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Abstract: The aim of this study is to determine the expression level of spindle assembly checkpoint (SAC) proteins-
BubR1 and synuclein-gamma (SNCG) in human breast cancer tissues and to test whether there is a relationship 
between their expression levels and clinicopathologic parameters including respons to taxanes, tumor grade, estro-
gen receptor (ER) pozitivity, HER2 status, and overall survival (OS). We analyzed retrospectively paraffin-embedded 
tissue sections from 55 breast cancer patients whose clinical outcomes had been tracked after taxane treatment in 
neoadjuvan and metastatic setting. The expression status of BubR1 and SNCG was defined by immunohistochemis-
try (IHC) using the anti-BubR1 and anti-SNCG antibody. The BubR1 and SNCG was overexpressed in 38% and 62% 
of the study group, respectively. There was borderline significant correlation between low BubR1 expression and in-
creased taxane sensitivity (P=0.05). In contrast, high SNCG expression was significantly associated with decreased 
taxane sensitivity (P=0.01). There was no association between the clinicopathologic parameters including histologic 
grade, ER positivity and HER2 status and the level of these proteins. However, triple negative tumors showed signifi-
cantly more high BubR1 expression than those other molecular subtypes (P=0.04). Kaplan-Meier survival analysis 
failed to show a significant correlation between expression levels of BubR1 and SNCG and overall survival although 
patients with low levels of both proteins had a marginally longer survival time compared to those with high levels. In 
summary, our data suggest that both BubR1 and SNCG may be promising predictive marker rather than prognostic 
marker in patients with breast cancer.
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Introduction

Breast cancer is second leading cause of death 
in women from cancer [1]. In both adjuvant and 
metastatic setting the best affective chemothe-
ropotic drugs are taxanes and antracyclines [2]. 
Due to the cumulative toxixity of antracyclines, 
the importance of taxenes has increased. 
However, one part of patient with breast cancer 
do not benefit from taxanes. The response rate 
to taxanes in metastatic tumors ranges from 
30% to 50% [2]. For this reason, prediction of 
response or resistance to taxanes in breast 
cancer may be helpful to select those patients 
more likely to derive a clinical benefit.

The taxanes, paclitaxel and docetaxel are 
microtubule-stabilizing agents. They bind to 

β-tubulin and result in kinetic abnormalities 
with elevated microtubule formation in the 
dynamics of microtubules by increasing their 
polymerization and inhibiting their depolymer-
ization. In metaphasa, defective sipinle forma-
tion induced by taxanes activates the mithotic 
checkpoint and causes cell cycle arrest, result-
ing in apoptosis [3]. Various molecules includ-
ing microtubule-associated proteins (MAPs), 
spindle assembly checkpoint (SAC) proteins, β 
Tubulin, HER2, p53, BRCA1, CYP3A4, estrogen 
receptor (ER), BCL2, P-glycoprotein and Ki-67 
have been examined for their ability to predict 
response to taxanes [3].

SAC monitors the attachment of spindle micro-
tubules to the kinetochore of each sister chro-
matid for accurate chromosomal segregation in 
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mitosis. In this regulation system, various SAC 
proteins play role including mitotic arrest defi-
cient proteins (MAD 1-3), budding uninhibited 
by benzimidazoles proteins (BUB1-3), Bub1-
related protein kinase (BubR1) and monopolar 
spindle 1 (Mps1) [3]. BubR1 is one of the sev-
eral key proteins needed for correct SAC func-
tion suck as Mad2, centromere-associated 
protein-E (CENP-E), cell-division cycle protein 
20 (Cdc20). It occur the mitotic checkpoint 
complex (MCC) together with Mad2,Bub3 and 
Cdc20, which delays anaphase onset by inhibit-
ing the Anaphase Promoting Complex/cyclo-
some (APC/C) until all kinetochores attached to 
microtubules [4]. This regulatory system pre-
vents aneuploidy by ensuring the segregation 
of only one copy of each pair of duplicated sis-
ter chromatids [3]. Moreover,BubR1 phosphor-
ylates and stabilises p53 during mitosis. 
Therefore, BubR1 is implicated in both spindle 
assembly and DNA damage checkpoints [5]. 

Synuclein gamma are highly expressed in neu-
ronal cells, Synuclein family consists of alpha-, 
beta- and gamma-synuclein. Especially, the 
role of alpha synuclein in neurodegenerative 
diseases has been well documented [6]. In 
addition there are evidences suggesting that 
SNCG increases metastasis and promotes 
genetic instability. In many different malignant 
diseases, its abnormal expression has been 
demostrated [7-10]. Generally, it rarely 
expressed in tumor-matched nonneoplastic 
adjacent tissues [11]. At the celluler level, had 
been demostrated that SNCG prevented the 
formation of MCC by inhibiting BubR1 activity, 
and resulted in an insufficiency of BubR1-
related SAC function [12]. Considering that 
anti-mitotic drugs target microtubules, correct 
functioning of the BubR1 and SNCG would 
seem crucial for an appropriate drug response.

Previous studies have reported that tumor 
expression of BubR1 and SNCG can alter the 
sensitivity to Anthracycline-based agents [13], 
and neoadjuvant chemotherapy [14] in breast 
cancer, respectively. Their expression levels 
may be associated with survival [15-20]. In our 
study, We identified retrospectively the expres-
sion levels of BubR1 and SNCG proteins in par-
affin-embedded breast cancer tissue samples 
obtained from patients with breast cancer and 
evaluated the role of BubR1 and SNCG expres-
sions in predicting treatment response to tax-
anes, which has not been reported in the cur-

rent medical literature. Survival and correlation 
with clinicophathologic parameters were also 
analyzed to determine the prognostic values of 
BubR1 and SNCG in these patients. 

Materials and methods

Patient and tissue sapmles

Cases were selected retrospectively from 
records of Goztepe Medical Park Oncology 
Hospital between the years 2008-2014. The 
study has been approved by the Goztepe 
Medical Park Hospital Ethics Committee under 
the title ‘Retrospective analysis of tissue sam-
ples by immunohistochemistry (IHC)’. Eligibility 
criteria were as follows: (a) Responder and non 
responder patients who had taken AC (doxoru-
bicin/cyclophosphamide) followed by taxanes 
in neoadjuvant setting for locale advanced bre-
ast cancer. (b) Non-responder patients who had 
taken combination of taxanes with cyclophos-
phamid and antracyclin or AC followed by taxa-
nes in neoadjuvant setting. (c) Responder and 
non responder patients who had taken single 
agent taxane in metastatic setting (to exlude 
the effect of other chemotherapeutic on 
response as a bias source in patient selection 
in responder patients). (d) Non responder 
patients who had taken the combination of tax-
anes with any chemotherapeutic agent in meta-
static setting. (e) Patients who had new biopsy 
for metastatic disease, if long time had elapsed 
from initial diagnosis to metstatic diseas. The 
taxanes had been administred as either weekly 
paklitaxel (80 mg/m2) or docetaxel every 3 
weeks (75 mg/m2). A total of 55 patients who 
met egilibility criteria were stratified according 
to tretament responses to taxane into two 
groups as responders and non- responders. 
The responder group (patients with complet 
response, partial response and stable disease)  
and non responder group (progresive disease ) 
were defined according to the Respons 
Evaluation Criteria in Solid Tumor (RECIST).

Immunohistochemical evaluation

Formalin-fixed and paraffin-embedded tissue 
specimens of primary or metastatic breast can-
cer collected in the pathology department 
archive at Goztepe Medical Park Hospital were 
used for IHC staining. Formalin-fixed and paraf-
fin-embedded tissue was cut (4-5 μm) and 
stained with hematoxylin and eosin. A repre-
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sentative slide of each case was selected for 
IHC studies. Sections 4-5 μm thick were placed 
on electrostatic-charged slides (X-traTM, 
Surgipath Medical Industries, Richmond, 
Illinois, USA) and dried at 60°C for at least two 
hours and stained with mouse monoclonal 
BubR1 antibody (GeneTex Clone 5D9, CA USA, 
overnight incubation at a dilution of 1:100) and 

gamma synuclein antibody (GeneTex Clone EP 
1539Y 2 hours incubation at a dilution of 
1:400), IHC staining was carried out according 
to standard streptavidin-biotin-peroxidase me- 
thod. A section of tonsil and hippocampal tis-
sue were used as a positive control for BubR1 
and SNCG, respectively. Sections incubated 
without the primary antibody served as nega-

Figure 1. Stained by immunohistochemistry using the primary antibody againts BubR1 (×200); A. No staining; B. 
Weak (1+); C. Moderate (2+); D. Strong (3+) expression.

Figure 2. Stained by immunohistochemistry using the primary antibody againts SNCG (×200); A. Negative; B. Posi-
tive expression.
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tive controls for both antibody. Expression of 
both proteins was mainly cytoplasmic, although 
some positive nuclei were also seen. For 
BubR1, cytoplasmic staining in tumor cells was 
scored on the following three-point scale: IHC 
score 0, no staining (Figure 1A); 1+, weak 
(Figure 1B); 2+, moderate (Figure 1C); 3+, 
strong expression, comparable to that of cells 
in the germinal centers of normal tonsil (Figure 
1D). Tumors with 0 and 1+ staining intensity 
were considered BubR1 negative, and tumors 
with 2+ and 3+ staining were considered 
BubR1 positive [21]. For SNCG, positive cases 
were defined by the presence of any intensity of 
intracellular staining with red/brown color in 
breast cancer cells, since it is not expressed in 

normal or benign breast tissues (Figure 2B). 
Negative cases were defined by the absence of 
specific intracellular staining as seen in nega-
tive controls (Figure 2A). 

Statistical analysis

Each clinicopathological variable was com-
pared between the BubR1 and SNCG-positive 
and -negative expression groups, and evaluat-
ed with χ2 test. Overall survival (OS) time was 
calculated using the Kaplan-Meier method as 
the duration from the date of diagnosis to the 
date of death or last control. Diferences in sur-
vival among the groups were compared using 
the log-rank test. P < 0.05 (two-tailed) was con-
sidered statistically significant. Statistical anal-
ysis was performed using SPSS, version 15.

Results 

The BubR1 and SNCG expression in breast 
cancer and their relationship to the clinic ef-
fectiveness of taxanes

21 tumors (38%) and 34 tumors (62%) showed 
positive expression for BubR1 and SNCG, 
respectively. 40% of all patients (22/55) were 
resistant to taxanes. 76% of BubR1 positive 
tumors (16/21) had taxane responsive disease, 
compared with 50% of BubR1 negative tumors 
(17/34) (P=0.05). Despite statistically border-
line correlation, tumors with high BubR1 
expression were more sensitive the taxane 
than those low expression. In contrast, 53% of 
SNCG positive (18/34) tumors was resistant to 
taxane, compared with 19% of SNCG negative 
tomors (4/21) (P=0.01). There was significan 
differance between the SNCG negative and 
positive group with respect to clinic effective-
ness of taxanes. The association between the 
response to taxane and the expressions of 
these proteins is summarized in Tables 1 and 
2.

Association of BubR1 and SNCG expression 
with clinical parameters

Three tumors whose diagnosis are available 
only from metastatic sites were not evaluated 
for histologic grade. There was no significan 
association between clinical parameters such 
as tumor grade, ER positivity, HER2 status and 
expression levels of BubR1 and SNCG proteins. 
However, 61% of triple negative tumors (8/13) 

Table 1. Associations between clinicopatho-
logical variables and the expressions of 
BubR1

Variable n
BubR1 expression

P
High Low

Responder 33 16 17 0.05*

Non responder 22 5 17
Triple negative 13 8 5 0.04**

Other subtypes 42 13 29
ER positive 35 12 23 0.3
ER negative 19 9 10
HER2 positive 11 3 8 0.4
HER2 negative 43 18 25
Grade 1-2 32 20 12 0.7
Grade 3 20 12 8
*P=0.05; **P < 0.05.

Table 2. Associations between clinicopatho-
logical variables and the expressions of SNCG

Variable n
SNCG expression

P
High Low

Responder 33 16 17 0.01*

Non responder 22 18 4
Triple negative 13 8 5 0.9
Other subtypes 42 26 16
ER positive 35 20 15 0.4
ER negative 19 13 6
HER2 positive 11 7 4 0.8
HER2 negative 43 26 17
Grade 1-2 32 18 14 0.7
Grade 3 20 14 6
*P < 0.05.
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were BubR1 positive, compared with 31% of 
other molecular subtypes (13/42) (P=0.04). 
There was significant association between tri-
ple negative tumors and level of BubR1 expres-
sion (Tables 1 and 2).

Association of BubR1 expresssion with survival

After 15 patients with short term follow up tak-
ing neoadjuvant treatment were exluded, the 
remaining 40 metastatic patients were evalu-
ated for OS. 18 of 40 patients died in the dura-
tion from the date of diagnosis to last control. 
The longest survival 117 mounts. Median sur-
vival time in patient with positive and negative 
BubR1 expression was 36 and 71 mounts, 
respectively (Log-rank test, P=0.2, Kaplan 
Meier curve; Figure 3A). Median survival time 
in patient with positive and negative SNCG 
expression was 32 and 58 mounts, respective-
ly (Log-rank test, P=0.3, Kaplan Meier curve; 
Figure 3B). There was no significant associa-
tion between the BubR1 and SNCG-positive 
and -negative groups with respect to OS.

Discussion

The association of SAC proteins with response 
to taxanes and clinical significance of their 
overexpression have been recently investigat-
ed [22-24]. In this study, we focused on wheth-
er BubR1 and SNCG expressions in breast can-
cer tissues were predictive marker of taxane 
sensitivity. The contradictory results had been 
reported for BubR1 in various studies per-
formed in cancer cell lines. While two study 
reported that low level expression of BubR1 

was associated with increased sensitivity to 
taxanes [22, 25], conversely, other two study 
reported that low BubR1 expression was asso-
ciated with decreased sensitivity to taxanes 
[24, 26]. However, so far there have been no 
clinical study performed to confirm these pre-
clinical observations except for our study in 
prostate cancer. Previously, we reported that 
high BubR1 expression was not associated 
with respons to docataxel, but significantly 
associated with OS in patients with prostate 
cancer [19]. Here we showed that tumors with 
high BubR1 expression were more sensitive to 
taxane than those low expression (borderline 
significance P=0.05).

BubR1 was reported to be upregulated in vari-
ous cancers suck as lung, breast, colon, esoph-
agus, stomach, kidney, bladder, ovary, thyroid 
and liver [27-34]. In a number of these studies, 
its overexpression has been related to chromo-
somal instability, DNA aneuploidy, more 
advanced pathologic stage and a higher histo-
logic grade. In our study, 38% of patients with 
breast cancer had BubR1 positive tumors. This 
proportion was slighty greater compared with 
those of previous two reports in breast cancer 
(25% and 32%) [16, 21]. There were no correla-
tion with tumor grade, ER positivity and HER2 
status. Hovever, triple negative tumors had sig-
nificantly more high BubR1 expression than 
those other molecular subtypes.

In a current study Kung et al demostrated the 
elevated CENP-E expression in the basal like 
molecular subtype relative to other subtypes 
and reported that CENP-E inhibition by PF-2771 

Figure 3. Overall survival in (A) BubR1 and (B) SNCG positive and negative patients. Despite no significant correla-
tion, patients with low BubR1 and SNCG expression had a longer survival time.
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selectively inhibits proliferation of basal breast 
cancer cell lines [35]. BubR1 kinase activity is 
essential the mitotic checkpoint and is directly 
stimulated by CENP-E binding to it [36]. 
Considering that the interaction between 
CENP-E and BubR1 is curicial for correct mitotic 
checkpoint fonction, our findings have support-
ed that like CENP-E, BubR1 may be also likeley 
to a important target for triple negative breast 
cancer. Maciejczyk et al. analyzed the expres-
sion of BubR1 in 98 stage II breast cancer 
patients with a median follow-up of 15 years. 
They reported that Elevated BubR1 expression 
was associated with precense of metastasis to 
lympf node and poor survival in early stage 
breast cancer patients but without any assso-
ciation of BubR1 with the histological tumor 
grade, estrogen ve progesterone receptor posi-
tivity, HER2 status and tumor stage [18]. Du et 
al reported that high BubR1 expression was 
associated with high Ki67 labeling index and 
high histological grade [37].

There are several contradictory results between 
high BubR1 expression and survival in litera-
ture. Ovarian and breast cancer studies showed 
that patients with high BubR1 expression had 
significantly shorter recurrence-free survival 
(RFS) rates [17, 18]. Conversely, patients with 
low BubR1 expression showed shorter survival 
in colorectal cancer [20], and oral squamose 
cell cancer study showed no correlation 
between BubR1 and survival [21]. We found 
that despit no statisticaly significant corelation, 
patients with low BubR1 expression showed 
longer overall survival period, compared with 
those of high BubR1 expression. Our results 
related to triple negative tumors and survival 
may reflect some limitation due to the small 
size of the semple and presence of censored 
data.

SNCG was first named Breast cancer-specific 
gene 1 (BCSG1) as it is highly expressed in 
advanced breast cancer. Then, its overexpres-
sion was showed in many other solid tumors 
including, gastric, lung, pancreatic, colon and 
ovarian cancer [38-40]. At the cellular level, 
SNCG increases metastasis and promotes 
genetic instability. At the molecular level, SNCG 
functions like a heat-shock protein (Hsp)-based 
multiprotein chaperone complex for stimulation 
of ER signalling. It increases the ligand-binding 
capacity of ER [41]. Moreover, SNCG protects 

the function of HER2 by preventing disruption 
of Hsp90 [42]. Wu et al confirmed the preclini-
cal observation mentioned above by showing 
that patients whose tumors expressed SNCG 
had a significantly shorter DFS and a high prob-
ability of death when compared with those 
whose tumors did not express SNCG [15]. 
Moreover, they reported that there was no sig-
nificant correlation between the BubR1 expres-
sion and clinicopathologic parameters includ-
ing ER, PR and HER2 status except for lenf 
nodu involvement and stage. In contrast, 
Martin et al reported that high SNCG expres-
sion was associated with tumour grade but not 
with survival of patients with breast cancer 
[11]. 

At the cellular level, a number of study showed 
that overexpressed SNCG resulted in resis-
tance to microtubilising drugs [12, 43-45]. 
However, there is no clinic study performed to 
confirm these preclinic observations. In our 
study we confirmed the findings at the cellular 
level by showing the strong association between 
the high SNCG expression and the resistanse 
to taxane (P=0.01). But we did not find any 
association with clinicopathologic paremeters 
includin tumor grade, ER, HER2, molecular sub-
types and survival. Our results related to clinic 
parameters and survival may reflect some limi-
tations related to the small size of the sample, 
heterogeneity in the distribution of cases for 
ER, PR, HER2 and molecular subtypes, and to 
the presence of censored data.

In summary, BubR1 and SNCG was overex-
pressed in about 38% and 62% of patients with 
breast cancer, respectively. Low BubR1 and 
high SNCG espression were associated with 
decreased taxane sensitivity. Triple negative 
tumors showed more high BubR1 expression 
than other molecular subtypes. Despit no sts-
tistical significance, patients with high BubR1 
and SNCG expression tended to have shorter 
overall survival period. In this clinicopathologi-
cal study, our findings confirmed the preclinical 
results that low BubR1 and high SNCG expres-
sion was associaated with decreased taxane 
sensitivity. Despite the relatively limited num-
ber of cases, our data imply that both BubR1 
and SNCG may be promising predictive marker 
rather than prognostic marker in patients with 
breast cancer.
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