Optimization of Urinary Extracellular Vesicles Analysis to
Study Kidney Disease in People with Cystic Fibrosis
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s Airway obstruction
» Infection and Inflammation
» Bronchiectasis

e Sinusitis «QP:« » Parenchymal loss

A genetic disorder that affects the lungs, kidney, pancreas,  Nasalpolyps iy
and other organs.
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 Biliary cirrhosis
» Gallstones
» Hepatic Steatosis

* Dermatitis

* Elevated sweat
Chloride
concentration

Up to 20-fold higher risk of end -stage kidney disease.

¢ Pancreatic
insufficiency

No biomarkers predicting kidney disease risk in People : g?;gg;gggc;v;;;e; o
with Cystic Fibrosis (PwCF).

* Meconium ileus (MI}

+ Constipation

+ Gastroesophageal reflux
disease (GERD)

« Distal intestinal
obstruction syndrome
(DIOS)
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Microvesicle biogenesis Extracellular Vesicle

Extracellular vesicles (EVS):
I nanosized membrane-bound particles
I secreted by the cells to the extracellular space.

I play a critical role in regulating intercellular communication
associated with physiological and pathological processes.
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Urinary EVs (UEvs) are essential tools for the crosstalk between
diverse cell populations during kidney injury, inflammation, " $%& %)%+ %, (-$.10%S.9%61%.2(/%3$ "+ 45 %€
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uEVsare reliable source of potential biomarkers associated with different
disease states.

Microvesicle biogenesis Extracellular Vesicle
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Signaling
Proteins

' The cargo is protected from urinary enzymes

§ ¢ Integrins
28, Proteins
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MVB-related
proteins

I Reflects: What is going on in the tissue!
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Exosome biogenesis

' Non-invasive liquid biopsy

I Unique tools for diagnostic, prognostic, therapeutic, and regenerative
purposes.

Our hypothesis: Specific UEV markers may identify PwCF at risk of kidney injury.
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I Differential centrifugation to separate uEVs(common procedure
to separate organelles and other particles based on
their sedimentation rate)

I Urine samples from 50 PwCFand 50 HCs.

I Differential centrifugation (4,600g and 21,00009)

I uEVseparation

I Washing with a low ionic strength buffer to remove uromodulin.

Urine
Centrifuge at
4,600g
(@8
Supernatant Cells and cell debris
: (discarded)
Centrifuge at
21,000g
Superhatant N
uEV pellet
3x washed
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Cryo-EM image of uEVswith different shapes and sizes.
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I There was no statistically significant difference in uEV'ssize and concentration
between PwCFand HCs.
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Comparison of uEVsconcentration (A) and diameter (B) in PwCFand HC.
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I 'We compared protein coverage in UEVs separated from
different starting volumes of HC urine. 25mL 50 mL

I We identified 1404 common proteins in UEV pellet
from different amount of HC's urine (1498 proteins
from 25ml urine and 1697 proteins from 50ml urine).

I We repeated the analysis under similar conditions and
achieved very high reproducibility of protein coverage.
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1 million filtering units ~ Proximal tubule

(Nephrons)

The nephrons work through a two-step ¢,

process:
Ithe glomerulus filters the blood

Ithe tubule returns needed substances

to the blood and removes wastes.
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uEV marker

Podocin

Podocalyxin

Complement receptor 1 (CR1)
Nephrin

Angiotensin-converting enzyme (ACE)
Aminopeptidase N (APN)

Cubilin

Sodium/glucose cotransporter 2 (SGLT 2)
Carbonic anhydrase (CA IV)

CD133 (Prominin 1)

Aquaporin 1 (AQP1)

Uromodulin (Tamm-Horsfall Protein)
Klotho

Prominin 2

Aquaporin 2 (AQP2)

Mucin-1

Uroplakin-1

Uroplakin-2

Mucin-1

Prostatic acid phosphatase (PPAP)
Prostate transglutaminase (TGM4)

List of UEV markers identified by proteomics characterizing different kidney cell populations *

Origin at the urinary tract

Glomerulus (podocytes)

Glomerulus/proximal tubules

Proximal tubules

Renal progenitor cells
Proximal tubules/Henle’s loop
Henle’s loop

Proximal/distal tubules

Distal tubules

Distal tubules/collecting duct
Collecting duct

Transitional epithelial cells

Epithelial cells

*ErdbrYggerU. et al. JExtracell Vesicles. 2021.
https:// doi.org/10.1002/jev2.12093
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Network of enriched pathways provides a systemic view of the
biological question under investigation.

Focal adhesion

Salmonella infection

. i . Reg. of actin cytoskeleton
Bacterial invasionSHigellosis

epithelial cells

Pathogenic Escherichia coli Endocytosi
infection ndocytosis

Tight junction
Metabolic pathways

Rap1 signaling pathway

Lysosome

Parkinson disease

Biosynthesis of amino acids
Phagosome Carbon metabolism

,,,,,,,,,,,,,,,,,,, Glutathione metabolism

i Glycolysis/Gluconeogenesis
s e Vibrio cholerae infection

Fc garnma R-tme_diated Synaptic vesicle cycle
. . . phagocytosis
Obtained from ShinyGOonline tool. iin GS. et al. Bioinformatics, 2020
It becomes a standard tool in the analytic pipeline for Omics data, https:// doi.org/10.1093/bioinformatics/btz931

It reduces the complexity

It provides a systemic view of the biological question under investigation.
Each node represents an enriched pathway.

Related pathways are connected by aline.

Bigger nodes corresponds to higher number of genes.
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KEGG pathwaymaps are graphical representations of
molecular interaction, reaction or relation networks.

COLLECTING DUCT ACID SECRETION
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Data on KEGG graph
Rendered by Pathview

KEGG pathways of tight junction and acid secretion in the collecting duct.
Proteins identified in uEVsare highlighted in red.
We will compare the uEVSO proteome PwWCF vs HCs in terms of kidney diseases)

KanehisaM. et al. KEGG: integrating viruses and
cellular organisms, NucleicAcids Research, 2021,
https:// doi.org/10.1093/ nar/gkaa970
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I ' We optimized EV isolation method from urine samples.
I 'We achieved a high reproducibility of protein coverage by proteomics analysis.

| Using this validated approach, we will compare the uEVsO proteome fromPwCF
with normal or decreased kidney function to HCs.

I We predict that our future studies will identify signatures associated with
reduced kidney function in PwCF.
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