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�  If  you are not really 
you, but instead 
you are your bugs, 

�  Maybe your 
depression is not 
really within you, 
but it may be in 
your bugs. 

�  If  that is true, if  we 
treat your bugs, 
your depression will 
go away. 

�  A wild fantasy? 

�  Remember, the 
decades of  therapy 
and surgery for 
ulcers, caused by 
“stress”?  

�  It was a bug all 
along: Marshall & 
Warren, Nobel 
Prize, 2005. 
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Figure 1 





Findings 
�  Germ-free (GF) mice 

have less depressive-
like behaviors than 
SPF mice. 

�  Fecal transplantation 
from depressed 
humans (compared 
to healthy controls) 
into GF mice results 
in more depressive-
like behaviors. 





Microbiota is different in GF mice receiving transplant from 
depressed humans (compared to healthy controls).  

Behavioral outcomes possibly mediated by the metabolome. 





Inflammasome in Alzheimer’s disease 

�  Caspase 1 activation: mature IL-1ß and IL-18 
�  Induces potent inflammatory response 



Findings 

�  Caspase 1 
knockout has 
antidepressant-
like effects. 

�  Reaction to 
chronic stress 
is substantially 
blunted in the 
absence of  
caspase 1 
bioactivity. 



Findings 
�  Pharmacological 

inhibition of  
caspase 1 
results in 
changes in the 
microbiota. 

�  Could such 
changes mediate 
the effects of  
caspase 1 on 
behavior? 



Conclusions 
�  Germ-free mice: decreased immobility time in forced swimming 

relative to conventionally raised healthy control mice.  
�  Gut microbiotic compositions of  healthy controls: significantly 

different from those of  MDD patients. 
�  Fecal microbiota transplantation of  GF mice with ‘depression 

microbiota’ derived from MDD patients resulted in depression-like 
behaviors compared with colonization with ‘healthy microbiota.’ 

�  Mice with ‘depression microbiota’ exhibited disturbances of  
microbial genes and host metabolites involved in carbohydrate and 
amino acid metabolism, indicating that depressive-like behaviors 
are mediated through the host’s metabolism.  

�  Changes in behavior brought about by chronic stress, genetic 
manipulation or pharmacological intervention result in changes in 
the gut microbiota. Possible mediation by the inflammasome. 

�  We propose that the microbiota–gut–brain (MGB) axis is fully 
bidirectional, functioning in a manner through which changes in 
microbiota affect behavior and alterations in behavior result in 
changes in the gut microbiota. 

�  The MGB axis may represent a novel target for antidepressant tx. 



The microbiota-gut-brain axis (MGB) axis provides a 
conceptual framework for the four Aims of our ongoing 
research program on the microbiome and depression. 





 
    
 
 
 
 
 
 
 
 
 
 
 
 
 

A Conceptual Framework for Psychiatry 
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