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Prevalence and trends

e Currently, 1.600 million
adults worldwide are
overweight and 312 million
of them are clinically obese

« Obesity Is also a serious
health concern for children

17% obese children (US)




Obesity in the World 2012
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Economic impact-2010

Wiy acivenmaents st iasd the fight aqafist chasily

Total U.S. obesity costs are nearly three times direct medical costs.
Estimated increased spending associated with obesity in the United States’
$ billion
Il Direct medical costs = ~$160 billion
| Incremental food expenses® 90
Cost to Plus-size clothing® B 30
individuals | =1
Weight-loss programs 20
Out-of-pocket health care costs 20
Cost to Medicare/Medicaid | - 60
Py | Commercial payors - 80
| Absenteeism - 30
Costto - ; :
e{nployers Decteased productl\ﬂty 3 70
| Short-term disability il 30
Other (fuel, funeral, electricity, etc.) 20
Total 450
! Rounded estimates.
“ Based on estimated cost of incremental calorie intake to maintain obese weight.
3 Based on incremental costs of plus-size clothing.




Obesity Interventions

* Obesity is a multi-level problem and
requires a multi-level approach to integrate
treatment and prevention:

- Individual and Family
- School and Community
- Government



Policies focused on changing behaviours

Healthy diet Increasing physical activity

<J- Choose fruits and vegetables
> over unhealthy fatty foods




Policies focused on changing behaviours

Your health. Your choice.

3@ seconds 38 steps
to the top to better health |



Anti-obesity Drugs

Review 2012

Anti-obesity drugs: a review
OpE’zfgﬁr about their effects and their

safety

Crluseppe Derosa’ & Pamela Maffioli
Introduction: Amphetammta; rimonabant and sibutramine licenses as anti-

esity drugs have been withdrawn use of their adverse effects. In fact,
i5 the only available{ong-term treatmen®Dfor obesity.

1. Introduction
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A PGCl-a-dependent myokine that
drives brown-fat-like development of
white fat and thermogenesis

Pontus Bostrém®, Jun Wu', Mark P. Jedrychowski®, Anisha Korde!, Li Ye!, James C. Lo', Kyle A. Rasbach!,
Elisabeth Almer Bostrim?®, Jang Hyun Choi', Jonathan Z. Long’, Shingo Kajimura®, Maria Cristina Zingaretti®, Birgitte F. Vind®,
Hua Tu’, Saverio Cinti®, Kurt Hejlund®, Steven P. Gygi® & Bruce M. Spiegelman’

L]

doi:10.1038/naturel0777

EL PAIS

Irisina, hormona quemagrasas

Irisina, hormona contra la obesidad

Recientes investigaciones sacaron a la luz un nuevo descubrimiento, una hormona quemagrasas
llamada Irisina. Esta hormona es sumamente importante para el tratamiento contra la obesidad. Al
parecer cuando realizas actividad fisica, se ponen en marcha una serie de procesos metabdlicos que
favorecen la sintesis de la hormona Irisina, que tendria efectos directos sobre el tejido graso.

LA VANGUARDIA.com/salud

Irisina, la hormona de la actividad fisica

Cientificos de Harvard descubren una sustancia clave en los efectos saludables del deporte y buscan un
farmaco que imite su actividad | Empleada como farmaco, podria mejorar el tratamiento de la diabetes y
la obesidad

Salud | 13/01/2012 - 02:44h

Ana Macpherson Barcelona , Josep Corbella Barcelona



http://www.lavanguardia.com/20101028/54061015389/ana-macpherson.html
http://www.lavanguardia.com/20101028/54061015389/ana-macpherson.html
http://www.lavanguardia.com/20100416/54058424606/josep-corbella.html

Pathophysiology of Obesity

Increased calorie intake > J—
Reduced energy expenditure "y,
* GENES +
— ENVIRONMENT
Positive net energy balance Y

N - Increasing ADIPOCYTE -,
~ triglyceride stores and
insulin resistance K

Fatty acid ‘spillover’ from
adipose to non-adipose tissue

Triglyceride
accumulation in non-adipose tissues

Lipoprotein fat Lipoprotein fat
delivery X delivery
MUSCLE LIVER PANCREAS
Impaired muscle glucose Increased VLDL production E-ce}} l;ypgfu?'ctlon 9
: -ce sfunction
metabolism Impaired hepatic glucose metabolism B-cell dZmage

Reduced insulin clearance

Lewis et al. Endocrine Reviews, 23, 2002



Estrategies contra |'obesitat

* Augment de lI'oxidacio d’acids
grassos en diferents teixits
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« Control de la ingesta a nivel del SNC




Oxidacion de los acidos grasos

Acidos grasos

Acidos grasos

Mitocondria

p-oxidacion

Malonil-CoA

Carnitina

Palmitoiltransferasa 1 ATP

Dr. Paulino GOmez Puertas
CBM Severo Ochoa CSIC-UAM ( Madrid)



Viral vectors

Adenovirus
1 Viral DNA ;;\' Iw;mu Ad_LaCz
m:é;::“ Ad-CPT1
Ad-CPT1M

/ Recombinant

DNA Virus Adenoasociados

Adenovirus

AAV1-GFP
AAV1-CPT1A
AAV1-CPT1AM

| Amsterdam Molecular Therapeutics
Netherlands

1) Expresién a largo plazo

2) No respuesta inmune



Reversion de la resistencia a la insulina inducida

por palmitato

Células musculares L6E9

Insulin Glucose

\ Insulin Glucose
PKB /'\ \‘ PKB /'l
Glucose Glucose
DA;;/Ceramide DAG/Ceramide
— f e

LCACOA CPTI LCACOA CPT'@

\

p-oxidation

B-oxidation

FFA FFA



Sobreexpresion de la CPT1A en células musculares L6E9
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Sebastian D. et al. AJP. 2007
Sebastian D. et al. J Lipid Res. 2009



La sobreexpresion de CPT1 en células musculares mejora

la resistencia a la insulina inducida por palmitato

Insulin Glucose

\ Insulin Glucose

PKB /'\ \‘ PKB /l
Glucose Glucose

DAG/Ceramide DAG/Ceramide

- [ —

LCACOA CPT\I LCACoA __CPT! @
p-oxidation @p oxidation

FFA

Sebastian D. et al. AJP. 2007
Sebastian D. et al. J Lipid Res. 2009



Our strategy in the liver a2

Hepatocyte
1. Overexpression of a CPT1AM
acyl-CoA : ] iy
\ isoform insensitive to malonyl-
CoA.
/ soic 2. Long term overexpression
poxidation Tﬁ using as a vector adenoassociate

acetyl-CoA

‘ virus (AAVSs).
< (=
/ / i AAV1-GFP

ATP AAV1-CPT1A
AAV1-CPT1AM

Cco, ketone bodies

Two animal models: Obesity induced by HFD
Genetic obesity



Effect of CPT1AM overexpression on HFD Mice

/v AAV-GFP

Mice Control AAV-CPT1A

C57BL/6 Diet L

NCD AAV-CPT1AM

AAV-GFP
\ High Fat —

Diet AAV-CPT1A

HFD \ AAV-CPT1AM

Injection

AAV Sacrifice Sacrifice
Age ; ; : ;
(weeks) 8 10 14 23
| >
|

NCD o HFD
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Analysis of the phenotipe W

Weight HED
40 | - 2=NCD GEP CPT1A CPT1AM
=0--NICD CPT1A
35T =-&-NCD CPT1AM
30 ¢t
S =it
> . - —— HFD GFP
m 25 B P a’v" -
fijesse HFD CPT1A
20 | / —+ HFD CPT1AM
‘ﬁ
O _// T T T T
0 10 14 18 22

Age (weeks)

Orellana-Gavalda et al. Hepatology 2011



Restored glucose and insulin levels

11 weeks
[INcD  HHFD GTT HFD
600
. . -=NCD GFP
= 1601 3 -=HFD GFP
=, 400 |
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Lipid metabolism

High Fat Diet

LCFA T

Hepatocyte l

malonyl -CoA—LC-Co0As
acetyl CoA J /

citrate
CPTlA

/ [-oxidation @
acetyl-CoA

IATP IC’/ I Ketone bodies

O,
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Inflamation and oxidative stress ?

High Fat Diet
o o Insulin
LCFA T T
Hepatocyte l J k

IRS-1/IRS-2
/malonyl -CoA——LC- COAS TAGT \ e
J T Ser/Thr — l

acetyl-CoA
; Fosforllatlon PI3K
citrate - - PKC & l
CPT1 ceramldes PDK1
/ﬂomdatlon ﬂb
acetyl-CoA *

GSK
/ con._
;gllcogen GS

ATP /

co, Ketone bodies

glucose



Effect of CPT1A or CPT1AM expression

High Fat Diet
o msulin
IL- 6
LCFA T TNFa
Hepatocyte l
IRS-1/IRS-2
mannyI -CoA—LC- COAS . TAGl
Ser/Thr l
acetyl COA 'A/ Phosphorilation
A A PI3K
citrate — PKC-¢ | '
CPTlA ceramldes | PDK1
/ S-oxidation | Alkt
acetylCoA_ T >1ROS ! |
GSK
/ |
/ glycogen«_GS
IATP IC02 Ketone bodies

glucose



Effect on Adipose tissue

Lean Obese

Adipocyte
High fat diet
Macrofages ;
Macrofagesﬂ
Hypertrofy
Leptina, TNFa, IL-6, MCP-I
GFP CPT1A CPT1AM
. { e . g
/ . : i ’ ML A i
NCD ; I @A %'
4 . [ X y é [ A )
20X (107 ok ( T 20X
,&) 1 5 q ym Y

k20X 20K ] 20x



Conclusion

Insulin sensitivity normalized

Inflamation, weight, leptin ‘

HFD /

acyl-CoA
cmm@ | m—
— > 1‘_& . ce . .
7 S Insulin sensitivity normalized
B-oxidation 4 4 4
TAG ¥

CPT1A CPT1AM

Inflamationy

Prevention
ROS ¥ Weight increase
Insulin sensitivity normalized

Orellana-Gavalda et al. Hepatology 2011



Effect of CPT1AM overexpression on

obese db/db mice

P 60 ——dbidbCPT1AM
/v AAV-GFP 50 AAV-CPT1A —=—dbdbGFP
\ = 49 !
30 —o dbi+ GFP
AAV-CETIAM : 20| — a——F— " o i+ CPTIAM
10
db/+ db/db L | | |
05 10 15 20
Age (weeks)
O GFP @ CPT1AM o VERDDD
S~ * * * *
T 300 = 101
3 5 ¢ |
= 200 E 6l
g 100 g ol
o o N | = L
db/+ di/db dbr+ db/db

Orellana-Gavalda et al. Hepatology 2011



2-Control de la ingesta

HOW TO
STOF
OVER"

‘C OMSUMING

0




2-Papel de la CPT1 en el control de la ingesta

Metabolitos
(glucosa, acidos grasos)

Hormonas
insulina, leptina)

. Tingesta B oo :

Citosol

|
I
|
Mitocondria I
|
|

Palmitoil-CoAL

l

Acetil-CoA ——Malonil-CoA——Palmitato
EAS.

CONTROL DE LA INGESTA
Aproximacion farmacoldgica



C75 es un inhibidor de la ingesta

o C75: inhibitor of fatty acid synthase (FAS)

HO 1
CHg(CHz)6CH> 0 Acetyl-CoA + Malonyl-CoA > Fatty acids

O FAS

Reduced food intake and dramatic weight loss

ob/ob mice (leptin deficient)
Diet-induced obese (DIO) mice
Lean mice

control C75

Loftus et al. Science. 2000



Efecto del C75 en la actividad CPT1 y en la ingesta

estereotaxis
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Mera P.et al. Biochemical Pharmacology (2009)



Mecanismo de accion del C75 en hipotalamo
Ingesta 1 +-------- 1

Mitocondria

Citosol

C75 — C75-CoA

B-oxidacion

‘ | - Palmitoil-CoA I“

I

Acetil-CoA ———Malonil-CoA T—» Palmitato
| FAS

—

Bentebibel A. et al. Biochemistry (2006)
Kuhajda FP et al. Trends Pharmacol Sci (2005) Mera P.et al. Biochemical Pharmacology (2009)



Higado Pancreas

Orellana-Gavalda et al. Hepatology (2011)

Sebastian D. et al. Am. J. Physiol .
Endocrinol. Metab. 2007
Sebastian D. et al. J Lipid Res. 2009

Tejido adiposo

Bentebibel A. et al. Biochemistry (2006)

Mera P.et al. Biochemical Pharmacology (2009)

Gao S. et al. Am J Physiol Regul Integr Comp Physiol (2011)
Gao S. et al Proc Natl Acad Sci U S A. (2011)

Carraco P. et al. J. Biol Chem (2012)




REGULATION OF LIPID METABOLISM GROUP (http://www.ub.edu/betaoxi/home.html)

“® | Colaboradores:

Paulino Gomez Puertas
CBM Severo Ochoa CSIC-UAM ( Madrid)

= | Ana Maria Goémez-Foix
Universidad de Barcelona

AMT (Amsterdam Molecular Therapeutics)
Holanda

Jordi Garcia y Xavier Ariza
Universidad de Barcelona

Nuria Casals
Universidad Internacional de Catalunya

Su Gao y Gary Lopaschuck
University of Alberta. Edmonton.Canada
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