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Abstract To further clarify and/or develop calcium and vitamin D as chemopreventive agents
against colorectal cancer in humans, understand the mechanisms by which these agents
reduce risk for the disease, and develop “treatable” biomarkers of risk for colorectal cancer,
we conducted a pilot, randomized, double-blind, placebo-controlled, 2 × 2 factorial clinical
trial to test the effects of calcium and vitamin D3, alone and in combination on markers of
apoptosis, in the normal colorectal mucosa. Ninety-two men and women with at least one
pathology-confirmed colorectal adenoma were treated with 2.0 g/d calcium or 800 IU/d
vitamin D3, alone or in combination, versus placebo over 6 months. Overall expression
and colorectal crypt distributions of Bcl-2 (an apoptosis inhibitor) and Bax (an apoptosis
promoter) in biopsies of normal-appearing rectal mucosa were detected by automated
immunohistochemistry and quantified by image analysis. After 6 months of treatment, Bax
expression along the full lengths of crypts increased 56% (P = 0.02) in the vitamin D group
and 33% in both the calcium (P = 0.31) and calcium plus vitamin D (P = 0.36) groups relative
to the placebo group. The vitamin D treatment effect was more pronounced in the upper
40%, or differentiation zone, of crypts (80%; P = 0.01). There were no statistically significant
treatment effects on Bcl-2 expression. Overall, these preliminary results suggest that calci-
um and vitamin D, individually or together, may enhance apoptosis in the normal human
colorectal epithelium, and the strongest treatment effects may be vitamin D related and in
the upper sections of the colorectal crypts.

Despite advances in screening and treatment, mortality due
to colorectal cancer, the second leading cause of cancer deaths
in the United States (1, 2), has declined only modestly over the
past 50 years, the decline probably a result of screening and

polypectomy (2). This situation recalls an analogous one with
ischemic heart disease (IHD) 3 decades ago. With the advent
of biological measurements as markers of risk for the disease,
including lipid profiles and blood pressures, plausible preven-
tive interventions could be readily investigated, response to
preventive treatment could be monitored, and subsequently,
with individual and population control of the “biomarkers,”
mortality rates from the disease began a dramatic decline,
which continues today (3). Using biological measurements of
risk, as they have for IHD, should likewise result in a decline in
colorectal cancer incidence and mortality. Based on this vision,
this study has intertwined missions of exploring the efficacy of
two plausible and evidentially well-supported dietary agents,
calcium and vitamin D, on modulating plausible molecular
phenotypic biomarkers of risk for colorectal neoplasia.
There is strong biological plausibility and animal experi-

mental and human evidence for protection against colorectal
neoplasms by calcium and vitamin D. Proposed mechanisms
of calcium against colorectal cancer include protection of colo-
nocytes against bile acids and fatty acids (4, 5), direct effects
on cell cycle regulation (6), and modulation of E-cadherin and
β-catenin expression via the calcium-sensing receptor (6–8).
Proposed mechanisms for vitamin D involve bile acid catabo-
lism, direct effects on the cell cycle, growth factor signaling,
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and immunomodulation (4, 6, 9). Although calcium and, espe-
cially, vitamin D have proapoptotic effects on colonocytes
in vitro and in animal models (10–15), this has not been suffi-
ciently confirmed in humans (16–18). Higher total calcium in-
takes are associated with reduced risk for colorectal adenoma
(19–21), and calcium supplementation reduces adenoma re-
currence (22–24). In addition, higher serum 25-OH-vitamin
D levels in a limited number of studies were associated with
reduced risk for colorectal adenoma (25, 26). However, the in-
dependent and combined antineoplastic effects of calcium and
vitamin D in humans are unclear, and there have been no
colorectal cancer–related chemoprevention trials of vitamin D
individually or jointly with calcium.
There are no generally accepted preneoplastic biomarkers of

risk for colorectal cancer. Colorectal cancer, such as IHD, is a
complex, multifactorial disease, which, like IHD, will require a
multifactorial preventive approach and a panel of biomarkers
to describe phenotypes from which to categorize and quantify
risk. Whereas for IHD risk markers, the obvious place to look
was in the vascular system, an obvious place to look for risk
markers for colon cancer is in the tissue in which it forms: the
colorectal epithelium. Although at first glance this would
seem impractical, we have shown that the clinical procedures
required are similar in ease, time, invasiveness, and discom-
fort as a digital rectal/prostate exam or a Pap smear (27). Al-
though a urine or blood test would be more practical, it is
most likely that such surrogate marker tests can eventually
be more readily and rationally developed guided by the re-
sults from studying tissue markers. Phenotypic biomarkers
are attractive biomarkers because they “summarize” the result
of complex interactions among genotype, gene-gene interac-
tions, epigenetic phenomenon, environmental exposures,
and gene-environment interactions. This is certainly true of
lipid profiles (3) and should be no less so for the “molecular
state,” or phenotype, of the colorectal epithelium.
To address these issues, we conducted a pilot, randomized,

double-blind, placebo-controlled, 2 × 2 factorial chemopreven-
tion 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 modulating the expres-
sion of apoptotic biomarkers (proapoptotic Bax and antiapop-
totic Bcl-2) of risk in the normal colorectal mucosa.

Materials and Methods
This study was approved by the Emory University Institutional Re-

view Board. Written informed consent was obtained from each study
participant.

Participant population
Participants were recruited from the patient population attending

the Digestive Diseases Clinic of Emory University. Eligibility included
age 30 to 75 y, in general good health, capable of informed consent,
and a history of at least one pathology-confirmed sporadic colon or
rectal adenoma within the past 36 mo. Exclusions included contrain-
dications to calcium or vitamin D supplementation or rectal biopsy
procedures, and medical conditions, habits, or medication usage that
would otherwise interfere with the study. Specific exclusions are listed
in Supplementary Appendix 1.

Clinical trial protocol
Participant recruitment and flow is depicted in Fig. 1. All age-eligi-

ble practice patients diagnosed with at least one pathology-confirmed

adenomatous colonic or rectal polyp within the previous 36 mo
were identified as potential study participants. Medical charts
were screened, and potentially eligible patients were sent an intro-
ductory letter followed by a telephone interview during which
willingness to participate and further eligibility was assessed, and,
if appropriate, an in-person eligibility visit was scheduled. During
the eligibility visit, potential participants were interviewed and
signed a consent form, their medication and nutritional supplement
bottles were reviewed, and they completed questionnaires (on so-
ciodemographics, medical history, medication and nutrition supple-
ment use, lifestyle, family history, and others) and provided a
blood sample. Diet was assessed with a semiquantitative food
frequency questionnaire (28). Medical and pathology records were
reviewed. Those still eligible and willing to participate then entered
a 30-d placebo run-in trial. Only participants without significant
perceived side effects and took at least 80% of their tablets were
randomized. Adherence for the run-in trial was assessed by ques-
tionnaire, interview, and pill count. Eligible participants then under-
went a baseline rectal biopsy and were randomly assigned
(stratified by sex and nonsteroidal anti-inflammatory drug use)
over 9 mo to treatment group. Of those who passed initial chart
eligibility, 42% were contacted and 20% were eligible and consented
to participate.
Participants (n = 92) were randomly assigned to the following four

treatments: placebo (n = 23), 2.0 g elemental calcium supplementation
(as calcium carbonate in equal doses twice daily; n = 23), 800 IU vita-
min D3 supplementation (400 IU twice daily; n = 23), and 2.0 g ele-
mental calcium plus 800 IU vitamin D3 (n = 23).
Study tablets were custom manufactured by Tishcon Corp. The

corresponding supplement and placebo pills were identical in size,
appearance, and taste. The placebo was free of calcium, magnesium,
vitamin D, and chelating agents.
Calcium carbonate was used for elemental calcium delivery in this

trial because it was also successfully used in the Calcium Polyp
Prevention adenoma recurrence (29) and Calcium and Colorectal
Epithelial Cell Proliferation trials (30), it was used in most large stud-
ies using calcium long term for other reasons and therefore had the
most established safety record, it is inexpensive, and it delivers more
elemental calcium per tablet than other forms; thus, fewer tablets are
required, enhancing adherence.
Vitamin D3 was chosen as our form of vitamin D for several

reasons, including avoidance of the toxicity risks associated with
1,25-(OH)2-vitamin D or 25-OH-vitamin D. Supplementation with
vitamin D3 (a prohormone) takes advantage of natural metabolism
to generate the most active moiety. Supplementation with even
large doses of vitamin D3 does not increase total 1,25-(OH)2-vitamin
D levels in individuals who are not vitamin D deficient (31). Multi-
vitamins and calcium/vitamin D supplements typically provide
400 IU of vitamin D3 daily, but numerous intervention studies (re-
viewed in refs. 32, 33) show that this dose will not suppress para-
thyroid hormone in most North American adults; however, 800 IU
daily raises 25-OH-vitamin D levels toward the desired range and
leaves a substantial margin of safety even when combined with
dietary intake.
Over the 6-mo treatment period, participants attended follow-up

visits at 2 and 6 mo after randomization and were contacted by
telephone at monthly intervals between the second and final fol-
low-up visits (Fig. 1). At follow-up visits, pill-taking adherence
was assessed by questionnaire, interview, and pill count. Adverse
events were monitored by interview at each study visit and interim
telephone call and 2 wk after the last visit, questionnaire (included
questions about hospitalizations, medical visits and diagnoses,
medication changes, and symptoms) at each study visit, and by
participant-initiated telephone calls, and graded according to NIH
Common Toxicity Criteria and likelihood that they were study re-
lated. Participants were instructed to remain on their usual diet and
not take any nutritional supplements not in use on entry into the
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study. At each follow-up visit, participants were interviewed and
completed questionnaires. At the first and last visits, all participants
underwent venipuncture and a rectal biopsy procedure. Participants
were asked to abstain from aspirin use for 7 d before each biopsy
visit. All visits for a given participant were scheduled at the same
time of day to control for possible circadian variability in the out-
come measures. Factors hypothesized to be related to the expres-
sion of apoptosis markers in normal colon mucosa (e.g., diet and
medications) were assessed at baseline, several were reassessed at
the first follow-up visit, and all were reassessed at the final fol-

low-up visit. Participants did not have to be fasting for their visits
and did not take a bowel cleansing preparation or enema.
Six 1-mm-thick biopsy specimens were taken from the rectal muco-

sa 10 cm proximal to the external anal aperture through a rigid sig-
moidoscope with a jumbo cup flexible endoscopic forceps mounted
on a semiflexible rod, teased off the forceps with and onto a strip of
bibulous paper, then immediately placed in PBS and oriented under a
dissecting microscope to ensure that they were not twisted or curled
on the bibulous paper, and then immediately placed in 10% normal
buffered formalin.

Fig. 1. Flow diagram of a trial of
supplemental calcium and vitamin D3,
alone and in combination, versus placebo
over 6 mo on markers of apoptosis in the
normal colorectal mucosa.
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Immunohistochemistry protocol
The biopsies in formalin were left undisturbed for at least 6 h, trans-

ferred to 70% ethanol 24 h after being placed in formalin, embedded in
paraffin blocks within 2 wk of the biopsy procedure, cut and stained
within another 4 wk, and analyzed within another 4 wk. Five slides
with four section levels each taken 40 μm apart were prepared for
each biomarker, yielding a total of 20 levels per biomarker. Heat-me-
diated antigen retrieval was accomplished by steaming the slides for
40 min using a Pretreatment Module (Lab Vision Corp.) with 100×
Citrate Buffer (pH 6.0; DAKO Corp.). Next, immunohistochemical
processing by a labeled streptavidin-biotin method was accomplished
using a DAKO Automated Stainer. The following reagents were used:
antibody (Bcl-2 antibody, 1:100 dilution, Santa Cruz Biotechnology,
Inc.; or Bax antibody, 1:200 dilution, DAKO) diluted with Antibody
Diluent (DAKO), LSAB2 Detection System (DAKO), DAB (DAKO),
and TBS buffer (DAKO). The slides, which were not counterstained,
were coverslipped automatically with a Leica CV5000 Coverslipper
(Leica Microsystems, Inc.) and placed in opaque slide folders. In each
staining batch of biopsy slides, positive and negative control slides
were included. Tonsil, used as a control tissue for both apoptosis bio-
markers, was processed in the same manner as the patient's tissue ex-
cept that antibody diluent was used rather than primary antibody on
the negative control slide.

Protocol for quantifying staining density of
immunohistochemically detected biomarkers in
normal colon crypts (“scoring”)
The method (scoring) used to describe and quantify various char-

acteristics of the labeled antigens in the colon crypts was a quantita-
tive image analysis procedure for antigens that are labeled with a
wide range of intensities in gradient distributions along the crypt
axis—something that cannot be done manually. The unit of analysis
was the “hemicrypt,” defined as one half of a crypt bisected from
crypt base to colon lumen. A “scorable” hemicrypt was defined as
an intact hemicrypt that extended from the muscularis mucosa to
the colon lumen.
The major equipment and software for the image analysis proce-

dures (scoring) were the following: personal computer, light micro-
scope with appropriate filters and attached digital light microscope
camera, digital drawing board, ImagePro Plus image analysis soft-
ware (Media Cybernetics, Inc.), our custom-developed plug-in
software for colorectal crypt analysis, and Microsoft Access
(Microsoft Corp.). Equipment and imaging software settings were
standardized. Slides were oriented in a standard manner and the
section levels on the slides were viewed in sequence using light
microscopy at ×200 magnification. The reader created a slide
background correction image for the slide to be analyzed and, fo-
cusing on the first hemicrypt, captured and transferred the image
as a 16-bit per pixel grayscale image from the camera to the image
analysis program. Next, the hemicrypt was analyzed by precisely
tracing the borders of the hemicrypt using a digital drawing board.
The program then created a crypt length line midway along the
hemicrypt axis, and then drew equally spaced perpendicular lines
to the crypt length line at intervals to yield segments with the
average widths of normal colonocytes. Finally, the program adjust-
ed for any background levels on the slide, measured the absorbance
of the labeling across the entire hemicrypt as well as within each
segment, and entered the resulting data into the database automat-
ically. Then, the reader moved to the next hemicrypt on the same or
next image, section level, biopsy, and/or slide and repeated all the
previously described analysis steps. The goal was to analyze a
minimum of 16 hemicrypts on each of two biopsies, for a total of
32 hemicrypts.
One slide reader analyzed all of the Bax-stained and Bcl-2–stained

slides throughout the study. Blinded subsets of previously analyzed
slides were resubmitted to the reader during the study to assess

intrareader reliability, which was found to range from 0.95 to 0.98
throughout.

Protocol for measuring serum 25-OH-vitamin D and
1,25-(OH)2-vitamin D levels
Laboratory assays for plasma 25-OH-vitamin D and 1,25-(OH)2-

vitamin D were done by Dr. Bruce W. Hollis at the Medical University
of South Carolina using a RIA method as previously described
(34, 35). Plasma samples for baseline and follow-up visits for all sub-
jects 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 for plasma 25-OH-vitamin
D was 2.3% and 6.2% for 1,25-(OH)2-vitamin D.

Statistical analysis
Treatment groups were assessed for comparability of characteristics

at baseline and final follow-up by the Fisher's exact test for categorical
variables and ANOVA for continuous variables. Slide scoring reliabil-
ity was analyzed using intraclass correlation coefficients.
The mean density of staining for Bax, Bcl-2, and the Bax/Bcl-2

ratio in normal colon crypts was calculated for each patient at base-
line and 6-mo follow-up by summing all the densities from all an-
alyzed crypts from the biopsy specimens and dividing by the
number of crypts analyzed. Measures of the within-crypt distribu-
tions of the apoptotic markers (e.g., the ratio of expression in the
upper 40% to the lower 60% of the crypts) were calculated for each
patient by taking the mean of the biomarker densities in the upper
40% of crypts, or in the lower 60% of crypts, and constructing ra-
tios of expression in the upper 40% to the lower 60% of crypts. We
decided a priori to use as measures of the within-crypt distributions
of the apoptotic markers the ratio of expression in the upper 40%
(differentiation zone) to the lower 60% (proliferation zone) of the
crypts, and the ratio of expression in the upper 20% (closest to
colon lumen contents) to the lower 20% (furthest colon lumen
contents) of the crypts because they represent the ratios of well-
recognized functional or exposure zones. We transformed biomarker
expression density data by dividing each individual's measurement
by the mean density of the staining batch to adjust for possible
batch effects, and then mean transformed biomarker densities were
calculated for each treatment group for the baseline and 6-mo follow-
up visits.
Treatment effects were evaluated by assessing the differences in

the transformed densities from baseline to the 6-mo follow-up visit
between patients in each active treatment group and the placebo
group. The differences in the transformed densities from baseline
to 6 mo between each active treatment group and controls were
tested with two-sided Wilcoxon exact nonparametric tests. The
magnitude of the treatment effects on the biomarker staining den-
sities and distributions was expressed as relative effects, defined as
(treatment group follow-up mean/treatment group baseline mean)/
(placebo follow-up mean/placebo baseline mean). The interpreta-
tion of the relative effect is somewhat analogous to that of an odds
ratio (e.g., a relative effect of 2.0 would mean that the relative pro-
portional change in the treatment group was twice as great as that
in the placebo group). Primary analyses were based on randomiza-
tion treatment assignment regardless of adherence status (intent-to-
treat analysis).
The distributions of Bax and Bcl-2 batch-standardized staining den-

sities were plotted along the colorectal crypts by normalizing each
crypt to 50 sections, averaging within each section across all crypts
separately for each patient, and then for each treatment group.
In sensitivity analyses, we also analyzed data without batch stan-

dardization by including batch as a covariate and using different
transformations; the results from these analyses did not differ materi-
ally from those reported.
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Statistical analyses were done using Statistical Analysis System
software (version 9.1; SAS Institute, Inc.). A cutoff level of P ≤ 0.05
(two sided) was used for assessing statistical significance.

Results

Study participants
Treatment groups did not differ significantly on charac-

teristics measured at baseline (Table 1) or at final follow-up
(data not shown). The mean age of participants was 61 years,
64% were men, 71% were white, and 20% had a family
history of colorectal cancer in a first-degree relative. Most
participants were nonsmokers, college graduates, and over-
weight.
Adherence to visit attendance averaged 92% and did not

differ significantly among the four treatment groups. On aver-

age, at least 80% of pills were taken by 93% of participants at
the first follow-up visit and 84% at the final follow-up visit.
There were no adverse events attributed to study procedures
or treatments. Seven participants (8%) were lost to follow-up
due to perceived drug intolerance (n = 2), unwillingness to con-
tinue participation (n = 3), physician's advice (n = 1), and death
(n = 1). Dropouts included one person from the vitamin D sup-
plementation group and two persons from each of other three
groups.
At baseline, there were no significant differences between

the four study groups in serum 25-OH-vitamin D or 1,25-
(OH)2-vitamin D levels (Table 2). By study end, serum
25-OH-vitamin D levels had statistically significantly increased
in the vitamin D and calcium plus vitamin D groups, and
seemed to have slightly, nonsignificantly decreased in the
placebo and calcium groups (Table 2). As expected, serum

Table 1. Selected baseline characteristics of the study participants (n = 92)

Characteristics Treatment group P*

Placebo Calcium Vitamin D Calcium + vitamin D
(n = 23) (n = 23) (n = 23) (n = 23)

Demographics
Age (y) 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

Medical history
History of colorectal cancer in 1° relative (%) 17 30 17 13 0.60
Take NSAID regularly† (%) 22 13 9 22 0.60
Take aspirin regularly (%) 22 52 30 56 0.05
If woman (n = 28), taking estrogens (%) 4 9 4 4 1.00

Habits
Current smoker (%) 9 4 0 0 0.61
Take multivitamin (%) 30 30 26 39 0.86

Mean dietary intakes
Total energy intake (kcal/d) 1,596 (528) 1,788 (691) 1,848 (821) 1,845 (752) 0.59
Total calcium‡ (mg/d) 618 (308) 746 (335) 843 (526) 824 (714) 0.41
Total vitamin D‡ (IU/d) 277 (230) 336 (202) 360 (317) 415 (316) 0.40
Total fat (g/d) 67 (32) 72 (35) 70 (32) 74 (28) 0.59
Dietary fiber (g/d) 15 (7) 17 (9) 18 (9) 17 (11) 0.97
Alcohol (g/d) 9 (14) 11 (15) 14 (18) 10 (20) 0.84

Anthropometrics
Body mass index (kg/m2) 30.6 (7.2) 29.4 (5.5) 28.9 (5.56) 31.6 (6.0) 0.44
Waist-to-hip ratio 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 1.0 (0.1) 0.17

VDR BsmI genotype (%)
bb 35 39 48 30 0.25
Bb 35 57 43 52
BB 30 4 9 17

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
1,25-(OH)2-vitamin D (pg/mL) 39.2 (12.2) 45.4 (35.3) 44.5 (22.6) 37.9 (12.5) 0.60

NOTE: Data are given as means (SD) unless otherwise specified.
Abbreviations: NSAID, nonsteroidal anti-inflammatory drug; VDR, vitamin D receptor.
*By Fisher's exact χ2 test for categorical variables and by ANOVA for continuous variables.
†At least once a week.
‡Diet plus supplements.
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levels of 1,25-(OH)2-vitamin D at the end of follow-up did not
differ significantly between treatment groups (Table 2).

Graphical assessment of changes over 6 months in the
distributions of Bax and Bcl-2 expression along normal
colorectal crypts
The distributions of Bax and Bcl-2 staining densities

(“expression”) along the colorectal crypts at the baseline and
6-month follow-up visits are shown in Figs. 2 and 3, respec-

tively. Bax and Bcl-2 staining densities were batch standard-
ized and multiplied by 100 for graphical presentation. In the
placebo group, Bax expression seemed to decrease, especially
in the crypt bases, whereas Bcl-2 expression seemed un-
changed from baseline to follow-up (Figs. 2A and 3A). In
the calcium group, Bax expression did not seem to change
from baseline to follow-up, whereas Bcl-2 expression tended
to be lower in the crypt bases (Figs. 2B and 3B). In the vitamin
D group, there were no apparent changes in Bcl-2 expression;
however, Bax expression seemed to increase, especially in the

Table 2. Serum 25-OH-vitamin D and 1,25-(OH)2-vitamin D, Bax, and Bcl-2 expression in colorectal crypts
at baseline and 6-mo follow-up shown as batch-standardized optical density of staining from the
immunohistochemically detected biomarkers

Baseline 6-mo follow-up Absolute difference* Relative effect‡

n Mean SD P† n Mean SD P† n Mean SD P†

Serum vitamin D
25-OH-vitamin D§

Calcium + vitamin D 23 20.93 9.65 0.84 21 28.51 7.94 <0.0001 21 7.59 6.19 <0.0001 1.56
Vitamin D 23 21.04 8.33 0.81 22 29.48 7.23 <0.0001 22 8.44 6.05 <0.0001 1.60
Calcium 23 25.67 7.59 0.05 21 23.20 8.88 0.03 21 −2.46 4.45 0.88 1.03
Placebo 23 20.44 7.55 N/A 21 17.89 6.93 N/A 21 −2.55 6.00 N/A 1.00

1,25-(OH)2-vitamin D§

Calcium + vitamin D 23 37.89 12.54 0.85 21 36.71 28.84 0.95 21 −1.18 32.81 0.97 1.02
Vitamin D 23 44.48 22.58 0.44 22 47.40 27.97 0.13 22 2.92 35.74 0.57 1.12
Calcium 23 45.37 35.31 0.36 21 31.66 12.44 0.42 21 −13.71 32.49 0.21 0.74
Placebo 23 39.17 12.19 N/A 21 37.13 10.70 N/A 21 −2.04 9.76 N/A 1.00

Biomarker expression in colorectal crypts
A. Entire crypts
Bax
Calcium + vitamin D 23 0.97 0.50 0.59 21 1.01 0.31 0.43 21 0.01 0.60 0.36 1.33
Vitamin D 23 0.82 0.44 0.05 22 1.00 0.28 0.56 22 0.16 0.54 0.02 1.56
Calcium 23 1.00 0.36 0.70 21 1.04 0.42 0.43 21 0.03 0.59 0.31 1.33
Placebo 23 1.21 0.87 N/A 21 0.94 0.32 N/A 21 −0.30 0.83 N/A 1.00

Bcl-2
Calcium + vitamin D 23 1.15 0.56 0.19 21 1.03 0.43 0.62 21 −0.12 0.66 0.57 0.84
Vitamin D 23 0.87 0.47 0.58 22 1.06 0.40 0.57 22 0.17 0.58 0.25 1.14
Calcium 23 1.06 0.62 0.66 21 0.91 0.50 0.44 21 −0.17 0.86 0.80 0.80
Placebo 23 0.93 0.46 N/A 21 0.99 0.40 N/A 21 0.07 0.60 N/A 1.00

Bax/Bcl-2 ratio
Calcium + vitamin D 23 0.89 0.37 0.01 21 1.06 0.30 0.62 21 0.15 0.49 0.08 1.71
Vitamin D 23 1.03 0.46 0.05 22 1.06 0.43 0.91 22 0.02 0.43 0.37 1.47
Calcium 23 1.37 1.23 0.38 21 1.55 1.55 0.43 21 0.15 2.09 0.52 1.62
Placebo 23 1.54 1.55 N/A 21 1.08 0.50 N/A 21 −0.51 1.63 N/A 1.00

B. Upper 40% of crypts
Bax
Calcium + vitamin D 21 0.014 0.01 0.29 21 0.018 0.01 0.40 21 0.004 0.01 0.13 1.52
Vitamin D 22 0.011 0.01 0.03 22 0.017 0.00 0.27 22 0.006 0.01 0.01 1.80
Calcium 21 0.016 0.01 0.63 21 0.017 0.01 0.52 21 0.002 0.01 0.60 1.25
Placebo 21 0.018 0.01 N/A 21 0.016 0.01 N/A 21 −0.003 0.01 N/A 1.00

Bcl-2
Calcium + vitamin D 21 0.001 0.00 0.07 21 0.002 0.00 0.78 21 0.001 0.00 0.27 0.52
Vitamin D 22 0.001 0.00 0.76 22 0.002 0.00 0.90 22 0.001 0.00 0.66 0.71
Calcium 21 0.001 0.00 1.00 21 0.002 0.00 0.38 21 0.001 0.00 0.50 0.84
Placebo 21 0.001 0.00 N/A 21 0.002 0.00 N/A 21 0.002 0.00 N/A 1.00

(Continued to the following page)
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crypt opening onto the colon lumen (“crypt mouth”; Figs. 2C
and 3C). In the calcium plus vitamin D group, there seemed to
be slight decreases in Bcl-2 and Bax expression in the crypt
bases and a slight increase in Bax expression in the crypt
mouth (Figs. 2D and 3D).

Effects of calcium and/or vitamin D on the separate
and relative expressions of Bax and Bcl-2 in normal
colorectal crypts
After 6 months of treatment, Bax expression along the full

lengths of crypts increased proportionately by 56% (P = 0.02)

Bax/Bcl-2 ratio
Calcium + vitamin D 21 24.17 37.46 0.03 21 15.37 10.64 0.40 21 −10.43 33.49 0.11 0.97
Vitamin D 22 22.33 17.83 0.17 22 23.17 30.69 0.46 22 0.17 23.40 0.14 1.59
Calcium 21 36.67 32.32 0.85 21 29.01 45.97 0.33 21 −7.60 56.13 0.88 1.21
Placebo 21 45.61 57.42 N/A 21 29.80 66.10 N/A 21 −16.78 94.47 N/A 1.00

C. Ratio of upper 40% to lower 60% of crypts
Bax
Calcium + vitamin D 21 0.70 0.27 0.27 21 0.95 0.19 0.15 21 0.24 0.36 0.25 1.19
Vitamin D 22 0.62 0.32 0.07 22 0.89 0.16 0.97 22 0.27 0.34 0.06 1.26
Calcium 21 0.75 0.36 0.85 21 0.85 0.22 0.53 21 0.12 0.43 0.80 1.00
Placebo 21 0.77 0.25 N/A 21 0.87 0.14 N/A 21 0.09 0.33 N/A 1.00

Bcl-2
Calcium + vitamin D 21 0.05 0.03 0.23 21 0.07 0.05 0.86 21 0.02 0.05 0.69 0.70
Vitamin D 22 0.06 0.13 0.95 22 0.06 0.04 0.67 22 0.00 0.12 0.61 0.47
Calcium 21 0.03 0.03 0.54 21 0.08 0.09 0.62 21 0.05 0.09 0.96 1.09
Placebo 21 0.04 0.03 N/A 21 0.08 0.06 N/A 21 0.04 0.07 N/A 1.00

Bax/Bcl-2 ratio
Calcium + vitamin D 21 32.68 53.91 0.08 21 20.04 13.26 0.47 21 −14.29 47.55 0.28 0.91
Vitamin D 22 28.45 22.26 0.45 22 31.73 44.18 0.64 22 2.57 36.41 0.19 1.66
Calcium 21 41.29 35.05 0.97 21 19.66 11.34 0.73 21 −20.97 33.31 0.90 0.71
Placebo 21 41.23 46.16 N/A 21 27.75 43.67 N/A 21 −14.28 68.02 N/A 1.00

D. Ratio of upper 20% to lower 20% of crypts
Bax
Calcium + vitamin D 21 0.55 0.32 0.21 21 0.84 0.27 0.20 21 0.28 0.42 0.22 1.31
Vitamin D 22 0.52 0.40 0.08 22 0.77 0.18 0.78 22 0.24 0.44 0.14 1.27
Calcium 21 0.63 0.40 0.97 21 0.74 0.29 0.57 21 0.11 0.50 0.92 0.99
Placebo 21 0.63 0.28 N/A 21 0.74 0.19 N/A 21 0.09 0.39 N/A 1.00

Bcl-2
Calcium + vitamin D 21 0.01 0.01 0.15 21 0.02 0.02 0.71 21 0.01 0.03 0.49 0.56
Vitamin D 22 0.01 0.03 0.60 22 0.02 0.02 0.43 22 0.001 0.02 0.12 0.32
Calcium 21 0.01 0.01 0.70 21 0.03 0.04 0.90 21 0.02 0.04 0.78 0.92
Placebo 21 0.01 0.01 N/A 21 0.02 0.02 N/A 21 0.02 0.03 N/A 1.00

Bax/Bcl-2 ratio
Calcium + vitamin D 21 174.48 310.09 0.08 21 101.47 108.63 0.57 21 −86.77 247.09 0.19 1.56
Vitamin D 22 175.65 211.44 0.16 22 303.18 682.54 0.43 22 120.26 659.71 0.04 4.64
Calcium 21 212.88 235.39 0.54 21 65.10 44.07 1.00 21−157.37 233.21 0.81 0.82
Placebo 21 225.01 215.08 N/A 21 83.73 90.47 N/A 21−151.99 251.61 N/A 1.00

NOTE: Batch standardization for each biomarker was done by dividing each individual measurement by the average density of the staining
batch.
*Absolute difference = [treatment group follow-up − treatment group baseline] or [placebo group follow-up − placebo group baseline].
‡Relative effect = [(treatment group follow-up/treatment group baseline)/(placebo follow-up/placebo baseline)]; interpretation as for odds
ratio (e.g., a relative effect of 1.8 indicates a proportional increase of 80% in the treatment group relative to that in the placebo group).
†Exact two-sided nonparametric test P value for difference between each active treatment group and placebo group.
§Differences at visit 2 and 4 and follow-up minus baseline measurements (absolute difference) were tested by ANOVA.

Table 2. Serum 25-OH-vitamin D and 1,25-(OH)2-vitamin D, Bax, and Bcl-2 expression in colorectal crypts at
baseline and 6-mo follow-up shown as batch-standardized optical density of staining from the immuno‐
histochemically detected biomarkers (Cont'd)

Baseline 6-mo follow-up Absolute difference* Relative effect‡

n Mean SD P† n Mean SD P† n Mean SD P†

Vitamin D, Calcium, and Apoptosis in Colon

219 Cancer Prev Res 2009;2(3) March 2009www.aacrjournals.org

Association for Cancer Research. 
on November 29, 2021. © 2009 Americancancerpreventionresearch.aacrjournals.org Downloaded from 

Published OnlineFirst March 3, 2009; DOI: 10.1158/1940-6207.CAPR-08-0157 

http://cancerpreventionresearch.aacrjournals.org/


in the vitamin D group and 33% in both the calcium (P = 0.31)
and calcium plus vitamin D (P = 0.36) groups relative to the
placebo group (Table 2A). The vitamin D treatment effect on
Bax expression was more pronounced (80%; P = 0.01) in the
canonical differentiation zone, or upper 40%, of crypts (Table
2B). In addition, Bax expression in the upper 40% relative to
the lower 60% of the crypts increased by 26% (P = 0.06) in the
vitamin D group relative to the placebo group (Table 2C).
There were no statistically significant treatment effects on
Bcl-2 expression along the entire crypt, in the upper 40% of
crypts, or in the ratios representing the distribution of the bio-
marker in the crypts; however, there was a suggestion of some
decrease in Bcl-2 expression in the calcium and calcium plus
vitamin D groups (Table 2A). The estimated relative treatment
effects on the Bax/Bcl-2 ratio along the entire crypt in the cal-
cium, vitamin D, and calcium plus vitamin D groups were in-
creases of 62% (P = 0.52), 47% (P = 0.37), and 71% (P = 0.08),
respectively (Table 2A). For the vitamin D group relative to the
placebo group, the proportional increase in the Bax/Bcl-2 ratio
in the upper 20% relative to the lower 20% of crypts was 464%
(P = 0.04).

Discussion

This study had intertwined missions of further clarification
and/or development of calcium and vitamin D as chemopre-
ventive agents against colorectal cancer in humans, under-
standing the mechanisms by which these agents reduce risk
for the disease in humans, and the development of treatable
biomarkers of risk for colorectal cancer. It addressed these mis-
sions by exploring the efficacy of two plausible and evidential-
ly well-supported dietary agents, calcium and vitamin D3

(alone and in combination), on modulating a plausible set of
molecular phenotypic biomarkers of risk for colorectal neopla-
sia. In this preliminary trial, we found strong evidence for an
increase in Bax expression in normal colon crypts of sporadic
colorectal adenoma patients in response to 6 months of vita-
min D supplementation, a finding that is consistent with the
hypothesis that a higher intake of vitamin D may increase
proapoptotic stimuli in the normal human colon mucosa
and reduce risk for colorectal cancer. Our findings also indicat-
ed that the strongest treatment effect on Bax expression was in
the upper sections of colorectal crypts, suggesting that vitamin
D increases apoptosis in the parts of colorectal crypts most ex-
posed to bowel lumen carcinogens. Although not statistically
significant, our data also suggested that calcium and calcium
plus vitamin D supplementation may reduce Bcl-2 expression,
that treatment effects of calcium and/or vitamin D on Bax
may be more pronounced relative to Bcl-2 expression (empha-
sizing the importance of evaluating both apoptotic markers to-
gether), and that there may be stronger treatment effects of
vitamin D when combined with calcium than for vitamin D
alone.
This trial emphasizes the importance of randomization to

treatment assignment and a placebo control group in cancer
chemoprevention trials. In the placebo group, we observed a
decrease in Bax expression and in the Bax/Bcl-2 ratio after
6 months of follow-up. The cause(s) for the time-related influ-
ence(s) producing these decreases in the placebo group is un-
known but may have been due to the Hawthorne effect
(participants in clinical trials change their health-related beha-

viors while under observation), and some participants may
have been developing recurrent polyps, laboratory drift,
and/or chance. In clinical trials, such extraneous temporal in-
fluences are presumed to occur equally across all treatment
groups; therefore, change in the placebo group is “subtracted”
from any change in an active treatment group to yield the true
treatment effect. Thus, in this trial, without a placebo control
group, the treatment effect on apoptotic markers would have
been underestimated.
Although we hypothesized that the effects of calcium plus

vitamin D on the apoptotic markers would be greater than
from either agent alone, we found that Bax expression went
up more in the vitamin D group than in the vitamin D plus
calcium group. There are several possible explanations for this
finding, including chance, especially considering the small
sample size, and that the two agents may have attenuated
the effects of either alone. In at least one 2 × 2 factorial exper-
iment of calcium and vitamin D in rodents, substantial treat-
ment effects in proliferation markers were found for the
individual agents but not for the combination (36). In a Wo-
men's Health Initiative randomized clinical trial, there was
no evidence for an overall treatment effect from the combina-
tion of supplemental calcium (1,000 mg daily) and vitamin D
(400 IU daily) on colorectal cancer incidence (37); however,
these overall results are difficult to interpret because of the
low doses and high rates of intervention agent drop in and
drop out. On the other hand, most animal studies that inves-
tigated the combination of calcium and vitamin D reported
that supplemental vitamin D has stronger antineoplastic
effects in animals given relatively high-calcium diets (38–40);
in two large cohort studies (41, 42), there was clear evidence of
a positive interaction between the two nutrients; and in the
Calcium Polyp Prevention adenoma recurrence trial, there
were strong indications that vitamin D enhanced the chemo-
preventive effect of calcium (43).
There is substantial evidence that markers of apoptosis,

including Bax and Bcl-2 expression, are plausible candidates
for treatable biomarkers of risk for colorectal neoplasms. Fail-
ure to delete cells with accumulated genetic and epigenetic
changes via apoptosis is an important step in colon carcino-
genesis that may lead to adenoma development and, thus, co-
lorectal cancer (44, 45). Inadequate rates of apoptosis may be a
consequence of the separate and combined influences of mul-
tiple genetic, epigenetic, and environmental factors. Proapop-
totic or antiapoptotic tendencies in the normal colon mucosa
are reflected by the expression of Bax and Bcl-2 proteins, re-
spectively. Thus, measuring both of these proteins in colon
crypts provides a good indicator of apoptosis.
There is substantial evidence from in vitro (10–13) and ani-

mal studies (14, 15) that calcium and vitamin D enhance apo-
ptosis in colonocytes. Possible mechanisms include direct
effects on apoptotic proteins, mediated in part by the vitamin
D receptor and the calcium-sensing receptor (46, 47), induction
of differentiation with subsequent promotion of apoptosis
(10), and indirect effects on apoptosis as a result of decreased
inflammation (48). Our data are consistent with the hypothesis
that vitamin D promotes apoptosis in the normal human colon
mucosa. We found an increase in the expression of proapopto-
tic Bax in the entire and upper 40% of colorectal crypts. We
also observed statistically nonsignificant increases in Bax
and decreases in Bcl-2 expression in the calcium and calcium
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plus vitamin D groups relative to the placebo group. The Bax/
Bcl-2 ratio increased in the entire colorectal crypt after calcium
and vitamin D supplementation, indicating a shift toward
more apoptosis. The ratio of the upper 40% to the lower
60% of crypts represents the ratio of two functionally distinct
zones, differentiation and proliferation. Vitamin D supple-
mentation increased Bax and the balance of Bax to Bcl-2 in ra-
tios of the upper 40% to the lower 60% of crypts, which can
mostly be explained by an increase of Bax in the upper 40% of
crypts. Another ratio that we constructed was of the upper
20% to the lower 20% of crypts, which represented the con-
trast between the areas of the crypts most proximal to or dis-
tant from damaging colon lumen contents. Again, in the ratio
of the upper 20% to the lower 20% of crypts, we observed a
significant increase in the balance of Bax to Bcl-2, some de-
crease in Bcl-2, and some increase in Bax in the vitamin D
and calcium plus vitamin D groups. No effects of calcium sup-
plementation on the apoptosis markers in the upper 20% rel-
ative to the lower 20% of crypts were observed.
There are few reported human studies of effects of supple-

mental calcium and vitamin D, including no large randomized
trials of their combined effects, on apoptotic markers in the
normal colon mucosa. One small pilot crossover study (n =
40) of calcium supplementation or low-fat dairy foods and

biomarkers of apoptosis reported no change in epithelial cell
apoptosis [measured by the terminal deoxynucleotidyl trans-
ferase–mediated dUTP nick end labeling (TUNEL)] or the ex-
pression of the proapoptotic gene product Bak in the normal-
appearing colon mucosa (16). Another small study (n = 21)
found no effects of calcium and vitamin D supplementation
over 6 months on apoptosis by the TUNEL method or on
Bcl-2 expression in either normal rectal mucosa or in situ
polyps (17), but did find an increase in the frequency of Bak
immunostained cells in the polyps (17). In a cross-sectional
study, weak, nonstatistically significant direct associations be-
tween dietary calcium and an apoptosis score were found in
patients both with and without adenomas (n = 498), and an
inverse nonstatistically significant association between serum
vitamin D levels and an apoptosis score was found in adeno-
ma patients (n = 92; ref. 18).
This study has several limitations and strengths. Treatment

effects could not be examined in parts of the colon other than
the rectum; however, several studies suggest that patterns or
levels of apoptosis across levels of the colon may be highly
correlated (49, 50). Apoptotic markers are not proven biomar-
kers of risk for colon cancer; however, substantial basic science
literature supports an important role for apoptosis in colon
carcinogenesis. This study cannot prove that because vitamin D

Fig. 2. Distribution of Bax staining densities along normal colorectal crypts by treatment group at baseline and follow-up. A, placebo group. B, calcium group.
C, vitamin D group. D, calcium + vitamin D group.
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or calcium can increase apoptosis in normal colon tissue, they
can reduce risk for colon cancer. On the other hand, this study
is the only randomized, double-blind, placebo-controlled trial
to have assessed the independent and combined effects of sup-
plemental calcium and vitamin D on apoptosis markers in the
normal colorectal epithelium; there was high protocol adher-
ence by study participants; immunostaining was automated;
and, via the use of novel quantitative image analysis proce-
dures, biopsy analysis reliability was high.
Overall, these results from this pilot clinical trial suggest

that (a) vitamin D and calcium, individually or together,
may enhance apoptosis in the normal human colorectal epi-
thelium; (b) they do so via up-regulating Bax expression alone
or relative to Bcl-2 expression; (c) the strongest treatment ef-
fects may be vitamin D related and in the upper sections of

the colorectal crypts; and (d) Bax expression, alone or in com-
bination with Bcl-2 expression, may be a treatable biomarker
of risk for colorectal neoplasms.
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