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ABSTRACT

Exosomes are small, extracellular vesicles ranging in size from 30-100 nm. Their contents originate from the cytoplasm 
of their host cell, including nucleic acids, intracellular and membrane-bound protein. Cancer cells have been found to 
produce exosomes at a significantly higher rate than normal cells, and function in cell-to-cell signaling, with surface 
protein interaction with recipient cells, as well as deposition of host cell RNA into the recipient cell. Bladder cancer exo-
somes have demonstrated the propensity to augment the aggressiveness of tumors by increasing tumor cell migration 
and angiogenesis, while systemically circulating exosomes in other malignancies have also been shown to establish a 
favorable niche for metastatic disease. With respect to bladder cancer, these exosomes are additionally shed into the 
urine and represent a potential source of urinary biomarkers to be utilized for a non-invasive diagnosis. Further, while 
exosomes promote aggressiveness of bladder tumors, there is also potential for therapeutic endeavors on the horizon, 
with loading of silencing RNA and chemotherapeutics being avenues under investigation. Here we review the current 
literature on exosomes in bladder cancer as biomarkers, their role in cell-to-cell signaling, and as potential delivery 
agents for modulatory agents and chemotherapeutics.
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Introduction

Exosomes are small membrane vesicles secreted by both normal and 
cancer cells. These vesicles range in size from a diameter of 30-100 
nm[1,2] and have been shown to originate from all of the epithelial cell 
types along the urinary tract, from the podocytes in the kidneys to the 
urothelium of the bladder [3] (Fig. 1). Initially thought to function only 
in the disposal of unnecessary cellular contents [4], exosomes have been 
found to have a significant biological role in cellular communication [2]. 
The mechanism for signal transmission includes both vesicle membrane 
protein interaction with the recipient cell membrane[5,6] and direct 
deposition of intravesical contents [eg, mRNA, microRNA (miRNA)] 
into the recipient intracellular space [7-9]. This is of particular importance 
in the setting of malignancy, as cancer cells have been demonstrated 
to produce higher proportions of exosomes than normal cells [10], 
augmenting their potential to increase local tumor invasiveness[11] and 
establishment of a premetastatic niche [12,13]. Exosomes have been 
isolated in a variety of bodily secretions (blood, urine, semen, saliva, 

ascites, breast milk, etc) [1,4,14], and have a lipid bilayer membrane 
enriched with cholesterol, sphingomyelin, and ceramide, providing 
them and their contents stability in numerous bodily fluids. 

Despite their presence in nearly all obtainable bodily fluids, only 
urine remains as a readily available fluid that can be collected in large 
quantities in a non-invasive fashion [15,16]. As exosomes constitute 
approximately 3% of the total protein content in the urine [16,17], 
exosomes are of particular interest in biomarker identification and 
potential therapeutic application. 

Exosome biogenesis and structure

Exosomes originate from within the endosomal network [2]. In 
brief, endocytosis of cellular plasma membranes produce endosomes 
with apical membrane proteins in their wall. These endosomes fuse into 
early endosomes, incorporating the apical membrane proteins into their 
membranes. These early endosomes undergo invagination of their plas-
ma membrane, producing numerous, small internal vesicles containing 
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intracellular cytosolic contents (eg, protein, mRNA, miRNA). This later 
structure is termed a multivesicular body (MVB), or late endosome. 
Through fusion of the MVB to the cellular apical plasma membrane, 
the internal vesicles are released into the urinary space [2,3]. 

Given their small size (30-100 nm diameter[1,2]), exosomes have 
an internal volume of approximately 4.2-380 yoctoliters (10-24 liters), 
approximately the volume of a eukaryotic ribosome [18]. This volume 
allows for intravesicular contents of approximately ≤ 100 proteins 
or ≤ 10,000 net nucleotides of nucleic acid [18]. These intravesicle 
contents include mRNA and miRNA, and studies have demonstrated 
these contents are significantly different than their parental RNA con-
tent, suggesting preferential sorting [18-20], the mechanism of which 
has yet to be resolved [1]. Exosome membranes contain a variety of 
host cell and endocytotic localizing proteins given their origin from 
the endosomal pathway [18]. Membrane surface proteins markers that 
identify exosomes include those associated with MVB biogenesis (tumor 
susceptibility gene (TSG101) and apoptosis-linked gene-2 interacting 
protein X (ALIX)) [2,14,16,18], tetraspannins (CD9, CD63) [2,14,18], 
heat shock proteins (Hsc70, Hsp90) [1,14,18], and aquaporin 2 (AQP2) 
specifically for renal tubule epithelial cell-derived exosomes [21,22].

Exosomal membrane phospholipid composition is comparable to 
that of the parent cell, but with a high protein-to-lipid ratio [23]. There 
are regions of raft-associated lipids on their membrane (areas with a 
low protein-to-lipid ratio), that contribute to the increased concentration 
of sphingomyelin and cholesterol seen in exosomes. The sphingolipid 
ceramide is of functional significance, and concentrated in MVB in-
traluminal vesicles destined to become exosomes as opposed to lyso-
somes [24]. Other spingolipids may be of functional significance for 
exosome development along the endosomal pathway, including lyso-bis 
phosphatidic acid (LBPA), which is important in intraliposomal vesicle 
formation, as well as lysophosphatidylcholine (LPC), a molecule that 
is generated on the outer surface of MVB membranes, and accounts 
for the curvature necessary for the neck during intraluminal vesicle 
invagination [23].

Figure 1. Transmission electron micrograph of bladder cancer exo-
somes. White arrows label exosomes. Used with permission [43].

Urinary exosome isolation

As patients with functional kidneys void several times per day, urine 
is an ideal, non-invasive source of biomarkers. Zhou, et al. investigated 
several factors important to the handling of urine specimens specific 
for exosomal analysis [16]. They found that timing of urine sample 
procurement (first or second morning void) did not change the exosomal 
protein recovery. Long term storage (7 months) of urine samples at 
-80°C resulted in improved protein recovery compared to -20°C. Also, 
the use of a protease inhibitor (a mixture of 1.67 ml NaN3, 2.5 ml 10 
mM PMSF, and 50 μl of 1 mM leupeptin per 50 ml urine) applied to the 
urine specimen upon collection preserved urinary exosome-associated 
proteins from degradation. Most clinically significant, they were also 
able to detect exosome-associated proteins at urine volumes as low as 
10 ml. To our knowledge, a comparable study investigating urinary 
exosomal RNA recovery has yet to be performed.

The classical method of exosome isolation requires a series of 
centrifugations and ultracentrifugations (UC) to pellet debris and dead 
cells, followed by exosomes, respectively. This is a time-consuming 
and expensive technique which will likely need to be overcome for 
exosomal analysis to become clinically applicable on a large scale. 
Multiple techniques for exosomal isolation were compared by Alvarez 
and colleagues to assess ultimate protein, mRNA and miRNA yields 
[25]. These techniques included ultracentrifugation with/without a su-
crose cushion or 0.22 μm filter (both used to increase purity), as well as 
nanomembrane ultrafiltration, and standard and modified protocols for 
an exosomal precipitation reagent ExoQuick-TC (System Biosciences; 
Mountain View, CA). Their results indicate that serial UC and the 
modified ExoQuick-TC protocol are the most applicable techniques for 
continued research and clinical application. In terms of total exosome 
yields, the modified ExoQuick-TC protocol had the highest yield for 
non-UC based techniques, while serial UC without sucrose cushion or 
microfiltration produced the highest yield for UC-based techniques. For 
protein analysis serial UC provided a higher level of purity. miRNA and 
mRNA quantification also demonstrated higher relative levels isolated 
via the modified ExoQuick-TC technique compared to serial UC. The 
‘in-hand’ time, or person-time, required for the modified ExoQuick-TC 
protocol is much less than required for serial UC, at 70 vs. 140 minutes, 
however the overall turn-around time would still be greater for the 
precipitation protocol given an overnight incubation step that is not 
required for serial UC. 

Immunoprecipitation represents another established technique to 
isolate exosomes. Following low speed centrifugation to eliminate any 
cellular contents or debris, a biotinylated characteristic exosomal protein 
antibody is incubated with the specimen, as has been previously described 
[26]. Once the exosomes are labelled, the specimen is incubated with 
antibody-bound magnetic dynabeads, allowing for exosomal isolation 
without the need for ultracentrifugation. Immunoprecipitation is an 
attractive option for exosomal isolation, although to our knowledge it 
has not been compared head-to-head with classical ultracentrifugation. 

Confirmation of an exosomal product following isolation can be per-
formed via a variety of techniques. Size determination can be performed 
by scanning electron microscopy (SEM) or nanoparticle tracking analysis 
(NTA), with an anticipated result of vesicles roughly 30-100 nm in size 
[27]. Exosome size estimates compared between these techniques indicate 
that NTA estimates larger sizes compared to SEM (approximately 110 
nm vs. 30-50 nm) in comparable samples. These difference have been 
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attributed to the former assessing exosomes in solution, while SEM 
utilizes fixed and dehydrated samples. Quantification of the exosomal 
contents can be performed by the Bradford assay, a colorimetric assay 
for determination of total protein compared to bovine serum albumin 
(BSA) standards [28]. This provides a rough estimation of exosomal 
content for analysis and standardization for subsequent experiments. 
Western blotting or flow cytometry can confirm presence of charac-
teristic exosomal protein markers (e.g., CD9, CD63, CD81, hsc70, 
etc) [28]. Flow cytometry can further purify specific populations via 
fluorescence activated cell sorting (FACS). An important consideration 
when utilizing flow cytometry to analyze/sort exosomes is the small 
size of the exosomes and the limitation on detecting vesicles of this 
size [29]. Assessment of urinary derived vesicles has demonstrated that 
detection occurs by two processes, single detection of large vesicles 
(larger than 300 nm) and swarm detection (detection of an event only 
when multiple vesicles simultaneous present to the laser and generate 
an event signal) of smaller vesicles. The caveat in exosome research 
is that swarm detection leads to a 1000-fold decrease in concentration 
estimation compared to the real concentration given the detection of 
groups of small vesicles as a single event, compared to larger vesicles 
[29]. Commercial antibody-coated bead kits are available for the binding 
of exosomes to facilitate FACS analysis and purification. 

Overall, exosome isolation using serial UC, immunoprecipitation, 
or the modified ExoQuick-TC technique appear to be reasonable al-
ternatives for future research and clinical application. Appropriate 
quantitation and assessment of purity is necessary to ensure accuracy 
and validity of study results. 

Exosomes as biomarkers

The diagnosis of bladder cancer currently requires cystoscopy, an 
invasive procedure, and/or urine cytology, which is known for its low 
specificity, especially for low grade cancers [30,31]. Exosomes isolated 
from the urine have already demonstrated differential protein expression 
in the setting of acute kidney injury [32], lung cancer [15], prostate 
cancer [33-35], and represent an up-and-coming source of potential 
biomarker for non-invasive diagnosis of bladder cancer. ExoCarta 
represents a continually-updated database for reference of completed 
work characterizing exosomal protein, mRNA and lipids [36].

While exosome biomarker discovery remains in its infancy for bladder 
cancer, several studies exist demonstrating exciting avenues for future 
work. Perez, et al. investigated urinary exosomal RNA from bladder 
cancer and normal control patients using a whole transcriptome array 
[37]. Initial results found 4,102 transcripts, with 55% overlap between 
cancer and control patients. Fifteen gene targets were then selected 
based on differential expression between cancer and control patients for 
analysis with PCR, revealing two genes present only in cancer patients 
(GALNT1 and LASS2) and two genes present only in control patients 
(ARHGEF39 and FOXO3) (Table 1).

While studies of urine exosomal RNA expression are limited, several 
studies have investigated urinary exosomal protein expression [30,38,39] 
(Table 2). Welton and coworkers studied exosomal protein expression 
of HT1376 bladder cancer cells (a muscle invasive, high grade line) 
[30]. Initially 353 exosomal proteins were identified via mass spec-
trometry, of which the expression of 18 proteins of “biologic interest” 
were subsequently verified by Western blot and flow cytometry. These 
proteins were then assessed in patient samples via flow cytometry for 

four healthy controls and three bladder cancer patients. This analysis 
demonstrated an increase surface expression of several proteins in 
bladder cancer compared with control. These proteins have been impli-
cated in several malignancies: MUC1 (colon, breast, pancreatic cancer) 
[40], β1 integrin (melanoma, breast, prostate cancer) [41], α6 integrin 
(melanoma, breast, prostate cancer) [41], CD36 (glioblastoma)[42], 
CD44, CD10 (bladder, leukemia, lymphoma), 5T4 (colorectal, gastric, 
ovarian), basigin (melanoma), and CD73 (breast, melanoma, bladder). 

Table 1. Candidate bladder cancer exosomal RNA markers.

Gene symbol 
(reference)

Exosomal 
upregulation Function

ARHGEF39 
[37]

Normal cells Activator of Rho GTPases, signal 
transduction

FOXO3 [37] Normal cells Transcription factor, trigger of 
apoptosis

GALNT1 [37] Cancer cells Initiate glycosylation in Golgi 
apparatus

LASS2 [37] Cancer cells Regulation of cell growth

Smalley, et al. performed mass spectrometry on urinary exosomes 
isolated from patients with bladder cancer (n = 4) and normal heathy 
controls (n = 5) and found 307 proteins expressed in all nine samples 
[39]. Differential expression was found in nine proteins, eight of which 
were enriched in bladder cancer, and one of which enriched in normal 
controls (Table 2). 

Chen and colleagues compared urinary exosomal protein expression 
between bladder cancer and inguinal hernia patients [38]. A pooled 
comparison of urine from nine bladder cancer patients versus nine hernia 
patients evaluated differential expression of exosomal proteins via mass 
spectrometry, and demonstrated a total of 2,964 urinary microparticle 
proteins. Of these proteins, there was overlap with 282 of the 353 (80%) 
identified in Welton’s study, indicating origin of the patient exosomal 
proteins from bladder cancer cells. Delving further, Chen explains that 
168 of the 2,964 proteins had differential expression between hernia 
and cancer patients, of which 17 were also present in Welton’s study 
and all were upregulated in bladder cancer patients. 

Three of these markers identified by Chen are of particular interest, 
including HBA, HBB and TACSTD2. Each of these exosomal proteins 
was both upregulated in bladder cancer compared with hernia, as well 
as in bladder cancer when compared to exosomes isolated from patients 
in the setting of UTI and/or hematuria. As these clinical entities are 
frequent in the bladder cancer population and can increase the amount 
of protein in the urine 1000-fold [39], biomarkers that retain their ability 
to differentiate cancer from non-cancer in the setting of hematuria would 
be especially valuable. HBA and HBB are hemoglobin alpha 1 and beta, 
respectively, and obviously a component found in blood, limiting their 
utility as a bladder cancer biomarker. TACSTD2 is a cell-surface gly-
coprotein that is not present in blood, demonstrates minimal to absent 
expression on normal cells, and has been shown to be overexpressed in 
a variety of late stage malignancies including gastric, oral, pancreatic, 
colorectal, and ovarian carcinoma [38].

In each of the aforementioned studies of exosomal biomarkers, a 
critical weakness is the low patient numbers used in the analysis. As this 
is an emerging area of research in bladder cancer these studies should 
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guide future endeavors, with additional studies with larger, diverse patient populations warranted to confirm and expand upon these results.

Table 2. Candidate bladder cancer exosomal protein biomarkers.

Gene symbol (reference) Fold difference 
(BC/NC)

Exosomal 
upregulation Function

H4 [38] 79.31 Cancer cells Histone H4, core component of nucleosome, transcription regulation

HBD [38] 50.74 Cancer cells Hemoglobin delta, transport of oxygen

FINC [38] 45.76 Cancer cells Involved in cell adhesion and migration

H2AY [38] 37.57 Cancer cells Variant histone 2A, represses transcription in subset of nucleosomes

H33 [38] 31.64 Cancer cells Variant histone H3, transcription regulation

HBA [38] 28.64 Cancer cells Hemoglobin alpha, transport of oxygen

S10A8 [38] 20.92 Cancer cells Regulation of inflammation/immune response, induces neutrophil chemo-
taxis

PPB1 [38] 18.74 Cancer cells Alkaline phosphatase, dephosphorylation

S10A9 [38] 17.87 Cancer cells Regulation of inflammation/immune response, induces neutrophil chemo-
taxis

SDC1 [38] 17.83 Cancer cells Cell surface proteoglycan, links cytoskeleton to extracellular matrix

Resistin [39] 16 Cancer cells Suppress insulin effect to uptake glucose in adipose cells 

GTR1 [38] 15.2 Cancer cells Glucose transporter, possibly constitutive uptake

RTN4 [38] 15.11 Cancer cells Growth regulatory factor, negative regulator of axon-axon adhesion/growth

SPRR3 [38] 14.12 Cancer cells Cross-linked envelope protein of keratinocytes

EGFR [38] 12.45 Cancer cells Oncogene active in multiple malignancies

EPS8L2 [39] 11 Cancer cells May play a role in membrane remodeling of actin cytoskeleton

GTPase Nras [39] 11 Cancer cells Possesses intrinsic GTPase activity

MUC4 [39] 10 Cancer cells Ability to promote tumor growth due to repression of apoptosis

TACSTD2 [38] 8.02 Cancer cells Cell-surface receptor, transduces calcium signals

UAP56 [38] 7.99 Cancer cells Involved in nuclear export of mRNA

AT1B3 [38] 6.97 Cancer cells Maintaining electrochemical gradients of Na+ and K+ ions across plasma 
membrane

EPS8L1 [39] 6 Cancer cells Substrate for epidermal growth factor receptor, function unknown

retinoic acid-induced protein 
3 [39]

4 Cancer cells May be involved differentiation and maintaining homeostasis of epithelial 
cells

alpha subunit of GsGTP bind-
ing protein [39]

3 Cancer cells GTPase activity, G-protein coupled receptor signaling pathway

EH-domain-containing protein 
4 [39]

3 Cancer cells Role in early endosomal transport

Galectin-3-binding protein [39] 0.33 Normal cells Promotes integrin-mediated cell adhesion. May promote host defenses 
against tumor cells.

5T4 (trophoblast glycoprotein) 
[30]

NR Cancer cells Antagonist of Wnt/β-catenin signaling pathway

CD10 (neprilysin) [30] NR Cancer cells Zinc-dependent metalloprotease.

CD147 (Basigin) [30] NR Cancer cells Extracellular matrix metalloproteinase inducer.

CD36 (thrombospondin) [30] NR Cancer cells Platelet adhesion, cell adhesion

CD44 (Indian blood group) [30] NR Cancer cells Cell-cell interaction, cell migration. Lymphocyte activation. 

CD73 (5’ nucleotidase) [30] NR Cancer cells Conversion of AMP to adenosine

MUC1 [30] NR Cancer cells Epithelial mucous barrier. ILK signaling pathway.

α6 Integrin [30] NR Cancer cells Cell-cell and extracellular matrix interactions

β1 Integrin [30] NR Cancer cells Cell-cell and extracellular matrix interactions

BC: Bladder cancer cells. NC: Normal urothelial cells. NR: Not reported
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Exosomes in cancer progression

Exosomes transmit a cell-to-cell signal from their bladder cancer cells 
of origin to other cells, via surface protein interaction and deposition 
of host cell nucleic acids (Fig. 2). Our lab has previously demonstrated 
that, in vitro, bladder cancer exosomes isolated from SW780 cells are 
internalized by recipient cancer cells through interaction of heparin 
sulfate proteoglycan coreceptors and receptor-mediated endocytosis [43]. 

Beckham and colleagues recently published the first study to demon-
strate that exosomes isolated from the urine of patients with high grade 
bladder cancer promote tumor progression by way of urothelial cell 
migration and angiogenesis [44]. In their study, exosomes were isolated 
from the urine of patients with high grade bladder cancer who were 
undergoing radical cystectomy, as well as healthy controls. Following 
isolation, these exosomes were applied to human umbilical vein endo-
thelial cells (HUVEC) to assess tube formation (angiogenesis) as well 
as HUVEC and 5637 cells, in vitro, to assess migration in a wound 
assay. With application of cancer exosomes 
there was evidence of increased angiogenesis 
and cell migration, which were not present with 
application of exosomes from healthy controls. 
Profiling of bladder cancer cells lines and exo-
somes identified EGF-like repeat and discoidin 
I-like domain-3 (EDIL-3), a protein known to 
enhance angiogenesis and cell migration, as 
particularly abundant. When in vitro bladder 
cancer cell lines were transfected with a short 
hairpin RNA (shRNA) to EDIL-3, exosomes 
harvested from these cells had decreased EDIL-
3 levels, and did not alter angiogenesis or cell 
migration in HUVEC or 5637 cell lines. In 
comparison, exosomes from bladder cancer 
cell lines transfected with scrambled shRNA 
continued to promote angiogenesis and cell 
migration. Overall, this study demonstrated 
that exosomes isolated from patients with high 
grade bladder cancer are capable of inducing 
an aggressive phenotype with characterized 
by tumor progression via angiogenesis and cell 
migration via an EDIL-3-mediated pathway.

Yang, et al. investigated the effects of exo-
somes isolated from the T24 muscle-invasive 
bladder cancer cell line on bladder cancer cell 
proliferation and viability [45]. They found that 
in a dose- and time-dependent manner, bladder 
cancer exosomes applied to grade II (5637) and 
grade III (T24) bladder cancer cells induced proliferation. Exosome 
treatment also decreased rates of apoptosis compared to control, with 
a rate decrease from 4.59% to 0.36% and 4.47% to 0.33% at 72 hours, 
for 5637 and T24 cells, respectively. On analysis of T24 cell mRNA 
and protein expression following exosome treatment, expression of 
anti-apoptotic genes Bcl-2 and cyclin D1 were increased, while expres-
sion of pro-apoptotic gene Bax was downregulated. Caspase-3 protein 
expression, also a pro-apoptotic gene, was also downregulated, while 
mRNA expression remained unchanged. There was also found to be an 
increased expression of in survival signaling pathways via increased 
expression of phosphorylated Akt and ERK1/2, similar to results of a 

study demonstrating increased tumor cell proliferation via activation 
of these pathways via gastric-cancer exosomes [46].

Exosomes in therapeutics

Aside from utilizing exosomes as biomarkers for diagnosis of bladder 
cancer, an exciting prospect is the use of exosomes as a delivery vector 
to effect target cell function. Exosomes provide a route for delivery of 
RNA into the cell, which is typically degraded in the blood by nucle-
ases [47]. Our lab has already demonstrated that bladder cancer cells 
exposed to exosomes internalize them via receptor mediated endocytosis 
[43]. Intricate methods have been developed to localize self-derived 
exosomes (to reduce immunogenicity) from dendritic cells to the brain 
using a targeting moiety, allowing for the intravenous delivery of 
exosomes that are able to cross the blood-brain barrier and decrease 
target mRNA and protein expression in the brains of mice [48,49]. 
Similar techniques have been used to target exosomes packaged with 

miRNA to EGFR-expressing breast cancer cells in mice [50]. While 
these techniques are exciting for the treatment of systemic disease, in 
terms of treatment of bladder cancer there is an established precedent 
for intravesical delivery of therapeutic agents, allowing initial research 
and treatment to forgo the development of targeting moieties. While 
unintended effect on normal urothelial cells is a concern, it appears that 
multiple bladder cancer cell lines internalize labeled exosomes at a ≥ 
50-fold higher rate than normal urothelial cells in culture [51], implying 
inherent cancer selectivity over normal cells. Using human embryonic 
kidney cell exosomes, our lab has electroporated and loaded PLK1 
small interfering RNA (siRNA) into the exosomes, and used them as 

Figure 2. Schematic of exosomal-mediated cell-to-cell signaling. Exosomes transmit host-cell 
signals via fusion of the plasma membrane with deposition of host cell contents (i.e., cytosolic 
proteins and RNA) into the target cell. Intracellular signaling in the target cell may also be stimu-
lated by plasma membrane surface protein-receptor interactions.
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a delivery vector for the siRNA to bladder cancer cells in vitro [51]. 
UMUC3 bladder cancer cells treated with PLK1 siRNA-containing 
exosomes had a significant decrease in PLK1 RNA expression (approx-
imately 40%) at 24 and 48 hours compared to UMUC3 cells treated 
with control scrambled siRNA-containing exosomes. 

Another possible application of exosomes is loading with pharma-
cologic agents [52]. Work has already been done loading therapeutic 
nanoparticles into liposomes [53]. The goal of this method of treat-
ment is to increase the concentration of drug to the tissue of interest, 
while minimizing toxic effects to normal tissues. Chemotherapeutic 
agent doxorubicin has been electroporated into exosomes previously 
engineered to target iRGD-expressing breast tumor cells [54]. When 
delivered systemically these exosomes concentrated preferentially in 
breast cancer tumor cells in a nude-mouse model, and demonstrated 
significantly decreased tumor growth over 21 days, compared to mice 
administered an equivalent systemic dose of doxorubicin. Loading 
exosomes with chemotherapeutic agents against bladder cancer may 
provide a method for significantly decreasing dosage requirements and 
adverse side effects in a patient population with pre-existing significant 
comorbidity. 

With any application of biologic in therapeutics, a pure sample, free 
of contamination is necessary to truly assess the effect of the interven-
tion and provide a safe treatment to recipient patients. Further, as stated 
earlier, exosomes can contain up to 10,000 net nucleotides of nucleic 
acids and 100 proteins [18], any of which may also effect recipient 
cell biology. Cell lines grown in culture with fetal bovine serum could 
potential incorporate extracellular proteins, while lines transfected via 
viral vectors could hypothetically transmit viral elements by means of 
their resultant exosomes. Stringent analysis and control measures are 
necessary to ensure any outcome from exosomes as therapeutics are 
the result of the intervention, and not from inherent properties of the 
exosomes or unanticipated alterations as a result of their production. 

Future thoughts and conclusions

There are several hurdles between the current state of exosome re-
search and clinical application. Classically, exosome isolation requires 
ultracentrifugation, which is time-consuming and expensive, limiting its 
clinical applicability. While the ExoQuick-TC technique provides less 
‘in-hand’ time without the ultracentrifugation, the requirement of an 
overnight incubation still makes its use a timely endeavor. Regardless 
of isolation technique utilized, a pure sample is necessary for accurate 
exosomal mRNA and protein analysis. New, efficient, and quick tech-
niques to isolate exosomes would advance this field both in terms of 
clinical applicability, as well as research and discovery.

Identification of markers specific to bladder cancer exosomes is also 
needed. Exosomes isolated from patient urine originate from multiple 
sources, including kidney, prostate, and possibly distant malignan-
cies. This is of particular importance if urinary exosomes demonstrate 
proteomic changes in patients with non-urinary tract disease, as has 
been demonstrated already in kidney injury[32] and lung cancer[15]. 
Candidates for these bladder cancer exosome-specific markers are 
currently lacking. Perez’s whole transcriptome array demonstrated only 
4 genes (RHBDL3, LOC100130701, LOC100129952, HS.85445) that 
were present in all patient samples, cancer and control [37], however 
all of which are currently poorly characterized in human physiology.

The use of exosomes in therapeutics for bladder cancer is a field 

still in its infancy. Mesenchymal stem cells (MSC) can be utilized as a 
mass-producer of exosomes [55], which can be loaded with therapeu-
tic contents via multiple techniques, including electroporation, MSC 
transfection, chemical-based transfection, or incubation of the target 
molecule [52]. While siRNA has already been loaded in exosomes and 
shown to effect bladder cancer cells [51], research into additional RNA 
targets and in vivo models should be performed. As a field that utilizes 
intravesical therapy regularly, investigation into packing our currently 
intravesical chemotherapeutic agents into exosomes would be a natural 
progression to attempt to improve oncologic results while minimizing 
dosage and side effect profile. 

Urinary exosomes hold promise to play a prominent role in the future 
diagnosis and treatment of bladder cancer, with encouraging initial 
steps having been taken to identify potential exosomal biomarkers and 
intravesical therapeutic techniques. 

References
1.	 Raposo G, Stoorvogel W (2013) Extracellular vesicles: Exosomes, microvesicles 

and friends. JCB 200: 373-383. doi: 10.1083/jcb.201211138. PMID: 23420871
2.	 Akers JC, Gonda D, Kim R, Carter BS, Chen CC (2013) Biogenesis of extracellular 

vesicles (EV): Exosomes, microvesicles, retrovirus-like vesicles, and apoptotic 
bodies. J Neurooncol 113: 1-11. doi: 10.1007/s11060-013-1084-8. PMID: 
23456661

3.	 Hoorn EJ, Pisitkun T, Zietse R, Gross P, Frokiaer J, et al. (2005) Prospects for 
urinary proteomics: exosomes as a source of urinary biomarkers. Nephrology 
(Carlton) 10: 283-290. doi: 10.1111/j.1440-1797.2005.00387.x. PMID: 15958043

4.	 Henderson MC, Azorsa DO (2012) The genomic and proteomic content of 
cancer cell-derived exosomes. FONC 2: 1-9. doi: 10.3389/fonc.2012.00038. 
PMID: 22649786

5.	 Raposo G, Nijman HW, Stoorvogel W, Liejendekker R, Harding CV, et al. 
(1996) B lymphocytes secrete antigen-presenting vesicles. J Exp Med 183: 
1161-1172. PMID: 8642258

6.	 Miyanishi M, Tada K, Koike M, Uchiyama Y, Kitamura T, et al. (2007) 
Identification of Tim4 as a phosphatidylserine receptor. Nature 450: 435-439. 
doi: 10.1038/nature06307. PMID: 17960135

7.	 Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, et al. (2007) Exosome-
mediated transfer of mRNAs and microRNAs is a novel mechanism of genetic 
exchange between cells. Nat Cell Biol 9: 654-659. doi: 10.1038/ncb1596. 
PMID: 17486113

8.	 Lötvall JO, Valadi H (2007) Cell to cell signalling via exosomes through esRNA. 
Cell Adh Migr 1: 156-158. PMID: 19262134

9.	 Ramachandran S, Palanisamy V (2012) Horizontal transfer of RNAs: Exosomes 
as mediators of intracellular communication. Wiley Interdiscip Rev RNA 3: 
286-293. doi: 10.1002/wrna.115. PMID: 22012863

10.	Taylor DD, Gercel-Taylor C (2008) MicroRNA signatures of tumor-derived 
exosomes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol 110: 13-
21. doi: 10.1016/j.ygyno.2008.04.033. PMID: 18589210

11.	 Higginbotham JN, Demory Beckler M, Gephart JD, Franklin JL, Bogatcheva 
G, et al. (2011) Amphiregulin exosomes increase cancer cell invasion. Curr Biol 
21: 779-786. doi: 10.1016/j.cub.2011.03.043. PMID: 21514161

12.	Peinado H, Alečković M, Lavotshkin S, Matei I, Costa-Silva B, et al. (2012) 
Melanoma exosomes educate bone marrow progenitor cells toward a pro-
metastatic phenotype through MET. Nat Med 18: 883-891. doi: 10.1038/nm.2753. 
PMID: 22635005

13.	 Grange C, Tapparo M, Collino F, Vitillo L, Damasco C, et al. (2011) Microvesicles 
released from human renal cancer stem cells stimulate angiogenesis and formation 
of lung premetastatic niche. Cancer Res 71: 5346-5356. doi: 10.1158/0008-5472.
CAN-11-0241. PMID: 21670082

14.	Mathivanan S, Ji H, Simpson RJ (2010) Exosomes: extracellular organelles 
important in intercellular communication. J Proteomics 73: 1907-1920. doi: 
10.1016/j.jprot.2010.06.006. PMID: 20601276

15.	 Li Y, Zhang Y, Qiu F, Qiu Z (2011) Proteomic identification of exosomal LRG1: 
A potential urinary biomarker for detecting NSCLC. Electrophoresis 32: 1976-
1983. doi: 10.1002/elps.201000598. PMID: 21557262



Bladder  | 2014 | Vol. 1(1) | e7� 7
POL Scientific

Untapped potential of bladder cancer exosomes

16.	Zhou H, Yuen PST, Pisitkun T, Gonnzalez PA, Yasuda H (2006) Collection, 
storage, preservation, and normalization of human urinary exosomes for biomarker 
discovery. Kidney International 69: 1471-1476. doi: 10.1038/sj.ki.5000273. 
PMID: 16501490

17.	 Théry C, Zitvogel L, Amigorena S (2002) Exosomes: Composition, biogenesis and 
function. Nat Rev Immunol 2: 569-579. doi: 10.1038/nri855. PMID: 12154376

18.	Vlassov AV, Magaleno S, Setterquist R, Conrad R (2012) Exosomes: Current 
knowledge of their compositions, biological functions, and diagnostic and 
therapeutic potentials. Biochim Biophys Acta 1820: 940-948. doi: 10.1016/j.
bbagen.2012.03.017. PMID: 22503788

19.	Zomer A, Vendrig T, Hopmans ES, van Eijndhoven M, Middeldorp JM, et al. 
(2010) Exosomes: Fit to deliver small RNA. Commun Integr Biol 3: 447-450. 
doi: 10.4161/cib.3.5.12339. PMID: 21057637

20.	 Mittelbrunn M, Gutiérrez-Vázquez C, Villarroya-Beltri C (2011) Unidirectional 
transfer of microRNA-loaded exosomes from T cells to antigen-presenting cells. 
Nature Communications 2: 1-10. doi: 10.1038/ncomms1285. PMID: 21505438

21.	Kanno K, Sasaki S, Hirata Y, Ishikawa S, Fushimi K, et al. (1995) Urinary 
excretion of aquaporin-2 in patients with diabetes insipidus. N Engl J Med 332: 
1540-1545. doi: 10.1056/NEJM199506083322303. PMID: 7537863

22.	Wen H, Frøkiær J, Kwon T, Nielsen S (1999) Urinary excretion of aquaporin-2 
in rat is mediated by a vasopressin-dependent apical pathway. JASN 10: 1416-
1429. PMID: 10405197

23.	 Subra C, Laulagnier K, Perret B, Record M (2006) Exosome lipidomics unravels 
lipid sorting at the level of the multivesicular bodies. Biochimie 89: 205-212. 
doi: 10.1016/j.biochi.2006.10.014. PMID: 17157973

24.	Trajkovic K, Hsu C, Chiantia S, Rajendran L, Wenzel D, et al. (2008) Ceramide 
triggers budding of exosome vesicles into multivesicular endosomes. Science 
319: 1244-1247. doi: 10.1126/science.1153124. PMID: 18309083

25.	Alvarez ML, Khosroheidari M, Ravi RK, DiStefano JK (2012) Comparison of 
protein, microRNA, and mRNA yields using different methods of urinary exosome 
isolation for the discovery of kidney disease biomarkers. Kidney International 
82: 1024-1032. doi: 10.1038/ki.2012.256. PMID: 22785172

26.	 Tan SS, Yin Y, Lee T, Lai RC, Yeo RWY, et al. (2013) Therapeutic MSC exosomes 
are derived from lipid raft microdomains in the plasma membrane. J Extracell 
Vesicles 2: 10-3402. doi: 10.3402/jev.v2i0.22614. PMID: 24371518

27.	 Sokolova V, Ludwig A, Hornung S, Rotan O, Horn PA, et al. (2011) Characterisation 
of exosomes derived from human cells by nanoparticle tracking analysis and 
scanning electron microscopy. Colloids Surf B Biointerfaces 87: 146-150. doi: 
10.1016/j.colsurfb.2011.05.013. PMID: 21640565

28.	 Théry C, Amigorena S, Raposo G, Clayton A (2006) Isolation and characterization 
of exosomes from cell culture supernatants and biological fluids. Curr Protoc 
Cell Biol Chapter 3: doi: 10.1002/0471143030.cb0322s30. PMID: 18228490

29.	 van der Pol E, van Gemert MJC, Sturk A, Nieuwland R, van Leeuwen TG (2012) 
Single vs. swarm detection of microparticles and exosomes by flow cytometry. J 
Thromb Haemost 10: 919-930. doi: 10.1111/j.1538-7836.2012.04683.x. PMID: 
22394434

30.	Welton JL, Khanna S, Giles PJ, Brennan P, Brewis IA, et al. (2010) Proteomics 
analysis of bladder cancer exosomes. Mol Cell Proteomics 9: 1324-1338. doi: 
10.1074/mcp.M000063-MCP201. PMID: 20224111

31.	Lokeshwar VB, Habuchi T, Grossman HB, Murphy WM, Hautmann SH, et al. 
(2005) Bladder tumor markers beyond cytology: International Consensus Panel on 
bladder tumor markers. Urology 66: 35-63. doi: 10.1016/j.urology.2005.08.064. 
PMID: 16399415

32.	Zhou H, Pisitkun T, Aponte A, Yuen PST, Hoffert JD, et al. (2006) Exosomal 
Fetuin-A identified by proteomics: a novel urinary biomarker for detecting 
acute kidney injury. Kidney Int 70: 1847-1857. doi: 10.1038/sj.ki.5001874. 
PMID: 17021608

33.	Mitchell PJ, Welton J, Staffurth J, Court J, Mason MD, et al. (2009) Can urinary 
exosomes act as treatment response markers in prostate cancer?. J Transl Med 
7: 4. doi: 10.1186/1479-5876-7-4. PMID: 19138409

34.	 Jansen FH, Krijgsveld J, van Rijswijk A, van den Bemd, (Gert-Jan) , van den 
Berg, S. (Mirella) , et al. (2009) Exosomal secretion of cytoplasmic prostate 
cancer xenograft-derived proteins. Mol Cell Proteomics 8: 1192-1205. doi: 
10.1074/mcp.M800443-MCP200. PMID: 19204029

35.	Nilsson J, Skog J, Nordstrand A, Baranov V, Mincheva-Nilsson L, et al. (2009) 
Prostate cancer-derived urine exosomes: a novel approach to biomarkers for 
prostate cancer. Br J Cancer 100: 1603-1607. doi: 10.1038/sj.bjc.6605058. 
PMID: 19401683

36.	Mathivanan S, Simpson RJ (2009) ExoCarta: A compendium of exosomal 
proteins and RNA. Proteomics 21: 4997-5000. doi: 10.1002/pmic.200900351. 
PMID: 19810033

37.	Perez A, Loizaga A, Arceo R (2014) A pilot study on the potential of RNA-
associated to urinary vesicles as a suitable non-invasive source for diagnostic 
purposes in bladder cancer. Cancers 6: 179-192. doi: 10.3390/cancers6010179. 
PMID: 24458310

38.	Chen C, Lai Y, Tang P, Chien K, Yu J, et al. (2012) Comparative and targeted 
proteomic analyses of urinary microparticles from bladder cancer and hernia 
patients. J Proteome Res 11: 5611-5629. doi: 10.1021/pr3008732. PMID: 
23082778

39.	Smalley DM, Sherman NE, Nelson K, Theodorescu D (2008) Isolation and 
identification of potential urinary microparticle biomarkers of bladder cancer. j 
Proteome Res 7: 2089-2096. doi: 10.1021/pr700775x. PMID: 18373357

40.	Gendler SJ (2001) MUC1, the renaissance molecule. J Mammary Gland Biol 
Neoplasia 6: 339-353. PMID: 11547902

41.	 Koistinen P, Heino J. (2000) Integrins in cancer cell invasion. In: Madame Curie 
Bioscience Database [Internet]. Austin (TX): Landes Bioscience. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK6070/

42.	 Hale JS, Otvos B, Sinyuk M, Alvarado AG, Hitomi M, et al. (2014) Cancer stem 
cell-specific scavenger receptor 36 drives glioblastoma progression. Stem Cells 
32: 1746-1758. doi: 10.1002/stem.1716. PMID: 24737733

43.	Franzen C, Simms PE, Van_Huis AF, Foreman KE, Kuo PC (2014) 
Characterization of uptake and internalization of exosomes by bladder cancer 
cells. Biomed Research International 2014: Article ID 619829 11: 619829. doi: 
10.1155/2014/619829. PMID: 24575409

44.	 Beckham CJ, Olsen J, Yin P, Wu C, Ting H, et al. (2014) Bladder cancer exosomes 
contain EDIL-3/Del1 and facilitate cancer progression. J Urol 192: 583-592. 
doi: 10.1016/j.juro.2014.02.035. PMID: 24530986

45.	 Yang L, Wu XH, Wang D, Luo CL, Chen LX (2013) Bladder cancer cell-derived 
exosomes inhibit tumor cell apoptosis and induce cell proliferation in vitro. Mol 
Med Rep 8: 1272-8. doi: 10.3892/mmr.2013.1634. PMID: 23969721

46.	Qu J, Qu X, Zhao M, Teng Y, Zhang Y, et al. (2009) Gastric cancer exosomes 
promote tumour cell proliferation through PI3K/Akt and MAPK/ERK activation. 
Dig Liver Dis 41: 875-880. doi: 10.1016/j.dld.2009.04.006. PMID: 19473897

47.	Shtam TA, Kovalev RA, Varfolomeeva EY, Makarov EM, Kil YV, et al. (2013) 
Exosomes are natural carriers of exogenous siRNA to human cells in vitro. Cell 
Commun Signal 11: 88-97. doi: 10.1186/1478-811X-11-88. PMID: 24245560

48.	 El-Andaloussi S, Lee Y, Lakhal-Littleton S, Li J, Seow Y, et al. (2012) Exosome-
mediated delivery of siRNA in vitro and in vivo. Nat Protoc 7: 2112-2126. doi: 
10.1038/nprot.2012.131. PMID: 23154783

49.	Alvarez-Erviti L, Seow Y, Yin H, Betts C, Lakhal S, et al. (2011) Delivery of 
siRNA to the mouse brain by systemic injection of targeted exosomes. Nat 
Biotechnol 29: 341-345. doi: 10.1038/nbt.1807. PMID: 21423189

50.	Ohno S, Takanashi M, Sudo K, Ueda S, Ishikawa A, et al. (2012) Systemically 
injected exosomes targeted to EGFR deliver antitumor microRNA to breast 
cancer cells. Mol Ther 21: 185-191. doi: 10.1038/mt.2012.180. PMID: 23032975

51.	Greco KA, Franzen C, Kuo PC, Foreman KE, Flanigan RC (2014) MP34-16 
PLK1 silencing in bladder cancer by siRNA delivered with exosomes. J Urol 
191: 367-368.

52.	 Johnsen KB, Gudbergsson JM, Skov MN, Pilgaard L, Moos T, et al. (2014) A 
comprehensive overview of exosomes as drug delivery vehicles - endogenous 
nanocarriers for targeted cancer therapy. Biochim Biophys Acta 1846: 75-87. 
doi: 10.1016/j.bbcan.2014.04.005. PMID: 24747178

53.	Malam Y, Loizidou M, Seifalian AM (2009) Liposomes and nanoparticles: 
nanosized vehicles for drug delivery in cancer. Trends Pharmacol Sci 30: 592-
599. doi: 10.1016/j.tips.2009.08.004. PMID: 19837467

54.	Tian Y, Li S, Song J, Ji T, Zhu M, et al. (2013) A doxorubicin delivery platform 
using engineered natural membrane vesicle exosomes for targeted tumor therapy. 
Biomaterials 35: 2383-2390. doi: 10.1016/j.biomaterials.2013.11.083. PMID: 
24345736

55.	Yeo RWY, Lai RC, Zhang B, Tan SS, Yin Y, et al. (2012) Mesenchymal stem 
cell: an efficient mass producer of exosomes for drug delivery. Adv Drug Deliv 
Rev 65: 336-341. doi: 10.1016/j.addr.2012.07.001. PMID: 22780955

This work is licensed under a Creative Commons Attribution-Non-
Commercial-ShareAlike 4.0 International License: http://creative-
commons.org/licenses/by-nc-sa/4.0


