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Memory retrieval is not a passive phenomenon. Recent studies have shown that memory retrieval initiates two
opposite and dissociable processes: memory reconsolidation and extinction. Reconsolidation acts to stabilize,
whereas extinction tends to weaken, the expression of the original fear memory. In this study, I have tried to
understand mechanisms for controlling a shift of fear memory phases from reconsolidation to extinction after retrieval
using fear conditioning and inhibitory avoidance task.

I first examined the mechanisms underlying consolidation of fear memory using passive avoidance task. Using
conditional mutant mice of transcription factor cAMP-responsive element binding protein (CREB), we found that
that CREB-mediated transcription is required for consolidation of fear memory. I next identified brain regions where
CREB-mediated gene expression is activated after fear learning by analyzing the expression of the immediately early
genes c-fos and Arc as markers. Similarly with previous findings, the induction of c-fos and Arc expression was
observed in the amygdala (AMY) and hippocampus (HP). Interestingly, I also observed the induction of c-fos and
Arc expression in the medial prefrontal cortex (mPFC: prelimbic (IL) and infralimbic (PL) regions) and Arc
expression in the anterior cingulate cortex (ACC). 1 finally examined the roles of these brain regions in the
consolidation of IA memory and found that the consolidation of fear memory requires gene expression in the ACC,
mPFC, AMY and HP, suggesting essential roles of the ACC, mPFC, AMY and HP in consolidation of fear memory.

Using similar strategies, we found that reconsolidation of reactivated fear requires new gene expression in the
AMY, whereas memory extinction requires new gene expression in the mPFC and AMY. Importantly, | found that
reconsolidation associates with enhancement of fear memory through new gene expression in HP and mPFC in
inhibitory avoidance task. Furthermore, | found that CREB-mediated transcription is distinctly regulated in HP,
AMY and mPFC, respectively, in the reconsolidation and extinction of memory phases. Most importantly, | found
that the endo-cannabinoid signaling pathways play critical roles in controlling this shift of fear memory phases from
reconsolidation to extinction. Thus | demonstrated that HP, AMY and mPFC cooperatively regulate the fate of fear
memory though distinct regulations of CREB-mediated gene expression in these brain regions.

Finally, I also fund that CREB modulates strength of fear memory indirectly through the regulation of BDNF
expression and that retinoic acid signaling pathways play critical roles in the regulation of fear memory.




