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EC heterogeneity: Anatomy - vessel size and density
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EC heterogeneity: cellular ultrastructure

(Adapted from Nikolova and Lammert, 2003)



Organ 3D anatomy can be exceedingly complex

3D architecture is critical to function Kumar & Molitoris, 2015



Identification of vessel subtypes in the kidney
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Endothelial cells form dense plexus next to 
progenitor cells (red) during kidney development
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Examine known EC markers: Endothelial cells are heterogeneous



Transcriptional profiling of ECs by EC isolation, RNAseq & comparison

Identify kidney-enriched EC genes
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We isolated and analyzed the kidney endothelium

Daniel et al., 2019
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Recent papers on kidney vasculature

Less than 5% show expression by ISH



The kidney stroma (which includes ECs)
is very heterogeneous

Cell clusters in E18.5 mouse kidney
Interstitium re-clustered

Endothelium re-clustered

Chris Chaney
(Carroll lab)

5815 genes enriched in endothelial cells were identified



Data sourcing and analysis pipeline 

Genepaint, 
online database review

and our in situs
FISH Validation

RNA seq data 
compilation

in silico analysis
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In situ hybridization
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We must VALIDATE our gene lists



How much of what we find is useful, or even real?



Gene validation
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Transcriptomic Index based on multiple website analysis



Lots of known and novel EC genes



Gene ILA AA ila AA/EA GC PTC DVR AVR Veins Epithelia

Aqp1 ?? ?? **

Ptprb

Epas1

Tm4sf1

Irx3

Cd93

Ifi44 ?? ??

Neat1

Sgk1

Rassf9

21 probes synthesized
10 working ISHs
5 potentially 
endothelial genes
1 gene with 
convincingly 
heterogeneous 
expression

Genes identified by scRNAseq require validation  

present

Likely present

Likely absent

Absent

** Reported as present

?? Unclear – could not 
visualize



IF (Ecad endothelial over Epas1 ISH (20x)

Even if appears to be a nice vascular signal, 
is it really endothelial?

ISH

Ab



FISH Epas1 is found in 
arterial endothelial 

cells
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Heterogeneity of the valve vasculature



Papers on single cell RNAseq in ECs
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The Vasculome



Point being

Each of us is generating 
lots of EC data J

Let’s assemble it to 
generate a full map of the 
kidney vasculature!
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