Differential subcellular localization of X-linked
inhibitor of apoptosis protein (XIAP) modulates drug
resistance, cell growth and prognosis in breast cancer

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
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
cancer. We show that cells overexpressing XIAPARING (RING deletion) and XIAP™ ™™ exhibited XIAP nuclear localization more abundantly than XIAP"“™™, as analyzed by confocal microscopy, cell fractionation and immunoblotting
(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.
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.
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HA-XIAP Figure 3: 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-well plates for 24 h and
thereafter, were transfected with the vectors pEBB, XIAP™ ™, XIAP™™ XIAP*™ and XIAP"™ ™ using
Lipofectamine 2000. 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 uM concentrations and the cells were incubated for 24 h for MTT (A) and

Figure 1: XIAP expression and subcellular localization in MCF-7 cells
overexpressing the vectors pEBB, XIAP"" "™, XIAP"*™, XIAP*™°, XIAPNLS N-
term and XIAP™ ““™. MCF-7 cells were left to adhere in petri dishes (10cm)
for 24 h and thereafter, were transfected with the pEBB, XIAPwild type,

XIAPMS7% XIAP*™ XIAP"™M™ 30 d XIAPMS™ yactors (A) , using Lipofectamine Figure 2: Confocal a”alﬁjfygf XIAPHfsgAbceIIuIAaRIEGIocaIizatiomsigelr\n{lCFJ cells overexpressing for 72 h for crystal violet assays (B). Optical density was obtained at 570 nm and 595 nm, respectively. For each

L the vectors pEBB, XIAP , XIAPT™, XIAP™" and XIAP . MCF-7 cells were left to dox concentration, the cell lines transfected with the different XIAP-encoding plasmids were compared to the
2000'. (B) The levels of X.IAP expression n XIAP-tran§fected ceIIs. were adhere for 24 h and thereafter, were transfected with the pEBB, XIAP™ ™, XIAP™", XIAP wild-type transfected cells and to the empty vector pEBB. The graphs correspond to means and standard
examined by Western blotting . (C) MCF7 ceI.Is had their q‘/topl.a_smlc and XIAP™™ and XIAP™>""™ vectors (A), using Lipofectamine 2000. Cells were then fixed and deviation of three independent experiments (Student t test: *.p <0.05, considered statistically significant). (C)
nuclear. fractions separated by NE_PE.R kit (Thermosuen‘uﬁc). XIAP labelled with anti-XIAP and anti-HA-tag antibodies, prior to immuno-fluorescence After 24 h of transfection, MCF-7 cells were left to adhere ir; 6-weII-pIa;tes for 24 h. On the following day c-eIIs
expression was evaluated by Western blotting. Lamin B was used as a nuclear analysis. Nuclei were counterstained with DAPI. were treated with dox fo’r 24 h. After colony formation, cells were stained with .crystal violet and had’their

constitutive control, while Hsc70, as cytoplasmic constitutive control. C:

cytoplasm; N: nucleus. viability measured at 595nm. The graph is representative of three independent experiments.
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Figure 4: Effect of overexpression of XIAP and its mut.ants on c_eII growth of S AXIAP HA-XIAP Q ‘.@h & Ny o (C) Hormone receptor *
breast cancer cells. MCF-7 cells were left to adhere in petri dishes (10cm) QD N p— N I p—
or, alternatively, in 6-well plates for 24 h and thereafter, were transfected Figure 5: Expression pattern of NFkB subunits, clAP1 and Survivin XIAP* T oytxiapt __nuc XIAP*
with pEBB, XIAP™ ™, XIAP™™, XIAP*™™ and XIAP"™ ““™ vectors using following overexpression of XIAP and its mutants in breast cancer Figure 6: Overexpression of mutant forms of XIAP is associated with an _ T n=72 |08] S n=60| 08 —__r=20
Lipofectamine 2000. (A) After 24 h of transfection, MCF-7 cells were left to cells. MCF-7 cells were left to adhere in petri dishes (10cm) for 24 h increase in K63, but not K48-linked ubiquitination. MCF-7 cells were left = AP | g CW&EP'-* 6 nuc XIAP™
adhere in 6-well plates for 24 h. After colony formation, cells were stained and thereafter, were transfected with the pEBB, XIAPwild type, to adhere in petri dishes (10cm) for 24 h and thereafter, were transfected @ n=20 | n=32| n=72
with crystal violet and has their viability measured at 595 nm. The graph XIAP™™  XIAP™™°, XIAP™ "™ and XIAP" “*™ vectors, using  with the pEBB, XIAP™ ™, XIAP™™, XIAP*™, XIAP"* "™ and XIAPNLS C- E 04- 04 04
corresponds to the mean and standard deviation of four independent Lipofectamine 2000. The expression levels of XIAP, NFkB subunits term vectors, using Lipofectamine 2000. The expression pattern of K63 3 . . "
experiments (Student t test: *p <0.05; **p <0.01; ***p< 0.001; considered (p50, p105 and p65), clAP1 and Survivin in XIAP-transfected cells and K48 ubiquitin chains were measured by Western blotting using K63 | | '
statistically significant). (B) Transfected cells were counted via trypan blue were examined in whole cell (A) and fractioned lysates (B) by and K48-specific antibodies (A) and quantification was performed oo+ P= 0.870 oo P= 0772 00 P= 0015
exclusion 24 h post transfection. The total number of cells transfected with Western blotting . Hsc70 was used as a constitutive control. Lamin B following normalization against B-actin levels (B). 00 20 40 60 80 100 00 20 40 60 80 100 00 20 40 60 80 100
the empty vector (pEBB) each experiment was normalized to the value of was used as a nuclear constitutive control. C:Cytoplasm; N: Nucleus Follow-up (years)
1. The graph corresponds to means and standard deviation of five (C) NFkB transcriptional activity was assessed by luciferin-luciferase
independent experiments (Student's t test: * p <0.05; considered assay. Figure 7: Overall survival of patients with infiltrating ductal breast carcinoma
statistically significant ). (C) Cells were transfected and left to adhere in 96- grouped according to total, cytoplasmic or nuclear expression of XIAP. The
well plate. Cell mitochondrial viability was assessed following 24, 48 and 1] = Figure 8: Overall survival of patients with infiltrating ductal Impacit quIAP exprzsslonhand subcellularlocallzahoh was analy;edlnﬁhetotgl
72 h after dox treatment. Optical density was obtained at 570 nm. (D) The | " Rencl, R e Xwe | breast carcinoma grouped according to XIAP subcellular pot|)ou ation T(:) ;n | " Mo_rmone receptor-negahvz (bB) e;\n I posmze (€)
cell cycle profile of XIAP-overexpressing cells was evaluated by flow e T w1 localization and expression of hormone receptors. The impact of suh groupr)]s. Ie apfan- OEIOeE: curves weLe codmparg . y”t © o.gﬁ-.ran tilsI;c,
- : : | - . : :
cytometry analysis of DNA content. The histograms are representative of 7, | RH e XAP XIAP subcellular localization and expression of hormone receptors I\ilv ere t : value o Cp <0. Iwas. cT\lnS| |(zreI statistically significant. :
threeindependent experiments. 5 was analyzed in the total population following stratification. The ormone Receptors; Lyt: cytoplasmic; Nuc: Nuclear.
Table 1: Multivariate analysis of XIAP expression and localization and breast cancer prognostic factors E 0 4— _ Kaplan—Meier curves were compa red by the Iog—rank test, where
3 , —r - epe _
Total population Homone receptor-positive patients Hormone receptor-negative patients ' ' RH- nuc XIAP+ the value of p <0.05 was considered Stahsnca”y Slgmﬁcant' HR:
0,24 ~ —.. | Hormone Receptors; Nuc: Nuclear.
Multivariate analysis
p= 0.000
Characteristics p HR (95% Cl) p HR (95% CI) p HR (95% ClI) 0,07
| | I I I !
Age at diagnosis 0.814 0055 (0964-1.048) 0569 0.569 (0.933-1.039) 0409 0682 (0.957 - 1.114) 00 20 40 80 80 100
Tumor size 0631 0231 (0583-1.386) 0767 0.088 (0.640 - 1.389) 0.206 1.600 (0.181 - 1.446) Follow-up (years)
Tumor grade 0.340 0912  (0686-2.987) 0498 0.459 (0.504 - 4.089) 0.061 3.497 (0.910 - 55.629)
Her2 expression 0.161 1.964 (0556-34.298) 0.986 0.000 (0.000 - ) 0.560  0.340 (0.184 - 22,867)
Hormone receptors 0.023* 5.167 (1.140 - 5.878)
Total XIAP expression 0.756 0.097  (0.264-6.333) 0406 0,691 (0.024 - 4.503) 0.326 0.966 0.223 - 92.968) P A’TRI A A M AD A

( )
Cytoplasmic XIAP 0.720 0.128 (0.334 -4.894) 0.554 0.351 (0.198 - 20.574) 0669 0.183 (0.174 - 15.216)
( )

Nuclear XIAP 0.358 0.846 0.175-1.875 0.567 0.328 (0.231 - 14.459) 0.011* 6.504 (0.004 - 0.483) MlNlSTERlO DA B R A S I L

p= 0.05; statistically significant; HR: Hazard ratio; Cl- Caonfidence interval “
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