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Project outline  

 

Background: Endothelial cells (ECs) form the inner lining of all blood vessels, and play a key role in 

maintaining homeostasis. However, endothelial dysfunction is a hallmark of many human diseases, 

including atherosclerosis, diabetes and hypertension, with ECs critical mediators of inflammatory 

responses. The switch from a healthy to pathological phenotype involves the concurrent repression 

of healthy arterial endothelial identity genes and activation of inflammatory and mesenchymal genes, 

therefore a clearer understanding of the mechanisms that drive this switch from healthy homeostatic 

to activated pathological endothelium is essential to identify new targets and develop novel therapies.  

 

Hypothesis: Analysis of arterial gene enhancer behaviour in response to pathological stimuli will 

identify new regulatory signalling and transcriptional pathways and provide novel targets for therapy. 

 

Key pilot data: My laboratory has recently identified and verified in vivo a group of arterial enhancers 

driving expression of arterial identity genes. These key genes are not only essential for human arterial 

identity but are also dysregulated during the development of atherosclerosis. Ongoing work in our lab 

is now using these enhancers to determine the pathways regulating arterial identity during embryonic 

development. The project proposed here will sit alongside this work, focusing on pathways involved 

in atherosclerosis .  

 

Aim 1: To examine the behaviour of different arterial identity enhancers in human arterial ECs exposed 

to pathological stimuli e.g altered flow and glucose levels, oxLDL, drivers of EndoMT and inflammation. 

Aim 2: Identify the key transcriptional regulators altering arterial gene expression in these conditions. 

Aim 3: Verify key pathways in human tissue and animal models of pathological vasculature. 

Aim 4: Fully characterize the downstream consequences of knock-down of one or more key pathways 

on endothelial cell phenotype, and investigate links to human diseases via GWAS. 

 

Description of Work: We have already identified a number of active mammalian arterial enhancers. 

These are all functionally conserved between human and mice (including active enhancer marks in 
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human coronary arterial ECs and adult mouse aorta) and drive arterial-specific patterns of gene 

expression during embryonic development in transgenic zebrafish and mice embryos. For Aim 1, we 

will transfect human ECs (immortalized human arterial ECs (telo-HAECs) and primary human coronary 

arterial ECs (HCAECs)) with arterial enhancer:GFP transgenes, and monitor their behaviour in response 

to changes in flow (using our state-of-the-art flow chamber), altered glucose levels, inflammatory 

metabolic stimuli such as TNF- and oxLDL, and during endoMT transition stimulated by TGF-. In Aim 

2, we will mix standard enhancer analysis (motif mutation, phylogenic footprinting, siRNA/CRISPR-

Cas9 knock-down of candidate regulators) with proteomics (using a label-free WT vs mutant motif 

capture approach to limit noise and maximise discovery) and chemical screens (reading out levels of 

enhancer:GFP in human cells after treatment). This will identify the key transcriptional regulators, and 

cognate signalling pathways, affecting arterial gene activity in response to these pathological stimuli, 

focusing on motifs that recur across enhancers with similar pathological responses. Key pathways will 

be verified in human disease datasets and tissue. Expression patterns will be assessed using tissue 

samples by histological analysis and interrogation of published datasets e.g. sc-ATAC and sequencing 

data from human atherosclerosis plaques as well as mouse models (e.g. artherosclerosis induced by 

AAV-mPCSK9, altering flow by partial carotid ligation) in mouse enhancer:lacZ lines already 

established in my laboratory. Lastly, in Aim 4 we will use CRISPR-Cas9 to generate human endothelial 

cells lacking the most important verified pathway(s) in order to investigate the downstream 

consequences on endothelial cell phenotype as assessed by sc-RNAseq and ATAC-seq. We will also 

investigate associations between components of key pathways and coronary artery disease associated 

loci using GWAS summary information (derived from a case-control sample size of over 1 million). 
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