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ABSTRACT

Dietary fat and calcium have been found to affect significantly the
proliferative status of the mammary glands. Female mice (3-week-old
C57BL/6J) were given either a low or high corn oil diet (3 or 30% by
weight). One, 2, or 4 weeks after the dietary intervention the animals
were given injections of |3H|thymidine and/or colchicine; 2 h later their

thoracic mammary glands were removed and processed for histology and
autoradiography. Animals on the high corn oil diet had an increased
labeling index of both terminal ducts and mature ducts compared to the
control group at each time (i.e., 10.1 Â±2.1 versus 4.8 Â±0.9% at 2 weeks).
This effect of a high corn oil diet was evident on the mammary glands of
animals at various ages. Animals on a high beef tallow diet also had a
high labeling index. This effect of a high fat diet appeared to be reduced
by dietary calcium. The labeling index for terminal ducts of animals on
high corn oil diet decreased from 14.1 Â±3.8, 11.9 Â±3.4 to 8.5 Â±1.8 and
high beef tallow from 13.6 Â±3.6, 11.4 Â±0.7 to 9.5 Â±1.3 for calcium
levels of 0.1, 0.5, and 1.0%, respectively. Mitotic indices followed the
same trend. These studies demonstrate that a high fat diet affects the
proliferative status in the mouse mammary glands in a short period of
time and that this effect can be reduced by dietary calcium.

INTRODUCTION

Welsch ei al. (1) recently observed that dietary fat as corn oil
quantitatively increases the proliferation of mammary epithelial
cells. The tritiated thymidine labeling of mammary epithelium
increased in mice receiving diets containing 0, 5, or 20% CO1

for the period from the third week to the third month of their
lives. This observation is interesting in light of the well known
influence of dietary fat on the development of the mammary
gland and on its sensitivity to breast carcinogens (2-7), and of
the evidence linking diet and human breast cancer (8, 9). It thus
seemed important to determine whether the proliferative effect
of fat could be seen over shorter periods of time, over later
periods in the lives of the animals, with fats other than CO, or
in association with other dietary variables.

MATERIALS AND METHODS

Animals. Female C57BL/6J mice were supplied by The Jackson
Laboratory (Bar Harbor, ME) at 3 weeks or 7 weeks of age. Prior to
the diet interventions the animals were fed mouse chow ad libitum.
During this period and throughout the study they had access to chlor
inated water (3-5 ppm). The animals were housed in wire-top cages
with sawdust bedding, with a 12-h light, 12-h dark cycle. After a short
acclimatization period the stock animals were randomized into groups
of about 9 animals as detailed in Table 1. This table details the ages of
the animals used in each of the three sections of "Results."

Diets. The formulated diets were based on the AIN-76 diet (10) with
modifications for type of carbohydrate and the level of fat and calcium
as shown in Table 2. The diet was available to the animals at all times.
The low fat diet contained 3% CO (Mazola com oil) by weight. In
order to make a high fat diet (30% by weight CO or BT), additional fat
(CO or BT) was added to the low fat diet by replacing the isocaloric
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1The abbreviations used are: CO, corn oil; BT, beef tallow.

amount of dextrose. BT was purchased from Hubberts Processing
(Mississauga, Ontario, Canada). Calcium levels were altered by modi
fying the levels of calcium phosphate (CaHPO4) in the mineral mix as
described previously (11, 12) to hold the calcium:phosphate ratio at
1.0.

Study 1 compared the effect of diets containing either 3 or 30% CO.
The study was carried out with 7 groups of mice aged 3 weeks, for
periods of from 0 to 4 weeks on the diets. In Study 2, groups of mice
of 8 and 13 weeks of age were placed on either low or high fat diets
(30% CO or 3% CO plus 27% BT) and the proliferative status was
assessed 4 weeks later when the animals were 12 and 17 weeks of age.
In Study 3, low and high fat diets containing graded levels of calcium
(0.1, 0.5, or 1.0%) were prepared as described previously. The mice
were fed these diets from an age of 3 weeks for 4 weeks.

Measurement of Proliferative Indices. The animals were given injec
tions of colchicine (1 Â¿jg/gbody weight) and pHJthymidine (2 uCi/g
body weight, 42 Ci/mmol; Amersham Corp., Arlington Heights, IL) 2
h before they were killed by cervical dislocation. The two anterior
mammary glands were then stretched out flat on a firm filter paper,
fixed, embedded, and whole-mount cut so that sections contained
representative samples of the entire gland from the ducts below the
nipple to the lateral terminal structures. Three step sections were
prepared for autoradiography by traditional methods (11, 12) and after
development were stained with hematoxylin and eosin.

These slides were coded and examined, first under low power to
select at random well defined terminal and mature structures (Fig. l.-l).

and then under oil immersion to count the number of labeled, mitotic,
and total cells in each structure (Fig. l, B and C). Five to 8 terminal
and ductal structures were examined with each step section of both of
the breasts for the 8 to 10 animals per group. Results were given as
labeling index or mitotic index.

RESULTS

Duration of Low and High Fat Feeding on the Proliferative
Indices of Mammary Glands (Study 1). As noted above, the
studies of Welsch et al. (I) were made in animals on different
diets for the period from 3 weeks to 3 months. Our first study
examined the effect of the duration of dietary differences of 3
and 30% CO. The study was carried out with 7 groups of mice
aged 3 weeks, for periods of from 0 to 4 weeks on the diets.

The initial labeling index of the cells in the terminal struc
tures was 3.6% at 3 weeks (Fig. 2). After 1 week this rose to
6.5% for the animals on the low and to 9.4% for animals on
the high fat diets. The difference appeared even more evident
after 2 and 4 weeks when the difference was approximately 2-
fold. Similar differences were seen with mitotic figure measures
of proliferation (data not shown). The first study thus confirmed
that a high fat diet leads to an increased proliferation rate in
the mammary epithelium. As the increase was clearly evident
in the terminal structures at 4 weeks, subsequent studies were
made at this interval.

Effect of a Low and a High Fat Diet on the Proliferative
Indices in Mice of Various Ages (Study 2). The mammary tree
of the mouse differs greatly over its life. To determine whether
the effect of fat on proliferation was limited to only the early
period or extended over a longer time, we compared the effects
of low and high fat diets over periods into the maturity of the
animals.
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Fig. 1. A, longitudinal section of terminal duct showing labeled and mitotic cells. H & E. x 500; B, cross-section of a large duct lined by two layers of cells showing
labeled cells. H & E, x 200; C, higher magnification of a terminal duct showing labeled (white arrow) and mitotic (black arrow) cells. H & E, x 1000.

Table 1 Summary of experimental protocols Table 2 Composition of experimental diets
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% of composition"

The results (Fig. 2) make it clear that the dietary effects of
fat are evident over a prolonged period in the lives of the
animals. However, the effect was most pronounced in the
terminal structures of the mammary glands and therefore was
most evident in the younger animals.

Effect of High BT and CO Diets Containing Calcium (Study
3). The effects of these dietary variables on the proliferation of
the young animals was next examined. Low and high fat diets
containing graded levels of calcium (0.1, 0.5, or 1.0%) were
prepared with dietary fat levels of 3% CO, 30% CO, or 3% CO

CaseinDextroseCorn

starchFatCelluloseMineral

mix*Vitamin
mixfDL-MethionineCholine

bitartrateLow

fat2052153S3.51.00.30.2Highfat25.312.719.030.06.04.41.30.40.3

" Low fat, 3% CO; high fat, 30% CO or 3% CO plus 27% BT.
* AIN-76 mineral mix was modified for 0.1 and 1% calcium diets as described

previously.
' AIN-76 vitamin mix.

together with 27% BT as described previously. The mice were
fed these diets from the age of 3 weeks for a period of 4 weeks.

The body weights of the animals on high fat diets were higher
(P < 0.05) than those on the low fat diet (Fig. 3). Animals on
the lowest level of calcium with a low fat diet appear to be
higher in body weight than their higher calcium counterparts
(Fig. 44), whereas the animals on high fat diets had similar
body weights irrespective of the level of calcium (Fig. 4, B and
C). However, none of these differences was statistically signif
icant.

It is evident from the results (Fig. 5) that BT produces a
similar increase in proliferation to that seen with CO. The
proliferative indices measured as labeling index (Fig. 5A) or
mitotic index (Fig. 5B) seen with 27% BT and 3% CO were
higher than that seen with 3% CO, and the rate was approxi
mately the same as that seen with 30% CO. An effect of calcium
was also evident. Animals receiving diets with 0.1% calcium
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Fig. 2. Effect of low (3%) and high (30%) corn oil diet on the proliferative
indices of terminal ducts of mouse mammary epithelium at various ages.
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Fig. 3. Body weights of animals on various diets for up to 4 weeks. 3% corn
oil (A). 30% corn oil (â€¢),or 3% corn oil plus 27% beef tallow (â€¢).
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Fig. 4. Body weights of animals on diets varying in the level and type of fat

and the level of calcium. A, 3% CO; B, 30% CO; C 3% CO plus 27% BT. Cunes
A, D, and C, 0.1 % calcium; CurvÂ«B, E, and H, 0.5% calcium; CurvÂ« C, F, and
/, 1.0% calcium.

had significantly higher levels of proliferation than animals in
the 0.5 and 1.0% groups. This effect was much more pro
nounced in the terminal structures of the mammary gland of
high fat groups (Fig. 5, top) than in the mature ducts (Fig. 5
bottom).

DISCUSSION
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The results of these studies confirm and extend the observa
tions made by Welsch et al. (I). Under all the conditions of our
studies, the proliferation of the mammary epithelium of animals
on high fat diets (30% CO by weight) was higher than that seen
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Fig. S. Effect of dietary fat and calcium on labeling indices and mitotic indices
of mouse mammary gland. I. labeling indices terminal ducts (top), large ducts
(bottom); B, mitotic indices terminal ducts (top), large ducts (bottom).

in animals on low fat diets (3% CO). It was seen in animals
over periods from 1 to 4 weeks for animals of 3 to 17 weeks of
age. Proliferation was observed in both the ductal cells as well
as the terminal structures and was evident for both the high CO
diet and BT diet. The results also showed that dietary calcium
reduced the proliferation of the mammary epithelium, espe
cially in animals on high fat diets.

In the present study we have not made any attempt to classify
the development of mammary glands for the various groups.
Increased proliferative indices indicating enhanced growth were
seen with the higher levels of fat in both the terminal as well as
central ductal structures at each of the times at which animals
were examined from 4 to 17 weeks of age. The elevated levels
in terminal structures are probably most germane to sensitivity
to carcinogenesis, as these structures appear to be the most
sensitive to the exposure to carcinogens and the development
of adenocarcinoma (S, 13, 14).

The effect of the BT and CO diets on the proliferative
response is of interest, given the attention paid to the effect of
unsaturated fatty acids on mammary tumorigenesis and on the
growth and development of mammary glands. Our observations
suggests that animal fat when supplemented with sufficient
linoleic acid provides the proliferative stimulus equivalent to
vegetable fat. This result is consistent with carcinogenesis stud
ies that have observed a promoting effect of diets containing n
6 polyunsaturated fats (IS, 16). Diets high in n-3 fatty acids
may behave differently (17, 18).

Dietary calcium as CaHPO4 both in diets low and high in
dietary fat appeared to reduce the proliferative indices of mam
mary glands. The result is intriguing, given that dietary calcium
produces a similar reduction in the proliferative status of co-
Ionic epithelium (11, 12, 19, 20). The reduction in the case of
the colon has generally been attributed to effects of calcium on
the solubility of fatty acids and bile acids in the colonie lumen
(21, 22), but such a model does not help to explain the effects
in the breast. Perhaps the simplest explanation is that high
levels of dietary calcium reduce the absorption of fat (23). It is
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also possible that calcium has its effects through regulatory
pathways in proliferation (24).

The observed effect of dietary fat on the proliferation of cells
in the breast is very striking. The phenomenon is sufficiently
large and rapidly apparent as to make it possible to consider
the design of experiments aimed at an understanding of the
mechanism leading from diet to cell proliferation, and perhaps
also from cell proliferation to cancer promotion and carcino-
genesis.

ACKNOWLEDGMENTS

Our sincere thanks to M. Magee for typing this manuscript and to
V. Eng for technical assistance.

REFERENCES

1. Welsch, C. W., Dehoog, J. V., O'Connor, D. H., and Sheffield, L. G.

Influence of dietary fat levels on development and hormone responsiveness
of the mouse mammary gland. Cancer Res., 45:6147-6157, 1985.

2. Benson, J., Lev, M., and Grands, C. G. Enhancement of mammary fibroad-
enomas in the female rat by a high fat diet. Cancer Res., 16:135-137, 1956.

3. Ip, C. Ability of dietary fat to overcome the resistance of mature female rats
to 7,12-dimethylbenzanthracene-induced mammary tumorigenesis. Cancer
Res., 40: 2785-2789. 1980.

4. Rao. G. A., and Abraham, S. Enhanced growth rate of transplanted mammary
adenocarcinoma induced in C3H mice by dietary linoleate. J. Nati. Cancer
Inst.. 56:431-432, 1976.

5. Gammal, E. B., Carroll, K. K., and Plunkett, E. R. Effects of dietary fat on
mammary carcinogenesis by 7,12-dimethylbenzanthracene in rats. Cancer
Res., 27: 1737-1742, 1967.

6. King, M. M., McCay, P. B., and Russo. I. H. Dietary fat may influence
DMBA-initiated mammary gland carcinogenesis by modification of mam
mary gland development. In: D. A. Roe (ed.), Diet, Nutrition and Cancer:
From Basic Research to Policy Implications, pp. 61-90. New York: Alan R.
Liss. Inc.. 1983.

7. Miyamoto, M. J., Hillyard, L. A., and Abraham, S. Influence of dietary' fat
on the growth of mammary ducts in BALB/C mice. J. Nati. Cancer Inst.,
67: 179-188. 1981.

8. Armstrong. B.. and Doll. R. Environmental factors, cancer incidence and

mortality in different countries with special reference to dietary practices.
Int. J. Cancer, 15: 617-631, 1975.

9. Ingram, D. M. Trends in diet and breast cancer mortality in England and
Wales 1908-1977. Nutr. Cancer, 3: 75-80, 1981.

10. Report of the American Institute of Nutrition, Ad Hoc Committee on
Standards of Nutritional Studies. J. Nutr., 167: 1340-1348, 1977.

11. Bird, R. P. Effect of dietary components on the pathobiology of colonie
epithelium: possible relationship with colon tumorigenesis. Lipids, 21: 289-
291, 1986.

12. Bird, R. P., Schneider, R., Stamp, D., and Bruce, W. R. Effect of dietary
calcium and cholic acid on the proliferative indices of murine colonie epithe
lium. Carcinogenesis (Lond.), 7: 1657-1661, 1986.

13. Russo, J., Tay, L. K., and Russo, I. M. Differentiation of the mammary
gland and susceptibility to carcinogenesis. Breast Cancer Res. Treat., 2: 5-
73, 1982.

14. Sharkey, S., and Bruce, W. R. Quantitation of nuclear aberrations as a screen
for agents damaging to mammary epithelium. Carcinogenesis (Lond.), 7:
1991-1995, 1986.

15. 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., 62:1009-1012, 1979.

16. Cave, W. T., Jr., and Jurkowski, J. J. Dietary lipid effects on the growth
membrane composition, and prolactin-binding capacity of rat mammary
tumors. J. Nati. Cancer Inst., 73: 185-191, 1984.

17. Braden, L. M., and Carroll, K. K. Dietary polyunsaturated fat in relation to
mammary carcinogenesis in rats. Lipids, 21:285-288, 1986.

18. Jurkowski, J. J., and Cave, W. T., Jr. Dietary effects of menhaden oil on the
growth and membrane lipids composition of rat mammary tumors. J. Nati.
Cancer Inst., 74: 1145-1149, 1985.

19. Wargovich, M. J., Eng, V. W. S., Newmark, H. L., and Bruce, W. R. Calcium
ameliorates the toxic effect of deoxycholic acid on colonie epithelium. Car
cinogenesis (Lond.), 4: 1205-1207, 1983.

20. Bird, R. P., and Bruce, W. R. Effect of dietary calcium on the toxicity of bile
acid and orally administered fat to colonie epithelium. In: Dietary Fat and
Cancer, pp. 487-494. New York: Alan R. Liss, Inc., 1986.

21. Newmark, H. L., Wargovich, M. J., and Bruce, W. R. Colon cancer and
dietary fat, phosphate and calcium: a hypothesis. J. Nati. Cancer Inst., 72:
1323-1325,1985.

22. Rafter, J., Eng, V. W. S., Furrer, R., Mediine, A., and Bruce, W. R. The
effect of calcium and pH on the mucosa! damage produced by deoxycholic
acid in the rat colon. Gut, 27: 1320-1329, 1986.

23. Cheng, A. L. S., Morehouse, M. G., and Deuel, H. J., Jr. Effect of level of
dietary calcium and magnesium on digestibility of fatty acids, simple triglyc
Ã©rides,and some natural and hydrogenated fats. J. Nutr., 37:237-250,1949.

24. Swierenga, S. H., Whitfield, J. F., Boynton, A. L., MacManus, J. P., Rixon,
R. H., Sikorska, M., Tsang, B. K., and Walker, P. R. Regulation of prolif
eration of normal and neoplastic rat liver cells by calcium and cyclic AMP.
Ann. NY Acad. Sci., 349: 294-311, 1980.

4908

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/18/4905/2428636/cr0470184905.pdf by guest on 19 M

ay 2023


