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Alzheimer's disease (AD) is a neurodegenerative condition characterized by the accumulation 

of amyloid-beta (Aβ) plaques in the brain (Scheltens et al., 2021). Apolipoprotein E (ApoE) 

has an important physiological function, helping lipid transport across cells and organs 

(Blumenfeld et al., 2024). ApoE promotes Aβ clearance by forming complexes with it and 

promoting its removal from the brain’s extracellular space. This process occurs primarily 

through interactions with blood-brain barrier (BBB) receptors, such as LRP1 (Low-Density 

Lipoprotein Receptor-Related Protein 1). In particular, the ApoE4 isoform critically influences 

Aβ aggregation and clearance dynamics and is the strongest genetic risk factor for sporadic 

AD (Blumenfeld et al., 2024). Studies suggest that the nonlipidated form of ApoE4 is 

associated with a greater predisposition to AD, making it a preferential target for therapeutic 

antibodies like HAE-4, which showed significant reduction in plaque Aß deposition in mice 

models with APPPS1-21/ApoE4 phenotype (Liao et al., 2018; Poblano et al., 2024). Given the 

need for more selective and effective immunotherapies, this research looks to find unique 

conformational epitopes of nonlipidated ApoE4, that are distinct from those in ApoE3 and 

lipidated ApoE4, for the development of novel therapeutic antibodies. Targeting nonlipidated 

ApoE4 is strategically justified by its documented structural instability, increased propensity to 

form pathogenic aggregates, and enhanced affinity for Aβ. This study will employ structural 

bioinformatics approaches such as comparative modeling, molecular dynamics simulations, 

and conformational epitope prediction, with physicochemical accessibility and immunogenicity 

analysis to show novel conformational epitope candidates, advancing our understanding of 

ApoE4’s pathological mechanisms and supporting the development of targeted antibody 

therapies for AD. In structural modeling, the ApoE3 and ApoE4 proteins were constructed by 

comparative modeling using the MODELLER software (Webb and Sali, 2016), while the 

Amyloid Beta 42 peptide was modeled by an ab initio approach using QUARK Web Server 

(Xu and Zhang, 2012). The ApoE3 model was generated using the structure number 1 of the 

2L7B PDB model as a template. For ApoE4 modeling, both the newly constructed ApoE3 

model and the 1GS9 PDB structure served as templates in the comparative modeling 

approach. These new structures were sent to stereochemical analysis for quality evaluation in 

PROCHECK (Laskowski et al., 1996), VERIDY3D (Luthy et al., 1992) and ERRAT (Colovos 

and Yeates, 1993) platforms. For comparison, the structure 2L7B was used as a quality 

reference for ApoE models. The models showed superior stereochemical quality compared to 

reference, with over 86% of residues found in the most favored regions of the Ramachandran 

diagram (Ramachandran et al., 1963). About the modeling of Aβ, the peptide adopts a 

conformation rich in β-sheets and a short α-helix, consistent with the structural characteristics 

reported by (Gillet, 2021). The next steps of this research involve modeling a VLDL-mimetic 



 
lipid nanoparticle (LNP), generating ApoE/Aβ and ApoE/Aβ/LNP complexes with different 

isoforms, and performing molecular dynamics simulations with them. It is expected that this 

will lead to discover structural epitopes candidates to antibody ApoE4’s specific design, 

contributing for the treatment of DA to ApoE4 carriers.  
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