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Abstract: In this study, we haveompared several features of cell ddatjgeredoy classical
inducers of apptotic pathways (etoposidad TNF D versus exogenous ROS b}, tert-

butyl hydroperoxidgt-BHP)) ora ROS generatdparaquat). Our aim was to characterize the
relationships that exist between ROS, mitochondrial perturbation® &ull caspases,
depending o the source and identity ofd8. First, we havéound that these five inducers
trigger oxidative stress, mitochondrial membrane permeabilization (MMP) and cell death. In
each case, cell deatbuld beinhibited by several antioxidants, showing thas primarily
ROSdependentSecoml, we have evidencetiat during etoposide ANF- DtreatmentsROS
accumulation, MMP and cell deatine allregulated by caspases and-Bgcivith caspases
acting early in the proces3hird, we have demonstratélaatH,O,-induced cell death shares
many of these characteristiegth etoposide and TN wheread-BHP induces caspase
dependent cell deathith caspaes acting downstream of the proceBally, we have
observed thabaraquat triggers botiMP and cell deatlwvhich are Bcl2 and caspase
independentOn the one handhése results show thatdogenous or exogenous RC&h

trigger multiple cell deatpathwayswith Bcl-2 and cagases acting differentiallpn the

other had, they suggest that,O, could be an important mediatof etoposide and TNFD

sincethese inducers trigger similar phenotypes

Abbreviations: '<m: mitochondrial membrane potential; eto, etoposide; E/TNF, emetine
plus TNF D MMP, mitochondrial membranes permeabilizatié, propidium iodide; ROS,
reactive oxygen speciesBHP, tert-butyl hydroperoxide; TNF, tumor necrosis factdit E,

vitaminE.



Introduction

Reactive oxygen species (ROS) are a family of highly reactive molecules that snclude
hydroxyl radical (HO, superoxide anion (), hydrogen peroxide (#D,) and orgait
peroxide radicals. Under physiological conditions, the mitochondrial respiratory chain is the
major site for ROS production in ce(Bleury et al. 2002)ROS are extremely transient
species due to their high chemical reactivity that is responsible for their destructiveness on
DNA, proteins, carbohydrates and lipittss now admitted that ROS are important mediators
of several types dfell death such as apoptosis and necrégisptosis is mediated by a
family of cystein proteasdsiown as caspasds. mammals, there are two maathways by
which caspase activation is triggered: the intrinsic atidnsic apoptotic pathways. Various
signals that trigger thiatrinsic pathwaysuch as oxidative or genotoxic streag) mainly
transduced to the mitochomawhich then undergo a 8es of biochemical events resulting in
the mitochondrial membranes permeabilization (MNI®urdain and Martinou 2009;
Kroemer et al. 2007gnd the release gfro-apoptotic molegles from mitochondrissuch as
cytochrome dLi et al. 1997) The extrinsic pathway is activated by the binding of ligands,
such as FasL or TN to their receptors on thelt surface that can directly activatespases
(Thorburn 2004) This pathway may also require the involvement of mitochondria, notably
through the caspasiependent production of the papoptotic protein tBidLi et al. 1998)
The mitochondrial pathway is regulated by members of the Bamily, which includes both
antrapoptotic proteins (such as Bt) and preapoptotic proteins (such as Bax) which
respectively repress or stimulate MNIPesagher and Martinou 2000; Wang and Youle
2009)

A ROSdependent cell death can be triggered by classical apoptosis inducers such as

etoposide and TR D which respectively trigger the intrinsic and the extrinsic pathways of



cell death. We have previously shown in HelLa cells that-ThdéiRd etoposidéenduced
apoptosis involveearly mitochondrial ROS production that strongly accelerates the process
of cel death(Dumay et al. 2006; Sidete Fraisse et al. 1998} toposidgeto)is a
topoisomerase Il inhibitor, which triggers the intrinsic caspase activation pathwayijngvol
mitochondrial perturbation@arpinich et al. 2002)whereas TNFDis a cytokine that triggers
the extrinsic caspase activation pathway but does not necessarily involve mitochondria
(Thorburn 2004)We have also used exogenous ROS or ROS generators to induce cell death
in HelLa cells by incubating them with hydrogen peroxidgdf) paraquat antert-butyl
hydroperoxidg€t-BHP). Among ROS, kD, represents a particularly important molecule
because it is generated under nearly all oxidative stress conditions and it can participate in
several fundamental intracellular processes.Retas anon-selective herbicidevhich
undergoes redox cyclinig vivo, being reduced by an electron donor such as NADPH, before
being oxidized by an electron receptor such atko@roduce superoxide. NextBHP is a
short chain analog of lipid hydroperoxides which mimics the toxecebf peoxidized fatty
acids

In this study, we compared several feasuvécell death triggered Btoposideand
TNF- Dversus the proxidant molecules $D,, t-BHP and paraquat. Our aim was to
characterize the relationships that exist between ROS, mitochondrial perturbatiesngcl

caspases, depending on the origin and identity of ROS.



Materials and methods

Reagets

Dtocopherol (vitamirk), Butylated hydroxyanisole (BHA), catalase, diphenylea®nium
chloride (DPI) emetine (E), etoposide (eto), hydrogen perogiglation(H20,), methyl
viologen dichloride hydrate (paraquat)adetytcysteine (NAC), Noridihydrguaiaretic acid
(NDGA), propidium iodide (PI)1,2-dihydroxybenzeng,5-disulfonic acid {iron), mouse
tumournecrosis factorD(TNF- D andtert-butyl hydroperoxidesolution(t-BHP) were from
Sigma. T 9Ydichlorodihydrofluorescein diacetate (DCHA) anG -
diethyloxacarbocyanine (DiQ(3)) were from Invitrogerz-Val-Ala-DL-Asp-
Fluoromethylketonezl/ AD-fmk) andN-Ac-Asp-Glu-Val-Asp-CHO (DEVD-CHO) were
from Bachem. Stock solutions were pregghas followsNAC (50 mM), PI (1 mg/ml) and
tiron (1 M)in water;catalase (10U/ml), emetine (1 mg/ml)paraquat (100 mMand TNF
D gml)in serum free mediunBHA (200 mM), DCFHDA (20 mM), DiOCg(3) (1 mM),
NDGA (40 mM) anaVit E (100 mM)in ethanol,DPI (3 mM) andetoposidg25 mg/ml)in
dimethy sulfoxide (DMSO);zVAD-fmk (50 mM)and DEVDCHO (100 mM)in methanol.

All stock sdutions were stored a20°C.

Cell lines, cell culture and induction of cell death

HelLaand HelLaBcl-2 cell lineswere cultured at 37°C in a humidified atmosphere containing
5CQ LQ 'XOEHFFRTV PRGLILHG (DJOHYV PHGLXP '@0 ) VX!
bovine serum together with penicillin (108/ml), streptomycin (100 U/ml) and glutamax

(1% v/v) from InvitrogenThe HelLaBcl-2 cell line containshe humarbcl-2 cDNA under



control of the Tet Off inducible expression syst@lontech).These cellsvere initially
cultured in the presence of tetyaline (2 Ry/ml) to inhikit the expression of exogenousl2
and then propagated for 10 days without tetracycline to allow the accumulatiorBaf-the
proteinprior the experimentLell death was induced by the addition on exponentially
growing adheretcells ofH,O, (200 AM), paraquat (5 mM)t-BHP (200 RM), etoposide (20
Ry/ml) or TNF- D(2.5 ng/ml) plus emetine (By/ml). After a 24h incubation cells were
analyzed by floncytometry Antioxidants (BHA(300 RV), catalas€1000 units/ml) DPI(2.5
M), NAC (5 mM), NDGA (40 RM), tiron (1 mM), Vit E (100 AM)) or caspase inhibitors:
DEVD-CHO (300 mM), zVAD-fmk (50 M), were added at the same time than cell death

inducers.

Flow cytometry

Flow cytometric measurements were performed using a XL3C flow cyorfieckman

Coulter). Fluorescence was induced by the blue line of an argon ion laser (488 nm) at 15 mW.
Greenand redfluorescenceavere respectively collected wi25 nmand 620 nnband pass

filters. Analyses were performed on*k&lls The mitochondel membrane potential € m)

was assessed by the retentiomhef green fluorescemiOCg(3). This cationic lipophilic
fluorochrome is a cell permeable marker that, at low doses, specifically accumulates in
mitochondria depending on the mitochondrial membrane potéRgtit et al. 1990)
IntracellularROSlevel was measured by the production of dichlorofluorescein (DCF) derived
from oxidization of DCFHThe non fluorescent DCFBA is afreely permeable tracevhich

is deacylated by intracellular esteragethe nonfluorescent compound DCFH and oxidized to
thegreenfluorescent compound DCF by a variety of peroxides, including hydrogen peroxide

(Ubezio and Civoli 1994)The red fluorescemRl specificaly penetrates in cellwhich have



losttheir plasma membrane integrapd was therefore used to characterize necrotic cells
(Darzynkiewicz et al. 1994Finally, the decrease iforward scatter that reflects cell

shrinkage duringhe last steps afell deathwas also assessédive et al. 1992)The

percentage of non necrotic cell death was calculated as the percentage oint&lgshin the

Pl negative populatiorAfter drug treatment, the media from the culture dishes (containing
late apoptotic cells) were kept in centrifuge tubes. The adherent cells (containing living and
early apoptotic cells) were detached using trypsinepaoted with the corresponding media,
centrifuged and resuspended in compteeglium at a concentration of I6f cells/ml. Cells

were then loaded with 0.BM DiOCg(3) or20 M DCFH-DA for 30 min at 37°Gnd

incubated with 10R)/ml PI, 5 min prior analysis.

Statistical analysis
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Results

The apoptosis indiers etoposide aniNF- D the exogenouROSH,0, andt-BHP, as well as
the ROS generator paraquadittriggerintracellular ROS accumulation, mitochondrial

membrane permeabilizati@nd cell death

We havepreviouslyshown that etoposide and TNBtrigger endogenousitochondrialROS
productionin HelLa cells§yfDumay et al. 2006; Sidete Fraisse et al. 1998hereas HO,,
paraquat anttBHP areoftenusedas inducers obxidative stresand cell deathTNF- Dused
alone is generally naufficient to kill cultured cellsincethe interaction between TNBand
its receptorsnducesantagonistic signalshe formation of the Death Inducirgignaling
Complex (DISC)which rapidly activates caspasaadthe expression ofendogenousaspase
inhibitors (IAPs) through the activation of NFB (Nagata 1997)Thus, TNF- Dis currently
usedin vitro in combinationwith a protein synthesis inhibit@uch as emetin@) whichis
able toinhibit the NF- NB-dependenéxpression of caspase inhibitongthout interfering with
DISC formation

Sincewe wanted to test theflnenae of ROS ormmitochondrial perturbationsye
started to determineoncentrationsf the different compounds (etoposide (eto), emetine plus
TNF- D(E/TNF), HO,, paraquat andBHP) that induce a significant drop ink m. Fig. 1A
showsthatafter a 24hincubaton (concentratios indicated irfigure legengl, approximately
one half of the cells exhilsia low ' <m, indicating that they have undergone a
permeabilization of their mitochondrial membranes (MMR)ese conditins were
considered as ideal to stuaiyibitory or promoting effects on MMPNext, we have measured
the percentage of celfarboringhigh ROS leved, corresponding to the cellsmdergoing

oxidative stresdrig. 1B indicatesthat etoposide, E/TNF and paraquat can trigger the



accumudtion of endogeous ROS and th#te exogenou$i,0, andt-BHP alsoprovoke an
efficient, but probably more direabxidative stressThe accumulation of ROS waseasured
by using DCFHDA, a probewnhich becomes fluorescent after reacting with peresifiince
peroxides a classical byproducts of oxidant molecules, DCHDA is a good probe to detect
oxidative stress from different origindowever, it mgt be kept in mindhat its modification
requires a deacetylation process prior oxidation, whichatame performed irate dead cells
with inactive esterases, such as in population (c) (see FigThB3,cellsundergoing
oxidative stresarealwaysunderestimatedith this probewhencell deathoccurs Next, we
were also interested in the events that could occur dowanstiemitochondrial perturbations
(such as cellleath) and we have characterized two additional paramaétgiow cytometry.
The first parameter ihe percentage giropidium iodide PI) positive /necrotic cells (Fig.

1C, population (c). The second onis the percentage &fl negativecells with reduced size
(cell shrinkage) which indicates the percentage of late apopbotémitophagictell death

(Fig 1C, population (B) Our results showhat all the inducers triggéothnecrotic andon
necrotic eIl dedh. The fact that specific inducers of apoptqgi®poside, E/TNFalso trigger
necrosis may be surprising. However, it is well known that a secondary necrotic process

provoked by the lack of engulfment of dying cells can oatuitro.

Etoposide E/TNF, HO,, paraquat anttBHP all induce a ROS dependent cell death which

can be inhibited bgeveralantioxidants

Althoughall inducers seemed trigger an oxidative stredgIMP andcell death (se Fig.1),
the pathways involved could be differerdrfr one inducer to another. Thug wanted to
determine, in each case, what is thesal link between RO&cumulatiorand thesevents

For this purpose, we have incubated cells wéh deathinducers and antioxidants at the



same timeHere, we have &gl 7 antioxidants with distinct properti@se materiat and
methods for a completeame of theompounds BHA is a food additive (E32Gyhich has
alsobeen shown to inhibit mitochondrial respiratigidunate et al. 199); catalase iawell
known enzyme which converts®&, into H,O andO,; DPI is a NADPH oxidase inhibitor
(Meier et al. 1992)NAC is a precursor to glutathionanatural antioxidant protein; NDGA is
acyclooxygenase angoxygenase inhibitofVan Wauwe and Goossens 1988jon isa
superoxide scavengéBreenstock and Miller 197%nd vitamin E is an inhibitor of lipid
peroxidation(Tappel 1970)We have quantified cell d¢h(as he percentage of cell
shrinkagé in presence or in absence of the antioxidandl calculated the percentage of cell
death inhibition The results presented in FigsBow that the effect of each inducer is
inhibited byat least three differemintioxidants, showing thaell deathis tightly linked to
oxidative stressSome resultsvere expectedcatalase strongly inhibits,B.-induced cell
death; DPI strongly inhibits the effeaf paraquat (mediated BNADPH oxidass); vitamin E
inhibits toxicity induced byt-BHP (an analog of lipid hgroperoxidesand BHA inhibits the
mitochondrialdependent production of ROS inducedebyposide an&/TNF. Other results
are more surprising and would deseadelitionalinvestigatiors. For instance, it is astonishing
thattiron does not inhibithe effect of parmaquatwhichis known to generatsuperoxide
whereaghe effect oft-BHP, a molecule unrelatetd superoxideis strongly inhibitedy tiron.

FurtherstudiesusingotherROS sensitive probeshould helgo clarify these results

Influence of Bci2 on MMP, ROS accumulation and cell death

In order to test the effect of the aapoptoticprotein Bct2 onthe phenotypesriggeredby the
five inducers, we have used the Hekal-2 cell line which can overexpress the hurbah2

gene under control oétracycline (TeOff system from Clontech). With this system, the
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absence of tetracycline in the culture medium leads to the accumulation2fTBa results
presented ifrig. 3A showthat MMP is significantly inhibited in all cases excéptparaquat,
demonstratinghat the mechanism of MMP triggered by paraquat isrdiffiefrom the other
inducersNext, we can see in FigB3xhat Bcl2 significantly inhibits the accumulation of
cells with high ROS levslwith H,O,, t-BHP, etoposide an&/TNF. This realt is interesting
for several reasons: first, sineposide an&/TNF trigger the production of endogenous
mitochondrial ROS (we have previously shown that this produisaverely reduced in
HeLa U cells, demonstrating their mitochondriaigin (Sidoti-de Fraisse et al. 1998}t
indicaes that Bct2 canactonthe mitochondrial produicin of ROS In this case, Be2 may
directly or indirectlyregulate the mitochondrial respiration ch&econdthe fact hat Bcl2
inhibits oxidative stresafter exposition to exogenous ROS suggtst Bcl2 can also act as
an antioxidantSuch functions for BeR have already been described énd still poorly
understoodHockenbery et al. 1993; Vrbacky et al. 200 dpally, Bcl2 does nbseem to
inhibit ROS accumulatiomduced by paraquat. Thusis possible theBcl-2 negatively
regulates mitochondrial superoxigdeoducton and/orexogenous peroxidegcumulation
while being unable to act aytosolic superoxidgoroduced i enzymes such as NADPH
oxidase Concerning the regulation ofltdeath, it appears frofhig. 3C that Bcl2 is both an
inhibitor of necrotic and non necrotic cell death, except for paragdated cell death which
is apparently totally disconnected from any-BalegulationWe can hypothesize that B2l
protects againgdtl,O,, t-BHP, etoposi@ andE/TNFinduced necrosis because it is a
secondary ecrotic procesfdue to adck of engulfment of dyingells), while necrosis

observed during paraquiduced cell death would be primary necrosis.

Influence of caspase inhibition on MMP, ROS accuatiah and cell death

11



Here we have used two chemical inhibitors to determine the role of initiator and executive
caspases: zZVAD (Z) which is an inhibitor of both initiator and executive caspases as well as
DEVD (D) which is a specific inhibitor of the exdiive caspases8 and-7. Fig. 4A shows

tha zVAD significantly decreassMMP duringH»0,, etoposideand E/TN--induced cell

death, indicating that caspasegulateMMP, actingupstreanof or atmitochondria.The

effect of DEVDon etoposideand E/TNHs significant (p<0.05)whereas it is nearly
significantfor H,O, (p=0.059) Concerningparaquat anttBHP-induced cell deatht appears
that MMPis not influenced by thpresence of zZVAD or DEVDJemonstrating that this
process is caspagadependent and nessarily distinct from the process observed fgD41
etoposideand E/TNF.Caspasénhibitors were also found toflnence theaccumulation of

cells with hgh ROS levels (Fig. 4Bfor H,O,, etoposide and E/TNEVAD totally inhibits

ROS accumulatiowith etoposideand E/TNF, suggesting that endogenous ROS production
first requires the activation of caspases. The milder effddEVD was found to be

significant foretoposidebut not for E/TNHp=0.067) The fact that zVAD inhibits
endogenous ROS productionE/TNF cell deatlwas expected since DISC formation and
activation ofinitiator caspases is one on the first events following the interaction between
TNF- Dand i receptorsThe results that were found for etoposide also suggest that a caspase,
acting upstream of or at mitochondria, regulates ROS accumulation and GdviEerning
H.O,, the fact that zZVAD and DEVD significantly increase the percentage Isfvzigh high

ROS levetis even mee surprising. One possibility that capaseinhibition would increase
the resistance of the cells to (exogenoug)therefore delaying their disappearandes
result would necessarily be different from etoposid BNF Dwhere zZVAD and DEVD also
inhibit (endogenoudROS accumulatiorin contrasto H,O,, etoposide and E/TNF, caspase
inhibitors do not modify MMP or ROS accumulation during paraquaBdtP treatments

indicating that these processes caspasmdependen Next, Fig. 4C shows that caspase

12



inhibitors attenuate necrotic cell death faxdd, etoposide and E/TNgut not for paraquat
andt-BHP), suggestig thatsecondary necrosccurs with these three inducer$ie caspase
inhibitorsalsodiminish non necric cell death for all the inducg except paraquain
conclusion, hese resultsdicate thaparaquainduced cell death isaspaseéndependentand
thatt-BHP-inducednecrosis isaspaseéndependentivhereas it was Be2-regulated Since
some studies port that Bct2 caninhibit necrosiqGuenal et al. 1997; Kane et al. 1995)

BHP may also induce primary necrosis.
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Discussion

Here we have showthat HO,, paraquat-BHP, etoposide and E/TNF are all able to induce a
ROSdependent MMP and cell deatiut thatthe mecharsms underlying these effeatan be
differentfrom one inducer to anothdttoposideand E/TNFnduce the most similar
phenotypeslespite the fact that théyave quite different targetSor both inducers, our results
suggesthat a caspase activity is imlved upstream of mitochondrial ROS production and
MMP since zVAD totally inhibits these proces¢Egy. 4). While this is not surprising for
E/TNF, becauseaspases are activated very early during the intrinsic pathway of appptosis
this result was nexpeted for etoposide. However, we have previously shown that zZVAD
inhibits cytochrome c release in HelLa cétesated with E/TNF whereasig not the case for
etoposidgDumay et al. 2006)This suggests that contrary to E/TNF, a first wave of
cytochrome c release would occur before ROSmreeiuction ad MM P during etoposide
induced cell deattA feedback loop linking caspases to mitochondmauld then amplify
mitochondrial perturbation&hen et al. 2000 his feedback loop can be evidenced lioth
E/TNF and etoposidey the effect of DEVD on MMP and ROS accumulation (Fig. 4).

H,0O; is the inducer that triggers the closest phenotype to etoposide and E/TNF,
suggesting that this madele could be an important mediator of etoposide and EffiNEced
cell death. Interestingly, it can be noticed that contrary to etoposide and E/TNF, zVAD cannot
totally inhibit thedrop of ' <m inducedby H,O, (Fig. 4), suggesting that8, can trigger
MMP prior caspase activation. In this case, the effect of zZVAD would be associated with the
inhibition of the caspaseéependent feedback loop on mitochondria. NeBtP, which is
also a peroxle, mainly differs from HO, by the fact that it triggers a completely caspase
independent <m decreasé€Fig. 4). The mechanisms involved in mitochondrial membranes

permeabilization is still controversial atwlo mainmodels have been proposed, which may
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bothexist, depending on death signals and the cellular cofidestigher and Martinou 2000;
Kroemer et al. 2007 he first type oimodelsrelies on thdormationin the oute

mitochondrial membranef largechannelsonstituted of praapoptotic members of the B2l
family (such as Baxyvhich leads to the release of intermemilerapace proteins including
cytochrome avhose depletion leads to<m loss. Alternativelya deregulaon of the
permeability transition pore complex (PTP) located at the outer/inner membrane juantions
constituted otheporin VDAC and the adenine nucleotidanslocase (ANT), can also letd
'<mlossand outer membrane permeabilizatidhus it is pssible that the regulation of
MMP between HO, (Bcl-2 and caspasgependent)i-BHP (Bclk2-dependent and caspase
independent) and paraquat (Bchnd caspasedependent) involves the formation of distinct
pores having different sensitivities to caspasas Bct2. Interestingly, it has been shown in
HepG2 cells that-BHP triggers an hyperpolarization preceding a loss<ain, a result which
is reminiscent of a model that involves VDAC closure and swelling of mitochondria
(Desagher and Martinou 200@)ttle is known about the influence of paraquat on MMP
(Costantini et al. 1995; Palmeira et al. 19@5Bereas etoposidand E/TNFinduced MMP
seems tanvolve preapoptotic members of the B2lfamily (Dumay et al. 2006; Li et al.
1998)

Finally, we have shown #t H,O,, paraquatt-BHP, etoside and E/TNF all trigger
necrotic and non necrotaell death While it seems that ¥D,, etoposide and E/TNF trigger
secondary necrosii,would rather be a primary necrosis feBHP and paraquat
Surprisingly, paraquas able to induce a caspasdependentrad non necrotic cell death in
approximately halbf thetreated cells, as assessed by the percentage of non necrotic cells
undergoing cell shrinkagé&ig. 1). It would be interestingp understand what type of
altermative cell death is induced by paraquat and how its execution can be managed

independently from caspases.
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Legends to figures

Fig. 1 Effects of apoptosis inducers and exogenous BO@) mitochondrial membrane
potential (' <m), (B) intracellular ROS level an(C) cell deathHelLa cells were incubated

with the following drugs: KO, (200 AM), paraquat (5 mM)-BHP (200 RBVl), etoposidg20
Ry/ml), emetine (1RY/ml) plus TNF D(2.5 ng/ml), during 24 h and analyzed by flow
cytometry(see naterials and methods)ypical cytograms are indicated on the right panel
(control vesus etoposide) for eatdbeling. (A)During DiOCg(3) fluorescence analysisells

with high (a) and low (b) fluorescence were distinguisfidée percentagef cells with low

'<m (b) are indicated in the histogram on the left panel. (B) Concerning intracellular ROS
measurements (DCF fluorescence), normal cells (a), cells with high ROS levels (bgand lat
dead cells which cannot produd€F fluorescence were distinguished (d)eTpercentages of
cells with increased intracellular ROS levels (b) are indicated in the histogram on the left
panel. (C) For Pl labeling, normal cells yagre distinguished from non necrotic dead cells (b)
(reduced forward scatter and low PI fluorescégmeelfrom necrotic cells (¢) (reduced

forward scatter and increased PI fluorescence). The total percentages of cell death are

indicated in the histogram on the left panel asstira of necrotic and non necrotic cell death.

Fig. 2 Inhibition of etoposidel/TNF, HO,, paraquat anttBHP-induced cell death by
antioxidans. HeLa cellsincubatedwith the five inducersvere treated at the same time with
antioxidantsBHA (300 RM), catalase (1000 units/ml), DPI (21), NAC (5 mM), NDGA
(40 RM), tiron (1 mM),Vit E (100 BM). Cells were analyzed by flow cytometry 24 h after
beginning otthetreatment. Overallal death was measurég quantifyng the cells that
harboredsmall cell sizgcell shrinkage)The percentage of cell death inhibition was

calculated fron values obtained witbellstreatedanduntreated with a specific antioxidant.
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The absence of a bar for several cell death inducer / antioxidant combinations indicates that

no protection was found in these particular cases.

Fig. 3 Regulation of etoposid&/TNF, HO,, paraquat andBHP-induced cell death by Bcl

2. HelLaBcl-2 cells overexpressing (+B2) or not (Bcl-2) the antiapoptotic protein BeR

were used in tisistudy (see materials and methods). These cells were treated with the same
concentrations of cell death inducers than for Fig.,0,H200 PM), paraquat (5 mM)t-BHP

(200 RVI), etoposide (20R)/ml), emetine (1Ry/ml) plus TNF D(2.5 ng/ml), during 24 hand

were analyzed by flow cytometryhe histograms indicate thgercentages of cells with low

'<m (A), high ROS levels (B