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UVB 0.1% 
UVA 4.9% 

Vis 39% 

Radiation Reaching Earth 
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Does sunlight 
& UVR have 

any beneficial 
effects ? 





HOW DO YOU MAKE 
VITAMIN D ????  



7-DHC 

HO 

 Vitamin D3 HO 

ΔH 
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 PreD3 

HO 

Solar UV Radiation 

Wacker, M. and Holick, MF.  Sunlight and Vitamin D: A global perspective for health. Dermato-Endocrinol. 5(1):51-108, 2013. 



Sunlight radiation responsible 
For making vitamin D 

290-315 nm 



HOW MUCH 
SUN 

EXPOSURE 
???????????? 



Total Body 
Irradiation 1X 

   ORAL 
VITAMIN D 



1 minimal 
 erythemal 

 dose 



Exposure to 
1 Minimum Erythemal 

Dose 

~20,000 IU Vitamin D3 
(RDA 600-800 IU)  



0 

30 

 40 

 50 

 60 

 70 

300 
25

(O
H

)D
 n

g/
m

l 

II III IV V D2 D3 

UV Exposure by Skin Type 1000 IU Capsule 

Adults age 18 – 65 exposed to 0.5 MED UVB radiation 
Once a week for three months or receiving 
1000 IU of vitamin D2 or vitamin D3 daily 

1000 IU 

Wacker and Holick Dermatoendocrinology 2013;5:51-108 



Is Tanning good 
For  V itamin D 

A nd your 
B ones 

??????? 
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TANNERS 

48ng/ml  

   SERUM 25(OH)D LEVELS IN TANNERS AND  
            NONTANNERS END OF WINTER IN BOSTON 

170% 
NON TANNERS 

17.4 ng/ml 

Tangpricha, et al Tanning is associated with optimal vitamin D status (serum 25-hydroxyvitamin D concentration) and higher bone mineral density. 
  Am J Clin Nutr. 2004. 80:1645-1649.  
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Tangpricha, et al Tanning is associated with optimal vitamin D status (serum 25-hydroxyvitamin D concentration) and higher bone mineral density. 
  Am J Clin Nutr. 2004. 80:1645-1649.  
  



What are the 
Other Beneficial 
Consequences 

Of Being Exposed 
To UVR 
 ?????? 



Why do People 
Feel Good in 

Sunlight 
??????? 



Do Human Skin Cells 
produce a Happy 

Substance in 
response to sunlight  

??????? 



Does 
 Human Skin 

 Produce 
 β-Endorphin 

??????? 



measure β-endorphin 

Simulated Sunlight 



Control UVA UVA + UVB 

β-Endorphin Induced by UVB 
 in Cultured Human Keratinocytes 

. Zanello, S., Jackson, D., and Holick, M.F.  An immunocytochemical approach to the study of beta-endorphin  
production in human keratinocytes using confocal microscopy.  Ann NY Acad Sci. 885:85-99, 1999. 



Does 
 Human Skin Produced 

 β-Endorphin 
 enter the bloodstream 
 to make you Feel Good 

??????? 



β-endorphin ? 
β-endorphin 
in blood ? 

feeling of well-being 

Sunlight - β-endorphin – Skin Connection 

Keratinocyte 

Jussila A, Huotari-Orava R, Ylianttila L, Partonen T, Snellman E. Narrowband ultraviolet radiation induces  
the expression of β-endorphin in human skin in vivo. Journal of Photochemistry and Photobiology B:Biology. 155:104-08, 2016.  



Sunlight Exposure May 
Elevate Serum β-endorphin 

Levels in Humans 
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Simulated Sunlight 



I can make 
β–endorphin 
in my skin !  



β-endorphin: opioid peptide 

β-endorphins responsible for: 
  Pain relief 
  Feeling of well-being 
  Relaxation 

β-endorphin has approximately 33 times the analgesic potency of morphine. 



Endorphins: Natural Pain and Stress Fighters 

UV may have some potential in reducing chronic pain and 
improving mood in persons with Fibromyalgia syndrome. 

Beneficial effects of UV radiation 
on diseases other than cancer 

Asta Juzeniene 



Ultraviolet radiation and 
cardiovascular disease (CVD)  

Beneficial effects of UV radiation 
on diseases other than cancer 

Asta Juzeniene 



Seasonal variations in mortality 
caused by CVDs 

The seasonal variation in CVDs mortality, with an excess in 
winter, has been documented in many studies. 

Eng and Mercer (1998) J. Cardiovasc. Risk 

24 & 39% 
Decrease CVD 
Dying Summer 



Seasonal variations in blood pressure 

Charach et al (2004) Gerontology 

There is a tendency for both systolic (S) and diastolic 
(D) blood pressure (BP) to rise in winter. 



Will UVB 
irradiation help 

my hypertension 

? 



Hypertension 
18 patients 
(ages 26-66y) 

UVB UVA 

6 Weeks, measure BP 
Krause R, Buhring M, Hopfenmuller W, Holick MF, and Sharma AM.  Ultraviolet B and blood pressure. Lancet. 352:709-710, 1998. 
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E ffect  of  UVA on B lood 
Pr essur e 
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E ffect  of UVB  &  UVA on 
B lood Pr essur e 
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UV radiation and CVD  

Feelisch (2010) Eur Heart J 



Nitric oxide (NO) and UV 

Human skin is capable of releasing nitric oxide (NO) in an 
enzyme independent manner. This is due to photolysis of 
nitric oxide stores by UV radiation. 

Feelisch (2010) Eur Heart J 
Suschek  (2010) Nitric Oxide 

Beneficial effects of UV radiation 
on diseases other than cancer 

Asta Juzeniene 

Liu D et al. UVA irradiation of human skin vasodilates arterial vasculature and lowers blood pressure 
 independently of nitric oxide. Synthase. J Int. Derm. 143: 1839-1846, 2014.  



What is the role of nitric oxide (NO)? 
  Vasodilatation 
  UV-induced melanogenesis 
  UV-induced immunosuppression 
  Inflammation 
  Apoptosis 
  Wound healing 
   Antimicrobial effects 

Bacteria – Staphylococcus aureus 
Dermatophytes – Trichophyton rubrum, 
Trichophyton mentagrophytes 
Yeasts – Candida albicans 

 

Halliday GM, Byrne SN. An unexpected role: UVA induced release of nitric oxide fomr skin may 
 have unexpected health benefits. J Int Derm. 134: 1791-94, 2014.  



UVA liberates nitric oxide (NO) 
from the epidermis 

Confocal fluorescence microscopy studies of human skin pre-
labeled with the NO-imaging probe diaminofluorescein 2 
diacetate revealed that UVA-induced NO release occurs in a 
NOS-independent, dose-dependent manner, with the majority 
of the light-sensitive NO pool in the upper epidermis. 

Liu D et al. UVA irradiation of human skin vasodilates arterial vasculature and lowers blood pressure 
 independently of nitric oxide. Synthase. J Int. Derm. 143: 1839-1846, 2014.  







Carbon monoxide (CO) and UV 

   
   Vasodilation 
   Neurotransmitter 
   Cell signaling 
   Relaxation 
   Antioxidant 
   Anti-inflammation 
   Ani-apoptosis 

Stec A, Heather D, Vera T. Role of Carbon Monoxide in Blood Pressure Regulation. Hypertension. 51:597-604, 2008.  



How Does UVR Effect 
my IMMUNE SYSTEM? 



MS, latitude and UV  

Kurtzke J F. Geographic distribution of multiple sclerosis: an update with special reference to Europe 
 and the Mediterranean region Acta Neurol. Scand. 62 65–80, 1980.  



D3 

1.25D3 

MS animal model study: 
UV more beneficial than vitamin D 

UVB treatment                    Vitamin D treatment 

UVB 

Continuous treatment with UVR dramatically suppresses clinical 
signs of experimental autoimmune encephalomyelitis (MS).  

     400 IU 
20,000 IU 
40,000 IU 

Becklund BR, Severson KS, Vang SV, DeLuca HF. UV radiation suppresses experimental autoimmune enecephalomyelitis 
 independent of Vitamin D production. PNAS. 107(14) 6418-23, 2010.  



Multiple sclerosis 

Down-regulation of T helper 1 activity involved in demyelination 
through T regulatory cells and/or B regulatory cells and/or 
immunosuppressive cytokines 

Effect of UVR: 
Protection against disease 
Development and reduces 
symptoms of MS 



Multiple sclerosis and 
adrenocorticotropic hormone (ACTH) 

Slominski et al. (2012) 
Embryology and Cell Biology  

How about UV phototherapy for MS? 

A five-day course of intramuscular or 
subcutaneous ACTH gel improves 
symptoms associated with acute 
exacerbations of multiple sclerosis. 



Type 1 Diabetes/100,000 
        Boys<14 yrs  

10X 

15X 

Mohr SB, Garland CF, Gorham ED, Garland FC. The association between ultraviolet B irradiance, vitamin D status 
 and incidence rates of type 1 diabetes in 51 regions worldwide. Diabetologia. 51:1391-8, 2008.  





40 % Reduction 
More Sun third trimester 



„Der Zauberberg“ (Thomas Mann 1924)

Treat and Prevent TB 



WHAT IS              
THE EFFECT OF 
VITAMIN D ON 

THE  
IMMUNE SYSTEM 
     ???????? 





25(OH)D 

1,25(OH)2D 

Death 

Cathelicidin 
mRNA 

TB 

1 - OHase 
mRNA 1 - OHase  

Cathelicidin 

TLR2/1  
MACROPHAGE 

Liu P T et al. Toll-like receptor triggering of a vitamin D-mediated human antimicrobial response, Science 311 1770–3, 2006.  



UV Effects on Other Diseases (Treg cells ↑) 

Schwarz  (2010) J. Invest. Dermatol. 
LC, Langerhans cells 
Treg, regulatory T cells  

 UVR increases the number 
of regulatory T cells and 
reduces immune 
responsiveness  

 
   Suppression of allergy 
and asthma  

 
   Suppression of chronic 
inflammatory diseases 

 
   Prevention of  
autoimmune diseases    (Type 
1 Diabetes, Multiple 
sclerosis)   

UV radiation 

Beneficial effects of UV radiation 
on diseases other than cancer 

Asta Juzeniene 



Skin 

   1,25(OH)2D3 

25(OH)D3 

Liver 
 25-OHase 

Kidney 
 1α-OHase 



VDR 

VDR 

VDR 

VDR 

VDR VDR 

VDR 

VDR 

VDR 
VDR 

VDR VDR 

VDR VDR 

VDR 

VDR 
ESSENTIALLY EVERY TISSUE AND CELL HAS A VDR 





Girls 10-19 yrs most sun    69% 

Women 20-29 yrs most sun   51% 

Women 45-54 yrs most sun 0.0% 
Knight JA, Lesosky M, Barnett H, Raboud JM, ViethR. Vitamin D and reduced risk of breast cancer:  
a population-based case-control study. Cancer Epidemiol Biomarkers Prev. 16:422-9, 2007.  



Colon Cell 

Gene Transcription 

Apoptosis 

Bcl-2 
Bcl-XL

 

Mcl-1 
BAG1L 
XIAP 
cIAP1 
cIAP2 

 Differentiation 
MATURATION 

Nucleus 

Cell-cycle  
Arrest 

CDK2, p21, p27, p53 
Ki67, E-Cadherin 

25(OH)D>30 ng/ml 

RXR VDR 

1-OHase 
Mitochondria 

1,25(OH)2D3 

1,25(OH)D3 

~ 2000 Genes  
    Affected 
By 1,25(OH)2D 

Hossein-nezhad A, Spira A, and Holick MF. Influence of Vitamin D Status and Vitamin D3 Supplementation 
 on Genome Wide Expression of White Blood Cells: A Randomized Double-Blind Clinical Trial. PLoS ONE. 8(3):e58725, 2013. 



IS A DISEASE OF NEGLECT 

VITAMIN D  



THERE IS NOW 
A MOUNTAIN OF 
EVIDENCE LINKING 
VITAMIN D DEFICIENCY 
     WITH CANCER  
  RISK & MORTALITY 
AUTOIMMUNE DISEASES 
    TYPE 1 DIABETES 
     HYPERTENSION 
     TYPE 2 DIABETES 
                    !!!!!                             





OUR 25(OH)D 
40-60 ng/ml 

GOOD MUSCLE STRENGTH 
LOW CANCER RISK 
LOW RISK AUTOIMMUNE & 
HBP & CVD DISEASE 
 
 

1) Luxwolda, MF, Kuipers, RS, Kema, IP, Dijck-Brouwer, DAJ, a  
Muskiet, FAJ. Traditionally living populations in East Africa h   
mean serum 25-hydroxyvitamin D concentration of 115 nmol/l.    
Nutr. 2012. 23:1-5. 







79 

I should Avoid ALL 
Sunlight to Prevent 
Melanoma 
          ! ! ! ! ! !  



80 

Did you Know 
Most Melanomas 

Occur on the 
L east Sun E xposed  A reas 

??????? 



81 

Occupational 
 sun exposure 
Decreases risk 

melanoma 





WHAT DID THE AUTHORS CONCLUDE ? 

INCREASES RISK MELANOMA 
INCREASED # MOLES 
BAD GENETICS 
RED HAIR COLOR 
# SUNBURNS as CHILD 

YOUNG ADULT 







What is the 
 Best 

 Source of 
SENSIBLE 
SUNLIGHT   



WHEN CAN YOU MAKE 
VITAMIN D ????  

 http://dminder.info 

How about an App??? 

http://dminder.info/


Lack of  
Adequate Sunlight 

 & 
Vitamin D  
Deficiency 

Has a  
Major Impact 

On Health  



VITAMIN D DEFICIENCY CAUSES CONSEQUENCES 

SUN SUNSCREEN 
MELANIN 
LATITUDE 
WINTER 

MALABSORPTION 
  Crohn’s  
  Whipple’s 
  Cystic Fibrosis 
  Celiac 
  Liver disease 

Hepatic Failure 

Renal  Failure 
Nephrotic syndrome 

Obesity 

MEDICATIONS  
Antiseizure 
Glucocorticoids 
Rifampin 
HAART 
 St John’s Wart 

Schizophrenia 
Depression 

FEV1 
Wheezing 
illnesses 

Muscle weakness 
Muscle aches 

Osteoporosis 
Osteomalacia 
Rickets 

Autoimmune 
 Type 1 Diabetes 
 MS 
 Crohn’s 
 RA 

AODM 
Syndrome X 

HBP 
CHD 

CANCER 
 Colon 
 Breast 
 Prostate 
 etc. 

INFECTIONS 
  URI 
  TB 

Osteoarthritis 

X 

Holick M F. Vitamin D deficiency. New Engl. J. Med. 357 266–8, 2007.  



There Is No 
Downside 

To  
Obtaining  
Sensible 

 Sun Exposure 
!!!! 



We Need 
Sensible 

Sun + UVR  
& 

Vitamin D  
Supplementation 

Recommendations 
!!!!!!!! 

You Do Not Need To  
Be A Genius To Know 

This is  
NOT 

HYPOTHESIS 



Sunlight radiation responsible 
For making vitamin D 

290-315 nm 

Holick et al Science 1980; MacLaughlin et al Science 1982 

Immune Modulation 

POMC 

B-Endorphin 

ACTH NO &CO 

Wound healing 

Holick Anticancer Res 36;1345:2016 







WHO Recomendations 



Holick Anticancer Res 36;1345:2016 



DrHolick.com 
 http://dminder.info 

http://dminder.info/
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