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Cancer exosomes in urine: a promising biomarker source
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Abstract: In face of innovative therapeutic strategies for cancer diagnosis and treatment, and of the elusiveness
of renal and urinary tract tumors, the identification of novel biomarkers for diagnosis, prognosis, selection
and monitoring of therapies is a primary target of research. The concept of “precision medicine” for tailoring
the oncologic management in a minimally invasive fashion is considered a new epoch in cancer management.
Extracellular vesicles, and exosomes in particular, carry lipids, mRNAs, non-coding RNAs, DNA, and active
proteins, are present in a variety of bodily fluids including urine. In fact, urinary exosomes contain most of
the urinoma proteins. Exosomes are nanovesicles originating from an endocytic pathway of the endocellular
membranes and upon release are actors of intercellular communication, able to induce phenotypic changes
including tumorigenesis and metastasis, in recipient cells. Tumor-derived exosomes play critical roles in all stages
of tumor development and metastasis of almost all cancer types. Exosomal proteins may serve as biomarkers for
clinical applications, still to be validated. Please reword the next sentence. Not clear. Exosomes extracellular gather
in urine, thus becoming a great resource for recovery of biomarkers and a promising non-invasive diagnostic
instrument for renal disease. Liquid biopsies (body fluids) may be preferable to tumor tissue biopsies since they
are less invasive. Urinary exosomes in particular are available in great quantity in a noninvasive way and are
representative of each of the cells of the urinary tract. In the present review, we summarize our knowledge of the
urine exosomes with a new vision as liquid biopsy and high-throughput techniques. The emerging metabolic

signature of urinary exosomes is also discussed in terms of its potential clinical application.
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Urinary exosomes

Exosomes in human urine would exclusively derive from each
cell type of the urinary tract starting from the glomerular
podocytes and the kidney (1-3). In fact, the glomerular
filtration apparatus apparently prevents blood-borne vesicles
from entering the nephron (4). Exosomes in the urinary tract
can play a cell-signaling role. For example, exosomes released
by collecting duct cells induce the expression of aquaporin in
recipient cells (5) and stimulate nephrogenesis (6). Exosomes
can also simply cross the whole urinary tract being ultimately
found in the urine. Being cell type specific, especially the
urinary exosomes are a biomarker source for cancer diagnosis
(2,7) and also for diseases of the urinary tract (8). The protein
content of exosomes conveyed into urine is specific (9), being
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even representative of the expression levels (10) within the
cell of origin.

The exosomal urinary proteome has been catalogued (11).
The most recent version of the exosome database, Exocarta
(Version 4), reports that exosomes from a variety of cell
sources have been found to contain 4,563 proteins, 194
lipids, 1,639 mRNAs, and 764 micro (mi)RNAs (12).
Micro RNAs are small, non-coding RNAs that post-
transcriptionally inhibit gene expression and are therefore
important players in exosome key functions (13). Exosomes
also contain DNA and functional long non-coding RNAs
(IncRNAs) which may induce cancer-like phenotypes (14).
We previously conducted a proteomic analysis of urinary
exosomes by Orbitrap mass spectrometry, and compared it
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to urinome (15,16). It was found that most proteins in the
urinome are in exosomes. Moreover, a consistent number
of the identified proteins unexpectedly clustered to aerobic
ATP production. Cytoscape software analysis allowed us to
assess that most of their gene name signature was associated
with aerobic glucose metabolism (15). In fact, similarly to
human exosomes from umbilical cord MSC (17), urinary
exosomes consumed oxygen to aerobically synthesize ATP (15).

Exosome composition and biogenesis

Exosomes are membrane-derived vesicles of 30-100 nm,
shed from several types of cells (12,18) especially malignant
ones (19). Exosomes are found in consistent concentrations
in all body fluids, including blood, saliva and urine (20-22).
Exosomes promote intercellular exchange of molecular
information in physiological and pathological processes,
including inflammation and cancer (23-25). Exosomes carry
a variety of proteins, DNA and RNA molecules (25) and
lipids, among which glycerophospholipids, sphingolipids, and
especially cholesterol (8), but also eicosanoids. The latter are
involved in tumor growth but also its prevention: exosomal
docosahexaenoic acid promotes dendritic cell function (26).
Exosome biogenesis and the processes involved in
the selection, packaging, and release of its cargo remain
undefined. The endosomal sorting complex required for
transport (ESCRT) is involved in exosome formation, but
a key role was found for syndecan-syntenin-ALIX (27).
A regulatory role for heparan sulfate in exosome
production/secretion was proposed, as overexpression of
the endoglycosidase enzyme heparanase increased tumor
cell exosome secretion (28). Sequence motifs present in
miRNAs are involved in their sorting into exosomes (29).
Exosome protein content depends on the cell of origin,
being enriched with fusion proteins, heat shock proteins,
membrane trafficking proteins (Rab proteins), cytoplasmic
enzymes, and the cited functional redox chain complexes I
to V (15,17). Incompletely understood is the mechanisms
underlying the sorting of proteins into exosomes. This topic
is the object of several studies, which unfortunately yet
have not addressed the key point of how can mitochondrial
proteins be part of the exosome. Considering the complex
assembly of the mitochondrial redox chains (30) inside
the inner mitochondrial membranes (IMMs), and absence
of contact with mitochondria during the exosome
biogenesis, conceivably the redox chain proteins must
already part of the endosomal membrane from which
exosomes bud (31). A fusion of IMM with the endoplasmic
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reticulum (ER) was reported (23). There is a phospholipid
exchange among IMM and the ER (32) also through the
mitochondria associated membranes (33). The exosome
release mechanism remains elusive; it was proposed to be
Ca’*-dependent, and in some tumor cells Rab GTPase-
dependent (25). Exosomes interact with target cells mostly
by endocytosis but also plasma membrane fusion (34). It was
postulated that mesenchymal stem cells (MSCs) exosomes
can carry out protein complementation of biochemically
active enzymes (35) to correct cellular ATP deficit (36,37).
It is tempting to presume that among these enzymes there
are the exosomal redox chains proteins (15,17).

Urinary exosomes in cancer biology

The role of exosomes in cancer biology is an active area of
investigation. Compared to healthy cells, tumor cells secrete
a higher amount of exosomes (19,38), that are implied
in tumorigenesis (39). Exosomes were shown to enhance
migration, invasion and angiogenesis in bladder, prostate
and renal cancer (38). Cancer cell support the cancer
micro-environment of neighboring cells (40), through
establishing a pre-metastatic niche (19,41), assisting the
tumor in immune evasion and reprogramming of fibroblasts
to myofibroblasts (42). Urinary exosomes possess oncogenic
properties, including the promotion of cell migration and
angiogenesis, blockade of apoptosis and of immunity (38).

Renal cell carcinoma (RCC)

RCC accounts for 3% of human malignancies. If localized
RCC is often curable by surgery. However, only 12%
patients with metastatic RCC are alive at 5 years. In search
for biomarkers that are particularly needed for this type of
cancer, a comparative proteomics was conducted on urinary
exosomes isolated from urines of RCC patient compared
with control subjects (43). This study has shown that RCC
exosome protein content is substantially and reproducibly
different from control UE. Interestingly, among the proteins
that are not shared between RCC and control exosomes
are those involved in matrix remodeling, over-expressed in
RCC patients (43). RCC also possess a population of cancer
stem cells (CSCs) that secrete large amount of extracellular
vesicles that correlated with the disease progression and the
metastatic potential (44) promoting tumor cell development
and vascularization. Since endothelial cells are critical for
angiogenesis and tumor metastasis, their recruitment by
cancer cells appears extremely interesting (44).
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Bladder cancer

High-grade bladder cancer is associated to high mortality
rates. The role of human bladder cancer cell-derived exosomes
on tumor cells viability was addressed in a study utilizing
exosomes purified from the supernatants of bladder cancer
T24 cell cultures. This study demonstrated that bladder
cancer cell-derived exosomes inhibited tumor cell apoptosis
in bladder-cancer lines (45). Exosomes from human bladder
cancer cell lines (TCC-SUP) and urine of patients with high
grade bladder cancer were found to promote angiogenesis and
migration of bladder cancer cells. In particular, EDIL-3 was
found to facilitate angiogenesis, and urothelial and endothelial
cell migration. Consistently, exosomes purified from the
urine of patients with high grade bladder cancer contained
significantly higher EDIL-3 levels than healthy controls
(46). The evidence that bladder cancer-derived exosomes
affect bladder cancer progression, allows hypothesizing that
targeting excretion and survival of exosomes can lead to novel
therapeutic treatment strategies for this kind of cancer.

Prostate cancer

New biomarkers are needed for the diagnosis of prostate
cancer, especially for the low-risk group (47). In fact,
PSA lacks specificity and sensitivity. It was reported that
urine collected after prostate massage contain exosomes
secreted from prostate cancer cells (48). By next generation
sequencing, the miRNA expression in a cohort of prostate
cancer patients versus controls was studied. It was found that
miRNA isoforms (isomiR-21, -204 and -375) with 3’ end
modifications were highly discriminatory between control
and affected men, with a high diagnostic performance.
Proteins form exosomes isolated from urine after massage
were analyzed by LC-MS/MS and it was found that eleven
proteins were increased in patients with prostate cancer,
compared to those with negative biopsy. In particular, fatty
acid binding protein 5 (FABPS5) appeared to be the best
potential biomarker to predict high-grade (Gleason score >7)
prostate cancer. Interestingly, not only exosomal proteins and
miRNA have a discriminative potential in prostate cancer, but
also exosomal lipids. Their content appears to be significantly
different among patients and controls (24). Lipid identification
in urine exosomes as prostate cancer biomarkers can be
envisaged. Notably, the cargos of exosomes are associated
alto to the tumor growth, metastasis and drug resistance of
prostate cancer. prostate cancer cells exosomes modulate
surrounding stromal cells modulating microenvironment
(47). This allows to foresee that in the next future urinary
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exosomes may carry discriminatory information which is
useful to generate stronger biomarkers.

Urine as a privileged tool for liquid biopsy

In the field of precision medicine, the development of a non-
invasive “liquid biopsy” represents a significant innovation,
having the potential to reduce tumor biopsies. In urologic
cancers, liquid biopsy is a privileged non-invasive tool for
biomarker discovery (49). Liquid biopsies can be analyzed by
high-throughput technologies at the cellular, circulating cell-
free DNA (cfDNA), RNA, exosome and metabolome levels
as a source for tumor-derived information (49). Analysis
of the urine is particularly promising for urinary tract
malignancies (2,4). In addition to the importance of markers
of cancer in urinary exosomes, finding markers of kidney
failure would also be important, as most kidney and urinary
tract diseases have a late clinical presentation.

Urine is a known source for biomarkers in various urinary
tract cancers, such as bladder, kidney and prostate (4,6). In
order to harness the potential usefulness of urinary exosomes
in cancer, standardization of the isolation method among
the laboratories is going to be a fundamental topic. For
example, isolation can be performed by ultracentrifugation or
by double-filtration microfluidics. A recent report in which
exosomes were isolated from urine by an integrated double-
filtration microfluidic system found that the concentration of
urinary exosomes was significantly higher in bladder cancer
patients than in healthy controls (50).

With respect to blood-based biomarkers, for which a major
challenge remains the possibility to contextualize peripheral
markers to the complex tumor microenvironment, urine
exosomes appear more focused to it, as they would come
from relatively near cancer tissues moreover sharing a
common embryonal origin. In this respect, urine exosomes
can better allow to detect membrane proteins from the
tumor. In fact, we have previously shown that most urinary
proteins occur in the exosomes and these preserve them
more efficiently than in total urine, a challenging fluid (15).
Moreover, as the metabolic ability of the exosomes seems to
reflect that the cell of origin (17), it can be envisaged that
one more biomarker may be searched for, particularly in
urine that represent an unlimited source of exosomes.

Although urine exosome analysis as a source for biomarker
proteins in search for renal and urinary tract tumors still
needs validation to be transferred to clinical practice, it
represents the logical extension of personalized medicine
intended to tailor treatment to the individual. The perspective
to have powerful tool to identify reliable prognostic and
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predictive biomarker for the diagnosis and tailored therapy
specific urinary tract cancers appears particularly promising
and therefore deserves implementation.
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