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Can memory/learning be erased? An animal model for fear extinction

The repetitive exposure to the CS in the absence of UC trains the
animal to extinguish fear conditioning
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Fear extinction can be thought as a new learning process wherein
animals learn that the CS is no longer predictive of the US

Mechanisms?

1. Depotentation of
conditioning induced LTP
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As in some cognitive behavioral therapies against phobias...



Mechanisms underlying fear extinction: DEPOTENTIATION of the conditioning induced plastic
changes?

Paired-pulse low-frequency stimulation
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Optogenetic manipulation of circuit involved in fear extinction

2. Injection in auditory cortex of an
adeno associated vector carrying

light-activated channel ChR2
Optical fiber
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Optogenetic manipulation of circuit involved in fear extinction

3. Pairing optogenetic
stimulation of CS with
footshock (US) results in fear
learning
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Can memories be inactivated through optogenetic manipulation?

g a Paired conditioned
8 1.5
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of light (@1 Hz)

Optical LTP: 5 trains of
light (each train 100
pulses, @ 100 Hz; 3
min interval)

Synapses are capable of undergoing multiple rounds of bidirectional plasticity, correlating with
fear acquisition/extinction
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Due to context-specificity of fear
extinction, the conditioned fear
response can reappear when the
context is changed
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Neuronal substrates for fear extinction

* Fear extinction can be considered as a new form of learning in which extinction networks
inhibit fear networks.

* OQverlaps of brain areas involved in fear acquisition and extinction: BASOLATERAL COMPLEX
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Herry et al, 2008, Nature, doi:10.1038/nature07166



Neuronal substrates for fear extinction . s BIPAED 5
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Neuronal substrates for fear extinction
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The medial PreFrontal Cortex (mPFC) exerts a top-down control of limbic regions
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Anxiety related behaviors

FEAR: response to discrete and acutely threatening stimuli Almost
ANXIETY: response to vague, potential threats overlapping
Place avoidance neu rOnaI CerUItS
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Tovote et al, 2015, Nat Neurosci, 16(6):317-31. Courtesy of AF Biagioni, Lab. Ballerini
doi: 10.1038/nrn3945.



Anxiety related behaviors
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Tovote et al, 2015, Nat Neurosci, 16(6):317-31.
doi: 10.1038/nrn3945.
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Courtesy of AF Biagioni, Lab. Ballerini



Anxiety related behaviors

Open field test Control stimulation
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Tovote et al, 2015, Nat Neurosci, 16(6):317-31.
doi: 10.1038/nrn3945.



Conclusions

v’ Associative learning can be erased
- Depotentiation of amygdalar fear circuits

- Potentiation of parallel/competing circuits Extinction Training
(fear extinction as new form of learning)

v’ In associative learning a triad of brain structures are involved
- Amygdala, medial prefrontal cortex, hippocampus
- They interact in fear learning/extinction



