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A disruption in associative learning processes has been associated with psychiatric disorders.
First-order conditioning does not reflect real-life situations. To better approximate real-life
complex situations, investigating behavioral and neural mechanisms of higher-order conditioning is
necessary.

While this research has been significantly delayed due to the worldwide
Covidl9 pandemic situation, I established a higher-order conditioning procedure based on conditioned
lick suppression paradigm from scratch (design and building of the device, and programming of the
task). 1 already validated the procedure in a first-order conditioning procedure and obtained
already encouraging preliminary data on higher-order conditioning in mice in my experimental design,
and keep working on it. I hope to start manipulating neural circuits involved in higher-order
conditioning within 2021.
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The simplest form of classical conditioning, where an event is associated with
a pleasant or aversive event is well documented. However, real life situations are
way more complex and also involve associations between sensory events. Higher-order
conditioning extends associative processes to events that have never been physically
experienced. In the sensory preconditioning procedure (Brogden, 1939), the
presentation of a conditioned stimulus is followed by that of a second conditioned
stimulus (CS1 - CS2) in a first phase. In a second phase of training, the CS2 is
followed by an unconditioned stimulus, say a foot shock (CS2 - US). When CS1 is
tested alone, a conditioned response of freezing is observed, even if it has never
been paired with the US. Such phenomenon can be defined as inferential decision making

and suggests that associations between events can also be formed mentally.
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Figure 1. Sensory Preconditioning(SPC)

integration is unknown.

M y project aims at unraveling the psychological and neural mechanisms of
inferential decision making that occur during SPC, using a combination of fine
behavioral assessment with cutting edge neuroscientific tools. A disruption in
associative learning processes is found in many psychiatric diseases (Schizophrenia:
Lubow et al., 1987; Obsessive-Compulsive Disorder: Gillan et al., 2014; Autism-
Spectrum Disorder: Kosaki & Watanabe, 2016; Post-Traumatic Stress Disorder: Luo et
al., 2018). The relapse of the symptoms is a major limitation suggesting that these
therapies are based on an erroneous or at least incomplete model of associative

learning and memory.

I propose a new strategy to dissect the associative structure of memory at the
psychological level, while unraveling the underlying neural circuit involved.
Previous studies used extinction of a specific association as a behavioral strategy
to inhibit a subset of an integrated memory and see whether it is necessary for the
CS1 to provoke a conditioned response. But there are numerous studies suggesting that
the manipulation of the value of a stimulus (e.g., CS2) previously paired to another
stimulus (e.g., CS1), will affect the later (see Miller and Witnauer, 2017 for a
review). A particular feature of this project lies on the application of optogenetics
to specifically target and neutralize a subset of an integrated memory, without thus
involving the collateral effect of stimuli interaction. Another novelty of my approach

is the complete reinterpretation of Molet et al. (2012) and Polack et al. (2013)



account in a simplified SR account, and the direct test of our model using neural

manipulation, which would be impossible to achieve using behavioral assessment alone.

After several tests of my self-made operant chambers, | tested male and female mice in
a sensory- paired presentation of the same tone with a foot shock. For the unpaired
groups, mice received paired presentation of the light followed by a tone during the
first phase. They then received backward presentation of the foot shock and the tone,
that is, the tone came after the foot shock. During the preconditioning procedure, in
a conditioned lick suppression task. The paired groups received paired presentation of
a light and a tone during the first phase, and test phase, mice of all groups were
presented with the [light conditioned stimulus (CS) when drinking water.
I expected that the light would suppress their water consumption but did not observed

significant differences between groups.
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As an attempt to overcome this issue, | stepped back and increased the light CS
intensity in a first-order conditioning procedure. The rationale behind, is to find
optimal parameters and make sure that conditioning occurs with a light CS, which is
known to be less efficient than with a tone. In this experiment, mice of the paired

group received paired presentation of a light with a foot shock.
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The results show that conditioning occurred as predicted. We then added an extinction
phase where the light CS was presented 30 times. We predicted a decrease of suppression

score (i.e., our index of fear response), and found a non-significant trend of decrease.



We used only a small number of subjects (N=4), and the number of extinction trials
might be no sufficient for fully extinguish the CS-US association. These results inform
that Light CS can be successfully conditioned to a foot shock, if the CS intensity is
high enough, and the number of extinction trials should be increased to observe a
complete extinction of the CS-US association. On future attempts, 1 will use again a

sensory-preconditioning procedure with a light CS of higher intensity.
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