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Abstract
The exact antineoplastic effects of calcium and vitamin D3 in the human colon are unclear. Animal and
in vitro studies show that these two agents reduce oxidative stress; however, these findings have never been
investigated in humans. To address this, we conducted a pilot, randomized, double-blind, placebo-controlled,
2 × 2 factorial clinical trial to test the effects of calcium and vitamin D3 on a marker of oxidative DNA damage,
8-hydroxy-2′-deoxyguanosine (8-OH-dG), in the normal colorectal mucosa. Patients (N = 92) with at least one
pathology-confirmed colorectal adenoma were treated with 2 g/d calcium and/or 800 IU/d vitamin D3
versus placebo over 6 months. Overall labeling and colorectal crypt distribution of 8-OH-dG in biopsies of
normal-appearing rectal mucosa were detected by standardized automated immunohistochemistry and
quantified by image analysis. After 6 months of treatment, 8-OH-dG labeling along the full lengths of colorectal crypts decreased by 22% (P = 0.15) and 25% (P = 0.10) in the calcium and vitamin D3 groups, respectively, but not in the calcium plus vitamin D3 group. The estimated treatment effects were strongest among
participants with higher baseline colon crypt vitamin D receptor expression (P = 0.05). Overall, these preliminary results indicate that calcium and vitamin D3 may decrease oxidative DNA damage in the normal
human colorectal mucosa, support the hypothesis that 8-OH-dG labeling in colorectal crypts is a treatable
oxidative DNA damage biomarker of risk for colorectal neoplasms, and provide support for further investigation of calcium and vitamin D3 as chemopreventive agents against colorectal neoplasms. Cancer Epidemiol
Biomarkers Prev; 19(1); 280–91. ©2010 AACR.

Introduction
Colorectal cancer, the second leading cause of cancer
death in the United States (1), is a disease highly
correlated with low vitamin D exposure and with the
Western-style diet, which is characterized by relatively
low calcium consumption (2). Twenty-fold variations in
international colon cancer rates, and migration studies
showing acquired high risk within a generation, emphasize the importance of environmental exposures,
especially diet and physical activity, in the etiology of
colorectal cancer (2) and thus to its preventability.
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Currently, there is no complete agreement as to what
dietary factors protect against or promote the development of colorectal cancer nor any accepted preneoplastic
biomarkers of risk. Further investigation of potential
mechanisms whereby dietary agents lead to clinically
relevant changes in normal colon tissue and the development of biomarkers of risk derived from such mechanistic understanding are urgently needed.
There is strong biological plausibility and animal experimental evidence for protection against colorectal
cancer by calcium and vitamin D (3). Moreover, in epidemiologic studies, higher total calcium intakes have been
consistently associated with reduced risk for colorectal
neoplasms (4-8), and calcium supplementation reduced
adenoma recurrence (9). Also, higher circulating 25hydroxyvitamin D (25-OH-vitamin D) levels have been associated with reduced risk for colorectal neoplasms (8, 10).
However, the antineoplastic effects of calcium and vitamin
D on the normal colorectal epithelium remain unclear.
The proposed mechanisms of calcium against colorectal cancer include protection of colonocytes against free
bile and fatty acids (11), direct effects on the cell cycle,
and modulation of the APC colon carcinogenesis pathway (12). Beyond calcium homeostasis, vitamin D regulates cell cycle events; promotes bile acid degradation;
influences growth factor signaling, cell adhesion, and
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DNA repair; and modulates >200 genes (12, 13). Recent
evidence also indicates that vitamin D and the vitamin D
receptor (VDR) are involved in protection against oxidative damage (14-16).
Despite the basic science evidence, there are no published human trials of the effects of vitamin D and/or
calcium supplementation on markers of oxidative DNA
damage, such as 8-hydroxy-2′-deoxyguanosine (8-OHdG), in the normal-appearing colorectal mucosa. To
address this, we conducted a pilot, randomized, doubleblind, 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 a panel of
biomarkers (including 8-OH-dG) in the normal colorectal
mucosa. We hypothesized that calcium and vitamin D3,
alone and in combination, decrease colorectal epithelial
oxidative DNA damage.

Patients and Methods
Participant Population
The detailed protocol of study recruitment and procedures was published previously (17). Briefly, eligible
patients, ages 30 to 75 years, in general good health, capable of informed consent, with a history of at least one
pathology-confirmed adenomatous colorectal polyp
within the past 36 months, 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
were recruited from the patient population attending the
Digestive Diseases Clinic at the Emory Clinic, Emory University. Detailed specific study exclusion criteria were presented elsewhere (17). This study was approved by the
Emory University Institutional Review Board. Written informed consent was obtained from each study participant.
Clinical Trial Protocol
Between April 2005 and January 2006, 522 patients
passed initial chart screening for eligibility, and 224
(43%) patients were sent an introductory letter followed
by a telephone interview. A total of 105 (47%) potential
participants attended an eligibility visit during which
they were interviewed, signed a consent form, completed
questionnaires, provided a blood sample, and started a
1-month placebo run-in period. Diet was assessed with
a semiquantitative food frequency questionnaire (18).
Medical and pathology records were reviewed. After a
30-day placebo run-in trial, 92 (88%) participants without significant perceived side effects and who had taken
at least 80% of their tablets were eligible for randomized
assignment. Eligible participants then underwent a
baseline rectal biopsy and were randomly assigned to
the following four treatment groups: a placebo control
group, a 2.0 g elemental calcium (as calcium carbonate
in equal doses twice daily) supplementation group, an
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800 IU vitamin D3 supplementation group (400 IU twice
daily), and a calcium plus vitamin D supplementation
group taking 2.0 g elemental calcium plus 800 IU vitamin D3 daily.
All study tablets were custom manufactured by Tishcon. The corresponding supplement and placebo pills
were identical in size, appearance, and taste. The placebo
was free of vitamin D, calcium, magnesium, and chelating agents. Additional details on the rationale for the
doses and forms of calcium and vitamin D supplementation forms were described previously (17).
The treatment period was 6 months, and participants
attended follow-up visits at 2 and 6 months after randomization and were contacted by telephone between
the second and the 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
in use on entry into the study. At each of the follow-up
visits, participants were interviewed and filled out questionnaires. At the last visit, all participants underwent
venipuncture and a rectal biopsy procedure. All participants were asked to abstain from aspirin use for 7 days
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 outcome measures.
Factors hypothesized to be related to 8-OH-dG levels in
the normal colon mucosa (e.g., antioxidant micronutrient
intakes) were assessed at baseline and at the final followup visit. Participants did not have to be fasting for their
visits and did not take a bowel cleansing preparation
or enema.
Tissue Collection and Processing
Six sextant 1.0-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, oriented under a dissecting microscope
and placed in 10% normal buffered formalin, and then
transferred to 70% ethanol 24 h after initial placement in
formalin. Within 1 week, the biopsies were processed and
embedded in paraffin blocks with three biopsies per
block.
Laboratory Methods
The paraffin blocks were cut into 3.0-μm-thick sections,
with each level 40 μm apart. Five slides with four section
levels per patient per biomarker were prepared for immunostaining. To uncover the epitope, heat-mediated antigen retrieval was used: slides were placed in a
preheated Pretreatment Module (Lab Vision) with 100×
citrate buffer (pH 6.0; DAKO S1699) and steamed for
40 min. Then, slides were placed in a DAKO Automated
Immunostainer and immunohistochemically processed
using a labeled streptavidin-biotin method for 8-OH-dG
(mouse monoclonal antibody to 8-OH-dG manufactured
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by Abcam, clone number N45.1, at a concentration of
1:100; ref. 19). For each participant, baseline and follow-up biopsy slides were stained in the same batch,
and each staining batch included a balance of participants from each treatment group. The slides were not
counterstained. After staining, the slides were coverslipped with a Leica CV5000 Coverslipper (Leica Microsystems). In each staining batch of slides, positive and
negative control slides were included. Colon adenocarcinoma was used as a control tissue. The negative and
positive control slides were treated identically to the patient slides, except that antibody diluent was used rather than primary antibody on the negative control slide.
For VDR, slides were processed as described previously
but using mouse monoclonal D-6 antibody raised
against amino acids 344 to 424 of human VDR (SC13133; Santa Cruz Biotechnology) at a concentration of
1:7,500 (20, 21).
Image Analysis of Immunohistochemically Detected
Biomarkers in Normal Colon Crypts
A quantitative image analysis method (“scoring”) was
used to evaluate detected levels of the biomarkers in colon crypts, as depicted in Fig. 1. The major equipment
and software for the image analysis procedures were
Scanscope CS digital scanner (Aperio Technologies),
computer, digital drawing board, Matlab software (MathWorks), CellularEyes Image Analysis Suite (DivEyes),
and MySQL (Sun Microsystems). First, slides were
scanned with the Aperio Scanscope CS digital scanner,
and electronic images were reviewed in the CellularEyes
program to identify colon crypts acceptable for analysis.
A “scorable” crypt was defined as an intact crypt extending from the muscularis mucosa to the colon lumen (17,
22). Before analysis, images of negative and positive control slides were checked for staining adequacy. Standardized settings were used on all equipment throughout the
scoring procedures. The technician reviewed slides in the
CellularEyes program and selected two of three biopsies

with 16 to 20 “scorable” hemicrypts (one half of the
crypt) per biopsy. Using the digital drawing board, the
borders of each selected hemicrypt were traced. The program then divided the outline into the equally spaced
segments with the average widths of normal colonocytes.
Finally, the program measured the background-corrected
optical density of the biomarker labeling across the entire
hemicrypt as well as within each segment. The range of
optical density for 8-OH-dG labeling was set between
0.04 and 0.20. All resulting data were automatically
transferred into the MySQL database. Then, the technician moved to the next identified hemicrypt and repeated
all the previously described analysis steps. A reliability
control sample previously analyzed by the reader was reanalyzed during the course of the trial to determine intrareader scoring reliability by intraclass correlation
coefficient, which was 0.94 for 8-OH-dG.
Protocol for Measuring Serum Vitamin D Levels
All laboratory assays for serum 25-OH-vitamin D and
1,25-dihydroxyvitamin D [1,25-(OH)2-vitamin D] were
done by Dr. Bruce Hollis (Medical University of South
Carolina) using a RIA method as described previously
(23). Serum samples for baseline and follow-up visits
for all subjects were assayed together, ordered randomly,
and labeled to mask treatment group, follow-up visit, and
quality-control replicates. The average intra-assay coefficient of variation was 2.3% for serum 25-OH-vitamin D
and 6.2% for 1,25-(OH)2-vitamin D.
Statistical Analysis
We assessed treatment groups for comparability of
characteristics at baseline and at final follow-up by Fisher's exact test for categorical variables and ANOVA for
continuous variables.
Several outcome variables were defined to estimate the
overall labeling and within-crypt distributions of 8-OHdG in the crypts. The mean optical density of 8-OH-dG
labeling in the crypts was calculated for each patient at

Figure 1. Quantitative image
analysis using Aperio Scanscope
and CellularEyes software to
measure 8-OH-dG labeling in
normal-appearing colorectal
crypts. A. Choosing scorable
crypts. B. Tracing borders of
hemicrypt and removing
unwanted objects. C. Dividing
hemicrypt into sections.
D. Storing resulting biomarker
staining, tissue and goblet cell
optical density data.
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baseline and 6 months of follow-up by summing all the
densities from all analyzed crypts from the biopsy specimens and dividing by the number of crypts analyzed.
Measures of the within-crypt distributions of the marker
were calculated for each patient by taking the means
of the biomarker densities in various zones of the crypt
(e.g., upper 40% and lower 60%).
Primary analyses were based on assigned treatment at
the time of randomization regardless of adherence status
(intent-to-treat analysis). Mean biomarker densities were
calculated for each treatment group for the baseline and
6 months of follow-up visits. Treatment effects were evaluated by assessing the differences in the densities from
baseline to the 6 months of follow-up visit between patients in each active treatment group and the placebo
group by a repeated-measures linear MIXED effects
model. The model included the intercept, follow-up visit
effects (baseline and follow-up), and interactions between
treatment groups and the follow-up visit effect (the absolute treatment effect). Because optical density is measured
in arbitrary units, to provide perspective on the magnitude of the treatment effects, we also calculated relative effects, defined as [(treatment group follow-up mean) /
(treatment group baseline mean)] / [(placebo follow-up
mean) / (placebo baseline mean)]. The relative effect provides a conservative estimate of the proportional change
in the treatment group relative to that in the placebo
group. The interpretation 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 proportional change in the treatment group was twice as great as that in the placebo
group; refs. 17, 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.
The distributions of 8-OH-dG staining density were
graphically evaluated using the LOESS procedure with
a smoothing parameter of 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.
A questionnaire-derived oxidative balance score (OBS)
was calculated as described previously (25, 26). Briefly,
continuous variables that reflect pro-oxidant (saturated
fat and total iron intake) and antioxidant (total tocopherol, carotenoid, vitamin C, lycopene, lutein/zeaxanthin,
and β-cryptoxanthin intake) exposures were divided into
high and low categories based on the median value
among all participants at baseline. Participants with
low (below median) exposure to a particular pro-oxidant
were awarded 1 point, whereas those with high (above
median) exposure to the same pro-oxidant were awarded
0 point. For antioxidant exposure, 1 point was awarded
for each high-level (above median) exposure and 0 point
for each low-level (below median) exposure. For dichotomous variables (“yes” versus “no”), participants re-
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ceived 1 point for each antioxidant exposure (regular
use of nonsteroidal anti-inflammatory drugs (NSAID)
and/or aspirin, supplementation with selenium, and
never smokers). Then, the points assigned for each individual component of OBS were summed up to calculate
the overall score. Lower OBS values indicate a higher
prevalence of pro-oxidant exposures, whereas higher
OBS values indicate a predominance of antioxidant exposures. The range of the baseline OBS in this study was
between 3 and 10, and the median was 6. We dichotomized baseline OBS based on the median value and assigned each participant to a high OBS (above median,
“antioxidant”) or low OBS (below median, “prooxidant”) category. Similarly, continuous variables (e.g.,
age and VDR expression) were dichotomized (into
high/low categories) based on the median value in all
study participants at baseline. Then, stratified analyses
were conducted to explore differential treatment effects
by baseline age (<60 and ≥60 years), VDR expression
(high/low), 8-OH-dG labeling (high/low), OBS (≤6 and
>6), first-degree family history of colorectal cancer (yes/
no), sex (male/female), regular NSAID use (yes/no), serum 25-OH-vitamin D levels (<22 and ≥22 ng/mL), and
adherence to treatment (<80% or ≥80% treatment pills
taken). Differences between categories were tested by including the category-intervention interaction term in the
model.
Statistical analyses were done using SAS System
software version 9.1.3 (SAS Institute). A cutoff level of
P ≤ 0.05 (two-sided) was used for assessing statistical
significance.

Results
Characteristics of Study Participants
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
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 overweight, nonsmokers, college graduates, and had a single
small mildly dysplastic tubular adenoma (Table 1).
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 by 84% at
the final follow-up visit. There were no treatment or biopsy complications. Seven (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 cardiovascular disease 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
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Table 1. Selected baseline characteristics of the study participants (N = 92)
Characteristics

P*

Treatment group
Placebo
(n = 23)

Demographics, medical history, habits, and anthropometrics
Age, y
58.5 (8.2)
Men (%)
70
White (%)
74
College graduate (%)
65
History of colorectal cancer in first-degree relative (%)
17
Take NSAID regularly† (%)
22
Take aspirin regularly† (%)
22
If woman (n = 28), taking estrogens (%)
4
Current smoker (%)
9
Take multivitamin (%)
30
Body mass index, kg/m2
30.6 (7.2)
Mean dietary intakes
Total energy intake, kcal/d
1,596 (528)
Total‡ calcium, mg/d
618 (308)
Total‡ vitamin D, IU/d
277 (230)
Total fat, g/d
67 (32)
Dietary fiber, g/d
15 (7)
Alcohol, g/d
9 (14)
OBS§
6 (2)
Adenoma characteristic
Multiple adenomas∥ (%)
17
Large adenoma ≥1 cm¶ (%)
19
Villous/tubulovillous adenoma** (%)
4
Mild dysplasia (%)
100

Calcium
(n = 23)

Vitamin D
(n = 23)

Calcium + vitamin D
(n = 23)

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)

1,788
746
336
72
17
11
7

(691)
(335)
(202)
(35)
(9)
(15)
(2)

1,848
843
360
70
18
14
7

22
32
9
96

(821)
(526)
(317)
(32)
(9)
(18)
(2)

39
17
9
100

1,845
824
415
74
17
10
7

(752)
(714)
(316)
(28)
(11)
(20)
(2)

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
0.46
0.45
0.32
1.00
1.00

NOTE: Data are given as mean (SD) unless otherwise specified.
*By Fisher's exact χ2 test for categorical variables and ANOVA for continuous variables.
†
At least once a week.
‡
Diet plus supplements.
§
See Statistical Analysis for details.
∥
At least two adenomas.
¶
At least one large adenoma.
**At least one villous or tubulovillous adenoma.

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 (Table 2A). 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).
Graphical Assessment of Changes over 6 Months in
the Distribution of 8-OH-dG Labeling along Normal
Colorectal Crypts
The distribution of 8-OH-dG staining optical density
(“labeling”) along the colorectal crypts at the baseline
and 6 months of follow-up visits is shown in Fig. 2. In
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each treatment group, 8-OH-dG labeling appeared to be
the highest in the lower 20% to 30% of the crypts, to decrease in the middle part of the crypts, and then to increase somewhat again toward the colon lumen. The
baseline distribution of 8-OH-dG along the crypts in all
four treatment groups appeared to be almost identical in
shape and optical density range. In the placebo group,
from baseline to follow-up, 8-OH-dG labeling appeared
to increase slightly in the middle part of the crypts (Fig.
2A). A large postsupplemental decrease in 8-OH-dG labeling along the full lengths of the crypt was noted in
the calcium and vitamin D groups (Fig. 2B and C). In
the vitamin D plus calcium group, similar to the placebo
group, 8-OH-dG labeling slightly increased from baseline
to follow-up (Fig. 2D).
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Effects of Calcium and/or Vitamin D
Supplementation on 8-OH-dG Labeling in Normal
Colorectal Crypts
At baseline, there were no differences in 8-OH-dG labeling along the full lengths of crypts among the four
treatment groups. Relative to placebo, 8-OH-dG labeling
along the full lengths of crypts decreased by 22% (P =
0.14) in the calcium group and by 25% (P = 0.10) in the
vitamin D group and increased by 6% (P = 0.70) in the
calcium plus vitamin D group (Table 2B). The findings
for the upper 40% and the lower 60% of the crypts (the
differentiation and proliferation zones, respectively;
Table 2B) and for the upper and lower 20% (areas closest
to and furthest from colon lumen exposures, respectively;
data not shown) did not differ substantially from those
for the entire crypts.

Stratified Analyses
We investigated whether change in 25-OH-vitamin D
levels, adherence to treatment, family history of colorectal cancer, sex, age, smoking, NSAID use, baseline OBS,
and baseline batch-standardized VDR expression or
8-OH-dG labeling modified response to treatment; however, the sample size was too small for most of these results to be reliable. The effect of treatment on 8-OH-dG
variables did not vary by age, smoking status, family history of colorectal cancer, NSAID use, or change in serum
25-OH-vitamin D levels (data not shown). In women,
8-OH-dG labeling decreased only in the calcium group
(−25%; P = 0.43); however, in men, 8-OH-dG labeling decreased in all three active treatment groups (Table 3). In
those with a high (“antioxidant”) baseline OBS, 8-OH-dG
labeling decreased in all three active treatment groups

Table 2. Serum 25-OH-vitamin D and optical density of immunohistochemically detected 8-OH-dG in
colorectal crypts at baseline and 6 months of follow-up
Baseline
n

Mean (SE)

6 mo follow-up
P‡

n

(A) Serum vitamin D measurements
25-OH-vitamin D, ng/mL
Placebo
23
20.7 (1.7)
21
Calcium
23
25.7 (1.7)
0.05
21
Vitamin D
23
21.0 (1.7)
0.81
22
Calcium + vitamin D 23
20.9 (1.7)
0.84
21
(B) 8-OH-dG§ labeling optical density in colorectal crypts
Entire crypts
Placebo
23 2,360.8 (193.2)
21
Calcium
23 2,349.4 (193.2) 0.97
21
Vitamin D
23 2,318.4 (193.2) 0.88
22
Calcium + vitamin D 23 2,347.8 (193.2) 0.96
21
Upper 40% of crypts
Placebo
22
677.7 (64.1)
21
Calcium
23
704.7 (64.1)
0.77
21
Vitamin D
23
684.4 (64.1)
0.94
22
Calcium + vitamin D 23
655.0 (64.1)
0.80
21
Lower 60% of crypts
Placebo
22 1,418.7 (112.0)
21
Calcium
23 1,431.8 (112.0) 0.93
21
Vitamin D
23 1,450.7 (112.0) 0.84
22
Calcium + vitamin D 23 1,390.0 (112.0) 0.86
21

2,509.0
1,946.2
1,847.3
2,642.6
655.9
525.1
505.9
741.5
1,459.7
1,201.5
1,145.1
1,556.8

Relative
effect†

P‡

n

Mean (SE)

P‡

0.03
<0.0001
<0.0001

21
21
22
21

0
0.2 (1.8)
10.9 (1.8)
10.5 (1.8)

0.92
<0.0001
<0.0001

(202.1)
(202.1)
(197.5)
(202.1)

0.05
0.02
0.64

21
21
22
21

0
−551.5 (374.4) 0.14
−619.3 (372.0) 0.10
146.5 (264.8) 0.70

1.00
0.78
0.75
1.06

(67.0)
(67.0)
(65.5)
(67.0)

0.17
0.11
0.37

21
21
22
21

0
−157.8 (125.8) 0.21
−156.8 (125.0) 0.21
108.3 (125.8) 0.39

1.00
0.77
0.76
1.17

(117.2)
(117.2)
(114.5)
(117.2)

0.12
0.06
0.56

21
21
22
21

0
−271.3 (213.5) 0.21
−346.6 (212.1) 0.11
125.8 (213.5) 0.56

1.00
0.82
0.77
1.09

Mean (SE)

18.2
23.4
29.5
28.9

Absolute treatment
effect*

(1.8)
(1.7)
(1.7)
(1.7)

1.00
1.03
1.59
1.57

*Absolute treatment effect = [(treatment group follow-up) − (treatment group baseline)] − [(placebo group follow-up) − (placebo
group baseline)].
†
Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)]; interpretation
similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a proportional increase of 70% in the treatment group relative
to that in the placebo group.
‡
P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
§
Biomarker was detected immunohistochemically and then its labeling optical density was quantified by image analysis (see text for
details).
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Figure 2. Distribution of 8-OH-dG staining optical density along normal colorectal crypts by treatment group at baseline and follow-up. A. Placebo group.
B. Calcium group. C. Vitamin D group. D. Vitamin D plus calcium group.

after 6 months of treatment, whereas in those with low
(“pro-oxidant”) baseline OBS, 8-OH-dG decreased only
in the vitamin D group (−19%; P = 0.40; Table 3).
There were no substantial differences in the estimated
treatment effects according to baseline levels of 8-OHdG labeling (data not shown). Among those with high
baseline colorectal crypt VDR expression, 8-OH-dG labeling decreased by 35% (P = 0.09) in the calcium
group, 54% (P = 0.003) in the vitamin D group, and
17% (P = 0.34) in the calcium plus vitamin D group relative to the placebo, whereas there were no decreases
seen in those with low baseline VDR expression and
there was a 75% increase in 8-OH-dG labeling in the
calcium plus vitamin D group relative to the placebo.
The test for interaction for treatment effect by VDR
status was statistically significant (P = 0.05; Table 3).

Discussion
The results from this pilot, randomized, controlled clinical trial suggest that supplementation with calcium or
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vitamin D3, but not with both agents combined, may decrease oxidative DNA damage, as indicated by decreased
8-OH-dG immunohistochemical labeling, in the normalappearing colorectal epithelium of sporadic adenoma patients. These findings are consistent with the hypothesis
that high intakes of calcium or vitamin D3 may decrease
oxidative stress and oxidative DNA damage in the colon
and thus reduce risk for colorectal neoplasms. Our findings also suggest that vitamin D3 combined with calcium
may have either a lesser or no treatment effect on 8-OHdG labeling than does either calcium or vitamin D alone.
Consistent with existing animal data (15, 27), we found
evidence that baseline VDR expression levels may modify treatment effects of calcium and vitamin D3, such that
those with higher colorectal crypt VDR expression may
be more strongly responsive to treatment. Finally, the
treatment effect of calcium and vitamin D3 tended to be
stronger in men and those with higher baseline antioxidant relative to pro-oxidant exposures.
Oxidative stress, a condition characterized by an imbalance of pro-oxidants to antioxidants, which results in macromolecular damage and disruption of redox signaling
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and control (28), may play a role in colon carcinogenesis,
inducing protein and DNA damage and lipid peroxidation and impairing intracellular signaling. Under normal
conditions, reactive oxygen species have an important role
as intracellular signaling molecules that regulate many
genes (29). However, under inflammatory conditions, increased generation of reactive oxygen species products
leads to cell molecule damage such as oxidation of DNA

(29). The most abundant product of oxidative DNA modifications by reactive oxygen species is 8-OH-dG (30). This
oxidized base is a useful biomarker of oxidative stress that
can be measured in urine, blood, and tissues (19, 31). Several studies showed increased levels of oxidatively modified DNA in colorectal adenocarcinomas when compared
with adenomas and adjacent normal epithelium (32, 33).
This suggests that inhibition of oxidative stress in the

Table 3. 8-OH-dG labeling in colorectal crypts stratified by sex, baseline OBS, and baseline colorectal
crypt VDR expression
n

P†

Relative effect‡

0
−577.4 (714.7)
253.3 (729.4)
508.3 (714.7)

0.43
0.73
0.48

1.00
0.75
1.11
1.23

0
−526.1 (422.9)
−959.0 (414.3)
−26.2 (422.9)

0.22
0.02
0.95

1.00
0.80
0.62
0.99

0
−898.0 (594.8)
−879.0 (599.7)
−120.5 (615.1)

0.14
0.15
0.85

1.00
0.67
0.67
0.94

0
25.1 (509.7)
−421.6 (498.6)
383.2 (478.1)

0.96
0.40
0.43

1.00
1.02
0.81
1.19

0.09
0.003
0.34

1.00
0.68
0.46
0.83

0.62
0.90
0.02

1.00
1.11
1.00
1.75

Absolute treatment effect*
Mean (SE)

Women
Placebo
7
Calcium
7
Vitamin D
6
Calcium + vitamin D
7
Men
Placebo
14
Calcium
14
Vitamin D
16
Calcium + vitamin D
14
High OBS∥
Placebo
8
Calcium
13
Vitamin D
12
Calcium + vitamin D
11
Low OBS∥
Placebo
13
Calcium
8
Vitamin D
9
Calcium + vitamin D
10
High baseline colorectal crypt VDR expression∥
Placebo
10
Calcium
10
Vitamin D
8
Calcium + vitamin D
11
Low baseline colorectal crypt VDR expression∥
Placebo
8
Calcium
9
Vitamin D
13
Calcium + vitamin D
8

0
−827.0 (477.0)
−1,626.1 (506.7)
−443.6 (462.5)
0
264.6 (532.4)
63.5 (498.8)
1,420.4 (551.5)

P§

0.35

0.71

0.05

*Absolute treatment effect = [(treatment group follow-up) − (treatment group baseline)] − [(placebo group follow-up) − (placebo
group baseline)].
†
P value for difference between each active treatment group and placebo group from repeated-measures MIXED model.
‡
Relative effect = [(treatment group follow-up) / (treatment group baseline)] / [(placebo follow-up) / (placebo baseline)]; interpretation
similar to that for an odds ratio (e.g., a relative effect of 1.7 indicates a proportional increase of 70% in the treatment group relative
to that in the placebo group).
§
P value for the category-intervention interaction term.
∥
OBS and baseline colorectal crypt VDR expression were dichotomized into high/low categories based on the median value in all
study participants at baseline. OBS was calculated as described in Statistical Analysis. VDR was detected immunohistochemically
and then its labeling optical density was quantified by image analysis (see text for details).
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normal colorectal epithelium may slow down or prevent
carcinogenesis and prompts the development of chemopreventive agents such as calcium and vitamin D that target oxidative stress in the colon.
There are several lines of evidence to support our hypotheses that calcium and vitamin D may act as antioxidants and DNA damage–reducing agents in the colon.
Bile acids damage cell membranes, at least in part through
an oxidative mechanism (34, 35), provoking an inflammatory response and causing DNA damage (36), and both
calcium and vitamin D can reduce the free bile acid load
in the colon lumen. Calcium directly binds bile acids, rendering them inert (37). Vitamin D activation of the ubiquitous VDR in the colon upregulates CYP3A4, which in
turn catabolizes the secondary bile acid, lithocholic acid
(38, 39). Furthermore, high blood 25-OH-vitamin D levels
provide a pool of vitamin D that is available for various
tissues, such as the colorectal epithelium. In colonocytes,
vitamin D increases expression of enzymes involved
in antioxidant response, inhibits iron-dependent lipid peroxidation in liposomes, lowers glutathione reductase
levels, induces glutathione peroxidase and manganesedependent superoxide dismutase activity, and elevates
glutathione levels (refs. 16, 40; also reviewed in ref. 14),
thereby decreasing oxidative stress in the colorectal epithelium. The results of this study, combined with the biological evidence, support calcium and vitamin D 3 as
oxidative DNA damage–reducing agents.
Contrary to our original hypothesis and to what has
been described in some epidemiologic and clinical studies (41-45), we did not observe a treatment effect in the
calcium plus vitamin D group. We also previously reported that vitamin D combined with calcium may have
lesser treatment effects on colorectal epithelial apoptosis
and differentiation than does calcium or vitamin D separately (17, 46). There are several possible explanations for
this finding. Considering the small sample size of the
study, the lack of treatment effect in the calcium and vitamin D group may have been due to chance. It is also
possible that the two agents may have attenuated the
effects of one another. 1,25-(OH)2-vitamin D3 regulates
calcium homeostasis (47). As calcium concentration decreases, the production of 1,25-(OH) 2 -vitamin D 3 increases, which in turn increases intestinal calcium
absorption (47). Elevated calcium in the diet may suppress 1,25-(OH)2-vitamin D 3 synthesis at the cellular
level, which in turn may also attenuate activation of vitamin D–responsive detoxifying enzymes. One animal
study (48) found that calcium and vitamin D were more
potent inhibitors of colon tumorigenesis when given separately, but several other animal studies reported synergistic effects with calcium and vitamin D combined (49,
50). A large adenoma recurrence trial also supported an
enhanced chemopreventive effect of vitamin D with calcium (42). Taken altogether, the combined effect of
calcium and vitamin D on oxidative DNA damage in
colorectal epithelium is unclear and will require clarification through larger studies.
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In contrast to that in men, there was no evidence for a
treatment effect of vitamin D alone and in combination
with calcium on colorectal crypt 8-OH-dG labeling levels in women. There are several possible explanations
for this finding, including a very low statistical power
to detect treatment effects due to the small sample size.
Another possible explanation may be that women in
our study may have had decreased estrogen levels, as
the majority of them were postmenopausal and not taking estrogens. The Women's Health Initiative Hormone
Replacement Therapy Trial (51) found that endogenous
estrogen plus progestin therapy, but not estrogen alone
therapy, reduced risk for colorectal cancer (52). However, one human study found that an estrogen intervention activated the VDR pathway and downregulated
inflammatory and immune signaling pathways in the
rectal mucosa of postmenopausal women (53). Therefore, the findings of our study are consistent with the
hypothesis that low estrogen levels may interfere with
VDR signaling in the colorectal mucosa, resulting in
no changes in 8-OH-dG levels after supplementation
with vitamin D; however, further studies are needed
to clarify these issues.
Epidemiologic studies have not consistently found
associations of colorectal neoplasms with individual
pro-oxidant and antioxidant factors despite the strong biological rationale and basic science evidence. Several
analyses (25, 26) suggested that oxidative stress, inflammation, diet, and other risk factors may synergistically or
individually affect risk of colorectal neoplasia through
multiple pathways. Therefore, we used the OBS to categorize patients into different oxidative stress profiles
based on multiple determinants of oxidative stress. We
hypothesized that patients with different oxidative stress
profiles may respond differently to calcium and/or vitamin D. Those with a high baseline OBS (higher balance of
antioxidant to pro-oxidant exposures) had greater estimated calcium and calcium plus vitamin D treatment effects on 8-OH-dG labeling than those with a low OBS. A
low OBS reflects low total intakes of antioxidants such as
vitamin C and carotene combined with high pro-oxidant
exposures such as high fat or iron intakes. In the colon
lumen, free calcium directly binds bile acids (37), thereby
reducing procarcinogenic effects of bile acids on the colorectal epithelium. Persons with high fat intake have higher colonic lumen levels of deoxycholic and lithocholic bile
acids (36) and may require more calcium to neutralize the
DNA-damaging bile acids than do persons on a low-fat
diet. Antioxidant enzymes in humans function in combination with low-weight antioxidant compounds such as
vitamin C, α-tocopherol, and β-carotene (54). In the colorectal epithelium, vitamin D activates the expression of
antioxidant enzymes (14), which may not function properly in the antioxidant-depleted environment. Therefore,
it is possible that calcium and vitamin D effects on the
oxidative DNA damage marker 8-OH-dG are modified
by the presence or absence of various pro-oxidant or
antioxidant exposures.
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On the other hand, our findings may have been due
to chance and further investigations are required to confirm them.
Because complete loss of the VDR significantly increased
8-OH-dG labeling in the mouse colon (15, 27), we hypothesized that different VDR expression levels in the normalappearing colorectal mucosa modify vitamin D treatment
effects. Consistent with this hypothesis, we observed substantial decreases in 8-OH-dG labeling in study participants with high, but not low, baseline VDR expression.
This study has several limitations. First, treatment effects of vitamin D and calcium on the oxidative DNA
damage marker 8-OH-dG in parts of the colon other than
the rectum are unclear, as we did not collect tissue biopsies from different parts of the colon and there are no
published studies of 8-OH-dG labeling throughout the
colon. Another potential limitation of this study is that
it is not known whether oxidative stress markers are associated with risk for colon cancer in humans. However,
substantial published literature supports the plausibility
of an important role for increased oxidative DNA damage in colon carcinogenesis, especially for the transition
from colorectal adenoma to carcinoma (32, 33). Persistent
oxidative stress leads to protein and DNA damage and
lipid peroxidation, which can cause genetic and epigenetic alterations, and may facilitate the development of neoplasia from the normal colorectal mucosa (29). Therefore,
8-OH-dG in the normal colorectal mucosa may serve as a
biomarker of risk for colorectal neoplasms. Finally, the
most obvious limitation of the study is the small sample
size, which may have increased the probability of chance
findings in detecting or not detecting a treatment effect.
The strengths of this study include the randomized,
double-blind, placebo-controlled trial design; high protocol adherence by study participants; examination of both
independent and combined effects of calcium and vitamin
D3 on an oxidative stress marker; automated standardized
biopsy handling and immunostaining procedures; and use
of cutting-edge technologies to conduct the quantitative
image analyses. Another strength of this study is that we
used immunohistochemical detection of 8-OH-dG in the
colorectal epithelium as it was important to detect 8-OHdG in colonocytes but not in infiltrating lymphocytes or
other intermingled cells. Such detection was made possible by the development of a specific monoclonal antibody
against 8-OH-dG (19) and our novel image analysis methods. High-performance liquid chromatography, an alternative method of measuring 8-OH-dG in colon tissue,
may overestimate oxidative DNA damage in the colonocytes, especially in the presence of inflammation. Finally,
this study is the first human study to test the effect of

calcium and/or vitamin D3 on an oxidative DNA damage
marker in the normal-appearing colorectal mucosa.
Overall, these preliminary results from this pilot clinical trial suggest that calcium and vitamin D, given separately, may decrease oxidative DNA damage in the
normal-appearing colorectal epithelium; the treatment effects of calcium and vitamin D on oxidative DNA damage marker 8-OH-dG may be strongest in those with
higher VDR expression in the colon; and 8-OH-dG may
be a modifiable biomarker of oxidative stress that can be
used in colon cancer–related chemoprevention trials to
assess treatment efficacy. Our results support further investigations of calcium and vitamin D as chemopreventive agents against colorectal neoplasms.
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