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A

Infertilidad \ p
>

| ' 7
Alteraciones %@@

Inflamacion

)') / Cancer

Body Mass Index

Lesiones / Obesidad »

|
Obese, Class 3

Total Mormal Overweight Obese, Class 2
Variable (N = 195 005) {n = 84 469) (n=70231) (n = 35767) {n = 4538)
Diabetes
Yas, % (SE) 7.9 0.11) 4.1 {0.12) 7.3 (0.18) 14,9 (0.70) 256 (1.16)
Age adjusted 1.00 1.58(1.47-1.72) 3.66 (3.38-3.95) 8.51 (7.41-9.78)
Fully adjusted 1.00 1.58 (1.46-1.73) 3.44 317-3.74) F.37 [6.39-8.50)
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Insulino-resistencia
Diabetes tipo 2

Mokdad et al, JAMA 2003
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Transcription Factor TCF 712 Genetic Study in the
French Population

Expression in Human 3-Cells and Adipose Tissue and
Strong Association With Type 2 Diabetes

Stéphane Cauchi,! David Meyre,! Christian Dina,! Hélene Choquet,! Chantal Samson,’
Sophie Gallina,'! Beverley Balkau,” Guillaume Charpentier,® Francois Pattou,*! Volodymyr Stetsyuk,”
Raphaél Scharfmann,” Bart Staels,"® Gema Friihbeck,” and Philippe Froguel'-'°
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DIABETES, VOL. 55, OCTOBER 2006 2008



Six new loci associated with body mass index highlight a
neuronal influence on body weight regulation

d 20 - FTo namre
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Chromosomes

The FTO obesity gene

Genotyping and gene expression analysis in morbidly obese patients

- Mayor expresion RNAm de FTO en tejido adiposo subcutaneo
pacientes obesos morbidos frente a controles
- Correlaciones de expresion de FTO subcutanea:
* NEGATVA con trigliceridos séricos
* POSITIVA con expresion de:
- leptina
- perilipina
- visfatina
- Expresion de FTO y perilipina con depdsito de grasa visceral

Zabena et al. Obes Surg 2009 (Jan)



ARTICLES

nature |
genetlcs

New genetic loci implicated in fasting glucose
homeostasis and their impact on type 2 diabetes risk

Levels of circulating glucose are tightly regulated. To identify new loci influencing glycemic traits, we performed meta-analyses
of 21 genome-wide association studies informative for fasting glucose, fasting insulin and indices of beta-cell function (HOMA-B)
and insulin resistance (HOMA-IR) in up to 46,186 nondiabetic participants. Follow-up of 25 loci in up to 76,558 additional
subjects identified 16 loci associated with fasting glucose and HOMA-B and two loci associated with fasting insulin and HOMA-IR.
These include nine loci newly associated with fasting glucose (in or near ADCY5, MADD, ADRA2A, CRY2, FADS1, GLIS3,
SLC2A2, PROXT and C2CD4B) and one influencing fasting insulin and HOMA-IR (near IGFT). We also demonstrated association
of ADCY5, PROX1, GCK, GCKR and DGKB-TMEM195 with type 2 diabetes. Within these loci, likely biological candidate genes
influence signal transduction, cell proliferation, development, glucose-sensing and circadian regulation. Our results demonstrate
that genetic studies of glycemic traits can identify type 2 diabetes risk loci, as well as loci containing gene variants that are
associated with a modest elevation in glucose levels but are not associated with overt diabetes.

NATURE GENETICS VOLUME 42 | NUMBER 2 | FEBRUARY 2010 105



|y

PERFIL DE EXPRESION
GENICA

.........

Mecanismos de regulacion

Rutas bioguimicas

!

Insulino-resistencia
Diabetes tipo 2




Expresion génica en tejido adiposo
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MULTICELULARIDAD DEL TEJIDO ADIPOSO




“CROSS-TALK” AUTOCRINO / PARACRINO

MCP-1

Others

TNF-a, TNF-a,
Inflammatory-related & immune factors MCP-1 IL-6
C3 Others
Others

Frihbeck (en prensa)



Dislipemia

Obesidad
androide

Acumulo de grasa
abdomino-visceral




Tejido adiposo visceral

Anterior

TA visceral

TA subcutaneo

Posterior

Caracteristicas

diferenciales

e tamano y n°
de adipocitos
e inerv. + vasc.
e drenaje portal
e activ. metab.
 perfil secretor



Fig. 6 Osteokines
osteocalcin, osteonectin, osteopontin, osteoprotegerin

Steroid hormones

estrone, estradiol,
testosterone

ﬂ\@ / Growth factors
IGF-1, VEGF,
’ /‘\\ nerve growth factor,

HGF, PDGF, BMPs

Eicosanoids

prostaglandins PGE?2,
PGF2a, prostacyclin \

Metabolites
FFA, glycerol, LPL, \

apolipoprotein E

—> Adipokines

TNF-a , IL-6, IL-1p,
IL-8, IL-10, IL18,
leptin, adiponectin

Others <«—

resistin, visfatin,

omentin, apelin,
fasting induced adipose
factor, metallothionen

Binding proteins Membrane proteins

|GF-BPs, STNFRs, aquaporin-7, caveolin-1
retinol binding protein I

Complement system Vasoactive factors

factor B, factor C, C3, Clq, Extracellular angiotensinogen, angiotensin 11,

factor D - adipsin - ASP ) ! nitric oxide, PAI-1,
matrix protelns ANP, monobutyrin

monocyte chemotactic protein-1
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Adipose tissue mass enlargement
Monocyte recruitment/activation

M°“‘< Altered adipokine secretion profile .
- T TNF-a, IL-6, CRP, SAA, leptin, ASP, adipsin 3<
(?) Resistin, Visfatin, RBP4 o
/. 1 Adiponectin, omentin / by
Lymphocyte + Increased FFA release

Adipocyte hyperplasia

Macrophage infiltration

=Py AP

Endothelial d-ysfun_ct.lon _ | 1 Glucose uptake AVLDL 2Glucose
T Sympathetic activity T Insulin secretion 1 ntra-muscular TG synthesis production
~_" ~_" ~_" ~_" ~_"
Hypertension Hyperinsulinemia Insulin Dyslipidemia Glucose
resistance Intolerance

Frihbeck (en prensa)



Adiponectina

« ACRP30, AdipoQ, GBP28 o0 apM1
e 244 aa

 EXpresada en adipocitos

* 0,01% proteinas plasmaticas

e Protectora frente T2DM y ECV

* Receptores AdipoR1 y AdipoR2

Yamauchi et al. Nature 2003
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Multimeros
de

adiponectina
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: M
:
HS::S N Full-length
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adiponectin
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G
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GPCR t;ignaling

Ca

Trimer

Globular
adiponectin

J Clin Invest 2006

Kadowaki et al.

Increased fatty acid oxidation
(Liver) (Liver and muscle)

Decreased gluconeogenesis

Increased glucose uptake
(Muscle)



Adiponectina e inflamacion
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Krenning et al. Circ Res 2009



Expresion génica de nuevas adipoquinas inflamatorias

T Expresion de visfatina
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Fukuhara et al. Science 2005; Bernt et al. Diabetes 2005; Hammarstedt et al. J C/in Endocrinol Metab, 2006



Expresion génica de nuevas adipoquinas inflamatorias
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Murphy et al. Nature Medicine 2006; Dogru et al. Diabetes Res
Clin Prac 2007; Filippatos et al. J Endocrinol Invest 2007; Haider
et al. JPGN 2006; Filippatos et al. C/in Endocrinol 2008
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Expresion génica de nuevas adipoquinas inflamatorias

Visfatina
’0 Re=0.03,p =04 20 _R=00,p=05
=E‘ F * =E‘| * : ’
> S e AR =) * ';a
Sis] TLe S ade =457 k..
_ 30 1 200 - B e oo, Lt ° L s I!‘:,:.u
_EIE 4 I ] 1 ..“_3 e o, S “‘_3 .‘... .®
8% £ 101 2 0| TSR sio] VERT LY -
- 3 g1o] ., ?':‘ﬁ'::‘?.’ E10] " paed L
£ Z 1204 = AN = ,q:?'! e
04 o d o ® s wf . . o .? -
E-IJ E J §, et o o** 9 n‘.'.?. .
= 10 1 E 07 ) o5+ =~ Jo.5 M
E 5 1 = 107 ) )
oy 0 -— 10 15 20 25 3.0 06 07 08 09 10 1.
CONTROL OBESE CONTROL  OBESE Log fasting plasma insulin (pmolfl) Log fasting plasma glucose (mmol/l)
I‘Ijldgpad;\“”mblﬁ E = Fvabe | Visfatin: A Protein Secreted by
2 - Visceral Fat That Mimics the
BMI (kgfm?) 0. - ns .
o Effects of Insulin
Visfatin (ngfml) 00003 0.0114 e
o Atsunori Fukuhara,’** Morihiro Matsuda,*
Waist circumference (cm) 0.0583 0.0171 0.001 Masako Nishizawa 3* Katsumori 5|=.=ga't.'~.fafI Masaki TannakranfI
I{ae Klshlmutu "r‘asushl Matsukl erm Murakaml
- - a L 3
RETRACTION. Fukuhara
Science 2007

Berndt et al. Diabetes 2005

; Pagano et al. J Clin Endocrinol Metab 2006; Ingelson et al. Diabetes Care 2007




Expresion génica de nuevas adipoquinas inflamatorias
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Yang et al. Nature 2005; Tamori et al. Nature Medicine 2006; Janke et al. Diabetes 2006



Expresion génica de nuevas adipoquinas inflamatorias
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Yang et al. Nature 2005



Expresion génica de nuevas adipoquinas inflamatorias
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Janke et al. Diabetes 2006; Broch et al. Diabetes Care 2007; GoOmez-Ambrosi et al. Clin Endocrinol/ 2008



Expresion génica de nuevas adipoquinas inflamatorias
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Bozaoglu et al. Endocrinology 2007; Goralski et al. J Biol Cherm 2007



Expresion génica de nuevas adipoquinas inflamatorias
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Bozaoglu et al. Endocrinology 2007; Takahashi et al. FEBBS Lett 2008



Expresion génica de nuevas adipoquinas inflamatorias

Chemerina Activacion:
catepsina G
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Goralski et al. J Biol Chem 2007



Expresion génica de nuevas adipoquinas inflamatorias
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Hida et al. PNAS 2005




Expresion génica de nuevas adipoquinas inflamatorias
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Lipocalinas

CALICINAS

e —

Avidinas | LIPOCALINAS | Proteinas de
uniodn a acidos

grasos

Avidina/Biotina ERBP/REA FABP/Palmitato

Lipos: grasa — Calyx. copa
Estructura muy conservada
Union a ligandos hidrofobos y receptores especificos

Diversidad funcional: transporte del retinol, sintesis de
prostaglandinas, regulacion de procesos celulares, coloracion, modulacion del

sistema inmune

Proteinas de transporte extracelular




Lipocalina 2

NGAL (neutrophil gelatinase-associated lipocalin), 24p3, Uterocalin, Siderocalin

Nature, 2004

T — Lipocalin 2 mediates an innate
- I | immune response to bacterial

infection by sequestrating iron

Trude H. Flo'**, Kelly D. Smith'-*, Shintaro Sato", David J. Rodriguez',
Margaret A. Holmes’, Roland K. Strong’, Shizuo Akira* & Alan Aderem’

Cell, 2005

A Cell-Surface Receptor for Lipocalin
24p3 Selectively Mediates Apoptosis
and Iron Uptake

Laxminarayana R. Devireddy,"* Claude Gazin," Xiaochun Zhu," and Michael R. Green'*

- Glicoproteina de 25 kDa

- Identificada por primera vez en neutrofilos y células renales
- Descrita en otros tejidos (adiposo, higado, pulmon)

- Transporte de acidos grasos y HIERRO

- Induccidon de apoptosis y respuesta inmune innata

- Estimulos inflamatorios activan su expresion

Barasch. Nature, 2004; Flo. Nature, 2004; Lim. /nt J Cancer, 2007; Fernandez. Clin Cancer Res, 2005; Yan. J Biol Chem, 2001



Lipocalina 2 y obesidad

Relative Lcn2 expression
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- Expresion en higado y tejido adiposo aumentada en ratones db/dby
ob/oby se reduce tras tratamiento con rosiglitazona

Wang et al. Clin Chem 2007



Lipocalina 2 y obesidad
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INSULINA: Aumenta la expresion de LCN2

Yan et al. Diabetes 2007; Zhang et al. Mo/ Endocrinol 2008; Tan et al. Diabetes Care 2008




Lipocalina 2 y MMP-9
adipogéneis, angiogénesis

C N—
£ )
remodelado matriz extracelular %‘ﬁg@

MMP-2 MMP-9 &

- Enzimas clave en la remodelacion de la ECM
- Regulacion de la diferenciacion de los adipocitos
— Secrecion modulada durante la diferenciacion de los adipocitos
- Implicadas en la respuesta inflamatoria

- Expresion inducida por TNF-a

LCN2 se une covalentemente a
MMP-9 inhibiendo su degradacion
y manteniendo su actividad
enzimatica

Bouloumié A et al. Diabetes 2001; Yan L et al. J Biol Chem 2001; Christiaens et al. Thromb Haemost 2008



¢ POSIBLE INFLUENCIA EN OBESIDAD HUMANA?

Expresion génica LCN2

=| Expresion proteica LCN2

Concentraciones
circulantes LCN2

Relacion LCN2-INFLAMACION

Importancia complejo LCN2/MMP-9 en
obesidad




LCNZ2. Niveles de expresion génica
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Catalan et al. J Mol Med 2009



LCNZ2. Niveles de expresion proteica

Yan et al. Diabetes 2007
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Multicelularidad del tejido adiposo
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LCN2. Analisis inmunohistoquimico

P ‘1{#\1
i
4 '
| L A
e
] A :
50 mm

Control negativo LCN2 CD68
g 19 * %k
.% = i S Yan et al. Diabetes 2007
S 5 O Chow Zhang et al. Mol Endocrinol 2008
Em.. B HFD Fain et al. Metabolism 2008
@
Y @ Expresion en adipocitos
S = P P y
g & B en SVF
&
e Aumento de expresion en

wWE  a0E | e adipocitos tras HFD
(- Macs)
Catalan et al. J Mol Med 2009




LCNZ2. Niveles circulantes
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ESQUEMA GENERAL

Evidencia epidemiologicay genetica
Caracteristicas generales del tejido adiposo
Adipegumas, insulino-resistencia e inflamacion
Vias relacionadas con el metabolismo lipidico
Genes de respuesta a hipoxia

Nuevos hallazgos - 1mplicaciones
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Proteinas integrales de membrana
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Proteinas integrales de membrana
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Proteinas integrales de membrana

AQP7
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Proteinas integrales de membrana

Caveolina 1
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e Cav-1 and -2
(most cells except cardiac & skeletal muscle)

e Cav-3
(myoblast lineage: cardiac, skeletal,

and smooth muscle cells)
Fra et al, 1995; Monier et al, 1995;

Song et al, 1997; Thiele et al, 2000



Integral membrane proteins
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- Increased fat accumulation with age
- Decreased leptin and adiponectin concentracions
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- Reduced lipid clearance ability

* Insulin resistance

Razani et al. J Biol Chem, 2002; Cohen et al. Am J Physiol Cell Physiol, 2003



Proteinas integrales de membrana
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Genetic analysis of CAV/ gene in hypertension and metabolic
syndrome

Frequencies %
Table 3: Comparison of haplotypic frequencies (%) between
] controls, MS hypertensive patients and non-MS hypertensive
35 patients. The haplotypic frequencies and p values were calculated using
sl the Thesias software. All p values were age corrected. *Haplotype used
as reference.
25-
20 E :::f::pmlunh Haplotype Frequencies (%) Statistical
154 B WS patients Control | Non-MS | MS Controlvs. | Control | MSvs,
group patients | patients | non-MS s, MS non-M5
" cit 5479 54.79 61.18 R R R
al cd 2146 1771 10.96 NS OR=045 | OR=0.54
ol h p=00012 | p=0027
CdiCd  Cdmi Cicd Cirei CiTi TiTi Ti 2174 7795 77,19 NS NS NS

Haplogenatypes

Figure 3: Distributions of CAV | haplogenotypes.

Grilo et al. Thromb Haemost 2006
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Estudio del efecto de la ghrelina y desacil-ghrelina
sobre adipogenesis y lipogénesis
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Expresion de GHS-R en grasa omental
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Expresion de GHS-R en grasa omental
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Niveles circulantes de ghrelina y desacil-ghrelina
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Genes de respuesta a hipoxia
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Genes de respuesta a hipoxia
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Expresion génica de nuevas adipoquinas inflamatorias
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Schmidt et al. Lancet 1999; Dandona et al. 7rends Inmunol 2004; Neels and Olefsky. J Clin Invest 2006



Expresion génica de nuevas adipoquinas inflamatorias
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An Increase in the Circulating Concentration of
Monocyte Chemoattractant Protein-1 Elicits Systemic
Insulin Resistance Irrespective of Adipose Tissue
Inflammation in Mice

Chronicinflammation in adipose tissue is thought to be important for the development of insulin
resistance in obesity. Furthermore, the level of monocyte chemoattractant protein-1 (MCP-1) is
increased not only in adipose tissue but also in the circulation in association with obesity. However,
it has remained unclear to what extent the increased circulating level of MCP-1 contributes to
insulin resistance. We have now examined the relevance of circulating MCP-1 to the development
of insulin resistance in mice. The plasma concentration of MCP-1 was increased chronically or
acutely in mice to the level observed in obese animals by chronic subcutaneous infusion of recom-
binant MCP-1 with an osmotic pump or by acute intravenous infusion of MCP-1 with an infusion
pump, respectively. Whole-body metabolic parameters as well asinflammatory changesin adipose
tissue were examined. A chronic increase in the circulating level of MCP-1 induced insulin resis-
tance, macrophage infiltration into adipose tissue, and an increase in hepatic triacylglycerol con-
tent. An acute increase in the circulating MCP-1 concentration also induced insulin resistance but
not macrophage infiltration into adipose tissue. In addition, inhibition of signaling by MCP-1 and
its receptor CCR2 by administration of a novel CCR2 antagonist ameliorated insulin resistance in
mice fed a high-fat diet without affecting macrophage infiltration into adipose tissue. These data
indicate that an increase in the concentration of MCP-1 in the circulation is sufficient to induce
systemic insulin resistance irrespective of adipose tissue inflammation. (Endocrinology 151:

Tateya et al. Endocrinology. First published ahead of print January 7, 2010
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Expansibilidad del tejido adiposo, lipotoxicidad y sind. metab.

Increased Nutrient influx
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Increased FFA release by insulin _> Cytokines
resistant adipocytes activates macrophages

Activated macrophages block
preadiocyte recruitment and worsen
insulin resistance in mature adipipoytes,

increasing FFA release and macrophage activation Virtue & Vidal-Puig, Biochim Biophys Acta 2010 (in press)



Expansibilidad del tejido adiposo, lipotoxicidad y sind. metab.
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Expresion génica de nuevas adipoquinas inflamatorias
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Expresion génica de nuevas adipoquinas inflamatorias
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Expresion génica de nuevas adipoquinas inflamatorias

STAMP
08 - x TNF-a, activa STAMP en cultivos

< 06 STAMP2
E . Correlation coefficient P-value
:IG: 0.4 - CD68 0.35 0.0005
=2 TNFA 0.036 0.73
L 0.2 -

IL6 -0.014 0.90

0 Vd -
low  high Vias alternativas de
activacion

Aumento de la expresion
de STAMP al aumentar la

insulino-resistencia Aumento en obesidad

Relacion con insulino-resistencia

Arner et al. J Clin Endocrinol Metab 2008



Pleotropism of Sirtuinl
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Inflammation and adipose tissue macrophages in
lipodystrophic mice

Laura Herrero, Hagit Shapiro, Ali Nayer, Jongsoon Lee, and Steven E. Shoelson

adipose tissue macrophages (ATMs) in lipodystrophy and obesity
are very different in terms of activation state, gene expression pat-
terns, and response to lipopolysaccharide. Although ATMs are even
more abundant in lipodystrophy than in obesity, they have distinct
phenotypes and likely roles in tissue remodeling, but do not appear
to be involved in the pathogenesis of insulin resistance.



