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[S I N

The interest in exosomes in cancer research and treatment has increased exponentially
in the past few years. Exosomes are small extracellular vesicles released from all cell types
which function as cargo carriers, thus facilitating cell-to-cell signaling by delivering the
cargo to recipient cells [1]. The cargo carried by typical exosomes can be very diverse,
ranging from proteins to nucleic acids to metabolites and lipids. For tumor cells, exosomes
are believed to confer survival advantages by modulating immune response and affecting
angiogenesis, metastasis and resistance against therapies [2]. These biological functions
ascribed to exosomes are possible all because of their cargo contents [3,4]. As the interest in
exosomes has intensified, so has the scrutiny of their contents. The review article ‘Proteomic
Analysis of Exosomes for Discovery of Protein Biomarkers for Prostate and Bladder Cancer’
by Wang et al. [5], published as part of Special Issue ‘The Cancer Proteome’, focused on
the analysis of one specific cargo constituent of exosomes. The specific cargo constituent
was proteins, and the analysis was proteomics-based. The idea that there are differences
in proteome contents of ‘normal’ vs. ‘tumor” cells is well accepted. For more than two
decades, the idea of utilizing proteomics-based analyses to study these differences has been
circulated [6,7]. Fast forward to the present-day, and proteomics-based cancer biomarker
discovery research still remains a hot topic [8], with specific attention paid to the proteomic
analyses of extravesicular vesicles, including exosomes [9].

The review article by Wang et al. [5] focuses on two specific and common urologic
cancers, prostate and bladder cancers. Before discussing the state of knowledge on the
proteome content of exosomes from prostate and bladder cancers, the authors first discuss
the various exosome isolation and characterization methodologies. This is critical because
sample preparation methods, in this case, exosome isolation, can impact the downstream
proteomics-based detection and analyses. One needs to keep in mind that thousands
to tens of thousands of proteins can potentially be listed in proteomic analyses of exo-
somes [5,10,11]. Add to this the challenge of (a) contamination in biofluids with proteins
that are not from exosomes and (b) the overlapping size and morphology of exosomes with
microvesicles (exosomes and microvesicles can often have very distinct cargo and associ-
ated functions), and suddenly the focus on well defined and validated isolation methods for
exosomes starts making sense. The six exosome-isolation methods that the authors discuss
in this review article are ultracentrifugation, density gradient centrifugation, size exclusion
chromatography, ultrafiltration, affinity isolation and precipitation. The advantages, as
well as the disadvantages/limitations, of these isolation methods are listed. Following
isolation, the next important task is the characterization of exosomes to make sure of their
purity. A number of techniques are available for this task, and they include dynamic
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light scattering and nanoparticle tracking analysis for assessing the size and distribution of
exosomes; transmission electron microscopy for structural details; cryo-electron microscopy
for the morphology of exosomes; flow cytometry for qualitative as well as quantitative
analysis and Western blotting and ELISA for the determination of exosome purity [5]. Once
the exosomes-preparations are deemed pure, proteomic analysis mostly consists of mass
spectrometry (MS)-based methodology.

Following the discussion on exosome isolation and characterization, the article [5]
shifts its focus to the actual protein biomarkers discoveries in prostate and bladder cancers,
as revealed by proteomic analyses on exosomes from these cancers. The authors start
with diagnosis and make a case for the need to discover novel diagnostic biomarkers. For
prostate cancers, authors argue that PSA (prostate-specific antigen), the commonly used
prostate cancer diagnostic marker, is probably not reliable as it is particularly unable to
differentially diagnose benign vs. advanced disease and is a major cause of overdiagnosis
and unnecessary overtreatment [5,12,13]. For bladder cancers, they make a case that the
highly specific cytology test has low sensitivity [14], whereas the gold standard cystoscopy
is invasive and comes with the risk of developing urinary infections [15]. Thus, the authors
make a case for the need to discover novel diagnostic biomarkers for both prostate and
bladder cancers. Authors then summarize the reports on MS-based proteomic analyses
of exosomes from urine, plasma/serum and cell culture media for prostate cancer and
the exosomes from urine and cell lines for bladder cancer. Clearly, the cell lines-based
studies are relatively easy to perform, and, in the patients-based studies, urine is a more
relevant biofluid in addition to sample collection being non-invasive when compared to
plasma/serum, and therefore more widely studied. It is revealed that ultracentrifuge-
based exosome-isolation, in combination with density gradient centrifugation, is the most
preferred method for downstream proteomic analysis because of the highly pure exosomes
quality, even though the overall method can be very lengthy and impractical for large
cohorts.

A detailed discussion of different protein biomarkers revealed, in several individual
studies on prostate cancer listed, a few key proteins that could be potential prostate cancer
biomarkers. These include FABP5 (fatty acid-binding protein 5), TM256, LAMTOR1, VATL
and ADIRF [5]. However, the authors make a point that very low overlap was observed
among the published reports in terms of protein biomarkers, and this can be attributed
to inherent differences in the study designs, low sample sizes, urine vs. cell lines-based
analyses, etc. When a more direct comparison was carried out between individual studies,
FABP5 and LAMTOR proteins did stand out, with some overlap and detection across
studies. The conclusions were similar for bladder cancer exosome proteosome analyses,
and almost no overlapping proteins were identified across the studies. All the studies
discussed in the article listed unique proteins, such as TMPRSS2, TPP1, FOLR1, RALB,
RAB35, SLC4A1, TACSTD2 and urothelial carcinoma-associated proteins. This was again
attributed to utterly different study designs and sample sizes. The article even listed two
studies in prostate cancer that focused on proteomic analysis of exosomes in light of racial
cancer disparities. The racial disparities, i.e., the differences between individual races in
cancer incidence and mortality, particularly between Caucasians (European Americans)
and African Americans, have been of great interest in the United States [16,17]. Again, no
consensus in protein biomarkers could be concluded, even though Filamin A stood out in
one of the studies as an African American-specific protein. One of the drawbacks identified
in these studies was the origin of exosomes as these were plasma/serum-based studies,
and apparently, the samples were not depleted of high-abundance proteins. Compared to
the patient-derived exosomes discussed so far, the exosomes from cell culture models are
supposed to be more consistent in terms of their protein cargo, primarily because all the
cells in a culture are of the exact same type. However, because of cell-line-specific changes,
the results are still not comparable when proteomic analysis of exosomes from one cell line
is compared to that from another, even though they may ‘represent’ the same cancer.
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Based on the discussion in this review article by Wang et al. [5], it is apparent that
despite realizing the promise of proteomic analysis of exosomal cargo in cancer diagnosis
and progression over the last two decades, the overall progress is minimal. Perhaps, the
initial step, the isolation of exosomes, deserves the blame. The overall field of proteomics
has witnessed a lot of progress regarding state-of-the-art quantitative proteomic platforms.
However, there is still a lack of highly effective, reliable and robust methods for rapid
exosome isolation, particularly when there is a large number of samples [5]. Additionally,
since biofluids such as plasma/serum are limited in terms of quantities that can be obtained
from patients, future exosome isolation techniques also need to ensure high yields of
exosomes. Once a more reproducible and much more standardized exosome isolation
methodology is in place, identification and validation of novel protein biomarkers from
exosome cargo will inevitably follow.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kalluri, R.; LeBleu, V.S. The biology, function, and biomedical applications of exosomes. Science 2020, 367, eaau6977. [CrossRef]
[PubMed]

2. Ahmad, A. Exosomes in Cancer Diagnosis and Therapy. Int. J. Mol. Sci. 2022, 23, 9930. [CrossRef] [PubMed]

3. Du,G,; Zhang, Y,; Hu, S.; Zhou, X,; Li, Y. Non-coding RN As in exosomes and adipocytes cause fat loss during cancer cachexia.
Noncoding RNA Res. 2021, 6, 80-85. [CrossRef] [PubMed]

4. Wei, H; Chen, Q. Lin, L.; Sha, C.; Li, T,; Liu, Y,; Yin, X,; Xu, Y.; Chen, L.; Gao, W.; et al. Regulation of exosome production and
cargo sorting. Int. J. Biol. Sci. 2021, 17, 163-177. [CrossRef] [PubMed]

5. Wang, Y.T.; Shi, T.; Srivastava, S.; Kagan, J.; Liu, T.; Rodland, K.D. Proteomic Analysis of Exosomes for Discovery of Protein
Biomarkers for Prostate and Bladder Cancer. Cancers 2020, 12, 2335. [CrossRef] [PubMed]

6. Bichsel, V.E.; Liotta, L.A.; Petricoin, E.F,, 3rd. Cancer proteomics: From biomarker discovery to signal pathway profiling. Cancer J.
2001, 7, 69-78. [PubMed]

7. Srinivas, P.R.; Verma, M.; Zhao, Y.; Srivastava, S. Proteomics for cancer biomarker discovery. Clin. Chem. 2002, 48, 1160-1169.
[PubMed]

8. Kim, S.S.; Shin, H.; Ahn, K.G.; Park, YM.; Kwon, M.C.; Lim, ].M.; Oh, E.K,; Kim, Y.; Han, S.M.; Noh, D.Y. Quantifiable peptide
library bridges the gap for proteomics based biomarker discovery and validation on breast cancer. Sci. Rep. 2023, 13, 8991.
[CrossRef] [PubMed]

9. Suwakulsiri, W.; Xu, R.; Rai, A.; Shafiq, A.; Chen, M.; Greening, D.W.; Simpson, R.J. Comparative proteomic analysis of three
major extracellular vesicle classes secreted from human primary and metastatic colorectal cancer cells: Exosomes, microparticles,
and shed midbody remnants. Proteomics 2023, e2300057. [CrossRef] [PubMed]

10. Keerthikumar, S.; Chisanga, D.; Ariyaratne, D.; Al Saffar, H.; Anand, S.; Zhao, K.; Samuel, M.; Pathan, M.; Jois, M.; Chilamkurti,
N.; et al. ExoCarta: A Web-Based Compendium of Exosomal Cargo. J. Mol. Biol. 2016, 428, 688—-692. [CrossRef] [PubMed]

11. Pathan, M.; Fonseka, P.; Chitti, S.V,; Kang, T.; Sanwlani, R.; Van Deun, J.; Hendrix, A.; Mathivanan, S. Vesiclepedia 2019: A
compendium of RNA, proteins, lipids and metabolites in extracellular vesicles. Nucleic Acids Res. 2019, 47, D516-D519. [CrossRef]
[PubMed]

12.  Merriel, SW.D.; Pocock, L.; Gilbert, E.; Creavin, S.; Walter, EM.; Spencer, A.; Hamilton, W. Systematic review and meta-analysis
of the diagnostic accuracy of prostate-specific antigen (PSA) for the detection of prostate cancer in symptomatic patients. BMC
Med. 2022, 20, 54. [CrossRef] [PubMed]

13.  Fenton, J.J.; Weyrich, M.S.; Durbin, S.; Liu, Y.; Bang, H.; Melnikow, ]. Prostate-Specific Antigen-Based Screening for Prostate
Cancer: Evidence Report and Systematic Review for the US Preventive Services Task Force. JAMA 2018, 319, 1914-1931. [CrossRef]
[PubMed]

14. Babjuk, M.; Bohle, A.; Burger, M.; Capoun, O.; Cohen, D.; Comperat, E.M.; Hernandez, V.; Kaasinen, E.; Palou, J.; Roupret, M.;
et al. EAU Guidelines on Non-Muscle-invasive Urothelial Carcinoma of the Bladder: Update 2016. Eur. Urol. 2017, 71, 447-461.
[CrossRef] [PubMed]

15.  Almallah, Y.; Rennie, C.; Stone, J.; Lancashire, M. Urinary tract infection and patient satisfaction after flexible cystoscopy and
urodynamic evaluation. Urology 2000, 56, 37-39. [CrossRef] [PubMed]

16. The Lancet, O. Racial disparities in cancer care: Can we close the gap? Lancet Oncol. 2021, 22, 1643. [CrossRef] [PubMed]

17.  Ahmad, A.; Azim, S.; Zubair, H.; Khan, M.A.; Singh, S.; Carter, J.E.; Rocconi, R.P; Singh, A.P. Epigenetic basis of cancer health

disparities: Looking beyond genetic differences. Biochim. Biophys. Acta Rev. Cancer 2017, 1868, 16-28. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1126/science.aau6977
https://www.ncbi.nlm.nih.gov/pubmed/32029601
https://doi.org/10.3390/ijms23179930
https://www.ncbi.nlm.nih.gov/pubmed/36077326
https://doi.org/10.1016/j.ncrna.2021.04.001
https://www.ncbi.nlm.nih.gov/pubmed/33997537
https://doi.org/10.7150/ijbs.53671
https://www.ncbi.nlm.nih.gov/pubmed/33390841
https://doi.org/10.3390/cancers12092335
https://www.ncbi.nlm.nih.gov/pubmed/32825017
https://www.ncbi.nlm.nih.gov/pubmed/11269650
https://www.ncbi.nlm.nih.gov/pubmed/12142368
https://doi.org/10.1038/s41598-023-36159-4
https://www.ncbi.nlm.nih.gov/pubmed/37268731
https://doi.org/10.1002/pmic.202300057
https://www.ncbi.nlm.nih.gov/pubmed/37507836
https://doi.org/10.1016/j.jmb.2015.09.019
https://www.ncbi.nlm.nih.gov/pubmed/26434508
https://doi.org/10.1093/nar/gky1029
https://www.ncbi.nlm.nih.gov/pubmed/30395310
https://doi.org/10.1186/s12916-021-02230-y
https://www.ncbi.nlm.nih.gov/pubmed/35125113
https://doi.org/10.1001/jama.2018.3712
https://www.ncbi.nlm.nih.gov/pubmed/29801018
https://doi.org/10.1016/j.eururo.2016.05.041
https://www.ncbi.nlm.nih.gov/pubmed/27324428
https://doi.org/10.1016/S0090-4295(00)00555-0
https://www.ncbi.nlm.nih.gov/pubmed/10869618
https://doi.org/10.1016/S1470-2045(21)00669-0
https://www.ncbi.nlm.nih.gov/pubmed/34856134
https://doi.org/10.1016/j.bbcan.2017.01.001
https://www.ncbi.nlm.nih.gov/pubmed/28108348

	References

