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Salivary adenoid cystic carcinoma (AdCC) is known for its high propensity to invade andmetastasize. Bmi-1 acts
as an oncogene by controlling cell cycle and self-renewal of adult stem cells, and its overexpression correlates
with metastasis and poor prognosis in several cancers. Epithelial-mesenchymal transition (EMT) plays a central
role in cancer metastasis. A key step in EMT is the down-regulation of E-cadherin that can be repressed by the
transcriptional factors, such as Snail and Slug. In the present study, we investigated Bmi-1, Snail, Slug, and E-
cadherin expression by immunohistochemistry in 102 patients with AdCC and analyzed statistically whether
their expression correlated with clinicopathologic factors and prognosis. Reverse transcription–polymerase
chain reaction was also performed in 22 tumor tissues and the adjacent noncancerous tissues to confirm Bmi-
1 status in AdCCs. Our data demonstrated significant associations between the tumormetastasis and the expres-
sion of Bmi-1, Snail, Slug, and E-cadherin. Furthermore, a high level of Bmi-1 was not only correlated with the
overexpression of Snail and Slug but also indicated an unfavorable metastasis-free survival and served as a
high-risk marker for AdCC. In addition, Bmi-1 messenger RNA level was found much higher in AdCC tissues
than in the adjacent noncancerous salivary gland tissues. Our results suggest that Bmi-1 may play a crucial role
in AdCC progression by interaction with EMT-related markers and predict poor survival.
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1. Introduction

Salivary adenoid cystic carcinoma (AdCC) is one of the most com-
mon salivary gland malignant tumors that comprises approximately
10% of all epithelial salivary gland neoplasms [1]. It is characterized by
slow progression; however, local recurrence and distant metastasis re-
sult in a poor long-term survival in that 80% to 90% of patients die of dis-
ease in 10 to 15 years [2]. Therefore, extensive efforts are beingmade to
characterize molecular events associated with tumor metastasis and
identify prognostic biomarkers in AdCC.

Polycomb group proteins are epigenetic gene-silencing proteins that
have been implicated in embryonic development and oncogenesis.
B-cell–specific Moloney murine leukemia virus insertion region-1
(Bmi-1), the first functionally identified polycomb group member, is
originally identified as an oncogene cooperatingwith c-myc in amurine
lymphomagenesismodel [3]. The human Bmi-1 gene is located on chro-
mosome 10p13 [4], containing a conserved RING finger domain at the
N-terminus required for tumorigenesis and proliferation regulation [5]
and a central helix-turn-helix-turn motif essential for transcriptional
repression [6]. As a key epigenetic regulator and a candidate stem cell
marker, Bmi-1 controls the cell cycle and self-renewal of tissue stem
cells through chromatin and histonemodifications. It has been reported
that Bmi-1 is dysregulated in several cancer types and correlates with
an invasive or metastatic phenotype [7]. In addition, Bmi-1 has been
verified as a predictor of prognosis in non–small cell lung cancer, naso-
pharyngeal carcinoma, gastric carcinoma, metastatic melanoma, and
breast carcinoma [8–12]. In spite of the aforementioned link between
Bmi-1 and cancer, very few studies have focused on the involvement
of Bmi-1 in AdCC.

Epithelial-mesenchymal transition (EMT) is considered to facilitate
the conversion of polarized epithelial phenotype to motile fibroblastoid
or mesenchymal phenotype and induce stem-like properties in epithe-
lial cells [13]. Several lines of evidence show that cancers are prone to
metastasize and establish secondary tumors at distant sites after acquir-
ing the ability to undergo EMT [14]. Loss of E-cadherin and increased N-
cadherin expression is a hallmark of EMT and the subsequent metasta-
sis. Snail-related zinc finger transcriptional repressors (Snail/SNAI1 and
Slug/SNAI2) are the most prominent suppressors of E-cadherin tran-
scription, which act by binding to specific E-boxes in the E-cadherin
promoter [15]. Recently, Bmi-1 has been reported to directly promote
EMT and malignancy in nasopharyngeal carcinoma by regulating Snail
via modulation of PI3K/Akt/GSK-3β signaling [16].

Based on this information, the aim of this study was to investigate
the expression of Bmi-1, E-cadherin, Snail, and Slug in AdCCs and to
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analyze the potential association of Bmi-1 and these EMT-related pro-
teins with clinicopathologic parameters and patients' survival in com-
plete follow-up.

2. Materials and methods

2.1. Patients and tissue samples

Cases diagnosed as AdCC were reviewed from the files of Peking
University School and Hospital of Stomatology during 1999 to 2006,
and a total of 102AdCCswere confirmed and selected for this retrospec-
tive study. At the same time, the corresponding 102 formalin-fixed,
paraffin-embedded tumor samples were derived from the archives of
the Department of Oral Pathology, Peking University School of
Stomatology, after the approval of the university institutional ethics
committee. Clinicopathologic variables, including original tumor site,
TNM classification, pathologic subtype, perineural invasion, treatment
modality, local regional recurrence, and distant metastasis, were
reviewed. Tumor gradingwas confirmed according to theWorld Health
Organization's histologic classification of salivary gland tumors [2]. Pa-
tients' follow-up data were obtained by clinical interviews or reviewing
the medical records after surgery.

2.2. Immunohistochemistry

Four-micrometer-thick serial sections were cut and then mounted
on poly-L-lysine coated slides, deparaffinized in xylene, and sequentially
rehydrated through a graded ethanol series. Endogenous peroxidase
activity was quenched by incubation with fresh 3% H2O2 in methanol
for 20 minutes at room temperature, and then antigen retrieval was ac-
complished by 0.01 M citrate buffer (pH 6.0) or 10% EDTA buffer
(pH 8.0). Immunostainingwas performed by addingmousemonoclonal
Bmi-1 antibody (1:250; Abcam, Cambridge, UK), rabbit polyclonal
Snail antibody (1:400; Abcam), rabbit polyclonal Slug antibody
(1:80; Santa Cruz, CA), or monoclonal mouse E-cadherin antibody
(1:100; Zymed, San Francisco, CA) and incubated overnight at 4°C,
followed by a 30-minute incubation with the secondary antibodies.
The immunocomplexes were visualized using liquid DAB + substrate
+ chromogen system (Zymed). Sections were lightly counterstained
Fig. 1. Immunoreactivity for Bmi-1, E-cadherin, Snail, and Slug inAdCC. Highnuclear expression
expression in the adjacent noncancerous salivary gland tissue (B). Strong cytoplasmic and mem
AdCC (D). High positive staining of Snail in AdCC (E). High Slug expression in AdCC (F). All im
withMayer's hematoxylin andmounted. Ten cases of noncancerous sal-
ivary gland tissue samples served as normal control. Positive controls
consisted of tissue previously shown to express the protein of interest,
and negative controls were performed by replacing each primary anti-
body with phosphate-buffered saline.

2.3. Evaluation of immunostainings

Immunohistochemical results were analyzed by 2 independent ob-
servers who were blinded for patients' characteristics and outcome.
The staining intensity and the ratio of positive cells were evaluated
semiquantitatively within 4 to 6 microscopic fields at magnification
×200. Bmi-1 and E-cadherin stainings were assessed using an intensity
reactivity score, in which staining intensity was judged as negative (0),
weak (1), moderate (2), or strong (3). Reactivity was also determined
according to the percentage of positive cells: up to 10% positive cells
were graded as 1 (very low); 11% to 35%, as 2 (low), 36% to 70%, as 3
(moderate); and more than 71% as 4 (high). The final score was calcu-
lated by multiplying the staining intensity by the percentage of positive
cells. If the score was greater than 4, the expression was considered
high; otherwise, it was considered low [17,18]. Moreover, Bmi-1 ex-
pression patterns were assessed, and sites of nuclear and cytoplasmic
expression were discriminated. The ratio of Snail positive cells was
graded as follows: negative (0%-9%), low positive (10%-50%), or high
positive (N50%) [19]. For Slug, high expression was defined as detect-
able immunoreaction in nuclear and cytoplasmic regions of more than
10% of the cancer cells. Stained cells were regarded to be positive re-
gardless of staining intensity [20].

2.4. RNA extraction and reverse transcription–polymerase chain reaction

Total RNA from 22 fresh surgical cancer and adjacent noncancerous
tissues was extracted with the RNeasy Mini Kit (Qiagen, Inc,
Hilden, Germany), according tothe manufacturer's protocol. The RNA
extractedwas quantifiedwith a NanoDropND-1000 Spectrophotometer
(NanoDropTechnologies, Inc,Wilmington, DE). Reverse transcription of
RNA was carried out with the cDNA Synthesis kit (Invitrogen, Carlsbad,
CA). Bmi-1 was amplified by polymerase chain reaction (PCR) from the
complementary DNA samples of non-AdCC and AdCC tissues. The
of Bmi-1 inAdCC (A). Intense cytoplasmic staining of Bmi-1 in tumor cells andweak Bmi-1
branous staining of E-cadherin in AdCC (C). Weak membranous staining of E-cadherin in

ages, original magnifications, ×400.



Fig. 2. Reverse transcription–PCR analysis of Bmi-1 mRNA expression in 10 representative cases of AdCC tumor tissues (T) and the adjacent noncancerous salivary gland tissues (N).
GAPDH used as an internal control.
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following primers were used for amplification of Bmi-1: sense primer,
5′-GTGTATTGTTCGTTACCTGGAGAC-3′; antisense primer, 5′-CATTGC
TGCTGGGCATCGTA-3′. GAPDH was amplified as an internal control
using sense primer, 5′-CACCATCTTCCAGGAGCGAG -3′, and antisense
primer, 5′-TTGCCCACAGCCTTGGCAG-3′. The PCR products were ana-
lyzed by agarose gel electrophoresis and confirmed by appropriate
size and/or sequencing.
2.5. Statistical analysis

All statistical analyses were carried out using the SPSS 17.0 software
package. Theχ2 testwas used to analyze the correlation between Bmi-1
expression and the expression of EMT-related markers as well as the
clinicopathologic characteristics. The overall survival rate, recurrence-
Table 1
Correlation between the clinicopathologic features, the expression of EMT related protein, and

Variables Bmi-1 expression

Total Low

n n (

Age (y)
b45 49 19
≥45 53 20
Sex
Male 48 17
Female 54 22
Histologic subtype
Cribriform/tubular 86 32
Solid 16 7
Clinical stage
I/II 49 20
III/IV 53 19
T classification
T1/T2 59 23
T3/T4 43 16
Lymph node metastasis
Absent 84 31
Present 18 8
Perineural invasion
Absent 33 15
Present 69 24
Treatment
Surgery 37 15
Surgery + radiotherapy 57 21
Surgery + radiotherapy + chemotherapy 8 3
Local regional recurrence
Absent 40 14
Present 62 25
Distant metastasis
Absent 47 29
Present 55 10
E-cadherin expression
Low 32 13
High 70 26
Snail expression
Low 52 26
High 50 13
Slug expression
Low 76 35
High 26 4

P b .05 statistically significant.
Abbreviation: T, tumor size.
free survival (RFS) rate, and metastasis-free survival rate were estimat-
ed using the Kaplan-Meier method. Potential prognostic factors were
identified by univariate analysis using the log-rank test. Significant var-
iables were further analyzed by the Cox proportional hazards model in
the multivariate analysis to test for independent prognosis. Differences
at P b .050 were considered significant.
3. Results

3.1. Immunostaining of Bmi-1 and EMT-related markers in AdCCs

One hundred two specimens of AdCCs (55 caseswithmetastasis and
47 without metastasis) and 10 normal salivary gland tissues were ex-
amined by immunohistochemistry. Bmi-1 high expression was seen in
the Bmi-1 expression in AdCCs

High χ2 P

%) n (%)

(38.8) 30 (61.2) 0.012 0.914
(37.7) 33 (62.3)

(35.4) 31 (64.6) 0.305 .581
(40.7) 32 (59.3)

(37.2) 54 (62.8) 0.244 .621
(38.5) 9 (61.5)

(40.8) 29 (59.2) 0.266 .606
(35.8) 34 (64.2)

(39.0) 36 (61.0) 0.033 .856
(37.2) 27 (62.8)

(36.9) 53 (63.1) 0.357 .550
(44.4) 10 (55.6)

(45.5) 18 (54.5) 1.077 .299
(34.8) 45 (65.2)

(40.5) 22 (59.5) 0.132 .936
(36.8) 36 (63.2)
(37.5) 5 (62.5)

(35.0) 26 (65.0) 0.292 .589
(40.3) 37 (59.7)

(61.7) 18 (38.3) 20.325 .000
(18.2) 45 (81.8)

(40.6) 19 (59.4) 0.113 .737
(37.1) 44 (62.9)

(50.0) 26 (50.0) 6.217 .013
(26.0) 37 (74.0)

(46.1) 41 (53.9) 7.715 .005
(15.4) 22 (84.6)

image of Fig.�2


Table 2
Univariate analysis of survival, recurrence, and metastasis

Variable n 5 y,
%

OS
10
y, %

Uni
P

5 y,
%

RFS
10
y, %

Uni
P

5 y,
%

MFS
10
y, %

Uni
P

Age (y)
b45 49 82.7 73.5 .942 42.9 11.6 .010 61.5 34.5 .496
≥45 53 86.2 77.9 64.9 16.7 67.7 33.2

Sex
Male 48 80.8 72.7 .427 64.3 16.7 .262 62.0 27.2 .431
Female 54 88.2 75.1 45.5 8.2 67.2 37.0

Histologic subtype
Cribriform/tubular 86 88.5 81.1 .003 59.1 13.6 .028 71.3 39.5 .000
Solid 16 62.3 41.6 25.3 0.0 30.0 0.0

Clinical stage
I/II 49 95.7 83.8 .005 61.9 9.3 .085 81.1 49.1 .002
III/IV 53 74.0 65.8 46.4 11.7 49.6 17.7

T classification
T1/T2 59 90.6 77.4 .105 52.2 7.8 .993 72.3 41.1 .074
T3/T4 43 76.6 70.2 58.4 14.7 54.4 20.8

Lymph node metastasis
Absent 84 85.8 79.2 .211 59.3 9.5 .058 68.4 35.8 .223
Present 18 80.2 57.8 32.4 16.2 47.7 15.9

Perineural invasion
Absent 33 83.4 53.6 .373 45.4 0.0 .562 66.1 39.7 .460
Present 69 85.5 83.6 58.5 12.9 64.4 29.4

Treatment
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61.8% (63/102) of AdCCs, whereas normal salivary gland tissue indicat-
ed weak expression of Bmi-1, and of the 63 cases with Bmi-1 high ex-
pression, 34 (54.0%) were stained in the nucleus; and 29 (46.0%), in
the cytoplasm (Fig. 1A and B). E-cadherin expression was identified as
high in 68.6% (70/102) of AdCCs which was significantly down-
regulated in metastatic AdCCs (Fig. 1C and D). Snail reactivity in
AdCCs was identified mainly in the nucleus, whereas Slug was
expressed in the nucleus and cytoplasm (Fig. 1E and F). Snail and Slug
expressions were also detected higher in the AdCCs with metastasis
than in those with no metastasis (61.8% positive vs 34.0% positive and
34.5% positive vs 14.9%, respectively).

Furthermore, it was found that most patients with high Bmi-1 ex-
pression displayed high Snail and Slug expressions. Statistically signifi-
cant correlations were identified not only between Bmi-1 and Snail
expressions (P = .013) but also between Bmi-1 and Slug expressions
(P = .005). No statistically significant association was found between
E-cadherin and Bmi-1 expressions (P = .737).

To further confirm Bmi-1 status in AdCCs, reverse transcription–PCR
was performed in AdCC tissues and the adjacent noncancerous salivary
gland tissues. As expected, Bmi-1 messenger RNA (mRNA) level was
found much higher in tumor tissues than in noncancerous tissues
(Fig. 2), which was in accordance with the protein level examined by
immunohistochemistry.
Table 3
Independent significant prognostic factors by Cox multivariate analysis of survival, recur-
rence, and metastasis of the present AdCC series

Variable Category RR 95% CI Cox P

Overall survival
Histologic subtype Solid 3.411 1.239-9.390 .018
Clinical stage III/IV 4.096 1.417-11.836 .009
E-cadherin expression Negative 3.123 1.204-8.098 .019

RFS
Age (y) b45 2.218 1.301-3.781 .003

Metastasis-free survival
Histologic subtype Solid 4.256 2.068-8.760 .000
Clinical stage III/IV 2.616 1.450-4.720 .001
Bmi-1 expression High 5.150 2.405-11.026 .000
E-cadherin expression Negative 3.693 2.031-6.716 .000

P b .05 statistically significant.
Abbreviations: RR, relative risk; 95% CI, 95% confidence interval.

Surgery 37 90.7 68.0 .611 73.3 41.6 .031 75.7 20.0 .466
Surgery + R 57 82.7 73.5 41.0 3.5 56.3 28.3
Surgery + R + C 8 75.0 75.0 53.6 26.8 75.0 60.0

Bmi-1 expression
Low 39 91.9 68.9 .163 52.1 20.1 .602 86.6 39.5 .001
High 63 80.5 73.4 55.9 8.9 52.0 25.4

E-cadherin expression
Low 32 74.2 52.2 .031 41.2 25.7 .223 40.6 16.9 .001
High 70 89.3 84.0 59.6 10.9 76.3 39.8

Snail expression
Low 52 85.8 77.2 .521 57.9 16.5 .244 74.1 56.0 .014
High 50 83.9 73.8 50.7 10.2 55.3 18.6

Slug expression
Low 76 81.3 67.9 .063 55.3 18.7 .450 70.4 34.3 .093

Bmi-1 high expression site (n = 63)
Nucleus 34 90.8 90.8 .030 63.9 11.4 .335 64.4 30.2 .059
Cytoplasm 29 67.9 52.5 46.1 6.9 37.1 19.5

P b .05 statistically significant.
Abbreviations: C, chemotherapy; MFS, metastasis-free survival; OS, overall survival; R, ra
diotherapy; T, tumor; Uni, univariate.
3.2. Relationship between Bmi-1 expression and clinical parameters of
AdCCs

The relationship of Bmi-1 expression levels with clinicopathologic
features of AdCCs was statistically evaluated and presented in Table 1.
Bmi-1 high expression was found much more common in AdCCs with
metastasis than in those withoutmetastasis (P b .001). However, no ev-
ident correlations were observed between Bmi-1 expression profiles
and other clinicopathologic features, including age, sex, original tumor
site, pathologic subtype, clinical stage, T classification, treatmentmodal-
ity, the presence of lymph node metastasis, perineural invasion, and
local regional recurrence (P ≥ .050). The univariate and multivariate
analyses of factors related to patient prognosis were performed on
102 patients' overall survival, RFS, and metastasis-free survival
(Tables 2 and 3). The log-rank test indicated that the solid subtype, ad-
vanced clinical stage, and negative E-cadherin expression correlated
with poor overall survival (Fig. 3A-C). Furthermore, Bmi-1 cytoplasmic
staining (in contrast to nuclear expression) had a negative influence
on overall survival in the tumor group with Bmi-1 high expression
(Fig. 3D). The subsequent multivariate analysis using the Cox propor-
tional hazards model revealed that only histologic subtype, clinical
stage, and E-cadherin expression were independent significant prog-
nostic factors (Table 3).

Meantime, the RFS rates in patients more than 45 years old were
significantly better than in the younger group (P = .010l Fig. 3E), and
the patients who were diagnosed with the cribriform/tubular subtypes
also had a better RFS rate comparedwith solid type (P=.028; Fig. 3F). It
seemed that patients who underwent surgery alone appeared to have a
lower recurrence rate than patients who received adjuvant radiothera-
py or chemoradiotherapy by log-rank test (P= .031; Fig. 3G). However,
this significance was no longer present in the multivariate analysis.

Furthermore, the high level of Bmi-1 expression was identified as a
high risk of distant metastasis in univariate analyses (P = .001;
Fig.3H). The log-rank test also showed that the solid subtype (P =
.000; Fig. 3I), advanced clinical stage (P = .002; Fig. 3J), negative E-
cadherin expression (P = .001; Fig. 3K), and high Snail expression
(P= .014; Fig. 3L) predicted unfavorable metastasis status. Cox regres-
sion proportional hazard analysis showed that Bmi-1 expression, histo-
logic subtype, advanced clinical stage, and negative expression of E-
cadherin remained independent covariates that could predict poor
metastasis-free survival after ruling out confounding factors (Table 3).
-

4. Discussion

In the present study, we illustrated that high levels of Bmi-1, Snail,
and Slug expression as well as reduced E-cadherin expression were sig-
nificantly linked to distant metastasis in AdCC and subsequently dem-
onstrated the association between Bmi-1 expression, EMT-related
markers, and clinicopathologic parameters, which addressed the prog-



Fig. 3.Kaplan-Meier curves of overall survival, RFS, andmetastasis-free survival. Overall survival based on histologic subtypes (A), clinical stages (B), E-cadherin expression (C), and stain-
ing sites of Bmi-1 high expression (D) in AdCCs. Recurrence-free survival for patients in different ages (E), histologic subtypes (F), and treatment modalities (G). Metastasis-free survival
based on Bmi-1 expression (H), histologic subtypes (I), clinical stages (J), E-cadherin (K), and Snail expression in AdCCs (L). P values were calculated by the log-rank test.
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nostic role of Bmi-1 in a large series of 102 AdCC cases. Our data showed
that 61.8% of AdCCs were observed with high level of Bmi-1 expression,
whereas the normal salivary gland tissue indicatedweak or negative ex-
pression of Bmi-1. Furthermore, Bmi-1 mRNA level was also found
much higher in AdCC tissues than in the adjacent noncancerous salivary
gland tissues, which was consistent with the protein level examined in
AdCC and non-AdCC tissues. These results were in accordance with
other studies that reported significantly elevated Bmi-1 expression in

image of Fig.�3
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a number of malignancies such as breast cancer, nasopharyngeal carci-
noma, and melanoma [9,11,12]. These clues demonstrate that Bmi-1 is
involved in neoplastic transformation. Recently, it has been reported
that both benign and malignant myoepitheliomas showed elevated
levels of Bmi-1 compared with normal tissue [21], and AdCC is identi-
fied as a tumor with a biphasic pattern of epithelial and myoepithelial
cells. Therefore, to confirm that the elevated Bmi-1 expression is in-
volved in malignant transformation but not due to the increased
amount of myoepithelial cells, we investigated the relationship be-
tween Bmi-1 expression and the expressions of several myoepithelial
specificmarkers, such as p63, smoothmuscle actin, S-100, and calponin.
The results showed that there was no significant relation between Bmi-
1 expression pattern and myoepithelial markers (data not shown),
which suggest that the high level of Bmi-1 in AdCC was not affected
by the amount of myoepithelial cells in AdCC.

Distant metastases have been reported to be associated with high
expression of Bmi-1 in breast cancer, melanoma, gastric cancer, and na-
sopharyngeal carcinoma [9–12]. In the present study, a significant rela-
tion was found between Bmi-1 overexpression and the distant
metastasis of AdCCs, which suggests that a high level of Bmi-1 may
play a role in the distant metastasis of AdCC. Meantime, our observa-
tions indicated that low membranous E-cadherin expression and high
nuclear/cytoplasmic Snail and Slug expression also significantly corre-
lated with distant metastasis in AdCC. Metastatic relapse remains a
major challenge in AdCC management. Tumor distant metastases are
multistep phenomena involving many factors, such as changes in cell
adhesion, cell communication, increased migration, and invasiveness
[14]. Epithelial-mesenchymal transition is a process in which epithelial
cells lose their polarity and adopt amesenchymal phenotype. Epithelial-
mesenchymal transition has been shown to be the pivotal mechanism
contributing to cancermetastasis. E-cadherin, amajor cell-cell adhesion
molecule, possesses intercellular attachment and cell polarity. Abnor-
mal E-cadherin expression, including cytoplasmic translocation, hetero-
geneity, or absence of expression, have been reported in aggressive
carcinomas of the breast and esophagus [20,22]. Futhermore, a critical
step in EMT is down-regulation of E-cadherin. Recent work suggests
that the members of zinc finger transcription factor family, Snail and
Slug, repress E-cadherin transcription in vitro and in vivo through an in-
teraction of their C-terminal regionwith a 5V-CACCTG-3V sequence (re-
ferred to as E-box) in the E-cadherin promoter and play as master
effectors in the process of invasiveness andmetastasis in hepatocellular
carcinoma, squamous cell carcinoma, and breast cancer [22–27]. It has
also been revealed that EMT, one of the main mechanisms underlying
development of cancer metastasis, can engender epithelial cells with
the properties of stem cells. Induction of EMT results in the acquisition
of mesenchymal traits and in the expression of stem cell markers in ep-
ithelial cells in vitro [13,28]. Wellner et al reported that Bmi-1 was in-
duced by the EMT regulator Zeb1 through repressing stemness-
inhibiting microRNAs in pancreatic cancer cells [29]. To help discover
the mechanism under the correlations between Bmi-1 expression and
distant metastasis in AdCC, we analyzed the associations between indi-
vidual proteins including Bmi-1, E-cadherin, Snail, and Slug. Interesting-
ly, our data suggested that AdCCs with strong Bmi-1 staining also
displayed significantly higher expression of Snail and Slug, but no signif-
icant associationwas found between Bmi-1 and E-cadherin expressions.
When we prepared for this article, Chang et al [30] reported that when
Bmi-1 was knockdown in AdCC cells in vitro, the expressions of both
Snail and Slug were inhibited followed by the reduced clone forming
ability and cell proliferation rate, which confirmed that Bmi-1 deregula-
tion plays an important role in the development of AdCC and is involved
in EMT and cancer stem cells.

Because current prognostic indicators are not as reliable as desired in
AdCC, further efforts should be made to identify a novel molecular pre-
dictor of tumor behavior at the time of the diagnosis of AdCC. In the
present study, overexpression of Bmi-1 was shown to be strongly asso-
ciatedwithmetastasis-free survival of AdCC and represented a potential
predictor for tumor distant spread. Furthermore, the subcellular locali-
zation of Bmi-1 was shown significantly linked to overall survival.
Both nuclear and cytoplasmic Bmi-1 expressions have been described
in the literatures [17,31]. Cytoplasmic staining was absent in surround-
ing stromal cells and lymphocytes, and it statistically significantly corre-
lated with overall survival, which suggested that it was more than an
unspecific phenomenon. It has been reported that transcription-
dependent subcellular trafficking of some transcription factors is a
well-known phenomenon and has potential relevance for the biologic
behavior of some tumors. In fact, it may also be a sign of the dedifferen-
tiation of tumor cells [31]. In addition, we had shown in univariate and
multivariate analyses that negative E-cadherin expression, solid histo-
logic subtype, and advanced clinical stage were prognostic indicators
of distant metastasis and poor survival for AdCCs.

In summary, the present study showed the high expression of
the stem cell marker Bmi-1 in metastatic phenotype of AdCC and the
significant correlation between the expression of Bmi-1 and EMT-
related markers, which suggested that Bmi-1 may play a pivotal role
in cell invasion and metastasis of AdCC interacting with EMT-related
markers. Bmi-1 may have prognostic value and opens the door for fur-
ther development of biotherapies targeted at specific inhibition of
Bmi-1 activities.

Declaration of conflicting interests

The author declared no potential conflicts of interest with respect to
the authorship and/or publication of this article.

Acknowledgment

This study was supported by a research grant from National Nature
Science Foundation of PR China (30801300).

References

[1] Carrillo JF, Maldonado F, Carrillo LC, Ramirez-Ortega MC, Pizano JG, Melo C, et al.
Prognostic factors in patients with minor salivary gland carcinoma of the oral cavity
and oropharynx. Head Neck 2011;33(10):1406–12.

[2] Eveson JW, Auclair P, Gnepp DR, El Naggar AK. Tumours of the salivary glands. In:
Barnes L, Eveson JW, Reichart D, Sidransky D, editors. World Health Organization
classification of tumours pathology and genetics head and neck tumours. Lyon:
IARC Press; 2005. p. 235.

[3] Haupt Y, AlexanderWS, Barri G, Klinken SP, Adams JM. Novel zinc finger gene impli-
cated as myc collaborator by retrovirally accelerated lymphomagenesis in E mu-myc
transgenic mice. Cell 1991;65(5):753–63.

[4] AlkemaMJ, Wiegant J, Raap AK, Berns A, van LohuizenM. Characterization and chro-
mosomal localization of the human proto-oncogene BMI-1. Hum Mol Genet 1993;
2(10):1597–603.

[5] Alkema MJ, Jacobs H, van Lohuizen M, Berns A. Pertubation of B and T cell develop-
ment and predisposition to lymphomagenesis in emu Bmi1 transgenic mice require
the Bmi1 RING finger. Oncogene 1997;15(8):899–910.

[6] Dimri GP, Martinez JL, Jacobs JJ, Keblusek P, Itahana K, Van Lohuizen M, et al. The
Bmi-1 oncogene induces telomerase activity and immortalizes human mammary
epithelial cells. Cancer Res 2002;62(16):4736–45.

[7] Bachmann IM, Halvorsen OJ, Collett K, Stefansson IM, Straume O, Haukaas SA, et al.
EZH2 expression is associated with high proliferation rate and aggressive tumor
subgroups in cutaneous melanoma and cancers of the endometrium, prostate, and
breast. J Clin Oncol 2006;24(2):268–73.

[8] Vrzalikova K, Skarda J, Ehrmann J, Murray PG, Fridman E, Kopolovic J, et al. Prognos-
tic value of Bmi-1 oncoprotein expression in NSCLC patients: a tissue microarray
study. J Cancer Res Clin Oncol 2008;134(9):1037–42.

[9] Song LB, ZengMS, LiaoWT, Zhang L, MoHY, LiuWL, et al. Bmi-1 is a novel molecular
marker of nasopharyngeal carcinoma progression and immortalizes primary human
nasopharyngeal epithelial cells. Cancer Res 2006;66(12):6225–32.

[10] Liu JH, Song LB, Zhang X, Guo BH, Feng Y, Li XX, et al. Bmi-1 expression predicts
prognosis for patients with gastric carcinoma. J Surg Oncol 2008;97(3):267–72.

[11] Mihic-Probst D, Kuster A, Kilgus S, Bode-Lesniewska B, Ingold-Heppner B, Leung C,
et al. Consistent expression of the stem cell renewal factor BMI-1 in primary and
metastatic melanoma. Int J Cancer 2007;121(8):1764–70.

[12] Silva J, Garcia V, Garcia JM, Pena C, Dominguez G, Diaz R, et al. Circulating Bmi-1
mRNA as a possible prognostic factor for advanced breast cancer patients. Breast
Cancer Res 2007;9(4):R55.

[13] Yang MH, Hsu DS, Wang HW, Wang HJ, Lan HY, Yang WH, et al. Bmi1 is essential in
Twist1-induced epithelial-mesenchymal transition. Nat Cell Biol 2010;12(10):
982–92.

http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0005
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0005
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0005
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0010
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0010
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0010
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0010
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0015
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0015
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0015
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0020
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0020
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0020
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0025
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0025
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0025
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0030
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0030
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0030
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0035
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0035
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0035
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0035
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0040
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0040
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0040
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0045
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0045
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0045
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0050
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0050
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0055
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0055
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0055
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0060
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0060
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0060
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0065
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0065
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0065


44 C. Yi et al. / Annals of Diagnostic Pathology 22 (2016) 38–44
[14] Larue L, Bellacosa A. Epithelial-mesenchymal transition in development and cancer:
role of phosphatidylinositol 3′ kinase/AKT pathways. Oncogene 2005;24(50):7443–54.

[15] Cano A, Perez-Moreno MA, Rodrigo I, Locascio A, Blanco MJ, del Barrio MG, et al. The
transcription factor snail controls epithelial-mesenchymal transitions by repressing
E-cadherin expression. Nat Cell Biol 2000;2(2):76–83.

[16] Song LB, Li J, Liao WT, Feng Y, Yu CP, Hu LJ, et al. The polycomb group protein Bmi-1
represses the tumor suppressor PTEN and induces epithelial-mesenchymal transi-
tion in human nasopharyngeal epithelial cells. J Clin Invest 2009;119(12):3626–36.

[17] Guo BH, Feng Y, Zhang R, Xu LH, Li MZ, Kung HF, et al. 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.

[18] Hayry V, Makinen LK, Atula T, Sariola H, Makitie A, Leivo I, et al. Bmi-1 expression
predicts prognosis in squamous cell carcinoma of the tongue. Br J Cancer 2010;
102(5):892–7.

[19] Jiang J, Tang Y, Zhu G, Zheng M, Yang J, Liang X. Correlation between transcription
factor Snail1 expression and prognosis in adenoid cystic carcinoma of salivary
gland. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010;110(6):764–9.

[20] Uchikado Y, Natsugoe S, Okumura H, Setoyama T, Matsumoto M, Ishigami S, et al. Slug
expression in the E-cadherin preserved tumors is related to prognosis in patients with
esophageal squamous cell carcinoma. Clin Cancer Res 2005;11(3):1174–80.

[21] Vékony H, Röser K, Löning T, Raaphorst FM, Leemans CR, Van der Waal I, et al.
Deregulated expression of p16INK4a and p53 pathway members in benign and malig-
nant myoepithelial tumours of the salivary glands. Histopathology 2008;53(6):658–66.

[22] Hajra KM, Chen DY, Fearon ER. The SLUG zinc-finger protein represses E-cadherin in
breast cancer. Cancer Res 2002;62(6):1613–8.

[23] Bolos V, Peinado H, Perez-Moreno MA, Fraga MF, Esteller M, Cano A. The transcrip-
tion factor Slug represses E-cadherin expression and induces epithelial to
mesenchymal transitions: a comparison with Snail and E47 repressors. J Cell Sci
2003;116(Pt 3):499–511.

[24] Sugimachi K, Tanaka S, Kameyama T, Taguchi K, Aishima S, Shimada M, et al. Tran-
scriptional repressor snail and progression of human hepatocellular carcinoma.
Clin Cancer Res 2003;9(7):2657–64.

[25] Grille SJ, Bellacosa A, Upson J, Klein-Szanto AJ, van Roy F, Lee-KwonW, et al. The pro-
tein kinase Akt induces epithelial mesenchymal transition and promotes enhanced
motility and invasiveness of squamous cell carcinoma lines. Cancer Res 2003;
63(9):2172–8.

[26] Leslie NR, Yang X, Downes CP, Weijer CJ. PtdIns(3,4,5)P(3)-dependent and
-independent roles for PTEN in the control of cell migration. Curr Biol 2007;17(2):
115–25.

[27] Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, et al. The epithelial-
mesenchymal transition generates cells with properties of stem cells. Cell 2008;
133(4):704–15.

[28] Wellner U, Schubert J, Burk UC, Schmalhofer O, Zhu F, Sonntag A, et al. The EMT-
activator ZEB1 promotes tumorigenicity by repressing stemness-inhibiting
microRNAs. Nat Cell Biol 2009;11(12):1487–95.

[29] Bruggeman SW, Hulsman D, Tanger E, Buckle T, Blom M, Zevenhoven J, et al. Bmi1
controls tumor development in an Ink4a/Arf-independent manner in a mouse
model for glioma. Cancer Cell 2007;12(4):328–41.

[30] Chang B, Li S, He Q, et al. Deregulation of Bmi-1 is associated with enhanced migra-
tion, invasion and poor prognosis in salivary adenoid cystic carcinoma. Biochim
Biophys Acta 2014;1840(12):3285–91.

[31] Schraml P, Hergovich A, Hatz F, AminMB, Lim SD, KrekW, et al. Relevance of nuclear
and cytoplasmic von Hippel Lindau protein expression for renal carcinoma progres-
sion. Am J Pathol 2003;163(3):1013–20.

http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0070
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0070
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0075
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0075
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0075
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0080
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0080
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0080
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0085
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0085
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0085
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0090
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0090
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0090
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0095
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0095
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0095
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0100
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0100
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0100
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0105
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0105
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0105
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0110
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0110
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0115
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0115
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0115
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0115
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0120
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0120
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0120
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0125
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0125
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0125
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0125
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0130
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0130
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0130
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0135
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0135
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0135
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0140
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0140
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0140
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0145
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0145
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0145
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0150
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0150
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0150
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0155
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0155
http://refhub.elsevier.com/S1092-9134(15)30055-1/rf0155

	Bmi-�1 expression predicts prognosis in salivary adenoid cystic carcinoma and correlates with epithelial-�mesenchymal trans...
	1. Introduction
	2. Materials and methods
	2.1. Patients and tissue samples
	2.2. Immunohistochemistry
	2.3. Evaluation of immunostainings
	2.4. RNA extraction and reverse transcription–polymerase chain reaction
	2.5. Statistical analysis

	3. Results
	3.1. Immunostaining of Bmi-1 and EMT-related markers in AdCCs
	3.2. Relationship between Bmi-1 expression and clinical parameters of AdCCs

	4. Discussion
	Declaration of conflicting interests
	Acknowledgment
	References


