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Inhibitor of apoptosis (IAP) family proteins is involved in mechanisms of resistance to apoptosis in various cancer cells. 
The aim of this study was to assess the expression of selected IAP proteins such as XIAP, cIAP-1, cIAP-2 and survivin in 
breast cancer patients and evaluates their relationship with the prognostic and predictive factors and their impact to overall 
survival (OS) and progression free survival (PFS). The study was conducted with the use of tissue samples prospectively col-
lected from 92 previously untreated female breast cancer patients. The control encompassed 10 fibroadenoma patients. The 
expression of XIAP, cIAP-1, cIAP-2 and survivin was assessed using flow multicolor cytometry. XIAP expression was present 
in 99 % of the breast cancer patients (91/92) with the median expression 13.65% (range 1-66.8%). Expression of XIAP in 
breast cancer was significantly higher compared to the control group (p=0.006). Median expression of cIAP-1, cIAP-2 and 
survivin in the study group was 25.95% (range 0.8-83.7%), 16.7% (range 1-53.2%) and 4.6% (range 0-43%) respectively. In 
the rank Spearman test, strong correlations (p<0.001) were seen among the expressions of XIAP, cIAP-2 and survivin, in all 
combination. Additionally, week correlation between XIAP and cIAP-1 was observed (p=0.02). The median expression of 
XIAP and survivin was significantly higher in more advanced tumors (stages pT2/pT3 vs. pT1). The median PFS and OS in 
breast cancer group were 46.15 and 47.1 months respectively. No significant correlations were observed among expressions 
of IAP family proteins and survival. However, low expression of XIAP in breast cancer showed trend to longer PFS (p=0.08). 
XIAP, cIAP-1 cIAP-2 and survivin participate in antiapoptotic mechanisms in breast cancer and XIAP and survivin seem 
to have the most significant prognostic importance. Further studies are needed to establish more complete prognostic and 
predictive values of IAP family proteins in breast cancer patients. 
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Breast cancer is the most common malignancy seen in 
female patients worldwide [1]. During last decades major 
advances have been made in screening for risk factors as-
sociated with breast cancer in high-prevalence areas [2]. 
Knowledge regarding clinical symptoms of breast cancer and 
the possibilities of screening tests among healthy population 
is higher comparing to the other malignancies and wide ac-
ceptance among women for breast cancer screening results in 
increased detection rate of early breast cancer [3]. Additionally 
to improve long term outcome multidisciplinary approach 
including surgery, chemotherapy and radiotherapy is proposed 
to most breast cancer patients. Despite this facts, almost 80% 
of operable, node positive breast cancer patients after adjuvant 
treatment die from progression of the disease within 30 years 

of diagnosis [4]. An understanding of the molecular pathways 
of breast cancer development may contribute toward an im-
provement of the outcome of treatment by introducing new, 
more effective therapies. 

Apoptosis is the process by which damaged cells, includ-
ing cancer cells, are eliminated, and aberrant suppression of 
apoptosis is one of the mechanisms responsible for cancer 
development [5,6]. Besides the Bcl-2 family proteins, the 
most potent antiapoptotic factors are the inhibitors of apop-
tosis (IAP) family proteins that bear structural similarity to 
baculoviral IAP repeat (BIR) domains at the N-terminus [7, 8, 
9]. These domains are responsible for inhibition of apoptosis 
by binding the active sites of caspases, which are the crucial 
proteases in apoptotic pathways. The second well-described 
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domain present in some IAP members is a particularly in-
teresting new gene (RING) domain at the C-terminus. This 
domain behaves as ubiqiutin protein ligase (E3), which is 
the final labeling enzyme targeting the proteins for degrada-
tion [10]. Eight IAP proteins have been found in humans, 
including cellular IAP-1 (cIAP-1), cellular IAP-2 (cIAP-2), 
X  chromosome-linked IAP (XIAP), survivin, BIR repeat-
containing ubiquitin conjugating enzymesystem (BRUCE), 
neuronal apoptosis inhibitory protein (NAIP), melanoma IAP 
(MLIAP) and IAP-like protein 2 (ILP2) [11]. 

IAP family proteins are present in most normal tissues 
and play an important role as inhibitors of apoptosis [5,6]. 
However, these proteins seem to be responsible for resist-
ance to apoptosis in cancer cells. The association between 
upregulation of IAP family proteins, such as XIAP, cIAP-1, 
cIAP-2 and survivin, and an unfavorable course of disease 
has been confirmed in chronic lymphocytic leukemia [12]. 
Also, pathological overexpression of IAP family members 
has been observed in various solid tumors including prostate 
cancer, breast cancer, pancreatic cancer, gastric cancer and 
melanoma [13-18].

In breast cancer, the overexpression of XIAP and survivin 
have been found to be overexpressed in both breast cancer cell 
lines and in tumor tissues [14,19]. Although overexpression 
of survivin is associated with poor prognosis in most human 
cancers, the prognostic role of this protein is ambiguous in 
breast cancer patients [14, 20, 21]. Knowledge regarding 
the expression of the other IAP family members is limited, 
especially concerning the clinicopathological data of breast 
cancer. 

In this paper we describe the expression of 4 most potent 
IAP family members including XIAP, cIAP-1, cIAP-2 and 
survivin in breast cancer patients. To our knowledge, this 
is the first study, where the expression of IAP’s family panel 
was assessed in breast cancer patients using flow multicolor 
cytometry, with the aim of evaluating their relationship with 
the prognostic and predictive factors of breast cancer. The 
impact of the expression of XIAP, cIAP-1, cIAP-2 and survivin 
proteins to the overall survival (OS) and disease free survival 
(PFS) was also evaluated. 

Patients and methods

Patients and specimens. The study was conducted with the 
use of tissue samples prospectively collected from 92 previ-
ously untreated female breast cancer patients operated on at 
the Department of Surgical Oncology, Medical University of 
Lodz, between January 2008 and December 2010. The median 
age of patients was 59 years (range 38-89) (Table 1). The control 
encompassed 10 fibroadenoma patients (median age 30 years; 
range 24-53). The staging was assessed according to the 2010 
pTNM AJCC/UICC classification. Tumor specimens were 
obtained during surgery and stored at -80°C until needed. Ap-
proval for the study was obtained from the Ethics Committee 
of the Medical University of Lodz.

Specimens processing and flow-cytometry assessment. 
Methods of sample collecting and flow cytometry process-
ing are described in detail elsewhere [22]. Briefly, about 0.5 
to 1cm3 fresh tissues were collected immediately from the 
resected tumors and stored frozen in -800C. Preparing to the 
cytometry assessment, defrosted tissues were suspended in 
2.1% citric acid/0.5% Tween 20. Cell suspensions were fixed 
in 70% ethanol and phosphate buffered saline (PBS; Sigma 
Aldrich Chemie Gmbh, Steinheim, Germany). Then they 
were incubated in 0.01% saponin (Sigma Aldrich Chemie 
Gmbh, Steinheim, Germany) for 1 min. afterwards, the cells 
were incubated with primary antibodies at a dilution of 1: 100 
(anti-XIAP, anti-cIAP-1, anti-cIAP-2, anti-survivin; all poly-
clonal goat Ab, R&D System, Minneapolis, MN, USA) at 4oC, 
overnight. On the following day, the samples were incubated 
with secondary FITC-conjugated Abs at dilution 1:20 for 
120min. The samples were then resuspended in 400ul PBS and 
subjected to flow cytometry analysis. Simultaneously, samples 
with isotype controls were prepared (Normal Goat IgG control, 
1:100 dilutions, R&D System, Minneapolis, MN, USA).

Flow cytometry analysis. All measurements were per-
formed using flow cytometry (FACScan; Becton-Dickinson, 
San Jose, CA, USA). An acquisition gate was established based 
on FSC (forward scatter) versus SSC (side scatter) distribution, 
which included cells according to previous immunophenotype 
(cytokeratine 19). Cell fluorescence was measured using stand-
ard emission filters: FL1 (green, 515-545nm). For each analysis 
10,000 events were acquired and analyzed using CellQuestPro 
software (Becton Dickinson, San Jose, CA, USA). 

The IAP-s-positive cells were identified after gating based 
on appropriate isotype controls. Expression of XIAP, cIAP-1, 
cIAP-2, survivin was presented as a percentage of positive cells 

Table 1. Clinical and pathological characteristic of study group (n=92). 

Variables Number %
Age
<50yr
≥50yr

12
80

13
87

Tumor stage (pT)
T1
T2, T3

34
58

37
63

Lymph node status (pN)
N0
N1, N2, N3

35
57

38
62

Histological type of cancer
Histological grade 
G1
G2 and G3

14
78

15
85

Receptor status
ER positive 
ER negative
PR positive
PR negative
Her-2 positive
Her-2 negative

71
21
62
30
21
71

77
23
67
33
23
77
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in the whole population of tumor cells. All flow cytometry 
measurements were performed on 10,000 cells per sample. 
“High” and “low” expression levels were established based on 
the median of XIAP, cIAP-1, cIAP-2, survivin -positive cells 
estimated in the whole group of patients (Figure 1). 

Statistical analysis. Statistical analysis was performed 
with the use of Statistica 7.0 (Tulusa, OK, USA) software. The 
expression of the evaluated proteins in the study group and 
control was compared with the Mann-Whitney U test. Cor-
relations between variables were assessed by the Spearman 
rank correlation coefficient (R). PFS and OS were assessed 
using Kaplan-Meier method. The log-rank test was used for 
comparison of OS and PFS in subsequent subgroups. P values 
p <0.05 were considered statistically significant. 

The overall survival (OS) is defined as the time from the 
start of treatment to death from any cause. The progression free 
survival (PFS) is defined as the time from the start of treatment 
until objective tumor progression or death.

Results

Expression of XIAP, cIAP-1, cIAP-2 and survivin in 
breast cancer group and control. XIAP expression was 
present in 99% of the breast cancer patients (91/92). The 
median expression of XIAP in this group was 13.65% (range 
0.1-66.8%). In the control, XIAP was found to be expressed 
in 80% of the patients. Median expression of XIAP in the 
control was 3.35% and ranged from 0.1 to 39%. Expression 
of XIAP in breast cancer was significantly higher compared 
to the control group (p=0.006).

Median expression of cIAP-1, cIAP-2 and survivin in the 
study group was 25.95% (range 0.2-79.1%), 16.7% (range 0.3-
62.2%) and 4.6% (range 0-12.3%) respectively. These results 
were not significantly different compared to the control. The 
expression of evaluated proteins is summarized in Table 2. 

In the rank Spearman test, strong correlations (p<0.001) 
were seen among the expressions of XIAP, cIAP-2 and survivin, 
in all combination. Additionally, week correlation between 
XIAP and cIAP-1 was observed (p=0.02) (Table 3). 

Correlation of XIAP, cIAP-1, cIAP-2 and survivin ex-
pression with clinico-pathological characteristics. In the 
study group, the median expression of XIAP and survivin 
was significant higher in more advanced tumors (stages pT2/
pT3 vs. pT1). Additionally, XIAP expression was associated 
with the presence of estrogen receptor in tumors. The me-
dian expression of cIAP-2 was higher in node positive breast 
cancer (pN1-N3). Relations among proteins expression and 
clinicopathological characteristic of study group were sum-
marized in Table 4. 

Influence of XIAP, cIAP-1, cIAP-2 and survivin expres-
sion on progression free survival (PFS) and overall survival 
(OS). The median PFS for the study group was 46.15 months 
(range 8.1-71.3). Better PFS was influenced by node negative 
and ER positive breast cancer (p=0.006 and p=0.048 respec-
tively; Table 4). Trend to longer PFS was observed in patients 

Figure 1. Ecxpression of XIAP, cIAP-1, cIAP-2, survivin with isotyte con-
trols in flow cytometry,
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Table 2. Expression of XIAP, cIAP-1, cIAP-2 and survivin in breast cancer group and control

Number of 
positive samples 
in study group 

Median 
expression in 

study group (%)

Range of 
expression in 

study group (%)

Number of 
positive samples 

in control 

Median 
expression in 
control (%)

Range of 
expression in 

control group (%)

p value for median 
expression 

comparison
XIAP 91/92 (99%) 13.65 0.1-66.8 8/10 (80%) 3.35 0.1-39 0.006
cIAP-1 92/92 (99%) 25.95 0.2-79.1 10/10 (100%) 17.6 0.2-79.1 ns
cIAP-2 92/92 (100%) 16.7 0.3-62.2 10/10 (100%) 8.9 0.3-65.8 ns
survivin 90/92 (98%) 4.6 0-12.3 9/10 (90%) 4.0 0-38.9 ns

ns= not significant

Table 3. Relationships among XIAP, cIAP-1, cIAP-2 and survivin expression in rank-Spearman test. 

XIAP cIAP-1 cIAP-2 Survivin
XIAP x P=0.02

R=0.16
p<0.001
R=0.40

p<0.001
R=0.40

cIAP-1 p=0.02
R=0.16

x p<0.001
R=0.58

p<0.001
R=0.69

cIAP-2 p<0.001
R=0.40

p<0.001
R=0.58

x p<0.001
R=0.50

survivin p<0.001
R=0.40

p<0.001
R=0.69

p<0.001
R=0.50

X

Table 4. Clinico-pathological features of breast cancer patients (n=92) and expression of IAP proteins.

Characteristic XIAP median (range) 
expression

cIAP-1 median (range) 
expression

cIAP-2 median (range) 
expression

Survivin median (range) 
expression

Age
< 50 years 
≥50 years
p-value

4.3 (0.6-66.0)
3.4 (0.1-27.6)

0.96

18.5 (0.2-52.0)
18.9 (0.5-79.1)

0.35

10.1 (1.6-53.2)
9.5 (0.3-62.2)

0.76

2.1 (0-8.2)
1.4 (0-12.3)

0.66
Tumor stage 
pT1
pT2/pT3
p-value

1.9 (0.1-19.8)
6.6 (0.1-33.4)

0.02

14.9 (0.2-69.3)
21 (0.5-79.1)

0.36

7.4 (0.3-62.2)
10.3 (1.7-60.5)

0.07

1.15 (0-12.3)
1.7 (0-9.6)

0.18
Node stage
pN0
pN1/pN2/pN3
p-value

2.9 (0.1-19.8)
5.3 (0.1-33.4)

0.26

15.3 (0.6-56.2)
19.7 (0.2-79.1)

0.47

6.8 (0.3-37.8)
12.5 (1.7-62.2)

0.02

1.2 (0.1-8.6)
1.7 (0-12.3)

0.47
Tumor grade
G1
G2/G3
p-value

2.6 (0.1-27.6)
2.6 (0.9-16.6)

0.98

17.6 (0.2-79.1)
48.1 (6.6-57.3)

0.19

8.0 (0.3-42.3)
8.6 (7.2-25.0)

0,58

1.6 (0-9.6)
1.2 (0.6-2.2)

0.84
ER status 
positive
negative
p-value

5.9 (0.1-33.4)
2.2 (0.1-13.9)

0.03

15.6 (0.4-79.1)
21.0 (0.2-69.3)

0.5

9.3 (0.6-42.3)
6.4 (0.3-27.3)

0.85

1.7 (0.1-9.6)
0.8 (0-9.1)

0.11
PR status
positive
negative
p-value

3.2 (0.4-33.4)
2.8 (0.1-13.9)

0.12

19.2 (0.4-79.1)
15.3 (0.2-69.3)

0.38

9.7 (0.6-42.3)
5.1 (0.3-37.8)

0.07

1.7 (0.1-9.6)
0.8 (0-9.1)

0.27
Her-2  status
Positive
negative
p-value

4.1 (0.6-14.7)
3.0 (0.1-33.4)

0.52

19.4 (0.4-46.8)
14.2 (0.2-79.1)

0.77

7.9 (1.3-36.4)
10.7 (0.3-42.3)

0.32

0.8 (0.1-4.7)
1.2 (0-9.6)

0.1
Triple negative (ER -, 
PR-, Her-2 -)
Yes
No
p-value

3.6 (0.1-33.4)
2.2 (0.1-9.1)

0.26

19.4 (0.4-79.1)
5.0 (0.2-69.3)

0.74

8.6 (0.6-42.3)
4.6 (0.7-27.3)

0.80

1.6 (0.1-9.6)
0.8 (0-9.1)

0.99
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with low expression of XIAP compared to “high expressors” 
(p=0.08, Table 4). CIAP-1, cIAP-2 and survivin did not influ-
ence PFS (Table 5).

The median OS for evaluable breast cancer patients was 
47.1, ranged from 13.8 to 71.3 months. Better OS was observed 
in node negative breast cancer patients (Table 6). Expression 
of XIAP, cIAP-1, cIAP-2 and survivin in study group did not 
impact OS. 

Discussion

In this study we have observed expression of XIAP, cIAP-1, 
cIAP-2 and survivin in samples taken from both breast cancer 
and fiboradenoma , the latter constituting the control, which 
may indicate that the development of these two types of breast 

tumors is connected with the presence of IAP proteins, result-
ing in cell resistance to apoptosis. This finding is consistent 
with previous studies conducted in either cell lines or tumor 
samples [14, 18, 23, 24]. Additionally, Foster et al demonstrated 
in breast cancer cell lines that the use of a combination of IAP 
antagonists with proapoptotic agents promotes apoptosis, 
suggesting that this combination of drugs could offer a clini-
cal benefit in breast cancer patients [23]. Recently published 
study by Hennessy et al., conducted in cell lines and in breast 
cancer patients, indicated that the novel dimeric IAP antago-
nist – compound 14 (AZD5582) is promising candidate for 
clinical development as an anticancer agent [25]. 

Despite the presence of XIAP, cIAP-1 cIAP-2 and survivin 
expression in breast cancer samples at diagnosis we did not 
confirmed theirs impact to patient’s survival, besides the trend 

Table 5. Factors associated with probability of PFS (univariate analysis 
– log-rank test)

Factor n PFS at  
36 months 

(%)

p

Age
<50yr
≥50yr

12
80

83
87

0.75

Grade
G1
G2 and G3

14
78

100
83

0.30

Tumor
T1
T2, T3

34
58

100
77

0.01

Node
N0
N1, N2, N3

35
57

100
77

0.006

ER
Positive
Negative

71
21

92
73

0.048

PR
Positive
Negative

62
30

90
83

0.4

HER-2
Positive
Negative

21
71

86
90

0.34

Triple negative (ER -, PR-, Her-2 -)
Yes
No

13
79

86
100

0.32

XIAP
≤Me
>Me

46
46

100
76

0.08

cIAP-1
≤Median
>Median

46
46

88
81

0.62

cIAP-2
≤Median
>Median

46
46

90
81

0.57

Survivin
≤Median
>Median

46
46

84
84

0.85

Table 6. Factors associated with probability of OS (univariate analysis – 
log-rank test) 

Factor n OS at  
50 months 

(%)

p

Age
<50yr
≥50yr

12
80

84
91

0.52

Grade
G1
G2 and G3

14
78

100
88

0.39

Tumor
T1
T2, T3

32
58

91
89

0.69

Node
N0
N1, N2, N3

35
51

100
79

0.01

ER
Positive
Negative

71
21

94
80

0.1

PR
Positive
Negative

62
30

95
83

0.11

HER-2
Positive
Negative

21
71

86
92

0.58

Triple negative (ER -, PR-, Her-2 -)
Yes
No

13
79

86
91

0.57

XIAP
≤Median
>Median

46
46

100
89

0.24

cIAP-1
≤Median
>Median

46
46

92
88

0.78

cIAP-2
≤Median
>Median

46
46

94
87

0.44

Survivin
≤Median
>Median

46
46

93
89

0.84
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between longer PFS and lower XIAP expression in tumor 
cells. In breast cancer prognostic value of IAP family proteins 
expression is not well defined. To our knowledge this is the 
first study assessing the prognostic role of cIAP-1 and cIAP-2 
proteins in breast cancer. Most of the studies are focused on 
survivin. Recently published meta-analysis encompassing 
15 studies with total 2,202 breast cancer patients confirmed 
significant associations between positive expression of sur-
vivin and worse overall survival [26]. The prognostic value 
of XIAP in breast cancer patients was investigated by Zhang 
Y et al [27]. They reported a significant relationship between 
nuclear staining of XIAP protein and shorten OS of breast 
cancer patients. 

XIAP protein is recognized as the most potent caspase 
inhibitor among IAP family members [28]. In our study, 
expression of XIAP protein was present in almost all breast 
cancer patients with a significantly higher expression than 
that of the fibroadenoma samples. Additionally in survival 
analysis we observed trend to longer PFS of breast cancer 
patients with lower expression of XIAP protein. These 
observations may suggest that this IAP member plays an 
important role in cancerogenesis in breast cancer patients. 
Similarly, an immunohistochemical assessment showed that 
XIAP expression was present in 84.3% of breast invasive 
ductal carcinoma cases with a high immnoscore [27]. This 
study also indicates that in breast cancer, the positive ratio 
and immunoscore of XIAP are significantly higher than 
those of the Smac/Diablo protein, which is a potent inhibitor 
of apoptosis protein family members. In our previous study, 
we also observed a lower expression of Smac/Diablo protein 
in breast cancer compared to the control, which indicates 
that Smac/Diablo and XIAP are inversely expressed in this 
malignancy [29]. 

IAP family proteins play a similar role in cell resistance to 
apoptosis. In our study, we observed a correlation between the 
expressions of XIAP, cIAP-1 cIAP-2 and survivin in all com-
binations, as well as a relationship between the expression of 
XIAP and cIAP-1, which indicates the integration of multiple 
IAP proteins in antiapoptotic mechanism in breast cancer. 

The suppression of apoptosis is considered an important 
mechanism leading both to cancer formation and progres-
sion [6]. Therefore it might be expected that expression of 
antiapoptocic IAP proteins increase with tumor progression. 
Our data partly confirms this hypothesis, as median expres-
sion of XIAP and survivin was markedly higher in more 
advanced breast cancer (stages pT2/pT3 vs. pT1). Addition-
ally XIAP expression was associated with the presence of the 
estrogen receptor (ER) in tumors. The relationship between 
survivin expression and the presence of negative prognostic 
factors in breast cancer has been confirmed in many studies 
[30,31,32]. Youssef et al. observed that high survivin expression 
is significantly related to the larger size of the tumor, higher 
histological grade, lymph node metastases, advanced tumor 
stage, as well as ER- and progesterone receptor (PR) negative 
hormonal status of breast cancer [31]. Similarly, Singh et al 

report a significant relationship between survivin expression 
and histological grade of invasive ductal breast carcinoma 
[30]. Adamkov et al confirmed immunohistochemically that 
survivin is a  poor prognostic factor of ductal breast carci-
noma, indicating relationships between nuclear expression 
of survivin and tumor grade 3 and nuclear and cytoplasmic/
nuclear expression and vascular invasion in tumor [32]. How-
ever, in other studies, no correlation between the expression of 
survivin and clinicopathological prognostic factors of breast 
cancer including tumor size was observed [14, 33]. Perhaps the 
changes result from the different cellular locations of survivin 
[32]. Data concerning XIAP indicates that XIAP expression 
increases with grade of ductal invasive breast carcinoma, as 
well as ductal breast carcinoma in situ [34] with no relation-
ship to hormonal receptor status. The ambiguity of the role 
of XIAP protein in breast cancer behavior should be clarified 
in a larger survey. 

In our study, we observed significantly higher expression 
of cIAP-2 in node positive breast caner (pN1-N3). No cor-
relations were found between cIAP-1 protein levels and the 
clinicopathological features of breast cancer. To our knowl-
edge, until now, there have been no studies determining the 
role of these proteins in breast cancer. High expression of 
cIAP-1 and cIAP-2 was found to be a poor prognostic factor 
in bladder cancer patients, where expression of cIAP-1 and 
cIAP-2 strongly correlates with tumor stage, tumor grade, 
tumor recurrence and tumor related death [35]. On the other 
hand, downregulation of cIAP-1 was connected with an un-
favorable outcome in renal cell carcinoma [36], all of which 
may indicate that the function of cIAP-1 and cIAP-2 and their 
role in cancer behavior depend on tumor type. 

In conclusion we confirmed that XIAP, cIAP-1 cIAP-2 and 
survivin might participate in antiapoptotic mechanisms in 
breast cancer. However, in short time follow-up we did not 
observe implications associated with the degree of IAP expres-
sion to patient survival. Further studies are needed to establish 
more complete prognostic and predictive values of IAP family 
proteins in breast cancer patients.
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