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WT mice, Lgdel/ + mice showed 
hyperlocomotion, increased acoustic  
startle responses and impaired 
conditioned fear memory. Intraperi
toneal (i.p.) injection of NRG1P or 
chemogenetic excitation of dorsal 
CA1 PV+ interneurons restored these 
phenotypes to WT levels. Prepulse 
inhibition (PPI) was also reduced 
in Lgdel/ + mice but, consistent 
with PPI being independent of the 
hippocampus, only i.p. NRG1P, 
and not chemogenetic excitation 
of dorsal CA1 PV+ interneurons, 
restored PPI in these animals.

Together, these results 
demonstrate that CA1 network 
dysfunction in this model results 
from hypoinhibition by PV+ 
interneurons, and that raising 
the excitability of these cells can 
rescue behavioural impairments. 
Targeting PV+ interneurons might 
therefore be of therapeutic interest 
in 22q11DS, and possibly in 
schizophrenia too.

Natasha Bray

temporal epochs of 20 s, 10 s or 1 s 
within individual trials.

Is the encoding of temporal 
information in the leC affected by 
the type of experience? The authors 
recorded leC neuronal activity while 
the rats performed a more repetitive 
task in which their experience in each 
trial was similar. The capacity of leC 
population activity to distinguish 
between trials occurring at different 
time points across the recording session 
was much lower in this task than it was 
in the black–white box task; however, 
the accuracy of the encoding of shorter 
epochs of temporal information within 
each trial was higher.

These findings indicate that the 
leC encodes ongoing, changing 
experiences, leading to an inherent 
encoding of the passage of time. The 
authors suggest that, through its 
inputs to the hippocampus, the leC 
may contribute to both the ‘when’ and 
the ‘what’ components of episodic 
memory.
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The development of an association between a 
low- salience cue with a subsequent aversive 
stimulus is a well- studied phenomenon and is the 
basis of classical conditioning paradigms. less 
often considered are the effects of other neutral 
cues that are incidental to the conditioned 
stimulus — these too can influence behaviour 
indirectly by a process called mediated learning. 
The mechanisms underlying mediated learning 
are not well understood, but in this study, 
Busquets- Garcia et al. show that cannabinoid 
receptor 1 (Cb1r) expressed on hippocampal 
interneurons plays a crucial role.

The authors developed a modified classical 
conditioning paradigm that could separately 
measure direct and mediated learning: mice were 
first preconditioned by repeated exposure to pairs 
of low- salience sensory stimuli (an odour and a 
taste) to form an incidental association between 
them. Then, on subsequent days, mice were 
conditioned to associate one of the sensory stimuli 
(but not the other) with an aversive stimulus. They 
found that both the conditioned stimulus but also 
the incidental preconditioned stimulus produced 
aversion behaviour, indicating the acquisition of 
both direct aversion learning and mediated 
aversion learning, respectively.

Hippocampal Cb1rs have been implicated in a 
variety of direct conditioning responses, and the 
authors found that mice lacking the Cb1r 
throughout the brain (Cb1r- Ko) showed impaired 
mediated learning but intact direct aversion 
learning. moreover, administration of rimonabant 
(a Cb1r antagonist) to wild- type mice before the 
preconditioning phase reduced mediated 
learning for both taste and odour modalities, but 
rimonabant administration before the test phase 
had no effect, further supporting a role for the 
Cb1r in incidental associations.

The hippocampus has previously been 
implicated in mediated learning. The authors 
found that in mice lacking Cb1rs selectively in 
hippocampal GAbAergic interneurons, mediated 
learning was compromised but direct learning 
was unaffected. In addition, they found that 
hippocampal Cb1r expression was increased 

following preconditioning, and attenuated by 
pretreatment with the protein synthesis inhibitor 
anisomycin, suggesting mediated learning might 
involve synthesis of new Cb1rs in hippocampal 
interneurons.

Stimulation of Cb1rs expressed by 
hippocampal interneurons has the effect of 
reducing their activity. To test whether the 
absence of a Cb1r-mediated reduction in 
GAbAergic inhibition might underlie the reduced 
mediated learning found in GAbA- Cb1r- Ko  
mice, the authors mimicked Cb1r signalling in 
hippocampal interneurons of GAbA- Cb1r- Ko 
mice using an inhibitory designer receptor 
exclusively activated by designer drugs 
(DreADD). This treatment rescued mediated 
learning in these mice. Further support for this 
hypothesis was provided by artificial 
enhancement of GAbAergic transmission  
in the hippocampus of wild- type mice using an 
excitatory DreADD expressed in hippocampal 
GAbAergic neurons, which impaired mediated 
learning.

of the two main subpopulations of hippocampal 
interneurons — cholecystokinin (CCK)-expressing 
and parvalbumin (Pv)-expressing — Cb1rs are 
expressed only in the former. As CCK is expressed 
in pyramidal cells, selective targeting is technically 
challenging, so the authors chose to rule out the 
involvement of Pv- positive interneurons using an 
activating DreADD. Selective activation of 
Pv-expressing interneurons during preconditioning 
did not affect mediated learning, indicating, by 
elimination, the likely role for CCK- expressing 
interneurons in this effect.

overall, these findings suggest that Cb1rs 
expressed on specific subpopulations of 
hippocampal GAbAergic interneurons play a key 
role in the formation of incidental associations 
between two sensory stimuli, which involves 
protein synthesis of new Cb1rs and can in turn 
contribute to mediated learning.
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Incidental associations
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