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Research Abstract



? DESCRIPTION (provided by applicant): APOE4 is the strongest genetic risk factor for 
Alzheimer’s disease (AD); however, how apoE4 predisposes people for the risk for AD is still not 
clear. Clinical studies have shown that APOE4 carriers, both as healthy adults or with dementia, 
have lower cerebral glucose metabolism and increased neuroinflammation, conditions that are 
also common in individuals with diabetes. Interestingly, diabetes and impaired insulin signaling 
are linked to the pathogenesis of AD. Supporting these, a recent clinical trial with insulin 
intranasal spray in AD patients has yielded positive results in preventing cognitive decline and 
this has led to a new national plan for a Phase II/III trial. Thus, there is an urgent need to 
understand the function and regulation of brain insulin signaling and glucose metabolism in 
preclinical models. In the previous funding cycle and during the preliminary stage of this project, 
we found that apoE and its major receptor LRP1 regulate the metabolism of both lipid and 
glucose in the brain. Specifically, using in vivo microdialysis techniques, we found that brain 
glucose metabolism is impaired in APOE4-targeted replacement (TR) mice and in Lrp1 neuronal 
knockout mice. We also found that LRP1 interacts with insulin receptor (IR) and regulates 
insulin signaling and glucose metabolism in a manner that depends on the function of glucose 
transporter 4 (GLUT4). Impaired insulin signaling and chronic neuroinflammation were further 
exacerbated in the APOE4 mice by either amyloid-ß (Aß) pathology or a loss of neuronal LRP1. 
Thus, our goal for this renewal project is to study the molecular and cellular mechanisms by 
which apoE4 synergizes with pro-inflammatory cytokines and Aß to impair neuronal insulin 
signaling and glucose metabolism and test whether a restoration of insulin signaling in APOE4-
TR mice allows a rescue of APOE4-related AD phenotypes. We hypothesize that apoE4 impairs 
neuronal insulin signaling and glucose metabolism in a manner that depends on the functions of 
apoE receptor LRP1 and glucose transporters, and that neuroinflammation and Aß further 
exacerbate these events in aging and AD. We propose three Specific Aims to test our 
hypothesis. In Aim 1, we plan to dissect the mechanisms by which apoE4 impairs neuronal 
insulin signaling and glucose metabolism in vitro in neurons, in vivo in APOE-TR mice, and in 
human brains. In Aim 2, we will examine how pro-inflammatory cytokines and Aß synergize with 
apoE4 in reducing neuronal insulin signaling and glucose metabolism. In Aim 3, we plan to test 
whether brain administration of insulin or insulin-sensitizing drug metformin, or a restoration of 
apoE4 expression and lipidation rescues impaired glucose metabolism, reduces apoE4-
associated neuroinflammation, and improve synaptic functions and cognition. These studies will 
not only address the underlying mechanisms of impaired insulin signaling and glucose 
metabolism in APOE4 carriers and AD patients but will also test therapeutic potentials targeting 
insulin and apoE pathways.

Lay Summary
PUBLIC HEALTH RELEVANCE: Diabetes and Alzheimer’s disease (AD) are growing health 
concerns that affect a large population of our aging society. Interestingly, diabetes is also a ris 
factor for AD. The strongest genetic risk factor for AD is APOE4, which promotes conditions 
common to diabetes and AD, including impaired insulin signaling and chronic inflammation. 
Thus, the goal of this project is to reveal how APOE4 synergizes with other pathogenic 
pathways to increase the risk for AD and how we can target these pathways for therapy.
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