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Proteomic analysis of extracellular vesicles (EVs) from biologi-
cal fluid is a powerful approach to discover potential bi-
omarkers for human diseases including cancers, as EV secret-
ed to biological fluids are originated from the affected tissue.
In order to investigate significant molecules related to the
pathogenesis of bladder cancer, EVs were isolated from pa-
tient urine which was analyzed by mass spectrometry based
proteomics. Comparison of the EV proteome to the whole
urine proteome demonstrated an increased number of pro-
tein identification in EV. Comparative MS analyses of urinary
EV from control subjects and bladder cancer patients identi-
fied a total of 1,222 proteins. Statistical analyses provided 56
proteins significantly increased in bladder cancer urine, includ-
ing proteins for which expression levels varied by cancer stage
(P-value < 0.05). While urine represents a valuable, non-
invasive specimen for biomarker discovery in urologic cancers,
there is a high degree of intra- and inter-individual variability
in urine samples. The enrichment of urinary EV demonstrated
its capability and applicability of providing a focused identifi-
cation of biologically relevant proteins in urological diseases.

Keywords: biomarker discovery, bladder cancer, para-clinical
classification, ultracentrifugation, urinary extracellular vesi-
cles

INTRODUCTION

Extracellular vesicles (EV) has been known as membrane
bound vesicles secreted by nearly all cell types. Found in
most types of bodily fluids, these vesicles, approximately 40-
150 nm in diameter, contain proteins and nucleic acids that
are characteristic of the cell type in which they originated
(Mathivanan and Simpson, 2009). Recently, EV has become
more widely studied due to their ability to provide a source
of minimally-invasive or non-invasive specimens for the study
of diseases and disease processes. Once enriched from bio-
logical samples such as plasma or urine, the proteins and
nucleic acids within the EV can be identified and quantified
using current-omics strategies.

In the study of cancer, EV secreted by cancer cells has been
shown to contain biologically active proteins. For example,
transfer of bladder cancer cell derived EV into urothelial cell
culture has been demonstrated to trigger epithelial to mes-
enchymal transition (EMT) within the target cells (Franzen et
al.,, 2015), a process associated with phenotypic changes
that ultimately lead to cancer cell migration, invasion and
metastasis. Furthermore, bladder cancer derived EV have
been shown to block apoptosis of cancer cells /n vitro (Yang
et al., 2013), and to promote angiogenesis and cellular mi-
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gration (Beckham et al., 2014). These observations demon-
strate that not only do EV have the potential to signal the
presence of cancer cells, they also represent a means by
which cancer progression occurs. By further exploring the
biological cargo of these vesicles, a better understanding
may emerge regarding the proteins employed by the cancer
cells for propagation. At the same time, this understanding
can lead to the development of therapeutic targets which
can be used to thwart the cancer progression and to cir-
cumnavigate the cancer's defense mechanisms which allow
it to evade the bodys natural response to aberrant cell
growth. Both the potential wealth of diagnostic and prog-
nostic information and the non-invasive nature of isolating
EV make them a perfect source for the identification of can-
cer specific biomarkers.

While urine theoretically represents an excellent source of
protein biomarkers for urologic cancers such as bladder,
kidney and prostate cancers, there is a high degree of intra-
and inter-individual variability in urine specimens (Wood et
al., 2013). Included in these challenges is variability in the
dynamic range of proteins present in urine. We hypothesized
that enrichment of urinary EV would reduce variability across
samples and provide a more sharply focused field of obser-
vation for the identification of biologically relevant proteins
in bladder cancer.

In this study, urine EV from bladder cancer patients was
isolated. After careful characterizationof EV, the protein
contents were identified using mass spectrometry based
proteomics strategies, then compared to the urinary EV pro-
teins of healthy control subjects. Of the 1,222 proteins iden-
tified, proteins significantly upregulated in bladder cancer EV
were selected for orthogonal validation strategies.

MATERIALS AND METHODS

Chemicals and reagents

Water, acetonitrile, methanol and formic acid (FA) of LC-MS
grade were purchased from EMD Millipore (Billerica, USA).
SDS-PAGE gels (10% Bis-Tris NuPAGE) for protein separa-
tion were obtained from Life Technologies (USA) and se-
guencing grade modified trypsin was from Promega (USA).
Complete protease inhibitor cocktail tablets were obtained
from Roche (Germany). Ammonium bicarbonate, ammoni-
um acetate, DTT, iodoacetamide, Tris-HCl, bromophenol
blue, B-mercaptoethanol, Tween-20 and SDS were obtained
from Sigma (USA). Glycerol was from Life Technologies
(USA). All buffers and solutions were prepared using deion-
ized water by Milli-Q, Millipore (USA). Unless stated other-
wise, all other chemicals were extra-pure grade or cell cul-
ture tested.

Biological samples and EV isolation

Twenty human urine specimens (100 ml for each male do-
nor) were purchased from Bioreclamation IVT (USA) for this
study. Individual donor demographics are shown in Table 1.
After thawing, creatinine content was measured using a
triple quadrupole mass spectrometer by methodology re-
ported previously (Larion et al., 2013). Urinary protein level
was also measured using bicinchoninic acid (BCA) assay.
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Due to the limited amount of test specimens, blank urine
samples from two of healthy volunteers (36 and 41 for the
age) without disease diagnosis were used for method devel-
opment and optimization. First urine in the morning was
collected, then frozen in -80C for at least 24 h prior to EV
preparation to mimic the storage condition of test specimens.

EV were prepared using a differential centrifugation
method reported previously with minor modifications (Lee et
al., 2016; Watts et al., 2012). In detail, frozen urine samples
were placed in 4C until they were thawed completely. The
50 ml of urine was centrifuged at 2,000 x g for 10 min to
eliminate particles and debris, then the supernatant was
filtered with 0.45 um PVDF membrane followed by centrifu-
gation at 18,000 x ¢ for 30 min. Supernatant was trans-
ferred to a clean tube and centrifuged at 200,000 x g for 16
h using Beckman SW-40 Ti rotor (USA). Pellets were washed
with cold 0.22 um filtered PBS by re-suspension followed by
additional centrifugation at 200,000 x ¢ for 1 h. The final
pellet was dissolved with cold, 0.22 um filtered PBS contain-
ing protease inhibitor cocktail to generate an intact EV sus-
pension (Fig. 1).

Characterization of EV

Isolated exosome was characterized mainly using transmis-
sion electron microscopy (TEM), fluorescence-activated cell
sorting (FACS) with flow cytometry and western blot analysis.
A PBS suspension of exosome was mixed with the same
volume of 4% paraformaldehyde for fixation, which was
loaded onto a sample grid for TEM analysis. For FACS, 10 ug
of intact exosome were coupled with 1 ul of alde-
hyde/sulfate latex beads suspension (4% w/v, 4 um) pur-
chased from Life Technologies (USA) by overnight incuba-
tion at 4C. Coupled beads were pelleted, which were then
suspended in permeabilization buffer consisted of 0.1%
triton X-100 in FACS buffer (0.5x PBS with 0.05% BSA)
followed by 1 h incubation at room temperature. After 2
times washing with FACS buffer, primary antibody was add-
ed and incubated 1 h at room temperature. After washing
with FACS buffer, coupled beads were incubated with fluo-
rescent secondary antibody for 30 min at room temperature,
then washed twice. After resuspension in FACS buffer,
beads were measured by FACSAria Il from BD Biosciences
(USA). The external diameter of exosome and its population
was measured with PBS suspension of intact exosome em-
ploying nanoparticle tracking analysis (NTA) using Nano
Sight NS500 (Malvern Instruments, UK).

Sample preparation for LC-MS analysis

The PBS suspension of EV was mixed with an equal volume
2x radioimmunoprecipitation (RIPA) buffer for the lysis,
which were then separated by SDS-PAGE and subjected to
in-gel tryptic digestion for proteomics analysis. Samples that
showed higher protein yield (> 400 ug) were excluded from
proteomics analysis at this stage. Furthermore, certain samples
with uncharacteristic gel banding patterns or with thick in-
terfering protein bands were also excluded. For samples
requiring pooling to achieve desired protein amounts, equal
amounts of protein were used from the two samples mak-
ing up the pooled sample. Three samples of each control
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Fig. 1. (A) A graphical workflow of EV protein profiling of bladder cancer urine (B) Urinary EVs were isolated employing differential centrif-

ugation.

and bladder cancer were prepared, then subjected to tryptic
in-gel digestion. First, 10 ug of denatured proteins were
separated on 10% Bis-Tris NUPAGE gels. Proteins were visu-
alized by Coomassie staining with GelCode Blue staining
reagent (Thermo Scientific, USA), and each gel lane was cut
into 5 slices, which were in turn, cut into small pieces. Gel
pieces were destained with 50% (v/v) acetonitrile (ACN)
containing 25 mM ammonium bicarbonate (ABC) several
times, and then were dehydrated in 100% ACN. After being
vacuum dried via centrifugation using a Centrivap, (Labcon-
co, USA), gel pieces were rehydrated in 50 mM ABC con-
taining 12.5 ng/ul trypsin, and then incubated at 37C over-
night. Peptides were extracted 3 times by adding 100 pul
50% (v/v) ACN containing 5% (v/v) formic acid and incu-
bated at room temperature for 30 min. The extracts were
vacuum dried by centrifugation again and then were sus-
pended in 5% (v/v) ACN containing 3% (v/v) formic acid to
be analyzed by LC-MS/MS. The LC-MS/MS system used con-
sisted of an LTQ/Orbitrap-XL mass spectrometer (Thermo
Scientific, USA) equipped with Nanoacquity UPLC system
(Waters, USA). Peptides were separated on a Nanoacquity
trap column (Cig, 5 um, 100 A, 180 um ID x 20 mm, Waters,
USA) combined with a reversed phase analytical column
(Nanoacquity BEH Cyg, 1.7 um, 250 mm, Waters, USA). Pep-
tides were separated using a 180 min linear gradient consist-
ing of mobile phases solvent A (0.1% formic acid in water)
and solvent B (0.1 % formic acid in ACN) where the gradi-
ent was from 2% B at 0 minutes to 35% B at 155 min. MS
spectra were acquired by data dependent scans consisting of
MS/MS scans of the ten most intense ions from the full MS
scan with dynamic exclusion of 30 s.

Data processing and validation

The annotated human protein database from UniProtkB
(20,161 entries, date; 10-1-2014) was used within Proteo-
me Discoverer analytical software (v1.4, Thermo Scientific,

USA) applying the generic SEQUEST search algorithm.
Search parameters were as follows: parent mass tolerance of
20 ppm, fragment mass tolerance of 0.8 Da (monoisotopic),
variable modification on methionine of 16 Da (oxidation)
and maximum missed cleavage of 2 sites using the digestion
enzyme trypsin. The identified peptides were validated em-
ploying a decoy database search algorithm. The files gener-
ated from Proteome Discoverer (.msf) were compiled using
Scaffold software (v4.0.5, Proteome Software, USA), which
provided spectral counts for data comparison under the
following filter criteria: 99.0% of protein/peptide thresholds
in combination with SEQUEST score (XCorr, score versus
charge state). XCorr scores were greater than 1.5, 2, and 3
for singly, doubly and triply charged peptides and deltaCn
scores were greater than 0.10. Shared and partial-tryptic
peptides were excluded from spectral counts for both search
algorithms. Protein probability and redundancy were as-
signed by the Protein Prophet algorithm. Proteins that con-
tained similar peptides and multiple isoforms that could not
be differentiated based on MS/MS spectra were grouped
into primarily assigned proteins. Spectral counts from the
analyses of three control samples and three disease samples
were compared statistically using the Power Law Global
Error Model (PLGEM) in order to obtain STN (signal-to-noise
ratio), which represents protein expression changes at spe-
cific p-values to identify protein alteration in bladder cancer
(Pavelka et al., 2004). Proteomics data was validated em-
ploying western blot analysis with antibodies against select-
ed proteins such as mucin-1, carcinoembryonic antigen-
related cell adhesion molecules-5 (CEACAM-5), Epidermal
growth factor receptor kinase substrate 8-like protein 2
(EPS8L2) and moesin which were shown to be overex-
pressed in EV from bladder cancer patient group.

Antibodies
Antibodies which were used for western blot and flow cy-
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tometry are as follow; anti-human CD63 (clone H5C6,
mouse monoclonal, BD Biosciences, USA), anti-human
TSG101 (clone EPR7130(B), rabbit monoclonal, Millipore,
USA), anti-human flotillin-1 (Clone 18/Flotillin-1, mouse
polyclonal, BD Biosciences, USA), anti-human HSP70 (clone
W27, mouse monoclonal, BioLegend, USA) and anti-human
Alix (clone 3A9, mouse polyclonal, Cell Signaling, USA).

RESULTS

In order to optimize the isolation strategy prior to utilization
of limited patient samples, we tested the approach using
blank urine from healthy, de-identified donors. EV was iden-
tified and characterized primarily by visualization using TEM
and NTA displayed their morphological features such as
shape and size (Figs. 2A and 2B). Alix, a member of repre-
sentative EV proteins was observed by FACS analysis (Fig.
2C), which was also validated by western blot analysis by
showing a band at ~95kDa. Positive expressions of other EV
markers, namely CD63, tumor susceptibility gene 101
(TSG101) protein, flotillin-1 and heat shock protein-70
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(HSP70) were visualized by bands appeared at 54 kDa, 45
kDa, 48 kDa and 70 kDa respectively from the same mem-
brane with sequential blotting (Fig. 2D).

The test EV from control urine was then subjected to
proteomics analysis for the comparison of protein profile
with that of crude protein fraction acquired from 10% TCA
precipitation of the same control urine. As shown in Fig.
3A, EV fraction was superior to precipitated fraction in
identification number with over 30% of unique proteins
out of total proteins identified. Also, the uniqueness of its
proteome profile is visualized by a table with spectral
counts of top-20 proteins as well as a bar graph acquired
from direct comparison with precipitated protein, display
huge discrepancy in terms of protein pattern (Fig. 3, Sup-
plementary Table S1).

Figure 4 shows paraclinical parameters and EV yield of
urine samples participated in this study. When EV yield was
compared to creatinine and protein level, no positive correla-
tion was examined (Fig. 4). Four subjects which showed
extraordinary EV vyields (420.7-1002.7 ug) were excluded
from proteomics analysis, suspected to be from individuals
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Fig. 2. Urinary EV isolated frorrﬁLégntrol urine were subjected to characterization employing transmission electron microscopy (TEM, A),
nanoparticle tracking analysis (NTA, B), flow cytometry analysis (FACS, C) and immunoblot analysis (D). The circular particles with around
120nm diameter were visualized by TEM and NTA, which were further analyzed with immunological assays to show positive expression
of specific vesicular molecules such as Alix, CD63, tumor susceptibility gene-101 (TSG-101) and flotillin-1.
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. Identified Proteins Accession TCA Exosomes
Control urine Low-density lipoprotein receptor-related protein 2 LRP2 117 487
Lo Ig kappa chain C region IGKC 254 471
0.45um-filiration Keratin, type Il cytoskeletal 1 K2C1 110 272
\1, \l/ Uromodulin UROM 99 245
X L . i Serum albumin ALBU 900 216
Protein precipitation Differential Cubilin CUBN 62 215
using 10% TCA centrifugation Maltase-glucoamylase, intestinal MGA 90 209
1 1 Inter-alpha-trypsin inhibitor heavy chain H4 ITIH4 100 200
TCA proteins Exosomal proteins Keratin, type | cytoskeletal 10 K1C10 75 175
Keratin, type Il cytoskeletal 2 epidermal K22E 56 156
Aminopeptidase N AMPN 84 152
Alpha-2-macroglobulin A2MG 1 150
Keratin, type | cytoskeletal 9 K1C9 41 142
Pro-epidermal growth factor EGF 66 141
Ig alpha-1 chain C region IGHA1 26 140
Complement C3 CO3 65 139
TCA Exosomal Galectin-3-binding protein LG3BP 39 135
proteins protein Lysosomal alpha-glucosidase LYAG 140 117
Ig lambda-2 chain C regions LAC2 40 117
Ceruloplasmin CERU 80 112
1000
900 7 Serum albumin
800
§ 700 Protein from TCA precipitation
© 600 m Exosomal protein
o
*g 500
s 400
% 300
T 200
100
0

Top 50 exosomal proteins from urine

Fig. 3. Proteome profile of urinary EV was compared to that of total protein acquired from precipitation in 10% Trichloroacetic acid. The
direct comparison of these two profiles demonstrate that the EV proteins are a significant cellular component revealing disease mecha-
nisms, including intercellular signaling and communication. The EV fraction improved protein identifications possibly by reducing infer-
ence by highly abundant proteins such as albumin. Most of the vesicular proteins were identified only from the EV fraction supporting

an optimized isolation and purification strategy.

with hematuria judging from the urine color.

Mass spectrometric analysis was conducted on pooled
specimens from each group and 1,222 total proteins were
identified with high confidence. Spectral count data was
analyzed using PLGEM to generate STN values indicative of
statistically significant differences between cancer and
healthy donor urinary EV (Supplementary Table S2). At the p
< 0.05 level, 56 proteins were shown to be significantly up-
regulated in bladder cancer. Top-20 upregulated proteins
are shown in Table 2 and four proteins were selected for
further validation with western blot analysis (Fig. 5).

DISCUSSION

Recently, EV proteome profiling in human cerebrospinal
fluid (CSF) has been performed to report a set of molecular
marker candidates capable of discrimination of two neuronal
inflammatory diseases, multiple sclerosis (MS) and neuromy-
elitis optica (NMO) by our group (Lee et al.,, 2016). Finding
of these significant molecules has proved our hypothesis that
EV proteome changes may reflect pathological status by its
significant roles on cellular connectivity as well as cellular
trafficking. In this study, methodology for urinary EV isola-

tion has been optimized using blank urine samples, having
sizes consistent with EV primarily in the 100-120 nm diame-
ter range. TEM, FACS and western blot analysis targeting
common EV markers including Alix, CD63, TSG101, Flotillin-
1 and HSP70 supported the optimized isolation procedure
for purification of intact EV from the urine of human sub-
jects.

Urine has been utilized for the detection of biomarkers of
many diseases, and despite high levels of inter-sample varia-
tion, has been suggested as a non-invasive source of bladder
cancer biomarkers (Frantzi et al., 2015). Furthermore, The
higher quantity of EVs from metastatic cancer than that
from the control was reported by several references (Kalluri,
2016; King et al., 2012). To determine whether an ad-
vantage exists in using urinary EV instead of whole urine for
cancer biomarker identification, we compared the proteomic
profile of whole urine to the EV fraction from the urine of
healthy control subjects. As seen in Fig. 3, while there was a
considerable overlap in proteins identified between the two
sample sources, nearly 100 more proteins were confidently
identified from the EV sample. In addition, these results
demonstrated a profound decrease in the level of albumin
protein present in the samples. Albumin and other highly
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abundant proteins endogenous to biological samples are
known to mask the identification of lower abundance pro-
teins in mass spectrometry based proteomics approaches. It
is possible that the reduction of albumin may directly result
in the higher number of identifications seen in the EV sam-
ple. Regardless, the increase in the number of proteins iden-
tified and the dramatic reduction in albumin protein indicate
a definitive improvement over whole urine for proteomic
analysis.

Prior to EV isolation for the study, a portion of urine from
each subject was analyzed for creatinine concentration and
for total protein levels present. Despite variations across all
subjects, comparisons of these measurements did not indi-
cate any dramatic increase in creatinine levels as a function
of bladder cancer overall. Protein levels did appear to be
increased in some, but not all cancer patients, but these
increases were most dramatic in individuals with kidney fail-
ure or chronic kidney disease (CKD) (Table 1 and Fig. 4).

EV isolations generated some dramatic variations in the to-
tal EV protein yields across subjects. Of particular note is the
fact that overall, cancer patients demonstrated higher EV
protein yields. It is unknown why certain subjects within
each sample group demonstrated drastically higher EV yields.

These subjects were excluded from mass spectrometry anal-
ysis as outliers. Since overall protein banding patterns varied
for some subjects (data not shown), investigating these
dramatic differences within diagnostic boundaries may be
the focus of future work.

Among the significant proteome with upregulation de-
tected by proteomics analysis, four proteins, namely mucin-1
(MUC1), carcinoembryonic antigen (CEA), epidermal
Growth factor receptor kinase substrate 8-like protein 2
(EPS8L2), and moesin were selected for western blot as fur-
ther validation and the selection was performed by consider-
ing the degree of changes and their roles in pathology of
cancer development and progression.

MUCT1 is a glycoprotein which exists mainly on the epithe-
lial cell surface and is involved in signal transduction and
cellular adhesion. MUC1T has been implicated in the patho-
genesis of many cancers and is believed to exert its influence
via signaling pathways including beta catenin and cyclin D1.
It has been shown to contribute to NK cell evasion (Suzuki et
al., 2012), and MUC1 expression has recently been associat-
ed with prognosis in bladder cancer as a function of epider-
mal growth factor receptor expression levels (Nielsen et al.,
2015). In our study, MUC1 was dramatically over expressed

Table 1. Demographic information for ten healthy controls and ten bladder cancer patients

Diagnosis Code Gender Ethnicity Age Stage Comorbidity Medications
Control  CONO1- Male Caucasian 51-66 - n/a n/a
(n=10) CON10
Bladder BCO1 Male  Caucasian 69 Cancer Stage 4 Lipitor, Aspirin
Cancer  BC02 Male  Caucasian 64 Cancer Stage T2NOMO Toprol, Atorvastatin, Vitamin C
(n=10) BCO3 Male  Caucasian 65 Cancer Stage Ta Aspirin, Lantus, Leutra, Flomax
BCO4 Male  Caucasian 62 Cancer Not Staged Flomax, Veramyst, Advair,
Benicar, Aciphex, Avapro, Flo-
nase, Flovent
BCO5 Male  Caucasian 68 Cancer Stage 1 Levitra, Zocor, Lipitor
BCO6 Male  Caucasian 63 Cancer Stage 1 Hypertension Methotrexate, Velban, Adriamy-
cin, Cisplatin, Mannitol, Aloxi,
Decadron, Clonazepam,
Emend, Losartan Hydrochlorth-
iazide, Vytorin, Tamsulosin
BCO7 Male  Caucasian 63 Cancer Stage TMN T1 Atenolol, Zetia, Norvasc, Viagra
BCO8 Male  Caucasian 67 Cancer Stage 1 Zocor, Atenolol, Lipitor
BCO9 Male  Caucasian 58 Cancer Stage 3 Anemia, Leukopenia, Ob-  Hydrocodone, Acetaminophen
structive Uropathy, Arthritis,
Depression, Cardiopulmo-
nary Arrest, Aute Renal Fail-
ure
BC10 Male  Caucasian 68 CKD Stage 5 Hypertension, Coronary Ar-  Warfarin, Advair, Spiriva, Atorvas-

tery Disease, Chronic Kidney tatin, Clopidogrel, Glipizide,
Disease, Proteinuria, Type 2 Torsemide, Clonidine, Amlodi-
Diabetes, Anemia, Metabol- pine, Carvedilol, Tamuslosin,
ic Acidosis, Vitamin D Defi-  Omeprazole, Vitamin D, Folic
ciency, Hyperparathyroidism Acid, Zemplar, Renvela
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in bladder cancer samples by mass spectrometry analysis. As
shown in Fig. 5, Western blot analysis did show stage 4 cancer
to over express MUC1. However, the findings for earlier stages
were inconclusive, with certain control samples demonstrating
a higher degree of MUC1 expression in comparison.

CEA is another surface glycoprotein encoded by the
CEACAM-5 gene. This protein has been associated with
tumor angiogenesis and has been detected in circulation in
the blood of cancer patients (Bramswig et al., 2013). Fur-
thermore, it has been shown to affect immune system eva-

sion by inhibiting NK cell targeting of cancer cells (Stern et al.,

2005). While increased CEA expression indicated by MS
analysis was moderate, western blot upregulation was am-
biguous, with diffuse bands in most cancer samples, but
discrete bands in two of the seven samples tested. At least
two of the seven control samples also demonstrated elevat-
ed expression of CEA.

EPS8L2 was also moderately upregulated by MS analysis.
In Western blot, EPS8L2 appeared most consistently in-
creased in four of seven cancer EV samples, but only one
control sample. Increased expression of EPS8L2 has recently

been associated with endometrial cancer (Colas et al., 2011),

however no associations with bladder cancer have been

reported to date.

Moesin is a component of the ezrin-radixin-moesin (ERM)
protein family. These proteins have been associated with
metastasis and poor prognosis in a number of different can-
cers including pancreatic, colon and laryngeal carcinomas
(Adada et al., 2015; Jiang et al., 2014, Piao et al., 2015;
Wang et al., 2014). While ezrin was statistically the most
highly upregulated protein in our data set, we selected
moesin for further validation of our data set. With no appre-
ciable expression on western blot for control samples, only
faint expression of moesin was detected in four of seven
cancer samples, all of which were early stage.

Overall the markers that were selected for validation were
shown to be directly associated with metastasis, either
through adhesion/invasion pathways or through immune
system evasion actions, or both. This is consistent with the
idea that EV cargo is packaged by cancer cells and transport-
ed via secretion and circulation to local or distant sites in
order to prepare a receptive microenvironment for the invasion
of cancer cells. However, inconsistencies exist in our western
blot data. As shown in Fig. 5, control sample C9 consistently
overexpresses 3 of the 4 potential cancer markers. In our sam-
ple set, controls were deemed healthy donors. However, due
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Table 2. The list of top twenty up-regulated proteins in urinary EV from bladder cancer patients

Accession MW Raw spectral counts
Protein name number  (kDa) Control Bladder cancer  ’STN  “p-value
'Grp1 Grp2 Grp3 Grp4 Grp5 Grp6
Ezrin EZRI 69 22 6 0 111 26 61 1.01 0.00351
Uromodulin UROM 70 262 87 39 726 430 67 1.00 0.00358

Epidermal growth factor receptor kinase substrate 8 EPS8 92 17 1 0 74 1 26 0.81 0.01198
60 kDa heat shock protein, mitochondrial CH60 61 0 0 0 30 0 0 0.79 0.01326
Myosin-9 MYH9 227 3 0 0 1 38 2 0.78 0.01433
Deoxyribonuclease-1 DNAS1 31 11 1 1 62 2 9 0.78 0.01448
Arylsulfatase A ARSA 54 15 2 1 82 1 7 0.77 0.01472
Envoplakin EVPL 232 4 0 0 27 1 15 0.76 0.01600
Na(+)/H(+) exchange regulatory cofactor NHE-RF1 NHRF1 39 2 0 0 13 7 13 0.75 0.01638
EH domain-containing protein 4 EHD4 61 6 0 0 22 2 25 0.74 0.01723
Periplakin PEPL 205 0 0 0 17 0 9 0.74 0.01733
Ferritin light chain FRIL 20 16 4 5 86 16 2 0.73 0.01914
Mucin-1 MuUcCt 122 67 10 0 200 16 28 073 0.01921
Beta-hexosaminidase subunit beta HEXB 63 2 0 1 20 1 8 0.71 0.02101
Epidermal growth factor receptor kinase substrate ES8L2 81 9 0 0 31 2 22 0.70 0.02134
8-like protein 2
POTE ankyrin domain family member | POTEI 121 0 0 0 7 11 6 0.70 0.02142
Programmed cell death protein 10 PDC10 25 1 0 0 14 1 9 0.70 0.02142
Guanine nucleotide-binding protein subunit alpha-11  GNA11 42 6 1 0 29 5 10 0.70 0.02218
14-3-3 protein epsilon 1433 29 6 1 0 23 10 10 0.69 0.02250
Carcinoembryonic antigen-related cell adhesion CEAMS 77 1 0 0 10 9 4 0.69 0.02252
molecule 5

1Sample pooling: Grp1, CON03+CONO06; Grp2, CON4; Grp3, CON02+CONO7; Grp4, BCO1; Grp5, BCO3+BCO5; Grp6, BCO4
2STN and p-value were calculated from experimental replicates with Power Law Global Error Model (PLGEM)
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to the fact that these samples are de-identified, the possibility
does exist that this subject was suffering from an undiag-
nosed malignancy. Nevertheless, there still remains a high
degree of variability of protein expression across the different
subjects within both control and cancer classifications.

In this study we investigated the applicability of urine EV as
a means by which urine samples can be optimized for pro-
teomic profiling and identification of bladder cancer bi-
omarkers. We demonstrated an optimized workflow for the
isolation of purified, intact EV from the urine of human sub-
jects. Furthermore, we demonstrated an improvement in the
number of proteins identified in urine EV versus whole urine.
However, dramatic variations existed between the protein
yields and expression levels of selected proteins between
individuals without cancer as well as individuals with cancer.
While some differences in protein expression levels may be
attributed to cancer stage, this is not demonstrated consist-
ently in our sample set.

Overall, urine EV have the potential to provide an enriched
source of important biological information regarding cancer
status and mechanisms of progression. However, for diag-
nostic or prognostic purposes, more work is needed to char-
acterize and reduce inter- and intra- individual variations that
remain a challenge in the use of urine for cancer biomarker
identification.

Note: Supplementary information is available on the Mole-
cules and Cells website (www. molcells.org).
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