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1. Introduction 

Extracellular vesicles (EVs) are small membrane-derived particles released in physiological 

and also pathological conditions. EVs can be found in different body fluids, such as blood, 

urine and saliva, but also into extracellular space of all cell types. EVs are distinguished by 

their diameter size: i. exosomes of 40–100 nm; ii. microvesicles of 100–500 nm; iii. apoptotic 

bodies of 500 nm–2 µm [1].  

EVs carry several biological and genetic information leading to recognition of them as 

important mediators for cellular communication from donor to recipient cells [2-4]. EVs cargo 

(microRNAs, mRNAs, long non-coding RNAs, DNA fragments, proteins and lipids) can 

represent the heterogeneous content of the source cells with the advantage to be stable because 

they are protected from enzymatic degradation [5-7]. Moreover, EVs are able to alter the 

phenotype of recipient cells that take up them [4]. These characteristics lead to consideration 

of EVs as an important source of biomarkers research and discovery. In particular, recent 

evidence has shown the clinical implication of EVs as good candidates for investigation of 

biomarkers associated with cancer diagnosis, prognosis, monitoring and therapy decision [8, 

9]. Moreover, the analysis of EVs detected in body fluids presents a non-invasive or minimally 

invasive approach to investigate cancer evolution, also in solid tumors which would otherwise 

require a tissue biopsy that may not always be feasible [8, 10].  

Several isolation methods of EVs from biofluids are still studying and developing; however, 

nowadays, there is no gold standard method which provides a sample of high purity and low 

variability, leading to a difficult clinical application. 

Exosomes are small vesicles generated from late endosomes by the inward budding of 

the plasma membrane of them. The second invagination of late endosomal membranes formed 

the intraluminal vesicles (ILVs) inside large multivesicular bodies. Most ILVs are released into 

the extracellular space upon fusion with the plasma membrane, which then are referred to as 
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exosomes [11, 12]. Exosomes are mainly studied focusing on their nucleic acid content and 

their ability to transfer mRNAs and microRNAs to neighbouring cells. Moreover, exosomes 

carry specific membrane proteins that can identify the source cells. Many exosome-specific 

proteins are present in exosome surface membranes, including several tetraspanin proteins (e.g. 

CD9, CD81 and CD63), proteins involved in cell adhesion, signalling and membrane 

trafficking [13]. Of note, Alix and TSG101 are frequently used as exosome markers because 

they implicate in the endosomal sorting complex required for transport pathway [14]. 

Exosomes are still deeply studied in association with cancer [8, 15]. The biogenesis of 

exosomes appears deregulated in cancer, resulting in an increased amount of vesicles released 

by cancer cell lines [16]. Exosomes could give information on the presence of early changes in 

cancer cells; their cargo could be a source of diagnostic, prognostic and metastatic biomarkers; 

and their transporters ability could be used in affecting cancer with specific exosome-based 

therapies [17]. 

Prostate Cancer (PCa) is the most frequently diagnosed cancer in the elderly population 

[18]. The serum prostate-specific antigen (PSA) level is the biomarker approved by the U.S. 

Food and Drug Administration (FDA) for the detection, follow-up and therapeutic monitoring 

of PCa [19]. However, the use of PSA test alone could not be sufficiently specific and, 

consequently, gives false-positive samples who need an invasive useless bioptic evaluation. In 

particular, PSA test is often poor to distinguish PCa from benign prostatic hyperplasia (BPH) 

patients, which is a non-malignant enlargement of the prostate due to a cellular growth that can 

be associated with an increased level of serum PSA [20]. For this reason, to prevent 

overestimated diagnosis and unnecessary treatment of patients with non-malignant conditions, 

the research of new noninvasive and more accurate early diagnostic PCa biomarkers are still 

ongoing.  
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PCa-related exosomes were found to contain cancer-related proteins such as the prostate-

specific membrane antigen (PSMA) [21]. Some evidence showed the potential role of PCa-

related exosomes isolated from serum and urine as early detection diagnostic markers for 

helping the patients' selection who need a bioptic evaluation [22-24]. 

Breast cancer (BC) is the most frequently diagnosed female cancer and the leading 

cause of cancer death in women in over 100 countries [25]. BC relapse occurs in the first 5 

years after diagnosis in patients with hormone receptor-positive BC. Systemic recurrence is 

due to the presence of the minimal residual disease (MRD) after surgery or present at initial 

diagnosis, but undetectable by imaging or conventional blood tests [26, 27]. The detection of 

MRD using noninvasive approaches can allow monitoring the tumor evolution providing 

prognostic information and guiding therapeutic decisions. Recently, there is growing evidence 

that EVs play a role in early diagnosis, prognosis and cancer progression in breast cancer [28, 

29], which opens the way to their feasible application in routinary clinics. 
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2. Aim of the work 

The main aim of this thesis was to improve the analysis and the characterisation of prostate and 

breast tumor-related EVs and to investigate their potential clinical implications. Different 

isolation methods were tested to obtain a high quantity and quality EVs from several body 

fluids (serum and urinary supernatant).  

Prostate cancer EVs were investigated aiming to find an early diagnostic role. In particular, 

EVs isolated from sera and urine of PCa patients, BPH patients and healthy individuals, were 

phenotypically and morphologically characterised using MACSPlex kit, which allows 

simultaneous analysis of 37 surface epitopes, and transmission electron microscopy (TEM), 

respectively.  

Breast cancer EVs were investigated for their miRNA cargo as potential monitoring MRD 

markers after surgery. In particular, EVs were isolated from sera of BC patients, which were 

collected after 6 months from the surgery, and of healthy individuals. Exosomal miRNAs were 

extracted and a small RNA Seq approach was performed. 
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3. Materials and methods 

3.1. Prostate cancer case series 

Serum and urine were collected from 30 individuals: 10 with the first diagnosis of PCa, 10 with 

benign prostatic hyperplasia (BPH) and 10 healthy donors (H). All PCa patients underwent 

radical prostatectomy. Gleason score and pathological stage were evaluated after surgical 

removal of the tumor. All samples were enrolled at the Morgagni and Pierantoni Hospital 

(Forlì, Italy) and Bufalini Hospital (Cesena, Italy). This study was approved by the Local Ethics 

Committee (Comitato Etico Area Vasta Romagna e IRST) and informed consent was obtained 

from all patients (protocol number: L3P21). Written informed consent was obtained from all 

cases before the first sampling.  

A summary of the clinical-pathological characteristics (age, baseline PSA level, Gleason score 

and stage) is reported in Table 1. The PSA level was statistically significant to distinguish PCa 

patients respect with other categories (p = 0.007).  
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Table 1: Prostate cancer case series summary. 

 PCa  BPH Healthy donors p-value 

n 10 10 10 - 

Median age, y 

(range) 

73 (68-83) 74 (61-83) 53 (50-80) 0.067 

Median baseline 

PSA level, ng/mL 

(range) 

8.78 (0.49-

118.40) 

5.18 (1.38-

11.00) 

0.92  

(0.59-5.29) 

0.007 

Gleason score  - - - 

≤6 3    

>6 7    

Stage  - - - 

pT2 5    

pT3 2    

Unknown 3    
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3.2. Breast cancer case series 

Twelve patients with breast cancer (BC) and 11 healthy donors (H) were enrolled at the Istituto 

Scientifico Romagnolo per lo Studio e la Cura dei Tumori IRST IRCCS, in Meldola (FC), Italy. 

Sera of patients were collected 6 months after surgical intervention. Healthy donors were 

menopausal women with recent negative mammography. The study was reviewed and 

approved by the Romagna Ethics Committee (C.E.R.O.M.) and IRST IRCCS Medical 

Scientific Committee (CMS). Written informed consent was obtained from all cases before the 

first sampling. 

A summary of clinical-pathological information (age, histological subtype, stage and grading) 

is reported in Table 2. 

 

Table 2: Breast cancer case series summary. 

 BC  Healthy donors 

n 12 11 

Median age, y (range) 65 (56-74) 56 (53-60) 

Histological subtype: 

Luminal A 

12 - 

Stage 1 12 - 

Grading  - 

G1 6  

G2 6  
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3.3. Serum and urine collection 

Approximately 5 mL of whole blood were collected in a serum tube without anticoagulant and 

centrifuged at 1.000 x g for 15 min at 4 °C. Then, serum was transferred into cryovials and 

immediately stored at −80° C until use.  

In the PCa case series, the first-morning voided urine were also collected from all individuals 

at the same time points of the serum collection. The urine samples were maintained at 4° C for 

a maximum of 3 h until processing. Approximately 30 mL of urine were aliquoted and 

centrifuged at 850 g for 10 min. Then, the supernatants were transferred into cryovials and 

immediately stored at −80° C until use. 

 

3.4. EVs isolation and quantification 

3.4.1. EVs from serum 

EVs from serum were isolated using Total Exosome Isolation (TEI) from serum reagent 

(Thermofisher Scientific) and Size Exclusion Chromatography (SEC) by qEV IZON columns 

(iZON Science, New Zealand). The TEI method was used to isolate EVs of PCa study; this 

method provided a high concentration of EVs samples, which were then selected for exosomes 

characterisation by MACSPLEX analysis. The SEC approach was used for BC study to obtain 

clean and purity samples, enriched by the exosomes population. Five hundred µL of serum 

were processed for each method.  

Briefly, 100 µL of the TEI reagent were added to each serum sample. After incubation 

and centrifugation, according to the manufacturer's protocol, the EVs pellet was resuspended 

in 300 µL of 0.22 µm-filtered 1X PBS.  

The SEC approach was performed following the manufacturer's protocol to obtain and 

store 500 µL of the fractions from 7 to 14 for each sample.  
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After quality and quantity check using Nanosight NS300 (Malvern Panalytical, UK) 

(see Section 3.4.3. below), the fraction 9 (F9) of each sample was evaluated as the one with the 

highest exosome content and was therefore chosen to proceed with the extraction of miRNAs. 

 

3.4.2. EVs from urinary supernatant 

Urinary supernatant EVs were isolated using TEI from urine reagent (Thermofisher Scientific). 

In particular, 2 mL of TEI reagent were added to 2 mL of urinary supernatant added to each 

sample. After incubation and centrifugation according to the manufacturer's protocol, the EVs 

pellet was resuspended in 250 µL of 0.22 µm-filtered 1X PBS.  

 

3.4.3. EVs quantification 

All isolated EVs were checked using Nanosight NS300 (Malvern Panalytical, UK), which 

provides the analysis of particles’ size distribution profile and concentration. Each sample was 

analysed after an optimal dilution for obtaining a great and evaluable particle/frame result. The 

resuspension buffer of EVs (0.22 µm-filtered 1X PBS) was used as the negative control.  

Briefly, after the sample loading, the right focus level of the particles was adjusted. 

Three captures for 30 seconds each were used for the measurement. 

 

3.5. TEM analysis 

To evaluate the shape and the size of EVs negative staining for TEM has been carried out. For 

the PCa study, EVs isolated from serum and urinary supernatant were adsorbed to formvar 

carbon-coated 200 mesh grids (Agar Scientific Ltd., Stansted, UK) for 20 min. After grids 

drying, they were incubated with 2% (w/v) sodium phosphotungstate for 1 min and the liquid 

excess was removed with filter paper. After negative staining, specimens were observed by 

means of a Philips CM10 transmission electron microscope at 80 kV [30].  
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3.6. MACSPlex analysis 

The MACSPlex Exosome Kit (Miltenyi Biotec) permits the detection of 37 exosomal surface 

epitopes (CD3, CD4, CD19, CD8, HLA-DR, CD56, CD105, CD2, CD1c, CD25, CD49e, 

ROR1, CD209, CD9, SSEA4, HLA-BC, CD63, CD40, CD62P, CD11c, CD81, MCSP1, 

CD146, CD41b, CD42a, CD24, CD86, CD44, CD326, CD133/1, CD29, CD69, CD142,  

CD45, CD31, CD20, CD14) plus two isotype controls (REA and IgG1). 

For the PCa study, EVs were incubated with antibody-coated MACSPlex Exosome Capture 

Beads and then were labeled with the MACSPlex Exosome Detection Reagents for CD9, 

CD81, CD63. These complexes formed between the MACSPlex Exosome Capture Bead, 

exosomes, and the Detection Reagents can be analyzed based on the fluorescence 

characteristics (FITC and PE combination) of both the MACSPlex Exosome Capture Bead and 

the Detection Reagents. 

Briefly, 6 µL and 80 µL of EVs from serum and urinary supernatant, respectively, were added 

to 114 µL and 40 µL of MACSPlex buffer, respectively, to obtain a final reaction volume of 

120 µL. All samples were processed following the manufacturer’s instructions.  

After the calibration of flow cytometer by using the MACSPlex Exosome Setup Beads included 

in the kit, the detection of FITC, PE and APC fluorophores were measured for each sample. 

One negative control (MACSPlex Buffer only) was used in each run experiment to 

detect non-specific signals. 

Finally, the fluorescence intensity of each marker was obtained subtracting the median 

fluorescence intensity of the negative control, used in the same run experiment, from the raw 

median fluorescence intensity of each marker.  
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3.7. miRNA isolation and quantification 

For the BC study, exosomal miRNAs were isolated starting from 250 µL of the fraction 9 (F9) 

sample obtained from SEC method. miRNA isolation was performed using miRNeasy 

Serum/Plasma kit (Qiagen), following the manufacturer’s instructions, without the addition of 

miRNeasy Serum/Plasma Spike-In Control. 

Two µL of miRNA was then quantified by NanodropTM ND-1000 spectrophotometer. 

 

3.8. Small-RNA Seq analysis 

Twelve µL of miRNA were processed by TruSeq Small RNA Library Preparation Kits 

(Illumina), following the manufacturer's protocol. Libraries were sequenced on NextSeq 500 

(Illumina) using 75-nt in single end sequencing. 

 

3.9. Statistical analysis 

Non-parametric ranking test (Median test) was used to compare continuous data (age and PSA 

levels of patients). 

MACSPlex results were analysed by 2-ways ANOVA followed by Tukey’s post hoc test 

correction for multiple comparisons.  

To generate heatmaps of data, data were exported to comma separated files, which were 

subsequently imported into R Software for further analysis and data visualization.  

All p-values were based on two-sided testing, and p-values < 0.05 were considered statistically 

significant.  

Statistical analysis was carried out using SAS software, version 9.4 (SAS Institute), GraphPad 

Prism 7 Software (GraphPadPrism Software) and R statistical package version v 4.0.0 (R 

Foundation for Statistical Computing). 
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4. Results 

4.1.  Serum and urinary supernatant EVs isolation 

First of all, we chose to perform a comparison of serum EVs isolation methods using the PCa 

case series samples. Two different methods for serum EVs isolation were tested: TEI and SEC 

approaches. We found that the TEI method provides a great yield of EVs ( ~ 1012 particle/mL) 

compared to SEC method (~ 109 particle/mL in the F9 sample). However, the samples isolated 

using TEI were more heterogeneous in terms of EVs populations than SEC samples (Fig. 1). 

No statistically significant differences (p = 0.2851) in terms of particles’ concentration were 

found in EVs from PCa patients, BPH or healthy individuals for both methods (Fig. 1). 

Moreover, no significant differences were observed even for the size distribution profile among 

the 3 individuals’ categories. For all these reasons, we have chosen to use serum EVs isolated 

by TEI method for the prostate cancer study, where the MACSPlex analysis provides the 

further exosomes selection using CD9, CD63 and CD81 bead capture. On the other hand, we 

chose to use the SEC method to isolate serum EVs in the breast cancer study to obtain a high 

purity EVs population, considering that the downstream Small RNA-Seq analysis requires a 

high clean sample for obtaining an efficient performance and an accurate bioinformatician 

analysis.  

No significant differences, in terms of particles’ size distribution profile and concentration, 

were found in EVs from BC patients vs. healthy donors (Fig. 2). 

 Regarding the urinary supernatant EVs isolation, the TEI method was performed to 

allow the comparison with the serum EVs obtained from the matched sample. Urinary 

supernatant EVs were concentrated ~1010 particle/mL for each sample. However, there were 

no statistically significant differences in urinary supernatant EVs concentration among the 3 

categories (p = 0.3405) (Fig. 3).  
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Lastly, we observed that the urinary supernatant EVs quality was more heterogeneous 

compared to its matched serum EVs sample. 

 

Figure 1 

 

Fig. 1: The size distribution profile and concentration of serum EVs from samples of the PCa study.  

a) EVs isolated by TEI method; b) EVs isolated by SEC method (fraction 9 sample). 

 

Figure 2 

 

Fig. 2: The size distribution profile and concentration of serum EVs (fraction 9 by SEC method) from 

BC patients and healthy donor. The results were obtained by Nanosight Instrument. 



 

 

 
14 

Figure 3 

 

Fig. 3: Urinary supernatant EVs profile and concentration by Nanosight Instrument of PCa study 

samples. 

 

4.2. TEM results 

TEM results showed the presence of serum and urinary supernatant EVs between 20 and 100 

nm mostly with preserved membranes and spherical shapes (Fig. 4). Moreover, TEM 

observations highlighted a lower number of urinary supernatant EVs with respect to serum EVs 

from the same matched sample. This data confirms the different EVs concentration detected 

by Nanosight quantification between serum and urinary specimens. 

However, no difference has been observed in the shape and size of EVs among the various 

conditions.  
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Figure 4 

 

Fig. 4: Negative staining of serum and urinary supernatant EVs from the same matched sample. TEM 

observations showed numerous EVs between 20 and 100 nm. 

 

4.3. MACSPlex results 

4.3.1. Serum EVs 

The mean fluorescence intensity of each marker was shown in Fig. 5. Significant differences 

among the 3 categories were reported for 5 markers (CD62P, CD41b, CD42a, CD29, CD31) 

(Table 3 and Fig. 6). In particular, the intensity of CD62P, CD41b and CD29 seemed to 

significantly distinguish PCa patients from BPH and H; whereas, CD42a seemed to correlate 

with PCa and BPH vs. H; and CD31 was significantly different between PCa and H (Table 3).  
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The heatmap analysis (Fig. 7) highlighted 2 main groups: the first compounds mostly of PCa 

and BPH patients and the second of H. The clusters generation seemed to be characterized by 

significant expression differences of CD29, CD41b, CD62P, CD42a, CD31, confirming the 

results of previous statistical analysis.  

 

Figure 5 

 

Fig. 5: Range to min to max of the mean fluorescence intensity for each serum EVs markers. Serum 

EVs from healthy donors in blue; from BPH patients in green; from PCa patients in red.   
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Table 3: A summary of the statistical results of serum EVs using 2-ways ANOVA test. 

Tukey's multiple  

comparisons test 

Mean Diff 95% CI  

Adjusted  

p-value 

CD62P    

Healthy vs. BPH 521.9 31.84 to 1012 0.0336 

Healthy vs. PCa 1497 1007 to 1987 <0.0001 

BPH vs. PCa 975.1 485 to 1465 <0.0001 

CD41b    

Healthy vs. BPH 723.7 233.6 to 1214 0.0016 

Healthy vs. PCa 1275 784.5 to 1765 <0.0001 

BPH vs. PCa 550.9 60.84 to 1041 0.023 

CD42a    

Healthy vs. BPH 1120 630.2 to 1610 <0.0001 

Healthy vs. PCa 1300 809.6 to 1790 <0.0001 

CD29    

Healthy vs. BPH 1073 582.4 to 1563 <0.0001 

Healthy vs. PCa 1848 1358 to 2338 <0.0001 

BPH vs. PCa 775.7 285.6 to 1266 0.0006 

CD31    

Healthy vs. PCa 585.4 95.34 to 1075 0.0142 
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Figure 6 

 

Fig. 6: Range of the mean fluorescence intensity of the 5 significant markers found.  

Serum EVs from healthy donors in blue; BPH patients in green; PCa patients in red.   

*: p<0.05; **: p<0.0001 
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Figure 7 

 

Fig. 7: Heatmap analysis of the mean fluorescence intensity of each serum EVs markers. 

 

 

 

4.3.2. Urinary EVs 

The mean fluorescence intensity of each marker was shown in Fig. 8. Significant differences 

were shown for 3 markers (CD9, CD63, CD24) (Table 4 and Fig. 9). In particular, CD9 and 

CD24 seemed to significantly distinguish BPH vs. PCa and H; whereas, CD63 was significantly 

different between H and BPH. Heatmap analysis confirmed these results (Fig. 10). 
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Figure 8 

 

Fig. 8: Range to min to max of the mean fluorescence intensity for each urinary supernatant EVs 

markers.  

Urinary supernatant EVs from healthy donors in blue; BPH patients in green; PCa patients in red.   
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Table 4: A summary of the statistical results of urinary supernatant EVs using 2-ways ANOVA 

test. 

Tukey's multiple  

comparisons test 

Mean Diff 95% CI  

Adjusted 

 p-value 

CD9    

Healthy vs. BPH -2532 -4398 to -665.4 0.0043 

BPH vs. PCa 2450 482.5 to 4417 0.0099 

CD63    

Healthy vs. BPH -2315 -4181 to -448.7 0.0103 

CD24    

Healthy vs. BPH -2668 -4534 to -802.1 0.0024 

BPH vs. PCa 1997 29.58 to 3964 0.0457 
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Figure 9 

 

Fig. 9: Range of the mean fluorescence intensity of the 3 significant markers found.  

Urinary supernatant EVs from healthy donors in blue; BPH patients in green; PCa patients in red.   

*: p<0.05; **: p<0.0001 
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Figure 10 

 

Fig. 10: Heatmap analysis of mean fluorescence intensity of each urinary supernatant EVs markers. 

 

 

 

 

 

 

 

 

 

 



 

 

 
24 

4.4. Small-RNA Seq results 

Exosomal miRNA was sufficiently extracted from all samples (total yield from 70 to 420 ng 

by Nanodrop quantification). All exosomal miRNA volume was processed for TruSeq Small 

RNA Library Preparation Kits (Illumina). Bioinformatician analysis highlighted some 

miRNAs without expression level, which were then excluded. The principal component 

analysis of normalized data showed 3 outliers samples (2 BC patients and 1 healthy donor), 

which were excluded from the others statistical analyses. After normalization of the expression 

level, 200 miRNAs with expression > 3, in the least 1 sample, were found. Considering a fold 

change < -2.0 or > 2.0, 52 miRNAs were significantly differentially expressed among the 

groups (Table 5).  

Moreover, heatmap analysis (Fig. 11) showed 3 main clusters: a) a cluster with just 1 healthy 

donor; b) a cluster with 9 BC patients and 1 control sample; c) a cluster with 9 healthy donor 

samples and 1 BC patient. These results suggested the potential role of this specific pattern of 

52 exosomal miRNAs as BC-related markers.  

 

Table 5: A summary of the 52 exosomal miRNA statistically significant between breast cancer 

patients and healthy donors. 

miRNA Regulation Fold change p-value 

hsa-let-7b-5p up 2.2304 0.0148 

hsa-let-7d-3p up 3.9366 0.0060 

hsa-let-7d-5p up 2.4639 0.0060 

hsa-let-7g-5p up 2.0815 0.0294 

hsa-let-7i-5p up 2.0695 0.0304 

hsa-miR-128-3p up 6.3023 0.0060 
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miRNA Regulation Fold change p-value 

hsa-miR-1307-3p up 4.6458 0.0079 

hsa-miR-1307-5p up 3.5990 0.0255 

hsa-miR-144-3p up 2.8387 0.0060 

hsa-miR-144-5p up 3.2739 0.0316 

hsa-miR-148a-3p up 2.0130 0.0060 

hsa-miR-151a-3p up 2.3466 0.0200 

hsa-miR-151a-5p up 2.2244 0.0213 

hsa-miR-15a-5p up 2.3710 0.0201 

hsa-miR-15b-5p up 3.7140 0.0232 

hsa-miR-16-5p up 2.4386 0.0060 

hsa-miR-17-3p up 3.2713 0.0060 

hsa-miR-191-5p up 2.4334 0.0112 

hsa-miR-197-3p up 2.3643 0.0354 

hsa-miR-199a-5p up 3.2837 0.0379 

hsa-miR-19b-3p up 2.8865 0.0325 

hsa-miR-21-3p up 2.7587 0.0374 

hsa-miR-22-3p up 2.0417 0.0060 

hsa-miR-221-3p up 2.6100 0.0290 

hsa-miR-222-3p up 2.7015 0.0095 

hsa-miR-223-3p up 2.5096 0.0148 

hsa-miR-224-5p up 3.6953 0.0434 

hsa-miR-25-3p up 2.3035 0.0100 

hsa-miR-26b-5p up 2.0013 0.0316 
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miRNA Regulation Fold change p-value 

hsa-miR-28-5p up 2.8899 0.0452 

hsa-miR-301a-3p up 3.0071 0.0374 

hsa-miR-30d-5p up 2.3137 0.0166 

hsa-miR-30e-3p up 3.9406 0.0148 

hsa-miR-30e-5p up 2.2668 0.0040 

hsa-miR-3168 down -4.8262 0.0325 

hsa-miR-328-3p up 5.1498 0.0060 

hsa-miR-339-3p up 3.4689 0.0101 

hsa-miR-340-5p up 2.5630 0.0316 

hsa-miR-345-5p up 3.0336 0.0337 

hsa-miR-378a-3p up 2.9713 0.0232 

hsa-miR-411-5p up 3.8928 0.0380 

hsa-miR-423-3p up 3.2633 0.0374 

hsa-miR-451a up 2.4960 0.0120 

hsa-miR-484 up 3.8940 0.0102 

hsa-miR-486-5p up 2.1207 0.0100 

hsa-miR-532-3p down -2.0818 0.0118 

hsa-miR-574-3p up 2.6397 0.0389 

hsa-miR-584-5p up 2.5091 0.0412 

hsa-miR-671-3p up 2.7627 0.0325 

hsa-miR-744-5p up 2.7950 0.0200 

hsa-miR-877-5p up 2.9643 0.0148 

hsa-miR-96-5p up 2.4124 0.0316 



 

 

 
27 

Figure 11

 

Fig. 11: Heatmap analysis for the 52 miRNAs statistically significant.  

Color scale: from green (normalized expression level = 0) to red (normalized expression level = 21). 
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5. Discussion 

EVs are a promising source of biomarkers in the cancer field. The possibility to analyze EVs 

from several body fluids opens the way to search new markers in an easy and non-invasive 

manner. The current challenge is still to perform a laboratory workflow to obtain both a great 

quantity of EVs and a purity of EVs population of interest.  

During my PhD work, I focused on the feasibility of several EVs isolation approaches, 

from serum and urine, which could be useful to set up their characterisation in terms of 

phenotype, morphology and content. 

Serum and urinary supernatant EVs were analyzed aiming at finding putative diagnostic 

markers able to distinguish PCa patients to BPH or healthy individuals. Different significant 

expressions of surface exosome-related proteins were found in serum (CD62P, CD41b, CD42a, 

CD29, CD31) and urinary supernatant (CD9, CD63, CD24) EVs samples. Our results on serum 

EVs suggest the investigable role of markers correlated to platelet-derived EVs, such as CD31, 

CD41, CD42a, CD62p. Accordingly, recent studies showed that, in human serum, most EVs 

are platelet-derived EVs [31-33]. Interestingly, the platelet-derived EVs have a role in several 

physiological but also pathological conditions such as inflammation [34] and tumor 

progression [35].  

In agreement with our results, an interesting recent study on urinary-derived vesicles, identified 

exosomes derived from cell-free urine of PCa patients as positive to CD63, CD24 and CD9 

[36]. Moreover, we found urinary supernatant EVs positive for CD133 and CD24, as 

previously reported [37].  

Our analysis found no matched markers between serum and urinary supernatant EVs, 

suggesting the origins of EVs from various cell types. Indeed, serum collects EVs derived from 

multiple sources and cell types (e.g. cancer cells but also normal cells, such as hematopoietic 

stem cells, muscle cells, and epithelial cells).  
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Instead, the urinary supernatant EVs are mainly derived from urinary tract cells, mostly from 

kidney, prostate and bladder cells.  

PCa-associated EVs are still studying and characterising by their specific membrane antigen, 

such as PSMA, and their cargo containing cancer-related proteins such as CD9, CD81, and 

TSG101, Annexin A2, Fatty Acid Synthase (FASN) [38, 39]. The challenges in developing 

accurate early detection markers for PCa are outstanding, and numerous new blood-based and 

urinary biomarker models are emerging for PCa detection, follow-up and treatment decision-

making. Our data, in agreement with literature, suggest that a simultaneous analysis of different 

biological materials could be more informative and potentially useful towards a diagnostic or 

prognostic role in PCa [40]. Moreover, the workflow analysis described is fast, easily 

performable, and quite cost effective, even though offering the detection of several markers. 

The phenotype analysis of multiple antigens is already widely useful in haematological 

malignancies and translating this possibility to solid tumor, such as PCa, could be of enormous 

use.  

Our data were obtained using a small pilot case series. Hence, despite a greater case series is 

needed, our study suggests that EVs, presenting different antigens in serum and urine of the 

same individual, could be investigated to deepen the role of putative markers in PCa. Moreover, 

it will be interesting to better characterize the EVs of PCa patients, BPH and healthy individuals 

also for their content such as nucleic acid and proteins to give a comprehensive informative 

role and for helping an accurate early diagnosis. 

We then analysed the serum EVs from BC patients and healthy women donors in order 

to find markers associated with MRD detection. Serum EVs were isolated using the SEC 

method, which permits to obtain a more clean EVs population selection than other approaches. 

Isolated exosomes were then analyzed for their miRNA cargo by Small RNA Seq analysis, 

which allows a large amount of output data.  
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After raw data elaboration and normalization, 52 miRNAs were found to be significantly 

differentially expressed among the groups, suggesting a putative role of this miRNA pattern as 

BC-related markers and for detection of MRD. As reported in numerous literature data, most 

of 52 miRNA have been already shown as correlated with breast cancer but also with other 

cancer types (i.e. miR-148a-3p, miR-221-3p, miR-16-5p, miR-15a-5p, miR-25-3p). Other 

miRNAs are involved in pathways, such as Wnt and mTOR/PI3K/Akt, that regulate important 

cell functions and their disregulations are implicated in tumorigenesis. For example, Wnt 

pathway regulates proliferation and migration of cells and it is frequently deregulated in BC, 

becoming an attractive therapeutic target for many clinical trials [41]. The mTOR/PI3K/Akt 

pathway plays a crucial role in cell growth, survival, and proliferation, and it is involved in 

development of endocrine resistance in ER+ breast cancer cell growth and survival [42]. Lastly, 

many significant miRNAs found are involved in cell cycle, TNF, Ras, p53 signalling.  

BC-related circulating and exosomal miRNAs are still studying, aiming at finding a role in 

diagnosis, prognosis and for prediction and monitoring of response to therapy [43-46]. The 

miRNAs encapsulated in EVs are less prone to degradation [47], leading to consider them as 

more suitable biomarker candidates. The changes of miRNAs expression level, in body fluids, 

can also indirectly suggest some chromosomal aberrations of their originating tumor cells, 

helping to characterise and track the tumor evolution. Moreover, several literature evidences 

focused on the importance of analysing also other circulating acid nucleics in correlation to 

MRD detection in BC [48,49]. 

Our data highlighted a pattern of 52 exosomal miRNAs, which are partially already known for 

their implications in the cancer field, but not yet in the detection of MRD in breast cancer, 

which opens the way to a deeper investigation of them for this role. It will be also interesting 

to confirm these exosomal miRNAs with a second approach, such as real-time or digital PCR.  
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Finally, it could be also useful to study these miRNAs in serum EVs samples collected in other 

BC time points (e.g. before surgery or during specific treatment) thus to give the monitoring of 

the disease evolution. 

In conclusion, our results suggest the potential clinical application of EVs analysis in 

prostate and breast cancer as good non-invasive and informative biomarkers. 
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