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Abstract Mitotic checkpoint is a fundamental mechanism
involved in fidelity mitotic chromosome segregation, and its
alteration results in progression of human malignancies. In
this study, we examined expression profiles of seven mitotic
checkpoint genes in 20 breast carcinomas using microarray
analysis. Results demonstrated that BUB1 expression level
was closely correlated with the proliferation activity evalu-
ated by Ki-67 labeling index (LI) of individual cases. There-
fore, we further immunolocalized BUB1 in 104 breast
carcinoma tissues in order to evaluate its clinicopathological
significance. BUB1 immunoreactivity was detected in the
nucleus and/or cytoplasm of carcinoma cells, and nuclear
and cytoplasmic BUB1 status were positive in 40% and 58%
of the cases examined, respectively. In particular, nuclear
BUB1 status was significantly associated with stage, patho-
logical tumor factors, lymph node metastasis, distant metas-
tasis, histological grade, and Ki-67 LI, but cytoplasmic
BUB1 status was not significantly associated with any of

the parameters examined. Subsequent multivariate analysis
revealed that nuclear BUB1 status turned out an independent
prognostic factor for both disease-free and breast cancer-
specific survival of the patients examined. These results all
indicated that BUB1 played important roles in the prolifer-
ation and/or progression of the breast carcinoma, and nucle-
ar BUB1 immunohistochemical status is also considered a
potent prognostic factor in human breast cancer patients.

Introduction

Breast cancer is one of the most common malignancies in
women. Invasive breast cancer is generally regarded as a
disease that metastasizes in an early phase [1], and clinical
outcome of the patients is markedly influenced not only by
metastasis but also by proliferative activity of the carcinoma
cells [2, 3]. A multitude of prognostic factors identified in
breast cancer patients have been demonstrated to be directly
or indirectly correlated with carcinoma cell proliferation.

Cell proliferation is closely associated with altered regu-
lation of the cell cycle [4]. Progression of the cell cycle is
regulated by three major checkpoint mechanisms, i.e., G1/S,
G2/M, and mitotic checkpoints, which subsequently ensure
that each step takes place only once and in the right se-
quence [5]. Among these factors, the mitotic checkpoint,
also known as spindle assembly checkpoint, is to ensure
accurate chromosome segregation by inducing mitotic arrest
when errors occur in the spindle structure or in the align-
ment of the chromosomes on the spindle formation [6].
Defective mitotic checkpoint genes have been reported to
be implicated as one of the mechanisms of chromosomal
instability [5], but significance of alternations of mitotic
checkpoint themselves have remained largely unknown in
human cancer tissues compared with other checkpoints.
Genomic studies in mammals implicated at least seven
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genes including BUB1, BUB1B (BUBR1 or MAD3), BUB3,
MAD1, MAD2, CDC20, and TTK (MPS1) [5, 7, 8] in the
mitotic checkpoint. Therefore, in this study, we first evalu-
ated expression profiles of mitotic checkpoint genes in the
breast carcinoma based on microarray data and did demon-
strate that BUB1 expression level was closely correlated
with the proliferative activity of carcinoma cells.

BUB1 is also well-known as a key component of mitotic
checkpoint. BUB1 mutations were originally reported in a
subset of aneuploid colorectal carcinoma cell lines [9],
suggesting that low expression of BUB1 could contribute
to defective mitotic checkpoint control in human malignan-
cies. However, subsequent studies in various human cancer
tissues demonstrated that the mutations of BUB1 were ex-
tremely rare or not detected at all [10–13]. However, Yuan et
al. [14] reported that both mRNA and protein levels for
mitotic checkpoint genes including BUB1 were significantly
higher in the breast carcinoma cell lines than normal mam-
mary epithelial cells. In addition, Shigeishi et al. [15]
reported a positive significant correlation between BUB1
expression levels and proliferative activity in the salivary
gland tumors. These findings all indicated that BUB1 plays
important roles in the proliferation and/or progression of the
breast carcinoma. However, BUB1 immunolocalization has
been reported only in the gastric cancer among human
malignancies [16] to the best of our knowledge, and clinical
significance of BUB1 has remained unknown in the breast
carcinoma. Therefore, in this study, we immunolocalized
BUB1 in human breast cancer tissues in order to clarify its
clinicopathological significance.

Materials and Methods

Patients and Tissues

Two sets of tissue specimens were evaluated in this
study. As a first set, 20 specimens of invasive breast
carcinoma were obtained from women (age, 40–74 years)
who underwent surgical treatment from 2000 to 2003 in
the Department of Surgery, Tohoku University Hospital,
Sendai, Japan. These cases were all estrogen receptor
(ER)-positive breast carcinoma patients, and the percent-
age of ER-positive carcinoma cells (i.e., ER labeling
index (LI)) was 4–95% in these cases [17]. These speci-
mens were kept both at−80°C for microarray analysis
and fixed in 10% formalin and embedded in paraffin
wax for immunohistochemistry for Ki-67.

As a second set, 104 specimens of invasive breast carci-
noma were obtained from Japanese female patients who
underwent surgical treatment from 1988 to 1999 in the
Department of Surgery, Tohoku University Hospital, Sen-
dai, Japan. The mean age of these patients was 55 (range,

22–81 years), and these patients did not receive chemother-
apy, irradiation, or hormonal therapy prior to the surgery.
Review of the charts revealed that 79 patients received
adjuvant chemotherapy and 69 patients received tamox-
ifen therapy following the surgery. The clinical outcome
was evaluated by disease-free and breast cancer-specific
survival of the stages I–III patients in this study, and
the mean follow-up time was 95 (range, 0–175 months).
All the specimens were fixed in 10% formalin and
embedded in paraffin wax.

Research protocols for this study were approved by the
Ethics Committee at Tohoku University School of Medicine.

Laser Capture Microdissection/Microarray Analysis

Gene expression profiles of laser capture microdissection
samples in 20 invasive breast carcinoma cases were exam-
ined using microarray analysis. A part of gene expression
profile data was assembled in our previous study [18, 19].
Briefly, frozen-specimens of the breast carcinoma were sec-
tioned at a thickness of 8 μm; approximately 5,000 breast
carcinoma cells were laser-transferred, and total RNA was
extracted. Sample preparation and processing were per-
formed as described in the Affymetrix GeneChip Expression
Analysis Manual (Affymetrix), with the exception that the
labeled cRNA samples were hybridized to the complete
human U133 GeneChip set (Affymetrix), including 22,215
and 22,577 genes. We focused on expression of seven
representative mitotic checkpoint genes in this study.

Immunohistochemistry

Rabbit polyclonal antibodies for human BUB1 (LS-
C118685) and γ-tubulin (GTX115850) were purchased
from LifeSpan BioSciences (Seattle, WA, USA) and Gene-
Tex (Irvine, CA, USA), respectively. Monoclonal antibodies
for ER (ER1D5), progesterone receptor (PR; MAB429), and
Ki-67 (MIB1) were purchased from Immunotech (Marseille,
France), Chemicon (Temecula, C, USA), and DAKO (Car-
pinteria, CA, USA), respectively. Rabbit polyclonal anti-
bodies for HER2 (A0485) were obtained from DAKO.

AHistofine Kit (Nichirei Bioscience, Tokyo, Japan), which
employs the streptavidin-biotin amplification method was
used in this study. Antigen retrieval was performed by heating
the slides in an autoclave at 120°C for 5 min in antigen
retrieval solution (pH 9.0; Nichirei Bioscience) for BUB1
immunostaining or citric acid buffer (2 mM citric acid and
9 mM trisodium citrate dehydrate (pH 6.0)) for other anti-
bodies. Dilutions of primary antibodies used in this study were
as follows: BUB1, 1/200; ER, 1/50; PR, 1/30; HER2, 1/200;
Ki-67, 1/50; and γ-tubulin, 1/500. The antigen–antibody com-
plex was visualized with 3,3’-diaminobenzidine (DAB) solu-
tion (1 mM DAB, 50 mM Tris–HCl buffer (pH 7.6), and
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0.006% H2O2) and counterstained with hematoxylin. Human
gastric carcinoma tissue was used as a positive control for
BUB1 antibody [16]. As negative controls of BUB1 immu-
nostaining, we used normal rabbit IgG instead of the primary
antibody or no secondary antibody in this study.

Scoring of Immunoreactivity and Statistical Analysis

Immunoreactivity of BUB1 was detected in the nucleus and/or
cytoplasm of the breast carcinoma cells. Therefore, we sepa-
rately evaluated BUB1 immunoreactivity in the nucleus and
cytoplasm, and the cases that had more than 10% of positive
carcinoma cells were considered positive for nuclear and cy-
toplasmic BUB1status, respectively. Immunoreactivity for ER,
PR, and Ki-67 was detected in the nucleus, and the immuno-
reactivity was evaluated in more than 1,000 carcinoma cells for
each case, and their LI was subsequently determined. Cases
with ER LI of more than 1% were considered ER-positive
breast carcinoma in this study [17]. HER2 immunoreactivity
was evaluated according to the grading system proposed in
HercepTest (DAKO), and strongly circumscribed membrane-
immunoreactivity of HER2 present in more than 10% carcino-
ma cells (score 3+) were considered positive. γ-Tubulin im-
munoreactivity was classified into three groups according to a
previous report [20]. Briefly, percent of the positive cells in
each case was scored 0 (less than 5%), 1 (5–25%), 2, (26–
50%), 3 (51–75%), or 4 (more than 75%), as well as its
immunointensity (0, negative; 1, weak; 2, moderate; and 3,
intense). These scores were multiplied (range, 0–12) and then
classified into the following three groups: low (the multiplied
score 0–4), moderate (score 5–8), and high (score 9–12).

An association between signal intensity of the mitotic check-
point genes and Ki-67 LI was evaluated using correlation coef-
ficient (r) and regression equation. An association between
BUB1 immunohistochemical status and clinicopathological fac-
tors was evaluated by the Student’s t test or a cross-table using
the chi-square test. Disease-free and breast cancer-specific sur-
vival curves were generated according to the Kaplan–Meier
method, and statistical significance was calculated using the
log-rank test. Uni- and multivariate analyses were evaluated by
a proportional hazard model (COX). P values of less than 0.05
were considered significant in this study. The statistical analyses
were performed using the StatView 5.0J software (SAS Institute,
Cary, NC, USA).

Results

Association Between Expression of Mitotic Checkpoint Genes
and Proliferative Activity in the Breast Carcinoma Cases

Ki-67 antibody recognizes cells in all phases of the cell
cycle except G0 (resting) phase [21], and Ki-67 LI is well-

known to be closely correlated with the S phase fraction and
mitotic index in the breast carcinoma [2]. When we
examined an association between expression level of
seven representative mitotic checkpoint genes evaluated
by microarray and Ki-67 LI (Fig. 1), BUB1 was positively
associated with Ki-67 LI (P=0.0012, r=0.67) (Fig. 1a). Sim-
ilar tendency was also detected in BUB1B (P=0.069)
(Fig. 1b), MAD2 (P=0.15) (Fig. 1e), CDC20 (P=0.14)
(Fig. 1f), and TTK (P=0.074) (Fig. 1g) and reverse tendency
inMAD1 (P=0.13) (Fig. 1d), but these did not reach statistical
significance. The status of BUB3 (Fig. 1c) was not associated
with Ki-67 LI in this study. Themicroarray data of these genes
were provided in Supplementary Table S1.

Associations of expression levels among these mitotic
checkpoint genes were summarized in Table 1. Statistically
significant positive associations were detected between
BUB1B and MAD2 (P=0.0002), CDC2 (P=0.0009), or TTK
(P=0.0095), betweenMAD2 and CDC20 (P<0.0001) or TTK
(P=0.0001), and between CDC20 and TTK (P=0.0059).
BUB1 expression was not significantly associated with other
genes examined.

BUB1 Immunolocalization in Human Breast Carcinoma
Cases

Immunoreactivity of BUB1 was detected in the nuclei and/or
cytoplasm of breast carcinoma cells (Fig. 2a–c). BUB1
immunoreactivity was also focally detected in the nuclei of
epithelial cells in morphologically normal glands (Fig. 2d),
while negative in the stroma. No significant BUB1 immu-
noreactivity was detected in the negative control sections in
this study (Fig. 2e).

Associations between nuclear BUB1 immunohistochem-
ical status and various clinicopathological parameters in
breast carcinomas were summarized in Table 2. The number
of BUB1-positive breast carcinomas was 42 out of 104
(40%) cases. Nuclear BUB1 status was significantly associ-
ated with stage (P=0.0070), pathological tumor factor (pT)
(P=0.023), lymph node metastasis (P=0.016), distant me-
tastasis (P=0.041), histological grade (P=0.009), Ki-67 LI
(P=0.003), and cytoplasmic BUB1 status (P=0.0017), while
no significant association was detected in patients’ age,
menopausal status, ER status, PR LI, and HER2 status.

Previous studies demonstrated that γ-tubulin immunore-
activity was closely associated with aberrations of centro-
somes and/or chromosomes in the breast carcinoma [20,
22]. However, no significant association was detected be-
tween γ-tubulin immunoreactivity and nuclear BUB1 status
(P=0.46) in this study (Table 2).

The positive association between nuclear BUB1 status
and stage or distant metastasis was significant regardless
of ER status of these cases, while significant association
between nuclear BUB1 status and pT, lymph node
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metastasis, histological grade, Ki-67 LI, or cytoplasmic
BUB1 status was detected only in ER-positive group
(Table 3).

Cytoplasmic BUB1 immunoreactivity was detected in 60
out of 104 (58%) breast carcinoma cases. Cytoplasmic

BUB1 status was marginally associated with Ki-67 LI in
the breast carcinoma (P=0.052), but no significant associa-
tion was detected between cytoplasmic BUB1 status and
clinicopathological parameters examined in this study
(Table 4).
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Fig. 1 Association between
expression of mitotic
checkpoint genes (i.e., BUB1
(a), BUB1B (b), BUB3 (c),
MAD1 (d), MAD2 (e), CDC20
(f), and TTK (g)) and Ki-67 LI
in the breast carcinoma. Signal
intensity of each gene was
obtained from microarray, and
Ki-67 LI was evaluated by im-
munohistochemistry. Statistical
analysis was evaluated using
correlation coefficient (r) and
regression equation. P values
less than 0.05 were considered
significant and described as
boldface
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Association Between BUB1 Status and Clinical Outcome
of the Patients

In order to examine an association between BUB1 status
and prognosis of the patients precisely, we excluded stage
IV cases and used stages I to III breast carcinoma patients
(n=91) in the following analyses. Nuclear BUB1 status

was significantly associated with an increased incidence of
recurrence (P=0.0001) as demonstrated in Fig. 3a, where-
as cytoplasmic BUB1 status was not (P=0.59) (Fig. 3b).
The multivariate analysis revealed that lymph node metas-
tasis (P=0.0022) and nuclear BUB1 status (P=0.0056)
were independent prognostic factors for disease-free sur-
vival with relative risks over 1.0 (Table 5).

Table 1 Association among ex-
pression levels of seven mitotic
checkpoint genes in 20 breast
carcinomas

Data are presented as P values. P
values less than 0.05 were con-
sidered significant and described
as boldface

BUB1B BUB3 MAD1 MAD2 CDC20 TTK

BUB1 0.37 0.17 0.25 0.61 0.25 0.96

BUB1B 0.88 0.19 0.0002 0.0009 0.0095

(r=0.74) (r=0.68) (r=0.57)

BUB3 0.99 0.25 0.36 0.74

MAD1 0.26 0.53 0.082

MAD2 <0.0001 0.0001

(r=0.80) (r=0.76)

CDC20 0.0059

(r=0.59)

A B

C D

E

Fig. 2 Immunohistochemistry
for BUB1 in the breast
carcinoma. BUB1
immunoreactivity was detected
in the nucleus (a), cytoplasm
(b), or both nucleus and
cytoplasm (c) of the carcinoma
cells. BUB1 immunoreactivity
was focally detected in the
nucleus of morphologically
normal mammary epithelium
(d). e Negative control sections
of BUB1
immunohistochemistry (left
panel: normal rabbit IgG used
instead of the primary antibody
and right panel: no secondary
antibody). Bar=100 mm,
respectively
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Breast cancer-specific survival curves of BUB1 status were
summarized in Fig. 3c and d. A significantly positive correla-
tion (P=0.0007) was detected between nuclear BUB1 status
and adverse clinical outcome of the patients examined, but

cytoplasmic BUB1 status was not associated (P=0.72). In the
univariate analysis (Table 6), nuclear BUB1 status (P=0.011),
histological grade (P=0.018), Ki-67 LI (P=0.026), and lymph
node metastasis (P=0.043) were all detected as significant
prognostic variables for breast cancer-specific survival in this
study. However, a following multivariate analysis revealed
that only nuclear BUB1 status was independent prognostic
factor with a relative risk over 1.0 (P=0.043), whereas histo-
logical grade (P=0.21), Ki-67 LI (P=0.75), and lymph node
metastasis (P=0.087) were all not significant.

In our present study, 51 patients received tamoxifen
therapy following surgery as an adjuvant treatment in ER-
positive stages I-III breast carcinoma cases, and nuclear
BUB1 status was significantly associated with an increased
risk of recurrence in these patients (P=0.0079) (Fig. 4a).
Similar tendency was detected between nuclear BUB1 status
and breast cancer-specific survival of the patients, although
P value did not reach statistical significance (P=0.14). Sig-
nificant association between nuclear BUB1 status and clin-
ical outcome of the patients was also detected in 67 patients
who received adjuvant chemotherapy (P=0.0001 for
disease-free survival (Fig. 4b) and P=0.0028 for breast
cancer-specific survival). Nuclear BUB1 status was signifi-
cantly associated with an increased risk of recurrence
(Fig. 4c) and worse prognosis in the ER-negative stages I-
III cases (n=19), although Pvalues were not available be-
cause no patient had recurrent disease or died in the group of
these nuclear BUB1-negative cases.

Discussion

Results of our present study demonstrated that BUB1 ex-
pression level was significantly associated with Ki-67 LI in
the breast carcinoma cells, and similar tendency was also
detected in BUB1B, MAD2, CDC20, and TTK. Yuan et al.
[14] previously reported that mRNA levels of mitotic check-
point genes, such as BUB1, BUB1B, BUB3, MAD1, MAD2,
CDC20, and TTK, were almost uniformly increased in
breast carcinoma cell lines compared with MCF10A and
mammary epithelial cells. Overexpression of BUB1,
BUB1B, BUB3 [23, 24], and MAD2 [25] was also reported
in the gastric carcinoma cells. In particular, Grabsch et al.
[24] did report a positive association between BUB1,
BUB1B, or BUB3 and Ki-67 mRNA levels in the gastric
carcinoma. Association between BUB1mRNA level and Ki-
67 LI was also reported in the salivary gland tumors [15].
Results of these studies above are all consistent with those
of our present study. However, MAD1 expression tended to
be inversely associated with Ki-67 LI in our present study.
Han et al. [26] reported that MAD1 expression was signif-
icantly reduced in poorly differentiated breast carcinomas,
which may partly explain our present finding. These results

Table 2 Association between nuclear BUB1 immunohistochemical
status and clinicopathological parameters in 104 breast carcinomas

Nuclear BUB1 status P value

+ (n=42) − (n=62)

Patient agea (years) 54.2±1.6 56.0±1.5 0.44

Menopausal status

Premenopausal 17 (16%) 21 (20%) 0.49

Postmenopausal 25 (24%) 41 (39%)

Stage

I 6 (6%) 23 (22%) 0.0070

II 19 (18%) 28 (27%)

III 7 (7%) 8 (7%)

IV 10 (10%) 3 (3%)

Pathological tumor factor (pT)

pT1 11(11%) 30 (29%) 0.023

pT2-4 31 (30%) 32 (31%)

Lymph node metastasis

Positive 25 (24%) 22 (21%) 0.016

Negative 17 (16%) 40 (38%)

Distant metastasis

Positive 10 (10%) 3 (3%) 0.041

Negative 32 (31%) 59 (57%)

Histological grade

1 (well) 1 (1%) 19 (18%) 0.009

2 (moderate) 21 (20%) 27 (26%)

3 (poor) 20 (19%) 16 (15%)

ER status

Positive 32 (31%) 50 (48%) 0.58

Negative 10 (10%) 12 (12%)

PR LIa (%) 28.0±3.7 21.5±4.6 0.27

HER2 status

Positive 14 (14%) 12 (12%) 0.13

Negative 28 (27%) 50 (48%)

Ki-67 LIa (%) 26.8±2.7 14.6±1.9 0.0003

Cytoplasmic BUB1 status

Positive 32 (31%) 28 (27%) 0.0017

Negative 10 (10%) 34 (33%)

γ-Tubulin immunoreactivity

Low 16 (15%) 18 (17%) 0.46

Moderate 15 (14%) 21 (20%)

High 11 (11%) 23 (22%)

P values less than 0.05 were considered significant and described as
boldface
a Data are presented as mean±SEM. All other values represent the
number of cases and percentage
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also indicated that amounts of mitotic checkpoint proteins
were increased in their expression in breast carcinoma cells
according to their proliferative activity, and in particular,
BUB1 was most pronouncedly increased among these
proteins.

This is a first study to demonstrate immunolocalization of
BUB1 in human breast cancer patients. BUB1 immunoreac-
tivity was detected in both the nuclei and/or cytoplasm of
the carcinoma cells. BUB1 protein is involved in the spindle
assembly checkpoints, and therefore, its intracellular local-
ization is postulated to be the nucleus. Grabsch et al. [16]
demonstrated nuclear BUB1 immunolocalization in the gas-
tric carcinoma cells, which is consistent with our present
findings. However, cytoplasmic immunolocalization was
also reported in some mitotic checkpoint proteins in carci-
noma cells. For instances, cytoplasmic BUB1B immunore-
activity was detected in the breast [14] and colon [27]
carcinomas, and cytoplasmic MAD2 immunolocalization
was shown in the colon [28] and gastric [29] carcinomas.
In addition, Burum-Auensen et al. [30] reported that subcel-
lular localization of BUB1B shifted from the cytoplasm to
nucleus during the malignant transformation. Results of our
present study did demonstrate that BUB1 expression was
correlated with Ki-67 LI in the microarray analysis, and
nuclear BUB1 immunoreactivity was also associated with
Ki-67 LI and cytoplasmic BUB1 status. Therefore, BUB1
immunoreactivity is required to be evaluated in the nucleus
in the breast carcinoma tissues.

In our present study, nuclear BUB1 immunoreactivity
was positively associated with stage, pT, lymph node me-
tastasis, distant metastasis, histological grade, and Ki-67 LI

in the 104 breast cancer patients. Shigeishi et al. [15]
reported that BUB1 protein level evaluated by immunoblot
analysis was significantly associated with stage (P=0.02)
and marginally associated with pT (P=0.11) or lymph node
metastasis (P=0.14) in ten salivary gland carcinomas, which
is consistent with results of our present study. Results of our
present study also revealed that nuclear BUB1 status was not
significantly associated with γ-tubulin immunoreactivity,

Table 3 Association between nuclear BUB1 status and clinicopatho-
logical parameters according to ER status in 104 breast carcinomas

Variable Nuclear BUB1 status (positive/
negative)

ER-positive
group (n=82)

ER-negative
group (n=22)

Patient age 0.49 0.84

Menopausal status 0.75 0.43

Stage 0.0081 0.025

pT 0.034 0.19

Lymph node metastasis 0.018 0.57

Distant metastasis 0.032 0.041

Histological grade 0.0006 0.53

HER2 status 0.083 0.94

Ki-67 LI 0.0005 0.28

Cytoplasmic BUB1 status 0.0015 0.39

γ-Tubulin immunoreactivity 0.55 0.42

Data are presented as P values. P values less than 0.05 were considered
significant, and described as boldface

Table 4 Association between cytoplasmic BUB1 immunohistochemi-
cal status and clinicopathological parameters in 104 breast carcinomas

Cytoplasmic BUB1status P value

+ (n=60) − (n=44)

Patient agea (years) 55.9±1.4 54.5±1.8 0.53

Menopausal status

Premenopausal 18 (17%) 20 (19%) 0.11

Postmenopausal 42 (40%) 24 (23%)

Stage

I 12 (12%) 17 (16%) 0.11

II 30 (29%) 17 (16%)

III 8 (8%) 7 (7%)

IV 10 (10%) 3 (3%)

Pathological tumor factor (pT)

pT1 39 (38%) 24 (23%) 0.28

pT2-4 21 (20%) 20 (19%)

Lymph node metastasis

Positive 28 (27%) 19 (18%) 0.72

Negative 32 (16%) 25 (24%)

Distant metastasis

Positive 10 (10%) 3 (3%) 0.13

Negative 50 (48%) 41 (39%)

Histological grade

1 (well) 8 (8%) 12 (12%) 0.19

2 (moderate) 29 (28%) 19 (18%)

3 (poor) 23 (22%) 13 (13%)

ER status

Positive 49 (47%) 33 (32%) 0.41

Negative 11 (11%) 11 (12%)

PR LIa (%) 26.8±4.1 23.1±3.8 0.53

HER2 status

Positive 16 (15%) 10 (10%) 0.74

Negative 44 (42%) 34 (33%)

Ki-67 LIa (%) 22.4±2.2 15.8±2.5 0.052

γ-Tubulin immunoreactivity

Low 16 (15%) 18 (17%) 0.14

Moderate 20 (19%) 16 (15%)

High 24 (23%) 10 (10%)

P values less than 0.05 were considered significant
a Data are presented as mean ± SEM. All other values represent the
number of cases and percentage
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which is reported to reflect centrosome aberrations [22] or
chromosomal changes [20] in the breast cancer. Grabsch et
al. [16] previously reported that BUB1 immunoreactivity
was not associated with DNA ploidy or microsatellite insta-
bility in the gastric carcinoma, which is consistent with the
findings in our present study. Decreased expression level of
mitotic checkpoint proteins may result in defective spindle
checkpoint controls, but further investigations are required
to determine whether BUB1 expression level reflects spindle
checkpoint function or not in human malignancies. Over-
expression of BUB1 lead to chromosome instability of the
cells [31], and BUB1 was also reported to negatively regu-
late p53-mediated early cell death [8, 32]. Therefore, BUB1

may have various biological functions in addition to mitotic
checkpoint and play important roles in the cell proliferation
and/or progression of the breast carcinoma.

Results of our present study also indicated that an associ-
ation between nuclear BUB1 status and aggressive phenotype
of breast carcinoma was more pronounced in ER-positive
cases (Table 3). BUB1 gene has a functional estrogen-
responsive element at 4,500 bp from the most upstream
mRNA 5’-end of the gene [33], and BUB1mRNA expression
was upregulated by estradiol in MCF-7 breast carcinoma cells
[34]. Ebata et al. [35] recently reported that expression profiles
of estrogen-induced genes in ER-positive breast carcinomas
were different between noninvasive and invasive cases, and
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Fig. 3 Disease-free (a, b) and
breast cancer-specific survival
(c, d) of stages I-III breast car-
cinoma patients according to
BUB1 status studied by
Kaplan–Meier method (n=91).
Statistical analysis was evaluat-
ed by the log-rank test. P values
less than 0.05 were considered
significant and described as
boldface

Table 5 Uni- and multivariate
analyses of disease-free survival
in stages I-III breast cancer
patients examined

Data considered significant
(P<0.05) in the univariate anal-
yses were described as boldface
and were examined in the multi-
variate analyses
aData were evaluated as continuous
variables. All other data were eval-
uated as dichotomized variables

Variable Univariate Multivariate

P value P value Relative risk (95% CI)

Lymph node metastasis (positive/negative) 0.0005 0.0022 7.1 (2.0–25.1)

Nuclear BUB1 status (positive/negative) 0.0007 0.0056 4.5 (1.6–13.0)

Pathological tumor factor (pT) (pT2-4/pT1) 0.045 0.39

Adjuvant chemotherapy (yes/no) 0.15

Ki-67 LIa (78%–0%) 0.23

HER2 status (positive/negative) 0.29

Cytoplasmic BUB1 status (positive/negative) 0.59

Histological grade (3/1,2) 0.74
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BUB1 mRNA level was much higher in invasive carcinoma.
Therefore, BUB1 may also play important roles especially in
the estrogen-mediated progression of the breast carcinoma.

In our study, nuclear BUB1 immunoreactivity was signif-
icantly associated with recurrence and aggressive clinical
course in the breast cancer patients, and similar tendency
was also detected in ER-positive cases that received tamox-
ifen therapy or chemotherapy. In addition, results of multi-
variate analyses clearly demonstrated that nuclear BUB1
immunoreactivity was an independent prognostic factor for
both recurrence and breast cancer-specific survival. Dai et
al. [36] reported the occurrence of metastasis is strongly
predicted by a homogeneous gene expression pattern almost
entirely consisting of cell cycle genes within a subset of

breast carcinoma patients characterized by relatively abun-
dant ER expression for their age, and BUB1 was included in
these genes. In addition, Suzuki et al. [37] very recently
identified BUB1 as a gene associated with recurrence of ER-
positive breast carcinomas patients who received tamoxifen
as a result of microarray analysis. The nuclear BUB1 status
was not necessarily associated with ER status in the breast
carcinoma in our study, which also indicated that nuclear
BUB1 immunoreactivity at the time of surgery may reflect
the increased basal level of BUB1 rather than the level
induced by estrogens in the breast carcinoma, and residual
carcinoma cells following surgical treatment in BUB1-pos-
itive breast carcinomas could still have the potential to
rapidly grow and/or metastasize, despite of the tamoxifen

Table 6 Uni- and multivariate
analyses of breast cancer-
specific survival in stages I-III
breast cancer patients examined

aData were evaluated as continuous
variables. All other data were eval-
uated as dichotomized variables

Data considered significant
(P < 0.05) in the univariate anal-
yses were described as boldface,
and were examined in the multi-
variate analyses

Variable Univariate Multivariate

P value P value Relative risk (95% CI)

Nuclear BUB1 status (positive/negative) 0.011 0.043 9.4 (1.1–83.2)

Histological grade (3/1,2) 0.018 0.21

Ki-67 LIa (78%–0%) 0.026 0.75

Lymph node metastasis (positive/negative) 0.043 0.087

Pathological tumor factor (pT) (pT2-4/pT1) 0.091

HER2 status (positive/negative) 0.23

Cytoplasmic BUB1 status (positive/negative) 0.72
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Fig. 4 Association between
nuclear BUB1 status and
disease-free survival in a subset
of stages I-III breast carcinoma
cases (Kaplan–Meier method).
a ER-positive breast carcinoma
cases received tamoxifen thera-
py (n=51), b patients who re-
ceived adjuvant chemotherapy
(n=67), and c ER-negative
breast carcinoma cases (n=19).
Statistical analysis was evaluat-
ed by the log-rank test. P values
less than 0.05 were considered
significant and described as
boldface. c P values were not
available because no patient
had recurrent disease in the
group of nuclear BUB1-nega-
tive cases
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or chemotherapy. The expression of other mitotic check-
point protein MAD2 was reported to be associated with
resistance to neoadjuvant chemotherapy in the uterine cer-
vical cancer [38], and an orally bioavailable TTK inhibitor
(NMS-P715) selectively reduced carcinoma cell prolifera-
tion [39]. Results of our present study may serve as a
starting point for clarification of biological functions and
possible therapeutic potential of BUB1 in breast carcinoma,
but it awaits further investigations for clarification.

In summary, we examined expression profiles of mitotic
checkpoint genes using microarray analysis. Results dem-
onstrated that BUB1 expression was closely associated with
Ki-67 LI in the breast carcinoma cells. A subsequent immu-
nohistochemical analysis did demonstrate that nuclear
BUB1 immunoreactivity was detected in 40% of breast
carcinoma cases and was significantly associated with stage,
pT, lymph node metastasis, distant metastasis, histological
grade, Ki-67 LI, and cytoplasmic BUB1 status of breast
cancer cases. In addition, multivariate analysis further
revealed that the nuclear BUB status was an independent
prognostic factor of the patients. These findings all suggest
that BUB1 plays important roles in the proliferation and/or
progression of breast carcinoma, and nuclear BUB1 immu-
noreactivity is a potent prognostic factor in the breast cancer
patients regardless of ER status.
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