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| Metabolismo de la vitamina D
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|| Vit D: acciones no gendémicas
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|| Vit D: acciones no gendémicas
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Prot kinasa C
Fosfolipasa C
Ras/MAP kinasa

Basado en Norman. Endocrinology 2006
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ﬂ Expresion de 1-hidroxilasa (cyp27b1)

s RiNon (p)



Expresion de 1-hidroxilasa (cyp27b1)

RINON (TpP) s Glandulas
Epitelios = Paratiroides
= Piel = Tiroides

= Préstata = Péncreas

= Colon = Placenta

= Mama

= Endometrio s Cerebro
Sist. Inmune _—

= Monocitos /macrofagos
= Cel. Dendritica

Hueso m [umores

= Osteoblastos
= Condrocitos



auto/paracrino

| Vitamina D: sistema endocrino y

U i}

1,25(0H),D; 1,25(0H),D5

Sar?gre *

* Efectos locales

Efectos sistemicos
(intestino, hueso,
paratiroides)

Diferenciacion y
actividad celulares

Metabolismo mineral



|' Regulacion de 1-hidroxilasa (cyp27bi)

PTH +
FGF-23 -
1,25(0H),D5 ;
(ICa, | P) —



|' Regulacion de 1-hidroxilasa (cyp27bi)

PTH + + No efecto
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¢, Qué importancia tienen los
efectos extra-esgueléticos de
la vitamina D ?



Niveles de Vit D y mortalidad global
(NHANES 111)
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Trials With Decant
Statistical Power

Chapuy et al,2 1992
Lips at al,30 1995
Chapuy et al.= 2002
Meyer et al,* 2002
Trivedi et al,1é 2003
Porthouse et al 39 20045
RECORD Trial,2& 2008
Flicker et al 40 2004
Jackson et al 42 2006

Subtotal SRR (95% Cl)

No. of Deaths/No. of Participants

Intervention Group

258/1624
22301291
71/303
169/568
224/1245
a71321
438/2649
76/312
744718176

1
Control Group

27411636
2011287
451190
163/575
2471344
G65/1993
46072643
85/313
80718106

| 0.92 (0.86-0.09) |

Suplementos de Vit D y mortalidad global

[
[ ]
£ O
|
B
0 .
B
I 1 1 ! 1
0.6 0.7 0.9 10 1.2

Relative Risk (95% Confidence Interval)

Autier Arch Intern Med 2007



Vit D: algunas acciones extraesqueléticas

Cancer
Infecciones
Autoinmunidad
Diabetes
Cardiovascular
Musculo

(Piel)



Radiacion solar y mortalidad por cancer colon

17.06-17.83
16.31-17.05
15.03-16.30
8.69-15.02 (lowest 10%)

(Gorham et al Crit Rev Bone Miner Metab 2009)



Niveles de 25(0OH)D y cancer colon

Relative risk for colon cancer

= 20 ng/ml 20-32 ng/ml = 32 ng/mi
Serum 25(0H)D, ng/ml

Fig. 10 Relative risk of colon cancer mortality, by baseline serum
25(0H)D concentration in tertiles, NHANES 11T cohort, 19882000,

(Gorham et al Crit Rev Bone Miner Metab 2009)



Niveles de 25(0OH)D y cancer colon

—
_ .y Garland 1989
[ k]
2
[ =
= i Braun 1993
[
=]
g . Tangrea 1996
8
ﬁ 3 Feskanich 2004
(k]
= >
= i Waclawski 2006
s

@ Pooled 0dds ratio = 0.49
p < 0.0001
= 20 ng/ml 20-32 ng/ml = 32 ng/mil r[}_1 1.0
Serum 25(0OH)D, ng/ml Log Odds Ratio for Colon Cancer

Fig. 10 Relative risk of colon cancer mortality, by baseline serum

Quintil 5 frente a quintil 1

(Gorham et al Crit Rev Bone Miner Metab 2009)



Niveles de 25(0OH)D y cancer colon

o
(a)
Tangrea et al,® 1997, ol
Male 0.557 (0.239, 1.298) . . B
Incidencia de cancer colo-rectal:
Feskanich et al 2% -
2004, Female 0.547 (0.325, 0.923)
_ Odds-ratio asociada a un aumento de
Wactawsk-Wende . ;s =
ETEII..E? 2008, Femals 0.362 (0.218, 0.625) 25(OH)D SenCO de 20 ng/ml
Wu et al.®® 2007, o
Male 0.697 (0.405, 1.200)
Otani et al., ™ 2007, ol
Male 0.687 (0.282, 1.677)
e
Om”i;" ﬂ’-l-m 2007, —b 0.667 (0.435, 0.738), P < 0.001
emale 1.206 (0.445, 3.271)
Fixed effects [+ .
0.567 (0.435, 0.738), P < 0.001 e
0.671 (0.431, 0.768), F < 0.001
Random effects e T — T — T — T —
_ osToAsn 0e) PeOo0l | 0.001 001 0.1 1 10 100
0001 001 0.1 1 10 10 -7

Log odds ratio (Figure 5a): Celorectal cancer ()///7 et al Alim Pharmaco/ Thel’ap 2009)



Niveles de 25(0OH)D y cancer de mama




Niveles de 25(0OH)D y cancer de mama

Refarent D yrag = 00001

1.0 -
0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
2.1 4

vkl Ratio Breast Cancer

=12ngml 12118 ng/m! 18.1-23.9 ng'ml = 24 ng/ml

Plasrma 25-hydroxyvitamin O quartiles
Fig. 4 Multuvariate-adjusted odds ratios for post-menopausal breast

cancer by plasma 25(0OH)D concentration by quartiles, 1,394 cases,
1,365 matched controls, Heidelberg, Germany. Sonrce: Abbas et al.

(Gorham et al Crit Rev Bone Miner Metab 2009)



Polimorfismos RVD y Cancer

Cancer de prostata




Polimorfismos RVD y Cancer

Cancer de prostata

C. Bsmi

Case Control Odds Ratio Odds Ratio
ot Ly O Jhroug ! [ I Fuents Wi d o, 95% , Ha o, 95"
Cheteri, 2004 336 543 340 510 10.6% 0.81 [0.63, 1.04] i |
Chokkalingam, 2001 21 161 38 297 2.2% 1.02 [0.58, 1.81] —
Hahuchi, 2000 50 222 128 337 0.0% 0.47 [0.32, 0.70]
Hayes, 20056 517 812 481 713 14.8% 0.85 [0.B8, 1.05] Fes
Holick, 2007 368 &40 3B4 541 11.3% 0.81 [0.64, 1.04] —e
Huang 2004 13 160 32 208 1.5% 0.48 [0.24, 0.94] S
Ingles, 1995 86 151 102 174 36% 0.93 [D.60, 1.45) ——
Li, 2007 652 1034 991 1566 24.1% 0.99 [0.84,1.17] -
Liu, 2003 8 103 6 106 0.6% 1.40 [0.47, 4.20]
Mikhak, 2007 404 646 420 669 13.4% 0.99 [0.73,1.24] i 3
MNarm, 2003 366 478 411 A36  B1% 0.98 [0.73, 1.31] S
Oakley-Girvan 2004 219 345 176 282 B.7% 1.16 [0.84, 1.60] N o
Onen, 2008 20 123 107 157 2.0% 0.71 [D.44, 1.14] 1"
Total (95% Cl) 5378 6103 100.0% 0.92 [D.84, 1.00] L
Total events 3120 35485
Heterogeneity: Tau®= 0.00; Chi*=11.40,df=11 (P=0.41); F= 4% =|:|.1 n=:- n!s ] é é

Test for overall effect. Z= 2.03 (F = 0.04)

(Yin et al, Int J Clin Exp Med 2009)



* Vit D: Efectos anti-proliferativos



* Vit D: Efectos anti-proliferativos
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ﬂ Vit D: Efectos anti-proliferativos

1,25(0H),D,

Prostaglandinas
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ﬂ Modelo DINO
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* Remodelado 0seo y metastasis

Células tumorales

PTH-rP
C'n‘ocmas A/
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* Remodelado 0seo y metastasis

Células tumorales

PTH-rP
Citocinas

‘ Factores
Estrom 5',‘;«0.5/,705 crecimiento
/ = % °
O




Ensayos de intervencion

US =20.13/100000 <
23.21-30.39 (highost 10%) /“'
21792320 -t
2056-21.78

ey 500

18.85-10.67

17.84-18.84

17.06-17.83

163117.05

15031630
B 5.85-15.02 (lowest 10%)




Suplementos de Ca-D y cancer

e Mujeres postmenopausicas
(n=1179)

e Ca 1500 mg +/- Vit D3
1100 U

e Nuevo cancer:

- 13 en primer afo

- 37 en anos 2-4.

Lappe, Am J Clin Nutr 2007



Fraction Cancer-Free

Suplementos de Ca-D y cancer

1.00

0.98

0.96

0.94

0.92

0.90

All Except First-Year Cases

Relative Risk = 0.23
p<0.01

Calcium and Vitamin D

Calcium only

Placebo

1 2
Time (yrs)

e Mujeres postmenopausicas
(n=1179)

e Ca 1500 mg +/- Vit D3
1100 U

* Nuevo cancer:
- 13 en primer ano

- 37 en anos 2-4.

Lappe, Am J Clin Nutr 2007




cancer de colon

‘-“ Suplementos de Ca-D y

WHI (Women’s Health Initiative)
 Mujeres postmenopausicas (nN=36.282)

e Ca 1000 mg + D3 400 U

e Aparicion de cancer de colon invasivo durante
seguimiento de 7 anos

Wactawski-Wende et al NEJM 2006



Suplementos de Ca-D y
cancer de colon

Hazard ratio, 1.08 (95% CI, 0.86-1.34) _ o
2 P—0.5] Calcium +vitamin D
w 0.010+
g Placebo
.
=3 -
£ =
20
g5 0006 o
[1:] __‘.-F'
ol P
s } S
B :
v
3 0.002- g
E /
=
Y 0.000 I I I I I I I 1
] 1 2 3 4 5 b 7 3
Years
Calcium +vitamin D
Mo. of events 0 23 17 28 20 19 27 23 9
Mao. at risk 18,176 18,043 17,936 17,780 17,605 17,243 14,680 9138 4403
Placebo
No. of events 0 27 16 27 20 13 20 17 7
Mao. at risk 18,106 17,967 17,332 17,663 17,471 17,093 14,530 9041 4351
Figure 3. Kaplan—Meier Estimates of the Cumulative Hazard for Invasive Colorectal Cancer with Supplemental Calci-
um plus Vitamin D, as Compared with Placebo.
Cl denotes confidence interval. Two events in each group that occurred after year 8 are not shown.

Wactawski-Wende et al NEJM 2006



Suplementos de Ca-D y
Cancer de mama

J

HR, 0.96
(95%Cl,0.85-1.09)

] Calcium + vitamin D (Ca/D)
Placebo

0.05 0.06

0.04
I

0.02
I
¥

Cumulative hazard
0.03
|

0.01
|

0.0

;= Time (years)

0 1 2 3 4 5 6 7 8

Events
(Ca/D) 69 70 79 78 76 78 45 28
Placebo 71 69 77 7 80 ir 51 31

Chlebowski et al, J Natl Cancer Inst 2007



Suplementos vit D y cancer

0.14
— viemnD  Fractura cadera :

0.12 i — e Hombres (n=2.037) y mujeres
---- Placebo .-

0.10 (n=649)

0.08

65-85 anos
Vit D 100.000 u/c 4 meses

0.06

Cumulative probability of fracture

0.04

0.02 .. ~
e Seguimiento 5 anos

0 10 20 30 40 50 60 70
Months

Fig 1 Cumulative probability of any first fracture according to
treatment with vitamin D (n=1345) or placebo (n=1341), based on
Cox regression; difference between two groups, P=0.04

(Trivedi et al, BMJ 2003)



Suplementos vit D y cancer

0.14
—— Vitamin D

0.12 Fractura cadera .-

---- Placebo

Cumulative probability of fracture

0 10 20 30 40 50 60 70
Maonths
Fig 1 Cumulative probability of any first fracture according to

treatment with vitamin D (n=1345) or placebo (n=1341), based on
Cox regression; difference between two groups, P=0.04

Vit D Placebo Relative risk P
Cancer 63 (4.7) 72 (5.4) 0.86 (0.61 to 1.20) 0.37
Colon 7 (0.5) 11 (0.8) 0.62 (0.24 to 1.60) 0.33
Respiratory 10 (0.7) 11 (0.8) 0.89 (0.38 to 2.09) 0.78

(Trivedi et al, BMJ 2003)



* Vitamina D como inmunomodulador




Vitamina D como inmunomodulador

Blut (1987) 54: 343-2349 Blut

©: Springer -Verlag 1987

Role of Monocytes in the Inhibitory Effect of 120
Calcitriol on PHA-Stimulated Lymphocytes*
— 1004
M. T. Zarrabeitia?, J. A. Riancho!, V. Rodriguez-Vailverde?, M. C. Farinas!, and f'::
J. Gonzalez-Macias' C B0+
o
_ 'g
I B0
:
oo40]
La 1,25(0OH),D; inhibe la proliferacion $ 0
linfocitaria
Los monocitos intervienen en ese efecto o S M SMe  GM-

Caleitrial — Calgitrial «
Imdomethacin




Vitamina D como inmunomodulador

CYP27E1
L _—

MACROPHAGE

1,25-(OH),D

""" B |nhibition -— Mib
= ™ Antigen

—- Activation

Modlificado de Conesa et al, AIDS Res Ther 2009



Vitamina D como inmunomodulador

CYP27B1

MACROPHAGE

\

Y 1,25-(OH),D

""" % Inhibition e @ Mt
o * Antigen

—3  Activation

Modlificado de Conesa et al, AIDS Res Ther 2009



Vitamin D como inmunomodulador

CYP27B1

MACROPHAGE

o® M

o ® Antigen

Inhibition

-3  Activation

Modlficado de Conesa et al, AIDS Res Ther 2009



Deficiencia de vit D y tuberculosis

Table 4 Effect sizes of low serum vitamin D in tuberculosis patients and controls

Study Cases Contral Effect Size (random) Wieight Effect Size (random)
or sub-category N N Effect Size (SE) 95% Cl % 5% Cl
Davies, LK 40 40 0.8600 (0.2300) -+ 16.69 0.86 [0.41, 1.31]
Grange, Inclonesia 40 38 0.1800 (0.2300) . 16.69 0.18 [-0.27, 0.63]
Daries, Kenya 15 1§ 1.0400 (0.3300) - 8,34 1.04 [0.28, 1.80]
Daries, Thaiand 51 5l 0.9600 (0.2100) + 18.31 0.9 [0.55, 1.37]
Chan, Hang Kong 24 24 0.3300 (0.3000) . L 12.14 0.33 [-0.26, 0.92]
Wilkingon, LK 103 42 0.5900 {0.2300) -+ 16.69 0.59 (0.14, 1.04]
Sagidheran, Indlia 3 16 0.9400 {0.3200) — 11.13 0.94 [0.31, 1.57]
Total (35% C1) 308 276 ¢ 100.00 0.68 [0.43, 0.93]
Test for heterogenaty: Chi? = 1014, of =6 (P =012), 1 = 40.6%

Test for overall effect 2= 520 (P < 00001)

£ 3 i 4
Lovwer n Condrole — Lower in Cages

(Nnoaham, Int J Epidemiol 2008)



Vit D como “coadyuvante™ al tto. de tuberculosis

70 4 Oi2an7s

123187

o] | 365 adultos con Thc

el S p—— (Guinea-Bissau)

-0 Placebo

Smear positive (%)
S

Vit D 100.000 U al inicio
y tras 5 y 8 meses

Time from baseline (months)

Figure 3. Proportion of patients with positive acid-fast bacteria sputum
examination.

(Wejse, AJRCCM 2009)



Vit D como “coadyuvante™ al tto. de tuberculosis

® Vitamin D treated at inclusion
O Placebo treated at inclusion

250 -

]
=
o

150 -+

100 -

Vitamin D concentration {(nmol/l}

50

Treatment arm and points in time

Figure 5. Vitamin D serum levels before and during study.

365 adultos con Thc
(Guinea-Bissau)

Vit D 100.000 U al inicio
y tras 5 y 8 meses

(Wejse, AJRCCM 2009)



Vit D como “coadyuvante™ al tto. de tuberculosis

v ViaminD voaidat2 monie
250 - O E‘Izzﬁha treated at 8 months
_ 365 adultos con Thc
R (Guinea-Bissau)
E s Vit D 100.000 U al inicio
g 100 _ y tras 5 y 8 meses
a 4l
£
% 50 -
p=0.52 &
0

Treatment arm and points in time

Figure 5. Vitamin D serum levels before and during study.

(Wejse, AJRCCM 2009)



Vit D y autoinmunidad

Diabetes tipo 1

Esclerosis multiple

LES
Artritis experimental
Enf inflamatoria intestinal

Encefalomielitis experimental



Vit D y autoinmunidad

Diabetes tipo 1

Esclerosis multiple Activacion
LES TActiv. microbicida

Enf inflamatoria intestinal

Encefalomielitis experimental / \

{ Proliferacion ¥ Proliferacion

 Sintesis Ig’s ¥ Thil
T Th2

™ Treg



- Diabetes

» Cardiovascular



Niveles de 25(0OH)D y sindrome
metabadlico

Table 1 —Unadjusted prevalence and adjusted odds ratios and 95% confidence limits of having the metabolic syndrome by quintiles
vitamin D concentration among 8,421 U.S. adults aged =20 years, NHANES II, 1988-1994

Quintiles of vitamin D (nmol/T}

1 (=484 2 (48.5-63.4) 3(63.5-78.1) 4 (78.2-96.3) 5 (=96.4)
Metabolic syndrome
Unadjusted prevalencet 275(.7) 266 (1.4) 23.3(1.5) 18.7 (1.3) 13.5(1.7)
Model 1% 1.00 001 (0.72,1.17) 0.80 (0.62, 1.03) 0.65(0.51, 0.83} 0.49 (0.37,0.66)
Model 28 1.00 0.82 (0.60,1.10) 0.75(0.55, 1.02) 0.60 (0.44, 0.83) 046 (0.32,0.67)

(Ford et al. Diabetes Care 2005)



Niveles de 25(0OH)D y sindrome
metabadlico

Table 1 —Unadjusted prevalence and adjusted odds ratios and 95% confidence limits of having the metabolic syndrome by quintiles
vitamin D concentration among 8,421 U.S. adults aged =20 years, NHANES II, 1988-1994

Quintiles of vitamin D (nmol/T}

1 (=484 2 (48.5-63.4) 3(63.5-78.1) 4 (78.2-96.3) 5 (=96.4)
Metabolic syndrome
Unadjusted prevalencet 275(.7) 266 (1.4) 23.3(1.5) 18.7 (1.3) 13.5(1.7)
Model 1% 1.00 001 (0.72,1.17) 0.80 (0.62, 1.03) 0.65(0.51, 0.83} 0.49 (0.37,0.66)
Model 28 1.00 0.82 (0.60,1.10) 0.75(0.55, 1.02) 0.60 (0.44, 0.83) 046 (0.32,0.67)

T Sintesis de insulina (VDRE en promotor del gen)
1,25(0H),D, \ T Supervivencia células beta
T Receptores insulina en tejidos periféricos

(Ford et al. Diabetes Care 2005)



Niveles de vitamina D y obesidad

140+
120- et r*=0.033
& 1 -
wod *I:‘ . p=0.005
§ 1 & '
804 egif L s
_;:ng'-:.,h e e,
604 e il T .
* ¥ .!l tll‘t "‘. b
40+ J!‘;:i:i,“:: )
204 -, : . *
ﬂ-' | | | ] | | | | | | | |
25 30 35 40 45 50 55

Body Mass Index kg/m *

(McGill et al, Nutrition J 2008)



Vit D y riesgo cardiovascular

Renoprotection
Prevention of secondary Vasculoprotection
hyperparathyroidism /’ (vasodilatation)
Vitamin D
Suppression of the renin Prevention of insulin
—angiotensin-aldosterone system resistance

Anti-inflammatory effects

Figure 2 | The antihypertensive effects of vitamin D.

(Pilz et al. Nature Rev Cardiol 2009)



Niveles de 25(0OH)D y mortalidad
cardiovascular

“Hazard ratio” frente a quintil 1

Quintil 3 Quintil 5
Totales 0,81 (0,66-1,0) 0,76 (0,61-0,95)
ACVA 0,97 (0,70-1,35) 0,48 (0,31-0,75)

Coronarias 0,73 (0,56-0,95) 0,91 (0,70-1,18)

(Kilkkinen. Am J Epidemiol 2009)



Vit D y funcion muscular

Cancer

Infecciones |
Autoinmunidad
Diabetes
Cardiovascular

Musculo /




Suplementos de vit. D y caidas

High dose vitamin D

Prince et al"?
Broe et al"!

Flicker et al"*

Bischoff-Ferrari et al"

Pfeifer et al"?
Bischoff et al"®

Pfeifer et al"”

Combined

Low dose vitamin D

Broe et al"!
(200 IU D,/ day)

Broe et al"?
(400 1U D,/ day)

Broe et al"!
(600 1U D,/ day)

Graafmans et al*®

Combined

. &

Relative risk (95% CI)

-

Pooled relative
l risk (95% CI)
- 0.81 (0.71 t0 0.92)

T

Pooled relative

L

risk (95% CI)

1.10 (0.89 to 1.35)
0.1 0.5 0 5 10
Favours Favours
supplemental control

vitaminD

Meta-analisis

8 Ensayos clinicos
controlados, doble ciego,
en ancianos (N=2426)
Edad media 80 anos
Mujeres 80%
Dosis:
“Alta”: 700-1000 u/d
“Baja”: 200-600 u/d

(Bischoff-Ferrari et al, BMJ 2009)



Relative risk (95% CI)

Suplementos de vit. D y caidas

Fall prevention by dose of vitamin D
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Respuesta a la suplementacion con 25(0OH)D
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FIG. 2. Average changes in serum 1,25(OH).D (black
bars) and PTH (dashed bars) induced by a 25(OH)D sup-
plement, according to different intervals of basal 25(OH)D

levels. *p < 0.05; **p < 0001.

(Docio et al, JBMR 1998)
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EN resumen

Ademas de sus efectos sobre el aparato
locomotor (hueso y musculo), numerosos
estudios epidemiologicos y meta-analisis
demuestran una asociacion entre niveles bajos de
vitamina D y mayor riesgo de

Cancer (colon, sobre todo)
Tuberculosis y otras infecciones

Algunos estudios sugieren también una asociacion con
Diabetes tipo 2 y enfermedades cardiovasculares

Enfermedades autoinmunes
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f“ EnNn resumen

Muchos tejidos expresan receptores de vitamina D
y 1-hidroxilasa, lo que sugiere un efecto (hormonal
O paracrino) a esos niveles.

Los estudios de intervencion controlados no han
demostrado por ahora de manera convincente que
la administracion de suplementos de vitamina D
disminuya esos riesgos.




Vitamina D: mas alla de la osteoporosis

La importancia real “in vivo” de los efectos

extradseos de la vitamina D es todavia incierta
I




