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• Urological tumors: epidemiology & chalenges

• MiRs

• Blood circulating miRs for urological tumors detection

• uEvs’ miRs in Bladder cancer



Urological tumors: epidemiology and clinical burden

- 2020: ~2 126 400  estimated  cases ( + 649 689 TC)

- Overall, urologic tumors are the most common group of human tumors



Urological tumors: Clinical challenges

• Early diagnosis
• Disease monitoring
• Treatment selection
• Prognosis

• Early diagnosis
• Overtreatment
• Disease monitoring
• Detection of residual

disease and relapses

• Early diagnosis
• Oncocytoma identification
• Treatment selection
• Disease monitoring
• Prognosis

• Overdiagnosis & 
overtreatment 

• Treatment selection
• Disease monitoring
• Prognosis



Noncoding RNA (ncRNA)

Ramalho-Carvalho et al., 2016 



Sequeira et al.  Cancers, 2021

Circulating miRNAs are promising tumor biomarkers

Created with BioRender.com

Circulating cell-free RNA (cfRNA):

(mRNA, microRNA, lncRNA)



https://doi.org/10.3390/ijms241813890

TCGA
n= 1765 samples

P value threshold < 0.001; Overexpression ratio > 5 in tumor vs. normal & > 2 (other urological 
& other major cancers breast/colorectal/lung cancers

49 miRNAs displayed significantly higher levels  in urological cancers



https://doi.org/10.3390/ijms241813890

IPOPORTO’S COHORT



Critical parameters for biomarker discovery project based on cell-free microRNA from plasma

1. Minimize cellular content in plasma

Standard operation procedure

RNA

RNA isolation

2. Assess the hemolysis levels in plasma

Blondal et al., 2013



OD414nm >0.2 high level of 
hemolysis 

Discard samples 
when seeking for 

circulating 
miRNAs 

biomarkers

Absorbance peak of free hemoglobin

Mompeón et al., 2020

Assessing hemolysis levels in plasma

111 /453 samples showed absorbance > 0.25 and were excluded

CES-IPOP 518/010, 216R/019, 107/020



Limit of Blank, Limit of Detection & Limit of Quantification (LOB, LOD & LOQ)

cDNA synthesis of 30 NTCs

ddPCR Optimization Set

Milbury et al, 2014

LODLOBmiRNAs

94hsa-miR-126-3p

62hsa-miR-141-3p

148hsa-miR-155-5p

62hsa-miR-182-5p

62hsa-miR-375-3p

83ath-miR-159a



- BlCa presented the lowest miR-126-3p levels
- miR-182-5p levels were exceptionally higher in RCC. 
- miR-375-3p was lower in all cancer types  than HD

Malignancy Identification

• hsa-miR-153-5p and hsa-miR-205-5p were not detected in plasmas



Malignancy Identification



Malignancy Identification according to disease stage

Performance of hsa-miR-182-5p and hsa-miR-375-3p as biomarkers for early-stage Urological Cancers detection.

Performance of hsa-miR-182-5p and hsa-miR-375-3p as biomarkers for advanced-stage Urological Cancers detection.



RCC Identification

miR-155 and miR-375 were able to differentiate 
RCC  from other urological tumors



BlCa Identification

miR-126 and miR-375 levels were able 
to differentiate BlCa from other 
urological tumors.



PCa Identification



ctDNA methylation markers

Klein et al, 2021

Galleri Test

AccuracySPSE

66.0480.5449.90RCC

7594.8721.02BlCa

52.6143.7575.0PCa

68.4281.0864.93ALL

OncoUromiR



Proposed algorithm

Plasma-derived miRNAs can 
identify and discriminate
among the main urological 
cancers, with high analytical 
performance

Validation required ! 

Elderly & 
symptomatic



microRNAs as TGCT biomarkers

doi: 10.1098/rstb.2017.0338

*AFP, bHCG, LDH

doi: 10.3389/fonc.2022.876732

Classical 
markers*

M371-Test
IVD CE 

ddPCR
miR-371a-3p%

51-8591.894Sensitivity

8296.1100Specificity

-82.796NPV

-97.2100PPV

-93.292Accuracy

Performance improvement  is still required for an in-house test
n=57



Emerging ncRNAs described in Evs

…But still in its 
infancy

Cammarata & Miguel-Perez et al. 2022



Extracellular vesicles (EVs)

Lourenço et al 2021

EVs are enclosed lipidic membrane structures
secreted by cells into the extracellular space.

Play a crucial role in intercellular communication, a 
mechanism that is disturbed during cancer progression.



UC optimization for  BlCa biomarker research in urine

Optimized UC protocol to  time labor and  EVs’ recovery:

The optimized UC protocol is 
simple, affordable and less 

time consuming.

Part/mL: 2.55E+11
Mean (nm): 213.4
Purity ratio(Part/µg): 4.47E+08 (n=7)

v

NTA

TEM

WB

Characterization of uEVs isolated using the optimized UC
(MISEV 2018)

Teixeira-Marques, et al Submitted

Suitable for biomarker research

2h30min.



Bladder cancer patients and healthy donors EVs’ characterization 

Particle and RNA concentration were 
higher in BlCa EVs than in HD. 

EVs from HD and BlCa were 
successfully isolated.

NTA

TEM

Bioanalyzer

WB
BlCa (n=8)HD (n=3)

4.20E+111.06E+11(Part/mL)

156.98161.2Mean (nm)

425.4154.7RNA concentration (pg/µL)

Characterization of uEVs isolated using the optimized UC (MISEV 2018)



uEVs-miRNAs profiling – TaqMan Low-Density Arrays results

p-valueFold-changemiRNA
0.012229760.983miR-512-3p
0.02378719.849miR-518f-3p
0.01895118.76miR-517a-3p

0.012179515.424miR-223-3p
0.018246514.448miR-518e-3p

0.0036877314.255miR-1300
0.0089474411.548miR-31-3p
0.0073408810.679miR-135b-3p

0.0338849.351miR-380-5p
0.04821779.109miR-526b-5p

BlCa Top 10 miRNAs with the highest levels

Card A volcano plot

Card B volcano plot

Discovery set (3HD, 9BlCa): 26 miRNAs with significantly higher levels in BlCa
patients’ uEVs.

Teixeira-Marques, et al  submitted



uEVs-miRNAs: BlCa detection
MiRNAs’ levels performance in the training set 

assessed by ddPCR

n=99
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Teixeira-Marques, et al  submitted



uEVs-miRNAs: BlCa prognosis

p-value= 0.039 

Low levels 

hsa-miR-512-3p

High levels 

HR= 4.921

n=72 n=27 n=72 n=27 n=72 n=27

<50 percentile 

≥50 percentile 

Teixeira-Marques, et al  submitted

Low-grade patients Conclusions/ongoing work

•The Tested miRNAs were for 
the first time described as 
biomarkers for BlCa EVs.

•The tested uEVs’ miRs showed 
limited performance in 
detecting BlCa; 
•UEvs hsa-miR-512-3p & hsa-
miR-517a-3p are potential 
prognostic biomarkers for BlCa 
that require validation. 
•Confirm EV-miRNAs  specific 
origin (BlCa cell lines and TURBT  
tissues).



Take Home Message

MicroRNAs in Urology
Attractive biomarkers:

Low-cost
Easy to detect

Stability
Non-invasive

Capture heterogeneity
Short half-life

MiRs have been demonstrated to be a feasible tool
DdPCR shows potential for circulating and EVs’  miRs assessment 
Validation in additional  cohorts
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