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Abstract Amplification of the MycN oncogene charac-

terizes a subset of highly aggressive neuroblastomas, the

most common extracranial solid tumor of childhood.

However, the significance of MycN amplification for tumor

cell survival is controversial, since down-regulation of

MycN was found to decrease markedly neuroblastoma

sensitivity towards conventional anticancer drugs, cis-

platin, and doxorubicin. Here, we show that a redox-silent

analogue of vitamin E, a-tocopheryl succinate (a-TOS),

which triggers apoptotic cell death via targeting mito-

chondria, can kill tumor cells irrespective of their MycN

expression level. In cells overexpressing MycN, as well as

cells in which MycN was switched off, a-TOS stimulated

rapid entry of Ca2? into the cytosol, compromised Ca2?

buffering capacity of the mitochondria and sensitized them

towards mitochondrial permeability transition and sub-

sequent apoptotic cell death. Prevention of mitochondrial

Ca2? accumulation or chelation of cytosolic Ca2? rescued

the cells. Thus, targeting mitochondria might be advanta-

geous for the elimination of tumor cells with otherwise

dormant apoptotic pathways.

Keywords Mitochondria � Apoptosis �
Calcium � MycN

Introduction

Neuroblastoma (NB) is the most common extracranial

solid tumor in childhood. Amplification of the MycN

oncogene characterizes a subset of highly aggressive NBs

and correlates with poor prognosis in patients. MycN

belongs to the Myc family of transcription factors that play

a key role in the regulation of a variety of cellular pro-

cesses, such as cell proliferation, differentiation, and

apoptosis. The Myc gene is deregulated in a host of dif-

ferent tumors, including lung cancer, osteosarcoma,

glioblastoma, breast and cervix carcinomas, myeloid and

plasma cell leukemias, Burkitt’s lymphoma and NB [1].

The views on the role and significance of MycN amplifi-

cation for tumor cell survival are controversial. On the one

hand, amplification of MycN characterizes a subset of

rapidly proliferating and aggressive NBs. On the other, the

ability of MycN to sensitize cells to apoptosis is well

documented. Thus, downregulation of MycN markedly

decreased NB cell sensitivity towards the DNA-damaging

anticancer drugs cisplatin and doxorubicin, which makes

MycN targeting in the treatment of patients problematic [2].

Identifying novel compounds that are equally efficient in

tumor cells with different levels of MycN and/or p53

expression is therefore of critical importance for antitumor

therapy.

Killing tumor cells is the ultimate aim of anticancer

treatment. Among the different forms of cell death, the

molecular mechanisms of apoptosis are so far the best

characterized. Apoptosis is a gene-regulated mode of cell

death responsible for cell deletion during embryogenesis
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and maintenance of tissue homeostasis in the adult organ-

ism. Efficient anticancer therapy is based on the ability to

stimulate dormant apoptotic pathways in tumor cells.

Although it appears that different signals trigger distinct

pathways leading to cell death, they often merge at a

common regulator—the mitochondria. In particular, the

release of pro-apoptotic proteins from the mitochondrial

intermembrane space is regarded as a key event in apop-

tosis induction. Among these proteins are cytochrome c,

apoptosis inducing factor (AIF), Smac/Diablo, and Omi

(reviewed in [3]). Considering their role as key participants

in the cell-death process, targeting of the mitochondria

could contribute to tumor cell elimination. Therefore,

sensitization of the mitochondria via manipulation of their

energy metabolism, stimulation of reactive oxygen species

(ROS) generation (or suppression of antioxidant capacity),

or disruption of intracellular Ca2? homeostasis might all

contribute to more effective anticancer therapy [4].

Recently, a range of compounds, named mitocans (an

abbreviation formed from MITOchondria and CANcer),

were shown to cause cell death via targeting mitochondria

[5]. a-Tocopheryl succinate (a-TOS), a derivative of

tocopherol, is one of the mitocans. In 1982, Prasad and

Edwards-Prasad [6] reported for the first time that this

redox-silent analogue of vitamin E induced morphological

changes and growth inhibition in mouse melanoma cells.

Further, a-TOS was shown to inhibit the proliferation of

avian reticuloendotheliosis virus-transformed lymphoblas-

toid cells in a dose-dependent manner, blocking the cells in

the G2/M cell cycle phase, and to induce apoptosis [7].

a-TOS was also found to destabilize mitochondria, stimu-

lating their production of ROS and to kill malignant cells at

concentrations non-toxic to normal cells and tissues [8].

Although a-tocopherol is known as an important chain-

breaking antioxidant in cells, its derivative, a-TOS, is

apparently unable to act as an antioxidant unless the suc-

cinate moiety is cleaved off. It has been reported that non-

malignant cells have the ability to hydrolyze a-TOS by

means of esterases, gradually releasing a-tocopherol to

prevent membrane oxidative damage [9], whereas in

malignant cells the hydrolysis of a-TOS is suppressed due

to lower esterase activity [8, 10].

In the present study, we show that targeting mitochon-

dria by a-TOS overcomes the resistance of NB cells to

treatment caused by MycN downregulation. a-TOS caused

mitochondrial destabilization followed by permeabilization

of the outer mitochondrial membrane (OMM), release of

pro-apoptotic proteins and activation of the downstream

caspase cascade, irrespective of the cellular MycN or p53

expression levels. These findings support the use of a-TOS

as a tool in tumor cell elimination.

Materials and methods

Cells

Cells were cultured in RPMI 1640 complete medium

supplemented with 10% (w/v) heat-inactivated fetal

calf serum and penicillin/streptomycin (100 U/ml). For

Tet21 N cells, 100 lg/ml hygromycin and 200 lg/ml

geneticine was additionally added to the medium. Cells

were grown in a humidified air/CO2 (5%) atmosphere at

37�C and maintained in a logarithmic growth phase for all

experiments. A stock solution of a-TOS (50 mM) was

prepared by dissolving a-TOS in ethanol. In order to ana-

lyze the significance of MycN for the sensitivity of Tet21 N

cell towards apoptosis inducers, MycN expression was

switched off by adding 0.1 lg/ml of doxycycline (MycN(-)

cells) [11].

Estimation of mitochondrial activity in digitonin-

permeabilized cells

Mitochondrial accumulation of Ca2? was monitored with a

Ca2?-sensitive electrode (Thermo Scientific, Beverly, MA,

USA). Cells were harvested and resuspended in 400 ll of

buffer (150 mM KCl, 5 mM KH2PO4, 1 mM MgSO4,

5 mM succinate, 5 mM Tris, pH 7.4) and added to the

Ca2? electrode chamber. Following a 2-min stabilization

period, cells were permeabilized with digitonin (5 lg/106

cells) and sequential pulses of Ca2? (20 nmol each) were

added to the permeabilized cells until mitochondrial per-

meability transition (MPT) was induced and accumulated

Ca2? released. The total amount of Ca2? causing MPT was

expressed as nmoles of Ca2?/106 cells.

Assessment of cytochrome c release

Cells were digitonin-permeabilized and fractionated into

supernatant and pellet. Samples were mixed with Laemmli’s

loading buffer, boiled for 5 min, and subjected to 15%

sodium dodecyl sulfate polyacrylamide gel electrophoresis

(SDS-PAGE) at 40 mA followed by electroblotting to

nitrocellulose for 2 h at 120 V. Membranes were blocked

for 1 h with 5% nonfat milk in phosphate-buffered saline

(PBS) at room temperature and subsequently probed over-

night with a mouse anti-cytochrome c antibody (BD

Biosciences, San Jose, CA). The membranes were rinsed

and incubated with a horseradish peroxidase-conjugated

secondary antibody (1:10,000). Blots were visualized by

ECL
TM

(Amersham Biosciences, Buckinghamshire, UK) and

X-ray film.
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Measurement of caspase-3-like activity

The measurement of DEVD-AMC (Peptide Institute,

Osaka, Japan) cleavage was performed using a modified

version of a fluorometric assay. Cells were pelleted and

washed once with PBS. After centrifugation, cells were

resuspended in PBS at a concentration of 2 9 106 cells/

100 ll; 25 ll of the suspension were added to a microtiter

plate and mixed with the appropriate peptide substrate

dissolved in a standard reaction buffer (100 mM HEPES,

10% sucrose, 5 mM DTT, 0.001% NP-40 and 0.1%

CHAPS, pH 7.25). Cleavage of the fluorogenic peptide

substrate was monitored by AMC liberation in a Fluoroscan

II plate reader (Labsystems, Stockholm, Sweden) using

355-nm excitation and 460-nm emission wavelengths.

Flow cytometry

Cell death was assessed using the Annexin V-FLUOS

staining kit (Roche, Mannheim, Germany) according to the

manufacturer’s instructions.

Morphological assessment of apoptosis

Cells were seeded on coverslips, fixed for 20 min in 4%

formaldehyde at 4�C, and then washed with PBS. Nuclei

were stained with HOECHST (2 lg/ml) by 10-min incu-

bation at room temperature. Stained slides were mounted

using Vectashield H-1000 (Vector Laboratories Inc., Bur-

lingame, CA, USA) and examined under a Zeiss LSM 510

META confocal laser scanner microscope.

Live cell imaging

Tet21 N cells were incubated for 30 min (37�C, 5% CO2)

in Krebs–Ringer solution containing 5 lM Fluo-4/AM

(Invitrogen-Molecular Probes, Eugene, OR). The Krebs–

Ringer solution contained 119 mM NaCl, 2.5 mM KCl,

1.0 mM NaH2PO4 (monobasic), 2.5 mM CaCl2 2H2O,

1.3 mM MgCl2 6H2O, 20 mM HEPES, 11 mM D-glucose

(dextrose) C6H12O6 and was adjusted to a pH of 7.4. After

the incubation, cells were washed once with Krebs–Ringer

solution and subsequently examined with a Zeiss LSM 510

META confocal laser scanning microscope. Images were

acquired at 0.2 Hz and all drugs were bath-applied.

The amount of cytosolic H2O2 in Tet21 N cells was

assessed using the genetically encoded, targeted to cytosol

fluorescent indicator pHyPer-dCyto (Evrogen, Moscow,

Russia). Cells were seeded on coverslips and, on the fol-

lowing day, transiently transfected with pHyPer-dCyto

using the Lipofectamine LTX/Plus reagent (Invitrogen,

Carlsbad, CA) according to the manufacturer’s instruc-

tions. All experiments were performed using a Zeiss LSM

510 META confocal laser scanning microscope (Zeiss,

Jena, Germany). For the time lapse, cells were cultivated in

the POC-R cell cultivation system (Zeiss, Jena, Germany)

at 37�C and humidified air/CO2 (5%) atmosphere. a-TOS

was applied before start of the time lapse and fluorescence

recorded for 16 h. Measurements were repeated three times

and the H2O2 production at 16 h after treatment expressed

as x-fold increase in comparison with the starting point of

the experiment.

Results

Downregulation of MycN attenuates apoptosis induced

by cisplatin

Treatment of Tet21 N cells expressing MycN (MycN(?)

cells) with 0.1 lg/ml of doxycycline prevented the

expression of MycN (MycN(-) cells) (Fig. 1a). Analysis of

the response of Tet21 N cells to cisplatin revealed a

marked difference between MycN(?) cells and MycN(-)

cells. Switching off MycN prominently suppressed cis-

platin-induced apoptosis, assessed by cytochrome c release

(Fig. 1b), stimulation of caspase-3-like activity (Fig. 1c),

and number of floating cells (Fig. 1d). Switching off MycN

suppressed caspase-3 processing and cleavage of its

downstream target PARP (Fig. 1e). In addition, downreg-

ulation of MycN markedly decreased the number of

cisplatin-treated cells with apoptotic morphology (Fig. 1f).

The dependence of cisplatin-induced apoptosis on MycN

expression was confirmed by the analysis of phosphatidyl

serine (PS) externalization, by staining with Annexin V and

PI (Fig. 1g). Switching off MycN noticeably decreased the

number of cells exposing PS on the outer surface of the

plasma membrane (29.7 vs. 8.3%).

In order to clarify the mechanism of apoptosis sup-

pression in MycN(-) cells, we analyzed the expression

level of the transcription factor p53, which was shown to be

a direct transcriptional target of MycN [12]. p53 is capable

of launching an apoptotic program that includes direct

transcriptional activation of death-inducing genes, such as

Noxa, Puma, and Bax (reviewed in [13]). Treatment with

cisplatin stimulated the expression of p53 in both MycN(?)

and MycN(-) cells, although the level of p53 was distinctly

lower in the MycN(-) cells (Fig. 1h). Further, analysis of

the p53 phosphorylation status revealed a lower phos-

phorylation level of the serine 46 residue in MycN(-) cells,

which is in agreement with recently published data on the

significance of p53 phosphorylation for apoptosis in MycN

overexpressing cells [14]; the extent of phosphorylation

was correlated with the level of total p53 (Fig. 1h). Further,

the expression of Bak, a pro-apoptotic Bcl-2 family pro-

tein, was also significantly lower in cisplatin-treated
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MycN(-) cells (Fig. 1h, lower blot). This may explain the

suppression of cytochrome c release (Fig. 1b) as well as the

processing and activation of caspase-3 and PARP cleavage

in MycN(-) cells.

Downregulation of MycN does not affect apoptosis

induced by a-TOS

In contrast to cisplatin, a-TOS induced apoptosis in

Tet21 N cells irrespective of the status of MycN. Release of

cytochrome c, caspase-3 processing and activity, as well as

the number of floating cells were comparable, or even

modestly enhanced, after switching MycN off (Fig. 2a–d).

In addition to cytochrome c, release of AIF from mito-

chondria after a-TOS treatment was also detected (Fig. 2e).

Accordingly, the number of cells with apoptotic morphol-

ogy was similar in both cell types: 55–60% (Fig. 2f).

a-TOS did not stimulate p53 expression as cisplatin did

(Fig. 2g). Incubation with a-TOS caused suppression in

p53 expression. Accordingly, the content of Bak was also

reduced in both cell lines. It has been shown that a-TOS-

induced permeabilization of the OMM involves formation

of Bax [10] or Bak channels, and that this process is

modulated by Noxa, which is upregulated transcriptionally

in a p53-independent manner [15]. Noxa can facilitate

OMM permeabilization by displacing anti-apoptotic Bcl-2

family members from their complexes with other pro-

apoptotic members, e.g., Bax. Incubation with a-TOS

stimulated the expression of Noxa more prominently in

MycN(?) cells, as compared to MycN(-) cells (Fig. 2h). In

spite of this, there was almost no difference in apoptosis

manifestation between MycN(?) and MycN(-) cells. In

addition, analysis of apoptotic changes in various NB cell

lines with different levels of MycN expression [SK-N-AS,

SK-N-SH, and SK-N-BE (2)] confirmed that OMM per-

meabilization, followed by release of cytochrome c and

processing of caspase-3, was not dependent on MycN

expression (Fig. 2i).

Another mechanism of OMM permeabilization, which

can lead to the release of pro-apoptotic proteins from the
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mitochondrial intermembrane space, is the induction of

MPT due to opening of a non-specific pore (MPT pore) in the

inner mitochondrial membrane (IMM) [16]. A prerequisite

step for pore opening is the accumulation of Ca2? by the

mitochondria; thus, an increase in cytosolic Ca2? level

facilitates MPT induction. We have shown earlier that

a-TOS can stimulate cellular Ca2? uptake, resulting in MPT

induction [17]. Analysis of a-TOS-induced cytosolic Ca2?

transients did not reveal any difference between MycN(?)

and MycN(-) cells (Fig. 3a). In both cell types, the addition

of a-TOS led to a rapid increase in cytosolic Ca2? concen-

tration with subsequent normalization within a few minutes.

Chelation of cytosolic Ca2? by BAPTA markedly decreased

the amplitude of the Ca2? response to a-TOS. When extra-

cellular Ca2? was quenched by EGTA, the cytosolic Ca2?

increase diminished markedly, but not completely, indicat-

ing that release of Ca2? from the endoplasmic reticulum

might contribute to the a-TOS-induced Ca2? transients.

Dissipation of the mitochondrial membrane potential (the

main driving force for Ca2? accumulation) by the uncoupler

CCCP prevented normalization of the Ca2? level in the

cytosol, indicating that it was dependent on Ca2? accumu-

lation by the mitochondria [17]. This was found to be critical

for the apoptotic response, since chelation of cytosolic Ca2?

by BAPTA significantly suppressed the a-TOS-induced

caspase-3-like activity (Fig. 3b).
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A powerful factor sensitizing mitochondria to MPT is

oxidative stress. In view of the ability of a-TOS to stimu-

late ROS production [8], analysis of ROS production in

MycN(?) and MycN(-) cells was performed using genet-

ically encoded, targeted to cytosol fluorescent indicator

pHyPer-dCyto, as described in ‘‘Materials and methods’’.

Figure 3c demonstrates confocal images of cells treated

with 60 lM a-TOS for 16 h, and Fig. 3d shows a fold

increase in ROS content in MycN(?) and MycN(-) cells.

In both cases, a-TOS-induced oxidative stress was com-

parable. In addition, the depletion of thiols was assessed in

MycN(?) and MycN(-) cells as a marker of oxidative

stress. Incubation of cells with a-TOS for 16 h decreased

the level of thiols in both cell lines to the same extent; this

effect was preventable by the antioxidant N-acetylcys-

teine (NAC). (Fig. 3e). a-TOS-induced oxidative stress is

important for apoptosis induction since NAC prominently

decreased a-TOS-mediated caspase-3 activation (Fig. 3f).

Similarly, caspase-3-like activity in a-TOS-treated cells

was diminished by cyclosporin A (CsA), an inhibitor of the

MPT pore (Fig. 3f, dashed bar), indicating that execution

of apoptosis involves MPT induction.

It appears from these findings that exposure to a-TOS is

likely to make mitochondria more sensitive to MPT pore

opening. Indeed, analysis of mitochondrial Ca2? buffering

capacity revealed that treatment with a-TOS markedly

reduced the threshold level of Ca2?, required for MPT

induction. In these experiments, cells were treated with
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60 lM a-TOS or 10 lg/ml cisplatin for 16 h, harvested,

and resuspended in KCl-based buffer containing succinate

as a mitochondrial substrate (see ‘‘Materials and meth-

ods’’). After a 2-min period of stabilization, the plasma

membrane was permeabilized with digitonin (5 lg/106

cells). Addition of Ca2? to the permeabilized cells led to a

rapid increase in the level of this cation in the incubation

buffer followed by a return to the initial level (Fig. 4a) as

mitochondria accumulated the added Ca2?. Mitochondria

took up sequential additions of Ca2? until MPT was

induced and Ca2? was released. The threshold level of

Ca2? required for MPT induction (calcium capacity) was

calculated by summation of all Ca2? pulses. Adminis-

tration of a-TOS caused similar suppression of the

mitochondrial Ca2? capacity in both MycN(?) and

MycN(-) Tet21 N cells (Fig. 4b). In contrast, MycN(-)

cells treated with cisplatin did not show any significant

decrease in Ca2? capacity. The difference between cis-

platin-treated MycN(?) and MycN(-) cells correlates with

the amount of cytochrome c released from their mito-

chondria. These results demonstrate that treatment with

a-TOS sensitizes mitochondria to MPT induction, and that

the mitochondria are equally susceptible to Ca2?-mediated

pore opening irrespective of MycN status. This is in

accordance with the finding of comparable amounts of

cytochrome c release from the mitochondria in a-TOS-

treated MycN(?) and MycN(-) Tet21 N cells.

Discussion

The results presented here show that the consequences of

MycN downregulation for the susceptibility of tumor cells

to undergo apoptosis depend on the type of apoptosis

inducer. In case of cisplatin, downregulation of MycN

attenuates cell death, whereas a-TOS-induced apoptosis is

not affected.

Two main mechanisms of OMM permeabilization—Bax/

Bak-dependent and MPT-dependent—can be responsible for

the release of mitochondrial pro-apoptotic proteins during

apoptosis. In case of cisplatin, damage to DNA leads to

stimulation of p53 expression and subsequent transcription

of a number of pro-apoptotic proteins, including those

involved in OMM permeabilization. Switching off MycN

suppresses cisplatin-induced p53 expression and, as a result

thereof, attenuates apoptotic manifestations.

Pro-apoptotic Bcl-2 family proteins have been reported

to also be involved in a-TOS-induced apoptosis. Thus,

a-TOS-stimulated production of ROS was suggested to be

responsible for the formation of disulfide bridges between

cytosolic Bax monomers, facilitating OMM permeabiliza-

tion and cytochrome c release [10]. Moreover, a-TOS was

reported to cause conformational changes in the pro-

apoptotic protein Bak, involving its oligomerization, in

various cell types [15]. In addition, a-TOS stimulated the

expression of Noxa, a pro-apoptotic member of the Bcl-2

family [18], in a FoxO1-dependent manner [19]. Noxa

facilitates OMM permeabilization by displacing anti-

apoptotic Bcl-2 proteins from their complexes with pro-

apoptotic family members. Switching off MycN suppressed

the a-TOS-induced expression of Noxa. However, the

lower expression of Noxa in MycN(-) cells, as compared

to MycN(?) cells, did not attenuate a-TOS-induced apop-

tosis, suggesting that in addition to Noxa expression, other

mechanisms of OMM permeabilization might be more

important for the outcome of a-TOS treatment.
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Recently, we reported that a-TOS also activates the

MPT-dependent pathway of OMM permeabilization [17].

Together with Bax/Bak-mediated pore formation, this

mechanism might be responsible for a-TOS-mediated

OMM permeabilization; in particular, release of cyto-

chrome c and stimulation of caspase-3-like activity were

observed in mouse embryonic fibroblasts lacking both Bax

and Bak. Hence, a-TOS-mediated Ca2? influx into NB

cells and its subsequent accumulation in the mitochondria

was suggested to destabilize these organelles and facilitate

MPT. The mitochondrial Ca2? accumulation was important

for apoptosis progression, as inhibition of mitochondrial

Ca2? uptake by CCCP, or chelation of intracellular Ca2?

by BAPTA (Fig. 3b), significantly mitigated the apoptotic

response.

Which mechanism is predominant in OMM permeabi-

lization is cell-type dependent. We believe that both

mechanisms are important for OMM permeabilization.

Moreover, there is a certain coordination between them.

Thus, as we have shown earlier, treatment of isolated rat

liver mitochondria with Bax resulted in stimulation of MPT

[20]. In digitonin-permeabilized Tet21 N cells tBid-medi-

ated permeabilization of OMM sensitized mitochondria to

Ca2? loading [17]. Apparently, Bax does not participate

directly in Ca2?-mediated permeability transition [21], but

Bax and MPT were shown to cooperate in the release of

cytochrome c during endoplasmic reticulum stress-induced

apoptosis [22]. Collaboration of the two pathways in OMM

permeabilization has been confirmed recently by Brusto-

vetsky et al. [23]. The authors showed that recombinant

Bax readily integrates and oligomerizes in the OMM in

isolated brain mitochondria, but produces only a minute

release of cytochrome c. In contrast, Ca2? and Bax together

caused CsA-preventable substantial release of cytochrome

c, while Ca2? alone was not effective. Accumulation of

Ca2? is a prerequisite step for MPT induction. Indeed,

perturbation of intracellular Ca2? homeostasis can cause

cytotoxicity and trigger either apoptotic or necrotic cell

death [24]. However, MPT might also occur under normal

physiological conditions, especially in mitochondria

located in close proximity to calcium ‘‘hot spots’’, micro-

domains in which the local concentration of ionized

calcium by far exceeds the average concentration measured

throughout the cytosol [25]. This local Ca2? concentration

might be high enough to induce mitochondrial Ca2? over-

load and subsequent pore opening. Further, compounds

affecting mitochondrial function, e.g., mitochondrial res-

piration and production of ROS, or interacting with

components of the MPT pore machinery, can compromise

mitochondrial Ca2? buffering capacity and decrease the

threshold level of Ca2? that is normally required for MPT

induction. Various compounds, such as ceramide metabo-

lites [26] or palmitate [27], can sensitize mitochondria

towards permeability transition. In such conditions, MPT

induction and initiation of cell death might also occur in the

absence of any significant disruption of intracellular Ca2?

homeostasis [28].

a-TOS triggered cellular Ca2? uptake by NB cells,

which was unaffected by the level of MycN expression. The

influx of Ca2? was followed by its accumulation in mito-

chondria, induction of MPT, and OMM permeabilization.

In addition, the degree of thiol oxidation was similar in

a-TOS-treated MycN(?) and MycN(-) Tet21 N cells;

oxidative stress sensitizes mitochondria towards perme-

ability transition [29]. Therefore, it appears that MPT

largely contributes to OMM permeabilization in a-TOS-

induced apoptosis. This is triggered by the influx of

extracellular Ca2? and its subsequent accumulation in the

mitochondria. MPT induction is further facilitated by the

enhanced ROS production and inhibition of maximal

respiratory chain capacity by a-TOS. None of these effects

of a-TOS treatment is dependent on the MycN status of the

cells, which also does not influence their susceptibility to

undergo a-TOS-induced apoptosis.

Although the precise mechanisms of a-TOS action

remain to be further investigated, the results obtained so far

make it an attractive candidate for antitumor therapy. It has

been demonstrated that a-TOS can affect the mitochondrial

respiratory chain through interaction with the CoQ-binding

site of Complex II. Targeting of Complex II by a-TOS was

demonstrated in experiments with xenografts derived from

Chinese hamster lung fibroblasts with functional, dys-

functional, and reconstituted Complex II, which revealed

that the growth of Complex II-functional and Complex

II-reconstituted tumors was strongly suppressed by a-TOS,

and that this was accompanied by a high level of apoptosis

induction in the tumor cells [30]. Hence, targeting mito-

chondria by mitocans might be advantageous for the

elimination of tumor cells with otherwise dormant apop-

totic pathways.
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