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Novel Polypyridyl Chelators Deplete Cellular Zinc and
Destabilize the X-Linked Inhibitor of Apoptosis Protein
(XIAP) Prior to Induction of Apoptosis in Human Prostate
and Breast Cancer Cells
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ABSTRACT

X-linked inhibitor of apoptosis protein (XIAP), inhibits the initiation and execution phases of the apoptotic pathway. XIAP is the most potent
member of the inhibitor of apoptosis protein (IAP) family of the endogenous caspase inhibitors. Therefore, targeting XIAP may be a promising
strategy for the treatment of apoptosis-resistant malignancies. In this study, we systematically studied the relationships of chemical structures
of several novel ligands to their zinc (Zn)-binding ability, molecular target XIAP, and tumor cell death-inducing activity. We show that
treatment of PC-3 prostate cancer and MDA-MB-231 breast cancer cells with these membrane-permeable Zn-chelators with different Zn
affinities results in varying degrees of XIAP depletion. Following decreased level of XIAP expression, we also show apoptosis-related caspase
activation and cellular morphological changes upon treatment with strong Zn-chelators N4Py and BnTPEN. Addition of Zn has a full
protective effect on the cells treated with these chelators, while iron (Fe) addition has only partial protection that, however, can be further
increased to a comparable level of protection as Zn by inhibition of ROS generation, indicating that cell death effects mediated by Fe- but not
Zn-complexes involve redox cycling. These findings suggest that strong Zn-chelating agents may be useful in the treatment of apoptosis-
resistant human cancers. J. Cell. Biochem. 113: 2567-2575, 2012. © 2012 Wiley Periodicals, Inc.
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T he X-linked inhibitor of apoptosis (XIAP), has recently
received considerable attention due to its ability to directly
inhibit both initiation and execution phases of the caspase cascade.
XIAP is a member of the inhibitor of apoptosis protein (IAP) family,
which selectively binds and inhibits caspases [Eckelman et al.,
2006]. All TAPs contain 1-3 baculoviral IAP repeat (BIR) motifs,
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which are cysteine and histidine rich and can fold into functionally
independent structures that bind zinc (Zn). These domains contain
tails derived from amino-terminal “linker” regions, which are
important to IAP function [Liston et al., 2003]. Many IAPs also
contain RING finger Zn-binding domains, which have E3 ligase
activity as well as caspase activation and recruitment (CARD)
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domains [Yang et al., 2000; Schimmer and Dalili, 2005]. XIAP
contains three BIR motifs and a carboxy-terminal RING finger
domain [Rothe et al., 1995; Duckett et al., 1996; Liston et al., 1996;
Uren et al., 1996]. The BIR2 domain of XIAP can interact with the
amino terminal end of the small subunit of caspase-7, stabilizing the
interaction of the linker in the catalytic groove and causing its
inhibition [Suzuki et al., 2001a], while the linker region accounts
entirely for the inhibition of caspase-3 [Chai et al., 2001; Huang
et al., 2001]. The BIR3 domain directly binds to, and inhibits
caspase-9 through an amino-terminal end created by caspase-9 self-
cleavage [Liston et al., 2003; Shiozaki et al., 2003] while the BIR1
domain displays no inhibitory activity. Importantly, the E3 ligase
activity of the RING finger domain may allow XIAP to trigger
ubiquitination of caspases-3 and -7, a process that represents one of
the potential anti-apoptotic mechanisms of XIAP [Huang et al.,
2000; Suzuki et al., 2001b].

Because many cancers exhibit decreased levels of apoptosis, it is
no surprise that XIAP levels are elevated in many cancer cell lines
and that cancer cells are sensitized to chemotherapeutics by
suppression of XIAP protein [Schimmer et al., 2006]. Additionally,
Zn is very important to the development and progression of both
normal and malignant cells [Provinciali et al., 1995; Chang et al.,
2006; Murakami and Hirano, 2008; Franklin and Costello, 2009].
Zn-binding within the RING finger domain of XIAP is critical to the
function of the enzyme [Sun et al., 2000]. Therefore, chelation of Zn
from the binding domain of XIAP may be a viable strategy for
targeting the enzyme.

In the current study, we show that the treatment of human
prostate (PC-3) and breast (MDA-MB-231) cancer cells with several
novel polypyridyl chelators induces rapid depletion of XIAP protein.
Early XIAP depletion is followed by later apoptosis-specific
caspase-3 activation, poly(ADP-ribose) polymerase (PARP) cleavage
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Fig. 1. Structures and Zn-binding affinities (Zn" Kg) of tested chelators.
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and cellular morphological changes. These cellular results are
approximately correlated with the order of the strengths of Zn
binding for polypyridyl chelators measured in solutions, and can be
reversed by addition of Zn. Addition of iron (Fe), however, has
differential effects, which may be due to generation of ROS. These
important results suggest that some chelators may have modes of
action involving Fe.

COMPOUNDS

Compounds BnTPEN [Duelund et al., 2001], N4Py [Roelfes et al.,
1997], TPEN [Tang et al., 2006], DPA [Wong et al.,, 2010], and
TPA [Britovsek et al., 2005] were synthesized, according to the
methods in the indicated publications, in the Kodanko laboratory
(Wayne State University, Detroit, MI). ZnCl,, Fe(Cl0,),-H,0 and N-
acetylcysteine (NAC) were purchased from Sigma-Aldrich (St. Louis,
MO). Compounds were dissolved in DMSO (Sigma-Aldrich) at stock
concentrations of 50 mM and stored at —20°C.

ZINC DISSOCIATION CONSTANTS

Zinc dissociation constants (Kds) for DPA, TPA, and TPEN are
literature values determined in aqueous solution (0.1 M KNO;)
[Anderegg et al., 1977], and Zn Kds for BhnTPEN and N4Py (see Table
in Fig. 1) were determined spectrophotometrically by the competi-
tion method as previously described [Jackson and Kodanko, 2010].
Values were calculated relative to Fe' using equimolar chelator,
ZnCl,, and FeCl,.

CELL CULTURE AND WHOLE CELL EXTRACT PREPARATION
Human prostate (PC-3) and breast (MDA-MB-231) cancer cells,
purchased from American Type Culture Collection (Manassas, VA),
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were cultured in RPMI-1640 (PC-3) and DMEM/F-12 (MDA-MB-
231) media, respectively, supplemented with 10% fetal bovine
serum (FBS), 100U/ml penicillin and 100 pg/ml streptomycin
(Life Technology, Carlsbad, CA). Cells were maintained in an
atmosphere containing 5% CO, at a temperature of 37°C. Whole cell
extracts were prepared as previously described [An et al., 1998].
Briefly, cells were washed twice with phosphate-buffered saline and
lysed in a whole cell lysis buffer (50 mM Tris-HCI, pH 8.0, 150 mM
NaCl, 0.5% NP40). The mixtures were then vortexed for 20 min at
4°C and centrifuged at 12,000 rpm for 12 min. Supernatants were
collected as whole cell extracts and used for Western blot analysis.

CELL VIABILITY ASSAY

The MTIT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay was used to measure effects of the compounds or
compound-metal (Fe, Zn) mixtures on prostate or breast cancer cell
viability. Cells were plated in 96-well plates and grown to 70-80%
confluency, followed by addition of each compound or compound-
metal mixture at the indicated concentrations (Fe and Zn alone = 10
or 100 wM; N4Py and BnTPEN alone =1, 2.5, 5, 10, or 15 uM and in
combination with metals=5 or 10 uM; DPA, TPA, and TPEN =1,
2.5, 5, 10, or 15 uM) for 20, 24, or 48 h. MTT (1 mg/ml) in PBS was
then added to wells and incubated at 37°C for 3h to allow for
complete cleavage of the formazan salt by viable cells. MTT was then
removed and 100 ul DMSO was added, followed by colorimetric
analysis using a Victor3 multilabel plate reader (PerkinElmer,
Wellesley, MA) at an absorbance of 560 nm. Absorbance values
plotted were the mean from triplicate experiments.

WESTERN BLOT ANALYSIS

PC-3 or MDA-MB-231 cells were treated as indicated in the figure
legends and lysed as described above. Protein concentrations of
whole cell lysates were determined using the Bio-Rad Protein Assay
(Bio-Rad, Hercules, CA). Cell lysates (40 ug) were separated by
sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to nitrocellulose membrane, followed by
incubation with indicated primary (PARP; Enzo Life Sciences,
Farmingdale, NY; XIAP, actin; Santa Cruz Biotechnology, Santa
Cruz, CA; and cleaved caspase-3; Cell Signaling, Danvers, MA) and
secondary antibodies (Bio-Rad) and visualization using enhanced
chemiluminescence reagent (Denville Scientific, Metuchen, NJ) as
previously described [Chen et al., 2005].

CASPASE-3 ACTIVITY ASSAY

Caspase-3 activity was determined by release of AMC groups from a
caspase-3-specific substrate, Ac-DEVD-AMC. Briefly, cells were
treated with each compound as indicated in the figure legends,
followed by preparation of whole cell lysates. The cell lysates (25 .g)
were then incubated in 100 .l assay buffer (20 mM Tris-HCI, pH 7.5)
with 40 WM caspase-3 substrate in a 96-well plate. The reaction
mixture was incubated at 37°C for 2.5 h, followed by measurement
of hydrolyzed AMC groups using a Victor3 multilabel plate reader
(PerkinElmer) with an excitation filter of 380 nm and an emission
filter of 460 nm.

MORPHOLOGICAL CHANGES

Cellular changes in morphology were observed before and after each
treatment using a Zeiss Axiovert 25 microscope (Thornwood, FL).
Rounded and detached cells were considered dead.

STRUCTURES AND ZINC BINDING AFFINITY OF POLYPYRIDYL
LIGANDS DETERMINED UNDER CELL-FREE CONDITIONS

Several unique, cell-permeable (see below) nitrogen-containing
polypyridyl ligands (Fig. 1) have varying denticity, from three for
DPA to six for TPEN. These ligands can bind to metal ions, such as
Fe, Zn, or Cu to form stable metal complexes [Anderegg et al., 1977]
with different binding affinities. The structure and biological
activity relationship of these ligands have never been systematically
investigated. We therefore first determined and compared the Zn-
binding affinity of these ligands in solutions, and found that the
rank of their Zn-binding affinity under cell-free conditions was:
TPEN > BnTPEN > N4Py > TPA >DPA (see Table in Fig. 1). We
then determined the relationship of the Zn-binding strengths
and biological activities of these ligands in intact human cancer
cells.

INHIBITION OF PROSTATE CANCER CELL VIABILITY AND INDUCTION
OF APOPTOSIS BY THE TESTED POLYPYRIDYL CHELATORS ARE
ASSOCIATED WITH DEPLETION OF XIAP

XIAP uses Zn" ion as a cofactor and therefore, the cellular Zn-
binding ability of these ligands can be exploited by measuring effect
on levels of XIAP protein expression. We then determined whether
these Zn chelators could remove Zn from XIAP protein, causing its
degradation and leading to cell death and growth inhibition and
whether the rank of biological activities of these ligands in cultured
cancer cells matches that found in solutions. TPEN and TPA are
known to be cell permeable [Hashemi et al., 2007; Ghosh et al.,
2010]. Because N4Py and BnTPEN show similar chemical structure
and biological activity to TPEN (vide infra), they should be cell
permeable, too.

To determine the effect of these chelators on cell viability, human
prostate cancer PC-3 cells were treated with each of the selected
agent at 1, 2.5, or 5 wmol/L or with DMSO as a solvent control for
24h, followed by performance of MTT assay (see Materials and
Methods Section for details; Fig. 2A). Cells treated with TPEN,
BnTPEN, N4Py, and TPA at 5pmol/L exhibited dramatically
decreased cell viability (about 100%, 100%, 90%, and 90%,
respectively). When cells were treated with 2.5 pmol/L of TPEN,
BnTPEN, N4Py, and TPA, cell viability was reduced by about 700%,
909%, 20%, and 15%, respectively (Fig. 2A), which roughly matched
the rank of their Zn-binding strengths found in solutions (Fig. 1).
The slightly different relative potency of these ligands between
solutions and cells might be due to different stability and
permeability. All of these ligands at 1 wmol/L had no inhibitory
effect (Fig. 2A). Treatment with DPA even at 5 wmol/L resulted in no
inhibition of cellular viability (Fig. 2A). Therefore, the ability of
these ligands to inhibit cellular viability appears to correspond to
their Zn-binding ability determined in solutions.

JOURNAL OF CELLULAR BIOCHEMISTRY

ZINC DEPLETION AND DESTABILIZATION OF XIAP 2 569



A 140 B DMSO
N 1uM
120 E2.5uM
c Od
S100 gy OUM
s
2 80
I3
a 60
3
R 40
20
0
Control DPA TPA TPEN BnTPEN N4PY
B pmMso DPA DPA TPA TPA BnTPENBRTPEN TPEN TPEN N4Py N4Py oM
25 5 25 5 25 5 25 5 25 5 SO
XIAP |cumme e WD — == -
PARP — & 4 -~ - — -—.

Actin _-—-— S Y ————

Fig. 2.

Inhibition of prostate cancer PC-3 cell viability and induction of apoptosis is associated with XIAP depletion and dependent on Zn-binding affinity. A: MTT assay (24 h);

B: Western blot analysis (16 h). The concentration of each compound used was 1, 2.5, or 5 M, as indicated.

Additionally, to determine the effects of chelators on cancer cell
death, Western blot analysis was performed on PC-3 cell lysates after
16 h treatment with 2.5 or 5 umol/L of each chelator. Apoptosis-
associated PARP cleavage was observed in cells treated for 16 h with
all four ligands, TPEN, BnTPEN, N4Py, and TPA, at 5 umol/L
(Fig. 2B). Lower levels of PARP cleavage were observed when these
compounds were used at 2.5 pmol/L (Fig. 2B). Again, we observed
some slight change in relative potency of these ligands under
cellular conditions compared to solution, which could be due to the
difference in stability and permeability of these ligands and possible
experimental errors. Importantly, associated with induction of
apoptosis, depletion of XIAP was observed in cells treated with
2.5 pmol/L of TPEN, BnTPEN, N4Py and TPA, and XIAP was
completely undetectable when these ligands were used at 5 wmol/L
(Fig. 2B), suggesting that XIAP depletion is associated with the
inhibition of cell proliferation and the induction of PARP cleavage
and these effects are, at least partially dependent on Zn-binding
affinities of the chelators. Again, DPA treatment neither generated
PARP cleavage nor XIAP decrease (Fig. 2B).

INHIBITION OF CELL VIABILITY AND INDUCTION OF APOPTOSIS
ASSOCIATED WITH XIAP DEPLETION ARE ALSO OBSERVED IN
HUMAN BREAST CANCER CELLS

Similar effects were also observed in a second cell line, MDA-MB-
231, which was derived from a human breast cancer patient. MDA-
MB-231 cells were treated with the selected chelators at 10 and
15 wmol/L or with the solvent DMSO for 48h, followed by
measurement of cellular viability by MTT assay. We noted that

the treatment time was longer for MDA-MB-231 cells than the PC-3
cells in order to see the inhibitory effect. TPA, TPEN, BnTPEN, and
N4Py treatment resulted in inhibition of cellular viability, while
DPA was again the least potent chelator, causing only 50%
inhibition at 15 pmol/L (Fig. 3A). However, all four chelators (TPA,
TPEN, BnTPEN, and N4Py) were much less potent in MDA-MB-231
cells, reaching a maximum of only 70-85% inhibition of viability at
15 wmol/L (Fig. 3A), than in PC-3 cells, where a maximum inhibition
of nearly 100% was reached after treatment with only 5 pmol/L
(Fig. 2A), which may suggest that this strategy may be more useful in
treating prostate cancer than breast cancer.

Also similar to the results observed in PC-3 cells, Western blot
analysis showed that 3 h treatment with 10 pmol/L of TPA, TPEN,
BnTPEN, and N4Py induced depletion of full-length XIAP, with
almost complete disappearance as a result of BnTPEN treatment
(Fig. 3B). Following decreased levels of XIAP protein at 3 h, caspase-
3 activation was detected after 24 h treatment with 10 wmol/L of
TPA, TPEN, BnTPEN, and N4Py, evident by cleavage of caspase-3
into its active form (17 kDa; Fig. 3B) and induction of caspase-3
enzymatic activity (Fig. 3C). Because an antibody specific for the
cleaved caspase-3 fragment (17kDa) was used, no full-length
caspase-3 bands (36kDa) were detected. Maximum caspase
activation occurred after 24 h treatment with TPA, TPEN, BnTPEN,
and N4Py (approximately, 12-, 7-, 16- and 13-fold, respectively).
This was also accompanied by decreased levels of full-length PARP
protein and/or the appearance of PARP cleavage product after 24 h
treatment (Fig. 3B). Little or no PARP cleavage was observed at 3 h
(Fig. 3B), suggesting that apoptosis occurs after XIAP depletion. In
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Fig. 3.

Inhibition of breast cancer MDA-MB-231 cell viability and induction of apoptosis is associated with XIAP depletion and dependent on Zn-binding affinity. A: MTT

assay (48 h); B: Western blot analysis (3 and 24 h); C: Caspase-3 activity assay (24 h). The concentrations of each compound used were 10 (A-C) or 15 pM (A).

contrast, treatment with DPA induced neither XIAP depletion at 3h
nor apoptosis at 24 h (Fig. 3B,C).

ADDITION OF Zn AND Fe HAS DIFFERENTIAL EFFECTS ON

BnTPEN- AND N4Py-INDUCED CELL VIABILITY INHIBITION

AND APOPTOSIS

To determine the effect of metal addition on BnTPEN- and N4Py-
mediated inhibition of cell viability, PC-3 cells were treated with
each chelator at 5 wmol/L in the absence or presence of Fe or Zn at
various concentrations. Cell viability was subsequently measured by
MTT assay (Fig. 4A). Addition of Zn at concentrations as low as 0.5
(data not shown) to 10 pmol/L reversed inhibition of cell growth by
5 wmol/L N4Py, but Fe, even at concentrations of 5 and 10 pmol/L
exhibited little rescue of cellular viability (Fig. 4A). Also, addition of
Zn at concentrations of 2.5 (data not shown) to 10 wmol/L, but not Fe
even at concentrations as high as 10 pmol/L, reversed inhibition of
cell growth by BnTPEN (Fig. 4B).

Similarly, Zn completely, while Fe partially reversed PARP
cleavage induced by treatment with N4Py and BnTPEN, as found by
Western blot analysis (Fig. 4C). XIAP depletion at 3 h by N4Py was
reversed by both Fe and Zn, while XIAP depletion by BnTPEN was
reversed completely with Zn, but only partially by Fe (Fig. 4C). As
observed with cell viability assay and PARP cleavage, the
morphological changes induced by both ligands were reversible
only by Zn, but not Fe (Fig. 4D). Although Fe partially reversed
PARP cleavage and XIAP depletion induced by both ligands, Fe

addition did not prevent cells from undergoing cell death (Fig. 4D),
consistent with its failure to rescue cells from growth inhibition
mediated by the ligands (Fig. 4A), which may again be explained by
the ligand binding to Fe and producing oxidative stress (see below).
The ability of Fe to rescue XIAP depletion by N4Py, but only
partially rescue that induced by BnTPEN is concordant with N4Py
binding Fe rather than Zn. Inhibition of XIAP degradation upon Fe
addition may partially contribute to decreased apoptosis (Fig. 4C).

PRE-TREATMENT WITH Zn, BUT NOT Fe, REVERSES THE EFFECTS OF
BOTH N4Py AND BnTPEN

To determine if the time at which metal is added affects the reversal
of chelator-mediated effects, PC-3 cells were first treated with
100 pmol/L of Fe or Zn for 48, followed by co-treatment with
10 pmol/L of N4Py or BnTPEN for an additional 3 or 20 h. MTT assay
was then performed to measure cell viability (Fig. 5A). Cells pre-
treated with Zn displayed increased viability compared to cells
treated with either N4Py or BnTPEN alone (Fig. 5A). In contrast, the
inhibition of growth by N4Py and BnTPEN was sustained in cells
pre-treated with Fe (Fig. 5A). Western blot analysis showed that
apoptosis-associated PARP cleavage by N4Py and BnTPEN could
also be reversed by Zn but not Fe (Fig. 5B). Importantly, pre-
treatment with Zn, but not Fe also had a protective effect against
XIAP depletion and apoptosis-associated morphological changes
mediated by both N4Py and BnTPEN (Fig. 5B,C).
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TREATMENT WITH N-ACETYLCYSTEINE (NAC) REVERSES
N4Py-MEDIATED EFFECTS

To elucidate the possible mechanism by which Fe is able to only
partially reverse N4Py-mediated effects as compared to full reversal
by Zn, PC-3 cells were treated with 5 wmol/L of N4Py, 10 wmol/L of
Fe or Zn, and 250 pmol/L of NAC. NAC is an inhibitor of ROS
generation [Aruoma et al., 1989], which may occur in cells treated
with Fe, which can redox cycle, but not in cells treated with Zn.
When cell viability was measured by MTT assay, it was observed that
treatment with NAC and Fe almost completely reversed the effects of
N4Py, to a level comparable to those observed in cells treated with
N4Py and Zn (Fig. 6A).

To further validate the effects of NAC addition, Western blot
analysis was performed on PC-3 cell lysates after treatment with
N4Py, Zn or Fe, and NAC. Interestingly, XIAP depletion by N4Py was
partially reversed by NAC treatment, but PARP cleavage was not
further reversed (Fig. 6B). The partial reversion of XIAP depletion
may be due to the tighter binding of N4Py to Zn compared to Fe (77
times stronger), suggesting that Fe-N4Py may be able to strip Zn
from XIAP to form a more potent cell death-inducing Zn-N4Py
complex. Similarly, cell death associated morphological changes

induced by N4Py were also partially reversed by addition of NAC
(Fig. 6C). These results suggest that some Fe/N4Py-mediated cell
death effects may be due to ROS generated through Fe redox cycling.

Zinc is a known enzyme inhibitor with a well-documented catalytic
role in metalloenzymes, and the removal of Zn from the inhibitory
enzymatic sites leads to increased enzyme activity [Maret et al.,
1999]. However, in some RING-finger containing proteins, such as
XIAP, it is well documented that Zn is important for structural
stability of these enzymes, but the mechanism by which Zn-
chelators induce XIAP depletion is not well-defined. One proposed
mechanism suggests that depletion of full length XIAP may be a
marker for cell death rather than a protective mechanism [Deveraux
etal., 1999; Johnson et al., 2000; Levkau et al., 2001]. Therefore, this
mechanism, as well as others by which the tested Zn-chelators
induce apoptosis must be further investigated. In the current study,
we have investigated this important mechanism by using a series of
novel ligands with various Zn-binding abilities. We propose that
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removal of Zn from the BIR-2 and -3 motifs by novel metal chelators
like BnTPEN and N4Py destabilizes XIAP and causes breakdown of
the enzyme, similar to the previously reported action of TPEN
[Makhov et al., 2008]. Upon depletion of XIAP, caspases are
consequently activated and cells undergo apoptosis (Fig. 7).

These chelators may also bind intracellular Fe, albeit with a lower
affinity, but the Fe-binding ability of these compounds may also
contribute to induction of cell death via an XIAP-independent
pathway involving Fe redox cycling (Fig. 7). The interaction of these
chelators with intracellular Fe and Fe-containing proteins must be
examined. Importantly, other metals such as copper and cadmium
may also bind to XIAP and induce conformational changes which
are associated with destabilization of the enzyme [Mulfti et al., 2006],
suggesting that further exploration into possible interactions of
these metals with the tested chelators is also necessary. Additionally,
while other members of the IAP family contain Zn-binding RING
finger motifs, less is known about the effect of metal chelation on
these enzymes. This is a relationship that must be further elucidated.
Finally, the mechanisms of action of these ligands found in cultured
tumor cells should be confirmed in vivo in the future.

Because cancer cells have been shown to express high levels of
XIAP, this may be a potential target for emerging therapeutics
and while some success has been observed after treatment with
small molecule XIAP inhibitors, recent studies have suggested a
possibility for development of resistance to these inhibitors
[Schimmer et al., 2006]. More recent reports also suggest important
roles for XIAP in non-apoptotic pathways, such as NF-kB, MAPK,

Fig. 7. Proposed mechanism by which Zn-chelators BnTPEN and N4Py induce
cellular death. Zn-chelators with high Zn-binding affinity remove Zn from
XIAP, causing degradation of the enzyme and ultimately leading to apoptotic
cell death. Furthermore, the Fe-binding ability of these compounds may also
contribute to induction of cell death via an XIAP-independent pathway
involving Fe redox cycling.

and the ubiquitin-proteasome pathway, which may have greater
than previously anticipated effects on normal cellular processes
[Srinivasula and Ashwell, 2008; Yang et al., 2009]. Therefore, the
use of strong Zn-chelating compounds that induce depletion of
XIAP may be a very promising strategy for the treatment of human
malignancies.
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