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I ntracellular mechanisms mediating tocotrienol-induced
apoptosisin neoplastic mammary epithelial cells

Paul W SylvesterhD and Sumit ShahhD

School of Pharmacy, University of Louisiana at Monroe, Monroe, LA 71209-0470, U.SA.

Tocotrienols and tocopherols represent the two s that make up the vitamin E family of compaind
However, tocotrienols display significantly moretgrat apoptotic activity in neoplastic mammary espiigd
cells than tocopherols. Studies were conductedidtermine the intracellular mechanism(s) mediating
tocotrienol-induced apoptosis in neoplastic +SA sgwmammary epithelial cella vitro. An initial step in
apoptosis is the activation of “initiator” caspadesspase-8 or -9) that subsequently activate ¢effe
caspases (caspase-3, -6 and -7) and induce aopiosiatment with cytotoxic doses gftocotrienol (20uM)
resulted in a time-dependent increase in caspasel&aspase-3 activity. Combined treatment witltipe
caspase-8 or caspase-3 inhibitors completely btbghecotrienol-induced apoptosis and caspase-8 @asas

3 activity, respectively. In contrasy:tocotrienol treatment had no effect on caspaset®aion, and
combined treatment with a specific caspase-9 itdrildid not blocky-tocotrienol-induced apoptosis in +SA
cells. Since caspase-8 activation is associat¢d thie activation of death receptors, such as fasor
necrosis factor (TNF), or TNF-related apoptosisdidg ligand (TRAIL) receptors, studies were condddib
determine the exact death receptor(s) and liganid{g)lved in mediating tocotrienol-induced casp8se-
activation and apoptosis. Treatment with Fas-lig@fasL), Fas-activating antibody, or TRAIL failedihduce
cell death in +SA neoplastic mammary epithelialls;esuggesting that these cells are resistant tihde
receptor-induced apoptosis. Moreover, treatmerh wiytotoxic doses of-tocotrienol did not alter the
intracellular levels of Fas, FasL, or Fas-assodigiath domain (FADD) in these cells. Western atatlysis
also showed thag-tocotrienol did not induce FasL or FADD translaoatfrom the cytosolic to membrane
fraction in these cells. Finally, treatment withsFblocking antibody did not reverse the tocotrienduced
apoptosis in + SA cells. These data demonstratetdicotrienol-induced caspase-8 activation angh&ysis is
not mediated through death receptor activation alignant +SA mammary epithelial cells. Resistarze t
death receptor-induced apoptosis has been shove tassociated with increased expression of ap@ptosi
inhibitory proteins, such as FLICE-inhibitory prate{(FLIP), and enhanced signalling of the phosphati-
dylinositol 3-kinase (PI3K)/PI3K-dependent kinaB®K)/Akt mitogenic pathway. Additional studies siexl
that treatment with cytotoxic doses focotrienol decreased total, membrane, and cyitosalels of FLIP,
and reduced phosphorylated PDK-1 (active) and pgimgtated-Akt (active) levels in these cells. tmsnary,
these findings demonstrate that tocotrienol-inducadpase-8 activation and apoptosis in malignamt +S
mammary epithelial cells is not mediated through dletivation of death receptors, but appears tatréem
the suppression of the PI3K/PDK/Akt mitogenic sifing pathway, and subsequent reduction in intlat
FLIP expression.
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Introduction and systematic cellular destruction brought aboutthe
Tocopherols and tocotrienols represent the two sulpyr activation of specific enzymes called caspases.

in the vitamin E family of compound€. Both subgroups Caspase activation can result from two basecha-
have the same basic chemical structure charaadebyea nisms. The first mechanism involves receptor-mediags-
long phytyl tail attached to a chromane ring. Heere pase activation. Activation of “death receptorsiich as
tocopherols have a saturated, whereas tocotridresds an Fas, tumor necrosis factor (TNF), or TNF-relatedppsis-
unsaturated phytyl tail. Although both are potenmti- inducing ligand (TRAIL) receptors by their specifigands
oxidants, only tocotrienols display potent antigeshtive results in receptor trimerization, recruitment odapter
and apoptotic activity against breast cancer catlig, these proteins such as Fas-associated death domain@fyAddd
effects are observed using treatment doses thatltte or

no effects on normal mammary epithelial cell growth correspondence address: Dr. Paul W. Sylvester, College of
viability.** Recently, studies have demonstrated thgharmacy, University of Louisiana at Monroe, MonrdeA
tocotrienol-induced cell death results from thdiation of 71209-0470

apoptosis:* Apoptosis or programmed cell death is afe|: 318-342-1958: Fax: 318-342-1606

important mechanism by which cancer cells can be tmail: sylvester@ulm.edu.

minated from the body, and is characterizedbiganized accepted 38 June 2005
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inactive initiator caspases (procaspase-2 or €8¥otm

benzyloxycarbonyl-lle-Glu(OMe)-Thr-Asp(OMe)-fluoro-

what is called a death inducing signalling complexmethyl ketone (z-IETD-fmk); and caspase-3 inhibitqr V
(DISC)” The initiator caspase within the DISC is thenbenzyloxycarbonyl - Asp (OMe) - GIn - Met - Asp(OMe

activated and released. Activated initiator caspahken
activate effector caspases, such as capase-3, wech
mediate the various cytoplasmic and nuclear evasgs-

ciated with apoptosiS. Studies have shown that stimu-

lation of the phosphatidylinositol 3-kinase (PI3KIBK-
dependent kinase (PDK)/Akt mitogenic signalling hpat
way results in the increased intracellular expmssif
FLICE-inhibitory protein (FLIP), a cytoplasmic pratei
that prevents procaspase-8 activafidh. Treatments that
inhibit PISK/PDK/Akt mitogenic signalling can cause
reduction in intracellular FLIP levels, and a cepend-
ding increase in caspase-8 activation and apoptdSis

fluoromethyl ketone (z-DQMD-fmk) were prepared in
dimethyl sulfoxide (DMSO), and added to the culture
media so that the final concentration of each iditwas
1uM. Appropriate amounts of DMSO were also added to
control media so that the final concentration of &M
was the same in all treatment groups. Cells wiMieed
into different treatment groups and fed serum-treatrol

or treatment media every other day and maintained i
humidified incubator at 3T in an environment of 95%
air and 5% C@ Viable cell number was determined in
the different treatment groups by the 3-(4,5-dimkth
thiazol-2yl)-2,5-diphenyl tetrazolium bromide (MT€p-

The second mechanism involves mitochondrial stresderimetric assay as described previously’*°Differen-

induced caspase activation. Various stressful sitifole-
micals or radiation) can cause perturbations innttie-
chondrial membrane that results in the releaserof p
apoptotic molecules, such as cytochrome c, intacthe
plasm**? Cytochrome c will then interact with cyto-
plasmic proteins to induce the activation of thiiator
caspases, such as caspase-9, which subsequeivihtesct
down-stream effector caspase¥ It has also been
shown that cross-talk between the receptor-mediatetl

mitochondrial stress pathways can occur in some-apo Systems (Minneapolis, MN).

totic models. Activation of upstream initiator down-
stream effector caspases has been shown to diteatly
to the release of cytochrome ¢ from the mitochandrnd
subsequent caspase-9 activation in some téfts.Stu-
dies were conducted to determine whether deatiptace
and/or mitochondrial stress-mediated signallindghypatys
are involved in tocotrienol-induced apoptosis.

Material and Methods

ces among the various treatment groups were detedmi
by analysis of variance, followed by Duncan’s npléi
range test. A difference &f <0.05 was considered to be
significant, as compared with controls or as defimethe
Figure legends.

Treatment-induced caspase activation was detedm
using caspase-8 and caspase-3 colorimetric assaguk
chased from Clontech Laboratories (Palo Alto, CAld a
the caspase-9 colorimetric assay kit purchased R&D
Malignant +SA mammary
epithelial cells were divided into different treamt
groups and incubated with control or treatment médoi
0-24 hr. After treatment exposure, cells were ateal
from plates with trypsin, and then lysed on ice ¥0rmin
using the cell lysis buffer provided in the caspassay
kits. The lysate was sonicated for 15 sec on ickcam-
trifuged for 1 min at 14,000 X g af@. Whole cell ly-
sates were then separated from cellular debrisstored
at -80°C until assayed for caspase activity. Protein con-

All chemicals were purchased from Sigma (St. Louiscentrations in whole cell lysates were determinethgi
MO) unless otherwise stated. The highly malignanthe Bio-Rad protein assay kit (Bio-Rad, Hercules),C
mouse +SA mammary epithelial cell line was used irand 20Qug of protein was used to measure caspase acti-

these studies as previously described in d&tailCells
were maintained in serum-free control media coimgjst

vity. The colorimetric enzymatic activity was reasl op
tical density units at 405 nm on a microplate reade

of DMEM/F12 containing 5mg/ml bovine serum albumin according to the instructions provided in each kit.

(BSA), 10 pug/ml transferrin, 100 U/ml soybean trypsin

inhibitor, 100 U/ml penicillin, 0.1 mg/ml streptorcip, 10
ng/ml epidermal growth factor (EGF), and @/ml in-
sulin. Cells were plated at a density of 1 X g6élls/well
in 24-well culture plates (viability studies) or X 10°

cells/100 mm culture plates (DNA fragmentation, We-biting apoptotic signalling.

stern blot, and caspase enzymatic activity studiels)
order to dissolve the highly lipophilic vitamin E roe

Western Blot analysis was used to determieatitnent
effects on the intracellular levels of Fas, Fas-LATR
active forms of intracellular kinases (phosphomsdat
PDK1 and phosphorylated-Akt), and intracellulartpnas
(FADD and FLIP) associated with stimulating or inhi-
Malignant +SA mammary
epithelial cells in the various treatment groupsenso-
lated from culture plates with trypsin, whole dgtates

pounds in aqueous culture media, these compounds wewere prepared, and protein concentration of eashtdy

conjugated to BSA as previously describéd’*® This
solution of vitamin E conjugated to BSA was thenduse
prepare various concentrations of (0-4B0 a-tocopherol

was determined as previously descriBétf’® Samples
from each treatment group (2@/lane) were loaded on
10-15% polyacrylamide minigels, electrophoresedd an

or (0-20uM) y-tocotrienol supplemented treatment mediaproteins were transblotted (30 Volts for 12 hr)ptoly-

such that all control and treatment media had @ fion-

vinylidene difluoride (PVDF) membranes (Dupont,

centration of 5 mg/ml BSA. Ethanol was added to allBoston, MA) according to the method of Towtginal.**

treatment media such that the final ethanol comagah

To identify various intracellular proteins, membrane

was the same in all treatment groups within a giverwere blocked with 2% BSA in 10 mM Tris-HCI con-
experiment and was always less than 0.1%. In-containing 50 mM NaCl and 0.1% Tween 20 pH 7.4, and in-

bination studies, caspase inhibitors were purchésed

cubated for 2 hr with either Fas polyclonal antipod

Calbiochem-Novabiochem Corporation (La Jolla, CA).(1:4000, Santa Cruz Biotechnology, Santa Cruz, CA),

Stock solutions (1 mM) of specific caspase-8 irthibll,

Fas-ligand (FasL) polyclonal antibody (1:4000, Santa
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Cruz Biotechnology, Santa Cruz), FADD monoclon
antibody (1:5000, Upstate, Inc., Lake Placid, NY
phosphorylated-PDK-1 polyclonal antibody (1:500@]IC
Signaling Technology, Beverly, MA), phosphorylatec
Akt polyclonal antibody (1:5000, Cell Signalling
Technology, Beverly, MA) or FLIP polyclonal antibod
(1:4000, Upstate, Inc., Lake Placid, NY). Membran
were then rinsed five times with blocking buffenda
incubated for 1 hr with horseradish peroxidase (HRI
conjugated goat anti-mouse (1:5000) or goat abtiita
(1:5000) secondary antibody (Pierce, Rockford, IL
Blots were then rinsed five times with blocking feufand
protein bands were visualized with the SuperSigmal Control 400uM 20uM

hanced chemiluminescence kit according to the ma rtocopherol . ytocotrienc!
facturer’s instructions (Pierce, Rockford, IL). oid from

each treatment group were exposed on the same @iecéigure 1. The percent of viable +SA cells following 24 hrateent
film (Kodak X-OMAT AR, Rochester, NY). Images exposure to 40@M a-tocopherol or 2QUM Y-tocotrienol, as com-
were acquired with Epson Perfection 1640SU phof@red to untreated controls. Cells (1 X tells/well) in each treat-

.ment group (6 wells/group) were grown in serum-fteatrol media
scanner (Epson, Long Beach, CA) and analyzed W'& 3 days prior to exposure to their respectieatiments. Vertical

QuantityOne software (Bio-Rad, Hercules, CA). bars indicate the mean percent of viable cel®Et #<0.05 as com-
pared to untreated controls.

8
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Results

The effects of 24 hr exposure to control, 40M
a-tocopherol or 2QuM y-tocotrienol treatment media on
viable +SA cell number are shown in Figure 1. €all

all treatment groups were plated at a concentratfdn X
10° cells/well in 24-well culture plates and maintairen
control media for 3 days in culture. Afterwardentrol
media was removed and replaced with their specifi
treatment media. The next day, cell viability in leaeat-
ment group was determined using the MTT colorimetric
assay. Treatment for 24 hr with 4081 a-tocopherol
had no effect on malignant + SA mammary epithelal
viability as compared to controls (Fig. 1). In tast, 0 4 12 2
treatment with ZQJ,M y—tocotrienol resulted in over a Hours Following Treatment Exposure with 20uM y-Tocotrienol
70% reduction in +SA cell viability as comparedctn-
trols (Fig. 1). Additional studies confirmed prews
investigation5®* that showedy-tocotrienol-induced cell
death results from apoptosis, as indicated by Digy-f
mentation and positive TUNEL assay staining (data nc
shown).

Figure 2 shows the effects ptocotrienol treatment
on caspase activation in malignant +SA mammary ep
thelial cells. Cells were grown in culture for ayd in
control media and then divided into different treant 0 4 12 2
groups and treated for 0-24 hr with either contol20 Hours Following Treatment Exposure with 20uM y-Tocotrienol
UM y-tocotrienol treatment media. Treatment with
tocotrienol induced a large increase in caspaseti@itg
that was detected within 4 hr and continued fdeast 24
hr after treatment exposure as compared to untteat
controls (Fig. 2A).

Similar treatment withy-tocotrienol also induced a
corresponding increase in caspase-3 activity (F@), but
had no effect on caspase-9 activity at any timénduthe
24 hr treatment period (Fig. 2B) as compared toeated
controls. The effects of selective caspase intibibn o 4 2 N
y—tocotrienol induced caspase activation in maligﬁﬂA Hours Following Treatment Exposure with 20uM y-Tocotrienol
mammary epithelial cells are shown in Figure 3.lISCe Figure2. Caspase-8 (A), caspase-9 (B), and caspase-3 {{@}yain
were grown in culture for 3 days in control mediad malignant +SA mammary epithelial cells following2@-hr exposure

e . . to 20 uM y-tocotrienol. Caspase activity is expressed agapt
then divided into different treatment groups aneated density units at 405 nm. Vertical bars represkatrheans €D for

for- 24 hr with-either control, JuM z-IETD-fmk, 20uM duplicates in each treatment group$<6.05 as compared to
untreated controls.

I Caspase-8 Activity A

Caspase-8 Enzymatic Activity (405nm)

I Caspase-9 Activity B

Caspase-9 Enzymatic Activity (405nm)

I Caspase-3 Activity C

Caspase-3 Enzymatic Activity (405nm)
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y-tocotrienol, or the combination of @M z-IETD-fmk

Since caspase-8 processing and activation is asedci

and 20uM y-tocotrienol treatment media (Fig. 3A). Cells with “death receptor” mediated apoptotic signallisty-

treated with JuM z-IETD-fmk (I-8), a specific caspase-8

dies were conducted to determine which death reoept

inhibitor, showed no change in the relative levél o ligand signalling mechanism was involved in toamnol-
caspase-8 activity as compared to untreated csntroinduced apoptosis. Cells were grown in culture3falays

(Fig.3A). In contrast, treatment with 201 y-tocotrienol

(yT3) resulted in a significant elevation in casp@se-

activity 24 hr following treatment exposure (FigA)3
Combined treatment with @M z-IETD-fmk (I-8) and 20
uM y-tocotrienol §T3) blocked tocotrienol-induced
caspase-8 activation (Fig. 3A). In similar studieslig-
nant +SA mammary epithelial cells were exposed2tbr
hr to control, 1uM z-DQMD-fmk, 20 uM y-tocotrienol,
or the combination of UM z-DQMD-fmk and 20uM
y-tocotrienol treatment media. Treatment withull z-
DQMD-fmk (I-3), a specific inhibitor of caspase-8ad
no significant effect, while treatment with 20M
y-tocotrienol ¢T3) induced a significant increase in
caspase-3 activity 24 hr following treatment expesas
compared to untreated controls (Fig. 3B).
treatment with 20uM y-tocotrienol ¢T3) and 1uM z-
DQMD-fmk (I-3) blocked tocotrienol-induced caspase-
activation (Fig. 3B).

mmmm Caspase-8 Activity A

0.20 -

Caspase-8 Enzymatic Activity (405nm)

20pM
y73

Control 1uMm 20pM yT3
1-8 +

1M 1-8

mmmm Caspase-3 Activity B

Caspase-3 Enzymatic Activity (405nm)

Control 20puM

Y73

1uM
-3

20uM yT3
+

1M 1-3

Figure 3. Caspase-8 (A) activity in malignant +SA mammaris ep
thelial cells following a 24 hr exposure to contrbluM z-IETD-
fmk (1-8, a specific caspase-8 inhibitor),.2d y-tocotrienol ¢T3),

or the combination of 1uM z-IETD-fmk (I-8) and 20uM
y-tocotrienol ¢T3) treatment media. Caspase-3 (B) activity in
+SA cells following a 24 hr exposure to controlu¥ z-DQMD-
fmk (I-3, a specific caspase-3 inhibitor), 20M y-tocotrienol
(YT3), or the combination of @M z-DQMD-fmk (I-3) and 20uM
y-tocotrienol ¢T3) treatment media. Caspase activity is ex
pressed as optical density units at 405 nm. \a@rbars represent
the mean +8D of duplicates in each treatment grouf<0.05 as
compared to untreated controls.

Combinedreated controls (Fig. 4).

in control media and then divided into differergaiment
groups and treated for 24 hr with either contrd,
y-tocotrienol, 1ug/ml Fas-activating antibody (Fas-Ab),
100 ng/ml FasL or 100 ng/ml tumor TRAIL treatment
media. Treatment witl-tocotrienol significantly reduced
the number of viable +SA mammary epithelial cells a
compared to control, 24 hr after treatment expogkig

4). In contrast, treatment with Fas-Ab or FasL,ndge
that are known to activate Fas, had no effect oA edl
viability as compared to untreated controls. Imeot
studies, treatment with Fas-blocking antibody diot n
block y-tocotrienol-induced apoptosis in these cells (data
not shown). Treatment with TRAIL was also shown to
have no effect on +SA cell viability as comparedute
Since death receptgands
(FasL and TRAIL) and actigiing antibody (Fas-Ab)
were not found to induce apoptosis, these findntlicate
that tocotrienol-induced caspase-8 activation apdpa
tosis occurs independently of death receptor aaivan
malignant +SA mammary epithelial cells.

Viable Cell Number Per Well (1X107®)

Control  20puMm

y73

2pg/mL 200ng/mL 100ng/mL

Fas-Ab FasL TRAIL

Figure 4. Viable +SA mammary epithelial cell number follogin
a 24 hr exposure to control, 201 y-tocotrienol ¢ T3), lug/ml
Fas-activating antibody (Fas-Ab), 100 ng/ml Faardig (FasL) or
100 ng/ml TRAIL treatment media. Cells (1 X*1lls/well) in
each treatment group (6 wells/group) were growrserum-free
control media for 3 days prior to exposure to theispective
treatments. Vertical bars indicate the mean pérmEwniable cells
+ SE. *P<0.05 as compared to untreated controls.

The effects of control and 26M y-tocotrienol ¢T3) on
the relative cellular levels of Fas, FasL, FADD,ogh
phorylated-PDK1 (active), phosphorylated-Akt (aejiv
and FLIP are shown in Figure 5. Cells in the défe
treatment groups were grown in culture for 3 days i
serum-free control media. Afterwards, media was re
moved and replaced with their respective culturelieme
Following an 8 hr treatment period, cells in adlaiment
groups were isolated with trypsin, and whole cgdlates
were prepared for Western blot analysis. Treatmethit
y-—-tocotrienol had no effect on the relative celldivrels
of Fas or FasL (Fig. 5). Likewisgtocotrienol treatment
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had no effect on the relative intracellular level$-ADD,
the adapter protein required for Fas activationasfpase-
8 (Fig. 5). Western blot analysis also showed that vate Fas or TRAIL receptors did not induce apoptosis
tocotrienol did not induce translocation of Fasiig or these cells. These findings indicate that thélkigralig-
FADD from the cytosol to the cell membrane (datd nonant +SA mammary epithelial cells are resistardeath
shown). Howevery-tocotrienol treatment was found to receptor-induced apoptosis. However, additionadliss
induce a relatively large decrease in phosphomiate showed that tocotrienol-induced caspase-8 activaiso
PDK1 (active), phosphorylated-Akt (active), and FLI associated with tocotrienol-dependent inhibitiorPd3K/

and/or TRAIL receptor apoptotic signalling mecharism
However, treatment with antibodies or ligands theti-

levels as compared to untreated controls (Fig. 5).

Control 20uM yT3
(kDa) e
45 L | Sy Fas
40 - o e FasL
28 o | — | —— FADD
63 | — Phos-PDK1
60 - | — Phos-Akt
55| e i FLIP

Figure 5. Effects of 0-20uM y-tocotrienol ¢T3) on the relative
intracellular levels of Fas, Fas ligand (FasL), HAD
phosphorylated-PDK1 (phos-PDK1, active), phosplated-Akt

(phos-Akt, active) and FLIP in whole cell lysatefidwing an 8 hr
treatment exposure. +SA cells were grown in calfor 3 days in
serum-free control media prior to treatment expesuhole cell

lysates (20ug/lane) from the different treatment groups were

fractionated by SDS-PAGE and then protein bande wisualized
by Western blot analysis.

Discussion

These results demonstrate that tocotrienol-indugegh-a
tosis in highly malignant +SA mammary epithelial€és

mediated by specific intracellular signalling memisans

PDK/Akt mitogenic signalling, and corresponding re-
duction in intracellular FLIP expression, an intthaar
protein associated with preventing caspase-8 ditiiva
These findings confirm and extend previous repdréd t
showed tocotrienol-induced apoptosis is mediatealitgh
caspase-8 activation and independent of caspast-9 a
vation? Since caspase-8 activation is associated with
death receptor apoptotic signalling, whereas caspas
activation is associated with mitochondrial streshiced
apoptotic signalling’, it was hypothesized that toco-
trienol-induced apoptosis resulted from death rErep
dependent signalling mechanisfndHowever, this report
had not determined the exact death receptor/ligagd
nalling mechanisms involved in tocotrienol-indueambp-
tosis? It is known that Fas activation plays an importan
role in the induction and regulation of apoptosisthie
mammary gland during development, involution, and
tumorigenesi§®>®® Fas activation induces translocation of
inactive procaspase-8 from the cytoplasm to thestet
face death receptor, where it is then cleaved awd p
cessed to active caspase®8’? Fas activation can be
initiated by Fas-ligand (FasL), or activating aRéis anti-
body that binds to Fas and stimulate apoptoticadiig.
Other investigators have shown tleatocopherol succi-
nate, a synthetic derivative af-tocopherol, stimulates
Fas signalling and apoptosis in other cell liffes. How-
ever, results in the present study demonstratethieaFas
receptor is non-functional in malignant +SA mammary
epithelial cells. Treatment with FasL or Fas acingt
antibody did not induce apoptosis or decrease wiabll
number. Tocotrienol-induced apoptosis was also not
associated with alterations in intracellular FaaslF or
FADD levels in these cells. Treatment with TRAIL had
previously been shown to induce caspase-8 activatio
through death receptor mediated mechanisms in aever
experimental modefS. However, treatment with high
doses of TRAIL did not induce apoptosis or decreafle ¢
viability in +SA cells. These findings clearly denstrate
that tocotrienol-induced caspase-8 activation apdpa
tosis is not mediated through Fas or TRAIL receptor
apoptotic signalling mechanisms in the highly madigt

that lead to sequential activation of caspase-8 andSA mammary epithelial cells.

caspase-3. In contrast, treatment with very kligbes of
a-tocopherol had no effect on breast cancer cebiltiga
Furthermore, combined treatment with specific irtbits

Apoptosis in normal and neoplastic mammary- epi
thelial cells can be initiated through multiple rsidjing
pathways®3® It is well established that mitogen-starved

of caspase-8 or caspase-3, were found to blpck mammary epithelial cells will undergo apoptosis ragp
tocotrienol induced apoptosis. Tocotrienol treatment hadmately 15 hr after mitogens are removed from tHauoe

no effect on caspase-9 activity, and combined rreat
with a specific caspase-9

medium®  Studies have shown that certain mitogens

inhibitor did not blockinduce the synthesis and/or expression of antiiapicp

tocotrienol-induced apoptosis in malignant +SA manm proteins that prevent apoptosis and increase gl s

ry epithelial cells. Since caspase-8 processirt) aui-
vation is associated with death receptor apoptsiie

vival.*? Several mitogen-dependent anti-apoptotic sig-
nalling pathways have been identified, including th

nalling’ these findings suggested that tocotrienol-inducedP13K/PDK/Akt mitogenic signalling pathwdy® Acti-
caspase activation might be mediated through F§ T vation of receptor tyrosine kinases, such as thdeemal
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growth factor (EGF) receptor, stimulates activatioh appear to lead to the dysinhibition of procaspase-8
PI3K 5% PI3K then phosphorylates and activated PDKsactivation, increased intracellular caspase-8 igfiand
(PDK1 and PDK2). Activation of PDK1 has been shownultimately the initiation of apoptosis in theselselSince
to phosphorylate and activate Akt and activated Akt the apoptotic effects of tocotrienols are obserusihg
increases intracellular FLIP expression, an antpéqtic  treatment doses that have been shown to haveditti®
cytoplasmic protein that prevents the conversion offfect on normal mammary epithelial cells growth or
inactive procaspase-8 to active caspa®e28 schematic  viability,>**® these findings suggest that dietary supple-
representation of this pathway is shown in Figure 6 mentation of tocotrienols may act to reduce th& af
breast cancer in women. However, additional stidre
required to further determine the exact intracatiuhe-

PDK-1 FasL chanism(s) mediating the antiproliferative and aptip
14— Pl 3-K l effects of tocotrienols in order to provide essdritifor-
pPDK-1 FasR mation necessary for clearly understanding therpiate
health benefits of these compounds in the preversiad
Procaspase:-8 FADD
Akt L pA\kI P treatment of breast cancer.

<«———DISC

FLIP ——
Caspase-8

Acknowledgement

This work was performed at the School of Pharmbkyyersity

of Louisiana at Monroe, Monroe, LA 71209-0470, and
supported in part by a grant from NIH (Grant CA 8883 The
authors would also like to thank the Malaysian P&ihBoard
for their support and generously providirg/-tocotrienol for

Caspase-3 +Procaspase-3

!

APOPTOSIS

use in this work.

References

Figure 6. A schematic representation of caspase-8 and @§pas 1
activation by either Fas death receptor apoptaginadling or by '
the inhibition of the PI3K/PDK/Akt mitogenic pathwaand
subsequent reduced in FLIP expression.

2.
Treatment with 2M y-tocotrienol, a dose that induced a
70% reduction in +SA cell viability within 24 hr taf
treatment exposure, caused a large relative decrieas 3
active PDK1 and Akt, and a corresponding reduction
intracellular FLIP expression in malignant +SA mamyna
epithelial cells. These results strongly suggestt tha
tocotrienol-induced caspase-8 activation and apipts 4.
mediated through the inhibition of the EGF-dependen
PISK/PDK/Akt mitogenic signalling, and subsequeet r
duction in mitogen-dependent expression of anti->
apoptotic proteins. This hypothesis would alsola&rp
tocotrienol-induced caspase-8 activation in theeabs of g
functional Fas or TNF receptors in malignant +SA
mammary epithelial cells. Previous studies shotted
tocotrienol-induced suppression of EGF-dependetit ce’-
proliferation did not result from a reduction in EG
receptor levels or tyrosine kinase activity, sugiggsthat
the antiproliferative and apoptotic effects of twmmols
occurs downstream of the EGF-recepfdr.  Although
y-tocotrienol was clearly found to inhibit PDK1 acti 9.
vation in these cells, further studies are requicedeter-
mine if o -tocotrienol directly inhibits PDK1 activation or
if it is acting upstream to inhibit PI3K activitynd sub-
sequent PDK1 activation.

In summary, activation of initiator caspaseafid
effector caspase-3 are required for tocotrienol:oed
apoptosis in malignant +SA mouse mammary epithelial
cells. However, tocotrienol-induced caspase-8vatitin
occurs independently of death receptor activatiod a
apoptotic signalling. Tocotrienol-induced caspaseet-
vation and apoptosis appears to result from thbiindm
of the PI3K/PDK/Akt mitogenic signalling, and sub-
sequent reduction in intracellular FLIP levels. doc
trienol-induced reductions in intracellular FLIP v

10.

12.

Mclintyre BS, Briski KP, Tirmenstein MA, Fariss MW,
Gapor A, Sylvester PW. Antiproliferative and apdjto
effects of tocopherols and tocotrienols on normaluse
mammary epithelial cells. Lipids 2000; 35:171.

Sylvester PW, Theriault A. Role of tocotrienadts the
prevention of cardiovascular disease and breasecadurr
Top Nutraceutical Res 2003; 1:121.

Mcintyre BS, Briski KP, Gapor, A, Sylvester PW.
Antiproliferative and apoptotic effects of tocopbisr and
tocotrienols on preneoplastic and neoplastic mouse
mammary epithelial cellfroc.SoeS Exp Biol MedE-B-M.
2000; 224: 292.

Shah S, Gapor A, Sylvester PW. Role of caspase-8
activation in mediating vitamin E-induced apoptosis
murine mammary cancer celSutr Cancer 2003; 45: 236.
Earnshaw WC, Martins LM, Kaufmann SH. Mammalian
caspases: structure, activation, substrates, andtidns
during apoptosisAnnu Rev Biochem 1999; 68: 383.

Slee EA, Adrain C, Martin SJ. Serial killers: erithg
caspase activation events in apopto€lell Death Differ
1999; 6: 1067.

Schulze-Osthoff K, Ferrari D, Los M, Wesselb&gPeter
ME. Apoptosis signaling by death receptdgsr J Biochem
1998; 254: 439.

Panka DJ, Mano T, Suhara T, Walsh K, Mier JW.
Phosphatidylinositol 3-kinase/Akt activity regulste-FLIP
expression in tumor celld Biol Chem 2001; 276: 6893.
Suhara T, Mano T, Oliverira BE, Walsh K.
Phosphatidylinositol ~ 3-kinase/Akt  signaling consrol
endothelial cell sensitivity to Fas-mediated apsistovia
regulation of FLICE-inhibitory protein (FLIP)Circ Res
2001; 89: 13.

Varadhachary AS, Edidin M, Hanlon AM, Peter ME,
Krammer PH, Salgame P. Phosphatidylinositol 3'$@na
blocks CD95 aggregation and caspase-8 cleavageeat th
death-inducing signaling complex by modulating dale
diffusion of CD95J Immunol 2001; 166: 6564.

11. Green DR, Reed JC. Mitochondria and apopt&igence

1998; 281: 1309.

Li P, Nijhawan D, Budihardjo I, Srinivasula SKhmad M,
Alnemri ES, Wang X. Cytochrome ¢ and dATP-dependent
formation of Apaf-l/caspase-9 complex initiates an
apoptotic protease cascadell 1997: 91: 479.



Tocotrienol-induced apoptosis éoplastic mammary epithelial cells

372

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Desagher S, Osen-Sand A, Nichols A, Eskes R tédeunit
S, Lauper S, Maundrell K, Antonsson B, Martinou JGI-Bi
induced conformational change of Bax is responsibte
mitochondrial cytochrome c release during apoptds@ell
Biol 1999; 144: 891.

Li H, Zhu H, Xu CJ, Yuan J. Cleavage of BID bypase 8

mediates the mitochondrial damage in the Fas pathofla 25.

apoptosisCell 1998; 94: 491.
Chen Q, Gong B, Almasan A. Distinct stages adayrome

c release from mitochondria: evidence for a feeklbac 26.

amplification loop linking caspase activation to
mitochondrial dysfunction in genotoxic stress ineic
apoptosisCell Death Differ 2000; 7: 227.

Kirsch DG, Doseff A, Chau BN, Lim DS, de Souzat®i
NC, Hansford R, Kastan MB, Lazebnik YA, Hardwick JM.
Caspase-3-dependent cleavage of Bcl-2 promotes eetéas
cytochrome cJ Biol Chem 1999; 274: 21155.

Sylvester PW, Birkenfeld HP, Hosick HL, Briski KPatty
acid modulation of epidermal growth factor-indusaduse
mammary epithelial cell proliferation in vitr&xp Cell Res
1994; 214: 145.

Sylvester PW, Mclintyre BS, Gapor A, Briski KPtamin E
inhibition of normal mammary epithelial cell growtls
associated with a reduction in protein kinase C@lph
activation Cell Prolif 2001; 34: 347.

Sylvester PW, Nachnani A, Shah S, Briski KP. Rafe
GTP-binding proteins in reversing the antiprolitara
effects of tocotrienols in preneoplastic mammarithegial
cells. Asia Pacific J Clin Nutr 2002; 11: S452.

Mclintyre BS, Birkenfeld HP, Sylvester PW. Relasioip
between epidermal growth factor receptor levels,32.
autophosphorylation and mitogenic-responsiveness in
normal mouse mammary epithelial cells in vit@ell Prolif

1995; 28: 45.

Towbin H, Staehelin T, Gordon J. Electropharétansfer — 33.

of proteins from polyacrylamide gels to nitrocedisé
sheets: procedure and some applicatidtroc Natl Acad
Sci U S A 1979; 76: 4350.

Keane MM, Ettenberg SA, Lowrey GA, Russell EK,
Lipkowitz S. Fas expression and function in norraad
malignant breast cell line€ancer Res 1996; 56: 4791.

23.

24.

27.

28.

29.

30.

31.

Shen K, Novak RF. Fas-signaling and effects emeptor
tyrosine kinase signal transduction in human breast
epithelial cells Biochem Biophys Res Commun 1997; 230:
89.

Kumar R, Vadlamudi RK, Adam L. Apoptosis in mamna
gland and canceEndocr Relat Cancer 2000; 7: 257.

Kline K, Yu W, Sanders BG. Vitamin E: mechanisofs
action as tumor cell growth inhibitord Nutr 2001; 131:
161S.

Yu W, Israel K, Liao QY, Aldaz CM, Sanders BQing K.
Vitamin E succinate (VES) induces Fas sensitivithuman
breast cancer cells: role for Mr 43,000 Fas in \tE§gered
apoptosisCancer Res 1999; 59: 953.

Sun XM, MacFarlane M, Zhuang J, Wolf BB, GreeR,D
Cohen GM. Distinct caspase cascades are initiated in
receptor-mediated and chemical-induced apoptdsiBiol
Chem 1999; 274: 5053.

Bratton SB, MacFarlane M, Cain K, Cohen GM. Protein
complexes activate distinct caspase cascades ith dea
receptor and stress-induced apoptoBig Cell Res 2000;
256: 27.

Walczak H, Krammer PH. The CD95 (APO-1/Fas) ted
TRAIL (APO-2L) apoptosis system&xp Cell Res 2000;
256: 58.

Hockenbery D, Nunez G, Miliman C, Schreiber ,RD
Korsmeyer SJ. Bcl-2 is an inner mitochondrial membra
protein that blocks programmed cell deatature 1990;
348:334. +

Oltvai ZN, Korsmeyer SJ. Checkpoints of duel@imers
foil death wishes [commentTell 1994; 79: 189.

Nass SJ, Li M, Amundadottir LT, Furth PA, DioksRB.
Role for Bcl-xL in the regulation of apoptosis by EGRd
TGF beta 1 in c-myc overexpressing mammary epiheli
cells Biochem Biophys Res Commun 1996; 227: 248.
Heermeier K, Benedict M, Li M, Furth P, Nunez G,
Hennighausen L. Bax and Bcl-xs are induced at tisetoof
apoptosis in involuting mammary epithelial ceNgech Dev
1996; 56: 197.



AS$lac J Clin Nutr: Chinese Abstract

Intracellular mechanisms mediating tocotrienol-induced apoptosis in neoplastic
mammary epithelial cells

A B =ZIRTR AT B A IL 5 b R 8 40 BRR P SR T I L AL
Paul W Sylvester PhD and Sumit Shah PhD
School of Pharmacy, University of Louisiana at Mm#rMonroe, LA 71209-0470, U.S.A.

BB IR X AR TR R B R (e, RS bR AN T, AR E Ak
SR B ROR « AWFFEIERE+SA /N OB AETL D LR A (AR AN S 5%, 2B B =0 2R R A WL E
T THR . Gt IaE T (2R — 0 s B s e 1 & Al (8— PRI TR Mk 9— M TEE AR » RIEPET1E
H BF O SOV e T TR B (3—, 6—8 T—EI TR AR , XA TREETEAIIIET.. SR RN
EFIE (20puM) [y-AH G R A FE+SA /N OB AEFLS FRz R an i, 455 8— PR ABEAN 3— 41 i 18
P T P 35 1 Bt A B PR IS TR R i B o 2 SR ) B FH P 8 — = e R ATl B8 3 — 440 L 1) 1 B 1 Tl 00 451 551) S Ak /)N
AN, MRESE A Mly-A2 =R 5 S (I gu REPEAN M AE T LA 8 —2F- b R A g a3 — 41 i T 85 1 B v 1k
M, Hy-EE GRS, JFEAAIE 99— MORAEEYE, JF H5 %Mk 9— - A B i 370 [ i b 34t
ML, ANSANE-AE T SRS R AR E A AT T 8 — 2R RS TE S g A g M AE T2 4k (L
U Fas, TNF 8 TRATL Z44) WIEPEAROC, VFZ W0 2 T AR T AR5 DI 8 — V- e R Al 13 1 Fl 2
FEVEANBAE T I AE T AR AR HEAT TS . ] Fas FCAAR, Fas MBS PUABLE TRATL AbFE+SA /NEUBH A= FL 55 1%
ARG, FHARES RmFETEAN AL T, 45 B3R XLl f RS A8 T 52 AR 5 S M gmFE P40 B e - - FLA 40
R ZF N y-2E B =R AL BN A5, R AR X el B N 1) Fas, FasL A1 FADD (%5 . Western blot
SRR Y- E =R IE A FasL A1 FADD 75 M55 40 s (Rl (i fE 4. 5e %%, Fas [3EIHTAA I A RERL 1 4=
B+ SA /N AN 51 g B4 AL T, X USSR AR E =GR T A AL I Y g R A BT
SARFITEE RS R +SA /N EUHTAE LD b R R A1 R A S RE M E AN B ZE T DL e AR v 8 — 2P e R A B ATE M o [AJ I AT
AF XS FHAET 2 AR5 R AR P PE BB T 3R PTHE S AR ME4N e T-3IME R (i FLIP) [ Rk AR
i PI3K/ PDK/Akt {55 BAHCMES 8. BRIF 248, FRATIE AR AN 5 32 M 1 AR B = IR AL /)N R 41 i
Jii, FLIP CALFGEF) FLIP, 4l FLIP AIM 5t FLIP) [¥)5 LA, PDK-1 Al Akt [ RRALEE VG ME S K. B
Zo AW T LTS5 R:  +SA /NERBTETL S b SR A M RS P PE R T DA S 8 — 2= I R AT IR 1% 1 1 4t v O
AR = A AT AT S AR T MR S T, S r] AE Il X PIBK/PDK/AKL 22 3445 5443
BRI, NI FLIP [H3RIE 2 HTE.

REER: HEERRE, EH MM, FUBYE, MEETEAIRAETS, PBERACNE, PDK, Akt, FLIP





