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Vitamin D is Not a Just a Vitamin

• Vitamin D can be synthesized in the body 
with the energy of sunlight, so it is not a 
vitamin.

• Vitamin D is the precursor to the potent • Vitamin D is the precursor to the potent 
steroid hormone calcitriol that has 
powerful actions on all tissues in the body.

• Vitamin D can be thought of as a pro-drug 
that is activated in the body to a potent 
hormone that acts on all tissues in the 
body regulating hundreds of genes





Vitamin D 2 (plant) and Vitamin D3 (animal)



calcitriol



Vitamin D Metabolic Pathway



Classical Vitamin D Actions on Calcium 
Balance and Bone Homeostasis



Views of Vitamin D Actions

• Classical View
– Maintain mineral homeostasis
– Necessary for normal bones

• Expanded View - not just for bones anymore• Expanded View - not just for bones anymore
– Antiproliferative- stops cells from dividing
– Promotes differentiation- drives cells to develop no rmally
– Immuno-modulatory
– Anti-inflammatory
– Inhibits angiogenesis and invasion
– Other: Psoriasis, Alzheimer’s, etc .
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Vitamin D Deficiency

• Vitamin D deficiency is very common 
worldwide

• Deficiency is even common in sunny 
CaliforniaCalifornia

• Foods have little vitamin D
• Avoidance of sun, dark skin, sun screen 

use, northern latitudes all reduce vitamin D 
production

• Obesity increases risk of deficiency



Most foods have limited vitamin D





Why not sunlight?



Risks of Excessive Sunlight

• Skin cancer (Basal & Squamous)
• Melanoma
• Aging & wrinkling of skin
• How to advise how much sun is right? We • How to advise how much sun is right? We 

can’t since there are so many variables
– Latitude, season, time of day, clouds, smog
– Skin tone
– Clothing, how much skin is exposed







New IOM Guidelines for Dietary 
Reference Intakes (DRIs)
(announced Nov 30 2010)

DRI 600 IU
>70 years 800 IU>70 years 800 IU
Cut-point for deficiency:

20 ng/mL 50 nmol/L
Proof of benefit in non-skeletal diseases 

will require further research



Vitamin D Recommendations
• Old U.S. IOM 400 IU/day
• New European 800 IU/day
• New U.S. November 2010

– 600 IU/day, 700 IU for those over 70 years
– Dose proven to protect bones– Dose proven to protect bones

• “Advocates” suggest 2000 IU/day
• “Aggressives” suggest 4000 IU/day
• Remember proof of benefits in humans is not 

yet compelling
• Risks of long term high doses appear small but 

not known in large populations



Controversy About Recent Institute of 
Medicine (IOM) Report (Nov 30, 2010)

• Skeletal benefits require only 600 IU vitamin D and 
800 IU if > 70 years NO

• Normal range 25(OH)D >20 ng/mL (most labs say >30 
ng/mL)

• Most U.S. and Canadian citizens are not deficient NO, • Most U.S. and Canadian citizens are not deficient NO, 
Many are deficient

• Benefits of vitamin D in cancer heart disease, 
diabetes, auto immune disease, etc. are suggestive 
but causality not proven in humans by random clinical 
trials NOT proven, but the data are very suggestive

• More research is needed to prove extra-skeletal 
benefits Yes



The research
has just been
published!



Endocrine Society Clinical 
Practice Guidelines Committee

• Deficiency is < 20 ng/mL
• Goal should be > 30 ng/mL
• Daily requirement for adults • Daily requirement for adults 

– 1,500-2,000 IU/day
– Upper limit 10,000 IU/day



25-Hydroxyvitamin D Levels
Frequently Used Normal Ranges 

25(OH)D ng/mL Nmol/L

deficient <20 <50

insufficient 20 - 30 50 - 75insufficient 20 - 30 50 - 75

normal >30 >75

Measure 25(OH)D in your patients and supplement as needed
Most vitamin D experts suggest 1000 to 2000 IU/day 

(30-45 ng/ml range)
Advocates and enthusiasts may advise 4000 IU/day

(45-60 ng/ml range)



Using Vitamin D Supplements
• Blood test can tell vitamin D status 

– 25-hydroxyvitamin D -should be done!

• Current ranges in most labs and Endocrine 
Society opinion:
– Deficient <20 ng/mL– Deficient <20 ng/mL
– Insufficient 20-30 ng/mL
– Normal > 30 ng/mL

• Multivitamin has only 400 IU/day
• 100 IU raises 25(OH)D by ~1 ng/mL
• If deficient need high doses to “fill tank” 

then reduce to maintenance dose 



Safety Issues for Vitamin D 
Supplements

• Anyone with history of kidney stones, 
parathyroid disease, Tbc, sarcoid, etc. needs 
special attention before starting

• Maintain fluid intake >2 liters/day (2 quarts)• Maintain fluid intake >2 liters/day (2 quarts)
• Still need adequate calcium for bone 

protection
• Calcium carbonate is usual calcium pill
• Calcium citrate less likely to form stones
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Autoimmune 

Multiple
Sclerosis

Osteoporosis

Cancer

Infection
Tbc

New Actions For An Already Busy 
Hormone

Autoimmune 
DiseaseCalcitriol

Hypertension

Diabetes

Tbc

Psoriasis

Cardiovascular
disease

The recently issued IOM report concluded that non-skeletal 
benefits are not proven and more research is needed
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Mortality Sunlight

Inverse correlation: low sunlight more prostate can cer
Sunlight exposure is interpreted as a surrogate for  vitamin D status



BCa Mortality Rates and Solar Radiation

Garland et al1990



Annual age-standardized incidence rates of endometrial cancer, per 100,000 women, by latitude, 
175 countries, 2002. Source: data from GLOBOCAN (Ferlay et al., 2004).



Dose-Response Risk of BCa Prediagnoatic 
25(OH)D in Harvard Nurses Health Study

30% lower risk with
42 ng/mL



Dose-Response Risk of BCa Prediagnoatic 
25(OH)D in St.George’s Study

50 % lower risk with50 % lower risk with
48 ng/mL



Dose-Response Risk of BCa Prediagnoatic 
25(OH)D in Combined Studies

50% lower risk with
52 ng/mL

But not all of the more recent studies agree



Not All Studies Agree

• Although many studies show decreased 
risk as vitamin D levels increase, some do 
not

• A very few studies even suggest a “J” or • A very few studies even suggest a “J” or 
“U” shaped curve with increased risk at 
low but also at high levels of 25(OH)D

• Most of these studies do not have large 
numbers of subjects with high levels of 
25(OH)D 



Restricted cubic spline showing the fully adjusted associations between serum 25-
hydroxyvitamin D (25[OH]D) levels and all-cause mor tality in 13 331 participants of the Third 

National Health and Nutrition Examination Survey

Copyright restrictions may apply.

Melamed, M. L. et al. Arch Intern Med 2008;168:1629 -1637.



Associations between 25-hydroxyvitamin D (25[OH]D) levels and all-cause mortality in 13 331 
participants of the Third National Health and Nutri tion Examination Survey, overall and by sex

Melamed, M. L. et al. Arch Intern Med 2008;168:1629 -1637.

The possible increased risk at high 25(OH)D concent rations
is not statistically significant



Odds ratios and 95% confidence intervals for cancer  risk by site across categories of circulating 
levels of 25-hydroxyvitamin D (nmol/L), Cohort Cons ortium Vitamin D Pooling Project of Rarer 

Cancers.

Kidney Non-Hodgkin
lymphoma

Upper G.I.

Pancreatic

Risk>100 nM

Helzlsouer K J , Am. J. Epidemiol. 2010;172:4-9

Upper G.I.

Endometrial Ovarian

Risk>100 nM
40 ng/mL    



Kaplan-Meier analysis of women free of cancer for t he 3 treatment groups 
randomly assigned in the cohort of women who were f ree of cancer at 1 y of 
intervention (n = 1085)

Lappe, J. M et al. Am J Clin Nutr 2007;85:1586-
1591 Lappe et al AJC N 2008

4 years
1100 IU D3



VITAL Trial
THE VITAMIN D AND OMEGA-3 TRIAL

• Harvard Medical School and the Brigham and 
Women’s Hospital in Boston, MA. JoAnn Manson, P.I.

• Randomized, double-blind, placebo-controlled trial in 
20,000 U.S. men and women.

• Do daily dietary supplements of vitamin D (2000 IU) or • Do daily dietary supplements of vitamin D (2000 IU) or 
fish oil (1 gram of omega-3 fatty acids) reduce the risk 
of developing cancer, heart disease, and stroke in 
people without a prior history of these illnesses.

• 4 groups: 
– Vitamin D 2000 IU, Placebo plus up to 800 IU 
– Omega-3 FA,  combination 2000 IU + Omega-3FA
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Post-Menopause

• Ovaries fail and serum estrogen levels fall
• Breast adipose-stromal cells and breast epithelial 

cells use circulating adrenal androgens as 
substrate to synthesize estrogens for paracrine substrate to synthesize estrogens for paracrine 
action

• Local estrogen synthesis in the breast becomes 
driver of BCa cell growth

• Prostaglandin synthesis is a major stimulator of 
aromatase activity



Goals of Endocrine Therapy of 
ER+ Breast Cancer

Estrogens acting via the estrogen receptor (ER) are  the driving
force for tumor growth. The goals of endocrine ther apy are to
deprive the tumor of estrogens or prevent its actio ns via the ER

Major Available therapies for estrogen deprivation
• Block estrogen action:                          Tam oxifen (SERMs)
• Block estrogen synthesis:                    Aromat ase inhibitors (AIs)
• Down-regulate the ER:                          Fasl odex (SERDs)

Calcitriol mediates all of these actions



Two Clinically Useful Ways to Inhibit
Estrogen Action

AIs block estrogenAIs block estrogen
synthesis

SERMs block
estrogen action
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Actions of AIs and SAMs to Inhibit Aromatase

breast cancer cells

SAM=selective aromatase modulator (direct or indire ct inhibitor)
2003

breast stromal cells

infiltrating
inflammatory cells



Beneficial Calcitriol Actions in 
Breast Cancer

Well known actions
• Anti-proliferation
• Pro-differentiation• Pro-differentiation
• Pro-apoptosis
• Anti-angiogenesis
• Anti-inflammatory



Outline of ‘New’ and Incremental Calcitriol 
Actions to Inhibit BCa Growth

• Down-regulation of ER
• Direct down-regulation of aromatase
• Indirect down-regulation of aromatase by 

inhibition of PG synthesis and signaling since inhibition of PG synthesis and signaling since 
PGs are the major stimulator of aromatase
– Inhibition of COX-2 (PG synthesis)
– Stimulation of 15-PGDH (PG degradation)
– Down-regulation of PG receptors (PG 

signaling)
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Calcitriol Down-Regulation of 
Aromatase Expression in BCa Cells

ER+ and ER - cells
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Calcitriol Up-Regulation of Aromatase 
Expression in Bone and Ovarian Cells
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Calcitriol Down-Regulation of Estradiol 
Production in BCa and Up-regulation in Bone
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Others have shown that calcitriol also stimulates C OX-2 and PG synthesis 
in bone . As expected, the changes in COX-2 and aromatase exp ression 
resulted in predicted changes in the ability of cel ls to synthesize 
estrogens.
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Side-Effects of AIs vs. Tamoxifen

Possibly vitamin D Rx given
in combination with AIs 
will diminish the osteoporosis
side-effect of AIs by increasing
local estrogen synthesis in bone
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The COX-2 Signaling Pathway and Associated Biologic  Activities

Markowitz S. N Engl J Med 2007



The Role of PGs in Stimulating 
Aromatase Expression in Breast Cancer

ER+
BCa cell

Breast 
Adipose/
stromal 

cells

E2
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Calcitriol Exhibits Three Actions to 
Inhibit PG Action
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Effect of Calcitriol and Dietary Vitamin D 3 on 
the Growth of MCF-7 BCa Xenografts in Mice

Tumor Growth Serum Calcium



Effects of Calcitriol and Anastrozole on Tumor 
Gene Expression in Mice

Inhibited Genes Stimulated genes



Summary and Conclusions
• In addition to the many known anti-cancer effects o f 

calcitriol in BCa, we add some new ones that would 
benefit therapy

• Down-regulation of ER
• Down regulation of aromatase (CYP19A1)
• Down-regulation of COX-2  and PG signaling to 

indirectly inhibit aromatase as well as decrease th e indirectly inhibit aromatase as well as decrease th e 
pro-cancer actions of PGs

• In combination these actions decrease both the 
receptor (ER) and the ligand (E2)

• Selectively up-regulate aromatase in bone to possib ly 
protect against E2 deficiency and osteoporosis 
induced by AIs

• Synergistic or additive enhancement of AI activity to 
inhibit BCa growth



Calcitriol Actions to Inhibit Prostaglandin 
Synthesis and Aromatase Expression 



Thank you for your attention


