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Survival of multicellular organisms depends on their ability to……………

1
Fight infection 

and heal damage

2
Store energy

Immunity Metabolism

highly conserved

closely linked and interdependent



Wellen KE, Hotamisligil GS. J Clin Invest 2005, 115:1111
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Stern MP. Diabetes and cardiovascular disease: the “common soil” hypothesis. 
Diabetes 1995, 44:369-74

Pickup JC, Crook MA. Is type II diabetes mellitus a disease of the innate immune 
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Yudkin JS et al. Arterioscler Thromb Vasc Biol 1999, 19:972

Insulin resistance score = [systolic BP + diastolic BP + TG + [HDL x (-1)] + [insulin sensitivity 

x (-1)] + BMI + waist-to-hip ratio + subscapular-to-triceps ratio] / 8

Acute phase marker score = (fibrinogen + CRP + IL-6 + TNF-α) / 4



Preadipocyte conversion to macrophage

Charrière G et al. J Biol Chem 2003, 278:9850

Preadipocyte genomic profile
is surprisingly closer 
to the macrophage
than to the adipocyte profile

Phagocytic activity
and antigenic features

οf DAPI-labeled SVF cells
after peritoneal injection

In a macrophage environment preadipocytes can effectively be converted into macrophages



Macrophage foam cell showing lipid filled lysosome (left) and hypertrophied Golgi appparatus (right)

Macrophages can take up and store lipid to become atherosclerotic foam cells
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Weisberg SP. J Clin Invest 2003, 112:1796

lean mice

obese mice

Obesity is characterized by macrophage accumulation in WAT

Macrophage accumulation in WAT is a feature of other inflammatory states as well



Trayhurn P. Endocrinology 2005, 146:1003

Inflammation-related adipokines 

and signals for macrophage infiltration into WAT

>50 adipokines
leptin
adiponectin
resistin
adipsin
visfatin



La Cava A, Matarese G. Nat Rev Immunol 2004, 4:371T
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Adipokines modulating immune function

Data from Fantuzzi G. J Allergy Clin Immunol 2005, 115:911
and Matarese G, Moschos S, Mantzoros CS. J Immunol 2005, 173:3137

Factor Metabolic regulation Effects

Leptin ↑ in obesity Up-regulates phagocytic function;
Stimulates monocyte and NK cell 

proliferation and activation;
Favors lymphopoiesis and thymic output;

Protects T cells from apoptosis;
Regulates T cell proliferation and activation;

Promotes TH1 cytokine secretion

Adiponectin ↓ in obesity Anti-inflammatory

Resistin Variable in obesity Induced in inflammation; 
Modulates inflammatory responses

Adipsin Variable in obesity Regulator of complement activation

Visfatin ↑ in obesity Early B cell growth factor;
Inhibits neutrophil apoptosis



Trayhurn P. Endocrinology 2005, 146:1003

Inflammation-related adipokines 

and signals for macrophage infiltration into WAT

>50 adipokines
leptin
adiponectin
resistin
adipsin
visfatin



Inflammatory cytokines modulating metabolic homeostasis

Adapted from Wellen KE, Hotamisligil GS. J Clin Invest 2005, 115:1111

Factor Metabolic regulation Effects

TNF-α ↑ in obesity Promotes insulin resistance

IL-6 ↑ in obesity Promotes insulin resistance

IL-1 ↑ by hyperglycemia Regulates insulin secretion; 
involved in central leptin action

IL-1Ra ↑ in obesity Opposes leptin action

IL-8 ↑ in obesity Proatherogenic

IL-10 ↑ in obesity
↓ in metabolic syndrome

Promotes insulin sensitivity

IL-18 ↑ in obesity Proatherogenic

MCP-1 ↑ in obesity Proatherogenic;
promotes insulin resistance

MIF ↑ in obesity Inhibits macrophage migration

M-CSF ↑ in obesity Stimulates adipose growth

TGF-β ↑ in obesity Inhibits adipocyte differentiation 
and adipose tissue development

CRP ↑ in obesity Atherogenic; risk factor for diabetes



Actions of TNF-α on lipid metabolism in adipocytes

Sethi JK, Hotamisligil GS. Sem Cell Dev Biol 1999, 10:19

The net action of TNF-α is to decrease FFA uptake and lipogenesis whilst increasing lipolysis



Μechanisms of TNF-α induced insulin resistance in adipocytes

Sethi JK, Hotamisligil GS. Sem Cell Dev Biol 1999, 10:19



Wellen KE, Hotamisligil GS. J Clin Invest 2005, 115:1111

Integration of metabolic and immune responses in adipocytes and macrophages

through shared mechanisms

- Oppose inflammation 
- Promote cholesterol exfflux

from macrophages
- Promote lipid storage 

in adipocytes

Modulate:

- lipid accumulation 
in adipocytes

- cholesterol accumulation
in macrophages

- development of IR 
and atherosclerosis



Is inflammation the primary event linking obesity with IR, or does the

inflammatory response begin only after the onset of resistance to insulin? 

Even in the absence of obesity, infusion of animals with inflammatory cytokines or

lipids can cause IR

Chronic inflammatory conditions are associated with increased risk for diabetes

◊ 1/3 of patients with chronic HCV-infection develop DM-2 (elevated TNF-α levels)

◊ RA predisposes patients to diabetes and particularly CVD

◊ There is a link between inflammatory lung diseases and risk of CVD and diabetes

Removal of inflammatory mediators or pathway components (i.e. TNF-α, JNK, IKK) 

protects against IR in obese mouse models

Treatment of humans with drugs that target these pathways, such as salicylates, 

improves insulin sensitivity

Inflammation is a primary cause of obesity-linked IR, hyperglycemia, 

and hyperlipidemia rather than merely a consequence



How does the inflammatory response begin?

Wellen KE, Hotamisligil GS. J Clin Invest 2005, 115:1111



Inflammatory actions of long-chain n–3 PUFAs

Calder PC. Biochem Soc Trans 2005, 33(Pt 2):423



Activation of PPARs and LXR inhibits inflammatory gene expression

Wellen KE, Hotamisligil GS. J Clin Invest 2005, 115:1111



PPAR-mediated regulation of inflammatory responses

Daynes RA, Jones DC.Nat Rev Immunol 2002, 2:748



Daynes RA, Jones DC.Nat Rev Immunol 2002, 2:748

PPARα and PPARγ inhibit the production of IL-2 and IFN-γ after T-cell activation



Daynes RA, Jones DC. Nat Rev Immunol 2002, 2:748

Role of PPARγ in the inhibition of TH1-cell development





Selected TLR agonists inhibit LXR-activated genes

Gordon S. Develop Cell 2003, 5:666



TLR signaling patways exhibit strong metabolic activities



Wellen KE, Hotamisligil GS. J Clin Invest 2005, 115:1111



WhyWhy,,

if the ability to store excess energy 

has been preserved 

through the course of evolution, 

does the body react 

in a manner that is harmful to itself?



Random effect due to the interdependency of metabolic 

and immune pathways

The price we pay for a life-long active immune system

Homeostatic mechanism to prevent the organism from 

reaching a point at which excess fat accumulation 

impairs mobility or otherwise diminishes fitness
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