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®® % Vitamin D u fokusu
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on the regulation of innate and adaptive immunity

John § Adams and Martin Hewison*
MATURE CLIMICAL PRACTICE ENDOCRIMNOLOGY & METAEOLISKM FEBRUARY 2008 WOL 4 MNO 2

Vitamin D signalling pathways
In cancer: potential for anticancer
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Vitamin D as a potential modifier
of diabetes risk
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e ¢ o | Metabolizam vitamina D

Major source - sunlight

Skin J
— - |
G . ' |
- B v
Cholecalcifero! 7-Dehydrocholest
(vitamin Dy)

Minor source - dietary intake

Vitamin D (fish, meat)
Vitamin D; (vitamin supplements)

W 1,25-dihydroxyvitamin D,

1 Calcium absorption (small intestine)
* Urinary calcium re-absorption (kidney)
T Bone mineralisation

Maintains calcium balance in the body
via the action of parathyroid hormone



Nove uloge vitamina D

o Vitamin D | kancer

o Vitamin D | autoimunske bolesti

o Vitamin D | kardiovaskularne bolesti

o Uloga u urodenoj i adaptivnoj imunosti




Nove uloge vitamina D
Imunoregulacija

Important immunoregulatory activities of 1,25(0OH),D,
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Induction of antimicrobial
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Jorg Reichrath
Experimental Dennatology 2007; 16: 4184625

Proc Matl Acad 30 U 5 A 2006: 103 1173611741,



Nove uloge vitamina D

autoimunska oboljenja?

o Multipla skleroza

e Manje koncentracije vitamina D (deficijencija) povezane sa
vecim rizikom za detekciju novih lezija na MR i
nesignifikantno vecéim rizikom za relaps Ann Neurol 2012, Aug

e SOLAR studija — suplementacija vitaminom D uz interferon
beta kod MS — randomizovana kontrolisana studija, 2011.



Nove uloge vitamina D
autoimunska oboljenja?

o Diabetes mellitus tip |

e Suplementacija dece do 1. godine smanjuje
rizik od diabetes mellitusa tip |

e CaDDM studija: Am J Clin Nutr 2011

suplementacija holekalciferol vs kalcijum kod
osoba sa rizikom za DM - poboljSanje oGTT
testa znacajno, HbA1c manje raste ali bez
statistiCke znacCajnosti



Nove uloge vitamina D
autoimunska oboljenja?

o Reumatoidni artritis: J Rheumatol 2011 Jan

e Deficijencija vitamina D €eS¢a povezana sa vecCim skorovima
aktivnosti i prisustvom anti CCP At; insuficijencija vitamina D bez
znacaja na aktivnhost RA

e \Women Initiative CaD trial: Rheumatol Int 2011 Dec
36200 zena bez RA pracenih tokom 5 godina, pojava 163 slucaja RA
Vitamin D vs. placebo, bez razlike u incidenci RA

Veca izloZzenost vitaminu D (suplementacija+izlaganje suncu):
povecan rizik za RA!



Nove uloge vitamina D

0O _ : :
kardiovaskularna oboljenja?

o Suplementacija vitaminom D kod osoba sa hipertenzijom i

iInsuficijencijom vitamina D smanjuje vrednosti krvnog pritiska
(Am J Hypertension 2012 Aug)

o Nema korelacije izmedu statusa vitamina D i pojave
kardiovaskularnih dogadaja kod osoba sa stabilnom anginom
pectoris (Am Heart J 2012; Sep 164 (3)

o Suplementacija vitamina D kod Zzena u postemnopauzi nije
smanijila rizik za kardiovaskularne bolesti (PloS One 2012; May)

Rizici od hipervitaminoze D:
hipekalcemija, hiperfosfatemija, povecanje koncentracije FGF



Nove uloge vitamina D
prevencija i lecenje kancera?

o Apperly, 1941, SAD:

e Sever vs. Jug: vedi rizik za kancer unutrasnjih organa, maniji
za kancer koze i obrnuto

o Garland et al. rizik od razvoja karcinoma kolona i dojke
povecani u severnim regionima SAD

o Hanchette et al. rizik od razvoja karcinoma prostate
povecani u severnim regionima SAD



Nove uloge vitamina D

®o .
prevencija | lecenje kancera?

o Karcinom kolona: randomizovana, kontrolisana studija suplementacije
vitamina D tokom 7 godina Zena u postmenopauzi — bez efekta na
incidencu

o Karcinom dojke: French E3 kohort Cancer Epidemiol Biomarkers Prev; 2011
67721 zena praceno 10 godina
2871 obolelih zena
vitamin D suplementacija bez efekta na rizik

U regijama sa najvecom UV insolacijom, vitamin D suplementi i dijeta
povezani sa manjim rizikom u odnosu na zene sa najnizim unosom
vitamina D



Nedostaci studija

o Nepostojanje adekvatnih kontrola

o Udruzeni faktori (socioekeonomski status,
zagadenje, razlike u ishrani, ...)

o Problemi u metodologiji — Cesto
retrospektivne studije

o Retke randomizovane kontrolisane studije
nisu potvrdile nalaze prethodnih



ee o | \/itamin D I kancer

Target cell

Apoptosis
Colleycle
Arrest
Immunological response
Tumor rejection Anti
angiogenesis
Differentiation

FIGURE 2 | Effects of vitamin D receptor (VDR] activation on
tumorigenesis. Caicitricl bound to VDR forms heterodimers with the
retinoid X recepior (RXR) and its ligand (9 cis-retinoic acid), these dimers
occupy specific nuclectide sequences: vitamin D response elements
{(VDRESs). In conjunction with several transcription factors, this complex lead
to the transcription of vitamin D responsiva genes.

Vuoloetal.  Vitamin D and cancer  April 2012 | Volume 3 | Articie 58 | 3



® e o | Polimorfizam VDR | kancer

Table 1 | VDR polymormphisms associated with cancer.

Cancer VDR polymorphisms
Prostate Fokl, Bsml, Taq, Apal, poly (A
Breast Fokl, Bsml, Taqgl, Apal, poly (A
Melanoma Fokl, Bsml

Colorectal Fokl, Bsml|

Thyroid Apal, Fokl, Taqgl




e e o | Polimorfizam VDR | melanom
Gen/SNP | Genotip |__Me€lanom Kontrole Adjusted OR* (95% Cl) D
N % N %
ee 15 19.74 30 3297 |1 Ref.
VDR
EcoRV |Ee 47 | 61.84 35 | 38.46 |2.527 (1.145-5.575) 0.022
EE 14 18.42 26 28.57 |1.333(0.471-3.767) 0.588
ff 11 14.47 36 3956 |1 Ref.
VDR
Fok Ff 36 47.37 46 50.55 | 2.499 (1.085-5.757) 0.031
FF 29 38.16 9 9.89 10.878 (3.731-31.715) 0.000

Ee heterozigot, Ff heterozigot, FF mutirani homozigot

Kandolf Sekulovic L, Zeljic K, et al. EADO 2012




o0 Polimorfizam VDR 1 melanom

Klini€ko patoloski VDR EcoRV
tip
ee Ee EE
Nodularni 2 17 1
melanom (NM)
Superficijalno 13 30 13
Sireéi melanom
(SSM)

Kandolf Sekulovic L, Zeljic K, et al. EADO 2012

P=0.043, x° test



Vitamin D | kancer koze

o Kalcidiol smanjuje stvaranje ciklopirimidinskih
dimera (markeri DNK ostecenja pod uticajem UV)
u keratinocitima

MELANOM

o Celije melanoma eksprimiraju VDR, produkuju
vitamin D i njegovom prisustvu sporihe proliferiSu

o Indukcija apoptoze Celija melanoma in vitro



Manje koncentracije serumskoqg vitamina D,
veca debljina melanoma po Breslowu

Table 2.

Association Between Serum Vitamin D Levels at Recruitment and Breslow Thickness in
the Prospective Cohort Study

Breslow No. of Crude Adjusted

Thickness (mm) Patients Mean 95% CI Mean' 95% CI

<075 152 57.2 53 5to 525 to
61.0 59.0

0.75-1 259 54 .1 513 to 54 9 520to
569 578

1-2 381 52 4 502to 53.7 513 to
54 5 56.2

2-3 156 508 47 1to 516 47 8 to
54 4 554

>3 182 496  463to e 44 8to
529 522

"Based on 1,130 melanoma cases.
Tﬁ.djusted for age, sex, body mass index, and month sampled using a general linear model 002 for linear

Newton-Bishop J et al. J Clin Oncol 2009;



Veca koncentracija vitamina D,
manji rizik od progresije bolesti

Tl

0.9

0.8

0.7+

< 41.3 nmol/L; 231 patients: 22% (51) relapsed, 78% (180) censored
41.3-61.4 nmol/L; 236 patients: 17% {39) relapsed, 83% {197) censored
- > 614 nmol/L; 260 patients: 13% (34) relapsed, 87% (226) censored

Relapse-Free Survival (probability)

2 3 4 5 6
Time (years)

O—\\




Efekti vitamina D u kozi

o VDR u kozi:
keratinocitl, sebocitli, melanociti, fibroblasti
Imfociti

o Funkcije:

e Supresija proliferacije/indukcija diferencijacije
keratinocita

e Imunomodulatorna dejstva: supresija T Celijske
aktivacije, supresija dendriticnih celija

e Uroden imunost: indukcija antimikrobnih peptida u
keratinocitima

e Zastita od oksidativnog stresa

e Supresija UV indukovane apoptoze keratinocita



® e o | Analozi vitamina D u leCenju

o Psorijaza

o Lokalizovana sklerodermija
o Lichen sclerosus

o Vitiligo

o Akne?




Vitamin D status

Deficijencija < 20 ng/mL
Insuficijencija 21-29 ng/mL

Suficijencija 30-100 ng/mL



® ¢ @1 Koliko je vitamina D potrebno?

You Need More Vitamin D As You Get Older

600 1U g

Multivitamins

typically
provide 400 I

= = af vitamin O

One cup of 1
vitamin D “‘1
fartified milk
or juice
provides 50 L.

Daily vitamin D needs in International Units {IU}

until age 50 age 51-70 over age 70

Infographic: FDARenée Gordon

* Nove preporuke? 1000-4000 lU/d



® e o | Nove preporuke

Deca <1 godine:
400-1,000 IU/d

Deca 1-18 godina:
minimum 600, optimum1,000 IU/d

Odrasili:
minimum 600-800, optimum 1.500-2.000 1U/d

(.ZLINAIL?A l_% GUIDELINES

Evaluation, Treatment, and Prevention
of Vitamin D Deficiency:

An Endocrine Society Clinical Practice Guideline

. \g‘n — e
T CLINICAL
ENDOCRINE ENDOCRINGLOGY
SOCIETY |  &METABOLSM

2011



|zvorl vitamina D

Hrana | suplementi 10-20%

Fotosintez'a u kozi 80-100%




®® o | Sinteza vitamina D u kozi
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® @ ¢ | Akcljski spektar — UVB (290-320 nm)

. sinteza vitamina D

ostecenje DNK i
kancerogeneza

Relative Effectiveness

' . opekotina od sunca
' eritem

270 280 290 300 310 320
Wavelength (nm)



® ® ® |Sinteza vitamina D u kozi

o JSinteza dostize plato
posle metabolisanja 10-20% 7-DHC
o Svako dalje izlaganje suncu:
/-DHC Inaktivni metaboliti
zastita od hipervitaminoze D!



® o ¢ | Faktori koji utiCu na sintezu

o Spoljasnji faktori - koliCina UV zracCenja
e geografska Sirina
e doba godine
e oblacnost: kumulusi/stratusi
e atmosfersko zagadenje
e nadmorska visina

o Unutrasnji faktori
e tip koze
e uzrast
e odeca i SPF zastitne kreme
e kulturoloski obrasci ponasanja



® ¢ ¢ | Tip koze | geografska Sirina

Rizik od deficijencije vit D
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Rizik od kancera koze



® e ¢ | Dovoljno sunca za 1000 1U?

GRENLAND

STOKHOLM

BEOGRAD §&

| UM exposure fimas

KALKUTA MINUTI IZLAGANJA
SU DOVOLJNI!

SINGAPUR>

pJun Jul Aug Sep Oct Nov Dec

Ann R. Webb® Progress in Biophysics and Molecular Biology 92 (2006) 17-25



e ¢ ¢ |Dovoljno sunca?

o Hollick et al. Am J Clin Nutr 2004; 79(3): 362.

koza tip |

1zlaganje celog tela 5 minuta
juni u podne

Boston, SAD (43 N)

=10 000 IU

e 15% tela (lice, Sake, ruke) = 1500 IU/d

o Marks R et al. Arch Dermatol 1995: 131: 415.
5% povrSine koze <MED = 35 nmol/L 25-OH vit D



® e e | Dovoljno sunca?

re times needed to achieve vitamin D concentrations of 200, 400, and
U, depending on the UV index

UV index (1 = low, 12 = high)

Exposure time (min) for the production of:

200 U vitamin O 46 15 8 -
400 1U vitamin D a3 31 16 g
600 1U vitamin D 140 47 24 12
{S':IED%F;& Il minimal erythema doses per hour | 0.42 1.26 252 204

6% koze izlozeno, fototip Il

Deutsches Arzteblatt Intemational | Disch Arztebl Int 2010; 107(37): 63843



Dovoljno sunca?

Estimates of beneficial and harmful sun exposure times during
the year for major Australian population centres
MJA « Volume 184 Number 7 « 3 April 2006

2 Solar ultraviclet (UV) radiation exposure period (minutes) at 12:00 to produce 1/6 to 1/2 minimal erythemal dose (MED),
sufficient for vitamin D production, and 1 MED (erythema; in parentheses*), for people with type Il skin and 15% of the
body exposed

Exposure period (minutes)

City® Jan Feb Mar Apr May June Jul Aug Sep Oct MNov Dec
Townsville 2-5 ] 2-5 & 3-7 5-10 4-5 34 35 24 24 24
(10) (10) (10) (14) (16) (22) (19) (14) (12) (10) (1) %)
Brisbane 24 35 e 4-8 51N 7-14 &-12 4-5 4-8 34 -4 3-5
(8) Ay (10) (14) (22) (34) (30) (23) (7) (14) (12) (1)
Perth 24 24 35 4-8 7-15 9-17 F-17 &-12 5-10 34 2-5 2-5
(10) (11 (13 (19 (20) 4z2) (38) (25) 20) (14 (12) (1)
Sydney ] 25 4-8 59 8-16 10-19 11-22 7-14 9 37 -7 -4
(1) (11 (14} 20 (30) (4a) (40) (30) 19 (1&) (12 (1)
Adelaide 4 25 b 11 =17 15-20 12-25 8-16 &11 4-8 -4 3-5
an 1 (13) (22) (33) (35) (48) (32) (20) (16) (13) (1)
Me llbourne ] 2-5 4-8 13 122 17-24 17-34 11-23 7-13 510 4-8 -4
(10) (10) (15) (23) (38) (70) (>1) (37) (23) (19) (14) (12)
Hobart* 7-14 714 11-22 16-36 28-54 3775 55-110 26-53 16-33 10-20 918 7-15
27) (230) 413 (&0 (95) (150) (150 (78] i62) 1) (3n (21)

*Exposure time to produce 1 MED (erythema) bazed on the maximal Ultraviclet Index (UV1) reading for that month is provided in parentheses.
1 Data for cities other than Hobart are based on UVY] readings recarded in 2001, + UV readings for Hobart were fram 1991, as reliable and
comparable data for 2001 were not available. -



Preporuke za zastitu od sunca

o lzbegavati boravak na suncu od 10-16 od
juna do septembra

o Nositi zastithu odecu | naocare

o Nanositi kremu sa SPF faktorom tokom
boravka napolju u rizichim periodima

o Prilagoditi ponasanje na osnovu izvestaja o
UV indeksu

o PREPORUKE NE TREBA MENJATI ZA
NAJVECI DEO POPULACIJE!



Be Sun Smart:

U USING

TANNING BEDS?.

Protect Yourself from the Sun

Sun exposure is the most preventable risk factor for all skin : :

cancers, includi.n: lnf‘l;n.ll.lll‘lil. You can have fun in the sun and ' TAnn"'IG BEUS CAn B 2 RISKY 4 WRDS.
decrease your risk of skin cancer. THE‘R Uv RAYS CAn inCREASE

== UR RISK 4 SKill CANCER - =

Here's how to Be Sun Smart

usly af frum wat wtant sunscreen with a Sun Protection Factor (SPF)
of 30 or more to all exposed skin. Broad—specuum provides protection from both ultraviclet A
(UVA) and ultraviolet B (UVB) rays. Re-apply approximately every two hours, even on cloudy days,
and after swimming or sweating.

Melanom drugi malignitet
po ucestalosti
u populaciji 15-29 godina

¥ such as a long-sleeved shirt, pants, a wide-brimmed hat and sunglasses,
where possible,

iade when appropriate, remembering that the sun's rays are strongest between 10 a.m.
and 2 p.m. If your shadow is shorter than you are, seek shade,

on near watar, snow as they refiect the damaging rays of the sun which
can increase your chance of skin cancer,

ot v through a healthy diet that may include vitamin supplements. Don't seek
the sun.

Ultraviolet light from the sun and tanning beds can cause skin cg
wrinkling. If you want to look like you've been in the sun, consider using a sunless sél
product, but continue to use sunscreen with it.

FDOOR CATNING i QUL

ck y the tmonthly 1f you notice anything changing, growing, or blee
skin, see a dermatologist. Skin cancer is very treatable when caught early,

American Academy of Dermatology
1-888-462-DERM (3376)
www.aad.org Excellencs in Dermatology ™

Physicians Dadicated to




® @ o | RiziChe grupe

Stare osobe

Osobe sa tipom koze IV-VI
Stanovnici urbanih sredina zimi
Pripadnici odredenih kultura

Pacijenti sa cistichom fibrozom i sindromom kratkih
creva

o Pacijenti sa povecCanim rizikom za nastanak
karcinoma koze:
e transplantacija bubrega
e xeroderma pigmentosum, Gorlinov sindrom i dr.

O O O O O



® ® ¢ (Preporuka za suplementaciju




TABLE 1. Sources of vitamin D, and vitamin D,

Natural Sources
Vitamin D,
Vitamin D, (Chesseniciers)

Cod liver ol -400-1,000 IU/feaspoon vitamin D,

Slmon, fresh wid cought -600-1,000 11J/2.5 oz véamin D,

Salman, fresh farmed -100-250 IU/3.5 oz vitamin D,, vitamin D,

Salmon, connad -300-420 IU/3:5 oz vitamin D,

Sardines, canned -3001U/3.5 oz vitamin D,

Mockeral, canned -250JU/3.5 oz vitamin D;

Tuno, canned 236 1U/3.5 oz veamin D,

Shitiake mushrooms, fresh -1001U/3.5 oz vitamin D,

Shintake mushecoms, sundried -1.600 /3.5 oz vitamin D,

Egg yolt -20 U/ yolk vitamin D, os D,

—20,000 U squivalent o expaosire o 1 minimal erythemal dose (MED)
Sunlight/ VB rodiction in o bathing sult. Thus, axposura of arms ond legs o 0.5 MED Is equivalent
1o ingesting ~3,000 IU vilomin D

Forlified foods

Forified mifk. 100 1U/8 oz, usually véamin D,

Fortified orange yice 100 1U/8 oz viomin D,

Infant formulas 100 1U/8 oz vitamin D,

Forified yogurts 100 JU/8 oz, usually viamin D,

Foriified buter 56 1U/3.5 oz, usually vitamin D,

Fortified margarine 4201U/3.5 oz, usually visamin D,

Fortified cheases 1001U/3 oz, usually veamin D,

Fortified breakfost cersals ~100 IU/seving, usually véamin D,

Viamin D, fesgoccictercl) 50000 0/copsde

Drisdol {vfomin D) hquid 8.000 W/ec

Muitvitamin 400, 500, 1,000 M vilamin D, or visamin D,

Vitamin D, 400, 800, 1,000, 2,000, 5,000, 10,000, and 50,000 IU

IU = 25 ng. Reproducad weh permizzion bom M. E Holick: N Engl | Med 357:266-281, 2007 {3]. @ Messochzats Madical Socialy.



UMERENOST

(gr. eyxpareia, lat. continentia)
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