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Bmi-1 expression predicts prognosis in salivary adenoid cystic carcinoma
and correlates with epithelial-mesenchymal transition–related factors
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a b s t r a c t
Salivary adenoid cystic carcinoma (AdCC) is known for its high propensity to invade and metastasize. 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 Ecadherin 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 Bmi1 status in AdCCs. Our data demonstrated signiﬁcant associations between the tumor metastasis and the expression 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.
© 2016 Elsevier Inc. All rights reserved.

1. Introduction
Salivary adenoid cystic carcinoma (AdCC) is one of the most common 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 result in a poor long-term survival in that 80% to 90% of patients die of disease in 10 to 15 years [2]. Therefore, extensive efforts are being made 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 cooperating with c-myc in a murine
lymphomagenesis model [3]. The human Bmi-1 gene is located on chromosome 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
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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 histone modiﬁcations. 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, nasopharyngeal 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 epithelial cells [13]. Several lines of evidence show that cancers are prone to
metastasize and establish secondary tumors at distant sites after acquiring the ability to undergo EMT [14]. Loss of E-cadherin and increased Ncadherin expression is a hallmark of EMT and the subsequent metastasis. Snail-related zinc ﬁnger transcriptional repressors (Snail/SNAI1 and
Slug/SNAI2) are the most prominent suppressors of E-cadherin transcription, 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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2. Materials and methods

with Mayer's hematoxylin and mounted. Ten cases of noncancerous salivary 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 antibody with phosphate-buffered saline.

2.1. Patients and tissue samples

2.3. Evaluation of immunostainings

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 102 AdCCs were conﬁrmed and selected for this retrospective 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 grading was conﬁrmed according to the World Health
Organization's histologic classiﬁcation of salivary gland tumors [2]. Patients' follow-up data were obtained by clinical interviews or reviewing
the medical records after surgery.

Immunohistochemical results were analyzed by 2 independent observers 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 calculated 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 expression 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 detectable immunoreaction in nuclear and cytoplasmic regions of more than
10% of the cancer cells. Stained cells were regarded to be positive regardless of staining intensity [20].

analyze the potential association of Bmi-1 and these EMT-related proteins with clinicopathologic parameters and patients' survival in complete follow-up.

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 accomplished by 0.01 M citrate buffer (pH 6.0) or 10% EDTA buffer
(pH 8.0). Immunostaining was performed by adding mouse monoclonal
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

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
extracted was quantiﬁedwith a NanoDrop ND-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

Fig. 1. Immunoreactivity for Bmi-1, E-cadherin, Snail, and Slug in AdCC. High nuclear expression of Bmi-1 in AdCC (A). Intense cytoplasmic staining of Bmi-1 in tumor cells and weak Bmi-1
expression in the adjacent noncancerous salivary gland tissue (B). Strong cytoplasmic and membranous staining of E-cadherin in AdCC (C). Weak membranous staining of E-cadherin in
AdCC (D). High positive staining of Snail in AdCC (E). High Slug expression in AdCC (F). All images, original magniﬁcations, ×400.
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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.

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 analyzed by agarose gel electrophoresis and conﬁrmed by appropriate
size and/or sequencing.

free survival (RFS) rate, and metastasis-free survival rate were estimated using the Kaplan-Meier method. Potential prognostic factors were
identiﬁed by univariate analysis using the log-rank test. Signiﬁcant variables 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
2.5. Statistical analysis
3.1. Immunostaining of Bmi-1 and EMT-related markers in AdCCs
All statistical analyses were carried out using the SPSS 17.0 software
package. The χ2 test was 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-

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

Table 1
Correlation between the clinicopathologic features, the expression of EMT related protein, and the Bmi-1 expression in AdCCs
Variables

Age (y)
b45
≥45
Sex
Male
Female
Histologic subtype
Cribriform/tubular
Solid
Clinical stage
I/II
III/IV
T classiﬁcation
T1/T2
T3/T4
Lymph node metastasis
Absent
Present
Perineural invasion
Absent
Present
Treatment
Surgery
Surgery + radiotherapy
Surgery + radiotherapy + chemotherapy
Local regional recurrence
Absent
Present
Distant metastasis
Absent
Present
E-cadherin expression
Low
High
Snail expression
Low
High
Slug expression
Low
High
P b .05 statistically signiﬁcant.
Abbreviation: T, tumor size.

Bmi-1 expression
χ2

P

Total

Low

High

n

n (%)

n (%)

49
53

19 (38.8)
20 (37.7)

30 (61.2)
33 (62.3)

0.012

0.914

48
54

17 (35.4)
22 (40.7)

31 (64.6)
32 (59.3)

0.305

.581

86
16

32 (37.2)
7 (38.5)

54 (62.8)
9 (61.5)

0.244

.621

49
53

20 (40.8)
19 (35.8)

29 (59.2)
34 (64.2)

0.266

.606

59
43

23 (39.0)
16 (37.2)

36 (61.0)
27 (62.8)

0.033

.856

84
18

31 (36.9)
8 (44.4)

53 (63.1)
10 (55.6)

0.357

.550

33
69

15 (45.5)
24 (34.8)

18 (54.5)
45 (65.2)

1.077

.299

37
57
8

15 (40.5)
21 (36.8)
3 (37.5)

22 (59.5)
36 (63.2)
5 (62.5)

0.132

.936

40
62

14 (35.0)
25 (40.3)

26 (65.0)
37 (59.7)

0.292

.589

47
55

29 (61.7)
10 (18.2)

18 (38.3)
45 (81.8)

20.325

.000

32
70

13 (40.6)
26 (37.1)

19 (59.4)
44 (62.9)

0.113

.737

52
50

26 (50.0)
13 (26.0)

26 (50.0)
37 (74.0)

6.217

.013

76
26

35 (46.1)
4 (15.4)

41 (53.9)
22 (84.6)

7.715

.005
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61.8% (63/102) of AdCCs, whereas normal salivary gland tissue indicated weak expression of Bmi-1, and of the 63 cases with Bmi-1 high expression, 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 downregulated 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 expression displayed high Snail and Slug expressions. Statistically signiﬁcant 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.

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 without metastasis (P b .001). However, no evident correlations were observed between Bmi-1 expression proﬁles
and other clinicopathologic features, including age, sex, original tumor
site, pathologic subtype, clinical stage, T classiﬁcation, treatment modality, 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, advanced 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 proportional hazards model revealed that only histologic subtype, clinical
stage, and E-cadherin expression were independent signiﬁcant prognostic 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 compared with 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 radiotherapy 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 Ecadherin expression (P = .001; Fig. 3K), and high Snail expression
(P = .014; Fig. 3L) predicted unfavorable metastasis status. Cox regression proportional hazard analysis showed that Bmi-1 expression, histologic subtype, advanced clinical stage, and negative expression of Ecadherin remained independent covariates that could predict poor
metastasis-free survival after ruling out confounding factors (Table 3).
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Table 2
Univariate analysis of survival, recurrence, and metastasis
Variable

n

5 y,
%

OS
10
y, %

Age (y)
b45
49 82.7 73.5
≥45
53 86.2 77.9
Sex
Male
48 80.8 72.7
Female
54 88.2 75.1
Histologic subtype
Cribriform/tubular 86 88.5 81.1
Solid
16 62.3 41.6
Clinical stage
I/II
49 95.7 83.8
III/IV
53 74.0 65.8
T classiﬁcation
T1/T2
59 90.6 77.4
T3/T4
43 76.6 70.2
Lymph node metastasis
Absent
84 85.8 79.2
Present
18 80.2 57.8
Perineural invasion
Absent
33 83.4 53.6
Present
69 85.5 83.6
Treatment
Surgery
37 90.7 68.0
Surgery + R
57 82.7 73.5
Surgery + R + C
8 75.0 75.0
Bmi-1 expression
Low
39 91.9 68.9
High
63 80.5 73.4
E-cadherin expression
Low
32 74.2 52.2
High
70 89.3 84.0
Snail expression
Low
52 85.8 77.2
High
50 83.9 73.8
Slug expression
Low
76 81.3 67.9
Bmi-1 high expression site (n = 63)
Nucleus
34 90.8 90.8
Cytoplasm
29 67.9 52.5

Uni
P

5 y,
%

RFS
10
y, %

Uni
P

5 y,
%

MFS
10
y, %

Uni
P

.942 42.9 11.6
64.9 16.7

.010 61.5 34.5
67.7 33.2

.496

.427 64.3 16.7
45.5
8.2

.262 62.0 27.2
67.2 37.0

.431

.003 59.1 13.6
25.3
0.0

.028 71.3 39.5
30.0
0.0

.000

.005 61.9
9.3
46.4 11.7

.085 81.1 49.1
49.6 17.7

.002

.105 52.2
7.8
58.4 14.7

.993 72.3 41.1
54.4 20.8

.074

.211 59.3
9.5
32.4 16.2

.058 68.4 35.8
47.7 15.9

.223

.373 45.4
0.0
58.5 12.9

.562 66.1 39.7
64.4 29.4

.460

.611 73.3 41.6
41.0
3.5
53.6 26.8

.031 75.7 20.0
56.3 28.3
75.0 60.0

.466

.163 52.1 20.1
55.9
8.9

.602 86.6 39.5
52.0 25.4

.001

.031 41.2 25.7
59.6 10.9

.223 40.6 16.9
76.3 39.8

.001

.521 57.9 16.5
50.7 10.2

.244 74.1 56.0
55.3 18.6

.014

.063 55.3 18.7

.450 70.4 34.3

.093

.030 63.9 11.4
46.1
6.9

.335 64.4 30.2
37.1 19.5

.059

P b .05 statistically signiﬁcant.
Abbreviations: C, chemotherapy; MFS, metastasis-free survival; OS, overall survival; R, radiotherapy; T, tumor; Uni, univariate.

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 signiﬁcantly linked to distant metastasis in AdCC and subsequently demonstrated the association between Bmi-1 expression, EMT-related
markers, and clinicopathologic parameters, which addressed the progTable 3
Independent signiﬁcant prognostic factors by Cox multivariate analysis of survival, recurrence, and metastasis of the present AdCC series
Variable
Overall survival
Histologic subtype
Clinical stage
E-cadherin expression
RFS
Age (y)
Metastasis-free survival
Histologic subtype
Clinical stage
Bmi-1 expression
E-cadherin expression

Category

RR

95% CI

Cox P

Solid
III/IV
Negative

3.411
4.096
3.123

1.239-9.390
1.417-11.836
1.204-8.098

.018
.009
.019

b45

2.218

1.301-3.781

.003

Solid
III/IV
High
Negative

4.256
2.616
5.150
3.693

2.068-8.760
1.450-4.720
2.405-11.026
2.031-6.716

.000
.001
.000
.000

P b .05 statistically signiﬁcant.
Abbreviations: RR, relative risk; 95% CI, 95% conﬁdence interval.
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Fig. 3. Kaplan-Meier curves of overall survival, RFS, and metastasis-free survival. Overall survival based on histologic subtypes (A), clinical stages (B), E-cadherin expression (C), and staining 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.

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 indicated weak or negative expression 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

C. Yi et al. / Annals of Diagnostic Pathology 22 (2016) 38–44

a number of malignancies such as breast cancer, nasopharyngeal carcinoma, 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 identiﬁed as a tumor with a biphasic pattern of epithelial and myoepithelial
cells. Therefore, to conﬁrm that the elevated Bmi-1 expression is involved in malignant transformation but not due to the increased
amount of myoepithelial cells, we investigated the relationship between Bmi-1 expression and the expressions of several myoepithelial
speciﬁc markers, such as p63, smooth muscle actin, S-100, and calponin.
The results showed that there was no signiﬁcant relation between Bmi1 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 nasopharyngeal carcinoma [9–12]. In the present study, a signiﬁcant relation 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 observations indicated that low membranous E-cadherin expression and high
nuclear/cytoplasmic Snail and Slug expression also signiﬁcantly correlated 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 a mesenchymal phenotype. Epithelialmesenchymal transition has been shown to be the pivotal mechanism
contributing to cancer metastasis. E-cadherin, a major cell-cell adhesion
molecule, possesses intercellular attachment and cell polarity. Abnormal E-cadherin expression, including cytoplasmic translocation, heterogeneity, 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 interaction of their C-terminal region with a 5V-CACCTG-3V sequence (referred to as E-box) in the E-cadherin promoter and play as master
effectors in the process of invasiveness and metastasis 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 epithelial cells in vitro [13,28]. Wellner et al reported that Bmi-1 was induced by the EMT regulator Zeb1 through repressing stemnessinhibiting 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 individual proteins including Bmi-1, E-cadherin, Snail, and Slug. Interestingly, our data suggested that AdCCs with strong Bmi-1 staining also
displayed signiﬁcantly higher expression of Snail and Slug, but no significant association was 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 deregulation 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 predictor of tumor behavior at the time of the diagnosis of AdCC. In the
present study, overexpression of Bmi-1 was shown to be strongly associated with metastasis-free survival of AdCC and represented a potential
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predictor for tumor distant spread. Furthermore, the subcellular localization 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 surrounding stromal cells and lymphocytes, and it statistically signiﬁcantly correlated with overall survival, which suggested that it was more than an
unspeciﬁc phenomenon. It has been reported that transcriptiondependent 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 dedifferentiation of tumor cells [31]. In addition, we had shown in univariate and
multivariate analyses that negative E-cadherin expression, solid histologic 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 EMTrelated 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 further development of biotherapies targeted at speciﬁc inhibition of
Bmi-1 activities.
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