by SYBR green qPCR
assay (Takara, Dalian, China). Data were processed using 2�DDCT

method.

2.4. Western blot analysis

Immunoblotting was performed to detect the expression of
Fbxw8 cyclin A and p27 in JEG-3 cells. Cultured or transfected cells
were lysed in RIPA buffer with 1% PMSF. Protein was loaded onto a
SDS–PAGE minigel and transferred onto PVDF membrane. After
probed with 1:1000 diluted rabbit polyclonal Fbxw8, cyclin A
and p27 antibody (Abcam, MA, USA) at 4 �C overnight, the blots
were subsequently incubated with HRP-conjugated secondary
antibody (1:5000). Signals were visualized using ECL Substrates
(Millipore, MA, USA). b-actin was used as an endogenous protein
for normalization.
2.5. Luciferase reporter assay

JEG-3 cells were seeded into a 24-well plate. After cultured
overnight, cells were co-transfected with the wild-type and
mutated Fbxw8 30UTR reporter plasmid, and pRL-TK plasmids, or
transfected with miR-218 and miR-scrambled control precursors
(miR-SCR). Luciferase assays were performed 48 h after transfec-
tion using the Dual Luciferase Reporter Assay System (Promega,
WI, USA).
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2.6. MTT assay

Cell viability was evaluated using a modified MTT assay. The
viability of JEG-3 cells treated with miR-218 and Fbxw8 ORF clone
were assessed at five time points (on day 1, 2, 3, 4 and 5) after
seeding 2 � 103 transfected cells/well into 96-well culture plates.
Briefly, quantification of mitochondrial dehydrogenase activity
was achieved via the enzymatic conversion of MTT [3-(4,5-dim-
ethyldiazol-2-yl)-2,5- diphenyltetrazolium bromide; Sigma–
Aldrich, MO, USA] to a colored formazan product. MTT (10 ll,
10 mg/ml) was added to the cells, incubated for 4 h, and the reac-
tion was terminated by removal of the supernatant and addition of
100 ll DMSO to dissolve the formazan product. After 0.5 h, the
optical density (OD) of each well was measured at 570 nm using
a plate reader (ELx808 Bio-Tek Instruments, City, ST, USA).

2.7. Cell cycle analysis

JEG-3 cells were plated in 60-mm dishes (3.0 � 105 cells/dish).
After 24 h of treatment with miR-218 and Fbxw8 ORF clone, cells
were cultured for another 24 h. The cells were then fixed in 70%
ethanol for 0.5 h. After washing with PBS, cells were incubated
with RNase A (0.5 mg/ml) (Sigma) at 37 �C for 30 min. Finally,
the cells were stained with Propidium iodide (PI) (50 lg/ml) and
analyzed by fluorescence-activated cell sorter analysis (FACS)
(BD, San Jose, CA, USA).

2.8. Statistical analysis

All data from 3 independent experiments were expressed as
mean ± SD and processed using SPSS17.0 statistical software. The
Fig. 2. miR-218 directly targets Fbxw8 by binding to its 3’UTR. (A) Up-regulated expressi
miR-218 mimics in comparison with the JEG-3 cell lines transfected with miR-SCR mimi
Fbxw8 was decreased by miR-218 when compared to JEG-3 cell expressing miR-SCR. (C
corresponding to Fbxw8 were compared to those corresponding to b-actin. (D) The pre
mutagenesis are as shown. (E) Relative luciferase activities of Fbxw8 wild type (WT) and
control miRNA or miR-218 precursor, and psiCHECK-2 plasmid; and calculated as the rat
results were presented as mean ± SD from three independent experiments with each expe
to control. (⁄⁄P < 0.01). Figure is representative of 3 experiments with similar results. Va
difference among the groups in these assays was estimated by Stu-
dent’s t-test. P value of < 0.05 was considered to be statistically
significant.

3. Results

3.1. MiR-218 is frequently downregulated in choriocarcinoma cell lines

Targetscan, microRNA.org and Pictar [7,21,22] predicted that
miR-30a, miR-33a, miR-376a and miR-218 could bind to and target
the Fbxw8 30 UTR. We performed SYBR green quantitative PCR
analysis to quantify the expression of microRNAs in choriocarci-
noma cell lines. As the results showed that miR-30a, miR-33a,
miR-376a and miR-218 levels decreased in JEG-3, JAR, BeWo cells
compared with HT cells. Fig. 1A showed the mean expression level
of miR-218, which was significantly lower in JEG-3 cell lines than
that of other choriocarcinoma cell lines. And in JEG-3 cell lines
the expression of miR-218 was downregulated more than that of
miR-30a, miR-33a or miR-376a after normalizing to HT cells
(Fig. 1B–D). On the other hand, Western blot results showed that
the Fbxw8 protein expression was up-regulated in the three cho-
riocarcinoma cell lines compared with HT cells (Fig. 1E, F). These
results indicated that higher expression levels of miR-218 were
significantly associated with lower levels of Fbxw8 protein expres-
sion in the choriocarcinoma cell lines.

3.2. MiR-218 directly targets Fbxw8

To further study the relationship of miR-218 and Fbxw8 in JEG-
3 cells, we transfected JEG-3 cells with miR-SCR and miR-218 mim-
ics. Quantitative RT-PCR showed that, at 48 h after transfection, the
on of miR-218 was tested by Quantitative RT-PCR in JEG-3 cell lines transfected with
cs. (B) Fbxw8 protein levels were detected by Western blot assay. The expression of
) Band intensities were quantitated by Image-Pro Plus. The intensities of the bands
dicted miR-218 binding site within Fbxw8 30UTR and its mutated version by site
mutant (Mut) 30-prime UTR regions were obtained by cotransfection of scrambled

io of firefly/renilla activities in the cells and normalized to those of the control. The
riment in triplicate. Double asterisks indicate significant difference when compared
lues are mean ± SD.
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expression of miR-218 was significantly up-regulated as compared
with miR-SCR (Fig. 2A). Moreover, we observed the enhanced miR-
218 in JEG-3 cells significantly repressed Fbxw8 protein expression
compared to cells transfected with scramble control by Western
blot (Fig. 2B, C).

Additionally, To determine whether the 30-UTR of Fbxw8 mRNA
is a functional target of miR-218 in JEG-3 cells, we cloned the
30UTR of Fbxw8 downstream to a luciferase reporter gene (wt-
Fbxw8), its mutant version (mut-Fbxw8) by the binding site
mutagenesis was also constructed (Fig. 2D). We co-transfected
wt-Fbxw8 vector and miR-218 mimics or scramble control into
JEG-3 cells. The luciferase activity of miR-218 transfected cells
was significantly reduced compared to scramble control cells
(Fig. 2E). Moreover, miR-218-mediated repression of luciferase
activity was abolished by the mutant putative binding site
(Fig. 2E).

3.3. Forced expression of Fbxw8 restored the effects of miR-218
inhibited JEG-3 cells proliferation

To validate if miR-218 regulates JEG-3 cells proliferation and
cell cycle by targeting Fbxw8, we performed MTT and cell cycle
assays by co-transfecting miR-218 mimics and Fbxw8 ORF clone
Fig. 3. Force expression of Fbxw8 restored the inhibitory effects of miR-218 mimics in pro
MTT assay. (B) Cell cycle measured using FCM analysis. (C) Percentage of cell cycle distrib
compared with miR-SCR; while two asterisks indicate significant difference when miR-2
representative of 3 experiments with similar results. Values are mean ± SD.
into JEG-3 cells. MTT results showed that the forced expression
of Fbxw8 restored significant inhibition on cell proliferation by
miR-218 (Fig. 3A). FACS results showed that the percentage of cells
at G2/M phase was increased by the treatment of miR-218, and
reversed by the transfection of Fbxw8 ORF clone (Fig. 3B, C). Taken
together, these results indicated that miR-218 could inhibit the
proliferation of JEG-3 cells by targeting Fbxw8.
3.4. Forced expression of Fbxw8 restored the effects of miR-218
inhibited Fbxw8, cyclin A expression and induced p27 expression

As we showed above, miR-218 targeted Fbxw8 in JEG-3 cells.
Therefore, we wondered whether over-expression of Fbxw8 was
enough to reverse the expression of miR-218 inhibited or induced
downstream molecules. Fbxw8 ORF clone was transfected into
miR-218 mimics transfected cells. As shown in Fig. 4A–C, forced
expression of Fbxw8 could restore the Fbxw8 and cyclin A protein
expression inhibited by miR-218. Similarly, over-expression of
Fbxw8 also restored miR-218-induced p27 expression in JEG-3
cells (Fig. 4A, D). These results indicated that miR-218 inhibited
cyclin A and induced p27 signaling pathway by targeting Fbxw8.
liferation and cell cycle of JEG-3 cell lines. (A) Cell growth of JEG-3 was measured by
ution. The asterisk indicates significant difference when miR-218 mimics or Fbxw8

18 mimics + Fbxw8 compared with miR-218 mimics or Fbxw8. (⁄⁄P < 0.01) Figure is



Fig. 4. Force expression of Fbxw8 restored the effects of miR-218 mimics in Fbxw8
pathway. JEG-3 cells treated by miR-218 mimics (50 nmol/L) were transfected with
Fbxw8 plasmid at 2 lg per well. (A) After treatment for 48 h, the levels of specific
proteins were analyzed by immunoblotting. Band intensities were quantitated by
Image-Pro Plus. The intensities of the bands corresponding to Fbxw8, Cyclin D1, p27
were compared with those corresponding to b-actin. (B,C) Up-regulation of Fbxw8
reversed the inhibitory effect of miR-218 mimics in levels of Fbxw8 and Cyclin D1
protein expression. (D) Over-expression of Fbxw8 restored p27 protein expression
induced by miR-218 mimics. Figure is representative of 3 experiments with similar
results. Values are mean ± SD.
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4. Discussion

In the present study, we tried to identify a novel miRNA which
regulates the expression of Fbxw8, and evaluate its effects on the
proliferation of JEG-3 cells. After the screening of miRNAs targeting
the 30-UTR of Fbxw8 mRNA (Fig. 1), miR-218 was predicted to be
located in the 30-UTR. To demonstrate that miR-218 directly tar-
gets the 30-UTR, we analyzed the luciferase activity using the vec-
tor containing the two alleles. The luciferase vector with the
mutant-type allele showed significantly less activity than that with
the wild-type vector, as shown in Fig. 2. Overexpression of miR-
218 decreased the luciferase activity, suggesting that miR-218
directly repressed Fbxw8 expression. Transfection with the miR-
218 mimics significantly decreased Fbxw8 mRNA and protein lev-
els in a precursor miRNA concentration dependent manner (Fig. 2).
It was suggested that miR-218 suppresses the expression of the
endogenous Fbxw8 protein by controlling the stability of Fbxw8
mRNA transcripts. Taking these observations into consideration,
miR-218 acts as a repressive regulator as to Fbxw8.

MicroRNAs are newly identified modulators of many compli-
cated signaling pathways involved in various human diseases
[2,3]. It has been reported that antitumor drugs can change miRNA
expression profiles in tumor cells, and that chemotherapy drug-
resistant tumors are also correlated with miRNA expression level.
Therefore, the variation in miRNA expression profiles may be one
mecha nism by which drug treatment inhibits tumors [23–25].
Our results obtained from quantitative RT-PCR validated that
miR-218, one of the potential microRNAs target the Fbxw8 30UTR,
was commonly down-regulated in JEG-3 cell lines (Fig. 1). These
findings suggested that miR-218 was involved in the processes of
the proliferation of JEG-3 cells. Other reports showed that miR-
218 acts as tumor-suppressive miRNA in several kinds of tumors,
including gastric cancer [26], lung cancer [27], cervical cancer
[28], head and neck cancer [29] and bladder cancer [30]. Our find-
ings highlighted the importance of miRNA as a potential tumor
suppressor in a solid cancer.

Fbxw8 substrates include many proteins involved in regulating
cell growth and differentiation, including cyclin A, p27, et al.
[10,31]. Therefore, Fbxw8 regulated the cell cycle, cell growth
and differentiation. There were evidences that Fbxw8 had a tumor
inducer function; deletion or mutation of the Fbxw8 gene has been
reported in many different types of tumors [10,31,32]. In this
study, we raised the hypothesis that miR-218 might be involved
in inhibiting Fbxw8 expression regulated JEG-3 cells proliferation
process. Interestingly, the levels of miR-218 were negatively corre-
lated with Fbxw8 protein levels in choriocarcinomas cell lines
(Fig. 1). We up-regulated Fbxw8 expression in JEG-3 cells and
found that Fbxw8 restored miR-218 inhibited cell proliferation
and increased the percentage of cells at G2/M phase of the cell
cycle (Fig. 3). Finally, we confirmed the link between miR-218
and Fbxw8, and found that miR-218 inhibited JEG-3 cell prolifera-
tion via targeting Fbxw8.

It was reported that Fbxw8 expression contributed to cancer
cells proliferation through cyclin A and p27 pathway [32]. Cyclin
A regulates G2/M progression in cancer cells and is overexpressed
in various malignant neoplasms [33]. As a result, it is a potential
target for cancer therapeutics [34]. Transcriptional regulation of
cyclin A has been extensively studied and is well understood
[35–37]. It is stimulated when, for example, various mitogenic sig-
nals activate the Ras/Raf/MEK/ERK (MAPK) cascade. After synthesis
following MAPK cascade activation, cyclin A associates with CDK4/
6, p21 Cip1 or p27 Kip1 [38,39]. The cyclin-dependent kinase
inhibitor p27 is an important regulator of the cell cycle in mamma-
lian cells, which negatively controls cell cycle progression by
directly repressing cyclin/CDK2 complexes [29,40]. P27 plays a
crucial role in the regulation of JEG-3 proliferation [41]. Our results
confirmed a vital molecular relationship among miR-218, Fbxw8,
cyclin A and p27. We showed that, at protein level, up-regulation
of miR-218 expression in JEG-3 cells effectively suppressed Fbxw8
and cyclin A and induced p27 expression, and forced expression of
Fbxw8 could reverse the expression of cyclin A and p27. It sug-
gested a potential inverse relevance of miR-218 and Fbxw8 in
JEG-3 and the main effect of Fbxw8 of the cells is autocrine affect,
because the miR-218 down-regulated the level of the cellular
Fbxw8 mRNA and protein. Additionally, these results suggested
miR-218 might inhibit cyclin A and induce p27 expression via
Fbxw8 signaling. These results verified that miR-218 inhibited
the expression of cyclin A and p27 via Fbxw8 signaling. Taken
together, these findings sufficiently consolidated that miR-218
played a suppressive role in cellular proliferation, at least, in part
due to directly inhibiting Fbxw8 expression.

In conclusion, we newly described miR-218/Fbxw8 link and
provided a potential mechanism for contribution to JEG-3 cells
proliferation. As a result, restoration of miR-218 expression could
have an important implication for the clinical management of
JEG-3 cells. However, further studies are needed to determine the
extent to which miR-218 regulate the growth of choriocarcinoma
by targeting Fbxw8 in vitro.
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