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Body weight & BMD
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Total Hip BMD
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Fat mass & bone mass - Pancreas
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Adipokines & Bone
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Leptin & Bone
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Leptin & Bone
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Leptin & Bone
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Relative mRNA ratio

Leptin & Bone
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Leptin & Bone

Experimental dynamics and variables potentially
governing leptin-bone-fat interactions

Experimental parameters

Dynamics Experimental model: In vitro versus in vivo
Scope of gene mutation: Tissue-specific versus
whole-body (global) mutation
Site of action: Central versus peripheral
Route of administration: intracerebroventricular
versus subcutaneous
Bone site (gross): Appendicular versus axial
Bone site (micro): Cortical versus trabecular
Age: Young versus old
Variables Dose level of leptin
Animal gender
Animal age
Delivery mechanism and frequency
Circadian

Gimble JM. J Bone Miner Res 2011



Leptin & Bone

Subcutaneous administration of leptin
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Leptin & Bone

Hypothalamic administration of leptin
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Endocrine regulation of energy metabolism by the skeleton
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Endocrine regulation of energy metabolism by the skeleton

Pancreas
/ B-cell 4 Proliferation
A Insulin
Improved glucose
| handling and
Adipocytes low fat mass
\ 3

A Adiponectin

Lee et al. Cell 2007



Osteocalcin in the treatment of metabolic diseases
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Osteocalcin in the treatment of metabolic diseases
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The bone as an endocrine organ in humans

Log Insulin sensitivity
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The bone as an endocrine organ in humans
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Osteocalcin and T2DM in humans

Osteocalcin & Insulin resistance
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Osteocalcin and T2DM in humans

Osteocalcin & Metabolic Syndrome
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Osteocalcin and T2DM in children

Osteocalcin & HOMA Osteocalcin & Adiponectin
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The bone as an endocrine organ in humans
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Osteoblasts mediate the adverse effects of
glucocorticoids on fuel metabolism

Exogenous glucocorticoids
suppress osteoblast function
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Brennan-Speranza et al. J Clin Invest 2012



Osteoblasts mediate the adverse effects of
glucocorticoids on fuel metabolism
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Osteopontin (OPN) - Biological functions

Biomineralization

* Regulation of normal
bone resorption

e Inhibition of urinary
crystallization and
cardiovascular
calcification

Leucocyte function

e Macrophage cytokine
production
e T cell activation

e Stimulation of Th1
response

INOS regulation

Epithelial cells
Macrophages

Cancer biology

-

OPN

/
N

Tumour invasion
Metastatic spread

Wound repair

Cell proliferation
Fibrosis

Leucocyte recruitment

» Macrophage
o T cell

Cell survival

Epithelial cells
Endothelial cells

Smooth muscle cells

Mazzali et al. QIM 2002




Plasma OPN concentrations in human
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Plasma OPN correlates with body fat
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Plasma OPN expression in human adipose tissue
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CD68+

Gomez-Ambrosi et al.
J Clin Endocrinol Metab 2007




Plasma OPN expression in adipose tissue
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Plasma OPN decreases with weight loss
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RANKL-RANK-OPG & Insulin Resistance
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RANKL-RANK-OPG & Insulin Resistance

LETTERS

nature,, .
medicine

Blockade of receptor activator of nuclear factor-xB
(RANKL) signaling improves hepatic insulin resistance
and prevents development of diabetes mellitus

Stefan Kiechl!-16, Jiirgen Wittmann?, Andrea Giaccari®*, Michael Knoflach!, Peter Willeit!->, Aline BozecS,
Alexander R Moschen?, Giovanna Muscogiuri?®, Gian Pio Sorice?, Trayana Kireva®, Monika SummererS,

Stefan Wirtz®, Julia Luther®, Dirk Mielenz?, Ulrike Billmeier®, Georg Egger!'?, Agnes Mayr!!,

Friedrich Oberhollenzer!?, Florian Kronenberg®, Michael Orthofer!?, Josef M Penninger!2, James B Meigs!>14,
Enzo Bonoral>, Herbert Tilg?, Johann Willeit! & Georg Schett®16

Kiechl et al. Nat Med 2013
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RANKL-RANK-OPG & Insulin Resistance
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SPARC (osteonectin) & Insulin Resistance
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ATF4 & Glucose Metabolism
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FoxO1 & Energy Metabolism
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Insulin receptor signaling in osteoblasts regulates

postnatal bone acquisition and body composition

Body Weight (g)
N w W
()] o N

N
o

-
3]

7 - Control

-o- Ob-AIR

=

Fat Mass

(mg/Kg body weight)

6 12 18

Weeks of age

4001

200+
1001
0_

Con Ob-AIR

24

Lean Mass

(mg/Kg body weight)

(o]
(=]
g

[=2]

(=]

(=]
1

F-S
(=]
<

)
=]
e

Control

*

Con Ob-AIR

B cell mass (mg)

N
o
1

—
3
1

—
o
1

Con

W
[£)]
T

N
o
hri

Blood Glucose (mg/dl)
&
o

* % -e Control -e- Ob-AIR

0 15 30 45 60 75 90 105 120

Minutes After Glucose Injection

1.5-

*

—
o
1

to Control (Fold)
o
<

Expression relative

0.0-

Ob-AIR

Fulzele et al. Cell 2010

Il Control
[l Ob-AIR

UcP1






Endocrine regulation of male fertility in mice

Bone Testis

Testos-
terone /

Leydig cell

—» Osteocalcin Basement membrane

Apoptosis\

Germ Cells Spermatogenesis 7'

Oury et al. Cell 2011



OSTEOPONTIN
OSTEOCALCIN
OSTEOPROTEGERIN/RANKL

OSTEONECTIN (SPARC)

LEPTIN
(™ ADIPONECTIN
LN VISFATIN
TNF-
IL-6
RESISTIN ?

Gomez-Ambrosi et al. Obes Surg 2008




Agradecimientos

Clinica Universidad de Navarra - CIBERobn

Gema Fruhbeck, Javier Salvador, Javier Escalada,
C. Silva, J.C. Galofré, F. Rotellar, V. Valenti

Clinica
= Universidad
" de Navarra

Lab. Investigacion Metabolica
Gema Fruhbeck Beatriz Ramirez

. . ciberobn . : :
Financiado por Amaia Rodriguez Sara Becerril

CIBERobn, ISCHII ,g-:.sm e gl%d Victoria Catalan Andoni Lancha

FIS, ISCIII B . , . .
Dpt. Salud - Gobierno de Navarra Leire Mendez Javier Gurbindo

Dpt. Educacion - Gobierno de Navarra
PIUNA



