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Abstract
Bmi1 (B-cell-specific Moloney murine leukemia virus insertion site 1) had been found to involve in
self -renewal of stem cells and tumorigenesis in various malignancies. The purpose of this study is
to evaluate the role of Bmi1 in the development of tongue squamous cell carcinoma (TSCC) and its
functional effect on the migration and invasion of TSCC. Initially, immunohistochemistry revealed
that Bmi1 overexpression was a common event in premalignant dysplasia, primary TSCC, and
lymph node metastases and was associated with a poor prognosis. A significant correlation between Bmi1 and SOD2 (manganese superoxide dismutase) expression was observed. Side population (SP) cells were used as cancer stem-like cells and further assessed by sphere and colony
formation assays, and the expression of stem cell markers. TSCC cells with higher migration and
invasion ability (UM1 cell lines) showed a higher proportion of SP cells and Bmi1 expression than
TSCC cells with lower migration and invasion ability (UM2 cell lines). Knockdown of Bmi1 in UM1
or SP cells inhibited migration and invasion and decreased the sphere and colony formation, and
the expression of stem cell markers and SOD2. Direct binding of C-myc to the Bmi1 promoter
was demonstrated by chromatin immunoprecipitation and luciferase assays. Moreover, C-myc
knockdown in SP cells inhibited their migration and invasion and decreased the expression of Bmi1
and SOD2. Our results indicate that the deregulation of Bmi1 expression is a frequent event during
the progression of TSCC and may have a prognostic value for patients with this disease. The
Bmi1-mediated migration and invasion of TSCC is related to cancer stem-like cells and involves the
C-myc-Bmi1-SOD2 pathway.
Key words: Tongue squamous cell carcinoma; Cancer stem-like cell; migration; invasion; prognosis; Bmi1.

Introduction
As a type of common malignant tumor in the
oral cavity, tongue squamous cell carcinoma (TSCC)
has a high mortality rate due to early metastasis and
recurrence. Although the level of healthcare has
greatly improved, the cure rate of TSCC remains unsatisfactory, and the 5-year survival rate is 50% [1].

One of the reasons for treatment failure is thought to
be related to the presence of a subpopulation of cells
within the tumor called cancer stem cells (CSCs). In
head and neck squamous cell carcinomas (HNSCCs),
including TSCC [2], CSCs have been shown to have an
integral role in tumor initiation, disease progression,
http://www.ijbs.com
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metastasis, and treatment resistance [3-6].
B-cell-specific Moloney murine leukemia virus
insertion site 1 (Bmi1) is a member of the Polycomb
group of chromatin-modifier proteins. As a stem cell
marker, Bmi1 plays a key role in the functioning of
endogenous stem cells and CSCs [7,8]. Moreover,
Bmi1 had been found to be related with many other
cancer stem cell markers [9-12], such as ALDH1,
CD44, Oct4, SOX2, Nanog and ABCG2. Tsai et al
found that Sphere-forming/self-renewal capability
was increased in cisplatin-resistant OC2 cells (oral
squamous carcinoma cells). Cisplatin-resistant OC2
cells highly expressed the stemness markers (Nanog,
Oct4, Bmi1, CD117, CD133, and ABCG2) and increased migration/invasion/clonogenicity ability [9].
Seo et al also found a connection between BMI-1 and
Sox2 in maintaining self-renewal and identified BMI-1
as a key mediator of Sox2 function [10]. In human
cancers, Bmi1 overexpression had been found to drive
stem-like properties associated with the induction of
the epithelial-mesenchymal transition that promotes
invasion, metastasis, and poor prognosis [13]. Indeed,
many studies have reported that Bmi1 is overexpressed in HNSCC cells when compared with normal
epithelium and is thought to influence cell proliferation and survival in HNSCC [13-16]. In contrast,
Hayry`s study found that Bmi-1-negative tumors
showed a correlation with a poor prognosis in TSCC
[17]. Thus, more evidence is needed to confirm the
relationship between Bmi1 and the development of
TSCC.
Although Bmi1 has been found to be associated
with HNSCC [10, 11], the mechanistic rationale for an
increased metastatic capacity of tumor cells overexpressing Bmi1 is still ambiguous and requires further
investigation. As an oncogenic transcription factor,
the C-myc protein recognizes an E-box recognition
site in the promoter of its target genes and then exerts
a wide array of biological functions in different cellular models, including cell cycle control, cell differentiation, and metastasis [18-20]. C-myc has been documented to regulate the expression of an unusually
large number of target genes, including Bmi1 in nasopharyngeal carcinoma [21]. In our previous studies
[22-24], we identified that the manganese superoxide
dismutase (SOD2)-dependent production of H2O2
contributes to the migration and invasion of TSCC via
the Snail (Snai1 and Slug) signaling pathway. However, the relationship between Bmi1 and SOD2 has
not been uncovered to date.
The goal of this study was to investigate the role
of Bmi1 in the development of TSCC and its mechanism in the migration and invasion of TSCC. First, we
investigated the role of Bmi1 in the development and
progress of TSCC. We then investigated whether the
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migration and invasion of TSCC mediated by Bmi1
were related to CSCs and whether the
C-myc-Bmi1-SOD2 pathway mediates the metastasis
of TSCC. Our findings suggest that Bmi1 is an important factor in the development and prognosis of
TSCC. In addition, the Bmi1-mediated migration and
invasion of TSCC is related to cancer stem-like cells
and involves the C-myc-Bmi1-SOD2 pathway.

Methods and materials
Patients and tissues
The clinical samples used in this study were obtained from 77 cases of TSCC, 22 cases of premalignant tongue (leukoplakia, LP), and 12 normal tongue
biopsies, which had been used in our previous study
[23,25]. Clinical characterizations of these samples are
summarized in Supplementary Material: Table S1.
Among the 77 cases of TSCC that we examined, follow-up results were available for 52 cases; the median
duration of follow-up was 77 months (range: 8-116
months). Survival was calculated based on the date of
surgery and the date of latest follow-up (or death).
This study was approved by the ethical committee of
the First Afﬁliated Hospital, Sun Yat-Sen University.

Immunohistochemistry analysis
The immunohistochemistry analysis was performed as previously described [25,26] using an anti-Bmi1 antibody (Cell Signaling Technology, Beverly,
MA, USA). Sample evaluation via immunostaining
was performed by 3 independent pathologists blinded
for the clinical data according to criteria of staining
intensity described previously by Li et al [27]. All areas of tumor cells within each section were analyzed.
All tumor cells in ten random high-power fields were
counted. A scale of 0 to 3 was used to score the relative intensity, with 0 corresponding to no detectable
immunoreactivity, and 1, 2, and 3 equivalent to low,
moderate, and high staining, respectively. The representative images of each score (0-3) were supplied in
Supplementary Material: Figure S1.

Cell culture and transfection
Human TSCC cell lines (UM1 and UM2) [24],
with UM1 having a higher migration and invasion
ability than UM2, were maintained in DMEM/F12
(Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum (Hyclone, Logan, Utah, USA), 100 U/ml
penicillin, and 100 μg/ml streptomycin in a 37 °C
incubator with 5% CO2. For further study, a Bmi1
siRNA, C-myc siRNA, and control non-targeting
siRNA (Genepharma, Shanghai, China) were transfected into the TSCC cells using Lipofectamine
Transfection Reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions, as prehttp://www.ijbs.com
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viously described [28]. Three sequences of Bmi1 or
C-myc siRNA were used, and then the sequence that
had the best knockdown effect was chosen. The sequences of siRNA used for transfection are shown in
Supplementary Material: Table S2.

Cell migration and invasion assay
The cell migration and invasion assay were performed according to our previous study [24,28].
Briefly, for the migration assays, cells were seeded in
the upper chamber of Transwell devices (Corning,
Steuben, NY, USA) with a membrane containing
8-μm-diameter pores in serum-free medium. After 24
h, the cells on the lower surface of the membrane were
fixed and stained with DAPI solution in the dark.
Three random fields were captured at 20 × magnification. For the invasion assays, Biocoat Matrigel invasion chamber inserts (BD Biosciences, San Diego,
CA, USA) were equilibrated for 2 h at 37 °C in serum-free medium. The cells were seeded in the upper
chamber and allowed to invade through the Matrigel
to the lower chamber for 24 h. After 24 h, the number
of invaded cells (lower side of the membrane) was
counted as described above.

Western blot analysis
Western blots were performed as described previously [24] using antibodies specific for Bmi1, SOD2,
Slug (Cell Signaling Technology, Beverly, MA, USA),
Nanog (Aviva Systems Biology, San Diego, CA, USA),
C-myc, ABCG2 (ATP-binding cassette transporters)
(Santa Cruz, Dallas, Texas, USA) and GAPDH (Sigma,
San Louis, MO, USA). The results obtained from
western blot were quantified by Quantity One software (Bio-Rad) and shown in Supplementary Material: Figure S2.

Side population sorting
The TSCC side population was sorted as previously described [29]. Briefly, TSCC cells were incubated at 37 °C for 90 minutes in the dark with 5 μg/ml
Hoechst 33342 (Sigma, San Louis, MO, USA) and intermittent mixing either alone or in the presence of 50
μM verapamil (Sigma, San Louis, MO, USA), an inhibitor of ABC transporters. The cells were then centrifuged and resuspended in ice-cold HBSS. The samples were sorted using a FACSAria II high-speed cell
sorter (BD Biosciences, San Diego, CA, USA). Propidium iodide (2 μg/ml) was added to exclude dead
cells. Hoechst 33342 was excited with the UV laser at
350 nm, and the fluorescence emission was measured
with 405 / BP30 (Hoechst blue) and 570 / BP20
(Hoechst red) optical filters. After sorting, the SP and
non-SP cells were used for further experiments.
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Sphere and colony formation assays
For the spheroid-forming assay, cells were plated in 24-well ultralow attachment plates (Corning,
Steuben, NY, USA) at a density of 1000 cells/ml in 100
μl of stem cell medium containing DMEM/F12 plus
1% N2, 10 ng/ml human recombinant bFGF, 10
ng/ml human recombinant EGF, and 1% antibiotic-antimycotic (Life Technologies, Carlsbad, CA,
USA). Sphere formation (20 mm in diameter) in each
well was calculated at days 14 after seeding.
For the colony formation assay, cells were plated
at approximately 200 cells per well in 6-well coated
plates in DMEM/F-12 supplemented with 10% FBS.
The medium was changed twice a week. After 14
days, the cells were ﬁxed in 4% formaldehyde and
stained with Giemsa. Colonies larger than 1 mm (>50
cells/clone) in diameter were counted.

Chromatin immunoprecipitation (ChIP)
ChIP assays were performed as described previously [30] following the manufacturer’s recommendations (Upstate Biotechnology, Buffalo, NY,
USA). A total of 1×107 UM1 or UM2 cells were crosslinked with formaldehyde, and the cell pellet was
lysed and sonicated to shear the DNA into fragments
of 200-500 bp. Following precleaning, 1% of each
chromatin supernatant was used as the input loading
control; the remaining chromatin supernatant was
incubated with C-myc antibodies or preimmune IgG
(PI) for immunoprecipitation. Protein-chromatin
complexes were eluted and reverse-cross-linked to
recover free DNA. Puriﬁed DNA was analyzed by a
quantitative polymerase chain reaction (PCR) analysis
with SYBR Green qPCR SuperMix Kit (Invitrogen,
Carlsbad, CA, USA), as previously described [28]. The
primers for Bmi1 (NM_005180) were as follows: F, 5'
taattcccaggccgccctta 3'; R, 5' caccggctccaaaatggctc 3'.

Dual luciferase reporter assay
A dual luciferase assay was performed as described previously [28]. Briefly, the dual luciferase
reporter gene construct for Bmi1 (pGL-Bmi1) was
created by cloning a 925-bp fragment from the promoter of Bmi1 (NM_005180, containing the C-myc
binding site (gagcacgtgac)) into the KpnI and HindIII
sites of the pGL3-Control firefly luciferase reporter
vector (Promega, Madison, WI, USA). The corresponding mutant constructs (pGL-Bmi1mt) were created by replacing the C-myc binding site in the promoter of Bmi1 with 5’-ctcgagcactg-3’. A plasmid containing C-myc was also constructed by cloning a
1365-bp fragment of C-myc cDNA (NM_002467.4)
into the BamHI and XhoI sites of pcDNA3.1. The
constructs were then verified by sequencing. The cells
were transiently cotransfected with pGL-Bmi1 and
http://www.ijbs.com
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pcDNA3-C-myc using Lipofectamine (Life Technologies, Carlsbad, CA, USA). The luciferase activity was
measured with a luminometer (Tecan, San Jose, CA,
USA), and the activities were normalized based on
Renilla activity and the protein concentration (cotansfected with pRL-SV40).

Cell proliferation assays
Proliferation was measured using a Cell Counting Kit-8 (CCK-8) assay. Briefly, cells were seeded in
96-well plates at a density of 2×103 cells per well. Cell
proliferation was analyzed by incubating the cells
with CCK-8 (Dojindo, Kumamoto, Japan) according to
the manufacturer’s instructions at 72 h after transfection. Absorbance (A) was measured at 450 nm, and
the cell inhibition rate was calculated as
(1-Atreated/Acontrol) × 100%.

Statistical analysis
The results are representative of at least three
independent experiments; data are presented as the
mean ± standard error. The data were analyzed using
the Statistical Package for the Social Science (SPSS,
Chicago, IL, USA), Version 17.0. Pearson and Spearman Correlation Coefficients were used to assess
correlations among the gene expression and clinical
and histopathological parameters. A one-way
ANOVA and Student’s t-test were used to compare
differences between groups. Survival curves were
plotted using the Kaplan-Meier method and compared with the log-rank test. For all statistical analyses, P < 0.05 was considered statistically significant.
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Results
Bmi1 plays an important role in the development of TSCC and correlates with SOD2
To confirm the role of Bmi1 in the development
of TSCC, the expression of Bmi1 was examined by
immunohistochemistry (IHC). As illustrated in Figure
1, Bmi1 IHC staining was observed in the cell nucleus.
The percentage of positive cells and the staining intensity in LP and TSCC tissues were increased compared to normal tongue mucosa. Bmi1 expression was
significantly higher in LP and TSCC than in normal
tongue tissue (Figure 2A) and in moderate and severe
LP than in light LP (Figure 2B). Among the TSCC
cases, the expression level of Bmi1 was significantly
higher in the patients with a positive node metastasis
status (pN+) than those with a negative status (pN-)
(Figure 2C) and in late-stage (stages III and IV) than in
early-stage disease (stages I and II) (Figure 2D). No
difference in the Bmi1 expression level was observed
in TSCC cases with regard to different age, gender, pT
stage, and pathological differentiation. As illustrated
in Figure 2E, there was a significantly higher 5-year
survival rate in the low Bmi1 expression group (mean
survival = 105 months) than in the high Bmi1 expression group (mean survival = 42 months). The 5-year
survival rate, as assessed by the Kaplan-Meier method, was 85.7% in the low Bmi1 expression group,
whereas it was only 25% in the high Bmi1 expression
group.

Figure 1. Bmi1 deregulation in the development of TSCC. Immunohistochemistry analyses for Bmi1 were performed as described in Material and Methods. A: normal
tongue mucosa, B: TSCC, C: lymph node metastasis tissue of TSCC, D: light LP, E: moderate LP, F: severe LP. (Scale bar: 50 μm).

http://www.ijbs.com
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Figure 2. Bmi1 deregulation is associated with the development and poor prognosis of TSCC. Bmi1 staining intensities were presented for comparison among
TSCC, LP, and normal tongue tissue (A: Bmi1 expression was significantly higher in LP and TSCC than in normal tongue tissue. No difference in the Bmi1 expression level was
observed between TSCC and LP, TSCC and L LP, TSCC and M-S LP.), LP cases of different grades (B: Bmi1 expression was significant difference between normal and L LP, normal
and M-S LP, L LP and M-S LP.), TSCC cases with or without lymph node metastasis (C), and TSCC cases of different clinical stages (D). Kaplan-Meier plots of overall survival in
patient groups (n= 52) defined by Bmi1 immunohistochemistry was analyzed (E). The differences in survival rates were statistically significant (P <0.05). L LP: light LP, M-S LP:
moderate and severe LP, High Bmi1: Bmi1 expression higher than the mean staining in TSCC (1.26), Low Bmi1: Bmi1 expressions lower than mean staining in TSCC (1.26). *P
< 0.05. The actual P value for each of them was supplied in Supplementary Material: Table S3.

Table 1: Correlation of Bmi1 level with expression of its related
genes in tumor tissues and clinical characteristics of TCSS patients.
TSCC
Bmi1 expression

Age
Gender
pT stage
pN stage
C stage
SOD2
Ki67

Pearson
r
0.127
-0.127
-0.051
0.446
0.356
0.632
0.453

P value
0.246
0.273
0.645
0.01
0.004
0.000
0.000

Spearman
r
0.148
-0.129
-0.037
0.407
0.343
0.747
0.468

P value
0.175
0.263
0.738
0.021
0.006
0.000
0.000

We further analyzed correlations among gene
expression (e.g., Bmi1, SOD2, and Ki67) and clinical
and pathological characteristics in the TSCC patient
cohort (Table 1). The expression pattern of SOD2 and
Ki67 had been published in our previous research
[23]. There was no significant correlation between the
expression of Bmi1 and age, gender, and pT stage in
the present study. However, strong positive correlations were observed between pN and the clinical

stage. A significant correlation was also observed
between Bmi1 expression and SOD2 expression and
the Ki67 proliferation index.

Bmi1-mediated TSCC migration and invasion
is related to cancer stem-like cells and SOD2
As shown in Figure 3A and S2A, Bmi1 has a
higher expression level in UM1 cells than in UM2
cells. However, after the knockdown of Bmi1 in UM1
cells (Figure 3A), the migration (Figure 3B) and invasion (Figure 3C) abilities were significantly inhibited
compared to control siRNA transfection.
To investigate whether TSCC migration and invasion mediated by Bmi1 is related to cancer stem-like
cells, we sorted and characterized SP cells (cancer
stem-like cells) from TSCC cell lines. As shown in
Supplementary Material: Figure S3, the proportion of
SP cells, sorted by flow cytometry, was decreased in
the presence of verapamil. The proportion of UM1
and UM2 SP cells was 3.2% and 2.5%, respectively.
The SP cells expressed a high level of Bmi1 and migration and invasion abilities in comparison to non-SP
http://www.ijbs.com
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cells (Supplementary Material: Figure S4). As shown
in Figure 3D, the proportion of SP cells was significantly decreased in UM1 cells after Bmi1 knockdown,
and after 14 days of culture, the UM1 cells transfected
with Bmi1 siRNA displayed significantly decreased
sphere formation (Figure 3E) and colony formation
(Figure 3F) compared to the cells transfected with
control siRNA. The expression of SOD2, Slug, and
stem cell markers (ABCG2, Nanog) in UM1 cells were
significantly decreased after transfection with Bmi1
siRNA (Figure 3G and S2B). Moreover, the proliferation of UM1 cells was significantly inhibited after
transfection with Bmi1 siRNA compared to the cells
transfected with control siRNA (Figure 3H).
To further characterize the role of Bmi1 in the
migration and invasion ability of cancer stem-like
cells in TSCC, we knocked down the expression of
Bmi1 (Figure 4A) in SP cells. As shown in Figure 4B-C,
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the SP cells transfected with Bmi1 siRNA displayed
significantly decreased migration (Figure 4B) and
invasion (Figure 4C) abilities compared to the control
siRNA-transfected SP cells. Bmi1 knockdown resulted
in significantly reduced sphere formation (Figure 4D),
colony formation (Figure 4E), and proliferation (Figure 4F) in SP cells. We also found that the SP cells
transfected with Bmi1 siRNA displayed significantly
reduced expression levels of SOD2, Slug, and stem
cell markers (ABCG2 and Nanog) (Figure 4A and
S2C). Conversely, Bmi1 knockdown in UM1 and SP
cells did not affect the expression of C-myc (Figure
3G, 4A, S2B and S2C). All of these data indicated that
Bmi1-mediated TSCC migration and invasion is related to cancer stem-like cells. Furthermore, Bmi1
knockdown led to the down-regulation of SOD2 and
Slug.

Figure 3. Bmi1-mediated TSCC migration and invasion are related to cancer stem cells. (A) The expression of Bmi1 and C-myc was detected by western blotting
using GAPDH as loading control. (B, C) The migration (B) and invasion (C) abilities in UM1 cells after transfection with Bmi1 siRNA were significantly inhibited compared to
control siRNA transfection. (D-F) Significantly higher SP subpopulation (D), sphere formation (E), and colony formation (F) were found in UM1 cells transfected control siRNA
compared to UM1 cells transfected with Bmi1 siRNA. (G) The expression of SOD2, Slug, and stem cell markers (ABCG2, Nanog) was decreased in UM1 cells transfected with
Bmi1 siRNA. (H) UM1 cells transfected with control siRNA showed a significantly higher proliferation rate than UM1 cells transfected with Bmi1 siRNA. *P < 0.05.

http://www.ijbs.com
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Figure 4. Bmi1 knockdown inhibits the migration and invasion ability of cancer stem-like cells (SP cells) in TSCC. (A) The expression of Bmi1, SOD2, Slug, and
stem cell markers (ABCG2, Nanog) was inhibited in SP cells transfected with Bmi1 siRNA. (B, C) The migration (B) and invasion (C) abilities were significantly inhibited in Bmi1
siRNA-transfected SP cells compared to control siRNA-transfected SP cells. (D-F) The SP cells transfected with Bmi1 siRNA had significantly decreased sphere formation (D,
P=0.0005), colony formation (E, P=0.0002), and proliferation (F, P=0.001) compared to control siRNA-transfected SP cells. *P < 0.05.

C-myc directly targets the Bmi1-mediated
migration and invasion of cancer stem-like
cells in TSCC
As shown in Figure 5A, a C-myc recognition site
is present in the promoter of Bmi1 genes
(http://genome.ucsc.edu/), suggesting that the expression of Bmi1 may be regulated by C-myc. To address whether C-myc directly binds to the promoter of
Bmi1 in TSCC cells, ChIP assays were performed. As
shown in Figure 5B and Figure 5C, a significantly
higher level of C-myc binding to the promoter of Bmi1
was shown for the UM1 cells versus the UM2 cells. To
further investigate whether Bmi1 is transcriptionally
induced by C-myc, a dual luciferase assay was performed. UM2 cells expressing a C-myc expression
vector, co-transfected with pGL-Bmi1, exhibited significantly increased Bmi1 promoter activity compared

with UM2 cells expressing the control vector (Figure
5D). The luciferase activity in UM2 cells transfected
with pGL-Bmi1mt did not respond to induction by
C-myc (Figure 5D). Subsequently, we analyzed the
regulation of Bmi1 by C-myc by knocking down
C-myc expression in SP cells, which show a high expression of C-myc than non-SP cells (Figure S4). As
expected, the expression of Bmi1 was inhibited in SP
cells after transfection with C-myc siRNA (Figure 5E
and S2D); the SP cells transfected with C-myc siRNA
also displayed decreased migration and invasion
abilities compared to the control siRNA-transfected
cells (Figure 5F and 5G). Furthermore, SP cells transfected with C-myc siRNA displayed reduced SOD2
expression (Figure 5E and S2D). These results indicated C-myc directly regulates Bmi1 and mediates the
migration and invasion of cancer stem-like cells in
TSCC.
http://www.ijbs.com

Int. J. Biol. Sci. 2015, Vol. 11

8

Figure 5. C-myc directly targets Bmi1 and mediates the migration and invasion of SP cells in TSCC. (A) The predicted C-myc target sites in the promoter of Bmi1
(NM_005180) are presented. (B, C) Endogenous C-myc binding to the Bmi1 promoter was assessed by a CHIP assay. Rabbit IgG was used as the negative control (PI).
Quantitative PCR (C) was carried out on immunoprecipitated chromatin (IP by C-myc) and input chromatin and expressed as 2Ct input − Ct IP × 100 %. (D) Bmi1 promoter activity
induced by C-myc was detected by a luciferase assay. UM2 cells were transiently cotransfected with pGL-Bmi1 or pGL-Bmi1-mt with an expression construct for C-myc or an
empty vector (#: compared with pcDNA3.1, P < 0.05; this may be related to the low level expression of C-myc in UM2 cells.). (E) The expression of C-myc, Bmi1, and SOD2
was inhibited in SP cells transfected with C-myc siRNA. (F, G) The migration (F) and invasion (G) abilities were significantly inhibited in C-myc siRNA-transfected SP cells
compared to control siRNA-transfected SP cells. *P < 0.05.

Discussion
Bmi-1 is a stem cell marker associated with head
and neck tumorigenesis. Studies have revealed that
Bmi-1 expression is associated with the development
of oral cancer in patients with oral leukoplakia (LP)
[14], oral erythroplakia [11], and oral lichen planus
[15]. In clinical specimens of HNSCC, many researchers have found that the overexpression of Bmi-1
correlates with poor overall survival [13,16,31]. Similarly, we also found that the expression of Bmi1 was
higher in TSCC and correlated with a poor overall
survival and was also associated with lymph node
metastasis and clinical stage. Moreover, Bmi-1 overexpression was found in LP, with a significant difference between light LP and moderate and severe LP.
Consistent results were reported in Kang`s research
[32]. These results indicate that Bmi-1 expression may
occur at a very early stage in tongue carcinogenesis
and that Bmi1 is an important factor in the development and progression of TSCC. Conversely, a statistically significant correlation was in reported by
Hayry et al between lack of Bmi-1 immunoexpression

and a poor prognosis in TSCC patients [17]. The apparent difference may be explained by the fact that
our TSCC patient cohort included all staged of TSCC,
whereas that of Hayry et al only included pT1 and
pT2 [17].
Robust evidence suggests that Bmi1 is critical to
invasive potential and contributes to the maintenance
and self-renewal of CSCs in several tumor types, including HNSCC [7, 13, 33, 34]. For example, Chou`s
study found that Bmi1 overexpression drives
stem-like properties associated with invasion, metastasis, and poor prognosis in HNSCC [13]. As HNSCC
includes a group of diverse cancers that develop from
many different anatomic sites and is associated with
different risk factors and genetic characteristics [35], it
is necessary to clarify signature gene sets for tumor
metastases of HNSCC originating from different anatomic sites. To date, few studies have focused on the
relationship between Bmi1 and the metastasis of
TSCC. In our study, we found that Bmi1 was overexpressed in UM1 cells and SP cells, both with higher
migration and invasion abilities. The knockdown of
Bmi1 in UM1 cells or SP cells inhibited cell proliferahttp://www.ijbs.com
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tion and in vitro migration and invasion and decreased sphere formation, clone formation, and the
expression of stem cell markers (Nanog and ABCG2,
which had been found to be cancer stem cell markers
of TSCC [36,37]). SP cells from TSCC were found to
possess the characteristics of cancer stem-like cells,
possessing a higher proportion of sphere and colony
formation and a higher expression of stem cell markers. These results indicate that the Bmi1-mediated
migration and invasion of TSCC is related to cancer
stem-like cells.
Our previous studies had found that the
SOD2-dependent production of H2O2 contributes to
the migration and invasion abilities of TSCC via the
Snail signaling pathway [22-24]. Many studies have
reported that Snail promotes invasion in many types
of cancers [16,28,38], including salivary adenoid cystic
carcinoma [28] and TSCC [38]. Yu`s study suggested
that Bmi-1 plays a key role in regulating Snail expression and the cancer stemness properties of
HNSCC-ALDH1(+) cells [16]. However, the relationship between Bmi1 and the SOD2-Slug pathway in
TSCC has not been reported. In this study, we found
that the expression of Bmi1 was correlated with SOD2
in TSCC tissues. Bmi1 knockdown inhibited the expression of SOD2 and Slug in UM1 and SP cells.
C-myc is a transcription factor that recognizes the
E-box sequence and several related noncanonical sequences in target genes [19,39,40], and recent studies
showed that Bmi1 is a direct transcriptional target of
C-myc [8,21]. In the present study, we also verified
that C-myc binds to the E-box sequence in the promoter of Bmi1. As the knockdown of C-myc inhibited
the expression of Bmi1 and SOD2 and the migration
and invasion of SP cells, our results indicate that
C-myc directly targets Bmi1 and that Bmi1 regulates
the SOD2-Slug pathway in TSCC.
Altogether, the present findings reveal that Bmi1
plays an important role in the development of TSCC.
The Bmi1-mediated migration and invasion of TSCC
is related to cancer stem-like cells. C-myc directly
targets and regulates the expression of Bmi1. Moreover, Bmi1 regulates the SOD2-Slug pathway and mediates the migration and invasion of TSCC.
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