Tocotrienols and Human Breast Cancer

Tocotrienols were demonstrated to exert a direct inhibitory effect on the
growth of human breast cancer cells. Tocotrienols offer a potential clinical

application in the treatment of breast cancer patients.



Tocotrienols Inhibit the Growth of Human Breast Cancer
Cells Irrespective of Estrogen Receptor Status

Kalanithi Nesaretnam*, Ruth Stephen, Ray Dils, and Philippa Darbre

Division of Cell and Molecular Biology, School of Animal and Microbial Sciences, The University of Reading,
' Whiteknights, Reading RG6 6A), England

ABSTRACT: Potential antiproliferative effects of tocotrienals,
the major vitamin E component in palm oil, were investigated
on the growth of both estrogen-responsive (ER+) MCF7 human
breast cancer cells and estrogen-unresponsive (ER-) MDA-MB-
231 human breast cancer cells, and effects were compared with
those of a-tocopherol (). The tocotrienol-rich fraction (TRF)
of palm oil inhibited growth of MCF7 cells in both the presence
and absence of estradiol with a nonlinear dose-response but
such that complete suppression of growth was achieved at 8
pg/mL. MDA-MB-231 cells were also inhibited by TRF but with
alinear dose-response such that 20 pg/mL TRF was needed for
complete growth suppression. Separation of the TRF into indi-
vidual tocotrienols revealed that all fractions could inhibit
growth of both ER+ and ER~ cells and of ER+ cells in both the
presence and absence of estradiol. However, the y- and 8-frac-
tions were the most inhibitory. Complete inhibition of MCF7
cell growth was achieved at 6 pg/mlL of ytocotrienol/s-
tocotrienol (yT,/87T,) in the absence of estradiol and 10 pg/mL
of 6T; in the presence of estradiol, whereas complete suppres-
sion of MDA-MB-231 cell growth was not achieved even at
concentrations of 10 pg/mL of 8T,. By contrast to these in-
hibitory effects of tocotrienols, o had no inhibitory effect on
MCF7 cell growth in either the presence or the absence of estra-
diol, nor on MDA-MB-231 cell growth. These results confirm
studies using other sublines of human breast cancer cells and
demonstrate that tocotrienols can exert direct inhibitory effects
an the growth of breast cancer cells. In searching for the mech-
anism of inhibition, studies of the effects of TRF on estrogen-
regulated pS2 gene expression in MCF7 cells showed that
tocotrienols do not act via an estrogen receptor-mediated path-
way and must therefore act differently from estrogen antag-
onists. Furthermare, tocotrienols did not increase levels of
growth-inhibitory insulin-like growth factor binding proteins
(IGFBP) in MCF7 cells, implying also a different mechanism
from that proposed for retinoic acid inhibition of estrogen-re-
sponsive breast cancer cell growth. Inhibition of the growth of
breast cancer cells by tocotrienols could have important clini-

*To whom correspondence should be addressed at Palm Qil Research Insti-
tute of Malaysia, P.Q. Box 10620, Kuala Lumpur 50720, Malaysia,

E-mail: sarnesar@porim.gov.my.

Abbreviations: DCFECS, dextran-charcoal treated fetal calf serum; ER+, es-
trogen receptor positive (containing estrogen receptors); ER—, estrogen re-
ceptor negative (lacking estrogen receptors); FCS, fetal calf serum; IGF, in-
sulin-like growth factor; IGFBP, insulin-like growth factor binding protein;
PBS, phosphate-buffered saline; SDS, sodium dodecyl sulfate; oT, a-
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cal implications not only because tocotrienols are able to in-
hibit the grawth of both ER+ and ER- phenotypes but also be-
cause ER+ cells could be growth-inhibited in the presence as
well as in the absence of estradiol. Future clinical applications
of TRF could come from potential growth suppression of ER+
breast cancer cells otherwise resistant to growth inhibition by
antiestrogens and retinoic acid.

Lipids 33, 461-469 (1998).

Tocopherols and tocotrienols, collectively known as vitamin
E, are lipid-soluble compounds that are often present as nat-
ural components in vegetable oils. Stracturally, these com-
pounds are similar, except that tocotrienols have an unsatu-
rated side chain with three double bonds whereas the tocoph-
erols have a fully saturated side chain (1). In their function as
antioxidants, they are important for the protection of unsatu-
rated lipids against peroxidation, particularly in biomem-
branes (2), by a mechanism resulting mainly from their abil-
ity to donate phenolic hydrogens to lipid-free radicals (3-5).
Whereas the vitamin E fraction of most common vegetable
oils contains mainly tocopherols, palm oil is a rich source
of tocotrienols, with refined palm oil containing 133 mg
o-tocopherol (o), 130 mg o-tocotrienol (aTy), 204 mg
y-tocotrienol (YT,), and 45 mg &-tocotrienol (8T,) per kg of
oil (6).

Experimental studies both in vitro and in vive have sug-
gested that tocotrienols may possess anticancer properties
(7,8). Unlike many other fats and oils, palm oil does not en-
hance the yield of chemically-induced mammary tumors
when fed to rats at high levels (20% w/w fat) in a semipuri-
fied diet (9-11). Evidence that this effect is related to the vit-
amin E fraction of the palm oil [tocotrienol-rich fraction
(TRF)] was shown in our recent study (12) where chemically-
induced mammary tumors were more numerous in rats fed vi-
tamin E-free palm oil than in those animals fed palm oil con-
taining vitamin E. Furthermore, addition of the vitamin B
fraction of palm oil to a corn oil diet increased the median la-
tency period and reduced both tumor incidence and tumor
yield in a dose-dependent manner (12).

This inhibitory action of tocotrienols on breast tumor
growth in vive could result either from direct effects on the
growth of the tumor cells themselves or from indirect sys-
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temic interactions. Studies on the growth of MDA-MB-435
human breast cancer cells in vitro have demonstrated that the
TRF of palm oil can inhibit directly the growth of these cells
whereas oT did not have any such effect (13). However, the
MDA-MB-435 cells lack estrogen receptors, and estrogen is
known to play an important role in the growth of many breast
cancer cells in vivo (14,15) and in vitro (16,17). Thus, the
work presented here extends these cell culture studies to com-
pare the effects of tocotrienols on the growth of human breast
cancer cells which possess estrogen receptors and which are
estrogen-responsive for growth with those cells which lack
estrogen receptors. :

Growth of the ER+ MCF7 human breast cancer cell line is
regulated in vitro by estrogens (16,18) and offers a suitable
model system in which to study the effects of tocotrienols.
Separate sublines of MCF7 cells show different sensitivities
to estrogen for growth, but the MCF7McGrath subline (19) is
so dependent on estrogen for growth that it is unable to pro-
liferate to any large extent in the absence of estrogen (16).
However, recent studies have shown that growth of these cells
is regulated also by complex interactions with growth factors
of which one major mitogenic component weuld appear to be
the insulin-like growth factors (IGF) (17,20). Growth regula-
tion by the IGF system is itself complex since there are two
ligands (IGFI and IGFII), two receptors (IGFIR and IGFIIR),
and at least six high-affinity extracellular binding proteins
(IGFBP 1-6) (21), and it would appear that estrogen can alter
the expression of several of these components in breast cancer
cells including IGFII (22), IGFIR (23), and IGFBP (24).
Growth inhibitory effects in estrogen-responsive human
breast cancer cells could thus result either from a direct an-
tagonism of estrogen action at the estrogen receptor level (23)
as found for antiestrogens such as tamoxifen and ICT 182,780
(26,27) or from interactions in growth factor pathways such
as changing levels of IGFBP (28). The work presented here
describes the effects of the TRF of palm oil and of individual
tocotrienols on the growth of estrogen-responsive MCF7Mc-
Grath human breast cancer cells, on pS2 gene expression as a
molecular marker of estrogen action (29), and on levels of se-
creted IGFBP.

MATERIALS AND METHODS

Materials. Plastic tissue culture dishes, growth media, and
fetal calf serum (FCS) were all purchased from Gibco BRL
(Paisley, Scotland). Zaponin and isoton were purchased from
Coulter Electronics (Harpenden, England). Hybond mem-
branes were bought from Amersham International (Amer-
sham, England). 17-B-Estradiol was purchased from Ster-
aloids (Croydon, England). The TRF and individual 0T, YT5,
and 8T, fractions were obtained from the Palm Qil Research
Institute of Malaysia (PORIM). The oT was obtained from
Sigma Chemical Company (Croydon, England) at a purity of
approximately 95%.

Isolation of TRF and individual tocotrienols. Extraction of
the TRF from palm oil has been described by Sundram and
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Gapor (30). In brief, palm oil fatty acid distillate was con-
verted into methyl esters by esterification. The methyl esters
were then removed by distillation, leaving a vitamin E con-
centrate. This was further concentrated by crystallization and
passed through an ion-exchange column to give 60-70% pure
vitamin E. Further purification was achieved by washing and
then drying the concentrate followed by a second molecular
distillation stage. The final purity of the vitamin E prepara-
tion, TRF, was 95-99%, its composition being (w/w) oT
32%, oTy 25%, YT, 29%, and 8T, 14%.

Individual tocotrienols were separated by thin-layer chro-
matography and further chromatographed repeatedly until a
purity of about 90% (highest available) was obtained.

Culture of stock cells. The MCF7 McGrath human breast
cancer cells were kindly provided by Dr. K. Osborne at pas-
sage number 390 (19). Stock cells were grown as monolayer
cultures in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 5% FCS, 1078 M estradiol, and 10 ug/mL
insulin in a humidified atmosphere of 10% carbon dioxide in
air at 37°C. 17-B-Estradiol was dissolved in ethanol and di-
luted 1:10,000 in culture medivm. Insulin was dissolved in 6
mM HCI and diluted 1:1,000 in culture medium. MDA-MB-
231 human breast cancer cells were obtained from the Amer-
ican Tissue Culture Collection (Manassas, VA). Stock cells
were grown as for MCF7 cells but with the omission of estra-
diol and insulin. Cells were subcultured at weekly intervals
by suspension with 0.06% trypsin/0.02% EDTA (pH 7.3).

Cell growth experiments. Cells were suspended from stock
plates by treatment with phenol red-free 0.06% trypsin/0.02%
EDTA (pH 7.3), added to an equal volume of phenol red-
free RPMI1640 medium containing 5% dextran-charcoal
treated FCS (DCFCS) (31), and counted on a hemacytometer.
Cells were then added to the required volume of phenol red-
free RPM11640 medium containing 5% DCFCS at a concen-
tration of 0.2 % 10° cells/mL and plated in monolayer in 0.5-
mlL aliquots into 24-well plastic tissue culture dishes. After 24
h, the medinm was changed to phenol red-free RPMI1640
medium with 5% DCFCS supplemented with the appropriate
concentrations of TRF, ¢T, individual tocotrienol fractions,
with or without estradiol. Both TRF and T were dissolved in
dimethyl sulfoxide, estradiol in ethanol, and all were diluted
1:10,000 in culture medium. Control cultures contained the
same volume of dimethyl sulfoxide or ethanol vehicle alone.
The culture medium was changed routinely every 3-4 d.

Cell counting. Cells were washed rigorously in sifu with
phosphate-buffered saline (PBS) in order to wash off non-
adherent dead cells and were then lysed in 0.5 mL 0.01 M
HEPES buffer/1.5 mM MgCl, plus 2 drops of zaponin solu-
tion for 5 min. The nuclei released were counted in isoton
on a Coulter counter. All cell counts were carried out in
triplicate on triplicate dishes and results calculated as the
mean * standard error. P values were determined using
Student’s z-test for two-samples assuming unequal variance
[by standard software packages Minitab and Microsoft
Excel (Microsoft Corp., Redmond, WA)l. Viability of
adherent cells was determined using the standard try-
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pan blue dye exclusion assay technique and performing cell
counts on a hemacyiometer,

RNA analysis by Northern blotting. Cells were plated onto
9-cm plastic tissue culture dishes in 16-mL aliquots of phenol
red-free RPMI1640 medium with 5% DCFCS, After 24 h, the
medium was changed to phenol red-free RPMI1640 medium
containing 5% DCFCS with or without 107® M estradiol or 8
ug/mL TRE. After a further 6 d, cells were washed in situ with
PBS, harvested into ice-cold PBS using a rubber policeman
and pelleted by centrifugation. Whole cell RNA was prepared
by the guanidinium cesium chloride method (32). Aliguots of
RNA (20 pg) were subjected to electrophoresis in 1.5%
agarose-formaldehyde gels (32). RNA was transferred onto
Hybond-N membrane and hybridized to *?P-labeled cDNA
probes for pS2 and 36B4 exactly as described previously (29).
The pS2 DNA probe was a 300-base pair Pst1 fragment from
pS2 cDNA (29). The 36B4 DNA probe was a 220-base pair
Pst1 fragment which acted as a control since 36B4 mRNA is
not regulated by estrogen (33).

Western ligand blotting of IGFBP. Cells were plated onto
3.5-cm plastic tissue culture dishes in 2.5-mL aliquots of phe-
nol red-free RPMI1640 medium supplemented with 5%
DCFCS. After 24 h, the medium was changed to phenol red-
free RPMI1640 medium with 5% DCFCS and supplemented
with 1078 M estradiol or with 6 ug/mL of oT, aT,, yT,, or
8T, as required. After a further 6 d, the medium was changed
to serum-free medium: cells were washed three times with
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phenol red-free RPMI1640 medium and incubated in 0.5 mL
of serum-free medium per dish (phenol red-free RPMI1640
medium with 15 mM HEPES buffer, 0.25% bovine serum al-
bumin, and any supplements of estradiol or vitamin E as
above) for a further 24 h. Medium conditioned by the cells
was collected, cellular material removed by centrifugation,
and medium stored at -70°C. Cells remaining on each dish
were counted as described above. .

Aliquots of the conditioned media were run on polyacryl-
amide gel electrophoresis, loading into each well the volume
of conditioned medium equivalent to 10° cells, Aliquots of
conditioned media were each mixed with an equal volume of
gel sample buffer (26 mM Tris-HCI (pH 6.8), 2% sodium do-
decyl sulfate (SDS), 10% glycerol, 0.01% bromophenol
blue), heated to 100°C for 2 min, and proteins separated by
15% polyacrylamide-SDS gel electrophoresis. Proteins were
transferred onto Hybond-C extra membrane by semidry West-
ern blotting in 48 mM Tris, 39 mM glycine, 1.3 mM SDS,
20% methanol. Western blots were hybridized to "*I-IGFI as
described by Hossenlopp and coworkers (34). '[-IGFI was
prepared by the iodogen method (35).

RESULTS

Effect of TRF and oT on cell growth. Initial experiments were
designed to determine the effect of TRF on the growth of
MCF7McGrath human breast cancer cells. Figure 1A shows
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FIG. 1. Effect of the tocotrienol-rich fraction (TRF) of palm ail (A) or w-tocopherol (B) on regu-
lation of the growth of estrogen-responsive ER+ MCF7McGrath human breast cancer cells in
monolayer culture. Cells were grown for (A) 12 d or (B) 10 d in 24-well dishes in RPMI1640
medium lacking phenol red but containing 5% dextran-charcoal treated fetal calf serum
(DCFCS) and increasing concentrations of either TRF or a-tocopherol (o) in either the ab-
sence (open circles and dotted lines) or presence {closed circles and solid lines) of 1078 M
estradiol. Plating densities of the cells were (A) 1.34 + 0.01 % 10% cells per dish for the experi-
ment in the absence of estradiol, and 2.41 = 0.08 x 10 cells per dish for the experiment in the
presence of estradiol; (B) 0.43 + 0.02 x 10* celis per dish for the experiment in the absence of
estradiol, and 0.64 = 0.01 x 107 cells per dish for the experiment in the presence of estradiol.
Error bars represent the standard error of triplicate dishes. Where no bars are seen, the error

was too low for visual display.
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that TRF inhibited the growth of these estrogen-responsive
cells both in the absence and in the presence of estradiol, and
in a dose-dependent manner. On its own, TRF inhibited cell
growth at concentrations of 0.5 pg/mL (P = 0.031), 1 pg/mL
(P=0.04), 2 ug/mL (P =0.027), 5 ug/mL (P =0.018), and 8
pg/mL (P =0.009). At 8 pg/mL TREF, cell numbers at 12 d
fell below the plating density of the cells (P = 0.002). In the
presence of 10 M estradiol, TRF was also able to inhibit cell
growth at concentrations of 0.5 ug/mL (P = 0.04), 3 pg/mL
(P=0.001), 5 ug/mL (P = 0.002), and 8 {ig/mL (P = 0.005),
but cell numbers remained above plating density in all cases.
In contrast to these results with TRF, Figure 1B shows that
oT had no effect on growth of MCF7McGrath human breast
cancer cells at any concentration tested from 0.5-10.0 pg/mlL
in either the absence or in the presence of 1078 M estradiol
(after 10 d at 10 pg/mL oT, in the absence of estradiol P =
(.421 and in the presence of estradiol P = (0.535).

These results are in line with previous studies using ER—
MDA-MB-435 human breast cancer cells (13) where cell
growth was similarly shown to be inhibited by TRF but not by
oT. However, since these previous studies were based on dif-
ferent cell biological criteria, control experiments were re-
peated here using ER— MDA-MB-231 human breast cancer
cells for direct comparison. Figure 2A shows that after 10 d,
TRE inhibited cell growth at concentrations of 2 ug/mL (P =
0.003), 5 pg/mL (P = 0.002), § pg/mL (P = 0.001) and 10
pg/mL (P = 0.0001) but in all cases cell growth remained sub-
stantial and cell numbers well above plating density. However,
at 20 pg/ml., TRF was able to inhibit MDA-MB-231 cell
growth and reduce cell numbers below plating density (P =
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0.057) (data not shown). In contrast, 0T had no effect on
growth of MDA-MB-231 cells at any concentration up to 10
Lg/mL (Fig. 2B) orindeed even at 20 pg/mL (data not shown).

Effect of individual tocotrienols on cell growth. Further ex-
periments studied the effects on cell growth of individual to-
cotrienol fractions (¢t-, ¥-, and &-) in order to determine which
of the fractions were effective or most effective in inhibiting
the cell growth. These results are shown in Figures 3 and 4.
For MCF7McGrath cells, T, and 6T3 were the most effec-
tive of the fractions at inhibiting cell growth in the absence of
estradiol (Fig. 3) and did so in a dose-dependent manner after
both 7 and 14 d in culture. Already after 7 d, yT, showed
highly significant inhibitory effects at concentrations from 4
pg/ml (P = 0.001) to 6 ug/mL (P = 0.002). At 6 jg/mL T,
cell growth was completely suppressed with cell numbers
even falling below the plating density (0.130 = 0.086 x 10°
cells on day 0; 0.057 + 0.002 x 10° cells on day 7; 0.021 +
0.076 x 10° cells on day 14). 0T, also inhibited cell growth
after 7 d at concentrations from 4 pg/mbL (P = 0.03) to 6
pg/mL (P = 0.007). Again, at 6 pg/mL 8T, cell growth was
completely suppressed with cell numbers even falling below
the plating density (0.078 + 0.003 x 10° cells on day 0; 0.069
+0.046 % 10° cells on day 7; 0.040 = 0.014 x 10° cells on day
14). oT, had no inhibitory effect on growth of MCF7Mc-
Grath cells after 7 d in culture (at 4 pg/mlL P = 0.569; at 5
ng/mL P =0.482; at 6 pg/mL P =0.249) and had only a small
inhibitory effect after 14 d in culture at concentrations of 5
pg/mL (P =0.038) and 6 pg/mL (P = 0.022).

In the presence of estradiol, MCF7McGrath cell growth
was inhibited most strongly by 8T, (Fig. 3) (after 14 d, P val-
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FIG. 2. Effect of the tocatrienol-rich fraction (TRF) of (A) palm ol or (B) T on regulation of the
growth of estrogen-insensitive ER- MDA-MB-231 human breast cancer cells in monolayer cul-
ture. Cells were grown for 10 d in 24-well dishes in RPMI1640 medium lacking phenol red
but containing 5% DCFCS and increasing concentrations of either TRF or aT in the absence of
estradiol. Cells were plated together in one experiment for A and B at a density of 1.05 = 0.19
x 10* cells per dish. Error bars represent the standard error of triplicate dishes. Where no bars
are seen, the error was too low for visual display. See Figure 1 for abbreviations.
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FIG. 3. Effect of individual tocotrienols on regulation of the growth of estrogen-responsive ER+
MCF7McGrath human breast cancer cells in monolayer culture. Cells were grawn for (A) 7 or
(B) 14 d in 24-well dishes in RPM11640 medium lacking phenol red but containing 5% DCFCS
and increasing concentrations of a-tocotrienol (oTy) (@,C), Y-tacotrienol {yT,) (W,0), or &-
tocotrienol (3T,) (4,4\) in either the absence of estradiol () (open symbols, dotted lines) or the
presence of 107 M estradiol (+£) (closed symbals, solid lines). Cells were plated at a density
of 1.06 % 0.08 x 10* cells per dish for the —E + oT; experiment, of 1,30 % 0.08 x 10* cells per
dish for the —E + vT, experiment, of 0.78 + 0.05 x 10* cells per dish for the —E + 8T, experi-
ment, and of 2.44 + 0.21 x 10° cells per dish for the entire +F experiment with oT,, ¥T,, and
8T,. Error bars represent the standard error of triplicate dishes. Where no bars are seen, the

error was too low for visual display.

ues were I Ug/mL P =0.009; 2 pg/mL to 6 pg/mL P < 0.001).
At a concentration of 10 pg/mL (data not shown), all three
fractions could inhibit cell growth after 7 d (T, by 63%, T,
by 32%, 8T by >100%) and after 14 d (aT; by 61%, ¥T; by
14%; 8T, by >100%). At 10 ug/mL, 6T, reduced cell num-
bers below plating density (P = 0.008 after 7 d; P = 0.001
after 14 d).

Parallel comparisons using ER— MDA-MB-231 cells
showed that cell growth could be inhibited by all three to-
cotrienol fractions but most markedly by the 8T, (Fig. 4).
However, even at concentrations of 10 pg/ml. (data not
shown), cell numbers did not fall below plating density.

Cell viability. Where cell numbers in monolayer culture
fell below plating density implying cell death, trypan blue vi-
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FIG. 4. Effect of individual tocotrienols on regulation of the growth of estrogen-insensitive ER-
MDA-MB-231 human breast cancer cells in monolayer culture, Cells were grown for (A) 7 or
{B) 14 d in 24-well dishes in RPMI1640 medium lacking phenol red but containing 5% DCFCS
and increasing concentrations of oT, (@,0), yT, (M), or 3T, (A,A) in the absence of estra-
diol. Cells were plated together for the entire experiment at a density of 0.99 = 0.08 x 10*
cells per dish. Error bars represent the standard error of triplicate dishes. Where no bars are
seen, the error was too low for visual display. See Figure 1 for abbreviation.
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FIG. 5. Recovery of MCF7McGrath cell growth following a 7-d expo-
sure to ol or 8T,. MCF7McGrath human breast cancer cells were
grown in monolayer culture for 14 d in 24-well dishes in RPMI1640
medium lacking bath phenol red and estradiol but containing 5%
DCFCS and either 6 pg/mL T, (-E + alpha) (open circles, dotted lines)
or 6 pg/ml 'c‘ST3 (-E + delta) (open triangles, dotted lines). Parallel dishes
of cells were grown as above for 7 d but then for a further 7 d in
RPMI1640 medium with 5% DCFCS and 1078 M estradiol without to-
cotrienol (solid circle, solid line for 7 d with aT,, 7 d recovery with
estradiol; solid triangle, solid line for 7 d with 8T,, 7 d recovery with
estradiol). Error bars represent the standard error of triplicate dishes.
Where no bars are seen, the error was too low for visual display. See
Figure 1 for abbreviation.

ability counts were carried out in order to ascertain the viabil-
ity of remaining adherent cells, MCF7McGrath human breast
cancer cells grown without estradiol but with 10 pg/ml TRF
showed a viability count of 98.8 = 1.2% for cells remaining
attached to the dish after 12 d (cf. Fig. 1A). Growth of MCF7
cells with 6 pig/ml. of individual tocotrienol fractions in the
absence of estradiol (cf. Fig. 3) gave viability counts after 7d
of 91.9 £ 2.4% for aT,, 89.1 £ 1.3% for yT5, 94.3 = 3.1% for
dT,, and after 14 d of 78.4 + 4.1% for oTy, 72.0 + 2.7% for
¥T5, 73.9 = 3.9% for 8T,. To test further for the viability of
remaining adherent cells, a recovery experiment was per-
formed in which cells were grown for 7 d with 6 pg/mL of ei-
ther oT, or 6T, followed by a further 7-d recovery period
with estradiol. The results shown in Figure 5 demonstrate that
cells exposed for 7 d to tocotrienol were subsequently still ca-
pable of regrowth in monolayer culture when tocotrienol was
removed and estradiol added back.

Regulation of pS2 mRNA. In order to investigate any es-
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trogen antagonist properties of TRF, effects of TRF were
studied on pS2 mRNA levels. pS2 is an estrogen-regulated
gene whose expression can be inhibited at the estrogen recep-
tor level by antiestrogens and estrogen antagonists (29). At
the concentrations tested, TRF (8 pug/mL) did not reduce the
levels of pS2 mRINA either in the presence or in the absence
of estradiol (Fig. 6). 36B4 mRNA is not regulated by estro-
gen, and levels of this mRNA are given to control for unequal
loading of RNA samples. When comparisons were made of
relative levels of pS2 mRNA to 36B4 mRNA, TRF was found
to have no effect on pS2 mRNA levels either in the presence
or in the absence of estradiol.

Regulation of IGFBP. Levels of IGFBP have also been
shown to be altered by estrogen in estrogen-respomnsive
human breast cancer cells, and this may have a functional role
in growth regulation (24), Results given in Figure 7 show that
IGFBP2 (32 kDa) and IGFBP4 (24 kDa) are the two major
binding proteins secreted from MCF7McGrath cells, as re-
ported previously (36). Levels of these IGFBP were not in-
creased by YT, or 0T}

DISCUSSION

The ability of the TRF of palm oil to inhibit mammary car-
cinogenesis in animal studies (5-12) is of potential impor-
tance for cancer prevention and treatment, but the mechanism
remains unresolved even to the extent of knowing whether
the action is directly on the tumor cells or indirectly via sys-
temic interactions. The results of this study demonstrate that
the TRE of palm oil can inhibit the growth of estrogen-re-
sponsive MCF7McGrath as well as estrogen-insensitive
MDA-MB-231 human breast cancer cells in vitro and further-
more that MCF7 cell growth can be inhibited by TRF irre-
spective of the presence or absence of estradiol. These data
confirm other recent studies using other sublines of ER—
(13,37) and ER+ (38—40) breast cancer cells and suggest that
the inhibition of tumor growth found in vivo could result, at
teast in part, from direct inhibitory effects on the growth of
the cancer cells.

Comparison between growth of MCF7 and MDA cells
shows that the inhibitory growth responses to tocotrienols dif-
fer in the two cell lines. Growth of MDA-MB-231 cells gave
an inhibitory response which was linear with respect to in-
creasing concentrations of tocotrieno! whereas the MCF7 cell
response was nonlinear. Thus, tocotrienols have greater in-
hibitory effects at low concentration on the MDA cells but at
higher concentrations on the MCF7 cells. The 10-d growth of
MDA cells (Fig. 2) could be suppressed by one doubling
(3.96 x 10° to 1.98 x 10° cells/dish) by 3 pg/mL TRF, where-
as 12-d growth of MCF7 cells (Fig. 1) in the presence of
estradiol required 4 pg/mL TRF for suppression by one dou-
bling (6.29 x 10° to 3.15 x 10° cells/dish). However, complete
suppression of growth was achieved at lower concentration
of TRF for the MCF7 cells. The growth of the MCF7 cells
showed 100%. growth inhibition with 8 wg/mL of TRF irre~
spective of the presence of estradiol, whereas the MDA cells
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showed only 44% growth inhibition at this concentration, re-
quiring 20 pg/mL TRF for 100% growth inhibition. Separa-
tion of the TRF into individual tocotrienols o-, y- and - re-
vealed that the - and 6-fractions were the most inhibitory to
breast cancer cell growth and again showed the same differ-
ences in response in the two cell lines. The 7-d growth of
MDA-MB-231 cells (Fig. 4A) could be suppressed by one
doubling (1.95 x 10° to 0.98 x 107 cells/dish) by 2 pg/mL
8’1‘3, whereas 7-d growth of MCF7 cells (Fig. 3A) in the pres-
ence of estradiol needed 5 pg/mL 6T, for suppression by one
doubling (1.66 x 10° 10 0.83 x 10° cells/dish). However, com-
plete suppression of MCF7 cell growth was achieved at con-
centrations of 6 |1g/mL YT,/8, in the absence of estradiol and
at 10 pg/mL 8T, in the presence of estradiol, whereas for
MDA-MB-231 cell growth complete suppression of growth
was never achieved even at 10 pg/mL concentrations of the
most inhibitory 8T, component.

Itis interesting that TRF (8 pg/mL) and yT,/0T, (6 Lg/mL)
could inhibit MCF7McGrath cell growth such that cell num-
bers were decreased below the plating density since this im-
plies cell death. It would now be interesting therefore to de-
termine whether tocotrienols can induce apoptotic pathways
in the ER+ cells, as has already been described in breast can-
cer cells for hormone ablation (41), antiestrogen treatment
(42,43), antagonism of IGF pathways (44), and administra-
tion of other cytotoxic agents (45,46).

Although it is often stated that oT is the most active form
of vitamin E in inhibiting growth of cells (47), none of the
breast cancer cells showed any sensitivity to oT in either
these or other (13,39) studies. This emphasizes the impor-
tance of tocotrienols to growth inhibition of breast cancer
cells. The reasons for the high sensitivity of breast cancer
cells to tocotrienols are unknown but could relate either to
permeability of the breast epithelial cell membrane to to-
cotrienols or to metabolism of tocotrienol within the breast
cells (13). Alternatively, there may prove to be a pathway im-
portant specifically for breast cancer cell proliferation which
is highly sensitive to tocotrienols. Inhibition of smooth mus-
cle cell proliferation by vitamin E has been suggested to occur
through alteration of protein kinase C activity (47) which
could result from the antioxidant properties of vitamin E (48).
Tocotrienols have been reported to affect lipid parameters, in
particular linoleic acid metabolism (49), and it is known that
linoleic acid plays a role in mammary epithelial cell growth
and differentiation (50; unpublished personal data), Within
estrogen-responsive breast cancer cells, another potential
pathway of growth inhibition could be through antagonism of
estrogen action, in a mechanism analogous to that character-
ized for growth inhibition by antiestrogens (25-27). Estrogen
is known to act via an intracellular receptor protein which
functions as a ligand-activated transcription factor (25), and
it is now wel! established that the partial antiestrogen tamox-
ifen can act by interfering with transcriptional activation by
the estrogen receptor and that the pure antiestrogens ICI
164,384 and ICI 182,780 can act by preventing dimerization
and DNA binding of estrogen receptors (26,27). The TRF of
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FIG. 6. Effect of the tocotrienol-rich fraction (TRF) of palm oil on ex-
pression of pS2 mRNA in MCF7McGrath human breast cancer cells,
Northern blat of whole cell RNA from cells grown for 6 d in monolayer
culture with 5% DCFCS alane (=) (track 1), with 107® M estradiol (+E)
(track 2), with 8 pg/mL TRF (+TRF) (track 3) or with both 107% M estra-
diol and 8 pg/ml. TRF (+E + TRF) (track 4). The blot was probed for ex-
pression of the estrogen-regulated pS2 mRNA and also a control non-
estrogen-regulated 36B4 mRNA to control for any unequal RNA load-
ings. Positions of the mRNA are indicated by arrows. See Figure 1 for
other abbreviation._

palm oil was clearly able, in the present studies, to inhibit
growth of the MCF7McGrath cells in the presence of estro-
gen. In the absence of estrogen, TRF could also have acted to
antagonize the action of residual estrogen in the cell or estro-
gen memory effects (51). However, TRF appeared to be un-
able to alter expression of the estrogen-regulated pS2 gene in
MCF7McGrath cells, which is a well-established marker of
estrogen receptor-mediated action (29) (Fig. 6). Furthermore,
if TRF were acting on cell growth in the absence of estrogen
to inhibit residual estrogen effects, it would be expected that
TRF would act in a concentration-dependent manner such
that lower levels of TRF would be needed to inhibit growth
in the absence than in the presence of estrogen. Clearly this
was not the case since inhibition of MCF7McGrath cell
growth was found to require similar concentrations of TRF in
the absence and in the presence of estrogen. The overall evi-
dence would suggest therefore that tocotrienols do not act by
an estrogen receptor-mediated mechanism.

An alternative mechanism for growth inhibition by TRF
could relate to IGFBP (Fig. 7). Recent reports have empha-
sized the importance not only of estrogen but also of the in-
sulin-like growth factors in breast cancer cell growth (20).
IGFBP can influence the interaction between IGF and their
receptors and so play an important role in mediating IGF reg-
ulation of breast cancer cell growth (20). It is thus possible
that TRF could inhibit breast cancer cell growth by increas-
ing production of inhibitory IGFBP in an analogous mecha-
nism to that proposed for growth inhibition by retinoic acid
in breast cancer cells (52). The growth inhibitory yT3 and
OT3, however, did not appear to increase levels of IGFBP in
these studies.

Inhibition of the growth of breast cancer cells by to-
cotrienols could have important clinical implications not only

Lipids, Vol. 33, no. 5 {1998}
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FIG. 7. Effect of individua! tocotrienols on the secretion of insulin-like
growth factor binding protein (IGFBP) from MCF7McGrath human
breast cancer cells. Western "25I-IGF! ligand blot of cells grown for 6 d
in monolayer culture in RPMI1640 medium with 5% DCFCS alone (-)
{track 2), with 1078 M estradiol (+F) (track 3), with & pg/ml +aT (track
4), with 6 pg/mlL aT, (track 5), with 6 pg/mlL 4T, (track 6), or with 6
pg/ml 8T, (track 7). Positions of '*C-labeled protein molecular weight
markers are given in track 1 and sizes in kDa are indicated on the left-
hand side. In tracks 2-7, the upper band corresponds to IGFBP2 (32
KDa) and the lower band to IGFBP4 (24 KDa) as reported previously
(36). See Figure 1 for other abbreviation.

because tocotrienolg are able to inhibit the growth of both
ER+ and ER~- phenotypes but also because estrogen-respon-
sive cells could be inhibited in the presence as well as in the
absence of estrogen. Unfortunately the molecular mechanism
of the growth inhibition remains unknown and will need fur-
ther work to elucidate. However, from a clinical perspective,
it will also be of interest to determine whether breast cancer
cells can develop resistance to this pathway of growth inhibi-
tion by TRE. A major problem in the therapy of breast cancer
results from the ability of the tumor cells to develop resis-
tance (14,15) to growth inhibition by estrogen withdrawal
(53), antiestrogen administration (54), and retinoic acid (55).
It will be very important to determine whether growth inhibi-
tion by TRF is also subject to development of resistance or
not. Tocotrienols counld offer an alternative clinical approach
to growth suppression of breast cancer cells resistant to other
regimes of therapy.
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