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Objectives

 Describe the optimal level of serum 25-hydroxyvitamin D 

for cancer prevention.

 Explain the micro-evolutionary basis of cancer etiology, 

the dominant role of membranes and natural selection in 
tissue, and ways that vitamin D metabolites reduce 
incidence and death rates.



Outline:
Dose-response and 
mechanisms

 Colon  Kidney  Model

 Breast  Other cancers  Recom-
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Serum Levels of 25(OH)D and 
Colon Cancer



Source: Tangrea J, et al. Serum levels of vitamin D metabolites and the subsequent risk 
of colon and rectal cancer in Finnish men. Cancer Causes Control 1997;8:615–25.  
Graphic: S. B. Mohr, M.P.H.
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Source: Feskanich D, et al. Plasma vitamin D metabolites and risk of colorectal 
cancer in women. Cancer Epidemiol Biomarkers Prev 2004;13:1502– 8.  Graphic: 
S. B. Mohr, M.P.H.
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Women’s Health Initiative 
Nested Study (N=295)
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Source: Wactawski-Wende J, et al. Calcium plus vitamin D supplementation and the risk of 
colorectal cancer. New Engl J Med 2006; 354:684-96.  Graphic: S. B. Mohr, M.P.H.
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Relative risk of colon cancer mortality, by baseline serum 
25-hydroxyvitamin D concentration in tertiles, NHANES III cohort, 1988-2000

Source: Freedman DM, Looker AC, Shih-Chen C, et al.  Prospective study of serum vitamin D and cancer mortality in the 
United States.  J Natl Cancer Inst 2007;99:1594-602.  Graphic: E. D. Gorham, Ph.D.

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

< 50 nmol/L > 80 nmol/L

0.9

1.0

50 to <80 nmol/L

R
el

at
iv

e 
ri

sk
 c

o
lo

n
 c

an
ce

r

p trend = 0.02

RR = 0.44

0.20

0.95

RR = 0.28

0.68

0.11



Source: Gorham ED,  et al. Optimal vitamin D status for colorectal cancer 
prevention: A Quantitative Meta Analysis. Am J Prev Med March 2007; 32:210-6.
Graphic: S. B. Mohr, M.P.H.



Source: Gorham ED,  et al. Optimal vitamin D status for colorectal
cancer prevention: A Quantitative Meta Analysis. Am J Prev Med March 
2007; 32:210-6.  Graphic: S. B.Mohr, M.P.H.



Relative risk of colon cancer mortality, by baseline serum 
25-hydroxyvitamin D concentration in tertiles, NHANES III cohort, 1988-2000

Source: Freedman DM, Looker AC, Shih-Chen C, et al.  Prospective study of serum vitamin D and cancer mortality in the 
United States.  J Natl Cancer Inst 2007;99:1594-602. Graphic: E. D. Gorham, Ph.D.

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

< 50 nmol/L > 80 nmol/L

0.9

1.0

50 to <80 nmol/L

R
el

at
iv

e 
ri

sk
 c

o
lo

n
 c

an
ce

r

p trend = 0.02

RR = 0.44

0.20

0.95

RR = 0.28

0.68

0.11



Incidence rate of colorectal cancer by vitamin D in the 
subgroup of women not assigned to HRT, Women's Health 

Initiative trial, 7 year follow-up, 1995-2004
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Serum Levels of 25(OH)D and 
Breast Cancer



Data from: Lowe LC, et al. Plasma 25-hydroxy vitamin D concentrations, vitamin D receptor genotype and 
breast cancer risk in a UK Caucasian population. Eur J Cancer. 2005;41:1164-9. Graphic: S. B. Mohr, 
M.P.H.



Data from: Bertone-Johnson, E.R. et al. Plasma 25-hydroxyvitamin D
and 1, 25-dihydroxyvitamin D and risk of breast cancer. Cancer 
Epidemiol. Biomarkers Prev. 2005; 14: 1991-7.  Graphic: S. B. Mohr, M.P.H.



Source: Garland CF, et al. Vitamin D and prevention of breast cancer: Pooled 
analysis, J Steroid Biochem Mol Biol. 2007;103:708-11   Graphic: S. B. Mohr, 
M.P.H.



Multivariate-adjusted odds ratios for pre-menopausal breast cancer by plasma 25-hydroxyvitamin D 
concentration by quartiles, 289 cases, 595 matched controls, Heidelberg Germany

Source: Abbas S, Chang-Claude J, Linseisen J. Plasma 25-hydroxyvitamin D and premenopausal breast cancer risk in a 
German case-control study. Int J Cancer. 2008. Graphic: E. D. Gorham, Ph.D.
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Multivariate-adjusted odds ratios for post-menopausal breast cancer by plasma 25-hydroxyvitamin D 
concentration by quartiles, 1,394 cases, 1,365 matched controls, Heidelberg Germany

Source: Abbas S, Linseisen J, Slanger T, Kropp S, Mutschelknauss EJ, Flesch-Janys D, Chang-Claude J. Serum 25-hydroxyvitamin D 
and risk of post-menopausal breast cancer--results of a large case-control study. Carcinogenesis. 2008 ;29:93-9. Graphic: E. D. Gorham, 
Ph.D.
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Source: Abbas S, Linseisen J, Slanger T, Kropp S, Mutschelknauss EJ, Flesch-Janys D, Chang-Claude J. Serum 25-hydroxyvitamin D 
and risk of post-menopausal breast cancer--results of a large case-control study. Carcinogenesis. 2008 ;29:93-9. Graphic: E. D. Gorham, 
Ph.D.
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Serum Levels of 25(OH)D and 
Breast Cancer Survival
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Vitamin D and Other Cancers



Dose-response gradient of ovarian cancer according to prediagnostic serum 25-hydroxyvitamin 
concentration, subgroup of women with Body Mass Index > 25.  Graphic: E. D. Gorham

Source: Tworoger SS, Lee IM, Buring JE, Rosner B, Hollis BW, Hankinson SE. Plasma 25-hydroxyvitamin D and 

1,25-dihydroxyvitamin D and risk of incident ovarian cancer. Cancer Epidemiol Biomarkers Prev. 2007;16:783-8.
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Source: Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ, Willett WC. 
Prospective study of predictors of vitamin D status and cancer incidence and mortality in men.
J Natl Cancer Inst. 2006;98:451-9. 

Renal cancer incidence rates, by latitude, men

Source: Mohr SB, Gorham ED, Garland CF, Grant WB, Garland FC. Are low ultraviolet B and high animal protein 
intake associated with risk of renal cancer? Int J Cancer. 2006;119:2705-9. Graphics: S. B. Mohr, M.P.H.



Source: Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ, Willett WC. 
Prospective study of predictors of vitamin D status and cancer incidence and mortality in men.
J Natl Cancer Inst. 2006;98:451-9. 

Harvard Health Professionals Follow-Up Study: determinants of plasma 25-
hydroxy-vitamin D were examined in relation to cancer risk in 47,800 men



Randomized Controlled Trial of 
Vitamin D and Calcium

• Four years, N = 1,179 healthy women in Omaha NE

• Mean age 66.7 ± 7.3 years

• N = 1,032 finished trial (87.5%)

• Baseline serum 25(OH)D: 29 ± 8 ng/ml (72 ± 20 nmol/L)

• Three treatment groups:

– Vitamin D3 (1,100 IU/day) and calcium (1450 
mg/day)

– Calcium (1,450 mg/day)

– Placebo

• Outcome:  All cancers (mainly breast, lung and colon)

Source:  Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP. Vitamin D and calcium 
supplementation reduces cancer risk: results of a randomized trial. Am J Clin Nutr. 2007;85:1586-91. 
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The first thing you need to do is update your CV 



Micro-Darwinian carcinogenesis
and Vitamin D deficiency induced 
D-volution

• In vitamin D deficiency, the first
lesion is harm to the cellular 
membrane, specifically, the 
intercellular junction.
• This unleashes natural selection.
• Natural selection is the engine of 
growth of the cancer.



Tight junctions seal gaps between
epithelial cells

Adherens junctions connect actin
filament bundles between cells

Desmosomes connect intermediate 
filaments in adjacent cells

Gap junctions allow passage of small 
water-soluble molecules between cells

Types of 
junctions



Membrane
Cell A

Membrane
Cell B



Classical cadherin
(E-cadherin)

Fat-like cadherin

Seven-pass 
transmembrane
(flamingo) cadherin

Protein kinase 
cadherins

Desmosomal cadherins

Cadherin 23

Protocadherins

T cadherins

Intracellular Extracellular



Flexible calcium 
dependent hinges

N - terminal cadherin
junction

N - terminal 
cadherin junction

Coupling between cadherins from two cells





Cell division in unicellular vs. 
multicellular organisms:

role of adherins

No adherins present
(no role of 
1,25(OH)2D)

Adherins present
(1,25(OH)2D upregulates)



Vitamin D-volution Theory of Cancer
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60 ng/ml
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Disjunction
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Tight junctions and cadherins are 

downregulated, intercellular 
communication is reduced, contact 

inhibition is lost. 

Upregulation of tight 
junctions and cadherins 
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2.
Natural

Selection

Natural selection favors reproduction
of fastest dividing, most aggressive 

cells.  These appear as new stem cells
(Wicha et al., 2008)

Vitamin D maintains 
tight junctions, contact 
inhibition, and normal 
growth and cell cycle

3.
Clonal

Expansion
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most aggressive progeny predominate,

a 1% advantage will fill compartment in 
9000 generations

Vitamin D favors 
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cell cycle

4.
Lysis and 

Penetration of
Basement
Membrane

Most aggressive 
cells compete for 
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blood supply, penetrate membrane

Vitamin D inhibits lysis
of basement membrane,

Promotes sharing of 
micronutrients;

Maintains intercellular 
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Preventive or 
therapeutic ActionPhase                         Diagram Process
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Figure   Vitamin D-evolution Theory of Cancer
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You raised it from a mutant seed, you whack it!



Gene-fold changes in a human colon cancer cell line (SW480-ADH)

after 48 hours exposure to 1,25(OH)2 vitamin D3 (10 -7 M)

Source: Data from Palmer HG, et al. Cancer Research 2003;63:7799-7806.
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Aberrant Behavior
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Penetration of the basement membrane
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Lymphatic Transport
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Population expansion in lymph node
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Flow to host tissue
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Expansion of malignant clone
in new range can be rapidly fatal
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Expansion of malignant clone
in new range can be rapidly fatal

DD--volutionvolution step 9step 9



Well, I’d better go now. I’m almost at the wall                             



Dose-response relationships from cohort 
studies were used to estimate the number 
and percent of cancer cases that could be 

prevented worldwide by vitamin D3

supplementation

Global Impact

Cancer and Vitamin D
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Estimated 25(OH)D serum levels (see legend) and projected percentage prevention of breast cancer
cases (bars) with 2,000 IU/day of vitamin D3 and 3-10 minutes daily of noon sunlight seasonally, 
when weather permits



Proportion of Rickets Prevented,
by Serum 25(OH) D Level

Serum 25(OH)D, ng/ml

0 5 10 15 20 50 60 70

Rickets50% 99%

Source: Arnaud SB et al. Serum 25-hydroxyvitamin D in infantile rickets. 
Pediatrics. 1976 Feb;57(2):221-5



Estimated Proportion of other Conditions Preventable
by Specified Range of  Serum 25(OH) D Level

Serum 25(OH)D, ng/ml
30 35 40 45 50 55 60 65

Type I Diabetes50% 80%

Hyppönen E, et al. Lancet 2001;358:1500-3.

50% 60%Multiple sclerosis

Munger KL, et al. JAMA. 2006;296:2832-8.

50% All fractures combined

Bischoff-Ferrari HA, et al. JAMA. 2005;293:2257-64. 

50% Falls, women

Broe KE, et al. J Am Geriatr Soc. 2007;55:234-9.



Estimated Proportion of Cancers Preventable by Serum 25(OH) D Range

Serum 25(OH)D, ng/ml
30 35 40 45 50 55 60 65

Mohr SB, et al. Prev Med. 2007;45:323-4.

Colon cancer50% 55%

Gorham ED, et al. Am J Prev Med. 2007;32:210-6. 

20% Ovarian cancer

Tworoger SS, et al. Cancer Epidemiol Biomarkers Prev. 2007;16:783-8. 

Breast cancer50% 67%

Garland CF, et al. Am Assoc Ca Res Mtg San Diego April 14, 2008

Renal cancer50% 67%

Mohr SB, et al.  Int J Cancer. 2006;119:2705-9.

25% 30% Non-Hodgkin’s Lymphoma

Purdue MP, et al. Cancer Causes Control. 2007;18:989-99. 

39% 75%All cancers combined

Lappe JM, et al. Am J Clin Nutr. 2007;85:1586-91.

Endometrial cancer50%

Li H, et al. PLoS Med. 2007;4:103. 



Ask your doctor if taking a pill to solve all your problems is right for you



60 nanograms/ml

What is the optimal serum 25 (OH) Vitamin D 
concentration?

People living in sunny places with minimal clothing 
that doesn’t limit vitamin D photosynthesis have 
serum 25(OH)D levels of 54 to 90 ng/ml (1).

A good target is:

ng/ml

200

130

120

110

100

90

80

70

60

50

40

30

20

10

0

Gauging your Vitamin D Status

A useful rule of thumb is that for every 100 IU of 
vitamin D3 ingested, there is a gain 1 ng/ml in serum 

25 (OH)D.  Example:  If the patient’s current level is 
20 ng/ml, 4,000 IU/day would raise it to 60 ng/ml (2).

1. Hollis BW. Circulating 25-hydroxyvitamin D levels indicative of vitamin D sufficiency: implications for 

establishing a new effective dietary intake recommendation for vitamin D. J Nutr. 2005;135:317-22

2. Heaney RP, Davies KM, Chen TC, Holick MF, Barger-Lux MJ. Human serum 25-hydroxycholecalciferol 

response to extended oral dosing with cholecalciferol. Am J Clin Nutr. 2003;77:204-10.
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Conclusions

Serum target: 40-60 ng/ml

Minimum oral intake of vitamin D3 at 
30 degrees or higher, in general:

Adults: 2,000-2,400 IU (NAS NoAEL)

Children 1-12 years: 2,000 IU 

Infants: 1000 IU

Cancer and Vitamin D
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