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ü 1.1 billion adults (15% of population) are overweight or obese

ü In US, 65% of adults are overweight or obese (138 million)

ü In US, 25% of children are overweight or obese

ü A major health issue with serious social, psychological, and 
medical consequences

Worldwide Epidemic of Obesity



Adipose Tissue Depots in Humans

Energy Storage

Gesta, Tseng, and Kahn, 2007,Cell

Energy Expenditure

Counteract Obesity

Multilocular Unilocular

Abundant

Mitochondria

Few

Mitochondria

UCP-1 (+) UCP-1 (-) 

But do adult humans 

have BAT?



Rediscovery of Brown Fat in Adult Humans

April 9, 2009



18F-FDG PET/CT Reveals BAT in Adult Humans 

ÁPET/CT = tells us the activity of each tissue

PET/CTCT

ÁCT = Computed Tomography, measures the tissue 

PET

ÁPET = Positron Emission Tomography, shows where 

the glucose goes



There is Less Brown Fat as People 

Increase in Age or Obesity

Cypess et al., NEJM, 2009 



Lineage Determination
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Bone Morphogenetic Proteins

Å Belong to the TGF-bsuperfamily

Å Were originally identified in bone extract by their ability to 

induce bone differentiation (Marshall R. Urist, 1965)

Å Are involved in many aspects of embryogenesis and 

morphogenesis, as well as stem cell regulation

Å During embryonic development, BMPs provides inductive 

signals for organ morphogenesis in a temporal and spatial 

manner.
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BMPs Induce Differentiation of Brown, But Not White, 

Preadipocytes in the Absence of Induction Cocktails
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BMP-7  Promotes Formation of 

Bona Fide Brown Adipocytes
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BMP-7 Increases Mitochondrial Biogenesis in 

Brown Preadipocytes
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Molecular Mechanisms Utilized by BMP-7 

to Regulate Brown Adipogenesis
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Role of BMPs in Adipocyte Development
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BMP-7 Triggers Commitment of C3H10T1/2 

Cells to the Brown Adipocyte Lineage
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Implantation of BMP-7-Treated C3H10T1/2 Cells

into Athymic Mice Develops into BAT 

BMP-7 treated cells were injected s.c. 

into the sternum/thoracic regions of 5-

w old BALB/c athymic mice

6 weeks

Only cells treated with BMP-7 developed into fat tissue

Brown = UCP-1 Immunohistochemistry



BMP-7 Knockout Mice Display a Marked Paucity of iBAT 

and Near Complete Absence of UCP-1 Protein
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ü BMP-7 null mice display severe defects in kidney and eye development.  

They die shortly after birth due to renal failure (Dudley et al., 1995; Luo et al., 1995 )

Tseng et al., Nature 2008


