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Drug dependence is a psychiatric disorder characterized by the formation of physical and
psychological dependence on drugs, causing serious health and societal issues in modern society.
However, there are few curative medications for addiction, because the full understanding of the
underlying intracellular molecular mechanisms of the disorder remains unclear. In recent years
epigenetics, such as histone modification, has been recognized as a cellular mechanism involved in
addiction formation. Interestingly, in human epidemiological studies, a single nucleotide polymorphism
of KPNA3 (importina 3) has been reported to be associated with four psychiatric disorders, including
alcohol dependence. KPNA3 forms a trimer with importinpf 1, which is the nuclear transport receptor,
and nucleoproteins with nuclear localization signals, facilitating the transport of nucleoproteins
into the nucleus. Since KPNA3 is responsible for the transport of nucleoproteins such as transcription
factors and is an important epigenetic factor upstream of gene expression regulation, this paper

explores the intracellular function of KPNA3 in addiction-related behavior




First, we evaluated the effects of Kpna3 deficiency on addiction-related behaviors by analyzing
behavioral and physiological parameters in Kpna3—deficient mice. Kpna3 deficient male mice exhibited
significant increases in sucrose reward—seeking behavior, spontaneous ethanol consumption, decreased
ethanol induced behavioral sensitization, and reduced blood corticosterone levels compared to wild
type mice. The decrease in corticosterone levels, a downstream substance of the stress response
pathway HPA axis, suggests that Kpna3 deficient male mice exhibit decreased sensitivity to ethanol
stimulation, resulting in the behavioral phenotypes. On the other hand, Kpna3 deficient female mice
showed significant decreases in spontaneous ethanol consumption and spontaneous locomorter activity
following acute ethanol administration, suggesting that Kpna3 deficiency may enhance ethanol
sensitivity as sedative effects in female mice. Furthermore, to visualize the brain activity
underlying these addiction-related behavioral abnormalities, brain network analysis based on the
number of c—Fos-positive cells revealed that Kpna3 deficiency alters hub regions critical for reward-
seeking behavior in male mice

Transcriptome analysis and transcription factor analysis using brain region tissues where Kpna3
deficiency had a pronounced effect on brain network analysis identified that Kpna3 deficiency
suppresses the expression of genes downstream of E-box sequences. Additionally, proteome analysis by
co—immunoprecipitation identified 189 proteins interacting with Kpna3. Interestingly, both analyses
identified numerous components of the MYC/MAD/MAX network, which functions around E-box sequences to
regulate histone acetylation. In summary, Kpna3 plays a significant role in individual reward behavior
and ethanol sensitivity, and its molecular mechanism involves the regulation of histone acetylation

via the MYC/MAD/MAX network.
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