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Prof. Groop and Tuomi are both leading physicians, research directors and experts in studying 

the complications of diabetes, particularly, diabetic kidney disease. They steer two of the largest 

studies of type 1 and 2 diabetes nation- and worldwide, the Finnish Diabetic Nephropathy 

(FinnDiane) and Botnia studies, which were initiated already in 1990s. These studies collect 

comprehensive clinical data and samples from tens of thousands of participants targeting to 

understand the roles of genes and environmental factors in the disease pathogenesis and to 

enable better disease classification, earlier detection and treatment. The studies have also 

contributed to understanding the impact of preanalytical factors for biomarker research. Since 

2016, prof. Groop and Tuomi have contributed to the BEAt-DKD study targeting the discovery 

of early biomarkers for diabetic kidney disease using urinary extracellular vesicles. 

  



 

 

 

 

Johan Skog, PhD, Chief Scientific Officer, Vice President 
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Dr. Skog is the Chief Scientific Officer and founding scientist of Exosome Diagnostics (now a Bio-

techne brand). He has pioneered discoveries about exosomes and other microvesicles and their 

vital roles, both as cell messengers and disease proliferators. Dr. Skog has a PhD in Gene 

Therapy and Virology and a Masters in Biomedicine from Umeå University in Sweden.  

He later moved to Massachusetts General Hospital/Harvard Medical School to study tumor 

stem cells, during which he observed the exosome vesicles and became the first to show that 

tumor-derived mutations can be detected on exosome RNA from serum and other biofluids, 

findings which were published in a seminal paper in 2008. He later also showed how these 

vesicles can be used therapeutically by incorporating gene therapy vectors into microvesicles 

as a “stealth” vector with changed tropisms. Dr Skog is the inventor of several novel exosome 

isolation platforms that are used clinically as well as exosome isolation platforms that were 

licensed to Qiagen. He continues to expand the research on exosome biology and lead critical 

advancements in diagnostics, including the world’s first exosome-based diagnostic tests that 

have now helped well over 70,000 patients. Exosome Diagnostics was acquired by Bio-Techne 

in 2018. 

  



 

 

Program Day 1 - February 15th 2023 

13:30 Welcome from the IOC 2023 

Session 1: Emerging technologies/methodologies for uEV isolation, quantification, and profiling  

13:40 Chairs:  Fabrice Lucien and Robert Myette  

13:45 Plenary Talk:  Plenary Talk:  David Greening, PhD, Molecular Proteomics Division, Baker 
Heart & Diabetes Institute, Australia, Extracellular vesicle proteome complexity and diagnostic 
potential 

Featured Abstract  

14:10 Xiao-Xiao Zhu, China, Identification of stable reference genes for relative quantification of long 
RNA expression in urinary exosomes 

14:25 Yohan Kim, USA, Automation of clinical urinary extracellular vesicle measurement using 
standardized and calibrated nanoscale flow cytometry  

14:40 Cristina Grange, Italy, Super resolution microscopy for single EV evaluation: better 
understanding of urinary EV subpopulations 

14:55 Beatriz Martín-Gracia, Norway, Ultrasensitive detection of urinary prostate cancer EVs using 
gold nanoprisms as thermal transductors in lateral flow immunoassays   

15:10    Panel Discussion:  Are EV technologies ready for the clinic?  

Moderator: Fabrice Lucien. Panelists: Leonora Balaj (USA), Edwin van der Pol 
(Netherlands), Shannon Stott (USA) 

15:40 BREAK 

Session 2: Urinary EV collection, handling and storage  

16:10 Chairs: Maija Puhka and Martin Van Royen 

16:15 Plenary Talk: Elena Martens-Uzunova, Department of Urology, Rotterdam, The Netherlands, 
Quality collection and biobanking for urinary EVs 

Featured Abstract 

16:40 Karina Barreiro, Finland, Capturing the kidney transcriptome by urinary EV – impact of 
cryostorage temperature and EV isolation 

16:55 Adele Tanzi, Italy, Urinary Extracellular vesicle preservation using a non-toxic dialdehyde 
fixative 

17:10 Jenni Karttunen, Finland, Identification of the most stable and vulnerable - Impact of 
preanalytical variables on the uEV miRNome 

17:25 Andres Lõhmus, Estonia, Tangential-flow filtration provides an easy and robust method for the 
isolation of urinary EVs with high yield and purity index 

17:40 Introduction of the Keynote: Maija Puhka 

17:45 Keynote:  Prof. Per-Henrik Groop, MD, DMSc, Professor of Internal Medicine, Department of 
Nephrology, and Tiinamaija Tuomi, MD, PhD, Associate professor, Institute for Molecular 
Medicine Finland FIMM, University of Helsinki. Considerations for long-term biomarker 
studies – focus on diabetic kidney disease  

18:30 Panel Discussion: How to improve the quality of uEV research? 

Moderator: Maija Puhka. Panelists: Peter Yuen, Elena Martens-Uzunova, Per-Henrik 
Groop, Tiinamaija Tuomi 

19:00 Closing Day 1: IOC 2023  



 

 

Program Day 2 - February 16th 2023 

  

13:30 Welcome from the IOC 2023 - Wrap up Day 1 

Session 3: Roles of urinary EVs in (patho)physiology  

13:40 Update from the Urine Task Force of the Rigor and Standardization Subcommittee of ISEV:  
looking ahead (Uta Erdbruegger and Metka Lenassi) 

13:50    Chairs: Cristina Grange and Per Svenningsen 

13:55 Plenary Talk: Laura Perin, Division of Urology, University of Southern California, USA. In vitro 
and in vivo model to study kidney disease 

Featured abstract 

14:20 Song-Tao Feng, China, Profiling long RNA transcriptome and tracking cell origin for urinary 
extracellular vesicles  

14:35 Samantha Upson, USA, Daily variability of urinary extracellular vesicles in healthy subjects 

14:50 Qian Chen, UK, Characterisation of urine small extracellular vesicles from normal pregnancy 
and early-onset preeclampsia 

15:05 Danilo Bondi, Italy, Biophysical and biomolecular uEVs signatures distinguish inactive versus 
endurance-trained male adults  

15:20 Panel Discussion: Are uEVs waste or functional?  

Moderator: Benedetta Bussolati. Panelists: Lin-Li Lv, Ewout Hoorn, Per Svenningsen, 
Kenneth Witwer 

15:50 BREAK 

Session 4: Urinary EV as biomarkers in human health and disease 

Chairs: Janne Leivo and Uta Erdbruegger 

16:25 Plenary Talk: Francesc Enric Borras Serres  IGTP  and Nephrology Department, University 
Hospital Germans Trias i Pujol (HUGTiP), Spain. Urine Biomarker discovery for kidney fibrosis: 
a long & winding road 

Featured abstracts 

16:50 Amanda Khoo, Canada, Proteomic characterization of uEVs identifies uEV-specific protein 
signatures for improved risk stratification in localized prostate cancer 

17:05 Mei He, USA, Isolation and Characterization of Urinary Extracellular Vesicles from Bladder 
Cancer Patients 

17:20 Irene Bijnsdorp, The Netherlands, Detecting prostate cancer in urinary EVs making use of the 
surface proteome of (cancer) EVs  

17:35 Loic Steiner, Sweden, The immunomodulatory role of Extracellular Vesicles in Urinary Bladder 
Cancer and their use as a clinical prognostic tool 

17:50 Introduction of the Keynote: Fabrice Lucien 

17:55 Keynote: Prof. Johan Skog, USA, Chief Scientific Officer and Vice-President at ExosomeDx. 
Exosome biomarkers: from bench to bedside 

18:40 Panel Discussion: Which EV cargo is the better biomarker?  

Moderator: Janne Leivo. Panelists: Johan Skog, Dylan Burger, Irene Binjnsdorp, Juan 
Falcón-Pérez 

19:10 Closing Day 2: IOC 2023 and Award ceremony  
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Featured Abstract Presentations 

 

Identification of stable reference genes for relative quantification of long RNA 
expression in urinary exosomes 
 
Xiao-Xiao Zhu, Song-Tao Feng, Xin Zhong, An-Ran Shen, Bi-Cheng Liu, Lin-Li Lv 
Lin-Li Lv, lvlinli@seu.edu.cn 
Institute of Nephrology, Zhongda Hospital, Southeast University School of Medicine Nanjing, 
China 
 
Introduction：Urinary exosomes are rich in valuable biomolecule information which are 
increasingly recognized aspotential biomarkers for a variety of diseases. Urine-derived 
exosomal long RNAs are among the critical cargos capable of providing unique transcriptome 
information of the source cells.However, consensus regarding ideal reference genes forrelative 
long RNA quantification in urinary exosomes is not available as of date. Here we aimed to 
explore stable reference genes through profiling the long RNA expression by RNA-seqfollowing 
unsupervised analysis and validation studies.  
Method：First-morning urine was collected from 14 healthy controls (HC), 16 patients with 
diabetes mellitus (DM), and 10 patients with diabetic nephropathy (DN). Urinary exosomes 
were isolated and applied tonext generation sequencing (NGS). Candidate reference genes were 
identified using four algorithms: NormFinder, GeNorm, BestKeeper, and the Delta Ct method, 
followed by validation in urinary exosome samples from diseases of urinary system(n=163),the 
stability of candidate genes were also evaluatedin renal tissues(n=145)and plasma exosome 
samplesofdifferent cancers(n=857).  
Results：RNA-seq data identified a similar number of long RNAs across all subjectswith a total 

of 19497 genes overlapped in 3 groups, no significant alteration of long RNAs numbers and 
distribution was observed. Gene ontology (GO) analysis showed thattop common genes were 
associated with translation, ribosomal composition, protein and RNA binding. Next, 10 
candidate reference genes (RPL18A, RPL11, RPL27, RACK1, RPSA, RPL41, H1-2, RPL4, GAPDH 
and RPS27A) were identified byfour algorithms. To validate the performance of those candidate 
reference genes, their expression level and stability were analyzedby RT-PCR.RPL41 was 
prominent as the most reliable endogenous normalizer, followed by RPSAand 
RPL18Awhichshowed higher expression levels and stability compared to traditional reference 
genes, GAPDH andβ-actin. Theperformanceof those 3 reference genes were further validated in 
primary renal diseases, IgA nephropathy (IgAN), membranous nephropathy (MN) as well 
ascommon urinary malignances, prostate cancer and renal cell carcinoma. Interestingly, the 3 
candidate genesalso outperformed traditional reference genesin IgA nephropathy (IgAN) and 
prostate cancer. However, the referencegenes showeddifferential expressionin MN patients 
and less stable compared to GAPDH andβ-actinin renal cell carcinoma. Finally, the expression 
stability of candidate reference genes in the originated tissues and plasma exosomes was 
analyzed. RPL41 again showed greater stability in renal tissuesof DN and IgAN, as well asin 
plasma exosomes of severalcancers. 
Conclusion：Urinary exosomes contained abundant long RNAs information and the  
dominant genes were related to translation and ribosomal composition. Our study identified 
RPL41 as the most reliable reference genes for long RNA quantification in urinary exosomes, 
followed by RPSA and RPL18A. The reference genes identified in this study may facilitate 
development of urinary exosomal biomarkersand increasethe accuracy and comparability of 
biomarker studies. 
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Automation of clinical urinary extracellular vesicle measurement using standardized 
and calibrated nanoscale flow cytometry  

1Yohan Kim, 2Ishwor Thapa, 3Edwin van der Pol, 1Ali Arafa, 1Cameron Britton, 1Shelly Song, 
2Hesham Ali, 1R. Jeffrey Karnes, 1Fabrice Lucien 

1Department of Urology, Mayo Clinic, Rochester, Minnesota, US 

2College of Information Science and Technology, University of Nebraska at Omaha, US 

3Department of Biomedical Engineering and Physics, Amsterdam University Medical Centers, 
Amsterdam, The Netherlands 

 

Urinary extracellular vesicles (uEVs) constitute promising biomarkers for urologic 
malignancies. EV flow cytometry (EV-FCM) is a suitable method to quantify levels of EVs 
directly from urine. However, the clinical use of EV-FCM requires a standardized and 
reproducible method. In this study, we established a standard operating procedure for rapid 
and objective quantification of prostate-derived uEVs (Prost-uEVs) using calibrated flow 
cytometry and computer-driven data analysis.  

Urine samples from 6 healthy donors and 85 patients with prostate cancer were prospectively 
collected using institutional review board approved protocols. Using our optimized multiplex 
antibody-uEV labeling strategy, Prost-uEVs were labeled with anti-PSMA and anti-STEAP1 
antibodies and enumerated using the Apogee A60-MicroPlus nanoscale flow cytometer. An 
automated gating model, written in R programming language, transformed flow cytometry data 
to hyperbolic arcsine and detected dense background noise by ‘Kmeans’ clustering. Based on 
the slopes of the density plots around the cluster locations, polygon boundaries were generated 
to select target EVs for each file. 

Comparing to manual data processing from experts in EV-FCM, computer assisted-data 
processing generated similar concentrations of PSMA+ and STEAP1+ EVs in an unbiased and 
faster manner (less than 30 minutes spent for the analysis of FCS files from total 91 urine 
samples). Both processes resulted in significant differences in Prost-uEV levels between 
healthy donor and locPCa patients: levels of PSMA+ EVs and STEAP1+ EVs from locPCa patients 
was significantly higher (>100-fold, p<0.0001 and >60-fold, p<0.0001 respectively) than 
healthy donors.  

This study provides reproducible clinical uEV measurement using EV-FCM and automated data 
analysis. This work will serve as framework for the future development of uEV-based liquid 
biopsies in human diseases such as prostate cancer. 
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Super resolution microscopy for single EV evaluation: better understanding of urinary 
EV subpopulations 

Cristina Grange1, Renata Skovronova2, Diego Prudente2, and Benedetta Bussolati2 

1Department of Medical Sciences, University of Turin, 2Department of Molecular Biotechnology 
and Health Sciences, University of Turin; Turin, Italy. 

 

The knowledge in the EV field is leveraging on the recent advances in the nanotechnologies that 
allow single EV evaluation, such as super resolution microscopy, nano flow cytometry, and 
single EV capture arrays. Ideally, the development of single vesicle analyses will allow 
correlation of the type of EV-releasing cell with its cargo, opening new frontiers in the 
understanding the EV biology.  

We applied super resolution microscopy for the analysis of urinary EVs in the context of renal 
pathophysiology. uEV sub-populations were identified by the co-expression of renal markers 
from different nephron segments such as Aquaporins, with Klotho, a potential biomarker of 
renal damage.  

We observed a decreased in klotho levels in urinary EVs of paediatric patients. Of interest, the 
quantification of Klotho levels revealed a significantly higher expression of Klotho in urinary 
EVs from healthy subjects compared with urinary EVs from patients with cardiac 
abnormalities, suggesting that uEV characterization and Klotho expression might predict pre-
clinical renal damage. 

Moreover, in urinary EVs, renal stem cell markers were studied with super resolution 
microscopy for predicting renal outcome after kidney transplant. The levels of CD105, CD133 
and SSEA-4 progressively increased in transplanted patients and were able to predict the 
recovery of renal function. These markers are characteristic of proliferating 
mesenchymal/stem cells and immune cells which may be involved in the reparative ability of 
the kidney. 

Analysis of marker expression on biofluid derived-EVs will be fundamental for the application 
of EVs as biomarkers for human pathologies.  

References 

1) Grange, C., & Bussolati, B. (2022). Extracellular vesicles in kidney disease. Nature reviews. 
Nephrology, 18(8), 499–513. 

2) J. Burrello, S. Monticone, A. Burrello, S. Bolis, C. Cristalli, G. Comai, V. Corradetti, C. Grange, 
G. Orlando, M. Bonafè, G. La Manna, L. Barile, B. Bussolati, Identification of a serum and 
urine extracellular vesicle signature predicting renal outcome after kidney 
transplant, Nephrology Dialysis Transplantation, 2022. 

3) Erdbrügger U, Blijdorp CJ, Bijnsdorp IV, Borràs FE, Burger D, Bussolati B, Byrd JB, Clayton 
A, Dear JW, Falcón-Pérez JM, Grange C, et al. Urinary extracellular vesicles: A position paper 
by the Urine Task Force of the International Society for Extracellular Vesicles. J Extracell 
Vesicles. 2021 May;10(7):e12093. doi: 10.1002/jev2.12093 

4) Grange C, Papadimitriou E, Dimuccio V, Pastorino C, Molina J, O'Kelly R, Niedernhofer LJ, 
Robbins PD, Camussi G, Bussolati B. Urinary Extracellular Vesicles Carrying Improve the 
Recovery of Renal Function in an Acute Tubular Injury Model. Mol Ther. 2020 Feb 
5;28(2):490-502.  
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Ultrasensitive detection of urinary prostate cancer EVs using gold nanoprisms as 
thermal transductors in lateral flow immunoassays  

 

Beatriz Martín-Gracia1,2,3, Carlos Cuestas-Ayllón1, Valeria Grazú1, María Moros1, Alicia 
Llorente2,3 and Jesús M de la Fuente1  

1-Instituto de Nanociencia y Materiales de Aragón (INMA), CSIC/Universidad de Zaragoza, C/ 
Pedro Cerbuna 12, Zaragoza, Spain  

2- Department of Molecular Cell Biology, Institute for Cancer Research, Oslo University 
Hospital, Oslo, Norway  

3- Centre for Cancer Cell Reprogramming, Faculty of Medicine, University of Oslo, Montebello, 
0379 Oslo, Norway  

According to the global cancer observatory (GLOBOCAN), 1.414.259 new cases of prostate 
cancer (PCa) and 375.000 related-deaths were registered worldwide in 2020. Due to this, the 
development of sensitive, versatile and robust biosensors for differentiating between different 
stages of PCa represents an urgent need in the management of this disease. The fact that 
extracellular vesicles (EVs) are a molecular fingerprint of the cells of origin and that are present 
in biofluids like urine, makes EVs a very interesting source of biomarkers for PCa diagnosis and 
follow-up.  

Currently, working with EVs involves in many cases their purification and characterization 
through time consuming and relatively inefficient techniques. A relatively unexplored method 
to analyse EVs is lateral flow Immunoassays (LFIA). These assays are especially useful as point 
of care diagnostic tools, as they can be used by an unskilled operator to detect low amounts of 
analyte. In this work, we propose the development of an ultrasensitive LFIA biosensor based 
on the use of gold nanoprisms (AuNPrs) as thermal labels. This method takes advantage of the 
interesting optical property of AuNPrs that allows them to transform light into thermal energy 
when they are irradiated with a light source.  

For this purpose, AuNPrs were smartly functionalized with antibodies to detect PCa urinary 
EVs targeting canonical EVs biomarkers (CD63 or CD9) or the prostate-specific membrane 
antigen (PSMA). The biosensor consists on a sandwich immunoassay where anti CD63 is 
immobilized on anitrocellulose strip as capture antibody, and anti-CD63, anti-CD9 or anti-
PSMA coated AuNPrs act as the detection system. LFIA assays were performed using pools of 
purified EVs derived from urine of healthy donors and PCa patients. By irradiating the AuNPrs 
with a laser, we have been able to detect amounts of EVs from PCa patients lower than 10e7 
EVs/ml, thus increasing the sensitivity compared to classical LFIA were non-thermal labels are 
used. Finally, we were also able to differentiate between pools of urinary EVs derived from 
healthy donors and PCa patients. 
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Capturing the kidney transcriptome by urinary EV – impact of cryostorage temperature 
and EV isolation 

Karina Barreiro1,2, Om Prakash Dwivedi1, Harry Holthöfer1,3, Tiinamaija Tuomi1,4,5,6, Per-Henrik 
Groop5,7,8,9, Maija Puhka1,2 

1. Institute for Molecular Medicine Finland FIMM, HiLIFE, University of Helsinki, Finland. 

2. Institute for Molecular Medicine Finland FIMM, EV and HiPrep Core, University of Helsinki, 
Finland. 

3. III Department of Medicine University Medical Center Hamburg-Eppendorf, Germany. 

4. Lund University Diabetes Centre, Department of Clinical Sciences, Lund University, Sweden 

5. Folkhälsan Institute of Genetics, Folkhälsan Research Center, Finland. 

6. Endocrinology, Abdominal Centre, Helsinki University Hospital, Finland. 

7. Department of Nephrology, University of Helsinki and Helsinki University Hospital, Finland. 

8. Research Program for Clinical and Molecular Metabolism, Faculty of Medicine, University of 
Helsinki, Finland. 

9. Department of Diabetes, Central Clinical School Monash University Melbourne VIC, Australia. 

Urinary extracellular vesicles (uEV) are hectically explored as non-invasive biomarkers of 
genitourinary tract health and diseases. However, lack of guidelines to handle urine and uEV 
hinders experimental design e.g. Can urine samples stored at -20°C be used for any kind of uEV 
transcriptomics? In addition, the effect of isolation workflows on miRNA and mRNA sequencing 
is underexplored and proper comparison between studies is therefore difficult. We have 
previously assessed some of these questions (Barreiro et al. 2020; Barreiro et al. 2021). Here, 
based on those datasets, we further analyzed the i) Relevance of downregulated miRNAs in 
urines stored at -20°C in terms of association to kidney diseases, ii) Ability of uEV isolation 
workflows (ultracentrifugation (UC), hydrostatic filtration dialysis (HFD), and kit based 
isolation method) to capture kidney enriched miRNAs (miRNATissueAtlas2) and mRNAs 
(Human Protein Atlas), iii) Ability of our UC workflow to capture top miRNAs expressed in 
kidney and urine and miRNAs associated with diabetic kidney disease (DKD). 

Our study revealed that most of the downregulated uEV miRNAs (23 out of 29) derived from 
urines stored at -20°C were not detected at all (raw counts= 0) and that most of them were 
associated with diverse kidney diseases. Moreover, -20°C samples retained only low expression 
levels for the top 40 miRNAs expressed in kidney (only 29 were detected in our samples). The 
isolation method comparison showed that the kit-based method could not capture kidney-
enriched genes as well as UC and HFD. However, all the workflows could capture 36 out of the 
top 40 miRNAs expressed in kidney even if with different expression levels. Finally, we found 
that our UC workflow could capture several of the top 100 urine and kidney expressed miRNAs 
(74% and 59% respectively) as well as 36% and 57% of the DKD miRNAs selected based on 
literature about kidney tissue and uEV/urine, respectively. Interestingly, healthy individuals 
and individuals with type 1 diabetes and macroalbuminuria could be separated by the 
literature-defined uEV/urine-disease associated miRNAs using hierarchical clustering. 

Since miRNAs highly expressed in the kidney or associated with kidney disease are poorly 
represented or lost in samples stored at -20°C, these samples cannot be recommended for 
sequencing applications. Despite of the overall correlation between miRNA expressions from 
different uEV isolation methods, differences in the expression of top kidney expressed miRNAs 
should be taken into account when comparing studies using different isolation workflows. Our 
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UC isolation showed to capture a rich representation of the kidney miRNAs and showed 
encouraging results regarding the replication of previous DKD marker studies. 

Barreiro, K., O. P. Dwivedi, G. Leparc, M. Rolser, D. Delic, C. Forsblom, P. H. Groop, L. Groop, T. B. 
Huber, M Puhka, and H. Holthofer. 2020. 'Comparison of urinary extracellular vesicle isolation 
methods for transcriptomic biomarker research in diabetic kidney disease', J Extracell Vesicles, 
10: e12038. 

Barreiro, K., O. P. Dwivedi, S. Valkonen, P. H. Groop, T. Tuomi, H. Holthofer, A. Rannikko, M. 
Yliperttula, P Siljander, S. Laitinen, E. Serkkola, T. Af Hällström, C. Forsblom, L. Groop, and M. 
Puhka. 2021. 'Urinary extracellular vesicles: Assessment of pre-analytical variables and 
development of a quality control with focus on transcriptomic biomarker research', J Extracell 
Vesicles, 10: e12158. 
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Urinary Extracellular vesicle preservation using a non-toxic dialdehyde fixative  

Adele Tanzi1, Cristina Grange2, Sarah Tassinari1 and Benedetta Bussolati1  

1Department of Molecular Biotechnology and Health Sciences, and 2Department of Medical 
Science; University of Torino, Italy;  

Abstract  

Urinary extracellular vesicles (uEVs) have shown to be a promising source of potential 
biomarkers of disease of the kidney, bladder and urogenital tract. However, to standardize the 
use of uEVs for clinical application, rigorous methods for urine storage, uEVs isolation and 
preservation are necessary. The use of preservative for urine is a potential solution to this issue. 
Indeed, mixing urine with a preservative would guarantee a longer stability of the samples, 
therefore allowing numerous advantages, including the drastic reduction of microbial 
overgrowth risk and an easier managing of the transport from clinic to laboratories.  

In the present study, we used new dialdehyde fixative (GAF, Addax Biosciences) combining high 
fixative and nucleic acid preservation ability of aldehydes and lack of toxicity/carcinogenicity 
typical of formalin use (Bussolati et al., 2017). Experiments tested the effect of GAF in stabilizing 
EVs within healthy subjects’ urine samples, comparing different conditions (at 4 °C and at room 
temperature) and different timepoints. uEV surface markers and uEV RNA stability are 
evaluated for the quality and the integrity of samples. Surface marker expression was analyzed 
by flow cytometry with MACSPlex exosome kit, revealing a similarity in the expression levels of 
the tetraspanins, as well as of the typical uEV surface markers CD133 and CD24. The urine 
samples preserved with GAF did not show aspecific signals, suggesting the lack of interfering 
effects of the preservative. No infectious events were observed. Moreover, studies comparing 
the uEV-RNA stability in samples with/without preservative addition are ongoing.  

Although further studies are needed, GAF represents a promising urine preservative to be used 
for uEV analysis.  

Reference  

Bussolati, G., Annaratone, L., Berrino, E., Miglio, U., Panero, M., Cupo, M., Gugliotta, P., Venesio, 
T., Sapino, A., & Marchiò, C. (2017). Acid-free glyoxal as a substitute of formalin for structural 
and molecular preservation in tissue samples. PloS one, 12(8), e0182965.  
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MicroRNAs carried by extracellular vesicles (EVs) are promising biomarker candidates for 
many urinary tract related diseases. Still, especially with biobank samples, the collection 
parameters can vary and cause unwanted background effects on the results. Here we used a 
large, small RNA sequencing dataset to evaluate the miRNA expression profile changes with 
several preanalytical variables. Comparison included samples from two clinical studies of 
diabetes in Finland, DIREVA and FinnDiane, with different although typical collection schemes. 
DIREVA urine samples were collected overnight (ON) and centrifuged before freezing, whereas 
the FinnDiane samples were 24h urine collections without initial centrifugation. In addition, 
FinnDiane included 12 paired samples where both ON and 24h urines were collected from the 
same individuals and during the same day. The EV isolation and small RNA sequencing process 
was the same for all samples: EVs were isolated using differential centrifugation, RNA was 
isolated with Qiagen miREasy mini kit and small RNA sequencing was performed by low in-put 
methods. Alignment to miRbase was performed using the COMPSRA pipeline. First, we used 12 
paired samples to compare ON versus 24h urine collection time. Two miRNAs were 
significantly differentially expressed (DE): miR-375 and mir-200b-3p. Next, we compared all 
samples from individuals with type 1 diabetes between the two cohorts (total 72 samples) and 
found 25 DE miRNAs with Log2 fold change > 0.5. Previously our group has pinpointed 14 
stable miRNAs from uEV that could be used as normalization controls (Barreiro et al., 2021). 
We studied further their stability in this dataset: using two technical comparisons presented 
here and differential expression analysis between individuals with diabetes at different stages 
of diabetic kidney disease. Out of the 14 miRNAs, 6 remained stable also in these comparisons. 
Our data demonstrate that the sample collection and preprocessing have some effect on the 
uEV miRNA profile. We pinpointed several miRNAs that are especially vulnerable to these 
changes. In addition, we present 6 stable miRNAs across several studies that have the potential 
to be used as normalization controls in urine EV miRNA experiments. 
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Urine as an abundant and easily obtainable biofluid is a convenient source of extracellular 
vesicles in physiological and pathological conditions. The pool of urinary extracellular vesicles 
(uEVs) is contributed to by many tissues, but is dominated by nanoparticles from the urogenital 
tract. They have special relevance in the context of disease diagnosis, prognosis and response 
to therapy. The concentration of uEVs in urine is relatively low resulting in comparatively large 
volumes of urine necessary for sufficient uEV yield for downstream analysis. Isolation of uEVs 
is often performed by ultracentrifugation, size-exclusion chromatography (SEC), or in a 
combination of these. Ultracentrifugation is time consuming and costly while SEC is 
inconvenienced by sample dilution and requires subsequent sample concentration. Therefore, 
there is demand for simpler and faster uEV isolation methods.  

Here we address the pre-analytics of urine and present an easy and robust method, based on 
tangential-flow filtration (TFF), to concentrate uEVs. The process takes minutes to complete, 
allowing for buffer exchange and recovery of intact nanoparticles ready for downstream 
applications. The resulting particles have similar size distribution to EVs from non-
concentrated urine, show significantly increased expression of tetraspanins and display other 
biomarkers characteristic for EVs. Importantly, the process results in significant reduction of 
Tamm-Horsfall protein concentration without the use of EDTA or DTT. Additionally, buffer 
exchange with PBS provides uEVs with high purity index. We compare the TFF-based uEV 
concentration method to SEC, focusing on yield, uEV characteristics and hands-on time. 
Although TFF-based concentration is highly scalable and could be used for large-scale isolation 
of uEVs, we envision that it could be also down-scaled and applicable to biobanked urine 
samples. Additionally, as urine remains a challenging matrix for EV isolation by affinity 
methods, TFF-based pre-purification and concentration protocol could provide a convenient 
solution for preparing urine both for direct analysis with a targeted strategy with bulk and 
single vesicle analytical methods or for subsequent immuno-affinity enrichment of target EV 
subpopulations.  

Funding: EIC FET PROACT ID 951768 “MARVEL” 
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Aims: Extracellular vesicles (EVs) are membrane structures identified as one of the important 
fractions of urine. Urine extracellular vesicles (uEVs) are readily isolated and represent a 
promising source of biomarker discovery for diseases of urinary system and others. However, 
the organ and cellular origin of uEVs and its transcriptome profile remain unclear.  

Methods: In the present study, urinary small EVs were isolated by differential centrifugation 
and long RNA sequencing was performed on a total of 40 subjects, including renal biopsy-
verified diabetic nephropathy (DN, n=10), type 2 DM (T2DM, n=16), and healthy controls (Ctrl, 
n=14). The organ and cellular origin of uEVs was genetically tracked by a published 
mathematical model (EV-origin) based on the transcriptome characteristics which was further 
validated by Nano flow cytometry (nFCM) as well as renal tissue immunofluorescence. The 
transcriptome profiling of uEVs was systemically analyzed and its correlation with renal tissue 
expression was also explored.  

Results: Regarding the species of long RNAs, mRNA constituted about 40.47% of total mapped 
reads, while lncRNA and circRNA accounted for 15.55% and 29.73% respectively. EV-origin 
model showed uEVs predominantly originated from the bladder [0.742 (0.687, 0.854)], 
followed by prostate (male) [0.339 (0.117, 0.467)], and the kidney [0.115 (0.054, 0.274)]. In 
patients with kidney injury (DN), the absolute abundance of sEVs from kidney was significantly 
increased. In terms of the cellular origin from renal nephrons, collecting duct epithelial cells are 
the primary source in healthy subjects. In patients with DN, the relative proportion originated 
from the proximal tubules and Henle loops increased significantly while the proportion was 
decreased for collecting duct and distal tubules, which were validated by nFCM and renal 
immunofluorescence.  

Next, the transcript characteristics and function of uEVs were further explored. Gene ontology 
analysis revealed that “extracellular exosome”, “cell surface” and “extracellular matrix” are the 
main terms associated with the constitution of EV. Reactome pathway analysis identified 
enrichment of the “immune system”, “extracellular matrix organization” as well as “degradation 
of extracellular matrix”. Importantly, GSEA revealed the high similarity of transcriptome 
pathways between uEVs and renal tissues in DN.  

Conclusions: In conclusion, this study provides a landscape transcriptome profile as well as 
the origin of uEVs especially in conditions of renal injury. Urinary EVs hold a great potential in 
reflecting the transcriptome characteristics of renal tissue which is of significance for 
understanding the pathogenesis of renal disease and biomarkers discovery. 
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Background: Urinary extracellular vesicles (uEVs) have been shown to parallel physiologic 
and pathologic processes in the kidney and are being investigated for diagnostic potential. 
However, their excretion rate over a 24 hour time frame is not known. Since circadian 
expression could be critical for biomarker determination we plan to quantify particle and EV 
secretion in urine through 24-hour collection of individual voids in 14 healthy individuals. 

Methods: Every void during a 24-hour period for 14 healthy individuals,,. A 24-hour collection 
sample was created by combining 20% of each void for a total of 100 voids (114 with artificial 
pooled 24 hours) with an average of 8.14 voids per individual. Creatinine concentration in each 
void was determined using Jaffe's assay. EVs were separated from urine with differential 
centrifugation to remove cells and debris and washed with a low ionic strength buffer to 
remove uromodulin. Nanoparticle(NP) count and sizing was performed on each final pellet 
using an NTA instrument (ZetaView PMX-120; Particle Metrix). Paired t-tests were used to 
evaluate whether any individual void was significantly different from the 24-hour pooled 
sample, defined as p<0.05. 

Results: Median diameter of NPs varies within and between individuals, with a maximum at 
220.10 nm and a minimum at 102.40 nm, throughout the day but the pattern of variability is 
not statistically significant (p=0.626). NP concentration normalized to creatinine varies within 
and between individuals for a maximum of 1.47e14 particles/gram to a minimum of 1.43e12 
particles/gram but the temporal pattern of excretion variability is not statistically significant 
(p=0.251). While the daily variability for the 14 individuals does not have a significant pattern, 
a subset of 4 individuals have lower NP concentration normalized to creatinine over the day. 
NP concentration is positively and significantly correlated with increasing creatinine 
concentration (p<2.2e-16). 

Conclusion: No significant differences in uEV(particle) concentration or median diameter were 
found between any individual voids in a 24-hour collection and the 24-hour artificial sample. 
While uEV concentration exhibits 100-fold difference between individuals within time periods, 
the range of variation does not seem to significantly differ since variability patterns need to be 
determined. Further studies are needed to dissect the mechanisms of uEV size differences and 
variability of uEV protein cargo, e.g. of tubular or glomerular origin. 
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Background: Urine small extracellular vesicles (usEV) have been utilised as biomarkers to 
diagnose various diseases. In preeclampsia, the glomerular filtration rate (GFR) reduces by 
32% compared to normal pregnancy (NP) which implicates impaired glomerular filtration 
barrier (GFB) function. The urine sEV profile can change due to the impaired GFB functions. 
The aim of this study is to characterise the urine sEV in NP and early-onset preeclampsia 
(EOPE) to discover potential biomarkers.  

 

Methods: Spot urine from normal pregnancy and early onset preeclampsia (EOPE) from the 
third trimester were collected. NaCl or ZnSO4 were added to urine for 2hs at room temperature 
to eliminate uromodulin (a known contaminant). Urine was ultracentrifuged at 10,000g to 
isolate medium/large EV (m/lEV) and then at 150,000g for sEV. The characterisation of usEV 
was performed by western blot, nanoparticle tracking analysis (NTA) and transmission 
electron microscopy (TEM). MACSPlex exosome kit was applied to NP (n = 6) and EOPE (n = 6) 
usEVs to detect the expression of 37 exosomal surface epitopes.  

 

Results: Compared to ZnSO4, NaCl was a better method to eliminate uromodulin in urine with 
minimal impact on the expression of EV markers. Urine sEV from NP and EOPE expressed EV 
markers including CD63, CD9, Alix, Syntenin, TSG101 and lacked the negative marker 
cytochrome c. usEV showed a characteristic cup shape under negative staining in TEM and had 
a mean size distribution of (189.5±1.4 nm) detected by NTA. Immuno-phenotyping using the 
MACSPlex exosome kit revealed 10 antigens that were consistently detected out of 37 antigens 
tested in both EOPE and NP usEVs. There was no antigen exclusively detected either in EOPE 
or NP usEV. However, higher fluorescence intensity was detected for the antigens CD29, 
CD133/1, CD326, HLA-ABC and HLA-DRDPDQ in EOPE usEV compared to NP indicating the 
impaired GFB functions in EOPE.   

 

Conclusion: Our data confirmed usEV as a minimally invasive biopsy can be used as a readout 
reflecting quantitative and qualitative changes in GFB in EOPE and NP.  
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Sports engagement is a lifestyle factor resulting in a plethora of biological adaptations. In the 
last years, extracellular vesicles carrying active biomolecules have emerged as powerful 
vehicles of the molecular transducers of physical efforts. Among the biological matrices, urine 
represents a non-invasive biofluid for several biomarkers in physiology and pathology, along 
with its ever-expanding representation in EVs research. Nevertheless, uEVs are currently 
absent in exercise physiology studies. To provide a piece of evidence, we analyzed 13 triathletes 
of age 47±9 years, BMI: 24.1±1.8 kg/m2, and waist-to-height ratio (WtHR) 0.48±0.04 vs a 
control group (n=13, physically inactive; age: 42±3 years; BMI: 27.6±2.6 kg/m2; WtHR: 
0.56±0.05), all males. Urinary exosomes were isolated with ultracentrifugation steps. 
Successively, morphological analysis was carried out by a Dynamic Light Scattering (DLS) 
procedure, Transmission Electron Microscopy (TEM), and Atomic Force Microscopy (AFM). 
The Zeta potential (ZP) of pooled samples was measured. The molecular cargo was assessed by 
means of 9 purine metabolites and 11 miRNAs, quantified through HPLC analyses and qRT-PCR, 
respectively. The daily intake of food was obtained by food diaries, whose data were computed 
through a linked online database. Two networks were constructed with 20 nodes (BMI, WtHR, 
guanosine, 11 miRNAs, energy and water intake, and 4 purine-rich food groups); edges 
consisted of non-parametric correlation coefficients (with the requirement of rho>0.24 and 
alpha<0.05), and edge density was calculated. 

TEM and AFM images showed a marked differential structure, with triathletes' uEVs having a 
prototypal small ball shape, while those of inactive people were bigger, with greater surface 
roughness, and characterized by a spheroid-like shape with an aspect ratio of 2. Similar results 
between IN and TR groups, around –25 mV, were found for ZP. 

Among the purine metabolites, guanosine was the only one consistently detectable, with no 
differences when comparing the 2 groups. Among the non-coding miRNAs, miR-27a-3p had a 
lower ΔCt in the IN group (p<0.001, Hedges g=2.18), as miR-378a-5p (p<0.001, g=1.00), and 
miR-92a-3p (p<0.001, g=1.69); instead, ΔCt was lower in the TR group for miR-133a (p<0.001, 
g=2.55), miR-206 (p<0.001, 2.05), miR-34a-5p (p<0.001, g=2.70), and miR-23a-3p (p<0.001, 
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biserial r=0.858); in most cases WtHR, BMI, and age had only slight, if any, influences on such 
differences. The network of IN group had a greater edge density than TR (7.9% vs 6.3%) and 
was characterized by guanosine as the most connected node. 

All in all, the effects of long-term sports activities result in evident differences in the 
morphofunctional and cargo properties of urinary EVs. The fact that miRNAs predominantly 
released by muscles were found in urinary EVs pellets opens novel perspectives on the 
possibility of uEVs as a source of biomarkers beyond the urinary tract. These bioactive 
molecules present in urinary extracellular vesicles along with guanosine can be used as a 
signature for metabolic status along with the shape and roughness of urinary EVs, novel 
informative parameters rarely considered. 
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Prostate cancer (PCa) is the most common cancer in men and can be detected early through 
screening of asymptomatic men. Most PCa are indolent at time of diagnosis but current 
prognostic protocols do not accurately predict disease aggression and clinical outcome, limiting 
optimal patient management. For example, high serum prostate-specific antigen levels could be 
indicative of metastatic cancer or benign prostatic conditions, while needle biopsies are 
invasive and under-sample the prostate, resulting in uncertainty of cancer grading. We 
hypothesize that proteins in urine collected after a digital rectal exam (post-DRE), and urinary 
extracellular vesicles (uEVs), can serve as predictive biomarkers to improve non-invasive 
detection and risk stratification of localized PCa.  

From a cohort of 190 treatment-naïve patients spanning the risk spectrum of PCa, we isolated 
two subsets of post-DRE uEVs using ultracentrifugation and filtration at 20,000 g (P20) and 
150,000 g (P150) which we characterized using shotgun mass spectrometry, totalling 444 
samples, most with matched urine and uEVs. We quantified a total of 6,023 proteins in uEVs 
and 4,155 proteins in urine. Using nanoparticle tracking analysis and transmission electron 
microscopy, we found substantial overlap in vesicle size between P150-uEV and P20-uEV, with 
larger vesicles (400-1000 nm) being a minor population in the P20 fraction. However, there 
were vast differences in the protein cargo - P20-uEVs contained more proteins and were 
enriched in proteins originating from the mitochondria, while P150-uEVs were enriched in 
plasma membrane proteins and exosome biogenesis pathways. Unsurprisingly, the proteomes 
of P20-uEVs and P150-uEVs were very similar to each other (Spearman’s ρ=0.70), but 
surprisingly, P20-uEVs more closely reflect PCa tissue (Spearman’s ρ=0.67) compared to P150-
uEVs (ρ=0.48) and urine (ρ=0.28).  

By comparing the urine and EV proteomes of patients with PCa and benign prostatic 
hyperplasia, we identified 792 and 1,476 proteins that were enriched in P150- and P20-uEV 
PCa patients compared to benign patients, of which 423 were P20-uEV-unique and 451 were 
P150-uEV-unique. This suggests that there is a subset of tumor-derived proteins contained in 
post-DRE uEVs, and that there is tremendous value in 1) isolating uEVs from urine and 2) using 
post-DRE urine if the main goal is to identify proteins in fluid that can distinguish patients with 
PCa vs. benign conditions at diagnosis.  

Finally, we built a biomarker discovery pipeline using machine learning to identify the most 
informative proteins in each uEV fraction that can 1) distinguish patients with PCa and benign 
conditions, and 2) classify patients with low- and intermediate- or high-grade PCa, and 
identified uEV-specific signatures that can accurately classify PCa and benign conditions (AUC 
0.96-0.97) and aggressive disease (AUC 0.80-0.86) 
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Muscle invasive bladder cancer (MIBC) has been the deadliest subtype among 81,000 new cases 
of bladder cancer yearly in America. To diagnose bladder cancer, patients will undergo a work-
up inclusive of a urologic evaluation, radiographic imaging with a CT scan, urinalysis, and 
cystoscopy. Many efforts have been made to replace this intensive procedure. Urinary 
extracellular vesicles (EVs) are the promising alternative. EVs, particularly nanosized exosomes 
(50 to 200nm), are the membrane lipid bilayer nanoparticles from endocytic origin, which 
carries various components (Protein, nucleic acid, glycans, lipids etc.) indicating the cancer 
initiation, progression, and metastasis. Thus, EVs are great resources for multi-omic 
investigation on specific biomarkers for diagnostic and prognostic analysis of MIBC.  

Recently our research group introduced a novel 3D-structured nanographene 
immunomagnetic particles (NanoPoms) with unique flower pom-poms morphology and photo-
click chemistry for specific marker defined capture and release of intact small EVs. Herein, we 
used NanoPoms to isolate EVs from MIBC patient urines with healthy individuals and 
noninvasive bladder cancer patients as the control group. The NanoPoms were preassembled 
with CD9, CD63 and CD81antibodies. The tetraspanin expression from EV surface was utilized 
by using antibody capture to bind to EVs and subsequent light-controlled release to collected 
intact EVs. The purified EVs were characterized by NTA (ZetaView, Particle Metrix) for 
measuring size and concentration. The extracted proteins and total RNAs were characterized 
by microBCA assay as well as the PCR. The extracted total EV RNAs were sequenced by NovaSeq 
6000 for identifying biomarker fingerprints specific to MIBC. The quality of purified EVs 
showed high homogeneity and purification consistency. We expect to identify urinary EV-based 
molecular fingerprints for detection of MIBC and predicting their therapeutic response. The 
ability to predict best responses to NAC could significantly improve oncological outcomes and 
decreased effects on patients’ quality of life. 
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Prostate cancer (PCa) cells secrete extracellular vesicles (EVs), that are detectable in urine. 
However, in urine EVs are present from other organs, masking the cancer signal. For an 
accurate diagnosis, it is key to specifically measure the number and/or cargo of PCa-associated 
uEVs. To capture cancer uEVs, an understanding of the EV surface proteome is needed. The 
study aimed to investigate the PCa specific-EV surface proteome in vitro to identify novel 
potential markers for the development of a non-invasive urine-based detection method. 
Ultracentrifuge-isolated EV-proteins surface proteins were cleaved into peptides by incubating 
them with trypsin. EV integrity after trypsinization was evaluated using electron microscopy 
(EM) and FACS and was considered to be not affected. EVs from a 5-cancer-cell line panel (PCa 
(n=5); Colorectal cancer (n=4); Cervical cancer (n=3); Lung cancer (n=3), Bladder cancer (n=2) 
were exposed to trypsin. The cleaved surface peptides were quantified using LC-MS/MS-
proteomics. To explore the clinical relevance, uEV protein profiles were measured of prostate 
(n=15), lung (n=15), colorectal (n=15), cervical (n=15) bladder cancer patients (n=6), and 
controls (n=15). EV integrity and number were not affected by trypsinization. We identified 
>1500 proteins at the surface of cancer-EVs. Importantly, heat shock proteins (HSP) were 
enriched in all cancer-EV-types, indicating that HSP-based EV isolation potentially enriches for 
cancer-EVs. In addition to vesicle-related and metabolic proteins, intracellular DNA/RNA-
binding proteins such as nuclear and ribosomal proteins were detected at the surface. Several 
PCA-specific surface EV proteins were enriched in uEVs of PCa patients. Interestingly, these PCa 
enriched surface-proteins are involved in DNA/RNA-binding. Two surface proteins were 
measured with ELISA and showed a decreased expression in PCa patients, in a cohort of 32 uEV 
samples. In conclusion, the identified PCa specific EV surface proteome provides novel insights 
that might ultimately translate to a non-invasive detection method for PCa. 
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Urinary Bladder Cancer (UBC) is the 4th most common cancer type in men and is associated 

with a poor survival rate. At the time of diagnosis, about one 3rd of detected cancers are already 

muscle-invasive and start invading other organs. While the mechanisms driving invasion are 

not yet fully understood, there is also a need for biomarkers to improve the detection and care 

of patients at an early stage of the disease. Due to their abundance in urine, extracellular 

vesicles (EVs) are ideal biomarker candidates for UBC to provide early insights about the status 

of the cancer.  

We isolated EVs from urine of 40 bladder cancer patients by tangential flow filtration and 

ultracentrifugation, and further characterized their protein composition using Proximity 

Extension Assay (Olink, immuno-oncology panel).  

The EV proteomic signature greatly differed compared to healthy age-matched controls, 

indicating the great potential of EVs as a novel non-invasive biomarker to detect UBC. 

Furthermore, pairwise comparison was performed with matched whole urine (not enriched for 

EVs), which revealed specific proteins solely detected in isolated vesicles, strengthening the 

rationale of focusing on EVs for biomarker discovery. Additionally, a more in-depth analysis 

revealed differences in the EV protein profile between patients at an early or late stage of the 

disease. A distinct signature was also identified, and correlated with clinical data such as 

invasiveness or response to chemotherapy, providing a prognostic tool to improve the clinical 

care of patients. 

Furthermore, the analysis highlighted differences in the immunomodulatory profile of EVs that 

were investigated in vitro. PBMCs or isolated monocytes were stimulated with EVs and we 

identified an immune-suppressive effect of muscle-invasive-derived EVs compared to non-

invasive EVs. 

Taken together, these results suggest a potential of using EVs as biomarkers and prognostic 

tools for UBC. Moreover, their immuno-modulatory effect highlights a potential mechanism of 

immune evasion in aggressive cancers. 
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Urinary extracellular vesicles as a source of protein biomarkers in urothelial cancer: a 

proteomics approach to uncover differentially expressed proteins distinguishing 

aggressive tumours 
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Introduction: Extracellular vesicles (EVs) are increasingly recognized as major players in 

cancer progression and a potential source of cancer biomarkers in liquid biopsies. Study of 

biomarkers isolated from EVs in urine are likely to circumvent the lack of sensitivity and 

specificity of current urothelial cancer urinary biomarkers. Herein, we sought to uncover novel 

putative urothelial cancer biomarkers using proteomic analysis of urinary EVs (uEVs) content. 

Methods: uEVs were isolated from morning voided urine urothelial cancer patients (n=14) by 

differential centrifugation, and characterized by transmission electron microscopy (TEM), 

Western blot (WB), and nanoparticle tracking analysis (NTA), according to ISEV guidelines. 

Patients were stratified into distinct groups by histopathological grade, according to the 2004 

WHO classification, later updated in 2016, and by clinicopathological risk assessment according 

to the established classification of 2021 by the European Association of Urology. Criteria for 

selecting the most relevant proteins included those differentially or exclusively enriched 

between groups (P<0.05) and expressed in more than 2/3 of the subjects of each group. 

Results: NTA revealed EVs quantity and size, whereas TEM confirmed EVs size and expected 

morphology. WB confirmed the presence of EV-related proteins. In the search for differentially 

expressed proteins in EVs of high versus low grade urothelial cancer, 19 were significantly 

altered (n=16 overrepresented in high grade and n=3 exclusively detected in low grade 

samples).  When comparing high versus low-risk urothelial cancer patients, EVs load was 

enriched for 25 proteins in high-risk samples while 2 where exclusively present in low-risk 

samples. These results are currently being confirmed by WB. Interestingly, most of the 

differentially altered proteins enriched in High Grade/High Risk samples are associated with 

metabolic processes. 

Summary/Conclusion: Proteomic analysis of uEVs provided a robust non-invasive means to 

uncover novel biomarkers of urothelial cancer aggressiveness, revealing several proteins 

differentially loaded onto uEVs among subjects with distinct clinicopathological features of 

aggressiveness. Further validation studies will add to the classification of risk status and 

prediction of pathological grade on biopsy and contribute to patient cancer progression 

monitoring considering the protein-loaded profile of uEVs in these patients. 
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Urinary extracellular vesicle associated lipoarabinomannan: a new sensitive marker for 

active tuberculosis detection 

Ahana Byne, Rocio Cornero, Marissa Howard, Barbara Birkaya, Amanda Haymond, Fatah 

Kashanchi, Lance Liotta, Alessandra Luchini 

George Mason University, USA 

Lipoarabinomannan, a glycolipid component of the Mycobacterium tuberculosis (Mtb) cell wall, 

is an important determinant of immunogenicity, and it has been recently validated in clinical 

studies as a marker of active tuberculosis infection. LAM is known to be present on culture Mtb 

infected eukaryotic cell extracellular vesicles, and LAM presence was confirmed in EVs of serum 

from tuberculosis patients. We have found that urinary EVs are a new source of LAM as a 

diagnostic biomarker. Urine is a convenient non-invasive biofluid that collects and integrates 

molecular information over many hours yielding a higher abundance of diagnostic molecules 

than blood. We conducted a clinical study showing that urine measurement of Mtb LAM 

achieved high sensitivity and specificity (0.90; 95% CI: 0.87-0.93, 90% sensitivity, 73.5% 

specificity, at a cut off of 80 pg/mL) in patients with active pulmonary and extrapulmonary 

(pleural, meningeal, laryngeal, bone, and ganglionic tuberculosis) tuberculosis (N=430), in 

absence or presence of co-morbidities (HIV and diabetes). Patients and controls were accrued 

from five different countries: Peru, Guinea Bissau, Venezuela, Uganda and the United States. 

Structural variations of LAM influenced its diagnostic performance. Epitope 5-methylthio-D-

xylofuranose (MTX)-mannose (Man) was less influenced by glycosuria and identified culture 

positive pediatric (N=19) and extrapulmonary (N=24) patients with high accuracy (ROAUC 

0.87, 95% CI:0.77-0.98, 0.90 sensitivity 0.80 specificity at 80 pg/mL; ROAUC = 0.96, 95% 

CI:0.92-0.99, 96% sensitivity, 80% specificity at 82 pg/mL, respectively). We are in the process 

of characterizing what class of urinary EVs contains LAM in patients with culture positive 

tuberculosis, and to evaluate what other Mtb molecules are associated with LAM-EVs.  Of 

particular interest are differences in LAM carbohydrate structure and, in particular, in the 

nonreducing terminal arabinan of LAM, that have important implications in prognosis, disease 

stage, immunogenicity, and diagnosis.  
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ADPKD is characterized by an intracellular calcium depletion that belongs to deficient activity 

of polycystins 1 or 2 which, in turn, stimulates cAMP production and inhibits its degradation. 

However, the behavior of the cAMP in the disease progression is not completely elucidated. EVs 

are released from different cells and play an essential role in cell-to-cell communication. The 

urine EVs could be an accessible tool to measure intracellular parameters such as cAMP. The 

gold standard for EVs isolation is a 200,000xg ultracentrifugation, a method that is not 

currently accessible for clinical laboratories. 

Therefore, our objective was to isolate urine EVs by both a commercial precipitation (CPM) and 

adapted-centrifugation methods (ACM) and determine cAMP contain. Fresh morning urine 

specimens from 4 ADPKD patients and 4 age-matched controls were collected. Supernatant of 

2000xg centrifugation was 4 times concentrated with Amicon column with 10 kD pore size 

prior to CPM procedure. ACM was performed by equalizing time and speed (50,000xg for 4h at 

4°C) with respect to ultracentrifugation, and included an enrichment step using membrane 

filters (0.22 um) and 200 mg/ml of dithiothreitol. EVs were characterized by electron 

microscopy and dynamic light scattering, respectively. Protein and total RNA content were 

measured by Bradford and UV absorbance at 260 nm, respectively. cAMP content in EVs was 

measured by the radioligand binding assay. EVs isolated by both methods were characterized 

as spherical, 30-150 nm in diameter. Protein content in ACM was 0.9-1.3 ug/ul, 9±1 times than 

the CPM (0.09-0.15) whereas total RNA was similar. Exosomal marker CD63, evaluated by flow 

cytometry, showed 60 ± 16 % of positive particles in ACM. We verify that EVs contain cAMP by 

both methods. cAMP quantification in EVs isolated by ACM was 94 ± 13 pmol, showing a 22 ± 2 

fold more recovery than CPM. 

In conclusion, both methods presented here recovers particles that fulfill conditions of EVs in 

urine, and ACM showed an enrichment in cAMP that could improve future studies. The delivery 

of cAMP in EVs unravels a new venue in the activation of renal cAMP-vasopressin pathway and 

suggest a relevant role of the cell-cell communication in ADPKD. 
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Background: Kidney injury can be observed in up to 40% hospitalized patients with 

coronavirus disease-19 (COVID-19), where about 20% of them require renal replacement 

therapy. Thus, we hypothesized if alterations in urinary extracellular vesicles (uEVs) could be 

detected in the early phases of renal injury and may be reflective of the inflammatory process. 

In parallel, we investigated possible associations between these biomarkers and COVID-19 

severity. Methodology: This is an observational study performed with a case series of COVID-

19 hospitalized patients presenting mild-to-critical disease attended at the Hospital 

Universitário Antônio Pedro (Niterói, Rio de Janeiro, Brazil) during April to July 2020. Urine 

samples were obtained during the first week of hospitalization. Total (Annexin V+) and 

podocyte-derived (Annexin V+ Podoplanin+) uEVs were identified by nanoscale flow 

cytometry. Urinary levels of 48 immune mediators were measured by a multiplex 

immunoassay. Results: We studied 36 patients, where (66.7%) had a mild/moderate disease 

and 12 (33.3%) were considered as severe/critical COVID-19. Overall, we observed increased 

levels of total uEVs (P=0.0001) in patients with COVID-19. Importantly, total uEVs were 

significantly higher in severe/critical patients who underwent hemodialysis (P=0.03) and were 

able to predict this clinical outcome (AUC 0.93, P=0.02). Moreover, severe/critical patients also 

presented elevated urinary levels (P<0.05) of IL-1β, IL-4, IL-6, IL-7, IL-16, IL-17A, LIF, CCL-2, 

CCL-3, CCL-11, CXCL-10, FGFb, M-CSF and CTAcK. Lastly, we observed that total uEVs were 

associated with urinary immune mediators. Conclusion: Our results show that early 

alterations in urinary EVs could identify patients at higher risk of developing renal dysfunction 

in COVID-19. This could also be relevant in different scenarios of systemic and/or infectious 

disease.  

Keywords: COVID-19, hemodialysis, urine, extracellular vesicles, cytokines 
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Exosomes are extracellular vesicles released by all cell types. Its urinary excretion can be used 

as a marker of renal tubular injury, as in acute kidney injury associated with sepsis, 

nephrotoxins. However, few studies have proven the origin of exosomes excreted in the urine. 

This work aims to compare the clearance of beads similar to exosomes with the clearance of 

inulin, a substance excreted in the urine only by glomerular filtration. This strategy aims to 

determine whether the urinary exosomes come from the kidney itself or from systemic origin, 

through glomerular filtration and/or tubular secretion. Wistar rats were anesthetized, 

submitted to an intrajugular injection of inulin (10%) or fluorescent beads (0.1%). Serum and 

urine samples were collected before (initial) and up to 2h (final) after the beginning of the 

experiment. The calculation of clearance was determined by quantification, using 

spectrophotometry and nanoparticle tracking analysis (NTA), of the concentration of inulin, 

creatinine or fluorescent beads in serum and urine samples. The beads obtained commercially 

had a diameter of 97 nm consistent with the average diameter of exosomes. There was no 

significant difference between creatinine clearance in the period before (1.21 ± 0.06 mL/min) 

or after (1.96 ± 0.34 mL/min) the experimental period in the beads group, suggesting that the 

procedure did not change significantly reduced kidney function. At the end of the experiment, 

bead clearance was significantly lower (0.006 ± 0.001 ml/min) when compared to inulin 

clearance (1.49 ± 0.53 ml/min), suggesting that exosome-like particles are poorly filtered. 

Additionally, we identified the fluorescent beads both in the glomerulus and in the peritubular 

space, demonstrating their presence in the kidney. This work suggests that the exosomes 

excreted in the urine come from the urinary system itself, reinforcing its potential as a 

biomarker of kidney disease. 

 

Keywords: Exosomes; Acute Kidney Injury; Biomarker; Inulin Clearance. 
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Background– Bladder cancer (BlCa) ranks as the 10th most diagnosed cancer worldwide. 

Although urine cytology and cystoscopy being the current gold standard for BlCa diagnosis, 

both present low sensitivity detecting low-grade and small tumors. Besides, biomarkers for 

BlCa prognosis are still lacking. Several studies have shown the potential of urinary EV-derived 

miRNAs as biomarkers for BlCa. Thus, we aimed to unveil and test urine EV-derived miRNAs as 

BlCa detection and prognostic biomarkers.  

Methods– EVs’ were isolated from 9 mL of urine using an optimized differential 

ultracentrifugation protocol and characterized western-blot, nanoparticle tracking analysis, 

and electron microscopy. Urine samples from healthy donors and BlCa patients were profiled 

for 768 miRNAs using the TaqMan Low-density Arrays (TLDAs) technology. The miRNAs that 

presented the highest fold changes between biogroups, were tested in 20 healthy donors and 

99 BlCa patients, using droplet digital PCR.  

Results–The presence of EVs was confirmed by all performed characterization methods. TLDAs’ 

unveiled 29 miRNAs with differentially levels between healthy donors and BlCa patients. A 

panel combining miR-2022b* and miR-2022c* showed 54.55% sensitivity and 85% specificity 

in detecting BlCa. Low-grade patients that recurred presented high levels of miR-2022b* at 

diagnosis time. Interestingly, miR-2022a* and miR-2022c* higher levels associated with 

patients’ improved disease-specific survival (DSS), while miR-2022b* higher levels were 

predicted adverse DSS.  

Conclusion– Urinary EV-derived miRNAs demonstrated to be valuable biomarkers for BlCa 

detection. Additionally, the tested miRNAs hold great potential as prognostic biomarkers, 

which may guide decision making in patients’ treatment as well as subsequent monitoring.  

*Fictitious name for intellectual property protection  
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Kidney transplantation is the best renal replacement therapy for patients with end-stage 

kidney disease in terms of survival rates, cost-effectiveness and patients’ quality of life. 

However, chronic processes after kidney transplantation are still unsolved and gradual 

accumulation of extracellular matrix, leading to fibrosis, is a main cause of allograft loss.  

Current analytical parameters such as serum creatinine, the glomerular filtration rate and 

proteinuria do not reflect fibrotic lesions and renal biopsy (RB), the gold standard to monitor 

renal fibrosis, has major limitations in terms of invasiveness, reproducibility and whole organ 

representation, thus being suboptimal for repeatedly patient monitoring.  

In this context, analyses of urinary extracellular vesicles (uEV) emerged as source of 

biomarkers to overcome most of the biopsy limitations. Among other possible biomarkers, 

special interest has been placed on miRNA. However, quantifying several miRNAs using real-

time quantitative PCR (qPCR) may be challenging. Digital droplet (ddPCR) emerged as an 

alternative showing higher technical sensitivity, reproducibility and accuracy, enabling 

absolute quantification of the targets of interest even in samples with limited abundancy. 

Here, we set up the optimal parameters for a digital droplet PCR (ddPCR) of up to 10 miRNAs 

related to renal fibrosis identified by our group, in a small cohort of kidney-transplanted 

patients and using only 1mL of urine as source of EVs. The preliminary results of this approach 

will be discussed. 
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Early disease detection is a key determining factor for the burden of treatment, the chance of 

cure and the costs of care. We are investigating the potential of periodic, personal miRNA 

profiling in urine for early detection of cancer and cardiovascular diseases.  

A complication in studying early disease biomarkers is the lack of sample cohorts, as patients 

mostly present themselves at the hospital, where samples are taken for research, at a later stage 

of a disease when physical symptoms have become apparent. To solve that problem, we are 

conducting the Urimon study in which a large cohort of healthy people is periodically donating 

blood and urine that is processed and stored in the Stibion biobank. A percentage of these 

people become sick during participation and their samples then truly capture the early stages 

of disease.  

Obtaining periodic sample series that catch the onset of disease also offers the opportunity to 

personalize biomarker measurements by taking personal baseline values at health into account. 

Our final envisioned product is a periodically performed personalized multi-disease early 

detection test.  

Despite a body of literature on miRNA analysis from urine, there is no consensus on the optimal 

laboratory procedures. Therefore, we are first optimizing urine processing and storage, as well 

as miRNA isolation and library preparation to achieve robust and reproducible microRNA 

profiling. Furthermore, we are investigating the importance of EVs in determining reproducible 

urinary microRNA profiles. We use the previously established IsoSeek method from the Pegtel 

lab (van Eijndhoven et al., 2021) as a starting point for our research.  

The outline and progress of the Urimon study and results from the optimization research will 

be presented and discussed. 
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The transcriptome detected from urinary extracellular vesicles (uEV) has proved a useful tool 

to detect diseases of the urogenital system. The methods for uEV transcriptome profiling, 

however, often require manual RNA extraction, multiple steps and technically challenging 

protocols for low-input sample preparation prior to next generation sequencing. These 

methods are not high throughput, and can lead to RNA loss and biased RNA profiles. To 

overcome these problems, we subjected uEV from individuals with type 1 diabetes to test an 

RNA extraction free and semi-automated sample preparation scheme to assess human 

transcriptome panel of HTG EdgeSeq covering 19.398 mRNAs. We compared the transcriptome 

panel to an established low-input RNA sequencing protocol as well as two uEV concentration 

methods (ultracentrifugation (UC) vs ultrafiltration combined with UC), 30 ml vs 70 ml urine 

volumes and sample preparation with and without RNA pre-extraction.  

We found that the extraction free transcriptome panel workflow was able to detect all of the 

panel genes and this number was comparable or even higher than with the established RNA 

sequencing protocol. Across different individuals, the two methods commonly detected 

~10.000 genes as well as thousands of unique genes per method and individual. The panel 

method worked equally well with uEV derived from 30 ml and 70 ml urine samples and both 

uEV concentration methods. However, thousands of genes failed to be detected when using pre-

extracted RNA samples.  

Our data show that HTG EdgeSeq chemistry is suitable for whole transcriptome profiling of uEV. 

The simplified workflow and potential for higher throughput sample processing and for robust 

detection of the panel genes can enable high impact uEV mRNA research. 
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Idiopathic Nephrotic Syndrome (iNS) is one of the most common causes of glomerulopathy in 

children. There has been an increased focus on reactive oxygen species (ROS) in podocytes as 

drivers of proteinuric disease. Newer biomarkers for podocyte injury include large 

extracellular vesicles (LEV), which are 0.1–1.0um vesicles shed from cell membranes under 

stress. The aim of our study was to investigate the potential of urinary LEVs as biomarkers in 

iNS, and to characterize LEV release using cultured podocytes exposed to toxins in vitro.  

We analyzed urine samples from a prospective cohort enrolling children 1-18y with iNS. 

Podocyte specific LEV were quantified using flow cytometry and nanoparticle tracking (NTA). 

Human immortalized podocytes (hPod) were used in cell culture experiments. Puromycin 

aminonucleoside (PAN; 25 ug/mL; 24 hours) and lipopolysaccharide (LPS; 25 ug/mL; 24 

hours) were used as podocyte toxins.  

We analyzed 28 paired relapse and remission samples from 14 patients. Median [IQR] podocyte 

LEVs were significantly lower in remission (0 LEVs/mmol of Cr [0, 14.7x103]) vs. nephrosis 

22.8x103 LEVs/mmol of Cr [IQR 1.11x103, 74.6x103] (p<0.01). Urine protein to creatinine ratio 

predicted elevated LEVs (p=0.01). In hPod cells, PAN treatment resulted in a 2.5-fold increase 

in hPod LEVs (p=0.03) while LPS caused a 3.5-fold increase (p=0.0004). The impact of PAN and 

LPS treatment on LEV production was abrogated with inhibitors of ROS generation, N-acetyl 

cysteine, 4-OH-Tempol and MITO-Tempo.  

In summary, LEV appear to be a new biomarker of iNS relapse, and their levels can differentiate 

disease status. hPod show similar characteristics when treated with common podocyte toxins, 

and ongoing studies aim to characterize this further. 
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Urinary EVs (uEVs) are an interesting source of biomarkers, reflecting alterations occurring in 

renal tissue. 3D glomerular models under perfusion could be useful to study cell-released EVs 

in a pathophysiological context and to investigate molecular mechanisms of diseases.    We here 

screened a panel of urinary EV miRNAs previously related to diabetic nephropathy (DN) in type 

2 diabetic patients stratified on proteinuria levels. We specifically identified two miRNAs, 

miR145 and miR126, that specifically increased in urinary EVs during DN progression and 

correlated with proteinuria levels.  

In parallel, we assessed whether EV miRNA levels could correlate with alterations in glomerular 

cells undergoing fibrotic changes using an in vitro diabetic-like model. In particular, we used a 

glomerular model of TGF-β1-induced glomerular damage within a three-dimensional perfusion 

system, and analyzed EVs released from the podocytic and endothelial compartments. 

Podocytes undergoing epithelial to mesenchymal transition released EVs containing increased 

miR145 and miR126 levels. At the same time, miR126 levels were reduced in EVs released by 

glomerular endothelial cells, paralleling data of the literature. This work highlights a 

modulation of miR126 and miR145 during the progression of kidney damage in diabetes as 

biomarkers of epithelial to mesenchymal transition. 
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Amniotic fluid surrounding the developing fetus is a complex biological fluid. The fetal urinary 

origin of amniotic fluid is underlined by the almost complete lack of fluid in pregnancies 

characterized by fetal kidney agenesis. We here characterized term amniotic fluid EVs in terms 

of surface marker expression possibly related to their cell of origin. EVs appeared to be a 

heterogeneous population expressing markers of renal, placental, epithelial and stem cells. 

Moreover, we compared amniotic fluid EVs from normal pregnancies with those of 

preeclampsia, a hypertensive pregnancy disorder affecting up to 8% of pregnancies worldwide. 

An increase of endoglin expressing EVs was observed in preeclamptic amniotic fluid by bead-

based cytofluorimetric analysis and confirmed using a chip-based analysis. At a functional level, 

preeclampsia derived EVs but not normal pregnancy EVs showed an anti-angiogenic effect, 

possibly due to the decoy effect of endoglin. In addition, several miRNAs were differentially 

expressed in EVs derived from PE-EVs and directly related to angiogenesis modulation. Our 

results provide a characterization of term amniotic fluid EVs, supporting their origin from foetal 

and placental cells. In preeclampsia, the observed anti-angiogenic characteristics of amniotic 

fluid EVs further supports their pathogenic role. 
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Introduction and Objective: A congenital cause of bladder outlet obstruction in boys is posterior 

urethral valves (PUV). Almost all patients develop some form of bladder dysfunction, resulting 

in ongoing injury to the kidneys that may progress to chronic kidney disease in the more severe 

cases. Current management relies on monitoring of renal function. We hypothesize that 

microRNAs (miRNA) derived from urinary small extracellular vesicles (sEV) reflect the 

physiological status of the urinary tract (UT) and may serve as real-time indicators of UT injury.  

Methods: We have undertaken an IRB approved prospective study. Spot urine samples are 

collected for each patient at least once a year, excluding samples with active infections. Patients 

(1-18 yrs) with PUV were stratified into clinical categories based on severity of their UT 

involvement. Patients with genital pathology and a normal UT serve as negative controls. sEVs 

were isolated from the urine by ultracentrifugation and total RNA extracted with a portion of 

the EVs reserved for characterization by nanoparticle tracking analysis and immunoblotting. 

Next-generation small RNA sequencing and differential expression analysis was performed. RT-

qPCR was used to verify the expression of candidate miRNAs.  

Results: A total of 76 PUV Patients and 35 controls have been enrolled in the study, with 244 

urine samples collected. Principle component analysis of the most variable miRNAs 

demonstrated a clear clustering of the patients in the moderate/severe category compared to 

the patients with mild disease and non-PUV controls. We have identified 61 miRNAs that were 

upregulated and 45 miRNAs that were downregulated in the moderate/severe patients (≥ 1.5-

fold, P ≤ 0.05). We selected 4 miRNAs to analyze further by RT-qPCR and confirmed the 

decreased expression of miRNA-30a-5p in moderate/severe cases (>5-fold, P ≤ 0.01).  

Conclusions: This study demonstrates that differential expression analysis of EV-associated 

miRNAs comprises a feasible biomarker strategy for assessing PUV-related UT injury. Ongoing 

studies seek to further validate these findings. The development of a noninvasive urinary assay 

for a set of predictive miRNA biomarkers will enhance our ability to care for patients with PUV. 
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A novel affinity method based on membrane-sensing peptides (MSP)1 for the pan-selective 

isolation of urinary extracellular vesicles (uEVs) is hereby presented. MSP targeting the EV 

membrane were stably anchored to paramagnetic microbeads by conventional His-tag 

chemistry, and directly incubated in minimally pretreated s

of bead suspension in 1mL of urine sample). Only two subsequential centrifuges at 3000g for 

15min2 were applied prior to isolation, and, after beads recovery, intact uEVs were released by 

a mild treatment with a magnesium dichloride solution. Samples were then analyzed by Single 

Molecule Array (SiMoA) assays to provide high sensitivity quantification of common EV-

associated markers (monitoring of CD9, CD63 and CD81 signals), as well as to analyze the 

released particles in comparison to the starting sample. Nanoparticle Tracking Analysis (NTA) 

was performed to check the size-distribution of the isolate uEVs, and Western Blot was applied 

to monitor the possible presence of uromodulin (THP) as contaminant. In summary, we 

observed that a highly efficient capture-and-release of uEVs propaedeutic to their analysis can 

be performed following an easy, timesaving, and robust protocol from 1mL of minimally 

pretreated urine. For the sake of comparison, our protocol was compared to reported standards 

in uEV isolation and concentration, such as ultrafiltration (UF)3, possibly coupled with size-

exclusion chromatography (SEC). Overall, we envision that the application of MSP as 

panselective molecular tools for uEV isolation may find broad application in the urine analytical 

workflow.  
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ABSTRACT: The incidence and prevalence of fungal infections have increased, and it is 

important to study the mechanisms that involve the biology of pathogenic fungi for a better 

understanding of the pathogen-host interaction. Cryptococcosis and paracoccidioidomycosis 

are systemic mycoses caused by fungi Cryptococcus neoformans and Paracoccidioides 

brasiliensis, respectively. extracellular vesicles (EVs) consist of spherical lipid bilayers 

produced by eukaryotes, archaea, and bacteria. In pathogenic fungi, EVs can carry virulence 

factors and other important molecules, thus playing an important role in pathogenesis and 

immunobiological interaction. Despite a vast literature related to the production of 

extracellular vesicles by fungal pathogens, there are still few clinical studies characterizing and 

showing the role of these vesicles in the course of the disease in vivo. Thus, we propose to 

identify EVs present in serum and urine samples from patients with cryptococcosis and 

paracoccidioidomycosis. It was possible to observe that the VEs from the serum samples 

infected by C. neoformans and P. brasiliensis showed mean concentrations of 5.39x1011 

particles/mL and 1.44x1012 particles/mL, respectively. On the other hand, EVs from urine had 

mean concentrations of 1.22x1011 particles/mL and 7.95x1010 particles/mL, respectively. 

Thus, the results lead us to infer the presence of EVs in the clinical samples of these patients 

with fungal infections, which was demonstrated for the first time by this study.  

KEYWORDS: Extracellular vesicles (EVs); fungal infections; clinical trials. 
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Background: Kidney transplantation is the treatment of choice for patients with end-stage 

kidney disease. During transplantation, urinary extracellular vesicles (uEVs) might reflect the 

kidney allograft status in the perioperative period. Here, we aim to identify donor uEV based 

on human leucocyte antigen (HLA) mismatching with the recipient to identify transplant-

derived uEV as a donor-specific marker. 

Methods & Results: Urine samples were collected from 12 HLA-class I A2+ healthy donors and 

12 HLA-A2- kidney transplant recipients (KTR) before transplantation. Using an isolation-free 

imaging flow cytometry (IFCM) protocol, we quantified CD9 and HLA-A2 colocalizing 

(CD9+/HLA-A2+) uEVs. IFCM readouts were corrected for isotype control staining and 

detergent lysis to ensure reliable EV detection. In kidney donor and recipient urine, 

concentrations of CD9+/HLA-A2+ uEVs were comparable, 0.6. ± 1.8 × 107/ml and 1.0 ± 0.3 × 

107/ml respectively. False positive detection of HLA-A2+ uEVs in HLA-A2- recipient urine was 

not addressed by alternative HLA-A2 antibody with another clone and protocol optimizations, 

such as diluting the HLA-A2 antibody or urine samples and using the high gain model of IFCM 

to increase the detection sensitivity. In order to explore the physiology of HLA-class-I in uEV, 

compared with plasma EVs, urine and plasma samples were stained for HLA-class-I (heavy 

chain). To exclude a possible matrix effect from urine: 1) uEVs were purified using 

ultracentrifugation (UC), 2)a spike-in experiment was performed to incubate B cell-derived EVs 

(positive control as HLA-ABC+ EVs) in the urine. Opposite on plasma, CD9+/HLA-class-I+ uEV 

could not be identified in whole urine or UC isolates. The spike-in for 8 hours at 37°C revealed 

a detectable level of CD9+/HLA-class-I+ EVs in the urine (3.5 × 106/ml before, 3.1 × 106/ml 

after spike-in, dilution adjusted). 

Conclusion: Donor-specific HLA-class I cannot be used to identify donor-derived uEV, likely 

due to an undetectable level of HLA-class-I+ EV from urine. Urine matrix different from the 

environment in vivo is not the reason for the absence of HLA-class-I+ uEV. Identifying donor-

specific uEVs requires further advances to recognize transplant-specific uEV and associated 

markers in urine. 

 


