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INTRODUCTION
Olfactory deficits precede cognitive symptoms in Alzheimer’s 
disease (AD) by years to decades and may serve as prodromal 
biomarkers. While multiple olfactory structures may contribute to 
olfactory dysfunction in AD, the anterior olfactory nucleus (AON) is 
uniquely positioned within the olfactory network and exhibits early 
AD pathology. However, AON pathophysiology remains largely 
unexplored. Our recent publication reported that: apolipoprotein E 
(APOE) ε4, the strongest genetic risk factor forsporadic 
Alzheimer’s disease (AD), reduces excitability in the AON; adult 
females show higher excitability than males, a difference that is lost 
with age. Excitability and network activity vary by genotype and 
sex, while aging consistently increases network oscillation power, 
underscoring their complex interplay in an AD-vulnerable circuit.. 
However, how APOE ε4 interacts with age and sex to affect the 
structural and functional organizations at the cellular and synaptic 
levels remains elusive. We addressed this question by focusing on 
pyramidal neurons with whole cell patch clamp in brain slices 
combined with post hoc reconstruction of the recorded cells to 
assess potential morphological alterations caused by these  AD 
risk factors. Analysis of interneurons is ongoing.
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1. Morphometric analyses revealed APOE4-dependent dendritic 
    simplification and age/sex-dependent somatic remodeling, including 
    paradoxical hypertrophy in adult and subsequent atrophy in aged 
    females, indicating progressive structural impairment; 
2. APOE4 altered membrane intrinsic properties and action potential (AP)
    characterization, such as depolarized resting membrane potential, 
    reduced input resistance, diminished AP amplitude, and age-
    dependent bidirectional changes in afterhyperpolarization. These 
    results collectively suggest destabilized intrinsic excitability; 
3. APOE4 shifted synaptic excitation-inhibition balance toward inhibitory
    dominance by reducing frequency but not amplitude of sEPSCs while 
    enhancing amplitude but not frequency of sIPSCs. These results also 
    suggest that the sites of APOE4 actions on synaptic activities depend 
    on the synaptic types: presynaptic for glutatergic and postsynaptic for 
    GABAergic types. 
(4) Aging and sex interactively sculpted these effects as aged APOE4 
     females exhibited the most severe convergence of structural 
     regression, enhanced synaptic inhibition, and diminished spike output, 
     consistent with the disproportionately elevated AD risk in females. 
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 Impact on sIPSCs

KEY TAKE HOME: 
APOE4 progressively disrupts the structural and functional integrity of AON pyramidal neurons through age- and sex-dependent alterations in dendritic morphology, intrinsic excitability, and synaptic excitation-
inhibition balance. The convergence of these deficits in aged females provides a potential cellular basis for the increased susceptibility of female APOE4 carriers to Alzheimer's disease.
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