EXHIBIT 1



Based on my review of the reliable and credible publicly available published peer-
reviewed scientific literature regarding calcium nutrition, metabolism, and physiology,
their interactions with colorectal carcinogenesis, mammary gland carcinogenesis and
prostate carcinogenesis, I conclude that there is significant scientific agreement in support
of the following health claims:

e Calcium may reduce the risk of colorectal cancer.

¢ Calcium may reduce the risk of colon cancer.

¢ Calcium may reduce the risk of rectal cancer.

¢ Calcium may reduce the risk of breast cancer.

e Calcium may reduce the risk of prostate cancer.

¢ Calcium may have anticarcinogenic effects in the colon, breast, and prostate.

¢ Calcium may reduce the risk of recurrent colon polyps.

Calcium

L. Intestinal Calcium Absorption and Retention of Ingested Calcium

A. Mechanisms of Calcium Absorption

Calcium in foods occurs as salts or in association with other dietary constituents in the
form of complexes of calcium ions. Calcium must be released in a soluble, and probably
ionized, form before it can be absorbed (i.e., transferred from the intestinal lumen to the
circulatory system). Once in a soluble form, calcium is absorbed by two routes,

transcellular and paracellular transport

The saturable, transcellular pathway is a multi-step process, involving the entry of
luminal calcium ions across the microvillar membrane into the enterocyte, then
movement through the cytosol (i.e., translocation to the basolateral membrane), followed
by active extrusion from the enterocyte into the lamina propria and diffusion into the
general circulation. The entry of calcium ions across the apical membrane of the
enterocyte 1s favored electrochemically because the concentration of calcium ions w1th1n
the cell (10 to 107 M) is considerably lower than that in the 1ntest1nal lumen (10 M),
and the cell is electronegative relative to the intestinal lumen. Therefore, the movement
of calcium ions across the apical membrane does not require the expenditure of energy.
However, because lipid membranes are impermeable to calcium ions, apical entry must
involve the participation of a calcium ion channel or integral membrane transporter
residing within the brush border membrane. Evidence suggests that the calcium transport
. . . 2,3
protein, CaT1, may be the putative calcium ion transporter.




The intracellular diffusion of calcium ions is thought to be facilitated by a cytosolic
calcium-binding protein, calbindin Dgg, whose biosynthesis is dependent on the presence
of vitamin D (in the form of 1,25-dihydroxycholecalciferol). Calbindin Dox facilitates
the diffusion of calcium ions across the cell by acting as an intracellular calcium ferry or
chaperone. The active extrusion of calcium ions at the basolateral membrane takes place
against an electrochemical gradient and is mediated primarily by a calcium-dependent
ATPase. While each step in the transcellular movement of calcium ions has a vitamin D-
dependent component, the intracellular concentration of active calbindin Doy is believed
to be rate-limiting in 1,25-dihydroxycholecalciferol-induced transcellular calcium
transport.l

The paracellular route of calcium absorption involves passive calcium transport through
the tight junctions between mucosal cells. Because it does not require a transporter and is
driven by the large luminal:serosal calcium concentration gradient, this transport pathway
is non-saturable and appears to be independent of nutritional or physiologic regulation
(although some limited evidence suggests that it also may respond to 1,25-

dihydroxycholecalciferol in an as yet unknown manner)

Most calcium absorption in humans occurs in the lower small intestine, but there is some
evidence for a colonic component that may increase total calcium absorption by as much
as 10%.° However, the large intestine may represent a site of increased importance for
calcium absorption when acidic fermentation takes place. Slightly acidic intracolonic pH
increases the efficiency of colonic absorption of calcium.” For example, prebiotics
acidify slightly the intracolonic pH (secondary to increased production of short-chain
fatty acids as byproducts of increased fermentation) and have been shown to increase the
fractional true absorption of ingested calcium in human adolescents, young adults and
postmenopausal women.

When dietary calcium is abundant, the paracellular pathway appears to be dominant. 7
When dietary calcium is limited, the active 1 25 dihydroxycholecalciferol-dependent
transcellular pathway increases in nnportance Transmembrane calcium receptors
(especially in renal tissues) mediate the conversion of 25-hydroxycholecalciferol to
biologically-active 1,25-dihydroxycholecalciferol through regulation of the expression of
25-hydroxycholecalciferol-1o-hydroxylase and thereby indirectly regulate hormone-
mediated up-regulation and down-regulation of calbindin Dok activity in mucosal cells.!
The beginning of a decline in plasma calcium ion concentration evokes an increase in
serum 1,25-dihydroxycholecalciferol concentration, which in turn stimulates increased
calbindin Doy biosynthesis in the intestinal mucosa.’

B. Efficiency of Calcium Absorption

The efficiency of absorption of ingested calcium is inversely proportional to chronic
calcium intake. However, this adaptive decrease in the fraction of ingested calcium that
does not appear in the feces as calcium intake decreases is not sufficient to offset the

o e e S s i




decrease in the amount of calcium that is absorbed as a result of a decrease in calcium
intake.> Regardless of the efficiency of absorption, the a.mount of calcium that is

absorbed is directly proportional to the amount ingested. 9 For example, despite the
significantly greater efficiency of absorption when human calcium intake is less than 500
mg/day, the total amount of calcium absorbed from such a low-calcium diet is less than
half the amount that is absorbed (even with significantly lower efficiency) from a diet

providing 1000 mg,/day.m’11

The efficiency of calcium absorption varies throughout the hfe cycle. It is greatest in

infancy, when about 60% of consumed calcium is absorbed decreases during
childhood, and increases again early in adolescence, when about 25% of consumed

calcium is absorbed.”® The efficiency of calcium absorption remains at about this level

into middle adulthood.™® As adults age beyond middle adulthood, the efficiency of
calcium absorption declines gradually. For example, in postmenopausal women and
older men, the efficiency of calcium absorption has been reported to decrease by an

average of about 0.2 percentage points annually. 13,14

Decreased production of estrogen results in decreased efficiency of calcium absorption in

women at any age. &3 For example, the apparent absorption of dietary calcium by
premenopausal and perimenopausal women ranges between 17% and 58% and decreases

slightly with increasing calcium intake.! However women over 65 years old respond to
low calcium intakes with significantly smaller increases in fractional calcium absorption
than occur in women 20 to 35 years old consuming the same inadequate amount of

calcium. ' Similarly, amenorrheic young women with hypoestrogenic anorexia nervosa
have significantly less efficient calcium absorption than is enjoyed by healthy
eumenorrheic young women.”’

Racial differences affect the efficiency of calcium absorption. For example, African
American girls exhibit s1gmﬁcantly more efficient calcium absorption after menarche

than do Caucasian girls. 18 Interestingly, African American adults later exhibit
significantly lower rates of bone fractures than do Caucasian adults. 19,20

C. Calcium Retention

The retention of ingested calcium within the body reflects the interplay among the

amount of calcium consumed, the efficiency of calcium absorption, and urinary excretion

of calcium. For example, when a group of healthy adult women reduced their calcium

intake from 2000 mg/day to 300 mg/day, although their efficiency of calcium absorption

increased significantly, their urinary excretion of calcium decreased significantly, and

their efficiency of whole body retention of ingested calcium increased significantly (from
27% to 37%), the overall net result was a S1gmﬁcant decrease in the net amount of

calcium retained (from 540 mg/day to 111 mg/day)



Amenorrheic young women with anorexia nervosa have significantly greater urinary
excretion of calcium than healthy eumenorrheic women; coupled with the reduced

. absorption efficiency also exhibited by such women, these greater losses produce
significantly reduced net calcium retention (evidenced by significantly reduced bone
mass).17 Similarly, in contrast to the generally beneficial effects of moderate exercise on
calcium metabolism and skeletal physiology, exercise-induced amenorrhea also produces
significantly decreased net calcium retention (and lower bone mass).zz’23

Vegetarian diets produce metabolizable anions (such as acetate and bicarbonate) that may
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increase renal resorption of filtered calcium, decreasing urinary calcium excretion.” ™
Consequently, vegetarians may be more efficient retainers of dietary calcium.

Racial differences may affect the efficiency of calcium resorption in the kidneys. For
example, African American children aged 9 to 18 years have exhibited significantly less

urinary excretion of calcium than similarly-aged Caucasian children.”® In contrast, it was
reported that less calcium was excreted in the urine of African American girls before
menarche but that urinary calcium excretion was similar in African American and
Caucasian girls after menarche.'®

Data from 181 balance studies subjected to nonlinear regression analysis indicate that
maximal calcium retention occurs in men and women when dietary calcium intake is

1200 1'ng/day.27'29 Nonetheless, this level of intake may be inadequate for many
individuals. For example, a daily intake of 1300 mg of calcium was insufficient to
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maximize calcium retention in all members of a group of adolescent females.

1I. Colorectal Cancer

Colorectal cancer is the third most common life-threatening cancer in the US and
accounts for about 10% of total cancer incidence and total cancer deaths in the US and

for about 2.5% of all deaths among adults in the US.3** The incidence of colorectal
cancer in the US is about 60 cases per 100,000 adults, with about 148,000 new diagnoses

and about 57,000 deaths in the US in 2002.31 Colorectal cancer occurs with nearly equal
frequency in men and women. ! Five-year survival following diagnosis is between 10%
and 90%, depending on the stage of disease at first diagg;nosis.31

A, Maintenance of the Normal Colorectal Epithelium

The intestinal epithelium is in a constant state of renewal with a continuous high rate of
cell proliferation, differentiation and apoptotic cell death 3*2¢ Colonocytes turnover

rapidly, with an average lifespan of only 2 to 3 days. 3738 Undifferentiated precursor
cells are produced from stem cell populations in the lower 40% to 60% of the crypts of
the colonic mucosal villi and quickly begin to migrate toward the villar luminal epithelial

surface where they reside briefly, die and are shed directly into the tumen. 3> During




migration along the crypt axis toward the luminal surface undifferentiated precursor cells
lose their proliferative capability and differentiate into either enteroendocrine or mucus-
secreting goblet cells, which tend to remain in the lower portion of the crypt, or
absorptive cells, which move to the luminal surface.”’ Following 36 to 48 hours of
mature differentiated function, senescent absorptive cells extrude into the lumen and die
in a regulated manner by apoptosis.34

Short-lived mammalian cells such as colonocytes are capable of maintaining healthy
populations of fully functional cells through a combination of continuous production of
new replacement cells and initiation of the death of mature cells (programmed cell death)

in response to signal transduction through specific receptors. %0 Condensation of the
nuclear chromatin and mitochondria, blebbing of the cell membrane, characteristic
swelling of the endoplasmic reticulum and fragmentation of the cells into membrane-

bound apoptotic bodies are signs of total cell destruction. ™ The most important

characteristic of this self-destruction is that apoptotic cells themselves actively provide

the molecules necessary for the apoptotic mechanism to proceed. * T most cases, the
apoptotic mechamsm is diminished or delayed if an inadequate amount of extracellular

calcium ion (Ca ) is present, implying that prolonged intracellular influx of Ca™isa

basic requirement for programmed cell death. 4445 1t has been shown that the process of
programmed cell death is critically dependent upon the ability of the cell to achieve and
sustain a prolonged significant elevation in its intracellular free Ca®* concentration. 4"
Similarly, the ability of agents to inhibit the proliferation of human HCT-13 colon cancer
cells is proportional to their ability to produce sustained increase in intracellular free Ca®*
concentratlon.48

The first step in apoptotic change is the opening of the permeability transition pores in
the inner mitochondrial membrane.* The onset of the mitochondrial permeability
transition (MPT; depolarization of the mitochondrial membrane) is the key event in
apoptotic cell death. 50,51 Opening of the pores results in electrolyte movement and
depolarization of the inner mitochondrial membrane, entry of water into the
mitochondrial matrix, swelling of the matrix, and deformation of cristae. 50,52
Contortional change in cristae damages the outer mitochondrial membrane, resulting in
the release of pro-apoptotic intermembrane proteins (including cytochrome c,
procaspases and apoptosis-inducing factor (AIF)) into the cytosol. 5052 ATF activates a
nuclease which hydrolyzes nuclear DNA while cytochrome ¢ activates caspase 9 which
50,52
activates caspase 3 which performs pro-apoptotic proteolysis of intracellular proteins.

B. Conversion of the Normal Colorectal Epithelium into a Neoplastic
Epithelium

In a general model, cancer progresses through 4 stages: initiation (conversion of a
normal cell to a cancer cell), promotion (the induction of cellular replication and
shortening of the latency period, reducing the length of the cell cycle and accelerating
proliferation), clonal expansion (unrestrained proliferation resulting in tumor formation)



and progression (the accumulation of defects in growth control and differentiation that
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produce metastasis).” ~ Colorectal carcinogenesis is an even more complex, multistep
process involving initiation, promotion, expansion and progression stages that are not
necessarily discrete or well-defined events. >0

During the initiation stage of colorectal cancer, carcinogen-triggered mutations
accumulate in protooncogenes (such as c-myc and K-ras) and in tumor-suppressor genes
(such as the MCC gene, the DCC cell adhesion protein gene and the p53 tumor

suppressor gene).“’58 In addition, hypomethylation of DNA is typical of neoplastic

,60 . .
human colorectal cells and contributes to overexpression of the c-myc protooncogene
in the colon,56 increases the incidence of K-ras, p53 and DCC mutations>® and
accelerates the progression of early polyps to more advanced adenomas.’!

All of these mutations may contribute in varying degrees to the development of colorectal
neoplasia. For example, increased expression of c-myc proteins is associated with

increased intracellular DNA synthesis.‘;2 In human colon epithelium, the rate of cell

proliferation is proportional to the extent of c-myc expression.63 Conversely, in human
colon carcinoma cells, the degree of cellular differentiation is inversely proportional to

the extent of c-myc expression.ﬁ4 Therefore, increased expression of c-myc proteins may
predispose the colorectal mucosa to preneoplastic hyperproliferation.

Mutations in the adenomatous polyposis coli (APC) gene (such as occur in individuals

with familial adenomatous polyposis) increase the risk for colon cancer.®% Mutations
in this gene may be the initiating events in the development of most or all colorectal
neoplasia.'m'72 It is estimated that 85% of colorectal cancers are associated with
mutations in the APC gene that promote unrestrained hyperproliferation of the colorectal
epithelium in response to a proliferation-inducing stimulus.”®"?

In the normal colorectal mucosa, exposure to carcinogenic compounds is irritating and
produces damage to the epithelium. In response, a temporary hyperproliferative phase,
with increase in volume (“expansion”™) of the proliferative compartment of the colorectal

mucosal crypt, restores damaged luminal epithelium in a compensatory healing
proce:ss.73'78 When cells carrying a mutation in the APC gene are stimulated to respond

to a proliferation-inducing stimulus, unrestrained hyperproliferation produces
preneoplastic structures of dysplastic tissue (aberrant crypt foci).79 Aberrant crypt foci
(ACF) are preneoplastic lesions predictive of increased risk for colon cancer.2%

Carcinogenic receptor activation also can contribute to the initiation or promotion of
colorectal cancer. For example, colorectal carcinoma cells express the P2Y subtype of
the P2Y receptor.go’91 Activation of P2Y, receptors stimulates phospholipase C-
catalyzed ATP-dependent production of inositol 1,4,5-triphosphate (IP3) and
diacylglycerols (DAG) from cellular membrane phosphatidylinositol 4,5-biphcsphate.92

In contrast to the pro-apoptotic sustained increase in intracellular free ca®t




concentration, 3 IP; stimulates rapid transient transmembrane calcium ion flux from
intracellular stores into the cytoplzatsm,g‘?”94 a mildly proliferation-inducing response,gs’96
while DAG stimulates slower and prolonged activation of protein kinase C (PKC), with
subsequent increase in cytoplasmic cAMP concentration.”*

PKC stimulates tumor promotion and cell growth, as well as events related to tumor
progression, such as invasion, metastasis and tumor cell adhesion to endothelium and

extracellular matrix componeli’cs.w'm0 Acting via cAMP, PKC induces the activation of
transcriptional factors, such as activator protein-1 (AP-1) and nuclear factor-xB (NF-kB),
and increases the expression of key enzymes, such as ornithine decarboxylase (ODC),

inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-Z),ml'103

The conversion of ornithine to putresine by ODC is the rate-limiting step in the
polyamine biosynthetic pathway.m4 Increased biosynthesis of polyamines is required for
increased cellular prolifemtion,104’105 while depletion of intracellular polyamines slows
proliferation.mﬁ’107 Adenomas and carcinomas of the colon exhibit increased ODC
activity.ms'110 In vitro, increasing the calcium ion concentration of the growth medium
resulted in decreased ODC activity in mouse colon cancer cells.”! In animal models,
inhibition of ODC activity produces significantly reduced incidence of chemically-
induced colorectal tumors." 2

Activation of PKC also inhibits zclpoptosis.m"114 Conversely, inhibition of PKC induces
apoptosis via the generation of ceramide and activation of sphingo:rnyelinase.115’11‘5
Ceramide stimulates the initiation of the mitochondrial permeability transition’'® which
results in release of cytochrome c into the cytosol, where it induces the activation of
caspase-3, a key protease involved in inducing apoptotic events. 711

Human colon adenocarcinoma-derived Caco-2 colon cancer cells have responded to low
medium Ca®* concentration with activation of the PKC signaling pathway, resulting in
upregulation of c-myc expression and progression of cells out of the S (stationary) phase
and into the DNA synthetic phase.120 In contrast, high medium Ca®* concentration
activated the Ca2+—sensing receptor (CaSR) and produced deactivation of the PKC
signaling pathway, resulting in downregulation of c-myc expression and return of cells to
the S pha.se,lm’121 In contrast, PKS deactivates CaSR, preventing antiproliferative
increases in intracellular Ca?* concentrations.'*

DAG normally are found in the human colonic contents and feces in a wide range of
concentrations."* Luminal DAG can be taken up by the colonic mucosa’ 2! and have
been postulated to stimulate colonic cellular proliferation;125 DAG stimulates cellular
proliferation in cultured human colon adenoma cells and colon carconima cells'?® and in
the rat colon in vivo'® and bacterial production of DAG in the human colon lumen

stimulates colonocyte PKC activation and cellular proliferation.123’124’127 In humans,



dietary calcium supplementation significantly decreased fecal DAG conten’t,128
significantly increased the conversion of fecal DAG to monoglyceride and fatty acids'®®
and significantly decreased the rate of proliferation of the rectal mucosal epithelium.129
However, these results were not confirmed in another stud‘y.130

Colorectal carcinogenesis may be most sensitive to calcium ions during the initiation and
promotion stages. Noncancerous and cancerous human colon cells express a 25-
hydroxycholecalciferol receptor as well as 25-hydroxycholecalciferol-1a-hydroxylase,
enabling them to take up 25-hydroxycholecalciferol and convert it to 1,25-
dihydroxycholecalciferol.131'133 It has been suggested that supplemental dietary calcium
supports circulating calcium homeostasis and may slow the rate of renal conversion of
25-hydroxycholecalciferol to 1,25-dihydroxycholecalciferol, resulting in a higher serum
25-hydroxycholecalciferol concentration and thereby supplying the colonic mucosa with
larger amounts of 25-hydroxycholecalciferol for intracolonocyte conversion to 1,25-
dihydroxycholecalciferol.134"137 In the presence of 1,25-dihydroxycholecalciferol,
intracellular calcium ion concentration is significantly greater in luminal colon mucosal
epithelial cells than it is in basal crypt cells.™®® In cell culture, the rate of cellular
differentiation in cultures of noncancerous human colon cells was directly correlated with
the concentration of 1,25-dihydroxycholecalciferol in the culture medium, 2138142 By
inducing calcium ion-dependent cellular differentiation in migrating colonocytes,
increased colonic conversion of 25-hydroxycholecalciferol to 1,25-

dihydroxycholecalciferol could inhibit abnormal colorectal cell development.134’135’137
Human colon cancer cells also express a high-affinity 1,25-dihydroxycholecalciferol
recep’cor138 and the rate of human colon cancer cell proliferation has been shown to be
inversely proportional to the concentration of 1,25-dihydroxycholecalciferol in the
culture medium.'*® Conversely, the rate of cellular differentiation in cultures of human
noncancerous colon cells and of human colon carcinoma cells was directly correlated
with the concentration of 1,25-dihydroxycholecalciferol in the culture medium, 21138142
On an animal model of metastatic colorectal carcinoma, injections of 1,25-
dihydroxycholecalciferol significantly inhibited the growth of human colon cancer
xenografts in immunosuppressed mice.!*?

However, the number of 1,25-dihydroxycholecalciferol receptors per cell in the colon

epithelium decreases following the malignant transformation of colon cells. #4148 1055
of 1,25-dihydroxycholecalciferol receptors may explain colon cancer cell escape from the
chemopreventive actions of calcium ions.® For example, human colonic epithelial cells
harvested from biopsy samples of normal-appearing colon mucosa obtained from patients
with a history of previous neoplasm or of familial polyposis or with symptomatic familial
polyposis responded to the same medium calcium ion concentration that terminates
culture growth and induces terminal differentiation of noncancerous human colon
epithelial cells in culture™® with si gnificantly decreased rates of cell proliferation.
contrast, the rate of cell proliferation was not affected by medium calcium ion
concentration in cell cultures of human colonic epithelial cells harvested from biopsy
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samples of either adenomas or carcinomas. ™! Similarly, in three human colon carcinoma
. . . . 2+ .
and two human colon adenoma cell lines, increasing medium Ca”~ concentration
significantly suppressed the proliferation of well-differentiated cells but had no effect on
poorly-differentiated cells.™™ I addition, noncancerous colonocytes harvested from
: . . . . 2+ . .
patients with colon cancer responded to increasing medium Ca“ concentrations with
significantly decreased rates of cell proliferation while medium Ca’* concentration had
no effect on the rate of proliferation of cancerous colonocytes harvested from the same
patients.152 In cell culture, high intracellular Ca®* concentrations suppress expression of
the c-myc protooncogene in noncancerous colonocytes, while low intracellular ca**
concentrations stimulate expression of the c-myc protooncogene and hyperproliferation of
colon cells.'® The suppression of proliferation of human colon cancer cells requires
1,25-dihydroxycholecalciferol-dependent Ca®! influx following receptor-ligand
. .. 138
binding.

These observations suggest that as colon cells progress from normal to adenomatous to
carcinomatous cells, the importance of continuation of the initiating stimuli becomes
negligible, as does the impact of calcium ions; adenomatous and carcinomatous
colorectal cells lose “responsiveness” to the effects of calcium jons. 15015154 e
antitumorigenic effects of calcium supplementation may not be universal and may affect

only the prevention or early transformation and not the growth of existing fumors. 1%
Therefore, dietary supplementation with calcium is most likely to be beneficial in the
prevention of colon cancer if it occurs before hyperproliferation progresses to
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neoplasia.”~ Consequently, supplemental calcium may be ineffective in
chemoprevention in individuals in whom carcinogenesis may have commenced,
potentially confounding the results of studies that may fail to observe a chemopreventive
effect of dietary supplementation with calcium.

Colorectal neoplasms also can arise from another distinct genetic pathway in which the
frequent loss of expression of one of the DNA mismatch repair enzymes, usually hMLH1

or hMSH?2, results in microsatellite instability156’157 and produces predisposition to

colorectal adenoma and carcinoma.™® For example, hereditary nonpolyposis colorectal
cancer is characterized by defective DNA mismatch repair erlzymes.157'161

The progression from aberrant crypt foci to adenomatous polyp (adenoma) to carcinoma
requires the ability of the abnormal tissue to remain undifferentiated, loosely associated
and proliferative. The more tightly associated the new tissue becomes, the less

undifferentiated and proliferative it becomes. 62163 Tight association between colorectal
epithelial cells requires interaction between calcium ions and cell surface receptors

(calcium-sensing receptors; C:&SR).164 CaSR in human colonocytes are G protein-

coupled receptors that transduce extracellular Ca®" ion binding into intracellular

responses.ms'169 Ligand-receptor binding of Ca** to CaSR promotes expression of E-

cadherin,m4 a calcium-dependent cell adhesion molecule (one E-cadherin molecule binds
to another in the extracellular space, linking cells at specialized intercellular “tight”



junctions).154’17° By its nature, E-cadherin is antitumorigenic (in part) by stimulating cell

adhesion-dependent cellular differentiation. **!® Most CaSR-containing cells are non-

replicating and are found in the crypt epithelium of normal human colorectal mucosa and
in the more differentiated non-replicating crypt cells in human colorectal

adenocarcinomas.’®"'%7 Activation of CaSR inhibits the proliferation of cultured human
colon cancer cells.'® These observations suggest that calcium ions, via CaSR and E-
cadherin, may inhibit the proliferation of colonic epithelial cells by inducing their
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terminal differentiation.

Interestingly, a single nucleotide polymorphism (substitution) in the gene for the calcium-
sensing receptor increases the survival of patients with rectal cancer by increasing CaSR

axc‘civity.175 In contrast, methylation of the promoter sequence of the E-cadherin gene
results in reduced synthesis of E—cadherin,l76'178 a situation that is commonly found in

human colon carcinomas.!” Promoter sequence methylation may predict the future
development of colorectal carcinoma; for example, in the human colon affected by
ulcerative colitis, areas of dysplastic colon mucosa exhibit significantly greater
methylation of the promoter sequence of the E-cadherin gene, with significantly less

synthesis of E-cadherin, than do areas of nondysplastic colon mucosa.'%

Although the adenoma-to-carcinoma sequence results primarily from a series of
mutations affecting cell growth, differentiation and programmed cell death,lsl'1 85
methylation disorders also contribute to the malignant transformation of adenomatous
polyps.186 Hypomethylation of DNA is associated with significantly increased
expression of the intracellular cytoplasmic calcium-binding protein S100A4 (also known
as p9Ka, CAPL and calvasculin).187 Increased expression of S100A4 (as well as of the
S100A6 “caleyclin,”'®® S100A8 and S100A9 (separately or as the “calprotectin”
heterocomplexlsg) intracellular cytoplasmic calcium-binding proteins) is associated with
significantly decreased intracellular calcium ion concentration and significantly increased
cell motility and progression of nonmalignant colon adenoma cells to malignant
colorectal carcinoma cells."***> In human colon cancer tissue samples, the presence of
the S100A4 protein was associated with a significantly decreased survival time for
patients with colorectal cancer pos‘c—colonectomy.196

C. Dietary Fatty Acids, Fecal Excretion of Soluble Bile Acids and Colorectal
Cancer

A high-fat diet has been recognized for some time as a major risk factor for colorectal
197,198

cancer. Excessive amounts of dietary fatty acids may promote colorectal cancer by
increasing the amounts of long-chain fatty acids and bile acids present within the lumen
of the colon.!”® Long-chain fatty acids and bile acids irritate and damage the epithelial
cells of the colon and reduce the integrity of the mucosal barrier.?*" As a result of this
cellular destruction, a compensatory (“healing”) increase in the rate of cellular
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proliferation (“restitution” )occurs.77’78’ 98200201 holic acid, deoxycholic

10



77,202-207 78,210,211

acid, lithocholic acid,mg’zo9 linoleic acid and oleic acid’”"® have been
shown to stimulate the proliferation of colonic epithelial cells. In addition to triggering
local hyperproliferation, these fatty acids and bile acids increase the sensitivity of

colonocytes to mutagens and carcino genszu’zu' and act as promoters of experimentally-
induced colon carcino gemssis.zm’215 Rats perfused with deoxycholic acid have exhibited
significantly increased rates of colon epithelial proliferation and colorectal cancer.” 2V

D. Dietary Calcium and Fecal Excretion of Potentially Carcinogenic Soluble
Bile Acids

Carcinogenic secondary bile acids are formed from primary bile acids in the colon by the
action of microbial 7ot-dehyd1roxyla's.e.216 This enzyme is most active when colon
luminal pH is alkaline. 27218 Consequently, an alkaline colon luminal pH promotes the
development of colorectal cancer. V7% Ina retrospective observational study of men
with and without epithelial neoplasia of the colon, the feces from men with colon cancer
were significantly more alkaline than were the feces from men without colon cancer."’
Calcium gluconate and calcium lactate acidify colon pH,zzo inhibit the formation of
secondary bile acids? '8 and inhibit chemically-induced colon carcinogenesis in
laboratory animals. 228

In humans, calcium phosphate salts (CaHPOy4) buffer colonic protons and increasing
calcium intake increases (alkalinizes) the pH of the colonic contents and the feces. 222230
In a randomized placebo-controlled clinical trial, patients with previously-removed
colorectal adenocarcinomas responded to 30 days of dietary supplementation with
calcium (1200 mg/day) with significantly greater increases in fecal pH than those that
accompanied placebo administration.™! In healthy human men, compared to the
consumption of calcium-deficient milk products, the consumption of calcium-replete
milk products produced a significant increase in fecal pH and a significant decrease in the
production of secondary bile acids.??

However, the chemoprotective effect of oral calcium salts cannot result solely from
interactions with protons.116 Calcium carbonate (which alkalinizes colon pH233) also
4 . . . L . 224,225,234-247
inhibits chemically-induced colon carcinogenesis in laboratory animals.

An alternative hypothesis is that dietary supplementation with calcium provides sufficient
calcium ions to allow some to reach the colon where they reaggregate with phosphate
ions and protons, forming calcium phosphate.248 Human diets typically contain an
excess of phosphate; therefore, only supplemental calcium is required in order to increase
colonic calcium phosphate salt content.”* Within the colon, calcium phosphate salts
bind to noxious long-chain fatty acids and bile acids, forming insoluble soaps that are
unavailable to act as substrates for microbial 7a-dehydroxylase and that are unable to
diffuse through to the mucosal surface and exert procarcinogenic or carcinogenic effects
on the colorectal mucosa.” 7> /8249258 Boidence obtained in experiments on
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laboratory animals and from human clinical trials suglgé)rts this hypothesis. For example,

doubling (as calcium carbonate®™ or calcium lactate ), tripling (as calcium lactat6261)

or quadrupling (as calcium phosphate251’262) calcium intake has significantly decreased

the fecal excretion of soluble bile acids and free long-chain fatty acids in rats, while
increasinz%sfatty acid intake has increased fecal excretion of calcium soaps in healthy
humans.

In humans, fecal excretion of soluble bile acids reflects colonic intraluminal soluble bile
acid contents and increased fecal excretion of soluble bile acids is associated with

increased risk for colorectal cancer.2***"® In humans, dietary calcium supplementation
has significantly reduced the proportion of secondary bile acids in the bile acid
p001198,254,271,272 and fecal soluble bile acid excretion, P8H3LISLIAITIZ 1
randomized placebo-controlled cross-over clinical trial, 2 months of daily dietary
supplementation with 1000 mg of elemental calcium (as calcium carbonate) significantly
decreased the rate of conversion of primary bile acids to secondary bile acids.?” ma
randomized placebo-controlled clinical trial, daily dietary supplementation with 1500 mg
of calcium for 9 months significantly reduced fecal excretion of free soluble bile acids.?"!
In patients with adenomatous polyps of the colon, daily dietary supplementation with
1500 mg of calcium (as calcium carbonate) for 12 weeks significantly decreased the
conversion of primary bile acids to secondary bile acids and significantly increased the
fecal excretion of insoluble (mineral-chelated) bile acids.2*® Compared to pre-study,
after 16 weeks of supplementation with either 2000 mg/day or 3000 mg/day of calcium,
patients with a history of resected adenocarcinoma of the colon exhibited significant
decreases in fecal excretion of soluble bile acids.2”? In a randomized placebo-controlled
clinical trial, one week of daily dietary supplementation with 3 g calcium carbonate
(providing 1200 mg of elemental calcium) produced significant increases in fecal
excgqltgion of insoluble bile acids and deoxycholic acid soaps in adult men 40 to 60 years
old.

The findings of a randomized placebo-controlled clinical trial of adult human subjects
free of cancer are consistent with the hypothesis that dietary calcium supplementation
decreases colorectal mucosal exposure to dietary irritants. In this study, fecal excretion
of long-chain fatty acid soaps was significantly proportional to daily dietary elemental
calcium intake (r = 0.44; p = O.()3).276

Not all available evidence is in agreement with the hypothesis that dietary calcium
supplementation acts to decrease fecal excretion of soluble bile acids and increase fecal
excretion of insoluble bile acids. The feces of patients with or without colon adenomas
or carcinomas were not different in pH, calcium contents or bile acid composition in two
studies.?”?"® In another group of healthy human volunteers, dietary calcium
supplementation had no effect on fecal total bile acid content (although the relative

proportions of soluble and insoluble bile acids were not reported).257 In a randomized
placebo-controlled clinical trial, patients with unremoved colorectal polyps whose diets
were supplemented with calcium (1600 mg/day), vitamin C (150 mg/day), vitamin E (75
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mg/day), B-carotene (15 mg/day) and selenium (101 mcg/day) for 3 years exhibited no
effects of supplementation on fecal excretion of soluble bile acids.””

E. Dietary Calcium, the Cytotoxicity of Fecal Water and Colorectal Cancer

The extent of damage to the colorectal epithelium induced by long-chain fatty acids, bile
acids, toxins or carcinogens is proportional to the cytolytic activity of fecal water. 251,280
In rats, oral calcium supplementation (equivalent to 4500 mg/day in humans)
significantly decreased the cytolytic activity of fecal water.>?%? When healthy men and
women shifted from dairy product-rich to dairy product-free diets, they experienced a
significant reduction in mean daily calcium intake (from 1488 mg/day to 372 mg/day)
and a significant increase in the cytotoxicity and genotoxicity of fecal water. 233,281 1
patients with adenomatous polyps of the colon, daily dietary supplementation with 1500
mg of calcium (as calcium carbonate) for 12 weeks significantly decreased the cytolytic
activity of fecal water (by about 33%) % In other human studies, dietary calcium
supplementauon significantly reduced the cytotoxicity of fecal water. 198,254,271,272
However, in one study, healthy human volunteers consuming 1500 mg/day of calcium (as
calcium triphosphate) for 1 week exhibited no significant changes in the cytolytic activity
of fecal water. >3

F. Dietary Calcium and Chemically-Induced Colorectal Cancer in Animal
Models

Extensive research in animals has demonstrated the antineoplastic effect of calcium in the

large bowel. 134,282 Dietary calcium deficiency (usually caused experimentally by
artificially limiting the consumption of calcium to about half the typically-consumed

amount) 51gn1ﬁcantly accelerated the rate of colonic mucosal crypt cell proliferation in

mice’® and rats producmg “hyperproliferation” of this tissue. Mucosal crypt cell

hyperproliferation secondary to dietary calcium deficiency produces significant
expansion of the proliferative compartment of the murine colon epithelium. 285

Rodent colorectal tissue is sensitive to chemically-induced carcinogenesis. For example,
injecting 1,2-dimethylhydrazine dihydrochloride (DMH) into rats and mice produces

(compared to vehicle) significant increases in 1ntracolonccyte ODC act1v1ty,237 ,286
biosynthesis of polyamines in the colonic mucosa, # the rate of colorectal crypt cell
proliferation, 213,236-238,240,286,287 colonocyte content of damaged DNA, 238 colonocyte
content of K-ras mutations, 246 the formation of aberrant crypt foci, 213,338,240387 the
formation of adenomatous polyps ,213 226,286.288 e growth of adenomatous polyps 3 and

. . 213,226
the progression of adenomas to carcinomas. 13226 hMH-induced rat colon
carcinogenesis closely resembles human colon neoplasia in all of these

characteristics. 2" In contrast, dietary supplementation with calcium inhibits
223,224,226,227,234,236-

chemically-induced colorectal carcinogenesis in laboratory rodents.

238,240,242,243,245,246.287 pop example, DMH-injected rats whose diets were supplemented
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: : 24,234,236-238,240, g . ,
with calcium carbonate, 224234:236-238,240,242,243,245,246287 o o gluconate,223 224

calcium lactate”*4#?262%7 ot calcium phosphate (CaHZPO4)227 in amounts providing a total
daily calcium intake of 140% to 1000% of typical intakes experienced significant
reductions in the extent and magnitude of all of the manifestations of DMH-induced
colorectal carcinogenesis. In contrast, reduction of dietary calcium intake below typical
amounts potentiates DMH-induction of adenocarcinoma p,roduc;tion.ms’291

In rats, DMH also significantly reduced the number of high-affinity 1,25-
dihydroxycholecalciferol receptors in stem cells permanently resident in colonic

crypts.mﬁ’292 Conversely, supplemental 1,25-dihydroxycholecalciferol significantly
inhibited DMH-induced increase in colonocyte cytosolic ODC activity, cell proliferation
in colon crypts and the genesis of colon adenocarcinomas.”3 Dietary vitamin D
deficiency has abolished the chemopreventive actions of supplemental calcium in DMH-
injected rats. 24346 contrast, dietary supplementation with vitamin D alone (in the

absence of dietary calcium in amounts greater than typical intakes) begun two weeks
after DMH was injected into rats had no effect on subsequent tumor incidence or on the

rate of colonocyte proliferation.293 These findings have led to the suggestion that the
chemopreventive actions of supplemental dietary calcium require the presence of at least

facilitative amounts of 1,25-dihydroxycholecalciferol in the colorectal mucosa, 2%

In rats, hepatic conversion of ingested azoxymethane (AOM) to activated methyl-
azoxymethane produces significant increases in the expression of c-myc proteins in the
colonic mucosa,294 intracolonocyte ornithine decarboxylase (ODC) activity,zss’295 the
rate of colorectal crypt cell proliferation,221’239’294 the formation of aberrant crypt
foci,z‘?’g’z‘u’z‘“’296 the formation of adenomatous polyps,zn’zzs’z'ﬂ’295 the growth of
adenomatous polyps,255 and the progression of adenomas to carcinomas.”> AOM-fed
rats whose diets were supplemented with calcium carbonate,225’235’239’241’244’247’295

) .. 225294 ., . 225 . . , 296,297 .
calcium chloride, calcium gluconate, ™ calcium glucurate or calcium
lactate?* 122 experienced significant reductions in the extent and magnitude of the
manifestations of AOM-induced colorectal carcinogenesis. In a study examining the
effect of the amount of supplemental calcium consumed on the relative effectiveness of
chemoprevention of chemically-induced colorectal cancer, daily dietary calcium intake
(as calcium lactate) equivalent to about 200 to 250 mg in humans was found to have no
effect on AOM-induced colon carcinogenesis, while daily dietary calcium intake
equivalent to about 1700 mg in humans significantly inhibited the formation of AOM-
induced adenocarcinomas.*>

The ingestion of N-methyl-N-nitrosourea (MNU) results in the induction of invasive
carcinomas of the colon and rectum in laboratory rodents.>83% Diets providing 200% to
400% of the typical intakes of calcium (as supplemental calcium carbonate,299 calcium

gluconalte298 or calcium lactatezgs) have been reported to significantly decrease the
number of MNU-induced invasive carcinomas of the colon and rectum. Similarly,

doubling calcium intake (as calcium carbonate™ " or calcium lactate3°1) prevented N-

ot S AT e A8 S 5 1 o s e coop s e s
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methyl-N"-nitro-N-nitrosoguanidine-induced hyperproliferation of the colorectal
epithelium of rats. Ingestion of about 400% of the typical intakes of calcium (as
supplemental calcium lactate) significantly reduced the number of aberrant crypts
induced by oral exposure to the heterocyclic amine, 2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhIP) in rats.>* In mice, doubling calcium intake by
supplementation with calcium phosphate significantly decreased the magnitude of amine-
induced increase in the rate of colonocyte cell proliferation.303 In rats, dietary
supplementation with calcium (as calcium phosphate, in amounts equivalent to about
4500 mg/day in humans) prevented the significant dietary heme-induced increases in
cytolytic activity of fecal water and in the rate of epithelial cell proliferation in the
colonic mucosa.

G. The Rate of Colorectal Mucosal Crypt Cell Proliferation and Colorectal
Cancer in Animal Models

A number of experimental manipulations produce increased cellular proliferation in the

colonic crypts of laboratory animals, including small bowel rcasec:tion,3°5’306 jejunoileal

-310 11 . o
bypass,3°7 subtotal cohectomy,so9 colostomy,3 pancreatobiliary dwersmn,312

. . 4 77,202-209,313,31 . .1 77,78210211 . . . .
exposure to bile acids 02-209,313,314 long-chain fatty acids,” " 21 injection with

1,2-dimethylhydrazine dihydrochloride (DMH),2>#36-238:240.286.287 o 4 ingestion of N-
methyl-N-nitrosourea (MNU),ZW’299 N-methyl-N ’-nitro-N~nitrosoguamidine301 or

azoxymethane (AOM).**#%%* I such animals, increased cellular proliferation in the

colonic crypts is associated with colonic hyperplasia3°5’308'313 and a statistically

significantly increased incidence of tumorigenesis along the length of the large

. . 1222, 238-241,243;; X -299,312-3 :
nfestine 213222:225,226,238-241,243,244,248,255,286,287,296-299,312-315 .y oo qota from animal

studies demonstrate that increased proliferative activity in the colonic mucosa

(“hyperproliferation™) is correlated with an increased risk of developing colon
ancer 213:238-240,287.316-318

H. Dietary Calcium and the Rates of Colorectal Mucosal Crypt Cell
Proliferation and Apoptosis in Animal Models

In normal healthy cancer-free rats, increasing dietary calcium intake by 50% over
amounts typically consumed by the addition of either calcium carbonate or calcium
phosphate to the diet significantly attenuated the rate of proliferation of the colonic
epithelium.74 Similarly, doubling the calcium intake of normal healthy cancer-free rats
by the addition of calcium lactate to the diet significantly attenuated the rate of
proliferation of colonic epithelial crypt cells.**® In mice, the administration of an
additional 50% of their typical daily intakes of calcium (as calcium carbonate)
significantly decreased (by about 20%) the rate of proliferation of colonic epithelial cells
within the proliferative compartment in vivo (sodium carbonate was ineffecti*\re).m’319 In
contrast to these reports, the normal noncancerous colonic mucosa of mice consuming
twice their typical intakes of dietary calcium (as supplemental calcium carbonate)
exhibited no change in the rate of proliferation of colonic epithelial cells within the
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proliferative compartment; however, the rate of cellular apoptosis within the crypts was
significantly increased, resulting in a net decrease in the size of the proliferative
compartment of the crypts.320 A similar change in the diet of rats also has been reported
to produce a significant increase in the proportion of cells in colonic epithelial crypts
undergoing apoptotic change, resulting in a net decrease in the size of the proliferative
compartment of the crypts.320

L The Rate of Colorectal Mucosal Crypt Cell Proliferation and Colorectal
Cancer in Humans

Increased proliferation in the mucosa is an early step in the genesis of colorectal

. . .. . 1,322
neoplasia; accelerated proliferation increases the rate of random mutat;lons32 32

. . 321-324
procarcinogenic.

and is
On the other hand, a decrease in the rate of colorectal epithelial

cell proliferation significantly decreases the risk for colorectal cancer in humans.*?®
Compared with cancer-free individuals and those at low risk for colon cancer, patients

. . 4,321-324,326-3 e c oy
with current or previous colon cancer’ 324,326330 4nd patients at high risk for colon

cancer (patients with sporadic "1de3n01:x1.a,324’328'339 familial adenomatous

1aolyposis,198’322’340 ulcerative coli’cis,:"'28’3"'1'344 or a family history of colon
321,329,335,345 - . 117
cancer or following intestinal bypass surgery  and most elderly

individuals346’347), on average, exhibit in their grossly normal-appearing colorectal
mucosa both an increased epithelial cell proliferation rate and an extension (“expansion”)
of the colon crypt proliferative zone from the lower (basal) 60% of the crypt to include
the upper (luminal) 40% of the crypt, including the most superficial portions of the

rypts.36’3l8’335’338’342’348 Expansion of the proliferative compartment of the colorectal
mucosa into the areas of colonic crypts that normally are occupied by differentiated and
nondividing cells, forming foci of aberrant crypt morphology (“aberrant crypt foci”),

. . . 80,83-89,274,330,347-352 .

presages increased risk for colorectal cancer in humans. In patients
with previous colon cancer or sporadic adenomas, these changes also predict adenoma

327,333
recurrence.

All available evidence indicates that these two proliferation abnormalities

(hyperproliferation and upward shift — “expansion” — of the proliferative zone) are
. . . 206-209

reversible biomarkers or precursors for colon neoplasia.” In humans, the rectal

mucosa provides an accessible tissue for examination of the anatomic, biochemical and

physiologic status of the large intestine and the rate of epithelial cell proliferation and the

width of the proliferative compartment in the rectal mucosa are reflective of those in the

) 332,335,353,354
colonic mucosa.
J. Dietary Calcium and the Rate of Colorectal Mucosal Crypt Cell

Proliferation in Humans

The rate of crypt cell proliferation in rectal tissues obtained at biopsy has been shown to
be significantly inversely proportional to dietary calcium intake in healthy human

adultsf’55 suggesting that daily dietary supplementation with calcium may reduce the risk
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o~ for colorectal cancer. Randomized placebo-controlled clinical trials of the effects of
” calcium supplementation (usually as calcium carbonate) on the rate of crypt cell
proliferation in rectal tissues obtained at biopsy have confirmed this

. 137,229,340,356-36
hypothesis. ™"’ 29,340,356-360

In randomized placebo-controlled clinical trials, compared to the effect of placebo, daily
dietary supplementation with 1000 mg of calcium,**® 1200 mg of calcium,229’357 1250
mg of calcium™*® or 2000 mg of calcium>>%% produced significantly greater decreases
in the rate of crypt cell proliferation in subjects with colorectal adenomas. Similarly,
daily dietary supplementation with 1000 mg of calcium was more effective than placebo
in decreasing the rate of crypt cell proliferation in subjects with familial adenomatous
polyposis.359 In a 12- month randomized placebo-controlled clinical trial examining
patients with a history of polypectomy for colonic adenomatous polyps, dietary
supplementation with either up to 1200 mg/day of calcium (as low-fat dairy products) or
placebo, resulting in average daily calcium intakes of 1538 mg and 685 mg, respectively,
dietary supplementation with calcium produced significantly greater decreases in colonic
epithelial cell proliferative activity, size of the proliferative compartment, colonocyte
nuclear size and cytokeratin AE1 content in cells in the lower portion of colon crypts and
. . TR . 137 .
significantly greater increases in acidic mucin secretion by the colon.”™" These findings
demonstrate that across a wide variety of disturbances in colorectal health, dietary
supplementation with calcium normalizes colorectal mucosal epithelial proliferation.

P .. . . . -
’ The results of uncontrolled clinical trials also support this conclusion.”>15%:202:274,356,360

3% I an uncontrolled prospective clinical trial, daily dietary supplementation with 1300

to 1500 mg of calcium (as calcium carbonate) for 3 to 4 months produced significant
decreases in the rate of proliferation of rectal crypt cells and in the size of the
proliferative compartment in rectal tissues obtained via biopsy.%o’361 In another
uncontrolled clinical trial, daily dietary supplementation with 900 mg of calcium (as
either calcium carbonate or low-fat dairy foods) produced similar significant decreases in
rectal epithelial crypt cell proliferation rates and in the numbers of proliferating cells in
the upper portions of the crypts, without affecting the numbers of rectal cells undergoing
apoptotic change, thereby reversing expansion of the proliferating compartment in
patients with a history of polypectomy for colonic adenomatous polyps.362 In other
uncontrolled trials, investigators have observed significant decreases in the rates of rectal
crypt cell proliferation when subjects were supplemented with 1000 mg of calcium
daily363 or 1250 or 1500 mg of calcium daily.lso’zﬂ"“’?’64 Daily dietary supplementation
with 2000 mg of calcium returned the elevated rate of crypt cell proliferation in rectal
tissues in patients with adenomatous polyps to the slower rate characteristic of cancer-

free subj ects. %

A cohort of patients with colorectal adenomas consuming 1500 mg of calcium (as
calcium carbonate) daily for one year exhibited a significantly greater percentage of
subjects with reduced numbers of proliferating cells in the proliferative compartment of

£ their rectal mucosa.’®® In this trial, patients consuming supplemental calcium and self-




selected low-fat diets (providing less than 122 g of dietary fat daily) exhibited an even

greater significant decrease in the mean number of proliferating cells in the proliferative
. 366

compartment of their rectal mucosa.

In a comparative study, although the rate of cell proliferation in the mucosal crypts of the
rectum was not greater in patients with colorectal adenomas than in subjects who were
adenoma-free, the rate of cell proliferation was inversely correlated with long-term
dietary calcium intake.>®” Similarly, one week of dietary supplementation with calcium
carbonate (providing 1000 mg of elemental calcium daily) signiﬁcantly decreased
.llllldbU.lUIlUbyLC UUb dbuvu_y 111 rectal luubuaa} 1iSSuUcs Ubtau.tcd Vid bluyb Y rom pauwuts
with adenomatous polyps ® Consistent with these reports, calcium chloride protected
normal-appearing human colon epithelial tissues in culture from deoxycholic acid-
induced acceleration of colonic crypt cell proliferation. 73,369

Human studies of the effects of calcium supplementation on the size of the rectal mucosal
crypt proliferative compartment have observed significant decreases in the size of the
rectal mucosal crypt proliferative compartment when the diets of study subjects were

supplemented with 1000 mg of calcium dauly,356’363 1500 mg of calcium dally202 or 2000
mg of calcium datily.?’63

These findings provide further evidence that dietary
supplementation with calcium normalizes colorectal mucosal epithelial cell proliferation.

The results of cell culture studies are consistent with these human trials. In cell culture,
mouse (MC-26) colon cancer cells and human (LoVo; WIDR; Caco-2) colon cancer cells
responded to increased culture medium calcium ion concentration with growth
inhibition,1*27% 1 contrast, human colon adenocarcinoma-derived Caco-2 colon
cancer cells responded to low medium concentration of Ca2+ with activation of the PKC
signaling pathway, resulting in upregulation of c-myc expression and producing
progression of cells out of the S (stationary) phase of the cell cycle and into the DNA
synthetic phase. 37

In contrast, no change in the rate of crypt cell proliferation in rectal or colorectal tissues
obtained at biopsy was observed in several randomized placebo-controlled clinical trials

in which the diets of patients with colorectal adenomas 172,231.363372-375 1 reditary

198 . 377
nonpolyposis colorectal cancer,  ulcerative colitis®’® or colorectal carcinoma’’’ were
supplemented with 1000 mg of calcium dauly,375 1200 mg of calcium daily,ln’zu’372
1500 mg of calcium daily 374 or 2000 mg of calcium daily. 373.376377 11 uncontrolled
studies, the rate of rectal crypt cell prohferatmn did not decrease when subjects were
supplemented with 1000 mg of calcium dally, 63 or 1500 mg of calcium daily. 372
Similarly, several uncontrolled human studies of the effects of calcium supplementation

on the size of the rectal mucosal crypt proliferative compartment have failed to observe a

significant decrease in the size of the rectal mucosal crypt proliferative compartment

when the diets of study subjects were supplemented with 1250 mg of calcium da11y3’64 or

1500 mg of calcium daﬂy 64367 1 one study of men and women with a history of
previous colorectal adenomas, the rate of rectal mucosal crypt cell proliferation was not
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affected by the intake of dairy foods.’® Tn one uncontrolled study, whose findings

remain unconfirmed a decade later, patients with excised adenomatous polyps exhibited
significantly increased rates of crypt cell proliferation in colon tissues obtained at biopsy
one year after beginning daily dietary supplementation with 1500 mg of calcium (as
calcium carbonate).379

Several of the studies that reported no decrease in the rate of crypt cell proliferation in
rectal or colorectal tissues following daily dietary supplementation with calcium failed to
control intersubject variability sufficiently to “allow” the decrease they did observe to be
judged to be “statistically significant.”*®" 376378 The impact of this observation is to
minimize the importance of the trials that failed to control intersubject variability
adequately and to maximize the credibility of those trials that observed a significant
decrease in the rate of crypt cell proliferation in rectal or colorectal tissues following
daily dietary supplementation with calcium.

K. Dietary Calcium and Colorectal Cancer in Humans

Daily dietary supplementation with calcium has been investigated as a preventive dietary
intervention for reducing the risk of colorectal cancer. In several randomized placebo-
controlled clinical trials, dietary supplementation with calcium has significantly reduced
the incidence of colorectal cancer.***8**# In 5 randomized placebo-controlled clinical
trial, 4 years of daily dietary supplementation with 1200 mg of calcium (as calcium
carbonate) significantly reduced the relative risk for new carcinoma among patients with
previously-removed colorectal adenoma (RR: 0.85; 95% CI: 0.74,0.98), independent of
calcium intake at the beginning of the study. 134382 patients with adenomatous polyps
consuming 800 mg/day of supplemental calcium (as calcium carbonate) for 3 years after
polypectomy experienced significantly increased survival compared to patients with ’
adenomatous polyps who did not consume supplemental calcium.>®® In a randomized
placebo-controlled clinical trial, patients with unremoved colorectal polyps whose diets
were supplemented with calcium (1600 mg/day), vitamin C (150 mg/day), vitamin E (75
mg/day), B-carotene (15 mg/day) and selenium (101 mcg/day) for 3 years exhibited a
significantly reduced incidence of new polyps, although the rate of growth of the polyps
present at baseline was not changed, confirming the effectiveness of dietary
supplementation with calcium in reducing the risk for new polyp (new cancer) formation

by preventing early preneoplastic hyperproliferation.”**'*%3

The conclusion that dietary supplementation with calcium significantly reduces the
incidence of colorectal cancer is supported by the results of a number of prospective
observational studies.****** I an epidemiologic study embedded within an 8-year
randomized placebo-controlled clinical trial of 27,111 male smokers, over 70% of whom
consumed at least 1200 mg of calcium daily, the multivariate-adjusted risk for colorectal
cancer of men consuming the highest quintile of calcium daily (median intake: 1789 mg)
was significantly less than that of men consuming the lowest quintile of calcium daily
(median intake: 856 mg) (RR: 0.6; 95% CL: 0.4, 0.9).3%
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In a prospective observational study of 60,866 men and 66,883 women (the Cancer
Prevention Study II Nutrition Cohort), the risk for colorectal cancer for individuals
consuming more than 500 mg of calcium from supplements was significantly less than
the risk of individuals not consuming calcium supplements (adjusted RR: 0.69; 95% CI:
0.49, 0.96), and the risk for colorectal cancer for individuals consuming less than 500 mg
of calcium from supplements was significantly less than the risk of individuals not
consuming any calcium supplements (RR: 0.71; 95% CIL. 0.52, 0.96).385 Therefore,
calcium intake from supplements, the most reliable dietary intake recall data,
significantly decreased the risk for colorectal cancer.

In a prospective observational study of 61,463 women, the risk for colorectal cancer for
women over 54 years of age and consuming over 816 mg of calcium daily was
significantly less than that of women over 54 years of age and consuming less than 568
mg daily (RR: 0.66; 95% CI: 0.49, 0.89).%*® Similarly, the risk for cancer localized to
the colon for women over 54 years of age and consuming over 816 mg of calcium daily
was significantly less than that of women over 54 years of age and consuming less than
568 mg daily (RR: 0.64; 95% CL: 0.4, 0.92).3%¢ The protective effect in the colon
appeared to be primarily in the distal colon (RR: 0.33; 95% CI: 0.16, 0.67).386 Ina9-
year prospective observational study of 34,702 women who were postmenopausal at the
beginning of the study, the risk for rectal cancer was significantly less in women with
daily consumption of over 1278 mg of calcium than in women with daily consumption of
less than 800 mg of calcium (RR: 0.59; 95% CIL: 0.37, 0.94).3'87 In a 7-year prospective
observational study of 14,727 women 34 to 65 years old at the beginning of the study, the
incidence of colorectal cancer among women consuming the highest quartile of daily
calcium intake from fish and shellfish was significantly less than that among women
consuming the lowest quartile of daily calcium intake from fish and shellfish (RR: 0.41;
95% CIL: 0.22, 0.74).388 In a 19-year prospective observational study of 1954 initially
cancer-free men, the energy-adjusted risk for colon cancer for men consuming the highest
quartile of calcium intake was significantly less than that of men consuming the lowest
quartile of calcium intake (RR: 0.32; significantly different from RR=1.0,p < 0.05).389

In the Towa Women’s Health Study cohort of 35,216 women, cancer-free and aged 55 to
69 years at the beginning of the study, the age-adjusted risk for colon cancer for women
who consumed over 1547 mg of total calcium daily was significantly less than the risk
for colon cancer for women who consumed less than 629 mg of total calcium daily (RR:
0.52; 95% CI: 0.33, 0.82) R addition, the age-adjusted risk for colon cancer for '
women who consumed over 500 mg of calcium via dietary supplements daily was
significantly less than the risk for colon cancer for women who never consumed dietary
supplements containing calcium (RR: 0.57; 95% CIL: 0.37, 0.88), confirming that dietary
. ey . 390
supplementation with significantly decreased the risk for colon cancer.

The Iowa Women’s Health Study also found that the risk for colon cancer was halved by
long-term consumption of the current Institute of Medicine intake recommendations for
calcium.????! The relative risk for colon cancer among those women without a family
history of colorectal cancer consuming more than 1296 mg of calcium from all sources
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daily, compared to women consuming less than 821 mg from all sources daily, was 0.5
(95% CIL: 0.3,0.7).”"" The risk for colon cancer among those women without a family
history of colorectal cancer consuming any dietary supplements containing calcium,
compared to women never consuming dietary supplements containing calcium, was 0.7
(95% CIL: 0.5, 0.9).391 In contrast, the risk for colorectal cancer was independent of

calcium or supplement intake in women with a family history of colorectal cancer.>! In
addition, the age-adjusted relative risk for colon cancer among those women with a
family history of colorectal cancer, regardless of calcium intake, was significantly greater
than the risk of women without a family history of colorectal cancer (RR: 1.8; 95% CI.
1.3, 2.4).391 The results of a retrospective study conducted in France confirmed the
importance of familial predisposition; the age-adjusted odds for colon cancer among men
and women with a family history of colorectal cancer was significantly greater than the
odds of men and women without a family historyngf colorectal cancer (OR: 1.9;
significantly different from OR = 1.0, p < 0.05).>" These findings suggest that a genetic
predisposition to colorectal cancer biases the relative risks calculated from calcium intake
data in favor of erroneously concluding that the incidence of colorectal cancer is
independent of calcium intake (by artefactually inflating the variances of risk
estimates).391 They further imply that the conclusions drawn by epidemiologic studies
reporting that the incidence of colorectal cancer is independent of calcium intake but that
have not accounted for family history of colon adenomas or carcinomas may be
unreliable.**!

In another prospective observational study it was found that the risk for colon cancer for
individuals consuming between 700 mg and 800 mg of calcium daily was significantly
less than the risk for individuals consuming less than 500 mg daily (RR: 0.6; 95% CIL:
0.4, 0.9).392 There was no additional decrease in the risk for colon cancer when calcium
intake exceeded 800 mg/day, suggesting that 800 mg/day may be the threshold intake
required to enjoy the chemoprotective effect of calcium intake 3 Alternatively, it has
been estimated that the threshold intake for the chemoprotective effect of calcium intake
on colorectal cancer for individuals consuming a “typical Western diet” is 900 to 1000

mg/ day.393 It has been suggested that these findings indicate that a population-wide
increase in daily dietary consumption of calcium of 400 mg could prevent up to 16,000
deaths from colon cancer annually.‘?’93

Retrospective epidemiologic studies also have found that the risk for colorectal cancer
was significantly decreased by routine consumption of adequate amounts of dietary

. 395-426 . . . .
calcium. For example, in a case-control cross-sectional retrospective observational
study, women with colon cancer had a significantly lower mean daily calcium intake than
did cancer-free women.>>> In a cross-sectional observational study, the incidence of
death from colon cancer was significantly inversely proportional to daily dietary calcium
intake.>*® Ina 15-year retrospective case-control study, patients with existing colorectal
cancer reported significantly lower calcium intake (per unit of energy consumption) than
did cancer-free subj ects.?” In a case-control study of women under 75 years old, the risk
for colon cancer was significantly inversely proportional to daily calcium intake.>”® n
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two case-control studies of adults with colorectal cancer, the risk for colorectal cancer
was significantly inversely proportional to daily calcium intake.**** I one such study,
the inverse relationship between colorectal cancer risk and daily calcium intake was
significant only in men (but not in women) over 66 years old but was statistically
significant in both men and women less than 67 years old. 401

The incidence of colorectal adenoma was significantly reduced by the routine
consumption of adequate amounts of dietary calcium in the Health Professionals Follow-

Up Study 02 1 that study, the risk for colon cancer was significantly decreased for men
consuming more than 1213 mg of calcium daily, compa:red to men consuming less than

631 mg of calcium daily (RR: 0.58; 95% CI. 0.39, 0. 87) Furthermore this effect
also was apparent when consideration was limited to only calcium intake from foods (not
supplements) (RR daily calcium intake from foods greater than 1051 mg compared to
daily calcium intake from foods less than 605 mg: 0.61; 95% CI: 0.40, 0.91) or only
calcium intake from dairy products (RR daily calcium intake from dairy products greater
than 620 mg compared to daily calcium intake from dairy products less than 137 mg:
0.51; 95% CI: 0.32, 0.83).%%% However, the investigators also reported that the
application of elaborate (and controversial) statistical modeling to these data successfully
eliminated the statistical significance of these findings. 402,403

In another case-control study, the risk for developing either colon cancer or rectal cancer
was more than halved in subjects who consumed the highest quartile of dietary calcium
intake, compared to the risk in those who consumed the lowest (OR: 0.41; 95% CI:

0.24, 0.69).404 Similarly, the risk for developing only colon cancer was more than halved
in subjects who consumed the highest quartile of dietary calcium intake, compared to the
risk in those who consumed the lowest (OR: 0.46; 95% CI: 0.24, 0.89) and the risk for
developing only rectal cancer was more than halved in subjects who consumed the
highest quartile of dietary calcium intake, compared to the risk in those who consumed
the lowest (OR: 0.36; 95% CI: 0.18, 0. 72) 4 In a case-control study, the odds for
developing either colon cancer or rectal cancer were significantly reduced by
consumption of dietary calcium in amounts approx1matmg or exceeding the current
Institute of Medicine intake recommendations (OR daily calcium intake over 1030 mg
compared to daily calcium intake less than 469 mg: 0.73; 95% CI: 0.54, 0.97). 05 1
case-control study of men and women, the risk for colon cancer of individuals consummg
the highest quintile of daily calcium intake was significantly less than that of subjects
consuming the lowest quintile of daily calcium intake (RR: 0.42; 95% CI. 0.25, 0.69);
risk decreased 15% for every 295 mg of daily calcium intake.*”® In a case-control study
of men and women, the risk for colon cancer of white individuals consuming the highest
quintile of daily calcium intake was significantly less than that of white individuals
consuming the lowest quintile of daily calcium intake (RR: 0.4; 95% CI: 0.3, 0.6).
a case-control study of men and women, the risk for colon cancer of women consumlng
the highest quintile of daily calcium intake was significantly less than that of women
consuming the lowest quintile of daily calcium intake, although there was no significant
protective effect in men.**® In a case-control study of men and women, the odds of

407
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developing colorectal cancer by individuals consuming more than 1141 mg of calcium
daily, compared to the odds of developing colorectal cancer by individuals consuming
less than 593 mg of calcium daily, were, in men under 65 years old: 0.3 (95% CIL: 0.1,
1.3); in men 65 years and older: 0.2 (95% CI: 0.1, 0.8); in women under 65 years old:

0.2 (95% CI: 0.1, 0.7); and in women 65 years and older: 1.4 (95% CI: 0.4, 5.5).4%

In a case-control study, the odds for colon cancer (OR: 0.58; 95% CI: 0.47, 0.73410) and

the odds for rectal cancer (OR: 0.63; 95% CI: 0.45, 0.87411) were significantly
decreased by routine consumption of hard water (calcium concentration > 42 mg/L)
compared to routine consumption of soft water (calcium concentration < 24 mg/L). These
findings were confirmed in a follow-up study in which the odds for both colon cancer
(OR: 0.68; 95% CL: 0.57, 0.82*1%) and rectal cancer (OR: 0.72; 95% CL: 0.58, 0.91*"%)
were significantly decreased by routine consumption of hard water (calcium
concentration > 150 mg/L) compared to routine consumption of softer water (calcium
concentration < 75 mg/L).

In a case-control study of adult men and women, daily calcium intakes equal to or greater

than 1200 mg approximately halved the risk for the development of colorectal cancer in |
men. ™ The multivariate-adjusted odds ratio for the development of colorectal cancer

among men with daily calcium intakes greater than 1400 mg, compared to men with daily
calcium intakes less than 642 mg, was 0.46 (95% CI: 0.22,0.96).*™ In contrast, the risk
for the development of colorectal cancer among women was independent of daily

calcium intake.** However, the multivariate-adjusted odds for the development of
colorectal cancer of men with daily calcium intakes greater than 604 mg per 1000 kcal
dietary energy intake were significantly less than those of men with daily calcium intakes
less than 388 mg per 1000 kcal dietary energy intake (OR: 0.36; 95% CI: 0.19, 0.67)
and the multivariate-adjusted odds for the development of colorectal cancer among
women with daily calcium intakes greater than 667 mg per 1000 kcal dietary energy
intake were significantly less than those of women with daily calcium intakes less than

410 mg per 1000 keal dietary energy intake (OR: 0.47; 95% CIL: 0.27, 0.83).*"

In a retrospective observational study of patients with previous colorectal adenomatous
polyps (the Wheat Bran Fiber Study), the risk for adenoma recurrence for patients
consuming more than 1068 mg of calcium daily was significantly less than that of
patients consuming less than 698 mg of calcium daily (adjusted OR: 0.56; 95% CIL: 0.39,
0.80).415 In a case-control study, the combination of low calcium intake and low fiber

intake significantly increased the risk for colon cancer.’® Ina retrospective study of men
and women with colorectal adenomatous polyps and matched control subjects without
colorectal adenomatous polyps, the risk for colorectal adenomatous polyps of individuals
consuming more than 1094 mg of calcium daily was significantly less than that of
individuals consuming less than 558 mg of calcium daily (adjusted OR: 0.32; 95% CL
0.11, 0.96)."'17 In a case-control study of individuals with a history of previously-resected
adenomatous polyps of the colon, any dietary supplementation with calcium significantly
decreased (by about half) the odds of recurrence of adenoma (OR: 0.51; 95% CI. 0.27,
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0.96).418 In a case-control study of individuals with a history of previously-resected
adenomatous polyps of the colon, risk for colorectal cancer was significantly inversely
proportional to dietary calcium intake.""® n a case-control study of men and women in
China, the risk for colorectal cancer was reported to be inversely proportional to daily
dietary calcium intake.*2? ‘

In a case-control study of men and women, the incidence of colorectal cancer was
significantly reduced among those subjects consuming over 1701 mg of calcium daily
(men: OR, daily calcium intake greater than 1701 mg compared to daily calcium intake
less than 681 mg: 0.7; 95% CL: 0.5, 0.9; women: OR, daily calcium intake greater than
1330 mg compared to daily calcium intake less than 546 mg: 0.6; 95% CIL: 0.4, 0.9).421
In another case-control study of men and women, the risk for colorectal cancer of
subjects who consumed more than 1495 mg of calcium daily was significantly less than
that of subjects who consumed less than 800 mg of calcium daily (OR: 0.7; 95% CIL: 0.6,
0.9).422 In another case-control study of men and women, the prevalence of colorectal
cancer in subjects with osteoporosis who consumed an average of 2013 mg of calcium
daily was significantly less than that of subjects without osteoporosis who consumed an
average of 1002 mg of calcium daily (OR: 0.07; significantly different from OR = 1.0,
p< 0.05).423 The significant cancer-reducing effects of these high calcium intakes
reinforces the conclusion that when daily calcium intake is below the current Institute of

Medicine intake recommendations® (based on skeletal physiology), a gradation of
calcium intakes is irrelevant to risk for colorectal cancer. It appears that only when daily
calcium intakes equal or exceed the skeletal requirement is the chemopreventive property
of dietary calcium expressed. However, in one case-control study, daily dietary
supplementation with only 100 mg of calcium significantly reduced the risk for colon

424
cancer.

In studies of vitamin D receptor polymorphisms, daily calcium intakes greater than the
study population median have eliminated the increased risk for colorectal cancer
associated with low calcium intakes and the presence of a vitamin D receptor start codon
polymorphism.425 Similarly, individuals in the highest tertile of dietary calcium intake
suppressed the expression of increased risk for colorectal adenoma associated with low
calcium intakes and heterozygosity in the vitamin D receptor Bsml b allele, *26

The results of other observational studies 85427434 support the conclusion that daily
calcium intakes equal or exceeding the skeletal requirement are chemopreventive, even
though those investigators failed to report a statistically significant association between
dietary calcium intake and risk for colorectal cancer. Because the study populations in
these repo1‘ts385’427'434 were largely calcium deficient (some severely so), the results of
these studies>>>**"** confirm that daily dietary calcium intakes less than current
Tnstitute of Medicine recommendations™ deprive individuals of calcium’s
chemopreventive properties.
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For example, in the 12-year Physicians’ Health Study, a prospective observational study
of 14,916 male physicians, the incidence of colorectal cancer was independent of calcium
intake; however, none of these presumably well-informed professionals consumed more

than 918 mg of calcium daily.427 In another 12-year prospective observational study of
89,448 men, no relationship was observed between the incidence of colorectal cancer and
calcium intake; however, less than 15% of these men consumed at least 1200 mg of

calcium daily.428 During 3.3 years of observation in a prospective observational study of
120,852 men and women aged 55 to 69 years at the beginning of the study (the
Netherlands Cohort Study), the risk for colorectal cancer was not affected by calcium
intake; however, fewer than 10% of study participants consumed at least 1200 mg of

calcium daily.429 In an 11-year prospective observational study of 50,535 men and
women aged 20 to 54 years at the beginning of the study, the risk for colon cancer (after
mathematical adjustments intended to account for differences in dietary energy intake)
was not significantly affected by dietary calcium intake; however, fewer than 10% of the

study participants consumed at least 1200 mg of dietary calcium daily. 430

The results of other observational studies confirm that chronic dietary calcium deficiency
is endemic in the study populations of most observational studies that have failed to
observe a statistically significant chemopreventive effect of dietary calcium on risk for
colorectal cancer. For example, 28 years after the beginning of a prospective
observational study, the risk for colorectal cancer was found to be mdependent of calcium

intake; however, about 80% of the subjects were chronically calcium deficient.®
Similarly, in a 4-year prospective observational study of patients with a history of
polypectomy for colonic adenomatous polyps, the risk for new carcinomas for patients
whose energy-adjusted daily calcium intake was greater than 1044 mg was not different
from the risk for patients whose energy-adjusted daily calcium intake was less than 61 0

mg; however, more than 80% of these patients were chronically calcium deficient.®

Yet again, 22 years after the beginning of a prospective observational study, the risk for
colorectal cancer was found to be independent of calcium intake in men; however, about
98% of the subjects were chronically calcium deficient and only about 16% consumed

over 800 mg of calcium daily.433 In the Nurses’ Health Study, a prospective
observational study of 88,751 women, the risk for colorectal cancer was found to be
independent of calcium mtake, however, more than 90% of these women were

chronically calcium deficient.® ma prospective observational study of 60,866 men and
66,883 women (the Cancer Prevention Study II Nutrition Cohort), neither the risk for
colorectal cancer for individuals consuming more than 988 mg of calcium from food
sources daily compared to individuals consuming less than 504 mg of calcium from food
sources daily nor the risk for colorectal cancer for individuals consuming more than 1255
mg of calcium from all sources daily compared to individuals consuming less than 561
mg of calcium from all sources daily were significantly affected by calcium intake;
however, only 40% of these subjects consumed more than 925 mg of calcium daily and

only 20% consumed more than 1255 mg of calcium daily. 385

In contrast, in a single 24-year prospective observational study of 9959 men and women
15 years and older and cancer-free at the beginning of the study, the risk for colon cancer
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was not related to the intakes of milk, milk products or calcium, with about 2/3 of these
subjects consuming at least 1200 mg/day of calcium.*”

In a subanalysis of the o—Tocopherol f—Carotene Cancer (ATBC) Prevention Study,
calcium intake was not related to the incidence of colorectal cancer; however, an estimate
of the percentage of study subjects consuming at least 1200 mg of calcium daily could
not be determined from the data present:ed.436

Retrospective observational case-control studies provide additional support for the
conclusion that dietary calcium adequacy is required in order to reduce colorectal cancer
risk 407437446 goy example, in a 17-year retrospective observational case-control study,
dietary calcium intake had no effect on the incidence of colon cancer; however, more
than 95% of these subjects were chronically calcium deficient during this time.®” a
case-control study of men and women aged 30 to 74 years, the risks for adenomatous or
hyperplastic polyps were found to be independent of dietary calcium 1ntake however,
only about 25% of subjects consumed at least 1200 mg of calcium daﬂy ® In another
case-control study, the risk for colon cancer and the risk for rectal cancer both were
independent of dietary calcium intake; however, fewer than 20% of these subjects
consumed at least 1200 mg of calcium daily. 2 yet another case-control study, the
multivariate-adjusted risk for colorectal cancer was independent of dietary calcmm
intake; however, virtually all of these subjects were chronically calcium deficient.*® ma
case-control study, the multivariate-adjusted risk for colorectal cancer was independent
of dietary calcium intake; however, only about 25% of these subjects consumed over
1200 mg of calcium daily.441 In one case-control study of men and women, the risk for
colorectal cancer was independent of dietary calcium intake; however, only 25% of the
men in this study consumed at least 1200 mg of calcium daily and only 25% of the
women in this study consumed at least 1100 mg of calcium daily. *2 1 a similar case-
control study, the risk for colorectal adenomatous polyps was not affected by daily
calcium intake; however, only about 20% to 25% of subjects consumed at least 1200 mg
of calcium daily. 443 Likewise, the risk for colon cancer of African American men and
women was independent of dietary calcium intake; however, only about 10% of these
subjects consumed at least 1200 mg of calcium daily. 407 Similarly, in several other case-
control studies of chronically calcium deficient men and women, the multivariate-
adjusted odds for the development of colorectal adenomas or cancer were not affected by
. . 444-446
dietary calcium intake.

In six other retrospective case-control studies of men and women, the risk for colorectal
cancer was independent of dietary calcium intake; however, an estimate of the percentage
of study subjects consuming at least 1200 mg of calcium daily could not be determined
from the data prese:nted.“‘”'452 In another case-control study, any dietary
supplementation with calcium had no effect on the prevalence of first or recurrent
adenomas, although an estimate of the percentage of study subjects consummg at least

1200 mg of calcium daily could not be determined from the data presented
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However, it should be noted that in six retrospective observational studies, in which
about 50% of the subjects consumed more than 1200 mg of calcium daily, the incidence
of colorectal cancer was independent of calcium intake (usually because the 95%
confidence interval for the odds ratio or relative risk ratio was large enough to include the

value 1.0).454~459 In addition, in a retrospective case-control study, voluntary
consumption of calcium-containing dietary supplements appeared to have no effect on
risk for colorectal adenoma, although a comparison of subjects consuming and not

consuming such supplements was not made.*6 Furthermore, in a 3-year randomized
placebo-controlled clinical trial, patients with a history of previously-removed colorectal
adenomas receiving dietary supplementation with calcium (2000 mg daily) did not
exhibit a significantly lower risk for colorectal cancer than was exhibited by similar

patients whose diets were supplemented with placebo

It also should be noted that, as colon cells progress from normal to adenomatous to
carcinomatous cells, the importance of continuation of the initiating stimuli becomes
negligible, as does the impact of calcium ions; adenomatous and carcinomatous

colorectal cells lose “responsiveness” to the effects of calcium ions. 150-152154 The
chemopreventive effects of calcium supplementation may not be universal and may affect
only the prevention of early transformation or hyperproliferation and may not affect the

growth of existing tumors. 151,152,155 Therefore, dietary supplementation with calcium is
most likely to be beneficial in the prevention of colorectal cancer if supplementation

151,162,155
occurs before hyperproliferation appears or progresses to neoplasia.
Consequently, supplemental calcium may be ineffective in chemoprevention in
individuals in whom carcinogenesis may have commenced, potentially confounding the
results of studies that may fail to observe a chemopreventive effect of dietary
supplementation with calcium or of 1ntakcs of calcium equal to or exceeding the current

Institute of Medicine recommendations® in broadly-defined study populations.

The interaction between physical activity and risk for colorectal cancer increases the
impact of the findings of epidemiologic studies that reported a significant preventive or
protective effect of calcium intakes equal to or exceeding the current Institute of
Medicine recommendations. It has been reported that a low level of physical activity
interferes with the chemopreventive actions of calcium intakes equal to or exceeding the

current Institute of Medicine recommendations® in reducing the risk for colorectal
cancer.*6463 Therefore, the findings of epidemiologic studies of largely-sedentary

populations that reported a significant preventive or protective effect of calcium intakes

equal to or exceeding the current Institute of Medicine recommendations, »in spite of
generally low levels of activity, are of increased 1mportance while those that did not
report such an effect may be confounded by lack of exercise and may therefore be
irrelevant.

Investigators performing a quantitative meta-analysis of 24 epidemiologic studies
published prior to 1996, comparing individuals consuming the highest quantile of
calcium intake to those consuming the lowest and ignoring different definitions of “high”
and “low” calcium intake, concluded that the risk for colorectal carcinoma was
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significantly reduced by hlgh daily intakes of dietary calcium (weighted pooled RR:

0.86; 95% CI: 0.74, 0. 98) Investlgators performing a review of studies published
prior to 1991 concluded that “increases in the daily intake of calcium in the diet may
provide a means of colorectal cancer control. ~A65 Investigators performmg areview of
studies published prior to 1996 concluded that “a number of epidemiologic studies
support the protectwe effect of calcium.”*% Investigators performing a review of studies

published prior to 1999 concluded that the routine daily consumption of 1000 mg of
calcium per 1000 kcal of dietary energy could prevent “most cases of colon cancer.’
Investigators performing reviews of studies published prior to 1998 demonstrated that
reduction in the risk for colorectal cancer generally requires daily calcium intakes of at
least 800 mg. 48 The authors of a systematic review published in 2002 concluded that
“Calcium supplementation reduces the risk of recurrent colorectal adenomas.”" Other
reviewers have concluded that “There is modest epidemiologic evidence for an inverse
relationship between dietary calcium intake and risk for colorectal adenomas and
carcinomas.”® In their 2001 Consensus Opinion, the North American Menopause
Society stated: “High calcium intake provides some chemoprotective properties against
colorectal cancer.”*"!

5,467

III. Breast Cancer

It was estimated that about 205,000 new cases of invasive breast cancer were diagnosed
during 2002 in the Us.? Over 99% of these cases occurred in women and about 20%

will lead to premature death.>® About 20% of these cases were diagnosed as ductal
carcinoma in situ (DCIS), characterized by the proliferation of malignant mammary
ductal epithelial cells within the confines of the basement membrane without evidence of

invasion;472 however, 5% to 10% of cases of DCIS are characterized by microinvasion of
the ductal basement membrane.*> Breast cancer ranks second (to lung cancer) among

. 3 . . . .
cancer deaths in women.>! The 5-year relative survival rate for localized breast cancer is

96%, for regionally invasive breast cancer, 78%, and for metastatic breast cancer,
21%. 21473 Lifetime risk for breast cancer in women is 12.5% and increases with age,
estrogen use, the appearance of atypical hyperplasia, increased breast density, earlier age
of menarche, later age of menopause, obesity after menopause, alcohol use, radiation

exposure, never having had children and a positive family history of breast
disorders. 74476 Risk may be decreased by physical activity and maintenance of
appropriate body wei ght.31

The pathogenesis of breast cancer is multifactorial and only incompletely understood.*””
However, contmued biosynthesis of polyamines is required for cellular proliferation in

the breast.*’® In particular, polyamines stimulate the proliferation of hormone-
independent human breast cancer cells*”**®! and increase the sensitivity of estrogen-

sensitive breast tissue to estrogens. 482,483 truman breast cancer tissue has been found to
contain significantly greater activity of ornithine decarboxylase (ODC), the rate-limiting
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enzyme in polyamine synthesis,m4 coincident with significantly greater concentrations of
1)()lya.1nirles.484'489 Overexpression of ODC is associated with increased malignant
potential of human mammary epithelial cells,‘wo’491 progression of hormone-dependent
human breast cancer to less differentiated, more metastatic and hormone-independent

breast cancc:r,479"m’493 and significantly reduced survivability of human breast
cancer.*8%** 1 contrast, inhibition of ODC has significantly reduced the rate of

proliferation of both hormone-dependent and hormone-independent human and rodent
breast cancer cells and the metastatic invasiveness of such cells in vitro and in vivo 494500
Dietary supplementation with calcium has significantly decreased ODC activity in the
rectal epithelial mucosa of humans,"’68 suggesting that calcium-induced inhibition of
ODC-sensitive characteristics of epithelial cells also will be chemopreventive and
chemoprotective in the breast. Consistent with this conclusion, although ODC activities
were not measured, rats supplemented with dietary calcium exhibited significantly
incres%ﬁed resistance to the breast cancer-promoting effects of a high-fat, low-calcium
diet.

A. Dietary Calcium and Breast Cancer

Evidence obtained from two large prospective epidemiologic studies supports the
conclusion that adequate daily intakes of calcium may be chemopreventive against
human breast cancer.>’2>* In the Nurses’ Health Study cohort of 88,691 women (of
whom only about 15% consumed the current Institute of Medicine recommendations for

calciung), the relative risk for breast cancer was found to be significantly decreased by
intakes of calcium from dairy products in excess of 800 mg daily in premenopausal

women (RR: 0.69; 95% CI. 0.48, 0.98).502 There was an approximate 5% decrease in
the risk for breast cancer for every 100 mg of calcium consumed as dairy products in
excess of 200 mg daily.502 In a 25-year prospective observational study of 4697 initially
cancer-free women aged 15 years and older, the incidence of breast cancer was
significantly reduced (by about half) by greater daily calcium intakes (RR for breast
cancer, highest tertile of calcium intake compared to the lowest: 0.44; 95% CL
0.24,0.80).503 In addition, the results of one retrospective case-control study indicated
that the multivariate-adjusted odds for breast cancer were significantly reduced by daily

calcium intakes greater than 871 mg,gﬂ4 while the results of another indicated that the
multivariate-adjusted odds for breast cancer were significantly reduced (by about 80%) in
postmenopausal women who consumed the highest quartile of calcium daily (compared

to women who consumed the lowest quartile of calcium daily).” Investigators
conducting a retrospective case-control study in Shanghai, China, reported that although
calcium intakes from milk, seafood, fruits or vegetables were not associated with risk for
breast cancer, daily calcium intake from poultry sources was significantly inversely
proportional to risk for breast cancer (OR, highest quintile of calcium intake from poultry
foods compared to lowest quintile of calcium intake from poultry foods: 0.71; 95% CI:
0.55, 0.93).5%
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Although three retrospective case-control studies have reported that the incidence of

......

breast cancer was maepenaent o1 total aauy calcium intake in their parucmar smay

474,507,508
populations, there is no evidence that risk is increased by routine consumption
of recommended amounts of calcium.

IV. Prostate Cancer

Prostate cancer is the second leading cause of cancer in males in the US. 5% Apout
189,000 new cases of prostate cancer were diagnosed i 1n the US in 2002, while over

30,000 men in the US died from this disease that year ! The probabﬂlty of a man in the
US developing prostate cancer during his lifetime is 16. 67%.3! When all stages of
prostate cancer are combined, the 5-year relative surv1va1 rate is 96%, relative 10-year
survival is 75% and relative 15-year survival is 54931

Prostate cancer results from the proliferation of epithelial cells located predominantly in
the peripheral zone of the prostate gland.509 Carcinogenesis in the prostate occurs in a
multistage process involving progression through a variety of pathways from a low-
grade, small latent carcinoma to higher-grade metastatic disease.”  Because
carcinogenesis in the prostate resembles carcinogenesis in other calcium-responsive
epithelial tissues (such as colorectal and breast), and because rats consuming
supplemental dietary calcium have exhibited significantly mcreased resistance to the
prostate cancer-promoting effects of a high-fat, low-calcium d1et Litis likely that
adequate dietary calcium intake may reduce the risk for prostate cancer in men as well as
reducing the risks for breast cancer in women and colorectal cancer in men and women.

A. Dietary Calcium and Prostate Cancer

The conclusion that adequate dietary calcium intake may reduce the risk for prostate
cancer in men is supported by the results of a retrospective case-control epidemiologic
study, in which the risk for histologically confirmed prostate cancer was found to be
significantly decreased (by about 2/3) in men who consumed the most calcium on a
routine daily basis (adjusted OR for prostate cancer, highest tertile of daily calcium intake
compared to the lowest: 0.37; 95% CI: 0.14, 0.99). si This finding is of special interest

because all of the men in the highest tertile of daily calcium intake consumed over 1200
mg of calcium daily.

In contrast, in a male subset (46 to 92 years old) of the case-control retrospective

observational Baltimore Longitudinal Study of Aging, the energy-adjusted risk for
prostate cancer was mdependent of calcium intake.” ~ Several other prespectlve513 A14
and retrospec‘uveﬂs'~ observational studies have found the risk for prostate cancer to be
independent of calcium intake. Similarly, in a 20-year observation of men who were free
of prostate cancer when the study began (the Framingham Study), the incidence of

prostate cancer was not associated with the bone density of the second metacarpal bone
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(suggested by these investigators to be a surrogate marker of long-term calcium
nutriture).5 !

The results of two prospective observational studies have been mistakenly interpreted as

providing evidence that dietary calcium paradoxically increases risk for prostate
cancer.” 2> In the Physicians® Health Study, 20,885 men observed for 11 years

demonstrated that, compared to men habitually consuming diets that were virtuaily
devoid of calcium and dairy fats, men consuming moderately calcium-deficient diets and
for whom calcium and dairy fat intakes were closely linked experienced a significantly
increased incidence of prostate ca.nce:r,522 confirming the cancer-promoting properties of

dairy-type fats. 50 Similarly, the findings of a retrospective case-control observational
study have confirmed that when calcium and dairy product intakes are correlated with a
correlation coefficient (r) of 0.90, both will appear to increase risk for prostate
cancer.”2***> In the Health Professionals Follow-Up Study, in which 51,529 men were
observed for about 8 years, excessive calcium intakes (over 2000 mg daily) were
associated with significantly greater risks for advanced and metastatlc prostate cancer
than was chronic calcium deﬁmency (daily intake less than 500 mg) However risks
were not increased in men consuming 500 to 1999 mg of total calcium daily, men
consuming over 1000 mg of calcium daily from foods without supplementation or men
consuming up to 1000 mg of calcium daily from foods plus over 900 mg of calcium daily
from dietary supplements, confirming the safety of the current Institute of Medicine
recommendations for calcium intakes.2

V. Bioavailability of Calcium from the Diet and from Dietary
Supplements

Calcium absorption efficiency is fairly similar for most foods, including milk, dairy

products and grains.29 However, the efficiency of calcium absorption is reduced when
the food sources include spinach, sweet potatoes, rhubarb, beans, unleavened bread,

seeds, nuts, or soy isolates. ?® The fractional absorption of calcium from dietary

supplements typically ranges from 25% to 35% (similar to range for calcium in milk). »
In particular, men and women absorb calcium from calcium citrate and calcium carbonate

with equivalent efficiency. 526,527 However, clinical achlorhydria may impair absorption
of calcium from calcium carbonate while enhancing the absorption of calcium from

] . 2
calcium mtrate.s 8

VI.  Amounts of Supplemental Dietary Calcium that Are Effective in
Reducing the Risks of Colorectal Cancer, Breast Cancer and Prostate
Cancer

The reliable and credible scientific literature indicates thé.t daily dietary supplementation
with calcium-containing compounds in amounts that provide sufficient elemental calcium

o et s . it ety 24 et ey g e et € RO
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to allow individuals to achieve daily total calcium intakes consistent with current Institute
of Medicine recommendations for gender, age and reproductive status are effective in
reducing the risks of colorectal cancer, breast cancer and prostate cancer.

Current recommended daily calcium intakes are 800 mg (4 through 8 years old), 1300 mg
(9 through 18 years old), 1000 mg (19 through 50 years old) and 1200 mg (over 50 years
old). ® These intakes were chosen in order to ensure maximal skeletal development and
duration.”® Importantly, it appears that certain health benefits (particularly the

chemopreventive property of dietary calcium) occur only at intakes at least equal to the
skeletal requirement.

Unfortunately, daily calcium consumptlon meets or exceeds these amounts in only a

small fraction of the populatlon ® For example, only half of children 4 to 8 years old
consume at least 800 mg of calcium daily; less than 25% of boys 9 to 13 years old
consume at least 1300 mg of calcium daily; less than 50% of boys 14 to 18 years old
consume at least 1300 mg of calcium daily; only about 5% of adolescent girls consume at
least 1300 mg of calcium daily; less than 50% of adult men and only about 10% of adult
women consume at least 1000 mg of calcium daily; and less than 10% of the population
over 50 years old consumes at least 1200 mg of calcium dally Recogmzmg the
limitations of any recommendations that rely solely on the implementation of changes in
life-long eating and dietary habits, the Institute of Medicine has suggested that “some
seemingly healthy individuals may require higher calcium intakes™ and that for
individuals at risk for dietary calcium intakes below recommendations, “use of calcium
2530
supplements may be desirable in order to meet [recommendations].

VII. Safety of Dietary Supplementation with Calcium in Amounts that Are
Effective in Reducing the Risks of Colorectal Cancer, Breast Cancer
and Prostate Cancer

The US Food and Drug Administration has published its finding that the following
calcium-containing compounds are “safe”: calcium carbonate, calcium citrate, calcium
glycerophosphate, calcium oxide, calcium pantothenate, calcium phosphate, calcium

pyrophosphate, calcium chloride, calcium lactate and calcium sulfate. 331,532

The Tolerable Upper Limit of Intake (“the maximal level of nutrient intake that is
unlikely to pose risks of adverse health effects to almost individuals in the target
group”szg) for calcium has been set at 2500 mg daily for males and females over 1 year
of age, 2 providing an ample margin of safety for individuals choosing to improve their
health by supplementing their diets with calcium. This limit is not set lower during
pregnancy or lactation and compares favorably with estimates of daily calcium
consumption by modern hunter—gatherers 3 The Food and Nutrition Board of the
Institute of Medicine has stated that “for the majority of the general population, intakes of
calcium from food substantially above the UL are probably safe.” 29
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No adverse events have occurred when adults with chronic renal failure and receiving
hemodialysis have consumed up to 8000 mg of calcium carbonate (providing up to 3200
mg of elemental calcium) daily for up to 48 months™>">* or when adults with chronic
renal failure and not yet receiving hemodialysis have consumed up to 3000 mg of
calcium carbonate (providing up to 1200 mg of elemental calcium) daily for 6 months.
In these patients, daily dietary supplementation with calcium produced significant
improvements in the clinical hyperphosphatemia caused by chronic renal failure, 333535
In addition, both dialyzced534 and nondialyzed patient5535 experienced attenuation of
disease-induced secondary hyperparathyroidism and bone resorption. Similarly, adults
with chronic renal failure and receiving hemodialysis have consumed an unspecified
amount of calcium as calcium acetate for 8 weeks with significant improvements in
clinical hyperphosphatemia.536 Boys and girls aged 1 month to 16 years with chronic
renal failure and undergoing hemodialysis regularly and consuming 10 to 340 mg of
calcium carbonate per kg body weight daily (providing 4 to 136 mg of elemental calcium
per kg body weight daily, equivalent to a daily intake of 400 to 13,600 mg of elemental
calcium by a 100-kg adult) also have exhibited significantly attenuated

hyperphosphatemia and secondary hyperparathyroidism without any adverse reactions.

535

537

Increased risk for the development of symptomatic “milk alkali syndrome” (renal
impairment, hypercalcemia, alkalosis) may accompany daily intakes of over 4,000 mg of
elemental calcium, particularly if accompanied by equivalently large amounts (over 6,000
mg) of carbonate.>" However, 4 days of daily supplementation with up to 5200 mg of
elemental calcium and up to 7800 mg of carbonate was without adverse effect in young
adult men and women™ " and 4 months of daily supplementation with 3240 mg of
carbonate has been without adverse effect in healthy premenopausal women.>*?
Individuals with uremia, hypothyroidism, adrenocortical insufficiency or PTH-secreting
tumors may develop clinically relevant hypercalcemia after routine chronic daily

. . 541
consumption of 4,000 mg or more of elemental calcium.

One investigator calculated a Lowest Observed Adverse Effect Level (LOAEL) for
calcium for individuals with a history of nephrolithiasis of 1685 mg daily, an amount
more than current Institute of Medicine recommendations.>* The US Food and Drug
Administration has concluded that daily intakes of elemental calcium up to at least 1800

mg pose no increased risk for kidney stones among the general population.532

A characteristic shared by all of the studies cited in this document is the absolute lack of
any reports of any clinically-significant adverse reactions that could be attributed to
dietary calcium. As noted by the North American Menopause Society in their 2001
Consensus Opinion, “The side effect profile from recommended levels of calcium intake
is insignificant. No calcium intervention trials have reported any serious side effect

associated with these levels.”‘w1
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VIII. Additional Literature regarding Relationships between Dietary
Supplementation with Calcium and Reduction of the Risks of
Colorectal Cancer, Breast Cancer and Prostate Cancer

This literature review is by necessity brief and targeted to the requirements of the US
Food and Drug Administration as concerns a balanced presentation of the published peer-
reviewed scientific evidence relevant to the proposed health claims. However, it should
be noted that the scientific literature upon which this review relies represents only a small
fraction of the total available scientific literature base that may be relevant to the
relationships between dietary supplementation with calcium and cancer. Literature
searches performed on August 26, 2003, on the following topics obtained these numbers
of citations:

Calcium and Cancer (17427 citations)
Calcium and Colon Cancer (351 citations)
Calcium and Colorectal Cancer (245 citations)
Calcium and Intestinal Cancer (4 citations)
Calcium and Breast Cancer (653 citations)
Calcium and Prostate Cancer (637 citations)
Calcium and Safety (1511 citations)

While there is some (undetermined) degree of repetition in the citations identified by
these somewhat related searches, clearly there are at least 18000 unique citations that
could be construed to be in some way relevant to this review. After examination of the
20828 citations listed above, 542 were found to be germane to the proposed health
claims.

5 e st ot
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Conclusions

e The amount of ingested calcium that is absorbed increases with increasing daily
dietary calcium intake.

o Daily dietary calcium intake of at least 1200 mg of elemental calcium is required
in order to maximize the retention of absorbed calcium.

e The amount of dietary calcium required daily in order to maximize calcium
retention is approximated by the current Institute of Medicine intake
recommendations for this nutrient.

PR SRR U .. PR R (. P
e Maximization of calcium 1

cancer.

e Maximization of calcium retention is associated with reduced risk of rectal
cancer.

¢ Maximization of calcium retention is associated with reduced risk of colorectal
cancer.

¢ Maintenance of the normal healthy colorectal ep1thehum 1s dependent upon the
ability of colonocytes to sustain elevated intracellular Ca®" concentrations.

e The ability of colonocytes to sustain elevated intracellular Ca?" concentratlons
reflects, at least in part, the local availability of sufficient amounts of Ca*" ions.

e Colorectal carcinogenesis results from failure to maintain the normal healthy
colorectal epithelium.

¢ The local availability of sufficient amounts of Ca®" jons may inhibit or prevent
colorectal carcinogenesis.

o Hyperproliferation of the colorectal mucosa presages colorectal cancer.

o Hyperproliferation of the colorectal mucosa produces expansion of its
proliferative compartment and results in the formation of foci of aberrant crypt
morphology (“aberrant crypt foci”).

o The presence of aberrant crypt foci presages colorectal cancer.

e Attenuation of hyperproliferation of the colorectal mucosa reduces the risk for the
development of aberrant crypt foci within the mucosa.
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Attenuation of hyperproliferation of the colorectal mucosa reduces the risk for the
development of colorectal cancer.

Locally available Ca®" ions are most effective in the prevention of the early
hyperproliferative phase of colorectal carcinogenesis.

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient normalize the rate of colorectal mucosal
epithelial proliferation.

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient reduce the risk for and may prevent
hyperproliferation of the colorectal mucosa.

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient reduce the risk for and may prevent the
formation of aberrant crypt foci.

Secondary bile acids stimulate hyperproliferation of the colorectal mucosa and are
endogenous colorectal carcinogens.

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient decrease the exposure of the human colorectal
epithelium to secondary bile acids.

Risk for colorectal cancer is proportional to the cytotoxicity of fecal water.

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient decrease the cytotoxicity of human fecal water.

Fxtensive research in animals demonstrates the antineoplastic effect of calcium in
colorectal tissues.

Dietary supplementation with calcium is an effective chemopreventor in animal
models of chemically-induced colorectal cancer.

Dietary supplementation with calcium is an effective chemopreventor of
chemically-induced colorectal cancer in humans.

The risk for colorectal cancer is inversely correlated with daily dietary calcium
intake. |

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient reduce the risk for colon cancer.
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Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient reduce the risk for rectal cancer

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient reduce the risk for colorectal cancer.

The pathogenesis of breast cancer requires continued biosynthesis of polyamines

within breast tissue.

Calcium inhibits the biosynthesis of polyamines.

Risk for breast cancer is inversely proportional to daily dietary calcium intake.

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient reduce the risk for breast cancer.

Carcinogenesis in the prostate gland is inhibited by adequate intake of dietary
calcium.

Daily intakes of calcium that satisfy the current Institute of Medicine intake
recommendations for this nutrient reduce the risk for prostate cancer.

~ Routine chronic consumption of dietary and supplemental calcium in amounts

consistent with the current Institute of Medicine recommendations for this
nutrient is safe.
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Summary Conclusions

In conclusion, I find that there is significant scientific agreement in support of the
following health claims:

e Calcium may reduce the risk of colorectal cancer.

¢ (Calcium may reduce the risk of colon cancer.

¢ Calcium may reduce the risk of rectal cancer.

e Calcium may reduce the risk of breast cancer.

e Calcium may reduce the risk of prostate cancer.

¢ Calcium may have anticarcinogenic effects in the colon, breast, and prostate.

e Calcium may reduce the risk of recurrent colon polyps.

/s/ Michael J. Glade'

Michael J. Glade, Ph.D., FA.CN,, C.N.S.
(a copy of my CV is attached)

! The original signature page is on file with Emord & Associates, P.C., counsel to Marine Bio Inc. Dr.
Glade requested that it not be submitted to FDA to avoid having it posted on the internet and available for
nefarious use.
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Complete Nutrition Expertise May 1998 to present

8612 Kedvale Avenue
Skokie IL 60076

¢ technical support e scientific product support
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e seminars and symposia » research protocol evaluation

e publications e research design/implementation
e labeling e data analysis and interpretation
e regulatory affairs e product formulation

Product formulation and development projects have emphasized the rational
combination of select vitamins, minerals, herbs, and phytonutrients and phytomedicines
into formulas for individuals who are attempting to quit smoking or who are afflicted with
alcoholism, caffeine dependency, colorectal cancer, breast cancer, cardiovascular
disease, osteoporosis, arthritis or celiac disease. These projects have included the
assembly of scientific substantiation for both product ingredients and product labeling.

Consulting Clinical Nutritionist September 1999 to present
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Past consulting projects:

Identification and substantiation of structure/function statements for dietary supplements
containing ginseng (prepared for a commercial client).

Substantiation of new heaith claims for dietary supplements containing folic acid
(prepared for a petition submitted to the FDA). ’

Substantiation of new health claims for dietary supplements containing antioxidant
vitamins (prepared for petitions submitted to the FDA).

Substantiation of new health claims for dietary supplements containing selenium
(prepared for petitions submitted to the FDA).

Substantiation of new health claims for dietary supplements containing antioxidant
vitamins (prepared for petitions submitted to the FDA).

Substantiation of new health claims for dietary supplements containing selenium
(prepared for petitions submitted to the FDA).

Substantiation of new health claims for dietary supplements containing
phosphatidylserine (prepared for petitions submitted to the FDA).

Substantiation of new health claims for dietary supplements containing glucosamine
(prepared for petitions submitted to the FDA).

Substantiation of new health claims for dietary supplements containing chondroitin
sulfate (prepared for petitions submitted to the FDA).

Design of human trials to demonstrate the safety of a new dietary ingredient (prepared
for a commercial client).

Preparation of the scientific background for petitions to FDA requesting approval to
import new dietary ingredients (prepared for commercial clients).

Comparison of scientific manuscripts in several copyright infringement cases.

Substantiation of structure/function statements made for several dietary supplements
(prepared for commercial clients).

Data analysis for the development of normal reference intervals for a series of new
diagnostic tests.

Scientific substantiation and validation of a survey instrument for the assessment of
overall health.

Scientific substantiation of a dietary supplement formulation for the support of cognitive
functions (prepared for a commercial client).
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Evaluation of the safety and effectiveness of a dietary supplement formulation for the
chelation of heavy metals (prepared for a commercial client).

Evaluation of the safety and effectiveness of a dietary supplement formulation for
enlargement of the human female breast (prepared for a commercial client).

Evaluation of the safety and effectiveness of dietary supplement formulations for
enhancement of weight loss (prepared for commercial clients).

Evaluation of the safety and effectiveness of dietary supplement formulations for
enhancement of sexual function (prepared for a commercial client).

Evaluation of the safety and effectiveness of dietary supplement formulations for
enhancement of immune function (prepared for a commercial client).

Evaluation of the safety and effectiveness of dietary supplement formulations for
enhancement of sleep (prepared for a commercial client).

Evaluation of the safety and effectiveness of a dietary supplement formulation for
reduction of serum total cholesterol concentration (prepared for a commercial client).

Consultations with the Deputy Commissioner of the Food and Drug Administration
concerning the scientific substantiation of proposed health claims for dietary
supplements.
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Presentations since May 1998:

Herbal management of diabetes. Natural Pharmacy East, Arlington, VA, October 1998.

Nutritional support for breaking nicotine addiction. International College for
Advancement of Longevity Medicine Fall Symposium, Reno, NV, October, 1998.

Nutritional support for breaking nicotine addiction. Sixth International Congress of the
American Academy of Anti-Aging Medicine, Las Vegas, NV, December, 1998.

Nutritional support for breaking nicotine addiction: A randomized, double-blind, placebo-
controlled evaluation of a proprietary dietary supplement. American College of Nutrition
Annual Symposium, Washington, DC, October, 1999

Efficacy of an enzyme product derived from AspergilIuLs niger and bromelain
(AbsorbAid™) in improving protein absorption in nursing home patients on tube feeding.
American College of Nutrition Annual Symposium, Las Vegas, NV, October, 2000.

Preventing cancer with nutrition. Prevention Plus, Oak Park, IL, October, 2000.

Celiac disease. Healthy Eating Seminar Series, Lake County Chapter, Celiac-Sprue
Association, Waukegan, IL, October, 2000.

Gluten sensitivity and other digestive disorders. Healthy Eating Seminar Series, Lake
County Chapter, Celiac-Sprue Association, Deerfield, IL, January, 2001.

Digestive disease; celiac disease; digestive ecology, using diagnostic technology to
target trace elements and vitamin therapy. American Naprapathic Association,
Countryside, IL, April 22, 2001.

Biomarkers of aging. Chicagoland Anti-Aging Conference, Wilmette, IL, May 19, 2001.

Restoration of digestive ecology. Designs for Health ~ Advanced Training in Clinical
Nutrition, Designs for Health Institute, Boulder, CO, June 30, 2001.

The relationship between digestive tract function and autism. In-service training, Pfeiffer
Foundation, Naperville, IL, July 2001.

Nutrition and brain function. Amer, Naprapathic Assoc., Countryside, IL, April 7,2002.

Fundamentals of Human Nutrition. Two-day Review Course in preparation for the
certifying examination of the Certification Board for Nutrition Specialists. American
College for the Advancement of Medicine, Ft. Lauderdale, FL, May 15-16, 2002.

Fundamentals of Human Nutrition. Two-day Review Course in preparation for the
certifying examination of the Certification Board for Nutrition Specialists. American
College of Nutrition, San Antonio, TX, October 2-3, 2002.

Fundamentals of Human Nutrition. Two-day Review Course in preparation for the
certifying examination of the Certification Board for Nutrition Specialists. American
College of Nutrition, New York, NY. April 5-6, 2003.

Fundamentals of Nutrition. Two-day Review Course in preparation for the certifying
examination of the Certification Board for Nutrition Specialists. American College of
Nutrition, Miami, FL, April 23-24, 2003.
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Upcoming Presentations:

Fundamentals of Human Nutrition. Two-day Review Course in preparation for the
certifying examination of the Certification Board for Nutrition Specialists. American
College of Nutrition, New York, NY. April 5-6, 2003.

Teaching Lecture Topics since May 1998:

Environmental medicine and detoxification therapy.

Carbohydrate nutrition and nutritional therapy.

Protein nutrition and nutritional therapy.

Nutritional and herbal management of diabetes.

Nutritional therapeutics in cancer.

Nutrition and cancer prevention for consumers.

Celiac disease and its prevention and treatment.

Free radical and antioxidant biology.

Biostatistics for nutritionists (I designed and am teaching this course both in-class and
over the internet)
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ECRI

5200 Butler Pike, Plymouth Meeting, PA 19462 August 1997 to May 1998

SENIOR RESEARCH ANALYST
Technology Assessment

Evaluation of medical, nutritional, and technological therapies and diagnostic techniques for
human endocrine, metabolic, musculoskeletal, and nutritional diseases.

Quality Assurance Manager, National Guidelines Clearinghouse (with AHCPR)
Participant in database design, National Guidelines Clearinghouse (with AHCPR)
Statistical expert, diagnostic technologies and meta-analysis

Provide in-house expertise to ECRI Management on food, device, drug, agriculture and
nutrition-related health, policy, legal, and regulatory matters.

SUPERVISOR: Charles Turkelson, Ph.D.
Chief Research Analyst

Technology Assessment
ECRI
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AMERICAN MEDICAL ASSOCIATION

515 N. State St. Chicago, IL 60610 1993 to 1997

SENIOR SCIENTIST, Technology Assessment & Nutrition
Department of Technology Assessment

Evaluation of medical, nutritional, and technological therapies and diagnostic techniques for
human endocrine, metabolic, musculoskeletal, and nutritional diseases.

Development of Technology Assessments for the AMA Diagnostic and Therapeutic Technology
Assessment (DATTA) project:

Diagnostic Value of Plasma Lp(a) Concentrations

Diagnostic Value of Plasma Apolipoproteins

Diagnostic Value of Serum Thyroid-Stimulating Hormone (TSH)

Diagnostic Value of Computerized Dynamic Posturogréphy

Diagnostic Value of 24-hour Esophageal pH Monitoring

Therapeutic Value of Peripheral Parenteral Nutrition

Therapeutic Value of Intraoperative Radiotherapy

Therapeutic Value of Speech Therapy in Otitis Media

Therapeutic Value of Recombinant Human Growth Hormone (rhGH) in Children with
Short Stature

Therapeutic Value of Mononuclear Leukocyte ("Buffy Coat") Infusions in Chronic
Myelocytic Leukemia

Therapeutic Value of Medicinal Leeches '
Therapeutic Value of Pedicle Screw Spinal Fixation Systems

Therapeutic Value of Recombinant Human Growth Hormone (rhGH) in Children with
Gonadal Dysgenesis

Related Duties:

Statistician; perform statistical analyses for all physician surveys administered by the DATTA
project.

Co-Editor of the monthly AMA newsletter, Technology News.

Provide in-house expertise to AMA Senior Management on food, device, drug, agriculture and
nutrition-related health, policy, legal, and regulatory matters.

Secretary, AMA House of Delegates Reference Committee E (advise AMA policy committees
on medicine, nutrition, and public health).
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Publications:

Published In: No. of Publications:
DATTA Assessments: 13
peer-reviewed journals: 4
Proceedings chapters: 4
book reviews: 11
general public press: 16
peer-reviewed journals (submitted): 5

Original articles published in the monthly AMA newsletter, Technology News:

Risk Assessment in the Establishment of Upper Safe Limits for Nutrient Intakes 12/986
Dietary Fat and Cancer: Molecular Mechanisms 10/96
Clinical Significance of Melatonin (with B. Kendler) 9/96

Designing, Testing, and Labeling Reusable Medical Devices for Reprocessing in Health

Care Facilities 6/96
Dietary Phytochemicals in Cancer Prevention and Treatment 11/95
Electromagnetic Compatibility for Medical Devices: Issues and Solutions 9/95

FDA/NIH-Sponsored Conference: Comparing Treatments: Safety, Effectiveness, and Cost-

Effectiveness 5/95
Clinical Significance of Oxidative Stress (with B. Kendler) 11/95
Diet and Cancer: Molecular Mechanisms of Interactions 1-2/95
Management of Disorders of Cholesterol, Triglyceride, and Lipoprotein Metabolism 11/94
AMA Annual Meeting Update (with S. Kalousdian) 7-8/94
Drug and Device-Induced Disease: Developing a Blueprint for the Future 194
AMA Interim Meeting Update (with S. Kalousdian) 1-2/94
AMA Annual Meeting Update (with S. Kalousdian) 8/93
Breast Cancer Risk and Diet 1/93

Author of AMA policy statements on nutrition issues:

food irradiation;
lipoproteinemia;

bacterial contamination of meat;
dietary calcium requirements;
folic acid supplementation to prevent neural tube defects;

thiamin supplementation of alcoholic beverages to prevent polyneuropathy;
neonatal hyponatremia from hypo-osmolar bottled water
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Speaking Invitations:

The Dietary Supplement and Health Education Act of 1894. Annual Meeting of the American
College of Nutrition, Washington, DC, October, 1995.

Innovation in clinical nutrition. Harvard University, May 6, 1995.
Environmental medicine. New York Chiropractic College, April 29, 1995.

Environmental medicine. New York Chiropractic College, September 11, 1994,

Additional Responsibilities:

Meeting with representatives of the Food and Drug Administration, the US Department of
Agriculture, and other federal agencies concerning:

food, device and drug regulation;
food safety;
direct to consumer advertising of medical therapies.

Collaboration with other AMA staff in the development of scripts for television programs aired on
American Medical Television.

Represented AMA on “National Educational Forum on Food Safety Issues.”

Book Review Editor, Nutrition: The International Journal of Applied and Basic Nutritional
Sciences.

Reviewed manuscripts submitted to the Journal of the American Medical Association, the
Journal of the American College of Nutrition, and other peer-reviewed journals.

Reviewed advertisements intended for use in AMA publications.

Policy paper reviewer for the Council for Agricultural Science and Technology (CAST).

Invitations to Chair National Meetings:

Invited to chair and organize a session on “Nutritional Controversies” at the 1996 Annual
Meeting of the American College of Nutrition, San Francisco.

Invited to serve as co-chairman of a session of the 1994 Malnutrition and AIDS Symposium, Los
Angeles.

Invited to serve as co-chairman of a session of the 1994 Annual Meeting of the American
College of Nutrition, Atlanta.

SUPERVISOR: Sona Kalousdian, MD, MPH

Department Director, Department of Technology Assessment
American Medical Association
(773) 384-4915
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AMERICAN MEDICAL ASSOCIATION

515 N. State St. Chicago, IL 60610 1990 to 1993

SENIOR SCIENTIST, Endocrinology, Metabolism & Nutrition
Department of Drugs

Evaluation of medical and nutritional therapies and diagnostic techniques for human endocrine,
metabolic, musculoskeletal, and nutritional diseases.

Extensive revision of chapters in the Congressionally-recognized compendium of FDA-approved
unlabeled drug use and nutritional therapy, AMA Drug Evaluations:

Fluid, Electrolyte, and Acid-Base Therapy (pp. 865-880%)

Drugs Used for Urolithiasis (pp. 907-924)

Drugs Used in Adrenocortical Dysfunction (pp. 1017-1036)

Drugs Used in Thyroid Disease (pp. 1037-1062)

Vitamins and Minerals (pp. 2283-2306)

Parenteral and Enteral Nutrition (pp. 2307-2362)

Drugs Used in Obesity (pp. 2439-2454)

Treatment of Disorders of Cholesterol and Lipoprotein Metabolism (pp.
2455-2500)

(* page numbers as in the 1995 edition)

Assistant Secretary, AMA House of Delegates Reference Committee E (advise AMA policy
committees during development of policies concerning medicine, nutrition, and public health).

Collaboration with other AMA staff in the development of scripts for television programs aired on
American Medical Television

Publications:

Published In: No. of Publications:
AMA Drug Evaluations Chapters: 8
peer-reviewed journals: 12
Proceedings chapters: 6
book reviews: 1
general public press: 6

Speaking Invitations:

A review of hormonal regulation of cartilage growth in foals. Symposium on Equine
Osteochondrosis, Cambridge University, United Kingdom, September, 1992.

Marginal copper deficiency as a cause of defective angiogenesis in chondrddysp!asia.
Symposium on Equine Osteochondrosis, Cambridge University, United Kingdom, September,
1992,
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Endocrine regulation of equine growth plate chondrocytes. Symposium on Equine
Osteochondrosis, Cambridge University, United Kingdom, September, 1992.

Equine osteochondrosis as a manifestation of induced episodic "pseudohypothyroidism.”

Symposium on Equine Osteochondrosis, Cambridge University, United Kingdom, September,
1992.

Insulin and thyroid hormones influence matrix production by chondrocytes. Seminars in
Endocrinology, Northwestern University, Chicago, IL, April 2, 1991.

Additional Responsibilities:

Meetings with representatives of the Food and Drug Administration, the US Department of
Agriculture, and other federal agencies concerning:

food, device and drug regulation;

food safety,

direct to consumer advertising of medical therapies
Collaboration with Centers for Disease Control in development of recommendations concerning
folic acid and the prevention of neural tube defects (Morbidity and Mortality Weekly, August 2,
1991, and September 21, 1992).
Author of AMA policy statement on monosodium glutamate.

Provide in-house expertise to AMA Senior Management on food, device, drug, agriculture and
nutrition-related health, policy, legal, and regulatory matters.

Represented AMA on “National Educational Forum on Food Safety Issues”.

Book Review Editor, Nutrition: The International Journal of Applied and Basic Nutritional
Sciences.

Review manuscripts submitted to the Journal of the American Medical Association, the Journal
of the American College of Nutrition, and other peer-reviewed journals.

Review advertisements intended for use in AMA publications.
Coordinator, Council on Endocrinology, Bone, and Minerals; American College of Nutrition.
Advisory Board Member, National Graves’ Disease Foundation
SUPERVISOR: Joseph Cranston, Ph.D.
Department Director

Department of Drugs
American Medical Association
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NORTHWESTERN UNIVERSITY
303 E. Chicago Avenue, Chicago, IL 60610 1986 to 1990

RESEARCH ASSISTANT PROFESSOR
Department of Pharmacology

Funded originally as an NIH Senior Fellowship, this position - including both research and
teaching - has been continued on a part-time, unpaid basis through the present time as a
Visiting Scientist, Department of Molecular Pharmacoiogy and Biological Chemistry

Laboratory and field research; presentation and publication of research findings; fund raising;

maintenance of laboratory; practice of safe and proper animal housing and handling; practice of
safe handling of hazardous substances.

and disease.

Guest lectures on pancreatic and thyroid disease and their prevention and medical and
nutritional management.

Publications:

Published In: No. of Publications:
peer-reviewed journals: 11
Proceedings chapters: 8
abstracts: 4

general public press: 98

Speaking Invitations:

Response of arthritic chondrocytes to polysulfated glycosaminoglycans. Skeletal Biology
Program, Case Western Reserve University, Cleveland OH, May 14, 1990.

Flora and fauna of Africa and Europe. Department of Pharmacology, Northwestern University,
Chicago, IL, February 9, 1989.

Influences of diet and endocrinology on equine developmental orthopedic disease. Department
of Animal Sciences, University of Guelph, Ontario, Canada, January 18, 1989.

Diet and growth quality. Equine management class, Universiiy of Guelph, Ontario, Canada,
January 18, 1989.

Fermentation enhancers. Department of Animal Sciences, University of Guelph, Ontario,
Canada, January 17, 1989.

Nitrogen metabolism in the equine. Equine management class, University of Guelph, Ontario,
Canada, January 16, 1989.

14



Michael J. Glade, Ph.D.
Feeding and management of pleasure and show horses. Potomac Horse Club, Silver Spring,

MD, October, 1988.

Feeding and management of pleasure and show horses. Potomac Horse Club, Silver Spring,
MD, October, 1988.

Homeorrhesis and the growing animal. Biological Sciences Seminar, University College,
Dublin, Ireland, October 17, 1988.

Nutrition and developmental disorders of equidae. Department of Zoology, University College,
Dublin, ireland, October 17, 1088.

Nitrogen metabolism in horses. Veterinary College of Ireland, Dublin, Ireland, October 14,
1988.

The role of yeast culture in the nutritional management of young horses. 100th Irish Veterinary
Congress, Dublin, Ireland, September 23, 1988.

The role of endocrine factors in equine developmental orthopedic disease. Developmental
Orthopedic Disease Panel, American Association of Equine Practitioners Annual Meeting, New
Orleans, LA, November 29, 1987.

Diet, chondrodysplasias and animals. Oral Biology Seminar, Northwestern University, Chicago,
IL, October 29, 1987.

Effects of yeast culture on nitrogen metabolism in young horses Alltech Biotechnology
Symposium, Lexington, KY, April, 1987.

Bibliometric analysis of research activity in Brazil. Central Intelligence Agency, MacClean, VA,
March, 1987.

Bibliometric analysis of research activity in Spain. Ministry of Science and Education, Madrid,
Spain, March, 1987.

Cartilage disorders associated with changes in thyroid hormone metabolism. The Chicago
Endocrine Society, Chicago, IL, December, 1986.

Dietary causes of osteochondrosis. Pathology Seminar, Northwestern University, Chicago, IL,
April, 1986.
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UNIVERSITY OF MARYLAND

Coliege Park, Maryland 1981 to 1986

ASSISTANT PROFESSOR, Department of Animal Sciences
College of Agricultural Sciences

Teaching: (Class, laboratory, barn; lecture, hands-on formats)

Animal Husbandry (nutrition, diet formulation, diseases, management, genetics, physiology,
functional morphology)

Animal Training (including principles of animal behavior and their application to training)

Safe Animal Handling (including principles of animal behavior and their application to safe
practices in handling animals) ‘

Protein Nutrition (graduate course)

Training:

How to Teach and Supervise Animal Training (undergraduate and graduate students; written
materials; videotapes)

Laboratory Techniques (undergraduate and graduate students)

Field Research Techniques (undergraduates and graduates)

Dissertation and Scientific Writing

Grant Proposal Preparation

Research:

Animal Nutrition and Physiology Projects, including several in collaboration with the National
Zoo, Washington, DC

Publications:

Published In: No. of Publications:

peer-reviewed journals: 17

Proceedings chapters: 8

abstracts: 8

general public press: 73

Other projects: (in addition to those documented in publications)

hormone secretion rates in pigs

skeletal growth in monkeys

pharmacokinetics of ivermectin in bullfrogs

growth hormone concentrations in horses and zebras
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Invitation to Chair National Meeting:

Invited to serve as co-chairman of a Non-Ruminant Nutrition session at the 1982 meeting of the

American Society of Animal Science, Guelph, Ontario, Canada.

Speaking Invitations:

Quality feed management: tips for proper production and storage. Baltimore Horse Seminar,
March, 1985.

Dietary carbohydrate induction of the multiple-messenger, inositol-calmodulin pathway. Animal

Sciences Seminar, University of Maryland, February, 1985.

The use of ultrasound to monitor neonatal bone development. Invited seminar, Walter Reed
Medical Center, Washington, DC, December, 1984.

Mechanisms of dietary induction of osteochondrosis. Invited seminar, Department of Animal
Science, University of Alberta, Edmonton, Canada, August, 1984.

The Use of Self-Supervised Activity to Acquaint College Students with the Teacher-Student
Dynamic. 10th International Conference, Improving University Teaching, College Park, MD,
July, 1984.

Diagnostic ultrasound - a non-invasive method for examining bone. Pediatric Research
Conference, University of Maryland School of Medicine, May, 1984.

Electrical stimulation of bone healing. Alice Deal Science Day, May, 1984.

Non-Traditional feeding practices for the performance horse. Maryland Nutrition Conference,
Baltimore, MD, March, 1984.

The use of ultrasound. Nutritional Sciences Colloquium, University of Maryland, February,
1984.

Nutrient-hormone interactions and their impact on growth. Nutritional Sciences Colloguium,
University of Maryland, February, 1984.

Feeding horses for a lot less money. Eastern Amateur Arabian Horse Show Circuit Fall
Meeting, December, 1983.

Equine nutritional requirements. Baltimore Horse Seminar, November, 1983.

The costs of owning a horse, Maryland Society for the Prevention of Cruelty to Animals Field
Day, May, 1983.

Ultrasonic measurement of bone strength. Alice Deal Science Day, April, 1983.

Nutritional manipulation of bone and joint development in growing horses. Maryland Nutrition
Conference, Washington, DC, March, 1982.

Developmental origins of growth abnormalities. Animal Sciences Seminar, University of
Maryland, October, 1981.
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Additional Responsibilities:

Design of Animal Habitats:

Personally redesigned three multi-acre animal housing facilities, and assisted in their physical
renovation

Animal Care:
Collaboration with veterinarians in prophylactic and interventive medical care, including
personally:

administering medications by mouth

injection (intramuscular; intravenous)

nasogastric intubation; rectal gavage

bandaging; suturing

development of growth plate biopsy procedure for ungulates

necropsy '

Animal Management:

Directly responsible for the management, breeding, and training of up to 120 horses residing at
multi-building and multi-site facilities whose activities encompassed teaching, research,
breeding, continuing adult education, veterinary care, demonstrations

Supervision of Personnel:

Supervision of up to two dozen permanent and temporary full and part time employees and
volunteers engaged in animal husbandry

Record Keeping; Budgets:
Directly responsible for planning, developing, administering, and adhering to expense and

revenue budgets, and for extensive and comprehensive record-keeping concerning all facets of
a major university equine program

Fund-Raising:
Obtaining funds to support all programs and activities

Sources included federal agencies, state agencies, private foundations, private individuals,
corporate entities, animal sales, animal rental
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RUTGERS UNIVERSITY

New Brunswick, NJ 1979 to 1981
ASSISTANT PROFESSOR, Department of Animal Sciences

Teaching: (Class, laboratory, barn; lecture, hands-on formats):

Animal Husbandry (nutrition, diet formulation, diseases, management, genetics, physiology,
functional morphology)

Animal Training (including principles of animal behavior and their application to training)

Safe Animal Handling (including principles of animal behavior and their application to safe
practices in handling animals)

Training:
Field Research Techniques (undergraduates and graduates)

Grant Proposal Preparation

Research:

Animal Nutrition and Physiology Projects

Publications:

Published In: No. of Publications:
Proceedings chapters 1
abstracts 1

Speaking Invitations:

Digestive physiology of the horse. Animal Sciences Seminar, University of Maryland,
September, 1980.

Similarities between effects of dexamethasone on growing cartilage and osteochondrosis
dissecans. Animal Science Seminar, University of California at Davis, April, 1980.

Osteochondrosis dissecans and growth suppression in dexamethasone treated horse foals.
American Association of Equine Practitioners Annual Meeting, Miami Beach, December, 1979.

Effects of dexamethasone on calcium metabolism of pony foals. Animal Sciences Seminar,
Rutgers University, May, 1979.
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Additional Responsibilities:

Design of Animal Habitats:

Personally redesigned a multi-acre animal housing facility, and assisted in its physical
renovation

Animal Care:

Collaboration with veterinarians in prophylactic and interventive medical care, including
personally:

administering medications by mouth

injection (intramuscular; intravenous)

nasogastric intubation; rectal gavage

bandaging; suturing; necropsy
Animal Management:

Directly responsible for the management, breeding, and training of up to 11 horses residing at
multi-building and multi-site facilities whose activities encompassed teaching, research,
continuing adult education, veterinary care, demonstrations

Supervision of Personnel:

Directly responsible for the supervision of two permanent part time employees and a dozen or
so volunteers engaged in animal husbandry

Record Keeping; Budgets:
Directly responsible for planning, developing, administering, ahd adhering to expense and

revenue budgets, and for extensive and comprehensive record-keeping concerning all facets of
a major university equine program

Fund-Raising:
Obtaining funds to support all programs and activities

Sources included federal agencies, state agencies, private foundations, private individuals,
corporate entities, animal sales, animal rental
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Refereed Journal Articles:

1. Glade, M.J. The effects of gestation, lactation, yeast culture and maternal calcium intake on

the mechanical strength of equine bone. Journal of Equine Veterinary Science: submitted
for publication.

2. Heimburger, D.C., and the Intersociety Professional Nutrition Education Consortium. 2002.

Training and certifying gastroenterologists as Physician Nutrition Specialists. Journal of
Clinical Gastroenterology 34:505-508.

3. Glade, M.J., D. Kendra and M.V. Kaminski, Jr. 2001. Improvement in protein utilization in
nursing-home patients on tube feeding supplemented with an enzyme product derived from
Aspergillus niger and bromelain. Nutrition 17:348-350.

4. Heimburger, D.C., and the Intersociety Professional Nutrition Education Consortium. 2000.
Physician-nutrition-specialist track: If we build it, will they come? American Journal of
Clinical Nutrition 71:1048-1053.

5. Glade, M.J. 1997. Intake of dietary calcium to reduce the incidence of osteoporosis.
Archives of Family Medicine 6:491-494.

6. Glade, M.J. 1995. Management of disorders of cholesterol, triglyceride, and lipoprotein
metabolism. Archives of Family Medicine 4:869-878.

7. Glade, M.J. 1995. Continuous ambulatory esophageal pH monitoring. Journal of the
American Medical Association 274:662-668.

8. Glade, M.J., Y.S. Kanwar and P.H. Stern. 1994. Insulin and thyroid hormones alter
chondrocyte metabolism in cell culture independently and in combination. Connective
Tissue Research 31:37-44.

9. Glade, M.J. 1993. The effects of gestation, lactation, and maternal calcium intake on the

mechanical strength of equine bone. Journal of the American College of Nutrition 12:372-
377.

10. Glade, M.J. 1992. Effects of Yucca shidigera extract on feed utilization by equine
weanlings. Journal of Equine Veterinary Science 12:93-98,

11. Letcher, J. and M.J. Glade. 1992. Efficacy of ivermectin as an anthelmintic in leopard frogs.
Journal of the American Veterinary Medical Association 200:537-538.

12. Glade, M.J., Y.S Kanwar and T.J. Hefley. 1991. Enzymatic isolation of chondrocytes from
immature rabbit articular cartilage and their maintenance of phenotypic expression in
culture. Journal of Bone and Mineral Research 6:217-226.

13. Glade, M.J. 1991. Timed administration of leucine, isoleucine, valine, glutamine, and
carnitine to enhance athletic performance. Equine Athlete 4:1-10.

14. Glade, M.J. 1991. Effects of dietary yeast culture supplementation of lactating mares on the

digestibility and retention of the nutrients delivered to nursing foals via milk. Journal of
Equine Veterinary Science 11:323-329.
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Glade, M.J. 1991. Dietary yeast culture supplementation of mares during late gestation and
early lactation. 3. Effects on mare and foal plasma metabolite, amino acid and endocrine
profiles. Journal of Equine Veterinary Science 11:167-175.

Glade, M.J. 1991. Dietary yeast culture supplementation of mares during late gestation and
early lactation. 2. Effects on milk production, milk composition, weight gain and linear growth
of nursling foals. Journal of Equine Veterinary Science 11:89-95.

Glade, M.J. 1991. Dietary yeast culture supplementation of mares during late gestation and
early lactation. 1. Effects on dietary nutrient digestibilities and fecal nitrogen partitioning.
Journal of Equine Veterinary Science 11:10-16.

Glade, M.J. and M.D. Sist. 1990. Supplemental yeast culture alters the plasma amino acid
profiles of nursling and weanling horses. Journal of Equine Veterinary Science 10:369-379.

Glade, M.J. and N.K. Luba. 1990. Benefits to foals of feeding soybean meal to lactating
broodmares. Journal of Equine Veterinary Science 10:422-428.

Glade, M.J. and M. Campbeli-Taylor. 1990. Effects of dietary yeast culture supplementation

during the conditioning period on equine exercise physiology. Journal of Equine Veterinary
Science 10:434-443,

Glade, M.J. 1990. Polysulfated glycosaminoglycan (PSGAG) accelerates the synthesis of
collagen and glycosanminoglycans by arthritic equine cartilage tissues and chondrocytes.
American Journal of Veterinary Research 51:779-785.

Sist, M.D., Youngblood, M.A., Williams, J.F. and Glade, M.J. 1988. Salivary and serum
estrone sulfate levels in pregnant mares. Joumal of Equine Veterinary Science 8: 164-167.

Glade, M.J. and M.D. Sist. 1988. Dietary yeast culture supplementation enhances urea
recycling in the equine large intestine. Nutrition Reports International 37: 11-19.

Wright, L.L., M.J. Glade and J. Gopal. 1987. The use of transmission ultrasonics to assess
bone status in the human newborn. Pediatrics Research 22:541-544.

Glade, M.J. and N.K. Luba. 1987. Serum triiodothyronine and thyroxine concentrations in

weanling horses fed carbohydrate by direct gastric infusion. American Journal of Veterinary
Research 48:578-582.

Glade, M.J., N.K. Luba, and H.F. Schryver. 1986. Effects of age and diet on the
development of mechanical strength by the cannon bones-of young horses. Journal of
Animal Science 63:1432-1444.

Glade, M.J. and L.M. Biesik. 1986. Changes in serum hormone concentrations in weanling
horses following gastric infusion of sucrose or casein. Nutrition Reports International
33:651-659.

Glade, M.J. and L.M. Biesik. 1986. Enhanced nitrogen retention in yearling horses
supplemented with yeast culture. Journal of Animal Science 62:1633-1640.
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29. Glade, M.J. 1986. Estimation of urine flow rate in weanling and yearling horses.
American Journal of Veterinary Research 47:2151-2156.

30. Glade, M.J. and T.H. Belling. 1986. A dietary eticlogy for osteochondrotic cartilage.
Journal of Equine Veterinary Science 6:151-154.

31. Glade, M.J. 1986. The control of cartilage growth in osteochondrosis. Journal of Equine
Veterinary Science 6:175-187.

32. Glade, M.J. 1986. "Social Sleeping" among confined horses. Journal of Equine Veterinary
Science 6:155-157.

33. Glade, M.J. and R.A. Salzman. 1985. Effects of hoof angulation on hoof growth and
contraction in the horse. Journal of Equine Veterinary Science 5:45-50.

34. Glade, M.J. and T.J. Reimers. 1985. Effects of dietary energy supply on serum thyroxine,

tri-iodothyronine and insulin concentrations in young horses. Journal of Endocrinology
104:93-98.

35. Glade, M.J., D. Beller, J. Bergen, D. Berry, E. Blonder, J. Bradley, M. Cupelo and J. Dallas.
1985. Dietary protein in excess of requirements inhibits renal calcium and phosphorus
reabsorption in young horses. Nutrition Reports International 31:649-659.

36. Glade, M.J. 1985. Stimulation of electromagnetic osteogenesis in healthy growing
yearlings. Journal of Equine Veterinary Science 5:149-153.

37. Glade, M.J. 1985. Overfeeding energy to horses. Journal of Equine Veterinary Science
5:95.

38. Glade, M.J., S. Gupta and T.J. Reimers. 1984. Hormonal responses to high and low planes
of nutrition in weanling Thoroughbreds. Journal of Animal Science 59:658-665.

39. Glade, M.J. and T.H. Belling. 1984. Growth plate cartilage metabolism, morphology and
biochemical composition in over- and underfed horses. Growth 48:473-482.

40. Glade, M.J. 1984. Feeding innovations for the performance horse. Joumal of Equine
Veterinary Science 4.165-168.

41. Glade, M.J. 1984. "Social sleeping" behavior in young horses. Equine Practice 6:10-14.

42. Glade, M.J. 1984. The influence of dietary fiber digestibility on the nitrogen requirements of
mature horses. Journal of Animal Science 58:638-646.

43. Belling, T.H. and M.J. Glade. 1984. A non-destructive biopsy method allowing the rapid

removal of live growth plate cartilage. Veterinary Medicine/Small Animal Clinician 79:528-
531.

44. Glade, M.J. 1983. Nitrogen partitioning along the equine digestive tract. Journal of Animal
Science 57:943-953.

45. Glade, M.J. 1983. Nutrition and performance of racing Thoroughbreds. Equine Veterinary
Journal 15:31-36. '
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46. Glade, M.J., L. Krook, H.F. Schryver and H.F. Hintz. 1982. Morphologic and biochemical
changes in cartilage of foals treated with dexamethasone. Cornell Veterinarian 73:170-192.

47. Glade, M.J., L. Krook, H.F. Schryver and H.F. Hintz. 1982. Calcium metabolism in
glucocorticoid-treated foals. Journal of Nutrition 112:67-76.

48. Glade, M.J. and L. Krook. 1982. Glucocorticoid-induced inhibition of osteolysis and the

development of osteopetrosis, osteonecrosis and osteoporosis. Cornell Veterinarian 72:76-
91.

49, Glade, M.J., L. Krook, H.F. Schryver and H.F. Hintz. 1\981.1 Growth inhibition induced by

chronic dexamethasone treatment of foals. Journal of Equine Veterinary Science 1:198-
201.

50. Matteo, C.M., M.J. Glade, A. Tanaka, J. Piret and A.L.Demain. 1975. Microbiological studies

on the formation of gramicidin S synthetases. Biotechnology and Bioengineering 17:129-
142.
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Abstracts and Proceedings:

1.

10.

11.

12,

Glade, M.J., Kendra, D., Kaminsky, M.V., Jr. 2000. Efficacy of an enzyme product derived
from Aspergillus niger and bromelain (AbsorbAid™) in improving protein absorption in

nursing home patients on tube feeding. Proceedings, Annual Meeting of the American
College of Nutrition, Las Vegas, NV, October.

Heimburger, D., and IPNEC. 2000. Training the Physician Nutrition Specialist (PNS).
Proceedings, Annual Meeting of the American College of Nutrition, Las Vegas, NV, October.

Glade, M.J. 1998. Nutritional support for breaking ni¢otine addiction. Proceedings, Sixth
International Congress on Anti-Aging and Biomedical Technologies (American Academy of
Anti-Aging Medicine), Las Vegas, NV, December, p. unpaged.

Glade, M.J. 1998. Nutritional support for breaking nicotine addiction. Proceedings,

International College for Advancement of Longevity Medicine Fall Symposium, Reno, NV,
October, unpaged.

Glade, M.J. 1998. Herbal management of diabetes. Proceedings, Second Annual Natural
Pharmacy East Conference, Arlington, VA, October, unpaged.

Glade, M.J., and M.E. Allen. 1996. Assessment of skeletal development in leopard geckos.
Il. Long bone morphometry and breaking strength. Proceedings, Ninth Dr. Scholl Nutrition
Conference, Chicago, IL, October, unpaged.

Glade, M.J. 1995. The Dietary Supplement and Health Education Act of 1994.

Proceedings, Annual Meeting of the American College of Nutrition, Washington, DC,
October, p. 557.

Glade, M.J. 1993. CuSO, and chelated copper are bioequivalent when added to the diets
of nursing foals. Proceedings, Annual Meeting of the American College of Nutrition,
Chicago, October, p. 589.

Glade, M.J. 1993. CuSOQ, and chelated copper are bioequivalent when added to the culture
medium of cartilage tissue and cells. Proceedings, Annual Meeting of the American College
of Nutrition, Chicago, October, p. 589.

Glade, M.J. 1992. Equine osteochondrosis as a manifestation of induced episodic
"pseudohypothyroidism." Proceedings, Symposium on Equine Osteochondrosis, Cambridge
University, United Kingdom, September, p. 44.

Glade, M.J. 1992. Endocrine regulation of equine growth plate chondrocytes.
Proceedings, Symposium on Equine Osteochondrosis, Cambridge University, United
Kingdom, September, pp. 42-43. ‘

Glade, M.J. 1992. Marginal copper deficiency as a cause of defective angiogenesis in

chondrodysplasia. Proceedings, Symposium on Equine Osteochondrosis, Cambridge
University, United Kingdom, September, pp. 30-31.
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Glade, M.J. 1992. A review of hormonal regulation of cartilage growth in foals.
Proceedings, Symposium on Equine Osteochondrosis, Cambridge University, United
Kingdom, September, pp. 19-20.

Glade, M.J. 1992. The effects of gestation, lactation, and maternal calcium intake on the

mechanical strength of equine bone. Proceedings, Annual Meeting of the American College
of Nutrition, San Diego, October, p. 600.

Glade, M.J. 1992. Marginal copper deficiency as a cause of defective angiogenesis in

chondrodysplasia. Proceedings, Annual Meeting of the American College of Nutrition, San
Diego, October, p. 600.

Glade, M.J., C. Cahill and M. Campbell. 1989. Effect of exercise on plasma growth

hormone concentrations in foals. Proceedings, Equine Nutrition and Physiology Society, pp.
63-64.

Glade, M.J. 1989. Effects of specific amino acid supplemeéntation on lactic acid production
by horses exercised on a treadmill. Proceedings, Equine Nutrition and Physiology Society,
pp. 244-251.

Glade, M.J. 1989. Undergraduates and publishable equine research. Proceedings, Equine
Nutrition and Physiology Society, pp. 233-235.

Glade, M.J. 1989. Supplemental yeast culture alters the plasma amino acid profiles of
weanling Quarter horses. Proceedings, Equine Nutrition and Physiology Society, pp.
119-123.

Campbell, M. and M.J. Glade. 1989. Effects of dietary yeast culture supplementation
during the conditioning period on heart rates and lactic acid production by horses exercised
on a treadmill. Proceedings, Equine Nutrition and Physiology Society, pp. 72-78.

Glade, M.J. and P.H. Stern. 1988. Effect of polysulfated glycosaminoglycan (PSGAG) on

monolayer cultures of articular chondrocytes. Journal of Bone and Mineral Research: 3:
Suppl. 1:465.

Glade, M.J. 1988. The role of endocrine factors in equine developmental orthopedic
disease. American Association of Equine Practitioners 33:171-189.

Wright, L.L., M.J. Glade and J. Gopal. 1887. Transmission ultrasonics to assess bone
status in the human newborn. Pediatrics Research: 21:440A.

Glade, M.J. and N.K. Luba. 1987. Benefits to foals of feeding soybean meal to lactating
broodmares. Proceedings, Equine Nutrition and Physiology Society, pp. 593-598.

Glade, M.J., T.J. Hefley and P.H. Stern. 1987. A cartilage digestion method maximizing
digestion rates and cell yields. Journal of Bone and Mineral Research: 2: Suppl. 1: Abstr.
422. :

Glade, M.J. 1987. The development of mechanical strength in the radius and ulna of the
juvenile rhesus monkey. Journal of Bone and Mineral Research: 2. Suppl. 1: Abstr. 355.
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27. Glade, M.J. 1987. Cross-sectional geometry of equine metacarpal bones: an initial
biomechanical investigation. Proceedings, Equine Nutrition and Physiology Society, pp.
537-544.

28. Tutsch, L., M.J. Glade and A.O. Sager. 1985. Long bone growth in the limbs of miniature
Hormel-Hanford swine. Proceedings, Swine in Biomedical Research, p. 73.

29. Glade, M.J. and L.M. Biesik. 1985. Effects of dietary yeast and urea supplementation of the
nitrogen metabolism of yearling Thoroughbreds. Proceedings, Equine Nutrition and
Physiology Society, pp. 26-31.

30. Glade, M.J. 1985. Electromagnetic induction of increased breaking strength in intact

growing equine cannon bones. Proceedings, Equine Nutrition and Physiology Society, pp.
118-123.

31. Biesik, L.M., M.J. Glade and E.P. Young. 1985. Post-prandial hormone changes, hepatic
T.-5'-deiodinase activities and the incidence of osteochondrosis in growing swine. Journal
of Animal Science: 61:Abstr. 101.

32. Biesik, L.M. and M.J. Glade. 1985. Changes in serum hormone concentrations in weanling
horses following gastric infusion of specific nutrients. Proceedings, Equine Nutrition and
Physiology Society, pp. 46-51.

33. Glade, M.J., E. Russek and N.K. Luba. 1984. Modeling the growth of young horses.
Journal of Animal Science: 59:A23.

34. Glade, M.J. and N.K. Luba. 19884. Maximum cannon bone breaking strength is not
increased by overfeeding young horses. Journal of Animal Science: 59:Abstr. 171.

35. Glade, M.J. and T.J. Belling, Jr. 1984. Alterations in the growth mechanism resulting from
chronic overfeeding of young horses. Journal of Animal Science: 59:A13.

36. Glade, M.J. 1984. Insulin and thyroxine responses to high energy and protein feeding of
weanling horses. Journal of Animal Science: 59:Abstr. 476.

37. Gupta, S. and M.J. Glade. 1983. Effects of high and low planes of nutrition on the
endocrinology of growing horses. Journal of Animal Science: 57:(Suppl.) A2.

38. Gupta, S. and M.J. Glade. 1983. Hormonal responses to high and low planes of nutrition in
weanling Thoroughbreds. Proceedings, Equine Nutriton and Physiology Society, pp. 45-49.

39. Glade, M.J., J.A. Seder and H.F. Schryver. 1983. Use of low frequency ultrasound in the
measurement of the bone breaking strengths in live horses. Proceedings, Equine Nutrition
and Physiology Society, pp. 33-38. ’

40. Glade, M.J. 1982. Nutriture and performance of racing Thoroughbreds. Journal of Animal
Science: 55: (Suppl.) 381.

41. Glade, M.J. 1982. Nutritional manipulation of bone and joint development in growing
horses. Proceedings, Maryland Nutrition Conference, pp. 65-68.
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43. Glade, M.J. and P.1. Bell. 1981. Lower digestive tract fermentation rates and nitrogen
utilization in horses. Proceedings, Equine Nutrition and Physiology Society, pp. 26-29.
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prolonged treatment with dexamethasone. Federation Proceedings: 37: Abstr.
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