


Neural Circuit Disorders 

•  Numerous neurological disorders, including 
schizophrenia, depression, autism, Parkinson’s 
disease, Alzheimer’s and attention disorders, 
result from a malfunction of brain circuitry.  

•  Understanding the causes and developing 
treatments requires an understanding of brain 
circuitry.  

•  However, the normal brain circuits affected by 
these disorders are poorly understood.  



Visual illusions show that 
perception is created by the brain.  
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Rotating Snakes, by A. Kitaoka.  



Perception is created by the brain…  
Using neural circuits. But how? 

•  If you don’t know what’s broken you can’t fix it. 
•  Understanding how brain circuits work is necessary 

to understand neural circuit disorders. 



After a hundred years you still 
haven’t figured it out? 

Cajal established the Neuron Doctrine more than 100 years ago.  
The brain is composed of precise circuits formed by neurons. 

He argued against the Reticular 
Theory, in which the brain is a 
meshwork of connected fibers. 



 
 

Why?  
Because the brain is complicated…. 

 
 

…which makes it difficult to find the circuits. 



 
 

Why?  
Because the brain is complicated…. 

 
 



 
 

What are you doing about it? 
 

We have to find out which brain cells are 
talking to each other and what they are 

saying. 
  
 

We’re building and using new tools. 



We	are	in	the	midst	of	a	
revolu2on	in	the	study	of	

neural	circuits.	
We	can	now	reverse	
engineer	the	brain.	

	
Exis2ng	molecular,	gene2c	and	viral	tools	allow	us	to:	

Trace	Connec2ons	–	who	talks	to	who?	
Monitor	Ac2vity	–	what	are	they	saying?	

Manipulate	Ac2vity	–	infiltra2ng	the	network.	
	

In	defined	circuits	and	cell	types.	



The	Future	of	Neural	Microcircuits	
1)  Revealing	Circuits	
	

Transneuronal	viral	tracing	labels	
connected	cells	in	live	animals.	

Mouse	lines	and	viral	promoters	
allow	targe2ng	of	gene	
expression	to	cell	types.	



The	Future	of	Neural	Microcircuits	
2)  Linking	Circuits	to	Func2on.	
	

A	gene2cally	
encoded	ac2vity	
indicator	allows	
op2cal	monitoring	
of	ac2vity	in	
defined	circuits	or	
cell	types.	



The	Future	of	Neural	Microcircuits	
3)  Turning	Circuit	Components	On	and	Off.	
	

There	is	a	wide	range	of	optogene2c	
and	hybrid	gene2c-pharmacological	
tools	to	ac2vate	or	inact	gene2cally	
targeted	neurons.	



We	are	in	the	midst	of	a	
revolu2on	in	the	study	of	neural	

circuits.	
• But	it	s2ll	will	take	2me	and	money!	
• The	new	methods	have	only	been	
around	for	a	few	years	and	are	s2ll	
being	developed.		

• This	is	a	focus	of	The	BRAIN	
Ini2a2ve.	












