
Chapter 15
The Role of Vitamin E Forms in Cancer
Prevention and Therapy – Studies in Human
Intervention Trials and Animal Models

Silvia Y. Moya-Camarena and Qing Jiang

Abstract Vitamin E is a generic term of eight structurally related molecules includ-
ing α-, β-, γ-, δ-tocopherol and α-, β-, γ-, δ-tocotrienol, all of which are potent
lipophilic antioxidants. Despite eight forms in the vitamin E family, most studies
have traditionally focused on α-tocopherol (αT) until the last couple of decades.
The role of αT in modulation of carcinogenesis and especially its supplementa-
tion in chemoprevention has been extensively investigated in numerous animal and
human studies including large clinical trials. These studies have yielded inconsis-
tent and disappointing outcomes regarding the protective role of αT in cancer. On
the other hand, other vitamin E forms, despite low in tissues, are rich in different
diets and have recently been shown to have unique properties independent of antiox-
idant activities which likely play a role in cancer prevention. Here we review recent
development in the field of different forms of vitamin E and cancer development
with emphasis on the results from large clinical intervention trials and animal can-
cer models. In addition, potential mechanisms of the actions by different vitamin E
forms are discussed.

15.1 Introduction

Vitamin E is a generic term of eight structurally related molecules including α-, β-,
γ-, δ-tocopherol (αT, βT, γT and δT) and α-, β-, γ-, δ-tocotrienol (Fig. 15.1), all of
which are potent lipophilic antioxidants. Despite eight forms in the vitamin E fam-
ily, most studies have traditionally focused on α-tocopherol (αT) until the last couple
of decades. This is because αT is the predominant form of vitamin E in tissues and
its deficiency results in vitamin E deficiency associated ataxia, increased risk of
atherosclerosis and possibly immune dysfunction (Brigelius-Flohe and Traber 1999;
Jiang et al. 2001; Reiter et al. 2007). The role of αT in modulation of carcinogene-
sis and especially its supplementation in chemoprevention has also been extensively
investigated in animal and numerous human studies including large clinical trials.
These studies have yielded inconsistent and disappointing outcomes regarding the
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Fig. 15.1 Naturally
occurring forms of vitamin E

protective role of αT in cancer. On the other hand, other vitamin E forms, despite low
in tissues, are rich in different diets (Jiang et al. 2001) and have recently been shown
to have unique properties independent of antioxidant activities which likely play a
role in cancer prevention. In this chapter, we review recent development in the study
of different forms of vitamin E and cancer development with emphasis on the results
from large clinical intervention trials and animal cancer models. In addition, poten-
tial mechanisms of the actions by different vitamin E forms are briefly discussed.

15.2 Human Intervention Studies on the Role of
Alpha-Tocopherol in Cancer Prevention and Therapy

15.2.1 Alpha-Tocopherol in Large Randomized Clinical Trials

All the clinical intervention studies related to vitamin E and cancer have exclu-
sively focused on αT. Since 1994, eight large randomized clinical trials have been
reported to investigate the role of αT or its combinations with other nutrition fac-
tors in cancer risk (summarized in Table 15.1). Four of these studies are primary
prevention trials with apparently healthy subjects, i.e., SUVIMAX (Hercberg et al.
2004), WHS (Lee et al. 2005), SELECT (Lippman et al. 2009) and PHS II (Gaziano
et al. 2009). The Linxian study (Blot et al. 1993) and the ATBC trial (The Alpha-
Tocopherol BCCPSG, 1994) were conducted in high risk individuals for cancer
including subjects with modest malnutrition or heavy smokers, respectively. In
HOPE/HOPE-TOO (Lonn et al. 2005) and HPS (HPSCG, 2002) studies, parti-
cipants with coronary diseases or diabetes were included. Since all these studies
include relatively large population and provide valuable data in different populations
(Table 15.1), it is important to reviewing them in great depth.

Linxian Study – The micronutrient intervention trial in Linxian, China (Blot et al.
1993) was designed to determine if supplementation with vitamins and minerals can
lower cancer incidence, cancer mortality and mortality from other chronic diseases
(primary outcomes). Linxian has a population with high rates of esophageal/gastric



15 The Role of Vitamin E Forms in Cancer Prevention and Therapy – Studies. . . 325

Ta
bl

e
15

.1
α

-T
oc

op
he

ro
ls

up
pl

em
en

ta
tio

n
an

d
th

e
ri

sk
of

ca
nc

er
in

la
rg

e
in

te
rv

en
tio

n
tr

ia
ls

St
ud

y
an

d
lo

ca
tio

ns
C

ha
ra

ct
er

is
tic

s
of

th
e

su
bj

ec
ts

In
te

rv
en

tio
n

M
aj

or
ou

tc
om

es
m

ea
su

re
d

L
in

xi
an

st
ud

y
–

N
ut

ri
ti

on
In

te
rv

en
ti

on
Tr

ia
ls

.I
n

L
in

xi
an

,
C

hi
na

.(
B

lo
te

ta
l.

19
93

)

29
,5

84
in

di
vi

du
al

s
ag

ed
fr

om
40

to
69

ye
ar

s.
Su

bc
lin

ic
al

de
fic

ie
nc

ie
s

of
se

ve
ra

l
m

ic
ro

nu
tr

ie
nt

s.

15
m

g
β

-c
ar

ot
en

e,
30

m
g

α
-t

oc
op

he
ro

l,
an

d
50

μ
g

se
le

ni
um

.

P
ri

m
ar

y:
ca

nc
er

in
ci

de
nc

e
an

d
m

or
ta

lit
y.

Se
co

nd
ar

y:
m

or
ta

lit
y

fr
om

ot
he

r
di

se
as

es
.

T
he

α
-T

oc
op

he
ro

l,
ß-

C
ar

ot
en

e
C

an
ce

r
P

re
ve

nt
io

n
St

ud
y

(A
T

B
C

).
So

ut
hw

es
te

rn
,F

in
la

nd
.

(T
he

A
lp

ha
-T

oc
op

he
ro

l1
99

4)

29
,1

33
m

en
ag

ed
fr

om
50

to
69

ye
ar

s.
H

ea
vy

sm
ok

er
s.

50
m

g/
da

y
dl

-α
-t

oc
op

he
ry

la
ce

ta
te

.
50

m
g/

da
y

dl
-α

-t
oc

op
he

ry
la

ce
ta

te
+

20
m

g/
da

y
β

-c
ar

ot
en

e.

P
ri

m
ar

y:
lu

ng
ca

nc
er

.
Se

co
nd

ar
y:

pr
os

ta
te

,b
la

dd
er

,c
ol

on
an

d
re

ct
um

,s
to

m
ac

h,
ot

he
r.

H
ea

rt
P

ro
te

ct
io

n
St

ud
y

M
R

C
/B

H
F

(H
P

S)
U

ni
te

d
K

in
gd

om
.(

H
PS

C
G

20
02

)

20
,5

36
in

di
vi

du
al

s
of

ag
ed

fr
om

40
to

80
ye

ar
s.

C
or

on
ar

y
di

se
as

e,
oc

cl
us

iv
e

ar
te

ri
al

di
se

as
e,

or
di

ab
et

es
.

60
0

m
g

vi
ta

m
in

E
,2

50
m

g
vi

ta
m

in
C

,2
0

m
g

β
-c

ar
ot

en
e

da
ily

P
ri

m
ar

y:
m

aj
or

co
ro

na
ry

ev
en

ts
an

d
fa

ta
lo

r
no

n-
fa

ta
lv

as
cu

la
r

ev
en

ts
.

Se
co

nd
ar

y:
ca

nc
er

an
d

ot
he

r
m

aj
or

m
or

bi
di

ty
.

Su
pp

le
′ m

en
ta

ti
on

en
Vi

ta
m

in
es

et
M

ié
ra

ux
A

nt
io

xy
da

nt
s

(S
U

V
IM

A
X

)
Fr

an
ce

.(
H

er
cb

er
g

et
al

.2
00

4)

13
,0

17
ad

ul
ts

(w
om

en
ag

ed
35

–6
0

ye
ar

s
or

m
en

ag
ed

45
–6

0
ye

ar
s)

.
O

ve
ra

ll
he

al
th

y

12
0

m
g

of
as

co
rb

ic
ac

id
,3

0
m

g
of

vi
ta

m
in

E
,6

m
g

of
β

-c
ar

ot
en

e,
10

0
μ

g
of

se
le

ni
um

,a
nd

20
m

g
of

zi
nc

,d
ai

ly
.

P
ri

m
ar

y:
in

ci
de

nc
e

of
ca

nc
er

an
d

is
ch

em
ic

ca
rd

io
va

sc
ul

ar
di

se
as

e.

W
om

en
’s

H
ea

lt
h

St
ud

y
(W

H
S)

.
U

ni
te

d
St

at
es

.(
L

ee
et

al
.2

00
5)

39
,8

76
ap

pa
re

nt
ly

he
al

th
y

U
S

w
om

en
≥

45
ye

ar
s.

N
o

pr
ev

io
us

hi
st

or
y

of
co

ro
na

ry
he

ar
th

di
se

as
e,

ce
re

br
o-

va
sc

ul
ar

di
se

as
e

or
ca

nc
er

(e
xc

ep
t

no
nm

el
an

om
a

sk
in

ca
nc

er
)

or
ot

he
r

m
aj

or
ch

ro
ni

c
ill

ne
ss

.

60
0

IU
na

tu
ra

ls
ou

rc
e

of
α

-t
oc

op
he

ro
l.

P
ri

m
ar

y:
fir

st
m

aj
or

ca
rd

io
va

sc
ul

ar
ev

en
t.

Se
co

nd
ar

y:
in

di
vi

du
al

ca
rd

io
va

sc
ul

ar
ev

en
ts

,s
tr

ok
e,

an
d

ca
rd

io
va

sc
ul

ar
de

at
h

an
d

br
ea

st
,l

un
g

an
d

co
lo

n
ca

nc
er

s.



326 S.Y. Moya-Camarena and Q. Jiang

Ta
bl

e
15

.1
(c

on
tin

ue
d)

St
ud

y
an

d
lo

ca
tio

ns
C

ha
ra

ct
er

is
tic

s
of

th
e

su
bj

ec
ts

In
te

rv
en

tio
n

M
aj

or
ou

tc
om

es

T
he

H
ea

rt
O

ut
co

m
es

P
re

ve
nt

io
n

E
va

lu
at

io
n

an
d

T
he

H
O

P
E

-T
he

O
ng

oi
ng

O
ut

co
m

es
(H

O
P

E
an

d
H

O
P

E
-T

O
O

).
M

ul
ti

E
ur

op
ea

n
co

un
tr

ie
s

an
d

U
S.

(L
on

n
et

al
.2

00
5)

7,
03

0
pa

tie
nt

s
≥

55
ye

ar
s

w
ith

va
sc

ul
ar

di
se

as
e

or
di

ab
et

es
m

el
lit

us
fr

om
th

e
in

iti
al

H
O

PE
tr

ia
l(

19
93

–1
99

9)
an

d
th

e
H

O
PE

-T
O

O
ex

te
ns

io
n

(1
99

9–
20

03
).

40
0

IU
/d

R
R

R
-α

-t
oc

op
he

ro
l

ac
et

at
e.

P
ri

m
ar

y:
ca

nc
er

in
ci

de
nc

e,
ca

nc
er

de
at

hs
an

d
m

aj
or

ca
rd

io
va

sc
ul

ar
ev

en
ts

.

Se
le

ni
um

an
d

vi
ta

m
in

E
C

an
ce

r
P

re
ve

nt
io

n
Tr

ia
l(

SE
L

E
C

T
).

C
an

ad
a,

Pu
er

to
R

ic
o,

U
S.

(L
ip

pm
an

et
al

.2
00

9)

35
,5

33
m

en
≥5

0
y

(A
fr

ic
an

A
m

er
ic

an
)

an
d

≥
55

y
(o

th
er

s)
.

PS
A

≤4
ng

/m
la

nd
no

t
su

sp
ic

io
us

fo
r

pr
os

ta
te

ca
nc

er
.

40
0

m
g

IU
al

lr
ac

-α
-t

oc
op

he
ry

l
ac

et
at

e.
20

0
μ

g/
d

L
-s

el
en

om
et

hi
on

in
e

+
40

0
m

g
IU

al
lr

ac
-α

-t
oc

op
he

ry
l

ac
et

at
e.

P
ri

m
ar

y:
pr

os
ta

te
ca

nc
er

.
Se

co
nd

ar
y:

L
un

g,
co

lo
re

ct
al

an
d

ov
er

al
lp

ri
m

ar
y

ca
nc

er
.

P
hy

si
ci

an
’s

H
ea

lt
h

St
ud

y
II

(P
H

SI
I)

U
ni

te
d

St
at

es
.(

G
az

ia
no

et
al

.
20

09
)

14
,6

41
ph

ys
ic

ia
ns

≥
50

y
in

cl
ud

in
g

1,
30

7
m

en
w

ith
hi

st
or

y
of

pr
io

r
ca

nc
er

.

40
0

IU
sy

nt
he

tic
α

-t
oc

op
he

ro
l

ev
er

y
ot

he
r

da
y

an
d

vi
ta

m
in

C
50

0
m

g
da

ily
.

P
ri

m
ar

y:
pr

os
ta

te
ca

nc
er

fo
r

vi
ta

m
in

E
an

d
to

ta
lc

an
ce

r
fo

r
vi

ta
m

in
C

.
Se

co
nd

ar
y:

to
ta

lc
an

ce
r

fo
r

vi
ta

m
in

E
.



15 The Role of Vitamin E Forms in Cancer Prevention and Therapy – Studies. . . 327

cardia cancer and persistently low intake of several micronutrients. As summarized
in Table 15.1, one of the four treatments in the study included 15 mg β-carotene,
30 mg αT, and 50 μg selenium. This regimen led to a significant reduction in total
mortality, mainly due to a lowered risk of cancer. Interestingly, this beneficial effect
was still observed up to 10 years after the termination of supplementation (Qiao
et al. 2009).

Despite the positive outcomes, the authors suggest caution in extrapolating the
findings to other populations due to the special characteristics of Linxian with
relatively low micronutrients. In addition, as mentioned before, αT was given in
combination with β-carotene and selenium, and therefore the effects found can not
be attributed to a specific micronutrient. In an extended analysis of the Linxian trial
(follow-up 13 years after intervention), liver cancer mortality was examined (Qu
et al. 2007). No effect was found on liver cancer mortality among the supplements
studied, including the combination of β-carotene, αT, and selenium.

The ATBC study – The α-Tocopherol, β-Carotene Cancer Prevention Study
(ATBC) (The Alpha-Tocopherol BCCPSG, 1994) was designed to determine the
effect of daily supplementation of αT alone or in combination with β-carotene
on the incidence of lung (primary outcome) and other cancers, in male heavy
smokers (20 cigarettes/day). Randomly assigned participants received 50 mg/day
dl-α-tocopheryl acetate (n = 7,286), 20 mg/day β-carotene (n = 7,282), both sup-
plements (n = 7,278) and placebo (n = 7,287) capsules. Compared with placebo
controls, no significant effect of αT on the incidence of lung cancer was found,
whereas β-carotene unexpectedly increased the risk of lung cancer and total mor-
tality (1994). Interestingly, significant reduction in prostate cancer incidence by
32% was seen in participants receiving αT supplementation (n = 14,564) compared
with those not receiving it (n = 14,569) (Heinonen et al. 1998). Mortality from
prostate cancer was found to be 41% lower among men receiving αT than those
non-recipients. It is noteworthy that the reduction was evident in clinical prostate
cancer (stage II-IV) but not in relatively early stages (stage 0–1) (Heinonen et al.
1998). α-Tocopherol had no effect on total mortality, while men allocated in the αT
group seemed to have more death from hemorragic stroke when compared to no αT
group.

An additional report from ATBC study indicated increased colorectal cancer risk
in those participants receiving αT supplementation as compared with those that did
not receive it. However, the authors suspected of bias in the diagnostic process
because supplementation with αT also caused more rectal bleeding and intestinal
pain leading to more colonoscopies, which may consequently led to increased detec-
tion of the incidence of polyps (Malila et al. 1999). In addition, αT supplementation
had no effect on the incidence of gastric cancer (Malila et al. 2002; Varis et al. 1998),
urinary tract cancer (Virtamo et al. 2000), colorectal cancer (Albanes et al. 2000),
aero digestive tract cancer (Wright et al. 2007) and oral mucosal lesions (Liede et al.
1998).

Although the protective effects on prostate cancer were observed with αT dur-
ing its supplementation, in the 6–8 year ATBC post-intervention follow-up study
aiming to valuate the duration of the intervention, the beneficial effects of αT and
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the adverse effects of β-carotene disappeared (Virtamo et al. 2003). This suggests
that the protective effect of αT may be transient and diminishing rapidly after
termination of supplementation.

One of the caveats discussed in the literature for the ATBC study is that prostate
cancer was not a pre-specified end point in the trial, and therefore the results could
be due to confounding bias (Gann 2009). In addition, the ATBC study group sus-
pected that the intervention period may be too short to inhibit the development of
cancers resulting from life-long exposure to cigarette smoke and other carcinogens,
and the dose of αT may be low (50 mg/day) (1994), especially if male smokers have
inadequate vitamin E status previous to the supplementation.

Supplementary analysis from the ATBC trial, looking at baseline or serum levels
of αT and other forms of vitamin E, have been reported. In a report during the trial
intervention with only 317 cases, the relationship between baseline serum αT levels
and prostate cancer risk was not significant (Hartman et al. 1998). But later, the
ATBC group reported a significant inverse association between baseline serum αT
and prostate cancer risk. A nested case-control analysis from ATBC trial reported
that higher baseline serum levels of γ-tocopherol were also associated with lower
prostate cancer risk in supplemented individuals (with αT or β-carotene) (Weinstein
et al. 2005). In addition, a strong inverse relationships between baseline serum αT
and prostate or pancreatic cancer risk were reported based on the data obtained
from 19 years follow-up after ATBC intervention (Stolzenberg-Solomon et al. 2009;
Weinstein et al. 2007).

The Heart Protection Study (HPSCG) (2002) was designed to investigate the
effect of daily supplementation with a combination of antioxidant vitamins includ-
ing αT on vascular events as the primary endpoints. Non-vascular events including
cancer and other major morbidity were evaluated as secondary endpoints. The study
included 20,536 British adults who had coronary diseases, other occlusive arterial
disease or diabetes. These participants were randomly assigned to receive a com-
bination of 600 mg vitamin E, 250 mg vitamin C, and 20 mg β-carotene daily
(n = 10,241) or matching placebo (n = 10,228). After 5-year treatment, although
this regime substantially increased blood concentrations of αT, ascorbate and
β-carotene, no protective effect of the antioxidant vitamin combination was found
on all-cause mortality, cancer incidence, cancer mortality, cancer in specific sites or
other non-vascular outcomes. On the other hand, the authors concluded that the sup-
plement appeared to be safe in the high-risk individuals studied. It is important to
note that the primary endpoint of this study was vascular events (but not cancer inci-
dence), which accordingly determined the time of intervention and follow-up time.
As a result, the follow-up period may be too short for cancer events (incidence and
mortality). Although the authors mentioned that the participants in this trial would
be followed for several years, but to our knowledge no report has been published to
date.

The Supple ′mentation en Vitamines et Miéraux Antioxydants (SU.VI.MAX)
(Hercberg et al. 2004) was designed to test the effect of what the authors called
‘an adequate and well balanced intake of antioxidant nutrients’ on the incidence
of cancers and ischemic cardiovascular disease (CVD) in a middle-aged general
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population. The study included 13,017 apparently healthy adults (35–60 years old)
in France. Participants were randomly assigned to take a single daily capsule
of a low-dose antioxidant supplementation containing ascorbic acid (20 mg), αT
(30 mg), β-carotene (6 mg), selenium (100 μg) and zinc (20 mg), or a placebo in
the controls. After a medium 7.5-year intervention, this low-dose antioxidant sup-
plementation lowered total cancer incidence and all cause mortality in men but not
in women. Interestingly, like the Linxian study in China, nutritional intake and con-
centrations of baseline β-carotene was lower in men than in women, which may
potentially explain the effects limited to men (Blot et al. 1993).

In a post intervention analysis of the SUVIMAX study, the beneficial effects
found in men disappeared during 5-year follow-up after antioxidant supplementa-
tion ceased (Hercberg et al. 2010). In contrast, the risk of skin cancer appeared to
increase in women during the period of supplementation in SUVIMAX (Hercberg
et al. 2007), although after a 5-year post-intervention follow up no increased risk of
skin cancer was observed for either gender (Ezzedine et al. 2010).

The Heart Outcomes Prevention Evaluation (HOPE) and HOPE–The Ongoing
Outcomes (HOPE-TOO) (Lonn et al. 2005) – HOPE trial was conducted for 4–5
years to test potential protective effects of αT supplementation on cardiovascular
events and revealed a neutral effect on cardiovascular outcomes (Yusuf et al. 2000).
HOPE-TOO study was 4-year extension of the HOPE study to assess whether longer
duration of αT supplementation trial would prevent cancer and cardiovascular dis-
ease. The original HOPE study was an international, multicenter, double-blind,
randomized, 2×2 factorial design trial that evaluates ramipril (10 mg/day) and
vitamin E (RRR-α-tocopheryl acetate, 400 UI/day) in patients with high risk for
cardiovascular events. The use of increased dose of αT (compared with Linxian and
ATBC studies) was because of the lack of relation between vitamin E and coronary
heart disease in the Linxian and ATBC studies (Yusuf et al. 2000). After the initial
5-year study showing significant beneficial effects from ramipril, the HOPE-TOO
was extended for 4 more years with recommendation of ramipril for all participants.
The primary outcomes in the HOPE-TOO trial included cancer incidence, cancer
deaths, and major cardiovascular events. In final HOPE-TOO analysis, all patients
from HOPE were included (final n = 9,541). No significant effect of αT supplemen-
tation was found on the incidence of cancers, cancer deaths, or major cardiovascular
events, in patients with cardiovascular disease or diabetes mellitus. However, higher
rates of heart failure and hospitalizations for heart failure were found in the αT
supplementation group.

The Women’s Health Study (WHS) (Lee et al. 2005) – The study was designed
to test whether vitamin E supplementation for 10 years decreases the risk of major
cardiovascular diseases (nonfatal myocardial infarction, nonfatal stroke or cardio-
vascular death) and total invasive cancer (primary outcomes) in healthy women
(39,876 women aged al least 45 y). In a 2×2 factorial design, apparently healthy
US women were randomly assigned to receive 600 IU natural source of αT or
placebo and 100 mg of aspirin or placebo every other day. The use of 600 IU was
based on previous reports where individuals with high vitamin E intake have lower
rates of cardiovascular disease and cancer than those with low vitamin E intake
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(Rexrode et al. 2000). After 10-year supplementation, αT did not show signifi-
cant effect on the incidences of major cardiovascular events (myocardial infarction,
stroke, or ischemic or hemorrhagic stroke) or incidences of cancer or cancer deaths,
including total invasive cancer or main site-specific cancers (lung, breast, colon
cancers). Although there was a significant 24% reduction of cardiovascular death
in αT supplemented group, the authors concluded that this observation was likely
due to chance arising from multiple comparisons as no effects on the incidence of
any major cardiovascular events were observed in the current study or other pre-
vious studies (Eidelman et al. 2004; Vivekananthan et al. 2003). It is interesting to
note that unlike observations in ATBC, HOPE-TOO studies or meta-analysis (Miller
et al. 2005), no significant adverse effects, e.g., increased hemorrhagic strokes or
all-cause mortality, were observed related to αT supplementation in the WHS.

The Selenium and Vitamin E Cancer Prevention Trial (SELECT) – The SELECT
trial (Lippman et al. 2009) was prompted by the reported beneficial effects of αT in
the ATBC study (1994) and selenium in the Nutritional Prevention of Cancer (Clark
et al. 1996), as well as the reduction of overall cancer mortality in the Linxian
study by supplementation of selenium, αT and β-carotene (Blot et al. 1993). The
main objective of SELECT was to assess whether selenium (200 μg/day from L-
selenomethionine), vitamin E (400 UI/day of all rac-α-tocopheryl acetate) or their
combination could prevent prostate cancer and other diseases in healthy men. The
study included healthy, low-cancer-risk men who have prostate specific antigen
(PSA) values ≤ 4 ng/ml, have no prior prostate cancer diagnosis and are not suspi-
cious for cancer during a digital rectal examination. Prostate cancer incidences were
reported by participants and were further confirmed by medical records, prostate
biopsy and pathology laboratory. After 5.46-year supplementation, there were no
differences in the rates of prostate cancer among the treatment groups and placebo;
Specifically, 416 prostate cancer cases were diagnosed during the trial in the patients
receiving placebo, 473 receiving αT alone, 432 in the selenium alone group, and 437
in the group that received the combination of αT and selenium. Among all groups,
more than 95% diagnosed prostate cancer was in early stage, e.g., ∼70 and 25%
in stage T1 and T2, respectively. In sharp contrast to the ATBC study, there was a
non-significant (P = 0.06) increase in stage-one prostate cancer in αT alone group.

In addition, no effect of treatments was found for any pre-specified secondary
cancer endpoints including lung, colorectal and overall primary cancer. The num-
bers of deaths from any cause were similar in all treatment groups. No significant
effects were found on the overall incidence of cardiovascular events.

The Physicians’ Health Study II (PHS II) – Unlike the SELECT trial that is
focused on low-risk subjects, the PHS II (Gaziano et al. 2009) was designed to
test whether αT prevents prostate cancer in men, regardless current risk of prostate
cancer or previous history of cancer. PHS II included 14,641 male physicians at 50
years or older from the American Medical Association, approximately 9% of whom
have previous history of cancer, myocardial infarction or stroke. The main goal of
the study was to evaluate whether long-term vitamin E (400 IU αT every other day)
or vitamin C (500 mg ascorbic acid daily) decreases the risk of prostate cancer or
total cancer among men. After the mean 8 years follow-up, neither αT nor vitamin C
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supplementation reduced the risk of prostate cancer, total cancer, and site-specific
cancer incidence or total mortality. On the other hand, a greater number of hemor-
rhagic strokes were observed among those assigned to vitamin E (39 vs. 23 events;
HR, 1.74; 95% CI, 1.04–2.91) compared with placebo. Similar adverse effects were
also reported in the ATBC (1994) and the HOPE-TOO study (Lonn et al. 2005).

15.2.2 Summary of Large Intervention Studies

Three out of the eight large intervention studies have found that αT or its combina-
tion with other antioxidants reduced cancer risk, which include the Linxian study in
China where supplementation of β-carotene, αT and selenium significantly reduced
total cancer incidence and mortality of cancer, the ATBC study which showed reduc-
tion in the incidence of prostate cancer among heavy smokers, and the SUVIMAX
where reduction of total cancer incidence and all mortality cause was seen in
men but not women. It is important to note that these studies were conducted in
different but yet very specific populations with distinct characteristics; Specifically,
the Linxian study has population with subclinical deficiencies of micronutrients
(Blot et al. 1993), and the subjects in the ATBC and SUVIMAX include heavy
smokers who likely have increased oxidative stress, or men with low plasma levels
of antioxidant levels, respectively. Interestingly, compared with other large trials,
these three used low doses of αT (e.g., 30–50 mg of αT) alone or combined with
other nutrients. The protective effects of low-dose supplementation on cancer in
high cancer-risk populations can be explained by the notion that mild malnutri-
tion or unbalanced antioxidant status due to heavy smoking may result in increased
DNA damage and compromised DNA repair system, which may consequently lead
to increased risk for cancer development compared with healthy populations (Ames
et al. 2002). It is therefore conceivable that in these ‘abnormal’ populations, supple-
mentation of even low-dose αT and/or its combinations with other nutrients would
be sufficient to suppress the increased risk.

In contrast to the subjects with sub-adequate nutrient or unbalanced antioxidant
characteristics, participants in the other large trials have sufficient nutrients with
limited number of current smokers. The subjects in the SELECT trial, the WHS
and PHS II include low-risk and apparently healthy individuals, although the PHS
II also included less than 9% men with previous cancer or vascular diseases. Unlike
the ATBC, which has 100% heavy smokers, the SELECT and PHS II included <8%
current smokers. In these studies, long-term supplementation of high doses of αT
(>400 IU) or its combination with other antioxidants failed to show any benefi-
cial effects on cancer risk or cancer mortality. Similarly, in the HOPE-TOO and
HPS study where subjects are patients with vascular diseases or diabetes mellitus,
high doses of αT did not show any benefits to cancer or cardiovascular incidence.
These results are consistent with animal studies (Sections below) showing that high-
dose supplementations with αT do not seem to show consistent protective effects on
cancer development compared with controls, which have adequate dietary intake
of αT.
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It is worth mentioning that four of the eight large trials indicate potential adverse
effects from high-dose αT supplementation, including greater number of hemor-
rhagic strokes (PHS II), and ATBC, non-significant (P = 0.06) increase in stage-one
prostate cancer in αT alone group (SELECT), or higher rates of heart failure and
hospitalizations for heart failure in the αT supplementation group (HOPE-TOO).
Interestingly, potential adverse effects associated with higher dose of αT, e.g.,
400 IU or higher, were also pointed out by a meta analyses that take consideration
of large and small clinical trials (Miller et al. 2005). Since high dose of αT has been
shown to modulate the expression of cytochrome P450s and pregnane-X-receptor
(Brigelius-Flohe 2005), which are among the key players for drug metabolism,
it is reasonable to speculate that high dose of αT may potentially modulate drug
metabolism. This may partially explain adverse effects in patients on multiple drugs
due to high-dose αT supplementation. In addition, αT supplementation is known
to suppress γ-tocopherol (Jiang et al. 2001), which has been shown to have unique
health benefits based on mechanistic and animal studies (Jiang et al. 2001; Reiter
et al. 2007).

The protective effects of low-dose αT supplementation in subjects with mod-
erate malnutrition or heavy smokers underscores the importance of long-term
maintenance of healthy nutrient status in prevention of cancer and possibly other
chronic diseases. This aspect has been proven by other nutrition factors includ-
ing folate whose deficiency has been shown to increase the risk of cancer (Ames
et al. 2002; Kim 2008). In the meanwhile, the lack of significant protection
from high-dose supplementation of αT strongly suggests that essential nutrient
factors may have limited role in directly intervening carcinogenesis that is pro-
moted by factors beyond nutrient deficiency. These notions are elaborated in an
elegant study by Suarna et al. (2006) showing that low-dose supplementation of
αT significantly attenuated αT-deficiency induced exaggeration of atherosclero-
sis development, whereas high-dose supplementation of αT did not offer further
benefits.

15.3 Case-Control Studies of Different Vitamin E Forms

The evidence of beneficial effect of tocopherols on cancer in case-control stud-
ies is controversial. From 21 studies reviewed (number of cases ranging from 67
to 1,072), seven showed that higher αT levels were associated with reduced risk
of various types of cancer, such as bladder (Liang et al. 2008), cervical neoplasia
(Cho et al. 2009), esophagus and noncardia (Taylor et al. 2003), gastric (Jenab et al.
2006), lung (Goodman et al. 2003), pancreas (Stolzenberg-Solomon et al. 2009)
and prostate cancer (Goodman et al. 2003; Weinstein et al. 2007). Four case-control
studies reported that high plasma concentrations of γ-tocopherol were negatively
associated with the risk of aerogastric tract cancer (Nomura et al. 1997), cervical
neoplasia (Cho et al. 2009) and prostate cancer (Helzlsouer et al. 2000; Weinstein
et al. 2007). However, two studies showed γ-tocopherol (Kabat et al. 2009) or both
αT and γT levels (Kim et al. 2010) are associated with increased risk of breast
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cancer. Ingles et al. (Ingles et al. 1998) found negative association between the
α-tocopherol/γ-tocopherol ratio and the risk of colorectal cancer, but not with the
individual vitamin E forms.

Unlike large double-blind placebo controlled intervention trials that are consid-
ered as ‘gold standard’ for studying drug efficacy, conclusions based correlation
data obtained from case-control studies are often weakened by several weak-
nesses due to the nature of this type of studies. One caveat to be considered in
case-control studies is bias. Secondly, a single determination of micronutrients
at a single time point may not reflect the long-term exposure to micronutri-
ents. Thirdly, when blood samples are collected at the time of cancer diagnosis
or after, it is possible that the associations observed may be due to the disease
that could consequently change overall metabolism in the body. In the studies
reviewed here, five included analyses from serum of patients already diagnosed
with cancer, three of them showing negative association between αT and cancers
(Cho et al. 2009; Ingles et al. 1998; Liang et al. 2008), one reporting positive
association (Kim et al. 2010), whereas the other one found negative associa-
tion of the α-tocopherol:γ-tocopherol ratio with decreased risk of cancer (Ingles
et al. 1998). In addition, the measured nutrients such as αT or γT might merely
serve as a marker of other important factors such as dietary fat contents because
both of them are associated with high fat intake. As a result, the associations
observed based on case-control studies must be interpreted with considering these
limitations.

15.4 Alpha-Tocopherol and Analogs in Various Cancer Models

Like human clinical intervention studies, most early animal studies on vitamin E and
cancer exclusively focused on αT. Potential protective effects of αT supplementation
have been investigated in broad ranges of cancer models including skin, prostate,
colon and breast cancer. These studies, however, have revealed inconsistent results
regarding the beneficial effects of αT on cancer risk. For instance, although many
studies have reported protective effects of αT when administered alone (Ichikawa
et al. 1993; McVean and Liebler 1997; Mizumoto et al. 1994; Moore et al. 1987;
Yano et al. 1994) or in combination with other compounds (Battalora et al. 1993;
Bissett et al. 1990; Burke et al. 2000; Chen et al. 2000; Factor et al. 2000; Hirose
et al. 1986, 1993; Kakizaki et al. 2001; Limpens et al. 2006; Nakadate et al. 1984;
Perchellet et al. 1985, 1987; Sarna et al. 2000; Shamberger and Rudolph 1966;
Trickler and Shklar 1987; Wang et al. 1989; Weber et al. 2002; Yam et al. 2001;
Yu et al. 2008, 2009), there are plenty of studies also reporting no protective effects
(Al-Johar et al. 2008; Berton et al. 1998; Chen et al. 2000; Chung et al. 2003;
Hirose et al. 1986, 2002; Hirose et al. 1995; Masui et al. 1986; McCormick et al.
2010; Nakamura et al. 1991; Ogasawara et al. 2007; Ozten et al. 2010; Wenger
et al. 2001). In addition, several groups have also reported tumor-promoting activity
by αT (Hirose et al. 1993; Kolaja and Klaunig 1997; Mitchel and McCann 1993;
Miyauchi et al. 2002; Moore et al. 1987).
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Besides naturally occurring RRR-αT, several derivatives from this vitamin E
form have been shown to have anticancer effects. For instance, α-tocopheryl succi-
nate (α-TOS) is a redox-inactive αT derivative and can be hydrolyzed in vivo to αT
and succinate. Recently, several non-hydrolyzable ether acetic acid derivatives from
αT including αTEA (2,5,7,8-tetramethyl-2R-(4R,8R,12-trimethyltridecyl)chroman-
6-yloxyacetic acid) have been shown to have potent anticancer effects. In addition,
distinctive features between synthetic αT which is composed of mixed stereoiso-
mers of αT (dl-α-tocopherol acetate, or all-rac-α-tocopheryl acetate) and naturally
occurring RRR-αT have also been suggested.

15.4.1 RRR-α-Tocopherols

Skin cancer – Shamberger in 1966 (Shamberger and Rudolph 1966) reported for
the first time that topical application of αT reduced skin tumor formation induced
by with 3,2′-dimethyl-4-aminobifenyl (DMBA) in mice. Similarly, in a two-stage
mouse skin carcinogenesis model, topical application of 40 μmol of d-α-tocopherol
reversed the effect of the tumor promoter on ornithine decarboxylase and glu-
tathione peroxidase activities, with the concomitant reduction of the incidence of
skin tumors (Battalora et al. 1993; Nakadate et al. 1984; Perchellet et al. 1985,
1987). On the other hand, when 80 μmol of topical αT used in the same skin
carcinogenesis model, αT acted as a tumor promoter, with similar efficiency as
12-O-tetradecanoylphorbol-13-acetate (TPA) (Mitchel and McCann 1993, 2003).

The extent of topical application of αT in photodamage prevention has also been
investigated. αT dispersion (1% in neutral vehicle cream) inhibited the formation
of thymine dimers with greater efficacy than α-tocopherol acetate, α-tocopherol
methyl ester, γ-tocopherol and δ-tocopherol (McVean and Liebler 1997). In addi-
tion, αT inhibited UV irradiation induced DNA damage and p53 expression, but was
not effective in preventing UV-induced proliferation and tumor formation (Berton
et al. 1998). Interestingly, topical administration of αT (5% solution) reduced UVB-
radiation induced skin wrinkling, skin tumor incidence and tumor onset (Bissett
et al. 1990).

Prostate cancer – Based on the hypothesis that αT may have potential anti-cancer
effect against prostate cancer, Nakamura et al. (1991) studied the effect of dietary
αT (1% by weight) on 3,2′-dimethyl-4-aminobifenyl (DMAB)-initiated prostate car-
cinogenesis in rats. However, these investigators found no significant effect of αT
on the incidence of tumors in the prostate or any other organs analyzed, including
small and large intestines, pancreas, skin, subcutis, preputial and zymbal glands.
Ozten et al. (Ozten et al. 2010) examined the effect of selenomethionine and dl-α-
tocopherol acetate on prostate cancer in estradiol-treated NBL rats. In this study, αT
at 0.2 and 0.4% by weight did not show any effect on the development of prostate
carcinomas. Similarly, McCormick et al. (2010) did not find beneficial effect of the
same dietary treatments (αT at 2000 and 4000 mg/kg diet) on prostate cancer inci-
dence in rats where prostate epithelial cell proliferation was stimulated by sequential
administration of oral cyproterone acetate (for 21 consecutive days), subcutaneous
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injection of testosterone propionate (for 3 days), followed by a single dose of the
carcinogen N-methyl-N-nitrosurea and subcutaneous implantation of testosterone
capsules during the study for chronic androgen stimulation.

Unlike αT alone, combination of αT with lycopene seems to show some ben-
eficial results. In the human PC346-C prostate xenograft model in nude mice, αT
(all-rac-α-tocopheryl acetate) in combination with lycopene (5 mg/kg body weight
of each component by oral gavage) suppressed the growth of the prostate xenograft
by 75%, and increase median survival by 40% (Limpens et al. 2006). Consistently,
in Copenhagen rats injected with MatLyLu Dunning prostate cancer cells, dietary
αT and lycopene increased prostate tumor necrotic areas to 36.3, and 35.97%,
respectively. On the other hand, αT/lycopene co-treated group had a non-significant
increase on the percentage of tumor necrotic area (Siler et al. 2004).

Colon cancer – Most studies regarding the effects of αT on colon cancer revealed
no beneficial effects. In F344 male rats which were injected with azoymethane
(AOM) to induce colon cancer, dietary vitamin E did not have any effect on colon
carcinogenesis, as measured by aberrant crypt foci (ACF, a pre-cancer lesion)
(Yao et al. 1996) or tumor incidence or multiplicity (Reddy and Tanaka 1986).
Similarly, in Sprague Dawley rats (Maziere et al. 1998), Swiss mice (Temple and
el-Khatib 1987), or CD-1 (ICR) BR mice (Chester et al. 1986) injected with 1,2-
dimethylhydrazine to initiate colon carcinogenesis, αT did not have inhibitory effect
on colon tumor development. In addition, dietary treatments of dl-α-tocopheryl
acetate at 30 mg/kg or 500 mg/kg diet before induction of colon tumorigenesis
by i.p. injection of AOM, did not have any effect on the formation of ACF in
young or old C57L/6 mice (Chung et al. 2003). Similarly, in Sprague Dawley rats,
dietary treatment of dl-α-tocopherol at 100 mg/kg diet and vitamin A at 1.2 mg/kg
diet did not show significant effect on ACF formation (p>0.05) in AOM-induced
tumorogenesis (Al-Johar et al. 2008). In addition, dietary αT at 0.5% diet did not
suppress colon carcinogenesis induced by 2-amino-1-methyl-6-phenylimidazol[4,5-
b]pyridine (PhIP) in rats (Hagiwara et al. 1999).

Despite being ineffective in most studies with colon cancer models, supplemen-
tation of αT appeared to be capable of reducing colon cancer risk associated with
vitamin E deficiency or high fat plus low fiber intake. Thus, dietary vitamin E
(90 mg/kg diet) decreased the incidence of AOM-induced colonic tumors and tumor
multiplicity in Fischer-344 rats fed low fiber/high fat diet (Shivapurkar et al. 1995).
Cook et al. showed that in LACA mice, compared with animals fed a low vitamin E
diet (10 mg/kg diet), dietary vitamin E at 600 mg/kg diet reduced the incidence of
1,2-dimethyl hydrazine-induced adenomas and the number of invasive carcinomas
in the colon (Cook and McNamara 1980).

In contrast, dl-α-tocopheryl acetate at 4% in diet enhanced the tumorigenicity
induced by 1,2-dimethylhydrazine dihydrochloride in Swiss mice, as indicated by
increased incidences of tumors in the duodenum, cecum, colon, rectum, and anus
(Toth and Patil 1983).

Recently, Ogasawara et al. tested whether antioxidants including αT can modu-
late lung metastasis of colon cancer cells (Ogasawara et al. 2007). In this study, αT
was administered via 5 consecutive i.p. injections of 20 μl, 100 mM stock solution,
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3 days before tumor inoculation. This treatment did not have inhibitory activity
against lung tumor metastasis of murine colon 26-L5 carcinoma cells. Similarly, β-
carotene and ascorbic acid were also tested, but had not inhibitory effect on tumor
lung metastasis. On the other hand, epigallocatechin gallate, gallocatechin gallate,
and genistein reduced tumor nodules in the lungs by 77, 46, and 44%, respectively.

Lung cancer – The effects of αT on lung cancer varied with animal mod-
els. In urethane-induced lung carcinogenesis in A/J mice, αT administered via
i.p. at 1000 mg/kg body weight did not affect tumor development (Witschi et al.
1981). Consistently, αT did not inhibit tumor growth in nude mice implanted with
human lung cancer cells (Li et al. 2011). However, inhaled αT aerosol but not
inhaled αT acetate, decreased lung inflammation markers in rats with inflamma-
tion caused by bacterial lipopolysaccharide (Hybertson et al. 2005). α-Tocopherol
(100 mg/kg) decreased concentrations of thiobarbituric acid reactive substances
(TBARS), hydroperoxides, and conjugated dienes in liver, lungs and hearts of
nicotine-treated male albino rats (Helen et al. 2003). Similarly, αT administered
in diet (at 550.9 mg/kg diet) inhibited TBARS and DNA single strand breaks in
lungs of mice treated with 4-nitroquinoline 1-oxide (Ichikawa et al. 1993; Yano
et al. 1994). Interestingly, this dietary treatment also reduced lung tumor incidence
and multiplicity in spontaneous lung tumorigenesis in A/J mice (Yano et al. 1994).
Similarly, dietary αT combined with fish oil and vitamin C led to slower rate of
tumor growth and lower metastatic load in mice inoculated with a highly metastatic
clone of the 3LL Lewis lung carcinoma cells (Yam et al. 2001).

In addition, the combination of β-carotene, αT and ascorbic acid protected
against 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone-induced lung carcinogen-
esis in smoke-exposed ferrets (Kim et al. 2006, 2007). A combination of αT and
ascorbic acid prevented the smoke-induced lung squamous metaplasia in ferrets
(Kim et al. 2011).

Breast cancer – Dietary αT at 1.5 or 1% diet did not inhibit rat mammary carcino-
genesis induced by 7, 12-dimethylbenz[a]anthracene (DMBA) (Hirose et al. 1986)
or 2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) (Hirose et al. 2002),
respectively. At 0.5% diet, αT did not reduce the incidence of mammary tumors
(the number of rats bearing tumors) induced by injection of PhIP, but decrease the
number of tumors per rat (multiplicity) (Hagiwara et al. 1999). Interestingly, in the
daunorubicin-induced mammary tumor model in Sprague-Dawley rats, i.p. injection
of 1.8 g of α-tocopheryl acetate/m2/day lowered the incidence of mammary tumors
and delayed the onset of tumor formation (Wang et al. 1989). Yu et al. (2008) found
that only the synthetic forms of αT (all-rac-α-tocopherol and all-rac-α-tocopheryl
acetate), but not RRR-αT inhibited mammary tumor growth and lung metastases
using the transplantable mouse 66c1-4-GFP mammary cancer cells in BALB/c mice.

Liver and other cancers – Although several studies have found that dietary αT
exerts antitumor activities in chemically-induced hepatocarcinogenesis (Hirose et al.
1995; Kolaja and Klaunig 1997; Mizumoto et al. 1994; Moore et al. 1987; Tsuda
et al. 1994), and in transgenic mice models (Factor et al. 2000; Kakizaki et al. 2001),
others report no effect of dietary αT on chemically-induced liver cancer (Lii et al.
1999; Masui et al. 1986).
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α-Tocopherol administration has been reported to inhibit chemically-induced
oral and esophageal carcinogenesis (Chen et al. 2000; Odukoya et al. 1984; Trickler
and Shklar 1987), as well as the incidence and multiplicity of kidney atypical
tubules (Hirose et al. 1993), but had no effect on chemically-induced pancreatic
adenocarcinoma (Wenger et al. 2001). On the other hand, the administration of αT
induced hyperplastic and papillomatous lesions in the forestomach (Hirose et al.
1993; Miyauchi et al. 2002; Moore et al. 1987), and enhanced tumor growth and
metastasis in retrovirus-induced cancers (Kline and Sanders 1989).

15.4.2 α-Tocopherol Derivatives

Both redox-active and redox-inactive αT derivatives have been investigated regard-
ing their anticancer effects. α-Tocopheryl succinate (α-TOS), a redox-inactive
analogue of vitamin E, has been shown to be a stronger inducer of apoptosis than
αT in cell-based studies. Potential anticancer efficacy of α-TOS has been tested in
some animal models, which was recently reviewed (Neuzil et al. 2007; Tomasetti
and Neuzil 2007). Weber et al. (2002) found that α-TOS is a potent antitumor agent
in a xenograft model implanted with human HCT116 colon cancer cells in nude
mice. These investigators found that α-TOS and αT (50 μL of 200 mM every 3rd
day) resulted in inhibition of tumor growth by 80 and 35% respectively. In addi-
tion to the antiproliferative action, α-TOS also has pro-apoptotic activity that may
explain its higher efficiency when compared to αT. Other xenograft studies have
reported that α-TOS suppressed the growth of tumors implanted from breast cancer
cells (Malafa and Neitzel 2000), lung cancer cells (Dong et al. 2009; Quin et al.
2005), prostate cancer cells (Basu et al. 2007; Yin et al. 2009), head and neck squa-
mous cell carcinoma (Gu et al. 2008), and bladder cancer cells (Kanai et al. 2010).
Studies in allograft models also support the anticancer effects of α-TOS (Barnett
et al. 2002; Hahn et al. 2006; Hrzenjak et al. 2004; Kogure et al. 2005; Malafa et al.
2002; Ramanathapuram et al. 2005). Moreover, antitumor activity of α-TOS has also
been reported in chemically-induced tumors (Wu et al. 2001) and protective effect
against γ-radiation (Singh et al. 2011).

Besides the hydrolyzable αT derivatives, several non-hydrolyzable αT deriva-
tives have recently been developed and shown to have anticancer properties, such
as the non-hydrolyzable RRR-αT ether acetic acid analog (α-TEA) (Hahn et al.
2006; Lawson et al. 2004), α-tocopheryl malonate (Kogure et al. 2005), RRR-α-
tocopheryloxybutyl sulfonic acid (Ni et al. 2009), α-tocopheryl melamide (Turanek
et al. 2009), and amphiphilic α-tocopherol oligochitosan conjugates (Noh et al.
2011).

Yu et al. (2008, 2009) compared antitumor activity of naturally occurring
tocopherols with synthetic αT, i.e., all-rac-αT and all-rac-α-tocopheryl acetate (all-
rac-αTAc) that contain a mixture of eight stereoisomers and are commonly used in
supplements. In two mammary cancer models, these investigators also compared
naturally occurring αT (RRR-αT) and γ-tocopherol (RRR-γT). In these studies,
RRR-αT ether-linked acetic acid analog (αTEA), the non-hydrolyzable ether analog
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of αT, was included as a positive control. In one of the mammary cancer mod-
els, murine 66c1-4 GFP mammary cancer cells were inoculated into BALB/c mice,
after 10 days of oral administration of 6 mg of the synthetic forms of vitamin E/day
and 5 mg of the natural forms of vitamin E/day (Yu et al. 2008). Compared with
controls, the synthetic forms of vitamin E (all-rac-αT and all-rac-α-TAc) and the
positive control (αTEA) reduced tumor volume. αTEA and all-rac-αT also reduced
macroscopic lung tumor metastasis, and the number of macroscopic lung tumor
foci. As to the naturally occurring RRR-αT and RRR-γT, only γT reduced tumor
growth in comparison with control. In a follow-up study, these investigators exam-
ined these vitamin E related compounds in another xenograft breast cancer model
where human breast cancer MDA-MB 231-GPF cells were subcutaneous injected
into nude mice. The supplementation regime included 378 mg RRR-αT/kg diet;
358 mg RRR-γT/kg diet; 400 mg all-rac-αT/kg diet, 243 mg α-TEA/kg diet and
456 mg RRR-αT + 506 mg RRR-γT/kg diet. Significant reduction of tumor volume
was observed in RRR-γT, all-rac-αT and αTEA dietary groups as compared to basal
control diet. No differences in tumor volumes in RRR-αT and RRR-αT+RRR-γT
groups were found in comparison with control groups (Yu et al. 2009). These results
suggest that the natural form of αT does not possess antitumor activity and appears
to block the antitumor efficacy of γT.

15.5 γ-Tocopherol and γT-Rich Mixed Tocopherols in Cancer
Models

15.5.1 Mechanistic Bases for Potential Anticancer Activities of γT

Despite αT has drawn most attention in most studies in the past, studies by us and
others during the last 15 years have demonstrated that γT, the major form of vita-
min E in US diet, has unique activities that are not shared by αT but are potentially
important for cancer prevention and therapy (Jiang and Ames 2003; Jiang et al.
2000, 2001). We have found that γT and its terminal metabolite γ-CEHC, unlike αT,
exhibit anti-inflammatory effects by inhibition of cyclooxygenase (COX)-catalyzed
formation of prostaglandin E2 (PGE2) in LPS-treated macrophages and IL-1β acti-
vated epithelial cells, as well as in carrageenan-induced inflammation model in rats
(Jiang and Ames 2003). In this rat inflammation model, γT but not αT also inhibited
5-lipoxygenase (5-LOX)-catalyzed formation of LTB4 and TNFα (Jiang and Ames
2003). Our recent studies have demonstrated that 13’-carboxychromanol, which
is a novel long-chain metabolite of vitamin E forms and is substantially excreted
in feces, is a much more potent inhibitor of COX-1, COX-2 and 5-LOX than the
unmetabolized vitamin E forms (Jiang et al. 2008; Jiang et al. 2011b).

In addition to its anti-inflammatory properties, γT is better than αT in trap-
ping electrophilic reactive nitrogen oxide species, such as nitrogen dioxide (Cooney
et al. 1993, 1995) and peroxynitrite (Christen et al. 1997, 2002), to form a sta-
ble adduct, 5-nitro-γ-tocopherol. Thus, γT inhibits methylcholanthrene-induced
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neoplastic transformation more effectively than αT in C3H/10T1/2 murine fibrob-
lasts, a process believed to be mediated by reactive nitrogen species (Cooney et al.
1993).

We recently showed that γT but not αT inhibits growth and induces apoptosis
in prostate cancer cells, but had no effect on healthy prostate epithelial cells (Jiang
et al. 2004). This effect appears to stem from interruption of de novo synthesis of
sphingolipids by γT, which results in an accumulation of dihydrosphingosine and
dihydroceramide (Jiang et al. 2004). Gysin et al. showed that γT is stronger than
αT in inhibition of prostate cell proliferation by down-regulation of cyclin D (Gysin
et al. 2002). In addition, γT inhibited growth and induced apoptosis in colon cancer
cell lines, although the mechanism was not well understood (Campbell et al. 2006).

Based on these exciting mechanistic studies which strongly suggest that γT
and possibly other tocopherols may be useful anticancer agents and is likely bet-
ter than αT, potential anticancer activities of γT have been tested in some animal
models. In addition, several groups recently conducted animal studies to investi-
gate whether γT-enriched mixed tocopherols may have chemoprevention activities
against various types of cancer, including prostate, colon and breast cancer.

15.5.2 High Pure γ-Tocopherol

As of today, six studies have been conducted to test potential benefits from high-
pure γT (>90%) in animal cancer models. Five of these studies indicated beneficial
outcomes from γT supplementation against cancer.

Stone et al. (2002) compared the effects of dietary RRR-α-tocopherol and RRR-
γ-tocopherol (at 65–66 mg/kg diet) on iron-induced oxidative stress and ras-p21
expression in the colon of rats. After 22 weeks on experimental diets, rats fed with
γT-containing diet had lower levels of ras-p21 in colonocytes, an oncogenic protein
that is over-expressed in patients with advanced colorectal cancer, than those fed
with αT supplement or αT-deficient diets.

The effects of high pure γT have been studied in three different prostate can-
cer models. Takahashi et al. used the transgenic rat for adenocarcinoma of prostate
(TRAP) model, which is characterized by development of high-grade prostatic
intraepithelial neoplasia (PIN) from 4 weeks of age and high incidence of well-
moderately differentiated adenocarcinomas by 15 weeks of age (Takahashi et al.
2009). In this model, dietary γT (at 50, 100 or 200 mg/kg diet), but not αT,
dose-dependently suppressed tumor progression from prostatic intraepithelial neo-
plasia to adenocarcinoma in the ventral lobe and led to activation of caspase-3
and 7 in the ventral prostate of rats. Jiang et al. (2011a) recently showed that γT
at 125 mg/kg body weight three times a week (540 mg/kg diet daily) decreased
the growth of LNCaP xenograft in nude mice, although being less potent than
its tocotrienol analog. In contrast, dietary γT at 200 mg/kg diet or its combina-
tion with lycopene did not reduce the growth of prostate tumor that was implanted
with Dunning R3327H adenocarcinoma in male Copenhagen rats (Lindshield et al.
2010).
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In addition, as discussed in 15.4.1, Yu et al. (2008, 2009) reported that γT supple-
mentation suppressed breast cancer development in two xenograft models, whereas
αT did not show any protection. Interestingly, the results from these studies sug-
gest that αT appears to block the anticancer capability of γT when these two are
co-administered, which warrants future investigation.

15.5.3 γT-Rich Mixed Tocopherols

The use of γT-rich mixed tocopherols (γ-TmT) was in part due to the lack of eco-
nomic sources of high-pure individual vitamin E forms including γT. On the other
hand, the mixed tocopherols are often obtained from a byproduct of soybean and are
therefore relatively cheap. The typical tocopherol composition of γ-TmT includes
50–70% γ-tocopherol, 20–25% δ-tocopherol, ∼10% α-tocopherol, and ∼0.5–1.5%
β-tocopherol. Remarkably, all the seven studies conducted to test the effect of
γ-TmT on carcinogenesis in different models, including colon, breast, lung and
prostate, showed protective effects.

Based on the evidence that γT and its metabolites suppress COX-stimulated
PGE2, Newmark et al. (2006) hypothesized that γ-TmT may show protective effects
against colon cancer because targeting COXs and eicosanoids has been recognized
as one of the most promising anticancer strategies (Wang and Dubois 2010). These
investigators found that compared with control diet (AIN76A), dietary γ-TmT
(at 0.1% in AIN76A diet) reduced AOM-induced ACF (a pre-cancer lesion) by
55% in male F344 rats. To further examining the anti-inflammatory activity, these
investigators showed that the mixed tocopherols appeared to attenuate TPA-caused
inflammation (Newmark et al. 2006). In a follow-up study, γ-TmT was tested in
an inflammation enhanced mouse colon cancer model in male CF-1 mice where
colon tumorogenesis was induced by AOM and promoted by dextran sulfate sodium
(DSS) that is known to caused colon inflammation. The results showed that mice fed
AIN93M diets containing γ-TmT at 0.17–0.3% (w/w diet) had reduced number of
colon adenomas compared with controls, although the outcomes were somewhat
dependent upon the way of AOM injection (Ju et al. 2009). Interestingly, the γ-
TmT regimen appeared to suppress DSS-induced inflammation only when mice
were also co-injected with AOM, but seemed to worsen the inflammation caused
by DSS alone.

Besides colon cancer, the similar supplementation of γ-TmT was also tested in
other cancer models. Suh et al. (Lee et al. 2009; Suh et al. 2007) showed that γ-
TmT supplementation at 0.1, 0.3 and 0.5% in diet inhibited the development of
mammary tumors that were induced by N-methyl-N-nitrosourea injection in female
Sprague Dawley rats. These regimens suppressed mammary tumor growth and
tumor multiplicity, and increased the expression of p21, p27 caspase-3 and peroxi-
some proliferator activated receptor-γ. The studies on lung cancer models (Lambert
et al. 2009; Lu et al. 2010) also found that γ-TmT containing diets inhibited growth
and reduced volume of lung tumors in mice. In addition, the beneficial effect
of γ-TmT (at 0.1%) was also found in transgenic murine prostate cancer model
(TRAMP) where γ-TmT significantly suppressed the incidence of palpable tumor
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and prostate intraepithelial neoplasia development (Barve et al. 2009). Interestingly,
γ-TmT treatment significantly up-regulated the transcription factor Nrf2 and con-
sequently up-regulated several phase II detoxifying antioxidant enzymes, which
provides plausible explanations for the observed tumor suppression effects by the
tocopherol mixtures.

15.6 Tocotrienols

15.6.1 Molecular Bases of Tocotrienols as Potential Anticancer
Agents

Besides tocopherols, tocotrienols, especially γ-tocotrienol and δ-tocotrienol, respec-
tive analogs of γT and δT with an unsaturated side chain and abundant in palm oil,
have been reported to exhibit potent anticancer effects in various types of cancer
cells (Shah and Sylvester 2004, 2005; Sylvester et al. 2005; Wali et al. 2009; Yap
et al. 2008). In cell-based studies, γ-tocotrienol appears to show stronger efficacy
than γT in the anti-proliferation and pro-apoptotic activity (Jiang et al. 2011a; Yap
et al. 2008). δ-tocotrienol appears to have similar or slightly stronger anticancer effi-
cacy than γ-tocotrienol. Biochemical events associated with γ-tocotrienol-induced
anticancer actions have been well characterized, including its activation of caspase-8
or JNK, induction of endoplasmic reticulum (ER) stress and inhibition of PI3K-
mediated AKT phosphorylation (Park et al. (2010); Shah and Sylvester 2004, 2005;
Sylvester et al. 2005; Wali et al. 2009; Yap et al. 2008). γ-tocotrienol has also been
shown to inhibit NFkB in various types of cells (Ahn et al. 2007). Compared with
tocopherols, γ-tocotrienol showed similar or stronger anti-inflammatory activity by
modulation of COX- and 5-LOX-mediated reactions (Jiang et al. 2008, 2011b).
Long-chain metabolites of γ-tocotrienol appears to be potent inhibitor of COXs
(Jiang et al. 2008). Recently Jiang et al. (2011a) showed that γ-tocotrienol induces
apoptosis and autophagy by causing intracellular accumulation of dihydrosphingo-
sine and dihydroceramide and is more potent than γT in these activities. In addition,
combinations of tocotrienols (γ-tocotrienol or δ-tocotrienol) with statins have been
shown to synergistically inhibit cancer cell growth in cell based studies (Wali and
Sylvester 2007; Wali et al. 2009), which is partially explained by the fact that
γ-tocotrienol is capable of suppressing statin-promoted up-regulation HMG-CoA
reductase (Yang et al. 2010). These interesting cell-related studies have prompted
many groups to investigate potential anticancer effects of tocotrienols in different
animal cancer models.

15.6.2 Tocotrienol Mixtures

Dietary palm oil, a rich source of carotenoids, tocotrienols, and tocopherols, appears
to have antitumor activity in chemically-induced mammary tumor in rats (Sundram
et al. 1989; Sylvester et al. 1986), and attenuates TPA-promoted skin tumors (Kausar
et al. 2003). A caveat with these studies using palm oil is that the effects cannot be
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attributed to a single component. Subsequent studies have therefore investigated
potential anti-carcinogenic properties of tocotrienol-enriched fractions from palm
oil and found beneficial effects in different cancer models such as chemically-
induced hepatocarcinogenesis (Makpol et al. 1997; Ngah et al. 1991; Shamaan
et al. 1993), xenograft breast cancer studies in nude mice (Nesaretnam et al. 2004),
spontaneous hepatocarcinogenesis and chemically-induced lung cancer (Wada et al.
2005), ultraviolet B damaged-skin (Shibata et al. 2010; Yamada et al. 2008), and
angiogenesis (Nakagawa et al. 2007). Since these tocotrienol-enriched products
derived from palm oil have varied compositions and amounts of tocotrienols and
may also contain other active compounds such as tocopherols, the anticancer effects
cannot be attributable to a single tocotrienol form.

15.6.3 γ-Tocotrienol

Six studies have been reported on in vivo anti-cancer effects of high-pure γ-
tocotrienol (≥ 95%), all of which used xenograft models. In 1997, He et al.
(1997) studied the effect of dietary γ-tocotrienol on the growth of mouse melanoma
B16(F10)-implanted in female C57BL mice. Dietary treatments, which included
α-tocopherol (97%) and γ-tocotrienol (98%) at 116 and 924 μmol/kg diet lev-
els, were given 10 days prior to and 28 days following tumor-cell implantation.
Compared with αT supplemented group, γ-tocotrienol significantly delayed the on-
set of tumor detection and reduced tumor weight. In addition, the effect of these
dietary treatments on the survival of mice bearing implanted melanoma was studied,
where mice were given diets containing 2 or 4 mmol γ-tocotrienol/kg diet 14 days
after the implantation. Compared with control fed animals, γ-tocotrienol containing
diets prolonged the survival of mice bearing implanted melanomas by increasing
the mean duration of survival by 30%.

Potential protective effects of γ-tocotrienol on prostate cancer have been inves-
tigated. Jiang et al. (2011a) recently showed that γ-tocotrienol (125 mg/kg body
weight administered by gavage three times a week during 5 weeks) significantly
inhibited tumor development in nude mice implanted with androgen-sensitive
human prostate adenocarcinoma (LNCaP) cells. The study also showed that γ-
tocotrienol exhibited stronger anticancer activity than γ-tocopherol in the xenograft
model, which paralleled with much higher cellular accumulation of γ-tocotrienol.
Yap et al. reported that γ-tocotrienol (50 mg/kg /day five times a week for 2
weeks) inhibits androgen-independent prostate cancer (AIPCa) tumor growth in
a xenograft model. The antitumor capacity of γ-tocotrienol was enhanced when
co-administered with docetaxel (Yap et al. 2010). These investigators also indi-
cated that γ-tocotrienol appeared to be selectively accumulated in tumor tissues,
which may account for its high anticancer efficacy in vivo. In an earlier study,
Kumar et al. examined the anti-tumor properties of γ-tocotrienol in a model where
human prostate cancer bone metastasizing (PC3) cells were injected to athymic male
CBy.Cg.Foxnlnu mice and γ-tocotrienol at 400 mg/kg body weight was injected sub-
cutaneously in the neck of nude mice (Kumar et al. 2006). Mice were then irradiated
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(5 Gy/min for a final dose of 12 Gy) at the rear part of the body including the loca-
tion of the tumor. The results indicated that the size of the tumors was decreased
by almost 40% only in γ-tocotrienol injected and irradiated mice. Lipid perox-
idation increased in tumors from mice irradiated and treated with γ-tocotrienol.
Surprisingly, although rectum tissue was not affected by the treatments, kidney tis-
sue was equally sensitized to lipid peroxidation as the tumors when both irradiation
and γ-tocotrienol were given. The increase in lipid peroxidation in tumors is asso-
ciated to their destruction, but the mechanism(s) involved is not fully understood.
This study suggests that if sensitivity of kidney can be resolved, the combination
of irradiation and γ-tocotrienol may be an useful therapy for advanced prostate
cancer.

Kunnumakkara et al. (2010) showed that oral administration of γ-tocotrienol
(400 mg/kg BW) inhibited the growth of pancreatic tumor that was formed from
human pancreatic cancer cells (MIA PaCa2) implanted in athymic nu/nu mice. In
addition, γ-tocotrienol treatment enhanced the antitumor properties of gemcitabine,
a standard treatment drug for pancreatic cancer.

Hiura et al. (2009) reported that dietary γ-tocotrienol or δ-tocotrienol (0.1%
by weight) similarly delayed the growth of hepatoma MH134 cells in C3H/HeN
mice. These investigators also found that tocotrienols are accumulated specifically
in tumor but not in normal tissues. Kulkarni et al. (2010) showed that γ-tocotrienol
appeared to have radioprotective effects on hematopoietic stem and progenitor
cells, and therefore may serve as potential adjuvant to radiotherapy for cancer.
Specifically, γ-tocotrienol at a dose of 200 mg/kg body weight, which was sub-
cutaneously injected in CD2F1 mice 24 h prior to irradiation, provided protection
of hematopoietic tissues from radiotherapy.

15.6.4 δ-Tocotrienol

In most cell-based studies, δ-tocotrienol showed similar or slightly more potent anti-
cancer effects than γ-tocotrienol with respect to the anti-proliferation and pro-death
activities (He et al. 1997). Three studies have been carried out using ≥ 98% pure δ-
tocotrienol to examine its in vivo anticancer activity. Hiura et al. (2009) reported
that dietary δ-tocotrienol and γ-tocotrienol (0.1% by weight) similarly delayed
tumor growth in C3H/HeN mice implanted with murine hepatoma MH134. Both
of these tocotrienols appeared to accumulate specifically in tumor tissues but not
other normal tissues.

McAnally et al. (2007) studied the effect of dietary δ-tocotrienol on the growth of
mouse melanoma B16(F10) implanted in C57BL female mice. Dietary δ-tocotrienol
reduced tumor weight only in combination with lovastatin in the diet (62.5 mg δ-
tocotrienol/kg body weight per day + 12.5 mg lovastatin/kg body weight per day),
when compared to non-supplemented control group.

Shibata et al. (2009) studied the antiangiogenic potential of δ-tocotrienol as
compared to αT in an in vivo mouse angiogenesis assay. δ-Tocotrienol (30 μg) but
not α-tocopherol inhibited tumor cell-induced angiogenesis formation.
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15.6.5 Toxicity of Tocotrienols

Nakamura et al. (2001) reported that in a 13-week feeding study which investigates
potential toxicity from a tocotrienol mixture (α-tocotrienol 21.4%, β-tocotrienol
3.5%, γ-tocotrienol 36.5%, δ- tocotrienol 8.6%, α-tocopherol 20.5%, β-tocopherol
0.7%, γ-tocopherol 1.0% and δ-tocopherol 0.5%), the no-observed-adverse-effect
level for tocotrienols was daily 120 mg/kg BW, slight adverse effect was seen
at doses of 473 mg/kg BW, and more adverse effect including suppression of
body weight was observed at 1,895 mg/kg BW. Takaski et al. (2008, 2009) stud-
ied potential toxicological effects of long term (1–2 years) exposure to tocotrienol
mixture in rats. One-year chronic exposure of rats to 2% tocotrienol mixture
diets induced highly proliferative liver lesions, nodular hepatocellular hyperplasia
(NHH). However, NHH did not harbor neoplastic characteristics from increased
exposure despite sustained high cellular proliferation. The tocotrienol mixture did
not induce tumor in any other organ besides the liver. In addition, Yap et al. deter-
mined acute toxicity of γ-tocotrienol by single i.p. injection of escalating doses
of this compound in C57BL/6 black male mice and found that γ-tocotrienol at
800 mg/kg did not cause any death among five-injected mice, whereas death starts
to be seen when 1,000 mg/kg was used (Yap et al. 2010).

15.7 Conclusion Remarks

The large clinical trials and recent animal studies strongly indicate that different
forms of vitamin E appear to play distinct roles in cancer prevention and treatment.
αT, the major form of vitamin E in tissues and the only vitamin E form known to
be required to have adequate dietary intake to prevent nutrient deficiency, may be
useful in prevention of cancers that are promoted by nutrient deficiency, increased
oxidative stress related to heavy smokers as well as poor diets such as high fat com-
bined with low-fiber diets. On the other hand, αT supplementation may be futile to
individuals who have adequate antioxidant levels and non-heavy smokers. In con-
trast, due to the unique anti-inflammatory and anticancer activities of other forms
of vitamin E, γT, δT and tocotrienols are likely better than αT in cancer prevention
and may even be useful in chemotherapy. In particular, γT and tocotrienols have
been shown to inhibit COX- and 5-LOX-mediated eicosanoid formation and induce
cancer cell death by modulating sphingolipid metabolism, whereas αT is much less
efficient in these activities. Based on these exciting mechanistic observations, ani-
mal studies have been undertaken to examine potential anticancer efficacy of these
vitamin E forms in vivo. Emerging evidence from various animal models already
indicates promising anticancer effects of these compounds.

In the future, studies using cancer models that bear genetic lesions and/or mimic
human cancer development are needed to further evaluate the role of different
vitamin E forms in cancer prevention and treatment. Given that long-chain carboxy-
chromanols are even stronger than the unmetabolized vitamin E forms in inhibition
of COX- and 5-LOX-catalized reactions and induction of cancer cell death (Jiang Q,
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Jang Yumi, Jiang Z, Wang Y and Kuah S, unpublished observations), these vitamin
E metabolites and analogs may be more effective than their vitamin E precursors as
anticancer agents, which warrants further investigation. Furthermore, combination
therapies that include combinations of tocotrienols and statins or other chemothera-
peutic agents may represent new promising and effective strategies against relatively
advanced cancers.

Acknowledgements This work was in part supported by grants (R21 CA152588, R01AT006882
and R21CA133651) to QJ from National Institutes of Health. SYMC was supported by CONACYT
sabbatical scholarship (144665).

References

Ahn KS, Sethi G, Krishnan K et al (2007) Gamma-tocotrienol inhibits nuclear factor-kappaB
signaling pathway through inhibition of receptor-interacting protein and TAK1 leading to
suppression of antiapoptotic gene products and potentiation of apoptosis. J Biol Chem
282:809–820

Albanes D, Malila N, Taylor PR et al (2000) Effects of supplemental alpha-tocopherol and beta-
carotene on colorectal cancer: results from a controlled trial (Finland). Cancer Causes Control
11:197–205

Al-Johar D, Shinwari N, Arif J et al (2008) Role of Nigella sativa and a number of its antiox-
idant constituents towards azoxymethane-induced genotoxic effects and colon cancer in rats.
Phytother Res 22:1311–1323

Ames BN, Elson-Schwab I, Silver EA (2002) High-dose vitamin therapy stimulates variant
enzymes with decreased coenzyme binding affinity (increased K(m)): relevance to genetic
disease and polymorphisms. Am J Clin Nutr 75:616–658

Barnett KT, Fokum FD, Malafa MP (2002) Vitamin E succinate inhibits colon cancer liver
metastases. J Surg Res 106:292–298

Barve A, Khor TO, Nair S et al (2009) Gamma-tocopherol-enriched mixed tocopherol diet inhibits
prostate carcinogenesis in TRAMP mice. Int J Cancer 124:1693–1699

Basu A, Grossie B, Bennett M et al (2007) Alpha-tocopheryl succinate (alpha-TOS) modulates
human prostate LNCaP xenograft growth and gene expression in BALB/c nude mice fed two
levels of dietary soybean oil. Eur J Nutr 46:34–43

Battalora MS, Kruszewski FH, DiGiovanni J (1993) Inhibition of chrysarobin skin tumor
promotion in SENCAR mice by antioxidants. Carcinogenesis 14:2507–2512

Berton TR, Conti CJ, Mitchell DL et al (1998) The effect of vitamin E acetate on ultraviolet-
induced mouse skin carcinogenesis. Mol Carcinog 23:175–184

Bissett DL, Chatterjee R, Hannon DP (1990) Photoprotective effect of superoxide-scavenging
antioxidants against ultraviolet radiation-induced chronic skin damage in the hairless mouse.
Photodermatol Photoimmunol Photomed 7:56–62

Blot WJ, Li JY, Taylor PR et al (1993) Nutrition intervention trials in Linxian, China: supple-
mentation with specific vitamin/mineral combinations, cancer incidence, and disease-specific
mortality in the general population. J Natl Cancer Inst 85:1483–1492

Brigelius-Flohe R (2005) Induction of drug metabolizing enzymes by vitamin E. J Plant Phys
162:797–802

Brigelius-Flohe R, Traber MG (1999) Vitamin E: function and metabolism. FASEB J 13:
1145–1155

Burke KE, Clive J, Combs GF, Jr et al (2000) Effects of topical and oral vitamin E on pigmentation
and skin cancer induced by ultraviolet irradiation in Skh:2 hairless mice. Nutr Cancer 38:87–97

Campbell SE, Stone WL, Lee S et al (2006) Comparative effects of RRR-alpha- and RRR-gamma-
tocopherol on proliferation and apoptosis in human colon cancer cell lines. BMC Cancer 6:13



346 S.Y. Moya-Camarena and Q. Jiang

Chen X, Mikhail SS, Ding YW et al (2000) Effects of vitamin E and selenium supplementation on
esophageal adenocarcinogenesis in a surgical model with rats. Carcinogenesis 21:1531–1536

Chester JF, Gaissert HA, Ross JS et al (1986) Augmentation of 1,2-dimethylhydrazine-induced
colon cancer by experimental colitis in mice: role of dietary vitamin E. J Natl Cancer Inst
76:939–942

Cho H, Kim MK, Lee JK et al (2009) Relationship of serum antioxidant micronutrients and
sociodemographic factors to cervical neoplasia: a case-control study. Clin Chem Lab Med
47:1005–1012

Christen S, Woodall AA, Shigenaga MK et al (1997) gamma-tocopherol traps mutagenic elec-
trophiles such as NO(X) and complements alpha-tocopherol: physiological implications. Proc
Natl Acad Sci U S A 94:3217–3222

Christen S, Jiang Q, Shigenaga MK et al (2002) Analysis of plasma tocopherols alpha, gamma,
and 5-nitro-gamma in rats with inflammation by HPLC coulometric detection. J Lipid Res
43:1978–1985

Chung H, Wu D, Han SN et al (2003) Vitamin E supplementation does not alter azoxymethane-
induced colonic aberrant crypt foci formation in young or old mice. J Nutr 133:528–532

Clark LC, Combs GF Jr, Turnbull BW et al (1996) Effects of selenium supplementation for cancer
prevention in patients with carcinoma of the skin. A randomized controlled trial. Nutritional
Prevention of Cancer Study Group. JAMA 276:1957–1963

Cook MG, McNamara P (1980) Effect of dietary vitamin E on dimethylhydrazine-induced colonic
tumors in mice. Cancer Res 40:1329–1331

Cooney RV, Franke AA, Harwood PJ et al (1993) γ-Tocopherol detoxification of nitrogen dioxide:
Superiority to α-tocopherol. Proc Natl Acad Sci USA 90:1771–1775

Cooney RV, Harwood PJ, Franke AA et al (1995) Products of γ-tocopherol reaction with NO2 and
their formation in rat insulinoma (RINm5F) cells. Free Rad Biol Med 19:259–269

Dong LF, Freeman R, Liu J et al (2009) Suppression of tumor growth in vivo by the mitocan
alpha-tocopheryl succinate requires respiratory complex II. Clin Cancer Res 15:1593–1600

Eidelman RS, Hollar D, Hebert PR et al (2004) Randomized trials of vitamin E in the treatment
and prevention of cardiovascular disease. Arch Intern Med 164:1552–1556

Ezzedine K, Latreille J, Kesse-Guyot E et al (2010) Incidence of skin cancers during 5-year
follow-up after stopping antioxidant vitamins and mineral supplementation. Eur J Cancer 46:
3316–3322

Factor VM, Laskowska D, Jensen MR et al (2000) Vitamin E reduces chromosomal damage
and inhibits hepatic tumor formation in a transgenic mouse model. Proc Natl Acad Sci USA
97:2196–2201

Gann PH (2009) Randomized trials of antioxidant supplementation for cancer prevention: first
bias, now chance–next, cause. JAMA 301:102–103

Gaziano JM, Glynn RJ, Christen WG et al (2009) Vitamins E and C in the prevention of prostate
and total cancer in men: the Physicians’ Health Study II randomized controlled trial. JAMA
301:52–62

Goodman GE, Schaffer S, Omenn GS et al (2003) The association between lung and prostate can-
cer risk, and serum micronutrients: results and lessons learned from beta-carotene and retinol
efficacy trial. Cancer Epidemiol Biomarkers Prev 12:518–526

Gu X, Song X, Dong Y et al (2008) Vitamin E succinate induces ceramide-mediated apoptosis in
head and neck squamous cell carcinoma in vitro and in vivo. Clin Cancer Res 14:1840–1848

Gysin R, Azzi A, Visarius T (2002) Gamma-tocopherol inhibits human cancer cell cycle
progression and cell proliferation by down-regulation of cyclins. FASEB J 16:1952–1954

Hagiwara A, Boonyaphiphat P, Tanaka H et al (1999) Organ-dependent modifying effects of
caffeine, and two naturally occurring antioxidants alpha-tocopherol and n-tritriacontane-16,18-
dione, on 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP)-induced mammary and
colonic carcinogenesis in female F344 rats. Jpn J Cancer Res 90:399–405



15 The Role of Vitamin E Forms in Cancer Prevention and Therapy – Studies. . . 347

Hahn T, Szabo L, Gold M et al (2006) Dietary administration of the proapoptotic vitamin E
analogue alpha-tocopheryloxyacetic acid inhibits metastatic murine breast cancer. Cancer Res
66:9374–9378

Hartman TJ, Albanes D, Pietinen P et al (1998) The association between baseline vitamin E,
selenium, and prostate cancer in the alpha-tocopherol, beta-carotene cancer prevention study.
Cancer Epidemiol Biomarkers Prev 7:335–340

He L, Mo H, Hadisusilo S et al (1997) Isoprenoids suppress the growth of murine B16 melanomas
in vitro and in vivo. J Nutr 127:668–674

Heinonen OP, Albanes D, Virtamo J et al (1998) Prostate cancer and supplementation with alpha-
tocopherol and beta-carotene: incidence and mortality in a controlled trial. J Natl Cancer Inst
90:440–446

Helen A, Krishnakumar K, Vijayammal PL et al (2003) A comparative study of antioxidants S-allyl
cysteine sulfoxide and vitamin E on the damages induced by nicotine in rats. Pharmacology
67:113–117

Helzlsouer KJ, Huang HY, Alberg AJ et al (2000) Association between alpha-tocopherol, gamma-
tocopherol, selenium, and subsequent prostate cancer. J Natl Cancer Inst 92:2018–2023

Hercberg S, Galan P, Preziosi P et al (2004) The SU.VI.MAX Study: a randomized, placebo-
controlled trial of the health effects of antioxidant vitamins and minerals. Arch Intern Med
164:2335–2342

Hercberg S, Ezzedine K, Guinot C et al (2007) Antioxidant supplementation increases the risk of
skin cancers in women but not in men. J Nutr 137:2098–2105

Hercberg S, Kesse-Guyot E, Druesne-Pecollo N et al (2010) Incidence of cancers, ischemic car-
diovascular diseases and mortality during 5-year follow-up after stopping antioxidant vitamins
and minerals supplements: a postintervention follow-up in the SU.VI.MAX Study. Int J Cancer
127:1875–1881

Hirose M, Masuda A, Inoue T et al (1986) Modification by antioxidants and p,p′-
diaminodiphenylmethane of 7,12-dimethylbenz[a]anthracene-induced carcinogenesis of the
mammary gland and ear duct in CD rats. Carcinogenesis 7:1155–1159

Hirose M, Yada H, Hakoi K et al (1993) Modification of carcinogenesis by alpha-tocopherol,
t-butylhydroquinone, propyl gallate and butylated hydroxytoluene in a rat multi-organ carcino-
genesis model. Carcinogenesis 14:2359–2364

Hirose M, Hasegawa R, Kimura J et al (1995) Inhibitory effects of 1-O-hexyl-2,3,5-
trimethylhydroquinone (HTHQ), green tea catechins and other antioxidants on 2-amino-
6-methyldipyrido[1,2-a:3′,2′-d]imidazole (Glu-P-1)-induced rat hepatocarcinogenesis and
dose-dependent inhibition by HTHQ of lesion induction by Glu-P-1 or 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline (MeIQx). Carcinogenesis 16:3049–3055

Hirose M, Nishikawa A, Shibutani M et al (2002) Chemoprevention of heterocyclic amine-induced
mammary carcinogenesis in rats. Environ Mol Mutagen 39:271–278

Hiura Y, Tachibana H, Arakawa R et al (2009) Specific accumulation of gamma- and delta-
tocotrienols in tumor and their antitumor effect in vivo. J Nutr Biochem 20:607–613

HPSCG (2002) MRC/BHF Heart Protection Study of antioxidant vitamin supplementation in
20,536 high-risk individuals: a randomised placebo-controlled trial. Lancet 360:23–33

Hrzenjak A, Reicher H, Wintersperger A et al (2004) Inhibition of lung carcinoma cell growth
by high density lipoprotein-associated alpha-tocopheryl-succinate. Cell Mol Life Sci 61:
1520–1531

Hybertson BM, Chung JH, Fini MA et al (2005) Aerosol-administered alpha-tocopherol attenuates
lung inflammation in rats given lipopolysaccharide intratracheally. Exp Lung Res 31:283–294

Ichikawa T, Ishikawa G, Yano T (1993) The prevention of oxy radical-mediated lung tumorigenesis
in mice by vitamin E. J Nutr Sci Vitaminol (Tokyo) 39 Suppl:S49–55

Ingles SA, Bird CL, Shikany JM et al (1998) Plasma tocopherol and prevalence of colorectal
adenomas in a multiethnic population. Cancer Res 58:661–666



348 S.Y. Moya-Camarena and Q. Jiang

Jenab M, Riboli E, Ferrari P et al (2006) Plasma and dietary carotenoid, retinol and tocopherol
levels and the risk of gastric adenocarcinomas in the European prospective investigation into
cancer and nutrition. Br J Cancer 95:406–415

Jiang Q, Ames BN (2003) Gamma-tocopherol, but not alpha-tocopherol, decreases proinflamma-
tory eicosanoids and inflammation damage in rats. FASEB J 17:816–822

Jiang Q, Elson-Schwab I, Courtemanche C et al (2000) gamma-tocopherol and its major metabo-
lite, in contrast to alpha- tocopherol, inhibit cyclooxygenase activity in macrophages and
epithelial cells. Proc Natl Acad Sci USA 97:11494–11499

Jiang Q, Christen S, Shigenaga MK et al (2001) gamma-tocopherol, the major form of vitamin E
in the US diet, deserves more attention. Am J Clin Nutr 74:714–722

Jiang Q, Wong J, Fyrst H et al (2004) {gamma}-Tocopherol or combinations of vitamin E forms
induce cell death in human prostate cancer cells by interrupting sphingolipid synthesis. Proc
Natl Acad Sci USA 101:17825–17830

Jiang Q, Yin X, Lill MA et al (2008) Long-chain carboxychromanols, metabolites of vitamin E,
are potent inhibitors of cyclooxygenases. Proc Natl Acad Sci USA 105:20464–20469

Jiang Q, Rao X, Young Kim C et al (2011a) Gamma-tocotrienol induces apoptosis and autophagy
in prostate cancer cells by increasing intracellular dihydrosphingosine and dihydroceramide.
Int J Cancer 2011 Mar 11. doi:10.1002/ijc.26054. [Epub ahead of print]

Jiang Z, Yin X, Jiang Q (2011b) Natural forms of vitamin E and 13′-carboxychromanol, a long-
chain vitamin E metabolite, inhibit leukotriene generation from stimulated neutrophils by
blocking calcium influx and suppressing 5-lipoxygenase activity, respectively. J Immunology
186:1173–1179

Ju J, Hao X, Lee MJ et al (2009) A gamma-tocopherol-rich mixture of tocopherols inhibits colon
inflammation and carcinogenesis in azoxymethane and dextran sulfate sodium-treated mice.
Cancer Prev Res (Phila) 2:143–152

Kabat GC, Kim M, Adams-Campbell LL et al (2009) Longitudinal study of serum carotenoid,
retinol, and tocopherol concentrations in relation to breast cancer risk among postmenopausal
women. Am J Clin Nutr 90:162–169

Kakizaki S, Takagi H, Fukusato T et al (2001) Effect of alpha-tocopherol on hepatocar-
cinogenesis in transforming growth factor-alpha (TGF-alpha) transgenic mice treated with
diethylnitrosamine. Int J Vitam Nutr Res 71:261–267

Kanai K, Kikuchi E, Mikami S et al (2010) Vitamin E succinate induced apoptosis and enhanced
chemosensitivity to paclitaxel in human bladder cancer cells in vitro and in vivo. Cancer Sci
101:216–223

Kausar H, Bhasin G, Zargar MA et al (2003) Palm oil alleviates 12-O-tetradecanoyl-phorbol-13-
acetate-induced tumor promotion response in murine skin. Cancer Lett 192:151–160

Kim YI (2008) Folic acid supplementation and cancer risk: point. Cancer Epidemiol Biomarkers
Prev 17:2220–2225

Kim Y, Chongviriyaphan N, Liu C et al (2006) Combined antioxidant (beta-carotene, alpha-
tocopherol and ascorbic acid) supplementation increases the levels of lung retinoic acid and
inhibits the activation of mitogen-activated protein kinase in the ferret lung cancer model.
Carcinogenesis 27:1410–1419

Kim Y, Lian F, Yeum KJ et al (2007) The effects of combined antioxidant (beta-carotene, alpha-
tocopherol and ascorbic acid) supplementation on antioxidant capacity, DNA single-strand
breaks and levels of insulin-like growth factor-1/IGF-binding protein 3 in the ferret model of
lung cancer. Int J Cancer 120:1847–1854

Kim MK, Ahn SH, Son BH et al (2010) Plasma antioxidant concentration, not superoxide dis-
mutase polymorphism, is associated with breast cancer risk in Korean women. Nutr Res
30:705–713

Kim Y, Chongviriyaphan N, Liu C et al (2011) Combined alpha-tocopherol and ascorbic acid
protects against smoke-induced lung squamous metaplasia in ferrets. Lung Cancer 2011 Jun 10.
[Epub ahead of print]



15 The Role of Vitamin E Forms in Cancer Prevention and Therapy – Studies. . . 349

Kline K, Sanders BG (1989) Modulation of immune suppression and enhanced tumorigenesis in
retrovirus tumor challenged chickens treated with vitamin E. In Vivo 3:161–166

Kogure K, Manabe S, Suzuki I et al (2005) Cytotoxicity of alpha-tocopheryl succinate, malonate
and oxalate in normal and cancer cells in vitro and their anti-cancer effects on mouse melanoma
in vivo. J Nutr Sci Vitaminol (Tokyo) 51:392–397

Kolaja KL, Klaunig JE (1997) Vitamin E modulation of hepatic focal lesion growth in mice.
Toxicol Appl Pharmacol 143:380–387

Kulkarni S, Ghosh SP, Satyamitra M et al (2010) Gamma-tocotrienol protects hematopoietic stem
and progenitor cells in mice after total-body irradiation. Radiat Res 173:738–747

Kumar KS, Raghavan M, Hieber K et al (2006) Preferential radiation sensitization of prostate
cancer in nude mice by nutraceutical antioxidant gamma-tocotrienol. Life Sci 78:2099–2104

Kunnumakkara AB, Sung B, Ravindran J et al (2010) {Gamma}-tocotrienol inhibits pancre-
atic tumors and sensitizes them to gemcitabine treatment by modulating the inflammatory
microenvironment. Cancer Res 70:8695–8705

Lambert JD, Lu G, Lee MJ et al (2009) Inhibition of lung cancer growth in mice by dietary mixed
tocopherols. Mol Nutr Food Res 53:1030–1035

Lawson KA, Anderson K, Simmons-Menchaca M et al (2004) Comparison of vitamin E derivatives
alpha-TEA and VES in reduction of mouse mammary tumor burden and metastasis. Exp Biol
Med (Maywood) 229:954–963

Lee IM, Cook NR, Gaziano JM et al (2005) Vitamin E in the primary prevention of cardiovascular
disease and cancer: the Women’s Health Study: a randomized controlled trial. Jama 294:56–65

Lee HJ, Ju J, Paul S et al (2009) Mixed tocopherols prevent mammary tumorigenesis by inhibiting
estrogen action and activating PPAR-gamma. Clin Cancer Res 15:4242–4249

Li GX, Lee MJ, Liu AB et al (2011) delta-tocopherol is more active than alpha – or gamma
-tocopherol in inhibiting lung tumorigenesis in vivo. Cancer Prev Res 4:404–413

Liang D, Lin J, Grossman HB et al (2008) Plasma vitamins E and A and risk of bladder cancer: a
case-control analysis. Cancer Causes Control 19:981–992

Liede K, Hietanen J, Saxen L et al (1998) Long-term supplementation with alpha-tocopherol and
beta-carotene and prevalence of oral mucosal lesions in smokers. Oral diseases 4:78–83

Lii CK, Chen CW, Liu JY et al (1999) Lack of effect of dietary alpha-tocopherol on chemically
induced hepatocarcinogenesis in rats. Nutr Cancer 34:192–198

Limpens J, Schroder FH, de Ridder CM et al (2006) Combined lycopene and vitamin E treat-
ment suppresses the growth of PC-346C human prostate cancer cells in nude mice. J Nutr 136:
1287–1293

Lindshield BL, Ford NA, Canene-Adams K et al (2010) Selenium, but not lycopene or vitamin E,
decreases growth of transplantable dunning R3327-H rat prostate tumors. PLoS One 5:e10423

Lippman SM, Klein EA, Goodman PJ et al (2009) Effect of selenium and vitamin E on risk
of prostate cancer and other cancers: the Selenium and Vitamin E Cancer Prevention Trial
(SELECT). JAMA 301:39–51

Lonn E, Bosch J, Yusuf S et al (2005) Effects of long-term vitamin E supplementation on
cardiovascular events and cancer: a randomized controlled trial. JAMA 293:1338–1347

Lu G, Xiao H, Li GX et al (2010) A gamma-tocopherol-rich mixture of tocopherols inhibits chem-
ically induced lung tumorigenesis in A/J mice and xenograft tumor growth. Carcinogenesis
31:687–694

Makpol S, Shamaan NA, Jarien Z et al (1997) Different starting times of alpha-tocopherol and
gamma-tocotrienol supplementation and tumor marker enzyme activities in the rat chemically
induced with cancer. Gen Pharmacol 28:589–592

Malafa MP, Neitzel LT (2000) Vitamin E succinate promotes breast cancer tumor dormancy. J Surg
Res 93:163–170

Malafa MP, Fokum FD, Mowlavi A et al (2002) Vitamin E inhibits melanoma growth in mice.
Surgery 131:85–91



350 S.Y. Moya-Camarena and Q. Jiang

Malila N, Virtamo J, Virtanen M et al (1999) The effect of alpha-tocopherol and beta-carotene
supplementation on colorectal adenomas in middle-aged male smokers. Cancer Epidemiol
Biomarkers Prev 8:489–493

Malila N, Taylor PR, Virtanen MJ et al (2002) Effects of alpha-tocopherol and beta-carotene sup-
plementation on gastric cancer incidence in male smokers (ATBC Study, Finland). Cancer
Causes Control 13:617–623

Masui T, Tsuda H, Inoue K et al (1986) Inhibitory effects of ethoxyquin, 4,4′-
diaminodiphenylmethane and acetaminophen on rat hepatocarcinogenesis. Jpn J Cancer Res
77:231–237

Maziere S, Meflah K, Tavan E et al (1998) Effect of resistant starch and/or fat-soluble vitamins A
and E on the initiation stage of aberrant crypts in rat colon. Nutr Cancer 31:168–177

McAnally JA, Gupta J, Sodhani S et al (2007) Tocotrienols potentiate lovastatin-mediated growth
suppression in vitro and in vivo. Exp Biol Med (Maywood) 232:523–531

McCormick DL, Rao KV, Johnson WD et al (2010) Null activity of selenium and vitamin e as
cancer chemopreventive agents in the rat prostate. Cancer Prev Res (Phila) 3:381–392

McVean M, Liebler DC (1997) Inhibition of UVB induced DNA photodamage in mouse epidermis
by topically applied alpha-tocopherol. Carcinogenesis 18:1617–1622

Miller ER, 3rd, Pastor-Barriuso R, Dalal D et al (2005) Meta-analysis: high-dosage vitamin E
supplementation may increase all-cause mortality. Ann Intern Med 142:37–46

Mitchel RE, McCann R (1993) Vitamin E is a complete tumor promoter in mouse skin.
Carcinogenesis 14:659–662

Mitchel RE, McCann RA (2003) Skin tumor promotion by Vitamin E in mice: amplification by
ionizing radiation and Vitamin C. Cancer Detect Prev 27:102–108

Miyauchi M, Nakamura H, Furukawa F et al (2002) Promoting effects of combined antioxidant and
sodium nitrite treatment on forestomach carcinogenesis in rats after initiation with N-methyl-
N′-nitro-N-nitrosoguanidine. Cancer Lett 178:19–24

Mizumoto Y, Nakae D, Yoshiji H et al (1994) Inhibitory effects of 2-O-octadecylascorbic acid and
other vitamin C and E derivatives on the induction of enzyme-altered putative preneoplastic
lesions in the livers of rats fed a choline-deficient, L-amino acid-defined diet. Carcinogenesis
15:241–246

Moore MA, Tsuda H, Thamavit W et al (1987) Differential modification of development of
preneoplastic lesions in the Syrian golden hamster initiated with a single dose of 2,2′-dioxo-N-
nitrosodipropylamine: influence of subsequent butylated hydroxyanisole, alpha-tocopherol, or
carbazole. J Natl Cancer Inst 78:289–293

Nakadate T, Yamamoto S, Aizu E et al (1984) Effects of flavonoids and antioxidants on 12-
O-tetradecanoyl-phorbol-13-acetate-caused epidermal ornithine decarboxylase induction and
tumor promotion in relation to lipoxygenase inhibition by these compounds. Gann 75:214–222

Nakagawa K, Shibata A, Yamashita S et al (2007) In vivo angiogenesis is suppressed by
unsaturated vitamin E, tocotrienol. J Nutr 137:1938–1943

Nakamura A, Shirai T, Takahashi S et al (1991) Lack of modification by naturally occurring
antioxidants of 3,2′-dimethyl-4-aminobiphenyl-initiated rat prostate carcinogenesis. Cancer
Lett 58:241–246

Nakamura H, Furukawa F, Nishikawa A et al (2001) Oral toxicity of a tocotrienol preparation in
rats. Food Chem Toxicol 39:799–805

Nesaretnam K, Ambra R, Selvaduray KR et al (2004) Tocotrienol-rich fraction from palm oil
affects gene expression in tumors resulting from MCF-7 cell inoculation in athymic mice.
Lipids 39:459–467

Neuzil J, Tomasetti M, Zhao Y et al (2007) Vitamin E analogs, a novel group of “mitocans,” as
anticancer agents: the importance of being redox-silent. Mol Pharmacol 71:1185–1199

Newmark HL, Huang MT, Reddy BS (2006) Mixed tocopherols inhibit azoxymethane-induced
aberrant crypt foci in rats. Nutr Cancer 56:82–85

Ngah WZ, Jarien Z, San MM et al (1991) Effect of tocotrienols on hepatocarcinogenesis induced
by 2-acetylaminofluorene in rats. Am J Clin Nutr 53:1076S–1081S



15 The Role of Vitamin E Forms in Cancer Prevention and Therapy – Studies. . . 351

Ni J, Mai T, Pang ST et al (2009) In vitro and in vivo anticancer effects of the novel vitamin E
ether analogue RRR-alpha-tocopheryloxybutyl sulfonic acid in prostate cancer. Clin Cancer
Res 15:898–906

Noh SM, Han SE, Shim G et al (2011) Tocopheryl oligochitosan-based self assembling oligomer-
somes for siRNA delivery. Biomaterials 32:849–857

Nomura AM, Stemmermann GN, Lee J et al (1997) Serum micronutrients and prostate cancer in
Japanese Americans in Hawaii. Cancer Epidemiol Biomarkers Prev 6:487–491

Odukoya O, Hawach F, Shklar G (1984) Retardation of experimental oral cancer by topical vitamin
E. Nutr Cancer 6:98–104

Ogasawara M, Matsunaga T, Suzuki H (2007) Differential effects of antioxidants on the in vitro
invasion, growth and lung metastasis of murine colon cancer cells. Biol Pharm Bull 30:200–204

Ozten N, Horton L, Lasano S et al (2010) Selenomethionine and alpha-tocopherol do not inhibit
prostate carcinogenesis in the testosterone plus estradiol-treated NBL rat model. Cancer Prev
Res (Phila) 3:371–380

Park SK, Sanders BG, Kline K (2010) Tocotrienols induce apoptosis in breast cancer cell lines
via an endoplasmic reticulum stress-dependent increase in extrinsic death receptor signaling.
Breast Cancer Res Treat 124:361–375

Perchellet JP, Owen MD, Posey TD et al (1985) Inhibitory effects of glutathione level-raising
agents and D-alpha-tocopherol on ornithine decarboxylase induction and mouse skin tumor
promotion by 12-O-tetradecanoylphorbol-13-acetate. Carcinogenesis 6:567–573

Perchellet JP, Abney NL, Thomas RM et al (1987) Effects of combined treatments with sele-
nium, glutathione, and vitamin E on glutathione peroxidase activity, ornithine decarboxylase
induction, and complete and multistage carcinogenesis in mouse skin. Cancer Res 47:477–485

Qiao YL, Dawsey SM, Kamangar F et al (2009) Total and cancer mortality after supplementation
with vitamins and minerals: follow-up of the Linxian General Population Nutrition Intervention
Trial. J Natl Cancer Inst 101:507–518

Qu CX, Kamangar F, Fan JH et al (2007) Chemoprevention of primary liver cancer: a randomized,
double-blind trial in Linxian, China. J Natl Cancer Inst 99:1240–1247

Quin J, Engle D, Litwiller A et al (2005) Vitamin E succinate decreases lung cancer tumor growth
in mice. J Surg Res 127:139–143

Ramanathapuram LV, Hahn T, Dial SM et al (2005) Chemo-immunotherapy of breast cancer using
vesiculated alpha-tocopheryl succinate in combination with dendritic cell vaccination. Nutr
Cancer 53:177–193

Reddy BS, Tanaka T (1986) Interactions of selenium deficiency, vitamin E, polyunsaturated fat,
and saturated fat on azoxymethane-induced colon carcinogenesis in male F344 rats. J Natl
Cancer Inst 76:1157–1162

Reiter E, Jiang Q, Christen S (2007) Anti-inflammatory properties of alpha- and gamma-
tocopherol. Mol Aspects Med 28:668–691

Rexrode KM, Lee IM, Cook NR et al (2000) Baseline characteristics of participants in the Women’s
Health Study. J Womens Health Gend Based Med 9:19–27

Sarna S, Kumar A, Bhola RK (2000) alpha-Tocopherol enhances tumour growth inhibition by
cis-dichlorodiammine platinum (II). Braz J Med Biol Res 33:929–936

Shah S, Sylvester PW (2004) Tocotrienol-induced caspase-8 activation is unrelated to death recep-
tor apoptotic signaling in neoplastic mammary epithelial cells. Exp Biol Med 229:745–755

Shah SJ, Sylvester PW (2005) Gamma-tocotrienol inhibits neoplastic mammary epithelial cell
proliferation by decreasing Akt and nuclear factor kappaB activity. Exp Biol Med 230:235–241

Shamaan NA, Wan Ngah WZ, Ibrahim R et al (1993) Effect of tocotrienol on the activities of
cytosolic glutathione-dependent enzymes in rats treated with 2-acetylaminofluorene. Biochem
Pharmacol 45:1517–1519

Shamberger RJ, Rudolph G (1966) Protection against cocarcinogenesis by antioxidants.
Experientia 22:116

Shibata A, Nakagawa K, Sookwong P et al (2009) delta-Tocotrienol suppresses VEGF induced
angiogenesis whereas alpha-tocopherol does not. J Agric Food Chem 57:8696–8704



352 S.Y. Moya-Camarena and Q. Jiang

Shibata A, Nakagawa K, Kawakami Y et al (2010) Suppression of gamma-tocotrienol on UVB
induced inflammation in HaCaT keratinocytes and HR-1 hairless mice via inflammatory
mediators multiple signaling. J Agric Food Chem 58:7013–7020

Shivapurkar N, Tang Z, Frost A et al (1995) Inhibition of progression of aberrant crypt foci and
colon tumor development by vitamin E and beta-carotene in rats on a high-risk diet. Cancer
Lett 91:125–132

Siler U, Barella L, Spitzer V et al (2004) Lycopene and vitamin E interfere with autocrine/paracrine
loops in the Dunning prostate cancer model. FASEB J 18:1019–1021

Singh VK, Parekh VI, Brown DS et al (2011) Tocopherol succinate: modulation of antioxidant
enzymes and oncogene expression, and hematopoietic recovery. Int J Radiat Oncol Biol Phys
79:571–578

Stolzenberg-Solomon RZ, Sheffler-Collins S, Weinstein S et al (2009) Vitamin E intake, alpha-
tocopherol status, and pancreatic cancer in a cohort of male smokers. Am J Clin Nutr 89:
584–591

Stone WL, Papas AM, LeClair IO et al (2002) The influence of dietary iron and tocopherols on
oxidative stress and ras-p21 levels in the colon. Cancer Detect Prev 26:78–84

Suarna C, Wu BJ, Choy K et al (2006) Protective effect of vitamin E supplements on experimental
atherosclerosis is modest and depends on preexisting vitamin E deficiency. Free Radic Biol
Med 41:722–730

Suh N, Paul S, Lee HJ et al (2007) Mixed tocopherols inhibit N-methyl-N-nitrosourea-induced
mammary tumor growth in rats. Nutr Cancer 59:76–81

Sundram K, Khor HT, Ong AS et al (1989) Effect of dietary palm oils on mammary carcinogenesis
in female rats induced by 7,12-dimethylbenz(a)anthracene. Cancer Res 49:1447–1451

Sylvester PW, Russell M, Ip MM et al (1986) Comparative effects of different animal and veg-
etable fats fed before and during carcinogen administration on mammary tumorigenesis, sexual
maturation, and endocrine function in rats. Cancer Res 46:757–762

Sylvester PW, Shah SJ, Samant GV (2005) Intracellular signaling mechanisms mediating the
antiproliferative and apoptotic effects of gamma-tocotrienol in neoplastic mammary epithelial
cells. J Plant Phys 162:803–810

Takahashi S, Takeshita K, Seeni A et al (2009) Suppression of prostate cancer in a transgenic rat
model via gamma-tocopherol activation of caspase signaling. Prostate 69:644–651

Tasaki M, Umemura T, Inoue T et al (2008) Induction of characteristic hepatocyte proliferative
lesion with dietary exposure of Wistar Hannover rats to tocotrienol for 1 year. Toxicology
250:143–150

Tasaki M, Umemura T, Kijima A et al (2009) Simultaneous induction of non-neoplastic and
neoplastic lesions with highly proliferative hepatocytes following dietary exposure of rats to
tocotrienol for 2 years. Arch Toxicol 83:1021–1030

Taylor PR, Qiao YL, Abnet CC et al (2003) Prospective study of serum vitamin E levels and
esophageal and gastric cancers. J Natl Cancer Inst 95:1414–1416

Temple NJ, el-Khatib SM (1987) Cabbage and vitamin E: their effect on colon tumor formation in
mice. Cancer Lett 35:71–77

The Alpha-Tocopherol BCCPSG (1994) The effect of vitamin E and beta carotene on the incidence
of lung cancer and other cancers in male smokers. N Engl J Med 330:1029–1035

Tomasetti M, Neuzil J (2007) Vitamin E analogues and immune response in cancer treatment.
Vitam Horm 76:463–491

Toth B, Patil K (1983) Enhancing effect of vitamin E on murine intestinal tumorigenesis by 1,2-
dimethylhydrazine dihydrochloride. J Natl Cancer Inst 70:1107–1111

Trickler D, Shklar G (1987) Prevention by vitamin E of experimental oral carcinogenesis. J Natl
Cancer Inst 78:165–169

Tsuda H, Uehara N, Iwahori Y et al (1994) Chemopreventive effects of beta-carotene, alpha-
tocopherol and five naturally occurring antioxidants on initiation of hepatocarcinogenesis by
2-amino-3-methylimidazo[4,5-f]quinoline in the rat. Jpn J Cancer Res 85:1214–1219



15 The Role of Vitamin E Forms in Cancer Prevention and Therapy – Studies. . . 353

Turanek J, Wang XF, Knotigova P et al (2009) Liposomal formulation of alpha-tocopheryl
maleamide: in vitro and in vivo toxicological profile and anticancer effect against spontaneous
breast carcinomas in mice. Toxicol Appl Pharmacol 237:249–257

Varis K, Taylor PR, Sipponen P et al (1998) Gastric cancer and premalignant lesions in atrophic
gastritis: a controlled trial on the effect of supplementation with alpha-tocopherol and beta-
carotene. The Helsinki Gastritis Study Group. Scand J Gastroenterol 33:294–300

Virtamo J, Edwards BK, Virtanen M et al (2000) Effects of supplemental alpha-tocopherol and
beta-carotene on urinary tract cancer: incidence and mortality in a controlled trial (Finland).
Cancer Causes Control 11:933–939

Virtamo J, Pietinen P, Huttunen JK et al (2003) Incidence of cancer and mortality following
alpha-tocopherol and beta-carotene supplementation: a postintervention follow-up. Jama 290:
476–485

Vivekananthan DP, Penn MS, Sapp SK et al (2003) Use of antioxidant vitamins for the prevention
of cardiovascular disease: meta-analysis of randomised trials. Lancet 361:2017–2023

Wada S, Satomi Y, Murakoshi M et al (2005) Tumor suppressive effects of tocotrienol in vivo and
in vitro. Cancer Lett 229:181–191

Wali VB, Sylvester PW (2007) Synergistic antiproliferative effects of gamma-tocotrienol and statin
treatment on mammary tumor cells. Lipids 42:1113–1123

Wali VB, Bachawal SV, Sylvester PW (2009) Endoplasmic reticulum stress mediates gamma-
tocotrienol-induced apoptosis in mammary tumor cells. Apoptosis 14:1366–1377

Wang D, Dubois RN (2010) Eicosanoids and cancer. Nat Rev Cancer 10:181–193
Wang YM, Purewal M, Nixon B et al (1989) Vitamin E and cancer prevention in an animal model.

Ann N Y Acad Sci 570:383–390
Weber T, Lu M, Andera L et al (2002) Vitamin E succinate is a potent novel antineoplastic agent

with high selectivity and cooperativity with tumor necrosis factor-related apoptosis-inducing
ligand (Apo2 ligand) in vivo. Clin Cancer Res 8:863–869

Weinstein SJ, Wright ME, Pietinen P et al (2005) Serum alpha-tocopherol and gamma-tocopherol
in relation to prostate cancer risk in a prospective study. J Natl Cancer Inst 97:396–399

Weinstein SJ, Wright ME, Lawson KA et al (2007) Serum and dietary vitamin E in relation to
prostate cancer risk. Cancer Epidemiol Biomarkers Prev 16:1253–1259

Wenger FA, Kilian M, Ridders J et al (2001) Influence of antioxidative vitamins A, C and E on
lipid peroxidation in BOP-induced pancreatic cancer in Syrian hamsters. Prostaglandins Leukot
Essent Fatty Acids 65:165–171

Witschi HP, Hakkinen PJ, Kehrer JP (1981) Modification of lung tumor development in A/J mice.
Toxicology 21:37–45

Wright ME, Virtamo J, Hartman AM et al (2007) Effects of alpha-tocopherol and beta-carotene
supplementation on upper aerodigestive tract cancers in a large, randomized controlled trial.
Cancer 109:891–898

Wu K, Shan YJ, Zhao Y et al (2001) Inhibitory effects of RRR-alpha-tocopheryl succinate
on benzo(a)pyrene (B(a)P)-induced forestomach carcinogenesis in female mice. World J
Gastroenterol 7:60–65

Yam D, Peled A, Shinitzky M (2001) Suppression of tumor growth and metastasis by dietary fish
oil combined with vitamins E and C and cisplatin. Cancer Chemother Pharmacol 47:34–40

Yamada Y, Obayashi M, Ishikawa T et al (2008) Dietary tocotrienol reduces UVB-induced skin
damage and sesamin enhances tocotrienol effects in hairless mice. J Nutr Sci Vitaminol (Tokyo)
54:117–123

Yang Z, Xiao H, Jin H et al (2010) Synergistic actions of atorvastatin with gamma-tocotrienol and
celecoxib against human colon cancer HT29 and HCT116 cells. Int J Cancer 126:852–863

Yano T, Obata Y, Ishikawa G et al (1994) Effect of vitamin E on 4-nitroquinoline 1-oxide-induced
lung tumorigenesis in mice. Int J Vitam Nutr Res 64:181–184

Yao K, Latta M, Bird RP (1996) Modulation of colonic aberrant crypt foci and proliferative indexes
in colon and prostate glands of rats by vitamin E. Nutr Cancer 26:99–109



354 S.Y. Moya-Camarena and Q. Jiang

Yap WN, Chang PN, Han HY et al (2008) Gamma-tocotrienol suppresses prostate cancer cell
proliferation and invasion through multiple-signalling pathways. Br J Cancer 99:1832–1841

Yap WN, Zaiden N, Luk SY et al (2010) In vivo evidence of gamma-tocotrienol as a chemosensi-
tizer in the treatment of hormone-refractory prostate cancer. Pharmacology 85:248–258

Yin Y, Ni J, Chen M et al (2009) RRR-alpha-vitamin E succinate potentiates the antitumor effect
of calcitriol in prostate cancer without overt side effects. Clin Cancer Res 15:190–200

Yu W, Jia L, Wang P et al (2008) In vitro and in vivo evaluation of anticancer actions of natural
and synthetic vitamin E forms. Mol Nutr Food Res 52:447–456

Yu W, Jia L, Park SK et al (2009) Anticancer actions of natural and synthetic vitamin E forms:
RRR-alpha-tocopherol blocks the anticancer actions of gamma-tocopherol. Mol Nutr Food Res
53:1573–1581

Yusuf S, Dagenais G, Pogue J et al (2000) Vitamin E supplementation and cardiovascular events
in high-risk patients. The Heart Outcomes Prevention Evaluation Study Investigators. N Engl J
Med 342:154–160


	15 The Role of Vitamin E Forms in Cancer Prevention and Therapy Studies in Human Intervention Trials and Animal Models
	15.1 Introduction
	15.2 Human Intervention Studies on the Role of Alpha-Tocopherol in Cancer Prevention and Therapy
	15.2.1 Alpha-Tocopherol in Large Randomized Clinical Trials
	15.2.2 Summary of Large Intervention Studies

	15.3 Case-Control Studies of Different Vitamin E Forms
	15.4 Alpha-Tocopherol and Analogs in Various Cancer Models
	15.4.1 RRR--Tocopherols
	15.4.2 -Tocopherol Derivatives

	15.5 -Tocopherol and T-Rich Mixed Tocopherols in Cancer Models
	15.5.1 Mechanistic Bases for Potential Anticancer Activities of T
	15.5.2 High Pure -Tocopherol
	15.5.3 T-Rich Mixed Tocopherols

	15.6 Tocotrienols
	15.6.1 Molecular Bases of Tocotrienols as Potential Anticancer Agents
	15.6.2 Tocotrienol Mixtures
	15.6.3 -Tocotrienol
	15.6.4 -Tocotrienol
	15.6.5 Toxicity of Tocotrienols

	15.7 Conclusion Remarks
	References




