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Abstract
High-fat diets enhance the development of mammary and
intestinaltumors in animals, and dietary fat also shows a strong
positive correlation with mortality from cancers of the breast
and colon in human populations. In animals, dietary fat appears
to act as a promoter of carcinogenesis rather than as an
influence in the initiation of tumors. Polyunsaturated fats en
hance mammary tumorigenesis and stimulate tumor growth
more effectively than do saturated fats. However, diets con
taming a small amount of polyunsaturated fat and a high level
of saturated fat increase mammary tumor yields as effectively
as do diets containing a high level of polyunsaturated fat. Fatty
acids of either the linoleate or linolenate family appear to be
able to satisfy the small requirement for polyunsaturated fat.
The mechanism by which dietary fat influences mammary
tumongenesis is not known but may involve hormonal effects,
immune responses, or alterations in cellular membranes. Die

tary fat is thought to enhancethe developmentof intestinal
tumors by stimulating production of bile acids, some of which
act as promoters of tumorigenesis.
Introduction
Numerous studies over the past 40 years have consistently
shown that animals on high-fat diets develop certain types of
tumors more readily than do their counterparts fed low-fat
diets. This effect has been observed with skin tumors and
mammary tumors (2, 7) and with intestinal tumors (24, 27) but
not with a number of other experimentally produced tumors (2,
7). The earlier observations failed to attract widespread atten
tion until it was realized that epidemiological data on human
populations also showed a strong positive correlation between
dietary fat and mortality from cancers of the breast and colon
(7). These 2 types of cancer account for a relatively high
proportion of cancer deaths in Europe and North America, and
the death rates have shown little or no sign of decreasing in
recent years (Chart 1).
Although epidemiological observations do not by themselves
establish a causative relationship between dietary fat and can
cer, the supporting evidence from animal experiments makes
this a likely possibility. It therefore seems worthwhile to exam
me this suspected relationship further by continuing to collect
and analyze epidemiological data and by carrying out further
experiments with animals to identify the components of dietary
fat responsible for the observed effects and to determine the
mechanisms involved.
Experiments with Animals
In our studies on mammarytumors induced in rats by DMBA,3
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it was observed that unsaturated fats were more effective in
promoting tumor developmentthan were saturated fats (6, 11).
However, more recent experiments (4, 13) have shown that, if
saturated fats such as beef tallow or coconut oil are fed with a
small amount of polyunsaturated fat, they promote mammary
tumorigenesis as effectively as do the polyunsaturated fats
themselves. These results indicate a dual requirement for a
small amount of polyunsaturated fat together with a high level
of dietary fat in order to demonstrate the effect. Once the small
requirementfor polyunsaturated fat is met, it does not seem to
matter whether the remaining fat is saturated or unsaturated.
It is of

interest

to

know

whether

these

2 requirements

are

related, and experiments designed to shed light on this are
currently under way in our laboratory.
Our studies have also indicated that the requirement for
polyunsaturated fat can be satisfied by highly purified ethyl
linoleate or by a fish oil containing polyunsaturated fatty acids
derived mainly from linolenate (3, 5). This suggests that the
effect is related to a requirement for essential fatty acids, which
is not specific for fatty acids of the linoleate family. However,
further studies should be carried out to confirm and extend
these findings.
High-fat diets have also been found to promote the devel
opment of chemically induced intestinal tumors in rats (24, 27).
The results of these experiments have given some indication
that unsaturated fats are more effective than saturated fats at
low levels of intake, but, at high levels of intake, saturated and
unsaturated fats were found to be equally effective.
The enhancement of mammary tumorigenesis by dietary fat
has been observed with spontaneous tumors as well as with
tumors induced by a number of different chemical carcinogens.
Furthermore, it was observed in our experiments that the effect
of a high-fat diet could still be observed when the diet was
instituted as late as 1 to 2 weeks after treatment with DMBA
(7).

These

observations

led to the

suggestion

that

dietary

fat

acts at the promotional stage of tumorigenesis rather than
affecting the process of initiation.
A hormonal

mechanism

was

postulated

by Chan

and

Cohen

(8) who provided evidence that dietary fat increases the ratio
of prolactin to estrogen in the circulation (8, 9). However,
results of recent experiments in our laboratory on rats treated
with DMBA failed to support this hypothesis. As illustrated in
Chart 2, no correlation was found between yield of tumors and
ratio of prolactin to estrogen in the circulation, as measured by
radioimmunoassay. The hormonal results shown are based on
determinations at the metestrus-diestrus phase of the cycle,
but measurements at proestrus also failed to show any corre
lation with tumor yield.
There are a number of possible reasons for this lack of
agreement. In the experiments of Chan et a!. (8, 9), blood for
hormone analysis was taken from rats anesthetized with ether,
which is known to be a rapid and powerful stimulator of prolac
tin release (21 ), whereas, in our experiments, the blood was
obtained from rats immediately after decapitation. It was also
noted in our studies that about 40% of the rats treated with
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Chart 1. Trends in age-adjusted mortality from breast and intestinal cancers. From data collated by Segi et al. (25).
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Chart 2. Data on plasma prolactln:estrogen ratios, tumor yields, and degree of unsaturation of mammary tissue phospholipids. From experiments of Hopkins,
Kennedy, and Carroll (J. Nati. Cancer Inst., 66: 51 7â€”522,1981 ). Total tumor yields are for 20 rats in each of the dietary groups. Hormone levels were measured by

radloimmunoassay on plasmas from 10 to 15 rats per group. Blood was collected after decapitation of the rats at the metestrus-diestrus phase of the cycle. The
unsaturatlon Index is defined as the sum of the products of mol % and number of double bonds per fatty acid. The results are averages based on analysis of the fatty
acids of mammary phospholipids from 10 animals of each group.
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DMBA did not have regular

estrus cycles,

and there is recent

evidence that treatment with DMBA inhibits preovulatory go
nadotrophin secretion and stimulates prolactin secretion (16).
The effect of dietary fat on fatty acid composition of mam
mary tissue phospholipids was also measured in our experi
ments. The results suggested that diets which increased the
yields of mammary tumors also increased the degree of unset
uration of these phospholipids (Chart 2). This would presum
ably increase the fluidity of cellular membranes which might in
turn exert an influence on development and proliferation of
tumor cells.
Another possibility is that dietary fat may affect mammary
tumorigenesis by altering immune responses of the host (14,
20). This topic is discussed in more detail by Vitale and Broit
man (26).
Our observation of a requirement for a small amount of
polyunsaturated fat as well as a high-fat diet for the promotion
of mammary tumorigenesis raises the possibility that the effect
is mediated by some of the biologically active products of
essential fatty acids, such as prostaglandins. There is evidence
that prostaglandins can act as promoters of skin tumors (19),
and they may also influence immune responses (20).
The experiments of Abraham and Rao (1) and of Hopkins
and West (15) have provided additional evidence that polyun
saturated fats stimulate mammary tumor growth more effec
tively than do saturated fats. King et al. (18) also observed that
the growth rate as well as the incidence of mammary tumors
induced in rats by DMBA was enhanced by feeding a diet high
in polyunsaturated fat. As little as 1% corn oil in the diet
stimulated the growth of transplantable mammary tumor in the
experiments of Abraham and Rao (1). On the basis of studies
with prostaglandin inhibitors, they suggested that this effect
was not due to formation of prostaglandins, but more recent
experiments of Hillyard and Abraham (12) have led to recon
sideration of the possibility that prostaglandins may be in
UNITED

Cereals

volved. In a promising new approach, Kidwell et al. (17, 28)
have observed that polyunsaturated fatty acids enhance the
growth and survival of normal and neoplastic

rat mammary

epithelial cells in culture.
As indicated earlier, dietary fat also promotes the develop
ment of intestinal tumors in experimental animals but probably
does so by a different mechanism. A very plausible suggestion
is that dietary fat increases the production of bile acids, and
some bile acids have been observed to act as promoters of
tumorigenesis. This topic is considered in more detail by Reddy
(22, 23).

Dietary Fat in Relation to Cancer Mortality
A major goal of experiments

in Humans

with animal models is to provide

information which can be used for prevention or treatment of
cancer in humans. It is therefore reassuring that the observed
effects of dietary fat on tumorigenesis in animals are supported
by the positive correlations between dietary fat and mortality
from cancers of the breast and colon in humans.
In the case of breast cancer, the epidemiological data mdi
cate that mortality correlates best with total available dietary
fat, less well with animal fat, and not at all with vegetal fat (2).
This may appear to conflict with the observation that unsatu
rated fats promote mammary tumorigenesis more effectively
than do saturated fats in animals. However, our experiments
with mixtures of polyunsaturated and saturated fat (4, 13)
indicated that, once the small requirement for polyunsaturated
fat is met, enhancement of tumorigenesis is related to the
amount rather than the type of fat in the diet. If the situation is
analogous in humans, the data indicate that the required
amount of polyunsaturated fat would probably be supplied by
the normal diet of any country. It is therefore logical to expect
that total available dietary fat should show the best correlation
with cancer incidence. In practical terms, this suggests that
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Chart 3. Sources of dietary fat In the United States and Japan. From data collected by the Food and Agriculture
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reducting fat intake should decrease breast cancer incidence
regardlessof whether it is achieved by eliminatingfats of animal
or vegetal origin.
It can be seen from Chart 3 that the main sources

of fat in

the American diet are meats, dairy products, and visible fats
and oils used as spreads, cooking fats, or salad oils. It is
evident that any reduction in dietary fat must involve these
dietary components. The much lower availability of fat in the
Japanese diet is shown for comparison. The data in Chart 3
are based on averages for 1972 to 1974, and it is of interest
to note that the amounts of available fat have increased in both
the United States and Japanese diets relative to the corre
sponding data for 1964 to 1966(4).

Oneof the majorproblems
in canceris thetendencyof
tumor* to metastasize, with recurrence of the disease subse
quent to removal of the primary tumor. Since experiments with
animals have shown that low-fat diets provide a less favorable
environment for the development and growth of tumors, it

seemsreasonableto thinkthatthis mayalsoapplyto metastatic
growth of tumors. There is some evidence that Japanese
women, besides having a lower breast cancer incidence than
American women, also show a lower rate of recurrence follow
ing surgery (3). It wQuld seem desirable to collect data on
recurrence rates following surgery for breast or colon cancer
in other countries with varying levels of fat intake. It may also
be feasible to carry out controlled clinical trials to test the effect
on recurrence of reducing fat intake following surgery. The
findings to date at least offer the possibility that diet therapy
may be useful in treatment as well as prevention of breast and

coloncancer.
References
1. Abraham, S., and Rao, G. A. LIpIds and Ilpogenesis in a murine mammary

neoplastlceystem.
In:W.E.Cries,T. Ono,andJ. R.Sabine(eds.),Progress
In CancerResearchandTherapy,Vol. 1, pp. 363â€”378.
NewYork:Raven
Preas,1976.
2. Carroll, K. K. Experimental evidence of dietary factors and hormone-de
pendant cancers. Cancer Res., 35: 3374-3383, 1975.
3. Carroll, K. K. Upids and carclnogenesis.J. Environ,Pathol.Toxicol.,3(4):
253â€”271
, 1900.
4. CarroH, K. K., and Hopkins, G. J. Dietary polyunsaturated fat versus satu
ratedfatln relatlonto mammarycarclnogenesis.Llpids, 14: 155â€”1
58, 1979.
5. Carroll, K. K., and Hopkins, G. J. Role of nutritionIn changing the hormonal
milIeu and lnflpenclng carcinogenesis. In: B. W. Fox (ad.), Advances In
Medical Oncology, Research and Education, Vol. 5, pp. 221 â€”228.N. V.:

PergamonPress,1979.
6. Carroll, K. K., and Khor, H. T. Effects of level and type of dietary fat on

Incidenceof mammarytumorsinducedIn femaleSprague-Dawley
rats by

7,12-dimethylbenz(a)anthracene.Lipids, 6: 41 5â€”420,1971.
7. Carroll, K. K., and Khor, H. T. Dietary fat in relation to tumorigenesis. Prog.
Blochem. Pharmacol., 10: 308-353, 1975.
8. Chan, P-C., and Cohen, L. A. Dietary fat and growth promotion of rat
mammary tumors. Cancer Res., 35: 3384â€”3386,1975.
9. Chan, P-C., Head, J. F., Cohen, L A., and Wynder, E. L. Influence of dietary
fat on the induction of mammary tumors by N-nitrosomethylurea: associated
hormone changes and differences between Sprague-Dawley and F344 rats.
J. NatI. Cancer Inst., 59: 1279â€”1
283, 1977.
10. Food and Agriculture Organization of the United Nations. Provisional Food
Balance Sheets, 1972â€”74Average. Rome: Food and Agriculture Organi
zatlon, 1977.
11. Gammal, E. B.. Carroll, K. K., and Plunkett, E. A. Effects of dietary fat on
mammary carcinogenesis by 7,12-dlmethylbenz(a)anthraceneln rats. Can
cerRes.,27:1737â€”i742,
1967.
12. Hlllyard, L. A., and Abraham, S. Effect of dietary polyunsaturatedfatty acids
In growth of mammary adenocarcinomas in mice and rats. Cancer Res., 39:
4430-4437,1979.
13. Hopkins, G. J., and Carroll, K. K. Relationship between amount and type of
dietary fat In promotion of mammary carcinogenesis induced by 7,12-di
methylbenz(a)anthracene. J. NatI. Cancer Inst., 62: 1009â€”1
012, 1979.
14. HopkIns, G. J., and West, C. E. Possible roles of dietary fats in carcinogen
esls.UfeScl.,
19:1103â€”1116,1976.
15. Hopkins, G. J., and West, C. E. Effect of dietary polyunsaturated fat on the
growth of a transplantable adenocarcinoma in C3HA@fB mice. J. NatI.
Cancer Inst., 58: 753â€”756,1977.
16. Kerdelhue, B., and El Abed, A. Inhibition of preovulatory gonadotropin
secretion and stimulation of prolactin secretion by 7.12-dimethylbenz
(a)anthracene in Sprague-Dawley rats. Cancer Res., 39: 4700â€”4705,1979.
17. Kidwell, W. R., Monaco, M. E., Wicha, M. 5., and Smith, G. 5. Unsaturated
fatty acid requirements for growth and survival of a rat mammary tumor cell
line. Cancer Res., 38: 4091 -41 00, 1978.
18. King, M. M., Bailey, D. M., Gibson, D. D., Pitha, J. V., and McCay, P. B.
Incidence and growth of mammary tumors induced by 7,12-dlmethyl
benz(a)Ã nthraceneas related to the dietary content of fat and antioxidant.
J. NatI. Cancer Inst., 63: 657â€”663,1979.
19. Lupulescu, A. Enhancement of carcinogenesis by prostaglandins In male
albino Swiss mice. J. Nafi. Cancer Inst.. 61: 97â€”106,1978.
20. Meade. C. J., and Merlin, J. Fatty acids and Immunity. Adv. Lipid Res., 16:
127-165,1978.
21 . Neill, J. D. Effect of â€œstress'
â€˜
on serum prolactin and lutelnizing hormone
levels during the estrous cycle of the rat. Endocrinology, 87: 1192â€”1197,
1970.
22. Reddy, B. S. Dietary fat and its relationship to large bowel cancer. Cancer
Res. (September, Part 2), 4 1: 3700-3705, 1981.
23. Reddy, B. S. Diet and excretion of bile acids. Cancer Res. (September, Part
2),41:3766-3768,1981.
24. Reddy, B. S., Weisburger, J. H., and Wynder, E. L. Colon cancer: bile salts
as tumor promoters. In: T. J. Slaga, A. Sivak, and A. K. Boutwell (eds.),
Carcinogeneslsâ€”a Comprehensive Survey, Vol. 2., pp. 453â€”464.New
York: Raven Press, 1978.
25. Segl, M., Noye, H., Hattori, H., Vamazaki. V., and Segi, R. Age-adjusted
Death Rates for Cancer for Selected Sites (A-Classification)in 51 Countries
in 1974. Nagoya, Japan: Segi Institute of Cancer Epidemiology, 1979.
26. vltale, J. J.. and Broitman, S. A. Lipids and Immune function. Cancer Res.
(September, Part 2), 41: 3706â€”3710,1981.
27. Welsburger, J. H., Reddy, B. S., and Wynder, E. L. Colon cancer: its
epidemiology and experimental production. Cancer (Phila.), 40(Suppl.):
2414â€”2420,
1977.
28. Wlcha, M. S., Liotta, L. A., and Kidwell, W. A. Effects of free fatty acids on
the growth of normal and neoplastic rat mammary epithellal cells. Cancer
Res., 39: 426â€”435,1979.

SEPTEMBER1981

Downloaded from cancerres.aacrjournals.org on December 3, 2021. © 1981 American Association for Cancer
Research.

3699

Neutral Fats and Cancer
Kenneth K. Carroll
Cancer Res 1981;41:3695-3699.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/41/9_Part_2/3695

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/41/9_Part_2/3695.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on December 3, 2021. © 1981 American Association for Cancer
Research.

