
Memories of fearful events can 
disappear through a process known 
as extinction, in which a separate 
‘extinction memory’ is created. The 
formation of both fear memories and 
extinction memories involves the 
basal amygdala (BA), the hippocam-
pus and the medial prefrontal cortex 
(mPFC). A new study now shows 
that the balance of activity between 
‘fear neurons’ and ‘extinction neu-
rons’ in the BA, which project to the 
prelimbic (PL) and infralimbic (IL)
portions of the mPFC, respectively, 
determines whether a fear memory is 
extinguished.

Senn et al. exposed one group of 
mice to fear conditioning (FC mice) 
and two other groups to fear condi-
tioning followed by 2 days of effective 
extinction training (Ext mice) or by 
2 days of training that did not result 
in extinction (no-Ext mice). Control 
mice were exposed only to the con-
ditioned stimulus. Two hours after 
the final session, FOS expression 
was increased in the BA of FC mice 
and, to a lesser extent, in the BA of 
Ext mice and no-Ext mice compared 
with control mice.

Retrograde tracing studies showed 
that in all three groups of mice, the 
increased FOS expression occurred 
in BA neurons that project to the 
mPFC, raising the question of what 
the activation of BA–mPFC neurons 
reflects. The authors hypothesized 
that distinct subpopulations of 
mPFC-projecting BA neurons 

mediate fear conditioning and 
extinction, respectively. Indeed, 
retrograde tracing revealed that fear 
conditioning induced FOS expres-
sion mainly in BA neurons projecting 
to the PL mPFC (BA–PL neurons), 
whereas fear extinction was associ-
ated with FOS expression only in BA 
neurons projecting to the IL mPFC 
(BA–IL neurons).

To further investigate the role of 
the two projections in fear condi-
tioning and extinction, the authors 
expressed channelrhodopsin 2 and 
halorhodopsin selectively in BA–PL 
neurons or BA–IL neurons in mice. 
Single-unit recordings showed that 
a proportion of optogenetically 
defined BA–PL neurons specifically 
responded to a conditioned stimulus 
but never to an extinguished stimu-
lus, whereas a proportion of opto-
genetically defined BA–IL neurons 
specifically activated in response to 
an extinguished stimulus but never 
to a conditioned stimulus. This 
confirmed the FOS-
expression data and sug-
gested the existence of 
BA–PL ‘fear neurons’ 
and BA–IL ‘extinction 
neurons’.

The mice then 
underwent fear 
conditioning 
to two different 
tones, followed 
by extinction training to both 
tones. When the authors 

optogenetically activated BA–IL 
neurons during extinction training 
to tone 1 and inhibited them during 
extinction to tone 2, they found 
that extinction of tone 1 was better 
than extinction of tone 2. The same 
procedure in BA–PL neurons had 
the opposite effect. These findings 
suggest that the balance of activity 
in the two BA subpopulations might 
determine whether an extinction 
memory is formed.

The two subpopulations of BA 
neurons also showed distinct changes 
in firing properties in response to 
fear conditioning and extinction: 
BA–IL neurons from Ext mice 
(in vitro) and functionally identified 
‘extinction neurons’ (in vivo) showed 
increased burst firing in response to 
an extinguished stimulus, whereas 
BA–PL neurons from no-Ext mice 
(in vitro) and ‘fear neurons’ (in vivo) 
increased their burst firing in 
response to a conditioned stimulus.

These findings show that the 
BA contains populations of ‘fear 
neurons’ and ‘extinction neurons’ 
that each project to a specific mPFC 
subregion, and suggest that fear 
extinction training induces a shift in 
the balance of activity between these 
two populations.
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