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» ABSTRACT

S . . . - TOoP
Several recent epidemiologic and experimental studies || . ABSTRACT

have suggested that decreased calcium and vitamin D || ¥ INTRODUCTION
w BASIC ASPECTS OF CALCIUM...

intake and high dietary fat are associated with + GEOGRAPHIC DISTRIBUTION OF...
mammary gland carcinogenesis. Complete reduction or|| ¥ MECHANISMS THROUGH WHICH VITAMIN...
elimination of human exposure to environmental v CONCLUSION

v REFERENCES

factors such as high-fat diets is inherently difficult to

implement. Recent studies have begun to evaluate a possible role for increased dietary calcium and
vitamin D in reducing the risk of colonic and mammary cancers, even in the presence of a high-fat diet.
Studies from our laboratory recently found that decreased dietary calcium and vitamin D in a high-fat
diet induced adverse changes in the mammary gland and several other organs, which were reversed by
increasing dietary calcium and vitamin D; the findings further suggest a possible role for increased
dietary calcium and vitamin D in the chemoprevention of these cancers.

Key words: breast cancer, calcium, vitamin D, chemoprevention, diet
Key teaching points:

* Recent studies in animal models have suggested that increasing dietary calcium and vitamin D might
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inhibit the development of breast cancer.

* Epidemiologic studies of breast cancer and exposure to sunlight also have supported a role for vitamin
D in the inhibition of breast cancer.

* Vitamin D induces differentiation of mammary gland cells.

* Humans with vitamin D receptor-positive tumors had longer disease-free survival than those with
receptor-negative tumors.

» INTRODUCTION

. : - TOP
Breast cancer is among the most frequently diagnosed || . ABSTRACT
cancers in the United States and West European » INTRODUCTION
. . . w BASIC ASPECTS OF CALCIUM...
countries [1-3]. Although an understanding of its + GEOGRAPHIC DISTRIBUTION OF...
cause is incomplete, several epidemiologic and v MECHANISMS THROUGH WHICH VITAMIN...
. . . v CONCLUSION
experimental studies have now suggested that high + REFERENCES
dietary fat and decreased calcium and vitamin D intake

have associations with mammary gland carcinogenesis [1,4—16].

Complete reduction or elimination of human exposure to environmental factors such as high-fat diets is
inherently difficult to implement. Recent studies [17-25,30] have begun to evaluate a possible role for
increased dietary calcium and vitamin D in reducing the risk of colonic and mammary cancers, even in
the presence of a high-fat diet. Studies from our laboratory recently found that decreased dietary calcium
and vitamin D in a high-fat diet induced adverse changes in mammary gland and several other organs
[24-29], which were decreased by increasing dietary calcium and vitamin D [30-32]; the findings further

suggested a possible role for increased dietary calcium and Vitamin D in the chemoprevention of those
cancers.

Specifically, in studies of short duration, a Western-style diet was given to mice; the Western-style diet
had reduced levels of calcium and vitamin D and increased fat content with nutrient density levels of
each comparable to those found in human Western diets. The mice developed hyperplasia and
hyperproliferation, both in terminal ductules of mammary gland and in colonic epithelium, and
developed hyperproliferation of ductular epithelium in prostate and pancreatic glands. We also completed
a long-term study of mice on a Western-style diet and found in the colon development of the late-stage
precancerous lesion of colonic whole-crypt dysplasia; long-term studies of breast and other organs are
now in progress. Increasing dietary calcium and vitamin D decreased all of the organ-site changes noted
above that were induced by the high fat content of the Western-style diet [30—32]. Thus, previous
epidemiologic and laboratory studies, including some from our laboratory, have suggested that a high fat
diet increases the risk of breast cancer as well as colon, prostate and pancreatic cancer and that
carcinogenesis in those organs might be decreased by increasing dietary calcium and vitamin D. In this
article we review current findings on relationships of dietary vitamin D and calcium and the development
of breast cancer.
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BASIC ASPECTS OF CALCIUM AND VITAMIN D

¢ METABOLISM

Calcium is an essential structural and functional : 1_351«11 ACT

element in living cells. It is a key component in the 4 INTRODUCTION

maintenance of proper cell structure, and membrane v 2%%1&? :;)SFCT]S)I(;P;ISI%]{J%II%%“(.)F".

viscosity or rigidity and its related permeability are v MECHANISMS THROUGH WHICH VITAMIN...
partly dependent on local calcium concentration. v CONCLUSION

Calcium is also a pivotal regulator of a wide variety of ||~ e

cell functions in its role as a major second messenger [33].

Among the numerous cell functions modulated by calcium, its participation in cell division and the
regulation of cell proliferation and differentiation are particularly important [34]. In cell and organ
culture, increasing the concentration of calcium decreased cell proliferation, and cell differentiation was

induced in mammary cells [35,36], esophageal epithelial cells [37], murine epidermal cells [34] and
colon cells [38,39].

The absorption and metabolism of calcium are carefully regulated; 1,25 dihydroxyvitamin D5 is an

important modulator that can become deficient as a consequence of inappropriate diet or exposure to
sunlight (see below). Therefore, vitamin D5 has a role in the regulation of cell proliferation and
differentiation with modulation of calcium metabolism, and it also has its own direct role in cell
differentiation. Thus, vitamin D5 has been shown to inhibit the proliferation of several malignant cell
lines in vitro [40—42] and to induce the differentiation of human colonic cells [43], human myeloid
leukemia cells [44] and other cell lines in vitro [45,46]. A role for vitamin D as a chemopreventive agent
has also been studied in rodent models [47-50], indicating that the promotional stage of chemical
carcinogenesis can be inhibited by vitamin D both in mouse skin [49] and in colon [50]. The effect of
vitamin D3 on polyamine metabolism also has been studied, and the induction of ODC activity by bile
acids in the rat colon was inhibited by administration of 1 a hydroxyvitamin D5 [51]. However, vitamin

D5 increased chemically-induced transformation of cultured cells in vitro [52,53] and promoted skin
tumor formation in mice [54].

In studying interactions between vitamin D5 and calcium, a synergistic effect was shown with vitamin D

playing a permissive role for the expression of a calcium chemopreventive function [55]. However, the
combination of both supplemental calcium and vitamin D5 in high levels appeared to antagonize the

inhibitory effect of each supplement alone on fat-promoted DMH-induced carcinogenesis in rodent colon
[21].

GEOGRAPHIC DISTRIBUTION OF BREAST CANCER

) AND VITAMIN D

| - TOD |
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Studies of the geographic distribution of breast cancer || . ABSTRACT

and exposure to sunlight have provided useful support || « INTRODUCTION
. . . . BASIC ASPECTS OF CALCIUM...
for a role of vitamin D intake and reduction of breast A GEOGRAPHIC DISTRIBUTION OF...

cancer. Thus, Garland and co-workers [17,56—58] have|| ¥ MECHANISMS THROUGH WHICH VITAMIN...

. v CONCLUSION
noted that breast cancer mortality rates follow a + REFERENCES

geographic distribution in the United States which is
similar to that of colon cancer, with the highest rates for both diseases occurring in the northeast. Breast
cancer death rates in North America are thus highest in the northeast where ultraviolet B radiation levels
allow decreased synthesis of vitamin D during a large part of the year. In that geographic region age-
adjusted mortality rates from breast cancer tend to be about 40% higher than in Hawaii and considerably
higher than in high sun-exposure regions of the southwest [56]. As occurs with colon cancer, higher than

average stratospheric levels of air pollution also are associated with elevated breast cancer mortality rates
[37].

A geographic association of latitude with breast cancer death rates is age-dependent with the strongest
association occurring during postmenopause. Age-adjusted incidence rates and mortality from breast
cancer in northern republics of the USSR also were approximately twice those in southern, with
intermediate rates present at intermediate latitudes [58].

MECHANISMS THROUGH WHICH VITAMIN D AND
CALCIUM MAY INHIBIT CARCINOGENESIS

. . A TopP
For many years an important question noted above has|| . ABSTRACT

been the degree to which dietary fat may contribute to || 4 INTRODUCTION
4 BASIC ASPECTS OF CALCIUM...

>

the etiology of breast cancer [1,4,59]. International 4 GEOGRAPHIC DISTRIBUTION OF...

studies have been carried out in which dietary fat * MECHANISMS THROUGH WHICH VITAMIN...
. .l . v CONCLUSION

intake has been studied in large populations over a + REFERENCES

large part of the subjects’ lifetimes: those studies have
shown positive correlations of increased fat intake and breast cancer incidence and mortality [4] and
migration [60,61]. By contrast, shorter-term prospective or case-control studies have generally not found
positive correlations between fat intake and breast cancer risk in adults [62—-68].

Many animal studies have demonstrated that dietary fat can function as a promoter rather than an
initiator of chemically-induced mammary cancer [69-72] and colon cancer [73]. In studies of colon
cancer, increased dietary fat has been shown to increase levels of free fatty acids and free unconjugated
bile acids in the lumenal contents of the colon. These substances have been shown to have irritant and
proliferative-stimulating effects, inducing a wide variety of adverse cell damaging effects in the colon. A
hypothesis [74] further suggested that this irritation-driven hyperproliferation could be reduced by
increasing dietary calcium and vitamin D. Studies in animals, short-term interventions in humans and
epidemiologic studies support the utility of the concept that increased dietary calcium and vitamin D can
reduce the risk of colon cancer related to high dietary fat intake [23,31,32,75].
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Since there are numerous epidemiological correlations of colonic and mammary cancer, animal studies
have been carried out to evaluate the possibility that dietary calcium and vitamin D might influence the
promotional effect of high-fat diets in chemically-induced mammary cancer. When rodents were
maintained on low-fat diets, dietary calcium and vitamin D had little effect except when the dietary
calcium was very low [76]; when rodents were fed high fat diets, however, a significant increase in
mammary tumors resulted by decreasing the dietary calcium and vitamin D to nutrient density levels
found in Western human adult populations.

Further studies [14,77] also suggested that vitamin D and phosphate interacted with dietary calcium in
the presence of high-fat diet. Dietary vitamin D had the largest individual effect: in higher amounts it
inhibited tumorigenesis in the presence of low ingested calcium and phosphate, but was less effective
with a high-calcium diet. These dietary studies in rats are in general agreement with a mechanism
postulated for the effect of high dietary fat in breast cancer promotion [74]. According to this concept,
high dietary fat would produce an increased flux of circulating lipids into breast tissue, particularly
during its rapid growth. These lipids could increase their presence in mammary cells, particularly small
ductal epithelial cells, where tumors tend to appear, largely via the hydrolysis of circulating triglycerides
to free fatty acids for transport across cell membranes of adjacent fat cells. As occurs in the colon, this
could adversely effect calcium-dependent cell structures and very sensitive cell-signaling systems
because of the strong binding of these free fatty acids to calcium [30,74].

Maintaining adequate intra-cellular calcium levels depends on adequate circulating calcium and the
active hormonal form of vitamin D, calcitriol [1,25 dihydroxycholecalciferol or 1,25 di-OHD3)
[33,34,78]. Calcium blood levels are sufficiently important physiologically to be tightly maintained
within a narrow range by interactions of parathyroid hormone, calcitonin, 1,25 di-OHD3-controlled
dietary absorption, loss due to reacting with ingested food components and losses in urine and sweat
[79]. However, increasing blood levels of 1,25 di-OHD3 also facilitates cellular uptake of calcium from
circulating blood. Low dietary vitamin D could, therefore, be anticipated to increase the ability of
circulating lipids to promote the development of breast cancer by limiting the individual’s physiological
capacity to elevate 1,25 di-OHD3, thus resulting in a reduced ability of cells to replenish calcium that
was lost via binding to free fatty-acids. In the animal studies noted above [14,77], although the data are
limited, the greatest single effect was due to dietary vitamin D.

Further, important studies carried out recently also support the likelihood that vitamin D and calcium
may influence the development of breast cancer. Thus, biologically active hormone-like forms of vitamin
D, such as 1,25 di-OHDj3 and 1-a-hydroxycholecalciferol (1 « OHD3), have shown potent
differentiation-inducing properties on cancer cell lines from a variety of tissues [79]. Differentiation-
inducing effects of 1,25 di-OHD3 on human breast cancer cell lines have been noted that may involve the
regulation of epidermal growth factor receptors [80] and morphologic changes in the cells [81]. In rats
with mammary tumors induced by methylnitrosourea, treatment with the synthetic analogue 1-a-OHD;
significantly inhibited tumor progression [79]. Further studies on human breast tumor and cancer cell
lines have shown that over 80% of human breast tumors contain 1,25 di-OHD3 receptors and that in
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vitro 1,25 di-OHD3 inhibits proliferation and promotes differentiation in several types of cells.
Individuals with 1,25 di-OHD5 receptor-positive tumors had significantly longer disease-free survival
than those with receptor-negative tumors. The circulating levels of 1,25 di-OHD3 occurring in vivo may

therefore exert inhibiting effects on receptor-positive tumors [82,83].

» CONCLUSION

. - Top
Thus, recent studies from our laboratory have shown a ABSTRACT

that a Western-style diet containing decreased calcium || 4 INTRODUCTION

. . . . a BASIC ASPECTS OF CALCIUM...
and vitamin D and increased fat content induced 4 GEOGRAPHIC DISTRIBUTION OF...

hyperproliferation and hyperplasia in mammary gland || « MECHANISMS THROUGH WHICH VITAMIN...
and colonic epithelium in short-term studies; dietary . ﬁgg}g&;ﬁé‘%@

. . . g o hd
calcium supplementation inhibited those changes. A E—

Western-style diet also induced colonic whole-crypt dysplasia (a late-stage preneoplastic lesion) in a
long-term feeding study. We also demonstrated that feeding mice a Western-style diet for a short
duration induced epithelial cell hyperproliferation in the exocrine pancreas and prostate glands,
suggesting that a diet with low levels of calcium and vitamin D, together with increased fat content,
might also enhance carcinogenesis in those organs. Low calcium and increased dietary fat have been
associated with increased incidences of human cancers of the breast, prostate and pancreas, and previous
animal studies have supported an association of fat intake, types of fatty acids and those cancers. Vitamin
D and calcium are closely linked physiologically since the bioavailability of calcium via gastrointestinal
tract absorption and transport into cells both depend on adequate vitamin D.

Epidemiologic investigations of breast cancer incidence and exposure to sunlight have further suggested
vitamin D to have an important role in inhibiting breast cancer. Dietary vitamin D in North America is
low in most segments of the population and is enhanced by skin exposure to sunlight; the latter varies
considerably with latitude and air quality. The studies of Garland ef al. suggest a strong inverse
correlation between breast cancer occurrence and skin production of vitamin D.

Decreased solar radiation, particularly in urban areas where the greater part of the US population lives,
thus results in reduced biologically available vitamin D from this source and creates an increased
dependency on dietary intake. In the US recommended dietary intakes of vitamin D are 10 ug (=400
units) from 1 to 24 years of age for both males and females and 5 ug (=200 units) above 24 years of age,
except for pregnant females. Daily dietary intakes, however, are far lower with females’ consuming an
average of 1.5 ug (60 units) and elderly females a median intake of 1.35 pg (54 units). This low average
intake of dietary vitamin D, coupled with a reduced capacity to convert vitamin D to 25 OHD5 and

further to 1,25 di-OHD3, serves to explain documented low levels of active vitamin D metabolites in

older populations; the low levels are partly correctable with dietary supplementation.

Interesting studies on osteoporosis resemble those on breast cancer in terms of dietary requirements and
recommendations. Thus, the Subcommittee on the Tenth Edition of the RDAs emphasized the importance
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of recommended intake levels of calcium and its biochemically associated vitamin D throughout
childhood to age 25 years. There is little risk of intake of vitamin D at RDA levels, since risk of

hypervitaminosis only occurs on prolonged intake of five times or more of the RDA (over 2000 units or
50 mcg daily).

Therefore, reduction of breast cancer risk, simultaneously with several other cancers and with
osteoporosis, might be achieved by increasing the dietary intake of vitamin D and calcium to current
recommended levels. This may be particularly applicable to females during puberty and adolescence
when the proliferation of mammary epithelial cells and potential exposure to genotoxic agents increases,
as well as to other age groups in the general population.

» FOOTNOTES

The preparation of this report was aided by NCI Grant PO1 CA29502.
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