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CLINICAL NEED

🧠 Current anti-amyloid therapies remove plaques but
demonstrate modest clinical benefit.¹⁻²

💊 Existing options fail to fully address tau pathology, blood-
brain barrier (BBB) penetration, or overall chronic

neuroimmune dysfunction.³

QUESTION & OBJECTIVES

Research Question: 
Can rational engineering overcome the intrinsic limitations

of native IgG3 and create a multifunctional antibody
platform for Alzheimer's disease?

Objectives: 
Enhance half-life | Improve BBB transport | Enable dual
Aβ/Tau targeting | Maintain potent immune clearance

METHODOLOGY

Literature-Based Antibody Engineering Framework

Reviewed:
• IgG subclass biology
• Fc engineering strategies
• BBB shuttle technologies
• Bispecific antibody platforms
• Alzheimer's immunotherapy

RESULTS OF DESIGN ANALYSIS

Five major native IgG3 limitations were structurally identified: 
Short serum half-life
Structural instability (extended hinge region)
Excess non-specific inflammation
Limited BBB penetration
Single-pathology targeting

These specific parameters directly guided the engineered
design layout.

Why IgG3?

Feature IgG1 IgG3

🛡 Fc Binding Moderate Highest

⚡ Complement
Activation

Moderate Highest

🧹 Phagocytosis Moderate Highest

🧠 Microglial
Engagement

Moderate Highest

Key Advantages

Strongest Fcγ receptor binding profile  Potent classic

complement activation pathways  Enhanced microglial

phagocytosis & clearance kinetic values

ENGINEERING SOLUTIONS

Native Limitation Engineered Solution Expected Clinical Benefit

Short Half-life LS Mutation Extended Serum Half-life

Inflammation Fc Tuning
Controlled Microglial

Activation

BBB Penetration BBB Shuttle Integration
Enhanced CNS Delivery

Kinetics

Single Target Bispecific Arm Design Dual Aβ + Tau Clearance

Proteolytic Susceptibility Hinge Stabilization Improved Structural Stability

EXPECTED MECHANISM

Aβ Binding
 +

Tau Binding
 +

Optimized FcγR Engagement
 +

Controlled Complement Recruitment
 ↓

Enhanced Clearance

EXPECTED ADVANTAGES

🧹 Enhanced Clearance: Rapid processing of neurotoxic aggregates.

⏳ Longer Half-Life: Reduced dosing frequency via optimal recycling.

🧠 Improved BBB Delivery: Elevated bioavailability inside active brain regions.

⚖ Controlled Inflammation: Mitigated risk of ARIA-like events.

🎯 Dual Pathology Targeting: Simultaneous breakdown of plaques and tangles.       

✅ Restoration of Neuroimmune Homeostasis

VALIDATION PIPELINE

In Silico Design
↓

Human iPSC Microglia
↓

BBB Organoids
↓

3xTg-AD / 5xFAD Models
↓

Pharmacokinetics
↓

Safety Assessment
↓

Phase I–III Trials

NOVEL CONTRIBUTION

A next-generation IgG3 platform that unifies dual pathology targeting, BBB transport,

immune-effector optimization, and extended half-life into a single therapeutic design

to restore neuroimmune homeostasis and improve pathological clearance for

comprehensive Alzheimer's disease modification.

TAKE-HOME MESSAGE

The proposed engineered IgG3 platform integrates dual Aβ/Tau

targeting, BBB transport, Fc optimization, and neuroimmune

modulation into a single next-generation therapeutic strategy designed

to restore neuroimmune homeostasis and improve pathological

clearance in Alzheimer's disease.
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Design Strategy Cascade

Native IgG3 → Identify Limitation → Engineer Solution → Expected Benefit
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