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Abstract

Prostate cancer (PCa) is the leading non-cutaneous malignancy and the second
deadliest among American men. PCa mortality rates among African American men are
much higher than any other ethnic group, and the same is true for men of African
ancestry world-wide. There is also a lack of reliable diagnostic markers and effective
treatment options. Extracellular vesicles (EVs) have been observed to play an important
role in cancer processes such as promotion of tumor growth and metastasis. They are
also a promising source of diagnostic markers. This study addresses these problems by
studying the proteome of EVs derived from PCa cells LNCaP, 22RV1, EO06AA-hT,
which was derived from an African American PCa patient, and non-cancerous prostate
epithelial cell line RWPEL. The enrichment of EVs was conducted using differential
centrifugation, where we cleared cell supernatant of cell debris and apoptotic bodies
and centrifuged for 2 hours at 100,000xg to pellet EVs (EV2). The supernatant from this
spin was subsequently centrifuged for 16 hours to pellet any remaining EVs (EV16).
The EV enrichment was deemed successful through transmission electron microscopy
(TEM) and nanopatrticle tracking analysis (NTA); which showed that EV2 and EV16
differ in overall size. Western blotting confirmed the presence of at least one EV marker
(ALIX or TSG101) in EV2 and EV16 from all cell lines. Proteomic analysis revealed
existing qualitative differences between EV2 and EV16 from the same cell-line. We also
observed 67 proteins common only in PCa cell EV2 fractions and 18 in EV16. Each cell-
derived EV fraction also had proteins that were exclusive. A differential proteomic
analysis using normalized spectral count values revealed cancer-related proteins
present across all cell lines that differed in abundance, some of them significantly
different when compared to RWPE1. Among the most notable proteins are Vinculin,
Thy-1, and multiple subunits of the 26S protease complex, TCP1 containing ring
complex (TRIC), and the COP9 signalosome complex. We also observed proteins that
were significantly abundant in EOO6AA-hT EVs which are known to contribute to
migration and metastasis, characteristic of EOO6AA-hT In vivo. In summary, our analysis
of PCa cell-derived EVs identified proteins in two EV fractions which are significantly
abundant in comparison to non-cancerous prostate cell-derived EVs, and have been

reported to play a role in cancer. This knowledge provides the basis to further
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understand the prostate tumor microenvironment in African American and Caucasian
men, and suggests candidates for validation in bio fluids for the development of

diagnostic tools.
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Chapter 1: An introduction to Prostate Cancer and Extracellular Vesicles

1.1 Prostate cancer is a devastating disease

Prostate cancer (PCa) is the most common non-cutaneous malignancy and is the
second-leading cause of cancer related death in men residing in the United States
(American Cancer Society, 2013). Its commonality is echoed internationally as well
(International Agency for Research on Cancer, 2012). Timely diagnosis and appropriate
treatment are of essence to patient survival. Unfortunately, PCa lacks both an accurate
method for diagnosis and a proper treatment post traditional hormone deprivation
therapy. The following sections describe the disease pathology, molecular biology, and

current treatment and diagnostic strategies for PCa.

Pathology of prostate cancer

The prostate is a chestnut-sized gland of the male reproductive system, located
in front of the rectum and bellow the bladder, surrounding the ejaculatory duct. Its
biological function is to produce semen necessary for sperm motility (Oh et al., 2003a).
The outer regions of the prostate are known as the peripheral zone and the
fibromuscular zone, while the inner regions are known as the central zone, transitional
zone and periurethral gland region (Figure 1.1) (De Marzo et al., 2007). In prostate
cancer, the majority of tumors develop in the peripheral zone, less development occurs

in the transitional zone, and development has been rarely observed in the central zone



(McNeal et al., 1988).

Prostate zones

a Central zone

b Fibromuscular zone
¢ Transitional zone

d Peripheral zone

Ejaculatory duct— e Periurethral gland region

Figure 1.1: Zones of the prostate. The zones of the prostate are labeled a-e. The peripheral zone
(d) is the most common site of prostate cancer tumor development. Image adapted from De Marzo

et al., Nature Reviews Cancer, 2007.



Cancer progression towards mortality has been described in six hallmarks which
consist of: sustainment of proliferative signaling, evading growth suppression, resisting
cell death, replicative immortality, induction of angiogenesis, and activation of invasion
and metastasis (Hanahan and Weinberg, 2011). When cancer cells undergo
uncontrolled proliferation and accumulation, it leads to the development of a solid mass
referred to as a malignant tumor (Holland, 2003). A malignant tumor has the ability to
invade tissues adjacent to and, potentially, far from the primary site. Its invasive
properties are what differentiates this type of tumor from a benign tumor, which remains
at its primary site (non-invasive). The migration, colonization, and growth of tumors, also
known as metastasis, of cancerous cells onto healthy tissues can cause complete
malfunction of vital organs and lead to death (Holland, 2003). In order for metastasis to
occur, the tumor goes through several stages which include tumor growth, hypoxia,
angiogenesis, intravasation, survival in the circulatory system, extravasation, and
colonization (Nguyen et al., 2009; Schilling et al., 2012).

Tumor growth is normally restricted to 1-2 mm in diameter, and its nourishment
comes from diffusion of oxygen and other nutrients from nearby blood vessels (Russo et
al., 2012). Past its restricted size, tumor core regions have less accessibility to oxygen
and nutrients from the surrounding environment, and eventually reach a state known as
hypoxia (oxygen deprivation) (Fraga et al., 2015). In order to overcome this, cancer
cells secrete signals to recruit the formation of new blood vessels from the host’s
vascular system, which would provide the nourishment the tumor needs to continue
growing; a process known as angiogenesis. Hypoxia is associated with poor prognosis

in prostate cancer patients, as it correlates with increased invasiveness, metastasis,



and resistance to treatment (Fraga et al., 2015).

A key player in hypoxia is hypoxia-inducible factor-1a (HIF-1a). HIF-1a mediates
the transcription of genes such as vascular endothelial growth factor (VEGF). VEGF
regulates angiogenesis by promoting endothelial cell growth and proliferation, leading to
the formation of blood vessels (Weis and Cheresh, 2011). Under normal conditions,
HIF-1a is located in the cytoplasm and translocates to the nucleus under hypoxic
conditions. Here, HIF-1a binds to HIF-183 and induces transcription of effector genes
after binding to hypoxia response elements within their promotor regions (Fraga et al.,
2015). HIF-1a expression has been observed to be higher in prostate cancer tumors in
comparison to benign prostatic hypertrophy (BPH) tumors. Its expression also increases
in the presence of androgens, which are very important in prostate cancer tumor
development, and decreases after androgen depravation therapy.

Unlike normal vasculature, tumor vessels formed after angiogenesis are irregularly
shaped, have chaotic patterns of interconnection, and have branches with uneven
diameters. They also have abnormal pericyte coverage, which makes them leak fluid
and blood into surrounding tissue (Russo et al., 2012).

In order to proceed towards metastasis, cancer cells must enter the blood stream
via blood cells by intravasation (Reymond et al., 2013). The blood stream presents
cancer cells with a stressful environment, which includes immune cells that could
potentially stop the cancer from spreading. If they survive, PCa cells can extravasate
from the blood stream and colonize a new site for tumor development. Each type of
cancer seems to have a site of preference for metastasis, an observation that led to the

“seed and soil” hypothesis (Talmadge and Fidler, 2010). In PCa, the metastatic site of



preference seems to be the bone (Logothetis and Lin, 2005). The tumors resulting from
PCa metastasis are osteoblastic, meaning they form bone and it is thought that this
occurs by the secretion of factors that affect osteoblasts, or influencing the bone

microenvironment.

Prostate Cancer and the Androgen Receptor Pathway

A crucial target for development of novel PCa drugs is the androgen receptor (AR)
pathway (Figure 1.2a). AR pathway activation occurs when free testosterone enters
prostate cells, and is reduced to dihydrotestosterone (DHT) by 5-a-reductase (SRD5A2).
The AR in its basal state is bound to Heat-Shock-Proteins (HSPs) in a conformation that
prevents DNA binding. Upon binding of AR with DHT, AR undergoes a conformational
change that allows dissociation from heat shock proteins. Then, the ligand-bound AR
becomes phosphorylated and forms an AR homodimer complex which translocates to the
nucleus and binds to Androgen Response Elements (ARES) in promoter regions of target
genes. Once bound to DNA, the AR homodimer complex recruits co-activators or co-
repressors, which allow interaction of AR complex with the General Transcription
Apparatus (GTA) to stimulate or inhibit gene expression, which can ultimately lead to cell
proliferation and apoptosis inhibition of prostate cancer cells (Feldman and Feldman,

2001).



(b)
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Figure 1.2. The Androgen Receptor. (a) The androgen receptor (AR) is activated upon hormone
binding which eventually allows translocation to the nucleus. The AR is then able to bind to
androgen response elements in DNA, and recruits transcription factors, leading to PCa promoting
bioactivity. (b) AR domains: N-terminal domain (NTD), DNA binding domain (DBD), hinge region,
and ligand-binding domain (LBD). Figure adapted from Feldman and Feldman, Nature Reviews

Cancer, 2001.



The wild-type androgen receptor (Figure 1.2b) is a 110-KDa protein that consists
of an N-terminal domain, DNA-binding domain, hinge region containing a nuclear
localization signal, ligand binding domain, and, of course, the C-terminal domain
(Marcias et al., 2010). A smaller version of the protein (75-80 KDa ) was reported and
found to lack the ligand binding domain, which normally binds to androgens in the
androgen receptor pathway, leading to the downstream transcription of androgen
response elements and subsequent bioactivity such as cell proliferation independent of
androgen presence (Tepper et al., 2002).

Treatment of localized prostate cancer can be handled with active surveillance or
radiotherapy (Gerritsen and Sharma, 2012). As the disease progresses, patients may
require Androgen Deprivation Therapy (ADT); however, tumors can become resistant to
primary hormone therapy, and become androgen independent in a median time of 14-
30 months (Gerritsen and Sharma, 2012). A treatment option for these advanced stage
tumors is docetaxel, an anti-microtubule chemotherapy drug that acts by stabilizing
tubulin heterodimers, impairing mitosis and thus cell proliferation in tumors (Hernandez-
Vargas et al., 2006). Unfortunately, there are several side effects as well as drug
resistance that can occur when using docetaxel (Miller and Ojima, 2001), limiting
treatment options. It is therefore imperative that new molecular targets are identified for

the development of novel treatments for prostate cancer.

Prostate Cancer Incidence Worldwide and in the United States
Overall, PCa is the fourth leading form of cancer and the second most common

cancer in men worldwide with 1,095,000 cases estimated in 2012 (International Agency



for Research on Cancer, 2012). Approximately 70% (759,000) of PCa cases diagnosed
in 2012 occurred in more developed regions of the world. The highest incidence rates
were observed in Australia/New Zealand (111.6 cases per 100,000), North America
(97.2 cases per 100,000), and in Western and Northern Europe. The high incidence in
these regions has been attributed to the wide-spread use and availability of Prostate
Specific Antigen (PSA) screenings and subsequent biopsies. Incidence in some less
developed regions such as the Caribbean, Southern Africa, and South America, is still
considered relatively high (79.8, 61.8, 60.1 cases per 100,000, respectively). The lowest
incidence rates have been observed in Asian populations (10.5 and 4.5 per 100,000 in
eastern and south-central Asia).

In the United States, PCa is the most common non-cutaneous malignancy in
men, with 220,800 new cases predicted for 2015 (American Cancer Society, 2015). The
states with the highest incidence rates are District of Columbia, Louisiana, and
Delaware (157.1, 140.3, 138.8 cases per 100,000 men, respectively). The lowest
incidence has been recorded in Arizona, New Mexico, and Hawaii (69.9, 74.0, 84.0
cases per 100,000 men, respectively) (Centers for Disease Control and Prevention,
2015). Incidence rates in the U.S. vary by race and ethnicity, with the highest rates
occurring in Blacks (214.5 per 100,000), Non-Hispanic Latinos (141.5 per 100,000),
Whites (130.4 per 100,000), and Hispanic Latinos (114.7 per 100,000) (National Cancer
Institute Survailence, 2015). As seen in statistics world-wide, Asian/Pacific Islander
incidence rates are relatively low in the US (74.0 per 100,000). The population with the
lowest PCa incidence rate is American Indian/Alaska Native (67.1 per 100,000).

Although PCa incidence rates worldwide vary, less variation is seen in terms of mortality



rates. In addition, the number of deaths is greater in less developed regions of the world
(165,000) in comparison to more developed regions (142,000) (International Agency for
Research on Cancer, 2012). In general, PCa death rates are higher in black populations
(29 per 100,000 in the Caribbean and 19-24 per 100,000 in sub-Saharan Africa). The
lowest death rates have been observed in Asian regions of the world (2.9 per 100,000 in
South-Central Asia). North America is considered to have an intermediate mortality rate
with 6.2-10 deaths occurring per 100,000 men.

Among US men the highest rate of mortality exists in Black men (46.3 per
100,000) (National Cancer Institute Survailence, 2015). Non-Hispanic Latin, White, and
Hispanic men have the second, third, and fourth-leading mortality rates (141.5, 130.4,
and 114.7 per 100,000). Mortality rates remain low in US Asian populations (74.0 per
100,000) and American Indian/Alaska Native men (67.1 per 100,000). The cause for the
differences in incidence and mortality between different racial groups has been largely
debated and has been attributed to diet, amount of physical activity, genetic factors, and
ability to obtain medical care (Jemal et al., 2010).

Contributing factors to developing PCa development include diet, presence of
infection, and genetics (Patel and Klein, 2009). The rates of incidence and mortality of
prostate cancer have been correlated with average intake of fats. A study analyzing the
risk of prostate cancer development in Japanese immigrants to the US found that diet
might influence conversion of latent tumors into clinically significant tumors. In addition,
the high consumption of red meat has been classified as a risk factor for prostate cancer.
This could be a result of increasing carcinogen levels in meat after cooking at high

temperatures, or high consumption of red meat and low consumption of foods that contain



nutrients that may prevent prostate cancer such as fruits and vegetables (Patel and Klein,
2009).

The prostate is exposed to infectious agents via urine and sexual activity, which
may lead to the development of prostate cancer (Patel and Klein, 2009). Associations
have been made between prostate cancer and seropositivity for cytomegalovirus, herpes
simplex virus type 1, and hepatitis B and C antibodies in men 30-49 years of age. In
addition, associations have been observed between prostate cancer and seropositivity
for human papillomavirus type 16, cytomegalovirus, and hepatitis C in men 50-59 years
old. Population studies have also suggested an association between gonorrhea and

prostatitis and prostate cancer in African American men.

Diagnosis of Prostate Cancer

There are two common methods used in diagnosing prostate cancer: digital
rectal examination (DRE) and screening for prostate specific antigen (PSA). A DRE
looks for physical abnormalities in the prostate while a PSA screen looks for high levels
of PSA in the patient blood stream , detecting prostate cancer nearly twice as much as
DRE would alone (Oh et al., 2003b).

PSA is a glycoprotein with serine protease activity and is located in the
cytoplasm of prostate cells whose functional role is to liquefy semen (Stephan et al.,
2014). PSA remains mostly within the prostate gland, but may escape in excessive
amounts to the blood stream if damage to the basement membrane of prostate
epithelial cells occurs. Events that may lead to damage include prostate cancer or

benign prostatic tumor development, and physical trauma to the prostate (Stephan et

10



al., 2014). Thus, high PSA levels are not necessarily indicative of prostate cancer.
Normal levels of PSA have been observed to be 0-4 ng/mL of blood. Men whose PSA is
in the range of 4.0-10 ng/mL have a possibility of testing positive for prostate cancer
(Oh et al., 2003b). While men whose PSA level is above 10 ng/mL are highly likely to be
prostate cancer positive. It is important to consider that high levels of PSA may also be
attributed to benign prostatic hyperplasia (BPH), or enlargement of the prostate;
however, studies have shown that a PSA level above 10ng/mL rarely occurs in men
with BPH (2%) (Oh et al., 2003b).

Screening for PSA was approved in 1986 by the FDA to monitor the progression
of prostate cancer in men already diagnosed with the disease. In 1993, the FDA
approved the use of PSA screens in men asymptomatic for prostate cancer in
conjunction with DRE (National Cancer Institute, 2012). After the introduction of PSA
screening, the diagnosis of prostate cancer where tumors were still confined to the
primary site increased from 50% to 90% of cases diagnosed (Oh et al., 2003b).
Although the use of PSA screening improved timely diagnosis of prostate cancer, more
recent observations indicate that wide-spread use provides more harms than benefits.
In 2008, the U.S. Preventative Services Task Force (USPSTF) issued a
recommendation statement on the use of PSA screening for prostate cancer diagnosis
(U.S. Preventive Services Task Force, 2008). The report gave PSA screening a grade D
recommendation which means that the USPSTF recommended against the use of this
service as there is “moderate or high certainty that the service has no net benefit or that
the harms outweigh the benefits.” The report cited two major trials as part of the

evidence influencing their decision. The first was conducted as part of the U.S. Prostate,
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Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial (Andriole et al., 2009),
which randomly assigned 76,693 men to receive either annual screening with PSA and
DRE or usual care and followed their progress for 7-10 years, tracking number of
cancers and deaths as well as causes of death. The study concluded that mortality rate
from prostate cancer did not differ significantly from the two study groups. The second
trial cited was the European Randomized Study of Screening Prostate Cancer (ERSPC)
(Schroder et al., 2009). This study identified 182,000 men age 55-69 from seven
European countries and randomly assigned them to a group offering PSA screens once
every four years or a group that did not offer screening service. The study initiated in the
early 1990s and ended in late 2006. The study found that PSA screening avoided 0.71
death per 1,000 men screened.

In addition to its lack of death prevention , the deficiency in accurate diagnosis of
prostate cancer by PSA screens was detected in ERSPC study (Schroder et al., 2009).
It was observed that 75.9% of positive PSA test results were false positive according to
biopsy results. Aside from the negative psychological effects brought on by false-
positive test results, approximately one third of men who undergo biopsy may
experience physical harm such as pain, fever, bleeding, infection, and urinary
difficulties. Approximately 1% of these men will require hospitalization (Rosario et al.,
2012). Considering the low effect PSA screening has in prostate cancer mortality, the
deficiency of specificity to diagnose the disease, and the subsequent harms that occur
due to unnecessary biopsy, there is an inherent need to develop a more effective
method to diagnose prostate cancer.

In 2012, two markers were approved by the US Food and Drug Administration for
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the diagnosis of PCa: Progensa ® PC3A assay and Access ® Hybritech p2PSA on the
Access Immunoassay Systems, also known as PHI (Prostate Health Index). The PC3A
assay requires prostate cells obtained from urine after digital rectal examination, and
examines the ratio of PCa gene 3 (PCA3) RNA to PSA RNA to recommend biopsy
(Laxman et al., 2008). PHI is an applied formula that requires a serum sample from a
patient to measure the presence of total and free PSA (fPSA), as well as isoform p2PSA
(Jansen et al., 2010; Loeb and Catalona, 2014). By calculating (p2PSA/PSA)xV(PSA)
the PHI is obtained and physician make recommendations based on the value obtained.
Several studies have been conducted to test the accuracy of both markers. One study
tested PHI and PCAS3 in parallel in blood and urine samples from the same patients, and
found that PHI was better at predicting presence of aggressive and more progressed
PCa (Cantiello et al., 2015). A separate study found that PCAS3 levels did not correlate
with Gleason Score; however, MRI outcome did correlate with PCA3 score (Leyten et
al., 2013). An existing concern is the cost effectiveness of these tests, and whether that
may have an effect on the availability of screening (Nicholson et al., 2015). In addition,
more research must be done to assess the usefulness of these markers in PCa
diagnosis and to continue to develop alternatives to help enhance or replace current

diagnostic options.
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1.2  Extracellular Vesicles, Their Role in Cancer Progression and Their Potential
as a Source of Diagnostic Markers

Extracellular vesicles (EVs) are cell-derived, spherical, nanopatrticles which carry
bioactive material such as nucleic acids, proteins, and lipids (Raposo and Stoorvogel,
2013). The study of EVs is relatively new, with the first observations made in 1946 by
Chargaff and West when studying coagulation factors in plasma (Chargaff and West,
1946). Although at first considered cell-derived artifacts, we are now understanding that
EVs are vehicles for biomolecules, and play an important role in biological processes
including immune modulation, coagulation, embryogenesis, and tissue repair among
others (Cocucci et al., 2009; Yafiez-Mo et al., 2015). EVs are considered the mediators
of the third form of cellular communication; the other two being direct cell-to-cell contact
and secretion of molecules (Raposo and Stoorvogel, 2013). The following sections
describe EV biogenesis, their importance in cancer progression, and their potential use

as a source for diagnostic markers.

EV Biogenesis
“EV” is an umbrella term for an array of extracellular vesicles including exosomes
and microvesicles. Current methods of EV enrichment do not allow complete
discrimination between exosomes and microvesicles (Raposo and Stoorvogel, 2013).
The difference between the two types of EVs is their mechanisms of biogenesis, with
exosomes originating from endosomes and microvesicles originating directly from the

plasma membrane (Abels and Breakefield, 2016; Nawaz et al., 2014) (Figure 1.3).
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Figure 1.3. Exosomes and microvesicles and their biogenesis. Adapted from Nawaz et al., Nature

Reviews Urology, 2014 (Nawaz et al., 2014)
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The term “exosome” was coined by Rose Johnstone in 1987 when she observed
membrane enclosed vesicles that ranged 30-100 nm in size in the cytoplasm of
maturing reticulocytes (Johnstone et al., 1987). We now know that exosomes are
formed within the endosomal network; which sorts biological material in large
intracellular vesicles known as endosomes for lysosomal degradation, recycling, or
exocytosis (Akers et al., 2013). Endosomes can be characterized into three
subcategories within their pathway: early endosomes, late endosomes, and recycling
endosomes. Early endosomes are first formed by the invagination of the plasma
membrane. They can fuse with endocytic vesicles, incorporating their content, which
can be destined for recycling (in a recycling endosome); alternatively, the endocytic
vesicle can mature into a late endosome. In a late endosome, the biological cargo’s is
sorted into 30-100 nm diameter vesicles that are a result of inward budding of the
endosomal lumen, forming a multivesicular body (MVB) (Raposo and Stoorvogel, 2013).
At this point the fate of the MVB can be lysosomal degradation, or fusion with the
plasma membrane, which leads to release of exosomes. Protein ALIX (ALG-2-
interacting protein X), can bind to exosomal cargo and prevent lysosomal degradation,
allowing release (Nawaz et al., 2014). Microvesicle biogenesis occurs through the direct
outward budding of the plasma membrane (Nawaz et al., 2014). This process involves
the trafficking of biomolecules to the cell surface, outward budding, and pinching off

from the cell body. This process occurs in regions of the plasma membrane where lipid
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rafts are located (Figure 1.3).

Biological Role of EVs in Cancer

EVs have previously been found to play a role in cancer progression by assisting
cancer cells in escaping apoptosis (Mohammed N. Abid Hussein, 2007), metastasis
(Janowska-Wieczorek et al., 2005), angiogenesis (Skog et al., 2008), and oncogenic
transformation of neighboring cells (Al-Nedawi et al., 2008). The biological cargo (i.e.
proteins, lipids, and nucleic acids) seem to be the contributing factors in these activities.
EV cargo can interact with the recipient cell by contact between microvesicle trans-
membrane proteins and recipient cell receptors, direct fusion of extracellular microvesicle
with the recipient cell plasma membrane, or endocytosis of the microvesicle by the
recipient cell (Cocucci et al., 2009).

PCa cell-derived EVs have been observed to increase cell proliferation and
migration of recipient cells, and increase tumor volume and PSA level in mice
administered with PCa EVs intravenously(Hosseini-Beheshti et al., 2016). Another study
found that EVs from PCa cells containing protein Ets-1 can be donated to pre-
osteoblasts, and induce differentiation(ltoh et al., 2012). This finding suggested that
PCa EVs act as a communication tool between cells in osteoblastic metastasis, a

symptom commonly observed in prostate cancer progression related to high mortality
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and morbidity.

EVs as a source of diagnostic markers

There are several advantages that make EVs a favorable source of diagnostic
markers. First, they have been isolated from various biofluids including semen, urine,
blood, serum, saliva, amniotic fluid, cerebrospinal fluid, and bile (Raposo and
Stoorvogel, 2013). Second, the bioactive cargo they carry is indicative of the
pathophysiological conditions of their cell of origin, thus a cell that is cancerous will
release different cargo than a cell that is healthy(Lin et al., 2015). For these reasons
EVs have been referred to as biomarker “treasure chests(Duijvesz et al., 2011).”

Several studies taking advantage of these properties have already been published.
Among them is a study by Eichelser et al., which found that serum levels of EV-derived
miR-373 were associated with triple negative and aggressive breast cancer (Eichelser et
al., 2014). Alvarez et al., studied the expression levels of neutrophil gelatinase-associated
lipocalin (NGAL) as a predictor of kidney dysfunction and found higher expression in
patients with delayed kidney graft function in urinary exosomes in comparison to cell

fraction from urine (Alvarez et al., 2013).
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Project Goal, Hypothesis, and Specific Aims

Goal
The goal of this project is to provide further understanding of the prostate tumor
microenvironment which may help shed light into biomolecules (proteins) contributing to
PCa disease progression, health disparity in PCa positive African American men, and to
identify proteins that should be further explored in PCa patient biofluids for use as

diagnostic markers.

Hypothesis

The biological properties of EV cargo, such as reflection of cell of origin, and
observed contribution to cancer progression, provide basis for us to hypothesize that by
surveying the proteome of PCa cell-derived EVs, we will be able to identify proteins that
may be contributing to disease progression. We also expect to identify proteins that will
be differentially expressed when compared to non-cancerous prostate epithelial cell
derived EVs; which may serve as a starting point for the development of diagnostic tools
for PCa. Finally, we expect to find proteins that may be contributing factors for the

aggressive phenotype of African American PCa tumors.
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Specific Aims

Specific Aim 1. Isolation and Characterization of Extracellular Vesicles from
Prostate Cancer-Derived Cell Lines and Non-Cancerous Prostate Epithelial Cell
Line

To address our hypothesis, we will use a cell panel representative of different
stages of the disease; which includes: non-cancerous prostate epithelial cell line RWPEL,
androgen sensitive PCa cell line metastasized to the lymph node LNCaP, androgen
insensitive PCa cell line confined to the prostate 22RV1, and androgen sensitive PCa cell
line from a tumor confined to the prostate of an African American patient EOO6AA-hT.

Our first specific aim will be to optimize a protocol for successful enrichment of EVs
from this cell panel. We will assess the effectiveness of our protocol with visualization of
our samples using transmission electron microscopy (TEM) and nanoparticle tracking
analysis (NTA). We will further validate the quality of our EV preparations by blotting for
EV markers, TSG101 and ALIX. We will incorporate the use of GM130, a Golgi marker

that should be absent in appropriately enriched EV preparations.

Specific Aim 2. Qualitative and Quantitative Proteomic Analysis of Extracellular
Vesicles from Prostate Cancer-Derived Cell Lines and Non-Cancerous Prostate
Epithelial Cell Line

Our second specific aim is to survey the proteome of EVs derived from the
proposed cell lines through the use of liquid chromatography/mass spectrometry (LC-

MS/MS) and bioinformatics. We will first conduct a qualitative proteomic analysis, which
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will identify proteins exclusively present in PCa cell-derived EVs. Using a label-free
guantitative approach, we will then identify proteins with significantly different abundance
levels in EVs enriched from PCa and non-cancerous prostate epithelial cells. We will
further apply gene ontology and string analysis to determine the known biological
functions and possible protein-protein interactions of the identified cargo.

The information obtained from these analyses will provide valuable information on
the potential roles of EV cargo in prostate cancer progression, identify proteins that may
contribute to health disparity of PCa in African Americans, and propose proteins found to
be exclusive or significantly abundant in PCa cell-derived EVs which can be further

validated in PCa patient biofluids for the development of diagnostic tools.
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Chapter 2: Isolation, Characterization, and Comparative Proteomic Analysis of

Extracellular Vesicles from Prostate Cancer-Derived Cell Lines

2.1 Introduction

Prostate cancer is the most common non-cutaneous malignancy in American
men and is also the second deadliest (National Cancer Institute Survailence, 2015).
There is a disproportionate occurrence of prostate cancer incidence and mortality in
men of different race and ethnic backgrounds. In particular, African American men have
been reported to have the highest incidence and mortality rate when compared to men
of other ethnic backgrounds (DeSantis et al., 2013), and the underlying factors
contributing to this disparity need to be investigated further. While the incidence rate of
prostate cancer in the United States is among the highest in the world, the mortality rate
does not differ much from other regions (International Agency for Research on Cancer,
2012). It has been suggested that the high incidence rate is due to a wide availability for
prostate-specific antigen (PSA) screenings (International Agency for Research on
Cancer, 2012). Although introduction of PSA screenings was observed to cause a
decrease in prostate cancer mortality, recent studies have seen a contradictory trend
(Andriole et al., 2009; Schroder et al., 2009). In fact, these studies led to the
recommendation against the use of PSA screens by the U.S. Preventive Services Task
Force, as the harms of PSA screening outweighed the benefits (U.S. Preventive
Services Task Force, 2008). As a result of this recommendation, there is a need for
novel, non-invasive, diagnostic markers for prostate cancer.

Extracellular vesicles (EVs) are a promising source of diagnostic markers for several
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diseases including breast cancer and kidney disease. Among the characteristics that
make them attractive for diagnostic marker identification is the fact that they carry
bioactive cargo (i.e., proteins, lipids, and nucleic acids), which reflects the cell of origin.
For example, the bioactive cargo from a healthy cell will differ from the cargo of a
cancerous cell. In addition, the EV lipid bilayer protects the cargo from the extracellular
space, protecting it from being degraded, and allowing it to survive in biological fluids
including blood, urine, saliva, and breast milk, among others.

In this study, we sought to identify the protein cargo of prostate cancer cell-
derived EVs. We chose to use prostate cancer cell lines LNCaP, 22RV1, EOO6AA-HT,
and non-cancerous prostate epithelial cell-line RWPEL in our analysis.

The LNCaP cell line was isolated from a metastatic lesion adenocarcinoma
located on the supraclavicular of human prostatic lymph node of a Caucasian male
(Horoszewicz et al., 1983). In culture, these cells have been observed to be androgen
responsive, as proliferation increases depending on the dose of dihydrotestosterone
(DHT) that is presented. They maintain malignant properties in vivo, forming androgen
responsive tumors in mice. LNCaP cells express prostate-specific proteins; including
human prostatic acid phosphatase and prostatic antigen.

The 22RV1 cell line is derived from a human prostatic carcinoma xenograft
described as CWR22 (Sramkoski et al., 1999). CWR22 xenograft had been reported to
form androgen-dependent tumors in mice that secreted PSA into the bloodstream at
levels that were related to the severity of the tumor. Castration of mice with tumors
formed after introduction of CWR22 resulted in tumor regression, and relapse 3-10

months later (Nagabhushan et al., 1996). The relapsed tumors were then serially

23



transplanted. 22RV1 is the cell line that was established from these transplanted
tumors, and was initially reported as androgen responsive (Sramkoski et al., 1999).
Upon further characterization of the 22RV1 androgen receptor, it was reported that
22RV1 expresses two separate AR protein species of 112 and 75-80 KDa (Dehm and
Tindall, 2011; Tepper et al., 2002). The wild-type androgen receptor is a 110 kDa
protein consisting of an N-terminal domain, DNA-binding domain, hinge region
containing a nuclear localization signal, ligand binding domain, and, of course, the C-
terminal domain (Marcias et al., 2010). The smaller form of the protein was found to lack
the ligand-binding domain, which normally binds to androgens in the androgen receptor
pathway, leading to the downstream transcription of androgen response elements and
subsequent bioactivity such as cell proliferation. The truncated form of the AR present in
22RV1 was also observed to be constitutively present in the nucleus and could bind to
DNA independent of androgens (Tepper et al., 2002). Thus, 22RV1 cells can be used
as a model for the androgen independent, therapy resistant, stage of prostate cancer.
EOO6AA-NT is a subline of EOO6AA cell line. EOO6AA is the first immortalized
epithelial prostate cancer cell line isolated from a primary site-confined tumor of an
African American patient, and is thus representative of the early stages of the disease
(Koochekpour et al., 2004). Characterization of the EOO6AA cell line showed that it is
androgen-dependent and is not tumorigenic in nude mice. The EOO6AA-hT cell line was
developed by stably transfecting EOO6AA parent cells (EOO6AA-Par) with pcDNA3.1-
NeoR vector and obtaining G418-resistant cells. These cells were introduced into NOG-
SCID mice and were found to cause tumor development three weeks after inoculation.

The human epithelial cells that were later isolated from these tumors are referred to as
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EOO6AA-hT, due to their high tumorigenic activity (Koochekpour et al., 2014). In
comparison to EOO6AA-Par, EOO6AA-hT maintained similar morphology and both
express high levels of p53; however, EOO6AA-hT has a higher rate of proliferation and
leads to the development of aggressive tumors in mice which were observed to invade
lymphovascular channels and infiltrate adjacent adipose tissue, skeletal muscles, bone
and cartilage.

RWPE-1 is a non-cancerous cell line derived from a histologically normal
prostate of a white male undergoing cystoprostatectomy, which was immortalized using
human papilloma virus 18 (HPV18) (Bello et al., 1997). Although immortalized, RWPE-1
cells maintain the characteristics of a normal prostate epithelial cell; such as response
to androgens, expression of PSA, normal epithelial morphology, lack of tumorigenicity,
and lack of invasive properties. The use of this cell line in our study allows us to have a
control in which we can observe changes occurring in cancerous vs. non-cancerous
prostate cells.

This panel of cell models are representative of different stages of the disease,
including localized and metastasized PCa and we also have also incorporated a cell
model for PCa in an African American patient. Cell line RWPE1 was used as a healthy
control in order to make a PCa vs. non-PCa prostate epithelial cell comparison. Here,
we show that there are considerable proteomic differences in EVs from all cell lines at a
gualitative and semi-quantitative level. Using differential centrifugation, we obtained two
EV fractions (EV2 and EV16), both of which contained important protein cargo related to

cancer. Several proteins were found to be significantly abundant in PCa cell-derived

25



EVs when compared to RWPEL.

2.2 Experimental procedures

Specific Aim 1. Isolation and Characterization of Extracellular Vesicles from
Prostate Cancer-Derived Cell Lines and Non-Cancerous Prostate Epithelial Cell

Line

Cell culture

All cell lines were cultured at 37°C in a 5% CO2 incubator. Prostate cancer cell
lines 22RV1 and LNCaP were cultured in RPMI 1640 media supplemented with 10% fetal
bovine serum (FBS)(Horoszewicz et al., 1983; Sramkoski et al., 1999). EOO6AA-hT
prostate cancer cells were a kind gift from Dr. Shahriar Koochekpour (University of
Roswell Park Cancer Institute, University of Buffalo) (Koochekpour et al., 2014), and were
grown in Dulbecco’s modified Dulbecco's modified Eagle medium (DMEM) supplemented
with 10% FBS. Non-cancerous epithelial cell line, RWPEL, was grown in keratinocyte
serum-free medium (KSFM), supplemented with human recombinant Epidermal Growth
Factor 1-53 (EGF 1-53) and Bovine Pituitary Extract (BPE)(Bello et al., 1997). In
preparation for EV enrichment, cells were cultured under normal conditions for 48 h. After
this period, cells were washed with warm (37°C) PBS three times to remove excess FBS.
Supplement-free medium was then added to the cells and incubated for additional 48 h

before proceeding to EV enrichment.
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EV Enrichment

Cells were incubated in supplement-free medium (RPMI, DMEM, or KSFM) for 48
hours, based on viability assessment by flow cytometry using propidium iodide (data not
shown) and previously published articles using the same cell lines (Hosseini-Beheshti et
al., 2012) (Sardana et al., 2008). EV enrichment was conducted as described (Bayer-
Santos et al., 2013; Théry et al., 2001), with some modifications. Briefly, supernatant was
collected and centrifuged for 10 min at 300 x g, followed by a 10 min centrifugation at
3,000 x g to remove cell debris. The supernatant was then centrifuged for 30 minutes at
10,000 x g to remove apoptotic bodies. The resulting supernatant was then centrifuged
at 100,000 x g for 2 h and the obtained pellet was kept (EV2). The EV2 supernatant was
then centrifuged for 16 h and the resulting pellet was also kept (EV16). Both fractions
were washed three times with PBS before analysis was conducted. All centrifugation
steps were performed at 4°C.Protein content in whole cell lysate (WCL) or in each EV

fraction was quantified by the BCA Protein Assay Kit (Pierce, Thermo Fisher Scientific).

Nanoparticle tracking analysis
Nanoparticle tracking analysis (NTA) was conducted using the NanoSight LM14
system (Malvern Instruments Ltd., Malvern, UK) to determine particle size of prostate
cancer cell-derived EVs in EV2 and EV16 fractions. EV samples were diluted in
phosphate-buffered saline, pH 7.4 (PBS), and injected into the equipment sample
chamber. Tracking was done for 1 min at room temperature, and the data was analyzed

using NTA software v2.2.
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Transmission Electron Microscopy (TEM)

Enriched EVs were fixed in 1% glutaraldehyde and were allowed to absorb onto
glow-discharged formvar/carbon-coated copper grids for 10 min. Grids were washed in
dH20 and stained with 1% aqueous uranyl acetate (Ted Pella Inc., Redding CA) for 1
minute. Excess liquid was gently wicked off and grids were allowed to air dry. Samples
were viewed on a JEOL 1200EX transmission electron microscope (JEOL USA, Peabody,
MA) equipped with an AMT 8 megapixel digital camera (Advanced Microscopy

Techniques, Woburn, MA).

Immunoblotting

Immunoblotting analysis was performed using 4 ug protein of each EV fraction or
whole cell lysate (WCL). Protein samples were separated using a Novex Bolt Bis-Tris
10% gel (Life Technologies, Thermo Fisher Scientific). Proteins were then transferred
onto a PVDF membrane which was then blocked with 5% non-fat milk. The blot was then
washed with 20 mM Tris-buffered saline, 0.1% Tween 20 (TBST), and incubated with
monoclonal antibodies (mAbs) conjugated with horseradish peroxidase (HRP) for
proteins GM130 (ab52649, Abcam), TSG101 (ab83, Abcam), ALIX (sc-53540, Santa
Cruz Biotechnologies). Antigen-antibody complexes were detected using SuperSignal™
West Pico Chemiluminescent Substrate (Thermo Fisher Scientific).
Specific Aim 2. Qualitative and Quantitative Proteomic Analysis of Extracellular
Vesicles from Prostate Cancer-Derived Cell Lines and Non-Cancerous Prostate

Epithelial Cell Line
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Proteomic sample preparation

EV preparations were resuspended in urea to a final concentration of 8M and
placed on a Nutating Mixer (product # 05450213, Fisher Scientific) for 30 min at room
temperature. Protein concentration was determined using the BCA kit, and 10 pg of EV
or WCL were used for digestion. Dithiothreitol (DTT) to a final concentration of 10mM was
added to the sample, vortexed briefly, and incubated for 30 min at room temperature on
a rocker. A Filter-Aided Sample Preparation (FASP) protein digestion kit (Expedeon Inc.,
San Diego, CA) was used for tryptic digest of sample proteins with some modifications to
manufacturer’s protocol. Samples were placed on a 30-kDA spin filter with integrated
collection tube and centrifuged at 14.000 x g for 15 min, at room temperature. Samples
were then alkylated using 100 pL of 500 mM iodoacetamide for 30 min at room
temperature in the dark and centrifuged for 10 minutes at 14,000 x g. A final wash step
with 50 mM ammonium bicarbonate was done, prior to transferring the filter to a new tube,
and incubating with 4 ug of trypsin (Sigma Aldrich) overnight at 37°C. Peptides were
eluted from the filter using 200 pL of 0.1% formic acid. Samples were dried to a 50 pL
volume and were subjected to liquid chromatography mass spectrometry (LC-MS/MS)

analysis.

LC-MS/MS Analysis
The resultant complex peptide mixtures from the individual samples were loaded
into a Dionex U3000 Autosampler and 5 (1L of sample (1 [1g each sample) was injected

onto a self-packed C18 resolving column (13 cm x 100 um) with an integrated nanospray
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tip (Picofrit packed with Phenomenex Luna C18, New Objective, Woburn, MA). A
multistep gradient of increasing acetonitrile (ACN) concentration for 120 min at a flow-
rate of 300 nL/minute was performed. The gradient consisted of solvent A (5% ACN, 0.1%
formic acid (FA)), and solvent B (80% ACN, 0.1% FA), as follows: 0-10 min: 5% solvent
B; 10-95 min: 5-40% B; 95-100 min: 40-95% B; 95% B until for 10 min; 110-120 min:
equilibration with 5% B. This was done using an Ultimate 3000 nanoHPLC system
coupled to a QExactive mass spectrometer (Thermo Fisher Scientific). An automated 2-
h LC-MS/MS run was programmed into Xcalibur software (Thermo Fisher) and each
sample analyzed in technical duplicates with two biological replicates. Between samples,
two blank runs with 60-min double seesaw washes using 5-80% ACN gradient to
optimally clean the resolving column and limit peptide carryover. During each analysis
and all sample runs the QExactive was operated in top-ten data-dependent mode, which
is 10 data-dependent MS/MS scans for each proceeding full scan. The QExactive settings
were as follows: the normalized collision energy for HCD was 28 eV; a full scan resolution
of 70,000K from 400-1600 m/z; a HCD MS/MS resolution of 17,500 with an isolation width
of 3 m/z; and the dynamic exclusion was set at 15 seconds. Peptides were not excluded
based on charge state and 1 microscan for both full and MS/MS scans were acquired. All

MS and MS/MS data were acquired in profile mode.

Bioinformatic analysis of proteomic data
All resultant MS/MS spectra from individual 2-h runs were searched with Proteome
Discover 2.0 (Thermo Fisher) and filtered via Percolator with an estimated false-positive

rate of 5%. The Proteome Discover settings were as follows: HCD MS/MS; included a
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fixed modification for carboxyamidomethylated cysteines; a variable modification
methionine oxidation; fully tryptic peptides only; up to 4 missed cleavages; a precursor
mass tolerance of 20 ppm; and a fragment mass tolerance of 20 ppm. Tandem MS/MS
spectra were searched against a combined protein database of human
(GCA_000001405.19, downloaded on August 19™, 2015, from UniProtkKB) as well as
common contaminants (such as trypsin, keratins and protein lab standards, downloaded
from http://compbio.ornl.gov/shewanella_chromium_stress/databases/) were included in
this combined database. Spectral counts were normalized using Distributed normalized
spectral abundance factor (dNSAF) provided by Zhang et al. (Zhang et al., 2010). A

similarity matrix was created using R 3.2.1 (http://www.R-project.org/), to assess the

correlation between all samples and replicates.
Gene ontology analysis and Venn diagrams were generated using FunRich 2.1.2

(http://www.funrich.org/) (Pathan et al., 2015). The Venn diagram function was also

applied to determine which proteins identified in our study had been reported on
Vesiclepedia (http://www.microvesicles.org/).
Principal component analysis (PCA) was generated using Perseus 1.5.4.1

(http://www.perseus-framework.org/), based on the normalized spectral count values.

Log2 transformation of the data was performed and data points were filtered if they did
not appear in three out of the four group replicates (two biological, two technical for each
sample type). Remaining missing values were replaced by arbitrary low numbers from
normal distribution and Z-score normalization of the obtained values was performed. A
heatmap using Perseus 1.5.4.1 was generated for EV2 and EV16 separately with

hierarchical clustering using Eucladian distances. Data points were filtered further to
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facilitate visualization of abundant protein clusters in each group. The significant
difference (g-value < 0.05) in protein abundance was determined using a student’s T-test
of the mean value of the replicates.

String analysis was performed using String v10.0 with the provided Homo sapiens

database (http://www.string-db.org/) (Szklarczyk et al., 2015).
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2.3 Results

Specific Aim 1. Isolation and Characterization of Extracellular Vesicles from
Prostate Cancer-Derived Cell Lines and Non-Cancerous Prostate Epithelial Cell

Line

Isolation and characterization of PCa and non-PCa cell-derived EV2 and EV16

After clearing cell supernatant of cell debris and apoptotic bodies, samples were
spun for 2 h at 100,000 x g to enrich the first EV pellet (EV2) and the resulting supernatant
was spun for 16 h at the same speed to collect any remaining EVs (EV16) (Figure 2.1).
Both fractions contained vesicles, as shown by TEM imaging (Figure 2.2). There is a
notable difference in particle size consistent in all cell lines, with EV2 containing larger
vesicles in comparison to the EV16 fraction. TEM data was corroborated by NTA results
(Figure 2.3). Due to the abnormal distribution of the plots, we rely on the calculated mode
opposed to the mean in order to obtain the dominant particle size of the sample. In
accordance with the TEM images, EV2 fractions were observed to have a higher
concentration of vesicles that were over 100 nm in diameter as compared to the
corresponding EV16 fraction across all cell lines. EV16, on the other hand, was observed
to contain a higher concentration of smaller (<100 nm diameter) particles. An overlap in
particle size was also observed between fractions, and more-so can be seen in EOO6AA-
HT EV2 and EV16.

Following characterization of vesicle size, immunoblotting was performed for

common EV markers ALIX and TSG101, as well as protein GM130, a Golgi marker which

33



is expected to be absent in EV preparations (Lotvall et al., 2014). A second gel was loaded
with the same samples and ran simultaneously for silver staining. Silver stain of the SDS-
PAGE was used as a loading control and to provide a visual of the EV proteome (Figure
2.4a). The overall banding pattern showed possible differences in the proteome of EV2
and EV16. There was a complete absence of GM130 in EV preparations, but not in whole
cell lysates (WCL) (Figure 2.4b). ALIX, on the other hand, was confirmed to be present
in all EV2 fractions. Although clear bands corresponding to ALIX appear clearly in EV16
of 22RV1 and EOO6AA-hT, bands can be seen very faintly in the EV16 fraction of LNCaP
and RWPE1. TSG101, another EV marker, was present in variable amounts among
different cell lines and EV fractions. It was found to be more abundant in EV2 fractions of
LNCaP, 22RV1, and RWPE1, as well as in EV16 fractions of 22RV1 and RWPE.
Conversely, this protein could be detected only as faint bands in the blot and could not
be identified by proteomic analysis in EOO6AA-hT WCL and EV fractions and in LNCaP
EV16 (Fig. 2.4c). Taken together the data suggest that the vesicles observed in out TEM
and NTA analyses are positive for two EV markers (ALIX and TSG101) by immunoblotting
and are negative for GM130, a Golgi marker. Taken together, our results show that,
although TSG101 is commonly used as an EV marker, ALIX proved to be better suitable

marker for quality control of EV enrichment, especially in EOO6AA-hT cells.

Specific Aim 2. Qualitative and Quantitative Proteomic Analysis of Extracellular
Vesicles from Prostate Cancer-Derived Cell Lines and Non-Cancerous Prostate

Epithelial Cell Line
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Qualitative Proteomic Analysis of EV2 and EV16

To study the EV proteome, we employed a slightly modified version of the original
FASP protocol, omitting the use of SDS (Wisniewski et al., 2009). The digestion was
performed using trypsin and resulting peptides were analyzed using 1D LC-MS/MS. The
raw spectra were analyzed using Proteome Discoverer 2.0 with Sequest HT algorithm
against a human database containing common contaminants. Two biological replicates,
with two technical replicates performed for each sample was used in this analysis. One
microgram of protein was used for analysis of each sample. A total of 1,447 proteins were
identified across all cell line-derived EVs. From the EV2 fractions of LNCaP, 22RV1,
EOO6AA-hT, and RWPEL1 610, 275, 735, and 373 proteins were identified, respectively.
For the EV16 fractions of LNCaP, 22RV1, EOO6AA-hT, and RWPE1 523, 301, 271, and
355 proteins were identified, respectively.

Despite originating from the same cell line, the proteome of EV2 and EV16 differed
in all cell lines (Figures 2.5a-d). Each EV fraction had a unique set of proteins; however,
some overlap existed between the two. The majority of the 22RV1 EV2 and EV16,
EOO6AA-hT EV2, and RWPE1 EV2 was exclusive in comparison to its corresponding
fraction; whereas LNCaP EV2 and EV16, EOO6AA-hT EV16, and RWPE1 EV16 shared
most of its proteome with its corresponding fraction.

Using the Vesiclepedia function in FunRich, we compared the proteins identified
in this study to those that have been previously published in human EV studies (Kalra et

al., 2012). Although the majority of the EV proteins identified from each cell line in this
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study have been previously published, some of the proteins identified here have not been
reported in the Vesiclepedia database; mainly in the LNCaP and EOO6AA-hT EV fractions.

In order to compare the EV2 and EV16 proteomes among the four cell lines, a four-
way Venn diagram was generated (Figure 2.5e,f). Overall, there were 97 proteins shared
among EV2 of all cell lines, and 67 proteins common only in prostate cancer (PCa) cell
lines. All EV2 fractions had their own exclusive set of proteins, but EOO6AA-hT EV2 had
the highest number with 235 proteins identified exclusively in the EV2 derived from this
cell line. There were 109 proteins common among all EV16 fractions, and only 18
common to all prostate cancer cell derived EVs enriched after 16-h centrifugation.

To enhance our understanding of the overall proteomic difference and similarity
between all samples, we constructed a principal component (PCA) plot (Figure 2.6).
Application of PCA reduces the complexity of proteomic data, while maintaining variation,
and groups samples with similar data behavior together (Bayer-Santos et al., 2013). Our
analysis shows clustering of prostate cancer and non-cancerous cell lines on the left and
right side of the plot, respectively. Prostate cancer cell-derived EV2 samples are close
together, suggesting similarity in proteomes. Overall, EV2 and EV16 behave differently,
with the exception of LNCaP EVs, which cluster close together near prostate cancer cell-
derived EV2s. In addition, the plot shows that our technical and biological replicates

cluster close together, suggesting that our data is reproducible.

Quantitative Proteomic Analysis of EV2 and EV16

Although proteins exclusive to prostate cancer cell-derived EVs in both fractions

were identified, proteins present in low abundance in non-cancerous prostate epithelial
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cell-derived EVs in comparison to prostate cancer cell-derived EVs and vice-versa must
also be considered. Using a label-free quantitative approach, proteins differentially
expressed in EV2 or EV16 were identified (Figure 2.7 and 2.8, respectively).

For EV2 and EV16, four and five respective clusters of proteins were found to be
differentially present in EVs from each cell line. The clusters were designated a number
by the Perseus program. Line plots allowed visualization of the protein abundance trends
within each cluster. Based on these trend line plots, we can see that 219 cluster proteins
are most abundant in 22RV1 EV2, 222 cluster proteins are most abundant in RWPE1
EV2, 225 cluster proteins are most abundant in LNCaP EV2, 227 cluster proteins are
most abundant in EOO6AA-hT EV2. We applied the same type of clustering for the EV16
heat map and observed that cluster 138 proteins are more abundant in EOO6AA-hT and
RWPEL, cluster 140 proteins are most abundant in RWPEL, cluster 141 proteins are most
abundant in 22RV1, and cluster 143 proteins are most abundant in LNCaP.

We proceeded to apply a string analysis of each protein cluster individually, to
identify known protein interactions among proteins (Figure 2.9-2.17). The biological
processes, based on protein gene ontology, and any role in biological complexes were
highlighted. Protein complexes identified, at least partially, through string analysis include
26S protease complex, TCP1 Ring Complex (TRIiC), and COP9 signalosome. All
complexes were identified in clusters 225 and 143, which were most abundant in LNCaP.
In other clusters, interacting proteins involved in cell growth, immune response, cell
communication, and transport among other functions were observed.

Application of a student’s T-test revealed which of these proteins are significantly

different in comparison to the corresponding RWPEL EV fraction. Based on a g-value

37



cutoff of <0.05, we were able to identify 228 and 119 with significantly different abundance
in EV2 and EV16 of PCa cells in comparison to non-cancerous prostate epithelial cell line
RWPE1 (Tables 2.1 and 2.2). We classified these proteins by their corresponding
biological process which included protein metabolism, cell growth, transport, metabolism,
immune response, cell communication, and regulation of nucleic acids in both EV2 and
EV16.

Further specification of reported roles in relevance to cancer, such as
overexpression in tumor tissue, promotion of tumorigenesis, metastasis and cell
proliferation, was also specified for each protein if available. Identified proteins involved
in the progression of PCa included Ras-related protein Rap-2c, which was abundant in
all PCa EV2 and is involved in PCa cell growth mediated by AR activation (Bigler et al.,
2007). Proteins with reported involvement in PCa cell growth, migration, and/or invasion
included guanine nucleotide-binding protein subunit alpha-13 (Rasheed et al., 2013;
Zhang et al., 2014b), intercellular adhesion molecule 1 (Conrad et al., 2009), tyrosine-
protein kinase Lyn (Goldenberg-Furmanov et al., 2004), and fascin (Fuse, 2011), among
others. Identified proteins with reported increased expression in PCa tissue, cells, or
biofluids include vinculin (ZHU Li-yong, 2010), Probable ATP-dependent RNA helicase
DDX5 (Clark et al., 2008), and basement membrane-specific heparan sulfate
proteoglycan core protein(Grindel et al., 2016; Grindel et al., 2014).

Supplementary Tables 1-7 containing the detailed identification of peptides and
proteins with all proteomic analysis parameters, as well as the label-free (spectral count)
guantitative proteomic data and other files (dNSAF values, similarity matrix, heatmap

proteins and clusters, and Venn diagram data) are available to the Dissertation’s
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Committee members through Dropbox. Raw proteomic data files are available at the

PRIDE Archive proteomics data repository (https://www.ebi.ac.uk/pride/archive/).
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2.4 Discussion

By studying the proteome of PCa cell-derived EVs, our study sought to establish
basic knowledge of potential contributing factors in the disparity of PCa incidence and
mortality between African American and Caucasian men, propose proteins for validation
in biofluids to determine their use as diagnostic markers, and to further understand the
microenvironment of PCa.

Men of African Ancestry worldwide, including southern Africa and the Caribbean,
have the highest mortality age-standardized rates (ASR) for PCa (Cooperberg, 2013). In
the United States, the mortality ratio between African American and Caucasian men is
higher than any other malignancy in men. African American men are found to be at a later
stage in the disease than other racial groups at time of diagnosis, and are more likely to
have biochemical reoccurrence (Cooperberg, 2013; Das et al., 2016). Because there is a
need for more knowledge on the underlying factors that may contribute to racial disparity
in PCa incidence, mortality, and severity of disease at the time of diagnosis, it is important
to incorporate cell models, such as EOO6AA-hT, into prostate cancer research.

The EOO6AA cell line was obtained from a localized PCa tumor from an African
American patient; however, characterization of this cell line showed that it was not
tumorigenic in nude mice. The EO0O6AA-hT cell line originally came from EOO6AA, and
was altered to allow tumor formation in mice (Koochekpour et al., 2004; Koochekpour et
al., 2014). Sub-cutaneous inoculation of EOO5AA-hT led to contentious aggressive tumor
growth in nude mice. Histology showed invasion in lymphovascular channels, adjacent

adipose tissues, skeletal muscles, bone, and cartilage had occurred (Koochekpour et al.,

40



2014). Consistent with these characteristics, our study identified several proteins
important for tumor migration that were significantly abundant in EOO6AA-hT in
comparison to RWPE1. These proteins included guanine nucleotide-binding protein
subunit alpha-13, ras-related protein Rab-13, and laminin subunit gamma-2. Proteins
significantly abundant only in the EOO6AA-hT cell line included tyrosine-protein kinase
Lyn and alpha-enolase. Although these proteins are involved in characteristics of
aggressive disease (metastasis and invasion), more studies need to be conducted to
determine whether they may be contributing factors to health disparity of PCa in African
American men.

Although to our knowledge we are the first group to report the EV proteome of
EOO6AA-hT, Hosseini-Beheshti et al. previously explored the EV proteome of LNCaP and
RWPEL1 qualitatively (Hosseini-Beheshti et al.,, 2012). This study compared the EV
proteome of six different prostate cancer cell lines of distinct AR phenotypes and was
able to identify a total of 220 proteins. Compared to our study, Hosseini-Beheshti et al.
used a different protocol for EV enrichment, which consisted of concentration of
conditioned media using a 100-kDa filter followed by ultracentrifugation on a sucrose
cushion. A different protocol was also used for the proteomics portion of the study; which
consisted of an in-solution digestion of the EV proteins followed by analysis using a
QTOF-based mass spectrometer. Differences in methodology might explain why our
study yielded a higher number of protein IDs. FASP has been shown to provide better
sequence coverage of membrane proteins and increased number of overall protein IDs
in comparison to in-solution digestion (Wisniewski et al., 2009). Nonetheless, the two

studies complement one another, as proteins such as agrin and serotransferrin were
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consistently identified in their corresponding cell lines, proving reproducibility regardless
of methodology.

Another previous study by Sardana et al. studied the proteome of conditioned
media from LNCaP, 22RV1, and PC3 cells (Sardana et al., 2008). This group dialyzed
conditioned media using a 3.5-kDa cutoff dialysis tubing and applied in-solution digest of
the obtained proteins prior to proteomic analysis using two-dimensional liquid
chromatography. Overall, 2,124 proteins were identified among the three cell lines. A
major difference between the present study and the work done by Sardana et al. is our
focus on the EV proteome. However, there is consensus of some proteins in 22RV1 of
both studies, such as ADAM10 and Peroxiredoxin-1, 2, and 4.

Our EV enrichment method of choice was classical differential centrifugation, as it
successfully allows attainment of vesicles, while avoiding contamination of our samples
with materials that affect the proteomic analysis downstream. One artifact that may be
obtained by application of differential centrifugation is polyethylene glycol (PEG), which
may come from ultracentrifugation or other tubes used in the sample preparation process.
The application of FASP during our proteomic sample preparation helped diminish the
presence of PEG in our sample (data not shown).

In addition to a two-hour centrifugation, we completed an additional 16-hour
centrifugation to analyze remaining material in our sample supernatant. TEM and NTA
showed the presence of remaining small vesicles (EV16), with diameter characteristic of
exosomes (Lotvall et al., 2014). Qualitative proteomic comparison of EV2 and EV16
fractions showed a difference in the EV proteome despite coming from the same cell-line.

Moreover, the comparison of EV2 and EV16 among different cell lines revealed that there
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are common and unique proteins within each group. Further comparison of all samples
using PCA revealed separate grouping between cancerous and non-cancerous samples,
and between EV2 and EV16 with the exception of LNCaP.

Using spectral counts, we were able to determine which proteins differed in
abundance and allowed visualization with the construction of a heat map. We identified
protein clusters which revealed that each cell-derived EV had a set of abundant proteins.
String analysis of these clusters allowed for better visualization of interacting proteins,
revealing two (143 and 225) containing 26S protease complex, TCP1 containing ring
complex (TRIC), and the COP9 signalosome proteins. Both 225 and 143 clusters show a
trend of abundant expression in LNCaP cell-derived EVs. The 26S proteasome complex
has been described as an attractive target for cancer therapy due to its proteolytic
degradation of key regulatory cellular proteins (Frankland-Searby and Bhaumik, 2012).
The implicated role of 26S proteasome in PCa is in promoting AR activity by contributing
to the assembly of an AR transcription complex (Reddy et al., 2006; Shen et al., 2014).
TRIC is known to assist in folding of cytoskeletal proteins (Gao et al., 1992). TRIC subunits
TCP1 and CCT2, also found in our study, were reported to play an important role in breast
cancer cell growth, and also predict survival in breast cancer patients (Guest et al., 2015).
The COP9 signalosome is a key player in DNA-damage response, cell cycle response,
gene expression, and regulates the degradation of polyubiquitinated proteins(Wei et al.,
2008). The COPS5 subunit of the COP9 complex has been proposed as potential
oncogene in breast cancer (Adler et al., 2008). COPS5 has also been reported alongside
COPS4 and CK2 (also identified in our study) to promote cell proliferation and survival of

PCa cells (Bhansali and Shemshedini, 2014).

43



Through statistical testing of our normalized data, we identified a total of 228 and
119 proteins were identified significant in EV2 and EV16, respectively. Several of these
proteins have known functions which contribute to disease progression, or have been
proposed as biomarkers in various types of cancer. For instance, vinculin was shown to
be significantly abundant in EOO0O6AA-hT EV2, 22RV1 EV2 and LNCaP EV16 in
comparison to corresponding RWPE1 EV2 or EV16. This results is in accordance with
other studies which have shown that vinculin is abundant in PCa tissues and PC3 cell-
derived exosomes (Kawakami, 2015; Zhu et al., 2010). A qualitative proteomic study of
PCa serum-derived exosomes identified vinculin as one of 35 proteins that were
commonly expressed in PCa patients of different ethnic backgrounds (African American,
Hispanic, and Caucasian) (Turay et al., 2016). Consistent identification of vinculin in vitro
and in vivo regardless of patient ethnic background is suggestive of its use as a non-
invasive biomarker. In addition, vinculin has been regularly detected in urinary exosomes
(Gonzales et al., 2009; Raj et al., 2012). Comparison of protein abundance levels in PCa
and healthy individuals may be of interest.

Another protein of interest for further investigation in regard to its potential as PCa
biomarker is Thy-1 (THYmocyte differentiation antigen 1, or THY1), also known as
CD90 (Cluster of Differentiation 90) (Herrera-Molina et al., 2013). THY1 is a 25-kDa
glycosylphosphatidylinositol (GPI)-anchored membrane glycoprotein, which was
identified as the first T-cell marker (Reif and Allen, 1964), although it is expressed in many
different cell types, such as neurons, mesenchymal and hematopoietic stem cells, NK
cells, renal glomerular mesangial cells, and endothelial cells (Herrera-Molina et al., 2013).

In comparison to RWPE1, THY1 was more abundant in 22RV1 and EOO6AA-hT EV2
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fractions. It has been proposed as potential cancer biomarker and has been identified in
urinary exosomes (Principe et al., 2013; Shrout et al., 2008; True et al., 2010). True et al.
(2010) studied the presence of THY1 in prostate cancer (True et al., 2010). Their results
showed via immunohistochemistry that THY1 is present in all prostate carcinomas.
Proteomic analysis of PCa urine in the same study using ICAT labeling identified THY1,
and also noted an absence of this protein in urine from patients who had undergone
prostectomy. In a separate study, Principe et al. looked at the proteome of microvesicles
from urine of 12 low-grade PCa and 12 healthy participants. THY1 was identified in urinary
microvesicles from both PCa and healthy individuals with a ratio of ~0.2680 (PCa:healthy)
based on label-free quantification. These results lead to speculation that THY1 identified
by True et al. (2010) in PCa urine may not be EV-associated; however, a targeted
proteomic analysis of EVs in patients with more progressed prostate cancer or from other
bio fluids may provide more grounds to use Thyl as a PCa biomarker.

We compared our PCa EV results to a recent publication by Welton et al., which
used size exclusion chromatography to enrich EVs from prostate cancer patient-derived
serum and urine samples (Figure 2.18) (Welton et al., 2016). We found that the EV2
fractions had a higher percentage of proteins in common with the results from Welton et
al. Among the proteins found to be common in the studies are inosine-5'-monophosphate
dehydrogenase 2, N-acetylglucosamine-6-sulfatase, and creatine kinase B-type within
urine and fibronectin within plasma. However, we found several other proteins that were
uniquely upregulated in the EVs of PCa cell lines. The potential of these proteins to be
explored as potential biomarkers of PCa needs to be carefully assessed by proteomic

analysis of urine samples from PCa patients. To this end, our group has recently
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established a collaboration with Dr. Heirinc Williams, a urologic oncologist at Geisinger
Medical Center (Danville, PA). We already have an IRB protocol in place and we will start
the screening of PCa urine samples soon.

Our results were also compared to a list of 27 PCa biomarker candidate proteins
reported by Kim et al., which were obtained by conducting discovery and targeted
proteomics on urine obtained from patients with confined and extracapsular PCa (Kim et
al., 2016). Out of these proteins, we found that at least 4 but no more than 13 were
identified in our study. Protein Creatine kinase B-type, was the only protein commonly
identified in PCa urine of both published studies and was identified in at least one fraction
of 22RV1 and LNCaP, but not in EOO6AA-hT.

Although working with patient biofluids when identifying biomarker candidates has
obvious advantages, our cell-based study is of great importance for multiple reasons.
First, we are able to say that the proteins identified in our study came directly from
prostate cells; which is not a claim that can be easily made when studying EVs from whole
organisms as virtually all cell types in the human body that have been studied are found
to secrete EVs (Yafiez-M¢ et al., 2015). Second, the list of identified proteins in our study
comes from a diversified study representative of different PCa stages and is among the
first to describe EVs obtained from a cell line isolated from an African American patient
PCa tumor. Epidemiological and pathological studies have suggested that men of African
ancestry are frequently diagnosed at later stages of PCa in comparison to men of other
ethnic backgrounds (McGinley et al., 2016; Tsivian et al., 2013). Taking these differences
into consideration, there is probably not a “one-size fits all” marker for prostate cancer

(Shenoy et al., 2016), and investigation of a combination of biomolecules as potential
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biomarkers may be advantageous to developing an effective diagnostic tool. Finally, the
information provided in our present study provides basis for the development of a targeted
proteomic approach when validating these biomarkers in PCa patient biofluids. Due to
the high protein complexity of human bio fluids, sensitivity of discovery based studies is
hindered when trying to identify differentially expressed proteins (Schiess et al., 2009).
With the information provided from our study, we plan on developing a targeted approach
for validation of some of our proteins of interest in PCa biofluids. We would also like to
narrow our focus to study the post-translational modifications occurring in these proteins
as well. Of particular interest is glycosylation, which helps regulate cancer progression
(Pinho and Reis, 2015). In particular, GPI-anchored glycoproteins have been found to be
elevated in plasma of breast, ovarian, kidney, and brain cancer (Stowell et al., 2015), and
is a topic of high interest to our laboratory (Nakayasu et al., 2012; Nakayasu et al., 2009).

In summary, our study analyzed the proteome of three prostate cancer cell lines,
one of which was derived from an African American PCa tumor cell line, and a non-
cancerous prostate epithelial cell line. Differences were observed qualitatively and
differentially among all sample types. Based on previously published works, we were able
to confirm that many of the proteins identified play a role in cancer, and have been
reported in PCa biofluids and biofluid-derived EVs. We have also identified multiple
proteins which have not been reported in these works, and would merit a targeted

proteomic analysis in order to validate their presence in PCa patient biofluids.
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Figure 2.1. Applied methodology for EV enrichment. Cells were incubated in serum-free media
for 48 h. Cell debris was removed by centrifugation at 300 and 3,000 x g. Apoptotic bodies were
removed by a 10,000 x g centrifugation. EVs were first enriched by 100,000 x g centrifugation for
2 h, resulting in EV enrichment (EV2 pellet). Centrifugation of the EV2 pellet supernatant for 16 h

resulted in further EV enrichment (EV16 pellet). Both EV2 and EV16 were characterized by TEM

and NTA for all cell lines in this study.
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LNCaP 22RV1 RWPE1

E600AA-hT

Figure 2.2. TEM Imaging of EV2 and EV16 Fractions. EV2 and EV16 fractions from 22RV1,
EOO6AA-hT, LNCaP prostate cancer cell lines and non-cancerous prostate epithelial cell line
RWPEL were subjected to TEM imaging. All images were taken at 50,000x magnification. Images

confirm presence of vesicles in both EV2 and EV16.
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Figure 2.3. NTA of EV2 and EV16 fractions from LNCaP, 22RV1, and EO0O6AA-hT prostate
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cancer cell lines, and from non-cancerous prostate epithelial cell line RWPEL.
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Figure 2.4. SDS-PAGE/Silver stain of EV fractions and confirmation of EV markers by
immunoblotting. (a) Silver stain of SDS-PAGE of EV2, EV16, and whole cell lysate (WCL). (b)
Immunoblotting was conducted from the same sample, probing for the presence/absence of the

Golgi marker GM130, and EV markers ALIX and TSG101. (c) Distributed normalized spectral
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abundance factor (ANSAF) values of blotted proteins obtained from proteomic analysis to confirm

presence/absence of protein in the respective EV fraction.
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Figure 2.5. Qualitative comparison of EV proteomes of LNCaP, 22RV1, and EOO6AA-hT prostate

.

cancer cell lines, and from non-cancerous prostate epithelial cell ine RWPEL1. Venn diagrams
were generated to compare proteins identified in EV2 and EV16 for cell lines (a) LNCaP, (b)
22RV1, (c) EOO6AA-hT, and (d) RWPEL. ldentified proteins were also compared to the
Vesiclepedia human protein database. The proteome of EV16 (e) and EV2 (f) fractions were also

compared.
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Figure 2.6. Principle component analysis of EV2 and EV16 fractions from LNCaP, 22RV1,
EO06AA-hT, and RWPEL cells. EV sample protein IDs with spectral count values normalized by

dNSAF were used to construct the PCA plot.
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Figure 2.7. Heat map of enriched differentially expressed proteins in EV2 Fractions of LNCaP,

EOO6AA-hT, 22RV1, and RWPEL cells. Identified proteins were filtered after log transformation
and normalization to reveal differentially expressed proteins between cell lines. The sample
analyzed is specified on the top of the heatmap, with the first subscript number specifying the
biological replicate and the second number specifying the technical replicate number. Outstanding
clusters where a cell group or groups contain a higher abundance of protein are visualized in the
line plots on the right. The number on the left is the cluster number assigned by the Perseus

software.
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Figure 2.8. Heat map of enriched differentially expressed proteins in EV16 fractions of LNCaP,
EOO6AA-hT, 22RV1, and RWPEL1 cells. Identified proteins were filtered after log transformation
and normalization to reveal differentially expressed proteins between cell lines. The sample
analyzed is specified on the top of the heatmap, with the first subscript number specifying the
biological replicate and the second number specifying the technical replicate number. Outstanding
clusters where a cell group or groups contain a higher abundance of protein are visualized in the

line plots on the right. The number on the left is the cluster number assigned by the Perseus

software.
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Figure 2.9. String analysis of Cluster 219 from EV2.
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Figure 2.10. String analysis of Cluster 222 from EV2.
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Figure 2.11. String analysis of Cluster 225 from EV2.
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Figure 2.12. String analysis of Cluster 227 from EV2.
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Figure 2.13. String analysis of Cluster 138 from EV16.
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Figure 2.14. String analysis of Cluster 140 from EV16.
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Figure 2.15. String analysis of Cluster 141 from EV16.
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Figure 2.16. String analysis of Cluster 142 from EV16.
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Figure 2.17. String analysis of Cluster 143 from EV16.
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Welton Paper Overall List

Welton Paper Plasma Isolates 86 (8.2%)
Welton Paper Urine Isolates 59 (5.7%) 21 (14.1%)
22RV1 EV16 65 (5.1%) 7 (1.8%) 2 (0.6%)
22RV1 EV2 38 (3.0%) 4 (1.1%) 1(0.3%) 118 (25.8%)
E006AA-hT EV16 57 (4.6%) 7 (1.9%) 3(0.9%) - 83 (18.2%)
EOO6AA-hT EV2 117 (7.1%) 6 (0.7%) 2(0.3%) 180 (21.2%) 203 (25.4%) 172 (21.0%)

LNCaP EV16 74 (5.0%) 6 (1.0%) 1(0.2%) : 109 (16.1%) 167 (27.4%) :
LNCaP EV2 73 (4.7%) 5 (0.7%) 2(0.3%) 171 (23.4%) 173 (24.5%) 143 (19.8%) --

Kim Phase 3 Candidates 14 (1.3%) 4 (3.1%) 1(1.1%) 7 (2.2%) 8 (2.7%) 4 (1.4%) 13 (1.8%) 10 (1.9%) 8 (1.3%)

Welton Paper .
Welton Paper Welton Paper EO06AA-hT E006AA-hT Kim Phase 3
Overall List ;szaT:s Urine Isolates AR AR EV16 EV2 Licalt e P e Candidates

Figure 2.18. Venn diagram comparing our current proteomic data with those from Welton et al.
(2016) and Kim et al. (2016). Welton et al. performed proteomic analysis of EVs from urine (n=5)
and plasma (n=11) of PCa patients, whereas Kim et al. conducted proteomic analysis of urine
(n=90) samples from PCa patients. Purple color gradient indicates consensus in protein

identifications; a darker color represents a higher consensus between datasets analyzed.

66



Table 2.1: Proteins with significantly different abundance between PCa and non-cancerous EV2 fractions. The arrow to the left of the

g-value signifies that this protein is abundant in PCa EVs. ns, not significant; EMT, epithelial mesenchymal transition.

Gene
Name

(UniProt)

Protein Name

Cluster

Student's T-test g-Value

Compared to RWPE1 . .
Vesiclepedia

Reported

Cancer-related description

Reference(s)

LNCaP 22RV1 EO006AA-hT
EV2 EV2 EV2

Cell communication and/or Signal Transduction
1 CDH2 Cadherin-2 219 ns 10.0089 0.0154 No
Cation-independent
2 IGF2R mannose-6-phosphate 219 0.0502 10.0000 0.0161 Yes
receptor
3 CD2AP CD2-associated protein 219 ns 10.0323 ns Yes
- Tumor formation, progression,
4 SH3GL1 Endophilin-A2 219 ns 10.0088 ns No and metastasis (Guan et al., 2016)
5 CD46 Membrane cofactor protein 219 ns 10.0358 ns Yes
6 PLXNA1 Plexin-Al 219 ns 10.0000 0.0477 Yes
Protein kinase C and casein
7 PACSIN2 kinase substrate in neurons 219 ns 10.0000 ns Yes
protein 2
Protein kinase C and casein Up-regulated in Breast Cancer
8 PACSIN3 kinase substrate in neurons 219 ns 10.0085 ns Yes p-reg Cells (Sharp et al., 2008)
protein 3
Rho-related GTP-binding n (Bravo-Cordero et al.,
9 RHOC protein RhoC 219 ns 10.0407 ns Yes Invasion 2014)
10 SFN 14-3-3 protein sigma 222 0.0000 | 0.0000 0.0000 Yes Lymph Node metastasis- (Skotheim et al.,
related protein 2002)
11 CHP1 Coelllliz il & b slfeis 222 00181  0.0000 0.0000 Yes
protein 1
12 CD63 CD63 antigen 222 0.0183 0.0000 0.0094 Yes
Choline transporter-like
13 SLC44A2 orotein 2 222 0.0179 0.0155 0.0181 Yes
. - Decreased expression in
14 EHD2 EH d°mf(‘)'t”éi‘;°gta'“'“g 222 0.0440 | 0.0000 0.0202 Yes esophageal squamous cell (Li et al., 2013)
P carcinoma
15 EPHA2 Ephrin type-A receptor 2 222 0.0277  0.0086 0.0123 Yes Overexpression in (Fan et al., 2013b)
hepatocellular carcinoma
L Highly expressed in ovarian
16 EFNB1 Ephrin-B1 222 0.0198 0.0000 0.0000 Yes and gastric cancer (Kataoka et al., 2002)
Epithelial cell adhesion Overexpressed in local and (Massoner et al.,
17 EPCAM molecule 222 0.0145 10.0138 0.0083 Yes metastatic PCa 2014)
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18
19

20

21

22
23

24

25

26
27
28

29

30

31
32
33

34

35

36

37

38

39

40

ITGA2
ITGAS

ITGAG

ITGB4

JUP
GIPC1

PTGFRN

S100A16

S100A2
SDC4
TSPAN9

TACSTD2

MPZL1

ARLSB
SNTB2
DPYSL2

XPO1

RAN

GNB2L1

PLSCR1

PLXNB2

RAP2C

PPP2R1A

Integrin alpha-2
Integrin alpha-5

Integrin alpha-6

Integrin beta-4

Junction plakoglobin

PDZ domain-containing
protein GIPC1
Prostaglandin F2 receptor
negative regulator

Protein S100-A16

Protein S100-A2
Syndecan-4

Tetraspanin

Tumor-associated calcium
signal transducer 2
Myelin protein zero-like
protein 1
ADP-ribosylation factor-like
protein 8B

Beta-2-syntrophin

Dihydropyrimidinase-related
protein 2

Exportin-1

GTP-binding nuclear protein
Ran (Fragment)

Guanine nucleotide-binding
protein subunit beta-2-like 1

Phospholipid scramblase 1
Plexin-B2

Ras-related protein Rap-2c

Serine/threonine-protein
phosphatase 2A 65 kDa

222
222

222

222

222
222

222

222

222
222
222

222

222

225
225
225

225

225

225

225

225

225

225

0.0171

0.0307

0.0000

0.0357

0.0278

0.0303
0.0000

0.0000

0.0521
0.0200

ns

0.0233
0.0176

10.0239
10.0289
10.0270

10.0496

0.0256

10.0000

ns
10.0158

10.0173

10.0221

0.0000

0.0225

0.0000

0.0000

0.0000

0.0147
0.0148

0.0000

ns
0.0000
0.0000

0.0000
0.0000

10.0000
10.0235
10.0000

10.0222

0.0409

0.0000

10.0000
10.0000

10.0349

0.0000

68

0.0000

0.0071

0.0000

0.0000

0.0000

0.0156
0.0178

0.0000

0.0168
0.0000
0.0079

0.0000
0.0183

0.0144
ns

ns

0.0152

ns

0.0165

0.0176
10.0129

0.0147

10.0164

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No
Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Suppresses cell migration

Regulation of cell growth in
breast cancer

Drug resistance

Upregulated in EVs from drug
resistant PC-3 cells,
associated with poor

prognosis, EMT, invasion

Migration and invasion

Cell proliferation, EMT,
migration, invasion

Poor prognosis and metastasis

Poor prognosis and metastasis

Metastasis and migration

Highly expressed in mantle cell
lymphoma, proposed
therapeutic target
Proposed therapeutic target,
poor prognosis in colorectal
cancer

Migration

Overexpression in colorectal
cancer tissue, tumorigenesis,
tumor progression

Androgen-mediated
transcriptional and growth
responses of human PCa cells
Down-regulated in primary and
metastatic prostate cancer,

(Ding et al., 2015)

(Fang et al., 2010)

(Yamakawa et al.,
2012)

(Kawakami, 2015;
Masugi et al., 2015)

(Wu et al., 2010)

(Zhou et al., 2014b)
(Bulk et al., 2008)

(Lin et al., 2013a)

(Jia et al., 2014)

(Cheng et al., 2014;
Yoshimura et al.,
2014)

(Fan et al., 2013a;
Yuen et al., 2012)

(Wang et al., 2011a)

(Cui et al., 2012)

(Bigler et al., 2007)

(Bluemn et al., 2013)



41
42

43

44

45

46

47
48
49

50

51

52

53
54
55

56

57
58

59

60

61

SEPT2
YWHAH

ANXA3

ANXAS

GNA13

ICAM1

PEBP1
RAB13
CDCP1

LYN

CLDN3

LAMB1

AGRN
CLTB
KRT17

KRT6A

LAMC2
THBS1

TPBG

FSCN1

ACTB

regulatory subunit A alpha
isoform

Septin-2

14-3-3 protein eta

Annexin A3

Annexin A5

Guanine nucleotide-binding
protein subunit alpha-13
Intercellular adhesion
molecule 1
Phosphatidylethanolamine-
binding protein 1

Ras-related protein Rab-13

CUB domain-containing
protein 1

Tyrosine-protein kinase Lyn

Claudin-3
Laminin subunit beta-1
Agrin

Clathrin light chain B

Keratin, type | cytoskeletal
17

Keratin, type Il cytoskeletal
6A

Laminin subunit gamma-2

Thrombospondin-1

Trophoblast glycoprotein

Fascin

Actin, cytoplasmic 1

225
227

227

227

227

227

227
227
227

227

219

219

222
222
222

222

222
222

222

225

225

10.0236 0.0143 10.0200 Yes
ns 0.0245 10.0193 Yes
10.0182 10.0206 10.0000 Yes
10.0238 10.0082 10.0000 Yes
10.0499 10.0000 10.0087 Yes
ns 10.0090 10.0000 Yes
10.0414 10.0000 10.0081 Yes
ns 10.0000 10.0160 Yes
0.0493 ns 10.0249 Yes
ns ns 10.0191 Yes

Cell growth and/or maintenance

ns 10.0000 0.0141 Yes
0.0511 10.0428 0.0169 Yes
0.0333 0.0000 0.0166 Yes
0.0256 0.0366 0.0000 No
0.0170 0.0000 0.0000 Yes

ns 0.0000 0.0000 Yes
0.0167 0.0000 0.0166 Yes
0.0000 0.0000 0.0170 Yes
0.0000 0.0000 0.0163 Yes
10.0366 ns ns Yes
10.0385 10.0000 ns Yes

69

loss associate with PCa
mortality

Cell proliferation, up-regulation

hepatoma carcinoma

Tumor growth, association with

aggressive hepatocellular
carcinoma
Poor prognosis in colorectal
carcinoma

Invasion and migration in PCa

cells
PCa invasion

Tumor suppressor and
prognostic marker

Invasion and migration

Regulation of invasion and
metastasis

PCa cell proliferation

Overexpression in epithelial
ovarian cancer
Overexpression in ovarian
cancer
Upregulation in synovial
sarcomas

Down regulated in PCa at
mRNA level

Migration, invasion, EMT

Metastasis, poor prognosis

Overexpression in cancer,
poor prognosis, migration,
invasion
Cell growth, migration,
invasion in PCa
Upregulated in some tumors,
abnormal expression
associated with metastasis

(Yu et al., 2009)

(Tong et al., 2015)

(Xue et al., 2009)

(Rasheed et al., 2013;
Zhang et al., 2014b)

(Conrad et al., 2009)

(Wang et al., 2010)
(loannou et al., 2015)

(Uekita et al., 2014)

(Goldenberg-
Furmanov et al.,
2004)

(Heinzelmann-
Schwarz et al., 2004)
(Januchowski et al.,
2014)
(Fernebro et al.,
2006)

(Schlomm et al.,
2008)

(Moon et al., 2015)
(Jeanne et al., 2015)

(He, 2015)

(Fuse, 2011)

(Guo et al., 2013a)



62
63

64

65

66

67
68

69

70

71

72

73

74

75

76

7

78
79

80

81

COL1A1
FLNB

PPP1CA

CAP1

MYO1B

ACTN1
ACTN4

EDIL3

KRT8

CAPG

TLN1

TUBB6

VCL

SOD2

CKB

PGD

AHCY
DARS

ACLY

DYNC1H1

Collagen alpha-1(l) chain
Filamin-B

Serine/threonine-protein
phosphatase PP1-alpha
catalytic subunit

Adenylyl cyclase-associated
protein 1

Unconventional myosin-Ib

Alpha-actinin-1
Alpha-actinin-4

EGF-like repeat and
discoidin I-like domain-
containing protein 3
Keratin, type Il cytoskeletal

Macrophage-capping
protein

Talin-1
Tubulin beta-6 chain
Vinculin

Superoxide dismutase

Creatine kinase B-type

6-phosphogluconate
dehydrogenase,
decarboxylating

Adenosylhomocysteinase

Aspartate--tRNA ligase,
cytoplasmic

ATP-citrate synthase

Cytoplasmic dynein 1 heavy
chain 1

225
225

225

227

227

227
227

227

227

227

227

227

227

227

219

225

225
225

225

225

10.0198
10.0151

10.0193

ns

0.0181

ns

10.0177

ns

ns

ns
10.0000
10.0369

ns

ns

10.0000

ns

0.0083

10.0237

ns

ns

10.0445

10.0219

10.0226

10.0000
0.0000
ns
10.0081

10.0149

ns
10.0140

10.0121

10.0126

ns

10.0127
10.0073

10.0206

10.0085
10.0000
10.0069
10.0153
10.0124

10.0000

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Energy pathways and Metabolism

ns

10.0217

10.0263
10.0206

10.0218

10.0199

10.0000

10.0000

10.0223
10.0151

10.0000

10.0084

70

ns

ns

10.0096

ns

10.0158

10.0139

Yes

Yes

Yes

Yes

Yes

Yes

Invasion

Proposed biomarker for
bladder cancer

Migration, metastasis,
overexpression in ovarian
cancer and hepatocellular

carcinoma
High mRNA expression in
head and neck squamous cell
carcinoma

enhance cancer cell motility,
invasion, and metastasis

Poor prognosis in Pancreatic
ductal adenocarcinoma

Proposed prognostic marker
for breast cancer
Associated with ovarian serous
carcinoma development and
progression to metastasis

More abundant in PCa tissue
in comparison to BPH, positive
correlation with AR presence

Tumor progression

Proposed marker for lung
squamous cell cancer

Resistance in colorectal
cancer, overexpression in
cancer, cell proliferation

(Iguchi et al., 2015)

(Brems-Eskildsen et
al., 2010)

(Hua et al., 2015; Liu
et al, 2014)

(Ohmura et al., 2015)

(Fukumoto et al.,
2015)

(Damhofer et al.,
2013)

(Westbrook et al.,
2016)

(Tang, 2013)

(ZHU Li-yong, 2010)

(Miar et al., 2015)

(Zeng et al., 2012)

(Zaidi et al., 2012;
Zhou et al., 2013)



82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

PHGDH

G6PD

MDH2

PAICS

PRMT1

MTAP

UAP1L1

ATP6V1A

ACOT7

AKR1B1

ENO1

CNP

PFKP

BLVRB

HMGCS1

LDHB

NNMT

PRDX2

PRDX5

D-3-phosphoglycerate
dehydrogenase
Glucose-6-phosphate 1-
dehydrogenase
Malate dehydrogenase,
mitochondrial
Multifunctional protein
ADE2

Protein arginine N-
methyltransferase 1

S-methyl-5'-thioadenosine
phosphorylase

UDP-N-acetylhexosamine
pyrophosphorylase-like
protein 1
V-type proton ATPase
catalytic subunit A
Cytosolic acyl coenzyme A
thioester hydrolase

Aldose reductase

Alpha-enolase

2',3'-cyclic-nucleotide 3'-
phosphodiesterase
ATP-dependent 6-

phosphofructokinase,
platelet type
Flavin reductase (NADPH)
Hydroxymethylglutaryl-CoA
synthase, cytoplasmic
L-lactate dehydrogenase B
chain
Nicotinamide N-
methyltransferase

Peroxiredoxin-2

Peroxiredoxin-5,
mitochondrial

225

225

225

225

225

225

225

225

225

227

227

227

227

227

227

227

227

227

227

10.0161
10.0386
10.0174

10.0201

10.0156

10.0286

10.0186
10.0508

10.0281

ns

ns

0.0292

ns
ns
ns
ns
ns

0.0283

0.0364

ns
10.0384
10.0087

10.0139

10.0000

10.0081

ns
0.0249

10.0045

10.0000

ns

ns

10.0426

ns
10.0000
10.0000
10.0000

10.0000

10.0220

71

0.0220
ns
10.0194

ns

ns

ns

0.0078
ns

0.0222

10.0000

10.0186

10.0000

10.0076
10.0184
10.0174
10.0198
10.0000

10.0168

10.0000

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Overexpression in melanoma,

tumorigenesis
Induces tumor growth when
glycosylated

Overexpressed in Non-Small
Cell Lung Carcinoma, cell
proliferation

Low expression correlates with

poor prognosis in non-small
cell lung cancer

Decreased expression in
endometrial cancer, play a
protective role against toxic

aldehydes
Upregulation in glioma
and non-small cell lung
cancer, cell proliferation,
migration, invasion

Proposed prognosis marker for

Glioblastoma multiforme

Regulator of cell proliferation

Elevated in plasma of kidney
cancer patients
Increased expression in

cisplatin resistant cancer cells

(Mullarky et al., 2011)

(Rao et al., 2015)

(Elakoum et al., 2014)

(Su et al., 2014)

(Hevir et al., 2013;
Lefrangois-Martinez et
al., 2004)

(Fu et al., 2015; Song
et al,, 2014)

(Zorniak et al., 2012)

(McCleland et al.,
2013)

(Su Kim et al., 2013)

(Kalinina et al., 2012)



101

102

103

104

105

106

107
108

109

110

111

112
113

114

115

116

PGAM1

SOD1

TXN

CD109

CFI

HP

IGSF8
THBD

HLA-C

CD70

HLA-B

MFI2
THY1

PPIA

MKRN1

NEDDA4L

Phosphoglycerate mutase 1

Superoxide dismutase [Cu-
Zn]

Thioredoxin

CD109 antigen

Complement factor |

Haptoglobin

Immunoglobulin superfamily
member 8

Thrombomodulin

HLA class |
histocompatibility antigen,
Cw-17 alpha chain

CD70 antigen

HLA class |
histocompatibility antigen,
B-7 alpha chain
Melanotransferrin

Thy-1 membrane
glycoprotein (Fragment)

Peptidyl-prolyl cis-trans
isomerase A

E3 ubiquitin-protein ligase
makorin-1

E3 ubiquitin-protein ligase
NEDD4-like

227

227

227

222

222

222

222
222

225

227

227

227
227

219

219

219

10.0279
ns

ns

0.0213

0.0231

0.0225

0.0144
0.0184

10.0182

ns

ns

ns

ns

Lipoprotein Peptide or Protein Metabolism

10.0505

ns

ns

ns
10.0248

10.0372

10.0097
10.0000

10.0000

Immune response

0.0000

0.0144

0.0000

10.0000

ns

ns

10.0045

10.0000

10.0000
10.0085

10.0046

10.0230

10.0000

72

0.0068

0.0146

0.0120

0.0204
0.0188

0.0089

10.0000

10.0000

10.0000
10.0072

ns

ns

ns

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Upregulated in hepatocellular
carcinoma, cell growth

Inhibition leads to cell death

Proposed diagnostic marker
for gastric cancer

Highly expressed in cell
secretome and tissue of non-
small cell lung cancer
Cell growth, migration, strong
association with aggressive
cutaneous squamous cell
carcinoma tumors
Proposed serum biomarker for
pancreatic cancer and lung
cancer

High expression in renal cell
carcinoma and gliomas

Detected in PCa urine and cell
supernatant

Cell survival, proposed
prognostic marker for
colorectal cancer

Tumorigenesis

Decreased expression
correlates with poor prognosis
in gastric cancer

(Ren et al., 2010)

(Glasauer et al.,
2014)

(Lim et al., 2012)

(Zhang et al., 2014a)

(Riihila et al., 2015)

(Ayyub, 2015; Haas et
al., 2015)

(Adam et al., 2006;
Held-Feindt and
Mentlein, 2002)

(True et al., 2010)

(Coumans et al.,
2014; Peng et al.,
2012)

(Ko et al., 2012)

(Gao et al., 2012)



117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

HSPAS Heat shock cognate 71 kDa

protein
Nascent polypeptide-
NACA associated complex subunit
alpha, muscle-specific form
Ubiquitin-40S ribosomal
RPEZA protein S27a
ANPEP Aminopeptidase N
Cation-dependent
M6PR mannose-6-phosphate
receptor
LSR I_llpoly5|sTst|muIated
lipoprotein receptor
Disintegrin and
ADAM10 metalloproteinase domain-
containing protein 10
ITIH4 ITIH4 protein
F3 Tissue factor
TSG101 Tumor SUSCGDth!“ty gene
101 protein
Vacuolar protein sorting-
VIPEETE associated protein 37B
26S protease regulatory
PSMCe subunit 10B
PSMC1 26S protease'regulatory
subunit 4
26S protease regulatory
PSMC3 subunit 6A
26S protease regulatory
e subunit 7
PSMC5 26S protease_regulatory
subunit 8

219

219

219

222

222

222

222

222

222

222

222

225

225

225

225

225

10.0524

ns

0.0000

0.0000

0.0228

0.0285

0.0391

0.0195

0.0244

0.0361
0.0243
10.0175
10.0233
10.0215
0.0168

0.0345

10.0370

10.0000

10.0000

0.0000

0.0000

ns

0.0362

0.0000

0.0000

ns

ns
0.0152
0.0000
10.0000
0.0368

0.0246

73

ns

0.0119

0.0139

0.0000

0.0164

0.0171

0.0172

0.0082

0.0000

0.0000
0.0075
ns
ns
10.0159
ns

ns

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Overexpression in squamous
vaginal and cervical cancer,
proposed molecular target for
glioblastoma

Presence correlates with
overall survival in colorectal
cancer, downregulated in PCa
tissue

Proliferation, migration,
facilitates shedding of ligands
important for PCa progression
Peptides significantly higher in

breast cancer serum
Tumor growth, increased
expression correlates with
decreased survival in non-

small cell lung cancer

Proliferation, migration

Overexpression in breast
cancer tissue

(Lomnytska et al.,
2010; Matsuda et al.,
2015)

(Sanz et al., 2015;
Sgrensen et al., 2013)

(Chitadze et al., 2013;
Kasina et al., 2009)

(van den Broek et al.,
2010)

(Keshava et al., 2013;
Regina et al., 2009)

(Zhu et al., 2004)

(Deng et al., 2007)



133

134

135

136

137

138

139

140
141
142
143
144
145
146
147

148

149
150
151
152
153
154

155

PSMD1

PSMD11

DNAJAL1

RPS5

PSMD2

PSMD3

PSMD6

RPS12
RPS2
RPL12
AARS
RARS
CAPNG6
DNAJA2
EEF1G

EIF3CL

EIF5A
GARS
HSP90AAL
PREP
HTRA1
TCP1

CCT2

26S proteasome non-
ATPase regulatory subunit

26S proteasome non-
ATPase regulatory subunit

DnaJ homolog subfamily A
member 1

40S ribosomal protein S5

26S proteasome non-
ATPase regulatory subunit
2
26S proteasome non-
ATPase regulatory subunit
3
26S proteasome non-
ATPase regulatory subunit
6

40S ribosomal protein S12
40S ribosomal protein S2

60S ribosomal protein L12

Alanine--tRNA ligase,
cytoplasmic
Arginine--tRNA ligase,
cytoplasmic
Calpain-6
DnaJ homolog subfamily A
member 2

Elongation factor 1-gamma

Eukaryotic translation
initiation factor 3 subunit C-
like protein
Eukaryotic translation
initiation factor 5A-1

Glycine--tRNA ligase
Heat shock protein HSP 90-
alpha

Prolyl endopeptidase

Serine protease HTRA1

T-complex protein 1 subunit
alpha
T-complex protein 1 subunit
beta

225

225

225

225

225

225

225

225
225
225
225
225
225
225
225

225

225
225
225
225
225

225

225

0.0143

10.0232

10.0515

10.0163

10.0165

10.0155

10.0000

10.0400
0.0000
10.0148
10.0201
10.0188
10.0153
10.0212
10.0164

10.0294

10.0260
10.0171
10.0000
10.0150
10.0262
10.0000

10.0000

0.0000

10.0000

ns

ns

10.0000

10.0000

10.0000

10.0271
10.0000
10.0083
10.0000
10.0000
10.0431
10.0000
10.0374

10.0145

10.0091
10.0000
10.0000
10.0000
10.0142
10.0000

ns

74

0.0275

0.0000

ns

ns

ns

ns

ns

10.0170
10.0158
10.0395
ns
ns
0.0150
ns

0.0163

ns

10.0156
ns
10.0000
ns
ns

ns

10.0000

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes
No
Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes

Overexpression in breast
cancer tissue

Overexpression in breast
cancer tissue

downregulated in pancreatic
cancer cells
Differential expression in colon
cancer

Overexpression in breast
cancer tissue

DNA repair, cell survival

Proliferation, migration

Overexpressed in PCa, cell
growth and survival

Cell proliferation

Ovarian cancer cell
proliferation and survival
High expression in colorectal
cancer plasma

Downregulation leads to EMT

Survival

Survival

(Deng et al., 2007)

(Deng et al., 2007)

(Stark et al., 2014)

(Bandrés, 2007)

(Deng et al., 2007)

(Narayanaswamy et
al., 2014)

(Chen, 2013)
(Wang et al., 2009)

(Epis et al., 2012)

(Chu et al., 2013)

(Larrinaga et al.,
2014)

(Zhu et al., 2015a)
(Guest et al., 2015)

(Guest et al., 2015)



156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

CCT4

CCT5

CCT3

CCT8

CCT6A

USP5

MME

RPL18

CALR

DPP4

HSP90B1

PSME1

PDIA3

PDIAG6

P4HB

HSPE1

T-complex protein 1 subunit
delta

T-complex protein 1 subunit
epsilon

T-complex protein 1 subunit
gamma
T-complex protein 1 subunit
theta
T-complex protein 1 subunit
zeta
Ubiquitin carboxyl-terminal
hydrolase 5

Neprilysin
60S ribosomal protein L18
(Fragment)

Calreticulin

Dipeptidyl peptidase 4

Endoplasmin

Proteasome activator
complex subunit 1
Protein disulfide-isomerase
A3

Protein disulfide-isomerase
A6

Protein disulfide-isomerase

10 kDa heat shock protein,
mitochondrial

225

225

225

225

225

225

225

227

227

227

227

227

227

227

227

227

10.0204

10.0370

10.0000
10.0000
10.0000
10.0203
0.0000

ns

ns

ns

ns

0.0000
ns

ns

10.0147

ns

10.0140

10.0273

10.0092
10.0324
10.0000
10.0000
10.0000

10.0079

10.0328

10.0000

10.0326

ns
ns

10.0000

10.0000

10.0467

10.0142

10.0000

10.0000

10.0000

10.0169

0.0148
ns

10.0247

10.0065

10.0163

10.0172

10.0161
10.0162

10.0000

10.0000

10.0197

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Regulation of cell growth, nucleobase, nucleoside, nucleotide, nucleic acid

TROVE2

PABPC1

PABPC4

60 kDa SS-A/Ro
ribonucleoprotein
Polyadenylate-binding
protein 1
Polyadenylate-binding
protein 4

219

219

219

ns
10.0185

0.0371

10.0207
10.0000

10.0227

75

ns
10.0117

0.0070

No

Yes

No

Motility in lung
adenocarcinoma
Upregulated in tumors with
mutated p53, drug resistance
in breast cancer

Suppresses p53

Loss in androgen-independent
PCa

Androgen-regulated, inhibits
growth and metastasis in PCa,
low expression in PCa tissue
Higher expression in localized
PCa in comparison to
metastasized tumors
High levels in breast cancer
patients who benefit from
hormonal treatment,
metastasis, poor prognosis
Elevated in primary and
metastasized PCa

Associated with advanced PCa

Cell survival, drug resistance,
overexpression in lung
adenocarcinoma
Up-regulated in HER-2/neu-
positive breast tumors

Survival

(Tano et al., 2010)

(Ooe et al., 2007)

(Dayal et al., 2009)

(Hong et al., 2012)

(Alur et al., 2009)
(Nazarian et al., 2014)
(Cawthorn et al.,
2012)
(Sanchez-Martin et
al., 2013)
(Pressinotti et al.,

2009)

(Tufo et al., 2014)

(Zhang, 2005)

(Coumans et al.,
2014)

metabolism, or signal transduction

Expression in cancerous and
healthy prostate tissue
Positive correlation with

survival in colorectal cancer

(Yang et al., 2013)

(Liu et al., 2012)



175
176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194
195

SF3B3
ITCH

AEBP1

PGD

MCM2
HNRNPA3
PTRF

PRPF19

DDX5

RUVBL1
SFPQ
RAD23B

RNH1

RTN4

STAT1

VPS37C
CHMP1B
APOE
HBB

HPX
PLSCR3

Splicing factor 3B subunit 3
E3 ubiquitin-protein ligase
Itchy homolog
Adipocyte enhancer-binding
protein 1
6-phosphogluconate
dehydrogenase,
decarboxylating
DNA replication licensing
factor MCM2
Heterogeneous nuclear
ribonucleoprotein A3
Polymerase | and transcript
release factor
Pre-mRNA-processing
factor 19

Probable ATP-dependent
RNA helicase DDX5
RuvB-like 1

Splicing factor, proline- and
glutamine-rich
UV excision repair protein
RAD23 homolog B

Ribonuclease inhibitor

Reticulon

Signal transducer and
activator of transcription 1-
alpha/beta

Vacuolar protein sorting-
associated protein 37C
Charged multivesicular

body protein 1b

Apolipoprotein E
Hemoglobin subunit beta

Hemopexin

Phospholipid scramblase 3

219
219

225

225

225

225

225

225

225

225

225

225

227

227

227

219

222

222

222

222
222

ns

ns

10.0412

10.0217

10.0203
10.0247
10.0141

10.0294

10.0160

10.0268
10.0000
10.0287

Ns

ns

0.0518

ns
0.0000
0.0196
0.0167

0.0227
0.0264

10.0000 ns
10.0360 ns
10.0141 0.0138
10.0000 ns
10.0000 0.0143
10.0000 10.0066
10.0243 10.0223
10.0000 0.0160
10.0154 ns
10.0000 10.0224
10.0146 ns
10.0229 ns
10.0000 10.0000
10.0000 10.0000
10.0000 10.0000
Transport
10.0000 0.0165
0.0080 0.0195
0.0078 0.0092
0.0000 0.0000
0.0000 0.0000
ns 0.0077

76

Yes

No

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Cell proliferation and survival

Cell proliferation and survival

Targeted by lovastatin and
ciproflaxin, cell growth, survival

Inverse correlation with PCa
progression

Increased expression in PCa
tissue in comparison to benign,
AR-interactor
motility and invasiveness of
pancreatic cancer cells

downregulated in invasive

breast cancer cells

Highly expressed in resistant
gastric cancer cells
Suppresses tumor

development in some cancers,

promotes cell growth in

colorectal cancer

AR co-regulator, expressed in
PCa tissue

Correlates with advancement
of PCa
Differentially expressed in
ovarian cancer serum
Differentially expressed in
ovarian cancer serum

(Ho et al., 2011)

(Ladha et al., 2012)

(Simon et al., 2013;
Zhang, 2015)

(Meng et al., 2015; Yi

et al., 2013)

(Clark et al., 2008)

(Taniuchi, 2014 )

(Linge et al., 2014)

(Zhu et al., 2014)

(Xue, 2015)

(Aoyagi et al., 1998;
Urbanucci et al.,
2008)

(Venanzoni, 2003)
(Huang et al., 2012)

(Huang et al., 2012)



196
197

198

199

200
201

202

203

204

205

206

207

208

209

210
211

212

213

TF
SLC38A2

SLC38A5

VPS28

COPA
COPB2

CSE1L

KPNB1

VAT1

VPS35

ATP6VOD1

CPNES3

SLC1A4

GDI2

TFRC
ARF4

SLC39A14

PLEC

Serotransferrin

Sodium-coupled neutral
amino acid transporter 2
Sodium-coupled neutral
amino acid transporter 5
Vacuolar protein sorting-
associated protein 28
homolog

Coatomer subunit alpha

Coatomer subunit beta’

Exportin-2

Importin subunit beta-1

Synaptic vesicle membrane
protein VAT-1 homolog

Vacuolar protein sorting-
associated protein 35

V-type proton ATPase
subunitd 1

Copine-3

Neutral amino acid
transporter A
Rab GDP dissociation
inhibitor beta
Transferrin receptor protein
1

ADP-ribosylation factor 4

Zinc transporter ZIP14

Plectin

222
222

222

222

225
225

225

225

225

225

225

227

227

227

227
227

227

225

0.0000

0.0323
0.0338
0.0383

10.0196
10.0000

10.0266

10.0250

10.0252

10.0313

10.0192

10.0388

0.0208
ns
ns

ns

0.0275

Cytoskeletal anchoring

10.0186

10.0000

0.0000

0.0232

ns

ns

10.0376

10.0000

0.0447

10.0000

10.0000
10.0000
ns

ns
10.0077

10.0153

ns

ns

10.0000

10.0000

0.0000

0.0189

0.0000

0.0155

ns

ns

0.0145

ns

10.0452
ns
10.0171

10.0166
10.0000

10.0067
10.0165

10.0219

10.0173

Protein folding

77

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Present in breast cancer tissue

Tumorigenesis in breast
cancer

Tumor growth, cell survival,
up-regulated in hepatocellular
carcinoma
malignant peripheral nerve
sheath tumor cell,
tumorigenesis
Expression in benign prostatic
hyperplasia and prostate
cancer cells but not healthy
prostate tissue

Gene possible indicator of PCa
susceptibility, invasion,
migration

Increased levels in pancreatic
carcinoma tissue and serum
Cancer cell growth and
tumorigenesis

Migration, cell survival

Highly specific to colorectal
cancer tissue at transcript level

Upregulation in esophageal
squamous cell carcinoma

(Korwar et al., 2012)

(Jeon et al., 2015)

(Winkler et al., 2014)

(Zhang et al., 2015)

(Mori et al., 2011)

(Lin et al., 2013b;
Thomas et al., 2008)

(Sun et al., 2007)

(O'Donnell et al.,
2006)

(Jang et al., 2012)

(Sveen et al., 2012)

(Sveen et al., 2012)



214

215

216

217

218

219
220
221
222

223

224
225

226

227

228

CCT7

PCNA

PDCD6IP

CCDC50

S100A14

IGSF3
IGHA1
ARRDC1
IGHG1

IGKC

C3orf58
IST1

K7ERQS

WDR1

LAMP1

T-complex protein 1 subunit
eta

Proliferating cell nuclear
antigen

Programmed cell death 6-
interacting protein

Coiled-coil domain-
containing protein 50

Protein S100-A14

Immunoglobulin superfamily
member 3

Ig alpha-1 chain C region

Arrestin domain-containing
protein 1

Ig gamma-1 chain C region

Ig kappa chain C region

Deleted in autism protein 1

IST1 homolog

Uncharacterized protein
(Fragment)
WD repeat-containing
protein 1

Lysosome-associated
membrane glycoprotein 1

225

225

222

219

222

222
222
222
222

222

225
225

225

227

227

10.0222

10.0177

0.0169

Unknown or Unmapped

ns

0.0175

0.0173
0.0000
0.0000
0.0165

0.0209

ns

10.0179
10.0179

ns

0.0498

10.0364

ns

DNA repair

10.0233

10.0151

Apoptosis

ns

10.0000

0.0000

ns
0.0000
0.0000
0.0000

0.0000

10.0424
10.0000

10.0078

10.0079

ns

78

0.0086

0.0168

0.0000

0.0074
0.0000
0.0000
0.0000

0.0000

0.0091

ns

ns

10.0175

ns

Yes

Yes

Yes

No

Yes

Yes
Yes
Yes

Yes

Yes

No

Yes

No

Yes

Yes

Significantly higher expression
prostatic adenocarcinoma than
in benign prostatic hyperplasia

Cell survival in chronic
lymphocytic leukemia
Correlation with advanced
stages of ovarian cancer,
proliferation, tumorigenesis,
migration, invasion

PCa cell growth and survival

Positive correlation for
prolonged disease-free
survival in breast and non-
small lung cancer

overexpressed in interstitial

fluid from ovarian carcinomas,

Expression correlates with
metastatic potential of
melanoma

(Wang et al., 2011b)

(Farfsing et al., 2009)

(Cho et al., 2014;
Tanaka et al., 2015)

(Pan et al., 2013)

(Chen et al., 2012;
Lohr et al., 2013)

(Haslene-Hox et al.,
2013)

(Agarwal et al., 2015)



Table 2.2: Proteins with significantly different abundance between PCa and non-cancerous EV16 fractions. The arrow to the left of

the g-value signifies that this protein is abundant in PCa EVs. ns, not significant; EMT, epithelial mesenchymal transition.

1

N

10

11

12

13

Gene
Name
(UniProt)

MFGES8

CD82

TGFBI

SFN
FST

ANXA2
VGF
ANXA3

YWHAG

SEPT7

COPS6

COPS3

PPP2R1A

Cell communication, signal transduction

Lactadherin
CD82 antigen
Transforming growth factor-
beta-induced protein ig-h3
14-3-3 protein sigma
Follistatin

Annexin A2
Neurosecretory protein VGF

Annexin A3

14-3-3 protein gamma
Septin-7

COP9 signalosome complex
subunit 6

COP9 signalosome complex
subunit 3

Serine/threonine-protein
phosphatase 2A 65 kDa
regulatory subunit A alpha
isoform

138

138

138

140
140

140

142

143

143

143

143

143

143

Student's T-test q-Value Compared
to RWPEl

LNCaP 22RV1 EO06AA-hT
EV16 EV16 EV16

0.0339

0.0259

0.0270

0.0394
0.0209

0.0229
10.0467
10.0229

10.0134
10.0000

10.0270

10.0285

10.0000

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

79

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Vesiclepedia
Reported

Yes

Yes

Yes

Yes

Yes
Yes
No
Yes

Yes

Yes

No

Yes

Yes

Cancer Related

Promotes bladder tumor
development
Negatively correlated with
metastasis in
laryngeal squamous cell
carcinoma, cell survival

poor prognosis in colorectal
cancer patients, tumor
suppressor
Lymph Node metastasis-
related protein

Cell proliferation and migration

Highly expressed in non-small
cell lung cancer, correlation
with poor prognosis

Tumor growth, association with
aggressive Hepatocellular
Carcinoma

Cell proliferation, inhibitis cell
migration

metastasis of osteogenic
sarcoma cells, genomic
instability when highly
expressed
down-regulated in primary and
metastatic prostate cancer,

loss associate with PCa

mortality

Reference(s)

(Sugano et al., 2011)

(Nishioka et al., 2014,
Yu et al., 2014)

(Li et al., 2012; Zhu et
al., 2015b)

(Skotheim et al., 2002)

(Karve et al., 2012)

(Jia et al., 2013)

(Tong et al., 2015)

(Xu et al., 2010; Yu et
al., 2009)

(van Dartel and
Hulsebos, 2004; Yan et
al., 2011)

(Bluemn et al., 2013)



14

15

16

DPYSL2

SEPT2

LRP1

Dihydropyrimidinase-related
protein 2

Septin-2

Prolow-density lipoprotein
receptor-related protein 1

Cell growth and/or maintenance

17

18
19
20
21
22
23

24

25

26

27

28

29

30

31

32

AGRN

LAMAS
THBS1
LAMA3
LAMB3
LAMC2
NID2

HSPG2

COL6A1

ARPC1B

TPM4

LMNA

FBN1

LTBP1

TLN1

PCOLCE

Agrin
Laminin subunit alpha-5
Thrombospondin-1
Laminin subunit alpha-3
Laminin subunit beta-3
Laminin subunit gamma-2
Nidogen-2

Basement membrane-
specific heparan sulfate
proteoglycan core protein

Collagen alpha-1(VI) chain

Actin-related protein 2/3
complex subunit 1B

Tropomyosin alpha-4 chain

Prelamin-A/C

Fibrillin-1

Latent-transforming growth
factor beta-binding protein 1

Talin-1

Procollagen C-
endopeptidase enhancer 1

143

143

143

138

138
138
140
140
140
141

141

141

143

143

143

143

143

143

143

10.0000

10.0317

10.0351

0.0000

0.0000
0.0121
0.0201
0.0207
0.0252
10.0378

10.0219
10.0308

10.0499

10.0000

10.0459

10.0358

10.0308

0.0281

10.0312

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

80

ns

ns

ns

ns

ns
ns
ns
ns
ns

ns

10.0000

ns

ns

ns

ns

ns

ns

ns

ns

Yes

Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Cell proliferation, up-regulation
hepatoma carcinoma
Tumor cell adhesion, low
expression correlates with
poor prognosis in lung cancer

Upregulation in synovial
sarcomas

Present in PCa sera, invasion

Used as a potential biomarker
for Choroidal malignant
melanomas
Present in ovarian cancer
patient sera at significantly
elevated levels.
Expression associated with an
increased disease recurrence
in colon cancer.
Specific and sensitive
biomarker candidate for
colorectal cancer.

Levels correlate with grade of
malignancy in gliomas

Associated with ovarian serous
carcinoma development and
progression to metastasis

(Yu et al., 2009)

(Meng et al., 2011;
Perrot et al., 2012)

(Fernebro et al., 2006)

(Takkunen et al., 2008)

(Grindel et al., 2016;
Grindel et al., 2014)

(Kumagai et al., 2006)

(Tang et al., 2013)

(Belt et al., 2011)

(Guo et al., 2013b)

(Tritschler et al., 2009)

(Tang, 2013)



33

34

35

36

37

38

39

40

41

42

43

44

COL1A1

FLNC

VCL

COL1A2

COL3A1

LAMA4

SPTBN1

MSN

CAP1

FLNA

VIM

ARPC2

Collagen alpha-1(l) chain

Filamin-C

Vinculin

Collagen alpha-2(l) chain

Collagen alpha-1(l11) chain

Laminin subunit alpha-4

Spectrin beta chain, non-
erythrocytic 1

Moesin

Adenylyl cyclase-associated
protein 1

Filamin-A

Vimentin

Actin-related protein 2/3
complex subunit 2

Energy pathways, metabolism

45

46

47

48

49

PLOD1

ENO3

PRDX6

SHMT1

IMPDH2

Procollagen-lysine,2-
oxoglutarate 5-dioxygenase
1

Beta-enolase

Peroxiredoxin-6

Serine
hydroxymethyltransferase,
cytosolic

Inosine-5'-monophosphate
dehydrogenase 2

143

143

143

143

143

143

143

143

143

143

143

143

141

143

143

143

143

10.0000

10.0232

10.0000

10.0246

10.0214

10.0142

10.0210

10.0334

10.0463

10.0193

10.0262

10.0000

10.0314

10.0212
10.0243

10.0191

10.0202

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

81

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Reduced in many primary and
metastasized cancers,
silencing improved PCa
metastasis
More abundant in PCa tissue
in comparison to BPH, positive
correlation with AR presence
Methylated form upregulated in
bladder cancer
Upregulated in colorectal
cancer
upregulated in hepatocellular
carcinoma, correlation with
invasion and metastasis
Reduced expression
correlated with poor prognosis
in pancreatic cancer
cell proliferation, migration,
invasion in head and neck
squamous cell carcinoma
Migration, metastasis,
overexpression in ovarian
cancer and hepatocellular
carcinoma
proliferation, invasion in
metastatic melanoma and
breast cancer
Proposed urinary biomarker for
bladder cancer

Promotes lung tumor growth
and development

Lung cancer cell survival
Metastasis, advanced tumor

progression in PCa,
correlation with kidney and

(Qiao et al., 2014)

(ZHU Li-yong, 2010)

(Mori, 2009)

(Wang et al., 2016)

(Huang et al., 2008)

(Xiaohua Jiang, 2010)

(Kinoshita et al., 2012)

(Hua et al., 2015; Liu et
al., 2014)

(Zhang et al., 2014c;
Zhong et al., 2010)

(Costa et al., 2010;
Reinert et al., 2012)

(Yun et al., 2014; Yun et
al., 2015)

(Paone et al., 2014)

(Zhou et al., 2014a; Zou
et al., 2014)



50

51

52

53

54

55

56

57

58

59

60

61

MDH1

GSR

PGD

ATPG6V1A

BLMH

CP

ISYNAL

ALAD

MDH2

HPRT1

PGK1

SHMT2

Malate dehydrogenase,
cytoplasmic
Glutathione reductase,
mitochondrial
6-phosphogluconate
dehydrogenase,
decarboxylating
V-type proton ATPase
catalytic subunit A

Bleomycin hydrolase

Ceruloplasmin

Inositol-3-phosphate
synthase 1

Delta-aminolevulinic acid
dehydratase

Malate dehydrogenase,
mitochondrial

Hypoxanthine-guanine
phosphoribosyltransferase

Phosphoglycerate kinase 1

Serine
hydroxymethyltransferase,
mitochondrial

Immune response

62

63

64

65

66

LGALS3BP

CD109

B2M

CFI

HP

Galectin-3-binding protein
CD109 antigen

Beta-2-microglobulin

Complement factor |

Haptoglobin

143

143

143

143

143

143

143

143

143

143

143

143

138

140

140

140

140

10.0199

10.0429

10.0000

10.0323

10.0206

10.0294

10.0296

10.0386

10.0138

10.0205

10.0000

10.0311

0.0000

0.0203

0.0131

0.0000

0.0000

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

0.0000

ns

ns

0.0000

0.0000

82

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

bladder cancer progression

High expression in cervical
cancer tissue

Associated with reduced
survival and early relapses in
testicular cancer
Serum levels correlate with
advanced progression of PCa

Genetic variation of ALAD
between PCa positive black
men who have had high lead

exposure

Regulates bone formation at
the metastatic site when
secreted by PCa

Cell survival

Decreased survival and
metastasis, immune evasion
Highly expressed in cell
secretome and tissue of non-
small-cell lung cancer
Indicator of metastasis in
colorectal cancer
Cell growth, migration, strong
association with aggressive
cutaneous squamous cell
carcinoma tumors
Proposed serum biomarker for
pancreatic cancer and lung
cancer

(Lee et al., 2014)

(de Haas et al., 2008)

(Rehman et al., 2012)

(Neslund-Dudas et al.,
2014)

(Jung et al., 2009)

(Kim et al., 2015)

(Laubli et al., 2014;
Piccolo et al., 2013)

(Zhang et al., 2014a)

(Shrout et al., 2008)

(Riihila et al., 2015)

(Ayyub, 2015; Haas et
al., 2015)



67

68

69

PGLYRP2

PTX3

C1R

N-acetylmuramoyl-L-alanine
amidase

Pentraxin-related protein
PTX3

Complement C1r
subcomponent

Protein metabolism

70

71

72

73

74
75

76

7

78

79

80

81

82

83

84
85

CTSD

CTSB

SERPINB5

SERPINE1

ITIH4
CTSC

PSMB9

CPE

HTRA1

NPEPPS

COPSS5

COPS4

P4HB

HSPA4

CuL1l

VBP1

Cathepsin D

Cathepsin B

Serpin B5

Plasminogen activator
inhibitor 1

ITIH4 protein

Dipeptidyl peptidase 1
Proteasome subunit beta
type-9
Carboxypeptidase E

Serine protease HTRA1

Puromycin-sensitive
aminopeptidase
COP9 signalosome complex
subunit 5
COP9 signalosome complex
subunit 4

Protein disulfide-isomerase

Heat shock 70 kDa protein 4
Cullin-1

Prefoldin subunit 3

140

141

143

138

138

140

140

140
140

141

143

143

143

143

143

143

143

143

143

0.0115

10.0216

10.0303

0.0000

0.0000

0.0224

0.0237

0.0000
0.0000

10.0266

10.0113

10.0000
10.0118
10.0256

10.0000

10.0277

10.0249

10.0187
10.0221

ns

ns

ns

ns

ns

ns

ns

0.0000

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

83

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

No

Yes

Yes

No

Yes

Yes

Yes

No

Yes

positive correlation with tumor
grade and severity in glioma,
inflammation, metastasis in
head and neck squamous cell
carcinoma

Expressed in colon cancer
tissue, associated with higher
risk of mortality
Increased mRNA levels
correlate with metastasis
Biomarker candidate for
colorectal cancer, correlation
with poor prognosis
Peptides significantly higher in
breast cancer serum

Elevated in cancer, cell
proliferation and tumorigenicity
in colorectal cancer

Downregulation leads to EMT

Up-regulated in HER-2/Neu-
positive breast tumors

Poor prognosis in
hepatocellular carcinoma
Poor prognosis in breast

cancer

(Chang et al., 2015;
Locatelli et al., 2013)

(Chan et al., 2010)

(Mardin et al., 2010)

(Cochran et al., 2011;
Mazzoccoli et al., 2012)

(van den Broek et al.,
2010)

(Liang et al., 2013)

(Zhu et al., 2015a)

(Zhang, 2005)

(Yang et al., 2015)

(Bai et al., 2013)



86 PAHAL Prolyl 4-hydroxylase subunit
alpha-1
Cell cycle regulation

14-3-3 protein zeta/delta

87 YWHAZ (Fragmen)

143

140

10.0240

0.0000

ns

0.0000

ns

ns

Yes

Yes

Correlation with PCa
progression, PCa cell growth
and tumor progression

(Chakravarthi et al.,
2014)

High expression associated

with higher risk of castration

resistant PCa and reduced
survival

(Ruenauver et al., 2014)

Regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolism, signal transduction, translation or tRNA aminoacylation

88 SET Protein SET

Small nuclear

e SRS ribonucleoprotein Sm D3

DNA damage-binding

90 DDB1 protein 1
91 TSN Translin
92 COPS2 COP9 S|gnaloso_me complex
subunit 2
93 COPS7A COP9 S|gnalospme complex
subunit 7a
94 AEBP1 Adipocyte enhgncer-bmdlng
protein 1
05 CAND1 CuIIl_n—ass_omated NE_EDD8—
dissociated protein 1
96 copPss COP9 S|gnalosqme complex
subunit 8
97 KARS Lysine--tRNA ligase
08 EIF6 Eu_ke_lr_yo_tlc translation
initiation factor 6
Transport
99 TF Serotransferrin
100 HPX Hemopexin
101 HBB Hemoglobin subunit beta
102 ALB Serum albumin

143

143

143

143

143

143

143

143

143
143

143

140

140

140

140

10.0197

10.0364

10.0000
10.0345
10.0110
10.0000
10.0000
10.0273

10.0226
10.0195
10.0272

0.0000

0.0000

0.0000

0.0000

ns

ns

ns

ns

ns

ns

ns

ns

ns
ns

ns

0.0000

0.0000

ns

ns

84

ns

ns

ns

ns

ns

ns

ns

ns

ns
ns

ns

0.0000

ns

ns

ns

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Associated with non-small cell

lung cancer progression (Liu etal., 2015)

Proposed biomarker of
resistance to acyl sulfonamide-
based cancer drugs

(Mullenders et al., 2009)

Cell proliferation and survival (Ladha et al., 2012)

Overexpressed in some PCa (Korzeniewski et al.,
tumors 2012)

Expressed on many types of
cancer cells including leukemic
cells and selectively on
angiogenic tumor VECs
Differentially expressed in
ovarian cancer serum
Differentially expressed in
ovarian cancer serum
Low levels pre-operation
correlate with surgical
complications and mortality in
head and neck cancer patients

(Hu et al., 2010)

(Huang et al.)

(Huang et al.)

(Kao et al., 2012)



AP-1 complex subunit beta-

103 AP1B1 1
104 COPB2 Coatomer subunit beta'
105 IPO5 Importin-5 (Fragment)
106 IPO7 Importin-7
107 SEPT11 Septin-11
108 AP2B1 AP-2 complex subunit beta
Unknown
109 SETSIP Protein SETSIP
110 IGKC Ig kappa chain C region
111 IGHA1 Ig alpha-1 chain C region
112 IGHG4 Ig gamma-4 chain C region
(Fragment)

Ig lambda-2 chain C regions
113 IGLC2 (Fragment)
114 IGHG2 Ig gamma-2 chain C region
115 B4E174 Uncharacterized protein
116 TAGLN2 Transgelin-2
117 MRC2 C-type mannose receptor 2
118 NME1- Nucleoside diphosphate

NME2 kinase
119 DKFZp686J Epididymis luminal protein
1372 189

143

143
143
143
143
143

140

140

140

140

140

140
140

143

143

143

143

10.0227

10.0234
10.0124
10.0298
10.0000
10.0328

0.0348

0.0189

0.0000

0.0000

0.0000

0.0000
0.0215

10.0186

10.0289
10.0127

10.0371

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

85

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Yes

Yes
Yes
Yes
Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

No

Positive correlation for
prolonged disease-free
survival in breast and non-
small lung cancer

(Chen et al., 2012; Lohr
et al.,, 2013)

Cell proliferation and invasion
in head and neck squamous
cell carcinoma, poor prognosis
in Barrett's adenocarcinoma

(Elsner et al., 2012;
Nohata et al., 2011)
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