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INTRODUCTION
● Lipid droplet accumulation  has been 

reported as  a key  feature for Alzheimer's 
Disease (AD) pathology [1].

 
● In AD, the brain cell types show differential 

regulation and metabolic interactions 
collectively driving the pathology.
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HYPOTHESIS
Metabolic stress in brain cell types, specifically 
neurons, astrocytes and microglia, drives lipid 
droplet accumulation in AD

METHODS

ROSMAP  [2] SEA-AD [3] NPS-AD [4]

snRNAseq data retrived from 3 AD cohort

Individual brain cell-type specific genome-scale metabolic 
model(GEM)
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Multi-omics data 
integration : 
● transcriptome
● metabolomics 
● imaging 
● ...

Outputs:
● Metabolic features 

and interactions 
among cell-types

● Metabolic 
biomarkers

● Regulatory 
mechanisms
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RESULTS

Num of  reactions

Num of  genes

Num of  metabolites

Statistics of individual and integrated brain cell type-specific reconstructions
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Venn Diagram for Reactions 

among 3 Brain Cell Types
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snRNAseq data of  excitatory 
neurons, astrocyte and 
microglia from 2 AD cohorts

integration with 
MultiBriancell-GEM

in silico flux 
balance analysis
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Data integration and flux balance 
analysis
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Comparison of computational simulations on reported AD phenotypes 
across 2 AD cohorts

Biomass maintenance in Neurons

Lipid droplet accumulation in microglia Overall glucose uptake of brain 

Biomass maintenance in microglia 

Pathways concordant with lipid droplet accumulation in AD

 Disrupted reations among   
subsystems in ROSMAP

 Disrupted reations among   
subsystems in NPS-AD
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Excitatory 
Neurons

Astrocytes

Gens linked to disrupted reactions in 
ROSMAP 

Microglia 

Microglia Excitatory 
Neurons

Astrocytes

Gens linked to disrupted reactions in
 NPS-AD

KEGG
GO

CONCLUSION

BrainMultiCell-GEM provides a novel and efficient 
framework to infer altered cell type-specific 
metabolic activities and interactions in the brain of  
AD. 
It can simulate some  reported phenotypes in A, 
including  
● LD accumulation,    
● energy metabolism and 
● brain atrophy

We can identify some pathways among different cell 
types across two  AD cohorts studies which  are 
likely  associated  with lipid  droplet  accumulation in 
AD, which is below:

● Glycerophospholipid 
metabolism

● Alpha-Linolenic acid 
metabolism

● Cholesterol 
biosynthetic process

● Fatty acid degradation

● PPAR signaling 
pathway

● Fatty acid 
biosynthetic 

       process
 

● Amino acid 
metabolism
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Reported AD target 
genes:
● ATP6V1A 

(ATPase H+ 
transporting V1 
subunit A)

● PLIN4 (Perilipin 4)
● ACSL1 (Acyl-CoA 

Synthetase Long-
Chain Family 
Member 1)

● AHCYL1 
(glycogen 
phosphorylase L)

LD accumulation in AD

Future work: 
● Develop AI-based agents to  integrate multi-

omics data with BrainMultiCell-GEM;
● Explore more detailed regulatory mechanisms 

underlying LD accumulation in AD.
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