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A B S T R A C T   

Aims: Characterization of PSA in extracellular microvesicles (EVs) and its reactivity to commercial methods. 
Materials and methods: EVs derived from serum of 47 prostate cancer (PCa) patients, 27 benign prostatic hy-
perplasia (BPH) patients and 42 healthy controls were analyzed. EVs isolation and quantification of PSA 
immunoreactive to total (ev-T-PSA) or free (ev-F-PSA) PSA immunoassays, were performed using commercial 
assays. PSA in CD81+ or CD63+ EVs was determined directly in serum by an immunocapture-ELISA (IC-ELISA). 
Results: Ev-T-PSA immunoreactive to Elecsys assay was detected in all samples. Median T-PSA ev/srm ratio was 
2.20 % (Q1-Q3: 0.80–4.00 %), although in some samples this ratio reached 59 %. T-PSA ev/srm ratio was higher 
in those samples with serum T-PSA below 4 µg/L than in those exceeding that cut-off (p < 0.001). T-PSA ev/srm 
ratio was lower in PCa patients compared to healthy controls and BPH patients (p < 0.001). Elecsys immuno-
assays detected higher concentrations of ev-T-PSA and ev-F-PSA than Immulite (p < 0.001). PSA was detected by 
IC-ELISA more intensely in CD81+ EVs than in CD63+ EVs, and ev-T-PSA correlated with PSA+ CD63+ (p <
0.001) but not with PSA+ CD81+. 
Conclusion: EVs-bound PSA is another form of circulating PSA whose measurement could be easily performed in 
clinical laboratories by automated immunoassays.   

1. Introduction 

Prostate cancer (PCa) is the second most frequent cancer in men, 
accounting for about 7 % of cancer deaths worldwide, and about half of 
the men older than 70 years will eventually suffer PCa [1]. It is a het-
erogeneous disease, ranging from small, indolent, low-grade tumors, to 
large, aggressive and life-threatening ones [2]. Prostate specific antigen 
(PSA), a member of the kallikrein family of serine proteases, plays a 
fundamental role in PCa management. PSA circulates in blood as free 
PSA (F-PSA), or complexed with either alpha1-antichimiotrypsin (C- 
PSA) or with alpha2-macroglobulin, being the latter of them a hidden 
isoform and therefore, not recognized by commercial immunoassays 

[3]. Also, free PSA has been shown to exist in three molecular forms: 
proPSA, benign PSA (BPSA) and intact PSA (iPSA) [4]. Most PSA assays 
have been designed to obtain an equimolar response of F-PSA and C-PSA 
with maximum recognition of the different isoforms [5]. However, 
harmonization of PSA methods is limited and discrepant results can be 
obtained using different assays. 

Although PSA is prostate tissue specific, it is far from being cancer 
specific and high concentrations of PSA are also found in benign pa-
thologies such as benign prostatic hyperplasia (BPH) or prostatitis [5,6]. 
Although it was proposed as screening test for PCa, its use has resulted in 
overdiagnosis and unnecessary invasive and/or costly diagnostic tests 
such as prostatic biopsy [7]. In addition, it cannot differentiate high or 
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low cancer staging and thus, its screening utility has been questioned 
[4,8,9]. In order to improve PSA sensitivity and specificity, different 
alternative approaches have been investigated trying to avoid the 
aforementioned consequences [10]. Some of these proposals include the 
use of age-adjusted reference ranges for PSA interpretation, the percent- 
free PSA, PSA-density, or PSA velocity, the Prostate Health Index test 
(PHI), the four-kallikrein score test (4 K score) [11], and urinary PCA3 
[12]. 

All cells secrete extracellular microvesicles (EVs) that participate in 
local and systemic cell-to-cell communication, acting as carriers of 
bioactive molecules such as proteins, lipids, and nucleic acids from the 
origin cells [13]. Exosomes are a EVs type of 40–200 nm diameter that 
originate in the endosome [14]. Active secretion of EVs seems to be 
especially abundant in tumor cells participating in crucial steps such as 
tumor proliferation, epithelial-mesenchymal transition (EMT), tumor 
migration and metastases, induction of angiogenesis and immunosup-
pression [14]. The knowledge about circulating EVs importance as 
liquid biopsy in cancer patients is growing and also as a delivery system 
for some known tumor markers [15]. These biomarkers transported in 
EVs can help in the diagnosis, prognosis and disease monitoring [16]. 
Some of the proteins transported in EVs, such as the tetraspanins CD9, 
CD63 or CD81, have been used to identify these microvesicles [17,18]. 
Proteomic analysis of their content has described many proteins as po-
tential tumor biomarkers in PCa [19,20] such as PCA3 analysis in uri-
nary exosomes [21] or phosphatase and tensin homolog gene (PTEN) 
[22] and survivin [23] analysis in blood EVs. Prostatic EVs can carry 
Prostate Specific Membrane Antigen (PSMA), a cell surface antigen 
highly expressed in prostate, especially in advanced PCa, which has been 
used to specifically isolate these prostatic EVs from plasma for further 
analysis [24]. In addition, prostate EVs can express PSA [25] that could 
be a potential diagnostic biomarker [26]. PSA has been previously 
detected in urinary extracellular vesicles in PCa and BPH patients [27]. 
Urinary vesicle-associated PSA extraction ratio is associated to changes 
in N-glycosylation patterns relating with the participation of N-linked 
glycoforms in the formation of EVs from tumor cells. However, the 
processes of EVs isolation, characterization, and biomarker analysis are 
not standardized yet and different results can be obtained depending on 
the methodology used for those objectives [28]. 

As PSA is the main PCa biomarker, the aim of this work was to 
characterize the presence of this biomarker in EVs and to introduce a 
standardized methodology for EVs-bound PSA quantification. For this 
reason, we have analyzed the PSA molecular forms present in EVs, their 
reactivity with commercial immunoassays and their presence in relation 
to soluble PSA concentrations in three differentiate groups: patients with 
PCa or BPH and healthy individuals. 

2. Materials and methods 

2.1. Samples and patients selection 

A cohort of 47 PCa patients, 27 BPH patients and 42 healthy male 
controls, was analyzed in this study (Table 1). In addition, samples from 
six healthy women were anonymously used as negative controls. PCa 
patients were selected according to their precedent plasma PSA values, 
and PCa grading was established based on the International Society of 
Urological Pathology (ISUP) grade [29]. 

No clinical evidence of prostate cancer or other prostatic pathologies 
was found in any of the healthy participants. None of BPH patients had 
received treatment with 5α-reductase inhibitors. The protocol was 
approved by the local Ethics Committee (Ref: 2021.039) and all par-
ticipants signed an informed consent. 

Blood samples were collected into 5 mL BD Vacutainer serum 
collection tubes (Beckton Dickinson). To obtain serum, tubes were 
centrifuged at 2000xg for 10 min after clotting formation. Serum sam-
ples were then aliquoted and stored at − 80 ◦C until further analysis. 

2.2. Extracellular microvesicles isolation 

Upon thawing, serum samples were centrifuged at 300xg for 10 min. 
After being spined again at 16,000xg for 30 min, 100 µL of EVs- 
containing supernatant were collected and applied to size exclusion 
chromatography (SEC) for EVs isolation. For that purpose, we used exo- 
spin mini columns (Cell Guidance System), previously stabilized and 
prepared with Phosphate Buffer Saline (PBS) [28]. EVs were finally 
eluted from the column with 180 µL of PBS and diluted to a final volume 
of 200 µL. 

2.3. Extracellular microvesicles characterization and quantification 

2.3.1. Immunocapture ELISA (IC-ELISA) 
Plates (Thermo Fisher Scientific) were coated with 100 μL of 

capturing mouse monoclonal antibodies, either anti-CD63 (clone TEA3/ 
18, Immunostep S.L,) or anti-CD81 (clone M38, Abcam) at 6 µg/mL in 
Borate Buffer Saline (BBS) and incubated overnight at 4 ◦C. After 
washing, plates were blocked with PBS 1 % casein (Bio-Rad, Hercules, 
California, USA) at 37 ◦C for 2 h, followed by washing. Then serum 
samples were added to each well and incubated overnight at room 
temperature. After washing, plates were incubated for 1 h at 37 ◦C with 
detection biotin-conjugated antibody, either 4 μg/mL of mouse anti-PSA 
(clone A67-B/E3, Thermo Fisher), 0.5 μg/mL of anti-CD81 (clone M38), 
or 0.5 μg/mL of isotype IgG1 antibody (Clone MOPC-21, Biolegend). 
After washing, Streptavidin-horseradish peroxidase (HRP, 1:2000 dilu-
tion, Biolegend) was added and incubated 1 h at room temperature. 
After washes, the reaction was developed using 3,3′,5,5′-Tetrame-
thylbenzidine substrate (Single Component TMB Peroxidase ELISA 
Substrate, Bio-Rad), and stopped with 2M H2SO4 solution. All washing 
steps were performed with PBS-Tween 0.05 %. Sample absorbances 
measured at 450 nm were corrected from background by subtracting the 
corresponding absorbances with IgG1 antibody. As positive control, 
commercially available exosomes from the PSA-expressing cell line 
LNCaP (HansaBioMed Life Sciences) were used. 

2.3.2. Western blot 
Fifteen μg of EVs protein were boiled in SDS-containing and non- 

reducing loading buffer (4x Laemmli Sample Buffer, Bio-Rad) and sub-
jected to electrophoresis on Mini-Protean TGX precast 12 % gels (Bio- 
Rad). Proteins were transferred to nitrocellulose blotting membranes, 

Table 1 
Clinical characteristics of the participants of the study. Age data are reported as 
median and interquartile range.  

Healthy controls n 42 (36.2 %) 
Age (years) 59 (54–67) 

Benign prostatic hyperplasia patients n 27 (23.3 %) 
Age (years) 65 (56–70) 

Prostate cancer patients n 47 (40.5 %) 
Age (years) 70 (65–75) 
Gleason  
≤7 18 
>7 23 
Unknown 6 
ISUP 
<3 
≥3 
Unknown  

8 
33 
6 

Tumor Histology  
Adenocarcinoma 43 
Neuroendocrine 3 
Unknown 1 
Stage  
I 1 
II 13 
III 9 
IV 24 

*Abbreviations: ISUP: International Society of Urological Pathology. 
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then blocked in TBS containing 0.05 % (w/v) Tween-20 (TBS-T) and 5 % 
(w/v) skimmed milk for 1 h, and incubated overnight at 4 ◦C with mouse 
monoclonal anti-CD63 antibody (clone E-12, 1:500 dilution, Santa Cruz 
Technology) or anti-PSA antibody (clone A67-B/E3, 1:500 dilution, 
Santa Cruz Biotechnology). After washing with TBS-T, membranes were 
incubated with an anti-mouse IgG-HRP conjugated antibody (1:5000 
dilution, Amersham Biosciences) for 30 min at room temperature and 
revealed with the ECL Western Blotting Detection Reagent (Amersham 
Biosciences). Pictures were taken with a Carestream Gel Logic 2200 Pro 
equipment (Carestream). 

2.3.3. Nanoparticle Tracking analysis 
Particle size and concentration of isolated microvesicles from five 

PCa patients were determined by Nanoparticle Tracking Analysis (NTA) 
in a NanoSight LM20 (Malvern Panalytical). Concentrations were re-
ported in particles/mL and sizes in nm. 

2.3.4. Determination of albumin and total protein content 
Albumin and total protein concentrations were determined in serum 

and EVs, in order to study the effectiveness and purity of the isolation 
process. Albumin was measured in a c702 module of a Cobas 8000 
analyzer (Roche Diagnostics) by immunoturbidimetry. Total protein 
concentrations were measured by Nanodrop® spectrophotometer ND- 
1000 (Thermo Scientific). 

2.4. PSA quantification 

In both serum (srm-) and isolated EVs (ev-), concentrations of total 
PSA (T-PSA) and F-PSA were determined in 2 different autoanalyzers 
using their corresponding commercial immunoassays designed for 
serum quantifications. In the Cobas 8000 (Roche Diagnostics), T-PSA 
and F-PSA were measured in a c602 module using Elecsys® total PSA 
and Elecsys® free PSA reagent kits based on electrochemiluminiscent 
immunoassays in a “sandwich” configuration. In Immulite 2000 XPi 
(Siemens Healthineers), T-PSA and F-PSA concentrations were quanti-
fied by the corresponding chemiluminescent immunoassays, Immulite® 
2000 PSA and Immulite® 2000 Free PSA, also with a “sandwich” 
configuration. 

C-PSA was calculated by subtracting the F-PSA concentration from 
the T-PSA one. T-PSA and F-PSA ev/srm ratios (%) were calculated by 
dividing the concentrations of T-PSA or F-PSA measured in EVs by those 
in serum, and expressed as percentage:  

- T-PSA ev/srm ratio (%) = ev-T-PSA/srm-T-PSA x100  
- F-PSA ev/srm ratio (%) = ev-F-PSA/srm-F-PSA x100 

The ratio of T-PSA between both commercial methods was calculated 
by dividing T-PSA concentrations measured with Immulite by T-PSA 
concentrations measured with Elecsys, in both serum and EVs samples. 

Detection limits are 0.016 μg/L for F-PSA and 0.010 μg/L for T-PSA 
in Elecsys assays, and 0.070 μg/L and 0.040 μg/L respectively, in 
Immulite ones. Quantification limits of Elecsys methods are 0.018 μg/L 
for F-PSA and 0.014 μg/L for T-PSA, and of Immulite methods 0.070 μg/ 
L and 0.040 μg/L, respectively. 

2.5. Statistical analysis 

Non-parametric statistical analysis was performed using Graphpad 
Prism version 6. Data were represented as median and interquartile 
range or range. For comparisons, Mann-Whitney’s U and Wilcoxon tests 
were used, while for correlations Spearman’s test was performed. 
Agreement assessing between methods was performed with Bland- 
Altman test. Diagnostic efficiency was evaluated by Receiver Oper-
ating Characteristic (ROC) curves and the area under curve (AUC) 
analysis. A two-tailed p-value of < 0.05 was considered to be statistically 
significant. 

3. Results 

3.1. Detection of PSA in extracellular microvesicles 

The first aim of our study was to analyze the presence of PSA at the 
EVs surface. For that purpose, we tuned up an IC-ELISA, based on EVs 
capture with an antibody against a EVs surface molecule, either CD63 or 
CD81, and subsequent detection with a biotinylated antibody specific to 
PSA (Supplementary Data 1A). Using this method, PSA was detected in 
CD63+ EVs from the PCa cell line LNCaP and in CD63+ EVs present in 
serum from male participants (Fig. 1), whereas serum samples from six 
women, used as negative control, produced absorbance signals near 
background. Similarly, PSA could also be detected in CD81+ EVs, even 
with more intense signals in serum samples (p = 0.003) and in LNCaP 
exosomes (16 % higher signal in CD81+ EVs compared to CD63+ EVs). 
However, there was no correlation between PSA signals obtained in 
CD81+ EVs and those in CD63+ EVs (p = 0.619), and neither between 
the signal corresponding to double positive CD63+ CD81+ EVs and 
PSA+ CD63+ nor PSA+ CD81+ EVs (p = 0.111 and p = 0.266, 
respectively). Finally, we observed a positive correlation between srm- 
T-PSA measured with the Elecsys immunoassay and PSA+ CD63+ EVs 
(r = 0.500; p = 0.021) and a negative correlation in the case of PSA+
CD81+ EVs (r = -0.697; p = 0.004), and no significant correlation with 
CD63+ CD81+ EVs (r = 0.268; p = 0.185). 

In order to further study PSA in EVs, we isolated EVs from serum by 
SEC. To assess the efficiency of this isolation method, we analyzed the 
particle size and concentration of the vesicles obtained from five pa-
tients’ samples. The median size of the isolated particles was 181 nm 
(Q1-Q3: 179–185 nm) (Supplementary Data 2A), and concentrations 
varied between 8.99 ± 0.472 × 109 and 42.80 ± 0.901 × 109 particles/ 
mL. The presence of contaminants in the purified EVs was checked by 
measuring albumin concentrations before and after the SEC procedure, 
noting an albumin clearance of 99.1 ± 0.4 %. In addition, western blot 
analysis showed the characteristic EVs surface marker CD63 (Supple-
mentary Data 2B). Finally, after reproving with an anti-PSA antibody, 
we also observed a band in each lane. Consequently, we could confirm 
that we were able to isolate PSA-containing EVs from serum with this 
method. 
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Fig. 1. Immunocapture ELISA (IC-ELISA) of PSA+ extracellular microvesicles 
(EVs) using anti-CD63 or anti-CD81 for capture and anti-PSA for detection. 
Analysis were performed in human serum samples from men. Serum samples 
from women were used as negative control, C(-), and exosomes from PSA- 
expressing LNCaP cell line as positive control, C(+). Blue lines represent me-
dian. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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3.2. Extracellular microvesicles PSA quantification with commercial kits 

We studied if ev-PSA was detectable by commercial immunoassays 
commonly used in routine clinical laboratories, designed for serum PSA 
quantification (Supplementary Data 1B). Using the Elecsys commercial 
assays from Roche Diagnostics, we observed in exosomes derived from 
PSA-expressing LNCaP cell line, a concentration of 35.3 µg/g exosomes 
with the T-PSA assay, and of 31 µg/g exosomes with the F-PSA assay 
(87.8 % of reactive PSA for F-PSA assay). Although this is not real free 
PSA, as it is EVs-bound, we denominate it ev-F-PSA for analogy with its 
reactivity. 

As well, PSA was determined using Elecsys immunoassay in serum 
EVs after SEC-based isolation from patients’ samples. We could detect 
ev-T-PSA in all samples analyzed (median: 0.076 µg/L; Q1-Q3: 
0.050–0.170 µg/L), which correlated significantly with srm-T-PSA (r 
= 0.557; p < 0.001) (Fig. 2A). Ev-F-PSA concentrations were near the 
limit of quantification of the Elecsys assay for F-PSA, but we could 
measure ev-F-PSA in 84 % of them (median: 0.042 µg/L; Q1-Q3: 
0.020–0.074 µg/L). In those samples with detectable ev-F-PSA, corre-
lation with srm-F-PSA was not significant (r = 0.125; p = 0.264) 
(Fig. 2B). 

There was a significant correlation between ev-T-PSA concentrations 
and PSA+ CD63+ EVs (r = 0.711; p < 0.001) (Fig. 2C), but not with 
PSA+ CD81+ EVs (p = 0.147) nor with CD63+ CD81+ EVs (p = 0.272). 

3.3. Comparison of extracellular microvesicles PSA immunoreactivity to 
different commercial immunoassays 

In order to know if PSA reactivity in EVs was maintained between 
different assay kits, we performed a comparative study between Elecsys 
and Immulite immunoassays for T-PSA and F-PSA in a sub-group of 27 

participants. In this sub-group, median srm-T-PSA concentration was 
15.64 µg/L (range: 0.88–192.40 µg/L) and median srm-F-PSA concen-
tration 1.67 µg/L (range: 0.25–35.44 µg/L) measured with Elecsys kits, 
and 18.9 µg/L (range: 0.7–128.0 µg/L) and 1.39 µg/L (range: 
0.19–39.60 µg/L), with Immulite, respectively (Fig. 3A). We could 
detect ev-T-PSA in all those 27 patients using Elecsys methodology 
(median: 0.080 µg/L; range: 0.036–1.202 µg/L). However, we could 
detect ev-T-PSA only in six samples (22 %) using Immulite methodology 
and with concentrations near the limit of detection (median: 0.040 µg/L; 
range: 0.040–0.674 µg/L; p < 0.001). We assessed the agreement be-
tween Immulite and Elecsys methods to measure srm-T-PSA and ev-T- 
PSA with Bland-Altman plots, representing the difference between 
methods against their mean. We observed that Elecsys method over-
estimated both magnitudes in comparison to Immulite assay (Fig. 3B 
and 3C). Ev-F-PSA was detected in 67 % of these samples with Elecsys 
assay kit (median: 0.026 μg/L; range: 0.016–0.144 μg/L) and in none of 
them with the Immulite free PSA assay kit (p < 0.001). The ratio of T- 
PSA quantified between Immulite and Elecsys was significantly lower in 
EVs (median: 0.00; range: 0.00–0.76) than in serum (median: 0.88; 
range: 0.63–1.21; p < 0.001) (Fig. 3D). This indicates that the immu-
noreactivity against ev-T-PSA and ev-F-PSA is higher when using Elecsys 
assays compared to Immulite ones. For this reason, in the following 
experiments we only used Elecsys assay kits. 

3.4. Extracellular microvesicles PSA in relation to serum PSA 

The T-PSA ev/srm ratio was lower than 5 % in most samples (me-
dian: 2.20 %; Q1-Q3: 0.80–4.00 %), although in some of them ev-T-PSA 
represented up to 59 % of srm-T-PSA. We could observe higher ratios for 
F-PSA (median 5.09 %; Q1-Q3: 0.30–13.20 %) in comparison with 
calculated C-PSA (median: 0.89 %; Q1-Q3: 0.40–2.00 %), although not 
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significant. When classifying T-PSA ev/srm ratios based on srm-T-PSA 
concentrations, these ratios were significantly lower (median: 0.76 %; 
Q1-Q3: 0.41–1.30 %) in samples with srm-T-PSA higher than 4 µg/L 
than in those with srm-T-PSA below that cut-off (median: 3.90 %; Q1- 
Q3: 2.48–6.90 %; p < 0.001) (Fig. 4). Similarly occurred with the ra-
tios for F-PSA and C-PSA (p < 0.001 and p = 0.013, respectively). 

3.5. Extracellular microvesicles PSA in patients 

Finally, we wanted to study whether the presence of ev-PSA changes 
in PCa patients. In our study groups, both T-PSA and F-PSA serum 
concentrations were significantly higher in PCa patients compared to 
controls and BPH patients (p < 0.001; Table 2). Similarly, ev-T-PSA was 
higher in patients in relation to controls (p < 0.001) and BPH (p =
0.002) (Table 2 and Fig. 5A). When analyzing ev-F-PSA, there were 
significant differences between BPH and PCa (p = 0.006), but not be-
tween controls and PCa patients (p = 0.199)(Fig. 5A). On the contrary, 
T-PSA ev/srm ratios in PCa group were significantly lower compared to 
healthy controls (p < 0.001) and to BPH (p < 0.001) (Fig. 5B), and 
significant differences were also observed in F-PSA ev/srm ratios be-
tween PCa and controls (p = 0.005) and BPH (p < 0.001). 

We performed ROC curves analysis to study the efficiency of the T- 
PSA ev/srm ratio in PCa diagnosis and compared to srm-F-PSA/srm-T- 
PSA (Table 2). When analyzing PCa patients against controls, the T- 
PSA ev/srm ratio ROC curve provided an AUC much higher than the 
AUC for srm-F-PSA/srm-T-PSA. Further, in the analysis of PCa patients 
against BPH patients the AUC of T-PSA ev/srm ratio curve was even 
higher when comparing to srm-F-PSA/srm-T-PSA. 

There were not significant differences between controls and PCa, 
when analyzing PSA+ CD63+ or PSA+ CD81+ EVs by IC-ELISA (p =
0.123 and p = 0.838, respectively), and neither in total circulating 
CD63+ CD81+ EVs (p = 0.539). 

To further analyze possible T-PSA ev/srm ratio changes, we studied 
five PCa patients with progressive disease during different therapeutic 
approaches (chemotherapy, immunotherapy, radiotherapy and hor-
monal treatments) (Fig. 5C and Supplementary Data 3). We observed 
that in four patients whose srm-T-PSA increased with the advance of the 
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Fig. 4. Total (T-) and free (F-) PSA extracellular microvesicles (ev)/serum 
(srm) ratios, expressed in percentage, classified according to serum PSA con-
centrations (cut-off of 4 μg/L). Blue lines represent median and interquartile 
range. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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disease, the T-PSA ev/srm ratio decreased, while in other patient in 
which serum PSA did not change significantly (7.7 % increase), T-PSA 
ev/srm ratio increased noticeably (263 %). 

4. Discussion 

Here we show that prostate circulating CD81+ or CD63+ EVs carry 
the specific tissue biomarker PSA [30,31]. We have observed that there 
are higher PSA concentrations in CD81+ EVs over CD63 + EVs, which 
could be related to a lower CD63 expression when compared to CD81 in 
PSA+ EVs [32,33], or to a different PSA loading among EVs sub-
populations. In fact, most EVs do not express simultaneously CD63 and 
CD81 [34] and the heterogeneous tetraspanin expression in EVs may 
affect the performance of biomarkers analysis in microvesicles when 
CD63 or CD81 capture is the initial enrichment step for downstream 
analysis [33]. For example, as shown for flow cytometry analysis, there 
could be differences in the number of microvesicles captured by beads 
depending on the expression of these molecules [30]. Interestingly, and 
contrary to CD63, CD81 does not correlate with Gleason in PCa patients 
[35]. In relation to this, we found different sign of relationship between 
srm-T-PSA and either PSA+ CD63+ EVs or PSA+ CD81+ EVs. Addi-
tionally, we did not find differences in relation to PSA+ CD81+ or PSA+
CD63+ EVs between PCa patients and controls, similar results to Pang 
et al. [36], who used flow cytometry to analyze PSA in EVs captured 
with antibody cocktail of CD9,CD63 and CD81. However, Logozzi et al. 
[31] observed higher levels of PSA+ CD81+ EVs in PCa patients 
compared to controls and BPH patients. The discrepancy could be due to 
the different expression and selectivity of these tetraspanins used to 
capture EVs and the quantification methods that also lacks standards to 
compare [37]. 

PSA, as also proposed with the other prostate marker PSMA [24], can 
serve to identify prostate derived EVs that circulate mixed with EVs 
released by cells from other origin. Although we and other authors have 
previously analyzed biomarkers in total plasma EVs in PCa patients 
[23,38], the sensitivity to precise identification and analysis can be 
impaired as prostate specific vesicles are probably only a minor part of 
circulating EVs. This can be the reason for the lack of relationship be-
tween CD63+ CD81+ EVs and srm-T-PSA. Other authors, such as Ver-
massen et al. [27], have demonstrated the presence of extracellular 
vesicles-bound PSA in urine, and studied its utility in PCa diagnosis. 

EVs use as clinical biopsy has been hampered by the lack of stan-
dardization of techniques for EVs isolation and downstream analysis, 
which makes comparisons between different laboratories very difficult 
[31,36]. In this work, we have utilized a commercial methodology that 
could be standardized and whose results can be easily assessed and 
compared between clinical laboratories. Within EVs isolation methods, 
SEC is the second most commonly used technique due to its simplicity, 
excellent EVs yield and purity and the availability of commercial kits 
[39,40]. Also, in relation to downstream analysis, common T-PSA assays 
can be used to determine PSA concentration in EVs, whose immunore-
activity correlates better with PSA in CD63+ EVs than in CD81+ EVs. 
Methods designed to measure F-PSA in serum use antibodies that react 
with PSA epitopes hidden when bound to alpha1-antichimotrypsin [3]. 
Interestingly, although not free, part of PSA molecules present in EVs 
surface can be recognized with these methods, indicating that, at least, 
some of the epitopes targeted by F-PSA kits remain available even when 
PSA circulates bound to EVs (Supplementary Data 1B). However, it 
should be noted the poor relationship of F-PSA between serum and EVs, 
that can be due to the different antibody accessibility. Furthermore, 
measured concentrations are near the limit of quantification, which 
could limit the potential utility of these commercial immunoassays for 
measuring ev-F-PSA without a methodical optimization. 

Although ev-PSA is only a minor fraction of circulating PSA, in some 
samples can be half of the immunoreactive PSA. The immune reactivity 
against the ev-PSA (both total and free), was lower when using Immulite 
assays in relation to Elecsys methods, being the difference more Ta
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pronounced when measuring immunoreactive F-PSA. This could be 
probably due to the different capacity to access to a protein epitope 
included in EVs, the different antibodies used [41] and differences in the 
limit of detection and quantification of each method. For example, 
Ferraro et al. [5] showed a general trend for Roche and Abbott assays to 
overestimate and for Siemens and Beckman assays to underestimate 
serum T-PSA, and even a wider disagreement between F-PSA assays. The 
observed overestimation holds also true for EVs-bound PSA and even to 
a higher degree [42]. 

Using SEC for EVs isolation and commercial PSA immunoassays for 
quantification, we observed that ev-T-PSA concentrations are higher in 
PCa patients than in BPH or healthy controls. However, ev-F-PSA was 
very similar between groups. The difference could be due to the pro-
teolytic inactivation in the lumen of the PSA included in EVs [43]. In 
addition, prostate cancer grading should be considered, as observed by 
Ferraro et al. [44], who showed that although no differences were found 
in srm-F-PSA when comparing ISUP ≥ 3 PCa patients to healthy con-
trols, it was higher in ISUP 5 PCa patients compared to ISUP 3 or 4 PCa 
patients. The release of EVs carrying PSA from the prostate to circulation 
depends on the production and the structural tissue integrity, which can 
be deeply modified by the tumor microenvironment and cellular activ-
ity. In relation to this, Logozzi et al. [31] showed that low pH condition, 
characteristic of tumors, induced the release of EVs with PSA expression 
in their membranes. However, PSA incorporation into EVs and subse-
quent efflux into circulation are probably more complex compared to 
soluble PSA as reflected by the increase in both srm-T-PSA and ev-T-PSA 
concentrations, but decrease in T-PSA ev/srm ratio in advanced PCa. In 
addition, T-PSA ev/srm ratio seems to change during cancer follow-up 
according to disease aggressiveness, and may possible be associated to 

type of therapy. These data pointed that cancer aggressiveness affects 
PSA transport into EVs, although further studies should confirm this 
data. 

Our results in relation to ev-T-PSA in PCa are a proof of concept 
performed in a small cohort including PCa patients, healthy controls and 
BPH patients. This is a potential limitation of the study and to analyze 
the utility of ev-T-PSA in PCa and, considering these results, it could be 
interesting to perform further studies including patients with PCa and 
different benign prostate diseases, especially those with T-PSA between 
2 and 10 μg/L. Another potential limitation is that PSA commercial 
methods are not designed to measure ev-PSA. However, the methodol-
ogy used here, standardized to some point and that can be easily used in 
other clinical laboratories, would allow performing multicentric studies 
that would facilitate studies with larger sample sizes. 

In summary, our data show that prostate-derived EVs transport PSA 
at their surface, which can be measured with conventional methods 
originally designed for serum quantification. The measurement of PSA 
in EVs is also affected by the interchangeability between commercial 
assays. Nevertheless, complexed and free PSA are loaded differentially 
in EVs and their concentrations could help in the management of PCa 
patients. The underlying tumoral process leading to this change in EVs- 
bound PSA is currently unknown and warrant further investigation. 

Policy and ethics: The study was conducted in accordance with the 
Code of Ethics of the World Medical Association (Declaration of Hel-
sinki) and sample collection and storage was approved by the local 
Ethics Committee of University of Navarra (protocol code: 2022.087 
approved the 26th of may of 2022). Informed consent was obtained from 
all individuals included in this study. 
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support from Roche Diagnostics for attending Euromedlab 2021. 

Data availability 

Data will be made available on request. 

Acknowledgments 

We would like to thank Dra. María Romero for her support in the 
preparation of the manuscript. 

Appendix A. Supplementary material 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.cca.2023.117303. 

References 

[1] H. Sung, J. Ferlay, R.L. Siegel, M. Laversanne, I. Soerjomataram, A. Jemal, F. Bray, 
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries, CA Cancer J Clin 71 (3) (2021) 
209–249. 

[2] J.I. Epstein, M.B. Amin, V.E. Reuter, P.A. Humphrey, Contemporary gleason 
grading of prostatic carcinoma: an update with discussion on practical issues to 
implement the 2014 International Society of Urological Pathology (ISUP) 
consensus conference on gleason grading of prostatic carcinoma, Am J Surg Pathol 
41 (4) (2017) e1–e7. 

[3] C. Becker, H. Lilja, Individual prostate-specific antigen (PSA) forms as prostate 
tumor markers, Clin Chim Acta 257 (1) (1997) 117–132. 

[4] X. Filella, Towards personalized prostate cancer screening, Advances in Laboratory 
Medicine / Avances en Medicina de, Laboratorio 1 (1) (2020) 20190027. 

[5] S. Ferraro, M. Bussetti, S. Rizzardi, F. Braga, M. Panteghini, Verification of 
Harmonization of Serum Total and Free Prostate-Specific Antigen (PSA) 
Measurements and Implications for Medical Decisions, Clin Chem 67 (3) (2021) 
543–553. 

[6] S. Ferraro, M. Bussetti, N. Bassani, R.S. Rossi, G.P. Incarbone, F. Bianchi, 
M. Maggioni, L. Runza, F. Ceriotti, M. Panteghini, Definition of Outcome-Based 
Prostate-Specific Antigen (PSA) Thresholds for Advanced Prostate Cancer Risk 
Prediction, Cancers (Basel) 13 (14) (2021) 3381. 

[7] P. Harvey, A. Basuita, D. Endersby, B. Curtis, A. Iacovidou, M. Walker, A systematic 
review of the diagnostic accuracy of prostate specific antigen, BMC Urol 9 (2009) 
14. 

[8] D.C. Grossman, S.J. Curry, D.K. Owens, K. Bibbins-Domingo, A.B. Caughey, K. 
W. Davidson, C.A. Doubeni, M. Ebell, J.W. Epling, A.R. Kemper, A.H. Krist, 

M. Kubik, C.S. Landefeld, C.M. Mangione, M. Silverstein, M.A. Simon, A.L. Siu, C. 
W. Tseng, Screening for Prostate Cancer: US Preventive Services Task Force 
Recommendation Statement, JAMA 319 (18) (2018) 1901–1913. 

[9] G. Gandaglia, P. Albers, P.A. Abrahamsson, A. Briganti, J.W.F. Catto, C.R. Chapple, 
F. Montorsi, N. Mottet, M.J. Roobol, J. Sonksen, M. Wirth, H. van Poppel, 
Structured Population-based Prostate-specific Antigen Screening for Prostate 
Cancer: The European Association of Urology Position in 2019, Eur Urol 76 (2) 
(2019) 142–150. 

[10] N. Mottet, J. Bellmunt, M. Bolla, E. Briers, M.G. Cumberbatch, M. De Santis, 
N. Fossati, T. Gross, A.M. Henry, S. Joniau, T.B. Lam, M.D. Mason, V.B. Matveev, P. 
C. Moldovan, R.C.N. van den Bergh, T. Van den Broeck, H.G. van der Poel, T.H. van 
der Kwast, O. Rouviere, I.G. Schoots, T. Wiegel, P., Cornford EAU-ESTRO-SIOG 
Guidelines on Prostate Cancer. Part 1: Screening, Diagnosis, and Local Treatment 
with Curative Intent, in: Eur Urol, 71, 2017, pp. 618–629. 

[11] R.J. Bryant, D.D. Sjoberg, A.J. Vickers, M.C. Robinson, R. Kumar, L. Marsden, 
M. Davis, P.T. Scardino, J. Donovan, D.E. Neal, H. Lilja, F.C. Hamdy, Predicting 
high-grade cancer at ten-core prostate biopsy using four kallikrein markers 
measured in blood in the ProtecT study, J Natl Cancer Inst 107 (7) (2015) djv095. 

[12] R. Gunelli, E. Fragala, M. Fiori, PCA3 in Prostate Cancer, Methods Mol Biol 2292 
(2021) 105–113. 

[13] E. Alegre, M.F. Sanmamed, C. Rodriguez, O. Carranza, S. Martin-Algarra, 
A. Gonzalez, Study of circulating microRNA-125b levels in serum exosomes in 
advanced melanoma, Arch Pathol Lab Med 138 (6) (2014) 828–832. 

[14] A. Sandua, E. Alegre, A. Gonzalez, Exosomes in Lung Cancer: Actors and Heralds of 
Tumor Development, Cancers (Basel) 13 (17) (2021) 4330. 

[15] W. Yu, J. Hurley, D. Roberts, S.K. Chakrabortty, D. Enderle, M. Noerholm, X. 
O. Breakefield, J.K. Skog, Exosome-based liquid biopsies in cancer: opportunities 
and challenges, Ann Oncol 32 (4) (2021) 466–477. 

[16] M. Macias, E. Alegre, A. Diaz-Lagares, A. Patino, J.L. Perez-Gracia, M. Sanmamed, 
R. Lopez-Lopez, N. Varo, A. Gonzalez, Liquid Biopsy: From Basic Research to 
Clinical Practice, Adv Clin Chem 83 (2018) 73–119. 

[17] C. Thery, L. Zitvogel, S. Amigorena, Exosomes: composition, biogenesis and 
function, Nat Rev Immunol 2 (8) (2002) 569–579. 

[18] R. Kalluri, The biology and function of exosomes in cancer, J Clin Invest 126 (4) 
(2016) 1208–1215. 

[19] V. Vlaeminck-Guillem, Exosomes and prostate cancer management, Semin Cancer 
Biol 86 (Pt 1) (2022) 101–111. 

[20] Y.T. Wang, T. Shi, S. Srivastava, J. Kagan, T. Liu, K.D. Rodland, Proteomic Analysis 
of Exosomes for Discovery of Protein Biomarkers for Prostate and Bladder Cancer, 
Cancers (Basel) 12 (9) (2020) 2335. 

[21] R.J. Hendriks, S. Dijkstra, S.A. Jannink, M.G. Steffens, I.M. van Oort, P.F. Mulders, 
J.A. Schalken, Comparative analysis of prostate cancer specific biomarkers PCA3 
and ERG in whole urine, urinary sediments and exosomes, Clin Chem Lab Med 54 
(3) (2016) 483–492. 

[22] K. Gabriel, A. Ingram, R. Austin, A. Kapoor, D. Tang, F. Majeed, T. Qureshi, K. Al- 
Nedawi, Regulation of the tumor suppressor PTEN through exosomes: a diagnostic 
potential for prostate cancer, PLoS One 8 (7) (2013) e70047. 

[23] S. Khan, J.M. Jutzy, M.M. Valenzuela, D. Turay, J.R. Aspe, A. Ashok, S. Mirshahidi, 
D. Mercola, M.B. Lilly, N.R. Wall, Plasma-derived exosomal survivin, a plausible 
biomarker for early detection of prostate cancer, PLoS One 7 (10) (2012) e46737. 

[24] R.S. Padda, F.K. Deng, S.I. Brett, C.N. Biggs, P.N. Durfee, C.J. Brinker, K. 
C. Williams, H.S. Leong, Nanoscale flow cytometry to distinguish subpopulations of 
prostate extracellular vesicles in patient plasma, Prostate 79 (6) (2019) 592–603. 

[25] S. Principe, E.E. Jones, Y. Kim, A. Sinha, J.O. Nyalwidhe, J. Brooks, O.J. Semmes, 
D.A. Troyer, R.S. Lance, T. Kislinger, R.R. Drake, In-depth proteomic analyses of 
exosomes isolated from expressed prostatic secretions in urine, Proteomics 13 
(10–11) (2013) 1667–1671. 

[26] M. Logozzi, D.F. Angelini, A. Giuliani, D. Mizzoni, R. Di Raimo, M. Maggi, 
A. Gentilucci, V. Marzio, S. Salciccia, G. Borsellino, L. Battistini, A. Sciarra, S. Fais, 
Increased Plasmatic Levels of PSA-Expressing Exosomes Distinguish Prostate 
Cancer Patients from Benign Prostatic Hyperplasia: A Prospective Study, Cancers 
(Basel) 11 (10) (2019) 1449. 

[27] T. Vermassen, K. D’Herde, D. Jacobus, C. Van Praet, F. Poelaert, N. Lumen, 
N. Callewaert, K. Decaestecker, G. Villeirs, P. Hoebeke, S. Van Belle, S. Rottey, 
J. Delanghe, Release of urinary extracellular vesicles in prostate cancer is 
associated with altered urinary N-glycosylation profile, J Clin Pathol 70 (10) 
(2017) 838–846. 

[28] M. Macias, V. Rebmann, B. Mateos, N. Varo, J.L. Perez-Gracia, E. Alegre, 
A. Gonzalez, Comparison of six commercial serum exosome isolation methods 
suitable for clinical laboratories, Effect in cytokine analysis, Clin Chem Lab Med 57 
(10) (2019) 1539–1545. 

[29] L. Egevad, B. Delahunt, J.R. Srigley, H. Samaratunga, International Society of 
Urological Pathology (ISUP) grading of prostate cancer - An ISUP consensus on 
contemporary grading, APMIS 124 (6) (2016) 433–435. 

[30] C. Campos-Silva, H. Suarez, R. Jara-Acevedo, E. Linares-Espinos, L. Martinez- 
Pineiro, M. Yanez-Mo, M. Vales-Gomez, High sensitivity detection of extracellular 
vesicles immune-captured from urine by conventional flow cytometry, Sci Rep 9 
(1) (2019) 2042. 

[31] M. Logozzi, D.F. Angelini, E. Iessi, D. Mizzoni, R. Di Raimo, C. Federici, L. Lugini, 
G. Borsellino, A. Gentilucci, F. Pierella, V. Marzio, A. Sciarra, L. Battistini, S. Fais, 
Increased PSA expression on prostate cancer exosomes in in vitro condition and in 
cancer patients, Cancer Lett 403 (2017) 318–329. 

[32] Y. Yoshioka, Y. Konishi, N. Kosaka, T. Katsuda, T. Kato, T. Ochiya, Comparative 
marker analysis of extracellular vesicles in different human cancer types, 
J Extracell Vesicles 2 (2013). 

A. Sandúa et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.cca.2023.117303
https://doi.org/10.1016/j.cca.2023.117303
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0005
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0005
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0005
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0005
http://refhub.elsevier.com/S0009-8981(23)00105-5/h9000
http://refhub.elsevier.com/S0009-8981(23)00105-5/h9000
http://refhub.elsevier.com/S0009-8981(23)00105-5/h9000
http://refhub.elsevier.com/S0009-8981(23)00105-5/h9000
http://refhub.elsevier.com/S0009-8981(23)00105-5/h9000
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0015
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0015
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0020
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0020
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0025
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0025
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0025
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0025
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0030
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0030
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0030
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0030
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0035
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0035
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0035
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0040
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0040
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0040
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0040
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0040
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0045
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0045
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0045
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0045
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0045
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0050
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0050
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0050
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0050
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0050
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0050
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0055
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0055
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0055
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0055
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0060
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0060
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0065
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0065
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0065
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0070
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0070
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0075
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0075
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0075
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0080
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0080
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0080
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0085
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0085
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0090
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0090
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0095
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0095
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0100
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0100
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0100
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0105
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0105
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0105
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0105
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0110
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0110
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0110
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0115
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0115
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0115
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0120
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0120
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0120
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0125
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0125
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0125
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0125
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0130
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0130
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0130
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0130
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0130
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0135
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0135
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0135
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0135
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0135
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0140
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0140
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0140
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0140
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0145
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0145
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0145
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0150
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0150
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0150
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0150
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0155
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0155
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0155
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0155
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0160
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0160
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0160


Clinica Chimica Acta 543 (2023) 117303

9

[33] R.R. Mizenko, T. Brostoff, T. Rojalin, H.J. Koster, H.S. Swindell, G.S. Leiserowitz, 
A. Wang, R.P. Carney, Tetraspanins are unevenly distributed across single 
extracellular vesicles and bias sensitivity to multiplexed cancer biomarkers, 
J Nanobiotechnology 19 (1) (2021) 250. 

[34] N. Karimi, R. Dalirfardouei, T. Dias, J. Lötvall, C. Lässer, Tetraspanins distinguish 
separate extracellular vesicle subpopulations in human serum and plasma - 
Contributions of platelet extracellular vesicles in plasma samples, J Extracell 
Vesicles 11 (5) (2022) e12213. 

[35] Y. Zhang, H. Qian, A. Xu, G. Yang, Increased expression of CD81 is associated with 
poor prognosis of prostate cancer and increases the progression of prostate cancer 
cells in vitro, Exp Ther Med 19 (1) (2020) 755–761. 

[36] B. Pang, Y. Zhu, J. Ni, J. Ruan, J. Thompson, D. Malouf, J. Bucci, P. Graham, Y. Li, 
Quality Assessment and Comparison of Plasma-Derived Extracellular Vesicles 
Separated by Three Commercial Kits for Prostate Cancer Diagnosis, Int J 
Nanomedicine 15 (2020) 10241–10256. 

[37] C. Campos-Silva, Y. Caceres-Martell, E. Sanchez-Herrero, A. Sandua, A. Beneitez- 
Martinez, A. Gonzalez, M. Provencio, A. Romero, R. Jara-Acevedo, M. Yanez-Mo, 
M. Vales-Gomez, A simple immunoassay for extracellular vesicle liquid biopsy in 
microliters of non-processed plasma, J Nanobiotechnology 20 (1) (2022) 72. 

[38] M. Macias, A. Garcia-Cortes, M. Torres, J. Ancizu-Marckert, J. Ignacio Pascual, 
F. Diez-Caballero, J. Enrique Robles, D. Rosell, B. Minana, B. Mateos, D. Ajona, 
R. Sanchez-Bayona, O. Bedialauneta, S. Chocarro, A. Navarro, M.P. Andueza, 
A. Gurpide, J. Luis Perez-Gracia, E. Alegre, A. Gonzalez, Characterization of the 
perioperative changes of exosomal immune-related cytokines induced by 
prostatectomy in early-stage prostate cancer patients, Cytokine 141 (2021), 
155471. 

[39] F. Royo, C. Thery, J.M. Falcon-Perez, R. Nieuwland, K.W. Witwer, Methods for 
Separation and Characterization of Extracellular Vesicles: Results of a Worldwide 
Survey Performed by the ISEV Rigor and Standardization Subcommittee, Cells 9 (9) 
(2020) 1955. 

[40] Y. Tian, M. Gong, Y. Hu, H. Liu, W. Zhang, M. Zhang, X. Hu, D. Aubert, S. Zhu, 
L. Wu, X. Yan, Quality and efficiency assessment of six extracellular vesicle 
isolation methods by nano-flow cytometry, J Extracell Vesicles 9 (1) (2020) 
1697028. 

[41] U.H. Stenman, E. Paus, W.J. Allard, I. Andersson, C. Andres, T.R. Barnett, 
C. Becker, A. Belenky, L. Bellanger, C.M. Pellegrino, O.P. Bormer, G. Davis, 
B. Dowell, L.S. Grauer, D.C. Jette, B. Karlsson, F.T. Kreutz, T.M. van der Kwast, 
L. Lauren, M. Leinimaa, J. Leinonen, H. Lilja, H.J. Linton, M. Nap, J. Hilgers, et al., 
Summary report of the TD-3 workshop: characterization of 83 antibodies against 
prostate-specific antigen, Tumour Biol 20 (Suppl 1) (1999) 1–12. 

[42] S. Ferraro, M. Bussetti, M. Panteghini, Serum Prostate-Specific Antigen Testing for 
Early Detection of Prostate Cancer: Managing the Gap between Clinical and 
Laboratory Practice, Clin Chem 67 (4) (2021) 602–609. 

[43] S.P. Balk, Y.J. Ko, G.J. Bubley, Biology of prostate-specific antigen, J Clin Oncol 21 
(2) (2003) 383–391. 

[44] S. Ferraro, D. Biganzoli, R.S. Rossi, F. Palmisano, M. Bussetti, E. Verzotti, 
A. Gregori, F. Bianchi, M. Maggioni, F. Ceriotti, C. Cereda, G. Zuccotti, P. Kavsak, 
M. Plebani, G. Marano, E.M. Biganzoli, Individual risk prediction of high grade 
prostate cancer based on the combination between total prostate-specific antigen 
(PSA) and free to total PSA ratio, Clin Chem Lab Med (2023). 

A. Sandúa et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0009-8981(23)00105-5/h0165
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0165
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0165
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0165
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0170
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0170
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0170
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0170
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0175
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0175
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0175
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0180
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0180
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0180
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0180
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0185
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0185
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0185
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0185
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0190
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0190
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0190
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0190
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0190
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0190
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0190
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0195
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0195
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0195
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0195
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0200
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0200
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0200
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0200
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0205
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0205
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0205
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0205
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0205
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0205
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0210
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0210
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0210
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0215
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0215
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0220
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0220
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0220
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0220
http://refhub.elsevier.com/S0009-8981(23)00105-5/h0220

	PSA reactivity in extracellular microvesicles to commercial immunoassays
	1 Introduction
	2 Materials and methods
	2.1 Samples and patients selection
	2.2 Extracellular microvesicles isolation
	2.3 Extracellular microvesicles characterization and quantification
	2.3.1 Immunocapture ELISA (IC-ELISA)
	2.3.2 Western blot
	2.3.3 Nanoparticle Tracking analysis
	2.3.4 Determination of albumin and total protein content

	2.4 PSA quantification
	2.5 Statistical analysis

	3 Results
	3.1 Detection of PSA in extracellular microvesicles
	3.2 Extracellular microvesicles PSA quantification with commercial kits
	3.3 Comparison of extracellular microvesicles PSA immunoreactivity to different commercial immunoassays
	3.4 Extracellular microvesicles PSA in relation to serum PSA
	3.5 Extracellular microvesicles PSA in patients

	4 Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Appendix A Supplementary material
	References


