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PlanPlan

IntroductionIntroduction
InsulinInsulin resistanceresistance andand mitochondrial mitochondrial functionfunction

Study 1 
Lipid peroxidation in skeletal muscle of obese as compared to 
endurance-trained humans: a case of good vs. bad lipids?

StudyStudy 2 2 
Upregulation of peroxisome proliferator-activated receptor
gamma coactivator gene (PGC1A) during weight loss is
related to insulin sensitivity but not to energy expenditure

Perspectives
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InsulinInsulin resistanceresistance (IR)(IR)

A A diminisheddiminished responseresponse ofof a a targettarget cellcell or or organorgan
to a to a physiologicalphysiological concentration concentration ofof insulininsulin. . 

Adipocytes 
Skeletal muscle Defect in mitochondrial 

function

Caloric intake

liver

?
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Mitochondrial Mitochondrial dysfunctiondysfunction or or decreaseddecreased
mitochondrial mitochondrial densitydensity are candidates are candidates 
mediatorsmediators ofof obesityobesity--relatedrelated insulininsulin
resistanceresistance in in skeletalskeletal muscle. muscle. 
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Lowell, Science 2005 
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Mitochondrial Mitochondrial hypothesishypothesis

Insulin Resistance

Intra-myocellular triglyceride content (IMTG)

Oxydative phosphorylation
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PeroxidationPeroxidation des lipides des lipides 
intramusclairesintramusclaires

Athlète 

Obèse

4-HNE     IMTG
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ConclusionConclusion

IMTG content was the same in the obese and
endurance trained (ET) subjects. 
The lipid peroxidation/IMTG ratio was 4.2-fold 
higher in the obese subjects.
Obesity results in an increased level of IMTG 
peroxidation while ET has a protective efect on 
IMTG peroxidation.
This suggests a link between the lipid
peroxidation/IMTG ratio and insulin resistance.
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Insulin action in skeletal muscle Insulin action in skeletal muscle 
couples directly to mitochondrial couples directly to mitochondrial 
energetics and substrate selectionenergetics and substrate selection
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InsulinInsulin resistanceresistance andand mitochondriamitochondria

4 4 potentialpotential mitochondrial mitochondrial targetstargets ::

UncouplingUncoupling proteinprotein 3 (UCP3)3 (UCP3)

CarnitineCarnitine palmitoyltransferasepalmitoyltransferase--1(CPT1)1(CPT1)

Peroxisome proliferator-activated receptor gamma
CoCo--activatoractivator 1alpha (1alpha (PGCPGC--1alpha)1alpha)

MitofusinMitofusin--2 (Mfn2 (Mfn--2)2)
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UncouplingUncoupling proteinprotein 3 3 (UCP3)(UCP3)

UCP3 is selectively expressed in skeletal muscle and
brown adipose tissue
UCP3 is a member of the mitochondrial anion carrier 
super family
High homology with UCP1, UCP3 was proposed to be
an uncoupling protein (cold thermogenesis)
Role and function of UCP3 (?):

Regulation of energy expenditure
Regulation of fatty acid metabolism
Prevention of reactive oxygen species production (ROS)
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UCP3UCP3
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CarnitineCarnitine palmitoyltransferasepalmitoyltransferase--1 1 ((CPTCPT--1)1)

CPTCPT--1 1 isis thethe rate rate limitinglimiting enzyme for transport enzyme for transport 
ofof cytosoliccytosolic longlong--chainchain acylacyl CoACoA moleculesmolecules intointo
thethe mitochondriamitochondria for for oxidationoxidation

MalonylMalonyl CoACoA isis an an allostericallosteric inhibitorinhibitor ofof fattyfatty
acidacid oxidationoxidation via direct via direct bindingbinding ofof CPT1CPT1
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CarnitineCarnitine palmitoyltransferasepalmitoyltransferase--11

Y. Minokoshi and B. Kahn
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A A nuclearnuclear transcriptionaltranscriptional coactivatorcoactivator implicatedimplicated
in :in :

Mitochondrial Mitochondrial biogenesisbiogenesis

Adaptive Adaptive thermogenesisthermogenesis

InsulinInsulin secretionsecretion

GluconeogenesisGluconeogenesis

PPAR PPAR γγ ((Peroxisome proliferator-
activated receptor) CoCo--activatoractivator 1 1 α
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Puigserver, P. Endocr Rev, 2003. 24(1): p. 78-90.

PPAR PPAR γγ ((Peroxisome proliferator-activated
receptor) CoCo--activatoractivator 1 1 α(PGC-1 α)
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Sympathetic system

ADN (gènes mitochondriaux)
NRF-1

PGC-1α
?

Biogenèse mitochondriale
Phosphorylation oxydative

Physical exercice
Caloric restriction
Cold
Drugs

Mitofusin-2

+

+

+
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MitofusinMitofusin--2 2 (Mfn(Mfn--2)2)

Mfn-2 is a GTP-ase protein involved in 
mitochondrial fusion

Mfn-2 increases the expression of GLUT4 and
the mitochondrial oxidative capacity.
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MitofusinMitofusin--2 (Mfn2 (Mfn--2)2)

Fission

FusionMfn-2

Mfn-2
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Upregulation of PGC1A during
weight loss is related to insulin

sensitivity but not to energy
expenditure

Gastaldi et al., Diabetologia, 2007

GG_SFEFS_ 19.10.2009

The Aim of the StudyThe Aim of the Study

To investigate the metabolic modifications To investigate the metabolic modifications 
accompanying surgicallyaccompanying surgically--induced body weight lossinduced body weight loss

To better understand the regulation of genes which To better understand the regulation of genes which 
encode proteins involved in lipid oxidation such as encode proteins involved in lipid oxidation such as 
Uncoupling protein 3 (UCP3) and PPARUncoupling protein 3 (UCP3) and PPAR--γγ coactivatorcoactivator--
11αα ((PGCPGC--11αα) in muscle. ) in muscle. 
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SubjectsSubjects

17 Morbidly obese women 17 Morbidly obese women 
BMI (basal) 39 BMI (basal) 39 ±± 22 kg/m2kg/m2

Age 41 Age 41 ±± 2 2 yearsyears

Before, 3 and 12 months post RouxBefore, 3 and 12 months post Roux--enen--Y  Y  
gastric bypassgastric bypass

17 patients before and after 3months17 patients before and after 3months

11 patients at 12 months11 patients at 12 months
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Methods and MeasurementsMethods and Measurements

Body weightBody weight
Glucose uptake (Glucose uptake (hyperinsulemichyperinsulemic euglycemiceuglycemic clamp)clamp)
Energy expenditure (indirect calorimetry)Energy expenditure (indirect calorimetry)
Plasma measurements :Plasma measurements :

Glucose (Glucose (enzymaticallyenzymatically))
Free Fatty Acids (FFA) (Free Fatty Acids (FFA) (enzymaticallyenzymatically))
Insulin (RIA)Insulin (RIA)

Muscle biopsyMuscle biopsy
UCP3 mRNA measurements (Quantitative PCR)UCP3 mRNA measurements (Quantitative PCR)
PGCPGC--11αα mRNA measurements (Quantitative PCR) mRNA measurements (Quantitative PCR) 
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RouxRoux--enen--YY gastricgastric bypassbypass (RYGB)(RYGB)

Restrictive and
malabsorptive
surgical procedure

Provides large and
Durable weight loss

Well known to improve
Insulin resistance and
cardiometabolic
outcomes
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Upregulation of PGC1A during weight loss is related
to insulin sensitivity but not to energy expenditure
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Upregulation of PGC1A during weight loss is related
to insulin sensitivity but not to energy expenditure
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Upregulation of PGC1A during weight loss is related
to insulin sensitivity but not to energy expenditure
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Upregulation of PGC1A during weight loss is related
to insulin sensitivity but not to energy expenditure
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Simple Simple regressionregression

Gastaldi et al., Diabetologia, 2007
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Multiple Multiple regressionregression

Gastaldi et al., Diabetologia, 2007
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SummarySummary

SurgicallySurgically--induced body weight loss leads to :induced body weight loss leads to :
↑ glucose glucose uptakeuptake

↑↑ lipidlipid oxidationoxidation

↑↑ PGCPGC--11αα mRNA (at 3 and 12months), similar for mRNA (at 3 and 12months), similar for 
NG and DT2 patientsNG and DT2 patients

↓↓ UCP3 UCP3 mRNAmRNA atat 12months12months
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ConclusionConclusion

Massive weight loss upregulates PGC1A mRNA
expression in skeletal muscle.
This increase is associated with enhanced MFN2 
expression, which contributes to the
amelioration of insulin sensitivity.
CPT1 or UCP3 mRNA expression does not
show any significant impact on the
modifications of insulin sensitivity or on the
regulation of energy expenditure.
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PerspectivesPerspectives

To To furtherfurther analyse analyse thethe linklink betweenbetween lipidlipid
peroxidationperoxidation, mitochondrial , mitochondrial dysfunctiondysfunction andand
insulininsulin sensitivitysensitivity. . 

To To identifyidentify coco--factorsfactors thatthat have a permissive have a permissive 
rolerole for PGC1A for PGC1A andand stimulatesstimulates MfnMfn--2 2 andand to to 
determinedetermine whetherwhether thesethese coco--factorsfactors

are are activatedactivated in in differentdifferent

physiologicalphysiological conditionsconditions



GG_SFEFS_ 19.10.2009

Acknowledgements Acknowledgements 

Dr PD ElisabettaDr PD Elisabetta BobbioniBobbioni--HarschHarsch

Dr PhD AaronDr PhD Aaron RussellRussell

Prof. AlainProf. Alain GolayGolay

Prof. JeanProf. Jean--PaulPaul GiacobinoGiacobino

GG_SFEFS_ 19.10.2009

Mes meilleurs remerciements Mes meilleurs remerciements àà la fondation la fondation 
suisse pour lsuisse pour l’’encouragement de la recherche sur encouragement de la recherche sur 
la nutrition en Suisse pour son soutien et sa la nutrition en Suisse pour son soutien et sa 
ggéénnéérositrositéé..



GG_SFEFS_ 19.10.2009

QUESTIONSQUESTIONS

&&

DISCUSSIONDISCUSSION
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BeforeBefore surgerysurgery::

NormoglycemicNormoglycemic patients patients 

(NG, n=10)(NG, n=10)

DiabeticDiabetic patients patients 

(D, n=7) (D, n=7) 

SubgroupsSubgroups analysisanalysis



GG_SFEFS_ 19.10.2009

PGCPGC--11αα mRNAmRNA
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UCP3 mRNAUCP3 mRNA
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Subgroups ConclusionsSubgroups Conclusions

In morbidly obese stable body weight subjects diabetes In morbidly obese stable body weight subjects diabetes 
is not associated to a lower PGCis not associated to a lower PGC--11αα mRNA expression mRNA expression 
in musclein muscle

Prolonged caloric restriction is accompanied to a Prolonged caloric restriction is accompanied to a 
sustained increased in PGCsustained increased in PGC--11αα mRNAmRNA

During body weight loss the regulation of PGCDuring body weight loss the regulation of PGC--11αα is is 
similar in the NG and D obese subjects.similar in the NG and D obese subjects.
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Mitochondrie et IRMitochondrie et IR

RotenoneRotenone--sensitivesensitive NADH:02 NADH:02 oxidoreductaseoxidoreductase isis
40% 40% decreaseddecreased in type 2 in type 2 diabeticdiabetic patientspatients

MitochondrialMitochondrial morphologymorphology isis modifiedmodified ((smallsmall
andand spacedspaced))

DysfunctionDysfunction ofof mitochondriamitochondria in in humanhuman

skeletalskeletal muscle in type 2 muscle in type 2 diabetesdiabetes

KelleyKelley et et alal., ., DiabetesDiabetes, 2002, 2002
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MitochMitoch et IRet IR
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Modulation de lModulation de l’’expression de PGCexpression de PGC--11

PGC-1alpha 
Améliore performance 
physique
Switch expression fibres 
musc. type IIx en IIa et I

PGC-1alpha_KO
Mitochondrie et perf. 

Physique

DT et pré-DT
PGC-1alpha 
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MitochMitoch et IRet IR

IR

IMLC

OX et PHOS
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IR et IR et mitochmitoch
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lipolysislipolysis

FastingFasting : : lowlow insulininsulin, , lowlow catecholaminescatecholamines, , lowlow
glucoseglucose

Stress : Stress : highhigh catecholaminecatecholamine

ObesityObesity : : highhigh insulininsulin, , highhigh FFA, FFA, highhigh glucoseglucose
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PGCPGC--11

•Biogenèse 
Mitochondriale
•Thermogenèse 
adaptative
•Secretion insulin
•Néoglucogenèse. 

Puigserver, P. Endocr Rev, 2003. 24(1): p. 78-90.
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Molecular Cell, Vol. 8, 971–982, November, 2001, Cytokine Stimulation of Energy
Expenditure through p38 MAP Kinase Activation of PPAR Coactivator-1
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MitochMitoch et IRet IR
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MitochMitoch et IRet IR

IR

IMLC

OX et PHOS
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IR et IR et mitochmitoch
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MitochondriaMitochondria andand IRIR

DysfunctionDysfunction ofof mitochondriamitochondria in in humanhuman
skeletalskeletal muscle in type 2 muscle in type 2 diabetesdiabetes

KelleyKelley et et alal., ., DiabetesDiabetes, 2002, 2002

Type 2 Type 2 diabeticdiabetic patients show a patients show a reductionreduction ofof
40% in NADH:02 40% in NADH:02 oxidoreductaseoxidoreductase

Changes in mitochondrial Changes in mitochondrial morphologymorphology ((smallsmall
andand separatedseparated))
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MitofusinMitofusin--2 (Mfn2 (Mfn--2)2)

Chen H and David Chan, Human molecular Genetics, 2005


