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Colon cancer is the commonest gastrointestinal cancer and the second leading cause of cancer deaths in the
United States. Recent approaches to lowering the incidence of colon cancer have included attempts at dietary
prevention and chemoprevention. International and national incidence rates for colon cancer suggest an inverse
relationship with dietary calcium and/or vitamin D intake (or sun exposure). Several human intervention studies
have suggested that supplemental calcium administration will change proliferative indices of risk for colon
cancer from high to lower risk patterns. The principal current hypothesis for the action of calcium implies that
calcium may precipitate or bring out of solution fatty acids and bile acids that are potentially toxic to the
colorectal epithelium. Both calcium administration and dairy food administration are associated with lowering
aqueous fecal concentrations of bile acids and fatty acids accompanied by a highly significant lowering of
cytotoxicity in studiesn vitro. There is biochemical and biological evidence in cell culture systems that exposure
to calcium and/or vitamin D reduces the oncogenic properties of colon cancer cells. A recent blinded study of
the administration of low-fat dairy foods demonstrated a significant improvement in several parameters of
proliferation as well as in two differentiation markers from a high to a lower risk pattern. Furthermore,
administration of calcium also has been shown to reduce the incidence of recurrent adenomatous polyps in
individuals at increased risk for colon polyp formation because of the presence of prior colon adenomata. These
combined data suggest that administration of supplemental calcium or low-fat dairy foods may have a significant
effect upon colonic polyp and perhaps colon cancer incidence.

Key teaching points:

» Epidemiologic variation in the incidence of colon cancer principally is related to environmental (i.e. dietary) differences.

» Epidemiologic data indicate that the prevalence of colon cancer generally is inversely related to the intake of calcium and/or
vitamin D or exposure to sunlight.

* Intermediate biomarkers of risk for colon cancer, including proliferation and differentiation markers, are used to evaluate risk and
effect of intervention.

» Calcium or dairy foods lower the aqueous concentration of bile acids and fatty acids in fecal contents.

 Dairy products are very effective at altering biomarkers of risk for colon cancer from a high risk to lower risk levels.

INTRODUCTION The degree to which these two etiologic factors play a role in
individual patients with colon cancer varies widely. For exam-
Colon cancer is one of the commonest cancers in the United ple, familial adenomatous polyposis, an autosomal dominant
States and the Western world. The incidence also recently hashereditary disease with 90% to 100% penetrance with essen-
increased rapidly in less-developed parts of the world that have tially all affected individuals developing colon adenoma, and
adopted Western customs and diet. Colon cancer is the endlater colon cancer [1], is thought to have almost a 100% genetic
result of a combination of genetic and environmental changes. basis. On the other hand, epidemiologic studies, such as those
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in Japanese migrants to Hawaii and the mainland United States,a familial history of sporadic adenomas resulted in pronounced
have indicated that changing to a Western lifestyle and diet will changes in proliferation in the direction of normality (a 40%
rapidly increase the incidence of colon cancer, particularly of reduction in whole-crypt labeling index, and a 19% fallgh
the sigmoid colon [2]. This change in incidence is seen within in rectal biopsies incubated witfH-thymidine in vitro [18].
one generation, from a low incidence in homeland Japan, to a When the effect of calcium intake was related to the incidence
high incidence in Japanese migrants in Hawaii and the U.S. rate for the development of colon cancer (as determined by
mainland. These studies, as well as several others, have focuse@arland and co-workers), a maximum calcium effect could be
upon the importance of the environment and, in particular the calculated with a dietary calcium intake of about 1800 mg/day.
diet, in colon cancer causation. As has been emphasized elsewhere [19], the epidemiologic data
The present approach to reducing colon cancer mortality on an inverse relationship between calcium intake and colon
and morbidity is directed to early detection of malignant tumors cancer incidence is not uniform. Furthermore, dietary evalua-
by routine tests for blood in the stools on an annual basis in the tion in populations is difficult particularly when accompanied
average risk population over age 50 and the detection of pre- by other accompanying dietary variations.
malignant colorectal adenomas by sigmoidoscopy or colonos-  The potential importance of sources of vitamin D from the
copy and polypectomy [3]. Populations at increased risk are diet or from sunlight in influencing the incidence of colon
studied by colonoscopy at an earlier age and more frequently. cancer in the United States also has received attention. In 1980,
These approaches have had a modest impact upon colon canceGarland and Garland proposed that vitamin D is a protective
deaths [4-6], and there is some evidence for a reduction in factor against colon cancer [20]. This hypothesis was based
colon cancer incidence in the United States [7,8]. However, the upon the geographical distribution of colon cancer deaths in the
major recent investigational approach to altering the incidence United States, which showed that colon cancer mortality rates
of colon cancer in the United States is directed to finding new were highest in populations that were exposed to the lowest
approaches to colon cancer prevention [9,10]. amounts of sunlight, such as major cities and rural areas in high
latitudes. In contrast, colon cancer death rates adjusted for age
were up to 40% lower in states in the Southwest and Western
United States, where sunlight exposure was high. Garland and
EPIDEMIOLOGY coworkers subsequently compared serum 25-hydroxyvitamin D
levels with the subsequent risk of getting colon cancer in
Several separate observations contributed to the conceptWashington County, Maryland [21]. They divided the serum
that calcium supplementation might be a preventive approach levels of 25-OHD in their population into five quintiles and
to reduce the high prevalence of colon cancer in the developed demonstrated a significant reduction in the relative odds ratio
countries of the world. First, human calcium intake in food of developing colon cancer, particularly in the third and fourth
presently is far lower than the amounts that were estimated to quintile of the group. On the other hand, a more recent study
be consumed in prehistoric times [11], serial epidemiologic did not find a correlation between serum 25-hydroxyvitamin D
data have indicated that dietary levels of calcium are inversely levels and colonic adenomas or colonic carcinomas in a large
related to the incidence of colon cancer; finally, the experimen- group of individuals who underwent colonoscopy because of
tal hypothesis of Newmark, Wargovich and Bruce suggests that occult blood in the stool or the presence of colonic polyps [22].
dietary calcium might precipitate bile salts and fatty acids in the Epidemiologic studies in 600 residents of Stockholm, Swe-
colonic lumen [12]. den, with colorectal cancers sought an association between
The epidemiologic evidence for an inverse relationship be- dietary intake of calcium and vitamin D and cancer risk. In-
tween the dietary intake of calcium and the incidence of colon creasing levels of dietary vitamin D were inversely associated
cancer is quite strong [13]. The classical long-term prospective with the risk of colorectal cancer. The association was more
study of Garland and coworkers in Chicago examined the pronounced for cancers of the rectum (OR 0.5) than of cancers
association of dietary calcium and vitamin D and the risk of of the colon (OR 0.6) after adjustment for age, gender and total
colon cancer. They found a strong inverse correlation with caloric and protein intake [23]. Dietary calcium was not asso-
these dietary components [14]. A protective effect of calcium ciated with an adjusted risk of colon or rectal cancer in this
also was described from case control studies in the Southweststudy. It should be noted that the mean intake of calcium in this
United States [15] and in Australia [16]. In 1988, Sorensén population was about 940 mg/day, significantly higher than that
al. summarized all of these studies and emphasized the inverseof many of the populations evaluated in the United States. In an
relationship with calcium consumption in age-adjusted colon important study of the relationship between vitamin and cal-
cancer incidence rates [17]. The first human study of the effect cium supplement use and colon cancer from Washington state
of calcium administration upon the colon was reported by [24], the average daily intake of supplemental vitamins A, C,
Lipkin and Newmark in 1985 [18]. In that uncontrolled study, D, E, folic acid, calcium and multivitamins were associated
administration of 1.25 gm of elemental calcium to subjects with with a reduced risk of colon cancer. Because almost all vitamin
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D supplementation came from multivitamin pills, the associa- EVVIDENCE FOR A PREVENTIVE
tion of vitamin D itself with colon cancer could not be distin- EFFECT OF VITAMIN D UPON THE

guished from that of multivitamin use. DEVELOPMENT OF COLON
NEOPLASIA

Epidemiologic data suggested an inverse relationship be-
EPIDEMIOLOGIC EVIDENCE FOR THE tween the incidence of colon cancer and the amount of daily
POTENTIAL CHEMOPREVENTIVE sunlight in the United States has been noted above. Other
EFFECTS OF DIETARY COMPONENTS studies also imply that levels of 25-hydroxyvitamin D in the
OTHER THAN CALCIUM ON THE serum were inversely associated with rates of colon cancer
INCIDENCE OF COLON CANCER [36]. It is important to emphasize that 25 hydroxyvitamin D

levels found associated with subjects’ increased risk were not
The epidemiologic data showing major differences in colon in the deficiency range<(5 ng/mL) but ranged from 10 to 30
cancer incidence rates throughout the world, as well as the Ng/mL. Several nutritional studies in the United States have
studies of Japanese-born migrants to Hawaii, all suggested thatShown that the dietary intake of vitamin D is quite low, par-
the diet was a major factor in colon cancer risk. The excess ficularly in lactose-intolerant individuals who avoid consuming
intake of fat, and particularly meat and meat products, have More than small amounts of milk or milk-based foods. Older

long been suspected risk factors for colorectal cancer [25,26]. Subjects have much lower levels of 25-hydroxyvitamin D than
young controls [37,38], probably resulting mainly from a diet

poor in vitamin D and lack of exposure to sunshine.
Although several studies in rodents have demonstrated the

However, some of the epidemiologic evidence in the United
States does not support the role of dietary fat.
Burkitt and others suggested that dietary fiber was an im-

portant protective factor for colon cancer [27]. The epidemio- potential role of vitamin D supplementation in reducing colon
logic data on dietary intake of cereal fiber, fruits and vegetables cancer development [39,40], no human studies of the effect of

do not, themselves, support a direct relationship. On the other \tl)'_tammkD su]E)pIelmentatlon o.n kelthelr adfvance_d-lntermedllate
hand, it is clear that the incidence of colon cancer among other lomar e_rs 0 _CO on cancer_rls (po.yp grmatlon) .or ear.y-
. . . intermediate biomarkers of risk (proliferation and differentia-
cancers is very low in Seventh-Day Adventists, most of whom .
. . . . tion) have been reported. The author is aware of one study, that
follow a vegetarian diet that includes milk and eggs and about

1400 mg of calcium intake daily. In the total group, the inci- s due to be ar?alyz_ed shqrtly, that Wa§ designed to s_pecmcally
ask whether vitamin D might beneficially alter colonic early-
dence of colon cancer appears to be one-half that of the general. ) . . )
. . . o L intermediate biomarkers of risk. One question that could be
population of the areas in which they live in California [28]. In . o . .
i . ) asked was whether responsiveness to vitamin D might differ
a recent double-blind phase Il study, Albegtsal. failed to find . o .
ionificant effect tal proliferation by addi 0135 depending upon the pattern of vitamin D gene polymorphism
signi ;ca; € EC si%on recdalé)(r)%l era '?n ly.a |ngtl)1p 0239 that exists in individual subjects. Differences in calcium ab-
gm 0 Wbeat l(r;m fl er_an h ng of calcium carbonate pe(rj sorption are not related to individual haplotypes of vitamin D
ayto abasal dietfor nine mqnt s.[ 9 However, DeCosse gn receptors [41]. Other studies have suggested that the respon-
coworkers suggested that high fiber dietary supplementation

o m siveness of osteoporotic bones to vitamin D and calcium may
(11 gm/day), plus vitamin C gnd E, reduced the |nC|dencel of also be modified by the specific vitamin D receptors haplotype
rectal polyp recurrence following subtotal colectomy for famil-

) . o in individual patients [42,43].
ial adenomatous polyposis [30]. Although no beneficial effect  gerym concentrations of vitamin D often are low in Western

was found by McKeown-Eyssen [31], some reduced polyp gqcieties particularly in the elderly [44]. Vitamin D metabolites
recurrence was recently observed by MacLennan [32]. Another 4re known to alter cellular metabolism of many cells including
population study suggested that increasingpcopherol level e colon. The vitamin also is known to regulate various gene
was associated with decreased occurrence of lardecn) but products with important cellular functions including growth
not of small adenomas, and a strong trend was observed byfactors, polyamines, cell surface differentiation molecular, on-
using ana-tocopheroly-tocopherol ratio, which the authors  cogenes and calcium-binding proteins. Many tissues, including
thought was a very sensitive indicator @ftocopherol intake  the colon, contain vitamin D receptors. Colon cancer cell lines
[33]. A multi-institutional study of a group of antioxidant that contain vitamin D receptors, when treated with 1,25-
vitamins failed to find a change in the recurrence of colorectal dihydroxyvitamin Din vitro have exhibited decreased growth
adenomas [34]. An interesting observation made as a part of aand morphologic changes suggesting increased levels of differ-
randomized controlled trial of selenium supplementation to entiation [45,46]. In the colon, more differentiated colon cancer
prevent cancers in patients with carcinomas of the skin sug- cell lines show higher levels of vitamin D receptors than less
gested that the incidence of lung, colorectal and prostate cancerdifferentiated cell lines [47]. The growth inhibitory properties
was reduced [35]. This observation will need to be followed of the vitamin appear to be related to the concentrations of
with prospective studies specifically related to colon neoplasia. vitamin D receptor on the cell surface rather than vitamin D
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concentrations [47]. Vitamin D supplementation has been patients with larger or multiple initial adenomata had a higher
shown to inhibit the development of azoxymethane-induced recurrence rate. Evaluation of changes in colorectal polyps
colon cancer in rodents [36]. Subsequent studies by the samerecurrence must include large cohorts of subjects and take a
group of investigators headed by Brasitus showed that non- long time to complete. Studies also rely upon the accuracy of
calcemic analogues of 1,25-dihydroxyvitamin D also would finding colon polyps at the time of follow-up colonoscopy.
inhibit AOM-induced carcinogenesis in rodents [48]. They Recent studies indicate a “miss rate” of up to 25% of colon
believe that vitamin D functions to alter coloncyte membranes polyps in the hands of experienced endoscopists [59].
[49] resulting in the release of phospholipase C [50,51] and via Hymanet al. [60] conducted a four-year multi-center ran-
activation of c¢Src [52]. Vitamin D metabolites may alter the domized clinical trial of the effects of antioxidants for recurrent
synthesis and activity of HMG-CoA-reductase activity and colorectal polyp prevention. The authors found no effect of
cholesterol synthesis in cultured cells vitro [53]. A very their primary antioxidant intervention but did find a beneficial
recent study examined the effects of vitamin D upon the dis- effect of an increased calcium intake. The relative risk, adjusted
tribution of calcium concentrations in isolated colonic crypts of for caloric intake, showed a highly significant decrease in the
mice kept on a diet deficient or sufficient in vitamin D [54]. number of adenomas with increasing calcium intake=(p
The authors described a crypt base-mouth calcium gradient of 0.005). This association was particularly marked in the left
201 = 79 nM which was abolished by vitamin D depletion. If  colorectum. When the effect of dairy calcium was considered
confirmed, this observation implies a close relationship be- within the lowest and highest two quintiles of calorie-adjusted
tween this vitamin and exposure of epithelial cells in the crypt fat intake, there was a suggestion of a greater effect of calcium
to extracellular calcium. among individuals with a high dietary fat intake. Furthermore,
1,25-dihydroxyvitamin D also has been shown to inhibit there was a non-significant reduction in the number of recurrent
proliferation of human colonic colorectal biopsy explants in adenomas among individuals who had greater than two serv-
organ culture using the sophisticated metaphase arrest tech4ings of dairy foods per dayersusthose with fewer than 0.5
nique [55]. Inhibition of proliferation by vitamin D has been servings per day (calorie adjusted odds ratio of 0.74).
confirmed in rectal biopsies from patients with familial adeno- Early intermediate biomarkers of risk change much more
matous polyposis [56]. Subsequent studies by the same grouprapidly in response to an effective chemopreventive agent. The
of investigators confirmed the earlier studies and also demon- most established biomarker of risk for colon neoplasia has been
strated a different effect when the same biopsies were exposedaltered epithelial cell proliferation. The use of proliferative
to epidermal growth factoin vitro. Vitamin D also has been  markers is based upon studies of the relative rate of prolifera-
shown to inhibit the hyperproliferative state that occurs in the tion and distribution of proliferating cells in the flat uninvolved
colorectum in patients with ulcerative colitis [57]. These com- colorectal mucosa of patients “at risk” for colon neoplasia, who
bined data give study credence to a chemopreventive action of have been treated for colon cancer, with familial adenomatous
vitamin D against colonic neoplasia. Such an activity may be polyposis, ulcerative colitis, or sporadic adenomatous polypo-
partly responsible for the beneficial effect of dairy foods. sis [61]. These subjects, as a group, show differences in pro-
liferation kinetics from patients not “at risk” or at “low risk”
(populations with a very low overall incidence of colon cancer
such as Seventh-Day Adventists [62]). Such studies are based
upon original observations demonstrating reversibility of sev-
eral proliferative parameters by normal use of calcium supple-
Potential cancer preventing agents first are tested in ani- mentation [18]. Other markers, heretofore applied mainly in
mals. Testing of putative cancer preventive agents in humans animal studies, involve changes that occur in cellular markers
cannot wait for cancer to develop as an end point. Therefore, of differentiation such as lectin binding [63], the distribution of
possible effective preventive agents are studied using so-calledacidic mucins [64], or of cytokeratin AE1 [65] in colorectal
“intermediate biomarkers of colon cancer risk” as end points. crypt epithelial cells. Limited studies in humans have investi-
As a ‘late intermediate biomarker of risk” a reduction of gated the utility of ornithine decarboxylase concentrations as a
adenoma recurrence is used in subjects who have had at leasbiomarker of proliferation [66,67]. The potential of studying
one adenomatous polyp removed and therefore are at increasedhe number and distribution of apoptotic cells and the Bcl2
risk for recurrence; in such subjects a reduction in the appear- family of genes is presently being explored.

HUMAN STUDIES OF
CHEMOPREVENTION

ance of recurrent polyps is used. Changes in “early intermediate

biomarkers” of risk in the flat colorectal mucosa of “at risk”
subjects are also used.

Studies of reduced recurrence of colonic polyps in “at risk”
populations rely upon the frequency of polyp recurrence. The
National Colon Polyp Study found an overall recurrence rate of
about 35% to 40% in three years [58]. Individual subgroups of
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In animal studies, changes in proliferation were shown to
result from exposure to both cancer-initiating agents as well as
cancer-promoting agents. Again, the principle changes that
have been reported, as in patients at risk for colon neoplasia, is
an increase in proliferation rate and an upward shift of the
proliferating compartment from the lower 60% into the upper
40% of colorectal crypts as measured by determirbhd68].
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Studies of markers of differentiation such as acidic mucins and measurement of labeled nuclei. This technique has the advan-
of the intermediate filament cytokeratin AE1 have been shown tage that proliferating cells can clearly be demonstrated by the
in rodents to be altered in experimental carcinogen-induced presence of silver granules over the nuclei [71] (Table 1). The
colon cancer. These differentiation markers also become ab- disadvantage of this technique is the need of dispos&Hof
normal following the administration of Western-style diets material and a delay period for up to three to six weeks for
[69]. In addition, genetic animal models of colon cancer such as exposure with a photosensitive film. Alternatively, incubation
with knock-out or mutations in the FAP gene also show similar with bromodeoxyundine (BrdU) has been used followed by
changes in proliferative markers in the colon [70]. These com- immunostaining with anti-BrdU antibodies. Although the BrdU
bined data are important ancillary observations that support the method has been validated [72], it is limited because tissues
significance of both proliferative and differentiation marker need to be fixed in ethanol and there is variation in the immu-
changes in subjects at risk for colon cancer and their alteration nohistochemical staining and thus in reproducible interpreta-
toward normal with chemopreventive strategies. tion of positive cells.

MEASURING CHANGES IN
PROLIFERATING CELLS IN

COLORECTAL BIOPSIES IN VITRO

used. Most of the initial studies of colorectal proliferation
utilized incubation with®H thymidine and autoradiographic

In situ methods involve immunohistochemical demonstra-
tion of the presence of proliferating cell nuclear antigen
(PCNA), the auxiliary protein of DNA delta or the detection of
Ki 67 (mib 1) which has a short half life and is expressed

throughout the cell cycle. PCNA immunostaining usually re-

quires fixation in alcohol not formalin and shows variation in
Both incubation techniques and methods that measure en-staining intensity therefore requiring decision about which nu-
dogenous markers associated with DNA synthesis have beenclei are to be considered positive [73]. Ki67 (mib 1) antibodies

involve more standardized methods of fixation prior to immu-
nochemistry [74]. It is clear from extensive studies that great

Table 1. Potential Biomarkers of Risk for the Study of Dairy Product-Inhibition of Colon Cancer

Advantages

Disadvantages

Proliferation Markers
[*H]d Thd
BrdU
PCNA
Ki67 (mibl)
Differentiation Markers
Lectin binding
Mucin distribution

AE1 Cytokeratin
Nuclear morphometry

Apoptosis
By light microscopy

By TUNEL

Bcl2 Genes
By histochemistry

By Western blots
Other Methods

Ornithine

decarboxylase

Abberent crypt foci

Reading excellent
Validated

Reading good
Validated

Simple to perform
Not validated
Simple to perform
Not validated
Formalin fixation

Formalin fixation
Formalin fixation

Alcohol fixation

Accepted histologic method

Simple to perform

Method validated
Reproducible

Incubation gives variable results
Radioactive material
Slow

Incubation results variable

Alcohol fixation
Reading observer dependent
Reproducible methodology important

Not validated

Observer dependent
Not validated

Not validated

Requires special equipment
Not validated

Not validated
Laborious
Not validated
Requires careful tissue handling

Not checked in flat mucosa
Not done
Requires several biopsies
Minimal studies performed

Technique variable
Not studied
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differences in proliferation rates are recorded if different meth- to 25% reduction in the number of subjects who develop

ods are used. recurrent polyps or in the number of recurrent polyps with
The use of rectal biopsies to reflect increased risk for colon calcium supplements of 1500 mgs per day. This represents an

neoplasia is based upon the observations that such changesmportant confirmation of the potential influence of calcium

occur throughout the colon i.e. are present as a “field defect” in upon colonic neoplasia.

“at risk” individuals [75]. Whether proliferative kinetics also

reflect dietary habits in addition to a cellular risk for colon

neoplasia is presently uncertain [76,77]. An extensive study

from Bostick and co-workers evaluated predictive factors and STUDIES OF FECAL COMPONENTS

colorectal proliferation for the development of sporadic colonic

adenomas in biopsies obtained from 150 subjects. Using an  Epidemiologic data that supports the concept that the West-

analysis of variance and multiple linear regression, the labeling ern-style diet is a cofactor for the development of colon cancer

index andph were found to be 35% lower for the highest tertile  has focused on dietary fat, and particularly meat, as the most

of vegetable and fruit consumption, 36% lower for vitamin likely offending component. This concept led investigators to

supplement use and 36% higher for the presence of a currentdevelop the hypothesis that fat in the colon is injurious and to

incident polyp [78]. study the fecal excretion of differing lipids. Since diets high in

There clearly is some controversy regarding the effect of
calcium supplements upon proliferation. The early studies of
calcium administration showed a statistically reduced labeling
indices (as well as reduction ihh [79,80]. The later negative
studies of Baron [81] and Bostick [82] had initial labeling
indices that were quite low (3.6 to 4.7) suggesting that a
baseline elevated labeling index (¢h) may be necessary in
order to see any positive effect (Table 2).

The late intermediate biomarker of risk that has been stud-

fat might also increase bile secretion, fecal bile acids were
determined. Studies showed a progressive increase in fecal
lipid output with increasing calcium administration consisting
mainly of fatty acids [84] accompanied by relatively greater
excretion of saturated fatty acid [85]. Fecal bile acid output in
patients with colon cancer, with familial adenomatous polypo-
sis and sporadic colonic adenomas, were reported to be in-
creased in some studies, but most reported only a change in the
composition of fecal bile acids [86—88]. Several reports

ied with calcium supplementation has been the recurrence of showed an increase in secondary bile acids in the feces of
adenomatous polyps in individuals who have had such polyps patients with colon cancer and colonic adenomas. The concept
removed at baseline. The study of Baron and coworkers, at this that increased calcium in the colon might bind or precipitate

date presented in abstract form only [82], has suggested a 20%soluble bile acids and fatty acids and thereby reduce their

Table 2. Effects of Calcium Supplementation upon Total
Labeling Index

Change in Labeling

Method Index (%)

Authors

Positive Results

Lipkin and Newmark, 1985 3H]dThd 16.7— 10.0

Busetet al., 1986 PH]dThd Responder 16.2> 7.9
Non-Responder
7.4—6.9
Lipkin et al,, 1989 PH]dThd Responder 14.%> 8.7
Non-Responder
9.1— 8.8
Rozenet al., 1989 PH]dThd 6.6— 4.4
Wargovich, 1992 H]dThd 7.2—6.5
O’Sullivan et al., 1993 Brdu 8.8— 4.7
Negative Results
Baron, 1995 PCNA 3.9>3.9
Bostick et al.,, 1993 PH]dThd  4.7— 5.3
Bostick et al., 1995 PCNA 3.6~ 4.0*
Weisgerberet al., 1996 BrdU 135~ 11.4
Alberts et al., 1997 PH]dThd  7.4— 6.7

Restricted to studies in patients post-polypectomy for adenomatous polyps with
an intact colon and without evidence of inflammatory bowel disease or colon
cancer. Also excluded are studies using measurements of crypt cell production
rate.

* Significant shift in proliferating cells to crypt basal positions.
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interaction with colonic mucosal epithelial cells led to the

initial experimental animal studies of Wargovich and Newmark
[89,90] and was followed by a hallmark study, which first

showed a beneficial effect of feeding calcium to human volun-
teers upon colonic proliferation [18].

In 1990, van der Meer and his coworkers studied the fecal
composition of 12 volunteers who were fed either their regular
diet or their regular diet supplemented with @& of inorganic
calcium per day in a cross-over design [91]. Most of the added
dietary calcium in this study was excreted in the stool, bile acid
output increased by 35%, and there was a shift of the bile acid
composition to an increased ratio of trihydroxy to dihydroxy
bile acids. In a parallel study, using anvitro hemolysis assay
of cytotoxicity the same group of investigators demonstrated
that fecal water showed significantly reduced cytolytic activity
with calcium [92]. From these observations, they concluded
that calcium also would reduce irritant damage to the colonic
epithelium from fecal water. Subsequently, Van der Meer's
group added low-fat dried milk powder to a Western-style diet
in rodents and showed a similar reduction in the cytolytic
activity of reconstituted fecal water [93]. Later they fed volun-
teers either 3uM or 30 uM of dairy calcium in dried powdered
milk daily. The high milk calcium diet significantly increased
fecal pH, fecal calcium and phosphate, total fat, free fatty acids,
and bile acids, indicating that these lipid components were
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complexed with calcium and phosphate. Calcium also de-
creased the cytotoxicity of fecal water from 68% to 28% [94].

Recently, Glinghammer and coworkers performed a similar
cross-over study in volunteers fed a dairy product-free diet
containing no more than 372 mg of calcium per degrsusa
dairy product diet which included sufficient dairy products to
provide an additional 1100 mg of calcium per day [95]. A
highly significant reduction in cytotoxicity of fecal water was
shown in the subjects taking the high dairy product diet. No
significant differences in genotoxicity of stools was found
between the two groups using the “COMET” assay.

The original concept that excess calcium would precipitate
bile acids and fatty acids in the colonic lumen was modified

Dairy Foods and Colon Cancer

itself, could normalize a possible discrepancy between ratio of
proliferation and apoptosis in preneoplastic flat mucosa [105].

In addition, calcium appears to have a wide range of actions
upon proliferation in cancer cells vitro. For many years
calcium was known to participate in several steps during cel-
lular proliferation [106]. Indeed, research on proliferation and
increased differentiation has been observed following calcium
addition to normal epidermal [107], esophageal [108], mam-
mary [109,110], and colon cells [111].

POTENTIAL ADVERSE EFFECTS OF

somewhat by studies that suggested that glycocholic acid pre-|[NCREASING CALCIUM AND/OR

cipitation is caused by combinations of calcium with phosphate
[96] which then would alter fecal cytotoxicity. It should be

pointed out that these conditions are, in fact, operative when
subjects take a high dairy diet which provides both increased

VITAMIN D INTAKE IN THE UNITED
STATES POPULATION

Epidemiologic studies of the dietary intake in the United

calcium and phosphate both of which appear in increased States (NHANES) have shown that the majority of individuals

concentrations in the feces [97].

POSSIBLE MECHANISMS OF ACTION
OF CALCIUM AND VITAMIN D
UPON COLONIC NEOPLASIA

The initial hypothesis for the action of calcium upon colonic

consume less calcium and vitamin D than is recommended.
Indeed, the gap between actual and desirable intake of calcium
recently has widened. National recommendations for calcium
intake, in the young and the elderly, have been increased from
the previous level of 800 mg/day to 1200 mg or more per day
[112]. Thus, calcium and vitamin-fortification is not likely to
be generally injurious to such a population.

The concerns raised about broad-based addition of calcium
into the diet by food fortification, recommendations to increase
low fat milk product intake or by calcium pill supplements

stool contents suggested that calcium worked by complexing include the hypothetical risk of hypercalcemia, of precipitation
with bile acids and fatty acids resulting in precipitation and, of renal stones and of interference with the absorption of other
thus, reducing bile and fatty acid concentrations in the colonic minerals. A common side-effect may be constipation.
aqueous phase [98]. Subsequent studies of Van der Meer and None of the trials of calcium tablet supplementation that
coworkers suggested that supplemental calcium stimulated for- examined changes in rectal biopsy biomarkers of risk or
mation of insoluble calcium phosphate in the intestinal lumen, changes in adenomatous polyp recurrence have reported seri-
thus increasing bile acid binding [99]. This caused a relative ous side-effects. Constipation may occur, but its presence is
increase in the concentration of cholic acid and decrease in thereadily managed by increasing dietary fiber or the administra-
concentrations of chenodeoxycholic and deoxycholic acids tion of stool softeners. A prospective study evaluated the rela-
[92]. Such a shift in bile acid composition was believed to be tionship between dietary calcium intake and the risk of symp-
beneficial since the latter are more toxic to intestinal cells than tomatic kidney stones in a cohort of over 45,000 men without
the former. The subsequent studies of the Van der Meer group a prior history of renal calculi (The Health Professional Fol-
of investigators directly demonstrated that fecal water from low-up Study) [113]. After adjustment for age, dietary calcium
subjects who were administered either supplemental calcium intake was inversely associated with the risk of kidney stones
phosphate or a diet high in dairy foods showed considerably even after adjustment for other potential risk factors. This
less cytotoxicity using severah vitro assays [100-102]. protective effect of a high calcium diet may be mediated
These studies all suggested that the principal action of through increased precipitation of calcium oxalate in the co-
calcium was within the colonic lumen reducing the cellular lonic lumen, decreased oxalate absorption with an increase in
toxicity of bile acids and fatty acids. Studies in laboratory excretion in the stool. Whatever the mechanism, this study
animals supported this mechanism of action and similar bene- relieves some of the anxieties about the risk of kidney stones
ficial effects were seen when calcium was added to human with added dietary calcium.
epithelial cells exposed to bile acids and fatty adiussitro The metabolic effect of the slightly increased fecal fat
[103]. Other experimental studies on this subject are summa- excretion during administration of calcium, either in the form
rized in reference 104. It also is possible that calcium may alter of inorganic calcium supplementation or increased dairy food
the rate of apoptosis occurring in colonic epithelial cells which, ingestion, appears to be minor and unlikely to be clinically
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relevant. It is of interest that some studies have shown in-
creased fecal excretion of saturated fats with calcium supple-
mentation which, indeed, might be beneficial. Most authorities,
however, would recommend the addition of low-fat dairy prod-

ucts if an increased intake of dairy foods containing calcium is
recommended in order to minimize hyperlipidemia and ather-
oma formation. Calcium supplementation can interfere with

positive role of milk products in lowering colon cancer is that
of Garland and coworkers in Chicago described in detail before
[37]. Stemmermann in Hawaii studied cancer rates migrants
from Japan and found that a higher milk product intake in these
individuals clearly was associated with a lower risk of the
development of sigmoid cancers [124]. The epidemiologic
studies of Rosen and coworkers in Sweden also suggested a

iron absorption [114,115], although whether this is clinically
important has not been established [116].

The risks of the present degree of vitamin D fortification of
foods, or the extensive over-the-counter use of vitamin D
appear to be very small [117]. Vitamin D toxicity has been
described following errors in food fortification [117], but is rare
following multivitamin or administration of single-nutrients

strong preventive role for milk product ingestion [125], and that
of Peters focused on the potential benefit of yogurt [126].
Subsequent studies directed to evaluating effects of dairy
food ingestion in groups of individuals subjects used as end-
points of benefit the excretion of bile acids and fatty acids in
the soluble phase of the fecal effluent. Fecal excretion of excess
bile acids and fatty acids have been associated with changes in
containing vitamin D. Individuals may be found to be ex- colorectal proliferation [89] and possibly in differentiation.
tremely hypersensitive to vitamin D administration with sar- Administration of calcium appears to reduce both altered pro-
coidosis, granulomatous diseases, and several infectious dis-iferation and the concentrations of bile acids and fatty acids in
eases or may be idiopathic [118], but fortunately this is a very fecal water. When the soluble faction of feces then was exposed
rare event. It is clear that the prevalence of significant side to erythrocytes or to colon cancer cells, redutedivo toxicity
effects from the amount of supplemental calcium and vitamin appeared to be paralleled by reduction in cytotoxicityitro [92].
D that has been recommended is very small. In an animal study, Govers, Tremont and Van der Meer [93]
fed Wistar rats a Western-style high-risk diet with and without
the addition of lactase-treated whole milk powder and com-
pared the effect of these two diets upon the fecal excretion of
calcium, phosphorus, bile acids and fatty acids. At the same
time they measured both the surfactant and the cytolytic activ-
ity of the excreted feces. The main purpose of this study was to
define differences in the effect of feeding whole milk powder
and inorganic calcium upon fecal composition and evidence for
The epidemiologic evidence supporting a potential role for colonic epithelial damage. Calcium carbonate or calcium phos-
milk consumption in reducing the risk for colon neoplasias has phate, each in a concentration of 1p®1/Kg of diet, were
been discussed briefly above. It is well-accepted that studies added to two other groups of animals. All supplemental groups
seeking a correlation between per capita consumption of indi- excreted large amounts of calcium in the feces, but phosphate
vidual foods and, particularly for micronutrients, are subject to increased significantly only in the animals fed calcium phos-
considerable ecological fallacy. Observational studies are ham- phate and the milk powder. However, soluble bile acids and

DATA SUPPORTING THE

CHEMOPREVENTIVE EFFECTS OF
MILK PRODUCTS UPON THE RISK
OF HUMAN COLORECTAL CANCER

pered by the similarity of diets within particular populations, as
well as the multitude of dietary variables and the lack of
precision in dietary measures which are used in population
studies. Furthermore, many of the older epidemiologic studies
were seeking positive or negative effects of such items as fiber,
meat and fat intake and only included dairy products as sec-
ondary items. The Melbourne Colorectal Cancer Study sug-
gested that a low intake of milk drinks increased the risk of
colorectal cancer in both males and females [119]. The Mar-
seille Study [120] and the studies of Negtial. in Italy [121]
appear to show no protection at least for intakes of milk
products providing between 0.5 and 1.5 gm of calcium per day.
Jensen and coworkers [122] compared the diet of a rural
community in Finland with a large urban city in Denmark
which has a three-fold increased incidence of colon cancer.
This study failed to show a significant influence of milk prod-
uct ingestion, but, in contrast, later studies (from Scandinavia)
from the same group [123] demonstrated a strong positive
effect of milk intake. The most telling study focused upon the
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soluble fatty acids were dramatically reduced in the three
groups of animals that were fed increased calcium. There also
was a reduction in epithelial cell damage (alkaline phosphatase
activity in fecal water), and in epithelial proliferation (as judged
by ®H-thymidine incorporation into colonic DNA). These stud-
ies closely parallel human data. Furthermore, although serum
gastrin increased reproducibility in the rats fed the three calci-
ume-rich diets, there was no relationship between fasting serum
gastrin concentrations and colonic proliferation rates. An ear-
lier study of milk power supplementation in dimethylhyazine-
treated rats demonstrated no reduction in tumor number, but a
significant fall in tumor burden [127].

Two important studies have demonstrated that milk product
ingestion results in major potential beneficial effects upon fecal
cytotoxicity in human volunteers. Van der Meer’s group per-
formed parallel studies to those performed in animals on fecal
cytotoxicity in volunteers provided a constant diet together
with either a low or high intake of milk-based calcium. Exam-
ination of fecal contents and evaluation of cytotoxicity again
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clearly showed that dairy-based calcium intake greatly reduced
the cytotoxic potential of fecal water [94]. Glinghammer and

coworkers recently published a cross-over study in humans
who were fed either a lactovegetarian diet or a meat-based diet

Dairy Foods and Colon Cancer

months on the diet which no longer was significant by twelve
months.

These combined data strongly suggest that the ingestion of
dairy products, adding only about 850 mg of calcium per day,

[95]. Analysis of the feces in these subjects again showed that was accompanied by very significant changes in proliferation

the cytotoxicity of the soluble phase of feces was significantly
reduced during the ingestion of the lactovarian diet.
Recently, our own group has completed a study of the
effects of the ingestion of a diet rich in dairy foods upon
markers of proliferation and differentiation in the rectum. Sev-
enty subjects with a history of a recent polypectomy for an

and two differentiation markers. Although previous studies
using calcium supplements at doses as low as 850 mg/day have
not been performed, in general the significant changes in pro-
liferation previously studied with supplemental calcium used
intakes of 1200 to 2000 mg per day. Thus, one may conclude
that it is likely that dairy intake was accompanied by a greater

adenomatous polyp were entered into the study. Excluded wereimprovement in these indices of risk for colon cancer than

patients with histories of hereditary colon cancer, ulcerative
colitis, gastrointestinal problems including lactose intolerance,

diabetes mellitus or other serious diseases. No subject was

entered if he or she was taking more than 200 mg of supple-
mental calcium or more than 1000 mg/day of calcium in the
diet. Subjects were divided into two groups; one group which
was maintained on its baseline diet and the other in which we
attempted to increase the baseline diet with supplemental dairy
foods totaling up to 1200 mg of calcium per day. In all of these
subjects, two biopsies were taken at baseline in order to deter-
mine the variation in measuring endpoints, and then at six and
12 months of the study [128].

At baseline, the two groups of subjects were eating similar
amounts of basic dietary components. It should be pointed out
that the majority of subjects entered into the study were rela-
tively health-conscious, eating no more than approximately
1700 k/cal of energy per day which included only 50 to 60 gm
of fat and about 75 gm of protein. Mean calcium intake aver-
aged 630 mg, and vitamin D intake was about 4@day.
Although there were a total of 11 dropouts, difficulty with the
diet was the cause in only two individuals. Analysis of the
dietary intake in the control group of subjects indicated no
significant changes in dietary components throughout the
study. The dairy-treated subjects increased their total calcium
intake to about 1500 mg/day of which dairy foods represented
82%. Their distribution of dairy intake consisted of milk (31%),
yogurt and ice cream (11%) and cheeses (41%).

In control subjects, there were no significant difference in
any of the proliferative kinetics that were evaluated. In contrast,
there were significant changes in proliferative kinetics in the
subjects who were taking the additional high dairy foods. There
was a significant reduction in labeled cells per crypt and total
crypt cell labeling index at 12 months @ 0.02) and in the
labeling index in crypt compartment five (g 0.05). Three
differentiation markers were analyzed in this study. None of
these differed significantly in the control group over the course
of the twelve months of study. In contrast, changes in acidic
mucin distribution in the direction of normality were signifi-
cantly associated with dairy food intake ¢ 0.02) as were
changes in cytokeratin AE1 (g2 0.05). The only change in
nuclear morphometry that was determined with an increase in
dairy intake was a modest reduction in nuclear size after six
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supplemental calcium.
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