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Bmi-1 promotes the invasion and migration of colon cancer
stem cells through the downregulation of E-cadherin
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Abstract. Metastasis and recurrence are the challenges of
cancer therapy. Recently, mounting evidence has suggested
that cancer stem cells (CSCs) and epithelial-mesenchymal
transition (EMT) are critical factors in tumor metastasis and
recurrence. The oncogene, Bmi-1, promotes the development
of hematologic malignancies and many solid tumors. The
aim of the present study was to elucidate the mechanisms
through which Bmi-1 promotes the invasion and migration
of colon CSCs (CCSCs) using the HCT116 colon cancer cell
line. Sphere formation medium and magnetic-activated cell
sorting were used to enrich and screen the CCSCs. CD133
and CD44 were regarded as markers of CCSCs and they were
found to be co-expressed in the HCT116 colon cancer cell line.
Colony formation assay, cell proliferation assay and viability
assay using the Cell Counting Kit-8, and transplantation assay
using nude mice injected with CCSCs were used to examine
the CCSCs. The CD133*CD44* HCT116 cells exhibited greater
cloning efficiency, an enhanced proliferative ability, increased
cell viability and stronger tumorigenicity; these cells were used
as the CCSCs for subsequent experiments. In addition, the inva-
sive and migratory abilities of the CD133*CD44* HCT116 cells
were markedly decreased when Bmi-1 was silenced by small
interfering RNA (siRNA). The results of RT-qPCR and western
blot analysis suggested that Bmi-1 had a negative effect on
E-cadherin expression. On the whole, our findings suggest that
Bmi-1 promotes the invasion and migration of CCSCs through
the downregulation of E-cadherin, possibly by inducing EMT.
Our findings thus indicate that Bmi-1 may be a novel thera-
peutic target for the treatment of colon cancer.
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Introduction

Colorectal cancer (cancer of the colon and/or rectum) is
the second leading cause of cancer-related mortality in
the US according to the National Comprehensive Cancer
Network (NCCN) in 2015 (1). It has been reported that in
15-25% of patients with colorectal cancer, hepatic metastasis
has already occurred prior to diagnosis and metastasis occurs
in more than half of the patients with this disease. Although
the 5-year survival rate of patients with colon cancer following
radical surgery is often >50%, this decreases to <12% with the
occurrence of metastasis (2,3). Metastasis has thus become
the key obstacle to the effective treatment of colon cancer and
remains a big challenge for clinicians due to the wide dispari-
ties in survival rates.

The cancer stem cell (CSC) theory is a new theory which
has appeared in recent years as regards the occurrence, develop-
ment, metastasis and recurrence of tumors. CSCs are defined as
a subpopulation of cancer cells which have the characteristics of
self-renewal, differentiation abilities, metastatic potential and
the ability to resist conventional chemoradiotherapeutics (4-6).
The discovery of markers of CSCs has facilitated the screening
and studying of a number of types of cancer, including
leukemia, brain cancer, breast cancer, abdominal cancer and
cancers of the reproductive system (7-15). CD133 and CD44
are considered markers of the surface membrane of cells and
have been used to identify colon CSCs (CCSCs) (11-13) and
have been recently reported to be co-expressed in colon cancer
with hepatic metastases (16).

Epithelial-mesenchymal transition (EMT) is considered
to occur during cancer invasion and migration, or tumor
progression. In this process, epithelial cells lose their epithe-
lial characteristics and adopt a mesenchymal-like appearance
or characteristics (17,18). The downregulation or loss of
E-cadherin, a transmenbrane protein important for cell-cell
junctions, is treated as the hallmark of EMT (19). Since
CSCs and EMT both play significant roles in cancer develop-
ment, understanding the link between them may enhance our
knowledge of the pathogenesis and mechanisms responsible for
metastasis in cancer.

The polycomb group (PcG) of proteins are a family of tran-
scriptional repressors that orchestrate alterations in chromatin
structure to regulate gene activity (20,21). A number of PcG
proteins have been confirmed to be altered in human cancers,
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such as Bmi-1 (22-24). Bmi-1 is known as transcriptional
repressor targeting the Ink4a/Arf gene locus, and has also
been described as an oncogene in many solid tumors, playing a
critical role in the maintenance of CSCs (25). However, the role
of Bmi-1 in the functions CCSCs has rarely been reported, at
least to the best of our knowledge.

In our previous study (26), we found that the expression
of Bmi-1 in colon cancer tissues closely correlated with the
clinical stage, invasion depth and metastatic ability of the
tumors. In the present study, we screened and identified
CCSCs using the HCT116 colon cancer cell line. We also
wished to determine the role that Bmi-1 plays in CCSCs
and to elucidate the underlying mechanisms. It would be of
clinical and therapeutic significance to provide a novel target
for colon cancer therapy.

Materials and methods

Cell line and cell culture. The HCT116 colon cancer cell
line was obtained from the Cell Bank of the Committee
on Type Culture Collection of the Chinese Academic of
Science (CCTCC; Shanghai, China). The cells were cultured
in RPMI-1640 (Corning Inc., Corning, New York, NY, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco-BRL,
Grand Island, NY, USA)at 37°C with 5% CO,. The culture
conditions for the HCT116 cells to form tumor spheres in
suspension were as previously described (27-29). The sphere
formation medium (SFM) used was RPMI-1640 supplemented
with 20 ng/ml basic fibroblast growth factor (bFGF) and 20 ng/
ml epidermal growth factor (EGF) (both from PeproTech, Inc.,
Rocky Hill, NJ, USA), 2% B27 (1:50 dilution; Gibco-BRL),
and 0.4% bovine serum albumin (BSA; Invitrogen Life
Technologies, Carlsbad, CA, USA). Enzymatically dissociated
single cells were diluted to a density of 2x10*/ml and gradually
replaced with SFM after plating into 24-well plates. The cells
were cultured in an incubator at 37°C with 5% CO,.

Flow cytometry. The HCT116 cells cultured in SFM were washed
twice with phosphate-buffered saline (PBS; Corning, Inc.) and
resuspended in PBS at a density of 1x107 cells/100 pl. The
dissolved cells were stained using anti-human CD133-PE anti-
body (1:10 dilution; Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany) [no need for cells after magnetic-activated cell
sorting (MACS)], and anti-human/mouse CD44 antibody (1:50
dilution; eBioscience, Inc., San Diego, CA, USA), followed by
incubation for 20 min on ice and subsequent washing with PBS
again twice. The respective isotype controls were used at the
same concentrations according to the manufacturer's instruc-
tions (eBioscience, Inc.). The cells were analyzed on a flow
cytometer (FACSVerse; BD Biosciences, Franklin Lakes, NJ,
USA) at the Sun Yat-Sen Memorial Hospital of the Sun Yat-Sen
University (Guangzhou, China).

MACS. The HCT116 cells cultured in SFM were resus-
pended in PBS with 2% FBS to a total volume of 1 ml at a
density of 1x10® cells/ml in a 12x75 mm polystyrene tube
to properly fit into the magnet (EasySep; STEMCELL
Technologies, Inc.). This was followed by the addition of
100 pl anti-human CD32 (FcyRII) blocker, 50 ul of anti-
human CD133-PE, 100 ul of PE selection cocktail and 50 ul
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of magnetic nanoparticles in turn according to the manufac-
turer's instructions (EasySep). The cell suspension was then
brought to a total volume of 2.5 ml by the addition of PBS with
2% FBS (Step A). The tube was then placed into the magnet
for 5 min and the supernatant fraction was poured off (Step B).
Steps A and B were repeated twice. The magnetically labeled
cells remained inside the tube and held by the magnetic field
of the magnet. The cells in the tube were then used flow cyto-
metric analysis or other assays.

Colony formation assay. In total, numbers of 50/100/
200 CD133*CD44* and CD133°CD44" HCT116 cells were
seeded in each well in 6-well plates. The medium was
discarded when colonies were observed by the naked eye.
The colonies were fixed in methanol and stained with
10% Giemsa (Teaching and Research Section of Pathology
of Shantou Medical College, Shantou, China). A micro-
scope (Leica DMI, Leica Microsystems Inc., Buffalo Grove,
IL, USA) was used to confirm that the colonies were made up
of >50 cells and to measure the diameters.

Cell Counting Kit-8 (CCK-8) assay for the analysis of cell
proliferation and cell viability. One hundred microliters of
suspension (RPMI-1640 only, CD133*CD44* and
CD133:CD44- HCT116 cells) was respectively plated in
96-well plates and cultured for approximately 4 h until the
cells had completely attached to the bottom of the wells. The
cells were cultured at a population of 1,000, 2,000, 4,000 and
8,000 cells per well. Subsequently, 10 ul of 2-(2-methoxyl-4-
nitrophenyl)-3-(4-nitrophenyl)-5-(2 4-disulfophenyl)-2H-tetra-
zolium, monosodium salt (WST-8; (Dojindo Molecular
Technologies Inc., Kumamoto, Japan) were added to each well
followed by incubation at 37°C for approximately 4 h. The
absorption (OD value) was read at 450 nm using a spectro-
photometer (Multiskan GO; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). The OD values were corrected after the
value of the control (cells cultured in RPMI-1640 only) was
subtracted. To examine cell viability, 8,000 cells were used
from each group, and the experiment was repeated 30 times.
Cell proliferation and viability assays were performed by
CCK-8 assay as previously described (30-34).

Tumor transplantation assay using BALB/c-nu/nu mice.
CD133*CD44* and CDI133'CD44- HCTI116 cells were
trypsinized, pelleted and resuspended in RPMI-1640
with Matrigel (1:10 dilution; BD Biosciences). The mice
(license no. SCXK 2011-0029; Sun Yat-Sen University; n=42;
age, 28-35 days; weight, 12-13 g) were randomly divided
into 7 groups by the breeder. The mice were first divided
into 3 main groups (CD133*CD44*, CD133:CD44" and NaCl
solution). The CD133*CD44* and CD133°CD44" groups were
further respectively divided into 3 subgroups (2,000, 20,000
and 200,000 cells). Thus, there were 7 subgroups, with
6 mice in each group. Only the mice in the CD133*CD44*
main group formed tumors. Two hundred microliters of
cell suspension (2,000/20,000/200,000 CD133*CD44"* or
CD133°CD44" cells) or NaCl solution were then injected
subcutaneously into the BALB/C-nu/nu mice. Tumor volumes
and the body weight of the mice were measured at regular
time intervals using an electronic balance. After 4 weeks,
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the mice were administered an intraperitoneal anesthesia
with 4% chloral hydrate (400 mg/kg), and sacrificed by
cervical dislocation and the tumors were removed. Following
removal, the tumors were stored in formalin and were sent to
Google Biological Technology Co., Ltd. (Wuhan, China) for
processing (the tumors were fixed in 10% neutral buffered
formalin, and then subjected to conventional methods of dehy-
dration, paraffin-embedding and H&E staining). All animal
experiments were conducted in accordance with the protocol
of the Institutional Animal Care and Use Committee of Sun
Yat-Sen University (JACUC-DB-15-1210; Guangzhou, China).
and following the approval of the Research Ethics Committee
of Guangdong General Hospital, Guangdong Academy of
Medical Sciences (no. GDREC 2015268A).

Transfection with small interfering RNA (siRNA) targeting
Bmi-1 (Bmi-1-siRNA). The sequences of the siRNAs used to
suppress Bmi-1 were as follows: forward, 5'-GCGGU
AACCACCAAUCUUCATAT-3' and reverse, 3'-dTd TCGCC
AUUGGUGGUUAGAAG-5', which targeted the sequence of
GCGGTAACCACCAATCTTC. The control siRNA sequence
was custom ordered and provided by Shanghai SBO Medical
Biotechnology Co., Ltd. (Shanghai, China). The CD133*CD44*
HCT116 cells were transfected with 100 nM of siRNA using
SunBio Trans-EZ (SBO) according instructions provided by
the manufacturer. Cells only transfected with reagent (normal
cells) were used as negative controls.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from thye cultured cells using TRIzol
reagent [Takara Biotechnology (Dalian) Co., Ltd., Dalian,
China] and 1.0 g of total RNA was used for cDNA synthesis
using the PrimeScript RT reagent Master mix (Takara
Biotechnology (Dalian) Co., Ltd.). Quantitative (real-time)
PCR (qPCR) was performed using SYBR Premix Ex Taq II
(Tli RNaseH Plus) (Takara Biotechnology (Dalian) Co., Ltd.)
with an ABI PRISM 7500 Fast Real-Time PCR system (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) with the following
program: 95°C for 30 sec, 95°C for 5 sec, 60°C for 1 min, and
95°C for 30 sec, for 40 cycles. The results were analyzed using
the 2-24°T method. B-actin gene expression was measured as an
endogenous control. Experiments were carried out in technical
triplicates and were repeated at least twice independently.
Primers were custom ordered (Boshang Biotechnology Co.,Ltd,
Shanghai, China) with the following sequences: Bmi-I forward,
5'"TCTGGGAGTGACAAGG-3' and reverse, 5" AAACAAG
AAGAGGTGGA-3'"; E-cadherin forward, 5“TGCCCAGAA
AATGAAAAAGG-3' and reverse, 5-GTGTATGTGGCAAT
GCGTTC-3"; B-actin forward, 5'-GCCAACACAGTGC
TGTCTG-3' andreverse,5-TACTCCTGCTTGCTGATCCA-3'.

Western blot analysis. The cells were lysed in lysis buffer
(50 mM Tris pH 7.4, 150 mM NaCl, 0.1% NP-40, 0.5% sodium
deoxycholate). The protein concentration of the lysate was quanti-
tated using the BSA method. Equal amounts of lysate were loaded
and separated by SDS-polyacrylamide gels, and transferred
onto nitrocellulose membranes (Bio-Rad Laboratories, Inc.).
The membranes were blocked with 5% non-fat milk powder
in TBS for 1 h and probed with primary antibodies against
Bmi-1 (D20B7) rabbit monoclonal antibody (mAb) (#6964,
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1:1,000 dilution) and E-cadherin (4A2) mouse mAb (#14472,
1:1,000 dilution) (both from Cell Signalling Technology, Inc.,
Danvers, MA, USA), and GAPDH (KC-5G4, 1:8,000 dilution;
Kangchen Biotech, Inc., Shanghai, China). After washing with
TBS-T, the membranes were incubated with secondary anti-
bodies (1:6,000 dilution, A21020, HRP goat anti-rabbit; A21010,
HRP goat anti-mouse; Abbkine, Redlands, CA, USA) and visu-
alized using chemiluminescence with ImageQuant LAS 500
software (GE Healthcare Life Sciences, Buckinghamshire, UK).

Wound healing assay. The cells (5x10°/well) were plated in
6-well plates and cultured until they reached confluence. A
diametric scratch was created using a pipette tip and washed
with PBS 3 times. The cells were photographed under a
microscope (Leica DMII, Leica Microsystems Inc.) in several
pre-marked spots as O h. Images were then acquired at 24 h
in the same spots for comparison. The scratch width was
measured and the migration rates of each group cells were
compared on average using Image-Pro Plus 6.0 software
(Media Cybernetics, Inc., Rockville, MD, USA).

Transwell migration assay. A Matrigel matrix (BD Biosciences)
was used at a working concentration of 300 ug/ml; the cells
were plated in 24-well plates at 100 ul/well and cultured in an
incubator for 1 h before the Falcon cell culture inserts (Corning,
Inc.) were added. The cells were resuspended in RPMI-1640
at a concentration of 1x10%/ml. The upper chamber was loaded
with 100 pl of cell suspension and the lower chamber was
loaded with 500 gl of RPMI-1640 with 20% FBS. Following
incubation for 24 h at 37°C with 5% CO,, the filter was fixed
with methanol and stained with 10% Giemsa. The cells on the
upper side of the filter were wiped off using a cotton swab. The
cells that had migrated to the undersurface of the membrane
were counted under a microscope (Leica DMII, Leica
Microsystems Inc.). Nine microscopic fields (x100 magnifica-
tion) were randomly selected to count the cells. Each assay was
carried out in triplicate.

Statistical analyses. All data are presented as the means + stan-
dard error of the mean (SEM). Statistical significance of
differences between mean values was assessed by the Student's
t-test for unpaired data. Comparisons of data between multiple
groups were performed using analysis of variance (ANOVA).
A value of P<0.05 was considered to indicate a statistically
significant differene.

Results

Enrichment and screening of CCSCs by the use of SFM and
MACS. The surface markers, CD133 and CD44, have been
widely used for the selection and isolation of CCSCs from
colon cancer cells (11-13). In our study, the CD133*CD44*
subpopulation of HCT116 cells before the experiment only
accounted for <1.00%; thus, these cells were defined as
CD133-CD44 cells. Following culture in SFM and subsequent
MACS, we found that the proportion of CD133*CD44* cells
greatly increased and these cells were defined as
CCSCs (Fig. 1). Furthermore, it seemed that the proportion of
CD133*CD44* cells depended on the amount of CD133* cells.
In addition, there was no significant difference in the frequency
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Figure 1. Proportions of CD133*CD44* cells as analyzed by flow cytometry.
(A) The proportion of CD133*CD44* cells was originally <1.00% in the
HCT116 cells. (B) This increased to 69.27+1.56% following culture in sphere
formation medium (SFM); (C) This increased even further to 90.40+0.85% (for
CD133" cells) with magnetic-activated cell sorting (MACS); and (D) to
82.91+1.60% with MACS. (E) Quantitative analysis of the results. The differ-
ence between the3 groups (HCT116 cells before culture with SFM and MACS,
cells cultured in SFM, and cells after MACS) was significant, ‘P<0.05.

of the CD133* and CD44* subpopulation between the CCSCs
transfected with the control siRNA or these transfected with
Bmi-1-siRNA (data not shown).

Colony-forming ability of CCSCs in vitro. Colony formation
assay in vitro was used to identify the CSCs, which reflected the
self-renewal and differentiation abilities of the CSCs. Six-well
plates seeded with cells were photographed following culture for
1 week and the cloning efficiency of the CD133*CD44* cells was
markeldy higher than that of the CD133-CD44- cells (Fig. 2). The
biggest and smallest colonies were almost 10.0 and 5.00 ym in
diameter as observed under a microscope (x100 magnification)
after being stained with 10% Giemsa.

Proliferative ability and viability of CCSCs in vitro. Cell prolif-
erative ability and cell viability assays were performed using
CCK-8 assay as previously described (30-34). The distinction
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Figure 2. Colonies of cells following staining with 10% Giemsa by the naked
eye and a microscope. (A) Cloning efficiency of CD133*CD44* cells was
78.44+6.54% on average; (B) cloning efficiency of CD133'CD44 cells was
8.22+2.68% on average. (C) Quantitative analysis of the results. The differ-
ence between the 2 groups was significant, 'P<0.05.

between the 2 groups of cells was most conspicuously reflected
with 8,000 cells after different gradients of cell populations were
designed according to the manufacturer's instructions (Fig. 3A).
Subsequently, another 8,000 cells from each group were
cultured as above to compare cell viability, and the assay was
repeated 30 times. The CD133*CD44* cells exhibited a greater
viability compared with the CD133°CD44" cells (Fig. 3B).

Tumor transplantation assay using BALB/c-nu/nu mice
in vivo. We used a tumor transplantation assay to confirm
that the CCSCs had a stronger tumorigenicity in vivo, which
is also considered to be an important characteristic of CSCs.
At 4 weeks after the injection, the BALB/c-nu/nu mice were
sacrificed and the tumors were removed. The body weights of
the mice injected with the CD133*CD44* cells were markedly
lower than those of the mice injected with the CD133-CD44"
cells or with NaCl (Fig. 4A). Only the mice injected with
the CD133*CD44" cells developed tumors (100%), which
were concentration-dependent (Fig. 4B). The shortest tumor
formation time was approximately 10 days with the injection
of 200,000 cells and the tumor growth curves in the mice in
the CD133*CD44"-injected group are shown in Fig. 4C. All
tumors underwent routine pathological section examinations
to confirm that the assay was successful (Fig. 4D).
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CD133*CD44* and CD133°CD44" HCT116 cells using the Cell Counting
Kit-8 (CCK-8). (A) The distinction was most conspicuously reflected with
8,000 cells in each group: 1.09+0.09 and 0.72+0.09; (B) Values of 8,000 cells
in each group: 1.00+0.13 and 0.82+0.11, repeated 30 times. “P<0.05.

CCSCs exhibit decreased invasive and migratory abilities
after the silencing of Bmi-1. The oncogene Bmi-1 plays a
critical role in the maintenance of CSCs (25) and we found
that it was expressed in the HCT116 colon cancer cell line.
Therefore, we investigated whether Bmi-1 affects the meta-
static potential of CCSCs by gene silencing, using siRNA
transfection and then confirmed our findings by RT-qPCR and
western blot analysis (Fig. 5). By performing wound healing
and Transwell migration assays, we found that the CCSCs
exhibited decreased invasive and migratory abilities, which are
often representative of metastatic potential, after the silencing
of Bmi-1 (Figs. 6 and 7).

We further explored the possible mechanisms responsible
for the effects Bmi-1 on CCSCs. Since EMT occurs during
cancer metastasis and interacts with CSCs (17,18), we focused
on E-cadherin (a hallmark of EMT; the loss of E-cadherin is
indicative of EMT) as a target protein. We found that Bmi-1 had
a negative impact on E-cadherin. In the cells not transfected
with Bmi-1-siRNA, the expression of E-cadherin was low.
However, after the silencing of Bmi-1, E-cadherin expression
markedly increased, as shown by RT-qPCR and western blot
analysis (Fig. 5), which may indicate that Bmi-1 promotes the
invasion and migration of CCSCs through the downregulation
of E-cadherin, possibly by inducing EMT. The silencing of
Bmi-1 increases E-cadhein expression, thus inhibiting EMT.

Discussion

The morbidity associated with colorectal cancer is ranked
3rd among malignant tumors in recent years on the basis of

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 38: 1199-1207, 2016

1203
A9 o pi3sepast
—+ CD133°CD44"
~@= NaCl solution
204
@
z
L
g
15-
1“ L] L] L) T L) L]
0 1 2 3 4 5

Time (weeks)

@

159 —-200,000 cells
—-20,000 cells

=2
1.0 2,000 cells

Tumor volume (em?)

Days

-0.5-

Figure 4. Tumor transplantation assay using BALB/c-nu/nu mice. (A) The
body weights of the mice injected with NaCl, or the CD133'CD44" cells or
CD133*CD44* cells were measured over a period of 4 weeks. (B) Tumors of
the mice in the CD133*CD44* group injected with various concentrations of
the cells (B1, 200,000 cells; B2, 20,000 cells; B3, 2,000 cells) were measured
using a ruler (cm). (C) Tumor growth curves of the mice injected with various
concentrations of CD133*CD44* cells (200,000, 20,000 or 2,000 cells);
“P<0.05. (D) Pathological section examination stained with hematoxylin and
eosin (H&E) under a microscope (x400 magnification).

the treatment guidelines of early colorectal cancer in China
published in 2015 (3). The prognosis of patients with colorectal
cancer is closely related to early diagnosis and the 5-year
survival rate decreases to <12% at the advanced stage of the
disease (2,3). The incidence and metastasis associated with
colorectal cancer are major concerns and obstacles to effec-
tive treatment in both Western and Eastern countries. It is thus
crucial that further research be carried out to identify methods
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with which to prevent the development and metastasis of colon
cancer.

The isolation and acquisition of CSCs is a major achieve-
ment in basic and clinical medicine. SFM and MACS can be
used for the enrichment and selection of CSCs. Functional
experiments in vitro and in vivo are often performed for the
identification of CSCs (35-37). In this study, we found that the
CD133*CD44* HCT116 cells had a greater cloning efficiency,
an enhanced proliferative ability and increased viability, as
well as a stronger tumorigenicity; therefore, they were used as
CCSCs for subsequent experiments. The successful separation
and identification of CCSCs in ours and other studies strongly
supports the CSC theory in colon cancer.

CD133 and CD44 were discovered as important surface
markers of CCSCs (11-13). It is recommended that the
screening and identification of CSCs be performed with more
than one marker. Different markers of cells may represent
different functions and may prove helpful to the understanding
of the overall features. For instance, CD133 may be associated
with cloning efficiency and proliferative ability, while CD44
may be related to metastasis and survival prediction (16). It has
been reported that other markers of CCSCs include membrane
proteins, such as EpCAM (39), Lgr5 (40-42), CD24 (43),
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Figure 6. Wound healing ability of colon cancer stem cells (CCSCs) seeded
in 6-well plates and cultured for 24 h. (A) A diametric scratch using a pipette
tip was made at O h; (B) CCSCs treated with transfection reagent after 24 h;
(C) CCSCs transfected with control small interfering RNA (siRNA) and
transfection reagent after 24 h; (D) CCSCs transfected with Bmi-1-siRNA and
transfection reagent after 24 h; 24 h average migration rates of (B-D) were:
5.25+0.70, 5.14+0.54 and 3.93+0.38 ym/h, respectively (shown in Fig. 7D).

CD26 (44,45), CD29 (46) and CD166 (38,47); cytosolic
enzymes, such as ALDHI1 (48,49); transcription factors, such
as as Oct4 (50), Sox2 (51), Ascl2 (52-54) and Hesl (55,56); and
even the Wnt (57) and Notch (55) signaling pathways. Different
markers may reflect different functions of CCSCs from diverse
perspectives and provide more targets for study and therapy.
However, the critical one and interconnections among them
have not yet been clearly elaborated.

The discovery and eradication of CSCs hold promise in
cancer therapy, as well as genes acting on CSCs and the regula-
tory mechanisms. The epigenetic regulator, Bmi-1,is considered
to play essential roles in the self-renewal and propagation of
normal cells and CSCs (25). We found that CCSCs exhibited
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Figure 7. Cell numbers in the under surface of Transwell membrane after 24 h.
(A) Colon cancer stem cells (CCSCs) treated with transfection reagent after
24 h; (B) CCSCs transfected with control small interfering RNA (siRNA) and
transfection reagent after 24 h; (C) CCSCs transfected with Bmi-1-siRNA
and transfection reagent after 24 h; (D) cell numbers in the undersurface of
membrane of (A-C) were: 25.33+0.58, 24.33+0.58 and 5.67+0.58 as observed
under a microscope (x100 magnification) after staining with 10% Giemsa,
respectively. "P<0.05 compared to siRNA-transfected group.

a decreased invasive and migratory abilities after Bmi-1 was
silenced by siRNA. This suggests that Bmi-1 is a positive regu-
lator of cell invasion and migration in colon cancer and that the
downregulation of Bmi-1 may help to prevent metastasis or the
progression of colon cancer. Since the gene targeted therapy
of cancer has important theoretical significance and clinical
application prospects, the knockdown of Bmi-1 is expected to
become supplementary treatment for colon cancer.

In addition, we found E-cadherin was upregulated when
Bmi-1 was silenced, while vimentin and N-cadherin were
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downregulated (although we could not make a statistical conclu-
sion as they were weakly expressed in CCSCs originally; data
not shown). This may indicate that Bmi-1 functions through
the downregulation of E-cadhein, possibly by inducing EMT.
This has been previously demonstrated in nasopharyngeal (58),
breast (59,60), melanoma (61), endometrial (62), prostate (63),
and bladder (64) cancers. E-cadherin is a transmenbrane protein
important for cell-cell junctions, it suppresses tumorigenesis
and the metastasis of cancers, and its downregulation or loss is
regarded as a hallmark of EMT. The downregulation or loss of
E-cadherin on the surface leads to the shedding of many types
of cancer cells from the tumor mass, which is the precondition of
cancer invasion and metastasis (65,66). The molecular mecha-
nisms responsible for cancer metastasis, regarded as a promising
target for cancer chemotherapy, are currently receiving increased
attention. Bmi-1 was considered to play an important role in
the pathogenesis of nasopharyngeal cancer by inducing EMT,
partly by targeting the tumor suppressor, PTEN, thus activating
the PI3K/Akt pathway (58). It was also demonstrated that Bmi-1
induced cell invasion with the activation of the Akt pathway in
breast cancer cells (60). Alternatively, it was shown that Bmi-1
acted negatively on PTEN and E-cadherin in colorectal cancer
from a histological perspective by Liao ef al (67). Therefore, we
speculate there is a strong possibility that Bmi-1 promotes the
invasion and migration of CCSCs through the downregulation
of E-cadherin and the induction of EMT, and through the PI3K/
Akt pathway. However, the crosstalk between different pathways
for expanding the cellular communication signaling network
should be also given several considerations. In this study, we
put forward the hypothesis of the role of Bmi-1 and EMT in
CCSC:s for the first time, to the best of our knowledge. Namely,
the eradication of CCSCs, and the blocking of EMT and the
downregulation of Bmi-1 may together prevent the metastasis of
colon cancer at an early stage and may thus improve the 5-year
survival rate when applied clinically.

In conclusion, our study demonstrates that CD133*CD44*
HCT116 cells can be used as CCSCs for subsequent medical
studies. Bmi-1 promotes the invasion and migration of CCSCs
through the downregulation of E-cadherin, possibly by inducing
EMT. This finding may provide a new target for colon cancer
therapy. To this end, it would be of great interest for us to further
investigate the signaling pathways and regulatory mechanisms
of the interaction between Bmi-1 and EMT in colon cancer.
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