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Abstract. The effects of vitamins A, C, and E and of selenium on carcinogenesis are briefly sum-
marized and updated. These vitamins and minerals were selected because they have been studied
extensively in recent years with a variety of carcinogenesis models. The consumption of vitamin
A and its precursors (carotenoids) has been negatively correlated with cancer at a number of sites,
particularly the lung. Animal investigations on vitamin A involvement in carcinogenesis have
generally been of three types: those assessing (i) the effect of vitamin A deficiency, (ii) the effect
of excess vitamin A, or (iii) the effect of supplementation with synthetic analogs of vitamin A.
Vitamin A deficiency had no effect on salivary gland carcinogenesis, enhanced urinary bladder,
lung, and liver carcinogenesis, and inhibited colon carcinogenesis. Excess of various forms of
vitamin A (i) enhanced or inhibited skin tumorigenesis, (ii) inhibited mammary carcinogenesis
in rats (but not in mice), and carcinogenesis of the forestomach, liver, and urinary bladder (with
one model, but not with another), or (iii) enhanced or did not influence lung carcinogenesis.
Vitamin A analogs have (i) enhanced or inhibited skin tumorigenesis, (ii) inhibited salivary gland,
mammary, and urinary bladder carcinogenesis, (iii) enhanced tracheal and liver carcinogenesis,
and (iv) either enhanced or inhibited pancreas carcinogenesis, depending upon the model employed.
Although retinoids have been shown to inhibit carcinogenesis at many sites, numerous negative
studies have been reported and some reports have indicated enhanced carcinogenesis. The most
convincing evidence for the involvement of vitamin C in cancer prevention is the ability of
ascorbic acid to prevent formation of nitrosamine and of other N-nitroso compounds. In addition
vitamin C supplementation was shown to inhibit skin, nose, tracheal, lung, and kidney carci-
nogenesis, to either not influence or enhance skin, mammary gland, and colon carcinogenesis,
and to enhance urinary bladder carcinogenesis, when given as sodium ascorbate, but not when
given as ascorbic acid. Like vitamin C, vitamin E can inhibit nitrosation. Vitamin E was shown
to inhibit skin, cheek pouch, and forestomach carcinogenesis, to enhance or inhibit colon car-
cinogenesis, and to have no effect on or to inhibit mammary gland carcinogenesis, depending
upon the method of vitamin E administration or the level of dietary selenium or dietary fat.
Selenium effects on carcinogenesis have been recently reviewed and the present discussion only
updates this area by indicating that enhancement of carcinogenesis by dietary selenium supplements
has been observed in the liver, pancreas, and skin. In conclusion, interactions among these vitamins
and minerals, other nutrients and other nonnutrient dietary components in cancer prevention
should be vigorously pursued, since studies with vitamins A, C, and E and selenium have generally
indicated enhancement, as well as inhibition, of carcinogenesis. © 1986 Society for Experimental Biology
and Medicine.

The effects of various vitamins and minerals
on carcinogenesis have been under investiga-
tion since the importance of diet in cancer was
first suspected. Unlike the general enhance-
ment of carcinogenesis, which has been ob-
served in animals fed high fat diets or diets in
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high calorie amounts, the observed effects of
vitamins and minerals on carcinogenesis have
differed, depending upon a wide range of ex-
perimental variables. This chapter will sum-
marize and update data on the effects of vi-
tamins A, C, and E and of selenium on car-
cinogenesis. These vitamins and minerals were
included in this chapter because they have
been studied extensively with a variety of car-
cinogenesis models and they have received
considerable attention in recent years. Other
vitamins and minerals may certainly be im-
portant in carcinogenesis; however, some
boundary had to be imposed to limit this pre-
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sentation. Accordingly the effects of vitamins
A, C, and E will be summarized. Selenium
effects on carcinogenesis were the topic of a
symposium at the FASEB meeting in 1984
(11) and will be only briefly updated here.

Effects of vitamin A and vitamin A analogs
(retinoids) on carcinogenesis. The consump-
tion of vitamin A and its precursors (carot-
enoids) was associated with a reduced rate of
cancer at a number of sites (39, 53, 58, 75).
Lung cancer incidence, in particular, was
lower in people who consumed more carotene-
rich foods or in those with higher serum $-
carotene; this was the case in both smokers
and nonsmokers (39, 58). Because of the in-
herent toxicity of the physiological forms of
vitamin A (retinol, retinal, retinoic acid, and
the various esters of retinol), synthetic analogs
were developed to attempt to improve the
therapeutic efficacy of the compounds, while
avoiding the toxicity (45, 65). Some of these
compounds have been extensively tested in
animal studies and are currently under eval-
uation in clinical trials (51).

Animal investigations on the ability of vi-
tamin A and related compounds to influence
carcinogenesis have generally dealt with (i) the
effect of vitamin A deficiency on cancer in-
duction, (ii) the effect of vitamin A or carot-
enoid excesses in cancer inhibition, and (iii)
supplementation with synthetic analogs of vi-
tamin A. Table I summarizes the effects of
retinoid studies of these three types on carci-
nogenesis at a number of sites in rodents.

Skin tumors in mice induced by 7,12-di-
methylbenz(a)anthracene (DMBA) were in-
hibited by a variety of vitamin A analogs in
one series of experiments (5); however, retinoic
acid was shown to increase two-stage carci-
nogenesis with DMBA and 12-O-tetradeca-
noylphorbol-12-acetate (TPA) in studies from
a separate laboratory (21). Skin tumorigenesis
induced in mice by ultraviolet light was en-
hanced by retinoic acid feeding (16).

Vitamin A deficiency did not influence sal-
ivary gland carcinogenesis induced in hamsters
with locally applied DMBA (6); however, sup-
plementation with 13-cis-retinoic acid inhib-
ited the genesis of this tumor (61). Supple-
mentation with several vitamin A analogs or
with retinyl acetate inhibited mammary car-
cinogenesis induced by N-methyl-nitrosourea
(MNU) or by DMBA in rats (42-44). In con-
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trast, spontaneous (35) and DMBA-induced
(78) mammary tumors in mice were not in-
hibited by retinoid feeding.

Forestomach tumors in hamsters induced
by benzo(a)pyrene (BP) or DMBA were in-
hibited by feeding retinyl palmitate (7). Uri-
nary bladder carcinogenesis induced by
butyl-(4-hydroxy-butyl)nitrosamine (BBN)
in mice or rats has been consistently inhibited
by a wide variety of vitamin A analogs (41,
45, 65). Similarly, MNU-induced urinary
bladder carcinogenesis in rats was inhibited
by 13-cis-retinoic acid supplementation
(66). However, urinary bladder cancer induced
in rats by N-[4-(5-nitro-2-furyl)-2-thiazo-
lyllfformamide (FANFT) was not influenced
by retinyl palmitate supplementation, al-
though vitamin A deficiencyenhanced urinary-
bladder carcinogenesis by this compound (10).

Effects of retinoids on respiratory tract car-
cinogenesis have been extensively studied be-
cause of the strong inverse correlation between
human lung cancer rates and vitamin A intake
(39, 58). Vitamin A deficiency was shown to
elevate carcinogenesis in rats by 3-methylcho-
lanthrene (3MC) (47). Supplementation with
retinyl acetate, however, did not influence lung
cancer in the 3MC model (47). In addition,
lung carcinogenesis induced in hamsters by
BP on ferric oxide was enhanced by retinyl
acetate (63). Tracheal carcinogenesis in ham-
sters was also enhanced by retinoid supple-
mentation (67).

Mixed effects of retinoid supplementation
were observed on liver tumorigenesis. Afla-
toxin Bl carcinogenesis was enhanced in vi-
tamin A-deficient rats in studies by Newberne
et al. (48) and retinoic acid supplementation
inhibited 3’-methyl-4-dimethylaminoazoben-
zene (DMAB) hepatocarcinogenesis in rats
(13). The feeding of various analogues of vi-
tamin A enhanced hepatic tumorigenesis in-
duced by N-nitrosobis(2-oxopropyl)amine
(BOP) in hamsters (3) or by azaserine (AZA)
in rats (34) in studies designed to test the ability
of retinoids to inhibit pancreatic carcinogen-
esis.

Colon carcinogenesis was induced by AFB,
only in rats deficient in vitamin A (49). This
lesion was suppressed, however, in vitamin A-
deficient rats treated with N-methyl-N'-nitro-
N-nitrosoguanidine (MNNG) (46). Con-
sumption of various vitamin A analogs had
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no effect on colon carcinogenesis by MNU
(62), but supplementation with 13-cis-retinoic
acid inhibited 1,2-dimethylhydrazine (DMH)-
induced colon cancer (49).

BOP-induced pancreatic carcinogenesis of
ductular morphology was elevated in hamsters
fed high doses of several analogs of vitamin A
following a high dose of carcinogen, as shown
in Fig. 1 (3), and inhibition was not observed
in hamsters treated with lower doses of either
retinoids or carcinogens (3). In contrast, pan-
creatic carcinogenesis of acinar morphology
was inhibited by some of the same analogs as
were used in the hamster studies (34).
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In summary, although retinoids have been
shown to inhibit carcinogenesis at many sites
in a number of models, a considerable number
of negative studies have been reported and
some studies have shown enhancement of
carcinogenesis. In addition, the influence of
carotenoids on carcinogenesis has not been
adequately studied.

Effects of vitamin C on carcinogenesis. The
most convincing evidence for the involvement
of vitamin C in cancer prevention is the ability
of ascorbic acid to prevent N-nitroso com-
pound formation (37, 38, 40, 69). The poten-
tial for this blockage of nitrosamine formation

TABLE 1. SUMMARY OF THE INFLUENCE OF RETINOIDS ON CHEMICAL CARCINOGENESIS

Site Species Agent Retinoid Effect Reference(s)
Skin Mice DMBA Vit. A. analogues L (5)
Mice DMBA + TPA Retinoic acid T (21)
Mice UV light Retinoic Ac i (16)
Salivary glands Hamsters DMBA Vit. A def.” NE* (6)
DMBA 13 cis ret. Ac? 1 61)
Mammary Rats DMBA Ret. acetate ! 42)
gland

Rats MNU Ret. acetate + analogues 1 (43, 44)
Mice DMBA analogues NE (78)
Mice None Retinyl acetate NE (3%5)
Forestomach Hamsters DMBA Vit. A palmitate l ©)
Hamsters BP Vit. A palmitate 1 U

Urinary Rats BBN Vit. A analogues ! (41, 65)

bladder

Mice BBN Vit. A + analogues ! 45)
Rats MNU 13 cis ret. Ac. (66)
Rats FANFT Vit. A def. T (10)
Rats FANFT Ret. palmitate NE (10)
Lung Rats 3MC Vit. A def. 1 47)
Rats IMC Ret. acetate NE 47)
Hamsters BP-FeO; Retinyl acetate T 63)
Trachea Hamsters MNU Vit. A analogues 1 (67)
Liver Rats AFB, Vit. A def. T (48)
Rats DMAB Ret. acid ! (13)
Hamsters BOP Vit. A analogues 1 3)
Rats Aza Vit. A analogues TNE (34)
Colon Rats AFB, Vit. A def. 1NE (49)
Rats MNNG Vit. A def. 1 (46)
Rats DMH 13 cis ret. Ac l (49)
Rats MNU Vit. A analogues NE (62)
Pancreas Hamsters BOP Vit. A analogues TNE 3)
Rats Aza Vit. A analogues 1 (34)

¢ Def., deficiency, ret. Ac., retinoic acid, NE, negative.
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FIG. 1. The effects of dietary retinoids on BOP-induced
pancreatic carcinogenesis in male hamsters. Each bar rep-
resents groups of 24 to 40 male hamsters. Retinoids were
fed at levels from 0.4 to 1.0 mmol/kg diet. All surviving
hamsters were killed at 40 weeks after treatment with 40
mg BOP/kg body weight at 8 weeks of age. Results x tests
are indicated by the letters on bars a < b (P < 0.05). Ex-
perimental details were published (3).

to inhibit carcinogenesis was first documented
in studies by Mirvish e al. [as reviewed in
(40)]. Sodium nitrite, when given in the
drinking water, and morpholine, when ad-
ministered in the diet, react to form N-nitro-
somorpholine, which induces liver cancer in
rats (40). The simultaneous administration of
dietary sodium ascorbate (22.7 g/kg) resulted
in a 1.7-fold increase in the time required to
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induce liver tumors (40). However, ascorbate
did not influence liver tumor induction by
preformed N-nitrosomorpholine (40).

The influence of vitamin C on carcinogen-
esis by a number of other preformed carcin-
ogens is shown in Table II. These results in-
dicate that vitamin C can influence carcino-
genesis in a variety of ways, depending upon
the carcinogenesis model and on whether vi-
tamin C is administered as the acid or the so-
dium salt. Skin carcinogenesis in ultraviolet
light-treated mouse was inhibited by vitamin
C (14); however, subcutaneous 3MC-induced
tumors in guinea pigs were either enhanced
by or not influenced by vitamin C treatments
of scorbutic animals (2, 55).

Tracheal and nasal cancer induced in ham-
sters by N-nitrosodiethylamine (DEN) and
cigarette smoke (19), and lung cancer induced
by dimethylnitrosamine (DMN) in mice (40)
were all inhibited in animals fed vitamin C.
Mammary carcinogenesis by DMBA was not
influenced by vitamin C supplements in the
drinking water (1).

Divergent effects of vitamin C were ob-
served in colon carcinogenesis by DMH in the
rat. Results from one laboratory indicated an

TABLE II. SUMMARY OF THE INFLUENCE OF VITAMIN C ON CHEMICAL CARCINOGENESIS

Vitamin C route

Site Species Agent (dosage) Effects Reference

Skin Mouse Uuv Diet (100 g/kg) 1 (14)
Guinea pig IMC Varied NE (55)

Guinea pig 3MC ip 1 2)

Nose Hamster DEN + cigarette smoke Diet (10 g/kg) l (19)
Trachea Hamster DEN + cigarette smoke Diet (10 g/kg) l (19)
Lung Mouse DMN Diet (23 g/kg) 1 (40)
Mammary Rat DMBA Water (2.5 g/kg) NE (1)
Colon Rat DMH Diet (2.5-10 g/kg) 1 (54)
Rat DMH Diet (50 g/kg) 7 (59)

Mouse DMH Diet (<0.5 g/kg) l 30)

Rat MNU Diet (2.5-10 g/kg) NE (54)

Kidney Rat DMH Diet (2-10 g/kg) 1 (54)
Hamster estradiol 1 (33)

Hamster DES 1 (33)

Urinary bladder Rat BBN Diet (50 g/kg) NE (18)

Ascorbic acid
BBN Diet (50 g/kg) ) (17)
Sodium ascorbate
MNU Diet (50 g/kg) 1 (23)

Sodium ascorbate
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inhibition of carcinogenesis with 2-10 g/kg
vitamin C (54), while an enhancement of car-
cinogenesis was observed in a study using 50
g/kg (59). DMH carcinogenesis was reduced
in mice that consumed diet containing <0.5
g/kg of vitamin C (30) and MNU-induced co-
lon cancer in rats was not influenced by dietary
vitamin C (54). Renal carcinogenesis induced
by DMH in rats (54) or estrogens in hamsters
(33) was inhibited by vitamin C.

A most interesting influence of vitamin C
on the promotion of urinary bladder carci-
nogenesis was investigated in more recent
studies. Urinary bladder carcinogenesis in-
duced by MNU (23) or BBN (17) in rats was
promoted when sodium ascorbate was fed at
the 50 g/kg level following carcinogen treat-
ment. However, no influence of ascorbic acid
fed at the same level was observed on BBN-
induced cancer (18). This and other studies
have led to the speculation that the sodium
salts of certain organic acids act as promoters
of urinary bladder cancer (18).

Thus, vitamin C is believed to play an im-
portant role in preventing nitrosamine for-
mation. However, the involvement of this vi-
tamin in inhibiting carcinogenesis by pre-
formed carcinogens varies with the different
carcinogen and vitamin C treatment protocols.
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Effects of vitamin E on carcinogenesis. Like
vitamin C, vitamin E (tocopherols) was dem-
onstrated to inhibit nitrosation (37, 38, 40, 69).
One very important difference between vita-
min E effects in this regard, and those of vi-
tamin C is that vitamin E inhibition of nitro-
sation occurs in the lipid compartment, while
vitamin C is effective only in the aqueous
phase (40, 69). There is little direct epidemi-
ological evidence to support a role for vitamin
E in preventing human cancer; however, vi-
tamin E intake is higher among individuals
who consume diets high in vegetables and this
may account for some of the effects of vege-
table consumption that are inversely correlated
with some cancer rates.

The effects of vitamin E treatment on
chemical carcinogenesis have been evaluated
in a number of models, as shown in Table III.
Skin tumorigenesis initiated by DMBA and
promoted by 12-O-tetradecanoyl-phorbol-13-
acetate (TPA) was inhibited in mice treated
topically with vitamin E prior to the TPA
treatment (52), while subcutaneous tumors
induced by 3,4,9,10-dibenzpyrene (DBP) were
not influenced by dietary vitamin E (15). Car-
cinogenesis induced in the hamster cheek
pouch by painting DMBA was inhibited in
two laboratories by the oral administration of

TABLE III. SUMMARY OF THE INFLUENCE OF VITAMIN E ON CHEMICAL CARCINOGENESIS

Vitamin E route

Site Species Agent (dosage) Effect Reference
Skin Mouse DMBA + TPA Topical (17 mg 2X wk) 1 (52)
Skin Mouse DBP Diet (25-50 g/kg) NE (15)
Cheek pouch Hamster DMBA Oral (7 IV 2X wk) l (77)
Oral (10 IV 2X wk) l (60)
Forestomach Mouse DMBA Diet (10 g/kg) 1 (76)
Colon Mouse DMH Diet (0.6 g/kg) 1 12)
Mouse DMH Diet (40 g/kg) 1 (74)
Rat DMH Vit. E def. Torl (68)
Mammary gland Rat DMBA ig (unclear) l (76)
DMBA Diet (30 mg/kg) NE (o))
(low fat)
1
(high fat) 27)
DMBA Diet (50 mg/kg) NE (22)
(low Se)
1
(high Se) (22)
DMBA Diet (2 g/kg) NE @31)
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vitamin E (60, 77), and induction of fore-
stomach tumors in mice by DMBA was also
inhibited (76). Divergent effects of vitamin E
on colon carcinogenesis by DMH in mice were
reported. Lower dietary levels inhibited colon
carcinogenesis in one laboratory (12), while
high doses enhanced colon carcinogenesis in
another (74). Vitamin E deficiency was shown
to enhance the initiation of colon carcinogen-
esis by DMH, but to inhibit the growth of tu-
mors in a recent study (68).

Interesting effects of vitamin E administra-
tion were observed in rat mammary gland
carcinogenesis induced by DMBA, as shown
in Table IIL. Ip and colleagues (22, 27) dem-
onstrated that low doses of dietary vitamin E
(30-50 mg/kg) were ineffective in preventing
mammary carcinogenesis, and King and
McKay showed that a higher dietary dose (2
g/kg) (31) was also not inhibitory. Ip’s labo-
ratory found that the vitamin E was effective
when fed with a high fat diet (27) or in con-
junction with selenium supplements (22) and
that selenium supplements were less effective
when given in a vitamin E deficient diet (28).
Intragastric administration of vitamin E in-
hibited mammary cancer in a separate study
(76). The potential interaction between vita-
min E and other nutrients is particularly note-
worthy, since recent epidemiological results
have suggested that selenium may protect
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against cancer risk when vitamin E intake is
low (8, 56).

Effects of selenium on carcinogenesis. Two
years ago an excellent symposium on “sele-
nium and carcinogenesis” was presented by
the American Institute of Nutrition at the 68th
Annual Meeting of the Federation of Ameri-
can Societies for Experimental Biology. The
papers from this symposium have been pub-
lished (11, and following papers), and at this
time I wish only to point out some recent
studies, two of which are not yet published,
showing that high dietary selenium can pro-
mote cancer. The studies summarized in Table
IV indicate that high dietary selenium has been
shown to consistently inhibit mammary (24,
25, 36, 71) and colon (4, 29, 64) carcinogen-
esis, that some inhibition was reported in a
lung carcinogenesis model (4), that either in-
hibition or enhancement was observed in the
liver (9, 20, 32) and skin (50, 57; Pelling, Bres-
nick, and Birt, preliminary results), depending
upon the carcinogen employed, and that there
have been reports of no effect on tracheal can-
cer (73) and of enhanced pancreatic cancer
(Birt et al., submitted) in hamster models.

The effects of selenium on BOP-induced
pancreatic carcinogenesis in hamsters are
shown in Figs. 2 and 3. Supplemental selenium
at the 2.5 ppm level increased the pancreatic
carcinoma yield in male hamsters fed a high

TABLE IV. SUMMARY OF THE INFLUENCE OF SELENIUM ON CHEMICAL CARCINOGENESIS

Site Species Agent Effect Reference(s)

Skin Mice uv light 1 (50)

Mice 3MC 1 (57)

Mice a-Pyrene L 57)

Mice DMBA + TPA 1 (Pelling et al., unpublished)
Liver Rat DMAB 1 )

Rat AAF 1 (20)

Rat AFB, 1 (32)
Trachea Hamster MNU NE (73)
Lung Rat BOP 1 “4
Mammary gland Mice DMBA 1 (36)

Rat DMBA 1 (24, 25)

Rat MNU ! (71)
Colon Rat DMBA 1 29)

Rat BOP l 4

Rat AOM ! (64)
Pancreas Hamster BOP 1 (Birt et al., submitted)
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fat diet, but not in those fed a low fat diet.
Selenium supplementation with 2.5 ppm se-
lenium from sodium selenite did not influence
pancreatic carcinogenesis in female hamsters,
while feeding selenium from seleno-DL-me-
thionine elevated the yield of pancreatic car-
cinomas in females.

Preliminary results in an ongoing study in-
dicate that when 2 or 4 ppm selenium from
sodium selenite is fed, the promotion of mouse
skin carcinogenesis is enhanced in the SEN-
CAR mouse (Pelling, Bresnick, and Birt, pre-
liminary observations). A dose-response ele-
vation in tumor number has been observed in
DMBA-initiated mice fed the high selenium
diets prior to initiation with DMBA and dur-
ing promotion with TPA.

These results, which show that high dietary
selenium can enhance carcinogenesis in ani-
mals, lead us to be cautious in administering
selenium to humans with the aim of prevent-
ing cancer.

Conclusions. The vitamins and minerals
discussed here for their potential in inhibiting
carcinogenesis can enhance, as well as inhibit,
tumor induction or development. However,
because of the brevity of this paper, it was not
possible to discuss the differences in experi-
mental design which may have caused some
of the variations in response. In summary, sci-
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FIG. 2. The effects of dietary selenium fed with low (6%)
and high (24%) fat diets on BOP-induced pancreatic car-
cinogenesis in male hamsters. Each bar represents groups
of 18-23 male hamsters. Selenium as sodium selenite was
fed from 4 weeks before BOP treatment in a low-fat diet.
High-fat diet began 1 week after the final BOP dosage. All
surviving hamsters were killed 70 weeks after the first of
four weekly BOP treatments (5 mg/kg body wt) began at
8 weeks of age. Results of x? tests are indicated by the
letters on bars a < b (P < 0.05). Experimental details are
being published (Birt ez al., submitted).

317

0.1 ppm Se-Na Selenile 2.5 ppm Se-Na Selenile 2.5 Se~Se Met.

80 20 _
5 2
< 60 158
o gl
& b 25
3 40 10. 8
g 5
= gs
3 20 a 052T
o El
3 z
o

V] V]

Female Male Female Male Female Male

FI1G. 3. The effects of the form of dietary selenium on
BOP-induced pancreatic carcinogenesis in male and female
hamsters. Each bar represents groups of 16-23 hamsters.
Selenium as sodium selenite was fed from 4 weeks before
BOP treatment in a low-fat diet. High-fat diet began 1
week after the final BOP dosage. All surviving hamsters
were killed 70 weeks after the first of four weekly BOP
treatments (5 mg/kg body wt) began at 8 weeks of age.
Results of x? tests are indicated by the letters on bars a
< b (P < 0.05). Experimental details are being published
(Birt et al., submitted).

entists must continue to search for other di-
etary factors which may inhibit cancer, or for
combinations of such factors which may pre-
vent a wider range of tumors, without en-
hancing cancer at any site. The epidemiolog-
ical (8, 56) and experimental (26, 28, 72) data
suggesting that selenium may interact with vi-
tamin E and vitamin A in preventing cancer
are encouraging, and similar lines of research
should be vigorously pursued with other com-
binations of nutrients.

The data also suggest that the vitamin A,
C, and E content of vegetables probably cannot
explain the association of vegetable consump-
tion with reduced cancer rates and the search
for other inhibitors in vegetables should be
continued and strengthened. It is possible that
other components of vegetables interact with
certain of these vitamins or selenium to im-
prove their ability to inhibit cancer.
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