
Figure 7: Effect of overexpression of XIAP and its mutants on doxorubicin (dox) resistance in 
breast cancer cells. MCF-7 cells were left to adhere in petri dishes (10cm) or, alternatively, in 6-

wild type H467Awell plates  for 24 h and thereafter, were transfected with the vectors pEBB, XIAP , XIAP , 
ΔRING NLS C-term

XIAP  and XIAP , using Lipofectamine 2000. (A) After 24 h of transfection, MCF-7 cells were 
left to adhere in 96-well plates for 24 h. Subsequently, dox was added at 0,5 e 1 µM concentrations 
and the cells were incubated for 24 and 72 h for MTT and crystal violet assays. Cell viobility was 
measured at 570nm and 595nm, respectively. For each dox concentration, the cell lines 
transfected with the different XIAP-encoding plasmids were compared to the XIAP wild-type 
transfected cells and to the empty vector pEBB. Graph A corresponds to means and standard 
deviation of three independent experiments (Student t test: * p <0.05, considered statistically 
significant). (B) Cells were transfected and left to adhere in 96-well plate. After 24, 48 and 72 h of 
drug exposure, they were fixed and stained with crystal violet and has their viability measured at 
595nm (n=1). (C) After 24 h of transfection, MCF-7 cells were left to adhere in 6-well plates for 24 
h. The cells were treat with dox for 24 h and left for 14 days in the CO  incubator. After colony 2

formation, cells were stained with crystal violet and has their viability measured at 595nm (n=1). 

Figure 5: Evaluation of XIAP expression and subcellular localization 
wild type H467A

in MCF-7 cells overexpressing the vectors pEBB, XIAP , XIAP , 
ΔRING NLS N-term NLS C-termXIAP , XIAP  and XIAP . MCF-7 cells were left to adhere 

in petri dishes (10cm) for 24 h and thereafter, were transfected with 
wild type H467A ΔRING NLS N-term NLS C-termthe pEBB, XIAP , XIAP , XIAP , XIAP  and XIAP  

vectors , using Lipofectamine 2000.  (A) The levels of XIAP expression 
in XIAP-transfected cells were examined by Western blotting . (B) 
MCF7 cells had their cytoplasmic and nuclear fractions separated by 
NE-PER kit (Thermoscientific). XIAP expression was evaluated by 
Western blotting. Lamin B was used as a nuclear constitutive control, 
while β-tubulin as cytoplasmic constitutive control. C: cytoplasm; N: 
nucleus. 
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Introduction.

 Aim: Results and Methods: 

Conclusion: 

 Breast cancer is the most common malignancy within women in Brazil and worldwide. Evasion from apoptosis and uncontrolled proliferation are hallmarks of this tumor, resulting in unbalanced levels of proliferation and cell death. In 
this context, XIAP emerges as an inhibitor of apoptosis protein (IAP) which exerts its antiapoptotic function through the binding and inhibition of caspases, as well as ubiquitination of target proteins. XIAP is mainly found at the cytoplasm of tumor and 
non-tumor cells, although its expression can also be detected at the nucleus in some cells types. Previous data from our group show that XIAP may be located at the cytoplasm and nucleus in breast cancer patients' samples, but the role of XIAP in 
different cell compartments remains unclear.  To evaluate the impact of XIAP subcellular localization on cell proliferation, drug resistance and prognosis in breast cancer. Our data show that XIAP expression is detected in all 

Rcell lines investigated but it can be found abundantly at the nuclear fraction in the doxorubicin resistant cells, MCF-7 Dox  as assessed by subcellular fractionation and Western blotting (Figure 1). Through MTT (Figure 2) and clonogenic assays (Figure 
R R3), we observed that dox treatment reduced cell viability and colony formation capacity in all cell lines studied, but not in MCF-7 Dox  cells. Accordingly, MCF-7 Tax  paclitaxel-resistant cells showed XIAP nuclear expression (Figure 4), confirming a 

ΔRINGpossible correlation between the presence of nuclear XIAP and resistance to drugs used in the breast cancer treatment, regardless of its mechanism of action. Also, overexpression of nuclear XIAP through the transient transfection of XIAP  and 
NLS C-termXIAP  mutants (Figure 5), resulted in increased proliferative capacity of MCF-7 cells, although it could not change the cell cycle profile, as assessed by cell counting, clonogenic, cell viability, cristal violet assays and flow cytometry (Figure 6). 

Consistently, induction of nuclear XIAP expression promoted resistance to dox treatment, assessed by MTT, crystal violet and clonogenic assays (Figure 7), confirming our previous findings regarding the presence of XIAP in the nucleus of 
chemoresistant cells. Analysis of Kaplan-Meyer curves revealed that XIAP nuclear localization conferred a poor prognosis differently from cytoplasmic XIAP, which was associated with a trend of increased survival rate in hormone receptor-negative 

patients (Figure 8). Accordingly, cytoplasmic XIAP expression was associated with age ≥ 50 years and T1 tumor size, known favorable prognostic factors in breast cancer (Table 1 and 2). In multivariate analyses, we found that nuclear XIAP was an 
independent prognostic factor in our group of hormone receptor-negative patients (Table 3). Taken together, our data show that XIAP expression can be found at different subcellular compartments in cell lines and breast cancer patients' 
samples. Remarkably, nuclear XIAP was associated with cell growth and drug resistance in vitro, as well as poor clinical outcome in hormone receptor-negative patients, leading to a more aggressive phenotype in breast cancer (Figure 9). 

Figure 2: Cell viability profile of breast-derived cell lines following 
R

doxorubicin (dox) treatment. MDA-MB-231, MCF-7, MCF-7 Dox  , 
BT549 and HB4a cells were plated in 96 well plates and left to 
adhere for 24 h. Subsequently, dox was added at increasing 
concentrations and the cells were incubated for 24 (A), 48 (B) and 
72 h (C). Metabolic activity was measured by the MTT assay at 570 
nm. Cell lines were compared with their control of untreated cells. 
The graphs correspond to the mean ± standard deviation of three 
independent experiments. (Student’s t-test: * p <0.05; ** p <0.01; 
*** p <0.001; it was considered statistically significant).

Figure 3: Changes in colony formation induced by doxorubicin (dox) in 
R (breast-derived cell lines. MDA-MB-231 (A), MCF-7 (B), MCF-7 Dox C), 

BT549 (D) and HB4a cells (E) were plated in six-well plates and left to adhere 
for 24 h. Subsequently, dox was added at increasing concentrations. After 
48 h of drug exposure, the medium was changed and the cells were left for 
14 days in the CO  incubator. After colony formation, cells were stained with 2

crystal violet and has their viability measured at 595nm. The graphs 
correspond to the mean ± standard deviation of three independent 
experiments. (Student’s t-test: * p <0.05; ** p <0.01; *** p <0.001; it was 
considered statistically significant).

Figure 8: Overall survival of patients with infiltrating ductal breast carcinoma grouped 
according to total, cytoplasmic or nuclear expression of XIAP. The impact of XIAP 
expression and subcellular localization was analyzed in the total population (A) and in 
hormone receptor-negative (B) and positive (C) subgroups. The Kaplan-Meier curves, were 
compared by the log-rank test, where the value of p <0.05 was considered statistically 
significant. HR: Hormone Receptors; Cyt: cytoplasmic; Nuc: Nuclear.

Figure 9: Association between the 
nuclear localization of XIAP and its 
oncogenic role in breast cancer. XIAP 
expression can be found in different 
subcellular compartments in breast 
cancer cell lines and patient samples. 
XIAP expression in the nucleus is 
associated with a drug resistance 
phenotype and an increase in 
proliferative capacity in vitro. In 
addition, the presence of XIAP in the 
nucleus confers an unfavorable 
prognosis to patients with hormone-
negative breast cancer, pointing to an 
oncogenic role of nuclear XIAP.

Figure 4: XIAP subcellular localization and changes in colony formation 
R.

induced by paclitaxel in MCF-7 and MCF-7 Tax  Cells were left to adhere for 
24 h and then had their cytoplasmic and nuclear fractions separated by the 
NE-PER kit (Thermoscientific). (A) Subsequently, XIAP expression was 
evaluated by Western blotting. Lamin B was used as a nuclear constitutive 
control, while β-tubulin as cytoplasmic constitutive control. C: cytoplasm; 
N: nucleus. (B) Cells were plated in six-well plates and left to adhere for 24 h. 
Subsequently, paclitaxel was added at increasing concentrations. After 48 h 
of drug exposure, the medium was changed and cells were left for 14 days in 
the CO  incubator. Aftercolony formation, cells were stained with crystal 2

violet and has their viability measured at 595nm. The graphs correspond to 
the mean ± standard deviation of three independent experiments. 
(Student’s t-test: * p <0.05; ** p <0.01; *** p <0.001; it was considered 
statistically significant).
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Figure 6: Effect of overexpression of XIAP and its mutants on cell growth of breast 
cancer cells. MCF-7 cells were left to adhere in petri dishes (10cm) or, alternatively, in 6-

wild type H467Awell plates for 24 h and thereafter, were transfected with pEBB, XIAP , XIAP , 
ΔRING NLS C-term

XIAP  and XIAP  vectors using Lipofectamine 2000. (A) After 24 h of transfection, 
MCF-7 cells were left to adhere in 6-well plates for 24 h. The cells were left for 14 days in 
the CO2 incubator. After colony formation, cells were stained with crystal violet and has 
their viability measured at 595nm. The graph corresponds to the mean and standard 
deviation of four independent experiments (Student t test: * p <0.05; considered 
statistically significant). (B) Transfected cells were counted via trypan blue exclusion 24 h 
post transfection. The total number of cells transfected with the empty vector (pEBB) 
each experiment was normalized to the value of 1. The graph corresponds to means and 
standard deviation of five independent experiments (Student's t test: * p <0.05; 
considered statistically significant ). (C) Cells were transfected and left to adhere in 96-
well plate. Cells were fixed and stained with crystal violet 0, 24, 48 and 72 h after adhesion 
and has their viability measured at 595nm. (D) The cell cycle profile of XIAP-
overexpressing cells was evaluated by flow cytometry. Representative figure from two 
independent experiment.

Figure 1: XIAP expression and subcellular localization in a breast-derived cell line panel . (A) The 
analysis of XIAP expression was performed in a panel of cell lines by Western blotting  (B) MDA-MB-231, 

RMCF-7, MCF-7 Dox  , BT549 and HB4a cells were left to adhere for 24 h and then had their cytoplasmic and 
nuclear fractions separated by the NE-PER kit (Thermoscientific). Subsequently, XIAP expression was 
evaluated by Western blotting. Lamin B was used as a nuclear constitutive control, while β-tubulin as 
cytoplasmic constitutive control. C: cytoplasm; N: nucleus

Table 1: Analysis of the association of XIAP expression and localization with clinical-
biologicalparameters in hormone receptor- positive patients

Table 2: Analysis of the association of XIAP expression and localization with clinical-biological 
parameters in hormone receptor- negative patients

Table 3: Multivariate  analysis of XIAP expression and localization in patients with 
infiltrating ductal breast carcinoma according to clinical-biological parameters


