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Abstract

The investigation and development of dietary and life-style modifiable, pre-neoplastic
biomarkers of risk for colorectal neoplasms

By Thomas U. Ahearn

Colorectal cancer (CRC) is the second leading cause of cancer deaths in the United
States. Despite advances in screening and treatment, mortality due to CRC has declined only
modestly in recent years, highlighting the need for treatable, pre-neoplastic biomarkers of risk
for the disease. The antineoplastic effects of calcium and vitamin D against CRC may, in part,
depend on modifying markers of their metabolism and the APC/B-catenin pathway. In this
dissertation | report the results of investigations of markers of these pathways (APC, B-catenin,
and E-cadherin, calcium receptor (CaR), vitamin D receptor (VDR), CYP27B1, and CYP24A1) as
treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms.

In a pilot colonoscopy-based case-control study of incident, sporadic colorectal
adenoma we found the ratio of the proportion of APC expression in the upper 40% of crypts (Oh
APC) with total B-catenin expression (APC/B-catenin score) to be significantly greater in controls
than in cases. The APC/B-catenin score was positively associated with protective risk factors
against colorectal neoplasms. Controls had greater ®h APC and E-cadherin expression and
lower B-catenin expression, but none of these differences were statistically significant.

In a randomized, double-blind, placebo-controlled clinical trial evaluating the effects of
6-months of supplemental calcium (2.0 g/d) and vitamin D5 (800 1U/d), alone and in
combination, we found increased ®h APC and E-cadherin expression, an increased APC/B-
catenin score, and decreased B-catenin expression in the active treatment groups. We also
found that supplemental calcium and vitamin D; modulated markers of their metabolism with

increased CaR, VDR, and CYP27B1 expression in the active treatment groups, and increased



CYP24A1 expression in the vitamin D; treatment groups and decreased CYP24A1 expression in
the calcium treatment group.

Taken together, these results suggest that 1) APC, B-catenin, CaR, VDR, CYP27B1, and
CYP24A1 expression may be treatable, pre-neoplastic biomarkers of risk for colorectal
neoplasms; and 2) the antineoplastic effects of calcium and vitamin D may, in part, depend on
modifying markers of the APC/B-catenin pathway and markers of calcium and vitamin D
metabolism. The results of this dissertation support further investigation of these markers as

potential treatable, pre-neoplastic biomarkers of risk for colorectal neoplasmes.
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Chapter 1. Background and Significance

In the United States colorectal cancer is the fourth most common incident cancer and
the second most common cause of cancer deaths [1]. Incidence of colorectal cancer varies 10-
fold worldwide, with the highest rates found in Australia, New Zealand, Europe, and North
America, and the lowest rates in Africa and South-Central Asia [2]. Over the past 20 years
incidence rates have stabilized or modestly declined in most developed countries, but in regions
of the world undergoing economic transitions (Eastern Europe and much of Asia) incidence rates
have increased [3]. In the United States, colorectal cancer rates have been declining among
adults 50 years and older; however, colorectal cancer rates have been increasing among adults
younger than 50 [4-6]. International differences and migration studies strongly suggests that
the etiology of CRC is highly attributable to environmental and lifestyle factors. Generally,
within one generation the incidence rates of colorectal cancer among the descendants of
immigrants converge to reflect the rates of their host country [7, 8]. These reports provide
compelling evidence that dietary and lifestyle behaviors can modify the risk for sporadic
colorectal cancer.

The colorectal adenoma is a well-established precursor for colorectal cancer.
Approximately 96% of colorectal cancers arise from adenomas [9]. Having an adenoma markedly
increases risk for colorectal cancer by a factor of 2 to 4 compared to not having an adenoma;
however, the vast majority of adenomas do not progress to cancer [10]. The risk of developing
advanced adenomas or cancer varies depending on the histopathological characteristics of the
index adenomas, with greater risk associated with multiple adenomas (= 3 adenomas),
increased size (= 1 cm), villous features, and high-grade dysplasia [11, 12]. Colorectal cancer is

typically diagnosed 10 — 15 years after the detection of an adenoma [13, 14].



Colonoscopy is the current gold standard for screening for colorectal neoplasms;
however, colonoscopies have limitations and risks (Table 1.1) [15-17]. Colonoscopies allow for
the direct examination of the colon and rectum for neoplastic growths, and when necessary,
biopsy or polypectomy. Some of the limitations and risk of colonoscopies include that they are
invasive, screening quality is operator dependent, and there is a risk of bleeding and
perforation. The miss rate of total adenomas by colonoscopy screening is reported to vary from

17 —24% [16, 18, 19], and for adenomas 21 cm 6% [16, 18]. For average risk individuals

colonoscopy screening guidelines Table 1.1. Barriers and Limitations of Colonoscopy

e Requires full bowel preparation

e Can miss some adenomas and cancer
e Sedation may be required

e Operator skill dependent

e Risk of bleeding and perforation

recommend screening once every 10
years starting at 50 years of age [20].

If a polyp is discovered then

depending on the histopathological features of the polyp the recommended duration until the
following screenings may be reduced to 3 — 5 years. Individuals with a predisposition to
colorectal cancer are recommended to initiate screening at an earlier age than average risk
individuals [20]. Removal of adenomas markedly reduces the risk developing colorectal cancer
and mortality due to colorectal cancer [11, 21].

Despite advances in screening and treatment, mortality due to colorectal cancer has
declined only modestly over the past 50 years, the decline probably most attributable to
increased screening and polypectomy [6]. The observed decreased trend in deaths attributable
to heart disease is, at least in part, due to the development of treatable biomarkers of risk, such
as blood pressure and lipid profiles [22]. Currently, there are no validated treatable, pre-
neoplastic biomarkers of risk for colorectal neoplasms. The development of such biomarkers of
risk for colorectal neoplasms will enhance clinical risk identification, stratification, and

monitoring, and facilitate the development of chemopreventive agents against the disease.



Potentially, with the aid of treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms,

we will see a precipitous decrease in colorectal cancer incidence and mortality

Colorectal morphology

1

= — ~

The colon and rectum are lined by a single =% | differentiation
region
5 2 %
layer of epithelial cells. To increase the absorptive @
q -~ . .
surface area, the colorectal epithelium is organized Proliferation
region
D4
into crypts (Figure 1.1). Colorectal crypts are the \/
v
Stem cells
proliferative source of the colorectal epithelium. Figure 1.1. Proliferationin normal colorectal

crypts occurs in the lower half of crypts and as

cells migrate towards the crypt apex they
Located at the base of each crypt are postulated to be become differentiated and eventually undergo

apoptosis. Modified from: Nat Clin Pract

. Gastroenterol Hepatol. 2006;3(5):267-274.
multi-potent stem cells [23, 24]. The stem cells

replicate to produce a population of transit amplifying daughter cells that undergo rapid
proliferation and migrate towards the crypt apex. As cells approach the crypt apex they become
a population of non-proliferative, differentiated daughter cells that eventually undergo
apoptosis and are exfoliated into the colorectal lumen. The Wnt/B-catenin signaling pathway is
responsible for maintaining the continuous self-renewal of the colorectal mucosa and crypt
homeostasis. Wnt signaling promotes B-catenin translocation into the nucleus to activate Wnt
target genes that promote cellular proliferation [23, 25]. In murine models blocking the Wnt/B-
catenin signaling pathway results in the loss of stemness and the undifferentiated state,

resulting in eventual crypt disappearance [26].

Colorectal cancer pathogenesis
The pathogenesis of colorectal cancer involves the accumulation of genetic alterations
that promote uncontrolled growth, replication, and evasion of apoptosis [27-29]. The majority

of colorectal cancer cases are sporadic cases, meaning that they cannot be attributed to a
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Figure 1.2. A summary of common genetic abnormalities in the adenoma-carcinoma sequence that drive the progression from normal
colorectal mucosa to cancer. Modified from: Walther, A., et al., Genetic prognostic and predictive markers in colorectal cancer. Nat Rev
Cancer, 2009. 9(7): p. 489-99.

known familial or inherited risk [30]. Hereditary conditions contribute to approximately 5% of
colorectal cancers cases, of which 1 — 4% are cases of hereditary nonpolyposis colorectal cancer
(HNPCC or Lynch Syndrome) and <1% are cases of familial adenomatous polyposis (FAP) [4, 31-
33].

The adenoma-carcinoma sequence is the dominant carcinogenic pathway, describing
the neoplastic transition of small adenomas into cancer (Figure 1.2) [27, 34, 35]. The adenoma-
carcinoma sequence may best characterize sporadic neoplasms that arise from the APC/pB-
catenin pathway. Mutations in the APC gene promote inappropriate activation of the Wnt/B-
catenin pathway and increased cellular proliferation. Mutated APC is reported in approximately
70 — 80% of sporadic colorectal cancers (see the “APC, B-catenin, and E-cadherin” section below
for more detail) [36-38].

The “Mismatch Repair Pathway” (MMR) is responsible for approximately 15% of
sporadic colorectal neoplasms. MMR is a postreplicative DNA repair mechanism that maintains
genomic integrity by repairing mismatched base pairs that occur during cellular replication [36,
37]. The mismatched base pairs most often occur in microsatellites (DNA tandem repeats) that
result in microsatellite instability (MSI). MMR proteins, such as MLH1 and MSH2 are responsible

for repairing MSI. Silencing of the MLH1 and MSH2 genes, often by hypermethylation, is



associated with sporadic MSI colorectal cancers, which may develop in a distinct fashion from
the classic adenoma-carcinoma pathway [36, 37].

Colorectal carcinogenesis is heterogeneous, involving multiple, often overlapping,
signaling pathways resulting in neoplasms that are characterized by various molecular features
[38]. For example, basic science, animal models, and investigations of inflammatory bowels
disease (IBD) suggest that the intestinal microflora, the immune system, and inflammation may
play a role in colorectal carcinogenesis that overlaps with the APC/B-catenin pathway [39, 40].
In the presence of wild type APC, the inflammatory marker cyclooxygenase (COX)-2 may
promote aberrant B-catenin signaling leading to increased cell proliferation and inhibition of cell
differentiation and apoptosis [41].

The heterogeneous nature of colorectal carcinogenesis highlights the need to develop
treatable, pre-neoplastic, biomarkers of risk for the disease. Pre-neoplastic biomarkers will
enable better risk stratification, provide better insight into disease progression, and help guide
intervention strategies targeted at disease prevention. This dissertation focuses on markers
from the APC/B-catenin pathway (APC, B-catenin, and E-cadherin) and of calcium and vitamin D
metabolism (the calcium receptor, the vitamin D receptor, CYP27B1, and CYP24A1) as potential
treatable, pre-neoplastic biomarkers of
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catenin nuclear accumulation and subsequent cellular proliferation. Most APC mutations are
truncating mutations in the “mutation cluster region” (codons 1286 to 1513) [42]. The Wnt/B-
catenin signaling pathway is negatively regulated by the “B-catenin destruction complex”, which
is formed by APC, GSK3B, axin, and CKl1a/e. The APC protein contains a B-catenin binding region
composed of three 15-amino-acid repeats and seven 20-amino-acid repeats, and an axin protein
binding region composed of the three SAMP repeats (Figure 1.3). In the absence of Wnt
signaling the “B-catenin destruction complex” phosphorylates cytoplasmic B-catenin, leading to
B-catenin proteasomal degradation. However, in the presence of Wnt signaling axin is
sequestered and degraded at the plasma membrane, inhibiting the formation of the “B-catenin
destruction complex”, and permitting nuclear accumulation of B-catenin (Figure 1.4). The
precise function of APC in the destruction complex is not entirely clear, but proposed functions
include facilitating B-catenin phosphorylation by GSK3B[43], shielding phosphorylated B-catenin

from de-phosphorylation [44], and facilitating the ubiquination of phosphorylatied B-catenin
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Figure 1.4 The Wnt/B-catenin signaling pathway. (A)In the absence of WNT signaling -
cateninis degraded by the “p-catenin destruction complex” and (B) in the presence of
Wntsignaling the “p-catenin destruction complex” isinhibited and B-catenin may
translocate to the nucleus. Modified from: Nat Clin Pract Gastroenterol

Hepatal. 2006;3(50:267-274,



Aberrant and constitutively active Wnt/B-catenin signaling is an early event in colorectal
carcinogenesis [28, 34, 46]. In normal colorectal mucosa APC and B-catenin are strongly
expressed; however during the adenoma-carcinoma sequence APC expression markedly
decreases and B-catenin expression markedly increases [47]. Malfunctioning of APC alone may
not directly lead to B-catenin nuclear localization. Additional oncogenic events such as
activating mutations of KRAS and BRAF, or inhibition of the vitamin D receptor may also be
required for B-catenin nuclear translocation [48-51]. Less often in sporadic colorectal cancer
(approximately 5% of cases), activating B-catenin mutations lead to nuclear -catenin
expression, but these mutations tend to be associated with HNPCC [52, 53].

APC also has important functions in maintaining normal cell migration, polarity, and
division [54-56]. Located at the C-terminus of the APC protein are three cytoskeletal binding
domains for microtubule (MT), microtubule end-binding protein (EB1), and discs large gene
(DLG) [57-59] (Figure 1.3). Lack of APC may inhibit cellular protrusions and decrease cell
migration, which can be reversed by APC overexpression [56]. APC loss may also produce
spindle defects and malfunctioning mitotic checkpoints that result in tetraploid cells and
decreased apoptosis [54]. Transfecting truncated APC into the APC wild-type HCT116 human
colorectal-cancer line resulted in a 2.5 — 5-fold increase in chromosomal instability [60].
Furthermore, because the HCT116 colon-cancer cell line harbor an oncogenic B-catenin
mutation, but normal APC, these results suggest that APC’s role in chromosomal stability are
independent of the Wnt/B-catenin pathway [60].

Hypermethylation of the APC promoter is a potential mechanism for silencing APC
expression/function; however, the role of APC hypermethylation in carcinogenesis is unclear.
The APC gene has two promoter regions, 1A and 1B, of which promoter 1A is most commonly

active [42]. One small study that compared normal appearing colonic mucosa (n=24), adenomas



(n=10), and carcinomas (n=18), reported no difference in APC promoter 1A methylation
between normal mucosa and adenomas, but carcinomas had significantly greater methylation
[61]. However, of 108 colorectal cancer cases, 48 adenoma cases, and 28 normal appearing
tissue samples, the APC promoter 1A was reported to be hypermethylated in 18% of colorectal
cancer cases and 18% of adenoma cases, while no hypermethylation was found in the adjacent
normal tissue [62]. Bai et al. reported that of 47 colorectal cancer cases, 36 adenoma cases, and
34 neoplasm-free controls, the APC promoter 1A was hypermethylated in approximately 50% of
colorectal cancers, 60% of adenoma cases, and 3% of controls [63]. In the reviewed literature
there was no evidence of epigenetic modification of the APC promoter 1B.

E-cadherin is a calcium dependent, homophilic, transmembrane glycoprotein that is the
primary mediator of epithelial cell-cell adhesion [64]. In the presence of calcium, the
extracellular domain of E-cadherin binds to the extracellular domain of another E-cadherin
molecule on an adjacent cell, essentially creating a “molecular zipper”. E-cadherin mediated
cellular adhesion requires a- and B-catenin to bind to the cytoplasmic domain of E-cadherin.
The cadherin-catenin complex binds to the cellular cytoskeleton creating a physical link between
cells [64, 65].

Loss of E-cadherin expression can lead to increased proliferation, decreased
differentiation, and increased metastatic potential. In normal colorectal mucosa E-cadherin is
strongly expressed, but during the neoplastic transition E-cadherin expression is decreased,
particularly during the later stages of the neoplastic transition [47, 66, 67]. The ability of E-
cadherin to bind and sequester B-catenin at the cell membrane suggests that decreased E-
cadherin expression may results in increase nuclear B-catenin expression. Indeed, in vitro

studies have reported that the loss of E-cadherin expression promotes B-catenin/TCF



transcriptional activity, and restoring E-cadherin expression promotes increased membrane j3-
catenin expression and decreased nuclear B-catenin expression [68-70].

E-cadherin may also inhibit signaling involving receptor tyrosine kinase (RTK). E-
cadherin may inhibit the ligand-dependent activation of RTK by decreasing receptor mobility
and ligand-binding affinity [71]. Transfecting E-cadherin expression into carcinoma cell lines
that endogenously express low E-cadherin levels resulted in down-regulated RTK signaling [71].
However, the relationship between E-cadherin and RTK is bi-directional, as RTK have been
reported to inhibit E-cadherin expression during the epithelial-mesenchyme transition [72]. In
human mammary carcinoma cell line, IGF-Il binding to IGF-1R induced the release and
translocation of B-catenin from E-cadherin leading to nuclear B-catenin expression and E-
cadherin degradation [73].

Down-regulation of E-cadherin expression in colorectal neoplasms is rarely attributed to
mutations in the E-cadherin gene (CDH1) [74-76]; although, epigenetic modifications of the
CDH1 promoter may inhibit E-cadherin expression. From a small study it was reported that the
CDH1 promoter was hypermethylated in 57% of ulcerative colitis associated colorectal cancer
(n=14) and 36% of sporadic colorectal cancer cases (n=14) [75]. However, Kim et al reported
that the CDH1 promoter was hypermethylated in approximately 12%, 5%, and 0% of cases of

adenoma (n=42), adenocarcinomas (n=77), and hepatic metastases (n=26), respectively [77].

Risk Factors for Colorectal Cancer
Hereditary Colorectal Cancer

Well-defined hereditary conditions such as FAP and Lynch Syndrome account for
approximately 5% of all colorectal cancers [30-32]. The most common hereditary syndrome that

confers increased risk for colorectal cancer is Lynch Syndrome, accounting for approximately 1 —
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4% of cases [4, 30, 32, 33]. Lynch Syndrome is most commonly caused by germline mutations in
the MLH1, MSH2, and MSH6 genes, resulting in impaired DNA repair mechanisms [27]. The
condition is autosomal dominant and conveys an approximate 50 — 80% lifetime risk for
colorectal cancer [27, 30].

Familial adenomatous polyposis is a highly penetrant, autosomal dominant syndrome
caused by germline mutations in one of the alleles of the APC genes [27, 32]. Adenomas
develop following somatic mutations to the second APC allele [27, 32]. The characteristic
feature of FAP is the development of hundreds to thousands of adenomas early in life, and if left
untreated result in a nearly 100% risk of progressing to colorectal cancer. The prevalence of FAP

is approximately 1 in 8,000 — 10,000 [27, 30, 32].

Family History

Individuals with a family history of colorectal cancer are at an increased risk for the
disease. A recent meta-analysis of 20 case-control studies and 7 cohort studies reported an
odds ratio (OR) of 2.25 (95% Cl: 2.00-2.53) for individuals with a first-degree relative with
colorectal cancer, and an OR of 4.25 (95% ClI: 3.01-6.08) for individuals with more than one

relative with colorectal cancer [78].

Demographic Risk Factors

The risk of colorectal neoplasms markedly increases with age [79-82]. Approximately
90% of colorectal cancer cases occur in individuals 50 years of age or older [4, 83, 84].
Colorectal cancer incidence and mortality rates tend to be slightly greater in males than females
[4, 85]. A meta-analysis of 18 observational studies found a statistically significant increased risk

for colorectal adenomas for males compared to females (relative risk (RR) 1.22; 95%Cl 1.12-
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1.32) [82]. Incidence and mortality rates are highest in black males and females [4, 86].
Between 1985 to 1987 and 2006 to 2008, mortality rates for all stages of colorectal cancer
declined in both whites and blacks; however, the declines were smaller for every stage in blacks
compared to whites [87]. Compared to whites, incidence and mortality rates are lower in Asian

Americans/Pacific Islanders, American Indians/Alaska Natives, and Hispanics/Latinos [4].

Aspirin and Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

The antineoplastic mechanisms of aspirin and NSAIDs are not entirely clear; however,
they likely involve inhibition of chronic inflammatory signaling. Both aspirin and NSAIDs inhibit
the COX-1 and COX-2 enzymes, resulting in the inhibition of inflammatory signaling,
proliferation, and angiogenesis, and promotion of apoptosis [88-90]. A pooled analysis from
four randomized cardiovascular disease prevention trials reported that treatment with aspirin
(75 — 500 mg/d) over a median follow-up time of 18.3 years reduced the 20-year risk of colon
cancer by 24% and colon cancer mortality by 35% [91]. Increased duration of aspirin use
appeared to increase the protective benefits. Aspirin use for 5 or more years reduced overall
incidence 32%, incidence of proximal colon cancer by 65%, and incidence of rectal cancer by
42% [91]. In a meta-analysis of four randomized adenoma prevention trials, any aspirin use (81
— 325 md/d) over a median follow-up time of 33 months, reduced the risk of any adenoma and
advanced adenoma by 17% and 28%, respectively [92]. Three randomized controlled trials
reported that selective COX-2 inhibitors (celecoxib and rofecoxib) reduced the risk of recurrent
colorectal adenomas; however, all three studies also reported increased risk of serious
cardiovascular events in the active treatment groups [93-95]. In the Adenoma Prevention with
Celecoxib trial, 200 mg of celecoxib twice daily reduced the risk of any adenoma by 33% and

advanced adenoma by 66% [95]. Overall, there is strong, consistent evidence that aspirin and
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selective COX-2 inhibitors reduce the risk for colorectal neoplasms; however, their routine use
by the general public is not recommended for the prevention of colorectal neoplasms due to the

concern of associated adverse effects [96].

Smoking and Alcohol

A recent meta-analysis of 106 observational studies estimated that ever-smokers were
18% more likely to develop colorectal cancer compared to never-smokers [97]. Data from the
lowa Women’s Health Study (IWHS) suggest that smoking may be disproportionately associated
with colorectal cancer subtypes that are associated with epigenetic modifications. In the IWHS
ever-smokers were at a moderately increased risk for colorectal cancer (RR=1.19; 95% Cl: 1.05 —
1.35); however, current smokers were at an increased risk of MSI-high tumors (RR=1.99; 95% ClI:
1.26 — 3.14), CpG island methylator phenotype-positive tumors (RR=1.88; 95% Cl: 1.22 — 2.90),
and BRAF mutation-positive tumors (RR=1.92; 95% Cl: 1.22 — 3.02) [98]. A wide variety of
carcinogens are found in tobacco smoke, including heterocyclic amines (HCA), polycyclic
hydrocarbons, and nitrosamines [99].

There is consistent evidence, especially in men, suggesting that alcohol consumption
increases the risk of colorectal cancer [100, 101]. A meta-analysis of 27 cohort and 34 case-
control studies reported that moderate (2-3 drinks/d) and heavy (> 4 drinks/d) drinkers have a
21% and 52% increased risk for colorectal cancer, respectively [101]. The association for
moderate drinkers was stronger in men (RR=1.24; 95% Cl = 1.13-1.28) than women (RR = 1.08;
95% Cl =1.03-1.13) [101]. The mechanism by which alcohol may promote colorectal neoplasms
may be due to microbial metabolism of ethanol to acetaldehyde. Acetaldehyde has been
reported to damage colorectal mucosal integrity [102], increase degradation of folate [103],

inhibit DNA repair [104], and stimulate cell proliferation [102, 105].
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Body Composition and Physical Activity

The 2007 World Cancer Research Fund report (WCRF) found convincing evidence that
obesity and lack of physical activity increased colorectal cancer risk [100]. The WCRF estimated
that the risk for colorectal cancer increased 15% per 5 kg/m” in body mass index (BMI), and
increased 5% per inch of waist circumference [100]. The positive association was more
apparent for colon cancer than rectal cancer [100]. The mechanisms by which obesity promotes
colorectal neoplasms are not fully understood; however, obesity is associated with chronic
elevated inflammatory mediators such as TNF-q, IL-6, and CRP, and elevated hormones such as
insulin, IGF-1, and leptin, which may contribute to the initiation and/or progression of colorectal
neoplasms [100, 106, 107]. A meta-analysis of 10 prospective cohort that studies investigated
the association between IGF-1 and colorectal cancer reported a RR of 1.07 (95% CI 1.01-1.14)
for an increase corresponding to 1 standard deviation of the average IGF-1 distribution of all
studies combined, and a RR of 1.13 (95% CI 0.97 — 1.32) when comparing the most extreme to
the lowest category of IGF-1 [108].

Two recent meta-analyses estimated an approximately 20% lower risk for colon cancer
when comparing the most vs. least active individuals; however, the anti-neoplastic effects of
physical activity did not appear to apply to rectal cancer [109, 110]. The Nurses’ Health Study
(NHS) reported a similar 23% lower colon cancer risk when comparing the most to the least
active individuals [111]. In the NHS study the highest activity levels corresponded to about 5-6
hours of brisk walking per week and the least activity corresponded to approximately 0.5 hours
of brisk walking per week [111]. There are multiple proposed mechanisms by which physical
activity may protect against colon cancer including increasing colonic mobility, improving insulin
sensitivity, reducing chronic inflammation, reducing body fatness, and increasing vitamin D

levels [106, 111, 112].
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Dietary Risk Factors

Dietary behavior is well recognized to play an important role in the pathogenesis of
colorectal cancer. Dietary patterns characterized by high concentrations of fruits and
vegetables, fish and poultry and whole grains are generally associated with lower risk for
colorectal neoplasms, while diets characterized by high concentrations of red and processed
meats, refined grains, high fat foods, and alcohol consumption are generally associated with
higher risk of colorectal neoplasms [113]. Presented below is a brief review of the association

between selected dietary components and colorectal neoplasm.

Red and Processed Meat

The WCRF concluded that there is substantial evidence supporting a positive association
between red and processed meat consumption and risk of colorectal cancer. The WCRF meta-
analysis estimated risk of colorectal cancer increased 15% per 50 g/d consumption of red meat,
and 21% per 50 g/d consumption of processed meats [100]. A 2011 meta-analysis of
prospective studies reported similar estimates, finding a 17% increased risk per 100 g/d
consumption of red meat, and an 18% increased risk per 50 g/d consumption of processed
meats [114].

Several biologically plausible mechanisms may explain the positive association between
red and processed meats with colorectal neoplasms. Meat cooked at high temperatures is a
major source of HCA [115]; however, chicken cooked at high temperatures is also a major
source of HCA [116] and chicken consumption generally is not positively associated with
colorectal neoplasms [117]. Also, the doses of HCAs that promote colorectal neoplasms in
animal studies are 1,000 to 100,000 times greater than human exposure via cooked meet [118].

Red and processed meats, but not white meat and fish, are a source of nitrite and N-nitroso
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compounds which may promote epigenetic modifications to DNA [118-120]. Heme iron may
also promote carcinogenesis by promoting the formation of lipoperoxides in the intestines and

catalyzing the endogenous formation of N-nitroso compounds [118].

Fats

Epidemiologic evidence does not provide consistent evidence for an association
between total fat intake or subtypes of fat intake with colorectal neoplasms [121-127].
Furthermore, a meta-analysis of six prospective cohorts found no association between dietary
animal fat and colorectal cancer [128].

Despite a lack of supporting epidemiologic evidence, basic science evidence suggests
that fatty acids may modify colorectal carcinogenesis. High fat diets induce greater bile acid
secretion from the gall bladder and subsequent passage of bile acids from the small intestine to
the colon [129, 130]. The microflora of the colon synthesize primary bile acids to deoxycholic
acid (DCA) and lithocholic acid (LCA). LCA may promote carcinogenesis through inhibiting DNA
repair proteins and promoting of DNA strand breaks [131, 132]. The carcinogenic effects of DCA
may be attributed to promoting cell proliferation through activation of protein kinase C /
prostaglandin-E2 (PGE2) [133], promoting B-catenin nuclear expression [134], and increasing
oxidative stress [135]. A balanced omega-6/omega-3 fatty acid ratio may reduce the risk of
colorectal neoplasms. Omega-3 fatty acids may inhibit inflammatory COX-2-mediated PGE2

signaling, while omega-6 fatty acids may promote PGE2 synthesis [136].

Vegetables, Fruits, Folate, and Fiber
Basic science, animal experiments, and human feeding studies suggest that vegetables,

fruits, folate, and fiber have antineoplastic effects against colorectal neoplasms [137-142]. Fruits
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and vegetables contain large number of potentially anticarcinogenic bioactive compounds such
as carotenoids, selenium, glucosinolates, indoles, ascorbate, chlorophyll, flavonoids,
allylsulphides, flavonoids, and phytoestrogens [99, 100]. These compounds may have both
complementary and overlapping mechanisms including antioxidant effects, promoting activation
of detoxification enzymes, and inhibiting nitrosamine formation[138]. The WCRF found limited
evidence that non-starchy vegetables and fruits protect against colorectal cancer [100]. A
pooled analysis of 14 cohort studies found an estimated a modest lower risk for those in the
highest relative to those in the lowest quintile of fruit and vegetable intake (RR=0.82; 95% ClI
0.82-1.01) [143]. A recent meta-analysis suggested that the fruit and vegetable intake-
colorectal cancer association may be non-linear, with most risk reduction occurring between
100 — 200 g/d consumption of fruits and vegetables, with little additional benefit from greater
vegetable and fruit intake [144].

Foods high in fiber include fruits, vegetables, whole grains, and legumes. Fiber is
fermented by the colonic microflora producing short-chain fatty acids (SCFA). The SCFA
butyrate is an important fuel source for the colorectal epithelium and may promote apoptosis
[145]. The synthesis of SCFA reduces the colorectal luminal pH, and possibly inhibits the
conversion of primary bile acids to secondary bile acids (e.g., DCA and LCA) [138]. Fiber also
increases stool bulk and reduces transit time [99]. A recent meta-analysis of prospective
cohorts estimated a 10% lower risk of CRC per 10 g/d intake of total and cereal fiber, and a 17%
lower risk per three servings of whole grain [146]. Inverse associations between risk of
colorectal cancer and fiber intake from vegetables, fruits, and legumes was also reported;
however, none of these associations were statistically significant [146]. Despite convincing basic
science and observational evidence that fiber may be inversely associated with colorectal

cancer, randomized controlled trials have not been supportive [147-149]. In the Polyp
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Prevention Trial, a high-fiber (18 g/1,000 kcal), high-fruit and-vegetable (3.5 servings/1,000
kcal), and low-fat (20% of total energy) diet did not reduce adenoma recurrence compared to
“regular diet” [149]. However, these results need to be interpreted cautiously because it is
possible that study participants in the treatment arm underreported fat consumption and over-
reported fiber and fruit and vegetable consumption. A re-analysis of the Polyp Prevention Trial
found that study participants who had high adherence to the study intervention over the 4-year
trial period had a significant 32% decrease risk of adenoma recurrence, a significant 49%
decrease risk of multiple adenoma recurrence, and a borderline significant 56% decreased risk
of advanced adenoma recurrence [150].

Sources of naturally occurring folate include leafy green vegetables, dried beans and
peas, and citrus fruits. In 1996, the U.S. Food and Drug Administration issued a regulation
requiring the fortification of all enriched cereal-grain products with folic acid by January 1998
[151]. Folate has essential functions in DNA synthesis, repair, and methylation. Basic science
studies have reported folate deficiency to be associated with increased chromosomal instability
[138]. A methyl-donor deficient diet in rats promoted DNA strands breaks within the p53 gene
[152]. Alcohol antagonizes intestinal absorption and utilization of folate [153]. However, animal
studies suggest that folate supplementation following initiation of colorectal neoplasms
promotes neoplastic progression [154, 155]. At least one human clinical trials [156] echoed
these concerns that folic acid supplementation may promote adenoma recurrence. In the
Aspirin/Folate-Polyp Prevention Study (AFPPS), participants randomized to receive 1,000 ug folic
acid/d developed a higher occurrence of multiple and advanced lesions [156]. However,
contrary to the AFPPS, randomized, double-blind, placebo-controlled clinical trials that
evaluated the effects of supplemental folic acid in the NHS and Health Professionals Follow-up

Study (HPFS), and the United Kingdom Colorectal Adenoma Prevention (UKCAP ) study did not
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find folic acid to increase adenoma recurrence [157, 158]. In fact, in the NHS and HPFS, folic
acid supplementation was associated with a reduced risk of adenoma occurrence in participants
with low baseline plasma folate (RR 0.61; 95% Cl: 0.42 —0.90) [158]. A recent study from the
Cancer Prevention Study Il investigated natural and synthetic folate and their associations with
colorectal cancer incidence from 1999 through 2007. High intake of natural folate ( > 316
pg/d)and folic acid ( = 560 pg/d) was modestly associated with lower risk of colorectal cancer,
although these results were not statistically significant [159]. High intake of total folate (21224
dietary folate equivalent/d)was significantly associated with a 19% lower risk of colorectal
cancer [159]. The inverse association was limited to cancer risk after the first two years of
measurement (2002-2007), suggesting that the antineoplastic effects of folate may be limited to

inhibiting the initiation and not the progression of carcinogenesis [159].

Vitamin D and calcium

Ultraviolet B (UVB) radiation wavelengths (290 — 315 nm) that hit the skin are absorbed
by 7-dehydrocholesterol to synthesize pre-vitamin D;. Pre-vitamin D; undergoes rapid
rearrangement to vitamin D; in a heat dependent reaction and diffuses from the epidermis into
the circulation where it is bound to the vitamin D binding protein. Circulating vitamin D is
transported to the liver where it is metabolized by the CYP27A1 enzyme to form 25-
hydroxyvitamin D (25(0OH)D), the primary circulating form of vitamin D. In the kidney the
CYP27B1 enzyme synthesizes 25(0OH)D to the active vitamin D metabolite 1,25(0OH),D. Most
circulating 1,25(0OH),D is synthesized in the kidney. Circulating 1,25(0OH),D is responsible for the
“classical” endocrine functions of vitamin D (i.e., related to calcium homeostasis). However,
CYP27B1 is expressed throughout the body (i.e., the intestines, pancreas, breast, and immune

cells) which synthesize 1,25(0OH),D, which acts in “non-classical” autocrine/paracrine functions.
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The active 1,25(0OH),D metabolite is short lived and is hydroxylated and inactivated by the
CYP24A1 enzyme, which is also widely expressed throughout the body [160-162].

There is no consensus on the definition of vitamin D deficiency, but many experts
suggest that deficiency be defined as serum 25(OH)D concentrations <20 ng/ml [163, 164].
According to such a definition of vitamin D deficiency it is estimated that approximately 50
million teenagers in the U.S. are vitamin D deficient or insufficient (serum 25(OH)D
concentrations 20 — 32 ng/ml) [163, 165]. Anthropological evidence suggests that ancestral
human evolution occurred in the context of abundant exposure to solar radiation [166-168].
Two traditionally living cultures in Tanzania with lifelong exposure to abundant tropical sunlight
were estimated to have mean 25(0OH)D concentration of 119 nmol/I (47.8 ng/ml) (range: 58 —
167 nmol/I (23.2 — 164.5 ng/ml)) and 109 nmol/I (43.7 ng/ml) (range: 71 — 171 nmol/I (28.4 -
68.5)) [168]. These vitamin D concentrations are comparable to the average 25(0OH)D
concentrations reported for Caucasian lifeguards working for at least 4 weeks at an open-air
swimming pool in St. Louis (average 160.7 nmol/l; range: 132 — 197 nmol/| (average 64.4 ng/ml;
range: 52.9 — 78.9 ng/ml)) [169].

In 1980 Garland and Garland proposed that vitamin D may be protective against
colorectal cancer based on the negative association between solar radiance and colorectal
cancer incidence [170]. Several prospective cohorts have investigated the association between
vitamin D and colorectal neoplasms [171-186], with most suggesting an inverse association [171,
173-181, 183, 185, 186]. The highest quintile of circulating 25(0OH)D (>83.4 nmol/I (33.4 ng/ml))
in the EPIC cohort was associated with a 40% lower risk of colorectal cancer [176]. The highest
risk of colorectal cancer was found for individuals who were in both the lowest tertile of
25(0H)D concentrations and the lowest tertile of calcium intake (Rate Ratio 1.33;95% Cl: 1.16 —

1.55), suggesting a possible interaction between the two [176]. A meta-analysis of 5 nested
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case-control studies [172, 173, 175, 183, 187] found 25(0OH)D concentrations 233 ng/ml relative
to. <12 ng/ml to be associated with a statistically significant 50% lower colorectal cancer risk;
and recommended a vitamin D intake of 1000 IU/d [188]. A pooled case-control study reported
an inverse association between seasonally adjusted serum 25(OH)D; and colorectal adenomas
(highest vs lowest quartile OR = 0.33; 95% Cl: 0.19 — 0.56) [189].

The association of calcium with colorectal neoplasms has been extensively investigated
and has provided strong, consistent epidemiologic evidence supporting a protective role of
calcium against colorectal neoplasms. Of at least 48 observational studies [171, 174, 176, 177,
179, 190-232] (24 case-control studies [190-211, 231, 232] and 24 prospective cohorts [171,
174, 176, 177, 179, 212-230]), 37 reported an inverse association between calcium intake and
colorectal neoplasms [171, 174, 176, 177, 179, 192, 193, 195, 197-200, 202, 204, 206, 207, 209-
213, 215-219, 221-224, 226-232]. In the EPIC cohort a high (21299.4 mg/d) relative to low
(<667.2 mg/d) intake of dietary calcium was associated with a statistically significant 31% lower
risk for colorectal cancer [176]. A pooled analysis of the NHS and HPFS reported higher total
(dietary plus supplemental) calcium (>1250 mg/d vs. <500 mg/d) to be inversely associated with
incident distal (descending and sigmoid) colon cancers (RR=0.65 95% Cl: 0.43 — 0.98) [229]. The
NHS and HPFS findings suggests a potential threshold effect, with most risk reduction being
associated with calcium intakes between 700-800 mg/d [229].

The protective effects of calcium against colorectal neoplasms have been observed in
randomized, placebo-controlled, clinical trials. The Calcium Polyp Prevention Study found 1,200
mg/d of supplemental elemental calcium to reduce adenoma recurrence among persons with at
least one adenoma at baseline [233]. Following 4-years of follow-up the RR of adenoma
recurrence was 0.85 (95% Cl: 0.74 — 0.98) [233], and for advanced adenomas 0.65 (95% Cl: 0.46

—0.93) [234]. The treatment effects of supplemental calcium on adenoma recurrence was
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modified by 25(0OH)D concentrations. Among people with 25(0H)D concentrations at or below
the overall baseline median (29.1 ng/ml), calcium had no effect on adenoma recurrence (RR =
1.05; 95% Cl: 0.85 — 1.29), but among people with baseline 25(0H)D concentrations above the
median calcium supplementation was associated with a significant reduction in adenoma
recurrence (RR =0.71; 95% Cl: 0.57 — 0.89) [235]. There was also a suggestion that the
treatment effects of calcium may be modified by dietary fat. In the lowest tertile of fat intake
calcium supplementation markedly reduced adenoma recurrence (RR =0.51; 95% Cl = 0.25 —
1.06); however, the protective effect of calcium was attenuated in the highest tertile of fat
intake (RR =0.90; 95% Cl 0.42 — 1.90) [234]. A meta-analysis of 3 clinical trials that tested the
efficacy of supplemental calcium (1,200 mg, 1,600 mg, and 2,000 mg) against adenoma
recurrence reported a summary RR of 0.80 (95% Cl: 0.68 —0.93) [236].

The Women'’s Health initiative (WHI), a randomized, double-blind, placebo-controlled
clinical trial that evaluated the effects of 1,000 mg of calcium plus 400 IU vitamin D versus
placebo over an average of 7 years among postmenopausal women reported no protective
effect of calcium and vitamin D against colorectal cancer [187]. However, these results need to
be interpreted with caution because of the low adherence in the active treat group (60% to 63%
took 80% or more of their pills during the first 3 years of follow-up), women in the placebo
group were allowed to use nonprotocol prescribed supplemental calcium and vitamin D, and the
low dose of study vitamin D. In a re-analysis of the WHI, among women who did not report
personal use of supplemental calcium or vitamin D at randomization, there was a modest 17%
reduction in colorectal cancer incidence in the active treatment group; however, this was not a
statistically significant finding [237].

The proposed anti-carcinogenic effects of calcium may be attributed to the binding of

toxic secondary bile acids to form insoluble soaps [238-240] and to directly reducing



22

proliferation and promoting differentiation and apoptosis in the colorectal mucosa [241-245].
In a low calcium environment colonic cell lines undergo increased cell proliferation [241, 245].
A randomized, double-blinded, placebo-controlled clinical trial reported that calcium
supplementation reduced the proportion of proliferative cells in the upper 40% of colorectal
crypts [246]. Calcium’s effects on the cell cycle may, in part, operate through modulating the
Whnt/B-catenin signaling pathway [247-249]. Colonic cell lines exposed to high calcium
concentrations increased E-cadherin expression and translocated B-catenin from the nucleus to
the membrane, and these effects could be prevented by inhibiting the expression of the calcium
receptor (CaR) [247-249]. A mouse model with the CaR gene specifically knocked-out of the
intestine had increased colonic proliferation and expanded the zone of proliferation in colonic
crypts, and enhanced nuclear localization of B-catenin [242]. The CaR is strongly expressed in
normal appearing mucosa and in differentiated neoplasms; however, sporadic to no expression
is reported in undifferentiated carcinomas [241, 247, 249-251].

Vitamin D may reduce risk of colorectal cancer through various mechanisms, including
reducing cell proliferation, and promoting cell differentiation and apoptosis. In vitro,
1,25(0H),D promotes E-cadherin expression [248, 252] and B-catenin translocation to the
membrane [252]. Binding of 1,25(0OH),D to the VDR promotes the VDR to competitively bind -
catenin away from the co-transcription factor TCF-4 [252, 253]. Wild type APC may promote the
interaction of the 1,25(0H),D/VDR/B-catenin complex, but not truncated APC [253]. Both
calcium and 1,25(0OH),D promote P21 (a cyclin-dependent kinase inhibitor) expression [248, 254,
255]; however, knocking-out CaR expression prevents these effects [254]. Treatment of colon
neoplasm cell lines with 1,25(0OH),D inhibited the expression of the anti-apoptotic marker Bcl-2
and promoted expression of the pro-apoptotic marker Bak [256]. In a mouse model the

neoplastic effects of a “Western-style” (WD) diet were attenuated by supplementing the WD
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with calcium and vitamin D [257]. Compared to APC™™*VDR”* mice, APC™™*VDR” mice had
increased nuclear B-catenin expression, larger tumors, and lower E-cadherin expression [258]. A
randomized, placebo-controlled, clinical trial reported supplemental calcium and vitamin D,
alone and in combination, increased the expression of the pro-apoptotic marker Bax, and MSH2
in normal colorectal mucosa [259, 260].

The VDR, independent of 1,25(0OH),D, may also protect against the cytotoxic effects of
bile acids. Lithocholic acid can bind to the VDR, at a lower affinity than 1,25(0OH),D, promoting
transcription of CYP3A, a detoxifying enzyme that catabolizes bile acids. However, the binding
of LCA to the VDR may also promote CYP24A1 expression, which may attenuate the anti-
neoplastic effects of 1,25(0OH),D [253, 261]. Unlike the 1,25(0H),D/VDR complex, the affinity of
the LCA/VDR complex for B-catenin is low [253]. Thus, a high fat diet combined with low
25(0OH)D concentrations that results in a high LCA/25(0OH)D ratio, may favor colorectal
proliferation and increase the risk of colorectal neoplasms.

The association between VDR gene polymorphisms and colorectal neoplasms is unclear.
Some of the more common single nucleotide polymorphisms (SNPs) to be investigated in
relation to colorectal neoplasms include Bsml (rs1544410, G>A), Apal (rs7975232, C>A), and Fokl/
(rs1073581, T/C) [162, 262]. The Apal and Bsml polymorphisms are silent SNPs, as they do not
change the coding sequence of VDR. However, they are in strong linkage disequilibrium with
the Poly(A) microsatellite repeat polymorphism which may affect gene expression through
regulation of mRNA stability [162, 263]. Located at the first potential start site of VDR is the Fok/
polymorphism. This polymorphism can modify the VDR start codon resulting in a larger, less
transcriptionally active VDR protein [264, 265]. In cell lines the shorter Fok/ variant is associated
with greater ability to suppress B-catenin mediated transcription [253]. Of seven reviewed

studies [266-272], five [266, 267, 270-272] reported inverse association between the more
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transcriptionally active Fokl polymorphisms and colorectal cancer. A meta-analysis of 7 studies
investigating the Bsml polymorphism and colorectal cancer reported a summary OR of 0.91
(95% Cl: 0.84 — 1.00) and 0.92 (0.81 — 1.04) for the Bb and BB genotype, respectively [273].
However, a meta-analysis of 5 studies that investigated the association between Fokl and Bsml
polymorphisms with colorectal adenoma reported no associations for either polymorphisms
[274]. In the UKCAP study the VDR polymorphisms Fokl, Bsml, Apal and Taql were not directly
associated with adenoma recurrence, but a reduction in adenoma recurrence that was
associated with high intake of dairy products was limited to individuals with Apal aA/AA
genotype (Pinteration=0.02) [275].

The expression of the VDR and CYP27B1 in colorectal mucosa increases in the early
stages of the pathogenesis of colorectal cancer, but markedly decreases in undifferentiated
cancers; this suggests that the VDR and CYP27B1 act as tumor suppressors, presumably by
maximizing 1,25(0OH),D signaling to normalize cell-cycle regulation [276-278]. CYP24A1
expression was reported to be increased in undifferentiated cancers, presumably mitigating the

effects of 1,25(0OH),D signaling [278, 279].

Gaps in the Literature Addressed by This Dissertation

In this dissertation | address two related needs in the literature to advance efforts to
understand the etiology of colorectal cancer and how to prevent it: 1) there are no validated
pre-neoplastic biomarkers of risk for colorectal neoplasms, and 2) clarification of the
antineoplastic roles of calcium and vitamin D against colorectal neoplasms. Currently, the
colorectal adenoma is the only validated biomarker of risk for colorectal cancer. The
development of treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms could be

used to enhance clinical risk identification, stratification, and monitoring and to facilitate the
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development of chemopreventive agents against the disease. There is considerable evidence
suggesting that the Wnt/B-catenin and calcium/vitamin D metabolism pathways malfunction
early in the stages of colorectal carcinogenesis, and that these pathways may be modified by
diet and lifestyle behaviors, including calcium and vitamin D, making these pathways ideal
candidates for investigating and developing treatable, pre-neoplastic biomarkers of risk. In this
dissertation | report the results of investigations to evaluate potential of markers of the Wnt/B-
catenin signaling pathway (APC, B-catenin, and E-cadherin) and markers of calcium and vitamin
D metabolism (the CaR, the VDR, CYP27B1, and CYP24A1) in the normal colorectal mucosa as

potential treatable, pre-neoplastic biomarkers of risk for colorectal neoplasmes.
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Specific Aims

To address the lack of knowledge on treatable, pre-neoplastic biomarkers of risk for
colorectal neoplasms, as reported herein, in this dissertation | report findings on the
investigation and development of APC, B-catenin, E-cadherin, the CaR, the VDR, CYP27B1, and

CYP24A1 as potential treatable pre-neoplastic biomarkers of risk for colorectal neoplasms.

This dissertation contributes toward the development of treatable, pre-neoplastic

biomarkers of risk for colorectal neoplasms with the following specific aims:

1. From the Markers of Adenomatous Polyps Il (MAP II) colonoscopy-based case-control
study investigate:

a) differences between APC, B-catenin, and E-cadherin expression in patients with
incident, sporadic colorectal adenomas and adenoma free controls;

b) differences between APC, B-catenin, and E-cadherin expression in functionally
distinct crypt zones (the upper 40% of the crypts (differentiation zone), the
lower 60% of the crypts (proliferation zone), and the distribution index (®h,
defined as the ratio of the upper 40% of the crypts to the whole crypt)) in
patients with incident, sporadic colorectal adenomas and adenoma free
controls; and

c) associations of APC, B-catenin, and E-cadherin expression with biologically
plausible potential modulators.

2. From arandomized, placebo controlled, 2x2 factorial clinical trial (CaDvMAP) investigate
the effects of supplemental calcium and vitamin D; alone and in combination over 6
months on APC, B-catenin, and E-cadherin expression and the APC/B-catenin score
(developed in the MAPII study in a secondary analysis) in the normal colorectal mucosa.

3. From the randomized, placebo-controlled, 2x2 factorial clinical trial (CaDvMAP)
investigate the effects of supplemental calcium and vitamin Ds alone and in combination
over 6 months on CaR, VDR, CYP27B1, and CYP24A1 expression in the normal colorectal

mucosa.
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Hypotheses

1. Inthe MAP Il study greater APC and E-cadherin expression in the normal colorectal
mucosa is associated with lower risk for sporadic colorectal adenoma, and greater -
catenin expression is associated with higher risk for sporadic colorectal adenoma.
Protective risk factors for colorectal neoplasms are positively associated with APC and E-
cadherin expression and negatively associated with B-catenin expression.

2. Inthe CaDvVMAP study, supplemental calcium and vitamin Ds, alone and in combination,
will increase APC and E-cadherin expression and the APC/B-catenin score, and decrease
B-catenin expression in the normal colorectal mucosa.

3. Inthe CaDvMAP study, supplemental calcium and vitamin D3, alone and in combination,
will modify the expression of CaR, VDR, CYP27B1, and CYP24A1 expression in the normal

colorectal mucosa.
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Abstract

Malfunctioning of the APC/B-catenin signaling pathway is both an early and common
event in sporadic colorectal cancer. To assess the potential of APC/B-catenin signaling pathway
markers as treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms, we conducted
a pilot colonoscopy-based case-control study (51 cases, 154 controls) of incident, sporadic
colorectal adenoma. We evaluated APC, B-catenin, and E-cadherin expression in normal mucosa
from the rectum and ascending and sigmoid colon using automated immunohistochemistry and
guantitative image analysis. Diet, lifestyle, and medical history were assessed with validated
qguestionnaires. In the normal rectal mucosa, the ratio of the proportion of APC expression in
the upper 40% of crypts with total B-catenin expression (APC/B-catenin score) was 14.3%
greater in controls than in cases (p=0.02) (odds ratio [OR] 0.40, 95% confidence interval [Cl] 0.14
—1.14). Compared to controls, in cases, APC expression was 3.2% lower, B-catenin expression
was 3.0% higher, and E-cadherin expression was 0.7% lower; however, none of these differences
was statistically significant. The APC/B-catenin score statistically significantly differed according
to categories of plausible risk factors for colorectal cancer (e.g., it was 17.7% higher among
those with 25[0OH]-vitamin D; concentrations = 27 ng/ml and 14.8% lower among those with
high total fat consumption). These preliminary data suggest that the combined expression of
APC and B-catenin in the normal rectal mucosa may be associated with risk for incident,

sporadic colorectal neoplasms, as well as with modifiable risk factors for colorectal neoplasms.
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Introduction

Despite advances in screening and treatment, colorectal cancer (CRC) remains the
second leading cause of cancer deaths in the United States[280]. The etiology of sporadic CRC is
predominately rooted in dietary and lifestyle behaviors [99, 100], suggesting that it may be
preventable. The molecular basis of colorectal carcinogenesis is becoming clearer[99], but has
yet to be exploited to yield validated, treatable, pre-neoplastic biomarkers of risk for colorectal
neoplasms.

APC, B-catenin, and E-cadherin are appealing, potentially treatable, pre-neoplastic
biomarkers of risk for colorectal adenomas. Impaired APC function/expression, which is
involved in approximately 80-90% of sporadic CRCs [281], results in increased cytoplasmic -
catenin which can translocate to the nucleus and bind with TCF transcription factors and
activate target genes responsible for cell proliferation and differentiation [281]. Also, B-catenin
is a multi-functioning signaling protein, which, along with a-catenin, binds to the cytoplasmic tail
of the calcium-dependent cell adhesion protein E-cadherin, linking E-cadherin to actin filaments
and promoting cell adhesion and differentiation. E-cadherin may also antagonize APC/B-catenin
signaling by sequestering B-catenin at cell adhesion junctions [282].

In normal colorectal mucosa APC, B-catenin, and E-cadherin are all strongly
expressed—APC primarily in the cytoplasm, and E-cadherin and B-catenin primarily at the cell
membrane. During the adenoma-carcinoma sequence APC and E-cadherin expression markedly
decrease (although the increase in E-cadherin tends to occur in later stages) [47, 66, 67], and B-
catenin expression steadily increases and translocates from the membrane to the cytoplasm and
eventually into the nucleus [47].

We know of no other human studies that have investigated APC, B-catenin, and E-

cadherin expression in normal colorectal mucosa as potentially treatable, pre-neoplastic
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biomarkers of risk for sporadic colorectal neoplasms. We hypothesized that increased APC and
E-cadherin expression in the normal colorectal mucosa would be associated with lower, and
increased expression of B-catenin would be associated with higher, risk for adenoma. To
address this, as reported herein, we conducted a colonoscopy-based case-control study of
sporadic colorectal adenoma in which we evaluated normal colorectal mucosa expression of
APC, B-catenin, and E-cadherin as potentially modifiable biomarkers of risk for colorectal

adenoma.

Materials and Methods

Participant population and recruitment. As previously reported [283-285], the Markers
of Adenomatous Polyps Il (MAP II) study is a colonoscopy-based case-control study to
investigate potentially treatable biomarkers of risk for incident, sporadic colorectal adenomas.
Study participants were recruited through the usual scheduling of outpatient elective
colonoscopies at Consultants in Gastroenterology, PA, a large private practice gastroenterology
group in Columbia, SC. Briefly, eligibility requirements consisted of being 30-74 years of age,
English speaking, and a resident of the Columbia, SC area. Exclusion from participation included
contraindications to colonoscopic biopsies, previous adenomatous polyps, familial adenomatous
polyposis, inflammatory bowel disease, incident colorectal cancer, or a history of cancer other
than non-melanoma skin cancer. Cases were defined as being diagnosed with a first ever
adenomatous polyp at their elective outpatient colonoscopy. Controls were persons found to
have no colonic neoplasms at the elective outpatient colonoscopy. Hyperplastic polyps were
not considered in the criteria for study inclusion or exclusion or in the assignment of case-
control status. Over five months 351 patients were identified; of these, 305 (86.6%) were

eligible to participate following initial screening, of whom 232 (76%) were successfully contacted
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and provided informed consent; of these, 203 (87.5%) met final eligibility criteria; of these, 49
(56.3%) were diagnosed with incident adenomas, yielding a final sample size of 49 cases and 154
controls. Five participants were later excluded from dietary analyses because of implausibly low
(females <500 kcal/d, males <800 kcal/d) or high (females >3500 kcal/d, males >4000 kcal/d)
self-reported total energy intake. Due to limited funding, APC expression was evaluated only in
87 participants (42 cases, 45 controls), B-catenin in 77 participants (36 cases, 41 controls), and E-
cadherin in 86 participants (40 cases, 46 controls).

Data collection. Prior to colonoscopy, patients completed mailed questionnaires
regarding dietary, lifestyle, and other potential risk factors for CRC. Physical activity was
assessed using a modified Paffenbarger questionnaire [286]. Diet and nutritional supplement
intakes were assessed using a Willett Food Frequency Questionnaire [287, 288].

Participants were asked to abstain from aspirin use seven days prior to colonoscopy.
Colonoscopy of all participants was done in the usual manner following a 12-h fast and
polyethylene glycol bowel cleansing preparation. Six approximately one millimeter thick “pinch”
biopsy specimens were taken from the normal-appearing rectal mucosa 10 cm above the anus.
On 20% of participants, biopsies from the mid-sigmoid and proximal ascending colon were also
collected. No biopsies were taken within 4.0 cm of a polypoid lesion. Biopsies were placed onto
a strip of bibulous paper and immediately placed in phosphate buffered saline (PBS), oriented,
transferred to 10% normal buffered formalin for 24 hours, and then transferred to 70% ethanol.
Then, within a week, the biopsies were processed and embedded in paraffin blocks (2 blocks of
3 biopsies per colon site per participant). For any polyp removed at colonoscopy, colon site, in
vivo size, and shape were recorded and histologic information was further reviewed by the

study index pathologist using standard criteria [289].
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Immunohistochemistry protocol. For each person, for each colon site, five slides with 4
levels of 3 micron-thick biopsy sections taken 40 microns apart were prepared for each antigen,
yielding a total of 20 levels for each antigen. Antigen retrieval was performed by placing the
slides in a preheated Pretreatment Module (Lab Vision Corp.) with 100x citrate buffer (pH 6.0;
DAKO S$1699, DAKO Corp.) and steaming them for 40 min. Following antigen retrieval, slides
were immunohistochemically processed in a DAKO Automated Immunostainer (DAKO Corp.)
using a labeled streptavidin-biotin method for APC (Calbiochem, OP80; 1:70 dilution), B-catenin
(Transduction Laboratories 610154; 1:300 dilution), and E-cadherin (Zymed 33-4000; 1:50
dilution). No slides were counterstained. After processing, slides were coverslipped with a Leica
CV5000 Coverslipper (Leica Microsystems, Inc.). Each staining batch contained positive and
negative slides, which were treated identically to the patients’ slides except that antibody
diluent was used rather than primary antibody on the negative slides.

Protocol for quantifying labeling densities of immunohistochemically detected
biomarkers in normal colon crypts (“scoring”). A detailed description of the protocol used to
quantify biomarker labeling optical densities (“biomarker expression”) in normal colon crypts
was previously described [259]. Briefly, a “scorable” crypt was defined as an intact crypt
extending from the muscularis mucosa to the colon lumen [290]. Prior to “scoring”, the
negative and positive control slides were checked for staining adequacy. The major equipment
and software for the image analysis procedures included: personal computer, light microscope
(Olympus BX40, Olympus Corporation, Japan) with appropriate filters and attached digital light
microscope camera (Polaroid DMC Digital Light Microscope Camera, Polaroid Corporation, USA),
digital drawing board, ImagePro Plus image analysis software (Media Cybernetics, Inc., MD), our
in-house developed plug-in software for colorectal crypt analysis, and Microsoft Access

relational database software (Microsoft Corporation, WA).
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Evaluation of biomarker expression consisted of the same technician cleaning all slides,
selecting the two of the three biopsies with the most scorable crypts per biopsy, creating
background correction images for each slide scored, capturing 16-bit grayscale images of crypts
at 200x magnification, and tracing the border of the “hemicrypt” (one half of the crypt) (Figure
2.1). The program then divided the outlined hemicrypt into equally spaced segments that
corresponded to the average width of colonocytes, and measured the optical density of the
labeling across the entire hemicrypt and within each segment, adjusting for the background.
The technician then repeated this process for the adjacent hemicrypt, and proceeded to the
next crypt, level, biopsy, and/or slide. The goal was to score 16-20 hemicrypts on two of three
biopsies per biomarker per colon site.

Reliability control was performed by selecting samples of previously analyzed slides to
be re-analyzed by the technician. The technician was blinded to the selection. Intra-reader
reliability for APC, E-cadherin, and B-catenin was >0.90 throughout.

Protocol for measuring serum 25(0OH)D;. Serum 25(OH)-vitamin D; (25(0OH)D;) was
measured using liquid chromatography/tandem mass spectrometry, as previously described
[291].

Statistical analysis. The characteristics of the cases and controls were compared using
the t test for continuous variables and Fisher exact test for categorical variables.

The mean labeling optical density (“expression”) of each biomarker on each study
participant was calculated by summing the biomarker’s expression for all analyzed crypts and
dividing by the total number of analyzed crypts. Biomarker expression was standardized to
adjust for possible staining batch effects by dividing an individual’s mean biomarker expression
by the mean biomarker expression of the staining batch in which the individual’s sample was

included. As a sensitivity analysis of our batch standardization, we used a robust method that
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conditioned on batch and dichotomized on the batch specific median in controls [292].
Measures of biomarker expression in functional distinct crypt zones selected a priori were the
upper 40% of the crypts (differentiation zone), the lower 60% of the crypts (proliferation zone),
and the distribution index (®h, defined as the ratio of the upper 40% of the crypts to the whole
crypt).

The distributions of batch-standardized APC, E-cadherin, and B-catenin labeling optical
density along the full length of the crypts were graphically plotted and evaluated using the
LOESS procedure. First, each hemicrypt was standardized to 50 sections. Then, the average of
each section across all crypts was predicted by the LOESS model separately for cases and
controls by colon site. The results were graphically plotted along with the smoothing line.

Potential confounders were evaluated based on the biological plausibility of their being
associated with the biomarker of interest and with colorectal adenomas. All nutrients were
energy-adjusted using the residual regression method [293]. Continuous variables were
dichotomized based on their sex-specific median in the controls.

The ratio of ®h APC to B-catenin expression (Oh APC expression/B-catenin expression)
was calculated to investigate the association of combined ®h APC and B-catenin expression
(APC/B-catenin score) with adenoma status, adenoma characteristics, and risk factors for
colorectal neoplasms. We hypothesized that the APC/B-catenin score would be inversely
associated with having an adenoma. E-cadherin was not included in the APC/B-catenin score
because during carcinogenesis malfunctioning regulation of B-catenin by APC occurs earlier than
E-cadherin down-regulation[294]. As a sensitivity analysis of the APC/B-catenin score we also
calculated normalized z-scores for ®h APC and B-catenin expression (z = [x — u]/o, where x is the

biomarker value, p is the mean biomarker expression in controls, and o is the standard deviation
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of the biomarker expression in controls) and then the B-catenin z-score was subtracted from the
®h APC z-scores (APC-B-cat z-score).

Logistic regression was used to calculate odds ratios (OR) with 95% confidence intervals
(95% Cl) to evaluate associations of batch-standardized expressions of APC, B-catenin, and E-
cadherin, and of the APC/B-catenin score (hereafter referred to as “the biomarkers”) with
adenoma; for these analyses the biomarkers were dichotomized based on the mean values in
the controls. For analyses of differences in mean expression of the biomarkers according to risk
factors for colon cancer, given the small sample size and similarity of results across cases and
controls, cases and controls were combined in analysis of covariance (ANCOVA) models with
inverse probability weighting according to the relative proportions of cases and controls
measured for a given biomarker. However, since there were differences in the biomarkers by
nonsteroidal anti-inflammatory drug (NSAID) use according to case/control status, for this
analysis cases and controls were analyzed separately. The results of the associations between E-
cadherin and risk factors for CRC are not presented since no apparent difference in E-cadherin
expression between adenoma cases and controls was found. All models were adjusted for age
and sex. Due to limited sample sizes for the ascending and sigmoid colon, only the results for

the rectal mucosa are presented in the tables.

Results

Study population. Selected characteristics of the study population are presented in
Table 2.1. Relative to controls, cases, on average, tended to be older and to have lower serum
25(OH)D; concentrations, greater total energy, fat, and processed meat intakes, and lower total
folate and calcium intakes. Cases also tended to be less likely to have a history of colorectal

cancer in a first-degree relative and to regularly take a NSAID; however, only total energy
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consumption statistically significantly differed between cases and controls. When restricted to
cases and controls available for specific biomarkers, the case-control differences did not
appreciably change (data not shown).

Case-control differences in biomarker expression. The APC/B-catenin score in rectal
crypts of controls was 14.3% greater (p=0.02) than in cases, and having a higher APC/B-catenin
score in rectal crypts was inversely associated with adenomas (OR 0.40, 95% Cl 0.14 — 1.14)
(Table 2.2). This association did not appreciably change with multivariate adjustment.

APC expression in cases and controls along the full lengths of colorectal crypts was
lowest at the crypt bases, and, beginning at approximately the upper 40™ percentile of crypts,
expression sharply increased towards the crypt apex (Figure 2.2A). Mean total APC expression
in rectal crypts did not appreciably differ between cases and controls (data not shown);
however, ®h APC was 3.2% lower in cases than in controls and modestly inversely associated
with adenomas (OR 0.75), but these findings were not statistically significant and did not
appreciably change with multivariate adjustment (Table 2.2). The findings for APC expression in
the ascending and sigmoid colon were similar to those for the rectum (data not shown).

B-catenin expression in cases and controls was relatively uniform along the full lengths
of rectal crypts (Figure 2.2B). Mean total B-catenin expression in rectal crypts was 3.0% higher
in cases than in controls and modestly positively associated with being a case (OR 1.36), but
these findings were not statistically significant and did not appreciably change with multivariate
adjustment (Table2.2). Similar case-control differences were found in specific functional zones
of crypts (data not shown).

E-cadherin expression in cases and controls, similar to B-catenin expression, was
relatively uniform along the full lengths of rectal crypts (Figure 2.2C). Mean total E-cadherin

expression in rectal crypts was 0.7% greater in controls than in cases and modestly positively
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associated with adenomas (OR 1.18), but these findings were not statistically significant and did
not appreciably change with multivariate adjustment (Table 2.2). The findings for E-cadherin
expression in specific functional zones of crypts and for other colon sites were similar to the
findings for total E-cadherin expression in the rectum (data not shown).

Associations of biomarkers with potential risk factors. The APC/B-catenin score tended
to be lower among men (11.1%), participants with a positive family history of CRC in a first
degree relative (10.7%), higher levels of physical activity (14.2%), higher WHR (11.0%), and
higher intakes of total fat (14.8%) and processed meats (14.3%); and higher among participants
with serum 25(OH)D; concentrations >27 ng/ml (17.7%) and greater dietary fiber (13.3%) and
total folate intakes (10.5%). However, only the findings for physical activity, 25(0H)D;
concentrations, total fat intake, and processed meat intake were statistically significant. In
cases regular NSAID use was associated with a higher APC/B-catenin score (11.8%), but in
controls regular NSAID use was statistically significantly associated with a lower APC/B-catenin
score (20.2%; Table 2.3).

®h APC expression tended to be lower among participants with a positive family history
of CRC in a first degree relative (12.8%), higher levels of physical activity (9.8%), and higher
intakes of total fat (9.4%) and processed meats (7.3%); and higher among participants with
greater dietary fiber (15.6%) and total calcium (11.3%) and folate intakes (12.4%). However,
only the findings for physical activity and intakes of total fat, calcium, fiber, and folate were
statistically significant. In controls regular NSAID use was statistically significantly associated
with lower ®h APC expression (11.0%) (Table 2.3).

B-catenin expression tended to be higher among men (5.2%), participants >55 years of
age (6.9%), former or current smokers (5.7%) or alcohol consumers (15.7%), and those with

higher levels of physical activity (5.9%), higher WHR (8.1%), and greater processed meat intakes
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(8.3%); and lower among participants with higher total energy intakes (9.0%). However, only
the findings for alcohol exposure, WHR, and total energy and processed meat intakes were
statistically significant. In controls regular NSAID use was statistically significantly associated
with higher B-catenin expression (10.6%) (Table 2.3).

Sensitivity analyses. Alternative methods [292] noted above for accounting for staining
batch yielded nearly identical associations between the biomarkers and adenoma. Also, the
APC-B-catenin z-score produced results (OR 0.35, 95% CI [0.12 — 0.99]) similar to those using the
APC/B-catenin score. There were no apparent differences in findings using weighted and un-
weighted ANACOVA analyses.

Adenoma characteristics. \We found no apparent differences of expression of APC, B-
catenin, or E-cadherin or the APC/B-catenin score among cases according to adenoma subtype,

shape, location, or multiplicity (data not shown).

Discussion

To the best our knowledge, this is the first report to quantify and characterize the
distribution of APC, B-catenin, and E-cadherin expression in the normal colorectal mucosa in
incident, sporadic, colorectal adenoma cases and healthy controls. Our results suggest that
persons with higher APC combined with lower B-catenin expression in the normal colorectal
mucosa may be at lower risk for incident sporadic colorectal neoplasms. Also, our results
suggest that these biomarkers may be associated with dietary and lifestyle risk factors for
colorectal neoplasms, suggesting that these biomarkers may be modifiable. These findings,
which support previous findings suggesting that molecular phenotypic differences in the normal-

appearing colorectal mucosa may be associated with increased risk of colorectal neoplasms
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[283-285] and are modifiable [259, 260, 295-297], are relevant because there are currently no
validated treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms.

In the present study having a higher proportion of APC expression in the upper 40%
(differentiation zone) of colorectal crypts (Oh APC) was consistently, but not statistically
significantly, greater in controls than in cases at all colon sites. These results are consistent with
reports that in CRC cases [298] and those at increased risk for the disease [246, 299] the
colorectal crypt proliferation zone (the lower 60%) expands upwardly into the upper 40% of
crypts. That E-cadherin expression did not appreciably differ between cases and controls, and
cases tended to have lower ®h APC expression, may suggest that the excess B-catenin
expression found in cases could induce a greater proliferative potential. This idea is further
supported by the significant inverse association of the APC/B-catenin score with adenoma. We
suggest that the APC/B-catenin score may reflect the potential of B-catenin to activate
proliferative genes in colorectal crypts.

A family history of CRC and increased age are well established risk factor for colorectal
neoplasms[99]. Consistent with this, we found a lower APC/B-catenin score and ®h APC in
people with a history of CRC in a first degree relative, and increased B-catenin expression in
older participants. Consistent with the slightly higher risk of CRC in men than women [83], we
found men to have a lower APC/ B-catenin ratio.

The etiology of CRC is heavily influenced by modifiable dietary and lifestyle
behaviors[99, 100]; however, we are unaware of any in vivo investigations of associations of
dietary and lifestyle behaviors with APC and B-catenin expression in the normal colorectal
mucosa. Increased physical activity and NSAID use are consistently reported to reduce risk of
colorectal neoplasms [83]. Unexpectedly, we found a statistically significant lower APC/B-

catenin scores among people with higher physical activity, and the association between regular
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NSAID use and biomarker expression differed according to adenoma status. Among sporadic
adenoma cases regular NSAID use was associated with a higher APC/B-catenin score, but among
controls regular NSAID use was associated with a lower APC/B-catenin score (Pinteraction=0.03).
We are unaware of a biologically plausible explanation for these findings, which may have been
due to chance. Considering the concomitant higher E-cadherin expression (data not shown), it is
plausible that the higher B-catenin expression observed with higher physical activity and NSAID
use could represent B-catenin localized to the cell membrane and the cytoplasmic tail of E-
cadherin and not higher levels of cytoplasmic or nuclear B-catenin. Elevated body fatness is a
well-established risk factor for colorectal neoplasms, and consistent with these observations we
found a lower APC/B-catenin score among people with a larger WHR and BMI. In line with
reports that smoking and alcohol consumption are associated with increased proliferation [300,
301], we found that people who formerly or currently consumed alcohol or smoked had higher
B-catenin expression. Higher intakes of total fat and processed meats, both of which are
hypothesized to increase risk for colorectal neoplasms [100, 302], were associated with lower
APC/B-catenin scores. We found a positive association between serum 25(0OH)D; and the
APC/B-catenin score, which is consistent with growing evidence suggesting that higher
circulating 25(0OH)D; reduces risk for colorectal neoplasm [189, 303]. Higher folate and fiber
intakes were associated with a higher APC/B-catenin score. In mice a diet deficient in folate and
other B vitamins reportedly decreased APC expression and increased B-catenin expression [304,
305]; and at least one animal study reported that pectin reduced B-catenin expression [244].
The escalating increase of APC expression in colorectal crypts beginning at
approximately the junction between the proliferation and differentiation zone (Figure 2.2A)
supports the results from previous studies that documented an important role for APC in

inhibiting proliferation and promoting differentiation [281]. E-cadherin adhesion depends on
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the availability of extracellular calcium. A calcium gradient from low to high is hypothesized
starting at the crypt base and extending to its luminal surface [306]. The fairly uniform
distribution of E-cadherin in crypts suggests that cell adhesion within colorectal crypts may
depend more on the increasing extracellular calcium concentration as cells migrate towards the
crypt apex, as opposed to increasing E-cadherin expression. The similar distribution patterns of
E-cadherin and B-catenin may imply that most B-catenin in normal colorectal crypts is bound to
the cytoplasmic tail of E-cadherin.

The primary limitation of this pilot study was the small sample size. Because of limited
resources we could evaluate rectal biopsies on only a subset of study participants, and
ascending and sigmoid colon biopsies on an even smaller subset. However, despite our limited
sample size we found a statistically significant difference in the APC/B-catenin score between
cases and controls, and statistically significant associations of the expression of APC and -
catenin and the APC/B-catenin score with plausible risk factors for colorectal neoplasms.
Despite much of our immunhistochemistry procedures being automated, batch variability
inevitably is a source of measurement error; however, our method of standardizing for batch
variability is an efficient method of addressing it.[292] We did not specifically evaluate nuclear
or cytoplasmic B-catenin because in the normal colorectal mucosa little or no nuclear and
cytoplasmic B-catenin expression would be expected; however, it is plausible that total B-
catenin expression is positively correlated with nuclear B-catenin expression.

The strengths of this study include: 1) that it is, to our knowledge, the first evaluation of
components of the APC/B-catenin signaling pathway in the normal colorectal mucosa as
potentially treatable, pre-neoplastic biomarkers of risk for incident, sporadic colorectal
adenoma; 2) the automated immunostaining and novel image analysis software to quantify the

crypt distribution of the expression of APC, B-catenin, and E-cadherin; 3) the assignment of
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case/control status based on colonoscopy, minimizing the chances of misclassification; and 4)
the assessment of dietary and lifestyle behaviors prior to case/control assighment to reduce
recall bias.

In summary, the results of this pilot study suggest that lower APC expression, especially
the proportion of APC in the upper 40% of crypts, combined with higher B-catenin expression in
the normal colorectal mucosa may be associated with increased risk for incident, sporadic
colorectal adenoma. Our results do not support E-cadherin as a pre-neoplastic biomarker of risk
for colorectal adenoma. Also, we found that the APC/B-catenin score and APC and B-catenin
expression may be associated with modifiable plausible dietary and lifestyle risk factors for
colorectal neoplasms, suggesting that the biomarkers may potentially be modifiable. These
results, taken together with our previous reports [259, 260, 283-285, 295-297], provide support
for conducting further, larger investigations to evaluate APC and B-catenin as potentially

treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms.



Table 2.1. Selected characteristics of incident, sporadic colorectal adenoma cases
and healthy controls; Markers of Adenomatous Polyps study Il

Characteristic® Controls (n=51) Cases (n=47) p-valueb

Demographics, medical history, habits, anthropometrics

Age, years 55.5(8.3) 56.1(7.2) 0.68
Men (%) 47 53 0.69
White (%) 98 96 0.61
Physical activity, METs/d 26.6 (20.5) 29.6 (23.2) 0.50

History of colorectal cancer in

1° relative (%) 16 13 0.78
Take NSAID® regularly (%) 40 34 0.67
Current smoker (%) 8 17 0.38
Consume alcohol currently (%) 60 64 0.91
Body mass index (BMI), kg/m? 30.8 (7.0) 30.9 (7.3) 0.93
Waist-to-hip ratio (WHR) 0.9 (0.14) 0.9 (0.09) 0.69
Serum 25(0OH)D3, ng/mL 28.3(12) 26.9 (13) 0.62
Dietary intakes®
Total energy, kcal/d 1545 (443) 1931 (759) 0.003
Total fat, g/d 65.9 (14) 66.8 (16) 0.77
Dietary fiber, g/d 15.1 (6) 15.0 (5) 0.94
Total® folate, g/d 528 (272) 479 (229) 0.34
Total® calcium, g/d 951 (487) 907 (483) 0.66
Processed meat intake, 23(2) 27(3) 0.33

servings/wk

? Continuous variables presented as mean * SD and categorical variables as percent
®Based on t test for continuous variables and Fisher's exact test for dichotomous
variables

¢ Take non-sterodial anti-inflammatory drugs (not including aspirin) > once a week
d Energy adjusted using residual method
¢ Total = diet + supplements



Table 2.2. Differences in APC and APC/B-catenin score® in normal-appearing rectal mucosa between incident sporadic colorectal
adenoma cases and controls, the MAPII study

Batch-adjusted biomarker labeling optical density P’?;)‘ﬂ'ff P° OR* 95% ClI Model covariates®
APC/B-catenin score
Controls Cases
(N=35) (SE) (N=32) (SE)
0.55 0.02 0.47 0.02 -14.3 0.02 0.40 0.14-1.14 Age and sex only
0.53 0.03 0.45 0.03 -15.5 0.02 0.38 0.13-1.09 Family hx CRC
0.56 0.02 0.47 0.03 -16.2 0.01 0.31 0.09-1.05 25(0OH)D;'
0.55 0.02 0.47 0.02 -13.8 0.03 0.47 0.16-1.36  Physical activity
0.55 0.02 0.47 0.02 -13.9 0.03 0.45 0.15-1.32 Total calcium intake
0.53 0.03 0.45 0.03 -15.0 0.03 0.42 0.14-1.28 Family hx CRC, physical
activity, calcium
APC?
(N=45) (N=42)
0.50 0.02 0.49 0.02 -3.2 0.54 0.75 0.31-1.68 Age and sex only
0.48 0.02 0.46 0.02 -3.9 0.47 0.68 0.29-1.61 Family hx CRC
0.50 0.02 0.49 0.02 -2.8 0.63 0.88 0.34-2.27 25(0OH)D;'
0.50 0.02 0.49 0.02 -2.5 0.63 0.90 0.37-2.14 Physical activity
0.50 0.02 0.49 0.02 -1.6 0.75 0.96 0.39-2.33 Total calcium intake
0.48 0.02 0.47 0.02 -2.1 0.70 0.82 0.37-2.30 Family hx CRC, physical

activity, calcium

® APC/B-catenin score = QAPC/B-catenin

b Proportional difference = [(mean of cases - mean of controls)/mean of controls]*100%

“ Based on F-test for significance in a linear model

4The labeling optical density was dichotomized on the mean of the colon site-specific distributions in the controls

¢ All estimates adjusted for age and sex; Abbreviations: family hx CRC = family history of colorectal cancer in a first degree relative,
NSAID = take nonsteroidal anti-inflammatory drug > once/week, 25(0H)D3 = serum 25-OH vitamin D3 level

fSample size for 25(0OH)D3 adjustment: APC/B-catenin ratio - 28 controls, 25 cases; APC - 35 controls, 34 cases

€ Ratio of upper 40% of crypt to whole crypt

St



Table 2.3. Differences in B-catenin® and E-cadherin® in normal-appearing rectal mucosa between incident sporadic colorectal
adenoma cases and controls, the MAPII study

Batch-adjusted biomarker labeling optical density P’?;)‘ﬂ'ff P° OR* 95% ClI Model covariates®
B-catenin
Controls Cases
(N=41) (SE) (N=36) (SE)
0.98 0.03 1.01 0.03 3.0 0.40 1.36 0.54-3.40 Age and sex only
0.98 0.03 1.01 0.03 3.0 0.40 1.35 0.54-3.38 Family hx CRC
0.97 0.03 1.01 0.03 4.2 0.30 1.53 0.54-4.32 25(0OH)Dsf
0.98 0.02 1.00 0.03 2.6 0.46 1.41 0.54-3.69 Physical activity
0.98 0.02 1.01 0.03 33 0.36 1.54 0.60-3.95 Total calcium intake
0.99 0.03 1.02 0.03 3.2 0.37 1.45 0.55-3.84  Family hx CRC, physical
activity, calcium
E-cadherin
(N=46) (N=40)
1.01 0.03 1.00 0.03 -0.7 0.88 1.18 0.49-2.82 Age and sex only
1.03 0.04 1.02 0.04 -0.6 0.89 1.19 0.50-2.88 Family hx CRC
0.97 0.03 1.00 0.04 2.4 0.64 1.37 0.50-3.74  25(0OH)Dsf
1.01 0.03 1.00 0.03 -0.9 0.84 1.25 0.50-3.10 Physical activity
1.01 0.03 1.00 0.03 -0.9 0.86 1.27 0.52-3.15 Total calcium intake
1.03 0.04 1.02 0.04 -1.2 0.80 1.24 0.49-3.15 Family hx CRC, physical

activity, calcium

® Whole crypt

b Proportional difference = [(mean of cases - mean of controls)/mean of controls]*100%

“ Based on F-test for significance in a linear model

4The labeling optical density was dichotomized on the mean of the colon site-specific distributions in the controls

¢ All estimates adjusted for age and sex; Abbreviations: family hx CRC = family history of colorectal cancer in a first degree relative,
NSAID = take nonsteroidal anti-inflammatory drug > once/week, 25(0H)D3 = serum 25-OH vitamin D3 level

fSample size for 25(0OH)D3 adjustment: B-catenin - 34 controls, 29 cases; E-cadherin - 37 controls, 32 cases

14
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Table 2.4. Differences in expression of APC, B-catenin in normal-appearing colorectal mucosa
according to potential risk factors for colorectal neoplasms, the MAPII study

Pro. Pro.
Characteristic™® N  APC° SE  Diff. P® N B'c SE  Diff. P°
(%)* cat (%)*
Sex
Female 45 0.49 0.02 37 096 0.02
Male 42 051 002 42 043 40 101 002 52 015
Age (yrs.)
<55 43 050 0.02 42 0.95 0.02

>55 44 050 002 -1.7 0.73 35 1.02 0.03 6.9 0.07
Family hx of CRC
No 75 0.51 0.01 67 0.98 0.02
Yes 12 0.44 0.03 -12.8 0.07 10 098 005 -04 094
Smoking status
Never 41 0.51 0.02 34 0.95 0.03
Former/Current 45 0.49 0.02 -4.4 0.39 43 1.01 0.02 5.7 0.12
Alcohol intake
Never 10 049 0.04 8 0.86 0.06
Former/Current 76 0.50 0.01 2.3 0.80 69 1.00 0.02 15.7 0.03
Physical activity (METS/d)

Low 36 0.52 0.02 33 0.95 0.03

High 47 0.47 0.02 -9.8 0.05 42 1.00 0.02 5.9 0.12
BMI (Kg/m2)

<30 44 0.51 0.02 37 0.95 0.02

>30 42 049 002 -47 0.35 40 1.00 0.02 6.0 0.27
WHR
Low 42 0.51 0.02 35 0.94 0.02
High 44 049 002 -52 0.30 41 1.02 0.02 8.1 0.03
NSAID - cases
No 26 049 0.03 23 1.02 0.03
Yes 16 048 003 -2.0 0.82 13 098 004 -41 044
NSAID - controls

No 24 0.53 0.02 24 0.93 0.03
Yes 20 0.47 0.03 -11.0 0.01 17 1.03 0.04 10.6 0.05
Pinteraction’ 0.54 0.10
Serum 25(0OH)D3 (ng/ml)
<27 33 0.48 0.02 33 0.99 0.03

>27 37 0.51 0.02 5.3 0.37 30 095 003 -41 031
Total energy intake

low 29 0.49 0.02 28 1.04 0.03

High 54 0.50 0.02 2.9 0.59 47 094 002 -9.0 0.01
Total fat

Low 40 0.52 0.02 36 0.96 0.02

High 43 0.47 002 -94 0.05 39 1.00 0.03 4.2 0.27



Table 2.4. con’t
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Pro. Pro.
Characteristic™® N  APC° SE  Diff. P° N B'c SE  Diff. P°
(%)° cat (%)°
Total® calcium
Low 42 0.47 0.02 37 0.97 0.03
High 41 0.52 0.02 113 0.04 38 0.98 0.03 0.9 0.81
Dietary fiber
Low 38 0.46 0.02 37 1.00 0.03
High 45 0.53 0.02 156 0.01 38 095 003 -48 0.19
Total® folate
Low 41 0.46 0.02 38 0.96 0.03
High 42 0.52 0.02 124 0.02 37 0.99 0.03 3.7 0.35
Processed meat intake
Low 31 0.52 0.02 29 0.93 0.03
High 52 0.48 0.02 -73 0.15 46 1.01 0.02 8.3 0.04

® Referent category = "Female", the youngest or lowest category, or "No" groups
® Abbreviations: Family hx of CRC = family history of colorectal cancer in a first degree relative,
BMI = body mass index, WHR = waist to hip ratio, NSAID = take nonsteroidal anti-inflammatory

drug > once/week

© All estimates adjusted for age and sex; dietary and physical activity covariates also adjusted for

energy consumption; and total energy consumption adjusted for physical activity

4 proportional difference = [(mean of comparative category - mean of referent category)/mean

of referent category]*100%
¢ p-value for comparison of means (analysis of covariance)

" p-value of multiplicative interaction term between regular NSAID use and case/control status in

ANACOVA models

€ Total = dietary + supplemental



Table 2.5. Differences in expression of the APC/B-catenin score® in normal-appearing
colorectal mucosa according to potential risk factors for colorectal neoplasms, the
MAPII study

APC .
Characteristic™ N B-cate{\in SE Pro. De'ff' P
d (%)
score
Sex
Female 33 0.57 0.03
Male 34 0.50 0.02 -11.1 0.08
Age (yrs.)
<55 36 0.52 0.03
255 31 0.50 0.03 -5.3 0.45
Family hx of CRC
No 59 0.54 0.02
Yes 8 0.48 0.05 -10.7 0.22
Smoking status
Never 32 0.54 0.02
Former/Current 35 0.53 0.03 -2.9 0.66
Alcohol intake
Never 6 0.56 0.07
Former/Current 61 0.53 0.02 -4.2 0.75
Physical activity (METS/d)
Low 27 0.58 0.03
High 38 0.50 0.02 -14.2 0.02
BMI (Kg/m2)
<30 32 0.56 0.02
230 35 0.51 0.02 -9.9 0.11
WHR
Low 31 0.57 0.02
High 36 0.50 0.02 -11.0 0.08
NSAID - cases
No 19 0.45 0.03
Yes 13 0.50 0.04 11.8 0.29
NSAID - controls
No 18 0.61 0.03
Yes 17 0.49 0.03 -20.2 0.01
Pinteraction” 0.03
Serum 25(0OH)D3 (ng/ml)
<27 27 0.50 0.03
227 26 0.59 0.02 17.7 0.02
Total energy intake
Low 21 0.52 0.03

High 44 0.54 0.02 4.8 0.51
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Table 2.5. Con’t

APC .
Characteristic®® N B-cate{ﬁn SE Pro. Delff' P
d (%)
score
Total fat
Low 31 0.57 0.02
High 34 0.49 0.02 -14.8 0.02
Total" calcium
Low 31 0.51 0.03
High 34 0.55 0.02 7.0 0.33
Dietary fiber
Low 31 0.50 0.03
High 34 0.56 0.02 13.3 0.07
Total" folate
Low 34 0.51 0.03
High 31 0.56 0.03 10.5 0.15
Processed meat intake
Low 24 0.59 0.03
High 41 0.50 0.02 -14.3 0.02

® APC/B-catenin score = ®APC/B-catenin

® Referent category = "Female", the youngest or lowest category, or "No" groups

¢ Abbreviations: Family hx of CRC = family history of colorectal cancer in a first degree relative,
BMI = body mass index, WHR = waist to hip ratio, NSAID = take nonsteroidal anti-inflammatory
drug > once/week

4 All estimates adjusted for age and sex; dietary and physical activity covariates also adjusted for
energy consumption; and total energy consumption adjusted for physical activity

¢ Proportional difference = [(mean of comparative category - mean of referent category)/mean
of referent category]*100%

" p-value for comparison of means (analysis of covariance)

& p-value of multiplicative interaction term between regular NSAID use and case/control status
in ANACOVA models

" Total = dietary + supplemental



Figure 2.1. Quantitative image analysis. A, finding scorable crypts; B, tracing the hemicrypt; C, automated sectioning of the trace;
and D, automated quantification of B-catenin labeling optical density.
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Figure 2.2. Representative examples of labeling expression distribution (distribution plots represent labeling optical density in
rectal crypts) of the (A) APC (B) B-catenin and (C) E-cadherin.
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Abstract

APC/B-catenin pathway perturbation is a common early event in colorectal carcinogenesis and is
affected by calcium and vitamin D in basic science studies. To assess the effects of calcium and
vitamin D on APC, B-catenin, and E-cadherin expression in the normal appearing colorectal
mucosa of sporadic colorectal adenoma patients, we conducted a randomized, double-blinded,
placebo-controlled 2x2 factorial clinical trial. Pathology-confirmed colorectal adenoma cases
were treated with 2 g/day elemental calcium and/or 800 IU/day vitamin D; versus placebo over
6 months (N=92; 23/group). Overall APC, B-catenin, and E-cadherin expression and distributions
in colon crypts in normal-appearing rectal mucosa biopsies were detected by standardized
automated immunohistochemistry and quantified by image analysis. In the vitamin Ds-
supplemented group relative to placebo, the proportion of APC in the upper 40% of crypts (Oh
APC) increased 21% (p=0.01), B-catenin decreased 10% (p=0.28), E-cadherin increased 77%
(p=0.02), and the ®h APC/B-catenin ratio (APC/B-catenin score) increased 31% (p=0.02). In the
calcium-supplemented group ®h APC increased 10% (p=0.12), B-catenin decreased 15%
(p=0.06), and the APC/B-catenin score increased 41% (p=0.01). In the calcium/vitamin D3
supplemented group B-catenin decreased 11% (p=0.19), E-cadherin increased 39% (p=0.17), and
the APC/B-catenin score increased 16% (p=0.26). These results support 1) that calcium and
vitamin D modify APC, B-catenin, and E-cadherin expression in humans in directions
hypothesized to reduce risk for colorectal neoplasms, 2) calcium and vitamin D as potential
chemopreventive agents against colorectal neoplasms, and 3) the potential of APC, B-catenin,
and E-cadherin expression as modifiable, pre-neoplastic risk biomarkers for colorectal

neoplasms.
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Introduction

Colorectal cancer (CRC), the second leading cause of cancer deaths in the United States
[280], is responsible for approximately 8% of all cancer deaths worldwide [100, 307]. The
etiology of sporadic CRC is predominately rooted in dietary and lifestyle behaviors [99, 100],
suggesting that it may be preventable. The molecular basis of colorectal carcinogenesis is
becoming clearer [99]; however, there are no validated, treatable, pre-neoplastic biomarkers of
risk for colorectal neoplasms.

Malfunction of the APC/B-catenin signaling pathway is an early and common event in
the pathogenesis of colorectal neoplasms. Impaired APC function occurs in approximately 80-
90% of sporadic CRCs[281], resulting in the increased potential of B-catenin to translocate to the
nucleus and activate target genes responsible for promoting cell proliferation and inhibiting
differentiation [28, 281, 282]. E-cadherin may also antagonize B-catenin nuclear expression by
sequestering B-catenin to its cytoplasmic tail, linking E-cadherin to actin filaments and
promoting cell adhesion and differentiation [281, 282]. We reported that APC expression
(especially the proportion of APC in the upper 40% of colorectal crypts (®h APC)), B-catenin
expression, and the ®h APC/B-catenin ratio (APC/B-catenin score) in normal colorectal mucosa
may be modifiable, pre-neoplastic biomarkers of risk for colorectal neoplasms.

Convincing evidence from experimental and observational studies and randomized,
placebo-controlled clinical trials suggests that calcium and vitamin D have cheompreventive
effects against colorectal neoplasms [162]. The beneficial effects of calcium may partially be
attributed to its binding of toxic secondary bile acids and ionized fatty acids, and/or by directly
inhibiting proliferation and promoting differentiation and apoptosis [162]. Vitamin D signaling
may induce cell-cycle arrest and promote differentiation and apoptosis directly through vitamin

D-mediated gene transcription and indirectly through modifying growth factors, and play roles
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in promoting oxidative DNA damage repair, inhibiting angiogenesis, and regulating immune cell
function [162]. Also, prospective cohort studies have consistently found higher total calcium
intake to be associated with lower risk for colorectal neoplasms [162], calcium supplementation
reduces colorectal adenoma recurrence (modified by vitamin D status) [308], and higher
circulating 25(0OH)-vitamin D (25(OH)D) is inversely associated with colorectal neoplasms [162,
188, 309].

Evidence from animal models [244, 310] and in vitro [247-249] studies suggest that the
chemoprentive effects of calcium and vitamin D may, in part, include modification of the APC/B-
catenin signaling pathway. However, to our knowledge there are no reported human in vivo
investigations on the effects of supplemental calcium and vitamin D3 on the expression of APC,
B-catenin, and E-cadherin in the normal colorectal mucosa. To address this, as reported herein,
we conducted a pilot, randomized, double-blind, placebo-controlled 2 x 2 factorial
chemoprevention clinical trial of supplemental calcium and vitamin D3, alone and in
combination, versus placebo over 6 months, to estimate the efficacy of these agents on APC, -

catenin, and E-cadherin expression in the normal colorectal mucosa.

Study Participants and Methods

Participant population. A detailed description of the study protocol for recruitment
procedures and detailed specific exclusions was published previously [259]. Briefly, eligible
participants were 30 to 75 years of age, in general good health, and had a history of at least one
pathology-confirmed adenomatous colorectal polyp within the past 36 months. Exclusions from
participation included contraindications to calcium or vitamin D supplementation or rectal

biopsy procedures, and medical conditions, habits, or medication usage that potentially could
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interfere with the study. Participants were recruited from patients attending the Digestive
Diseases Clinic of the Emory Clinic, Emory University.

Clinical trial protocol. Between April 2005 and January 2006, 522 potentially eligible
patients were identified through initial screening of electronic medical records; of these, 244
(43%) were contacted, and of these 105 (47%) attended the eligibility visit to be interviewed,
sign a consent form, complete questionnaires, and provide blood samples [259]. Diet was
assessed using a semi-quantitative Willett Food Frequency Questionnaire [254]. Medical and
pathology records were reviewed. Following a 30-day placebo run-in trial, 92 (88%) participants
with no significant perceived side effects and who took at least 80% of their assigned tablets
underwent a baseline rectal biopsy, and, with additional consent, were randomly assigned to
the following four treatment groups: placebo (n = 23), 2.0 g elemental calcium supplementation
(as calcium carbonate in equal doses twice daily; n = 23), 800 IU vitamin D3 supplementation
(400 IU twice daily; n = 23), and 2.0 g elemental calcium plus 800 IU vitamin D; supplementation
(n =23). Additional details and rationale for the doses and forms of calcium and vitamin D;
supplements were previously published [259]. Participants were instructed to maintain their
usual diet and not take any new nutritional supplements they were not taking at the time of
entry into the study. All aspects of the trial were approved by the Institutional Review Board of
Emory University.

During the 6-month treatment period, participants attended follow-up visits 2 and 6
months after randomization. At follow-up visits participants completed questionnaires and
were interviewed about adherence and adverse events. At the 6-month follow-up, participants
again underwent a venipuncture and rectal biopsy. All visits for a given participant were
scheduled for the same time of day to control for potential circadian variation. Dietary, lifestyle,

and other factors hypothesized to modify biomarker expression in normal colon mucosa were
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assessed at baseline and at 6-months follow-up. Participants were asked to abstain from aspirin
use seven days prior to each biopsy. Participants were not required to be fasting for their visits
and did not take a bowel cleansing preparation or enema.

Six approximately one millimeter thick biopsy specimens were taken from the normal-
appearing rectal mucosa 10 cm above the level of the external anal aperture through a short
rigid sigmoidoscope using a jumbo cup flexible biopsy forceps mounted on a semi-rigid rod. No
biopsies were taken within 4.0 cm of a polypoid lesion. Biopsies were placed onto a strip of
bibulous paper and immediately placed in phosphate buffered saline (PBS), oriented,
transferred to 10% normal buffered formalin for 24 hours, and then transferred to 70% ethanol.
Then, within a week, the biopsies were processed and embedded in paraffin blocks (2 blocks of
3 biopsies per participant, per biopsy visit).

Immunohistochemistry protocol. Five slides with 4 levels of 3 micron-thick biopsy
sections taken 40 microns apart were prepared for each antigen, yielding a total of 20 levels for
each antigen. Antigen retrieval was performed by placing the slides in a preheated
Pretreatment Module (Lab Vision Corp.) with 100x Citrate Buffer (pH 6.0; DAKO S1699, DAKO
Corp.) and steaming them for 40 min. Following antigen retrieval, slides were
immunohistochemically processed in a DAKO Automated Immunostainer (DAKO Corp.) using a
labeled streptavidin-biotin method for APC (Calbiochem, OP80; 1:70 dilution), B-catenin
(Transduction Laboratories 610154; 1:300 dilution), and E-cadherin (Zymed 33-4000; 1:50
dilution). No slides were counterstained. After processing, slides were coverslipped with a Leica
CV5000 Coverslipper (Leica Microsystems, Inc.). The negative and positive control slides were
treated identically to the patients’ slides except that antibody diluent was used rather than

primary antibody on the negative slides.
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Protocol for quantifying labeling densities of immunohistochemically detected
biomarkers in normal colon crypts (“scoring”). A detailed description of the protocol used to
guantify biomarker labeling optical densities (“biomarker expression”) in normal colon crypts
was previously described [259]. Briefly, a scorable crypt was defined as an intact crypt
extending from the muscularis mucosa to the colon lumen [290]. Prior to “scoring”, the
negative and positive control slides were checked for staining adequacy. The major equipment
and software for the image analysis procedures included: personal computer, light microscope
(Olympus BX40, Olympus Corporation, Japan) with appropriate filters and attached digital light
microscope camera (Polaroid DMC Digital Light Microscope Camera, Polaroid Corporation, USA),
digital drawing board, ImagePro Plus image analysis software (Media Cybernetics, Inc., MD), our
in-house developed plug-in software for colorectal crypt analysis, and Microsoft Access 2003
relational database software (Microsoft Corporation, WA).

Evaluation of biomarker expression consisted of the same technician cleaning all slides,
selecting the two of the three biopsies with the most scorable crypts per biopsy, creating
background correction images for each slide scored, capturing 16-bit grayscale images of crypts
at 200x magnification, and tracing the border of the “hemicrypt” (one half of the crypt). The
program then divided the outlined hemicrypt into equally spaced segments that corresponded
to the average width of colonocytes, and measured the optical density of the labeling across the
entire hemicrypt and within each segment, adjusting for the background. The technician then
repeated this process for the adjacent hemicrypt, and proceeded to the next crypt, level, biopsy,
and/or slide. The goal was to score 16 to 20 hemicrypts per biopsy visit for each biomarker

(Figure 3.1).
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Reliability control was performed by selecting samples of previously analyzed slides to
be re-analyzed by the technician, who was blinded to the selection. Intra-reader reliability was
greater than 0.90 for APC, B-catenin, and E-cadherin.

Protocol for measuring serum vitamin D levels. Serum 25-OH-vitamin D and 1,25-
(OH)2-vitamin D were measured by Dr. Bruce W. Hollis at the Medical University of South
Carolina using a RIA method as previously described [311, 312]. Serum samples for baseline and
follow-up visits for all subjects were assayed together, ordered randomly, and labeled to mask
treatment group, follow-up visit, and quality control replicates. The average intra-assay
coefficient of variation was 2.3% and 6.2% for serum 25-OH-vitamin D and for 1,25-(OH)2-
vitamin D, respectively.

Statistical analysis. Treatment groups were assessed for comparability of
characteristics at baseline and at final follow-up by the Fisher’s exact test for categorical
variables and analysis of variance (ANOVA) for continuous variables. Slide scoring reliability was
analyzed using intra-class correlation coefficients.

The mean labeling optical density expression of each biomarker on each study
participant, at baseline and 6-month follow-up, was calculated by summing the biomarker’s
expression for all analyzed crypts and dividing by the total number of analyzed crypts.
Biomarker expression was transformed to adjust for possible staining batch effects by dividing
an individual’s mean biomarker expression by their batch mean biomarker expression [259]. To
evaluate distinct functional zones of crypts, measures of crypt biomarker distribution selected a
priori were the upper 40% of the crypts (differentiation zone), the lower 60% of the crypts
(proliferation zone), and the ratio of the upper 40% of crypts to the whole crypt to (Oh).

Primary analyses were based on assigned treatment at the time of randomization,

regardless of adherence status (intent-to-treat analysis). Treatment effects were evaluated by
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assessing the differences in the transformed biomarker expression from baseline to the 6-month
follow-up between participants in the active treatment groups and those in the placebo group
by a repeated-measures linear MIXED effects model. The model included the intercept, follow-
up visit effects (baseline and follow-up), treatment groups, and interactions between treatment
groups and the follow-up visit effect. Because optical density is measured in arbitrary units, to
provide perspective on the magnitude of the treatment effects, we also calculated the relative
effect. The relative effect was calculated as the (treatment group at follow-up / treatment
group at baseline) / (placebo group at follow-up / placebo group at baseline). The relative effect
provides a conservative estimate of the proportional change in the treatment group relative to
that in the placebo group, and its interpretation is somewhat analogous to that of an odds ratio
(e.g., a relative effect of 2.0 would mean that the proportional change in the treatment group
was two times that in the placebo group).

The distributions of batch standardized APC, B-catenin, and E-cadherin labeling optical
densities along the full length of the crypts were graphically plotted and evaluated using the
LOESS procedure. First, each hemicrypt was standardized to 50 sections. Then, the average of
each section across all crypts was predicted by the LOESS model separately for each patient and
then for each treatment group by visit. The results were graphically plotted along with the
smoothing lines. Although the plots illustrate the distribution of expression, they do not provide
a complete analysis of treatment effects because they do not account for changes in the placebo
group.

The APC/B-catenin score was calculated by dividing an individual’s ®h APC by their B-
catenin expression in the whole crypt (Oh APC expression/B-catenin expression). E-cadherin
was not included in the APC/B-catenin score because during carcinogenesis malfunctioning

regulation of B-catenin by APC occurs most often earlier than E-cadherin down-regulation [313].
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We hypothesize that a higher score is associated with reduced potential of B-catenin to promote
proliferation.
Statistical analyses were performed using SAS 9.2 statistical software (SAS Institute Inc.).

A P value <£0.05 (two-sided) was considered statistically significant.

Results

Characteristics of study participants. Baseline characteristics of study participants did
not significantly differ by treatment group (Table 3.1). The mean age of study participants was
61 years, 70% were men, 71% were white, and 20% had a family history of colorectal cancer in a
first degree relative. Most participants were non-smokers, college graduates, and overweight.

Adherence to visit attendance averaged 92% and did not significantly differ among the
four treatment groups. On average, at least 80% of pills were taken by 93% of participants at
the first follow-up visit and by 84% of participants at the final follow-up visit. No adverse events
were attributed to study procedures or treatments. Seven participants (8%) were lost to follow-
up. Dropouts included one person from the vitamin D; supplementation group and two from
each of the other three groups [259].

Baseline serum 25-OH-vitamin D and 1,25-(OH),-vitamin D levels did not differ between
the four treatment groups. At the conclusion of the study, serum 25-OH-vitamin D levels had
increased 60% (p<0.0001) and 56% (p<0.0001) in the vitamin D3 and calcium / vitamin D
groups, respectively, relative to placebo; however, mean serum 25-OH-vitamin D concentrations
remained below 32 ng/ml in all treatment groups [259]. There was no evidence of treatment
effect modification by obesity status (body mass index >30).

APC. A graphical comparison of APC crypt expression distribution at baseline and 6-

month follow-up indicated that APC expression decreased in approximately the lower 40% of
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the crypt and increased in the upper 60% of the crypt (Figure 3.2A). As shown in Table 3.2,
following 6 months of treatment, APC expression increased in the vitamin D; treatment group
25% (p=0.14) in the full length of crypts, 48% (p=0.03) in the upper 40% of crypts, 11% in the
lower 60% of crypts (p=0.47), and 21% (p=0.01) in the ®h of crypts, relative to the placebo
group. In the calcium group APC expression decreased 2% (p=0.91) in the full length of crypts,
increased 7% (p=0.66) in the upper 40% of crypts, decreased 10% (p=0.51) in the lower 60% of
crypts, and increased 10% (p=0.12) in the ®h of crypts, relative to the placebo group. APC
expression tended to increase in the calcium/vitamin D3 less than in the vitamin D; group, and
these findings were not statistically significant (Table 3.2A).

B-catenin. A graphical evaluation of B-catenin crypt expression distribution at baseline
and 6-month follow-up indicated that B-catenin expression did not change in approximately the
lower 20% of the crypt, but steadily decreased towards the crypt apex (Figure 3.2B). As shown
in Table 3.2, following 6 months of treatment, B-catenin expression decreased along the full
length of crypts by 15% (p=0.06), 11% (p=0.18), and 11% (p=0.20) in the calcium, vitamin D;and
calcium/vitamin D5 groups, respectively, relative to the placebo group. The findings in the upper
40% and lower 60% of crypts did not appreciably differ from those observed in the full length of
crypts. There were no apparent treatment effects on B-catenin expression in the ®h of crypts.

E-cadherin. A graphical evaluation of E-cadherin crypt expression distribution at
baseline and 6-month follow-up indicated that E-cadherin expression uniformly increased along
the full length of the crypt (Figure 3.2C). As shown in Table 3.2, following 6 months of
treatment, E-cadherin expression increased in the vitamin D; group 78% (p=0.03) in the full
length of crypts, 78% (p=0.02) in the upper 40% of crypts, 68% (p=0.05) in the lower 60% of
crypts, and 14% (p=0.10) in the ®h of crypts. E-cadherin expression also increased in the

calcium/vitamin D; group, but less so than in the vitamin D3 group, except in the ®h of crypts
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where E-cadherin expression increased 18% (p=0.03). In the calcium group E-cadherin did not
appreciably change relative to the placebo group (Table 3.2C).

APC/B-catenin score. The APC/B-catenin score increased 41% (p=0.01), 31% (p=0.02),
and 16% (p=0.26) in the calcium, vitamin D3, and calcium/vitamin D; groups, respectively,

relative to the placebo group (Table 3.2D).

Discussion

The results of this pilot, randomized, placebo-controlled clinical trial provides the first
human in vivo evidence that supplemental calcium and vitamin D3, alone or in combination, may
increase APC and E-cadherin expression and the APC/B-catenin score and decrease B-catenin
expression in the normal colorectal mucosa of sporadic adenoma patients. These finding
support the hypothesis that the anti-carcinogenic effects calcium and vitamin D, alone or in
combination, may in part operate by modifying the APC/B-catenin signaling pathway. These
findings are relevant because, in light of our previous report of differences in APC and B-catenin
expression between persons with incident sporadic adenomas and persons with no past or
current adenomas, they 1) provide further support that APC and B-catenin expression and the
APC/B-catenin score in the normal colorectal mucosa may be modifiable, pre-neoplastic
biomarkers of risk for colorectal adenomas, and 2) provide human in vivo mechanistic evidence
of the possible protective effects of calcium and vitamin D3 against colorectal neoplasms.

APC and B-catenin are appealing candidates for being pre-neoplastic biomarkers of risk
because malfunctioning of the APC/B-catenin signaling pathway is a common and early event in
the colorectal neoplastic transition [281]. In normal colorectal mucosa APC, axin, glycogen
synthase kinase 3, and casein kinase negatively regulate Wnt signaling by forming the “B-catenin

destruction” complex, and, in the absence of Wnt signaling, phosphorylate and promote the
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degradation of free B-catenin [281]. Normal functioning of the APC gene is inhibited in
approximately 80-90% of sporadic CRC, resulting in increased potential for B-catenin to
translocate to the nucleus and activate Wnt target genes [281]. In approximately 7% of sporadic
CRC Wnt signaling is constitutively activated by stabilizing mutations in the 8-catenin gene [314].
In normal colorectal mucosa APC, B-catenin, and E-cadherin are all strongly expressed—APC
primarily in the cytoplasm, and E-cadherin and B-catenin primarily at the cell membrane. During
the adenoma-carcinoma sequence APC and E-cadherin expression markedly decrease (although
the decrease in E-cadherin tends to occur in later stages) [47, 66, 67], and B-catenin expression
appears to steadily increase and translocate from the membrane to the cytoplasm and
eventually into the nucleus [47, 315]. We previously proposed that the APC/B-catenin score
may represent the potential of B-catenin to translocate to the nucleus and promote proliferative
signaling [316]. We found the APC/B-catenin score in the normal colorectal mucosa of sporadic
colorectal adenoma patients to be statistically significantly lower than in the normal colorectal
mucosa of healthy controls; and that ®h APC and B-catenin expression and the APC/B-catenin
score may be modifiable as suggested by their being associated with lifestyle and dietary risk
factors for colorectal neoplasms [316].

The etiology of CRC is heavily influenced by modifiable dietary and lifestyle behaviors.
Dietary-induced epigenetic modifications to the APC/B-catenin signaling pathway may initiate or
be a “second hit” in the adenoma-carcinoma pathway. Calcium and vitamin D are two
promising chemopreventive agents that may act against colorectal neoplasms; however, the
mechanisms by which they operate are not entirely clear [162]. Colorectal cancer cell line
studies suggest that calcium and 1,25(0H),D up-regulate E-cadherin expression and promote
the translocation of B-catenin from the nucleus and cytoplasm to the plasma membrane [247-

249, 252]. Mice fed a diet comparable to a typical “Western” diet had increased B-catenin and
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Tcf gene expression and decreased APC gene expression; however, supplementation of the
“Western” diet with increased dietary calcium and vitamin D decreased 8-catenin and Tcf gene
expression, but had no apparent effect on APC gene expression [310]. In a transmissible murine
colonic hyperplasia model high dietary calcium modestly reduced total B-catenin expression
[244]. A diet supplemented with the vitamin D analog 1a(OH)Ds inhibited B-catenin nuclear
expression in azoxymethane-treated mice [317], and endometrial E-cadherin expression
increased in mice fed a diet high in vitamin D; [318]. Investigations of the in vivo effects of
calcium and/or vitamin D on APC expression are limited [310], but dietary modification of APC
expression is supported by reports that diets moderately deficient in B-vitamin methyl donors
reduced APC expression and increased B-catenin/TCF signaling in rodents [304, 305].

Our results are consistent with the hypothesis that calcium and vitamin D reduce cell
proliferation and promote differentiation in the colorectal mucosa. To our knowledge this is the
first human in vivo study to suggest that calcium and/or vitamin D3 may increase APC expression
in the normal colorectal mucosa; however, the mechanism by which calcium and/or vitamin Ds
may modify APC expression remains unclear. We did not evaluate B-catenin localization, but
consistent with the observed increase in APC expression, particularly ®h APC, we observed
decreased B-catenin expression and an increased APC/B-catenin score in all three active
treatment groups, suggesting that calcium and vitamin D; treatment may decrease the potential
of B-catenin to promote proliferative signaling. These results are in line with our reports that
suggest calcium and/or vitamin D; treatment reduced hTERT expression (a potential cofactor in
the B-catenin transcriptional complex [319]) and increased p21 expression (which is negatively
regulated by B-catenin/TCF signaling [320]) [296]. These results also corroborate our report that

the APC/B-catenin score may be a modifiable, pre-neoplastic biomarker of risk for colorectal
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neoplasms, providing in vivo evidence that suggests supplemental calcium and/or vitamin D;
promotes a greater APC/B-catenin score in the normal rectal mucosa.

Conflicting with previous in vitro studies [247, 249] we did not observe increased E-
cadherin expression in the calcium group. The explanation for this lack of consistency in findings
is not clear and may be a chance finding; however, the difference may be attributed to our
investigation evaluating the effects of calcium on E-cadherin expression in the normal mucosa of
free living humans rather than in vitro, or that the ability of calcium to increase E-cadherin
expression may be limited to neoplastic mucosa.

Contrary to our hypothesis and what has been reported in some studies [308, 321], the
estimated treatment effect of calcium plus vitamin D; was not greater than that of either the
calcium or vitamin D3 alone in increasing ®h APC, E-cadherin, or the APC/B-catenin score, or in
decreasing B-catenin. We previously reported that calcium combined with vitamin D; may
mitigate treatment effects of calcium and vitamin D; alone on colorectal mucosa markers of
apoptosis and differentiation [259, 296]. There are several plausible explanations for why this
was observed, the first being that these could have been chance findings given the small sample
size of our study. At least one study reported that calcium and vitamin D individually
suppressed tumorigenesis in rodents, but the combination of the two was ineffective [322]. We
previously observed that calcium combined with vitamin D;increased CYP24A1 expression
[295], which may reduce the effects of 1,25(0H),D in the colorectal mucosa. A large clinical trial
of colorectal adenoma recurrence suggested that calcium supplementation was primarily
effective among people with 25(0OH)D concentrations greater than the median in the study
population (29.1 ng/ml) [308]. In our study population only participants in the vitamin D; group
reached 25(0OH)D concentrations greater than 29.1 ng/ml [259], suggesting the possibility of a

threshold effect.
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We previously reported that calcium and vitamin D3 supplementation in this same trial
favorably modified the expression of markers of calcium and vitamin D metabolism [295],
proliferation [296], differentiation [296], apoptosis [259], mismatch repair [260], and oxidative
DNA damage [297] in the normal human colorectal mucosa. Our current results, taken together
with our previous findings, support the hypothesized effects of calcium and vitamin D on
favorably modulating the phenotype of the colorectal mucosa and reducing risk for colorectal
neoplasms.

Our study had several limitations. First, it was a pilot study with a relatively small
sample size, increasing the role of chance observations and limiting our ability to perform
stratified analyses. We were unable to evaluate B-catenin sub-cellular localization; however,
our previous findings suggest that sporadic colorectal adenoma cases relative to normal controls
may have greater total B-catenin expression in the normal colorectal mucosa. We propose that
the APC/B-catenin score may represent the potential of B-catenin to promote proliferative
signaling, and needs to be investigated in basic science studies. Also, we only examined the
rectal mucosa and therefore treatment effects in other parts of the colon remain unknown.
Another limitation is that we measured protein expression but not protein activity, and,
therefore, could not correlate changes in expression with changes in protein activity. Finally,
these markers are not proven biomarkers of risk; however, evidence from our pilot case-control
study suggests that APC, B-catenin expression, and the APC/B-catenin score may be pre-
neoplastic biomarkers of risk.

The strengths of this study include 1) that it is, to our knowledge, the first randomized,
double-blind, placebo-controlled clinical trial to test the effects of supplemental calcium and
vitamin Ds, alone and in combination, on components of the APC/B-catenin signaling pathway in

the normal colorectal epithelium in sporadic adenoma patients, 2) the high protocol adherence
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by study participants, and 3) the automated immunostaining and newly-designed image analysis
software to quantify the crypt distribution of the expression of APC, B-catenin, and E-cadherin,
resulting in high biomarker measurement reliability.

In summary, the results of this pilot, randomized, placebo-controlled clinical-trial
provide human in vivo evidence that supplemental calcium and vitamin D3, alone and in
combination, may increase APC and E-cadherin expression and the APC/B-catenin score and
decrease B-catenin expression in the normal colorectal mucosa of sporadic colorectal adenoma
cases. These results suggest that the anti-carcinogenetic effects of supplemental calcium and
vitamin D3 may, in part, depend on the ability of these agents to favorably modulate the
expression of the APC, B-catenin, and E-cadherin and thus, possibly, inhibit proliferative B-
catenin signaling. Taken together with our previous findings, APC (especially ¢h APC) and B-
catenin expression, the APC/B-catenin score, and E-cadherin may be modifiable, pre-neoplastic
biomarkers of risk for colorectal neoplasms and warrant further investigation. Finally, our
results support further investigation of calcium and vitamin D; as chemopreventive agents

against colorectal neoplasms.



Figure 3.1. Quantitative image analysis. A, finding and tracing the hemicrypt; B, automated
sectioning and quantification of B-catenin labeling optical density
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Figure 3.2. Representative examples of labeling expression distribution® of (A) APC', (B) B-catenin*, and (C) E-cadherin’ along normal colorectal crypts
by treatment group at baseline and 6-month follow-up
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Table 3.1. Selected baseline characteristics of the study participants (n=92)

72

Treatment Group

Calcium +
Placebo Calcium Vitamin D Vit. D P-value™

Characteristics (n=23) (n=23) (n=23) (n=23)
Demographics, medical history, habits, anthropometrics

Age, years 58.5(8.2) 61.9(8.2) 60.2(8.1) 62.1(7.5) 0.39

Men (%) 70 70 70 70 1.00

White (%) 74 83 65 61 0.39

College graduate (%) 65 61 57 44 0.53

History of CRC in 1° relative

(%) 17 30 17 13 0.60

Take NSAID* regularly® (%) 22 13 9 22 0.60

Current smoker (%) 9 4 0 0 0.61

Take multivitamin (%) 30 30 26 39 0.86

Body mass index (BMI),

kg/m? 30.6(7.2) 29.4(5.5) 28.9(5.56) 31.6(6.0) 0.44
Mean dietary intakes

Total energy intake, kcal/d %é52986)3 %6'379?? %5'3821? %;8515 0.59

Total®® calcium, mg/d 625 678 753 733 0.75

Total®® vitamin D, 1U/d 279 326 348 401 0.50

Total fat, gm/d 66 66 61 65 0.59

Dietary fiber, gm/d 15 16 16 15 0.97

Alcohol intake, gm/d 8 10 13 9 0.84
Total serum vitamin D

25-OH-vitamin D, ng/mL 20.4(7.6) 25.7(7.6) 21.0(8.3) 20.9(9.7) 0.12

" Data are given as means (SD) unless otherwise specified.

** By Fisher’s exact x2 test for categorical variables, and ANOVA for continuous variables.
¥ Nonsteroidal anti-inflammatory drug.

§ At least once a week.

“* All nutrients energy adjusted using residual method [293].

% Diet plus supplements.



Table 3.2. Expression of APC in the normal-appearing colorectal mucosa during the clinical trial

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’

Whole crypts

Placebo 22 1.09 0.08 21 0.97 0.08 0.00 . . 1.00

Calcium 23 1.07 0.08 0.90 21 0.94 0.08 0.80 -0.02 0.15 0.91 0.98

Vitamin D 23 0.90 0.08 0.10 22 1.00 0.08 0.80 0.22 0.14 0.14 1.25

Ca+VitD 23 0.97 0.08 0.29 21 0.91 0.08 0.61 0.06 0.15 0.6e8 1.06
Upper 40% of crypts

Placebo 22 0.39 0.04 21 0.41 0.04 0.00 . . 1.00

Calcium 23 0.40 0.04 0.91 21 0.44 0.04 0.51 0.03 0.06 0.66 1.07

Vitamin D 23 0.30 0.04 0.07 22 0.46 0.04 0.31 0.15 0.06 0.03 1.48

Ca+VitD 23 0.36 0.04 0.47 21 0.41 0.04 0.39 0.04 0.06 0.58 1.10
Lower 60% of crypts

Placebo 22 0.68 0.05 21 0.57 0.05 0.00 . . 1.00

Calcium 23 0.70 0.05 0.81 21 0.53 0.05 0.53 -0.06 0.09 0.1 0.90

Vitamin D 23 0.60 0.05 0.24 22 0.56 0.05 0.84 0.07 0.09 047 1.11

Ca+Vit.D 23 0.60 0.05 0.24 21 0.52 0.05 0.49 0.03 0.09 0.73 1.04
oh”

Placebo 22 0.35 0.01 21 0.42 0.01 0.00 . . 1.00

Calcium 23 0.34 0.01 0.06 21 0.46 0.01 0.06 0.04 0.03 0.12 1.10

Vitamin D 23 0.31 0.01 0.10 22 0.46 0.01 0.05 0.07 0.03 0.01 1.21

Ca+Vit.D 23 0.35 0.01 0.86 21 0.44 0.01 0.30 0.01 0.03 0.64 1.03

" Rx effect = [(treatment group follow-up) — (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].

™ P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥ Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)]
®h = proportion of APC expression in the upper 40% of crypt

€L



Table 3.3. Expression of B-catenin in the normal-appearing colorectal mucosa during the clinical trial

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect’

Whole crypts

Placebo 21 0.99 0.04 18 0.98 0.04 0.00 . . 1.00

Calcium 22 1.01 0.04 0.69 19 0.85 0.05 0.04 -0.15 0.08 0.08 0.85

Vitamin D 21 0.94 0.04 0.45 21 0.82 0.04 0.03 -0.11 0.08 0.18 0.88

Ca+VitD 22 1.04 0.04 0.38 17 0.92 0.05 0.37 -0.11 0.08 0.20 0.89
Upper 40% of crypts

Placebo 21 0.38 0.02 18 0.37 0.02 0.00 . . 1.00

Calcium 22 0.40 0.02 0.52 19 0.33 0.02 0.07 -0.06 0.03 0.06 0.85

Vitamin D 21 0.36 0.02 0.36 21 0.33 0.02 0.12 -0.02 0.03 0.61 0.95

Ca+VitD 22 0.39 0.02 0.69 17 0.36 0.02 0.61 -0.02 0.03 0.50 0.94
Lower 60% of crypts

Placebo 21 0.61 0.02 18 0.62 0.03 0.00 . . 1.00

Calcium 22 0.63 0.02 0.44 19 0.56 0.02 0.11 -0.08 0.05 0.09 0.87

Vitamin D 21 0.58 0.02 0.38 21 0.54 0.02 0.02 -0.05 0.05 0.27 0.91

Ca+Vit.D 22 0.63 0.02 0.58 17 0.59 0.03 0.46 -0.05 0.05 0.36 0.93
oh”

Placebo 21 0.39 0.01 18 0.38 0.01 0.00 . . 1.00

Calcium 22 0.38 0.01 0.87 19 0.36 0.01 0.16 -0.01 0.01 0.31 0.97

Vitamin D 21 0.39 0.01 0.94 21 0.38 0.01 0.81 0.00 0.01 0.80 1.01

Ca+VitD 22 0.38 0.01 0.88 17 0.37 0.01 0.67 0.00 0.01 o0.81 0.99

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].

™ P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥ Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)]
®h = proportion of B-catenin expression in the upper 40% of crypt
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Table3.4. Expression of E-cadherin in the normal-appearing colorectal mucosa during the clinical trial

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect’

Whole crypts

Placebo 21 1.13 0.12 19 1.04 0.13 0.00 . . 1.00

Calcium 21 1.23 0.12 0.69 21 1.09 0.12 0.78 -0.05 0.25 0.85 1.01

Vitamin D 21 0.82 0.12 0.05 18 1.29 0.13 0.17 0.56 0.25 0.03 1.78

Ca+Vit.D 22 0.91 0.12 0.14 19 1.26 0.13 0.23 0.46 0.25 0.08 1.56
Upper 40% of crypts

Placebo 21 0.44 0.05 19 0.42 0.05 0.00 . . 1.00

Calcium 21 0.47 0.05 0.70 21 0.45 0.05 0.70 0.00 0.10 0.99 1.01

Vitamin D 21 0.33 0.05 0.09 18 0.56 0.05 0.06 0.25 0.10 0.02 1.78

Ca+Vit.D 22 0.37 0.05 0.26 19 0.55 0.05 0.09 0.20 0.10 0.05 1.56
Lower 60% of crypts

Placebo 21 0.64 0.07 19 0.60 0.08 0.00 . . 1.00

Calcium 21 0.69 0.07 0.68 21 0.63 0.07 0.78 -0.01 0.15 0.93 0.98

Vitamin D 21 0.48 0.07 0.12 18 0.75 0.08 0.19 0.31 0.16 0.05 1.68

Ca+Vit.D 22 0.55 0.07 0.38 19 0.70 0.08 0.39 0.19 0.15 0.23 1.35
oh”

Placebo 21 0.41 0.02 19 0.40 0.02 0.00 . . 1.00

Calcium 21 0.41 0.02 0.92 21 0.41 0.02 0.66 0.01 0.03 0.71 1.03

Vitamin D 21 0.40 0.02 0.61 18 0.45 0.02 0.06 0.05 0.03 0.10 1.14

Ca+Vit.D 22 0.40 0.02 0.60 19 0.46 0.02 0.01 0.07 0.03 0.03 1.18

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].

™ P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥ Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)]
®h = proportion of E-cadherin expression in the upper 40% of crypt
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Table 3.5. Expression of the APC/B-catenin score’ in the normal-appearing colorectal mucosa during the clinical trial

Baseline 6-mo follow-up Absolute Rx effect
Treatment Std Rx Relative
Group n Mean Err P n Mean  Std Err P effect’  Std Err P Effect’
Placebo 21 0.37 0.03 18 0.44 0.03 0.00 . . 1.00
Calcium 22 0.35 0.03 0.49 18 0.58 0.03 0.003 0.16 0.06 0.01 1.41
Vitamin D 21 0.36 0.03 0.83 20 0.57 0.03 0.004 0.13 0.06 0.02 1.31
Ca+Vit.D 22 0.37 0.03 0.84 17 0.50 0.03 0.18 0.07 0.06 0.26 1.16

’ APC/B-catenin score = ®h APC/B-catenin expression in the whole crypt, where ®h APC = ratio of APC expression in the upper 40% of the crypts to the whole crypt.
Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].

™ P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥ Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)]
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Abstract

In cancer cell lines and rodent models calcium and vitamin D favorably modulate cell
proliferation, differentiation, and apoptosis in colonic epithelia. These effects may be modulated
by local expression of the calcium receptor (CaR), the vitamin D receptor (VDR), and the P450
cytochromes CYP27B1 and CYP24A1, however, they have yet to be investigated in humans. To
address this gap, we conducted a randomized, double-blinded, placebo-controlled 2x2 factorial
clinical trial. Patients with at least one pathology-confirmed colorectal adenoma were treated
with 2 g/day elemental calcium and/or 800 IU/day vitamin D3 versus placebo over 6 months
(N=92; 23/group). CaR, VDR, CYP27B1, and CYP24A1 expression and distribution in biopsies of
normal-appearing rectal mucosa were detected by standardized automated
immunohistochemistry and quantified by image analysis. In the calcium-supplemented group
CaR expression increased 27% (p=0.03) and CYP24A1 expression decreased 21% (p=0.79). In the
vitamin Ds-supplemented group CaR expression increased 39% (p=0.01) and CYP27B1
expression increased 159% (p=0.06). In patients supplemented with both calcium and vitamin
D3 VDR expression increased 19% (p=0.13) and CaR expression increased 24% (p=0.05). These
results provide mechanistic support for further investigation of calcium and vitamin Ds as
chemopreventive agents against colorectal neoplasms, and CaR, VDR, CYP27B1, and CYP24A1 as

modifiable, pre-neoplastic risk biomarkers for colorectal neoplasms.
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Introduction

Colorectal cancer remains the second leading cause of cancer deaths in the United
States, despite advances in cancer screening and treatment [323]. The molecular basis for colon
carcinogenesis has become clearer [99], aiding in the development of much needed treatable
pre-neoplastic biomarkers of risk for colorectal neoplasms.

There is strong biological plausibility and animal and human observational evidence for
protective effects of calcium and vitamin D, acting separately and synergistically through, at
least in part, their respective receptors against colorectal neoplasms. Colonic luminal calcium
binding to the calcium receptor (CaR, also referred to as the calcium sensing receptor) may
directly modulate the cell cycle of colonocytes, partly by 1) inhibiting the B-catenin/TCF
transcription complex [324, 325], 2) promoting activation of E-cadherin [324], and 3) reducing
the concentration of 25-hydroxyvitamin D 24-hydroxylase (CYP24A1) [326]. Luminal calcium is
also hypothesized to bind pro-inflammatory secondary bile acids and ionized fatty acids [324,
327]. Binding of vitamin D to the vitamin D receptor (VDR) may modulate the cell cycle, partly
by 1) competitively binding B-catenin [328], 2) up-regulating p21 [296] and E-cadherin
expression [329], and 3) regulating growth factors [330]. The VDR also promotes detoxification
of the secondary bile acid lithocholic acid [330]. Also, prospective cohort studies have
consistently found higher total calcium intake to be associated with reduced risk for colorectal
neoplasms [330], calcium supplementation reduces colorectal adenoma recurrence (modified by
vitamin D status) [308], and higher circulating concentrations of 25(0OH)D are inversely
associated with colorectal neoplasms [188, 309, 330].

The CaR is expressed in all parts of the gastrointestinal tract and sporadically expressed
in well- to moderately-differentiated colon carcinomas; however, little to no expression of the

CaR is found in undifferentiated carcinomas [331]. Colorectal mucosa expresses the VDR; the
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1,25(0H),D synthesizing enzyme, 25(0OH)D-1a-hydroxylase (CYP27B1); and the catabolizing
enzyme CYP24A1, suggesting an autocrine/paracrine function for vitamin D in colorectal mucosa
that is separate from its role in systemic calcium homeostasis [332]. Expression of the VDR and
CYP27B1 was reported to be increased in well- to moderately-differentiated colon carcinomas;
however, little to no expression was observed in undifferentiated colon carcinomas [276-278,
333]. Expression of CYP24A1 was reported to be increased in undifferentiated colon carcinomas
relative to moderately differentiated colon carcinomas [278, 333].

CaR, VDR, CYP27B1, and CYP24A1 are appealing potential modifiable biomarkers of risk
for colorectal neoplasms given the reported differences in their expression between cancerous
and normal mucosa and their functional importance in modulating the disease-reducing actions
of calcium and vitamin D. We know of no other reported human studies in which the effects of
calcium and vitamin D supplementation on the expression of these markers in normal human
colorectal mucosa were evaluated. To address this, as reported herein, we conducted a pilot,
randomized, double-blind, placebo-controlled 2 x 2 factorial chemoprevention clinical trial of
supplemental calcium and vitamin D3, alone and in combination versus placebo over 6 months,
to estimate the efficacy of these agents on markers of calcium and vitamin D metabolism in the

normal colorectal mucosa.

Study Participants and Methods

Participant population. A detailed description of the study protocol for recruitment
procedures and detailed specific exclusions was published previously [259]. Briefly, eligible
participants were 30 to 75 years of age, in general good health, and had a history of at least one
pathology-confirmed adenomatous colorectal polyp within the past 36 months. Exclusions from

participation included contraindications to calcium or vitamin D supplementation or rectal
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biopsy procedures, and medical conditions, habits, or medication usage that potentially could
interfere with the study. Participants were recruited from patients attending the Digestive
Diseases Clinic at the Emory Clinic, Emory University.

Clinical trial protocol. Between April 2005 and January 2006, 522 potentially eligible
patients were identified through initial screening of electronic medical records; of these, 244
(43%) were contacted, and of these 105 (47%) attended the eligibility visit to be interviewed,
sign a consent form, complete questionnaires, and provide blood samples [259]. Diet was
assessed using a semi-quantitative Willett Food Frequency Questionnaire [334]. Medical and
pathology records were reviewed. Following a 30-day placebo run-in trial, 92 (88%) participants
with no significant perceived side effects and who took at least 80% of their assigned tablets
underwent a baseline rectal biopsy, and, with additional consent, were randomly assigned to
the following four treatment groups: placebo (n = 23), 2.0 g elemental calcium supplementation
(as calcium carbonate in equal doses twice daily; n = 23), 800 IU vitamin D3 supplementation
(400 IU twice daily; n = 23), and 2.0 g elemental calcium plus 800 IU vitamin D3 supplementation
(n = 23). Additional details and rationale for the doses and forms of calcium and vitamin D;
supplements were previously published [259]. Participants were instructed to maintain their
usual diet and not take any new nutritional supplements they were not taking at the time of
entry into the study. All aspects of the trial were approved by the Institutional Review Board of
Emory University.

During the 6-month treatment period, participants attended follow-up visits 2 and 6
months after randomization. At follow-up visits participants completed questionnaires and
were interviewed about adherence and adverse events. At the 6-month follow-up, participants
again underwent a venipuncture and rectal biopsy. All visits for a given participant were

scheduled for the same time of day to control for potential circadian variation. Dietary, lifestyle,
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and other factors hypothesized to modify biomarker expression in normal colon mucosa were
assessed at baseline and at 6-months follow-up. Participants were asked to abstain from aspirin
use seven days prior to each biopsy. Participants were not required to be fasting for their visits
and did not take a bowel cleansing preparation or enema.

Six approximately one millimeter thick biopsy specimens were taken from the normal
appearing rectal mucosa 10 cm above the level of the external anal aperture through a short
rigid sigmoidoscope using a jumbo cup flexible biopsy forceps mounted on a semi-rigid rod. No
biopsies were taken within 4.0 cm of a polypoid lesion. Biopsies were placed onto a strip of
bibulous paper and immediately placed in phosphate buffered saline (PBS), oriented,
transferred to 10% normal buffered formalin for 24 hours, and then transferred to 70% ethanol.
Then, within a week, the biopsies were processed and embedded in paraffin blocks (2 blocks of
3 biopsies per participant, per biopsy visit).

Immunohistochemistry protocol. Five slides with 4 levels of 3 micron thick biopsy
sections taken 40 microns apart were prepared for each antigen, yielding a total of 20 levels for
each antigen. Antigen retrieval was performed by placing the slides in a preheated
Pretreatment Module (Lab Vision Corp.) with 100x Citrate Buffer (pH 6.0; DAKO S1699, DAKO
Corp.) and steaming them for 40 min. Following antigen retrieval, slides were
immunohistochemically processed in a DAKO Automated Immunostainer (DAKO Corp.) using a
labeled streptavidin-biotin method for CaR, VDR, CYP27B1, and CYP24A1 (Table 4.1, Figure 4.1).
No slides were counterstained. After processing, slides were coverslipped with a Leica CV5000
Coverslipper (Leica Microsystems, Inc.). Each staining batch contained positive and negative
slides; normal kidney was the positive control tissue for CYP27B1 and CYP24A1, and normal

colon tissue was the positive control for CaR and VDR. The negative and positive control slides
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were treated identically to the patients’ slides except that antibody diluent was used rather than
primary antibody on the negative slides.

Protocol for quantifying labeling densities of immunohistochemically detected
biomarkers in normal colon crypts (“scoring”). A detailed description of the protocol used to
quantify biomarker labeling optical densities (“biomarker expression”) in normal colon crypts
was previously described [259]. Briefly, a scorable crypt was defined as an intact crypt
extending from the muscularis mucosa to colon lumen [290]. Prior to “scoring”, the negative
and positive control slides were checked for staining adequacy. The major equipment and
software for the image analysis procedures included: personal computer, light microscope
(Olympus BX40, Olympus Corporation, Japan) with appropriate filters and attached digital light
microscope camera (Polaroid DMC Digital Light Microscope Camera, Polaroid Corporation, USA),
digital drawing board, ImagePro Plus image analysis software (Media Cybernetics, Inc., MD), our
in-house developed plug-in software for colorectal crypt analysis, and Microsoft Access 2003
relational database software (Microsoft Corporation, WA).

Evaluation of biomarker expression consisted of the same technician cleaning all slides,
selecting the two of the three biopsies with the most scorable crypts per biopsy, creating
background correction images for each slide scored, capturing 16-bit grayscale images of crypts
at 200x magnification, and tracing the border of the “hemicrypt” (one half of the crypt). The
program then divided the outlined hemicrypt into equally spaced segments that corresponded
to the average width of colonocytes, and measured the optical density of the labeling across the
entire hemicrypt and within each segment, adjusting for the background. The technician then
repeated this process for the adjacent hemicrypt, and proceeded to the next crypt, level, biopsy,
and/or slide. The goal was to score 16 to 20 hemicrypts per biopsy visit for each biomarker

(Figure 4.2).
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Reliability control was performed by selecting samples of previously analyzed slides to
be re-analyzed by the technician. The technician was blinded to the selection. Intra-reader
reliability for CaR, VDR, CYP27B1, and CYP24A1 was between 0.95 — 0.99 throughout.

Protocol for measuring serum 25-OH-vitamin D and 1,25-(OH)2-vitamin D levels.
Serum 25-OH-vitamin D and 1,25-(0OH)2-vitamin D were measured by Dr. Bruce W. Hollis at the
Medical University of South Carolina using a RIA method as previously described [311, 312].
Serum samples for baseline and follow-up visits for all subjects were assayed together, ordered
randomly, and labeled to mask treatment group, follow-up visit, and quality control replicates.
The average intra-assay coefficient of variation was 2.3% and 6.2% for serum 25-OH-vitamin D
and for 1,25-(0OH)2-vitamin D, respectively.

Statistical analysis. Treatment groups were assessed for comparability of
characteristics at baseline and at final follow-up by the Fisher’s exact test for categorical
variables and analysis of variance (ANOVA) for continuous variables. Slide scoring reliability was
analyzed using intra-class correlation coefficients.

The mean labeling optical density expression of each biomarker on each study
participant, at baseline and 6-month follow-up, was calculated by summing the biomarker’s
expression for all analyzed crypts and dividing by the total number of analyzed crypts.
Biomarker expression was transformed to adjust for possible staining batch effects by dividing
an individual’s mean biomarker expression by their batch mean biomarker expression [259].
Measures of crypt biomarker distribution selected a priori were the upper 40% of the crypts
(differentiation zone) and the lower 60% of the crypts (proliferation zone), to represent distinct
functional zones of colon crypts. In a sensitivity analysis, we also transformed biomarker
expression by subtracting from an individual’s mean biomarker expression their batch mean

expression; the results did not materially differ from those reported.
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Primary analyses were based on assigned treatment at the time of randomization,
regardless of adherence status (intent-to-treat analysis). Treatment effects were evaluated by
assessing the differences in the transformed biomarker expression from baseline to the 6-month
follow-up between participants in the active treatment groups and those in the placebo group
by a repeated-measures linear MIXED effects model. The model included the intercept, follow-
up visit effects (baseline and follow-up), and interactions between treatment groups and the
follow-up visit effect. Because optical density is measured in arbitrary units, to provide
perspective on the magnitude of the treatment effects, we also calculated the relative effect.
The relative effect was calculated as the (treatment group at follow-up / treatment group at
baseline) / (placebo group at follow-up / placebo group at baseline). The relative effect provides
a conservative estimate of the proportional change in the treatment group relative to that in the
placebo group, and its interpretation is somewhat analogous to that of an odds ratio (e.g., a
relative effect of 2.0 would mean that the proportional change in the treatment group was two
times that in the placebo group).

The distributions of batch standardized CaR, VDR, CYP27B1, and CYP24A1 labeling
optical densities along the full length of the crypts were graphically plotted and evaluated using
the LOESS procedure. First, each hemicrypt was standardized to 50 sections. Then, the average
of each section across all crypts was predicted by the LOESS model separately for each patient
and then for each treatment group by visit. The results were graphically plotted along with the
smoothing lines. Although the plots illustrate the distribution of expression, they do not provide
a complete analysis of treatment effects because they do not account for changes in the placebo
group.

Statistical analyses were performed using SAS 9.2 statistical software (SAS Institute Inc.).

A P value < 0.05 (two-sided) was considered statistically significant.
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Results

Characteristics of study participants. Baseline characteristics of study participants did
not significantly differ by treatment group (Table 4.2). The mean age of study participants was
61 years, 70% were men, 71% were white, and 20% had a family history of colorectal cancerin a
first degree relative. Most participants were non-smokers, college graduates, and overweight.

Adherence to visit attendance averaged 92% and did not significantly differ among the
four treatment groups. On average, at least 80% of pills were taken by 93% of participants at
the first follow-up visit and by 84% of participants at the final follow-up visit. No adverse events
were attributed to study procedures or treatments. Seven participants (8%) were lost to follow-
up. Dropouts included one person from the vitamin D; supplementation group and two from
each of the other three groups.

Baseline serum 25-OH-vitamin Dand 1,25-(0OH),-vitamin D levels did not differ between
the four treatment groups. At the conclusion of the study, serum 25-OH-vitamin D levels had
increased 60% (p<0.0001) and 56% (p<0.0001) in the vitamin D3 and calcium / vitamin D
groups, respectively, relative to placebo; however, mean serum 25-OH-vitamin D concentrations
remained below 32 ng/ml in all treatment groups [259]. There was no evidence of treatment
effect modification by obesity status (body mass index 230).

Calcium receptor. CaR expression along the full lengths of colorectal crypts appeared
highest at the base of the crypt and gradually decreased towards the crypt apex (Figure 4.3A).
After 6 months of treatment, CaR expression statistically significantly increased along the full
length of crypts by 27% (p=0.03), 39% (p=0.01), and 24% (p=0.05) in the calcium, vitamin D3, and
calcium/vitamin D5 groups, respectively, relative to the placebo group. In the upper 40% of

crypts the CaR expression increased 21% (p=0.13), 38% (p=0.02), and 26% (p=0.07) in the
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calcium, vitamin D5, and calcium/vitamin Ds groups, respectively, relative to the placebo group.
In the lower 60% of crypts CaR expression increased, 17% (p=0.14), 26% (p=0.06), and 17%
(p=0.15) in the calcium, vitamin D3, and calcium/vitamin D; groups, respectively, relative to the
placebo group (Table 4.3A).

Vitamin D receptor. VDR expression along the full lengths of colorectal crypts appeared
lowest at the base of crypts and gradually increased towards the crypt apex (Figure 4.3B). After
6 months of treatment, VDR expression increased in the calcium/vitamin Dz group 19% (p=0.13)
along the full length of crypts, 19% (p=0.09) in the upper 40% of crypts, and 31% (p=0.10) in the
lower 60% of crypts, relative to the placebo group. In the calcium and vitamin Dz groups there
were also estimated increases in VDR expression, but they were of lower magnitude and not
statistically significant (Table 4.3B).

CYP27B1. CYP27B1 expression along the full lengths of colorectal crypts at baseline
tended to decrease from the base to the mid-third of the crypt where it remained level and then
tended to increase slightly from there to the crypt apex (Figure 4.3C). After 6 months of
treatment, CYP27B1 expression increased in the vitamin D3 group 159% (p=0.06) along the full
length of crypts, 111% (p=0.04) in the upper 40% of crypts, and 110% (p=0.04) in the lower 60%
of crypts, relative to the placebo group. In the calcium and the calcium/vitamin D3 groups, there
were also estimated increases in CYP27B1 expression, similar in both treatment groups, but of
much lower magnitude than in the vitamin D3 alone group and not statistically significant (Table
4.4A).

CYP24A1. CYP24A1 expression along the full lengths of colorectal crypts appeared
highest at the base of crypts and sharply declined towards the upper 40% of the crypts, followed
by a leveling off of expression throughout the upper parts of crypts (Figure 4.3D). After 6

months of treatment CYP24A1 expression in the calcium group tended to decrease, particularly
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in the upper 40% of the crypts, whereas in the vitamin D3 groups it tended to increase
throughout the crypts (Table 4.4B); however, despite the large estimated treatment effects

none of these findings was statistically significant.

Discussion

The results of this pilot randomized, controlled clinical trial provide the first evidence
that supplemental calcium and vitamin D3, alone or in combination, modify CaR, VDR, CYP27B1,
and CYP24A1 expression in the normal colorectal mucosa of sporadic adenoma patients.
Following six months of treatment, 2.0 g of calcium daily significantly increased CaR expression,
but did not substantially change VDR expression. Although not statistically significant, the
results also suggested that calcium substantially increased CYP27B1 and decreased CYP24A1
expression. Treatment with 800 IU of vitamin Ds daily significantly increased expression of the
CaR (slightly more than did calcium) and CYP27B1. Although not statistically significant, the
results also suggested that vitamin D3 increased VDR and CYP24A1 expression. The combined
calcium and vitamin D3 treatment statistically significantly increased CaR expression to about
the same degree as calcium treatment alone, and thus less than vitamin D3 alone. Although not
statistically significant, the results also suggested that the combined treatment increased
expression of the VDR (more than did calcium or vitamin D; alone), CYP27B1 (about the same as
did calcium alone, but less than vitamin D; alone), and CYP24A1 (about the same as did vitamin
Ds alone). The findings from this study are relevant because there is substantial epidemiological
[308, 335, 336] and basic science [333, 337] evidence that calcium and vitamin Dz may reduce
risk of incident or recurrent colorectal neoplasms, and that any protective effects of calcium and
vitamin D3 may, at least in part, operate through the CaR, the VDR, and the vitamin D

metabolizing enzymes CYP27B1 and CYP24A1.
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Expression of the CaR was reported in normal appearing mucosa in humans [247, 248,
251, 338, 339] and rats [340], and in differentiated carcinomas [247, 248, 251, 338, 339];
however, sporadic to no expression was reported in undifferentiated carcinomas [247, 248, 251,
338, 339]. It was proposed that in normal colon crypts there is a calcium gradient with low
calcium concentrations at the base of the crypts and high concentrations at the crypt apex
[306]. Decreased calcium concentrations were reported to increase cellular proliferation [245,
325, 339, 341], while increased calcium concentrations were reported to decrease proliferation
and promote differentiation [247, 248, 325, 338, 339, 341]. Loss of function of the CaR disrupts
the signaling actions from increased calcium concentrations, such as activating E-cadherin and
downregulating B-catenin/TCF signaling [338].

There are no reported human randomized clinical trials on the effects of calcium and
vitamin D on CaR expression in normal colon mucosa; however, these effects have been
evaluated in colon cancer cell lines. In cell culture, incubation with calcium and/or 1,25(0H),Ds
increased CaR expression [248, 341]; calcium and 1,25(0OH),D3; combined increased CaR
expression more than did calcium or 1,25(0OH),D; alone [248]. We therefore hypothesized that
supplementation with calcium and vitamin D; alone and combined would increase CaR
expression in the normal colon mucosa. Our hypothesis was further supported by the presence
of vitamin D response elements in both the P1 and P2 promoters of the CaR gene [342]. As
hypothesized, we observed increased CaR expression in the calcium, vitamin D, and the
combination calcium/vitamin D; supplementation groups. Vitamin D; supplementation alone
appeared to have had the largest treatment effect, while calcium alone and in combination with
vitamin D; appeared to yield lesser, approximately equal treatment effects. We expected that
calcium plus vitamin D; supplementation would have the greatest treatment effect. There are

several plausible explanations for why this was not observed, the first being that our findings
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may have been due to chance. At least one experiment in rodents reported that calcium and
vitamin D individually suppressed tumorigenesis, but the combination of the two was ineffective
[322]. However, some studies reported stronger combined effects of calcium and vitamin D3 in
reducing adenoma and colorectal cancer risk [343, 344]. Some of the strongest evidence comes
from a large clinical trial of colorectal adenoma recurrence that suggested that calcium
supplementation was primarily effective among those with 25(0OH)D concentrations greater
than the median in the study population (29.1 ng/ml) [308]. In our trial only the vitamin Ds
supplementation group reached 25(0OH)D concentrations greater than 29.1 ng/ml [259],
suggesting the possibility of a threshold effect.

There is little consensus on the distribution of the CaR in the normal colon crypt [248,
251, 338, 340]. Our study, the largest to investigate this thus far, used disease free colon tissue
rather than normal appearing sections of colon mucosa adjacent to neoplastic tissue, and, to the
best of our knowledge, is the first to use image analysis software to analyze CaR distribution in
the normal colon mucosa. We found CaR expression to be highest at the base of the crypts,
amongst the most proliferative cells, and to gradually decline in the differentiation zone towards
the crypt apex. These results suggest that CaR expression may undergo negative feed-back
regulation by luminal calcium.

An autocrine/paracrine function for vitamin D in the normal colon mucosa is suggested
by the expression of the VDR and the vitamin D metabolizing enzymes CYP27B1 and CYP24A1l in
the colon mucosa [332]. The ability of colon cells to produce the active vitamin D metabolite
1,25(0H),D was recently demonstrated [279, 345, 346]. Evidence from animal models suggests
that the colonic vitamin D system is regulated separately from the renal vitamin D system [326].
It was reported that renal synthesis of 1,25(0OH),D does not produce 1,25(0OH),D in the

nanomolar concentrations needed to halt proliferation and induce apoptosis, suggesting that



91

colonic metabolism of 1,25(0OH),D is needed to explain vitamin D’s possible anti-colon
carcinogenesis effects [333]. The expression of the VDR and CYP27B1 was reported to increase
in the early stages of cancer development, but to be greatly reduced in undifferentiated cancers;
this suggests that the VDR and CYP27B1 act as tumor suppressors, presumably by maximizing
1,25(0H),D signaling to normalize cell cycle regulation [276-278]. CYP24A1 expression was
reported to be increased in undifferentiated cancers, presumably mitigating the effects of
1,25(0H),D signaling [278, 279]. Our observation of increased VDR and CYP27B1 expression in
the active treatment groups is in agreement with previous reports, which suggests that the anti-
proliferative and pro-apoptotic effects of supplemental vitamin D; may in part be due to
increased VDR and CPY27B1 expression. We also observed an insignificant increase in CYP24A1
expression in the vitamin D and calcium plus vitamin D treatment groups, which may minimize
the effects of increased VDR and CYP27B1 expression. However, the apparent decrease of
CYP24A1 and increase in CYP27B1 in the calcium treatment group may lead to increased vitamin
D signaling despite no increase in VDR expression; however, these estimated treatment effects
were not statistically significant. The distribution of the VDR and CYP27B1 in the upper 40% of
crypts provides additional evidence of the importance of vitamin D signaling for promoting
differentiation and apoptosis. CYP24A1 also appeared to be expressed most strongly in the
bottom half of the colon crypts, presumably lessening the effects of 1,25(0OH)D and thus
favoring proliferation.

There are only a few cell culture and animal studies, and no large randomized human
trials on the effects of calcium and/or vitamin D on the expression of the VDR, CYP27B1, or
CYP24A1 in the normal human colon mucosa. The effects of 25(0H)D; or 1,25,(0OH),D; on VDR
and CYP27B1 expression in colon cancer cells appear to vary depending upon the differentiation

status of the cells; however, CYP24A1 expression consistently increases in response to 25(0OH)Ds
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or 1,25,(0OH),Ds treatment [345, 347, 348]. Two separate studies in mice found that low calcium
diets increased CYP24A1 mRNA expression, especially in male mice and in the right colon. The
low calcium diet also increased VDR and CYP27B1 mRNA expression in the proximal colon and
reduced VDR expression in the distal colon; however, this was only observed in female mice. No
significant change in VDR or CYP27B1 expression was observed in either the left or right colon in
male mice fed a low calcium diet [349, 350].

We previously reported that calcium and vitamin D; supplementation in this same trial
favorably modified expression of markers of proliferation [296], differentiation [296], apoptosis
[259], and oxidative DNA damage [297] in the normal human colorectal mucosa. Previous
reports in cancer cell lines [254] and human studies [297] suggest that some of the
chemopreventative effects of supplemental calcium and vitamin D3 may depend on the
expression of the CaR and the VDR. Our results provide in vivo human evidence that
supplemental calcium and vitamin D; modify the expression of the CaR, the VDR, CYP27B1, and
CYP24A1 in the normal colorectal epithelium, which may then promote calcium and vitamin D
anti-neoplastic signaling pathways.

Our study had several limitations. First, it was a pilot study with a relatively small
sample size, increasing the role of chance observations and limiting our ability to perform
stratified analyses. Also, we only examined the rectal mucosa and therefore treatment effects
in other parts of the colon remain unknown. Another limitation is that we measured protein
expression but not protein activity, and, therefore, could not correlate changes in expression
with changes in protein activity. Finally, these markers are not proven biomarkers of risk and we
do not yet know whether changes in CaR, VDR, CYP27B1, or CYP24A1 affect risk for colorectal

neoplasms in humans.
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The strengths of this study include 1) that it is, to our knowledge, the first randomized,
double-blind, placebo-controlled clinical trial to test the effects of supplemental calcium and
vitamin D3, alone and in combination, on components of the calcium and vitamin D metabolizing
system in the normal colorectal epithelium in sporadic adenoma patients, 2) the high protocol
adherence by study participants, and 3) the automated immunostaining and newly-designed
image analysis software to quantify the crypt distribution of the expression of the CaR, the VDR,
CYP27B1, and CYP24A1, resulting in high biomarker measurement reliability.

In summary, the results of this pilot clinical trial indicate that calcium and vitamin Ds
supplementation, alone and in combination, may increase expression of the CaR, the VDR, and
CYP27B1, and that vitamin D3 supplementation, alone and in combination with calcium
supplementation, may increase CYP24A1 expression in the normal colorectal mucosa of
sporadic colorectal adenoma patients. The anti-carcinogenesis effects of supplemental calcium
and vitamin D3 may in part depend on the ability of these agents to favorably modulate the
expression of the CaR, the VDR, CYP27B1, and CYP24A1 in the colorectal mucosa. These results,
taken together with previous reports [259, 296, 297], suggest that calcium and vitamin Ds
supplementation modulate the colorectal mucosa molecular phenotype to inhibit proliferation
and promote cellular differentiation and apoptosis. Our results also suggest that the CaR, the
VDR, CYP27B1, and CYP24A1 may be treatable biomarkers of risk for colorectal neoplasms and
warrant further investigation. Finally, our results support further investigation of calcium and

vitamin D3 as chemopreventive agents against colorectal neoplasms.
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Table 4.1. Summary of biomarker immunohistochemical protocols for: calcium receptor,

vitamin D receptor, CYP27B1, and CYP24A1

Antibody Manufacturer Catalog No. Dilution Detection kit
CaR Sigma-Aldrich Co., St. Louis, MO C0493 1:200 LSAB2
VDR Santa Cruz Inc., Santa Cruz, CA SC-13133 1:7500 LSAB2
CypP27B1 Santa Cruz Inc., Santa Cruz, CA SC-49642 1:100 LSAB+
CYP24A1 Santa Cruz Inc., Santa Cruz, CA SC-32166 1:50 LSAB+

" DAKO Corp., Carpinteria, CA



Table 4.2. Selected baseline characteristics of the study participants (n=92)
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Treatment Group

Calcium +
Placebo Calcium Vitamin D Vit. D P-value™

Characteristics (n=23) (n=23) (n=23) (n=23)
Demographics, medical history, habits, anthropometrics

Age, years 58.5(8.2) 61.9(8.2) 60.2(8.1) 62.1(7.5) 0.39

Men (%) 70 70 70 70 1.00

White (%) 74 83 65 61 0.39

College graduate (%) 65 61 57 44 0.53

History of CRC in 1° relative

(%) 17 30 17 13 0.60

Take NSAID* regularly® (%) 22 13 9 22 0.60

Current smoker (%) 9 4 0 0 0.61

Take multivitamin (%) 30 30 26 39 0.86

Body mass index (BMI),

kg/m? 30.6(7.2) 29.4(5.5) 28.9(5.56) 31.6(6.0) 0.44
Mean dietary intakes”

1,596 1,788 1,848 1,845

Total energy intake, kcal/d (528) (691) (821) (752) 0.59

Total®® calcium, mg/d 625 678 753 733 0.75

Total®® vitamin D, 1U/d 279 326 348 401 0.50

Total fat, gm/d 66 66 61 65 0.59

Dietary fiber, gm/d 15 16 16 15 0.97

Alcohol intake, gm/d 8 10 13 9 0.84
Total serum vitamin D

25-OH-vitamin D, ng/mL 20.4(7.6) 25.7(7.6) 21.0(8.3) 20.9(9.7) 0.12

" Data are given as means (SD) unless otherwise specified.

" By Fisher’s exact x2 test for categorical variables, and ANOVA for continuous variables.
¥ Nonsteroidal anti-inflammatory drug.

% At least once a week.

** All nutrients energy adjusted using residual method [293].

% Diet plus supplements.



Table 4.3. Expression of calcium receptor in the normal-appearing colorectal mucosa during the clinical trial

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’

Whole crypts

Placebo 20 1.11 0.07 19 1.00 0.07 0.00 . . 1.00

Calcium 22 1.01 0.06 0.28 20 1.16 0.07 0.09 0.26 0.12 0.03 1.27

Vitamin D 23 0.87 0.06 0.01 19 1.09 0.07 0.37 0.33 0.12 0.01 1.39

Ca+VitD 22 1.04 0.06 0.45 20 1.16 0.07 0.10 0.23 0.12 0.05 1.24
Upper 40% of crypts

Placebo 20 0.34 0.02 19 0.32 0.02 0.00 . . 1.00

Calcium 22 0.31 0.02 0.37 20 0.35 0.02 0.33 0.06 0.04 0.13 1.21

Vitamin D 23 0.25 0.02 0.01 19 0.33 0.02 0.89 0.09 0.04 0.02 1.38

Ca+VitD 22 0.29 0.02 0.13 20 0.35 0.02 0.45 0.07 0.04 0.07 1.26
Lower 60% of crypts

Placebo 20 0.76 0.05 19 0.74 0.05 0.00 . . 1.00

Calcium 22 0.73 0.04 0.63 20 0.84 0.05 0.16 0.12 0.08 0.14 1.17

Vitamin D 23 0.63 0.04 0.04 19 0.77 0.05 0.66 0.16 0.08 0.06 1.26

Ca+VitD 22 0.73 0.04 0.57 20 0.83 0.05 0.18 0.12 0.08 0.15 1.17

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
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Table 4.4 Expression of vitamin D receptor in the normal-appearing colorectal mucosa during the clinical trial

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’

Whole crypts

Placebo 21 1.06 0.06 18 1.00 0.07 0.00 . . 1.00

Calcium 21 0.95 0.06 0.19 21 0.93 0.06 0.46 0.05 0.12 0.67 1.05

Vitamin D 22 0.93 0.06 0.14 17 0.97 0.07 0.70 0.09 0.12 043 1.10

Ca+VitD 21 1.06 0.06 0.92 18 1.18 0.07 0.07 0.18 0.12 0.13 1.19
Upper 40% of crypts

Placebo 21 0.58 0.03 18 0.59 0.04 0.00 . . 1.00

Calcium 21 0.52 0.03 0.19 21 0.56 0.03 0.47 0.03 0.06 0.66 1.05

Vitamin D 22 0.49 0.03 0.04 17 0.55 0.04 0.38 0.05 0.06 041 1.11

Ca+VitD 21 0.54 0.03 0.42 18 0.66 0.04 0.19 0.10 0.06 0.09 1.19
Lower 60% of crypts

Placebo 21 0.47 0.04 18 0.41 0.04 0.00 . . 1.00

Calcium 21 0.46 0.04 0.81 21 0.41 0.04 0.92 0.01 0.07 0.92 1.01

Vitamin D 22 0.45 0.04 0.58 17 0.44 0.04 0.58 0.06 0.08 0.44 1.14

Ca+VitD 21 0.45 0.04 0.69 18 0.52 0.04 0.06 0.13 0.08 0.10 1.31

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
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Table 4.5. Expression of CYP27B1° in the normal-appearing colorectal mucosa during the clinical trial.

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean Std Err P n Mean Std Err P Rx effect’ StdErr P Effect’

Whole crypts

Placebo 20 1.07 0.18 20 1.00 0.09 0.00 . . 1.00

Calcium 21 0.89 0.10 0.38 16 1.11 0.36 0.76 0.29 0.42 049 1.34

VitaminD 22 0.85 0.12 0.31 18 2.06 0.61 0.10 1.28 0.66 0.06 2.59

Ca+VitD 22 1.20 0.15 0.56 19 1.46 0.41 0.29 0.32 0.48 0.50 1.30
Upper 40% of crypts

Placebo 20 0.40 20 0.45 0.10 0.10 0.00 . . 1.00

Calcium 21 0.38 0.10 0.86 16 0.51 0.11 0.70 0.08 0.21 0.69 1.21

VitaminD 22 0.35 0.10 0.73 18 0.84 0.11 0.01 0.44 0.20 0.04 2.11

Ca+VitD 22 0.46 0.10 0.67 19 0.57 0.10 0.43 0.05 0.20 0.79 1.09
Lower 60% of crypts

Placebo 20 0.65 0.13 20 0.58 0.13 0.00 . . 1.00

Calcium 21 0.52 0.13  0.47 16 0.60 0.14 0.92 0.15 0.25 0.55 1.30

VitaminD 22 0.51 0.13 0.44 18 0.96 0.14 0.05 0.52 0.25 0.04 2.10

Ca+VitD 22 0.67 0.13  0.95 19 0.72 0.13 0.3 0.14 0.25 0.59 1.23

$ CYP27B1 = Cytochrome P450 family 27B1

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].
" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table 4.6. Expression of CYP24A1° in the normal-appearing colorectal mucosa during the clinical trial.

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean Std Err P n Mean Std Err P Rx effect’ StdErr P Effect’

Whole crypts

Placebo 21 1.04 0.21 18 1.00 0.23 0.00 . . 1.00

Calcium 20 1.05 0.21 0.96 20 0.80 0.21 0.52 -0.22 0.43 0.62 0.79

VitaminD 21 0.85 0.21 0.52 19 1.34 0.22 0.28 0.53 0.43 0.22 1.65

Ca+VitD 22 1.06 0.20 0.94 17 1.54 0.23 0.10 0.52 0.43 0.24 1.51
Upper 40% of crypts

Placebo 21 0.37 0.09 18 0.40 0.10 0.00 . . 1.00

Calcium 20 0.42 0.09 0.70 20 0.27 0.09 0.35 -0.18 0.19 0.35 0.59

VitaminD 21 0.31 0.09 0.68 19 0.51 0.10 0.0 0.17 0.19 0.37 1.51

Ca+VitD 22 0.40 0.09 0.81 17 0.59 0.10 0.17 0.16 0.19 0.39 1.38
Lower 60% of crypts

Placebo 21 0.69 0.13 18 0.63 0.14 0.00 . . 1.00

Calcium 20 0.66 0.13 0.89 20 0.58 0.13 0.79 -0.03 0.25 0.92 0.96

VitaminD 21 0.61 0.13 0.67 19 0.78 0.14 0.46 0.22 0.25 0.39 1.38

Ca+VitD 22 0.74 0.13 0.78 17 0.89 0.14 0.21 0.21 0.26 043 1.31

$ CYP24A1 = Cytochrome P450 family 24A1

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].
" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Figure 4.1 Biomarker immunohistochemical images of colon crypts (200x)
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Figure 4.2. Quantitative image analysis




Figure 4.3. Representative examples of labeling expression distribution’ of the (A) calcium receptor’, the (B) vitamin D receptor’, (C) CYP27B1%, and
(D) CYP24A1* along normal colorectal crypts by treatment group at baseline and 6-month follow-up
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Chapter 5. Summary and Public Health Implications

Multiple lines of evidence including migration, basic science, animal, and observational
studies and randomized, placebo-controlled clinical trials suggest an important role for diet and
life-style factors in the etiology of colorectal cancer [8, 123, 124, 257, 308, 351]. There is an
urgent need to develop treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms
that can be used to enhance clinical risk identification, stratification, monitoring, and facilitate
the development of chemopreventive agents against the disease. Currently the colorectal
adenoma is the only validated biomarker of risk for colorectal cancer. The removal of adenomas
during colonoscopy is an effective procedure for reducing colorectal cancer incidence and
mortality [22]; however, the benefit of colonoscopies are highly operator dependent, with
adenoma miss rates between 17 — 24% [16, 18, 19]. Treatable, pre-neoplastic biomarkers of risk
have the potential of being valuable resources to accompany colonoscopy screening. In a
scenario of a missed neoplasm during a colonoscopy, a person’s biomarker profile may
recommend that they undergo a follow-up colonoscopy sooner rather than wait the 10 years
recommended for an average risk individual. Their biomarker profile may also help guide an
appropriate life style and dietary intervention to further reduce the risk of colorectal cancer
developing or progressing. This dissertation sought to address this lack in knowledge by
investigating the potential of markers of the Wnt/B-catenin signaling pathway (APC, B-catenin,
and E-cadherin) and markers of calcium and vitamin D metabolism (CaR, VDR, CYP27B1, and
CYP24A1) as potential treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms.

In the MAP Il study we found controls to have a statistically significantly greater APC/ B-
catenin score than cases. We suggest that the APC/B-catenin score may reflect the potential of
B-catenin to promote proliferation. The APC/B-catenin score was positively associated plausible

protective risk factors for colorectal neoplasms. Controls had greater ®h APC and lower j3-
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catenin expression than cases; however, neither of these findings was statistically significant,

and E-cadherin expression (Appendix Table A1) did not appreciably differ between cases and

controls. E-cadherin expression was associated with risk factors for colorectal neoplasms, but
often in the opposite of the hypothesized direction (Appendix Table A2).

Results from the CaDvMAP study suggest supplemental calcium and vitamin Ds, alone
and in combination, may modify the Wnt/B-catenin signaling pathway and markers of calcium
and vitamin D metabolism in the normal colorectal mucosa of cases of incident, sporadic
colorectal adenoma. In the vitamin D; treatment group APC expression increased in all
functional zones of the crypt, and in the calcium treatment group APC expression increased in
the ®h of the crypt. In all active treatment groups B-catenin expression uniformly decreased
and the APC/B-catenin score increased. E-cadherin expression uniformly increased in both
vitamin D3 treatment groups. In all active treatment groups CaR expression uniformly increased,
VDR increased (most in the bottom 60% of the crypt), and CYP27B1 expression uniformly
increased. CYP24A1 expression uniformly decreased in the calcium treatment group and
uniformly increased in the vitamin D3 treatment groups. Unexpectedly, with the exception of
the VDR, the treatment effects in the calcium/vitamin D; treatment group tended to be
attenuated compared to supplemental calcium and vitamin Ds alone.

Stratified analyses of the CaDvMAP study were conducted by biologically plausible
modifiers of vitamin D metabolism (sex, age, obesity, baseline 25(0H)D; concentrations, and
Bsml genotype) to evaluate for potential modification of treatment effects (Appendix Table B1-
B20, C5- C24). We found a lack of consistent evidence to suggest the treatment effects were
modified by potential modifiers of vitamin D metabolism. This may be due to the relatively
small sample size of the CaDvMAP, limiting our statistical power and increasing the role of

chance observations.
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Overall, the results of this dissertation provide the first human in vivo evidence that 1)
suggest APC and B-catenin expression as potentially treatable, pre-neoplastic biomarkers of risk
for colorectal neoplasms; 2) suggest that the antineoplastic effects of calcium and vitamin Ds
may, in part, depend of their ability to favorably modify APC, B-catenin, E-cadherin, CaR, VDR,
CYP27B1, and CYP24A1 expression in the normal colorectal mucosa; and 3) provide support for
conducting further, larger investigations to evaluate the potential of APC, 3-catenin, E-cadherin,
CaR, VDR, CYP27B1, and CYP24A1 expression in the normal colorectal mucosa as potentially

treatable, pre-neoplastic biomarkers of risk for colorectal neoplasms.
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Chapter 6. Future Directions

The results of this dissertation are based on pilot studies with limited sample sizes. |
propose conducting a larger follow-up case-control study to the MAPII study that will have
greater power to further clarify the role of APC, B-catenin, E-cadherin, CaR, VDR, CYP27B1, and
CYP24A1 expression (and other potential biomarkers) as potential treatable, pre-neoplastic
biomarkers of risk for colorectal neoplasms. A larger study will also permit increased potential
to evaluate potential effect-modifiers (i.e. NSAIDs, family history of colorectal cancer, race, and
sex) that we were limited evaluating in the MAPII study.

In the MAP Il and CaDvMAP studies total B-catenin expression was measured, limiting
our ability to evaluate B-catenin localized at the membrane from B-catenin localized in the
nucleus. We hypothesized that total f-catenin expression would be positively correlated with
nuclear B-catenin expression; therefore people with greater total B-catenin expression may also
have greater nuclear B-catenin expression. | propose that follow-up studies test this hypothesis
by using methods to distinguish membrane B-catenin from nuclear B-catenin. One potential
method to accomplish this may be to use quantum dot immunohistochemistry (Q-dot IHC)
[352]. Using fluorescent quantum dots to stain for total B-catenin, in combination with 4',6-
diamidino-2-phenylindole (DAPI) to stain the nuclear region of cells, it may be possible (using
image analysis software) to evaluate membrane B-catenin from nuclear B-catenin.

We proposed that the APC/B-catenin score may represent the proliferative potential of
B-catenin, but this score needs to be validated. Another motivation to measure nuclear B-
catenin is that it may be used to help validate the APC/B-catenin score. If our hypothesis about
the APC/B-catenin score is correct, then the APC/B-catenin score will be positively associated

with nuclear B-catenin expression. Other potential down-stream markers of B-catenin
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transcription that could also be used to validate the APC/B-catenin score include c-myc and
cyclin D1.

There is strong evidence that hyperinsulinemia may be associated with colorectal
neoplasms [353-356]; however, there is a lack of human in vivo studies that have investigated
the association between circulating insulinogenic markers and tissue insulinogenic markers in
the normal colorectal mucosa or the potential of these circulating and tissue markers as pre-
neoplastic biomarkers of risk for colorectal adenomas. Animal model and in vitro studies have
demonstrated the pro-proliferating, anti-differentiating, and anti-apoptotic effects of insulin,
insulin analogs, and insulin-like growth factor (IGF) signaling [357-375]. | propose a case-control
study to investigate the validity of blood markers of insulinogenic signaling (insulin, IGF-1, IGF-2,
insulin-like growth factor binding protein-3 [IGFBP-3; intact not total], C-peptide, glucose, and
HbA1C) and tissue markers of insulinogenic signaling (insulin receptor, insulin like growth factor-
1 receptor, insulin-like growth factor binding protein-3, insulin receptor substrate-1, PI3K, Akt,
IkB, mTOR, and FOXO) as potential treatable, pre-neoplastic biomarkers of risk for incident
sporadic colorectal adenomas.

Based on the results of the CaDvMAP study, | propose conducting a large randomized
clinical trial to investigate the effects of several doses of vitamin D; (1,000, 2,000, and 4,000
IU/day) alone and in combination with calcium (1.0 g/day). This will allow us to investigate
dose-response trends on 25(0OH)D concentrations, to clarify potential interactions between
vitamin D and calcium, and to further investigate the effects of vitamin D and calcium on
potential biomarkers of risk. A large clinical trial will also give us the opportunity to investigate
potential modification of the effects of vitamin D and calcium by sex, race, age, and other

dietary and lifestyle behaviors.
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Appendix

Table Al. Differences in E-cadherin expression in normal-appearing rectal mucosa between
incident sporadic colorectal adenoma cases and controls, the MAPII study

Batch-adjusted biomarker labeling optical density

Controls Cases Prop diff
(N=35) (SE) (N=32) (SE) (%)’

1.01 0.03 1.00 0.03 -0.70 0.88 1.18 0.49-2.82

P° OR® 95% CI

® Proportional difference = [(mean of cases - mean of controls)/mean of controls]*100%
® Based on F-test for significance in a linear model
“The labeling optical density was dichotomized on the mean of the colon site-specific distributions in the controls
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Table A2. Differences in expression of E-cadherin in normal-appearing colorectal mucosa
according to potential risk factors for colorectal neoplasms, the MAPII study
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Pro. Diff.

Characteristic™” N E-cadherin® SE %)’ P
Sex
Female 44 0.98 0.03
Male 42 1.03 0.03 4.6 0.35
Age (yrs.)
<55 44 0.99 0.03
>55 42 1.01 0.03 1.9 0.68
Family hx of CRC
No 45 1.00 0.03
Yes 11 1.06 0.07 6.3 0.37
Smoking status
Never 45 1.00 0.03
Former/Current 11 1.06 0.07 6.3 0.37
Alcohol intake
Never 12 0.99 0.07
Former/Current 73 1.01 0.03 1.2 0.86
Physical activity (METS/d)
Low 36 0.97 0.04
High 46 1.03 0.03 6.5 0.21
BMI (Kg/m2)
<30 43 0.97 0.03
>30 42 1.04 0.03 7.3 0.13
WHR
Low 41 0.97 0.03
High 43 1.02 0.03 5.1 0.30
NSAID - cases
No 26 1.03 0.04
Yes 14 0.95 0.06 -7.7 0.27
NSAID - controls
No 27 0.96 0.04
Yes 18 1.08 0.05 13.2 0.07
Pinteraction 010
Serum 25(OH)D; (ng/ml)
<27 36 0.99 0.03
227 34 0.96 0.04 -2.6 0.61
Total energy intake
Low 30 1.03 0.04
High 52 0.99 0.03 -4.4 0.37
Total fat
Low 40 0.96 0.03
High 42 1.05 0.03 9.0 0.08
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Characteristic®® N E-cadherin® SE Prc()%l));ff. P

Total® calcium

Low 39 1.04 0.04

High 43 0.98 0.03 -6.0 0.21
Total® folate

Low 40 1.01 0.04

High 42 1.00 0.04 -1.6 0.77
Processed meat intake

Low 32 0.99 0.04

High 50 1.02 0.03 2.5 0.64

® Referent category = "Female", the youngest or lowest category, or "No" groups

® Abbreviations: Family hx of CRC = family history of colorectal cancer in a first degree relative,
BMI = body mass index, WHR = waist to hip ratio, NSAID = take nonsteroidal anti-inflammatory

drug > once/week

¢ All estimates adjusted for age and sex; dietary and physical activity covariates also adjusted for

energy consumption; and total energy consumption adjusted for physical activity

4 proportional difference = [(mean of comparative category - mean of referent category)/mean

of referent category]*100%
¢ p-value for comparison of means (analysis of covariance)

f p-value of multiplicative interaction term between regular NSAID use and case/control status in

ANACOVA models

€ Total = dietary + supplemental



Table B1. Expression of APC® in the normal-appearing colorectal mucosa by sex, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’

APC — Males

Placebo 15 0.33 0.02 14 0.42 0.02 0.00 . . 1.00

Calcium 16 0.36 0.02 0.15 14 0.46 0.02 0.06 0.01 0.03 0.69 1.00

Vitamin D 16 0.31 0.02 0.31 16 0.46 0.02 0.86 0.07 0.03 0.04 1.17

Ca+VitD 16 0.35 0.02 0.40 14 0.44 0.02 0.35 0.00 0.03 0.91 0.99
APC - Females

Placebo 7 0.38 0.03 7 0.42 0.03 0.00 . . 1.00

Calcium 7 0.30 0.03 0.02 7 0.44 0.03 0.57 0.11 0.05 0.04 1.33

Vitamin D 7 0.33 0.03 0.17 6 0.46 0.03 0.69 0.09 0.05 0.10 1.26

Ca+VitD 7 0.37 0.03 0.70 7 0.44 0.03 0.64 0.03 0.05 0.54 1.08

$ APC = proportion of APC in the upper 40% of the crypt

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B2. Expression of B-catenin in the normal-appearing colorectal mucosa by sex, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

B-catenin — Males

Placebo 14 1.02 0.05 12 0.96 0.06 0.00 . . 1.00

Calcium 16 1.05 0.05 0.73 13 0.90 0.06 0.48 -0.08 0.11 042 0.91

Vitamin D 16 0.98 0.05 0.57 15 0.86 0.06 0.19 -0.06 0.11 0.54 0.93

Ca+VitD 15 1.01 0.05 0.90 11 0.90 0.06 0.48 -0.05 0.11 0.65 0.95
B-catenin — Females

Placebo 7 0.92 0.07 6 1.02 0.07 0.00 . . 1.00

Calcium 6 0.90 0.07 0.88 6 0.74 0.07 0.01 -0.27 0.14 0.07 0.74

Vitamin D 5 0.82 0.07 0.35 6 0.82 0.07 0.06 -0.10 0.14 0.48 0.90

Ca+VitD 7 1.09 0.07 0.08 6 0.95 0.07 0.04 -0.24 0.14 0.10 0.79
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

[43)}



Table B3. Expression of E-cadherin in the normal-appearing colorectal mucosa by sex, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

E-cadherin — Males

Placebo 14 1.16 0.16 13 0.98 0.17 0.00 . . 1.00

Calcium 15 1.14 0.16 0.93 14 1.21 0.17 0.33 0.25 0.26 0.33 1.26

Vitamin D 15 0.96 0.16 0.39 12 1.32 0.17 0.16 0.55 0.26 0.04 1.63

Ca+VitD 15 0.92 0.16 0.31 11 1.11 0.17 0.60 -0.37 0.26 0.17 1.43
E-cadherin — Females

Placebo 7 1.14 0.17 6 1.16 0.18 0.00 . . 1.00

Calcium 6 1.53 0.18 0.13 7 0.83 0.17 0.19 -0.72 0.35 0.06 0.53

Vitamin D 5 0.79 0.20 0.18 6 1.17 0.18 0.98 0.36 0.37 0.98 1.46

Ca+VitD 7 0.85 0.17 0.23 7 1.16 0.17 0.97 0.28 0.35 0.81 1.34

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
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Table B4. APC/B-catenin score® in the normal-appearing colorectal mucosa by sex, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’

APC/B-catenin — Males

Placebo 14 0.34 0.04 12 0.44 0.04 0.00 . . 1.00

Calcium 16 0.35 0.04 0.91 12 0.56 0.04 0.05 0.11 0.08 0.15 1.24

Vitamin D 16 0.34 0.04 0.97 14 0.56 0.04 0.03 0.12 0.08 0.10 1.27

Ca+VitD 15 0.37 0.04 0.62 11 0.53 0.04 0.15 0.06 0.08 0.45 1.11
APC/B-catenin — Females

Placebo 7 0.43 0.04 6 0.45 0.04 0.00 . . 1.00

Calcium 6 0.34 0.04 0.12 6 0.62 0.04 0.01 0.26 0.07 0.002 1.74

Vitamin D 5 0.44 0.04 0.87 6 0.58 0.04 0.03 0.12 0.07 0.11 1.26

Ca+VitD 7 0.35 0.04 0.18 6 0.46 0.04 0.86 0.08 0.07 0.25 1.26

8 APC/B-catenin score = proportion of APC in the upper 40% of the crypt/B-catenin

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B5. Expression of APC® in the normal-appearing colorectal mucosa by age, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’
APC - >55 years
Placebo 9 0.35 0.05 8 0.45 0.05 0.00 . . 1.00
Calcium 7 0.31 0.05 0.62 7 0.59 0.06 0.004 0.17 0.09 0.09 1.48
Vitamin D 5 0.48 0.06 0.09 5 0.58 0.06 0.14 -0.02 0.10 0.88 0.94
Ca+VitD 5 0.29 0.06 0.50 5 0.51 0.08 0.53 0.11 0.11 0.33 1.37
APC — <55 years
Placebo 13 0.39 0.03 13 0.43 0.04 0.00 . . 1.00
Calcium 16 0.36 0.03 0.54 14 0.57 0.04 0.01 0.17 0.07 0.02 1.44
Vitamin D 18 0.33 0.03 0.17 17 0.57 0.04 0.01 0.20 0.07 0.01 1.57
Ca+VitD 18 0.39 0.03 0.90 16 0.50 0.04 0.19 0.07 0.07 0.30 1.16

S APC = proportion of APC in the upper 40% of the crypt

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B6. Expression of B-catenin in the normal-appearing colorectal mucosa by age, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

B-catenin — <55 years

Placebo 9 1.02 0.06 8 0.93 0.07 0.00 . . 1.00

Calcium 7 0.95 0.07 0.47 6 0.77 0.08 0.15 -0.08 0.14 0.55 0.89

Vitamin D 5 0.96 0.09 0.56 5 0.81 0.09 0.28 -0.06 0.15 0.70 0.93

Ca+VitD 5 1.20 0.09 0.11 3 0.94 0.11 0.91 -0.17 0.16 0.33 0.86
B-catenin — 255 years

Placebo 12 0.96 0.05 10 1.03 0.06 0.00 . . 1.00

Calcium 15 1.03 0.05 0.34 13 0.89 0.06 0.10 -0.21 0.10 0.05 0.81

Vitamin D 16 0.93 0.05 0.73 16 0.86 0.06 0.04 -0.14 0.10 0.18 0.86

Ca+VitD 17 0.99 0.05 0.70 14 0.92 0.06 0.18 -0.14 0.10 0.19 0.87
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B7. Expression of E-cadherin in the normal-appearing colorectal mucosa by age, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

E-cadherin — <55 years

Placebo 9 1.14 0.13 8 1.03 0.20 0.00 . . 1.00

Calcium 7 1.03 0.15 0.59 7 0.89 0.18 0.49 -0.03 0.26 0.90 0.96

Vitamin D 5 0.77 0.18 0.12 5 0.89 0.15 0.49 0.21 0.28 0.47 1.28

Ca+VitD 5 0.84 0.18 0.19 4 0.99 0.14 0.87 0.26 0.30 0.38 1.30
E-cadherin — 255 years

Placebo 11 1.12 0.19 11 1.05 0.19 0.00 . . 1.00

Calcium 14 1.31 0.16  0.45 14 1.20 0.16  0.55 -0.03 0.42 0.93 0.98

Vitamin D 15 0.71 0.16 0.10 13 1.44 0.17 0.12 0.80 0.42 0.06 2.16

Ca+VitD 17 0.91 0.15 0.39 14 1.16 0.16  0.65 0.32 0.41 0.44 1.36
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B8. APC/B-catenin® score in the normal-appearing colorectal mucosa by age, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’
APC/B-catenin — <55 years
Placebo 9 0.35 0.05 8 0.45 0.05 0.00 . . 1.00
Calcium 7 0.31 0.05 0.62 6 0.59 0.06 0.10 0.16 0.09 0.09 1.48
Vitamin D 5 0.48 0.05 0.09 5 0.58 0.06 0.14 -0.02 0.10 0.88 0.94
Ca+VitD 5 0.29 0.05 0.50 3 0.51 0.08 0.53 0.11 0.11 0.33 1.37
APC/B-catenin — 255 years
Placebo 12 0.39 0.04 10 0.43 0.04 0.00 . . 1.00
Calcium 15 0.36 0.03 0.54 12 0.57 0.04 0.01 0.17 0.07 0.02 1.44
Vitamin D 16 0.33 0.03 0.17 15 0.57 0.03 0.01 0.20 0.07 0.01 1.57
Ca+VitD 17 0.39 0.03 0.90 14 0.50 0.03 0.19 0.07 0.07 0.30 1.16

8 APC/B-catenin score = proportion of APC in the upper 40% of the crypt/B-catenin

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B9. Expression of APC® in the normal-appearing colorectal mucosa by obesity, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’
APC-BMI <30
Placebo 11 0.33 0.02 11 0.42 0.02 0.00 . . 1.00
Calcium 12 0.35 0.02 0.53 11 0.47 0.02 0.11 0.03 0.04 0.43 1.06
Vitamin D 16 0.32 0.02 0.83 15 0.46 0.02 0.14 0.05 0.03 0.18 1.13
Ca+VitD 11 0.35 0.02 0.52 11 0.44 0.02 0.56 0.00 0.04 0.97 0.99
APC - BMI 230
Placebo 11 0.36 0.02 10 0.42 0.02 0.00 . . 1.00
Calcium 11 0.34 0.02 0.36 10 0.44 0.02 0.35 0.05 0.04 0.21 1.11
Vitamin D 7 0.29 0.02 0.03 7 0.45 0.02 0.25 0.11 0.05 0.03 1.33
Ca+VitD 12 0.36 0.02 0.94 10 0.44 0.02 0.44 0.02 0.4 0.55 1.05

S APC = proportion of APC in the upper 40% of the crypt

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B10. Expression of B-catenin in the normal-appearing colorectal mucosa by obesity, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

B-catenin — BMI <30

Placebo 10 1.04 0.06 10 0.94 0.06 0.00 . . 1.00

Calcium 12 1.01 0.05 0.72 10 0.83 0.06 0.20 -0.08 0.11 047 0.91

Vitamin D 14 0.92 0.05 0.15 14 0.80 0.05 0.08 -0.03 0.10 0.80 0.96

Ca+VitD 10 1.04 0.06 0.54 7 0.86 0.07 0.39 -0.03 0.12 0.82 0.91
B-catenin — BMI 230

Placebo 11 0.94 0.06 8 1.04 0.07 0.00 . . 1.00

Calcium 10 1.01 0.06 0.47 8 0.87 0.07 0.11 -0.23 0.13 0.09 0.78

Vitamin D 7 0.98 0.08 0.73 7 0.96 0.08 0.47 -0.11 0.14 043 0.89

Ca+VitD 12 1.08 0.06 0.11 10 0.97 0.06 0.48 -0.21 0.12 0.10 0.81
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B11. Expression of E-cadherin in the normal-appearing colorectal mucosa by obesity, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect’

E-cadherin - BMI >30

Placebo 9 1.25 0.21 10 1.06 0.21 0.00 . . 1.00

Calcium 12 0.95 0.20 0.32 11 0.98 0.20 0.52 0.21 0.23 0.36 1.22

Vitamin D 13 1.00 0.18 0.38 12 1.26 0.19 048 0.45 0.23 0.06 1.49

Ca+VitD 10 0.79 0.21 0.14 8 1.13 0.22 0.81 0.53 0.25 0.04 1.69
E-cadherin — BMI <30

Placebo 11 1.08 0.14 9 1.01 0.16 0.00 . . 1.00

Calcium 9 1.58 0.16 0.03 10 1.21 0.15 0.37 -0.30 0.32 0.36 0.82

Vitamin D 7 0.91 0.18 0.46 6 1.29 0.19 0.28 0.44 0.36 0.22 1.52

Ca+VitD 12 0.99 0.14 0.65 10 1.10 0.15 0.69 0.18 0.31 0.58 1.19
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B12. APC®/B-catenin score® in the normal-appearing colorectal mucosa by obesity, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’
APC/B-catenin — BMI >30
Placebo 10 0.33 0.04 10 0.45 0.04 0.00 . . 1.00
Calcium 12 0.35 0.04 0.82 10 0.59 0.04 0.03 0.13 0.08 0.13 1.24
Vitamin D 14 0.39 0.04 0.34 14 0.60 0.04 0.02 0.09 0.08 0.26 1.13
Ca+VitD 10 0.39 0.04 0.47 7 0.53 0.05 0.26 0.02 0.09 0.82 1.00
APC/B-catenin — BMI <30
Placebo 11 0.41 0.03 8 0.43 0.04 0.00 . . 1.00
Calcium 10 0.34 0.04 0.20 8 0.56 0.04 0.03 0.19 0.08 0.02 1.57
Vitamin D 7 0.32 0.04 0.11 6 0.50 0.05 0.27 0.16 0.09 0.08 1.49
Ca+VitD 12 0.34 0.03 0.19 10 0.48 0.04 0.39 0.11 0.08 0.16 1.35

8 APC/B-catenin score = proportion of APC in the upper 40% of the crypt/B-catenin

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];

interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
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Table B13. Expression of APC® in the normal-appearing colorectal mucosa by 25(0OH)D concentrations, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’
APC — Baseline 25(OH)D <22 ng/ml
Placebo 13 0.40 0.04 13 0.40 0.04 0.00 . . 1.00
Calcium 7 0.49 0.06 0.24 7 0.41 0.06 0.86 -0.08 0.09 0.39 0.84
Vitamin D 11 0.30 0.05 0.13 11 0.44 0.05 0.49 0.14 0.08 0.07 1.47
Ca+VitD 13 0.30 0.04 0.10 12 0.42 0.05 0.72 0.13 0.07 0.10 1.40
APC — Baseline 25(OH)D 222 ng/ml
Placebo 9 0.38 0.06 8 0.42 0.06 0.00 . . 1.00
Calcium 16 0.36 0.05 0.79 14 0.46 0.05 0.66 0.06 0.10 0.56 1.16
Vitamin D 11 0.31 0.06 0.38 11 0.48 0.06 0.49 0.13 0.10 0.21 1.40
Ca+VitD 10 0.43 0.06 0.54 9 0.39 0.06 0.71 -0.09 0.11 043 0.82

S APC = proportion of APC in the upper 40% of the crypt

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B14. Expression of B-catenin in the normal-appearing colorectal mucosa by 25(0OH)D concentrations, in the CaDvMAP
study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect’

B-catenin — Baseline 25(0OH)D <22 ng/ml

Placebo 12 0.97 0.06 11 0.94 0.06 0.00 . . 1.00

Calcium 6 1.12 0.09 0.16 5 0.70 0.10 0.05 -0.39 0.15 0.01 0.64

Vitamin D 11 0.91 0.06 0.51 11 0.81 0.06 0.17 -0.07 0.12 0.56 0.92

Ca+VitD 13 1.01 0.06 0.64 10 0.90 0.07 0.63 -0.09 0.12 0.48 0.92
B-catenin — Baseline 25(0OH)D 222 ng/ml

Placebo 9 1.01 0.06 7 1.05 0.07 0.00 . . 1.00

Calcium 16 0.97 0.04 0.53 14 0.90 0.05 0.09 -0.10 0.10 0.36 0.89

Vitamin D 10 0.97 0.06 0.64 10 0.83 0.06 0.02 -0.18 0.11 0.13 0.82

Ca+VitD 9 1.08 0.06 0.91 7 0.96 0.07 0.38 -0.15 0.12 0.21 0.86
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B15. Expression of E-cadherin in the normal-appearing colorectal mucosa by 25(0OH)D concentrations, in the CaDvMAP

study
Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect’
E-cadherin — Baseline 25(0OH)D <22 ng/ml
Placebo 12 1.16 0.15 12 0.97 0.15 0.00 . . 1.00
Calcium 5 1.56 0.23 0.17 7 0.96 0.20 1.00 -0.39 0.37 0.30 0.74
Vitamin D 11 0.71 0.16 0.04 9 1.09 0.17 0.61 0.58 0.32 0.08 1.84
Ca+VitD 13 0.83 0.14 0.12 11 1.35 0.16 0.09 0.71 0.30 0.02 1.95
E-cadherin — Baseline 25(0OH)D 222 ng/ml
Placebo 9 1.08 0.21 7 1.16 0.24 0.00 . . 1.00
Calcium 16 1.12 0.16 0.88 14 1.15 0.17 0.97 -0.05 0.39 0.90 0.96
Vitamin D 10 0.95 0.20 0.64 9 1.49 0.21 0.29 0.47 0.42 0.27 1.46
Ca+VitD 9 0.99 0.21 0.75 8 1.15 0.22 0.99 0.09 0.44 0.84 1.08

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];

interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
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Table B16. APC/B-catenin score® in the normal-appearing colorectal mucosa by 25(OH)D concentrations, in the CaDVMAP
study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect’
APC/B-catenin score — Baseline 25(0OH)D <22 ng/ml
Placebo 12 0.39 0.05 11 0.46 0.05 0.00 . . 1.00
Calcium 6 0.33 0.07 0.47 5 0.65 0.07 0.04 0.25 0.12 0.05 1.67
Vitamin D 11 0.39 0.05 0.97 11 0.64 0.05 0.02 0.18 0.10 0.08 1.39
Ca+VitD 13 0.36 0.05 0.60 13 0.52 0.05 0.39 0.10 0.10 0.32 1.22
APC/B-catenin score — Baseline 25(OH)D <22 ng/ml
Placebo 9 0.34 0.04 7 0.42 0.04 0.00 . . 1.00
Calcium 16 0.35 0.03 0.87 14 0.55 0.03 0.01 0.12 0.07 0.08 1.27
Vitamin D 10 0.33 0.03 0.84 10 0.56 0.03 0.01 0.16 0.07 0.04 1.37
Ca+VitD 9 0.37 0.04 0.55 7 0.47 0.04 0.34 0.02 0.4 0.75 1.03

$ APC/B-catenin score = proportion of APC in the upper 40% of the crypt/B-catenin

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B17. Expression of APC® in the normal-appearing colorectal mucosa by Bsml genotype, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect”

APC - Bsml BB/Bb

Placebo 15 0.36 0.02 13 0.41 0.02 0.00 . . 1.00

Calcium 14 0.34 0.02 0.38 13 0.45 0.02 0.17 0.06 0.03 0.08 1.16

Vitamin D 11 0.31 0.02 0.06 11 0.47 0.02 0.04 0.11 0.03 0.003 1.33

Ca+VitD 16 0.36 0.02 0.87 14 0.43 0.02 0.35 0.03 0.03 0.38 1.05
APC - Bsml bb

Placebo 7 0.32 02 8 0.43 0.02 0.00 . . 1.00

Calcium 9 0.35 0.02 0.30 8 0.47 0.02 0.19 0.01 0.04 0.84 1.00

Vitamin D 11 0.32 0.02 0.92 11 0.45 0.02 0.50 0.02 0.04 0.69 1.05

Ca+VitD 7 0.35 0.02 0.31 7 0.45 0.02 0.48 -0.01 0.05 0.80 0.96

S APC = proportion of APC in the upper 40% of the crypt

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).
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Table B18. Expression of B-catenin in the normal-appearing colorectal mucosa by Bsml genotype, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’

B-catenin — Bsml BB/Bb

Placebo 15 0.99 0.04 12 0.98 0.05 0.00 . . 1.00

Calcium 14 0.97 0.05 0.75 12 0.81 0.05 0.02 -0.15 0.09 0.11 0.84

Vitamin D 11 1.00 0.05 0.93 11 0.83 0.05 0.03 -0.16 0.10 0.09 0.84

Ca+VitD 15 0.96 0.04 0.67 10 0.88 0.05 0.19 -0.07 0.09 045 0.93
B-catenin — Bsml bb

Placebo 6 0.97 0.09 6 0.99 0.09 0.00 . . 1.00

Calcium 8 1.07 0.08 0.44 7 0.92 0.09 0.57 -0.17 0.18 0.35 0.84

Vitamin D 10 0.88 0.07 0.44 10 0.82 0.07 0.16 -0.08 0.17 0.64 0.91

Ca+VitD 7 1.19 0.09 0.10 7 0.99 0.09 0.97 -0.23 0.18 0.22 0.82

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];

interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
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Table B19. Expression of E-cadherin in the normal-appearing colorectal mucosa by Bsml genotype, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’

E-cadherin — Bsml BB/Bb

Placebo 15 1.10 0.12 12 1.02 0.13 0.00 . . 1.00

Calcium 14 1.20 0.12 0.58 13 0.97 0.13 0.81 -0.14 0.25 0.58 0.87

Vitamin D 11 0.91 0.14 0.30 9 0.98 0.15 0.86 0.16 0.27 0.57 1.16

Ca+VitD 15 0.88 0.12 0.20 12 1.34 0.13 0.10 0.54 0.25 0.04 1.64
E-cadherin — Bsml bb

Placebo 6 1.21 0.30 7 1.06 0.28 0.00 . . 1.00

Calcium 7 1.30 0.28 0.83 8 1.27 0.26 0.61 0.11 0.54 0.84 1.12

Vitamin D 10 0.73 0.23 0.22 9 1.60 0.25 0.16 1.02 0.52 0.06 2.50

Ca+VitD 7 0.93 0.28 0.51 7 1.14 0.28 0.86 0.35 0.55 0.53 1.40

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];

interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
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Table B20. APC/B-catenin score® in the normal-appearing colorectal mucosa by Bsml genotype, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect”

APC/B-catenin score — Bsml BB/Bb

Placebo 15 0.38 0.03 12 0.44 0.03 0.00 . . 1.00

Calcium 14 0.35 0.03 048 12 0.58 0.03 0.004 0.17 0.06 0.01 1.43

Vitamin D 11 0.31 0.03 0.14 11 0.59 0.03 0.002 0.22 0.06 0.001 1.64

Ca+VitD 15 0.39 0.03 0.82 10 0.51 0.04 0.18 0.06 0.06 0.36 1.13
APC/B-catenin score — Bsml bb

Placebo 6 0.35 0.07 6 0.44 0.07 0.00 . . 1.00

Calcium 8 0.34 0.06 0.90 7 0.56 0.07 0.26 0.13 0.14 0.36 1.31

Vitamin D 10 0.42 0.06 0.47 10 0.61 0.06 0.08 0.10 0.13 0.45 1.16

Ca+VitD 7 0.31 0.07 0.68 7 0.49 0.07 0.63 0.09 0.14 0.53 1.26

8 APC/B-catenin score = proportion of APC in the upper 40% of the crypt/B-catenin

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].
" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the treatment
group relative to that in the placebo group).
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Table C1. Expression of calcium receptor in the normal-appearing colorectal mucosa during the clinical trial

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

CaR®
oh'

Placebo 20 0.30 0.01 19 0.30 0.01 0.00 . . 1.00

Calcium 22 0.30 0.01 0.73 20 0.30 0.01 0.81 0.001 0.02 0.95 1.00

Vitamin D 23 0.28 0.01 0.13 19 0.29 0.01 0.41 0.001 0.02 0.64 1.04

Ca+VitD 22 0.28 0.01 0.19 20 0.29 0.01 0.43 0.001 0.02 0.73 1.04
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

% CaR = Calcium receptor

*proportion of CaR in the upper 40% of the crypt
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Table C2. Expression of vitamin D receptor in the normal-appearing colorectal mucosa during the clinical trial

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

VDR®
oh'

Placebo 21 0.56 0.02 18 0.59 0.02 0.00 . . 1.00

Calcium 21 0.55 0.02 0.57 21 0.59 0.02 0.96 0.01 0.03 0.67 1.02

Vitamin D 22 0.53 0.01 0.14 17 0.56 0.02 0.19 0.00 0.03 0.98 1.00

Ca+VitD 21 0.55 0.02 0.66 18 0.57 0.02 0.26 -0.02 0.03 0.59 0.98
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ VDR = Vitamin D receptor

*proportion of VDR in the upper 40% of the crypt

(4]}



Table C3. Expression of CYP27B1° in the normal-appearing colorectal mucosa during the clinical trial.

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean Std Err P n Mean Std Err P Rx effect’ StdErr P Effect’
CYP27B1
oh'
Placebo 20 0.37 0.02 20 0.45 0.02 0.00 . . 1.00
Calcium 21 0.40 0.02 0.31 16 0.45 0.02 0.99 -0.03 0.04 0.48 0.93
VitaminD 22 0.37 0.02 0.77 18 0.49 0.02 0.28 0.03 0.04 0.54 1.09
Ca+VitD 22 0.39 0.02 0.49 19 0.47 0.02 0.53 -0.002 0.04 0.97 0.99

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) — (placebo group baseline)].
" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

§ CYP27B1 = Cytochrome P450 family 27B1

i proportion of CYP27B1 in the upper 40% of the crypt
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Table C4. Expression of CYP24A1° in the normal-appearing colorectal mucosa during the clinical trial.

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean Std Err P n Mean Std Err P Rx effect’ StdErr P Effect’
CYP24A1
oh'
Placebo 20 0.30 0.03 19 0.38 0.03 0.00 . . 1.00
Calcium 22 0.33 0.03 0.56 20 0.32 0.03 0.16 -0.08 0.06 0.14 0.77
VitaminD 23 0.32 0.03 0.60 19 0.37 0.03 0.84 -0.03 0.06 0.60 0.91
Ca+VitD 22 0.39 0.03 0.03 20 0.43 0.03 0.23 -0.03 0.06 0.55 0.87

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];

interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
§ CYP24A1 = Cytochrome P450 family 24A1
*proportion of CYP24A1 in the upper 40% of the crypt
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Table C5. Expression of calcium receptor in the normal-appearing colorectal mucosa by sex, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

CaR®- Males

Placebo 15 1.11 0.08 13 0.97 0.08 0.00 . . 1.00

Calcium 15 1.10 0.08 0.94 13 1.23 0.08 0.03 0.27 0.13 0.05 1.28

Vitamin D 16 0.90 0.07 0.05 15 1.04 0.08 0.09 0.29 0.13 0.03 1.32

Ca+VitD 15 1.05 0.08 0.54 13 1.15 0.08 0.11 0.25 0.13 0.07 1.25
CaR®- Females

Placebo 5 1.06 0.13 6 1.08 0.12 0.00 . . 1.00

Calcium 7 0.81 0.11 0.14 7 1.03 0.11 0.74 0.20 0.23 0.39 1.25

Vitamin D 7 0.79 0.11 0.12 4 1.28 0.14 0.30 0.47 0.25 0.08 1.59

Ca+VitD 7 1.02 0.11 0.81 7 1.17 0.11 0.57 0.13 0.23 0.57 1.13
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

% CaR = Calcium receptor
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Table C6. Expression of vitamin D receptor in the normal-appearing colorectal mucosa by sex, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

VDR® — Males

Placebo 14 1.09 0.08 12 0.98 0.08 0.00 . . 1.00

Calcium 16 0.94 0.07 0.16 14 0.96 0.08 0.83 0.13 0.14 0.36 1.14

Vitamin D 16 0.96 0.07 0.22 11 0.94 0.09 0.70 0.08 0.14 0.55 1.09

Ca+VitD 14 1.10 0.08 0.96 12 1.13 0.08 0.20 0.15 0.14 0.31 1.14
VDR® - Females

Placebo 6 0.97 0.13 6 1.05 0.13 0.00 . . 1.00

Calcium 5 1.00 0.14 0.86 7 0.88 0.12 0.34 -0.20 0.24 042 0.81

Vitamin D 5 0.94 0.14 0.88 6 1.03 0.13 0.93 0.01 0.25 0.96 1.01

Ca+VitD 7 0.99 0.12 0.88 6 1.26 0.13 0.25 0.18 0.24 045 1.18
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ VDR = Vitamin D receptor
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Table C7. Expression of CYP27B1° in the normal-appearing colorectal mucosa by sex, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

CYP27B1 - Males

Placebo 15 1.29 0.35 14 0.95 0.36 0.00 . . 1.00

Calcium 15 0.91 0.35 0.45 10 1.23 0.43 0.62 0.66 0.74 0.37 1.84

Vitamin D 16 0.89 0.34 0.42 14 2.15 0.36 0.02 1.61 0.70 0.03 3.28

Ca+VitD 15 1.16 0.35 0.79 13 1.18 0.38 0.66 0.37 0.71 o0.61 1.38
CYP27B1 - Females

Placebo 5 0.37 0.47 6 1.12 0.43 0.00 . . 1.00

Calcium 6 0.81 0.43 0.50 6 0.92 0.43 0.76 -0.63 0.89 0.49 0.38

Vitamin D 5 0.74 0.47 0.59 4 1.74 0.53 0.37 0.26 0.97 0.79 0.78

Ca+VitD 7 1.29 0.40 0.16 6 2.06 0.43 0.14 0.03 0.88 0.98 0.53
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ CYP27B1 = Cytochrome P450 family 27B1
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Table C8. Expression of CYP24A1° in the normal-appearing colorectal mucosa by sex, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’

CYP24A1 — Males

Placebo 14 1.08 0.24 13 0.93 0.25 0.00 . . 1.00

Calcium 15 1.22 0.23 0.68 13 0.79 0.25 0.69 -0.28 0.48 0.56 0.75

Vitamin D 16 0.90 0.22 0.58 13 1.05 0.25 0.73 0.30 0.48 0.53 1.35

Ca+VitD 15 1.22 0.23 0.67 11 1.42 0.27 0.19 0.35 0.50 0.48 1.35
CYP24A1 - Females

Placebo 7 0.96 0.41 5 1.16 0.49 0.00 . . 1.00

Calcium 5 0.54 0.49 0.52 7 0.83 0.41 0.61 0.08 0.85 0.92 1.27

Vitamin D 5 0.64 0.49 0.63 6 1.97 0.45 0.24 1.12 0.87 0.21 2.55

Ca+VitD 7 0.71 0.41 0.68 6 1.76 0.45 0.38 0.85 0.83 0.32 2.05
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ CYP24A1 = Cytochrome P450 family 24A1
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Table C9. Expression of calcium receptor in the normal-appearing colorectal mucosa by age, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean  Std Err P n Mean StdErr P Rx effect’ StdErr P~ Effect”

CaR®— <55 years of age

Placebo 7 1.15 0.11 6 1.12 0.12 0.00 . . 1.00

Calcium 7 0.85 0.11 0.08 7 1.09 0.11 0.86 0.27 0.23 0.26 1.32

Vitamin D 5 0.84 0.13 0.09 4 1.02 0.15 0.59 0.20 0.26 0.44 1.25

Ca+VitD 4 1.14 0.15 0.94 5 1.05 0.13 0.70 -0.05 0.26 0.84 0.95
CaR® - 255 years of age

Placebo 13 1.08 0.08 13 0.94 0.08 0.00 . . 1.00

Calcium 15 1.08 0.08 0.99 13 1.20 0.08 0.03 0.25 0.13 0.07 1.28

Vitamin D 18 0.87 0.07 0.06 15 1.11 0.08 0.14 0.37 0.13 0.01 1.47

Ca+VitD 18 1.02 0.07 0.56 15 1.20 0.08 0.03 0.31 0.13 0.02 1.35
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

% CaR = Calcium receptor
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Table C10. Expression of vitamin D receptor in the normal-appearing colorectal mucosa by age, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

VDR® — <55 years of age

Placebo 8 0.92 0.09 7 1.02 0.09 0.00 . . 1.00

Calcium 7 1.14 0.09 0.10 7 1.03 0.09 0.97 -0.21 0.15 0.18 0.81

Vitamin D 5 0.85 0.11  0.59 4 0.83 0.12 0.22 -0.12 0.18 0.50 0.88

Ca+VitD 5 1.10 0.11 0.23 3 1.04 0.14 0.94 -0.16 0.19 0.40 0.85
VDR® — 255 years of age

Placebo 12 1.14 0.09 11 1.00 0.09 0.00 . . 1.00

Calcium 14 0.86 0.08 0.02 14 0.89 0.08 0.38 0.17 0.16 0.28 1.18

Vitamin D 16 0.99 0.08 0.20 13 1.01 0.08 0.91 0.16 0.16 0.30 1.16

Ca+VitD 16 1.05 0.08 0.42 15 1.21 0.08 0.08 0.31 0.15 0.05 1.31
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ VDR = Vitamin D receptor
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Table C11. Expression of CYP27B1° in the normal-appearing colorectal mucosa by age, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

CYP27B1 - <55 years of age

Placebo 8 1.06 0.34 8 0.97 0.34 0.00 . . 1.00

Calcium 7 0.78 0.36 0.58 6 1.10 0.39 0.81 0.40 0.69 0.57 1.54

Vitamin D 5 0.60 0.42 041 5 2.40 0.42 0.02 1.89 0.74 0.02 4.37

Ca+VitD 5 0.97 0.34 0.46 5 0.55 0.42 0.45 -0.83 0.74 0.28 0.62
CYP27B1 - 255 years of age

Placebo 12 1.08 0.40 12 1.02 0.40 0.00 . . 1.00

Calcium 14 0.94 0.37 0.80 10 1.13 0.44 0.85 0.25 0.80 0.75 1.27

Vitamin D 16 0.94 0.35 0.80 13 1.93 0.39 0.11 1.05 0.76 0.17 2.17

Ca+VitD 17 1.12 0.34 0.93 14 1.79 0.37 0.17 0.72 0.75 0.34 1.69
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ CYP27B1 = Cytochrome P450 family 27B1
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Table C12. Expression of CYP24A1® in the normal-appearing colorectal mucosa by age, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’

CYP24A1 - <55 years of age

Placebo 8 0.83 0.04 8 0.68 0.09 0.00 . . 1.00

Calcium 7 1.11 0.01 0.62 7 0.95 0.40 0.84 -0.01 0.81 0.99 1.04

Vitamin D 5 0.52 0.29 0.51 5 1.94 0.48 0.05 1.58 0.90 0.09 4.55

Ca+VitD 5 1.00 0.05 0.79 4 1.49 0.53 0.23 0.65 0.93 0.49 1.82
CYP24A1 — 255 years of age

Placebo 13 1.16 0.25 10 1.25 0.29 0.00 . . 1.00

Calcium 13 1.02 0.25 0.70 13 0.71 0.25 0.17 -0.40 0.51 0.44 0.65

Vitamin D 16 0.94 0.23 0.53 14 1.13 0.25 0.76 0.10 0.49 0.84 1.12

Ca+VitD 17 1.07 0.22 0.80 13 1.54 0.25 0.46 0.38 0.49 0.45 1.34
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ CYP24A1 = Cytochrome P450 family 24A1
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Table C13. Expression of calcium receptor in the normal-appearing colorectal mucosa by obesity, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean  Std Err P n Mean StdErr P Rx effect’ StdErr P Effect”
CaR’- BMI <30
Placebo 11 1.08 0.09 10 1.02 0.10 0.00 . . 1.00
Calcium 11 0.99 0.09 0.51 10 1.29 0.10 0.06 0.36 0.16 0.03 1.38
Vitamin D 16 0.95 0.08 0.31 12 1.10 0.09 0.52 0.21 0.15 0.18 1.23
Ca+VitD 11 0.96 0.09 0.39 10 1.18 0.10 0.24 0.28 0.16 0.09 1.30
CaR®- BMI 230
Placebo 9 1.14 0.09 9 0.98 0.09 0.00 . . 1.00
Calcium 11 1.03 0.08 0.34 10 1.04 0.08 0.66 0.17 0.15 0.28 1.17
Vitamin D 7 0.67 0.10 0.002 7 1.04 0.10 0.65 0.53 0.17 0.004 1.81
Ca+VitD 11 1.11 0.08 0.81 10 1.14 0.08 0.22 0.18 0.15 0.25 1.19

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

% CaR = Calcium receptor
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Table C14. Expression of vitamin D receptor in the normal-appearing colorectal mucosa by obesity, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”
VDR’ - BMI <30
Placebo 10 1.01 0.09 9 0.92 0.09 0.00 . . 1.00
Calcium 12 0.95 0.08 0.58 11 0.94 0.08 0.90 0.08 0.17 0.63 1.09
Vitamin D 14 0.98 0.08 0.74 12 0.94 0.08 0.87 0.06 0.16 0.72 1.05
Ca+VitD 10 0.96 0.09 0.65 9 1.26 0.09 0.02 0.39 0.18 0.03 1.44
VDR® - BMI 230
Placebo 10 1.10 0.10 9 1.08 0.10 0.00 . . 1.00
Calcium 9 0.95 0.10 0.29 10 0.92 0.10 0.27 -0.004 0.16 0.98 0.99
Vitamin D 7 0.92 0.12 0.23 5 1.02 0.13 0.75 0.13 0.18 0.48 1.13
Ca+VitD 11 1.15 0.10 0.71 9 1.09 0.10 0.94 -0.04 0.16 0.80 0.97

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
$ VDR = Vitamin D receptor
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Table C15. Expression of CYP27B1°% in the normal-appearing colorectal mucosa by obesity, in the CaDvIMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect”

CYP27B1 - BMI <30

Placebo 11 1.30 0.47 11 0.93 0.47 0.00 . . 1.00

Calcium 11 0.89 0.47 0.55 10 1.20 0.50 0.69 0.68 0.93 0.47 1.88

Vitamin D 14 0.93 0.42 0.56 13 2.30 0.43 0.04 1.75 0.88 0.05 3.46

Ca+VitD 11 0.97 0.47 0.62 11 1.85 0.47 0.18 1.25 092 0.18 2.67
CYP27B1 - BMI 230

Placebo 9 0.76 0.21 9 1.08 0.21 0.00 . . 1.00

Calcium 10 0.87 0.20 0.71 6 0.94 0.26 0.67 -0.26 0.48 0.60 0.76

Vitamin D 7 0.72 0.24 0.91 5 1.45 0.28 0.32 0.40 0.52 0.44 1.42

Ca+VitD 11 1.42 0.19 0.03 8 0.93 0.22 0.63 -0.82 0.45 0.09 0.46
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ CYP27B1 = Cytochrome P450 family 27B1
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Table C16. Expression of CYP24A1° in the normal-appearing colorectal mucosa by obesity, in the CaDvMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P~ Effect’
CYP24A1 - BMI >30
Placebo 10 0.99 0.23 10 0.66 0.23 0.00 . . 1.00
Calcium 11 1.10 0.22 0.72 11 0.68 0.22 0.96 -0.10 0.40 0.81 0.93
Vitamin D 14 0.87 0.19 0.70 13 1.09 0.20 0.17 0.54 0.38 0.16 1.88
Ca+VitD 10 1.02 0.23 0.92 7 1.48 0.27 0.03 0.78 0.43 0.08 2.18
CYP24A1 - BMI 230
Placebo 11 1.08 0.36 8 1.48 0.42 0.00 . . 1.00
Calcium 9 1.01 0.39 0.88 9 0.96 0.39 0.67 -0.44 0.81 0.59 0.69
Vitamin D 7 0.77 0.45 0.58 6 1.94 0.48 0.47 0.78 0.89 0.39 1.84
Ca+VitD 12 1.08 0.34 0.99 10 1.59 0.37 0.85 0.11 0.77 0.89 1.07

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$ CYP24A1 = Cytochrome P450 family 24A1
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Table C17. Expression of calcium receptor in the normal-appearing colorectal mucosa by 25(0OH)D concentrations, in the
CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’

CaR*- Baseline 25(0H)D <22 ng/ml

Placebo 11 1.09 0.08 11 1.06 0.08 0.00 . . 1.00

Calcium 7 0.98 0.10 0.38 7 1.04 0.10 0.88 0.09 0.16 0.57 1.09

Vitamin D 11 0.80 0.08 0.01 10 1.00 0.08 0.65 0.23 0.15 0.12 1.29

Ca+VitD 12 1.01 0.07 0.47 11 1.16 0.08 0.35 0.18 0.14 0.22 1.18
CaR’- Baseline 25(0OH)D 222 ng/ml

Placebo 9 1.13 0.11 8 0.93 0.12 0.00 . . 1.00

Calcium 15 1.02 0.09 0.45 13 1.23 0.09 0.05 0.41 0.18 0.03 1.47

Vitamin D 11 0.92 0.10 0.17 9 1.17 0.11 0.13 0.46 0.19 0.02 1.55

Ca+VitD 10 1.07 0.10 0.71 9 1.16 0.11 0.15 0.30 0.19 0.13 1.32
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$CaR = Calcium receptor
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Table C18. Expression of vitamin D receptor in the normal-appearing colorectal mucosa by 25(0OH)D concentrations, in the

CaDVMAP study
Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’
VDR®- Baseline 25(0OH)D <22 ng/ml
Placebo 12 0.99 0.09 12 1.03 0.09 0.00 . . 1.00
Calcium 5 1.15 0.13 0.31 7 0.82 0.11 0.15 -0.37 0.17 0.04 0.69
Vitamin D 11 0.93 0.09 0.62 9 0.89 0.10 0.30 -0.08 0.15 0.61 0.92
Ca+VitD 13 1.08 0.08 0.48 10 1.09 0.09 0.65 -0.03 0.14 0.84 0.97
VDR - Baseline 25(0OH)D 222 ng/ml
Placebo 8 1.16 0.10 6 0.95 0.11 0.00 . . 1.00
Calcium 16 0.89 0.07 0.03 14 1.00 0.07 0.70 0.32 0.17 0.07 1.37
Vitamin D 10 0.99 0.09 0.18 8 1.05 0.10 0.47 0.28 0.19 0.15 1.30
Ca+VitD 8 1.03 0.10 0.32 8 1.29 0.10 0.02 0.48 0.19 0.02 1.53

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];

interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).

VDR = vitamin D receptor
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Table C19. Expression of CYP27B1° in the normal-appearing colorectal mucosa by 25(OH)D concentrations, in the CaDVMAP
study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’
CYP27B1°- Baseline 25(0H)D <22 ng/ml
Placebo 11 1.04 0.31 13 1.01 0.29 0.00 . . 1.00
Calcium 6 0.71 0.43 0.54 6 0.82 0.43 0.72 0.14 0.71 0.85 1.19
Vitamin D 11 0.61 031 0.34 9 1.58 0.35 0.21 1.00 0.61 0.11 2.67
Ca+VitD 13 1.25 0.29 0.62 10 1.29 0.32 0.53 0.07 0.59 0.91 1.06
CYP27B1°- Baseline 25(0OH)D 222 ng/ml
Placebo 9 1.11 0.50 7 0.98 0.56 0.00 . . 1.00
Calcium 15 0.96 0.38 0.81 10 1.29 0.47 0.68 0.46 0.97 0.64 1.52
Vitamin D 10 1.13 0.47 0.98 9 2.54 0.50 0.05 1.54 1.02 0.14 2.55
Ca+VitD 9 1.13 0.50 0.98 9 1.66 0.50 0.37 0.66 1.03 0.53 1.66

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$CYP27B1 = Cytochrome P450 family 2781
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Table C20. Expression of CYP24A1° in the normal-appearing colorectal mucosa by 25(0OH)D concentrations, in the CaDVMAP
study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’
CYP24A1°- Baseline 25(0OH)D <22 ng/ml
Placebo 12 1.31 0.31 12 0.98 0.31 0.00 . . 1.00
Calcium 5 1.10 0.48 0.72 6 1.27 0.43 0.60 0.49 0.78 0.53 1.54
Vitamin D 11 0.68 0.32 0.17 10 1.54 0.34 0.62 1.19 0.64 0.07 3.03
Ca+VitD 13 0.86 0.29 0.30 10 1.55 0.34 0.22 1.02 0.62 0.11 241
CYP24A1°- Baseline 25(0OH)D 222 ng/ml
Placebo 9 0.67 0.28 6 1.07 0.34 0.00 . . 1.00
Calcium 15 1.04 0.22 031 14 0.59 0.23 0.25 -0.84 0.51 0.11 0.36
Vitamin D 10 1.02 0.27 0.38 9 1.14 0.28 0.87 -0.27 0.55 0.62 0.70
Ca+VitD 9 1.34 0.28 0.11 7 1.49 0.32 0.38 -0.25 0.57 0.67 0.70

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

S CYP24A1 = Cytochrome P450 family 24A1
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Table C21. Expression of calcium receptor in the normal-appearing colorectal mucosa by Bsml genotype, in the CaDvMAP
study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’

CaR®- Bsml BB/Bb

Placebo 12 1.17 0.08 12 1.04 0.08 0.00 . . 1.00

Calcium 13 0.86 0.08 0.01 13 1.07 0.08 0.84 0.34 0.13 0.01 1.40

Vitamin D 11 0.99 0.08 0.11 10 1.05 0.09 0.93 0.19 0.14 0.17 1.19

Ca+VitD 16 0.97 0.07 0.05 13 1.24 0.07 0.07 0.40 0.13 0.004 1.44
CaR®- Bsml bb

Placebo 8 1.01 0.10 7 0.93 0.11 0.00 . . 1.00

Calcium 9 1.23 0.10 0.14 7 1.32 0.11 0.02 0.18 0.19 0.35 1.17

Vitamin D 11 0.74 0.09 0.05 9 1.12 0.10 0.19 0.47 0.18 0.01 1.64

Ca+VitD 6 1.24 0.12 0.17 7 1.02 0.11 0.57 -0.13 0.20 0.50 0.89
" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$CaR = Calcium receptor
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Table C22. Expression of vitamin D receptor in the normal-appearing colorectal mucosa by Bsml genotype, in the CaDvMAP

study
Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean  Std Err P Rx effect’ StdErr P Effect’
VDR® - Bsml BB/Bb
Placebo 13 1.05 0.08 11 0.98 0.09 0.00 . . 1.00
Calcium 13 1.01 0.08 0.75 13 0.92 0.08 0.62 -0.02 0.16 0.89 0.98
Vitamin D 11 0.97 0.09 0.53 9 0.92 0.10 0.62 0.01 0.17 0.96 1.02
Ca+VitD 15 0.98 0.08 0.51 12 1.24 0.09 0.05 0.33 0.16 0.05 1.36
VDR®— Bsml bb
Placebo 7 1.07 0.10 7 1.03 0.10 0.00 . . 1.00
Calcium 8 0.86 0.10 0.15 8 0.94 0.10 0.54 0.12 0.15 0.42 1.14
Vitamin D 10 0.93 0.09 0.32 8 1.04 0.09 0.96 0.14 0.14 0.02 1.16
Ca+VitD 6 1.27 0.11 0.19 6 1.07 0.11 0.82 -0.17 0.16 0.29 0.88

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group

baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];

interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the

treatment group relative to that in the placebo group).
VDR = vitamin D receptor
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Table C23. Expression of CYP27B1° in the normal-appearing colorectal mucosa by Bsml genotype, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect’

CYP27B1°- Bsml BB/Bb

Placebo 14 1.11 0.33 12 1.01 0.35 0.00 . . 1.00

Calcium 13 0.83 0.34 0.56 12 1.18 0.35 0.74 0.44 0.67 0.52 1.56

Vitamin D 11 0.95 0.37 0.76 11 1.67 0.37 0.20 0.81 0.69 0.25 1.93

Ca+VitD 16 1.05 0.31 0.90 13 1.78 0.34 0.12 0.83 0.65 0.21 1.86
CYP27B1°- Bsml bb

Placebo 6 0.98 0.56 8 0.98 0.49 0.00 . . 1.00

Calcium 8 0.97 0.49 0.99 4 0.93 0.69 0.96 -0.03 1.09 0.98 0.96

Vitamin D 10 0.75 0.44 0.75 7 2.67 0.52 0.03 1.92 0.98 0.07 3.56

Ca+VitD 6 1.61 0.56 0.42 6 0.76 0.56 0.78 -0.85 1.06 043 0.47

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

$CYP27B1 = Cytochrome P450 family 27B1
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Table C24. Expression of CYP24A1° in the normal-appearing colorectal mucosa by Bsml genotype, in the CaDVMAP study

Baseline 6-mo follow-up Absolute Rx effect
Treatment Relative
Group n Mean StdErr P n Mean StdErr P Rx effect’ StdErr P Effect’

CYP24A1°- Bsmi BB/Bb

Placebo 14 1.06 0.24 11 1.02 0.27 0.00 . . 1.00

Calcium 12 1.22 0.26 0.66 13 0.85 0.25 0.64 -0.33 0.49 0.50 0.72

Vitamin D 11 0.78 0.27 0.44 11 1.37 0.27 0.36 0.63 0.50 0.21 1.83

Ca+VitD 15 0.76 0.23 0.38 10 1.33 0.28 0.43 0.60 0.49 0.23 1.82
CYP24A1°- Bsml bb

Placebo 7 1.00 0.40 7 0.96 0.40 0.00 . . 1.00

Calcium 8 0.81 0.38 0.74 7 0.71 0.40 0.67 -0.06 0.80 0.94 0.91

Vitamin D 10 0.92 0.34 0.49 8 1.29 0.38 0.55 0.41 0.76  0.60 1.46

Ca+VitD 7 1.68 0.40 0.24 7 1.84 0.40 0.14 0.20 0.81 0.81 1.14

" Rx effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group
baseline)].

" P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
¥Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)];
interpretation similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a 70% proportional increase in the
treatment group relative to that in the placebo group).

S CYP24A1 = Cytochrome P450 family 24A1

VLT



