
Lab note 









http://video.pbs.org/video/995676
319/ 
 
70-80% genetic, second only to 
height in genetic influence 
 
Leptin = Greek for ‘Thin’ 
 
Would you have rather won the 
lottery or found out about MC4 

Leptin hormone k/o mice are obese because 
of appetite 
 
Disruptions in other arms of the complex 
leptin signaling pathway also causes obesity 
 
~1 in 1,000 people estimated to have an 
MC4 receptor mutation and are obese 

But however influential genetics is, obesity is not possible without a permissive environment: 
 US obesity map: http://www.cdc.gov/obesity/data/trends.html 

http://video.pbs.org/video/995676319/
http://video.pbs.org/video/995676319/


http://www.endotext.org/obesity/obe
sity6/obesity6.htm 

Obesity genes with mongenetic effects mapped to chromosomes  

Our paper focused on monogenetic 
effects, but if you understand what 
was presented about these 
pathways, you would know that 
polygene effects are also likely in 
explaining obesity 





LEPTIN FACTS:  
 
•Discovered 1994 as product of mouse ‘obese’ mutation- leptin was 
missing in this mouse 
 
•Linked to human obesity in a few families in 1997 paper 
 
•Mapped to hypothalamus and other limbic (emotional) structures 
 
•Leptin is classified as a hormone. Why? What kind of hormone is it? 
 
•Mouse and human leptin deficiency causes post-weaning obesity (birth 
weight is normal) and general endocrine dysregulation 
 
•Theory of Adaptive function of leptin: maintain fat stores during 
starvation– evolutionarily more plausible than a ‘weight loss’ function 





http://www.endot
ext.org/obesity/ob
esity6/obesity6.ht
m 

Leptin receptors: in the class 1 cytokine receptor superfamily 
 
Uses JAK/STAT, not G-protein. (Janus kinase / signal transducer and activator of 
transcription) .  Regulates gene transcript and ion channels 
 



Leptin signlaing activates intracellular pathways. Genetic defects in parts of the pathway (IRS-2) 
can mimic leptin deficiency, while defects in intracellular suppressors of the pathway (SOCS3) 
cause opposite phenotype. Intracellular signaling info critical for linking different mutations 

http://www.si
gmaaldrich.co
m/life-
science/cell-
biology/obesit
y-
research/lear
ning-
center/effects
-of-
peptides.html 

Note: insulin signaling shares some of 
these mechanisms on the same cells 
in the brain 



WHERE ARE THESE LEPTIN RECEPTORS? Think of the “four F’s” of hypothalamic function…. 
 
Considering the four F’s, it’s not surprising that ObRb gene defects can lead to infertility and 
general endocrine dysfunction (leptin defects don’t though… what does that suggest?) 

http://www.si
gmaaldrich.co
m/life-
science/cell-
biology/obesit
y-
research/lear
ning-
center/effects
-of-
peptides.html 



THE HYPOTHALAMUS IS A SYSTEM A MULTIPLE NUCLEI- GENERALLY, THEY ARE INVOLVED IN 
NEUROENDOCRINE CONTROL, HOMEOSTASIS / EMOTION 

http://www.benbest.com/science/anatmind/Fi
gVII19.gif 

http://www.nature.com/mp/journal/v10/n3/fi
g_tab/4001643f1.html 



What is POMC?        Any evidence of a role in obesity? 
           Why would it be related to obesity? 
Genetic POMC deficiency described in 6 obese individuals to date (paper)  

241 AA 
long 

Mutations that disrupt POMC processing (eg, POMCPC1y/a MSH) can cause 
more specific phenotypes, including obesity 



Signaling through the leptin receptor can activate POMC production and cleavage to MSH’s. 
So what are the receptors for POMC products in the hypothalamus involved in eating control? 
Any evidence that either of these receptors is involved in human obesity? 

Effects of  MC3R defects are 
less clear. Some evidence of 
human familial obesity 
related to MC3R mutation, 
but not as clear as MC4R 
 
HET MC4R mutants have 
intermediate phenotypes 
and elevated obesity risk. 
 
Haploinsufficiency? 
Dominant negative effects? 
Or.. 
Mut/WT dimerization? 
 
Receptor dimerization 
comes up a lot these days!  



Agouti! And AgRP  

What is AgRP? 
 
Where is it produced and where does it act in the brain? 
 
What receptors does it bind to? 
 
What effect does it have on those receptors? 
 
Is the effect of AgRP binding to its receptor orexigenic or anorexic?  
 
Does this fit with the effects of MC4R k/o, POMC k/o, and leptin k/o? How? 



“The Model” 
Many questions remain: 
-MC3R signaling effects 
-Appetite regulation vs metabolism regulation effects of leptin 
-Independent functions of leptin vs MCR pathways 
-Intracellular mediators of signaling through MC3/4R 



Cellular Neuroscience is hard work! 

But without knowledge of intracellular signaling mechanisms, the relationships among different 
mutations would not be apparent, and strategies for replacement therapy– already used 
successfully in some monogenetic obesity disorders– would not be clear.  


