
16

International variation in breast 
cancer incidence rates and changes 
in incidence amongst migrant 
populations have indicated that 
breast cancer risk is also influenced 
by environmental factors, in 
particular diet, and therefore 
preventable (Ingram et al., 1991). 

A lot of scientific investigations 
have been performed to discover 
possible functional properties, 
antioxidant or otherwise in the 
diet, which could be efficient in 
preventing diseases like cancer. 
One such antioxidant is vitamin E. 
Previously eight dietary components 
α-, β-, γ-, δ- tocopherols (T) and 
α-, β-, γ-, δ- tocotrienols (T3) 
(Papas, 1993; Kajima, 1993) were 
all considered forms of vitamin 
E. The α-T is thought to be the 
most biologically important form 
of vitamin E (Institute of Medicine, 
2000; Kajima, 1993). Recent 

guidelines have equated α-T 
with vitamin E, discounting other 
tocopherols and the tocotrienols 
(Institute of Medicine, 2000). 
Tocopherols and tocotrienols are 
present in the oil fraction of cereal 
grains, seeds and nuts. In most 
food sources, tocopherols are more 
prevalent than tocotrienols. Palm 
oil is a particularly rich source of  
α-, γ-, δ-tocotrienol (Ingram et 
al., 1991; Ong, 1993). Palm oil is 
today the second largest vegetable 
oil in terms of world production and 
makes up about 50% of the world’s 
traded oils. Malaysia and Indonesia 
are the two biggest producers and 
exporters of the oil (Mielke, 2004).

Observational studies that 
have assessed exposure to vitamin 
E by plasma or adipose tissue 
concentrations of α-T have failed 
to provide consistent support for 
the idea that α-T provides any 
protection against breast cancer 
(Ishii et al., 1989; Ip, 1982).

In contrast, studies in human 
breast cancer cells indicate that 
of α-, γ-, δ-T3 have potent anti-
proliferative and pro-apoptotic 
effects that would be expected to 
reduce the risk of breast cancer 
(Nesaretnam et al., 1995; 1998; 
2000; Guthrie et al., 1997; Yu, 
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1999) whilst α-T had no effect. 
Galli  et al. (2004)  recently 
demonstrated that γ-T when 
compared with α-T showed a 
much stronger inhibitory effect 
on prostate cancer cell growth. 
However, when tested further with 
the T3 homologues (Conte et al., 
2004) found that γ-T3 had greater 
anti-proliferative effects than γ-T. 
Thus, it seems plausible that the 
modest protection from breast 
cancer associated with dietary 
vitamin E may be due to the effects 
of the other T and T3 in the diet. 

Information regarding the 
prognosis of women with breast 
cancer in relation to breast  adipose 
tissue concentrations of tocopherols 
and tocotrienols would provide 
insight into the roles that tocopherols 
and tocotrienols might play in 
preventing or reducing the risk of 
breast cancer. In the current study, 
we investigated vitamin E levels 
in Malaysian women where palm 
oil  and a particularly rich source 
of tocotrienols is the main fat 
consumed in the diet. Among all 
biological markers of qualitative 
composition of dietary intake of 
fatty acids, adipose tissue fatty 
acid composition is particularly 
advantageous because it reflects 
qualitative dietary intake of 
fatty acids on a long-term basis 
(Riboli et al., 1987; Kaaks et 
al., 1996; Katan et al., 1991) 
thereby avoiding the potential bias 
derived from the disease on the 
measured biochemical parameters. 
Additionally, because the ability 
of tocopherol and tocotrienols to 
reduce risk of breast cancer is likely 
to be determined by their delivery 
to the breast, it will be important to 
determine concentrations of these 
dietary constituents in the breast 
adipose tissue, and to relate these 
concentrations to dietary intake 

Fatty Acid Composition in Breast 
Adipose Tissue

Table 1 shows the fatty acid 
composition of breast fat in 
benign and malignant lumps. The 
major fatty acids in breast adipose 
tissue were oleic acid (18:1 n-9c), 

palmitic acid (16:0), linoleic acid 
(18:2 n-6) and stearic acid (18:0). 
These fatty acids accounted for 
about 90% of total area under 
the chromatographic curve. There 
was no significant difference in the 
FAC of breast adipose tissue from 
benign and malignant lumps.
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TABLE 1. FATTY ACID COMPOSITION OF BREAST ADIPOSE TISSUE IN 
BENIGN AND MALIGNANT BREAST LUMPS

Fatty acids  Benign Malignant
  mean value % ( ± SD) mean value % ( ± SD)
  n = 35 n = 40

Saturates 12:0 1.23 (0.35) 0.91 (0.44)

 14:0 2.25 (0.46) 2.21 (0.55)

 16:0 29.93 (0.95) 28.43 (1.97)

 18:0 2.98 (1.29) 4.83 (0.97)

 20:0 0.19 (0.09) 0.51 (0.30)

 Total 36.58 (0.63) 36.89 (0.84)

Monounsaturates 16:1 n-7c 5.52 (2.11) 3.43 (1.19)

 18:1 n-9c 46.30 (0.93) 45.65 (2.34)

 20:1   n-9 0.51 (0.04) 0.49 (0.18)

 Total 52.33 (1.02) 49.57 (1.24)

n-6 PUFA 18:2 n-6 10.82 (0.89) 12.45 (1.05)

 18:3 n-6 0.26 (0.06) 0.28 (0.11)

 Total 11.08 (0.48) 12.73 (0.58)

TABLE 2.  TOCOPHEROL AND TOCOTRIENOL CONTENT IN BREAST 
ADIPOSE TISSUE OF MALIGNANT AND BENIGN BREAST LUMPS

Parameters  measured  Benign Malignant
  mean value  (µg g-1) mean value  (µg g-1)
  ( ± SD) ( ± SD)
  n=35 n=40

Tocopherols α 147.04 (61.90) 126.17  (80.94)

 β 2.75  (1.57) 2.81  (1.53)

 γ 7.51  (3.79) 6.18  (4.17)

 δ 1.26  (0.85) 0.65  (0.31)

 Total 158.56  (65.41) 135.81  (85.12)

Tocotrienols α 11.35  (3.31) 7.21  (4.28)

 γ 7.90  (2.61) 6.03  (2.47)

 δ 0.82  (0.29) 0.49  (0.31)

 Total 20.07 (6.02) 13.73  (6.09)
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Vitamin E Composition in Breast 
Adipose Tissue

Table 2 shows the T and T3 
measured in the lipid extract of 
breast adipose tissue obtained from 
40 patients with malignant and 
35 with benign breast lumps. The 
content of T and T3 was expressed 
in µg g-1 adipose tissue. In 
malignant lumps, the mean content 
of α-T in breast adipose tissue was 
126.2 µg g-1 adipose tissue whilst 
in the benign lumps it was 147.0 
µg g-1. There was a large variability 
between patients especially 
for α-T. This could be due to 
different dietary intake patterns as 
tocopherols are prevalent in many 
food items. The mean of α-T value 
in adipose tissue was however not 
significantly different in malignant 
cancer patients than in benign 
subjects (p=0.435). The mean γ-T 
(7.51 vs. 6.18) and δ–T (1.26 vs. 
0.65) levels were also reduced in 
malignant patients as compared to 
benign. Whilst it was not significant 
for γ-T (p=0.363), the reduced level 
of δ-T was significant (p=0.033).

In breast cancer patients, the 
mean content of α-, γ-, and δ-T3 
in breast adipose tissue was 13.73 
µg g-1 adipose tissue. In patients 
with benign lumps, it was 20.0 µg 
g-1 adipose tissue. Mean T3 value 
was significantly (p= 0.006) lower 
in breast cancer patients than in 
subjects with benign lumps. There 
was a decrease in α-T3 (p=0.006), 
γ-T3 (p=0.047), and δ-T3 (p=0.018) 
in malignant tissue compared 
to benign. The distribution of 
tocotrienols with α and γ-T3 being 
higher also reflects closely the 
composition of tocotrienols in palm 
oil.

DISCUSSION

The evaluation of long-term 
nutritional vitamin E status in breast 
cancer patients using adipose 
tissue concentrations has definite 
advantages over measurement 
of plasma levels. Plasma levels 
of tocopherols and tocotrienols 
change very rapidly in humans 
following modifications in the 
dietary intake, reaching new steady 
state levels within a few days 
(Baker et al., 1986). The content 
of α-T in adipose tissue has been 
evaluated in humans in relation to 
dietary intake of vitamin E and it 
has been shown that α-T content 
reflects a long-term dietary intake 
of vitamin E (EA, 1986).

Several studies that carefully 
collected adipose tissue have 
investigated the relationship 
between adipose tissue tocopherols 
and breast cancer risk (Traber et 
al., 1987; Chajes et al., 1996). 
Overall, studies of the association 
of vitamin E with breast cancer 
risk suggest the possibility that 
increased dietary exposure to 
vitamin E may slightly reduce breast 
cancer risk (Ohrvall et al., 2002). 
However, there is no evidence that 
supplemental vitamin E, most, if 
not all of which is in the form of 
α-T, confers any protection at all 
(Ohrvall et al., 2002). Furthermore, 
cell culture data has showed that 
α-T combined with tamoxifen 
increased the IC50 for tamoxifen in 
MCF-7 cells more than 1000-fold 
(Schwenke, 2002) and in a further 
study α-T completely blocked the 
potent growth inhibitory effects 
of tamoxifen on MDA-MB-231 
cells (Gundimeda et al., 1996). 
In contrast, we have shown that      

α-, γ-, and δ-T3 and the tocotrienol 
rich-fraction of palm oil inhibited 
proliferation of MCF-7 and in     
ZR-75-1 cells, both in the absence 
and the presence of estradiol and 
tamoxifen (Nesaretnam, 2000). 
The inhibitory effect on cell growth 
was more pronounced with γ- and 
δ-T3. The mechanism of action 
is unknown, with previous data 
suggesting action does not reside 
in antagonism of estrogen action or 
in alterations to growth inhibitory 
insulin-like growth factor binding 
proteins in MCF-7 human breast 
cancer cells (Nesaretnam, 1998). 
Tocotrienols are also reported to 
have a pro-apoptotic effect on 
several tumour cell lines (Guthrie 
et al., 1997; Gundimeda, 1996; 
Mclntyre et al., 2000). However, 
McIntyre et al. (2000) have also 
shown that highly malignant cells 
are more sensitive to the anti-
proliferative and apoptotic effects 
of tocotrienols in comparison with 
pre-neoplastic cells.

The FAC data reflects closely 
the intake of a palm oil diet in 
Malaysia. This is not surprising as 
it is the cheapest and most readily 
available oil in the country and is 
reported to constitute the major 
fat in the diet of the majority of 
Malaysians (Mo and Elson, 1999). 
While most vegetable oils provide 
mainly α- or γ-T, palm oil is unique 
in the sense that it contains 
relatively large concentrations of 
T3. The distribution of the various 
T and T3 fractions in palm oil are 
as follows: α-T 32%, α-T3 25%, 
γ-T3 29% and δ-T3 14%. In the 
United States, analyses of balanced 
diets ranging from 2000 to 3000 
kcal per day indicated that the 
average daily intakes of vitamin E 
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This indicates that lower levels 
of tocotrienol supplementation 
might be adequate to reach 
breast adipose tissue tocotrienol 
concentrations similar to those that 
inhibit proliferation and promote 
apoptosis in breast cancer cells. 
Further studies will be needed to 
determine whether individuals that 
achieve such plasma and tissue 
tocotrienol concentrations are 
protected from development of 
breast cancer. A further extension 
to this project would also look at 
the tocotrienol levels in the adipose 
tissue of normal subjects, since in 
this article, we determined levels in 
subjects with benign and malignant 
breast lumps only. It could well be 
that benign and control subjects 
may reflect the same amounts. 
The potentially protective effect of 
tocotrienols against breast cancer 
and the mechanism by which these 
dietary constituents protect women 
needs to be further investigated.
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