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研究成果の概要（和文）：We examined the contribution of the ventral tegmental area (VTA) dopamine 
system to fear extinction learning. We found that activity in VTA-dopamine cells is necessary for 
normal fear extinction learning and biochemical signaling in extinction learning circuits. 

研究成果の概要（英文）：We examined the contribution of the ventral tegmental area (VTA) dopamine 
system to fear extinction learning. During fear conditioning, animals learn that an auditory tone 
stimulus predicts the occurrence of an aversive event (shock) and animals exhibit fear behaviors to 
the tone following learning. If the tone is presented repeatedly in the absence of the aversive 
event fear responses are reduced through extinction. We found that optogenetic inhibition of 
VTA-dopamine neurons during the shock omission period of extinction blocked extinction learning as 
well as biochemical signatures of neural plasticity in the extinction learning system. Furthermore, 
we discovered that a specific population of dopamine neurons projecting to the nucleus accumbens 
were responsible for this effect. These results reveal an unappreciated role for the dopamine reward
 system in extinguishing fear memories and suggest novel treatment avenues for fear related 
psychiatric disorders.
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１．研究開始当初の背景 
Emotional fear memories are adaptive but 
need to be controlled in many 
circumstances for optimal behavior. In the 
laboratory fear conditioning in which 
animals learn that a sensory cue predicts 
the occurrence of an aversive outcome (ex. 
shock). Following learning, presentation of 
the cue elicits emotional responses, but if 
presented repeatedly in the absence of 
shock emotional responses are 
extinguished. Thus the omission of the 
aversive event triggers a switch from fear 
responding to extinction. Neural plasticity 
in brain areas like the amygdala and 
medial prefrontal cortex (mPFC) are 
important in extinction learning, but the 
neural mechanisms which detect when an 
expected aversive event is omitted to 
initiate extinction are not known. Previous 
work has demonstrated the importance of 
the ventral tegmental area (VTA) 
dopamine system to reward learning and 
motivation. Specifically VTA-dopamine 
neurons detect when a better than 
expected outcome occurs. For example, 
VTA-dopamine cells are activated robustly 
by unexpected rewards and there is some 
evidence that these cells respond to the 
omission of an expected aversive outcome. 
This suggests that the VTA-dopamine 
system may function as the detector of 
aversive shock omission to engage fear 
extinction learning. 
 
２．研究の目的 
In the studies funded by this grant we set 
out to determine whether the 
VTA-dopamine system was necessary to 
detect when an aversive outcome was 
omitted to initiate extinction learning as 
well as the circuit mechanisms through 
which the dopamine system mediated 
these effects. 
 
３．研究の方法 
For these studies we used optogenetic 
brain manipulation techniques combined 
with behavioral assays as well as 
biochemical and voltammetric approaches. 
 
４．研究成果 
We found that when an expected aversive 
outcome does not occur, activity in 
midbrain dopamine neurons is necessary to 
extinguish behavioral fear responses and 
engage molecular signalling events in 
extinction learning circuits. Furthermore, 
a specific dopamine projection to the 
nucleus accumbens medial shell is 

partially responsible for this effect. By 
contrast, a separate dopamine projection to 
the medial prefrontal cortex opposes 
extinction learning. This demonstrates a 
novel function for the canonical 
VTA-dopamine reward system and reveals 
opposing behavioural roles for different 
dopamine neuron projections in fear 
extinction learning. 
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