PLD3 contributions to vascular dysfunction in the context of AD
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Background

Phosolipase D3 (PLD3) is a non-canonical phospholipase, which has been shown be important in
lysosomal function and DNA degradation. A SNP in PLD3 PA442A (V232M) is overrepresented in
Late-Onset Alzheimer’s Disease (LOAD) patients, and carriers also demonstrate a trend towards faster
cognitive decline. Recent work has demonstrated defective lysosomal processing may impact APP
processing and inflammation in a variety of contexts, though work has primarily focused on neurons.
Vascular cells also express APP, and their role in the development of LOAD is still incompletely
understood. Here, we have focused on 2D and 3D models to determine the role of PLD3 in vascular
cells.
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Figure 2. A,B) Variants in PLD3 show altered splicing in the PLD3 gene. C) Microarray studies from human
patients show reduced expression of PLD3 in multiple regions of the brain.

PROJECT AIM: TO UNDERSTAND HOW PLD3 ALTERS VASCULAR CELL FUNCTION IN HUMAN

IPSCS AND ITS POTENTIAL ROLE IN THE DEVELOPMENT OF LOAD.
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Figure 3. Overview of 2D experimental design. Note that 2-3 days of culture are performed after lentivirus for both
endothelial cells (ECs) and mural cells. endo= endothelial cell, fioro= fibroblast, SMC= smooth muscle cell,
scram= scrambled, lenti=lentivirus.
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Figure 4. A) Differentiation of iPSCs to vascular cells is done as for 2D modeling, followed by an expansion.
After expansion, cells are plated into a fibrin matrix where they form vascular networks with their supporting
mural cells including smooth muscle cells, pericytes, and fibroblasts. B) Single cell RNA sequencing of VAMPS
demonstrates a mixed population of vascular cells expressing the canonical markers of these cells (C). D)
Representative image of a WT VAMP. SMCs= smooth muscle cells, FACS= fluorescent activated cell sorting,
C/M= conditioned media, IHC= immunohistochemistry, per= pericytes, fib/fibro= fibroblasts.
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Results

APP/PS1xPLD3X° mice demonstrate strong alterations in vascular-
associated pathways in the cortex
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Figure 5. Bulk RNA sequencing of mouse cortex was performed from animals carrying either the APP/PS1 mutation alone or crossed to PLD3XO,
Differential gene expression analysis was performed followed by pathway enrichment analysis. Results demonstrate significant changes in pathways
almost exclusively associated with the vasculature and inflammation.

APP/PS1 mice exhibit reduced vascular networks by 8 months
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Figure 6. Mouse cortices were stained with isolectin direct conjugate, which detects blood vessels and microglia. A) 2-month-old Wild type mice show
robust vascular networks throughout the cortex. B) 8-month-old APP/PS1 mice, both with and without PLD3, show distinct loss of overall vasculature.
Scale bar = 200um.

PLD3 KD ECs have altered inflammation, cell division, and metabolism-
related pathways
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Figure 7. A) PLD3 KD was validated using qPCR, and shows robust reduction compared to scrambled and untreated controls. B) Bulk-RNA seq was
performed on purified ECs and a volcano plot shows differentially expressed genes (DEGs) between scrambled and PLD3 KD groups. Genes
highlighted include genes involved in the inflammatory response and junctional stability. C) Pathway enrichment of DEGs using gene set enrichment
analysis (GSEA).

KD of PLD3 in ECs impairs barrier function of the monolayer
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Figure 8. A) Experimental Timeline. B) PLD3 KD ECs were read continuously via Electric Cell substrate Impedence Sensing (ECIS), a measure of barrier
strength. Once a stable monolayer formed, ECs were challenged with 50 ng/ml TNFa and allowed to recover for 48 hours. C) Quantification of baseline
monolayer resistance and percent recovery at the end timepoint.
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Figure 9. A) Simplified schematic of APP processing in brain endothelial cells. B) PLD3 KD ECs show
alterations in several genes involved in y-secretase activity.

PLD3 KD iPSC-ECs show increased inflammation
at rest & following inflammatory challenge
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Figure 11. A) Pathway enrichment analysis of DEGs between ECs at rest and 24 hours following 50 ng/ml
TNFa treatment using GSEA. B) GSEA for genes that are differentially regulated in PLD3 KD ECs over
controls upon treatment with inflammation. C) PLD3 KD ECs show higher secretion of IL6 and IL8 at
baseline into the conditioned medium..

Conclusions & Future Directions

*PLD3 plays an important role in APP processing and inflammatory signaling
In patients with the P.A442A variant, PLD3 splicing is altered
*APP/PS1 mice with PLD3 KO show vascular pathway alterations in the cerebral cortex,
along with reduced vascular networks in APP/PS1 mice compared to controls

*PLD3 KD ECs have altered cell division, metabolism, and inflammation related pathways at

rest and following i

nflammation

*PLD3 KD results in loss of barrier in iPSC-EC monolayers
*Future studies will investigate barrier morphology in EC monolayers following PLD3 KD, and
additional aspects of vasculature will be analyzed in APP/PS1 xPLD3 KO mice
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