
Sponsored by Nanotechnology Graduate Program  
	  
 
 
 

 
Synaptic Plasticity and Remodeling in 
Neural Circuits: Role of Dopamine, 
Drugs, and Beyond 
 
BY Dr. Wei-Dong Yao 
Assistant Professor of Psychiatry 
Harvard University 
 
ABSTRACT 
A major interest of my lab is to delineate the basic principles by which the 
neuromodulator dopamine drives synaptic and circuit modifications in the 
prefrontal cortex (PFC) to reinforce reward-related behaviors. PFC is a key site of 
the reward circuitry in the brain and also mediates learning, permanent memory 
storage, and executive functions. Using brain slice electrophysiology, we recently 
identified a novel circuit mechanism by which dopamine empowers Hebbian 
synaptic plasticity: a brief pulse of dopamine is needed for spike-timing 
dependent long-term potentiation (tLTP) in distal synapses of projection neurons. 
The underlying mechanisms involve a D2 dopamine receptor “gate” in inhibitory 
microcircuits and a D1 dopamine receptor “coincidence modulator” in excitatory 
microcircuits, which cooperate to permit tLTP in native circuits. However, this 
cooperative nature of dopamine effects may be extremely delicate, as our studies 
in mutant transgenic mice showed that excessive dopamine impairs, rather than 
facilitates, LTP. In addition, this mechanism is also sensitive to disruption by 
substances of abuse, which target the reward circuitry to cause addiction. Our 
work on localized dopamine signaling within dendritic spines has provided 
important insights into the molecular processes underlying the important yet 
delicate role of dopamine in synaptic plasticity. These studies represent a 
significant step forward in understanding and potential treatment of 
neuropsychiatric disorders, including schizophrenia, addiction, and ADHD. 
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