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Abstract Breast cancer is known for its propensity to recur
decades after treatment. The biology behind the phenom-
enon of tumor dormancy is still poorly understood. Bmi-1,
c-myc, and Snail are transcription factors that have
prognostic roles in several malignancies. In order to reveal
whether any of these markers has impact on late relapses,
we used immunohistochemistry to study the expression of
Bmi-1, c-myc, Snail, and estrogen receptor in 73 primary
breast cancers and in their metastatic relapses detected
within 2 years, or 5 or 10 years after primary surgery. The
expression of Bmi-1 was higher in the metastases than in
their corresponding primary tumors in both early and late
relapses. The highest expression of Bmi-1 was seen in the
very late relapsing tumors (first tumor relapse after
10 years). Previously, Bmi-1 has been reported to function
as a marker of tumor stem cells in breast cancer. Our results
indicate that metastases, when compared to primary tumors,

arise from tumor cells that have retained stem cell
properties. We also analyzed the relationship between the
expression of these markers and clinical parameters. A
significant association between the expression of Bmi-1 and
estrogen receptor was found. Nuclear expression of c-myc
in primary tumors correlated with an increased risk for
axillary lymph node metastasis.

Keywords Breast cancer. Immunohistochemistry. Tumor
dormancy

Introduction

B cell-specific Moloney murine leukemia virus integration
site 1 (Bmi-1), which was first identified by retroviral
insertional mutagenesis and as a collaborating oncogene by
retroviral insertional mutagenesis in Eμ-myc transgenic
mice [1, 2], was assessed. Bmi-1 belongs to the mammalian
polycomb group proteins which form multimeric com-
plexes that regulate gene activity at the chromatin level [3].
Bmi-1 contributes to cell cycle regulation by acting as a
transcriptional repressor of the INK4a/ARF (=human
p19ARF) locus [4]. Kim et al. [5] demonstrated over-
expression of Bmi-1 transcripts and protein in breast cancer
and found high expression to correlate with axillary lymph
node metastases. They suggested that cell cycle deregula-
tion by Bmi-1 might play a role in the progression of breast
cancer and lymph node metastasis. Al-Hajj et al. described
the existence of a cancer stem cell population in human
breast cancers [6]. These cancer stem cells displayed
increased expression of Bmi-1 [7]. Overexpression of
Bmi-1 correlates with a poor prognosis in non-keratinizing
type of nasopharyngeal carcinoma and hepatocellular carci-
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noma [8, 9] as well as in neural tumors, such as oligoden-
drogliomas and medulloblastomas [10, 11]. A correlation has
also been reported with higher tumor stage in non-small cell
lung cancer [12]. In squamous cell carcinoma of the tongue,
the absence of Bmi-1 protein in the tumor cells was
associated with a higher risk of recurrence [13].

Bishop and co-workers discovered c-myc in the late 1970s
[14, 15]. C-myc is a DNA-binding, nuclear transcription
factor involved in the regulation of the cell cycle [16],
programmed cell death, and tumorigenesis [17, 18]. C-myc
was first detected in Burkitt’s lymphoma, but has later been
connected with many other cancers, including breast and
colon cancer, neuroblastoma, osteosarcoma, and melanoma
[19]. Given the plethora of biological roles played by MYC
gene products and the lack of reliable antibodies needed for
immunohistochemical analysis, the clinical relevance of the
overexpression of c-myc protein in breast cancer is not well
known [20, 21]. On the other hand, MYC gene amplification
has been associated with high histological grade, the
presence of lymph node metastasis, a lack of progesterone
receptor, and poor survival in breast cancer [21, 22]. Bmi-1
influences c-myc activity and vice versa, and both these
oncogenes are able to immortalize certain cells [23–25].

Snail is a zinc-finger transcription factor essential for
epithelial-mesenchymal transition (EMT). It downregulates
the expression of cell adhesion and basement membrane
proteins, most importantly cadherins [26]. Snail increases
migration and invasion in various physiological and
pathological conditions [26–28]. The involvement of Snail
in tumor progression is supported by the expression of
Snail in carcinoma cell lines having invasive and metastatic
properties [27, 29, 30] in dedifferentiated breast cancer and
hepatocellular carcinoma [31, 32]. Snail is required for
tumor growth and lymph node metastasis of heterotrans-
planted human breast carcinoma MDA-MB-231 cells [33].

According to previous investigations, Bmi-1, c-myc, and
Snail are stem cell-related proteins. On this basis, we
investigated their association to late relapse of breast cancer
by analyzing the expression of these proteins in both early
and late relapsing tumors.

Materials and methods

Patients and tumors

Paraffin-embedded tissue blocks were obtained from 73
primary breast cancers and their metastatic lesions from
the archives of the Department of Pathology, Helsinki
University Hospital, as described previously [34].
Patients, from whom histological samples were available
from both the primary tumor and metastases, were
included in the study. The patients had undergone breast

cancer surgery in 1974–2006. The cases were divided into
three groups: Group 1 (n=19), tumors with metastatic
recurrence within 2 years after primary surgery; Group 2
(n=33), tumors with metastatic recurrence in 5–10 years;
and Group 3 (n=21), tumors with metastatic recurrence
after more than 10 years (range, >10–23). The histological
tumor type and grade were assigned according to the
criteria of Elston and Ellis [35]. The clinicopathological
characteristics of the patients and their cancers are
summarized in Table 1. The Ethics Committee of the

Table 1 Clinicopathological parameters of the 73 breast cancer
patients and the tissue site of metastastatic recurrence of their tumors

Group 1
(n=19)

Group 2
(n=33)

Group 3
(n=21)

Age at surgery of primary tumor

<50 years 10 14 13

≥50 years 9 19 8

Surgery

Mastectomy 18 22 13

Partly mammary resection 1 11 8

Axillary lymph node evacuation 18 33 21

No axillary evacuation 1a

Tumor size

≥20 mm 4 19 13

<20 mm 15 14 8

Lymph node

Negative 3 20 11

Positive 16 13 10

Grade

1 0 5 3

2 8 19 14

3 11 9 4

Histological type

Ductal 16 27 12

Lobular 3 5 9

Mucinous 0 1 0

Tissue site of metastasis

Skin 5 8 11

Soft tissue 6 11 6

Subcutaneous tissue 0 5 2

Lung 0 4 0

Lymph node 1 0 0

Liver 5 1 0

Brain 2 2 0

Bone 0 1 1

Ovary 0 1 0

Stomach 0 0 1

In group 1, metastatic recurrences were detected within 2 years; in
group 2, from 5 to 10 years; and in group 3, after 10 years
a No axillary lymph node evacuation was done in this case because the
sentinel node was negative
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Helsinki University Central Hospital approved the study
protocol.

Immunohistochemistry

Four-micrometer-thick sections were deparaffinized in
xylene and rehydrated through a graded alcohol series.
The slides for Bmi-1, c-myc, and Snail immunolabeling
were then pretreated in a PT module (LabVision UK Ltd,
UK) in Tris–HCl buffer (pH 8.5) for 20 min at 98°C and
with 0.3% Dako REAL Peroxidase-Blocking Solution for
5 min to block endogenous peroxidase. Immunostaining
was done by incubating each antibody for 1 hour, followed
by 30-min incubation with Dako REAL EnVision/HRP
secondary antibodies. The antibody clones, their dilutions,
and the manufacturers are presented in Table 2. Bound
antibodies were finally visualized by Dako REAL DAB +
Chromogen reaction for 10 min. The slides were washed
between each step with PBS 0.04%–Tween20. For ER, PR,
Ki67, and HER2, antigen retrieval was done by micro-
waving in 10 mM citric acid monohydrate for 1×5 min at
900 W and for 3×5 min at 600 W. Endogenous peroxidase
activity was blocked by treatment with 0.5% H2O2. The
slides were incubated overnight in a refrigerator at +4°C
with appropriate dilutions of the primary antibodies. The
same procedure was used for negative controls, except that
the incubation overnight took place in PBS diluent without
antibody. The reaction was visualized by the Elite ABC Kit
(Vectastain, Vector Laboratories, Burlingame, CA, USA) for
ER and Ki67. PR and HER2 staining was performed using
the Envision kit (Dako, Copenhagen, Denmark). The result
was quantified as the proportion of positively stained tumor
cells (range, 0–100%) for Bmi-1, c-myc, Snail, ER, PR,
and Ki67. In Bmi-1, Snail, ER, PR, and Ki67, the staining
was nuclear. Both nuclear and cytoplasmic stainings of c-
myc were evaluated. The invasive front (frontal) and central
areas of the tumors were scored separately for Snail. The
immunohistochemistry (IHC) of HER2 expression was
scored based on the intensity and percentage of positive
cells, giving a score of 0 to 3+ [36]. Tumors giving a score
of 2+ or 3+ were recorded positive. The 2+ and 3+ IHC
HER2 positive cases were validated by chromogenic in situ

hybridization (data not shown). We evaluated the entire
tumor area in one representative section from the primary
tumor and metastasis. The results were scored indepen-
dently by two experienced pathologists (KJ and JH). When
there was a discrepancy between evaluations, a consensus
was made.

Statistical methods

All statistical analyses were performed using SPSS 13.0 for
Windows (SPSS Inc., Chicago, IL, USA). The differences
between the staining of primary tumors and their
corresponding metastases were analyzed by the paired
samples t test. Kruskal–Wallis and Mann–Whitney U tests
were used for comparing the groups. For analyzing the
relationship between protein expression of Bmi-1, c-myc,
ER, Snail and the clinical parameters and also for
compairing the Bmi-1, c-myc, and Snail with PR, HER2,
and Ki67 expression, the categorical Pearson’s Chi-square
test was used. As a cutoff point for positivity for Bmi-1 [5],
c-myc [37, 38], ER, and PR, the frequency of 10% positive
tumor cells was used. For Snail, the tumors were divided
into high- and low-expressing groups, using 80% propor-
tion of positively stained cells as a cutoff point [13].
Tumors were considered Ki67 positive, if ≥14% of the
tumor cells showed positive nuclei [39]. Probability values
of p<0.05 were considered statistically significant, except
in the Mann–Whitney U test, where p<0.0167 (=<0.05/3)
was used.

Results

Bmi-1

The expression of Bmi-1 in the groups is shown in Table 3.
The metastases in groups 1 and 3 showed significantly
more Bmi-1 (Fig. 1a, b) positivity than their corresponding
primary tumors (p=0.004 in group 1 and p=0.019 in group
3, Table 3). The mean expression of Bmi-1 in the primary
tumors did not differ between the three groups. In the
metastases, there was significantly more Bmi-1 positivity in

Antigen Antibody Laboratory Dilution

Bmi-1 Mouse monoclonal clone ab14389 Abcam, Cambridge, UK 1:400

c-myc Mouse monoclonal clone 9E10 Santa Cruz, UK 1:400

Snail Polyclonal rabbit clone ab17732 Abcam, UK, 1:2,000

ER alfa Mouse monoclonal clone 6F11 Novocastra, Newcastle, UK 1:50

PR alfa Mouse monoclonal clone PgR636 Daco Cytomation, Denmark 1:100

HER2 Mouse monoclonal clone CB11 Novocastra, United Kingdom 1:700

Ki67 Mouse monoclonal clone MIB-1 Daco Cytomation Denmark 1:75

Table 2 List of the antibodies,
the laboratories manufacturing
them, and the dilution used in
immunohistochemical staining
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group 3 than in group 2 (p=0.007; Table 4; Kruskal–Wallis
test and p=0.003; Table 5; Mann–Whitney U test).

Nuclear c-myc

The nuclear expression of c-myc in the tumor groups is
shown in Table 3. In group 2, there was significantly more
nuclear c-myc positivity in the metastases than in the
corresponding primary tumors (p=0.013; Table 3). There
were no statistical differences in the nuclear expression of
c-myc between the three groups (Table 4).

Cytoplasmic c-myc

The cytoplasmic expression of c-myc in the groups is shown
in Table 3. There was significantly more expression of
cytoplasmic c-myc (Fig. 1c and d) in the metastases of group
2 than in the corresponding primary tumors (p=0.033;
Table 3). The expression of cytoplasmic c-myc did not differ
significantly between the three groups (Table 4).

Snail

Sometimes there was greater expression of Snail in frontal
than in central areas of the tumor (Fig. 1e, f). Frontal and
central Snail expression in the groups is shown in Table 3.

The expression did not differ significantly between the
primary tumors and their metastases in any of the three
groups (Table 3). There was no statistical difference in Snail
expression between the three groups (Table 4).

The relationship between Bmi-1, c-myc, Snail, ER protein,
and clinical parameters

The significant results are shown in Table 6. For the
analysis, the tumors were divided into positive and negative
groups for Bmi-1, c-myc, and ER. For Snail, the tumors
were divided into groups with high expression (≥80%) and
low expression (<80%). These relations were evaluated in
all primary tumors as one group (n=73) and in all
metastases as another group (n=73). We also compared
the protein expression of the primary tumors with axillary
lymph node status. Comparisons were also made between
tumor size, histological grade, type of tumor, and age of the
patients (data not shown), but no positive correlation was
seen.

Forty-eight (65%) of the primary cancers and 62 (84%)
of their metastases were Bmi-1-positive. Bmi-1 positivity
was associated with ER positivity in both the primary
tumors and the metastases (p=0.012 in primary tumors and
p=0.005 in metastases; Table 6). Bmi-1 positivity was
associated significantly with high frontal and central Snail

Bmi-1 Bmi-1 P value
Primary Metastases

Group 1 (n=19) 30.1 (27.3) 53.9 (28.4) 0.004

Group 2 (n=33) 32.0 (35.7) 37.0 (33.4) 0.466

Group 3 (n=21) 41.9 (36.9) 64.9 (25.1)) 0.019a

c-myc nuclear c-myc nuclear
Primary Metastases

Group 1 (n=19) 11.5 (17.9) 4.7 (9.9) 0.168

Group 2 (n=33) 2.3 (4.1) 8.6 (13.9) 0.013a

Group 3 (n=21) 16.0 (28.0) 18.9 (31.6) 0.783

c-myc cytoplasmic c-myc cytoplasmic
Primary Metastases

Group 1 (n=19) 17.9 (25.8) 12.4 (22.1) 0.306

Group 2 (n=33) 10.6 (20.9) 25.0 (31.6) 0.033a

Group 3 (n=21) 6.8 (15.9) 7.6 (19.9) 0.897

Snail frontal Snail frontal
Primary Metastases

Group 1 (n=19) 88.7 (17.5) 93.3 (8.2) 0.280

Group 2 (n=33) 85.5 (23.7) 88.5 (21.5) 0.497

Group 3 (n=21) 88.1 (21.7) 92.1 (10.5) 0.479

Snail central Snail central
Primary Metastases

Group 1 (n=19) 85.7 (14.0) 90.3 (10.7) 0.246

Group 2 (n=33) 77.0 (30.2) 78.5 (26.3) 0.801

Group 3 (n=21) 79.0 (30.5) 91.3 (10.8) 0.120

Table 3 Differences in the
mean proportion of positively
stained tumor cells (percent;
range, 0–100%) between the
primary tumors and their
corresponding metastases

Values are shown as percent
mean (SD). Paired samples t test
was used. Group 1 represents
tumors with metastases within
2 years. In group 2, metastases
were detected at 5–10 years, and
in group 3, after 10 years
a Significant
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expression in the metastases (frontal Snail, p=0.0001,
central Snail, p=0.009; Table 6). Bmi-1 expression was
not associated with any of the analyzed clinical parameters.

There were 15 (20%) nuclear c-myc-positive tumors
among the primary cancers and 19 (26%) in their
corresponding metastases. Nuclear c-myc expression was
not associated with the expression of the other proteins.
Nuclear c-myc positivity of primary tumors was signifi-
cantly associated with axillary node positivity of the
patients (p=0.021; Table 6).

Positivity for cytoplasmic c-myc was seen in 27
(37%) of the primary tumors and in 29 (39%) of the
corresponding metastases. No association with clinical
parameters was obtained. Cytoplasmic c-myc was asso-
ciated with high frontal and central Snail in primary
tumors (p=0.002 and p=0.011, respectively; Table 6).

Sixty (81%) of the primary tumors and 67 (91%) of their
metastases expressed high frontal Snail. However, high
frontal Snail expression (Fig.1) was not associated with any

clinical parameters. High frontal Snail expression was
associated significantly with Bmi-1 positivity in the
metastases (p=0.0001; Table 6), as mentioned above.

A high expression of central Snail was seen in 52 (70%) of
the primary tumors and in 60 (81%) of the metastases. High
central expression of Snail was not associated with any
clinical parameters. High central Snail was associated with
Bmi-1 in metastases (p=0.009; Table 6), as mentioned above.

The relationship between Bmi-1, c-myc, Snail and PR,
HER2 and Ki67

In primary tumors, there was a significant association between
nuclear c-myc positivity and HER2 positivity (p=0.017;
Table 6). In metastases, there was no correlation between
the expression of these antigens.

In conclusion, the expression of Bmi-1 was highest in
metastases of the late (>10 years) relapsing tumor group. In
all tumor groups, metastases expressed more Bmi-1 than

Fig. 1 Examples of immunohis-
tochemical stainings of primary
and metastatic breast cancers.
Bmi-1 in a primary (a) and a
metastatic (b) cancer. Nuclear
c-myc in a primary (c) and
cytoplasmic c-myc in a meta-
static (d) tumor. Frontal (e) and
central (f) Snail in a primary
tumor
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did the primary tumors. Bmi-1 positivity correlated with ER
positivity in both primary tumors and metastases. Nuclear
expression of c-myc in the primary tumors was associated
with a positive lymph node status of the patients. There was
a tendency of higher, both nuclear and cytoplasmic, c-myc
expression in the metastases of the late relapsing tumors

than in their primary counterparts. In primary tumors,
nuclear c-myc positivity correlated with HER2 positivity.

Discussion

In this study, we describe the expression of polycomb
protein and oncogene Bmi-1, proto-oncogene c-myc, and
transcription factor Snail in a series of 73 primary breast
cancers and their corresponding metastases, from which
19 were early relapsing tumors and 54 late relapsing
cancers (33 after 5 years and 21 after 10 years).
Immunoexpression levels are compared between the
primary tumors and their metastases, as well as between
early and late relapsing tumors, and also with clinical
parameters, in order to analyze their putative role in
breast cancer progression.

A higher level of Bmi-1 expression has been reported
during progression from in situ ductal breast carcinoma to
invasive carcinoma linking Bmi-1 expression to malignant
behavior [40]. In our study, we found metastases of breast
cancer to express more Bmi-1 than the corresponding
primary tumors. On the other hand, no such difference in
Bmi-1 expression was detected in a melanoma study [41].
However, these tumors differ quite much since breast
cancer is epithelial in origin whereas melanoma originates
from melanocytes. We also found the highest level of Bmi-1
expression in the metastases of the very late relapsing
tumors, suggesting that Bmi-1 is a marker of tumor cell
dormancy [42].

The prognostic correlation studies of Bmi-1expression in
breast cancer are contradictory, and association with both a
poor as well as a favorable prognosis has been suggested
[43]. We did not find Bmi-1 expression to correlate with
lymph node metastasis or time of relapse. In our study,
however, Bmi-1 positivity correlated significantly with ER
expression both in the primary tumors and the metastases.
Contrary to our findings, Feng et al. found a positive
correlation between lymph node status and Bmi-1 expres-
sion, but no association between Bmi-1 and ER [43]. The
differences between these results may be explained by the

Table 4 Differences in the mean proportions of positively stained
tumor cells between the three groups of 73 breast cancers, in primary
tumors and in their metastases

Staining Group n Mean rank P value

Bmi-1

Primary 1 19 37

2 33 38.8

3 21 41.8 0.397

Metastases 1 19 39.7

2 33 28.9

3 21 47.2 0.007a

c-mycnuclear

Primary 1 19 44.2

2 33 31.3

3 21 39.4 0.071

Metastases 1 19 34.1

2 33 37.9

3 21 38.3 0.761

c-myc cytoplasmic

Primary 1 19 43.3

2 33 35.9

3 21 32.9 0.219

Metastases 1 19 36.5

2 33 41.6

3 21 30.1 0.113

Snail frontal

Primary 1 19 36.8

2 33 36.9

3 21 37.4 0.994

Metastases 1 19 37.3

2 33 37.2

3 21 36.4 0.986

Snail central

Primary 1 19 36.8

2 33 36.1

3 21 38.5 0.919

Metastases 1 19 40.0

2 33 31.3

3 21 43.2 0.091

Kruskal–Wallis test was used. Group 1 represents tumors with
metastases within 2 years. In group 2, metastases were detected at
5–10 years, and in group 3, after 10 years
a Significant

Table 5 Bmi-1 immunostaining in breast cancer metastases compared
between groups using Mann–Whitney U test

Bmi-1 U Z P

Group 1 vs. group 2 215.0 −1.880 0.060

Group 2 vs. group 3 178.0 −2.996 0.003a

Group 1 vs. group 3 153.0 −1.266 0.206

The Mann–Whitney U test was applied if Kruskal–Wallis test showed
a significant difference between the three groups (Table 4)
a In metastases between groups 2 and 3, the difference was significant,
i.e., <0.0167 (<0.05/3)
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scoring method of positive cells. Feng et al. analyzed four
randomly selected fields, while we evaluated the whole
tumor area. In line with our results, Choi et al. [44] showed
a favorable prognostic impact of Bmi-1 expression in breast
cancer, but only in ER-positive patients, by evaluating the
whole tumor area, the same way as we did.

Pavelic et al. [37] found heterogeneity in c-myc
expression within individual tumors and substantial differ-
ences in the level of expression among different tumors.
Andrechek et al. used a mouse model to study mammary
carcinogenesis and found substantial heterogeneity in Myc-
induced tumors, in terms of different gene expression and
histological phenotypes [45]. We also found a different
expression of c-myc between tumors, while we found a
tendency of higher expression of both nuclear and
cytoplasmic c-myc in the metastases of the late relapsing
tumors than in their primary counterparts, suggesting that
c-myc may be connected to tumor dormancy as well.

The significance of the different subcellular sites of
c-myc staining, either nuclear, cytoplasmic or both, has
not yet been clarified [37]. We speculate that active c-myc is
located in the nucleus, where the transcription factors can

operate. In our study, nuclear c-myc expression correlated
significantly with axillary lymph node positivity. In agree-
ment with our results, Rodriguez-Pinilla et al. found MYC
amplification to be an independent predictor of lymph node
metastasis [20]. On the contrary, some breast cancer studies
have not found any correlation between c-myc expression
and axillary lymph node status [46, 47]. The controversy
may be due to the differences in the scoring methods. Locker
et al. [48] did not find a correlation between axillary lymph
node metastases and c-myc in their flow cytometric assay,
but they reported that high levels of c-myc expression were
found frequently in well-differentiated tumors.

No significant variability in Snail expression levels
neither in the primary tumors nor in their metastases and
no correlation to clinical parameters were found in our
material. Contrary to our results, however, Snail expression
has been shown to correlate inversely with the differenti-
ation grade of breast tumors [31]. Come et al. analyzed the
levels of Snail, Slug, and E-cadherin RNA expression and
protein localization in large numbers of transformed cell
lines and breast carcinomas, and they suggested that there is
a link between Snail, Slug, and lymph node metastasis in

Primary tumors

Bmi-1 Bmi-1 P value

Negative (row %) Positive (row %)

ER negative 19 (46) 22 (54)

ER positive 6 (19) 26 (81) 0.014

Nuclear c-myc Nuclear c-myc

Negative (row %) Positive (row %)

Node negative 31 (91) 3 (9)

Node positive 27 (69) 12 (31) 0.021

Nuclear c-myc Nuclear c-myc

Negative (row %) Positive (row %)

HER2 negative 48 (88%) 8 (14%)

HER2 positive 8 (57%) 6 (43%) 0.017

Cytoplasmic c-myc Cytoplasmic c-myc

Negative (row %) Positive (row %)

Snail frontal low 13 (100) 0

Snail frontal high 33 (55) 27 (45) 0.002

Snail central low 18 (86) 3 (14)

Snail central high 28 (54) 24 (46) 0.011

Metastases

Bmi-1 Bmi-1 P value

Negative (row %) Positive (row %)

Snail frontal low 4 (67) 2 (33)

Snail frontal high 7 (10) 60 (90) 0.0001

Snail central low 5 (39) 8 (62)

Snail central high 11 (18) 49 (82) 0.009

ER negative 10 (26) 28 (74)

ER positive 1 (3) 34 (97) 0.005

Table 6 Relationship between
Bmi-1, nuclear c-myc, cytoplas-
mic c-myc, ER protein expres-
sion, and axillary lymph node
status in 73 primary breast
cancers and their metastases

Categorical Pearson’s
Chi-square test was used
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mammary carcinomas. They detected a positive correlation
between Snail expression and lymph node invasion by PCR
[49]. We were unable to corroborate this association by
immunohistochemistry. Instead, we found an association
between high Snail expression and Bmi-1 in the metastases.
This finding could be explained by a link between Snail
and Bmi-1 function via E-cadherin. Bmi-1 expression has
been shown to downregulate tumor suppressors, such as
p16INK4a p14ARF, and cell adhesion molecules, such as
E-cadherin [50]. Snail is essential for the EMT by down-
regulating the expression of cell adhesion and basement
membrane proteins, most importantly cadherins [26].

In conclusion, we found higher Bmi-1 expression in
breast cancer metastases than in primary tumors. The
highest Bmi-1 expression was seen in the very late
metastazing tumor group. These results suggest that small
populations of Bmi-1-positive cells in the primary tumor
survive long dormancy after primary therapy and retain
their capacity for late relapsing. Our results also show an
association of nuclear c-myc expression in primary tumors
with axillary lymph node positivity, indicating nuclear
c-myc expression to correlate with an increased risk for
axillary lymph node metastasis.
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