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Differential subcellular localization of X-linked 
inhibitor of apoptosis protein (XIAP) modulates drug 
resistance, cell growth and prognosis in breast cancer
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Evasion from apoptosis is one of the hallmarks of cancer. X-linked inhibitor of apoptosis protein (XIAP) is known to modulate apoptosis by inhibiting caspases and ubiquitinating target proteins. XIAP is mainly found at the cytoplasm, but 
NLS-C-term

recent data link nuclear XIAP to poor prognosis in breast cancer.  Here, we generated a mutant form of XIAP with a nuclear localization signal (XIAP ) and investigated the oncogenic mechanisms associated with nuclear XIAP in breast 
NLS-C-term wild-typecancer. We show that cells overexpressing XIAPΔRING (RING deletion) and XIAP  exhibited XIAP nuclear localization more abundantly than XIAP , as analyzed by confocal microscopy, cell fractionation and immunoblotting 

NLS-C-term ΔRING
(Figures 1 and 2). Remarkably, overexpression of XIAP , but not XIAP , induced chemoresistance (Figure 3) and cell growth (Figure 4), as assessed by cell counting, flow cytometry, clonogenic, MTT and crystal violet assays. 

NLS-C-term
Interestingly, Survivin and c-IAP1 expression, as well as NFKB activity, were not associated with RING-mediated XIAP oncogenic effects (Figure 5). However, ubiquitination of K63, but not K48 chains, was increased following XIAP  
overexpression (Figure 6), pointing to nuclear signaling transduction. Consistently, multivariate analysis found nuclear, but not cytoplasmic XIAP, as an independent prognostic factor in hormone receptor-negative breast cancer patients 
(Figure 7 and 8, Table 1). Altogether, our findings suggest that nuclear XIAP associates with poor outcome and RING-dependent breast cancer growth and chemoresistance.

Figure 1: XIAP expression and subcellular localiza�on in MCF-7 cells 
wild type H467A ΔRINGoverexpressing the vectors pEBB, XIAP , XIAP , XIAP , XIAPNLS N-

NLS C-termterm and XIAP . MCF-7 cells were le� to adhere in petri dishes (10cm) 
for 24 h and therea�er, were transfected with the pEBB, XIAPwild type, 

H467A ΔRING NLS N-term NLS C-termXIAP , XIAP , XIAP  and XIAP  vectors (A) , using Lipofectamine 
2000.  (B) The levels of XIAP expression in XIAP-transfected cells were 
examined by Western blo�ng . (C) MCF7 cells had their cytoplasmic and 
nuclear frac�ons separated by NE-PER kit (Thermoscien�fic). XIAP 
expression was evaluated by Western blo�ng. Lamin B was used as a nuclear 
cons�tu�ve control, while Hsc70, as cytoplasmic cons�tu�ve control. C: 
cytoplasm; N: nucleus. 

Figure 5: Expression pa�ern of NFkB subunits, cIAP1 and Survivin 
following overexpression of XIAP and its mutants in breast cancer 
cells. MCF-7 cells were le� to adhere in petri dishes (10cm) for 24 h 
and therea�er, were transfected with the pEBB, XIAPwild type, 

H467A ΔRING NLS N-term NLS C-termXIAP , XIAP , XIAP  and XIAP  vectors, using 
Lipofectamine 2000.  The expression levels of XIAP, NFkB subunits 
(p50, p105 and p65), cIAP1 and Survivin in XIAP-transfected cells 
were examined in whole cell (A) and frac�oned lysates (B) by 
Western blo�ng . Hsc70 was used as a cons�tu�ve control. Lamin B 
was used as a nuclear cons�tu�ve control. C:Cytoplasm; N: Nucleus 
(C) NFkB transcrip�onal ac�vity was assessed by luciferin-luciferase 
assay.

Figure 6: Overexpression of mutant forms of XIAP is associated with an 
increase in K63, but not K48-linked ubiqui�na�on. MCF-7 cells were le� 
to adhere in petri dishes (10cm) for 24 h and therea�er, were transfected 

wild type H467A ΔRING NLS N-termwith the pEBB, XIAP , XIAP , XIAP , XIAP  and XIAPNLS C-
term vectors, using Lipofectamine 2000.  The expression pa�ern of K63 
and K48 ubiqui�n chains were measured by Western blo�ng using K63 
and K48-specific an�bodies (A) and quan�fica�on was performed 
following normaliza�on against β-ac�n levels (B). 

Figure 7: Overall survival of pa�ents with infiltra�ng ductal breast carcinoma 
grouped according to total, cytoplasmic or nuclear expression of XIAP. The 
impact of XIAP expression and subcellular localiza�on was analyzed in the total 
popula�on (A) and in hormone receptor-nega�ve (B) and posi�ve (C) 
subgroups. The Kaplan-Meier curves were compared by the log-rank test, 
where the value of p <0.05 was considered sta�s�cally significant. HR: 
Hormone Receptors; Cyt: cytoplasmic; Nuc: Nuclear.

Figure 8: Overall survival of pa�ents with infiltra�ng ductal 
breast carcinoma grouped according to XIAP subcellular 
localiza�on and expression of hormone receptors. The impact of 
XIAP subcellular localiza�on and expression of hormone receptors 
was analyzed in the total popula�on following stra�fica�on. The 
Kaplan-Meier curves were compared by the log-rank test, where 
the value of p <0.05 was considered sta�s�cally significant. HR: 
Hormone Receptors; Nuc: Nuclear.

Figure 2: Confocal analysis of XIAP subcellular localiza�on in MCF-7 cells overexpressing 
wild type H467A ΔRING NLS C-termthe vectors pEBB, XIAP , XIAP , XIAP  and XIAP . MCF-7 cells were le� to 

wild type H467Aadhere for 24 h and therea�er, were transfected with the pEBB, XIAP , XIAP , 
ΔRING NLS C-termXIAP  and XIAP   vectors (A), using Lipofectamine 2000. Cells were then fixed and 

labelled with an�-XIAP and an�-HA-tag an�bodies, prior to immuno-fluorescence 
analysis. Nuclei were counterstained with DAPI. 

Figure 3: Effect of overexpression of XIAP and its mutants on doxorubicin (dox) resistance in breast cancer 
cells. MCF-7 cells were le� to adhere in petri dishes (10cm) or, alterna�vely, in 6-well plates for 24 h and 

wild type H467A ΔRING NLS C-termtherea�er, were transfected with the vectors pEBB, XIAP , XIAP , XIAP  and XIAP , using 
Lipofectamine 2000. A�er 24 h of transfec�on, MCF-7 cells were le� to adhere in 96-well plates for 24 h. 
Subsequently, dox was added at 0,5 e 1 µM concentra�ons and the cells were incubated for 24 h for MTT (A) and 
for 72 h for crystal violet assays (B). Op�cal density was obtained at 570 nm and 595 nm, respec�vely. For each 
dox concentra�on, 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. The graphs correspond to means and standard 
devia�on of three independent experiments (Student t test: * p <0.05, considered sta�s�cally significant). (C) 
A�er 24 h of transfec�on, MCF-7 cells were le� to adhere in 6-well plates for 24 h. On the following day, cells 
were treated with dox for 24 h. A�er colony forma�on, cells were stained with crystal violet and had their 
viability measured at 595nm. The graph is representa�ve of three independent experiments. 

Figure 4: Effect of overexpression of XIAP and its mutants on cell growth of 
breast cancer cells. MCF-7 cells were le� to adhere in petri dishes (10cm) 
or, alterna�vely, in 6-well plates for 24 h and therea�er, were transfected 

wild type H467A ΔRING NLS C-termwith pEBB, XIAP , XIAP , XIAP  and XIAP  vectors using 
Lipofectamine 2000. (A) A�er 24 h of transfec�on, MCF-7 cells were le� to 
adhere in 6-well plates for 24 h. A�er colony forma�on, cells were stained 
with crystal violet and has their viability measured at 595 nm. The graph 
corresponds to the mean and standard devia�on of four independent 
experiments (Student t test: *p <0.05; **p <0.01; ***p< 0.001; considered 
sta�s�cally significant). (B) Transfected cells were counted via trypan blue 
exclusion 24 h post transfec�on. 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 devia�on of five 
independent experiments (Student's t test: * p <0.05; considered 
sta�s�cally significant ). (C) Cells were transfected and le� to adhere in 96-
well plate. Cell mitochondrial viability was assessed following 24, 48 and 
72 h a�er dox treatment. Op�cal density was obtained at 570 nm. (D) The 
cell cycle profile of XIAP-overexpressing cells was evaluated by flow 
cytometry analysis of DNA content. The histograms are representa�ve of 
three independent experiments.


