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Prevalence of low vitamin D status worldwide

* Prevalence of low vitamin D status is a global problem
in all age groups, even in countries with sun exposure

all year round

* The problem is greater in the Middle East, particularly
in girls and women

* There is a striking, and in most countries of South
America and Africa

* Season appears to be a small component to the
problem worldwide, as countries with long winters
have less deficiency rates overall compared to sunny
countries

Palacios C et al. ] Steroid Biochem Mol Biol (2013)



Systematic review (inclusive of at risk groups)
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Vitamin D synthesis and sun exposure
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Serum Concentration
of Vitamin D (nmol/L)

Circulating concentrations of vitamin D,
in response to a whole-body exposure

Without Sunscreean

With Sunscresen
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Halick MF et al.. Am J Clin Nutr 1994



Concentrazioni sieriche di vitamina D, in
risposta alla esposizione (whole-body) solare

Serum Vitamin D,
(nmol/L)

giorni

Holick MF et al, Am J Clin Nutr 1994
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What about Italy?




Prevalence of Vitamin D inadequacy in Italy
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Severe Vit. D deficiency is found in > 50% of elderly subjects; inadequate levels in > 95%.
Inadequate Vit D values are found in > 50% of young “healthy” subjects.

Isaia GC et al Osteoporos Int 2003
Adami S et al Bone 2009
Adami S et al Bone 2008



Prevalenza di ipovitaminosi D in Italia
6403 soggetti (1299 M, 5104 F); eta 6 mesi-103 anni

B Uomini

B Donne

< 20 aa 20-39 aa 4-59 aa BO-79 aa =B0 aa

Cigolini M et al, Clin Endocrinol, 2006



15 (o) D log Units

Hypovitaminosis D in Italy
INnCHIANTI study
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Maggio D. et al. ] Genrontol A Biol Sci Med Sci 60:1414-1419. (2012)




Association between obesity and low vitamin D levels
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Causal Relationship between Obesity and Vitamin D
Status: Bi-Directional Mendelian Randomization Analysis
of Multiple Cohorts

“These findings provide evidence for obesity as a causal factor in the

development of vitamin D deficiency, but not for vitamin D deficiency as
a causal factor in the development of obesity.»
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Lagunowva et al. Mol. Nutr. Food Res. 2010

Decay in serum 25(OH)D levels with increasing BMI

25(0H)D, nmol/L

5 kg/m?

25

®  Women, > 50 yaars
+  Men, > 50 years

an

BMI, kg/m?2

2014

45

25 (OH)D decrease per each 5
kg/m? BMI increase

50 ng/ml
% Women: 4,5 nmol/L = 1,8 ng/ml

% Men:55nmol/L =22 ng/mi

¥ All:Snmol/L =2ng/ml

How can we explain this negative correlation?

1. Reduced activation of vitamin D3 in obese subjects

2. Increased accumulation in adipose tissue of obese subjects




OBESITA’

L'obesita e stata definita dall’lOMS come 'epidemia del XXI sec.

Estimated nvemlght & obesity prevalence, rnales w 201 D

Prevalenca {:)
=] =20.0
] 20.0<350
1 350<500
I 50.0 =650
Bl 650<800 %
E | =80.0
L1 not available

In Italia piu del 50% degli uomini in eta fertile sono in sovrappeso o obesi
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Vitamin D deficiency:
Not only a bone issue

Mormal bone matrix

Osteoporosis
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Genetic pattern of vitamin D function
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Frequenza polimorfismi (n=204) divisi
tra osteoporotici/osteopenici e normali

Polimorfismi de-idro-colesterolo reduttasi

Normali (N=121) Normali (N=121)
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33%
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L'B0% del fabbisogno di vitamina D
& garanlito dallirradiazione solare UVE
(290-315 nim)

Ridotta formazione
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Decreased bioavailability of vitamin D in obesity

Jweaho Worrsmon, Fois ¥V Marcwoka, Tl O Chen, Zhiven Ly, ond Wiclnmed F Haolick Am J Clin N 2000: 72690 3,
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* The increase in blood vitamin D3 concentrations was 57% less in the obese

« The percentage of conversion to vitamin D3 was similar in both groups

Vitamin D3 synthesis is not altered, but its
concentration is reduced in obesity
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Deposition in and Release of Vitamin D from Body
Fat: Evidence for a Storage Site in the Rat

SarL |. Resewsremc, Cravrow Foce, and Wase VouwiLe

From the Depariment of Medicine, University of Washington School of
Medicine, end the Veterens Adwenistration Hospital,
Seatile, Woshington 98105

The Journal of Clinical Investigation Volume 50:679,
1971
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25(OH)D internalization is mediated by megalin

Internalisation of DBP-bound 250HD is mediated by the megalin/
cubulin endocytic pathway in the proximal tubule epithelium. It is
thought that other tissues (non-renal) which do not express megalin
rely largely on the diffusion of free 250HD through the plasma
membrane.

Interstitial fluid Tubular re-absorption Renal tubular
lumen
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Megalin expression in fat cells
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J Am Coll Nutr, 2009 Jun; 28(3).252-6,

Vitamin D3 distribution and status in the body:.
Heaney RP', Horst RL, Cullen DM, Armas LA.

Abstract
OBJECTIVE: To estimate the amount, type. and tissuve distribution of vitamin D in the adult body under typical inputs

METHODS: Review and reanalysis of published measurements and analysis of tissue samples from growing pigs raised in confinement on diets
providing about 2000 IU vitamin Diday. Cholecalciferol and 25-hy droxyvitamin D [250H)D] concentration measured by HPLC

RESULTS: Mean serum 25(0H)D in all studies combined was 45 nmol/L. At the level of vitamin D repletion represented by this concentration, total
body vitamin D would be 14.665 U for a 70 kg adult woman. 65% of this total was present as native cholecalciferol and 35% as 25(0H)D. Neardy
three-quarters of the cholecalciferal was in fat, while 25 0H)D was more evenly distributed throughout the body (20% in muscle. 30% in serum, 35%
in fat, and 15% in all other tissues). At the daily vitamin D consumption rates in these animals total body stores provided only a approximately T-day
Teserve.

CONCLUSIONS: At total intakes on the order of 2000 |U/day, an adult has very little vitamin D reserve, despite intakes 10x the cument
recommendations. Those recommended inputs need to be increased by at least an order of magnitude. Food tables that fail to take into account
250H)D content of various meat products lead to underestimation of dietary vitamin D intake.

Colecalciferolo (D3) Calcifediolo (250HD)
Other Other
tissues tissues
25% 65%

Fat
75%




Why is D3 prefentially accumulated in adipose tissue?

The role of vitamin D binding protein (DBP)

Bioavailable 25{CQH)D

25D 25D

. 25D
DBP albumin
DEP-bound 25(0H) D altwrmin-bound 25(0H) | frea 25(0H) D
80-85% 10-15% <1%
DBP affinity:
+ 25(0H)D: 7x108 M Vitamin D binding protein (DBP)
* 1,25(0H)D: 5x107 M binds vitamin d metabolites, but D3

* Vitamin D3: 4x107 M"!

Liposolubilita (coefficiente di

has the lowest affinity

- More un-bound D3 can freely

ripartizione acqua/n-ottanolo a 25°C)
+  D3: logK,,, = 10,2 diffuse into adipose tissue given its

* 25(0OH)D: logkK,,, = 8,43

oW

+ 1,25(0OH)D: logK,,, = 7,6

higher lipo-solubility




Why is D3 prefentially accumulated in adipnse tissue?

Differential
accumulation of
D3 and 25(OH)D in
normal and obese

adipose tissue?
DBP affinity:
. 25(OH)D: 7x108 M Vitamin D binding protein (DBP)
* 1,25(0H)D: 5x107 M1 binds vitamin d metabolites, but D3

* Vitamin D3: 4x107 M"!

Liposolubilita (coefficiente di

ripartizione acqua/n-ottanolo a 25°C)

+  D3: logK,,, = 10,2 diffuse into adipose tissue given its
+ 25(OH)D: logkK,, = 8,43

has the lowest affinity

- More un-bound D3 can freely

higher lipo-solubility

+ 1,25(0OH)D: logK,,, = 7,6




Meccanismo di rilascio del contenuto dei droplet
lipidici in seguito a stimolo adrenergico
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ORIGINAL ARTICLE
Impaired atrial natriuretic peptide-mediated lipolysis in obesity

M Rydén', J Backdahl', P Petrus', A Thorel®, H Gao®, M Coue™®, D Langin®*®, € Morc*® and P Amer’
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Catecholamine resistance in fat cells of women with upper-body
obesity due to decreased expression of beta,-adrenoceptors

5 Reynisdottic', H. Wahrenberg', K. Carlstrim’, 5, Rissner’, P, Amer

Diabetologia (1994) 37 428-435



3 : : S g = z Standard Adipocyte culture
1) Uptake di 2-DG in adipociti normali e insulino- From 3T3.L1

resistenti in risposta a stimolo insulinico
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Foresta et al. JCEM 2017 Control IR




CLINICAL RESEARCH ARTICLE J Clin Endocrinol Metab, July 2017

Impaired Release of Vitamin D in Dysfunctional
Adipose Tissue: New Cues on Vitamin D
Supplementation in Obesity

Andrea Di Nisio,' Luca De Toni," lva Sabovic,"® Maria Santa Rocca,’
Vincenzo De Filippis,? Giuseppe Opocher,” Bruno Azzena,® Roberto Vettor,?
Mario Plebani® and Carlo Foresta

Results: In IR adipocytes, uptake of D3 and 25-hydroxyvitamin-D3 was higher, but, after adrenaline
stimulation, the decrement in D3 and 25-hydroxyvitamin-D3 was stronger in control cells, which also
showed increased expression of Cyp27al and Cyp27b1 and higher levels of 25-hydroxyvitamin-D3.
In SAT from cbhese subjects, adrenaline-induced release of D3 and 25-hydroxyvitamin-D3 was
blunted; in both IR cells and obese SAT, protein expression of g2-adrenergic receptor was
reduced. Supplementation with 25-hydroxyvitamin-D3 was more effective in achieving vitamin
D sufficiency in obese, but not in normal weight subjects.

Conclusion: Dysfunctional AT shows a reduced catecholamine-induced release of D3 and
25-hydroxyvitamin-D3 and altered activity of vitamin D-metabolizing enzymes;, for these
reasons supplementation with 25-hydroxyvitamin-D3 is more effective in obese individuals. {J Chin
Endocrinol Metab 102: 2564-2574, 2017)
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Foresta 2017 ICEM
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* D3 e 25(0OH)D si accumulano di pit nell’adiposo disfunzionale

* E’' un sequestro scarsamente reversibile




Foresta et al. 2009 Clinical Endocrinology

Impaired Release of Vitamin D in Dysfunctional
Adipose Tissue: New Cues on Vitamin D

Supplementation in Obesity

Andrea Di Misio,! Luca De Toni," ha Sabovic '™ Maria Sania Rooca,'
Vincenzs De Flippn.? Giuseppe Opocher,® Bruno Arrena ® Roberto Vettor

Manio Plebani® and Cardo Foresta®

J Clin Endocninol Metab, July 2017, 102(7):2564-2574

Table 1. Clinical charactenstics and hormonal levels in controls and obese

men

Controls (n = 64) Obese men (n = 31)
Age (year) 37 64 356 + 88
BMI 1kg.l'm:ll 232 1 15 M9 £ 32"
T (nmaol/l) 19-2 + 34 164 + 517
SHBG (nmol) 304 £ 47 275 £ 503
FT {pmol/l) 432-3 £ 1038 3309 £+ 120r5%
E; (pmol/l) 414 = 271 595 + 272%
LH (TUN) ¥l x 11 9t 29
FSH (1U/1) 29+ -3 Mt 25
INSL3 (pg/ml) SE7-R £ 170-7 42249 + 1B]-3*

*P < 0r001 vs controls; 1P < 0005 vs controls; P < 005 5. controls.

Table 1. Baseline Clinical, Metabolic, Hormonal Parameters, and Anthropometric Measures of Subjects

Mormal Weight (n = 38)

Obese (n = 59)

Age, y 4228 + 659 4248 *+ 6.19
Height, an 170.34 + 6.12 171.08 = 8.02
Weight, k% 65.21 +* 8.26 98.09 + 10.10¢
BMI, kgfm 2225 * 207 33.47 * 2.16°
Waist, cm 94.40 = 460 124.32 + 11.57°
Testosterone, nmaoll 1632 * 2.47 1547 £ 240
H,_IUA 4 29 + 20 -
rkstrad'rnl, pmol/L 94.59 + 20.28 111.76 + 37.42°
Fasting glucose, ngdL rads X J.0b Gl e £ 11.827
Insulin, mUAL 4.34 + 3.29 9.56 * 5.587
HOMA-IR 0.87 = 0.43 2.03 = 0.73°
25(0H)D, nmoll 344 55 33073
PTH, nglL 83.20 = 8.00 86.28 = 7.04
Calciurn, nmal/L 2.36 = 0.10 2.38 = 0.09
Posphorus, nmolL 1.08 = 0.19 1.06 = 0.19
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Selective tramscriptional regulation of aromaiase gene
by vitamdn 1%, dexamethasone, and mifepristone in human
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Tissue-S5elective Regulation of Aromatase Expression
by Calcitriol: Implications for Breast Cancer Therapy

I silico analysis of the aromatase promoter L3/11 se-
guence revealed the presence of two putative VDRFs at
—373to — 358 bp (distal VDRE) and ar —299 10 — 284 bp Vit. D respnnsiue element
{proximal VDRE, promoter 1l transcriptional start sate as
+1, Fig. 5A). Promoter 1l has a cAMP response element

SKIN, FETAL COVARY,
FLACENTA apiposE, TISSUES E'mm' ml : BRAIN BONE  ADIPOSE, BREAST CANCER
PLACENTA i FETALLIVER | BREAST CANCER | PLACENTA ! BREASTCAMCER !
[ ] [ ] ] ] I § ] i
] ] i

exons [1-X

AGIGACT

€ 15q921.2 123kb >




Risultati dello studio di espressione eseguito su tessuto adiposo di soggetto
normopeso e obeso

CYP19A1 (Aromatasi) GAPDH (housekeeping)

Risultati gel
Real Time PCR

Fold expression over GAPDH

NORMOFESD O8ES0:
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Considerazioni

* Nel soggetto obeso e piu
frequente l'ipovitaminosi D
rispetto al normopeso

* Le cause che inducono ipovitaminosi D possono
essere ricondotte a:
— Accumulo di 25(0OH)D ma soprattutto D3 nel tessuto
adiposo

— Alterato rilascio di 25(OH)D e D3 dal tessuto adiposo
insulino-resistente dell’'obeso




Prevalence of hypogonadism in males aged at least 45 years:
the HIM study

¥

T. MULLIGAN,' M. F. FRICK,? Q. L. ZURAW,” A, STEMHAGEN,? C. MCWHIRTER?

' Division of Geriatrics, Malcom Randall VAMC GRECC and University of Florida, Gainesville, FL, *Global Clinical Practice
and Strategic Development Services, Covance Periapproval Services, Inc., Radnor, PA, "Men’s Health Clinical Development &
Medical Affairs, Solvay Pharmacenticals, Marietta, GA, USA

* Estimate the prevalence of hypogonadism in men
245 years in primary care

* 2,165 men (mean age 60.5%10.3 years) i )

* Hypogonadism defined as: S a0 L
— TT <300 ng/dL E 700
~ FT <52 pg/mlL 5 0
E 500
*  Prevalence rate — 36.3% basedonTT E ™
40% based on FT s
45% based on BAT &k

Dﬂl 10 20 30 40 50 60

Mulligan T. et al. Int | Clin Pract 2006:60(7):762-769



MetS and testosterone

TT mean differences (nmaol/L)
Source -20 -15 =10 -5 1] 5

Lasksonen et al., 2003 (15)
Chen et al., 2005 (16)
Gannagé-Y ared et al., 2006 (17)
Maggio et al., 2006 (18)
Robeva et al., 2006 (19)

Kaplan et al., 2006 (20)

Tang et al., 2007 (21)

Chubb et al., 2008 {22)

Qadan et al., 2008 (23)
Corona et al_, 2006 (24)

MetS patients
have significantly
lower T plasma
levels

Suctom <t al., 2006 (25)
Corona et al., 2007 (26)

Yeh et al., 2008 (27)
OVERALL NO ED
OVERALL ED

OVERALL NCEP-ATFIII
OVERALL NO NCEP-ATPIIT

OVERALL

: Corona G et al. J Sex Med
I'T higher

in controls 2011
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Association between plasma 25-CH vitamin D and testosterone
levels in men

Kotbaarine Sirnpabse b=, Flieaboe b S Pl E WSalves COWS il =549 sned Folwesore: Gicrsarnarei 5§94

25+ 1,362 male subjects

24 4 Range: 40 and 75 years

25-
224
21 4
20 1
19 1

Total testosterone (nmol/l)

174

154, - - - . - .
o 25 50 75 100 125 150

25 (OH) vitamin D (nmol /1)

The association between 25(0OH)-vitamin D and total and free testosterone is
linear at lower levels of 25(0H)-vitamin D, reaching a plateau at higher levels



Evrnpean Joumal of Endocrinciogy (2012) 168 77-85 ISSN DB04-4643

CLINICAL STUDY

Association of hypogonadism with vitamin D status: the
European Male Ageing Study

David M Lee. Abdelouahid Tajar. Stephen R Pye, Steven Boonen', Dirk Vanderschueren”, Roger Bouillon’,
Terence W O'Neill. Gyorgy Bartfai . IFL'I.ilI F Casan Lh:rp“. Joseph D Finn' . Gianni Forti®, Aleksander Giwercman”.
Thang § Han"". lipo T Hubtaniemi'". Krysatof Kula'*, Michael E | Lean"", Neil Pendleton'*, Margus Punab"* and
Frederick C W Wu', the EMAS studv group’

Disinbasion of 250H)D satus by gonsdal group

B suncsrn [l Subopies [ Dibcient g
Primary QTS EOTASmA  (SOrmol 3,369 male subjects

Range: 40 and 79 years

IJ/ 10 20 30\-15 50

Secondary Total T {nmoiT)




25{0H) - Vitamin D (nmol/L)

8

558 &

50

30
20
10

25(0OH)-Vitamin D
(n:5,177)

Primary
Hypogonadism {n:
1330)

sSecondary
Hypegonadism {n:
67)

Subclinical
Hypogonadism {n:
1772)

MNormal (n: 2008)



Vitamin D
. Chole (Ergo)-calciferol

M, o, Nutritional (~10%
g Sun Rays

Mitochondrial CYP27A1
Highest expression in liver

Mitochondrial

CYP27B1
Highest expression
in kidney

=

1,25(0H)2 D




Inactivation of CYP27A1: Evidences from Human Models

CYP27A1

P, 250H D

] il +

HoW

HO"
Mutational analysis of CYP27A1: assessment of 27-hydroxylation of
cholesterol and 25-hydroxylation of vitamin D
Ram P. Gupta®, Kennerly Patrick®, Norman H. Bell**

Metabolism Clinical and Expenmental 56 (2007) 1248 — 1255

In
humans, mutations of the CYP2741] pene cause cerebroten-

dinous xanthomatosis (CTX)., an autosomal recessive

disorder charactenized by abnormal svnthesis of bile acids

with development of cataracts, tendon xanthomas, and

progressive neurologic detenoration | 12-14]. Some patients

with CTX have a low or low normal serum 25-OHD and

a low bone mass.




Role of CYP2R1 in Vit D Metabolism

Genetic evidence that the human CYP2R1 enzyme is a
key vitamin D 25-hydroxylase

Jeffrey B. Chena*, Michael A. Levine®, Norman H. Bellt, David J. Mangelsdorf?, and David W. Russell*l
PNAS | May 18, 2004 | vol. 101 | no.20 | 7711-7715

In the present study, we describe the molecular analysis of a
patient with abnormally low plasma levels of 25-hydroxyvitamin
D; and classic symptoms of vitamin D deficiency, including
skeletal abnormalities, hypocalcemia, and hypophosphatemia
(17, 18). This individual is homozygous for a substitution mu-

tation in exon 2 of the CYP2R1 gene on chromosome 11pl5.2,
,, : : : i

to a proline and eliminates the vitamin D3 25-hydroxylase
activity of CYP2RI.

HyC,,

CH,

LN .r"-.-.-h-H"—"'-.-.-h.H :
' Microsomal CYP M @

Vitamin D | r[r coHnell
2]




Genetic evidence that the human CYP2R1 enzyme is a CYPZR1 is a major, but not exclusive, contributor to

key vitamin D 25-hydroxylase 25-hydroxyvitamin D production in vivo
Jzifroy I Cheng®, Michael & Levine!, Morman £ DA% Omid 1. Mangelsdorf®, and Dasid W, Russdl® S G Zho, Justie T, Ovhalul”, Bartin Kecforann®, Glumilke June®, und Hucler F. Dol
PMAS | May 18 2004 | wvol. 101 | no. 20 PNAS | September 24, 2013 | wvol. 110 | no. 39
P P A
g8
e 8/8/55 -
Plasmid o/C 2 T | |
T 400 - '[
? i =WT
m _[14C]Vitamin D, " : [ e
% ELi ] - | = K
™ -
¥4 - ['“C]25-Hydroxy- 10.0 - "
vitamin Ds sl i
£ work 10 woek 14 vpek
1 2 3 =
Fig. 3. Biochemical assay of CYPZR1 vitamin D 25-hydroxylase enzyme
activity. HEE 293 cells were transfected with the indicated expression plasmids ; 5 :
for a period of 18-20 h. Thereafter, the medium was made 46 = 10°7 M in A known |“3CtW3tlﬁE mutation {LEHEEFI‘D] of
[4-"Clvitamin D and the incubation continued for an additional 96 h. Lipids
were extracted from cell and medium into chloroform:methanol (2:1, vol/ okl IR:‘I aﬁsn:iat?i tl'.'l.
vel), and vitamin D metabolites and standardswere separated by TLC on 150-A  deficiency of vitamin D
silica gel plates (Whatman, catalog no., 4855-821) in a sohient system contain: N . "
ing cyclohexanecethyl acetate (3:2, vol /vol). After development, radicactivity * defective calcium homeostasis
was detected by Phosphorimager analysis, and the positions to which authen- » classical bone lesions referred to as rickets
tic witamin Dy and 25-hydroxyvitamin Dy migrated on the plate were deter-

rmimed by staining with iodine.
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Gene Expression Pattern of CYP2R1
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: L ; Expression patterns of mouse and human
CYP orthologs during development and in
diVerent adult tissues
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Bone Mineral Density and Testicular Failure:
Evidence for a Role of Vitamin D 25-Hydroxylase
in Human Testis

rio Foresta, Glacomo Strapazzon, Luca De Toni, Lisa Per

Antonella Di Mambro, Barbara ".-'1I||.|-.1-' cia, Leonardo Sartor




Testiculopathy and THE LANCET

vitamin D insufficiency
*Carlo Foresta, Riccardo Selice,
Antonella Di Mambro,

Giacomo Strapazzon Vol 376 October 16, 2010
Controls B'ulateral.
(41) orchiectomized
patients (15)
et E 74.9 +38.8 3021163 "
(nmol/L)

Clinical features of patients:
*Age matched with controls (34.8+6.4 vs 35.846.2 years)

*Radical orchiectomy for bilateral testicular cancer without
chemo- or radiotherapy

*No nutritional derangements

*P< 0.05 vs controls

*Properly compensated with testosterone-replacement therapy



Bone Mineral Density and Testicular Failure:
Evidence for a Role of Vitamin D 25-Hydroxylase

in Human Testis J Clin Endocrinol Metab, April 2011, 96(4).E646-£652

Carlo Foresta, Giacomo Strapazzon, Luca De Toni, Lisa Perilli,
Antonella i Mambro, Barbara Muciaccia, Leonardo Sartori, and Riccardo Selice

Normal Hyposp.  SCOS
LIVEr  Toufie Tests  Tostis

Liver Normal Hyposp. SCOS
Testis Testis Testis

FIG. 1. Gene expression analysis. mRNA expression of CYFZRT In
narmal tests, testis affected by hypospermatogenesls (Hyposp. Testis),
and testis affected by Sertoll cels only syndrome (5005 Testis)
comipared with commercial liver cONA Bbrary used as control for gene
expression. Gene exprssion was normalized on f-actin, Significance
(Student’s f testk *, P < 0.05, Results are given mean * sp. RO,
relative quantity.

-2 Primary testiculopathy: reduced
expression of CYP2R1



Controls Severe SCOS
Hypospermatogenesis

OsteoPENIA 0/41 (0%) 3/36 (22.2%) 8/21 (38.1%)

OsteoPOROSIS  0/41 (0%) 2/36 (5.6%) 4/21 (19.0%)

Bone disorders
(Osteopenia + 0/41 (0%) 10/36 (27.8%)* 12/21 (57.1%)*
Osteoporosis)

*P<(0.0001 vs controls

Testiculopathic men show low 250H Vit D (due to low
CYP2R1 activity) and high risk of osteoporosis/penia,
despite normal T levels (compensated hypogonadism)

Foresta et al., JCEM 2011



Rapporto 25(OH)D / vitamina D3 in soggetti
eugonadici e ipogonadici

v ! . HPLC-M5 ‘

250H-Vit D Ratio 250H-D/ Vit

N D3 (nM) (nM) D
Eugonadici 5 5,3 83 19,95
Ipogonadici 6 7,1%* 46** 7,65%*
25
o 20
;z_-. 15
= =
-
2 10
Q
o0

Eugonadici/ Normo Vit D Ipogonadici/ ipo Vit D **= Pe0.01
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CYP2R1 protein expression
in human ovary

Pre Post
mennpausal I"I"IEI'II'JPEILISEII
75 kDa— 7y
W it T g -

GAPDH e -

Eacly Prmordeal follicle

primary follicle g’f Corpus albicans
Laie ""a [ Corpus luteum
primary follick: @ 7 d
‘© A
Secomwlary '-..: ::"-‘h"'l
primary folli

Crraafian follicle

Specific signal for CYP2R1




Total testosterone {nmalfl)

Vitamin D and gonadal function in
men and women

Menopause

25 (OH) D log Units

80 8 100 128 180
25 (OH) vitamin D (nmol/]

Maggio et al, J of Geront. 2005



Ipovitaminosi D:

* |po-calcifediolemia (4, 250HD)
* jpo-colecalciferolemia ({, D3/D2)?

/‘\
%.

e

X 4
a



Efficacy of vitamin D supplementations (D3 or 250HD) in the
normalization of serum 25(0OH)D levels (>50 nmol/l) in
normal weight and obese patients

‘ Vitamin D-deficient patients: 25{0OH)D < 50 nmol/l ‘

Normal weight Obese
N= 80 N=120
n=20 D3 N=40 25(OH)D N=60 D3 N=60 25(OH)D

" ® - Q

* D3 starting dose: 150 pg/week
» 25(0OH)D starting dose: 50 pg/week

* Duration of the study: 2 years ’ lﬁ ‘ Dosage maintened Q

* 25(0OH)D serum levels evaluated every
Dosage increased
by 50%

6 months: is sufficiency achieved? ” l

Foresta et al. JCEM 2017




Patients characteristics

MNormal weight Obese
Age 42,13 + 5,77 42,44 + 4,33
BMI 22.25 + 2.07 3347 + 2,16 %
Testosterone 16,70 + 2,02 15,24 + 2,70
LH 4,29 + 2.22 3,74 £.2.09
Estradiol 94,59 + 20,28 111,76 + 3742 *
Fasting glucose 76,45 + 7.76 94,19 + 11,83 *
Insulin 4,34 + 3,29 9,56 + 558*
HOMA 0,87 + 0,44 203 + 0,73 *
25({0H) 35.36 + 6,69 34,63 = 8,54
PTH 83,45 + 7,79 86,28 + 7,65
Calcium 236 + 0,10 2,38 + 0,09
Phosphorus 1,09 + 0,24 1,01 £ 0,21 *p<0.05

Foresta et al. JCEM 2017



25(0H)D levels (nmol/I1)

a0 7

207

MNormal weight Treatment
. O 2s5(0H)D
* . D3
=
80
L
. <
E &0
£
""" e = = » -
3 40
*= p<0.01 vs =]
respective time point E
E 201

= p<0.01 vs D3
supplementation

0 B 12 18 24
Time {(months)

3 12 18 24
Time (months)

No difference between 25(OH)D and D3 in incraesing serum 25(OH)D

levels in normal weight subjects

In obese patients, 25(0OH)D is much more effective than D3 in

achieving optimal 25(0OH)D levels

Foresta et al. JCEM 2017



+ Mormal weight

Prevalence of vitamin D sufficiency

(250HD > 50 nmol/l)

100% < e
*
Treatment 80% ¢
o
=
[] 2sioH)D g
K=
. D3 E 60%
(]
E
E
o 40%
=
-
[
=]
=
20%
*= p<0.05 vs. 250H -
T0O & months 12 months 18 months 24 months
“~Normal Weight 250H 0% 80% 100% 100% 100%
\—#—MNormal weight D3 0% 65 % 90% 050 100%

Foresta et al. JCEM 2017




+ Mormal weight

Prevalence of vitamin D sufficiency
(250HD > 50 nmol/l)

- @— - Obese
% [ F
% ot
Treatment 80% & s
o i
c &
[] 2sioH)D g -
— %
B o3 E o 2
[ i ’
e Fa
= Fi
E
M 40% £
4
=
; ’
20% = ']
F
il 12 18 24
£
= p=(.05 vs. 250H
L & months months months months
¥~ Normal Weight 250H 0% 80% 100% 100% 100%
| == Normal weight o3 0% B5% Q0% 5% 100%
Obese 250H 0% 53% E87% Q7% 100%
| =8~ Obhese D3 0% 20% 7% 73% B7%

Foresta et al. JCEM 2017



—ip— Normal weight

Prevalence of normal PTH levels

(17 < PTH < 73 ng/l)
100% T /
90%
e

W 80%
1)
c

Treatment B 0%
™ & /

O 2siomp g 6%
5 /

B o g A /
i — *
ﬁ a0%
S A
T 30% & /
- 0%
]
BE /

100
&
W _ r#’;'
= p=.05 vs, 250H o |
0 months & months 12 months 18 months 24 months
“¥-MNormal weight 250H 8% 30% 65% 85% 100%
=#=Normal weight D3 5% 15% 35% 80% 100%

Foresta et al. JCEM 2017



—&@—  normal weight Prevalence of normal PTH levels

(17 < PTH < 73 ng/l)
— @ — Obese S
90%
W 80%
1)
c
Treatment B 0%
i 1
O 2siomp £ oox
E .
B o g A
ﬁ a0%
=
T 30%
- 0%
]
x 100
*= p<0.05 vs. 250H o |
0 months & months 12 months 18 months 24 months
“—Normal weight 250H 8% 30% 65% 85% 100%
—4#—Normal weight D3 5% 15% 35% 80% 100%
" Obese 250H 0% 13% 33% 73% Q7%
=8 Obese D3 0% T 13% 47% 83%

Foresta et al. JCEM 2017



J Clin Endocrinol Metab, April 2013, 98(4):1711-1717

ORIGINAIL

Endocrinme Resesarch

Influence of Vitamin D Status on Vertebral Fractures,
Bone Mineral Density, and Bone Turnover Markers in
Normocalcemic Postmenopausal Women With High
Parathyroid Hormone Levels

Conclusion: Elevated PTH levels are associated with increased prevalence of vertebral fractures, low
bone mass, or higher BTM only in the presence of hypovitaminosis D. An adequate nutritional
status in the vitamin appears to protect the bone from the deleterious effect of a high PTH. (J Clin

Endocrinol Metab 98: 1711-1717, 2013)

20

15

10

Vertebral fracture prevalence (%)

A

[

20-30 > 30
250HD (ng/ml)



Correlazione tra BMI e incremento dei livelli serici di 25(0OH)D a seconda della
supplementazione utilizzata

[
=

£=
=

[
=

Aoserum 25(0H)D [(nmol/1) at the end of the study

Treatment: 25(0H)D

15

pi] 25 30 35 a0
B

-
B Treatment: D3
B 50 & &
[} L]
= ]
G I
= 407 s iy
v . "
i
= : ¥ i
= 307 -
=4
o 207 .
5 8 -
m ]
B
107
= %
=
<]
T T T T T T
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BMI

Mean dosage to achieve vitamin D sufficiency at the end of the study (2 years)

MNormal weight 25(0H)D

Obese 25(0H)D
Normal weight D3

Obese D3

ug/week
54,68
61,72
175,31
252,19

=
»

+ 12% dosaggio 25(0H)D negli obesi per
raggiungere la sufficienza rispetto ai normopeso

+ 43% dosaggio D3 negli obesi per raggiungere
la sufficienza rispetto ai normopeso




Why is D3 prefentially accumulated in adipnse tissue?

Differential
accumulation of
D3 and 25(OH)D in
normal and obese

adipose tissue?
DBP affinity:
. 25(OH)D: 7x108 M Vitamin D binding protein (DBP)
* 1,25(0H)D: 5x107 M1 binds vitamin d metabolites, but D3

* Vitamin D3: 4x107 M"!

Liposolubilita (coefficiente di

ripartizione acqua/n-ottanolo a 25°C)

+  D3: logK,,, = 10,2 diffuse into adipose tissue given its
+ 25(OH)D: logkK,, = 8,43

has the lowest affinity

- More un-bound D3 can freely

higher lipo-solubility

+ 1,25(0OH)D: logK,,, = 7,6




Risultati dello studio di espressione eseguito su tessuto adiposo di soggetto
normopeso e obeso

CYP19A1 (Aromatasi) GAPDH (housekeeping)

Risultati gel
Real Time PCR

Fold expression over GAPDH

NORMOFESD O8ES0:



Lo dal tabibisogns o vitamina D
& paanifo dallirradiagions selare UVE

Carenza di 25(0OH)D
e 1,25(0H)D

1

(280-315 nif)
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Rapporto 25(0OH)D / vitamina D3 in soggetti eugonadici e

ipogonadici

q. I i + = 1
]IF . HPLC-M5

Eugonadici

Ipogonadici

25-0H Vit D/Vit D3

25

20

15

10

L

250H-Vit D Ratio 250H-D/ Vit

D3 (nM) (nM) D
5.3 83 19,95
o o 46** L

L2

Eugonadici/ Normo Vit D Ipogonadici/ ipo Vit D **= Pe0.01
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Role of vitamin D levels and vitamin D supplementation on bone
mineral density in Klinefelter syndrome
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Conclusioni

* U'ipovitaminosi D € una sindrome complessa

* La patogenesi dell’ipovitaminosi D racchiude diverse cause e diverse
patologie di ipovitaminosi:

A) ipo-calcifediolemia
B) ipo-colecalciferolemia
C) ipo-calcitriolemia

* |l trattamento delle ipovitaminosi D deve essere mirato e deve essere
effettuato con formulazioni coerenti con la relativa patogenesi per:

A) normalizzare precocemente i livelli plasmatici
B) normalizzare precocemente i livelli di PTH
C) evitare accumuli di substrati con conseguenti effetti collaterali
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