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Tocotrienols and tocopherols represent the two subgroups that make up the vitamin E family of compounds.  
However, tocotrienols display significantly more potent apoptotic activity in neoplastic mammary epithelial 
cells than tocopherols.  Studies were conducted to determine the intracellular mechanism(s) mediating 
tocotrienol-induced apoptosis in neoplastic +SA mouse mammary epithelial cells in vitro.  An initial step in 
apoptosis is the activation of “initiator” caspases (caspase-8 or -9) that subsequently activate “effector” 
caspases (caspase-3, -6 and -7) and induce apoptosis.  Treatment with cytotoxic doses of   γ-tocotrienol (20 µM) 
resulted in a time-dependent increase in caspase-8 and caspase-3 activity.  Combined treatment with specific 
caspase-8 or caspase-3 inhibitors completely blocked γ-tocotrienol-induced apoptosis and caspase-8 or caspase-
3 activity, respectively.  In contrast, γ-tocotrienol treatment had no effect on caspase-9 activation, and 
combined treatment with a specific caspase-9 inhibitor did not block γ-tocotrienol-induced apoptosis in +SA 
cells.  Since caspase-8 activation is associated with the activation of death receptors, such as Fas, tumor 
necrosis factor (TNF), or TNF-related apoptosis-inducing ligand (TRAIL) receptors, studies were conducted to 
determine the exact death receptor(s) and ligand(s) involved in mediating tocotrienol-induced caspase-8 
activation and apoptosis.  Treatment with Fas-ligand (FasL), Fas-activating antibody, or TRAIL failed to induce 
cell death in +SA neoplastic mammary epithelial cells, suggesting that these cells are resistant to death 
receptor-induced apoptosis.  Moreover, treatment with cytotoxic doses of γ-tocotrienol did not alter the 
intracellular levels of Fas, FasL, or Fas-associated death domain (FADD) in these cells.  Western blot analysis 
also showed that γ-tocotrienol did not induce FasL or FADD translocation from the cytosolic to membrane 
fraction in these cells.  Finally, treatment with Fas-blocking antibody did not reverse the tocotrienol-induced 
apoptosis in + SA cells.  These data demonstrate that tocotrienol-induced caspase-8 activation and apoptosis is 
not mediated through death receptor activation in malignant +SA mammary epithelial cells.  Resistance to 
death receptor-induced apoptosis has been shown to be associated with increased expression of apoptosis-
inhibitory proteins, such as FLICE-inhibitory protein (FLIP), and enhanced signalling of the phosphati-
dylinositol 3-kinase (PI3K)/PI3K-dependent kinase (PDK)/Akt mitogenic pathway.  Additional studies showed 
that treatment with cytotoxic doses of γ-tocotrienol decreased total, membrane, and cytosolic levels of FLIP, 
and reduced phosphorylated PDK-1 (active) and phosphorylated-Akt (active) levels in these cells.  In summary, 
these findings demonstrate that tocotrienol-induced caspase-8 activation and apoptosis in malignant +SA 
mammary epithelial cells is not mediated through the activation of death receptors, but appears to result from 
the suppression of the PI3K/PDK/Akt mitogenic signalling pathway, and subsequent reduction in intracellular 
FLIP expression. 
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Introduction 
Tocopherols and tocotrienols represent the two subgroups 
in the vitamin E family of compounds.1,2  Both subgroups 
have the same basic chemical structure characterized by a 
long phytyl tail attached to a chromane ring.  However, 
tocopherols have a saturated, whereas tocotrienols have an 
unsaturated phytyl tail.  Although both are potent anti-
oxidants, only tocotrienols display potent antiproliferative 
and apoptotic activity against breast cancer cells, and these 
effects are observed using treatment doses that have little or 
no effects on normal mammary epithelial cell growth or 
viability.1-4 Recently, studies have demonstrated that 
tocotrienol-induced cell death results from the initiation of 
apoptosis.1-4  Apoptosis or programmed cell death is an 
important mechanism by which cancer cells can be eli-
minated  from the body,  and  is characterized  by organized  

and systematic cellular destruction brought about by the 
activation of specific enzymes called caspases.5, 6      
     Caspase activation can result from two basic mecha-
nisms.  The first mechanism involves receptor-mediated cas-
pase activation.  Activation of “death receptors”, such as 
Fas, tumor necrosis factor (TNF), or TNF-related apoptosis-
inducing ligand (TRAIL) receptors by their specific  ligands 
results in receptor trimerization, recruitment of adapter  
proteins  such  as Fas-associated death domain (FADD), and 
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inactive initiator caspases (procaspase-2 or -8), to form 
what is called a death inducing signalling complex 
(DISC).7  The initiator caspase within the DISC is then 
activated and released.  Activated initiator caspases then 
activate effector caspases, such as capase-3, which then 
mediate the various cytoplasmic and nuclear events asso-
ciated with apoptosis.7  Studies have shown that stimu-
lation of the phosphatidylinositol 3-kinase (PI3K)/PI3K-
dependent kinase (PDK)/Akt mitogenic signalling path-
way results in the increased intracellular expression of 
FLICE-inhibitory protein (FLIP), a cytoplasmic protein 
that prevents procaspase-8 activation.8-10  Treatments that 
inhibit PI3K/PDK/Akt mitogenic signalling can cause a 
reduction in intracellular FLIP levels, and a correspond-
ding increase in caspase-8 activation and apoptosis.8-10     
The second mechanism involves mitochondrial stress-
induced caspase activation. Various stressful stimuli (che-
micals or radiation) can cause perturbations in the mito-
chondrial membrane that results in the release of pro-
apoptotic molecules, such as cytochrome c, into the cyto-
plasm.11,12 Cytochrome c will then interact with cyto-
plasmic proteins to induce the activation of the initiator 
caspases, such as caspase-9, which subsequently activates 
down-stream effector caspases.11,12  It has also been  
shown that cross-talk between the receptor-mediated and 
mitochondrial stress pathways can occur in some apop-
totic models.  Activation of upstream initiator or down-
stream effector caspases has been shown to directly lead 
to the release of cytochrome c from the mitochondria, and 
subsequent caspase-9 activation in some cells.13-16  Stu-
dies were conducted to determine whether death receptor 
and/or mitochondrial stress-mediated signalling pathways 
are involved in tocotrienol-induced apoptosis. 
 
Material and Methods 
All chemicals were purchased from Sigma (St. Louis, 
MO) unless otherwise stated. The highly malignant 
mouse +SA mammary epithelial cell line was used in 
these studies as previously described in detail.3,4  Cells 
were maintained in serum-free control media consisting 
of DMEM/F12 containing 5mg/ml bovine serum albumin 
(BSA), 10 µg/ml transferrin, 100 U/ml soybean trypsin 
inhibitor, 100 U/ml penicillin, 0.1 mg/ml streptomycin, 10 
ng/ml epidermal growth factor (EGF), and 10 µg/ml in-
sulin.  Cells were plated at a density of 1 X 105 cells/well 
in 24-well culture plates (viability studies) or 1 X 106 
cells/100 mm culture plates (DNA fragmentation, We-
stern blot, and caspase enzymatic activity studies).  In 
order to dissolve the highly lipophilic vitamin E com-
pounds in aqueous culture media, these compounds were 
conjugated to BSA as previously described.1,3,17-19 This 
solution of vitamin E conjugated to BSA was then used to 
prepare various concentrations of (0-400µM) α-tocopherol 
or (0-20 µM) γ-tocotrienol supplemented treatment media 
such that all control and treatment media had a final con-
centration of 5 mg/ml BSA.  Ethanol was added to all 
treatment media such that the final ethanol concentration 
was the same in all treatment groups within a given 
experiment and was always less than 0.1%. In com-
bination studies, caspase inhibitors were purchased from 
Calbiochem-Novabiochem Corporation (La Jolla, CA).  
Stock solutions (1 mM) of specific caspase-8 inhibitor II, 

benzyloxycarbonyl-Ile-Glu(OMe)-Thr-Asp(OMe)-fluoro-
methyl ketone (z-IETD-fmk); and caspase-3 inhibitor V, 
benzyloxycarbonyl - Asp (OMe) - Gln - Met - Asp(OMe)- 
fluoromethyl ketone (z-DQMD-fmk) were prepared in 
dimethyl sulfoxide (DMSO), and added to the culture 
media so that the final concentration of each inhibitor was 
1µM.   Appropriate amounts of DMSO were also added to 
control media so that the final concentration of DMSO 
was the same in all treatment groups.   Cells were divided 
into different treatment groups and fed serum-free control 
or treatment media every other day and maintained in a 
humidified incubator at 37°C in an environment of 95% 
air and 5% CO2.  Viable cell number was determined in 
the different treatment groups by the 3-(4,5-dimethyl-
thiazol-2yl)-2,5-diphenyl tetrazolium bromide (MTT) co-
lorimetric assay as described previously.1,3,17-19 Differen-
ces among the various treatment groups were determined 
by analysis of variance, followed by Duncan’s multiple 
range test.  A difference of P <0.05 was considered to be 
significant, as compared with controls or as defined in the 
Figure legends. 
     Treatment-induced caspase activation was determined 
using caspase-8 and caspase-3 colorimetric assay kits pur-
chased from Clontech Laboratories (Palo Alto, CA), and 
the caspase-9 colorimetric assay kit purchased from R&D 
Systems (Minneapolis, MN).  Malignant +SA mammary 
epithelial cells were divided into different treatment 
groups and incubated with control or treatment media for 
0-24 hr.  After treatment exposure, cells were isolated 
from plates with trypsin, and then lysed on ice for 10 min 
using the cell lysis buffer provided in the caspase assay 
kits.  The lysate was sonicated for 15 sec on ice and cen- 
trifuged for 1 min at 14,000 X g at 4°C.  Whole cell ly-
sates were then separated from cellular debris and stored 
at -80°C until assayed for caspase activity.  Protein con-
centrations in whole cell lysates were determined using 
the Bio-Rad protein assay kit (Bio-Rad, Hercules, CA), 
and 200µg of protein was used to measure caspase acti-
vity.  The colorimetric enzymatic activity was read as op-
tical density units at 405 nm on a microplate reader, 
according to the instructions provided in each kit. 
     Western Blot analysis was used to determine treatment 
effects on the intracellular levels of Fas, Fas-L, TRAIL, 
active forms of intracellular kinases (phosphorylated-
PDK1 and phosphorylated-Akt), and intracellular proteins 
(FADD and FLIP) associated with stimulating or inhi-
biting apoptotic signalling.  Malignant +SA mammary 
epithelial cells in the various treatment groups were iso-
lated from culture plates with trypsin, whole cell lysates 
were prepared, and protein concentration of each lysate 
was determined as previously described.4,19,20  Samples 
from each treatment group (20 µg/lane) were loaded on 
10-15% polyacrylamide minigels, electrophoresed, and 
proteins were transblotted (30 Volts for 12 hr) to poly-
vinylidene difluoride (PVDF) membranes (Dupont, 
Boston, MA) according to the method of Towbin et al.21  
To identify various intracellular proteins, membranes 
were blocked with 2% BSA in 10 mM Tris-HCl con-
taining 50 mM NaCl and 0.1% Tween 20 pH 7.4, and in-
cubated for 2 hr with either Fas polyclonal antibody 
(1:4000, Santa Cruz Biotechnology, Santa Cruz, CA), 
Fas-ligand (FasL) polyclonal antibody (1:4000, Santa 
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Cruz Biotechnology, Santa Cruz), FADD monoclonal 
antibody (1:5000, Upstate, Inc., Lake Placid, NY), 
phosphorylated-PDK-1 polyclonal antibody (1:5000, Cell 
Signaling Technology, Beverly, MA), phosphorylated-
Akt polyclonal antibody (1:5000, Cell Signalling 
Technology, Beverly, MA) or FLIP polyclonal antibody 
(1:4000, Upstate, Inc., Lake Placid, NY).  Membranes 
were then rinsed five times with blocking buffer, and 
incubated for 1 hr with horseradish peroxidase (HRP)-
conjugated goat anti-mouse (1:5000) or goat anti-rabbit 
(1:5000) secondary antibody (Pierce, Rockford, IL).  
Blots were then rinsed five times with blocking buffer and 
protein bands were visualized with the SuperSignal en-
hanced chemiluminescence kit according to the manu-
facturer’s instructions (Pierce, Rockford, IL).  Blots from 
each treatment group were exposed on the same piece of 
film (Kodak X-OMAT AR, Rochester, NY).  Images 
were acquired with Epson Perfection 1640SU photo 
scanner (Epson, Long Beach, CA) and analyzed with 
QuantityOne software (Bio-Rad, Hercules, CA). 
 
Results 
The effects of 24 hr exposure to control, 400 µM  
α-tocopherol or 20 µM γ-tocotrienol treatment media on 
viable +SA cell number are shown in Figure 1.  Cells in 
all treatment groups were plated at a concentration of 1 X 
105 cells/well in 24-well culture plates and maintained on 
control media for 3 days in culture.  Afterwards, control 
media was removed and replaced with their specific 
treatment media. The next day, cell viability in each treat-
ment group was determined using the MTT colorimetric 
assay.   Treatment for 24 hr with 400 µM α-tocopherol 
had no effect on malignant + SA mammary epithelial cell 
viability as compared to controls (Fig. 1).  In contrast, 
treatment with 20 µM  γ-tocotrienol resulted in over a 
70% reduction in +SA cell viability as compared to con-
trols (Fig. 1).  Additional studies confirmed previous 
investigations1,3,4 that showed γ-tocotrienol-induced cell 
death results from apoptosis, as indicated by DNA frag-
mentation and positive TUNEL assay staining (data not 
shown). 
     Figure 2 shows the effects of γ-tocotrienol treatment 
on caspase activation in malignant +SA mammary epi-
thelial cells.  Cells were grown in culture for 3 days in 
control media and then divided into different treatment 
groups and treated for 0-24 hr with either control or 20 
µM γ-tocotrienol treatment media.  Treatment with γ-
tocotrienol induced a large increase in caspase-8 activity 
that was detected within 4 hr and continued for at least 24 
hr after treatment exposure as compared to untreated 
controls (Fig. 2A). 
     Similar treatment with γ-tocotrienol also induced a 
corresponding increase in caspase-3 activity (Fig. 2C), but 
had no effect on caspase-9 activity at any time during the 
24 hr treatment period (Fig. 2B) as compared to untreated 
controls.  The effects of selective caspase inhibitors on  
γ-tocotrienol induced caspase activation in malignant +SA 
mammary epithelial cells are shown in Figure 3.  Cells 
were  grown in culture for 3 days  in control media and  
then divided into different treatment groups and treated 
for  24 hr  with  either control, 1 µM z-IETD-fmk, 20 µM 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The percent of viable +SA cells following 24 hr treatment 

exposure to 400 µM α-tocopherol or 20 µM γ-tocotrienol, as com-
pared to untreated controls.  Cells (1 X 105 cells/well) in each treat-
ment group (6 wells/group) were grown in serum-free control media 
for 3 days prior to exposure to their respective treatments.  Vertical 
bars indicate the mean percent of viable cells + SE. *P<0.05 as com-
pared to untreated controls. 
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Figure 2. Caspase-8 (A), caspase-9 (B), and caspase-3 (C) activity in 
malignant +SA mammary epithelial cells following 0-24 hr exposure 
to 20 µM  γ-tocotrienol.  Caspase activity is expressed as optical 
density units at 405 nm.  Vertical bars represent the means + SD for 
duplicates in each treatment groups. *P<0.05 as compared to 
untreated controls. 
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γ-tocotrienol, or the combination of 1 µM z-IETD-fmk 
and 20 µM γ-tocotrienol treatment media (Fig. 3A).  Cells 
treated with 1 µM z-IETD-fmk (I-8), a specific caspase-8 
inhibitor, showed no change in the relative level of 
caspase-8 activity as compared to untreated controls  
(Fig.3A).  In contrast, treatment with 20 µM γ-tocotrienol 
(γT3) resulted in a significant elevation in caspase-8 
activity 24 hr following treatment exposure (Fig. 3A).  
Combined treatment with 1 µM z-IETD-fmk (I-8) and 20 
µM γ-tocotrienol (γ T3) blocked tocotrienol-induced 
caspase-8 activation (Fig. 3A).  In similar studies, malig-
nant +SA mammary epithelial cells were exposed for 24 
hr to control, 1 µM z-DQMD-fmk, 20 µM γ-tocotrienol, 
or the combination of 1 µM z-DQMD-fmk and 20 µM  
γ-tocotrienol treatment media.  Treatment with 1 µM z-
DQMD-fmk (I-3), a specific inhibitor of caspase-3, had 
no significant effect, while treatment with 20 µM  
γ-tocotrienol (γΤ3) induced a significant increase in 
caspase-3 activity 24 hr following treatment exposure as 
compared to untreated controls (Fig. 3B).  Combined 
treatment with 20 µM γ-tocotrienol (γΤ3) and 1 µM z-
DQMD-fmk (I-3) blocked tocotrienol-induced caspase-3 
activation (Fig. 3B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Since caspase-8 processing and activation is associated 
with “death receptor” mediated apoptotic signalling, stu-
dies were conducted to determine which death receptor/ 
ligand signalling mechanism was involved in tocotrienol-
induced apoptosis.  Cells were grown in culture for 3 days 
in control media and then divided into different treatment 
groups and treated for 24 hr with either control, 20 µM  
γ−tocotrienol, 1 µg/ml Fas-activating antibody (Fas-Ab), 
100 ng/ml FasL or 100 ng/ml tumor TRAIL treatment 
media. Treatment with γ−tocotrienol significantly reduced 
the number of viable +SA mammary epithelial cells as 
compared to control, 24 hr after treatment exposure (Fig. 
4).  In contrast, treatment with Fas-Ab or FasL, agents 
that are known to activate Fas, had no effect on +SA cell 
viability as compared to untreated controls.  In other 
studies, treatment with Fas-blocking antibody did not 
block γ-tocotrienol-induced apoptosis in these cells (data 
not shown).  Treatment with TRAIL was also shown to 
have no effect on +SA cell viability as compared to un-
treated controls (Fig. 4).  Since death receptor ligands 
(FasL and TRAIL) and activiating antibody (Fas-Ab) 
were not found to induce apoptosis, these finding indicate 
that tocotrienol-induced caspase-8 activation and apop-
tosis occurs independently of death receptor activation in 
malignant +SA mammary epithelial cells.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The effects of control and 20 µM γ-tocotrienol (γT3) on 
the relative cellular levels of Fas, FasL, FADD, phos-
phorylated-PDK1 (active), phosphorylated-Akt (active) 
and FLIP are shown in Figure 5.  Cells in the different 
treatment groups were grown in culture for 3 days in 
serum-free control media.  Afterwards, media was re-
moved and replaced with their respective culture media.  
Following an 8 hr treatment period, cells in all treatment 
groups were isolated with trypsin, and whole cell lysates 
were prepared for Western blot analysis.  Treatment with 
γ -tocotrienol had no effect on the relative cellular levels 
of Fas or FasL (Fig. 5).  Likewise, γ-tocotrienol treatment 
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Figure 3. Caspase-8 (A) activity in malignant +SA mammary epi-
thelial cells following a 24 hr exposure to control, 1 µM z-IETD-
fmk (I-8, a specific caspase-8 inhibitor), 20µM γ-tocotrienol (γΤ3), 
or the combination of 1 µM z-IETD-fmk (I-8) and 20 µM  
γ-tocotrienol (γΤ3) treatment media.  Caspase-3 (B) activity in 
+SA cells following a 24 hr exposure to control, 1 µM z-DQMD-
fmk (I-3, a specific caspase-3 inhibitor), 20 µM γ-tocotrienol 
(γT3), or the combination of 1 µM z-DQMD-fmk (I-3) and 20 µM 
γ−tocotrienol (γ T3) treatment media.  Caspase activity is ex-
pressed as optical density units at 405 nm.  Vertical bars represent 
the mean + SD of duplicates in each treatment group.  *P<0.05 as 
compared to untreated controls. 
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 Figure 4. Viable +SA mammary epithelial cell number following 
a 24 hr exposure to control, 20 µM  γ-tocotrienol (γ T3), 1µg/ml 
Fas-activating antibody (Fas-Ab), 100 ng/ml Fas ligand (FasL) or 
100 ng/ml TRAIL treatment media.  Cells (1 X 105 cells/well) in 
each treatment group (6 wells/group) were grown in serum-free 
control media for 3 days prior to exposure to their respective 
treatments.  Vertical bars indicate the mean percent of viable cells 
+ SE.  *P<0.05 as compared to untreated controls. 
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had no effect on the relative intracellular levels of FADD, 
the adapter protein required for Fas activation of caspase-
8 (Fig. 5).  Western blot analysis also showed that γ-
tocotrienol did not induce translocation of Fas-ligand or 
FADD from the cytosol to the cell membrane (data not 
shown).  However, γ-tocotrienol treatment was found to 
induce a relatively large decrease in phosphorylated-
PDK1 (active), phosphorylated-Akt (active), and FLIP 
levels as compared to untreated controls (Fig. 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
These results demonstrate that tocotrienol-induced apop-
tosis in highly malignant +SA mammary epithelial cells is 
mediated by specific intracellular signalling mechanisms 
that lead to sequential activation of caspase-8 and 
caspase-3.   In contrast, treatment with very high doses of 
α-tocopherol had no effect on breast cancer cell viability.  
Furthermore, combined treatment with specific inhibitors 
of caspase-8 or caspase-3, were found to block γ-
tocotrienol  induced apoptosis.  Tocotrienol treatment had 
no effect on caspase-9 activity, and combined treatment 
with a specific caspase-9 inhibitor did not block 
tocotrienol-induced apoptosis in malignant +SA mamma-
ry epithelial cells.  Since caspase-8 processing and acti-
vation is associated with death receptor apoptotic sig-
nalling7 these findings suggested that tocotrienol-induced 
caspase activation might be mediated through Fas, TNF 

and/or TRAIL receptor apoptotic signalling mechanisms.  
However, treatment with antibodies or ligands that acti-
vate Fas or TRAIL receptors did not induce apoptosis in 
these cells.   These findings indicate that the highly malig-
nant +SA mammary epithelial cells are resistant to death 
receptor-induced apoptosis.  However, additional studies 
showed that tocotrienol-induced caspase-8 activation is 
associated with tocotrienol-dependent inhibition of PI3K/ 
PDK/Akt mitogenic signalling, and corresponding re-
duction in intracellular FLIP expression, an intracellular 
protein associated with preventing caspase-8 activation. 
These findings confirm and extend previous reports that 
showed tocotrienol-induced apoptosis is mediated through 
caspase-8 activation and independent of caspase-9 acti-
vation.4  Since caspase-8 activation is associated with 
death receptor apoptotic signalling, whereas caspase-9 
activation is associated with mitochondrial stress-induced 
apoptotic signalling5-7, it was hypothesized that toco-
trienol-induced apoptosis resulted from death receptor-
dependent signalling mechanisms.4  However, this report 
had not determined the exact death receptor/ligand sig-
nalling mechanisms involved in tocotrienol-induced apop-
tosis.4  It is known that Fas activation plays an important 
role in the induction and regulation of apoptosis in the 
mammary gland during development, involution, and 
tumorigenesis.22-26  Fas activation induces translocation of 
inactive procaspase-8 from the cytoplasm to the cell sur-
face death receptor, where it is then cleaved and pro-
cessed to active caspase-8.5,6,27,28 Fas activation can be 
initiated by Fas-ligand (FasL), or activating anti-Fas anti-
body that binds to Fas and stimulate apoptotic signalling. 
Other investigators have shown that α-tocopherol succi-
nate, a synthetic derivative of α-tocopherol, stimulates 
Fas signalling and apoptosis in other cell lines.26     How-
ever, results in the present study demonstrate that the Fas 
receptor is non-functional in malignant +SA mammary 
epithelial cells.  Treatment with FasL or Fas activating 
antibody did not induce apoptosis or decrease viable cell 
number.  Tocotrienol-induced apoptosis was also not 
associated with alterations in intracellular Fas, FasL or 
FADD levels in these cells. Treatment with TRAIL had 
previously been shown to induce caspase-8 activation 
through death receptor mediated mechanisms in several 
experimental models.29  However, treatment with high 
doses of TRAIL did not induce apoptosis or decrease cell 
viability in +SA cells.  These findings clearly demonstrate 
that tocotrienol-induced caspase-8 activation and apop-
tosis is not mediated through Fas or TRAIL receptor 
apoptotic signalling mechanisms in the highly malignant 
+SA mammary epithelial cells. 
     Apoptosis in normal and neoplastic mammary epi-
thelial cells can be initiated through multiple signalling 
pathways.30-33    It is well established that mitogen-starved 
mammary epithelial cells will undergo apoptosis approxi-
mately 15 hr after mitogens are removed from the culture 
medium.32   Studies have shown that certain mitogens 
induce the synthesis and/or expression of anti-apoptotic 
proteins that prevent apoptosis and increase cell sur-
vival.32 Several mitogen-dependent anti-apoptotic sig-
nalling pathways have been identified, including the 
PI3K/PDK/Akt mitogenic signalling pathway.8-10 Acti-
vation of receptor tyrosine kinases, such as the epidermal 
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Figure 5. Effects of 0-20 µM γ-tocotrienol (γT3) on the relative 
intracellular levels of Fas, Fas ligand (FasL), FADD, 
phosphorylated-PDK1 (phos-PDK1, active), phosphorylated-Akt 
(phos-Akt, active) and FLIP in whole cell lysates following an 8 hr 
treatment exposure.  +SA cells were grown in culture for 3 days in 
serum-free control media prior to treatment exposure.  Whole cell 
lysates (20 µg/lane) from the different treatment groups were 
fractionated by SDS-PAGE and then protein bands were visualized 
by Western blot analysis. 
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growth factor (EGF) receptor, stimulates activation of 
PI3K.8-10  PI3K then phosphorylates and activated PDKs 
(PDK1 and PDK2).  Activation of PDK1 has been shown 
to phosphorylate and activate Akt8-10 and activated Akt 
increases intracellular FLIP expression, an anti-apoptotic 
cytoplasmic protein that prevents the conversion of 
inactive procaspase-8 to active caspase-8.8-10   A schematic 
representation of this pathway is shown in Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Treatment with 20 µM γ-tocotrienol, a dose that induced a 
70% reduction in +SA cell viability within 24 hr after 
treatment exposure, caused a large relative decrease in 
active PDK1 and Akt, and a corresponding reduction in 
intracellular FLIP expression in malignant +SA mammary 
epithelial cells. These results strongly suggest that 
tocotrienol-induced caspase-8 activation and apoptosis is 
mediated through the inhibition of the EGF-dependent 
PI3K/PDK/Akt mitogenic signalling, and subsequent re-
duction in mitogen-dependent expression of anti-
apoptotic proteins.  This hypothesis would also explain 
tocotrienol-induced caspase-8 activation in the absence of 
functional Fas or TNF receptors in malignant +SA 
mammary epithelial cells.  Previous studies showed that 
tocotrienol-induced suppression of EGF-dependent cell 
proliferation did not result from a reduction in EGF-
receptor levels or tyrosine kinase activity, suggesting that 
the antiproliferative and apoptotic effects of tocotrienols 
occurs downstream of the EGF-receptor.18,19    Although 
γ-tocotrienol was clearly found to inhibit PDK1 acti-
vation in these cells, further studies are required to deter-
mine if α -tocotrienol directly inhibits PDK1 activation or 
if it is acting upstream to inhibit PI3K activity and sub-
sequent PDK1 activation.   
     In summary, activation of initiator caspase-8 and 
effector caspase-3 are required for tocotrienol-induced 
apoptosis in malignant +SA mouse mammary epithelial 
cells.  However, tocotrienol-induced caspase-8 activation 
occurs independently of death receptor activation and 
apoptotic signalling.  Tocotrienol-induced caspase-8 acti-
vation and apoptosis appears to result from the inhibition 
of the PI3K/PDK/Akt mitogenic signalling, and sub-
sequent reduction in intracellular FLIP levels.  Toco-
trienol-induced reductions in intracellular FLIP levels 

appear to lead to the dysinhibition of procaspase-8 
activation, increased intracellular caspase-8 activity, and 
ultimately the initiation of apoptosis in these cells.  Since 
the apoptotic effects of tocotrienols are observed using 
treatment doses that have been shown to have little or no 
effect on normal mammary epithelial cells growth or 
viability,1,2,18 these findings suggest that dietary supple-
mentation of tocotrienols may act to reduce the risk of 
breast cancer in women.   However, additional studies are 
required to further determine the exact intracellular me-
chanism(s) mediating the antiproliferative and apoptotic 
effects of tocotrienols in order to provide essential infor-
mation necessary for clearly understanding the potential 
health benefits of these compounds in the prevention and 
treatment of breast cancer. 
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生育三烯酚类和生育酚这两类物质都属于维生素 E族。但是，在促使乳房上皮瘤细胞凋亡方面，生育三烯酚类

显然要比生育酚效果好。本研究通过+SA 小鼠新生乳房上皮瘤细胞的体外培养，对生育三烯酚类的调节机制进

行了探讨。编程性细胞死亡的第一步是激活启示胱门蛋白酶（8－胱门蛋白酶或 9－胱门蛋白酶），然后胱门蛋

白酶再激活效应胱门蛋白酶（3－，6－或 7－胱门蛋白酶），这样就引起了编程性细胞死亡。用与细胞毒素当

量的剂量（20 µM）的γ-生育三烯酸处理+SA 小鼠新生乳房上皮瘤细胞，结果 8－半胱天冬酶和 3－细胞凋亡蛋

白酶的活性随着处理的时间增长而增强。如果同时用专性 8－半胱天冬酶或 3－细胞凋亡蛋白酶抑制剂来处理小

鼠细胞，则能完全抑制γ-生育三烯酸引起的编程性细胞死亡以及 8－半胱天冬酶或 3－细胞凋亡蛋白酶的活性。

相反，用γ-生育三烯酸处理后，并没有抑制 9－半胱天冬酶的活性，并且与专性 9－半胱天冬酶抑制剂同时处理

细胞时，不会抑制γ-生育三烯酸引起的编程性细胞死亡。由于 8－半胱天冬酶的活性与编程性细胞死亡受体（比

如 Fas,TNF 或 TRAIL 受体）的活性相关，许多研究就对参予调节生育三烯酸引起的 8－半胱天冬酶的活性和编

程性细胞死亡的死亡受体和配体进行研究。用 Fas 配体，Fas 的激活抗体或者 TRAIL 处理+SA 小鼠新生乳房上皮

瘤细胞后，并不能引起编程性细胞死亡，结果表明这些细胞能够耐死亡受体引起的编程性细胞死亡。并且用细

胞毒素剂量的γ-生育三烯酸处理小鼠细胞后，并没改变这些细胞内的 Fas,FasL 和 FADD 的含量。Western blot

结果表明γ-生育三烯酸并不影响 FasL 和 FADD 在胞质与细胞膜之间的传输。最终，Fas 的抑制抗体并不能阻止生

育三烯酸在+ SA 小鼠细胞中引起的编程性细胞死亡。这些结论表明生育三烯酸并不是通过调节编程性细胞死亡

受体的活性来引起+SA 小鼠新生乳房上皮瘤细胞的编程性细胞死亡以及提高 8－半胱天冬酶的活性的。同时我们

还得出对由死亡受体引起的程序性细胞死亡的抵抗性与编程性细胞死亡抑制性蛋白（如 FLIP）的高表达量和提

高 PI3K/ PDK/Akt 信号输出相关的结论。除斥之外，我们还发现用细胞毒素当量的生育三烯酸处理小鼠细胞

后，FLIP（包括总的 FLIP，细胞膜 FLIP 和胞质 FLIP）的含量以及 PDK-1 和 Akt 的磷酸化酶的活性会降低。总

之，本研究得出了以下结论： +SA 小鼠新生乳房上皮瘤细胞的程序性死亡以及 8－半胱天冬酶的活性的提高并

不是由生育三烯酸通过调节编程性细胞死亡受体的活性来引起，而是可能通过对 PI3K/PDK/Akt丝裂信号传递

途径的抑制，从而降低胞内 FLIP 的表达量所致。 
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