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Abstract

Background: Epithelial-mesenchymal transition (EMT) is the key process driving cancer metastasis. Oncogene/self
renewal factor BMI-1 has been shown to induce EMT in cancer cells. Recent studies have implied that noncoding
microRNAs (miRNAs) act as crucial modulators for EMT. The aims of this study was to determine the roles of BMI-1
in inducing EMT of endometrial cancer (EC) cells and the possible role of miRNA in controlling BMI-1 expression.

Methods and results: We evaluated the expression of BMI-1 gene in a panel of EC cell lines, and detected a
strong association with invasive capability. Stable silencing of BMI-1 in invasive mesenchymal-type EC cells up-
regulated the epithelial marker E-cadherin, down-regulated mesenchymal marker Vimentin, and significantly
reduced cell invasion in vitro. Furthermore, we discovered that the expression of BMI-1 was suppressed by miR-194
via direct binding to the BMI-1 3’-untranslated region 3’-UTR). Ectopic expression of miR-194 in EC cells induced a
mesenchymal to epithelial transition (MET) by restoring E-cadherin, reducing Vimentin expression, and inhibiting
cell invasion in vitro. Moreover, BMI-1 knockdown inhibited in vitro EC cell proliferation and clone growth,
correlated with either increased p16 expression or decreased expression of stem cell and chemoresistance markers
(SOX-2, KLF4 and MRP-1).

Conclusion: These findings demonstrate the novel mechanism for BMI-1 in contributing to EC cell invasion and
that repression of BMI-1 by miR-194 could have a therapeutic potential to suppress EC metastasis.

Introduction
Endometrial cancer (EC) is the most frequent gynecolo-
gic malignancy in the developed countries [1]. Although
the incidence of EC is lower in East Asian than in Wes-
tern countries, it tends to increase markedly in recent
years [2]. EC is generally classified as type I endome-
trioid EC or type II non endometrioid EC based on
etiology and clinical variables. The majority of EC are of
type I, which are associated with good prognosis. How-
ever, myometrial invasion and distant metastasis
decreases the survival rates of patients after surgical
treatment. In contrast, type II EC is often related to
poor prognostic factors, such as high grade or deep
myometrial penetration. Thus, to further improve

patient survival, it is essential to further understand the
molecular and cellular mechanism of EC development,
and in turn, to develop novel therapeutic strategies to
block EC progression.
The epithelial to mesenchymal transition (EMT) is a key

process contributing to cancer metastasis, characterized by
the loss of the epithelial marker E-cadherin, an increase in
the mesenchymal markers Vimentin and N-cadherin, and
an increase in the migratory and invasive behavior [3].
BMI-1 (B lymphoma mouse Moloney leukemia virus
insertion region 1) is a self-renewal gene and overex-
pressed in multiple human cancers, including lung cancer
[4], breast cancer [5], prostate cancer [6], ovarian cancer
[7], and recently EC [8]. BMI-1 upregulation is associated
with malignant transformation in hepatocellular carci-
noma [9]. Notably, recent research has shown that BMI-1
plays essential roles in inducing EMT in head and neck
squamous cell carcinoma [10]. However, the roles of BMI-
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1 in EC metastasis and the molecular mechanism regulat-
ing BMI-1 expression remain to be investigated.
Epigenetic alterations (methylation, non-coding micro-

RNA) are critical to cancer development [11]. Micro-
RNAs (miRNAs) are regulatory, single-stranded non-
coding RNAs that repress protein expression by base-
pairing with the 3’ untranslated region (UTR) of the tar-
get mRNA, which triggers either mRNA translation
repression or RNA degradation [12]. Aberrant levels of
miRNA have been reported in a variety of human can-
cers, including EC [13]. These observations promote us
to hypothesize that certain miRNA may control BMI-1
expression in EC cells, and thus have a therapeutic
potential against EC cancer progression.
In this study, we provide experimental evidence that

BMI-1 is essential for EMT and invasive phenotype in EC
cells. We discovered a novel post-transcriptional regulatory
mechanism of BMI-1 expression mediated by miR-194 by
directly interacting with the BMI-1 mRNA at the 3’-UTR.
The expression of BMI-1 protein level was suppressed by
miR-194 with MET transition associated with reduced EC
tumor invasion. As a result, it provides a potential new
strategy to prevent EC progression by targeting oncogene
BMI-1.

Materials and methods
Cell lines
Human EC cell lines HHUA (well differentiated),
HOUA-I (moderately differentiated) and HEC-50B
(poorly differentiated) were obtained from RIKEN cell
bank (Tsukuba, Japan) and grown in Minimum Essential
Medium Eagle (Sigma-Aldrich, UK) supplemented with
15% of fetal bovine serum (Cambrex Bioscience, Bel-
gium). The cells were maintained at 37°C in a humidi-
fied atmosphere of 5% CO2.

Selection of invasive EC cells in transwell invasion
chamber
Subpopulations from HEC-50B cells were selected as
described previously [14], 6 using transwell plates.
Briefly, the polycarbonate membranes (containing 8-μm
pores) of the transwell inserts were coated with Matrigel
gel (BD Biosciences, CA). Cells were resuspended in
serum-free MEM and seeded into the upper wells.
MEM medium supplemented with 15% bovine serum
was placed into the lower chamber. Following incuba-
tion for 24 h at 37°C, the inserts were removed. The
cells that migrated through the membranes and attached
to the lower-chamber compartments were harvested
aseptically and named as HEC-50B-highly invasive (HI)

Western blot analysis
Whole cellular protein was obtained with M-Per Mam-
malian Protein Extraction Reagent (Pierce Biotechnology,

MA). The aliquots were separated on SDS-PAGE (10%)
and transferred to nitrocellulose membranes. Antigen-
antibody complexes were detected ECL blotting analysis
system (Amersham Pharmacia Biotech, UK). The BMI-1
antibody (ab38295) was purchased from Abcam (Cam-
bridge, MA). E-cadherin antibody (A01589) and Vimen-
tin antibody (A01189) were obtained from GenScript
(Edison, NJ). Antibody for p16 (sc-468) and GAPDH (sc-
47724) were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA).

Enforced miR-194 expression
HEC-50B-HI cells were transfected with 50 nM of pre-
cursor miR-194, or negative control precursor miRNA
(Ambion, Austin, TX) by use of Lipofectamine 2000
(Invitrogen, Carlsbad, CA). After 48 h, the cells were
processed for Western blot, invasion assay, proliferation,
or colony formation assay.

In vitro cell invasion assay
HEC-50B-HI transfected with precursor miR-194, or
negative control precursor miRNA were harvested 48 h
after transfection and re-suspended in serum-free MEM.
2 × 104 cells in 500 μl of MEM medium were added
into the upper chamber. In the lower chamber, 750 μl
of MEM medium containing 15% fetal bovine serum
and 10 μg/ml of bovine fibronectin (Invitrogen, Ger-
many) were placed. The cells were allowed to migrate
through the intermediate membrane for 24 h at 37°C.
Membranes were then fixed with 10% neutral-buffered
formalin and stained in 10% Giemsa solution. The cells
attached to the lower side of the membrane were
counted in ten high-powered (200×) fields under a
microscope. Assays were done in triplicate for each
experiment, and each experiment was repeated three
times.

MiRNA quantitative real-time reverse transcription PCR
Total RNA containing small RNA was extracted from
cell lines by TRIzol reagent (Invitrogen, CA) according
to the manufacturer’s instructions. Quantitative reverse
transcription (qRT)-PCR was performed to detect the
levels of hsa-miR-194 in three EC cell lines by NCode
miRNA qRT-PCR Analysis (Invitrogen, CA) according
to the manufacturer’s protocol. A qRT-PCR forward pri-
mer for hsa-miR-194 (5’-TGTAACAGCAACTC-
CATGTGG-3’) was designed and synthesized by
Invitrogen. GAPDH was used for normalization [15]. All
real-time PCR assays were conducted as previously
described [16].

Luciferase activity assay
The 3’-UTR vector of BMI-1 containing an intact miR-
194 recognition sequence was purchased from OriGene
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Technologies (Rockville, MD). A pGL3 construct con-
taining BMI-1 3’-UTR with point mutations in seed
sequence was constructed using a QuickChange site-
directed mutagenesis kit (Stratagene, CA), using the fol-
lowing primers: 5’-CATTACTTTTACATATATTGCT
GGCCCTTCTGCTTTC-3’ (forward) and 5’-GAAAG-
CAGAAGGGCCAGCAATATATGTAAAAGTAATG-3’
(reverse). Cells were transfected with 50 nM precursor
miRNA (miR-194, miR-128 or control miRNA) along
with the wild-type or mutant BMI-1 3’-UTR-luciferase
constructs. 24 hours after transfection, luciferase activity
was measured using dual-luciferase assay (Promega,
Madison, WI).

BMI-1 silencing by shRNA
BMI-1 shRNA plasmids (sc-29814-SH) and control
shRNA plasmids (sc-108060) were obtained from Santa
Cruz Biotechnology (Santa Cruz, CA). HEC-50B-HI
cells were stably transfected as described previously [17].
In brief, cells at 70% confluency were transfected with
Lipofectamine PLUS Reagent (Invitrogen, CA) according
to the manufacturer’s protocols and selected in MEM
medium containing puromycin (Sigma-Aldrich, MO) at
1 μg/ml 48 h post-transfection. Selected clones of HEC-
50B-HI cells were expanded into HEC-50B-HI-BMI-1
shRNA cells and HEC-50B-HI control shRNA cells,
respectively.

MTT assay
For measurements of cell proliferation rates, 1 × 103

cells were plated into each well of 96-well plates and
cultured in 100 μl of medium containing 10% serum.
After 1 or 5 days incubation, 10 μl of MTT solution
(Cell counting kit-8, Dojindo, Japan) 10 was added into
each well, and plates were incubated for 4 h at 37°C,
and 450 nm UV absorbance of each sample was mea-
sured in a microplate reader. Assay was done in tripli-
cate wells, and each experiment was repeated three
times.

Colony formation assay
About 500 cells were seeded per well in 6-well plates.
After 10 d, the cells were fixed in 70% ethanol and
stained with 10% Giemsa (Sigma- Aldrich, MO). Colo-
nies consisting of >50 cells were counted. The results
represented the average of three independent
experiments.

qRT-PCR of stemness markers and chemoresistance genes
Real-time RT-PCR was performed using a Primescript
One Step RT-PCR Kit (Takara, Japan). Primers used for
SOX-2, KLF4, MRP-1 and GAPDH were previously
reported [18].

Statistical analysis
All experiments were performed in triplicates. Statistical
analyses were performed using SPSS statistical software.
Student’s t-test was adopted. Significance was 11 defined
as P < 0.05.

Results
BMI-1 expression correlates with invasive potential and
EMT phenotype of EC cells
BMI-1 is thought to mediate cell invasion in several
types of cancer. To assess the role of BMI-1 in confer-
ring invasive properties to EC cells, we used Western
blot analysis to characterize expression of BMI-1 in four
human EC-derived cell lines (HHUA, HOUA-I, HEC-
50B and HEC-50B-HI), and determined whether expres-
sion of endogenous BMI-1 correlated with invasive abil-
ity by using an in vitro cell invasion assay. In contrast to
HHUA cells with markedly reduced endogenous BMI-1
expression, HEC-50B-HI cells expressing 5-fold higher
levels of BMI-1 protein exhibited the highest invasive
potential after 24 h incubation (Figure 1A). The number
of HEC-50B-HI cells that passed through the membrane
was 5.0 times larger than the number of HHUA cells
(Figure 1B), thus suggesting that BMI-1 expression level
seemed to be closely associated with the enhanced inva-
sive activities of EC cell lines.
It has been suggested that EMT plays a crucial role in

cancer metastasis [3]. 12 During the acquisition of EMT
characteristics, cancer cells lose the intercellular junc-
tions and gain fibroblast-like motile and invasive pheno-
type, associated with the down-regulation of epithelial
marker E-cadherin and the up-regulation of mesenchy-
mal marker Vimentin [3]. To test the hypothesis that
BMI-1 would be involved in the acquisition of an inva-
sive EMT phenotype in EC cells, we evaluated the mor-
phological changes between HEC-50B-derived aggressive
sub-cell lines and its parental HEC-50B cells. Highly
invasive HEC-50B-HI cells displayed spindle-like, fibro-
blastic morphology when comparing to HEC-50B cells
showing epithelial-like appearance (Figure 1C). In accor-
dance with this finding, expression of E-cadherin was
significantly reduced in HEC-50B-HI cells. In contrast,
expression of Vimentin was significantly increased in
this cell line (Figure 1D), demonstrating that up-regula-
tion of BMI-1 may contribute to EMT-derived invasive
phenotype in EC cells.

Silencing of BMI-1 expression reverts EMT phenotype and
reduces EC cell invasion
To validate whether BMI-1 affects EMT and cell inva-
sion of EC cells, HEC-50B- BMI-1 shRNA and control
shRNA cell lines were established. The BMI-1 protein
level was significantly decreased in BMI-1 shRNA-
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transfected HEC-50B-HI cells (Figure 2A). Knockdown
of BMI-1 protein seemed to change the morphology
from spread fibroblastoid to epithelial-like appearance
(Figure 2B), decreased cell invasion (Figure 2C), and
resulted in the up-regulation of E-cadherin and down-
regulation of Vimentin at protein levels (Figure 2D).
These results suggest that BMI-1 is critical for the
acquisition of EMT characteristics in EC cells.

MiR-194 directly targets BMI-1, and reverses EMT
phenotype in EC cells
Based on miR target analysis using TargetScan website
[19], miR-194 was identified as potential regulator of
BMI-1 expression. The predicted binding of miR-194
with BMI-1 3’UTR was illustrated (Figure 3A), indicat-
ing that miR-194 is a potential miRNA targeting BMI-1.
To compare the relationship between miR-194 and
BMI-1 expression, we examined the endogenous miR-
194 expression level by qRT-PCR in HEC-50B-HI and
HEC-50B cells. MiR-194 mRNA expression was

significantly lower in high BMI-1 expressing HEC-50B-
HI cells (Figure 3B), showing that miR-194 level inver-
sely correlated with BMI-1 expression. To examine the
inhibitory effect of miR-194 on BMI-1 protein level, we
performed Western blot analysis at 48 h after miR-194
transfection into HEC-50B-HI and HHUA cells. Ectopic
expression of miR-194 in these two cell lines signifi-
cantly decreased the protein levels of BMI-1 compared
to 14 control miRNA (Figure 3C).
To further confirm that BMI-1 is the direct target of

miR-194, firefly luciferase reporter vector containing a
segment of the 3’UTR of BMI-1 with point mutations in
the seed sequence was constructed. In addition, miR-
128 has been reported to target BMI-1 in glioma [20].
Therefore miR-128 was used as a positive control. The
BMI-1 luciferase constructs were then co-transfected
with miR-194, miR-128 or control miRNA into HEC-
50B-HI as well as HHUA cells. As expected, transfection
with miR-128 dramatically attenuated BMI-1 3’-UTR
luciferase activity. Interestingly, the BMI-1 3’-UTR

A

D

HEC-50B HEC-50B-HI
C

B

G3PDH

BMI-1

G3PDH

E-cadherin

Vimentin

In
va

si
on

 (c
el

ls
/fi

el
d)

0

40

80

120

160

Figure 1 Association between BMI-1 expression and invasive potential and EMT features of EC cell lines. A. BMI-1 protein levels in the
panel of EC cell lines were determined by Western blot analysis. B. Invasive ability of EC cells was evaluated by Matrigel invasion assays. Data
represent the mean ± SE of three independent experiments. C. Highly invasive HEC-50B-HI cells exhibiting fibroblastic morphology and the
parental HEC-50B cells showing epithelial-like appearance were fixed with neutral-buffered formalin, stained in Giemsa, and images were taken
(magnification × 100). D. Western blot analysis of epithelial marker E-cadherin and mesenchymal marker Vimentin in HEC-50B and HEC-50B-HI
cells.
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luciferase activity in miR-194-transfected both HEC-
50B-HI and HHUA cells was significantly lower when
comparing with control miRNA-transfected cells,
whereas mutation of miR-194 recognition site rescued
the luciferase activity (Figure 3D). These results collec-
tively suggested a direct and specific inhibition of miR-
194 on BMI-1 3’-UTR in EC cells.
BMI-1 has been shown to promoting EMT in head

and neck squamous cell carcinoma [10], implies the
possibility that reexpression of miR-194 may lead to a
reversal of EMT phenotype of invasive EC cells. To test
our hypothesis, the effect 15 of ectopic expression of
miR-194 on cell invasion and expression of EMT mar-
kers was investigated in HEC-50B-HI and HHUA cells.
Transfection with miR-194 significantly decreased cell
invasion in these cells. However, this inhibition was
more evident in HEC-50B-HI cells (Figure 3E). Further-
more, transfection of miR-194 induced a loss of the

mesenchymal phenotype by restoring epithelial marker
E-cadherin and reducing mesenchymal marker Vimentin
expression (Figure 3C). These results indicated that
reexpression of miR-194 could reverse the EMT pheno-
type, and dramatically decreased cell invasion in BMI-1
expressing EC cells.

Knockdown of BMI-1 repressed in vitro cell proliferation
and clonal growth
It has been shown that BMI-1 is required for the clono-
genic growth of multiple myeloma cells [21]. Therefore,
we examined the roles of BMI-1 in regulating prolifera-
tion and colony growth of HEC-50B-HI cells. As
expected, cell proliferation was significantly decreased in
BMI-1 shRNA-transfected cells compared with control
cells (Figure 4A). Moreover, colony formation of HEC-
50B-HI cells was significantly reduced after BMI-1 pro-
tein expression was effectively suppressed by shRNA
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Figure 2 Silencing of BMI-1 expression reverts EMT phenotype and reduces EC cell invasion. A. Comparison of BMI-1 levels in un-
transfected HEC-50B-HI, HEC-50B-HI-BMI-1 shRNA and control shRNA cells. B. Morphological changes of HEC-50B-HI cells after knockdown of
BMI-1 expression 27 (magnification × 100). C. Effects of BMI-1 suppression on cell invasion ability using Matrigel invasion assay. Data represent
the mean ± SE of three independent experiments. *P < 0.01. D. Western blots of epithelial marker E-cadherin and mesenchymal marker Vimentin
in un-transfected HEC-50B-HI, HEC-50B-HI-BMI-1 shRNA and control shRNA cells.
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transfection (Figure 4B). Since previous studies have
shown that BMI-1 promotes cell proliferation through
suppression of tumor-suppressor p16 [22], we deter-
mined the p16 protein level by Western blot. Down-reg-
ulation of BMI-1 expression by BMI-1 shRNA
transfection significantly increased p16 protein expres-
sion (Figure 4C). These results indicated that knock-
down expression of BMI-1 could suppress EC cell

proliferation and colony growth in EC cells by upregula-
tion of p16 expression.
Overexpression of BMI-1 in head and neck squamous

cell carcinoma promote stemness properties by increas-
ing the expression of stem cell marker and drug-resis-
tance gene [18]. By using qRT-PCRs, we demonstrated
that the mRNA expression levels of stemness genes
SOX-2, KLF4 and chemoresistance gene MRP-1 were
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downregulated in HEC-50B-HI-BMI-1 shRNA cells
compared with control shRNA cells (Figure 4D). These
results suggest the important roles of BMI-1 in modu-
lating cell proliferation and stemness in EC.

Discussion
Previous studies have linked BMI-1 upregulation to
enhanced cell invasion in various human tumors
[4-7]. However, the role of BMI-1 in EC cell invasion
has not been thoroughly explored. In this study, we
discovered that elevated BMI-1 expression closely
associated with EC cell invasion. In line with our
study, up- regulation of BMI-1 has been shown to
induce breast cancer metastasis [23]. Similarly, silen-
cing of BMI-1 can inhibit the metastatic capability of

cervical cancer cells [24]. Our results provided new
evidence to support the oncogenic roles of BMI-1 in
enhancing EC metastasis.
The acquisition of EMT-derived phenotype confers

invasive behavior of tumor cells. BMI-1 is able to induce
EMT in nasopharyngeal epithelial cells by repressing E-
cadherin expression and up-regulating Vimentin expres-
sion [25]. We showed for the first time that knockdown
of BMI-1 in EC cells led to an attenuation of in vitro
invasion and a reversion of EMT, evidenced by epithe-
lial-like morphology, increased expression of E-cadherin
and decreased expression of Vimentin. These findings
highlight the pivotal role for BMI-1 in driving invasive
potential in EC cells through induction of EMT
phenotype.

D
BMI-1 shRNA
Control shRNA

*
*R

el
at

iv
e 

m
R

N
A

0

0.5

1.0

1.5

SOX-2

*

MRP-1KLF4

A B

C

G3PDH

p16

N
o.

 o
f c

ol
on

ie
s

0

100

200

*

50

150

C
el

l p
ro

lif
er

at
io

n 
(O

D
)

0

0.5

1.0

1.5

*
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Dysregulation of miRNAs are implicated in EMT
modulation [26]. MiRNAs, such as miR-200 family and
miR-205, act as key modulators of EMT and enforcers
of the epithelial phenotype [27]. We showed that miR-
194 suppress BMI-1 expression through direct interac-
tion and inhibited EC cell invasion. These results were
consistent with a recent report that miR-194 reduces
invasion of the mesenchymal-18 like liver cancer cells
both in vitro and in vivo [28]. The finding that BMI-1
expression was also reduced by overexpressing miR-194
in HHUA cells with low level of BMI-1 may reflect the
heterogeneity of EC. Sub-populations of this cell line
might be more aggressive and exhibit higher BMI-1
expression. Thus, targeting BMI-1 in invasive EC cells
by miR-194 would be valuable in development of new
therapeutic strategies against EC metastasis.
Cancer stem cell (CSC) has been demonstrated to play

important roles in cancer metastasis [3]. In many CSC
populations, aberrant BMI-1 expression is reported [29].
CSC isolated from EC has been shown to express BMI-
1 [30]. We demonstrated that knockdown of BMI-1 in
invasive mesenchymal EC cells significantly reduced in
cell proliferation, colony growth and up-regulated the
p16 tumor suppressor. Many independent studies also
support the association between BMI-1-dependent p16
suppression and enhanced stem cell proliferation [22].
Moreover, we demonstrated that loss of BMI-1 in EC
cells reduces expression of stemness gene SOX-2, KLF4
and drug-resistance gene MRP-1, suggesting that BMI-1
expression maybe required for the proliferation of can-
cer cells, as well as for regulation of stemness properties
of EC cells.
In conclusion, we discovered a critical function of

BMI-1 to potentiate EC metastasis via induction of
EMT. We also revealed a new regulatory mechanism of
BMI-1 expression by miR-194 to inhibit EC cell invasion
through down-regulation of BMI-1. As a result, restora-
tion of miR-194 expression could have important impli-
cations for the clinical management of EC.

Acknowledgements
This work was partly supported by a Grant-in-Aid for Scientific Research (B)
(No. 18390442) from Japan Society for the Promotion of Science (JSPS) of
Japan and a Grant-in-Aid from the Ministry of Health, Labour and Welfare of
Japan.

Author details
1Department of Gynecology, Hokkaido University Graduate School of
Medicine and School of Medicine, Hokkaido University, Sapporo, Japan.
2Division of Cancer-Related Genes, Institute for Genetic Medicine, Hokkaido
University, Sapporo, Japan. 3Department of Pathology, Stony Brook University
Medical Center, NY, USA.

Authors’ contributions
DP and JJ designed research; DP carried out the molecular genetic studies;
DP, KM, HJ and SN analyzed data; DP and JJ wrote the paper. All authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 25 March 2011 Accepted: 18 August 2011
Published: 18 August 2011

References
1. Parker SL, Tong T, Bolden S, Winggo PA: Cancer statistics. CA Cancer J Clin

1997, 65:5-27.
2. Sakuragi N, Hirai A, Tada M, Yamada H, Yamamoto R, Fujimoto S,

Moriuchi T: Dominant-negative mutation of p53 tumor suppressor gene
in endometrial carcinoma. Gynecol Oncol 2001, 83:485-490.

3. Kraljevic Pavelic S, Sedic M, Bosnjak H, Spaventi S, Pavelic K: Metastasis:
new perspectives on an old problem. Mol Cancer 2011, 10:22.

4. Vonlanthen S, Heighway J, Altermatt HJ, Gugger M, Kappeler A, Borner MM,
van Lohuizen M, Betticher DC: The bmi-1 oncoprotein is differentially
expressed in nonsmall cell lung cancer and correlates with INK4A-ARF
locus expression. Br J Cancer 2001, 84:1372-6.

5. Guo BH, Feng Y, Zhang R, Xu LH, Li MZ, Kung HF, Song LB, Zeng MS: Bmi-
1 promotes invasion and metastasis, and its elevated expression is
correlated with an advanced stage of breast cancer. Mol Cancer 2011,
10(1):10..

6. Glinsky GV, Berezovska O, Glinskii AB: Microarray analysis identifies a
death-from-cancer signature predicting therapy failure in patients with
multiple types of cancer. J Clin Invest 2005, 115:1503-21.

7. Zhang F, Sui L, Xin T: Correlations of BMI-1 expression and telomerase
activity in ovarian cancer tissues. Exp Oncol 2008, 30:70-4.

8. Honig A, Weidler C, Häusler S, Krockenberger M, Buchholz S, Köster F,
Segerer SE, Dietl J, Engel JB: Overexpression of polycomb protein BMI-1
in human specimens of breast, ovarian, endometrial and cervical cancer.
Anticancer Res 2010, 30:1559-64.

9. Sasaki M, Ikeda H, Itatsu K, Yamaguchi J, Sawada S, Minato H, Ohta T,
Nakanuma Y: The overexpression of polycomb group proteins Bmi1 and
EZH2 is associated with the progression and aggressive biological
behavior of hepatocellular carcinoma. Lab Invest 2008, 88:873-882.

10. Yang MH, Hsu DS, Wang HW, Wang HJ, Lan HY, Yang WH, Huang CH,
Kao SY, Tzeng CH, Tai SK, Chang SY, Lee OK, Wu KJ: Bmi1 is essential in
Twist1-induced epithelial-mesenchymal transition. Nat Cell Biol 2010,
12:982-92.

11. Tsai HC, Baylin SB: Cancer epigenetics: linking basic biology to clinical
medicine. Cell Res 2011, 21(3):502-17.

12. Slaby O, Svoboda M, Michalek J, Vyzula R: MicroRNAs in colorectal cancer:
translation of molecular biology into clinical application. Mol Cancer
2009, 8:102.

13. Castilla MÁ, Moreno-Bueno G, Romero-Pérez L, Van De Vijver K, Biscuola M,
López-García MÁ, Prat J, Matías-Guiu X, Cano A, Oliva E, Palacios J: Micro-
RNA signature of the epithelial-mesenchymal transition in endometrial
carcinosarcoma. J Pathol 2011, 223:72-80.

14. Tie J, Pan Y, Zhao L, Wu K, Liu J, Sun S, Guo X, Wang B, Gang Y, Zhang Y,
Li Q, Qiao T, Zhao Q, Nie Y, Fan D: MiR-218 Inhibits Invasion and
Metastasis of Gastric Cancer by Targeting the Robo1 Receptor. PLoS
Genet 2010, 6:e1000879.

15. Chen R, Alvero AB, Silasi DA, Kelly MG, Fest S, Visintin I, Leiser A,
Schwartz PE, Rutherford T, Mor G: Regulation of IKKbeta by miR-199a
affects NF-kappaB activity in ovarian cancer cells. Oncogene 2008,
27:4712-23.

16. Xia H, Qi Y, Ng SS, Chen X, Li D, Chen S, Ge R, Jiang S, Li G, Chen Y, He ML,
Kung HF, Lai L, Lin MC: MicroRNA-146b inhibits glioma cell migration and
invasion by targeting MMPs. Brain Res 2009, 1269:158-65.

17. Dong P, Xu Z, Jia N, Li D, Feng Y: Elevated expression of p53 gain-of-
function mutation R175H in endometrial cancer cells can increase the
invasive phenotypes by activation of the EGFR/PI3K/AKT pathway. Mol
Cancer 2009, 8:103-110.

18. Yu CC, Lo WL, Chen YW, Huang PI, Hsu HS, Tseng LM, Hung SC, Kao SY,
Chang CJ, Chiou SH: Bmi-1 regulates Snail expression and promotes
metastasis ability in head and neck squamous cancer-derived ALDH1
positive cells. J Oncol 2011, 2011, pii: 609259.

19. Lewis BP, Shih IH, Jones-Rhoades MW, Bartel DP, Burge CB: Prediction of
mammalian microRNA targets. Cell 2003, 115(7):787-98.

20. VGodlewski J, Nowicki MO, Bronisz A, Williams S, Otsuki A, Nuovo G,
Raychaudhury A, Newton HB, Chiocca EA, Lawler S: Targeting of the Bmi-1

Dong et al. Molecular Cancer 2011, 10:99
http://www.molecular-cancer.com/content/10/1/99

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/11733960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11733960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21342498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21342498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11355949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11355949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11355949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21276221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21276221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21276221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15931389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15931389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15931389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18438345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18438345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20592341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20592341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18591938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18591938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18591938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20818389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20818389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21321605?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21321605?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19912656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19912656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21125666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21125666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21125666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20300657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20300657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18408758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18408758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19265686?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19265686?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19917135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19917135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19917135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14697198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14697198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19010882?dopt=Abstract


Oncogene/Stem Cell Renewal Factor by MicroRNA-128 Inhibits Glioma
Proliferation and Self-Renewal. Cancer Res 2008, 68(22):9125-30.

21. Jagani Z, Wiederschain D, Loo A, He D, Mosher R, Fordjour P, Monahan J,
Morrissey M, Yao YM, Lengauer C, Warmuth M, Sellers WR, Dorsch M: The
Polycomb group protein Bmi-1 is essential for the growth of multiple
myeloma cells. Cancer Res 2010, 70:5528-38.

22. Jacobs JJ, Kieboom K, Marino S, DePinho RA, van Lohuizen M: The
oncogene and Polycomb-group gene bmi-1 regulates cell proliferation
and senescence through the ink4a locus. Nature 1999, 397:164-8.

23. Hoenerhoff MJ, Chu I, Barkan D, Liu ZY, Datta S, Dimri GP, Green JE: BMI1
cooperates with H-RAS to induce an aggressive breast cancer
phenotype with brain metastases. Oncogene 2009, 28:3022-32.

24. Jiang Y, Su B, Meng X, Liu C, Liu B, Liu D, Fan Y, Yang H: Effect of siRNA-
mediated silencing of Bmi-1 gene expression on HeLa cells. Cancer Sci
2010, 101:379-86.

25. Song LB, Li J, Liao WT, Feng Y, Yu CP, Hu LJ, Kong QL, Xu LH, Zhang X,
Liu WL, Li MZ, Zhang L, Kang TB, Fu LW, Huang WL, Xia YF, Tsao SW, Li M,
Band V, Band H, Shi QH, Zeng YX, Zeng MS: The polycomb group protein
Bmi-1 represses the tumor suppressor PTEN and induces epithelial-
mesenchymal transition in human nasopharyngeal epithelial cells. J Clin
Invest 2009, 119:3626-36.

26. Gregory PA, Bracken CP, Bert AG, Goodall GJ: MicroRNAs as regulators of
epithelial-mesenchymal transition. Cell Cycle 2008, 7:3112-8.

27. Gregory PA, Bert AG, Paterson EL, Barry SC, Tsykin A, Farshid G, Vadas MA,
Khew-Goodall Y, Goodall GJ: The miR-200 family and miR-205 regulate
epithelial to mesenchymal transition by targeting ZEB1 and SIP1. Nat
Cell Biol 2008, 10:593-601.

28. Meng Z, Fu X, Chen X, Zeng S, Tian Y, Jove R, Xu R, Huang W: MiR-194 is a
marker of hepatic epithelial cells and suppresses metastasis of liver
cancer cells in mice. Hepatology 2010, 52:2148-57.

29. Liu G, Yuan X, Zeng Z, Tunici P, Ng H, Abdulkadir IR, Lu L, Irvin D, Black KL,
Yu JS: Analysis of gene expression and chemoresistance of CD133+
cancer stem cells in glioblastoma. Mol Cancer 2006, 5:67.

30. Hubbard SA, Friel AM, Kumar B, Zhang L, Rueda BR, Gargett CE: Evidence
for cancer stem cells in human endometrial carcinoma. Cancer Res 2009,
69:8241-8.

doi:10.1186/1476-4598-10-99
Cite this article as: Dong et al.: MicroRNA-194 inhibits epithelial to
mesenchymal transition of endometrial cancer cells by targeting
oncogene BMI-1. Molecular Cancer 2011 10:99.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Dong et al. Molecular Cancer 2011, 10:99
http://www.molecular-cancer.com/content/10/1/99

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/19010882?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19010882?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9923679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9923679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9923679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19543317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19543317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19543317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19930157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19930157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19884659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19884659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19884659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18927505?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18927505?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18376396?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18376396?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20979124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20979124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20979124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17140455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17140455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19843861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19843861?dopt=Abstract

	Abstract
	Background
	Methods and results
	Conclusion

	Introduction
	Materials and methods
	Cell lines
	Selection of invasive EC cells in transwell invasion chamber
	Western blot analysis
	Enforced miR-194 expression
	In vitro cell invasion assay
	MiRNA quantitative real-time reverse transcription PCR
	Luciferase activity assay
	BMI-1 silencing by shRNA
	MTT assay
	Colony formation assay
	qRT-PCR of stemness markers and chemoresistance genes
	Statistical analysis

	Results
	BMI-1 expression correlates with invasive potential and EMT phenotype of EC cells
	Silencing of BMI-1 expression reverts EMT phenotype and reduces EC cell invasion
	MiR-194 directly targets BMI-1, and reverses EMT phenotype in EC cells
	Knockdown of BMI-1 repressed in vitro cell proliferation and clonal growth

	Discussion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


