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- Vitamin D Vitamin D and cancer -
The journey to a dose-response 
relationship

- Micro-Darwinian theory of 
carcinogenesis 

- Serum 25(OH)D targets for 
prevention

Outline



Role of UVB and 

Latitude in Vitamin D 

- The sun is the source of UVB used to make 

vitamin D. 

-Four UVB photons combine with one molecule 

of cholesterol (7DHC), opening a ring to make 

vitamin D3. The liver converts vitamin D3 to 

25(OH)D.   

-Virtually all epithelial tissues convert it to 

1,25(OH)2D.

(Photo: Stanford Univ)
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Ask your doctor if taking a pill to solve all your problems is right for you



15 oral intake studies of vitamin D and colon 

cancer 

5 serum 25(OH)D and colon cancer studies

4 serum 25(OH)D and breast cancer studies

3 international comparisons of 177 countries 

cancer incidence rates vs estimated 

25(OH)D serum levels

2 randomized controlled clinical trials 

Dose-Response Estimation



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;8:615ï25.

Tangrea et al. 1997
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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;13:1502ï8.

Feskanich et al. 2004
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Womenôs Health Initiative 

Nested Study (N=295)
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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.



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.



Well, Iôd better go now. Iôm almost at the wall                             



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.



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.



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



Serum Levels of 25(OH)D and 

Ovarian Cancer



Dose-response gradient of ovarian cancer according to prediagnostic serum 25-hydroxyvitamin 

concentration, subgroup of women with BMI > 25

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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Serum 25(OH)D by oral intake of vitamin D3
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Relative risk of breast cancer mortality, by baseline serum 

25-hydroxyvitamin D concentration, cutpoint at median, 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.
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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.
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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 were highest in countries 
situated at the highest latitudes, in men (R2= 0.64, p < 0.01) 

and women (R2 = 0.63, p < 0.01).

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.
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Theories of carcinogenesis

ÅMutation theory: Boveri, 1902

ÅTwo-hit theory: Common cancers 

are much more complex.  A few 

[rare] cancers have two-hit precursor 

lesions é [yet] have a low 

probability of malignant trans-

formation (Knudson, 1980).

ÅMany-hit theory:  A number of hits 



What started this chaos?             



Micro-Darwinian carcinogenesis may 

cause some types of cancer

ÅIn vitamin D deficiency, the first

lesion is harm to the intercellular 

junction.

ÅThis unleashes natural selection.

ÅNatural selection is the engine of 

growth of the cancer.



You raised it from a mutant seed, you whack it!



Epithelial

tissue

Connective

tissue

Basal lamina

Collagen Fibers



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



Carcinogenesis    I

Typical epithelial cells and 

intercellular junctions



Carcinogenesis    I

Low vitamin D compounds in cells 

or low calcium in extracellular fluid



Carcinogenesis    I

First lesion of cancer 

may be loss of junctions



Carcinogenesis    I

Loss of junctions may be a result of 

inadequate vitamin D compounds



Carcinogenesis    I

Loss of junctions may be a result of 

inadequate vitamin D compounds



Carcinogenesis    I

Loss of junctions may be a result 

of inadequate vitamin D 

compounds



Carcinogenesis    I

Loss of junctions may be a result 

of inadequate vitamin D 

compounds



Carcinogenesis    I

Loss of junctions may be a result 

of inadequate vitamin D 

compounds



Carcinogenesis    I

Initial lesion of neoplasms is loss of 

intercellular junctions, mostly from 

vitamin D inadequacy



Carcinogenesis    I

Initial lesion of neoplasms is loss of 

intercellular junctions, mostly from 

vitamin D inadequacy



Carcinogenesis    II

Aberrant Behavior



Carcinogenesis    II

Aberrant Behavior



Carcinogenesis    II

Aberrant Behavior



Carcinogenesis    II

Aberrant Behavior



The first thing you need to do is update your CV 



Penetration of the basement membrane

Carcinogenesis    III



Penetration of the basement membrane

Carcinogenesis    III



Penetration of the basement membrane
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Penetration of the basement membrane

Carcinogenesis    III



Penetration of the basement membrane
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Penetration of the basement membrane
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Penetration of the basement membrane
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Penetration of the basement membrane
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Penetration of the basement membrane
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Penetration of the basement membrane

Carcinogenesis    III



Penetration of the basement membrane

Carcinogenesis    III



LymphaticTransport

Carcinogenesis    IV



LymphaticTransport

Carcinogenesis    IV



LymphaticTransport

Carcinogenesis    IV



Lymphatic Transport

Carcinogenesis    IV



Lymphatic Transport

Carcinogenesis    IV



Lymphatic Transport

Carcinogenesis    IV



Population expansion in lymph node

Carcinogenesis    V

WBC

WBC



Population expansion in lymph node

Carcinogenesis    V

WBC

WBC



Population expansion in lymph node

Carcinogenesis    V

WBC

WBC



Population expansion in lymph node

Carcinogenesis    V

WBC

WBC



Flow to host tissue

Carcinogenesis    VI



Flow to host tissue

Carcinogenesis    VI



Flow to host tissue

Carcinogenesis    VI


