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Our prehistorical progenitors clearly did not have the opportunity Our prehistorical progenitors clearly did not have the opportunity 
to suffer either from obesity or anorexia nervosato suffer either from obesity or anorexia nervosa

Thrifty genes theory – genes predisposing to effective energy ty ge es t eo y ge es p ed spos g to e ect ve e e gy
storage enabled to survive during times of starvation, however they 
predispose to obesity nowadays.



Progression of mankind development

2.5 milion years 50 years

Adapted from R. Unger
….. But in modern societies the thrifty 
genes are rather harmful than useful



Increasing prevalence of obesity represents one of Increasing prevalence of obesity represents one of 
h j bl f di ih j bl f di ithe major problems of current medicinethe major problems of current medicine

Insulin resistance 
syndrome

3-fold increased risk 
of atherosclerosis syndrome
and its complications
(myocardial infarction,
Stroke etc.) )

•Obesity
•Arterial hypertension
•Hypercoagulation state
•Insulin rezistance/type    
2. diabetes mellitus

•Dyslipidemia



Obesity is a major health problemObesity is a major health problem



BMI aBMI a mortalitymortalityBMI a BMI a mortalitymortality
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Definition of obesityDefinition of obesityDefinition of obesityDefinition of obesity

Increased fat storage in organismIncreased fat storage in organismIncreased fat storage in organismIncreased fat storage in organism

Normal content of body fatNormal content of body fat
I l th 15I l th 15 20 %20 %In men less than 15 In men less than 15 -- 20 %20 %
In women less than 25 %In women less than 25 %



But the body fat measurement is But the body fat measurement is 
sometimes complicated……sometimes complicated……

Clinically useful areClinically useful are
h ( ki f ld i hi i (WHR)h ( ki f ld i hi i (WHR)anthropometry (skin folds, waist to hip ratio (WHR), anthropometry (skin folds, waist to hip ratio (WHR), 

SAD)SAD)
bioimpedancybioimpedancybioimpedancybioimpedancy
imaging methods (CT, DEXA, MR, UZ)imaging methods (CT, DEXA, MR, UZ)

In practise In practise supplied by body weight supplied by body weight 
measurementmeasurement



ObeObesity is classified by sity is classified by 
Body Mass Index (BMI)Body Mass Index (BMI)

Weight (kg)BMI =
Height (m2)

BMI =

Clasification BMI (kg/m2) Metabolic c.

Normal weight 18.5−24.9 average

Overweight 25−29 9 increasedOverweight 25−29.9 increased
Obesity I 30.0−34.9 middle
Obesity II 35.0−39.9 high
Obesity III ≥40.0  Very high

WHO, 1998



Waist circumference is a helping indicator of visceral Waist circumference is a helping indicator of visceral 
fatfat –– this fat is the most metabolically active andthis fat is the most metabolically active andfatfat –– this fat is the most metabolically active and this fat is the most metabolically active and 

thus the most harmfulthus the most harmful

WomenWomen
>88 cm = highly increased risk1

MMenen
>102 cm = highly increased risk1

cm

88 cm  highly increased risk
>80 cm = increased risk1

>102 cm  highly increased risk
>94 cm = increased risk1

1Lean MEJ, et al. Lancet;1998:351:853–6



Simple“ obesitySimple“ obesity„Simple“ obesity„Simple“ obesity
MultifactorialMultifactorial

metabolic diseasemetabolic diseasemetabolic diseasemetabolic disease

with geneticallywith genetically--determined tendency todetermined tendency tog yg y yy

the accumulation of fat storagethe accumulation of fat storage

during positive energy balanceduring positive energy balance



Genetic background
Hypotalamic satiety centre

(neuropeptides, leptin, insulin)

Food Energy
expenditure

(neuropeptides, leptin, insulin)

=intake
expenditure

Life styl
Sympathetic nervous system

- Energy expenditure, lipolysis
=

Gastrointestinal tract
ghrelin, peptide YY

Adipose tissue
leptin, adiponectin, resistin, 

Food intake is 
higher than EE 
= positive 

TNF-αenergy balance 
in obesity



Fit fat vs. unfit fat – it is better to be obese sportsman than
lean unsportsman

Obese sportsmen are of significantly lower cardiovascular
complications than obese unsportmen of equal BMIp p q



Why obesity leads toWhy obesity leads toWhy obesity leads to Why obesity leads to 
severe healthsevere healthsevere health severe health 

complications?complications?complications?complications?



Th b i f h b i d iTh b i f h b i d iThe basis of the obesity dangerness is The basis of the obesity dangerness is 
its close connection with other parts ofits close connection with other parts ofits close connection with other parts of its close connection with other parts of 

metabolic syndromemetabolic syndrome

The presence of metabolic syndromeThe presence of metabolic syndromeThe presence of metabolic syndrome The presence of metabolic syndrome 
significantly increases mortality and significantly increases mortality and g y yg y y
morbidity on cardiovascular diseasesmorbidity on cardiovascular diseases



Insulin resistance syndromeInsulin resistance syndromeInsulin resistance syndromeInsulin resistance syndrome
(Syndrome X, Metabolic Syndrome, Deadly (Syndrome X, Metabolic Syndrome, Deadly 

S kill )S kill )quartet, Secret killer)quartet, Secret killer)

GG ff li i lli i l if iif i ddGroupGroup ofof clinicalclinical manifestationsmanifestations andand
biochemicalbiochemical abnormalitiesabnormalities thatthat increasesincreases thethe
riskrisk ofof atherosclerosisatherosclerosis andand associatedassociated
complicationscomplications (heart(heart failure,failure, cerebralcerebral apoplexy,apoplexy,pp (( ,, p p y,p p y,
ischemicischemic diseasedisease atcatc..)) –– primaryprimary abnormalityabnormality
leadingleading toto otherother complicationscomplications isis insulininsulinleadingleading toto otherother complicationscomplications isis insulininsulin
resistance,resistance, importantimportant partpart isis obesityobesity ofof visceralvisceral
tt ( l( l t )t )typetype (apple(apple type)type)



Revised definition of Metabolic Revised definition of Metabolic 
Syndrome (Reaven, 1993)Syndrome (Reaven, 1993)

Primary abnormality is insulin resistancePrimary abnormality is insulin resistance
M t ti htl l t d li tiM t ti htl l t d li tiMost tightly related complications are Most tightly related complications are 
hypertension, hypertriglyceridemia and hypertension, hypertriglyceridemia and 
diabetes/altered glucose tolerancediabetes/altered glucose tolerance
Less tighly related are alterations in coagulationLess tighly related are alterations in coagulationLess tighly related are alterations in coagulation Less tighly related are alterations in coagulation 
and fibrinolysis and fibrinolysis 
M l l d i h i h di dM l l d i h i h di dMore less related are ischemic heart disease and More less related are ischemic heart disease and 
android obesity android obesity 



The new International Diabetes The new International Diabetes 
F d i (IDF) d fi i i f MSF d i (IDF) d fi i i f MSFederation (IDF) definition of MSFederation (IDF) definition of MS



Additional metabolic criteria for MS Additional metabolic criteria for MS 
in researchin research



Why does SIR initiate?Why does SIR initiate?Why does SIR initiate?Why does SIR initiate?
≤ 50 % genetic background≤ 50 % genetic background
The rest environmental and other factorsThe rest environmental and other factorsThe rest environmental and other factorsThe rest environmental and other factors

Heredity is polygenicHeredity is polygenic –– disruption is disruption is y p ygy p yg pp
determined from tens to hundreds genes determined from tens to hundreds genes ––
th l ti i t th th pth l ti i t th th pthe resolution is not the gene therapy the resolution is not the gene therapy 



Wh i SIR d n r ?Wh i SIR d n r ?Why is SIR dangerous?Why is SIR dangerous?

33--times higher risk times higher risk –– 2type 2type DMDM, hyperlipidemia, , hyperlipidemia, 
lung disease, sleeping apnoe syndromelung disease, sleeping apnoe syndromeg , p g p yg , p g p y
22--3 times higher risk 3 times higher risk -- ICHSICHS, hyperurikemia, , hyperurikemia, 
joint diseasejoint diseasejoint diseasejoint disease
22--times higher risk times higher risk –– postmenopausal breast postmenopausal breast 
cancer, endometrial and intestinal tumours, cancer, endometrial and intestinal tumours, 
infertilityinfertilitye t tye t ty



Definition of insulin resistanceDefinition of insulin resistanceDefinition of insulin resistance Definition of insulin resistance 

Conditions when Conditions when physiological level of insulin evokes physiological level of insulin evokes p y gp y g
subphysiological (insufficient) biological effectsubphysiological (insufficient) biological effect..

Main effects of insulin in humans:Main effects of insulin in humans:
S i l i f l k b i h l i d iS i l i f l k b i h l i d i-- Stimulation of glucose uptake by peripheral tissues and its Stimulation of glucose uptake by peripheral tissues and its 
metabolism and storage in a form of glycogen and fatmetabolism and storage in a form of glycogen and fat

-- Reduction of glycogenolysis and de novo glucogenesis in Reduction of glycogenolysis and de novo glucogenesis in 
liverliver

-- Reduction of these effects leads to hyperglycemia (but IR Reduction of these effects leads to hyperglycemia (but IR 
does not influnce antilypolitic effects of insulin) does not influnce antilypolitic effects of insulin) yp )yp )



Obesity is always accompanied by Obesity is always accompanied by 
some degree of insulin resistancesome degree of insulin resistance

IR is defined as a smaller than IR is defined as a smaller than 
expected biological response to a expected biological response to a 
given dose of insulin.given dose of insulin.
Insulin resistance is a principal p p
component of Insulin 
resistance syndrome:
-ObesityObesity
-Insulin resistance/diabetes 
-Dyslipidemia
-Arterial hypertension-Arterial hypertension
-…

The presence of Insulin The presence of Insulin 
resistance syndrome 
markedly increases 
cardiovascular morbidity 
and mortality.



Causes a consequences of Causes a consequences of 
i li ii li iinsulin resistanceinsulin resistance

Cause is reduced sensitivity of peripheral tissuesCause is reduced sensitivity of peripheral tissuesCause is reduced sensitivity of peripheral tissues Cause is reduced sensitivity of peripheral tissues 
(liver, muscle, adipose tissue) on effects of (liver, muscle, adipose tissue) on effects of 
insulininsulin

Consequence is compensatory increase of Consequence is compensatory increase of Co seque ce s co pe sato y c ease oCo seque ce s co pe sato y c ease o
insulin secretion that shortly compensates insulin secretion that shortly compensates 
insulinoresistance but leads to its worseninginsulinoresistance but leads to its worseninginsulinoresistance, but leads to its worsening insulinoresistance, but leads to its worsening 
in a longin a long--lasting manner.lasting manner.

⇒⇒ after depletion of secretory storage of after depletion of secretory storage of 
pancreas relative insufficence of insulin pancreas relative insufficence of insulin pp
occurs and 2 type Diabetes mellitus developsoccurs and 2 type Diabetes mellitus develops



Mechanism of development of Mechanism of development of 
insulin resistanceinsulin resistance

Mutation of gene for insulin receptorMutation of gene for insulin receptor
antibodies against insulin receptorantibodies against insulin receptorantibodies against insulin receptorantibodies against insulin receptor
Decrease number of insulin receptors during Decrease number of insulin receptors during 
h i li ih i li ihyperinsulinemiahyperinsulinemia
Defect(s) on the level of postreceptorDefect(s) on the level of postreceptorDefect(s) on the level of postreceptor Defect(s) on the level of postreceptor 
signal cascade of insulin receptor signal cascade of insulin receptor ––

i b bji b bjmost common in obese subjectsmost common in obese subjects



InInsulinsulin
InInsulinsulin

GluGlucosecose
SignSignal cascadeal cascade InInsulinsulin receptorreceptor

PlaPlasmasma membrmembraneane

IRSIRS ShcShc

PI3 KinasePI3 Kinase
MEKMEK

AktAkt
PI3 KinasePI3 Kinase

MAP kinaseMAP kinase

Glucose transportGlucose transport
I hibI hibiti fiti f li lli l ii dd Growth and differentiationGrowth and differentiationInhibInhibition ofition of lipollipolysisysis aandnd
glukoneogeneglukoneogenesissis
Production of NOProduction of NO

Growth and differentiationGrowth and differentiation
Stimulation of gene expressionStimulation of gene expression
Proinflammatory andProinflammatory andProduction of NOProduction of NO Proinflammatory and Proinflammatory and 
prothrombotic effectsprothrombotic effects
ICAMICAM--1, MCP1, MCP--1, 1, PAIPAI--11



Adipose tissue in obesityAdipose tissue in obesityAdipose tissue in obesityAdipose tissue in obesity



The The rolerole of adipose tissue in human body of adipose tissue in human body 

AdiposeAdipose tissuetissue constitutesconstitutes aboutabout 2020--3030 %% ofof totaltotal bodybody massmass

SourceSource ofof energyenergy (long(long--termterm starvationstarvation inducesinduces triglyceridetriglyceride breakdownbreakdown toto fattyfatty acidsacids andandSourceSource ofof energyenergy (long(long termterm starvationstarvation inducesinduces triglyceridetriglyceride breakdownbreakdown toto fattyfatty acidsacids andand
glycerol,glycerol, bothboth isis furtherfurther usedused asas anan energyenergy source)source)

ThermoregulatoryThermoregulatory functionfunction (thermic(thermic isolator)isolator)ThermoregulatoryThermoregulatory functionfunction (thermic(thermic isolator)isolator)

MechanicalMechanical protectionprotection ofof internalinternal organsorgans

EndocrineEndocrine functionfunction (control(control ofof foodfood intake,intake, lipidlipid andand carbohydratecarbohydrate metabolism)metabolism)

A l iA l i ff li h llili h lli dd (( i )i )AccumulationAccumulation ofof lipophylliclipophyllic compoundscompounds (exogenous(exogenous toxins)toxins)

ConversionConversion ofof prohormonesprohormones toto activeactive hormoneshormones (increased(increased locallocal productionproduction ofof cortisolcortisol
ii i li l didi i )i )inin visceralvisceral adiposeadipose tissue)tissue)

AdipocyteAdipocyte capacitycapacity toto differentiatedifferentiate andand toto storestore lipidslipids isis aa principalprincipal determinantdeterminant ofof
t tit ti i ti t i lii li i ti t i d di d d bb t it i f tf t ttprotectionprotection againstagainst insulininsulin resistanceresistance inducedinduced byby ectopicectopic fatfat storagestorage



All adipose tissue is not the sameAll adipose tissue is not the sameAll adipose tissue is not the sameAll adipose tissue is not the same

S b t di tiS b t di tiVisceral adipose tissueVisceral adipose tissue

OnlOnl 20% f t t l b d f t20% f t t l b d f t

Subcutaneous adipose tissueSubcutaneous adipose tissue

Quantitatively predominant adipose Quantitatively predominant adipose Only Only ∼∼ 20% of total body fat20% of total body fat
Smaller adipocytesSmaller adipocytes
More metabolically activeMore metabolically active

Q y p pQ y p p
tissue depottissue depot
Larger adipocytes relative to visceralLarger adipocytes relative to visceral
Less metabolically activeLess metabolically active

Direct access of biochemical and Direct access of biochemical and 
hormonal products to the liverhormonal products to the liver
Closer correlation with metabolicCloser correlation with metabolic

Less metabolically activeLess metabolically active
Correlation with metabolic Correlation with metabolic 
complications of obesity is still present complications of obesity is still present 
but is weaker than that of visceral fatbut is weaker than that of visceral fatCloser correlation with metabolic Closer correlation with metabolic 

complications of obesitycomplications of obesity
but is weaker than that of visceral fatbut is weaker than that of visceral fat



The size of adipocytes closely The size of adipocytes closely 
correlates with its metabolic featurescorrelates with its metabolic features

Malnutrition Normal Obese
(Anorexia nervosa) (sligthly overweight)



Adipose tissue plays an important role Adipose tissue plays an important role 
in the regulation of energyin the regulation of energyin the regulation of energy in the regulation of energy 

homeostasishomeostasis



Products of adipose tissueProducts of adipose tissue
Adipocyte secreted cytokines
(leptin, adiponectin, visfatin, acylation 
stimulating protein, metallothionein I, 

FFA, glycerol

II, nerve growth factor, haptoglobin

Stromovascular and 

Chemokines – MCP-1, 
IL-8, Eotaxin, CCL-5

adipocyte-secreted cytokines
– IL-6, TNF-α, IL-1β

Growth factors – FGF, 
TGF-β, CNTF, MCSF

Hemostatic factors –
PAI-1, Tissue factor

Extracellular matrix proteins –
collagen type III, fibronectin

RAS components – renin, 
angiotensinogen, angiotensin I, II

Adhesion molecules –
VCAM-1, ICAM-1

Enzymes – lipoprotein lipase, 
adipsin, matrix metalloproteinases

Other factors – resistin, RBP-4, 
vaspin, omentin, apelin, prolactin 

Angiogenic factors –
VEGF, HGF



Adipose tissue produces numerous hormones
and cytokines

These factors are produced not only by adipocytesThese factors are produced not only by adipocytes

and cytokines

These factors are produced not only by adipocytes, These factors are produced not only by adipocytes, 
but also by macrophages, fibroblasts, endothelial cells but also by macrophages, fibroblasts, endothelial cells 

and other cells present in adipose tissueand other cells present in adipose tissueand other cells present in adipose tissueand other cells present in adipose tissue

Adipose tissue- derived hormones:   
1. Proinflammatory (TNF-α, IL-6, 
resistin)
2 Anti inflammatory (adiponectin)2. Anti-inflammatory (adiponectin)

These hormones markedlyThese hormones markedly 
contribute to metabolic 
regulationsregulations



Hormonal production of adipose tissue is not limited to Hormonal production of adipose tissue is not limited to p pp p
adipocytes. Other cells residing in fat contribute adipocytes. Other cells residing in fat contribute 
(immunocompetent cells, endothelial cells etc.)(immunocompetent cells, endothelial cells etc.)( p )( p )

Mayers Hematoxyllin staining Van Gieson stainingMayers Hematoxyllin staining
CD68 antibody – immunocompetent
cells marker 

Van Gieson staining



Obesity leads to subclinical inflammation in Obesity leads to subclinical inflammation in 
adipose tissueadipose tissueadipose tissueadipose tissue

Lean mice Moderately obese mice Morbidly obese mice

Strong positive correlation 
between adipocyte size and 
the number of macrophages 
in adipose tissue

Weisberg et al., JCI, 112:1796–1808 (2003).



Obesity is accompanied by local Obesity is accompanied by local 
inflammatory response in adipose tissueinflammatory response in adipose tissueinflammatory response in adipose tissueinflammatory response in adipose tissue
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The role of adipose tissue in the The role of adipose tissue in the 
ti th i f i li i tti th i f i li i tetiopathoegensis of insulin resistanceetiopathoegensis of insulin resistance

INSULIN
FAT

T  l ti

INSULIN
RESISTANCEGlucose uptake

↑ Lipolysis- ↑FFA
Tg. accumulationTg. accumulation

Hyperglycemia DM 2

↑ Glucose production
HYPERINSULINEMIA

Endocrine  
Dysfunction

Tg. accumulation
Dysfunction
↑Resistin, TNF-α
↓Adiponectin
Subclinical VLDL TG Inzulin secretionSubclinical 
inflammation β-cell destruction

VLDL TG
Hyper ApoB
SD LDL
Atherosclerosis



ObeObesitysity –– „obese“ „obese“ (hypertro(hypertrophicphic) ) yy „„ ( yp( yp pp ))
adipocytadipocytee

“O“Obesebese” adipocyt” adipocytee hashas vevery low capacity forry low capacity forOObesebese  adipocyt adipocytee hashas vevery low capacity for ry low capacity for 
further storage offurther storage of triglyceridestriglycerides ⇒⇒ eectopicctopic fat fat 
storagestorage ((musclemuscle,, liver,liver, panpanccreas)reas)storagestorage ((musclemuscle,, liver,liver, panpanccreas)reas)
Release of more free fatty acids leading to Release of more free fatty acids leading to 
insulin resistanceinsulin resistanceinsulin resistanceinsulin resistance
Produces low amount of hormones Produces low amount of hormones 
decreasing insulin resistancedecreasing insulin resistance (adiponectin) (adiponectin) 
andand//oror overproduces hormones increasing overproduces hormones increasing 
insulin resistanceinsulin resistance (rezistin, TNF(rezistin, TNF--αα))



TNF-α is abundantly TNF-α neutralization by a recombinant y
expressed in both 
adipocytes and 
stromavascular cells of 

y
soluble TNF-α receptor IgG chimeric protein 
improves insulin sensitivity

obese mice



Adipocytes vs. adipose tissue as a source of adipokines 

Adipocyte isolation

Adiponectin mRNA expression Resistin mRNA expressionAdiponectin mRNA expression
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Mechanism of insulin resistance induced by proinflammatory
cytokines

Insulin receptor TNF receptor

Adapted from 
Hotamisligil
Nature, 2006



Decreased ectopic lipids improve insulin sensitivity

Insulin receptor TNF receptor



Increased AMP kinase activity as the mechanism of Increased AMP kinase activity as the mechanism of 
insulininsulin sensitizing effects of adipokinessensitizing effects of adipokinesinsulininsulin--sensitizing effects of  adipokinessensitizing effects of  adipokines

LeptinLeptin
Adiponectin Resistin

White fatWhite fat
LiverLiver
↑FFA oxidation
↓Lipogenesis

White fatWhite fat
↑ FFA oxidation
↓ Lipogenesis
↓ Lipolysis

AMP-activated 
t i  ki

p g
↓ Cholesterol synthesis

↓ Lipolysis
↓ Glucose uptake

protein kinase

MuscleMuscle
↑ FFA oxidation

Pancreatic Pancreatic ββ--cellscells
Modulation of insulin 

↑ Glucose uptake 
and utilization

Modulation of insulin 
secretion

Adapted from J. Kopecky



The main cause of the developmentThe main cause of the developmentThe main cause of the development The main cause of the development 
of insulin resistance is probably of insulin resistance is probably p yp y
„dysfunction“ of adipose tissue„dysfunction“ of adipose tissue



How is the dysfunction of adipose How is the dysfunction of adipose 
tissue manifested?tissue manifested?

Ectopic fat storageEctopic fat storage
Altered production of adipose tissueAltered production of adipose tissueAltered production of adipose tissue Altered production of adipose tissue 
hormoneshormones
Increased release of free fatty acids with Increased release of free fatty acids with 
disrupted antilipolytic effect of insulindisrupted antilipolytic effect of insulinp p yp p y



Hypothesis of theHypothesis of theHypothesis of the Hypothesis of the 
di t b fdi t b fdisturbance of disturbance of 

d i f did i f diproduction of  adipose production of  adipose 
i hi htissue hormones tissue hormones 



1994 1994 -- Adipose tissue Adipose tissue can can pp
produce hormonesproduce hormones



Obese mouse started it all…..Obese mouse started it all…..Obese mouse started it all…..Obese mouse started it all…..

Mutation of ob gene encoding protein hormone leptin produced
b di t lt i bid b it iby adipocytes results in morbid obesity in mouse

Zhang et al, Nature, 1994.



LLeptineptin
hh PPleiotropic pleiotropic protein hormone rotein hormone produced produced 

predominantly by adipocytespredominantly by adipocytes, its circulating , its circulating 
levels usually positively correlate with body fatlevels usually positively correlate with body fatlevels usually positively correlate with body fat levels usually positively correlate with body fat 
contentcontent

hh Regulator of food intake and energy Regulator of food intake and energy 
expenditure (central effects in hypothalamus)expenditure (central effects in hypothalamus)

hh Leptin treatment of leptinLeptin treatment of leptin--deficient deficient ob/obob/ob
micemice normalized their body weight andnormalized their body weight andmice mice normalized their body weight and normalized their body weight and 
recovered their fertilityrecovered their fertility

hh Leptin treatment of normal mice induced Leptin treatment of normal mice induced 
d i b d i h ( d i l dd i b d i h ( d i l ddecrease in body weight (predominantly due decrease in body weight (predominantly due 
to loss of fat)to loss of fat)

hh Additional possible physiological functions of Additional possible physiological functions of p p y gp p y g
leptin include the regulation of angiogenesis, leptin include the regulation of angiogenesis, 
blood pressure, hematopoesis etc. blood pressure, hematopoesis etc. 



Leptin replacement decreases ectopic fat storage and improves Leptin replacement decreases ectopic fat storage and improves 
insulin sensitivity ininsulin sensitivity in patients with lipodystrophypatients with lipodystrophyinsulin sensitivity in insulin sensitivity in patients with lipodystrophypatients with lipodystrophy

Leptin improves insulin sensitivity

Leptin reduces ectopic fat in liver 
and muscle

Oral EA, NEJM, 2002; Petersen, KF, JCI, 2002



Mutation of leptin gene in humans
leads to morbid obesity

Substitution of leptin
Adjusts fenotype y j yp

Farooqi SI, J. Clin. Invest. 110:1093-1103 (2002)



Leptin aLeptin andnd oobesitybesity

LeptinLeptin deficiencydeficiency isis notnot epidemiologicallyepidemiologically
i ifii ifi ff b ib i ((33 ff l il isignificantsignificant causecause ofof obesityobesity ((33 casescases ofof leptinleptin--genegene

mutationmutation inin humanshumans accompaniedaccompanied byby morbidmorbid
obesity)obesity)y)y)
MostMost ofof obeseobese patientspatients havehave hyperleptinemiahyperleptinemia ii..ee..
circulatingcirculating leptinleptin levelslevels correlatecorrelate withwith bodybody fatfat
contentcontentcontentcontent
BodyBody weightweight lossloss inducesinduces decreasedecrease inin circulatingcirculating
leptinleptin levelslevelspp
ClinicalClinical trialstrials focusedfocused onon thethe treatmenttreatment ofof obesityobesity
withwith leptinleptin diddid notnot showshow significantsignificant benefitbenefit ofof
l til ti t t tt t t tt b db d i hti ht llleptinleptin treatmenttreatment toto bodybody weightweight lossloss

LeptinLeptin resistanceresistance phenomenaphenomena vsvs.. strongerstronger rolerole
ofof leptinleptin signallingsignalling inin malnutritionmalnutrition ratherratherofof leptinleptin signallingsignalling inin malnutritionmalnutrition ratherrather
thanthan overnutritionovernutrition



Why hyperleptinemia does not suppress Why hyperleptinemia does not suppress 
food intake in patients with obesity?food intake in patients with obesity?

Resistance to leptin effects: either on the levels Resistance to leptin effects: either on the levels 
of leptin transport across the bloodof leptin transport across the blood--brain barrier brain barrier p pp p
or on the postreceptor level or on the postreceptor level 

Primary function Primary function of of leptin is not to suppress leptin is not to suppress 
food intake, but to trigger complex adaptive food intake, but to trigger complex adaptive 
reaction of human body to starvation.reaction of human body to starvation.eact o o u a body to sta vat o .eact o o u a body to sta vat o .



Correlation of serum leptin levels 
and body fatand body fat
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Clinical application of leptinClinical application of leptinpp ppp p

UnderUnder stabilizedstabilized nutritionalnutritional statestate veryvery precisepreciseUnderUnder stabilizedstabilized nutritionalnutritional statestate veryvery preciseprecise
markermarker ofof bodybody fatfat contentcontent
T t lT t l l til ti d fi id fi i bb ffTotalTotal leptinleptin deficiencydeficiency cancan bebe causecause ofof
morbidmorbid obesityobesity inin humanhuman
HypoleptinemiaHypoleptinemia playsplays anan importantimportant rolerole asas anan
initiatorinitiator ofof complexcomplex neuroendocrineneuroendocrine responseresponse
onon chronicchronic malnutrition/fastingmalnutrition/fasting
SubstitutionSubstitution ofof leptinleptin asas aa treatmenttreatment ofofSubstitutionSubstitution ofof leptinleptin asas aa treatmenttreatment ofof
obesityobesity oror insulininsulin resistanceresistance hashas notnot fulfilledfulfilled
expectationsexpectationsexpectationsexpectations



ResistinResistin
Steppan et al, Nature, 2001:Steppan et al, Nature, 2001:

P i h d d b diP i h d d b diProtein hormone produced by adipocytesProtein hormone produced by adipocytes
Resistin administration in mice worsened  Resistin administration in mice worsened  
glucose toleranceglucose tolerance
A tiA ti i ti tib d t t t i di ti tib d t t t i dAntiAnti--resistin antibody treatment increased resistin antibody treatment increased 
insulin sensitivityinsulin sensitivity

Rajala et al, JCI, 2003:Rajala et al, JCI, 2003:
In vivo resistin treatment selectively impairedIn vivo resistin treatment selectively impairedIn vivo resistin treatment selectively impaired In vivo resistin treatment selectively impaired 
liver insulin resistance in ratsliver insulin resistance in rats
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BUT….Fat resistin mRNA is BUT….Fat resistin mRNA is 
reducedreduced

i b ii b iin obese mice in obese mice 
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But in human obesity….But in human obesity….But in human obesity….But in human obesity….
Adi i ti i d t t bl iAdi i ti i d t t bl iAdipose resistin expression was even undetectable in Adipose resistin expression was even undetectable in 
some obese subjects (Nagaev, 2001)some obese subjects (Nagaev, 2001)

Resistin expression was increased only in wholeResistin expression was increased only in wholeResistin expression was increased only in whole Resistin expression was increased only in whole 
adipose tissue samples but not in adipose cells lysates adipose tissue samples but not in adipose cells lysates 
(Savage et al 2001)(Savage et al 2001)(Savage et al, 2001)(Savage et al, 2001)

Resistin in humans has probably Resistin in humans has probably proinflammatory proinflammatory 
than direct prodiabetic effects and is produced than direct prodiabetic effects and is produced p pp p
predominantly predominantly by macrophagesby macrophages



Resistin is produced predominantly by stroma-vascular (non-adipocyte)
fraction of adipose tissue – namely macrophages and other

immunocompetent cells
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Correlation of plasma resistin Correlation of plasma resistin 
levels and body mass indexlevels and body mass index
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Adiponectin Adiponectin –– one of the few fat hormones one of the few fat hormones 
i h i i b li ffi h i i b li ffwith positive metabolic effectswith positive metabolic effects

Adipose tissueAdipose tissue--derived proteinderived protein
Circulating adiponectin levels are decreased in patients with Circulating adiponectin levels are decreased in patients with 
obesity, type 2 diabetes mellitus, and patients with coronary obesity, type 2 diabetes mellitus, and patients with coronary 
heart diseaseheart disease
Adiponectin treatment increased insulin sensitivity in both Adiponectin treatment increased insulin sensitivity in both 
obese and lipoatrophic miceobese and lipoatrophic mice
Adiponectin exerts antiatherogenic and antiinflammatory Adiponectin exerts antiatherogenic and antiinflammatory 
effectseffects
Adiponectin knockout mice have mild insulin resistance and Adiponectin knockout mice have mild insulin resistance and 
accelerated atherosclerosisaccelerated atherosclerosis
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Matsuda M. et al., JBC, 2002



Patients characteristics Patients characteristics s c c s css c c s cs
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Serum adiponectin concentrations and mRNA expression Serum adiponectin concentrations and mRNA expression 
of adiponectin and its receptors in subcutaneous adipose of adiponectin and its receptors in subcutaneous adipose 

tissuetissue
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Correlation of serum adiponectin, subcutaneous adiponectin mRNA and Correlation of serum adiponectin, subcutaneous adiponectin mRNA and 
adiponectin receptors mRNA expression with BMIadiponectin receptors mRNA expression with BMI

Correlation of adiponectin mRNA expression and BMI
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Obesity in mice is accompanied by decreased
adiponectin
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Clinical importance of adiponectinClinical importance of adiponectinp pp p

Adiponectin strongly correlates withAdiponectin strongly correlates with insulininsulinAdiponectin strongly correlates withAdiponectin strongly correlates with insulin insulin 
sensitivity sensitivity and with endothelial and with endothelial 
(dys)function(dys)function(dy )(dy )
? Application as an early marker of? Application as an early marker of
endothelial dysfunctionendothelial dysfunctionendothelial dysfunctionendothelial dysfunction
Deficit of adiponectin can have Deficit of adiponectin can have 
etiopathogenetic relationship with theetiopathogenetic relationship with theetiopathogenetic relationship with the etiopathogenetic relationship with the 
insulin resistance insulin resistance syndrome syndrome 
Substitution of adiponectinSubstitution of adiponectin could be one ofcould be one ofSubstitution of adiponectin Substitution of adiponectin could be one of could be one of 
ways to prevent and/or treat insulin ways to prevent and/or treat insulin 
resistance syndromeresistance syndromeresistance syndromeresistance syndrome



E t i f t t dE t i f t t dEctopic fat storage syndromeEctopic fat storage syndrome



“Good” genes and healthy life style 

++

+
Small

adipocytes
Minimal ectopic fat

in liver, beta cell
and skeletal muscle

Ravussin et al., 2002



“Bad” genes and/or unhealthy life style

++++

+ Increased ectopic fat
in liver beta cell

Enlarged adipocytes
Endocrine dysfunction

in liver, beta cell
and skeletal muscle

y

Insulin resistance, type 2 diabetes



Human Human 
li t h /li d t hli t h /li d t hlipoatrophy/lipodystrophylipoatrophy/lipodystrophy

Heterogeneous group of diseasesHeterogeneous group of diseases
F l li d i l d l li dF l li d i l d l li dFat loss:  generalized, partial, and localizedFat loss:  generalized, partial, and localized
Redistribution of fat in some casesRedistribution of fat in some cases
Etiology:  genetic, autoimmune, otherEtiology:  genetic, autoimmune, other
Onset:  congenital, puberty, otherOnset:  congenital, puberty, other
Metabolic severity roughly correlates withMetabolic severity roughly correlates withMetabolic severity roughly correlates with  Metabolic severity roughly correlates with  
degree of fat lossdegree of fat loss



Normal                  LipoatrophicNormal                  Lipoatrophic



Genetic factors or other causes (retroviral therapy in HIV) 

++++

+ Increased ectopic fat

No adipose tissue
No adipose tissue-derived

in liver, beta cell
and skeletal musclep

hormones
Insulin resistance, type 2 diabetes



Both too fat and too lean mouse have Both too fat and too lean mouse have 
i il f b li b li ii il f b li b li isimilar pattern of metabolic abnormalities similar pattern of metabolic abnormalities 

and both have health complicationsand both have health complications
ob/ob mice

(mutation of leptin gene)
A-ZIP/F-1 mice (total absence

of white adipose tissue)



Fenotypic features od morbid obesityFenotypic features od morbid obesity
((ob/obob/ob micemice)) and lipoatrophyand lipoatrophy (A(A ZIP/FZIP/F((ob/ob ob/ob micemice) ) and lipoatrophyand lipoatrophy (A(A--ZIP/FZIP/F--

1 mouse)1 mouse)

ob/ob mouseob/ob mouse
Total absence of leptinTotal absence of leptin

AA--ZIP/FZIP/F--1 mouse1 mouse
Total absence of white adiposeTotal absence of white adiposeTotal absence of leptinTotal absence of leptin

Hyperfagia, morbid obesityHyperfagia, morbid obesity

Total absence of white adipose Total absence of white adipose 
tissue, total absence of all adipose tissue, total absence of all adipose 
tissue hormonestissue hormones
H f iH f i

yp g , yyp g , y
Increased levels of TGL, Increased levels of TGL, 
FFAFFA
E t i li id t ( lE t i li id t ( l

HyperfagiaHyperfagia
Increased levels of TGL, FFAIncreased levels of TGL, FFA
Ectopic lipid storage (muscleEctopic lipid storage (muscleEctopic lipid storage (muscle, Ectopic lipid storage (muscle, 

liver, pancreas)liver, pancreas)
Extreme insulin Extreme insulin 

Ectopic lipid storage (muscle, Ectopic lipid storage (muscle, 
liver, pancreas)liver, pancreas)
Extreme insulin Extreme insulin 

i /di bi /di bresistance/diabetesresistance/diabetes
Reduced BMR, infertilityReduced BMR, infertility
Increased corticosteroneIncreased corticosterone

resistance/diabetesresistance/diabetes
Reduced BMR, infertilityReduced BMR, infertility
Increased corticosteroneIncreased corticosteroneIncreased corticosteroneIncreased corticosterone Increased corticosteroneIncreased corticosterone



SkinSkin

LiverLiver

LiverLiver

PancreasPancreasa c easa c eas



Effect of genetic background (modification Effect of genetic background (modification 
genes) on liver steatosis in Agenes) on liver steatosis in A ZIP/FZIP/F 1 mice1 mice

ildild //

genes) on liver steatosis in Agenes) on liver steatosis in A--ZIP/FZIP/F--1 mice1 mice

Wild Wild ttypeype AA--ZIP/FZIP/F--1 1 

C57BL/6JC57BL/6JC57BL/6J C57BL/6J 
Mice with high 

susceptibility to diet-p y
induced obesity, type2 

diabetes and 
atherosclerosis

FVB/N FVB/N 
High sensitivity to 

i lexperimental 
carcinogenesis



Effect of  modification genes on insulin sensitivity Effect of  modification genes on insulin sensitivity 
in lipoatrophic Ain lipoatrophic A--ZIP/FZIP/F--1 mice1 micein lipoatrophic Ain lipoatrophic A--ZIP/FZIP/F--1 mice1 mice
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mRNA expression and concentrations of adipocyte hormones mRNA expression and concentrations of adipocyte hormones 
inin ob/obob/ob micemicein in ob/ob ob/ob micemice
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FAT adhesion molecules expression FAT adhesion molecules expression 
is increased in obesityis increased in obesity
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How important is the disrubted How important is the disrubted 
endocrine function of adipose tissue endocrine function of adipose tissue 

in the etiopatogenesis of insulin in the etiopatogenesis of insulin 
i / b li d ?i / b li d ?resistance/metabolic syndrome?resistance/metabolic syndrome?



LeptinLeptinLeptinLeptin

T t l d fi it h b l t l i l t b liT t l d fi it h b l t l i l t b liTotal deficit has absolutely crucial metabolic Total deficit has absolutely crucial metabolic 
implications, but is extremely uncommonimplications, but is extremely uncommon
Partial deficitPartial deficit can be of importance in a part can be of importance in a part 
of obese patients but the clear evidence ofof obese patients but the clear evidence ofof obese patients, but the clear evidence of of obese patients, but the clear evidence of 
the beneficial effect of leptin substitution is the beneficial effect of leptin substitution is 
lackinglackinglackinglacking
To date knowledge about leptin does not To date knowledge about leptin does not 
confirm the importance confirm the importance of its measurement of its measurement 
or substitutionor substitution in clinical setting in clinical setting o substitutioo substitutio i c i ica setti gi c i ica setti g



ResistinResistinResistinResistin

The original hypothesis about The original hypothesis about 
etiopathogenetic role of resistin in the etiopathogenetic role of resistin in the 
development of insulin resistancedevelopment of insulin resistancedevelopment of insulin resistance development of insulin resistance 
associated with obesity is not unitary associated with obesity is not unitary 

fi dfi dconfirmedconfirmed
Clinical application is not clear yetClinical application is not clear yetClinical application is not clear yetClinical application is not clear yet



AdiponectinAdiponectinAdiponectinAdiponectin
Most perspective adipocytokine in a way of Most perspective adipocytokine in a way of p p p y yp p p y y
therapeutic usetherapeutic use
Measurement of serum adiponectin Measurement of serum adiponectin pp
concentrations as a criterion of insulin sensitivityconcentrations as a criterion of insulin sensitivity
and/or endothelial dysfunction?and/or endothelial dysfunction? –– further studies further studies yy
neededneeded
Administration of adiponectin could Administration of adiponectin could pp
theoretically theoretically influnce minimally two components influnce minimally two components 
of IRSof IRS –– insulin resistance a dyslipidemiainsulin resistance a dyslipidemia
Administration of adiponectin could also Administration of adiponectin could also 
potentiallypotentially decrease the risk of cardiovascular decrease the risk of cardiovascular 

llcomplicationscomplications in MSin MS



In vivo microdialysis is a In vivo microdialysis is a yy
new technique for new technique for qq

continuous monitoring of continuous monitoring of gg
tissue metabolism tissue metabolism 



Principle of microdialysisPrinciple of microdialysis



ConclusionsConclusions

Adipose tissue produces numerous bioactive compounds Adipose tissue produces numerous bioactive compounds 
h di l i di l ff h i dh di l i di l ff h i dthat directly or indirectly affect energy homeostasis and that directly or indirectly affect energy homeostasis and 

metabolic regulationsmetabolic regulations
Immunocompetent cells residing in adipose tissueImmunocompetent cells residing in adipose tissueImmunocompetent cells residing in adipose tissue Immunocompetent cells residing in adipose tissue 
contribute to overall activation of immune system by contribute to overall activation of immune system by 
different stimulidifferent stimuli
Excess of adipose tissue in obesity shifts its endocrine Excess of adipose tissue in obesity shifts its endocrine 
profile towards increased production of metabolically profile towards increased production of metabolically 
h f l fh f l fharmful factorsharmful factors
Disturbed endocrine function of adipose in concert with Disturbed endocrine function of adipose in concert with 
other factors markedly contributes to increased risk ofother factors markedly contributes to increased risk ofother factors markedly contributes to increased risk of other factors markedly contributes to increased risk of 
morbidity and mortality in patients with obesitymorbidity and mortality in patients with obesity


