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Abstract
To investigate the potential efficacy of calcium and vitamin D in reducing risk for colorectal neoplasms and to
develop “treatable” phenotypic biomarkers of risk for
colorectal neoplasms, we conducted a pilot, randomized, double-blind, placebo-controlled, 2 × 2 factorial
clinical trial to test the effects of these agents on cell
cycle markers in the normal colorectal mucosa. Ninetytwo men and women with at least one pathologyconfirmed colorectal adenoma were treated with 2 g/day
calcium and/or 800 IU/day vitamin D3 versus placebo
over 6 months. Overall expression and distributions
of p21waf1/cip1 (marker of differentiation), MIB-1 (marker of short-term proliferation), and hTERT (marker
of long-term proliferation) in colorectal crypts in the
normal-appearing rectal mucosa were detected by automated immunohistochemistry and quantified by image
analysis. In the calcium, vitamin D, and calcium plus

vitamin D groups relative to the placebo, p21 expression increased by 201% (P = 0.03), 242% (P = 0.005),
and 25% (P = 0.47), respectively, along the full lengths
of colorectal crypts after 6 months of treatment. There
were no statistically significant changes in the expression of either MIB-1 or hTERT in the crypts overall;
however, the proportion of hTERT, but not MIB-1, expression that extended into the upper 40% of the
crypts was reduced by 15% (P = 0.02) in the vitamin
D plus calcium group relative to the placebo. These
results indicate that calcium and vitamin D promote
colorectal epithelial cell differentiation and may “normalize” the colorectal crypt proliferative zone in
sporadic adenoma patients, and support further investigation of calcium and vitamin D as chemopreventive
agents against colorectal neoplasms. (Cancer Epidemiol Biomarkers Prev 2009;18(11):2933–41)

Introduction
Colorectal cancer is the second leading cause of cancer
death in the United States (1). Despite advances in treatment, screening, and prevention, colorectal cancer mortality has declined only modestly in recent years, indicating
the need for treatable preneoplastic biomarkers of risk for
colorectal neoplasms in humans that could be used for
monitoring the efficacy of preventive interventions and
for developing chemopreventive agents against colorectal
cancer.
Calcium and vitamin D are two plausible and evidentially well-supported dietary potential antineoplastic
agents. Proposed, likely complementary, mechanisms of
calcium against colorectal cancer include protection of
colonocytes against bile acids and fatty acids (2), direct
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effects on cell proliferation, and modulation of the APC colon carcinogenesis pathway (3). Proposed, likely complementary, mechanisms for vitamin D include effects on
regulating cell cycle events; promoting bile acid degradation; influencing growth factor signaling, cell adhesion, inflammation, and immune function; and modulating >200
responsive genes (3, 4). Also, epidemiologic studies found
that higher total calcium intakes have been consistently associated with reduced risk for colorectal neoplasms (5, 6),
calcium supplementation reduced adenoma recurrence
(7), and higher blood 25-OH–vitamin D levels have been
associated with reduced risk for colorectal adenoma (5, 8).
Almost all carcinomas of the colon and rectum develop
from adenomatous polyps, which are thought to arise
from the “susceptible” colorectal epithelium characterized
by hyperproliferation, impaired apoptosis, and reduced
differentiation. Removal of the polyps does not eliminate
risk for adenoma recurrence, suggesting that the normalappearing colorectal epithelium possesses molecular phenotypic changes that put a person at risk for developing
a neoplasm. Reduced differentiation and altered cell cycle
control occur during the early stages of colon tumorigenesis; therefore, markers of cell proliferation and differentiation in the colorectal epithelium may serve as phenotypic
biomarkers of risk for colorectal neoplasia and may be
modifiable by chemopreventive agents.
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As described herein, we tested the effects of calcium and
vitamin D on a marker of cell differentiation (p21waf1/cip1),
and two markers of cell proliferation (MIB-1/Ki-67 and
hTERT). p21 is a cyclin-dependent kinase inhibitor that
plays an important role in cell differentiation, cell cycle
control, apoptosis modulation, and tumorigenesis (9). In
colorectal crypts, p21 is expressed only in fully differentiated cells (10), whereas telomerase (as indicated by detection of hTERT, the catalytic subunit of the telomerase) is
expressed only in proliferative cells of colon crypts (11);
and the proliferation-associated marker MIB-1/Ki-67 is expressed in all cells not in G0 phase of the cell cycle (12). We
used telomerase expression as indicated by hTERT in colon
crypt cells as a marker of long term proliferative activity,
and the S-phase marker MIB-1 as a “snapshot” or shortterm proliferative indicator.
Few published human studies tested the effect of calcium and vitamin D supplementation on colorectal epithelial cell proliferation and differentiation (13-16), which
may serve as preneoplastic modifiable biomarkers of risk
for colorectal neoplasms. To address this, we conducted a
pilot, randomized, double-blind, placebo-controlled, 2 × 2
factorial chemoprevention clinical trial of supplemental
calcium and vitamin D3, alone and in combination versus
placebo over 6 months, to estimate the efficacy of these
agents on markers of differentiation and proliferation in
the normal colorectal mucosa. We hypothesized that calcium and vitamin D3, alone and in combination, increase
colonocyte differentiation, decrease the overall rate of
proliferation, and normalize the distribution of proliferating cells in crypts within the normal-appearing colorectal
epithelium.

Patients and Methods
This study was approved by the Emory University Institutional Review Board; written informed consent was obtained from each study participant.
Participant Population. The detailed protocol of study
recruitment and procedures with detailed specific exclusions was published previously (17). Briefly, eligible patients, 30 to 75 y of age, in general good health, with a
history of at least one pathology-confirmed colorectal adenoma within the past 36 mo, and no contraindications to
calcium or vitamin D supplementation or rectal biopsy
procedures and no medical conditions, habits, or medication usage that would otherwise interfere with the study
treatment or procedures, were recruited from the patient
population attending the Digestive Diseases Clinic at the
Emory Clinic, Emory University.
Clinical Trial Protocol. Between April 2005 and January 2006, 522 eligible patients were identified after initial
screening of electronic medical records, and 224 (43%) patients were sent an introductory letter and contacted by
telephone to see if they would be interested and eligible
to participate in the study. Potential participants (n = 105;
47%) attended the eligibility visit, during which they were
interviewed, signed a consent form, completed questionnaires, and provided a blood sample (17). Diet was
assessed with a semiquantitative food frequency questionnaire (18). Medical and pathology records were reviewed. After a 30-d placebo run-in trial, 92 (88%)
participants without significant perceived side effects

and who had taken at least 80% of their tablets underwent
a baseline rectal biopsy and, if still willing to participate,
were randomly assigned to the following four treatment
groups (n = 23/treatment group) for 6 mo (duration to
ensure 25-OH–vitamin D steady-state): a placebo control
group, a 2.0-g elemental calcium (as calcium carbonate in
equal doses twice daily) supplementation group, an 800IU vitamin D 3 supplementation group (400 IU twice
daily), and a calcium plus vitamin D supplementation
group taking 2.0 g elemental calcium plus 800 IU of vitamin D3 daily. Additional details on the rationale for the
doses and forms of calcium and vitamin D supplements
were previously published (17).
Participants attended follow-up visits 2 and 6 mo after
randomization and were contacted by telephone monthly
between the second and final follow-up visits. Pill-taking
adherence was assessed by questionnaire, interview,
and pill count. Participants were instructed to remain
on their usual diet and not take any nutritional supplements not being taken on entry into the study. At each
of the follow-up visits, participants were interviewed
and completed questionnaires. At the last visit all participants underwent venipuncture and a rectal biopsy procedure. All visits for a given participant were scheduled at
the same time of day to control for possible circadian variability in the outcome measures. Factors hypothesized to
be related to the expression of biomarkers in normal colon
mucosa (e.g., diet, age) were assessed at baseline and at
the final follow-up visit. Participants did not have to be
fasting for their visits and did not take a bowel cleansing
preparation or enema.
All laboratory assays for serum 25-OH– and 1,25-(OH)2–
vitamin D were done by Dr. Bruce Hollis at the Medical
University of South Carolina in a blinded manner using a
RIA method as previously described (19). The average
intraassay coefficient of variation for 25-OH–vitamin D
was 2.3%, and for 1,25-(OH)2–vitamin D, 6.2%.
Six sextant 1-mm-thick biopsy specimens were taken
from the rectal mucosa 10 cm proximal to the external
anal aperture through a rigid sigmoidocsope with a jumbo cup flexible endoscopic forceps mounted on a semiflexible rod. The biopsies were then immediately placed
in PBS, reoriented under a dissecting microscope, and
transferred to 10% normal buffered formalin followed
by transfer to 70% ethanol 24 h after initial placement in
formalin. Then, within a week, the biopsies were processed and embedded in paraffin blocks (three biopsies
per block).
Immunohistochemistry Protocol. Five slides with four
3.0-μm-thick section levels each taken 40 μm apart were
prepared for each antigen. Heat-mediated antigen retrieval was accomplished by placing the slides in a preheated
Pretreatment Module (Lab Vision Corp.) with 100× Citrate Buffer (pH 6.0; DAKO S1699, DAKO Corp.) and
steaming them for 40 min. After antigen retrieval, slides
were placed in a DAKO Automated Immunostainer
and immunohistochemically processed using a labeled
streptavidin-biotin method for p21, hTERT, and MIB-1
as summarized in Fig. 1. The slides were not counterstained. After staining, the slides were coverslipped with
a Leica CV5000 Coverslipper (Leica Microsystems, Inc.).
In each staining batch of slides, positive and negative control slides were included. Tonsil was used as a control tissue for all biomarkers. The negative and the positive
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Figure 1. Summary of biomarker immunohistochemical protocols and images (at ×200 magnification) of colon crypts immunohistochemically processed for: A. p21waf1/cip1, differentiation marker; B. MIB-1/Ki-67, marker of short-term proliferative activity; C.
hTERT, marker of long-term proliferative activity.
control slides were treated identically to the patients'
slides except 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”). A quantitative image analysis
method (scoring) was used to evaluate the expression of
the biomarkers in the colon crypts, as described previously
(17) and shown in Fig. 2A. Briefly, a “scorable” crypt
was defined as an intact crypt extending from the muscularis mucosa to the colon lumen (20). Before analysis,
negative and positive control slides were checked for
staining adequacy. Standardized settings were used on
all equipment and software for the image analysis procedures: Olympus BX40 light microscope (Olympus
America, Inc.), Polaroid DMC digital light microscope
camera (Polaroid Corporation), computer, digital drawing board, ImagePro Plus image analysis software (Media Cybernetics, Inc.), our custom plug-in software for
colorectal crypt analysis, and Microsoft Access (Microsoft Corporation). The technician reviewed slides under
the light microscope and selected two of three biopsies
with 8 to 10 scorable crypts per biopsy, then created a background correction image for each slide, captured the 16-bit
grayscale 1,600 × 1,200 pixel image of the crypt at 200×
magnification, and traced the borders of the “hemicrypt”
(one half of the crypt). The program then divided the tracing into equally spaced intervals to yield segments with the
average widths of normal colonocytes, measured the absorbance of the labeling across the entire hemicrypt as well as
within each segment, and saved the resulting data into the
database. Then, the technician moved to the next hemicrypt
and repeated all the previously described analysis steps.
One slide reader analyzed all of the stained slides
throughout the study with high intrareader reliability—
0.95 for MIB-1, 0.98 for hTERT, and 0.96 for p21.
Statistical Analysis. Treatment groups were assessed
for comparability of characteristics at baseline and at final
follow-up by the Fisher's exact test for categorical variables
and ANOVA for continuous variables. Slide scoring reliability was analyzed using intraclass correlation coefficients.

Several outcome variables were defined to estimate the
expression of the markers in the crypts overall as well as
how they were distributed within the crypts. The mean
optical density of staining for MIB-1, hTERT, and p21 in
normal colon crypts was calculated for each patient at
baseline and 6-mo follow-up by summing all the densities
from all analyzed crypts from the biopsy specimens and
dividing by the number of crypts analyzed (this measure
indicates the overall rate of proliferation or differentiation
of rectal crypt epithelial cells and is further called LI, labeling index ref. 20). The crypt differentiation compartment was defined a priori as the upper 40% of the
crypts, and the crypt proliferation compartment as the
bottom 60% of the crypts (Fig. 1; refs. 15, 20, 21). Measures
of the within-crypt distributions of the proliferation markers (i.e., the ratio of expression in the upper 40% to that
in the entire crypts, ϕh) were calculated for each patient
by taking the mean of the biomarker densities in the upper 40% of crypts and dividing it by the biomarker densities in the entire crypt. For the proliferation markers, we
decided a priori to use the ϕh because it is an indicator of
an upward extension of the canonical proliferative zone of
the colon crypt and was found previously to be modified
by calcium and/or calcium plus vitamin D supplementation (15, 22, 23).
Primary analyses were based on assigned treatment at
the time of randomization, regardless of adherence status
(intent-to-treat analysis). The three biomarkers were analyzed separately. We transformed biomarker expression
density data by dividing each individual measurement
by the staining batch's average density to adjust for possible batch effects (batch standardization). At baseline,
batch-specific mean staining densities were calculated using the measurements from all treatment groups, whereas
for the follow-up visit, only measurements from the placebo group were used. Absolute treatment effects were
calculated as the differences in the batch-standardized
densities from baseline to the 6-mo follow-up visit between patients in each active treatment group and the placebo group using a MIXED effects model. Interaction
between calcium and vitamin D treatments was assessed
in the MIXED model by including calcium and vitamin D
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as factors and interaction term between them. Since
optical density is measured in arbitrary units, to provide
perspective on the magnitude of the treatment effects,
we also calculated relative effects (17, 20), defined as:
(treatment group follow-up mean/treatment group baseline mean)/(placebo follow-up mean/placebo baseline
mean). The relative effect provides an estimate of the proportional change in the treatment group relative to that in
the placebo group, and its interpretation is somewhat
analogous to that of an odds ratio (e.g., a relative effect
of 2.0 would mean that the relative proportional change
in the treatment group was twice as great as that in
the placebo group). The Delta method was used to derive
the 95% confidence intervals for the relative effects (24).
Because the treatment groups were balanced on risk
factors at baseline, no adjustment was made for other
covariates in the primary intent-to-treat analyses.
Spearman's rank and partial Spearman's rank correlation coefficients were used to compare cell proliferation
marker values at baseline and follow-up, respectively.
The distributions of the biomarkers' staining densities
were graphically evaluated using the LOESS procedure
with smoothing parameter 0.5 and local quadratic fitting.
First, the number of sections within a hemicrypt was standardized to 50. Then, the average for each section across
all crypts was predicted by the LOESS model separately

for each patient, and then for each treatment group by
follow-up visit. The results were plotted in the graphs
along with smoothing lines.
In sensitivity analyses, we also analyzed data without
standardization for batch, as well as by including batch as
a covariate and using different transformations. The results from these analyses did not differ materially from
those reported. Statistical analyses were done using SAS
System software (version 9.1.3; SAS Institute, Inc.). A cutoff level of P ≤ 0.05 (two-sided) was used for assessing
statistical significance.

Results
Characteristics of Study Participants. The treatment
groups did not differ significantly on participant characteristics measured at baseline (Table 1) or at the end of the
study (data not shown). The mean age of the 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 overweight. Biopsy specimens that were scorable
were obtained for 87, 90, and 90 participants at baseline, and
for 83, 85, and 84 participants at 6-month follow-up for the
hTERT, MIB-1, and p21 markers, respectively.

Figure 2. A quantitative image analysis (A) with an example of resulting distributions of p21 marker expression (staining optical
densities) along the normal-appearing colorectal crypts in the calcium (B) and vitamin D (C) groups at baseline and follow-up visits.
A. Quantitative image analysis of p21 staining optical densities along the normal colorectal crypts consists of several steps: (i) finding
scorable crypts (refer to text for details); (ii) manually tracing half of the crypt (“hemicrypt”), followed by automated division of the
outline into segments representing the width of an average colonocyte; (iii) automated background-corrected densitometry of the
overall and segment-specific labeling of the biomarker and entry of the resulting data into the database. B. Mean batch-standardized
absorbance of p21 staining along normal colorectal crypts in the calcium group at baseline and 6 months of follow-up. C. Mean
batch-standardized absorbance of p21 staining along normal colorectal crypts in the vitamin D group at baseline and 6 months of
follow-up.
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Table 1. Selected baseline characteristics of the study participants (n = 92)
Characteristics

P*

Treatment group

Demographics, medical history, habits, anthropometrics
Age, y
Men (%)
White (%)
College graduate (%)
History of colorectal cancer in first-degree relative (%)
Take NSAID† regularly‡ (%)
Take aspirin regularly‡ (%)
If woman (n = 28), taking estrogens (%)
Current smoker (%)
Take multivitamin (%)
BMI, kg/m2
Mean dietary intakes
Total energy intake, kcal/d
Total§ calcium, mg/d
Total§ vitamin D, IU/d
Total fat, g/d
Dietary fiber, g/d
Alcohol, g/d
Adenoma characteristic
Multiple adenomas∥ (%)
Large adenoma ≥ 1 cm¶ (%)
Villous/tubulovillous adenoma**
Mild dysplasia (%)

Placebo
(n = 23)

Calcium
(n = 23)

Vitamin D
(n = 23)

Calcium + vitamin D
(n = 23)

58.5 (8.2)
70
74
65
17
22
22
4
9
30
30.6 (7.2)

61.9 (8.2)
70
83
61
30
13
52
9
4
30
29.4 (5.5)

60.2 (8.1)
70
65
57
17
9
30
4
0
26
28.9 (5.6)

62.1 (7.5)
70
61
44
13
22
56
4
0
39
31.6 (6.0)

1,596
618
277
67
15
9

(528)
(308)
(230)
(32)
(7)
(14)

1,788 (691)
746 (335)
336 (202)
72 (35)
17 (9)
11 (15)

17
19
4
100

22
32
9
96

1,848
843
360
70
18
14

(821)
(526)
(317)
(32)
(9)
(18)

39
17
9
100

1,845
824
415
74
17
10

(752)
(714)
(316)
(28)
(11)
(20)

26
9
4
100

0.39
1.00
0.39
0.53
0.60
0.60
0.05
1.00
0.61
0.86
0.44
0.59
0.41
0.40
0.59
0.97
0.84
0.45
0.32
1.00
1.00

NOTE: Data are given as means (SD) unless otherwise specified.
Abbreviation: BMI, body mass index.
*By Fisher's exact χ2 test for categorical variables, and ANOVA for continuous variables.
†
Nonsteroidal anti-inflammatory drug.
‡
At least weekly.
§
Diet plus supplements.
∥
At least two adenomas.
¶
At least one large adenoma.
**At least one villous or tubulovillous adenoma.

Adherence to visit attendance averaged 92% and did
not differ significantly among the four treatment groups.
On average, at least 80% of pills were taken by 93% of
participants at the first follow-up visit and 84% at the final
follow-up visit. There were no treatment or biopsy complications. Seven people (8%) were lost to follow-up due
to perceived drug intolerance (n = 2), unwillingness to
continue participation (n = 3), physician's advice (n = 1),
and death (n = 1). Dropouts included one person from the
vitamin D supplementation group, and two persons from
each of the 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. At the study end, the vitamin D and calcium plus vitamin D groups had significantly higher levels of serum 25-OH–vitamin D (P <
0.001), whereas the placebo and calcium groups had
slight nonsignificant decreases in 25-OH–vitamin D levels
(17). As expected, serum levels of 1,25-(OH)2–vitamin D
at the end of follow-up period did not differ significantly
between study groups (17).
Effects of Calcium and/or Vitamin D on p21 Expression in Normal Colorectal Crypts. After 6 months of
treatment, p21 expression along the full lengths of crypts
increased statistically significantly by 201% (P = 0.03),
242% (P = 0.005), and 25% (P = 0.47) in the calcium, vitamin D, and calcium plus vitamin D groups, respectively,
relative to the placebo group (Table 2A). The graphical assessment of changes over 6 months in the distribution of

p21 expression along crypts showed that the largest postsupplemental increases in p21 were in the upper 40% of
the crypts (Fig. 2B and C), and the numerical findings
limited to the upper 40% of the crypts were essentially
the same as for the entire crypt (Table 2A). There was a
statistically significant antagonistic interaction between
calcium and vitamin D3 treatments on p21 expression
(Table 2A).
Effects of Calcium and/or Vitamin D on MIB-1 and
hTERT Expression in Normal Colorectal Crypts. There
were no statistically significant treatment effects on the
expression of MIB-1 in the crypts overall or in the proportion of its overall expression that extended into the upper
40% of the crypts (ϕh) in any active treatment group relative to placebo (Table 2B). Also, there were no statistically significant changes in the expression of hTERT in the
entire crypt at the end of follow-up; however, the hTERT
LI ϕh decreased by 10% (P = 0.13), 3% (P = 0.61), and 15%
(P = 0.02) in the calcium, vitamin D, and calcium plus
vitamin D groups relative to the placebo, respectively
(Table 2C).
Graphical assessments of changes in the distributions
of MIB-1 and hTERT, and separate analyses of changes
in the expression of these biomarkers in the upper 40%
and lower 60% of the crypts over 6 months of treatment
indicated that the decrease in the ϕh observed in each active treatment group relative to the placebo at the end of
the follow-up, while related to decreases in biomarker expression in the upper 40% of the crypts, was also related,
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Discussion

in part, to slight increases in expression in the bottoms of
the crypts (data not shown).
A statistically significant positive correlation was
found between the baseline expression of MIB-1 and
hTERT with Spearman's rank correlation coefficients being
0.35 (P = 0.001) and 0.28 (P = 0.009) for the LI and ϕh, respectively. At the end of follow-up, the MIB-1 and hTERT
labeling indices were positively correlated (ρpartial = 0.35,
P = 0.001), but not the MIB-1 ϕh with the hTERT ϕh
(ρpartial = 0.13, P = 0.24). A weak statistically nonsignificant correlation was noted between the LI and ϕh for
each of the cell proliferation biomarkers at both study
visits (ρ < |0.15|, P > 0.31).
We also investigated whether VDR genotype, change in
25-OH–vitamin D levels, adherence to treatment, sex,
family history of colorectal cancer, and nonsteroidal antiinflammatory drug use modified the observed associations; however, the sample size was too small for these
results to be reliable (data not shown).

These data provide evidence for a substantial increase in
cell differentiation, as indicated by increased expression
of p21, in the normal colorectal epithelium of sporadic adenoma patients in response to vitamin D 3 or calcium
supplementation and, thus, are consistent with the hypothesis that increased levels of circulating vitamin D or
a higher intake of calcium may reduce risk for colorectal
neoplasms. Our data also suggest that vitamin D3 may
have a slightly greater effect than calcium on p21 expression, and vitamin D combined with calcium may have a
lesser treatment effect than either calcium or vitamin D
alone on p21. Furthermore, the data provide no evidence
that the overall colorectal epithelial cell proliferation rate,
as indicated by the expression of short- and long-term
markers of proliferation in the entire colorectal crypt,
can be reduced by calcium and vitamin D, alone or in
combination. However, our data suggested that calcium

Table 2. Colorectal expression of p21, MIB-1, and hTERT during the clinical trial
Baseline
n

Mean

6-mo follow-up

SEM

P∥

A. p21¶ expression in colorectal crypts
Entire crypts (LI)
Placebo
22
1.23
0.17
Calcium
23
0.85
0.17 0.11
Vitamin D 22
0.81
0.17 0.08
Ca + vit. D 23
1.12
0.17 0.62
Upper 40% of crypts (LI40)
Placebo
22
1.10
0.15
Calcium
23
0.86
0.15 0.26
Vitamin D 22
0.77
0.15 0.13
Ca + vit. D 23
1.02
0.15 0.70
B. MIB-1¶ expression in colorectal crypts
Entire crypts (LI)
Placebo
22
1.01
0.10
Calcium
23
0.90
0.09 0.42
Vitamin D 22
0.83
0.10 0.18
Ca + vit. D 23
1.25
0.09 0.09
Ratio of upper 40% to entire crypts (ϕh)
Placebo
22
0.07
0.01
Calcium
23
0.09
0.01 0.40
Vitamin D 22
0.08
0.01 0.56
Ca + vit. D 23
0.08
0.01 0.72
C. hTERT¶ expression in colorectal crypts
Entire crypts (LI)
Placebo
21
1.08
0.10
Calcium
22
1.01
0.10 0.63
Vitamin D 22
0.83
0.10 0.08
Ca + vit. D 22
1.08
0.10 0.98
Ratio of upper 40% to entire crypts (ϕh)
Placebo
21
0.37
0.01
Calcium
22
0.39
0.01 0.33
Vitamin D 22
0.37
0.01 0.81
Ca + vit. D 22
0.39
0.01 0.25

Absolute Rx effect*

Relative
effect†

95%

CI‡

Pinteraction§

n

Mean

SEM

P∥

n

Mean

SEM

P∥

21
21
21
21

1.00
1.37
1.58
1.13

0.18
0.18
0.18
0.18

0.14
0.02
0.60

20
21
20
21

0.00
0.78
0.98
0.23

0.33
0.34
0.33

0.03
0.01
0.47

1.00
2.01
2.42
1.25

1.08
1.30
0.69

3.72
4.51
2.26

0.01

21
21
21
21

0.91
1.43
1.54
1.09

0.16
0.16
0.16
0.16

0.02
0.01
0.43

20
21
20
21

0.00
0.77
0.96
0.26

0.31
0.31
0.31

0.02
0.00
0.41

2.02
2.44
1.29

1.11
1.31
0.71

1.00
3.66
4.53
2.34

0.004

21
21
22
21

1.00
1.09
1.08
1.10

0.10
0.10
0.10
0.10

0.50
0.58
0.49

20
21
22
21

0.00
0.18
0.25
−0.13

0.19
0.19
0.19

0.30
0.18
0.50

1.00
1.23
1.32
0.89

0.84
0.89
0.62

1.80
1.96
1.27

0.04

21
21
22
21

0.06
0.07
0.07
0.07

0.01
0.01
0.01
0.01

0.64
0.71
0.84

20
21
22
21

0.00
−0.01
−0.003
−0.003

0.03
0.03
0.03

0.80
0.89
0.92

1.00
0.94
0.97
0.97

0.47
0.48
0.48

1.87
1.94
1.97

0.68

20
20
22
21

1.00
1.00
0.97
1.06

0.10
0.10
0.10
0.10

0.99
0.85
0.70

19
19
21
20

0.00
0.07
0.25
0.14

0.21
0.21
0.21

0.73
0.27
0.80

1.00
1.07
1.27
1.05

0.72
0.84
0.72

1.59
1.93
1.54

0.33

20
20
22
21

0.42
0.39
0.41
0.37

0.01
0.01
0.01
0.01

0.24
0.63
0.03

19
19
21
20

0.00
−0.04
−0.01
−0.07

0.03
0.03
0.03

0.13
0.61
0.02

1.00
0.90
0.97
0.85

0.78
0.85
0.74

1.03
1.11
0.98

0.93

Abbreviations: Rx, treatment; 95% CI, confidence interval; Ca + vit. D, calcium + vitamin D.
* Absolute treatment effect = ([treatment group follow-up - treatment group baseline] - [placebo group follow-up - placebo group baseline]); actual calculations from the Mixed model, in which the interactions between treatment group and follow-up visits terms estimate absolute treatment effect in each active
treatment group relative to the placebo.
†
Relative effect = [(treatment group follow-up/treatment group baseline)/(placebo follow-up/placebo baseline)]; interpretation similar to that for an odds
ratio (e.g., a relative effect of 1.8 would indicate a proportional increase of 80% in the treatment group relative to that in the placebo group).
‡
95% confidence interval for relative effect calculated by the Delta method (24).
§
P value for interaction between calcium and vitamin D3 treatments from Mixed model; covariates included random intercept, two factors (calcium and
vitamin D3 coded as 0/1 variable), follow-up visit, and all appropriate interaction terms between factors and follow-up visit.
∥
P value for difference between each active treatment group and placebo group from Mixed model. Covariates included random intercept, follow-up visit,
treatment group, and treatment group by follow-up visit interaction.
¶
Biomarkers detected immunohistochemically and then their labeling densities were quantified by image analysis; all biomarkers values shown as batchstandardized optical densities. Batch standardization for each biomarker was done by dividing each individual measurement by the staining batch's average
optical density.
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combined with vitamin D may shift downwards (“normalize”) the distribution of proliferating cells in the colorectal crypts as indicated by the expression of a long-term,
but not short-term, marker of cell proliferation.
p21waf1/cip1, a cyclin-dependent kinase inhibitor used
in this study as a marker of differentiation, is a potent inducer of differentiation in intestinal colonocytes (10), and
its expression is downregulated during the early stages of
colon tumorigenesis (10, 25). p21 was also reported to
participate in cell cycle regulation (9) and control of
DNA methylation (26), and to interact with regulatory
proteins, among which is calmodulin (27). As was found
in colon cancer cells in vitro (28-32), we hypothesized that
vitamin D and calcium would increase p21 expression in
the normal human colorectal epithelium in vivo. The plausibility of this hypothesis is supported by the fact that the
p21 gene is a primary 1,25-(OH)2–vitamin D3–responsive
gene with at least three vitamin D response element–
containing regions within its promoter (33); and that calcium, through the calcium-sensing receptor, promotes
differentiation in colorectal epithelial cells (31, 32). However, there is little literature regarding direct regulation of
p21 by calcium, but there is some evidence that extracellular calcium activates protein kinase C, which is associated with the differential induction of p21 in the intestinal
epithelium (3). Also, an intracellular calcium gradient
along the colon crypt that coincides with the differentiation compartment may modulate differentiation of the
colonocytes, thus, regulating p21 expression (34). As hypothesized, we observed the largest increase in p21 expression in the vitamin D group and, to a lesser extent,
in the calcium group; however, we found only a relatively
small increase in the calcium plus vitamin D group, and a
statistically significant antagonistic interaction between
the two treatments. There are several possible explanations for the latter finding, including the possibility that
the observed treatment effect in the calcium plus vitamin
D group may have been due to chance, or that the two
agents may have attenuated the effects of either alone.
One animal study (35) found that calcium and vitamin
D separately are more potent inhibitors of colon tumorigenesis than when combined. However, several other animal studies that investigated the combined effect of
calcium and vitamin D reported stronger effects with vitamin D and calcium combined (36, 37), and the results of
a large adenoma recurrence trial suggested that vitamin D
enhanced the chemopreventive effect of calcium (38).
Thus, the combined effect of calcium and vitamin D on
colon crypt epithelial cell differentiation as indicated by
p21 expression is not clear and a larger more definitive
study is needed to clarify it.
No previous human studies tested the effect of calcium
and/or vitamin D supplementation on p21 expression in
the normal colorectal mucosa, but three small studies (15,
16, 21) investigated the effects of these agents or low-fat
dairy foods on other markers of differentiation (acidic
mucins and/or cytokeratin AE1) in the normal colorectal
mucosa with inconsistent results. Two small studies
found no changes in the normal rectal crypt differentiation markers after supplementation with calcium and vitamin D3 (15), or with calcium or low-fat dairy foods (16),
but a third, larger (n = 70), randomized, placebocontrolled trial reported significant changes in differentiation markers after supplementation with low-fat dairy
foods, which are rich in calcium and vitamin D, but con-

tain other components that may also exert prodifferentiative effects (21). Taken altogether, the results of the present
and past studies combined with the biological evidence
suggest that calcium and vitamin D induce differentiation
in the normal human colorectal mucosa, and that expression of p21 may be a more suitable biomarker of differentiation than other currently investigated markers.
Unlike other studies, we used two different markers of
proliferation, hTERT and MIB-1, detected by immunohistochemical methods. MIB-1/Ki-67 is expressed in all cells
not in G0 phase of the cell cycle (12), and hTERT protein, a
catalytic subunit of telomerase, which functions to regenerate telomeres on the ends of chromosomes, is expressed
in almost all human cancers and some normal proliferative epithelial cells such as in the colorectal crypt base (11,
39, 40). We hypothesized that hTERT expression in colorectal crypts better reflects average, long-term proliferative activity than do “snapshot” proliferative indicators,
such as the S-phase marker MIB-1, which show rapid,
large responses to short-term physiologic stimuli. Biological evidence supports the growth-restraining actions of
calcium and vitamin D on colorectal epithelial cells (3);
however, few human studies tested the effect of vitamin
D and calcium on cell proliferation in the colon.
There have been two large clinical trials of calcium and
colorectal epithelial cell proliferation (13, 14) as well as
several smaller trials (reviewed in ref. 22, also refs. 16,
21, 41-43). One of these trials (n = 193) found no evidence
for a reduction in the LI, but a marked, statistically significant proportional decrease in the ϕh (13), but the second
trial (N = 333; ref. 14), with more methodologic problems
(22), found no effect on either measure of cell proliferation. The findings from several smaller controlled studies
were inconsistent, with some suggesting decreases in the
LI and/or ϕh, and other studies indicating no change or
statistically nonsignificant increases in the LI and/or ϕh.
The results of the present study for the LI are consistent
with those from the previously conducted large clinical
trials (13, 14), and for the ϕh, with one large clinical trial
(13) and several smaller clinical trials (reviewed in ref. 22,
also refs. 42, 43). However, it must be emphasized that the
present study was a pilot study with limited statistical
power; thus, our findings may have been due to chance.
Other possible explanations for our findings may have
been the use of an antibody that may have low specificity
detecting hTERT (11); that the MIB-1 and/or hTERT markers may not be good biomarkers of cell proliferation in
normal colorectal crypts; or that calcium may indeed have
no substantial effect on colorectal cell proliferation in sporadic adenoma patients.
No published human studies tested the effect of vitamin D alone or combined with calcium on the hTERT or
MIB-1 markers of proliferation, but one small randomized
clinical trial (n = 21) found a significantly decreased MIB1 LI, but not the ϕh, in flat mucosa and resected polypoid
tissue after 6 months of supplementation with calcium
(1,500 mg/day) plus vitamin D3 (400 IU/day; ref. 15).
Contrary to the results of one study (15), we did not find
evidence for an effect of vitamin D alone or in combination with calcium on overall MIB-1 or hTERT labeling, but
we did find a significant downward shift in hTERT expression in the calcium plus vitamin D group. However,
as pointed out above, these findings may be due to
chance, nonspecific detection methods, or an insufficient
vitamin D3 dose or duration.
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Previous studies (44) and our study found that the LI
and ϕh are statistically independent variables, and other
controlled trials testing calcium or other agents on cell
proliferation rates found statistically significant reductions in the ϕh, but not the LI (13, 45-47). Therefore, the
LI and ϕh may represent different biological aspects of colon tumorigenesis, and serve as independent markers of
risk for colorectal neoplasia.
The present study was conducted to test the joint and
separate effects of calcium and vitamin D on the individual components and aggregate profile of a molecular phenotype panel of biomarkers of risk for colorectal cancer,
which includes biomarkers of APC and mismatch repair
pathways, cell cycle events, and others. We previously reported a statistically significant effect of vitamin D on the
proapoptotic marker Bax (17), and analyses for other biomarkers in the panel are currently under way. Taken all
together, the present and previously published data (13,
17) suggest that calcium and vitamin D may have stronger effects on cell differentiation and apoptosis than on
proliferation, and that even relatively low-dose vitamin
D may have greater effects on colorectal epithelial cell differentiation and apoptosis than does high-dose calcium
alone or in combination with low dose vitamin D. However, larger, more definitive clinical studies are needed to
confirm these results.
This study has several limitations. The most obvious
limitation is the small sample size resulting in an increased role for chance in detecting or not detecting a
treatment effect. The small size also did not allow us to
conduct additional subgroup analyses. Another limitation
is that, although human studies have found that cell
proliferation rates observed in the rectal mucosa are correlated with those found throughout the colon (48, 49),
animal studies found that calcium affects cell proliferation
throughout the colon (50, 51), and one intervention trial
found that calcium decreases the LI and ϕh in the rectum
and sigmoid colon, but not in the descending colon (45),
there are insufficient data to assume that the effect of calcium is the same in the distal and proximal parts of the
colon in humans. Furthermore, the effects of vitamin D
alone or in combination with calcium on proliferation
and differentiation in different parts of the colon (other
than the rectum) are not clear, as there were no such
studies in humans. Also, it is unknown whether vitamin
D and/or calcium may affect human normal colon, adenoma, and cancer tissue differently. Another potential
limitation of this study is that proliferation and differentiation markers are evidentially well supported, but not
proven biomarkers of risk for colorectal neoplasms. Therefore, this study cannot prove that because calcium and vitamin D substantially increase p21 expression and may
shrink the proliferative zone in the colorectal crypts, they
can reduce risk for colorectal neoplasms. The findings of
this study may not be generalizable to other populations.
Finally, there may be more specific methods and antibodies to detect telomerase expression in colorectal crypts
(11), and MIB-1 and hTERT may not adequately reflect cell
proliferation rates in normal-appearing colorectal crypts.
The strengths of this study are that it is, to our knowledge, the first clinical trial of the effects of calcium and
vitamin D 3 , alone and in combination on colorectal
epithelial proliferation and differentiation in sporadic adenoma patients; the randomized, double-blind, placebocontrolled trial design; the evaluation of both long- and

short-term proliferation markers; the high protocol adherence by study participants; the automated biopsy processing and immunostaining procedures; the use of
quantitative image analysis; and the strict quality control
and consequent high scoring reliability of rectal biopsies.
In summary, these preliminary results from this pilot
clinical trial indicate that calcium and vitamin D increase
colorectal epithelial cell differentiation and may have relatively little, if any, effect on overall proliferation rates
in the colorectal mucosa, but do not rule out a potential
normalization of the proliferative zone in the colorectal
crypts. This study suggests that p21 expression may be
a treatable biomarker of risk for colorectal neoplasms
and supports further investigation of calcium and vitamin D3 as chemopreventive agents against colorectal
neoplasms.
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