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Abstract

Pilot investigation of treatment effect modification by vitamin D binding
protein isoforms on calcium and vitamin D effects on biomarkers of risk for
colorectal cancer in the normal-appearing colorectal mucosa of colorectal

adenoma patients

By Patrick Rago

Vitamin D exposure and/or calcium intake associations with colorectal adenoma,
incident colorectal cancer (CRC), and CRC survival, and supplemental vitamin D3 and/or calcium
effects on the expression of COX-2 and 15-PGDH (biomarkers of inflammation) in the
morphologically-normal colorectal mucosa of sporadic colorectal adenoma patients were
reported to be stronger among individuals with the vitamin D binding protein (VDP)-2 isoform,
encoded by GC rs4588*CA or AA. The expression of proteins (APC, B-catenin, E-cadherin, MSH2)
encoded by colorectal carcinogenesis pathway genes, cell cycle biomarkers (mib-1, p21, bcl-2,
bax), and transforming growth factors (TGF-a, TGF-B:) in the morphologically-normal colorectal
mucosa were estimated to be associated with colorectal adenoma and to be modifiable by
supplemental vitamin D3 and/or calcium. However, whether these agents’ effects on these
biomarkers differ by VDP isoform is unknown. To address this, using mixed linear models, we
analyzed data on the expression of these 10 biomarkers (measured using automated
immunohistochemistry and quantitative image analysis at baseline and 1-year follow-up) in
rectal biopsies from a subset of 62 sporadic colorectal adenoma patients in a previously-
conducted, placebo-controlled, chemoprevention trial of supplemental calcium (1,200 mg/day)
and/or vitamin D3 (800 I.U./day) , overall and stratified by VDP isoforms (no VDP-2 [GC
rs4588*CC] vs. VDP-2 [GC rs4588*CA or AA]). The findings from this pilot study were not
statistically significant; however, for all active treatments relative to placebo, among those with
the VDP-2 isoform, whole crypt MSH2, mib-1, bax, and bcl-2 expression was estimated to
decrease and the p21/mib-1 ratio (in the upper 40%, or differentiation zone, of crypts) was
estimated to increase more, whereas among those without the VDP-2 isoform, whole crypt E-
cadherin expression increased more. Estimated changes in whole crypt APC, B-catenin, and
TGF-B 1 expression did not substantially differ by VDP isoform. These pilot study results suggest
that supplemental vitamin D3 and/or calcium effects on the expression of multiple biomarkers of
risk for colorectal neoplasms in the morphologically-normal colorectal mucosa of colorectal
adenoma patients may depend on someone’s VDP isoform (with effects generally stronger
among VDP-2 isoform individuals), and supports a larger trial to test this hypothesis.
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Introduction

Colorectal cancer (CRC) is the second leading cause of cancer death in the United
States?. Strong biological plausibility and basic science research along with consistent
epidemiologic findings support that calcium and vitamin D may reduce risk for colorectal
carcinogenesis®®. Hypotheses for the action of calcium supplements reducing risk for colorectal
carcinogenesis include that calcium binds to bile and fatty acids in the gut lumen and thereby
prevents their toxic effects which promote inflammatory responses responsible for promoting
tumor formation®. Similarly, vitamin D promotes the degradation of bile acids but also regulates

multiple inflammatory pathways that potentially promote colorectal carcinogenesis.

Variations in the GC gene, which codes for the vitamin D-binding protein (VDP), were
associated with plasma 25-OH-vitamin D (25[OH]D) concentrations®. Nonsynonymous single
nucleotide polymorphisms (SNPs) at rs4588 and rs7041 in exon 11 of the GC gene were
associated with statistically significant differences in circulating 25[OH]D concentrations®”.
Variations in these SNPs code for different protein isoforms of the VDP. GC-1f, GC-1s, GC-2 (also
known as VDP-1f, VDP-1s, and VDP-2) are different VDP isoforms, and have different binding
affinities for 25(0OH)D®. The VDB-2 isoform is coded by rs4588*CA and rs4588*AA which yield
one or two copies, respectively’. The VDP-1 isoform is coded by rs4588*CC%’. Vitamin D
exposure and/or calcium intake associations with colorectal adenoma, incident CRC, and CRC
survival were reported to be stronger among individuals with the VDP-2 isoform 810,
Furthermore, supplemental vitamin D3 and/or calcium effects on the expression of COX-2 and
15-PGDH (biomarkers of inflammation) in the morphologically-normal colorectal mucosa of
sporadic colorectal adenoma patients in a chemoprevention trial were reported to be stronger

among individuals with the VDP-2 isoformZ,



Many proteins may become dysregulated during colorectal carcinogenesis!**>. The
expression of these biomarker proteins can be assessed through immunohistochemical analysis
of biopsied colorectal tissue!®'’. The expression of proteins APC, B-catenin, and E-cadherin
(involved in the APC colon carcinogenesis pathway), MSH2 (repairs post-replication DNA
mismatches), mib-1 (a biomarker of proliferation), p21 (a biomarker of differentiation), bcl-2
(inhibits apoptosis), bax (promotes apoptosis), TGF-a (promotes cell growth) and TGF-B;
(inhibits cell growth) in the morphologically-normal colorectal mucosa were estimated to be
associated with colorectal adenoma and to be modifiable by supplemental vitamin D3 and/or
calcium®®28, However, whether calcium and/or vitamin D3 supplementations effects on these

biomarkers differ by VDP isoform is unknown.

Accordingly, we investigated whether VDP isoforms may modify the effects of
supplemental calcium and/or vitamin D3 on the above-described biomarkers of risk in the
normal-appearing rectal mucosa of colorectal adenoma patients enrolled in a chemoprevention
trial. We hypothesized that the supplemental calcium and vitamin Ds, separately and combined,
would most strongly affect the expression of the 10 biomarkers among those with the VDP-2

isoform.

Methods

Study participants

Participants in this adjunct biomarker study (n=62) were recruited from a larger parent
study an 11-center, randomized, double-blind, placebo-controlled, partial 2x2 factorial
chemoprevention clinical trial (n=2259) of the effects of supplemental calcium (600 mg of
elemental calcium in the form of calcium carbonate twice daily, orally), vitamin D (500 IU of

vitamin D3 twice daily, orally), or both over 3-5 years on colorectal adenoma recurrence?. The



parent study also included a 2-arm study of women who were already prescribed supplemental
calcium and so were randomized to vitamin D or vitamin D placebo pills. Eligibility criteria for
the parent study were previously published®. Briefly, participants were 45-75 years of age, had
at least one colorectal adenoma removed within 120 days of enroliment with no remaining
polyps after a complete colonoscopy, and were scheduled to undergo a 3-year or 5-year follow-
up colonoscopy?®. Participants also must have been in good general health and not have familial
colorectal cancer syndromes (e.g., familial adenomatous polyposis) or serious intestinal disease,
and have no contraindications to or medical requirements for supplemental calcium or vitamin
D%, After the parent trial had begun, patients for the adjunct biomarker study were recruited
from the parent study, without knowledge of their treatment assignment, from two of the 11
centers (Columbia, SC and Atlanta, GA). Further exclusions for the adjunct biomarker study
were medical indications for taking aspirin within 7 days prior to biopsy, history of a bleeding
disorder, and current use of an anticoagulant medication. At enrollment, each participant
provided baseline information, including medical history, medication/supplement use,
demographics, lifestyle, and diet with a Block Brief 2000 food frequency questionnaire
(NutritionQuest)?. Serum calcium and 25(0OH)D concentrations were measured at baseline, and
25(OH)D was measured again at the 1-year follow-up visit?®. During the trial, participants agreed
to refrain from taking additional vitamin D or calcium supplements?. Those who desired a multi-

vitamin supplement were provided one that did not contain vitamin D or calcium?®.

Biopsy procurement and immunohistochemistry protocol for biomarker detection

Six ~1 mm-thick biopsies obtained from participants, without any preceding bowel-
cleansing preparation, at baseline and one-year follow-up were taken from morphologically-
normal rectal mucosa 10 cm above the external anal aperture and at least 4 cm from any

polypoid lesions. Biopsies were placed onto a strip of bibulous paper and immediately placed in



normal saline, oriented, transferred to 10% normal-buffered formalin for 24 hours, and then
transferred to 70% ethanol. Within a week, biopsies were processed and embedded in paraffin
blocks. For each biomarker, five slides with three levels of 3 um-thick biopsy sections taken 40
pm apart were prepared for each participant, yielding a total of 15 levels. Heat-mediated
antigen retrieval was used to break the protein cross-links formed by formalin to uncover the
epitope of interest. To accomplish this, slides were placed in a preheated Pretreatment Module
(Lab Vision Corp.) with 100 x Citrate Buffer (pH 6.0; DAKO $1699, DAKO Corp.; further called
DAKO) and steamed for 40 min. After antigen retrieval, slides were placed in a DAKO
Automated Stainer (DAKO) and rinsed with warm Pretreatment Module Buffer. The Autostainer
was programmed for each immunohistochemistry run and the reagents used were as follows.
For mib-1: antibody ID-AB_2142367; antibody name-Ki-67 antibody; clone ID-mib-1; clonality-
monoclonal; target antigen-human recombinant peptide corresponding to a 1002 bp Ki-67 cDNA
fragment; vendor/catalog number-DAKO M7240; and host organism-mouse. For p21: antibody
ID-AB_2077700; antibody name-p21 antibody; clone ID-SX118; clonality-monoclonal; target
antigen-CDKN1A human; vendor/catalog number-DAKO M7202; and host organism-mouse. For
bcl-2: antibody ID-AB_626733; antibody name-Bcl-2 (100) antibody; clone ID-100; clonality-
monoclonal; target antigen-human bcl-2; vendor/catalog number-Santa Cruz Biotechnology sc-
509; and host organism-mouse. For bax: antibody name-rabbit anti-human bax antibody;
clonality-polyclonal; target antigen-synthetic peptide corresponding to amino acids 43-61 of the
human bax protein. For MHS2: antibody K3438, and TBS buffer (DAKO $1968, DAKO). For TGF-
o, we applied anti-TGF-a (Calbiochem GF10) at a concentration of 1:100 in Antibody Diluent
(Dako S0809). For TGF-B1, we applied anti-TGF-B1 (Santa Cruz sc-146) at a concentration of 1:75
in Background Reducing Antibody Diluent (Dako $3022). For APC: (Calbiochem, OP80; 1:70

dilution). For B-catenin: (Trans-duction Laboratories 610154; 1:300 dilution), and for E-cadherin



(Zymed 33-4000; 1:50 dilution. The slides were not counterstained. After staining, the slides
were cover slipped automatically with a Leica CV5000 Coverslipper (Leica Microsystems, Inc.)
and placed in opaque slide folders. In each staining batch of slides, positive and negative control
slides were included. A surgical specimen of normal colon tissue was used as a control tissue for
these biomarkers. The control tissue was processed in the same manner as the participants’
tissue and the negative and the positive control slides were treated identically to the patient's
slides except that antibody diluent was used rather than primary antibody on the negative
control slide. For each participant, for each biomarker, baseline and 1-year follow-up biopsy

slides were included in the same immunohistochemistry batch.

Quantification of detected biomarkers (‘scoring’ protocol)

Biomarker expression was quantified as the optical density of the labeling of each
immunohistochemically-detected protein biomarker using custom-developed quantitative
image analysis software, CellularEyes (DivEyes LLC), and a validated scoring protocol described
previously®3. Briefly, a technician blinded to treatment assignment systematically reviewed each
slide and selected only “scorable” hemicrypts, defined as one side of a crypt bisected from base
to colon lumen and extending intact from the muscularis mucosa to the colon lumen. Each
section on the slide was viewed sequentially with the aim of identifying and analyzing at least
16, but no more than 40, scorable hemicrypts per patient per biomarker. The image-analysis
program divided the outlined area into 50 equally-spaced segments of approximately average
normal colonocyte width and measured the background-corrected biomarker labeling optical
density within the entire hemicrypt and within each segment. The resulting data were
automatically transferred into a MySQL database (Sun Microsystems, Inc.). Using this protocol,

we outlined approximately 2,220 hemicrypts per biomarker (a mean of 18 per patient-visit).



To assess intrareader scoring reliability, slides previously analyzed by the technician
were re-scored at intervals during the course of the study. Intraclass correlation coefficients for

scoring reliability were >0.90 for each biomarker.

Statistical methods

We summarized and compared the baseline characteristics of the participants across
the treatment groups using descriptive statistics and the chi square test for categorical variables
and ANOVA for continuous variables (transformed by the natural logarithm to achieve a normal

distribution, when indicated).

We estimated treatment effects by comparing changes in biomarker expression from
baseline to 1-year follow-up in each treatment group relative to placebo using generalized linear
mixed models with an unstructured correlation matrix (PROC MIXED, SAS 9.4). Models included
a random intercept and fixed effects for visit (baseline and 1-year follow-up), treatment group,
and a treatment-by-visit interaction term. Prior to running these models, 1) for each
participant, for each biomarker, we excluded biomarker values on any visit at which the
participant had less than six scorable hemicrypts; and 2) we transformed biomarker values that
were not normally distributed by the natural logarithm. To assess potential confounding,
identified based on biological plausibility and imbalances of participant characteristics across
treatment groups at baseline, we ran additional models that included physical activity
(metabolic equivalents of task [MET]-minutes/week), dietary fiber per 1000 Kcal consumed per
day, and dietary calcium per 1000 Kcal per day as covariates. Adjustment for these potential
confounding variables did not materially affect the estimated treatment effects and, thus, were
not included in the final models. Finally, we stratified all final models by GC rs4588 genotype (CC

vs. AC/AA; the A allele encodes the functional vitamin D-binding protein 2 [VDP-2] isoform).



For the biomarkers that were not natural logarithm-transformed, we took the absolute
treatment effect, 95% confidence intervals (95% Cl), and associated P-values directly from the
SAS Proc Mixed output. We then hand-calculated the relative treatment effect as the mean
active treatment value at follow-up divided by the mean active treatment value at baseline
divided by the mean placebo value at follow-up divided by the mean placebo value at baseline.
The interpretation of the relative effect is like that of an odds ratio: for example, a value of 0.8
could be interpreted as a 20% decrease in biomarker expression in the active treatment group

relative to the placebo group after 1 year.

For the biomarkers that were natural logarithm-transformed, for the relative treatment
effect, we exponentiated the values directly from the SAS Proc Mixed output. The 95% Cl and
the P-values were taken directly from the output and are associated with the relative treatment
effect for these biomarkers. We then hand-calculated the absolute treatment effect as the
average value in the active treatment group at follow-up minus the average value in the active
treatment group at baseline minus the average value in the placebo group at follow-up minus

the average value in the placebo group at baseline.

Results

Baseline characteristics

The baseline characteristics of the 62 study participants, by treatment arm, are
summarized in Table 1. The average age of the participants was 59 years, and 77% were male
and 82% were White. The participant characteristics were balanced across treatment groups
except for physical activity and dietary fiber intake, both of which were, on average, lower in the

placebo group.



Mib-1

Overall, mib-1 expression in whole crypts was not estimated to change substantially in
any of the active treatment groups relative to placebo (Supplemental Table 1). However, as
shown in Table 2, among VDP2 individuals, mib-1 expression was estimated to decrease in all
three active treatment groups relative to placebo, whereas among non-VDP2 individuals it did
Not (Pinteraction = 0.21). More specifically, among VDP2 individuals, mib-1 expression was
estimated to decrease 17% (P=0.46), 22% (P=0.33), and 37% (P=0.08) in the calcium, vitamin D,
and calcium + vitamin D groups, respectively, relative to the placebo group. The corresponding
findings for those who did not have a VDP2 isoform were for estimated increases of 13%, 6%,

and 39%; none of these estimates was statistically significant.

Bcl-2

Overall, bcl-2 expression in whole crypts was estimated to decrease 24% (P=0.18) in the
calcium group relative to placebo, but it was not estimated to decrease substantially in the
vitamin D and calcium + vitamin D groups (Supplemental Table 1). However, as shown in Table
2, among VDP2 individuals, bcl-2 expression was estimated to decrease in all three active
treatment groups relative to placebo, whereas among non-VDP2 individuals the estimated
changes were closer to null (Pinteraction = 0.86). More specifically, among VDP2 individuals, bcl-2
expression was estimated to decrease 38% (P=0.27), 28% (P=0.42), and 15% (P=0.70) in the
calcium, vitamin D, and calcium + vitamin D groups, respectively, relative to the placebo group.
Among those who did not have a VDP2 isoform, bcl-2 expression was estimated to decrease of
17% and 7% in the calcium and calcium + vitamin D groups, respectively, but increase 11% in the

vitamin D group; none of these estimates was statistically significant.



Bax

Overall, bax expression in whole crypts was estimated to decrease in all active
treatment groups relative to placebo (Supplemental Table 1). However, as shown in Table 2, the
estimated decreases were stronger among VDP2 individuals (Pinteraction = 0.33). More
specifically, among VDP2 individuals, bax expression was estimated to decrease 78% (P=0.02),
77% (P=0.02), and 58% (P=0.15) in the calcium, vitamin D, and calcium + vitamin D groups,
respectively, relative to the placebo group. The corresponding findings for those who did not
have a VDP2 isoform were for estimated decreases of 21% (P=0.37), 27% (P=0.31), and 30%

(P=0.40).

p21/mib-1 ratio

Overall, the ratio of the expression of p21 to mib-1 in the upper 40% (differentiation
zone) of crypts was estimated to decrease in the calcium and vitamin D groups relative to
placebo, but not change substantially in the calcium + vitamin D group (Supplemental Table 1).
However, as shown in Table 2, among VDP2 individuals, the p21/mib-1 ratio expression ratio
was estimated to increase in all three active treatment groups relative to placebo, whereas
among non-VDP2 individuals it was estimated to decrease in all three treatment groups
(Pinteraction = 0.07). More specifically, among VDP2 individuals, the p21/mib-1 ratio expression
ratio was estimated to increase 19% (P=0.85), 60% (P=0.60), and 331% (P=0.12) in the calcium,
vitamin D, and calcium + vitamin D groups, respectively, relative to the placebo group. The
corresponding findings for those who did not have a VDP2 isoform were for estimated decreases

of 55%, 41%, and 45%; none of these estimates was statistically significant.
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TGF-a

Overall, TGF-a expression in whole crypts was not estimated to change substantially in
any of the active treatment groups relative to placebo (Supplemental Table 1). However, as
shown in Table 2, among those with the VDP2 isoform, TGF-a expression was estimated to
decrease in all three active treatment groups relative to placebo, but not estimated to change
substantially among non-VDP2 individuals (Pinteraction = 0.06). More specifically, TGF-a expression
among VDP2 individuals decreased 24% (P=0.09), 36% (P=0.01), and 19% (P=0.17) in the

calcium, vitamin D, and calcium + vitamin D groups respectively, relative to the placebo group.

TGF-B,

The results for TGF-B expression in whole crypts, overall (Supplemental Table 1) and by
VDP isoform (Table 2) were mixed. More specifically, among those with the VDP2 isoform, TGF-
B1 expression was estimated to increase 30% (P=0.75) in the calcium group, decrease 28%
(P=0.68) in the vitamin D group, and not change substantially in the calcium + vitamin D group.
Among those without the VDB2 isoform, TGF-B; expression was estimated to decrease 43%
(P=0.29) and 26% (P=0.59) in the calcium and calcium + vitamin D groups, respectively, but

increase 98% (P=0.24) in the vitamin D group relative to the placebo group.

APC

Overall, APC expression in whole crypts was not estimated to change substantially in any
of the active treatment groups relative to placebo (Supplemental Table 2). In the analyses
stratified by VDP isoform, the findings, none of which were statistically significant, were mixed
(Table 3) (Pinteraction = 0.30). The estimated APC changes in the calcium group were close to null
regardless of VDP isoform. For the vitamin D group, APC expression was estimated to decrease

20% (P=0.64) among those with the VDP2 isoform but increase 26% (P=0.14) among those



11

without the VDP2 isoform. For the calcium + vitamin D group, APC expression was estimated to
increase 17% (P=0.72) among those with the VDP2 isoform, but not change among those

without the VDP2 isoform.

B-catenin

B-catenin expression in whole crypts was not estimated to change substantially in any of
the active treatment groups relative to placebo overall (Supplemental Table 2) or by VDP

isoform (Table 3).

E-cadherin

E-cadherin expression in whole crypts was not estimated to change substantially in any
of the active treatment groups relative to placebo overall (Supplemental Table 2), with the
possible exception of an estimated increase of 11% (P=0.35) in the calcium + vitamin D group.
However, as shown in Table 3, among VDP2 individuals, E-cadherin expression was estimated to
decrease in the calcium and vitamin D groups, but not change substantially in the calcium +
vitamin D group relative to placebo, whereas among non-VDP2 individuals it was estimated to
increase in all three treatment groups (Pinteraction = 0.47). More specifically, among VDP2
individuals, E-cadherin expression was estimated to decrease 20% (P=0.37) and 22% (P=0.24) in
the calcium, and vitamin D groups respectively, relative to the placebo group. Among those who
did not have a VDP2 isoform, E-cadherin expression was estimated to increase 17% (P=0.23),
16% (P=0.28), and 17% (P=0.22) in the calcium, vitamin D, and calcium + vitamin D groups,

respectively.
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MSH2

MSH2 expression in whole crypts was estimated to decrease comparable amounts (20 —
26%) overall (Supplemental Table 2) and by VDP isoform (Table 3) in the calcium group relative
to placebo. MSH2 expression was also estimated to decrease modestly (11%) in the vitamin D
group overall, more strongly (25%) among those with the VDP2 isoform, but not change
substantially among those without the VDP2 isoform. Among those in the calcium + vitamin D
group, MSH2 expression was estimated to decrease (16%) among those with the VDB2 isoform,
but not change substantially overall or among those without the VDP2 isoforms. Only the
estimates for a 21% decrease in the calcium group overall, a 26% decrease in the calcium group
among those without the VDP2 isoform, and a 25% decrease in the vitamin D group among

those with the VDP2 isoform were statistically significant.

Discussion

The results from this pilot study suggest that the effects of calcium and/or vitamin D on
the expression of seven of the 10 investigated biomarkers of risk for colorectal neoplasms in the
morphologically-normal colorectal mucosa of sporadic colorectal adenoma patients may be
modified by VDP isoform. Of the seven for which potential treatment effect modification was
suggested, the estimated effects of the study agents were stronger among patients with the
VDP2 isoform on six of the biomarkers: mib-1, bcl-2, bax, the p21/mib-1 ratio, MSH2, and TGF-
a. Few of the results of this small, preliminary study were statistically significant; however, the
pattern of stronger estimated treatment effects on most of the biomarkers among those with
the VDP2 isoform is consistent with previous findings of stronger calcium and/or vitamin D
treatment effects on COX-2 and 15-HPDG expression in the morphologically normal colorectal

mucosa of sporadic adenoma patients, and stronger associations of calcium and vitamin D with
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colorectal adenoma, incident colorectal cancer, and colorectal cancer survival among those with
the VDP2 isoform. Thus, as further discussed below, our pilot results support further
investigation, in larger studies, of the effects of calcium and/or vitamin D on biomarkers of risk

for colorectal neoplasms.

Plausibility for calcium and vitamin D as chemopreventive agents against colorectal

carcinogenesis

As reviewed elsewhere, considerable biological plausibility, basic science, and
epidemiologic evidence supports that calcium and vitamin D reduce risk for colorectal
neoplasms?’. Briefly, a proposed mechanism by which calcium may prevent colorectal
carcinogenesis is by binding to unconjugated bile acids and free fatty acids, thus diminishing
their toxic effects on the colorectum®”*, Biomarker studies suggest that calcium may also
influence different cell signaling pathways and reduce cell proliferation and promote cell
differentiation3!. Experimental models and in vitro studies suggest that 1,25-dihydroxyvitamin
D3 may control cell growth by reducing proliferation and inducing differentiation and
apoptosis'”#2, Vitamin D may also improve innate and acquired immune function, inhibit

angiogenesis, reduce inflammation, and regulate microRNA expression’32,

Epidemiologic evidence for calcium and vitamin D in reducing risk for colorectal neoplasms

Data from numerous observational studies—especially from prospective cohort
studies—solidly supports the hypotheses that higher calcium intakes reduce risk for colorectal
cancer. Of 20 cohort studies, 18 (90%) found inverse associations of which eight were
statistically significant, and two found direct associations of which none were statistically

significant 3. A pooled analysis of 10 cohort studies from five countries found statistically
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significant 22% lower risk for incident colorectal cancer among those who consumed the highest

vs. the lowest levels of calcium 34,

There have been seven clinical trials of calcium and adenoma recurrence, two of which
had large sample sizes, and one major trial of colorectal cancer prevention 3. In a US multi-
center, randomized, double-blind, placebo-controlled clinical trial (n = 913) of calcium
supplementation (1,200 mg of elemental calcium daily) and adenoma recurrence (the Calcium
Polyp Prevention Study), the relative risk (RR) for any recurrence of adenoma was 0.85 (95%
confidence interval [95% Cl] 0.74-0.98) and for advanced adenomas, 0.46 (95% Cl 0.26-0.83) *.
In a smaller trial (n = 665), the European Cancer Prevention Organization Intervention Study,
there was a statistically non-significant reduction in adenoma recurrence (RR 0.66, 95% Cl 0.38-
1.17) among those randomized to 2,000 mg of elemental calcium daily relative to placebo .
When the results of all seven adenoma recurrence trials were combined in a meta-analysis, the
summary RR was 0.80 (95% Cl 0.68-0.93) *’. Finally, in a Women’s Health Initiative randomized,
double-blind, placebo-controlled clinical trial, 36,282 postmenopausal women were randomized
to 1,000 mg of elemental calcium plus 400 IU (10 pg) of vitamin D vs. placebo over an average of
seven years. There was no evidence for a reduction in the incidence of invasive colorectal
cancers (RR 1.08, 95% Cl 0.86-1.34) 3%, However, because of the low pill-taking adherence in the
active treatment group (only 60% took 80% or more of their pills) and the high rate of drop-in in
the placebo group (69% took calcium and vitamin D supplements on their own resulting in
intakes twice that of the national averages), the low doses administered, and the short length of

follow-up for such a downstream endpoint, the interpretation of these results is problematic.

An important advance in investigating an association of vitamin D exposure with risk for
colorectal neoplasms was the recognition of 25-OH-vitamin D blood concentrations as the most

accurate indicator of total vitamin D exposure. Circulating 25-OH-vitamin D concentrations
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reflect vitamin D from sunlight exposure, which provides 90 — 95% of vitamin D in most people,
plus dietary and supplemental intakes 33. The results from observational epidemiologic studies
of colorectal cancer or adenomas that estimated vitamin D exposure from circulating 25-OH-
vitamin D concentrations are quite consistent with there being an inverse association of vitamin
D exposure with colorectal neoplasms. In a pooled analysis of three case-control studies
(pooled n = 616 cases and 770 controls) of incident, sporadic colorectal adenoma, those in the
highest quartile of circulating 25-OH-vitamin D3 concentrations were at a statistically significant,
approximately 40% lower risk of adenoma 3°. Of seven other observational studies of 25-OH-
vitamin D and colorectal adenoma, six found inverse associations, among which three were
statistically significant %°. Of nine prospective cohort studies that investigated associations of
circulating 25-OH-vitamin D and incident colorectal cancer, seven found inverse associations, of
which two were statistically significant; when the data from all seven were combined in a meta-
analysis the estimated relative risk for those in the upper relative to the lower quantiles of 25-
OH-vitamin D was 0.66 (95% Cl1 0.54 —0.81) **. This consistency for the 25-OH-vitamin D blood
concentration studies may be remarkable given the low 25-OH-vitamin D blood concentrations
in the studies (mean concentrations in controls were generally less than 32 ng/ml (80 nmol/L)—
now considered by many to be the lower limit for vitamin D sufficiency ****). However, given
the relatively small number of studies that assessed 25-OH-vitamin D blood concentrations, the
“consistency” among the studies should still be viewed as only suggestive. Currently, the only
published peer-reviewed report of clinical trials of vitamin D and colon cancer is that of the

Women'’s Health Initiative trial discussed in the previous paragraph.

Plausibility of VDP isoforms as a potential modifier of calcium and/or vitamin D effects

VDP isoforms as a potential modifier of calcium and/or vitamin D effects or associations

with colorectal cancer-related outcomes has been previously reported!!. Relative to the VDP1
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isoform, the VDP2 isoform was found to have approximately 2- to 4- fold lower binding affinity
for 25(0OH)D, which leads to higher circulating 25(0OH)D concentrations among those with the
VDP2 isoforms®. Because those with the VDP2 isoform have lower circulating VDP
concentrations, there is a smaller reservoir of stored 25(0OH)D; therefore, individuals with this
isoform require consistent and high intakes of vitamin D to maintain concentrations 25(0OH)D
that are bioavailable and bioactive'®. Interactions between calcium supplementation and VDP2
have not been reported. However, those with VDP2 isoforms have lower VDP concentrations,
which may increase parathyroid hormone secretion and calcium absorption, which may lead to

stronger calcium effects on biomarkers among individuals with this isoform?*?,

Epidemiologic evidence for VDP isoforms as a potential modifier of calcium and/or vitamin D

in relation to colorectal neoplasms

VDP isoforms have been reported to modify associations of calcium and/or vitamin D
with colorectal adenoma, incident colorectal cancer, and colorectal cancer survival. In a case-
control study of incident, sporadic colorectal adenoma, among individuals of European ancestry,
25(0OH)D concentrations of 50 or greater relative to less than 50 nmol/L were inversely
associated with colorectal adenoma among those with VDP2 (OR = 0.51, Cl = 0.33 - 0.81), but
not among those without VDP2 (OR = 1.11, Cl = 0.68 — 1.92) (Pinteraction = 0.05)%. In a pooled
analysis of three prospective cohort studies, the association of 25(0OH)D concentrations with CRC
risk differed by VDP2: 25(0OH)D concentrations considered sufficient (50 nmol/L), relative to
deficient (<30 nmol/L), were associated with a 53% lower CRC risk among individuals with the
VDP2 isoform (RR = 0.47, 95% Cl: 0.33 to 0.67), but a non-statistically significant 12% lower risk
among individuals without it (RR = 0.88, 95% Cl: 0.61 to 1.27) (Pheterogeneity = 0.01)°. Associations of
pre-diagnostic 25(0OH)D concentrations with mortality according to VDP2 isoform were

investigated among 1,281 CRC cases (635 deaths, 483 from CRC) from two large prospective
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cohorts conducted in the United States (Cancer Prevention Study-Il) and Europe (European
Prospective Investigation into Cancer and Nutrition)*. In the pooled analysis, multivariable-
adjusted hazard ratios (HRs) for CRC-specific mortality associated with deficient relative to
sufficient 25(0OH)D concentrations were 2.24 (95% Cl 1.44-3.49) among cases with the VDP2
isoform, and 0.94 (95% Cl 0.68—1.22) among cases without VDP2 (Pinteraction = 0.0002)*¢. The
corresponding HRs for all-cause mortality were 1.80 (95% Cl 1.24—2.60) among those with VDP2,

and 1.12 (95% Cl 0.84—1.51) among those without VDP2 (Pinteraction = 0.004).

VDP isoforms have also been reported to modify the effects of calcium and/or vitamin D
on 25(OH)D concentrations, colorectal adenoma recurrence, and two pre-neoplastic biomarkers
of risk for colorectal neoplasms**”8, |n the parent randomized clinical trial (n=2,259) to the
present study, the effects of vitamin D supplementation on increasing 25(0OH) vitamin D blood
concentrations and the effect of reducing colorectal adenoma recurrence risk were stronger and
in a dose-response pattern for each VDP2-encoding GC rs4588*A allele inherited*” 2,
Specifically, the effect of vitamin D supplementation on adenoma risk was statistically
significantly lower by 18% with each rs4588*A allele inherited (interaction relative risk = 0.82,
95% Cl 0.69-0.98, Pinteraction = 0.03)*. Finally, in the same chemoprevention trial population as in
the present study, among all 62 participants after 1 year of treatment, the mean COX-2/15-
HPGD expression ratio in full-length crypts proportionately decreased 47% in the vitamin D
group (P =0.001), 46% in the calcium group (P = 0.002), and 34% in the calcium + vitamin D
group (P =0.03), relative to the placebo group®!. However, among individuals with the
functional vitamin D-binding protein isoform VDP2 (GC rs4588*A), the COX-2/15-HPDG ratio
decreased 70% (P = 0.0006), 75% (P = 0.0002), and 60% (P = 0.006) in the vitamin D, calcium,

and combined supplementation groups, respectively, relative to placebo®®.
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Evidence for the plausibility and validity of the 10 investigated biomarkers of risk for

colorectal neoplasms

The plausibility and validity of the 10 colorectal tissue biomarkers as biomarkers of risk
for colorectal neoplasms was previously reported®314%-3_ Briefly, the “APC Pathway” of colon
carcinogenesis involves genetic silencing or inactivation of the “pathway gatekeeper” APC tumor
suppressor genel’*5> This APC gene’s protein product acts by degrading B-catenin, which
functions as a both pro-proliferative and by regulating E-cadherin”>%. The protein product of
the gene E-cadherin functions as a calcium-dependent cell adhesion molecule that is necessary
for colon crypt structure and function?”*’. When B-catenin is allowed to build-up due to
inactivation of APC there are downstream effects that inevitably promote colonocytes to enter
the proliferative phase of the cell cycle, thus increasing proliferation as a direct effect and
decreasing differentiation and apoptosis as an indirect effect'”*, Another colon carcinogenesis
pathway is the “Mismatch Repair (MMR) Pathway”’*°, This pathway is triggered by the
mutation or epigenetic silencing of MSH2 or MLH1Y?, MMR genes maintain DNA strands by
repairing mismatches after DNA replicates in preparation for cell division’. The result of the
inactivation of the MMR pathway is impaired function of the genes for TGF-B1 and bax, leading

to increased proliferation and decreased differentiation and apoptosis®’.

There are other protein biomarkers of the cell cycle, including biomarkers of cell
proliferation, differentiation, and apoptosis'’?3. Mib-1 is a marker that a cell is in a proliferative
phasel”22, A marker that a cell is no longer able to proliferate and is differentiated is p211”.
Apoptosis is inhibited by bcl-2 and promoted by bax in colonocytes of the normal colon”-26:6061,
TGF-a and TGF-B; are autocrine and paracrine growth factors that are potent promoters and
inhibitors of growth, respectively®® and are involved in colon carcinogenesis'’. TGF-B; was found

to have contextually-related tumor suppressor and pro-oncogenic activities, and colon cancers
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typically have increased TGF-B; expression!’. TGF-B; was also found to induce p21, and its
growth suppressor activity was also found to be inhibited by B-catenin”?*. TGF-a expression is
associated with the distribution of proliferating cells}”%>%3, Conversely TGF-B; tends to be
located in the non-proliferative (upper 40%) zone of the colon crypt?’. In vitro, TGF-B1 is potently

induced by vitamin D3 which promotes apoptosis and inhibits proliferation’?,

As reported in detail elsewhere® 8, the potential validity of the above-discussed
biomarkers as biomarkers of risk for colorectal neoplasms was investigated in a colonoscopy-
based case-control study (Markers of Adenomatous Polyps Il, or MAP 1l) of incident, sporadic
colorectal adenoma (n=49 cases, 152 controls). Briefly, biomarker expression in cases relative to
controls was reported as 14% lower for an APC/ B-catenin ratio, 49% lower for MSH2, 26% lower

for a bax/bcl-2 ratio, 49% higher for TGF-a, and 7% lower for TGF-B;*’.

Previous evidence that calcium and/or vitamin D modulate the 10 investigated biomarkers of

risk for colorectal neoplasms

The effects of calcium and/or vitamin D on the 10 biomarkers in randomized, double-
blind, placebo-controlled trials were also previously reported’?. In one trial (n=193),
participants were randomized to placebo, 1.0 g of elemental calcium, or 2.0 g of elemental
calcium taken twice daily with food over six months'’. The main, statistically significant finding
of this study was that calcium shifted the zone of proliferation downward into the lower 60%, or
normal proliferation zone, of the crypt®. In the Calcium and Vitamin D vs. Markers of
Adenomatous Polyps trial (CaDvMAP)193149-5370 92 colorectal adenoma patients were
randomized to vitamin D3 (800 1U), elemental calcium (2.0 g), both, or placebo. Changes in
participants’ serum 25(OH)D concentrations and 10 tissue biomarkers were reported?’. Briefly,

statistically significant increases in serum 25(OH)D concentrations were found among the
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vitamin D and the calcium + vitamin D groups®’. APC expression in the differentiation zone
increased in the vitamin D group, B-catenin expression in the whole crypt decreased modestly in
all groups, E-cadherin expression in the differentiation zone statistically significantly increased in
the vitamin D3 groups, MSH2 expression in the differentiation zone increased in all groups, p21
expression in the whole crypt increased in calcium and vitamin D groups but to a lesser degree
in the calcium + vitamin D group, bax expression in the whole crypt increased in all groups, TGF-
a expression in the differentiation and proliferative zones decreased in all groups, and TGF-31
expression in the whole crypt increased in all groups, relative to the placebo group?’. In a second
trial, an adjunct biomarker study (encompassing the same study population as for the present
study) to a larger randomized, double-blind, placebo-controlled trial of colorectal adenoma
recurrence, in the vitamin D plus calcium group relative to control, in the crypt differentiation
zone (upper 40% of crypts), mib-1 expression decreased 24% (P=0.28); p21 expression alone and
relative to mib-1 expression increased 29% (P=0.06) and 73% (P=0.06), respectively; and bax
expression relative to mib-1 expression increased 58% (P=0.21)"!. The estimated vitamin D
alone treatment effects were similar but of lesser magnitudes, and those for calcium alone were
mixed’. All estimated treatment effects on bcl-2 expression were close to the null”. Also, in
the vitamin D3 and vitamin D3 plus calcium groups, relative to their reference groups, in the
upper 40% (differentiation zone) of crypts, it was estimated that, respectively, the MSH2/mib-1
ratio increased by 47% (p=0.14) and 62% (p=0.08), TGFB1 expression increased by 41% (p=0.25)
and 78% (p=0.14), and the TGFo/TGF; ratio decreased by 25% (p=0.31) and 44% (p=0.13)2.
Finally, for vitamin D vs. no vitamin D, the ratio of APC expression to B-catenin expression in the
upper 40% (differentiation zone) of crypts (APC/B-catenin score) increased by 28% (P = 0.02), for
calcium vs. no calcium it increased by 1% (P = 0.88), and for vitamin D + calcium vs. calcium by

35% (P = 0.01)®. Total E-cadherin expression increased by 7% (P = 0.35) for vitamin D vs. no
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vitamin D, 8% (P = 0.31) for calcium vs. no calcium, and 12% (P = 0.21) for vitamin D + calcium vs.

calcium?®3.

Strengths and Limitations

The primary limitation of this pilot study was its small sample size, especially among
VDP2 individuals in the placebo group. Thus, we could only investigate patterns of findings in
context with biological plausibility and previous literature in order to assess whether or not a
larger, more definitive study would be supported. Also, we assessed the expression of the
biomarkers only in the normal rectal mucosa; thus, treatment effects in other parts of the colon
are unknown. In addition, we did not quantify biomarker expression beyond 1 year of follow-up
or in tumor tissue, warranting future studies to investigate long-term vitamin D and calcium
effects on the biomarkers as well as potential differences in effects in normal versus neoplastic
tissue. Last, since most of our study participants were white, our results may not be

generalizable to other races.

Strengths of this study include that it is the first to investigate potential calcium and/or
vitamin D treatment effect modification on colorectal tissue biomarkers of the cell cycle,
colorectal carcinogenesis pathways, and transforming growth factors according to VDP isoform.
Other strengths are that we quantified biomarker expression using automated
immunohistochemistry and precise image analysis, and analyzed a large number of crypts per
patient, thereby reducing measurement error and bias due to outcome misclassification. Our
powerful image analysis tool also allowed us to quantify biomarker expression in different
functional zones of the colorectal crypts. Additional strengths include the high adherence to

study protocol, complete follow-up, high biomarker scorer reliability, and 2x2 factorial
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randomization allowing us to assess treatment effects of calcium and vitamin D alone and in

combination.

Conclusions

In conclusion, the findings from our pilot study, in context with previous literature and
considering the strengths and limitations of the present study, support further investigation of
calcium and/or vitamin D effects on pre-neoplastic biomarkers of risk for colorectal neoplasms
according to VDP isoforms. Our findings also add to the growing literature on VDP isoforms as
potential modifiers of calcium and vitamin D in relation to risk for colorectal neoplasms. Such
knowledge could help inform more personalized recommendations for reducing colorectal

cancer risk.



23

References
CDC. U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations
Tool, based on 2020 submission data (1999-2018): U.S. Department of Health and
Human Services, Centers for Disease Control and Prevention and National Cancer

Institute. https://www.cdc.gov/cancer/dataviz

Bostick RM, Potter JD, Sellers TA, McKenzie DR, Kushi LH, Folsom AR. Relation of
Calcium, Vitamin D, and Dairy Food Intake to Incidence of Colon Cancer among Older
Women. American Journal of Epidemiology. 1993;137(12):1302-1317.
doi:10.1093/oxfordjournals.aje.a116640

Martinez ME, Marshall JR, Sampliner R, Wilkinson J, Alberts DS. Cancer Causes and
Control. 2002;13(3):213-220. doi:10.1023/a:1015032215779

Giovannucci E, Liu Y, Rimm EB, et al. Prospective Study of Predictors of Vitamin D Status
and Cancer Incidence and Mortality in Men. JNCI: Journal of the National Cancer
Institute. 2006;98(7):451-459. doi:10.1093/jnci/djj101

Lamprecht SA, Lipkin M. Cellular Mechanisms of Calcium and Vitamin D in the Inhibition
of Colorectal Carcinogenesis. Annals of the New York Academy of Sciences.
2001;952(1):73-87. d0i:10.1111/j.1749-6632.2001.tb02729.x

Engelman CD, Fingerlin TE, Langefeld CD, et al. Genetic and Environmental Determinants
of 25-Hydroxyvitamin D and 1,25-Dihydroxyvitamin D Levels in Hispanic and African
Americans. The Journal of Clinical Endocrinology & Metabolism. 2008;93(9):3381-3388.
doi:10.1210/jc.2007-2702

Song W, Wang XE, Tian Y, Zhang X, Lu R, Meng H. GC Gene Polymorphisms and Vitamin
D-Binding Protein Levels Are Related to the Risk of Generalized Aggressive Periodontitis.

International Journal of Endocrinology. 2016;2016:1-8. doi:10.1155/2016/5141089


https://www.cdc.gov/cancer/dataviz

10.

11.

12.

13.

14.

24

Yang L, Chen H, Zhao M, Peng P. Prognostic value of circulating vitamin D binding
protein, total, free and bioavailable 25-hydroxy vitamin D in patients with colorectal
cancer. Oncotarget. 2017;8(25):40214-40221. doi:10.18632/oncotarget.16597

Gibbs DC, Song M, McCullough ML, et al. Association of Circulating Vitamin D With
Colorectal Cancer Depends on Vitamin D—Binding Protein Isoforms: A Pooled, Nested,
Case-Control Study. JNCI Cancer Spectrum. 2020;4(1)doi:10.1093/jncics/pkz083

Gibbs DC, Fedirko V, Um C, Gross MD, Thyagarajan B, Bostick RM. Associations of
Circulating 25-Hydroxyvitamin D3 Concentrations With Incident, Sporadic Colorectal
Adenoma Risk According to Common Vitamin D-Binding Protein Isoforms. American
Journal of Epidemiology. 2018;187(9):1923-1930. doi:10.1093/aje/kwy102

Gibbs DC, Fedirko V, Baron JA, et al. Inflammation Modulation by Vitamin D and Calcium
in the Morphologically Normal Colorectal Mucosa of Colorectal Adenoma Patients in a
Clinical Trial. Cancer Prevention Research. 2020:canprevres.0140. doi:10.1158/1940-
6207.capr-20-0140

Pellatt AJ, Mullany LE, Herrick JS, et al. The TGFB-signaling pathway and colorectal
cancer: associations between dysregulated genes and miRNAs. Journal of Translational
Medicine. 2018;16(1)doi:10.1186/s12967-018-1566-8

Liu S, Barry EL, Baron JA, Rutherford RE, Seabrook ME, Bostick RM. Effects of
supplemental calcium and vitamin D on the APC/B-catenin pathway in the normal
colorectal mucosa of colorectal adenoma patients. Molecular Carcinogenesis.
2017;56(2):412-424. doi:10.1002/mc.22504

Ahmad R, Singh J, Wunnava A, Al-Obeed O, Abdulla M, Srivastava S. Emerging trends in
colorectal cancer: Dysregulated signaling pathways (Review). International Journal of

Molecular Medicine. 2021;47(3)d0i:10.3892/ijmm.2021.4847



15.

16.

17.

18.

19.

20.

21.

22.

23.

25

Wong SHM, Fang CM, Chuah L-H, Leong CO, Ngai SC. E-cadherin: Its dysregulation in
carcinogenesis and clinical implications. Critical Reviews in Oncology/Hematology.
2018;121:11-22. doi:10.1016/j.critrevonc.2017.11.010

Chen W, Frankel WL. A practical guide to biomarkers for the evaluation of colorectal
cancer. Modern Pathology. 2019;32(51):1-15. doi:10.1038/s41379-018-0136-1

Bostick RM. Effects of supplemental vitamin D and calcium on normal colon tissue and
circulating biomarkers of risk for colorectal neoplasms. The Journal of Steroid
Biochemistry and Molecular Biology. 2015;148:86-95. d0i:10.1016/j.jsbomb.2015.01.010
Cho E, Smith-Warner SA, Spiegelman D, et al. Dairy Foods, Calcium, and Colorectal
Cancer: A Pooled Analysis of 10 Cohort Studies. JNCI Journal of the National Cancer
Institute. 2004;96(13):1015-1022. doi:10.1093/jnci/djh185

McCullough ML, Zoltick ES, Weinstein SJ, et al. Circulating Vitamin D and Colorectal
Cancer Risk: An International Pooling Project of 17 Cohorts. JNCI: Journal of the National
Cancer Institute. 2019;111(2):158-169. doi:10.1093/jnci/djy087

Zhang X, Giovannucci E. Calcium, vitamin D and colorectal cancer chemoprevention.
Best Practice & Research Clinical Gastroenterology. 2011;25(4-5):485-494.
doi:10.1016/j.bpg.2011.10.001

Peéina-Slaus N. Tumor suppressor gene E-cadherin and its role in normal and malignant
cells. Cancer Cell International. 2003;3(1):17. doi:10.1186/1475-2867-3-17

Bruno S, Darzynkiewicz Z. Cell cycle dependent expression and stability of the nuclear
protein detected by Ki-67 antibody in HL-60 cells. Cell Proliferation. 1992;25(1):31-40.
doi:10.1111/j.1365-2184.1992.tb01435.x

Almond J, Cohen G. The proteasome: a novel target for cancer chemotherapy.

Leukemia. 2002;16(4):433-443. doi:10.1038/sj.leu.2402417



24,

25.

26.

27.

28.

29.

30.

31.

26

Lampropoulos P, Zizi-Sermpetzoglou A, Rizos S, Kostakis A, Nikiteas N, Papavassiliou AG.
TGF-beta signalling in colon carcinogenesis. Cancer Letters. 2012;314(1):1-7.
doi:10.1016/j.canlet.2011.09.041

W. Elaine Hardman MA, Medical Ivan L. Cameron, K. Vincent Speeg, Shailesh Lang.
Transforming Biomarker Growth Factor a Distribution of Decreased Consuming in Rectal
Crypts As a Colon Cancer Risk in Patients Cellulose. Cancer Epidemiology , Biomarkers &
Prevention. 1997;

Czabotar PE, Lessene G, Strasser A, Adams JM. Control of apoptosis by the BCL-2 protein
family: implications for physiology and therapy. Nature Reviews Molecular Cell Biology.
2014;15(1):49-63. doi:10.1038/nrm3722

Katkoori VR. Bax expression is a candidate prognostic and predictive marker of
colorectal cancer. Journal of Gastrointestinal Oncology. 2010;d0i:10.3978/].issn.2078-
6891.2010.019

Pitsikas P, Lee D, Rainbow AJ. Reduced host cell reactivation of oxidative DNA damage in
human cells deficient in the mismatch repair gene hMSH2. Mutagenesis.
2007;22(3):235-243. doi:10.1093/mutage/gem008

Baron JA, Barry EL, Mott LA, et al. A Trial of Calcium and Vitamin D for the Prevention of
Colorectal Adenomas. New England Journal of Medicine. 2015;373(16):1519-1530.
doi:10.1056/nejmoal500409

Newmark HL WM, and Bruce WR. Colon Cancer and Dietary Fat, Phosphate, and
Calcium: A Hypothesis. JNCI: Journal of the National Cancer Institute.
1984;d0i:10.1093/jnci/72.6.1323

Fedirko V, Bostick RM, Flanders WD, et al. Effects of Vitamin D and Calcium on

Proliferation and Differentiation In Normal Colon Mucosa: a Randomized Clinical Trial.



32.

33.

34.

35.

36.

37.

38.

27

Cancer Epidemiology Biomarkers & Prevention. 2009;18(11):2933-2941.
doi:10.1158/1055-9965.epi-09-0239

Dou R, Ng K, Giovannucci EL, Manson JE, Qian ZR, Ogino S. Vitamin D and colorectal
cancer: molecular, epidemiological and clinical evidence. British Journal of Nutrition.
2016;115(9):1643-1660. doi:10.1017/s0007114516000696

Bostick RM, Goodman M, Sidelnikov E. Calcium and vitamin D. In: Potter JD, Lindor NM,
eds. Genetics of Colorectal Cancer. Springer Science + Business Media, LLC; 2009:273-
294,

Cho E, Smith-Warner S, Spiegelman D, et al. Dairy foods, calcium, and colorectal cancer:
a pooled analysis of 10 cohort studies. J Nat/ Cancer Inst. 2004;96(13):1015-22.

Baron JA, Beach M, Mandel JS, et al. Calcium supplements for the prevention of
colorectal adenomas. Calcium Polyp Prevention Study Group. N Engl J Med.
1999;340:101-107.

Bonithon-Kopp C, Kronborg O, Giacosa A, Rath U, Faivre J. Calcium and fibre
supplementation in prevention of colorectal adenoma recurrence: a randomised
intervention trial. European Cancer Prevention Organisation Study Group. Lancet.
2000;356:1300-1306.

Shaukat A, Scouras N, Schunemann HJ. Role of supplemental calcium in the recurrence
of colorectal adenomas: a metaanalysis of randomized controlled trials. Am J
Gastroenterol. 2005;100(2):390-394. doi:10.1111/j.1572-0241.2005.41220.x
Wactawski-Wende J, Kotchen JM, Anderson GL, et al. Calcium plus vitamin D
supplementation and the risk of colorectal cancer. N Engl J Med. 2006;354(7):684-696.

doi:10.1056/NEJM0a055222



39.

40.

41.

42.

43,

44,

45.

46.

28

Fedirko V, Bostick RM, Goodman M, Flanders WD, Gross MD. Blood 25-Hydroxyvitamin
D3 concentrations and incident sporadic colorectal adenoma risk: A pooled case-control
study. Am J Epidemiol. 2010;172:489-500.

Wei MY, Garland CF, Gorham ED, Mohr SB, Giovannucci E. Vitamin D and prevention of
colorectal adenoma: a meta-analysis. Cancer Epidemiol Biomarkers Prev.
2008;17(11):2958-2969. doi:10.1158/1055-9965.EPI-08-0402

Lee JE, Li H, Chan AT, et al. Circulating levels of vitamin D and colon and rectal cancer:
the Physicians' Health Study and a meta-analysis of prospective studies. 2011;4(5):735-
743. d0i:10.1158/1940-6207.CAPR-10-0289

Heaney RP. The vitamin D requirement in health and disease. The Journal of steroid
biochemistry and molecular biology. 2005;97:13-19.

Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357:266-281.

Hollis BW. Circulating 25-hydroxyvitamin D levels indicative of vitamin D sufficiency:
implications for establishing a new effective dietary intake recommendation for vitamin
D. J Nutr. 2005;135:317-322.

Arnaud J, Constans J. Affinity differences for vitamin D metabolites associated with the
genetic isoforms of the human serum carrier protein (DBP). Human Genetics.
1993;92(2)d0i:10.1007/bf00219689

Gibbs DC, Bostick RM, McCullough ML, et al. Association of prediagnostic vitamin D
status with mortality among colorectal cancer patients differs by common, inherited
vitamin D-binding protein isoforms. International Journal of Cancer. 2020;147(10):2725-

2734. doi:10.1002/ijc.33043



47.

48.

49.

50.

51.

52.

29

Anic GM, Weinstein SJ, Mondul AM, Mannisto S, Albanes D. Serum Vitamin D, Vitamin D
Binding Protein, and Risk of Colorectal Cancer. PLoS ONE. 2014;9(7):e102966.
doi:10.1371/journal.pone.0102966

Barry EL, Rees JR, Peacock JL, et al. Genetic Variants inCYP2R1,CYP24A1, andVDRModify
the Efficacy of Vitamin D3Supplementation for Increasing Serum 25-Hydroxyvitamin D
Levels in a Randomized Controlled Trial. The Journal of Clinical Endocrinology &
Metabolism. 2014;99(10):E2133-E2137. doi:10.1210/jc.2014-1389

Fedirko V, Bostick RM, Flanders WD, et al. Effects of Vitamin D and Calcium
Supplementation on Markers of Apoptosis in Normal Colon Mucosa: A Randomized,
Double-Blind, Placebo-Controlled Clinical Trial. Cancer Prevention Research.
2009;2(3):213-223. d0i:10.1158/1940-6207.capr-08-0157

Sidelnikov E, Bostick RM, Flanders WD, et al. Effects of Calcium and Vitamin D on MLH1
and MSH2 Expression in Rectal Mucosa of Sporadic Colorectal Adenoma Patients.
Cancer Epidemiology Biomarkers & Prevention. 2010;19(4):1022-1032.
doi:10.1158/1055-9965.epi-09-0526

Ahearn TU, McCullough ML, Flanders WD, et al. A Randomized Clinical Trial of the
Effects of Supplemental Calcium and Vitamin D3 on Markers of Their Metabolism in
Normal Mucosa of Colorectal Adenoma Patients. Cancer Research. 2011;71(2):413-423.
doi:10.1158/0008-5472.can-10-1560

Ahearn TU, Shaukat A, Flanders WD, Rutherford RE, Bostick RM. A Randomized Clinical
Trial of the Effects of Supplemental Calcium and Vitamin D3 on the APC/B-Catenin
Pathway in the Normal Mucosa of Colorectal Adenoma Patients. Cancer Prevention

Research. 2012;5(10):1247-1256. doi:10.1158/1940-6207.capr-12-0292



53.

54,

55.

56.

57.

58.

59.

30

Hopkins MH, Owen J, Ahearn T, et al. Effects of Supplemental Vitamin D and Calcium on
Biomarkers of Inflammation in Colorectal Adenoma Patients: A Randomized, Controlled
Clinical Trial. Cancer Prevention Research. 2011;4(10):1645-1654. doi:10.1158/1940-
6207.capr-11-0105

Kaplan KB, Burds AA, Swedlow JR, Bekir SS, Sorger PK, Nathke IS. A role for the
Adenomatous Polyposis Coli protein in chromosome segregation. Nature Cell Biology.
2001;3(4):429-432. doi:10.1038/35070123

Nathke IS, Adams CL, Polakis P, Sellin JH, Nelson WJ. The adenomatous polyposis coli
tumor suppressor protein localizes to plasma membrane sites involved in active cell
migration. Journal of Cell Biology. 1996;134(1):165-179. d0i:10.1083/jcb.134.1.165
Sansom 0J, Reed KR, Hayes AJ, et al. Loss of Apc in vivo immediately perturbs Wnt
signaling, differentiation, and migration. Genes & Development. 2004;18(12):1385-1390.
doi:10.1101/gad.287404

Bush M, Alhanshali BM, Qian S, et al. An ensemble of flexible conformations underlies
mechanotransduction by the cadherin—catenin adhesion complex. Proceedings of the
National Academy of Sciences. 2019;116(43):21545-21555.
doi:10.1073/pnas.1911489116

Kaldis P, Pagano M. Wnt Signaling in Mitosis. Developmental Cell. 2009;17(6):749-750.
doi:10.1016/j.devcel.2009.12.001

Ogino S, Nosho K, Shima K, et al. p21 Expression in Colon Cancer and Modifying Effects
of Patient Age and Body Mass Index on Prognosis. Cancer Epidemiology Biomarkers &

Prevention. 2009;18(9):2513-2521. doi:10.1158/1055-9965.epi-09-0451



60.

61.

62.

63.

64.

65.

66.

31

Huang Q, Li S, Cheng P, et al. High expression of anti-apoptotic protein Bcl-2 is a good
prognostic factor in colorectal cancer: Result of a meta-analysis. World Journal of
Gastroenterology. 2017;23(27):5018. doi:10.3748/wjg.v23.i27.5018

Mohan S, Abdelwahab SI, Kamalidehghan B, et al. Involvement of NF-kB and Bcl2/Bax
signaling pathways in the apoptosis of MCF7 cells induced by a xanthone compound
Pyranocycloartobiloxanthone A. Phytomedicine. 2012;19(11):1007-1015.
do0i:10.1016/j.phymed.2012.05.012

Derynck R. Transforming growth factor-alpha. Molecular Reproduction and
Development. 1990;27(1):3-9. d0i:10.1002/mrd.1080270104

Awwad R, Natalia Sergina, Haisu Yang, Barry Ziober, James K. V. Willson, Elizabeth
Zborowska, Lisa E. Humphrey, Robert Fan, Tien C. The Role of Transforming Growth
Factor alpha in Determining Growth Factor Independence. CANCER RESEARCH. 2003;
Daniel CR, Bostick RM, Flanders WD, et al. TGF-a Expression as a Potential Biomarker of
Risk Within the Normal-appearing Colorectal Mucosa of Patients with and without
Incident Sporadic Adenoma. Cancer Epidemiology Biomarkers & Prevention.
2009;18(1):65-73. doi:10.1158/1055-9965.epi-08-0732

Ahearn TU, Shaukat A, Flanders WD, Seabrook ME, Bostick RM. Markers of the APC/B-
Catenin Signaling Pathway as Potential Treatable, Preneoplastic Biomarkers of Risk for
Colorectal Neoplasms. Cancer Epidemiology Biomarkers & Prevention. 2012;21(6):969-
979. d0i:10.1158/1055-9965.epi-12-0126

Tu H, Ahearn TU, Daniel CR, Gonzalez-Feliciano AG, Seabrook ME, Bostick RM.
Transforming growth factors and receptor as potential modifiable pre-neoplastic
biomarkers of risk for colorectal neoplasms. Molecular Carcinogenesis. 2015;54(9):821-

830. doi:10.1002/mc.22152



67.

68.

69.

70.

71.

72.

32

Sidelnikov E, Bostick RM, Flanders WD, et al. MutL-Homolog 1 Expression and Risk of
Incident, Sporadic Colorectal Adenoma: Search for Prospective Biomarkers of Risk for
Colorectal Cancer. Cancer Epidemiology Biomarkers & Prevention. 2009;18(5):1599-
1609. doi:10.1158/1055-9965.epi-08-0800

Sidelnikov E, Bostick RM, Flanders WD, Long Q, Seabrook ME. Colorectal Mucosal
Expression of MSH2 as a Potential Biomarker of Risk for Colorectal Neoplasms. Cancer
Epidemiology Biomarkers & Prevention. 2009;18(11):2965-2973. doi:10.1158/1055-
9965.epi-09-0519

Bostick RM, Fosdick L, Grambsch P, et al. Calcium and Colorectal Epithelial Cell
Proliferation in Sporadic Adenoma Patients: a Randomized, Double- Blinded, Placebo-
Controlled Clinical Trial. JNCI Journal of the National Cancer Institute. 1995;87(17):1307-
1315. doi:10.1093/jnci/87.17.1307

Fedirko V, Bostick RM, Long Q, et al. Effects of Supplemental Vitamin D and Calcium on
Oxidative DNA Damage Marker in Normal Colorectal Mucosa: A Randomized Clinical
Trial. Cancer Epidemiology Biomarkers & Prevention. 2010;19(1):280-291.
doi:10.1158/1055-9965.epi-09-0448

Gao Y, Um CY, Fedirko V, et al. Effects of supplemental vitamin D and calcium on
markers of proliferation, differentiation, and apoptosis in the normal colorectal mucosa
of colorectal adenoma patients. PLOS ONE. 2018;13(12):e0208762.
doi:10.1371/journal.pone.0208762

Kwan A, Um, Caroline, Barry, Elizabeth, Baron, John, Bostick, Roberd. Effects of Vitamin
D and Calcium on MSH2, TGF-a, and TGF-B Expression in Normal-Appearing Colorectal
Mucosa of Sporadic Colorectal Adenoma Patients: A Randomized Clinical Trial. Emory

Rollins School of Public Health Thesis. 2017,



Tables

33



Table 1. Selected baseline characteristics of the trial participants, by treatment group assignment (n
=62)°

Treatment groups
Placebo Calcium  VitaminD Calcium + Vit D

Baseline characteristics (n=12) (n = 16) (n=17) (n=17) P-value®
Age, years 59.9(7.2) 59.9(6.5) 59.2(7.8) 57.6 (7.1) 0.79
Men, % 75.0 81.3 70.6 82.4 0.83
White, % 83.3 75.0 70.6 94.1 0.49
College graduate®, % 66.7 37.5 64.7 53.0 0.35
Family history of CRCd, % 0.0 12.5 20.0 5.9 0.33
Regularly® take NSAID, % 33.3 43.8 23.5 29.4 0.65
Regularly® take aspirin, % 58.3 75.0 58.3 64.7 0.75
Multivitamin user, % 41.7 81.3 47.1 64.7 0.11
Current smoker, % 25.0 6.3 0.0 5.9 0.12
High alcohol use', % 16.7 12.5 235 18.2 0.71
Physical activity, MET-mins./wk.®" 80 (480) 840(1,360) 300 (960) 480 (2,400) 0.003
Body mass index, kg/m2 29.4 (49) 32.3(7.6) 28.7(5.5) 30.0 (4.5) 0.32
VDP2', % 25.0 43.8 56.3 50.0 0.12
Dietary intakes

Total energy, Kcal/day 1,314 (371) 1,737 (546) 1,437 (519) 1,613 (541) 0.18
Total fat, % kcal 38.9(7.8) 35.8(6.8) 37.2(6.5) 34.4 (7.5) 0.13
Dietary fiber, (g/1,000 Kcal/day) 7.2 (2.3) 9.5 (2.9) 9.8 (3.9) 9.8 (2.6) 0.01
Dietary calcium (mg/1,000 Kcal/day) 564 (324) 549 (173) 489 (169) 434 (177) 0.07
Dietary vitamin D (1U/ 1,000 Kcal/day) 261(202) 310(172) 218(212) 278 (208) 0.37
Serum concentrations

Calcium, mg/dL 9.2 (0.2) 9.3(0.3) 9.3(0.3) 9.4 (0.3) 0.22
25-hydroxyvitamin D, ng/mL 22.4(8.2) 24.5(13.4) 23.1(8.7) 22.5 (6.5) 0.93

Abbreviations: CRC, colorectal cancer; Vit D, Vitamin D; MET, metabolic equivalents of task; NSAID,
nonsteroidal anti-inflammatory drug; VDP2, vitamin D binding protein isoform 2

® Data shown as means (SD) unless otherwise specified



® From chi square test for categorical variables, and ANOVA for continuous variables (transformed by the
natural logarithm when indicated to achieve a normal distribution)

“Received a Bachelor's degree or higher

YIn a first degree relative

® At least four times a week

ingh alcohol use is defined as > 1 drink per day for women and > 2 drinks per day for men

€ Median and interquartile range
"Median (IQR) is presented because of the right-skewed distribution of the physical activity variable; the

variable was natural logarithm-transformed, yielding a normal distribution, prior to the ANOVA test
iPercentage of participants with GC rs4588*CA or AA
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Table 2. Estimated effects® of calcium and/or vitamin D supplementation on the expression b of cell cycle and growth
factor biomarkers in the crypts of normal-appearing colorectal mucosa among adjunct biomarker study participants,

stratified by vitamin D binding protein isoform (n = 60)

Biomarkers and

No VDB2 (GC rs4588*CC)

VDB2 (GC rs4588*CA or AA)

. . Absolute . c Absolute .
treatment Relative Rx effect Rx Relative Rx effect Rx interaction
groups d d
n Rxeffect (95%Cl) P-value effect n Rxeffect (95%Cl) P-value effect
Mib-1 (whole crypts)
Placebo 9 3
Calcium 9 1.13 (0.72-1.8) 0.58 214 7 083 (0.49-1.39) 0.46 -271
Vitamin D 7 1.06 (0.65-1.74) 0.80 150 9 078 (047-13) 0.33 -311
Calcium+vit. D 8 1.39 (0.86-2.22) 0.17 482 8 0.63 (0.37-1.06) 0.08 -577 0.21
Bcl-2 (whole crypts)
Placebo 9 3
Calcium 9 0.83 (0.53-1.31) 0.41 -131 7 062 (0.26-1.48) 0.27 -336
Vitamin D 7 1.11 (0.68-1.8) 0.68 50 9 072 (0.31-1.66) 0.42 -221
Calcium+vit. D 8 0.93 (0.58-1.49) 0.76 -55 8 0.85 (0.36-2.03) 0.70 -89 0.86
Bax (whole crypts)
Placebo 9 3
Calcium 9 0.69 (0.3-1.59) 0.37 -145 7 022 (0.06-0.73) 0.02 -493
Vitamin D 7 063 (0.26-1.56) 0.31 -172 9 0.23 (0.07-0.74) 0.02 -493
Calcium+vit. D 8 0.70 (0.29-1.66) 0.40 -109 8 042 (0.13-1.4) 0.15 -295 0.33
p21/mib-1 (differentiation zone)f
Placebo 9 3
Calcium 9 0.45 (0.1-1.95) 0.27 -4.4 7 1.19 (0.18-7.93) 0.85 13
Vitamin D 7 059 (0.12-2.87) 0.50 -2.4 9 1.60 (0.26-9.96) 0.60 4.4
Calcium+vit. D 8 0.55 (0.12-2.52) 0.43 -2.9 8 431 (0.66-28.11) 0.12 12.9 0.07
TGF-a (whole crypts)
Placebo 9 3
Calcium 9 0.94 (0.74-1.2) 0.61 -267 7 076 (0.55-1.04) 0.09 -2,141
Vitamin D 7 1.07 (0.83-1.39) 0.58 458 0.66 (0.49-0.89) 0.01 -3,058



Calcium+vit.D 8 1.00 (0.77-1.3) 0.99 2 8 081 (0.59-1.1) 0.17 -1,825 0.06
TGF-B (whole crypts)

Placebo 9 3

Calcium 9 057 (0.19-1.68) 0.29 -101 7 1.30 (0.24-7.1) 0.75 348

Vitamin D 7 198 (0.62-6.32) 0.24 225 9 072 (0.14-3.68) 0.68 37

Calcium+vit.D 8 0.74 (0.24-2.27) 0.59 57 8 1.08 (0.2-5.67) 0.93 315 0.22

Abbreviations: Cl, confidence interval; Rx, treatment; VDB, vitamin D-binding protein; vit., vitamin
®The results are from mixed linear models implemented in SAS v.9.4 PROC MIXED; biomarker labeling density distributions were
normalized with natural log-transformation, and the relative effects®, 95% Cls, and P-values were taken directly from the mixed

linear models' output, and the absolute effects? were hand calculated from the geometric means
® Biomarkers measured using automated immunohistochemistry and quantitative image analysis; all biomarker measurements
are in optical density

“Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo group follow-up) / (placebo group
baseline)]; interpretation is similar to that for an odds ratio (e.g., a value of 1.50 would be interpreted as a 50% increase in
biomarker expression in the treatment group relative to the placebo group after 1 year)

4 Absolute effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)]
® P interaction By VDB2 isoform calculated using a likelihood ratio test in SAS 9.4 (Cary, NC)

" Ratio of mean p21 to mean mib-1 in the upper 40% (differentiation zone) of crypts
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Table 3. Estimated effects® of calcium and/or vitamin D supplementation on the expressionb of colorectal carcinogenesis
pathway proteins in whole crypts of normal-appearing colorectal mucosa among adjunct biomarker study participants,
stratified by vitamin D binding protein isoform (n = 60)

Biomarkers and

No VDB2 (GC rs4588*CC)

VDB2 (GC rs4588*CA or AA)

treatment Relative Absolute Rx effect® Relative Absolute Rx effect P i nteraction.
groups R effect” Rx effect (95% Cl) P-value R effect” Rx effect  (95% Cl) P-value

APC

Placebo 9 3

Calcium 9 0.91 -309 (-1,108 - 489) 0.44 7 1.03 104 (-1,665-1,873) 0.90

Vitamin D 7 1.26 626 (-228-1,479) 0.14 9 0.80 -392 (-2,101-1,316) 0.64

Calcium+vit.D 8  1.00 -78 (-901-745)  0.85 8 117 302 (-1,434-2,037) 0.72 0.30
B-catenin

Placebo 9 3

Calcium 9 1.05 597 (-1,831-3,025) 0.62 7 1.11 1115 (-2,122-4,353) 0.48

Vitamin D 7 0.99 -152  (-2,748 - 2,443) 0.91 9 0.97 -414 (-3,542-2,713) 0.79

Calcium+vit. D 8 1.05 556 (-1,947 - 3,059) 0.65 8 1.04 404 (-2,834-3,641) 0.80 0.99
E-cadherin

Placebo 9 3

Calcium 9 1.17 750 (-491-1,992) 0.23 7 0.80 -976 (-3,204 - 1,252) 0.37

Vitamin D 7 1.16 704 (-598 - 2,007) 0.28 9 0.78 -1290 (-3,493-913) 0.24

Calcium+vit.D 8 1.17 765 (-491-2,021) 0.22 8 0.98 -185 (-2,391-2,020) 0.86 0.47
MSH2

Placebo 9 3

Calcium 9 0.74 -541  (-1,012--71) 0.03 7 0.80 -577 (-1,241-86) 0.08

Vitamin D 7 1.01 -28 (-531 - 475) 0.91 9 0.75 -698 (-1,338--57) 0.03

Calcium+vit.D 8 0.97 -58 (-557 - 441) 0.81 8 0.84 -501  (-1,192-190) 0.15 0.27

Abbreviations: Cl, confidence interval; VDB2, vitamin D-binding protein isoform 2; Rx, treatment; vit., vitamin

®The results are from mixed linear models implemented in SAS v.9.4 PROC MIXED; since the biomarker labeling densities were
normally distributed, the optical density crude means are presented, the absolute effects were taken directly from the mixed
linear models' output, and the relative effects were hand calculated from the crude means
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P Biomarkers measured using automated immunohistochemistry and quantitative image analysis; all biomarker measurements
are in optical density

“Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo group follow-up) / (placebo group
baseline)]; interpretation is similar to that for an odds ratio (e.g., a value of 1.50 would be interpreted as a 50% increase in
biomarker expression in the treatment group relative to the placebo group after 1 year)

4 Absolute effect = [(treatment group follow-up) - (treatment group baseline)] - [(placebo group follow-up) - (placebo group baseline)]

® P interaction Py VDB2 isoform calculated using a likelihood ratio test in SAS 9.4 (Cary, NC)



Supplemental Table 1. Estimated effects® of calcium and/or vitamin D supplementation on the expressionb of cell cycle
and growth factor biomarkers in the crypts of normal-appearing colorectal mucosa among adjunct biomarker study
participants (n = 62)

Biomarker and Baseline 1-Yr. follow-up Relative Rx effect" Abslc;)l(ute
treatment group Mean (95% Cl) n Mean (95% Cl) Rx effect  (95% Cl) P-value effect®
Mib-1 (whole crypts)

Placebo 12 1,491 (1,182 - 1,882) 12 1,391 (1,103 - 1,755)

Calcium 16 1,098 (898 - 1,344) 16 1,113 (910 -1,362) 1.09 (0.78-1.51) 0.62 115

Vitamin D 17 1,213 (998 - 1,475) 17 1,184 (974 - 1,439) 1.05 (0.75-1.45) 0.79 71

Calcium+vit. D 17 1,330 (1,089 - 1,625) 17 1,351 (1,111-1,642) 1.09 (0.78-1.52) 0.61 121
Bcl-2 (whole crypts)

Placebo 12 671 (477 - 943) 12 779 (581 - 1,045)

Calcium 16 757 (564 - 1,017) 16 671 (520 - 865) 0.76 (0.51-1.13) 0.18 -195

Vitamin D 17 644 (484 - 858) 17 680 (531 - 870) 0.91 (0.61-1.34) 0.63 -72

Calcium+vit. D 17 650 (484 - 872) 17 687 (533 - 886) 091 (0.61-1.35) 0.64 -70
Bax (whole crypts)

Placebo 12 229 (140 - 375) 12 507 (306 - 841)

Calcium 16 274 (179 - 419) 16 291 (188 - 451) 0.48 (0.24-0.95) 0.04 -261

Vitamin D 17 356 (236 - 539) 17 368 (241 - 563) 0.47 (0.24-0.92) 0.03 -267

Calcium+vit. D 17 304 (201 - 459) 17 389 (255 - 595) 0.58 (0.29-1.14) o0.11 -193
p21/mib-1 (differentiation zone)®

Placebo 12 4.7 (2.7-8.2) 12 5.7 (2.7 -12.2)

Calcium 16 8.9 (5.5 - 14.4) 16 5.8 (3.0- 11.3) 0.54 (0.18-1.59) 0.26 -4.07

Vitamin D 17 83 (5.2-13.2) 17 6.8 (3.6-12.9) 0.68 (0.23-1.96) 0.46 -2.49

Calcium+vitD 17 6.9 (4.3-11.1) 17 8.8 (4.7 - 16.7) 1.05 (0.36-3.07) 0.93 0.91
TGF-a (whole crypts)

Placebo 12 6,678 (5,537 - 8,055) 12 7,098 (5,882 - 8,565)

Calcium 16 5,434 (4,636 -6,369) 16 5,240 (4,441-6,182) 0.91 (0.75-1.1) 0.32 -614

Vitamin D 17 6,966 (5,972 -8,127) 17 6,723 (5,741-7,873) 0.91 (0.75-1.1) 0.31 -662

Calcium+vit. D 17 6,100 (5,178 -7,187) 17 6,219 (5,257 -7,358) 0.96 (0.79-1.16) 0.67 -300
TGF-B (whole crypts)

Placebo 12 651 (209 - 2,030) 12 457  (145-1,444)

Calcium 16 483 (180 - 1,294) 16 285 (105 - 771) 0.84 (0.35-2.04) 0.69 5



Vitamin D 17 420  (161-1,092) 17 330 (126 - 866) 112 (0.47-2.68) 0.80 103
Calcium+vit. D 17 179 (69 - 467) 17 121 (46 - 319) 096  (0.4-2.31) 0.93 135

Abbreviations: Cl, confidence interval; Rx, treatment; vit., vitamin

®The results are from mixed linear models implemented in SAS v.9.4 PROC MIXED; biomarker labeling density distributions
were normalized with natural log-transformation, and the relative effects®, 95% Cls, and P -values were taken directly from
the mixed linear models' output, and the absolute effects® were hand calculated from the geometric means

® Biomarkers measured using automated immunohistochemistry and quantitative image analysis; all biomarker measurements
are in optical density

“ Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo group follow-up) / (placebo group
baseline)]; interpretation is similar to that for an odds ratio (e.g., a value of 1.50 would be interpreted as a 50% increase in
biomarker expression in the treatment group relative to the placebo group after 1 year)

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

€ Ratio of mean p21 to mean mib-1 in the upper 40% (differentiation zone) of crypts
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Supplemental Table 2. Estimated effects® of calcium and/or vitamin D supplementation on the expressionb of
colorectal carcinogenesis pathway proteins in whole crypts of normal-appearing colorectal mucosa among adjunct
biomarker study participants (n = 62)

. ] Relativ d
Biomarker and Baseline 1-Yr. follow-up e Rx Absolute Rx effect
treatment group c
n Mean (95% Cl) n Mean (95% Cl) effect” Rxeffect (95% Cl) P -value

APC

Placebo 12 2,876 (2,139-3,612) 12 2,284 (1,743 - 2,824)

Calcium 16 2,849 (2,211-3,487) 16 2,142 (1,674-2,610) 0.95 -115  (-919-690)  0.78

Vitamin D 17 2,375 (1,757-2,994) 17 1,814 (1,360 - 2,268) 0.96 31 (-764-825)  0.94

Calcium+vit. D 17 2,866 (2,247 - 3,484) 17 2,512 (2,058 - 2,966) 1.10 238 (-556-1,033) 0.55
B-catenin

Placebo 12 10,648 (9,184 -12,111) 12 10,698 (9,148 - 12,247)

Calcium 16 10,633 (9,366 - 11,900) 16 11,543 (10,201 - 12,885) 1.08 860 (-921-2,640) 0.34
Vitamin D 17 11,048 (9,818 -12,277) 17 10,995 (9,693 - 12,296) 0.99 -103 (-1,861-1,654) 0.91
Calcium +vit. D 17 11,210 (9,943 - 12,478) 17 11,640 (10,298 - 12,981) 1.03 379 (-1,401-2,159) 0.67

E-cadherin
Placebo 12 5,065 (4,082-6,048) 12 4,716 (3,955-5,477)
Calcium 16 4,379 (3,528-5,231) 16 4,213 (3,540-4,886) 1.03 183 (-890-1,255) 0.73
Vitamin D 17 5,227 (4,384-6,069) 17 4,752 (4,100 - 5,405) 0.98 -125 (-1,197-946) 0.82
Calcium+vit. D 17 4,639 (3,814-5,465) 17 4,783 (4,131-5,435) 1.11 493 (-565-1,551) 0.35
MSH2
Placebo 12 2,006 (1,581-2,431) 12 2,295 (1,912-2,678)
Calcium 16 1,886 (1,518-2,254) 16 1,698 (1,366 -2,030) 0.79 -476  (-852--101) 0.01
Vitamin D 17 1,856 (1,499-2,213) 17 1,879 (1,557-2,201) 0.89 -265  (-636 - 105) 0.16
Calcium +vit. D 17 1,752 (1,390-2,114) 17 1,918 (1,581 - 2,254) 0.96 -123  (-512-266)  0.53

Abbreviations: Cl, confidence interval; Rx, treatment; vit D, vitamin D

% The results are from mixed linear models implemented in SAS v.9.4 PROC MIXED; since the biomarker labeling densities
were normally distributed, the optical density crude means are presented, the absolute effects were taken directly from the
mixed linear models' output, and the relative effects were hand calculated from the crude means



P Biomarkers measured using automated immunohistochemistry and quantitative image analysis; all biomarker
measurements are in optical density

“Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo group follow-up) / (placebo group
baseline)]; interpretation is similar to that for an odds ratio (e.g., a value of 1.50 would be interpreted as a 50% increase in
biomarker expression in the treatment group relative to the placebo group after 1 year)

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