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ARTICLE INFO ABSTRACT

Keywords: Background: Myeloid-derived suppressor cells (MDSCs) are relevant in prostate cancer microenvironment
EXOSDF“?S collaborating in tumor development. The main tumor marker used in this disease, prostate-specific antigen
gytokmes (PSA), does not provide information related to this tumor microenvironment. Cancer cells secrete exosomes
ancer

carrying bioactive molecules contributing to MDSCs recruitment and induction. The aim of this study was to
characterize the perioperative changes of exosomal cytokines relevant in MDSCs recruitment induced by pros-
tatectomy in prostate cancer patients.

Methods: Blood was drawn from 26 early-stage prostate cancer patients before and after radical prostatectomy
and from 16 healthy volunteers. Serum exosomes were separated by precipitation. Cytokines related with MDSC
cell recruitment and activation CCL2, CXCL2, CXCL5, CXCL8, CXCL12, MIF, S1I00A9 and TGF-B were measured
in serum and serum-derived exosomes using immunometric assays.

Results: All cytokines were detected both in serum and exosomes, except for CXCL12, which was detected only in
serum. Exosomes were enriched specially in MIF, TGF- and CXCL2. Presurgical MIF levels in exosomes corre-
lated negatively with serum PSA. Also, presurgical TGF-B decreased both in serum and exosomes as Gleason score
rises. Patient$ presurgical exosomes had increased CCL2, CXCL5 and TGF-R levels than exosomes from healthy
controls. These differences were not observed when cytokines were analyzed in serum, except for TGF-B.
Cytokine levels of CCL2, CXCL5 decreased in patients’ postsurgical exosomes, while TGF-8 further increased. On
the contrary, S100A9 levels were lower in patients presurgical exosomes but increased after radical
prostatectomy.

Conclusions: Blood exosomal content in cytokines constitute an attractive source to evaluate MDSCs immuno-
modulators providing additional information related to tumor microenvironment in prostate cancer.

Prostate
Myeloid-derived suppressor cells

Abbreviations: PCa, Prostate cancer; PSA, prostate-specific antigen; MDSCs, myeloid-derived suppressor cells; MIF, migration inhibitory factor.
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1. Introduction

Prostate cancer (PCa) is the most common cancer in men and a major
cause of death [1]. It usually presents as a localized tumor that is
managed by observation, prostatectomy or radiation therapy, and for
advanced tumors, the mainstay of treatment consists on hormonal
therapy [2,3]. The main circulating biomarker for this disease is
prostate-specific antigen (PSA), which presents some limitations, espe-
cially in tumor diagnosis [4]. In addition, PSA does not provide infor-
mation on the tumor microenvironment, which could be of utmost
importance for determining the prognosis and the optimal management.

A crucial point in PCa evolution to advanced stages is the creation of
an inflammatory microenvironment by which immune cells are
recruited and “reprogrammed” to provide a milieu that favors tumor
growth and suppresses the immune response [5]. Within the immune
cells present in the tumor niche, myeloid-derived suppressor cells
(MDSCs) are especially relevant, due to their strong immunosuppressive
function [6-9]. MDSCs can also collaborate in tumor development by
promoting angiogenesis, cancer cell survival, invasion and metastasis.
Recruitment of MDSCs into tumor sites is regulated by different immu-
nomodulatory molecules produced by tumor cells [6].

Exosomes are virus-size vesicles of 50-200 nm produced in the en-
dosome multivesicular bodies and released actively by normal and
malignant cells [10]. Circulating exosomes are present in biological
fluids such as blood or urine, from where they can be isolated [11,12].
These microvesicles carry proteins and nucleic acids, some of them
characteristic and representative of the cells where they originated from
[13]. In addition, exosomes play important roles in cell-to-cell
communication by transferring these proteins and RNAs to the cells
they fuse with. Cancer cells secrete exosomes carrying bioactive mole-
cules that participate in the modeling of tumor microenvironment
contributing to cell proliferation, angiogenesis, immunosuppression,
and the creation of the metastatic niche, allowing the malignant cells to
thrive [14].

Previous works have shown that tumor exosomes can transport cy-
tokines and growth factors, such as TGF-f and PGE-2, which contribute
to immunosuppression by induction of MDSCs differentiation that, in
turns, favors tumor progression [15,16]. Additionally, immunomodu-
latory factors transported by exosomes can modulate the tumor micro-
environment, as described for macrophage migration inhibitory factor
(MIF) in pancreatic cancer [17], or TGF-B in prostate cancer [18].
Therefore, exosomes and their transported molecules could be potential
cancer biomarkers [12,17]. In fact, proteomic studies have identified
numerous protein biomarkers from urinary microvesicles or PCa cell
lines [19-21].

Here, we report the first study that characterizes the changes induced
by prostatectomy in serum exosomal cytokines, by analyzing sequential
blood samples from localized PCa patients treated with radical prosta-
tectomy. We focused in chemokines and factors (globally referred to as
cytokines) that are known to be relevant in MDSCs recruitment: CCL2,
CXCL2, CXCL5, CXCL8 and CXCL12, MIF, S100A9 and TGF-B [6]. We
compared the levels of different cytokines between patients and a group
of healthy controls, and we also followed the intra-patient evolution of
them before and after prostatectomy [22].

2. Material and methods
2.1. Study design

We included patients with localized PCa treated with radical pros-
tatectomy. Tumor staging was classified according to the AJCC Cancer
Staging Manual [23] and Gleason score and grading was stablished ac-
cording to International Society of Urological Pathology (ISUP) [24].
For each patient, two 10-mL serum samples were collected: before and
after surgery, with an average pre-surgical interval of 1 day (range: 1-4
days) and post-surgical interval of 4 days (range: 3-7 days), time enough
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to exclude exosome’s release due to surgery trauma [25]. As previously
described, peripheral blood was drawn and centrifuged at 3500 rpm at
room temperature. A second high speed centrifugation at 13,000 rpm
was performed and samples were subsequently aliquoted and stored at
—80 °C until further analysis [11].

We also included a control group of healthy age-matched male vol-
unteers with no previous prostatic history [22]. The study was approved
by our institutions Ethical Committee and all participants signed an
informed consent.

2.2. Exosome separation

Exosomes were separated from serum using the ExoQuick™ pre-
cipitation solution (System Biosciences, Mountain View, CA, USA) ac-
cording to manufacturer’s instructions. Particles’ characteristics
separated with this method were analyzed by both western blot and
particle-based approaches as we have previously described [11]. Briefly,
250 pL of serum were mixed with 63 pL of ExoQuick solution and
incubated 30 min at 4 °C. After centrifugation at 1500g for 30 min,
pellets were resuspended in 200 pL of PBS.

2.3. Cytokine analysis

CCL2, CXCL2, CXCL5, CXCL8, CXCL12, MIF and S100A9 were
measured in both serum and exosomes simultaneously using a custom
magnetic bead-based Luminex assay (R&D Systems, MN, USA) in a
Luminex® 200 analyzer (Luminex xMAP Technology, Luminex, Austin,
TX, USA) according to manufacturer’s instructions. Data were analyzed
with the XxPONENT 3.1 software. The median fluorescence intensity was
computed for each bead type in the sample. A minimum threshold of 50
events was stablished for each analyte. TGF-$ was analyzed by a com-
mercial enzyme-linked immunosorbent assay (ELISA) (Human TGF-f1
Quantikine ELISA; R&D Systems) according to manufacturer’s
instructions.

Detection limits were: 9.9 ng/L for CCL2, 7.86 ng/L for CXCL2, 8.2
ng/L for CXCL5, 1.8 ng/L for CXCL8, 17 ng/L for CXCL12, 38.8 ng/L for
MIF, 6.39 ng/L for SI00A9 and 4.61 ng/L for TGF-f.

A correction factor was applied to adjust concentrations to initial
volume of serum. Due to the limitation of blood volume, some cytokines
could not be analyzed in all samples.

2.4. Statistical analysis

Due to their non-Gaussian distribution determined with the
Kolmogorov-Smirnov and Shapiro-Wilks tests, concentrations were
expressed as median and Interquartile range (IQR). The non-parametric
Mann-Whitney U, Wilcoxon test and Dunn’s multiple comparison tests
were applied to assess the statistical differences in cytokines levels.
Correlation analysis was performed using the Spearman correlation test.
Statistical analysis was performed with IBM SPSS Statistics, version 20
(IBM Corp., Armonk, N.Y., USA). A two-tailed P-value < 0.05 was
considered to be statistically significant.

3. Results
3.1. Clinical characteristics of patients

Twenty-six PCa patients treated with radical prostatectomy and
sixteen healthy volunteers were included. Patients’ characteristics are
indicated in Table 1. Patients had not received previous treatment for
their PCa. The median follow-up of the study was 25 months (IQR: 3-57
months).

3.2. Presence of cytokines in exosomes

We detected all the cytokines studied in exosomes from both healthy
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Table 1
Clinical characteristics of healthy controls and patients at baseline. Age and pre-
surgical PSA levels are expressed in median + standard deviation.

HEALTHY CONTROLS

Age (years) 57 £16
PSA (ug/L) 1.18 £ 1.15
PATIENTS

Age (years) 64 + 6.5
Histology

Adenocarcinoma 100 (100%)
PSA (ug/L) 7.71 + 3.01
<10 20 (77%)
>10 6 (23%)
TNM classification

Ila 7 (26.9%)
1Ib 11 (42.3%)
11 8 (30.8%)
Gleason group

Group I (Gleason 6) 13 (50%)
Group II (Gleason 3 + 4) 7 (27%)
Group III (Gleason 4 + 3) 3 (11.5%)
Group IV (Gleason 8) 1 (3.8%)
Group V (Gleason > 8) 2 (7.7%)

controls and PCa patients at baseline, except for CXCL12, which was
only detected in serum (Table 2). Considering all samples, there was a
significant positive correlation between all cytokines’ concentrations
found in serum and serum-derived exosomes (Fig. 1).

Next, we investigated if exosomes were more loaded with some cy-
tokines in relation to others. For this reason, we calculated the ratio
exosomes/serum levels for each cytokine [12]. We found that exosomes
were significantly enriched (p < 0.05) in MIF (median: 0.54; IQR:
0.42-0.98), TGF- (median: 0.54; IQR: 0.42-0.60) and CXCL2 (median:
0.45; IQR: 0.37-0.63) in relation to the other cytokines measured
(Fig. 2). There were no significant differences in the ratio exosomes/
serum levels for each cytokine between controls and patients.

Table 2

Cytokines concentrations obtained in serum and exosomes from controls and
prostate cancer patients. Data are expressed as median and interquartile range.
P < 0.05 was considered statistically significant.  means significant differences
related to controls; ® means significant differences related to patients at baseline.
n.d: not detected.

Healthy Controls Patients

Baseline Post-surgery

CCL2 (ng/L)

Serum 308 (230-484) 425 (282-755) 453 (331-627)
Exosomes 122 (104-126) 131 ? (126-137) 128 »P (122-132)
CXCL2 (ng/L)

Serum 702 (470-880) 482 (359-629) 714° (594-1,202)
Exosomes 282 (224-318) 282 (267-299) 287 (281-299)
CXCL5 (ng/L)

Serum 568 (434-1,292) 767 (596-1,392) 7500 (501-1,012)
Exosomes 114 (97-164) 183  (114-287) 121° (89-172)
CXCLS8 (ng/L)

Serum 22 (16-44) 21 (14-27) 18 (14-26)
Exosomes 6 (6-10) 7 (6-8) 6 (5-7)

CXCL12 (ng/L)

Serum 388 (304-579) 342 (296-417) 286 (263-366)
Exosomes  n.d. n.d. n.d.

MIF (ng/L)

Serum 1,620 (974-2,734) 3,617 2 4,128 2

(2,299-6,279)
1,768 (1,396-2,324)

(2,412-8,690)
Exosomes 1,288 1,716 (1,202-2,142)
(1,056-1,812)

S100A9 (ng/L)

Serum 964 (617-2,105) 545 (303-1,125) 1033° (727-1,963)
Exosomes 285 (182-490) 155 @ (111-220) 199° (162-332)
TGF-p (ng/L)

Serum 21 (18-25) 31 2 (21-49) 27" (15-38)
Exosomes 9 (7-13) 16 2 (12-28) 18 &P (9-20)
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3.3. Differences in exosomal and serum cytokines between healthy
controls and pre-surgical samples from PCa patients

Cytokine concentrations in exosomes and serum from healthy con-
trols and patients at baseline are shown in Table 2. CCL2, CXCL5 and
TGF-f concentrations in exosomes were significantly higher in PCa pa-
tients, as compared with controls, whereas SI00A9 levels were lower (p
< 0.05) (Table 2). CXCL2, CXCL8 and MIF exosome levels were similar
between healthy controls and patients. Interestingly, we did not observe
significant differences in serum cytokines between controls and PCa
patients, except for MIF and TGF-f3, which showed higher concentrations
in PCa patients as compared with controls (Table 2).

3.4. Correlations between serum and exosomal cytokines concentrations
and clinical variables

We correlated baseline serum and exosomal cytokine levels with
clinical and analytical variables from PCa patients. MIF levels in exo-
somes correlated negatively with serum PSA levels (r = —0.585; p <
0.05) (Fig. 3A). We also observed a negative correlation between
Gleason score and serum TGF-p (r = —0.626; p = 0.001) and exosomal
TGF-B (r = —0.444; p < 0.05) levels (Fig. 3B).

3.5. Sequential evolution of exosomal and serum cytokines in PCa
patients before and after radical prostatectonty

Following radical prostatectomy, exosomal SI00A9 and TGF-8 con-
centrations increased significantly compared with pre-surgical situation,
whereas CCL2 and CXCL5 decreased (p < 0.05 for both comparisons,
Table 2). Median exosomal levels of cytokines in post-surgical samples
were similar to healthy controls, except for CCL2 and TGF-§ that
remained significantly higher (p < 0.05 for both comparisons).

Also, post-surgical serum CXCL2 and S100A9 levels increased
significantly compared with baseline situation, while CXCL5 and TGF-f
decreased (p < 0.05 for both comparisons, Table 2). Finally, although
not detected in exosomes, serum CXCL12 decreased significantly
following prostatectomy, as compared with baseline samples (p < 0.05).

4. Discussion

In prostate cancer, cytokines are involved in a wide range of pro-
cesses implicated in metastasis, as epithelial-mesenchymal transition
(EMT), angiogenesis, premetastatic niche creation or mechanisms of
tumor escape of the immune system like MDSCs recruitment at the
tumor site [9,26]. Our results show that these immunomodulatory
proteins fundamental for MDSCs recruitment at the tumor site can be
detected in circulating exosomes.

These exosomes were specially enriched in MIF, TGF-8 and CXCL2, as
compared with other cytokines. Exosomes may shield these molecules,
protecting them from exogenous proteases and facilitating their inter-
action with target cells [27]. Specifically, this has been confirmed for
TGF-B, which is transported by exosomes on their surface and exerts
higher potency, as compared with free molecules [27].

In this study, we have observed that exosomes from PCa patients had
higher levels of CCL2, CXCL5 and TGF-8, as compared with healthy
controls, and remained higher even after surgery, except for CXCL5
concentrations, which returned to control levels. Elevated exosome
levels of TGF-p has been also observed in patients with acute myeloid
leukemia, in which modifications in exosomal TGF-f content correlated
with response to chemotherapy [28]. The increased levels of CCL2
observed in patients could be related to the conditions within the tumor
site, such as a hypoxic environment that could favor their expression, as
compared to non-neoplasic epithelia [29], and the release of exosomes
loaded with these immunomodulatory molecules [30]. These cytokines
have a relevant role in MDSCs recruitment during tumor development
[15,31,32], and even promote growth of prostate bone tumor metastases
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[32].

TGF-B levels were also higher in serum from PCa patient than in
healthy volunteers, even after prostatectomy. Other authors observed
elevated TGF-B plasma levels in PCa patients [33], and elevated post-
surgery plasma TGF-S levels predicted poor oncological outcomes in
patients with localized PCa treated with prostate cryoablation [34]. MIF,
although in high proportion in exosomes, was only significant elevated
in PCa patients when analyzed in serum. Also, contrary to that observed
in exosomes, we have not detected differences between controls and PCa

patients when analyzing serum CCL2 and CXCL5. This suggests that
exosomes samples can be better than serum for analyzing CCL2 and
CXCLS in this disease. Conversely, other authors observed higher CCL2
[29] and CXCL5 [32] serum levels compared with healthy controls. The
discrepancy could be because we studied patients at earlier stages.

We have only observed a relationship between the levels of exosomal
MIF and serum PSA, but not for the other exosomal cytokines studied.
This suggests that these cytokines are biomarkers that evaluate tumors
differently than PSA or tumor burden, similarly to that observed by
others for CCL2 [29]. Although PSA can be detected in exosomes [13],
the type of producing cells, the function, the way of release, and the
circulation is very different. Moreover, there was an inverse correlation
between exosomal TGF-p concentrations and Gleason score. Consis-
tently, other authors have not found correlation between TGF-§ and
clinicopathological parameters, although TGF-f was increased in pa-
tients with extraprostatic extension, seminal vesicle involvement, and
lymph nodes metastases [35]. Furthermore, the presence of differential
concentrations of immunomodulators in exosomes could herald a
potentially more aggressive disease. This has been observed in pancre-
atic cancer, where MIF concentrations were especially high in exosomes
from stage I patients who later developed liver metastases [17].

S100A9 protein participates in MDSCs accumulation at the tumor
sites and enhances the suppressive functions of MDSCs [8]. In addition,
MDSCs release exosomes enriched in this protein [36]. Although
initially it was suggested that circulating SI00A9 could be a potential
biomarker to discriminate between malignant and benign prostate dis-
ease [37], further studies did not confirm neither this fact, nor its cor-
relation with clinicopathological parameters [38]. Our data agree with
the latter in relation to serum S100A9, and although exosomal S100A9
levels were lower in cancer patients compared with healthy controls, it
did not correlate with Gleason score.

Circulating exosomes may originate from the tumor or from another
cellular source [39]. Our data supports that exosomal CCL2 and CXCL5
may originate from the tumor, because their level decreased soon after
prostatectomy, as opposed to S100A9 and TGF-B, which increased
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following surgery. Unfortunately, up to now there are no procedures to
isolate tumor exosomes from blood in clinical settings, and even the
separation method can affect the measurement, which is especially
noticeable in the case of CXCL12 [11].

The main limitation of our study is the sample size. Nevertheless, the
availability of sequential samples before and after surgery allows per-
forming intra-patient comparisons which increase the significance of our
findings [22]. The type of surgery procedure (prostatectomy with or
without lymphadenectomy) and the time elapsed between pre-surgery
biopsy and blood analysis could be also interesting. However, the ef-
fect of exosome release during surgery in this study can be excluded, as
cytokines half-life in blood circulation is usually even lower than that of
exosomes (around 30 min) and the vast majority of extracellular vesicles
are cleared from blood in 6 h [25]. Our results demonstrate that cyto-
kines involved in MDSCs recruitment can be detected in circulating
exosomes although further interaction studies between exosomes con-
taining these cytokines and recipient cells should be conducted. We
should also consider that, although manufacturers of separation kits
claim to achieve specific exosomes’ isolation, they are often contami-
nated with different subsets of microvesicles other than exosomes [40],
as well as non-exosomal components in the exosomes extract as we and
others have previously showed [11,41]. For this reason, the Interna-
tional Society of Extracellular Vesicles (ISEV) guidelines published in
2018 recommend using the general term “small extracellular vesicles”
instead of exosomes [42]. Nevertheless, in this study we employ the
term exosomes, as it is claimed by the isolation kit manufacturer used in
this project.

4.1. Conclusions

In summary, we have analyzed for the first time the evolution of
exosomal cytokines in pre and post-surgical blood samples from prostate
cancer patients treated with radical prostatectomy. Our findings show
that MDSCs immunomodulatory cytokines can be detected and moni-
tored in exosomes from peripheral blood, and support that some of them
may play a pivotal role in MDSCs recruitment at the tumor site which
should be further confirmed in experimental prostate cancer models. In
addition, some of these cytokines, particularly CCL2 and CXCL5 may
hold interest as cancer biomarkers in PCa when measured in exosomes.

CRediT authorship contribution statement

Monica Macias: Methodology, Formal analysis, Investigation.
Angel Garcia-Cortés: Resources. Marcos Torres: Resources. Javier
Ancizu-Marckert: Resources. Juan Ignacio Pascual: Resources. Fer-
nando Diez-Caballero: Resources. José Enrique Robles: Resources.
David Rosell: Resources. Bernardino Minana: Resources. Beatriz
Mateos: Investigation. Daniel Ajona: Methodology, Validation, Inves-
tigation. Rodrigo Sanchez-Bayona: Investigation. Oihane Bedialau-
neta: Resources. Susana Chocarro: Resources. Ana Navarro:
Resources. Maria P. Andueza: Resources. Alfonso Gurpide: Resources.
Jose Luis Perez-Gracia: Conceptualization, Methodology, Formal
analysis, Resources. Estibaliz Alegre: Conceptualization, Methodology,
Formal analysis, Investigation. Alvaro Gonzalez: Conceptualization,
Methodology, Formal analysis, Resources, Funding acquisition.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This work was supported by “Fundacién José Luis Castafio-SEQCML”
and “Fondo de Investigacion Sanitaria” grants [P114/00274 and PI17/
00411]. We like to thank Dr. Maria Romero for her support in the
preparation of the manuscript.

References

[1] Global Burden of Disease Cancer C, C. Fitzmaurice, C. Allen, R.M. Barber, L.
Barregard, Z.A. Bhutta, et al., Global, regional, and national cancer incidence,
mortality, years of life lost, years lived with disability, and disability-adjusted life-
years for 32 cancer groups, 1990 to 2015: a systematic analysis for the global
burden of disease study. JAMA Oncol. 3 (2017) 524-548.

[2] J.L. Mohler, E.S. Antonarakis, A.J. Armstrong, A.V. D’Amico, B.J. Davis, T. Dorff,
et al., Prostate cancer, version 2.2019, NCCN clinical practice guidelines in
oncology, J. Natl. Compr. Canc. Netw. 17 (2019) 479-505.

[3] N. Mottet, R.C.N. van den Bergh, E. Briers, L. Bourke, P. Cornford, M. De Santis,
et al., EAU Guidelines 2018 Edn., in: Presented at the EAU Annual Congress.
Copenhagen. SBN 978-94-92671-01-1.

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


http://refhub.elsevier.com/S1043-4666(21)00051-X/h0020
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0020
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0020

M. Macias et al.

[5]
[6]

[7]

[8]
[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

A. Rani, P. Dasgupta, J.J. Murphy, Prostate cancer: the role of inflammation and
chemokines, Am. J. Pathol. 189 (2019) 2119-2137.

V. Kumar, S. Patel, E. Tcyganov, D.I. Gabrilovich, The nature of myeloid-derived
suppressor cells in the tumor microenvironment, Trends Immunol. 37 (2016)
208-220.

T. Condamine, I. Ramachandran, J.-I. Youn, D.I. Gabrilovich, Regulation of tumor
metastasis by myeloid-derived suppressor cells, Annu. Rev. Med. 66 (2015)
97-110.

D.I. Gabrilovich, S. Nagaraj, Myeloid-derived suppressor cells as regulators of the
immune system, Nat. Rev. Immunol. 9 (2009) 162-174.

M.J. Sanaei, L. Salimzadeh, N. Bagheri, Crosstalk between myeloid-derived
suppressor cells and the immune system in prostate cancer: MDSCs and immune
system in Prostate cancer, J. Leukoc. Biol. 107 (2020) 43-56.

M. Macias, E. Alegre, A. Diaz-Lagares, A. Patino, J.L. Perez-Gracia, M. Sanmamed,
et al., Liquid biopsy: from basic research to clinical practice, Adv. Clin. Chem. 83
(2018) 73-119.

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

E. Alegre, L. Zubiri, J.L. Perez-Gracia, M. Gonzalez-Cao, L. Soria, S. Martin-Algarra,
et al., Circulating melanoma exosomes as diagnostic and prognosis biomarkers,
Clin. Chim. Acta 454 (2016) 28-32.

M. Logozzi, D.F. Angelini, E. Iessi, D. Mizzoni, R. Di Raimo, C. Federici, et al.,
Increased PSA expression on prostate cancer exosomes in in vitro condition and in
cancer patients, Cancer Lett. 403 (2017) 318-329.

Z. Wu, Z. Zhang, W. Xia, J. Cai, Y. Li, S. Wu, Extracellular vesicles in urologic
malignancies-Implementations for future cancer care, Cell Prolif. 52 (2019),
el2659.

X. Xiang, A. Poliakov, C. Liu, Y. Liu, Z.B. Deng, J. Wang, et al., Induction of
myeloid-derived suppressor cells by tumor exosomes, Int. J. Cancer 124 (2009)
2621-2633.

T. Lorenc, K. Klimezyk, I. Michalczewska, M. Stomka, G. Kubiak-Tomaszewska,
W. Olejarz, Exosomes in prostate cancer diagnosis, prognosis and therapy, Int. J.
Mol. Sci. 21 (2020) 2118.

B. Costa-Silva, N.M. Aiello, A.J. Ocean, S. Singh, H. Zhang, B.K. Thakur, et al.,
Pancreatic cancer exosomes initiate pre-metastatic niche formation in the liver,
Nat. Cell Biol. 17 (2015) 816-826.

J.P. Webber, L.K. Spary, A.J. Sanders, R. Chowdhury, W.G. Jiang, R. Steadman, et
al., Differentiation of tumour-promoting stromal myofibroblasts by cancer
exosomes, Oncogene 34 (2015) 290-302.

K. Fujita, H. Kume, K. Matsuzaki, A. Kawashima, T. Ujike, A. Nagahara, et al.,
Proteomic analysis of urinary extracellular vesicles from high Gleason score
prostate cancer, Sci. Rep. 7 (2017) 42961.

K. Sandvig, A. Llorente, Proteomic analysis of microvesicles released by the human
prostate cancer cell line PC-3, Mol. Cell. Proteomics 11 (M111) (2012), 012914.
B. Dhondt, E. Geeurickx, J. Tulkens, J. Van Deun, G. Vergauwen, L. Lippens, et al.,
Unravelling the proteomic landscape of extracellular vesicles in prostate cancer by
density-based fractionation of urine, J. Extracell Vesicles 9 (2020) 1736935.

J.L. Perez-Gracia, M.F. Sanmamed, A. Bosch, A. Patino-Garcia, K.A. Schalper,

V. Segura, et al., Strategies to design clinical studies to identify predictive
biomarkers in cancer research, Cancer Treat. Rev. 53 (2017) 79-97.

M.K. Buyyounouski, P.L. Choyke, J.K. McKenney, O. Sartor, H.M. Sandler, M.

B. Amin, et al., Prostate cancer — major changes in the American Joint Committee
on Cancer eighth edition cancer staging manual, CA Cancer J. Clin. 67 (2017)
245-253.

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 (2017) el—e7.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Cytokine 141 (2021) 155471

C.P. Lai, O. Mardini, M. Ericsson, S. Prabhakar, C. Maguire, J.W. Chen, et al.,
Dynamic biodistribution of extracellular vesicles in vivo using a multimodal
imaging reporter, ACS Nano 8 (2014) 483-494.

T.O. Adekoya, R.M. Richardson, Cytokines and chemokines as mediators of
prostate cancer metastasis, Int. J. Mol. Sci. 21 (2020) 4449, https://doi.org/
10.3390/ijms21124449.

G.V. Shelke, Y. Yin, S.C. Jang, C. Lasser, S. Wennmalm, H.J. Hoffmann, et al.,
Endosomal signalling via exosome surface TGFbeta-1, J. Extracell. Vesicles 8
(2019) 1650458.

C.S. Hong, P. Sharma, S.S. Yerneni, P. Simms, E.K. Jackson, T.L. Whiteside, et al.,
Circulating exosomes carrying an immunosuppressive cargo interfere with cellular
immunotherapy in acute myeloid leukemia, Sci. Rep. 7 (2017) 14684.

1. Tsaur, A. Noack, J. Makarevic, E. Oppermann, A.M. Waaga-Gasser, M. Gasser, et
al., CCL2 chemokine as a potential biomarker for prostate cancer: a pilot study,
Cancer Res. Treat. 47 (2015) 306-312.

A. Ramteke, H. Ting, C. Agarwal, S. Mateen, R. Somasagara, A. Hussain, et al.,
Exosomes secreted under hypoxia enhance invasiveness and stemness of prostate
cancer cells by targeting adherens junction molecules, Mol. Carcinog. 54 (2015)
554-565.

B. Huang, Z. Lei, J. Zhao, W. Gong, J. Liu, Z. Chen, et al., CCL2/CCR2 pathway
mediates recruitment of myeloid suppressor cells to cancers, Cancer Lett. 252
(2007) 86-92.

H. Roca, J.D. Jones, M.C. Purica, S. Weidner, A.J. Koh, R. Kuo, et al., Apoptosis-
induced CXCLS5 accelerates inflammation and growth of prostate tumor metastases
in bone, J. Clin. Invest. 128 (2018) 248-266.

C.J. Kovacs, B.M. Daly, M.J. Evans, R.M. Johnke, T.K. Lee, U.L. Karlsson, et al.,
Cytokine profiles in patients receiving wide-field + prostate boost radiotherapy
(xRT) for adenocarcinoma of the prostate, Cytokine 23 (2003) 151-163.

A.S. Wang, C.H. Chen, Y.T. Chou, Y.S. Pu, Perioperative changes in TGF-betal
levels predict the oncological outcome of cryoablation-receiving patients with
localized prostate cancer, Cryobiology 73 (2016) 63-68.

S.F. Shariat, M.W. Kattan, E. Traxel, B. Andrews, K. Zhu, T.M. Wheeler, et al.,
Association of pre- and postoperative plasma levels of transforming growth factor
beta(1) and interleukin 6 and its soluble receptor with prostate cancer progression,
Clin. Cancer Res. 10 (2004) 1992-1999.

M. Burke, W. Choksawangkarn, N. Edwards, S. Ostrand-Rosenberg, C. Fenselau,
Exosomes from myeloid-derived suppressor cells carry biologically active proteins,
J. Proteome Res. 13 (2014) 836-843.

A. Hermani, J. Hess, B. De Servi, S. Medunjanin, R. Grobholz, L. Trojan, et al.,
Calcium-binding proteins S100A8 and S100A9 as novel diagnostic markers in
human prostate cancer, Clin. Cancer Res. 11 (2005) 5146-5152.

S. Ludwig, C. Stephan, M. Lein, S.A. Loening, K. Jung, S100A8, S100A9, and the
S100A8/A9 complex in circulating blood are not associated with prostate cancer
risk-A re-evaluation study, Prostate 67 (2007) 1301-1307.

C.S. Hong, L. Muller, T.L. Whiteside, M. Boyiadzis, Plasma exosomes as markers of
therapeutic response in patients with acute myeloid leukemia, Front. Immunol. 5
(2014) 160.

J. Lotvall, A.F. Hill, F. Hochberg, E.I. Buzas, D. Di Vizio, C. Gardiner, et al.,
Minimal experimental requirements for definition of extracellular vesicles and
their functions: a position statement from the International Society for
Extracellular Vesicles, J. Extracell. Vesicles 3 (2014) 26913.

R. Stranska, L. Gysbrechts, J. Wouters, P. Vermeersch, K. Bloch, D. Dierickx, et al.,
Comparison of membrane affinity-based method with size-exclusion
chromatography for isolation of exosome-like vesicles from human plasma,

J. Transl. Med. 16 (2018) 1.

C. Thery, K.W. Witwer, E. Aikawa, M.J. Alcaraz, J.D. Anderson,

R. Andriantsitohaina, et al., Minimal information for studies of extracellular
vesicles 2018 (MISEV2018): a position statement of the International Society for
Extracellular Vesicles and update of the MISEV2014 guidelines, J. Extracell.
Vesicles 7 (2018) 1535750.


http://refhub.elsevier.com/S1043-4666(21)00051-X/h0025
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0025
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0030
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0030
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0030
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0035
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0035
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0035
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0040
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0040
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0045
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0045
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0045
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0050
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0050
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0050
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0055
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0055
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0055
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0055
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0060
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0060
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0060
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0065
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0065
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0065
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0070
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0070
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0070
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0075
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0075
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0075
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0080
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0080
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0080
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0085
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0085
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0085
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0090
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0090
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0090
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0095
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0095
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0095
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0100
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0100
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0105
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0105
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0105
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0110
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0110
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0110
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0115
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0115
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0115
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0115
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0120
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0120
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0120
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0120
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0120
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0125
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0125
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0125
https://doi.org/10.3390/ijms21124449
https://doi.org/10.3390/ijms21124449
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0135
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0135
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0135
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0140
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0140
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0140
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0145
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0145
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0145
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0150
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0150
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0150
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0150
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0155
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0155
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0155
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0160
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0160
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0160
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0165
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0165
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0165
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0170
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0170
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0170
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0175
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0175
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0175
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0175
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0180
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0180
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0180
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0185
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0185
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0185
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0190
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0190
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0190
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0195
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0195
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0195
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0200
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0200
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0200
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0200
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0205
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0205
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0205
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0205
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0210
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0210
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0210
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0210
http://refhub.elsevier.com/S1043-4666(21)00051-X/h0210

	Characterization of the perioperative changes of exosomal immune-related cytokines induced by prostatectomy in early-stage  ...
	1 Introduction
	2 Material and methods
	2.1 Study design
	2.2 Exosome separation
	2.3 Cytokine analysis
	2.4 Statistical analysis

	3 Results
	3.1 Clinical characteristics of patients
	3.2 Presence of cytokines in exosomes
	3.3 Differences in exosomal and serum cytokines between healthy controls and pre-surgical samples from PCa patients
	3.4 Correlations between serum and exosomal cytokines concentrations and clinical variables
	3.5 Sequential evolution of exosomal and serum cytokines in PCa patients before and after radical prostatectomy

	4 Discussion
	4.1 Conclusions

	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


