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Emerging proteomic tools and mass spectrometry play pivotal roles in protein identifica-
tion, quantification and characterization, even in complex biological samples. The cancer
secretome, namely the whole collection of proteins secreted by cancer cells through vari-
ous secretory pathways, has only recently been shown to have significant potential for di-
verse applications in oncoproteomics. For example, secreted proteins might represent
putative tumor biomarkers or therapeutic targets for various types of cancer. Conse-
quently, many proteomic strategies for secretome analysis have been extensively deployed
over the last few years. These efforts generated a large amount of information awaiting
deeper mining, better understanding and careful interpretation. Distinct sub-fields, such
as degradomics, exosome proteomics and tumor-host cell interactions have been devel-
oped, in an attempt to provide certain answers to partially elucidated mechanisms of can-
cer pathobiology. In this review, advances, concerns and challenges in the field of

secretome analysis as well as possible clinical applications are discussed.
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1. Introduction

Novel proteomic tools and mass spectrometry are recently
playing a central role in protein research, especially in the si-
multaneous identification, quantification and characterization
of thousands of proteins, even in complex biological samples.
The emergence of mass spectrometry-based proteomics en-
abled the field of cancer research with a myriad of new oppor-
tunities. The new field of “oncoproteomics” deals with the
applications of proteomics in clinical and molecular oncology.
In the near future, oncoproteomics is expected to play a crucial
role in the diagnosis and management of cancer, as well as in
the field of personalized medicine for cancer (Jain, 2008).
Among the plethora of available tissues/fluids for proteomic
analysis, here, we will focus on the cancer secretome. Secre-
tome analysis has only recently been established as a sub-field
of oncoproteomics and the indications thus far point to the fact
that this source of proteins is a promising pool of biomarkers
and therapeutic targets for various types of cancer. Therefore,
there is a reasonable consensus that efforts should continue to
comprehensively analyze the cancer secretome. Secreted pro-
teins account for approximately 10-15% of the proteins
encoded by the human genome and participate in various
physiological processes such as immune defence, blood coag-
ulation, matrix remodelling and cell signalling, but also in
pathological conditions including cancer angiogenesis, differ-
entiation, invasion and metastasis. In this review, we intend
to discuss some basic biological concepts related to the cancer
secretome and secondly, to delineate its applications in onco-
proteomics. In brief, we describe how the cancer secretome
may serve as a valuable pool of proteins, from which crucial
players of cancer development and progression can be identi-
fied and serve either as biomarkers or as therapeutic targets.

2. Biology and analysis of the cancer secretome
2.1. Protein secretion pathways

To better understand the nature of secretome analysis, we
first provide a brief overview of protein secretion pathways
that are responsible for the presence of a large number of ex-
tracellular proteins in the microenvironment of normal and/
or cancer cells. In eukaryotic cells, soluble proteins are se-
creted in the extracellular space either by exocytosis of secre-
tory vesicles or by release of secretory/storage granules upon
stimulation and activation of intracellular signalling path-
ways. The secreted proteins are mostly synthesized as protein
precursors, which contain N-terminal signal peptides that di-
rect them to the translocation apparatus of the endoplasmic
reticulum (ER). These proteins are transported to the Golgi ap-
paratus and subsequently to the cell surface, where they are
liberated into the microenvironment by fusion of the Golgi-de-
rived vesicles with the plasma membrane. This well-charac-
terized protein secretion pathway has been termed as the
classical secretory pathway (Walter et al., 1984; Mellman and
Warren, 2000). Other lines of evidence point out that in addi-
tion to this mechanism, proteins can be exported by ER/
Golgi-independent pathways, the so-called non-classical

secretory pathway. At least four distinct types of non-classical
exports have been distinguished over the years, all of which
lack the presence of the classical signal peptide for ER/Golgi-
dependent protein secretion (Nickel, 2003). Certain proteins,
such as Interleukin-1p (IL-1p), are imported into intracellular
vesicles, which are endosomal compartments and through
a process called endosomal recycling, they are released in
the extracellular space upon fusion of the endosomal vesicle
with the plasma membrane (Rubartelli et al., 1990). Other pro-
teins, such as fibroblast growth factor-1 and -2 (FGF-1 and -2),
reach the extracellular space by direct translocations across
the plasma membrane using distinct transport systems
(Mignatti et al., 1992; Trudel et al., 2000). Another proposed
mechanism of non-classical protein secretion involves the di-
rect translocation of the protein to the extracellular space, but
it requires that the protein is membrane-anchored through
dual acylation in the N-terminus, and a flip-flop mechanism
mediates the secretion (Denny et al., 2000). Finally, proteins
can also be secreted through exosomes; these vesicles origi-
nate from the internalization of activated receptors along
with all the scaffolding proteins present therein, followed by
traffic through early endosomes. These receptors are further
internalized within the endosome, forming the late endo-
some, which is also referred to as multivesicular body
(MVB). These internalized receptors within the late endo-
somes are referred to as intralumenal vesicles (ILVs), when
they are present within the MVBs, but are referred to as exo-
somes upon fusion of the MVB with the plasma membrane
and subsequent secretion (Simpson et al., 2008).

2.2. The cancer secretome

The term “secretome” was introduced by Tjalsma et al. to de-
scribe proteins released by a cell, a tissue or organism through
the different secretion mechanisms (Tjalsma et al., 2000). In-
herent to the description of the various secretory pathways,
the cancer secretome has been described as including the ex-
tracellular matrix components and all the proteins that are re-
leased from a given type of cancer cells, such as growth
factors, cytokines, adhesion molecules, shed receptors and
proteases, and reflects the functionality of this cell type at
a given time point (Kulasingam and Diamandis, 2008). There-
fore, the cancer secretome includes proteins released from
cancer cells, either with classical or non-classical secretory
pathways, and corresponds to an important class of proteins
that can act both locally and systemically (Kulasingam and
Diamandis, 2008). Theoretically, the cancer secretome in-
cludes all the proteins that can be identified in the interstitial
fluid of the tumor mass in vivo (Celis et al., 2005), however it is
better conceptualized as the group of proteins identified with
mass spectrometry in cancer cell line conditioned media (CM)
in in vitro studies (Kulasingam and Diamandis, 2008). Primary
tumors are composed of not only cancerous cells but also of
a wide diversity of stromal cells, which are recruited as active
collaborators, facilitating the development and progression of
malignancy. Out of these heterotypic interactions, a great va-
riety of proteins, including growth factors, enzymes such as
proteases, smaller protein molecules like chemokines and cy-
tokines, as well as many other proteins are constantly
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released from all participating cells and act upon others in an
autocrine or paracrine fashion, resulting in the acquisition of
a favourable milieu for the progression of the malignancy
(Mueller and Fusenig, 2004). Therefore, cancer cell-secreted
proteins alone comprise only a subset of the overall microen-
vironmental proteins. Thus, the investigation of stromal
secretomes constitutes a critical strategy for the identification
of novel biomarkers or key regulators of carcinogenesis that
could be assigned a therapeutic potential. In this context, we
propose a wider definition for the term “cancer secretome”,
in which it additionally includes secretomes derived from
stromal cells in quiescence or as a result of tumor-host cell in-
teractions, in addition to the cancer cell-secreted factors. In
Figure 1, we provide a schematic overview of the cancer secre-
tome, where all microenvironmental proteins are assigned
a possible origin from many types of cells within the neoplas-
tic tissue. Although our main focus is the secreted proteins
from cancer cells, we intend to briefly discuss recent proteo-
mic advances in the context of our proposed “heterotypic can-
cer secretome” model, later in this review.

2.3. Sources of cancer secretomes

Two prominent sources have been utilized in cancer secre-
tome studies: cancer cell line supernatants and proximal bio-
logical fluids. The major opposition to tissue culture is the

inability to fully replicate the complexity of the tumor micro-
environment in vivo; for instance, changes in protein expres-
sion may occur because of cell culture stress instead of
having certain in vivo relevance. In a relevant study (Celis
et al., 1999), the authors found significant changes in protein
expression even after short-term culturing of low-grade su-
perficial bladder transitional cell carcinomas in vitro. In an-
other relevant study (Ornstein et al., 2000), the authors also
noticed significant changes in protein expression between
microdissected prostate cancer cells and cell lines developed
from the same patient, further demonstrating that culture
stress may affect the differential protein potential. To address
all these issues, tissue secretomics constitutes an appealing
approach to study proteins produced in vivo by the tumor
but it has been rather under-studied, probably due to techni-
cal challenges (Celis et al.,, 2005; Shi et al., 2009; Gromov
et al., 2010).

Conditioned media (CM) of cancer cell lines contain se-
creted or shed proteins released through classical and non-
classical secretion pathways. The limited complexity of CM
compared to serum and proximal fluids enhances identifica-
tion of low abundance proteins. Moreover, as in any in vitro
system, experimental conditions can be highly controlled
allowing reproducible and quantifiable results. Furthermore,
large numbers of cell lines representing various stages and
histotypes of a given cancer are readily available; the US
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Figure 1 — Heterotypic overview of the cancer secretome. All the microenvironmental, secreted proteins may originate either from cancer cells or

from associated stromal cells and their secretion may be triggered by paracrine or autocrine actions between them. Proteomic approaches to capture

the tumor microenvironment should focus on identifying proteins secreted by all associated cells, not just the cancer cells. Arrows initiating from

cells and pointing in molecules represent secretion; the opposite represents the paracrine or autocrine action of the secreted molecules on the cell

types.
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National Cancer Institute (NCI)-60 human tumour cell line an-
ticancer drug screen, developed approximately two decades
ago as an in vitro drug discovery tool (Shoemaker, 2006), repre-
sents the most notable example of such cell line availability.
However, no single cell line can recapitulate the heterogeneity
of human tumors; cell lines, for the most part, are deficient
from contributions in the host-tumor microenvironment. In
addition, genotypic and phenotypic alterations accumulating
over time may give rise to distinct subpopulations in the
same cell line.

The presence of serum is important for cell survival and
growth under in vitro conditions and frequently conditioned
media are supplemented by an exogenous source (e.g. fetal
bovine serum; FBS). At the same time, serum starvation has
been shown to affect cell survival, proliferation, protein pro-
duction and secretion patterns (Hasan et al., 1999; Cooper,
2003; Shin et al., 2008; Zander and Bemark, 2008; Levin et al.,
2010). However, in the majority of secretome analysis studies,
cells are grown in serum-free media. This approach reduces
both sample complexity caused by high protein content of
FBS and sample contamination with orthologous proteins
that may share amino acid sequences with the proteins of in-
terest. One alternative approach was proposed by Colzani
et al. and involved the supplementation of isotopically la-
belled amino acids in FBS-containing CM, resulting in the iso-
topic labelling of proteins that originate from cells (Colzani
et al., 2009). Although in this study, labelling made it possible
to distinguish between cell-derived and bovine proteins, addi-
tional steps in sample preparation were required to deal with
increased sample complexity. A more user friendly approach
would be to adapt the cells to serum-free media by gradually
reducing the percentage of serum in the CM prior to proteomic
analysis.

An obstacle in the study of actively secreted proteins in the
CM is the passive release of proteins into the media caused by
cell death. Given that secreted proteins are of low abundance,
they can be easily “masked” by highly abundant intracellular
proteins. For that reason, frequently, cells are incubated in se-
rum-free media only for a small period of time such as 24h
(Srisomsap et al., 2004; Chung and Yu, 2009; Xue et al., 2010).
However, the amount of total protein secreted by the cells in
24h is rather small. In our laboratory, we have established
an optimization procedure to maximize protein secretion
and minimize cell death. In our workflow, multiple seeding
densities and incubation periods are tested and levels of total
protein, cell death and protein secretion are monitored for all
different conditions. Based on these parameters, optimum
conditions are selected. More sophisticated approaches such
as hollow fiber culture systems and nanozeolite-driven en-
richment of secretory proteins have also been reported (Cao
et al., 2009; Chang et al., 2009).

Fluids proximal to tumors frequently contain cancer cells,
in addition to numerous soluble growth factors released by
cancer cells and the tumor microenvironment. Many proxi-
mal fluids can be obtained with minimally invasive proce-
dures and in large amounts (e.g. ascites fluid from ovarian
cancer patients); however, the procedures to obtain such
fluids need to be standardized. Since samples are collected
from different individuals, the variability caused by behaviou-
ral, environmental and genetic differences is unavoidable.

Furthermore, contamination by highly abundant serum pro-
teins can increase sample complexity and complicate data
interpretation.

2.4. Protein annotation tools

Not all proteins identified in the CM or biological fluids during
secretome analysis can be considered per se as actively secreted
proteins. Some proteins may be contaminants resulting from
cell death or the culture media. Several bioinformatics tools
can distinguish between secreted proteins and intracellular
contaminants.

One of the most widely used databases for classifying pro-
tein subcellular localization is Gene Ontology (GO) (available
at http://www.godatabase.org/dev). An advanced understand-
ing of GO structure is critical to interpret the data correctly
(Rhee et al., 2008). NCBI PubMed (http://www.ncbi.nlm.nih.-
gov/), Swiss-Prot/TrEMBL (http://www.expasy.org/), and Bio-
informatic Harvester EMBL (http://harvester.embl.de/) are
some additional publicly available databases with protein cel-
lular localization information, based on literature findings. Fi-
nally, Human Proteinpedia is a community portal that acts as
a reservoir of human protein data and Human Protein Refer-
ence Database (HPRD) is used to integrate data deposited in
Human Proteinpedia (Mathivanan et al., 2008).

Software tools enable prediction of proteins that are se-
creted, based on their primary sequence. Certain algorithms
screen a target sequence in search of N-terminal signal se-
quence or a signal sequence cleavage site. Such proteins are
predicted to be secreted by the classical secretion pathway.
Protcomp algorithms (http://www.softberry.com) [Softberry
ProtComp 6.0 [http://www.softberry.com/berry.phtml?top-
ic=protcompan&group=help&subgroup=proloc]], SignalP
(http://www.cbs.dtu.dk/services/SignalP/) (Bendtsen et al,
2004a,b), web-based secreted protein database (SPD) (http://
spd.cbi.pku.edu.cn) and Signal Peptide Prediction (SIG-Pred)
(http://www.bioinformatics.leeds.ac.uk/prot_analysis/Signal.
html) are some of the prediction programs used in secretome
analysis studies. Combination of multiple methods may in-
crease predictive accuracy (Klee and Ellis, 2005). As mentioned
earlier, protein secretion may occur via a non-classical path-
way. SecretomeP (http://www.cbs.dtu.dk/services/Secreto-
meP/) is a software tool that predicts mammalian secretory
proteins participating in this pathway (Bendtsen et al,
2004a,b). In addition, given the recent observations on exoso-
mal proteomics, an independent database of proteins secreted
through these endocytic-like vesicles, named ExoCarta, has
been generated and is available online (http://exocarta.ludwi-
g.edu.au/index.html) (Mathivanan and Simpson, 2009). Fi-
nally, it is also possible that proteins located on the plasma
membrane are shed and released to the extracellular space.
Therefore, TransMembrane prediction using Hidden Markov
Models (TMHMM) (http://www.cbs.dtu.dk/services/TMHMM/)
as well as an additional software named Prediction of Trans-
membrane Regions and Orientation (TMpred) (http://
www.ch.embnet.org/software/TMPRED_form.html) are useful
tools for predicting transmembrane helices (Moller et al,,
2001). The bioinformatic tools for secreted proteins have
been incorporated in Figure 2, where the various protein sec-
tretion pathways are also schematically illustrated.


http://www.godatabase.org/dev
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.expasy.org/
http://harvester.embl.de/
http://www.softberry.com
http://www.softberry.com/berry.phtml%3Ftopic%3Dprotcompan%26group%3Dhelp%26subgroup%3Dproloc
http://www.softberry.com/berry.phtml%3Ftopic%3Dprotcompan%26group%3Dhelp%26subgroup%3Dproloc
http://www.softberry.com/berry.phtml%3Ftopic%3Dprotcompan%26group%3Dhelp%26subgroup%3Dproloc
http://www.softberry.com/berry.phtml%3Ftopic%3Dprotcompan%26group%3Dhelp%26subgroup%3Dproloc
http://www.softberry.com/berry.phtml%3Ftopic%3Dprotcompan%26group%3Dhelp%26subgroup%3Dproloc
http://www.cbs.dtu.dk/services/SignalP/
http://spd.cbi.pku.edu.cn
http://spd.cbi.pku.edu.cn
http://www.bioinformatics.leeds.ac.uk/prot_analysis/Signal.html
http://www.bioinformatics.leeds.ac.uk/prot_analysis/Signal.html
http://www.cbs.dtu.dk/services/SecretomeP/
http://www.cbs.dtu.dk/services/SecretomeP/
http://exocarta.ludwig.edu.au/index.html
http://exocarta.ludwig.edu.au/index.html
http://www.cbs.dtu.dk/services/TMHMM/
http://www.ch.embnet.org/software/TMPRED_form.html
http://www.ch.embnet.org/software/TMPRED_form.html
http://dx.doi.org/10.1016/j.molonc.2010.09.001
http://dx.doi.org/10.1016/j.molonc.2010.09.001
http://dx.doi.org/10.1016/j.molonc.2010.09.001

500 MOLECULAR ONCOLOGY 4 (2010) 496-510

3. Cancer secretome and cancer pathobiology

Many strategies are constantly employed by the cancer and
stromal cells for the acquisition of certain capabilities, which
would assist them to overcome the biological limitations of
neoplastic development and progression (Hanahan and
Weinberg, 2000). New proteomic approaches, including the
deep mining of cancer proteomes and secretomes, can pro-
vide insights into such mechanisms of carcinogenesis. In par-
ticular, the elucidation of key proteins of the metastatic
cascade, and to a smaller extent of other cancer hallmarks
(e.g. tumor growth and angiogenesis), is in the frontier of pro-
teomic investigations (Everley and Zetter, 2005). The contribu-
tion of extracellular proteolysis to tumor invasion and
metastasis has been recognized for decades, and new proteo-
mic technologies can identify substrate molecules for many
extracellular proteases to elucidate extracellular pathways
of cancer progression (Doucet et al., 2008). Other lines of evi-
dence point out that proteins secreted through exosomes
might hold hidden but important roles in cancer development
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and progression, an observation that supports investigations
towards the delineation and systematic exploration of the
exosomal proteome (Ji et al., 2008; Xiao et al., 2009).

3.1. Cancer secretome analysis and the metastatic
cascade

Metastasis consists of a long series of sequential, interrelated
steps and is characterized by the activation of specific cell-bi-
ological programs, such as epithelial-to-mesenchymal transi-
tion (EMT), cell invasion, motility and migration, as well as
others (as depicted in Figure 3), which are all orchestrated by
diverse extracellular and intracellular protein networks. Be-
low, we briefly discuss how certain proteomic approaches
could contribute to the better understanding of the metastatic
cascade.

One of the most interesting cell-biological programs impli-
cated in metastasis is the EMT, during which, the cancer cells
lose their epithelial characteristics, along with the expression
of specific epithelial markers, such as E-Cadherin and
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of the widely used programs for prediction of proteins secreted through the classical secretory pathway. The non-classical protein secretion pathway

is ER/Golgi-independent and is associated with absence of signal peptide. SecretomeP has been used for prediction of proteins secreted through

non-classical secretion pathways. Proteolytic events in the extracellular space might also result in shedding of membrane-bound proteins/particles.

Although this is not a protein secretion pathway, but an extracellular proteolytic event, software, such as TMHMM and TMpred is being used for

the prediction of membrane and membrane-bound proteins. Finally, a database of exosome-secreted proteins, called ExoCarta has been recently

generated as a distinct database the proteins secreted as such. ER, endoplasmic reticulum; ILVs, intralumenal vesicles; MVBs, multivesicular
bodies; SPD, secreted protein database; SIG-Pred, signal peptide prediction; TMHMM, transmembrane prediction with hidden Markov models;
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analysis. The metastatic cascade begins with an initial step of localized invasiveness, which enables in situ carcinoma cells that have undergone

epithelial-to-mesenchymal transition, to breach the basement membrane. Thereafter, they enter into lymphatic or blood microvessels via a process

called intravasation. The latter may transport these cancer cells to distant anatomical sites, where they are actually trapped and subsequently they

invade into the neighboring tissue via a counter-related process, called extravasation. This process enables them to form dormant micrometastases,

which eventually may acquire the ability to successfully colonize the tissue and form a macroscopic metastasis. Throughout this process, the cancer

cells deploy specific cell-biological programs involving significant alterations in their proteome and secretome profiles to overcome various

biological barriers; proteomic investigations have revealed metastasis-associated proteins with specific roles within the metastatic cascade. EMT,

epithelial-to-mesenchymal transition; ECM, extracellular matrix.

cytokeratin and gain a mesenchymal phenotype and fibro-
blast-like shape that is partially characterized by expression
of other markers, such as N-cadherin and vimentin (Thiery,
2003; Thiery and Sleeman, 2006; Yilmaz and Christofori,
2009; Zeisberg and Neilson, 2009). Given that specific, but
only partially elucidated microenvironmental signals play
crucial roles in the initiation and maintenance of EMT, proteo-
mic methodologies have been deployed to analyze the cancer
secretomes and shed some light into these phenomena. For
instance, in a study by Mathias et al., the well-established ep-
ithelial cell line MDCK underwent EMT after oncogenic Ras
transfection; DIGE analysis identified differentially expressed
secretome proteins during the transition; some downregu-
lated proteins included clusterin, desmocollin-2 and collagen
XVII, which are known to participate in cell—cell and cell-ma-
trix adhesion processes, while some upregulated ones in-
cluded MMP-1, kallikrein-6 (KLK6) and TIMP-1, namely
proteases or factors that promote migration and motility in
cancer cells (Mathias et al., 2009). The same group repeated
these experiments with an LC-MS/MS approach and also iden-
tified numerous potential mediators of EMT. As a proof of con-
cept, they used siRNA-mediated knockdown of MMP-1 in the
transformed MDCK cells to point out the implication of this
protease in cell migration (Mathias et al., 2010). An alternative
approach to investigate EMT-related markers has been pro-
posed by Slany et al. In this study, the authors analyzed the

secretome from primary hepatocytes and cells from hepatic
tumors, to generate large datasets of secreted proteins; based
on the fact that EMT-related proteins are mainly mesenchy-
mal, they hypothesized that a dataset from the secretome of
normal skin fibroblasts could be used as a representative list
of proteins for choosing EMT-associated markers in the he-
patic tumor datasets (Slany et al., 2010). This approach en-
abled the identification of key proteins expressed in
hepatocytes and hepatic cancer cells that could potentially
serve as markers of EMT.

Other cell-biological programs, activated during metasta-
sis, which require the cooperation of large intracellular and
extracellular protein networks, are the ones implicated in
cell invasion, migration and cell motility. One of the most ob-
vious traits of malignant cells is their ability to invade through
adjacent cell layers, a process that requires at least two major
cellular changes: (a) alteration of their intracellular cytoskele-
tal rearrangement to acquire an aggressive and motile pheno-
type and (b) remodelling of the nearby tissue environment by
creating passages through the ECM, and pushing aside any
stromal cells that stand in their way (Geho et al., 2005). Since
the description of cellular proteomes is beyond the purposes
of this review, we will only discuss how cancer secretome
analysis could assist in the exploration of soluble factors pres-
ent in the tumor microenvironment that affect cancer cell in-
vasion and migration.
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To characterize proteins involved in melanoma dissemina-
tion, protein profiles from B16F10 and B16BI6 cells were com-
pared with 2D electrophoresis and MALDI-TOF mass
spectrometric analysis (Rondepierre et al., 2009). Since only
the B16BI6 cells were able to generate pulmonary metastases
after subcutaneous graft, and their supernatant was able to
stimulate in vitro invasion of fibrosarcoma cells, it was hypoth-
esized that these cells should secrete factors that facilitate
their metastatic potential. Indeed, the analysis indicated a dif-
ferential secretome profile in the two cell lines and syntenin
was proposed as an invasion modulator (Rondepierre et al.,
2009). In a similar study, a 1D SDS-PAGE and MALDI-TOF MS
strategy was followed to systematically analyze the secre-
tomes of two oral squamous cell carcinoma (OSCC) cell lines
and identify key proteins of carcinogenesis. Among others,
Mac-2 was found to be implicated in the regulation of cell
growth and motility of OSCC cells (Weng et al., 2008). In an-
other study, it has been hypothesized that the differential ex-
pression of key proteins of breast cancer progression could be
quantified; to test this, a SILAC-based strategy was deployed
and used to quantify proteins secreted in the supernatants
from a pair of one normal and one malignant breast cancer
cell line (Liang et al., 2009). This analysis revealed a multitude
of potential cancer-associated soluble factors, among which
osteoblast-specific factor 2 (OSF-2) has been previously shown
to also be overexpressed in the plasma membrane of breast
cancer cells (Liang et al., 2006).

Other cell-biological programs of metastasis, such as tu-
mor cell intravasation (depicted in Figure 3) have been in-
vestigated with cell-surface proteomic analysis of tumor
cells (Conn et al., 2008). These studies focused on the cell-
surface proteome, since it has been demonstrated that
cell—cell and cell-matrix adhesion molecules (e.g. selectins,
integrins) play significant roles in the efficiency of the intra-
vasation process, although it is generally known that these
processes are also mediated by large extracellular protein
networks (e.g. matrix metalloproteinases) (Paschos et al,,
2009a,b). We believe that secretome analysis to study tumor
intravasation, as well as other metastasis-associated cell-bi-
ological programs, has been rather unexplored so far, an ob-
servation that may point to opportunities in the functional
proteomics community.

3.2 Cancer secretome analysis and other aspects of
tumor progression

Although a large number of secreted proteins has been shown
to be implicated in various aspects of the metastatic process,
and proteomic research is effective towards elucidating
mechanisms of invasion and metastasis, it is evident that can-
cer cells and/or stromal cells also liberate a wide variety of
growth and survival factors that act in an autocrine or para-
crine manner, and mediate other aspects of cancer develop-
ment and progression, such as tumor cell proliferation,
evasion of apoptosis, angiogenesis and resistance to antiproli-
ferative signals and/or chemotherapy. The cancer secretome
is almost certainly involved with the acquisition of such hall-
marks of carcinogenesis and mass spectrometry-based analy-
sis can provide novel and insightful evidence for the
regulatory pathways therein. For instance, in the previously

described study by Weng et al., the identified protein Mac-2
has been shown to be a strong factor that regulates the growth
and survival of OSCC cells (Weng et al., 2008). An interesting
approach in secretome analysis for identification of prolifera-
tion and/or survival factors has been performed by Hill et al.
The authors exposed glioblastoma U87MG cells to a cAMP an-
alog, which is known to lead to a decreased proliferation and
invasion potential and then applied a label-free quantification
approach with mass spectrometry to identify key proteins
that regulate these processes. A worth-noticing finding in
their analysis is the secretion of the glycoprotein AXL/UFO
(Hill et al., 2009), a tyrosine-protein kinase receptor that has
been previously linked to brain tumor growth, prolonging of
cell survival and invasion (Vajkoczy et al., 2006). Another in-
teresting approach in cancer secretome analysis for the iden-
tification of survival factors has been previously performed by
Iannetti et al. The authors generated NF-kB-null FRO cells,
based on the fact that NF-kB inhibition causes an increased
susceptibility of drug-induced apoptosis in thyroid carcinoma
cells of the anaplastic type and subjected the conditioned me-
dia of these cells to differential proteomic analysis. This anal-
ysis depicted neutrophil gelatinase-associated lipocalin
(NGAL) protein, an NF-kB regulated gene, as a potent survival
factor of thyroid neoplastic cells (Iannetti et al., 2008).

3.3. Proteomic tools to investigate the extracellular
proteolysis of the cancer secretome

Proteolysis affects every protein at some point of its life cycle
and it constitutes the major post-translational modification of
secreted proteins. Distorted proteolysis has been considered
a pivotal strategy of neoplastic progression, with distinct roles
in tumor-associated inflammation, angiogenesis, invasion
and metastasis, as well as regulation and activation of latent
forms of growth factors, cytokines and other molecules,
which implicates them in tumor growth and proliferation.
Therefore, it seems that proteolytic enzyme systems have
a significant role in cancer development and progression
(Doucet et al., 2008). Proteases do not operate in isolation;
they are interconnected in proteolytic pathways and cas-
cades, where the proteolytic information moves in a unidirec-
tional flow or in regulatory feedback loops (Figure 4). It has
been articulated that all these pathways and cascades are
bridged in more complex and sophisticated networks that
have been termed “the protease web” (Overall and Kleifeld,
2006). For instance, in our laboratory, we have been investigat-
ing for more than a decade the largest family of extracellular
serine proteases, the kallikrein and kallikrein-related pepti-
dases (KLKs). These serine proteases have been implicated
in many aspects of cancer progression, such as proliferation,
angiogenesis, invasion and metastasis (Borgono and
Diamandis, 2004) and many KLKs might hold promise as puta-
tive tumor biomarkers, with KLK3 [also known as the prostate
specific antigen (PSA)] being the most prominent and well-
established (Emami and Diamandis, 2008). Current evidence
shows that KLKs are implicated in various proteolytic cas-
cades in the extracellular space that also influence other pro-
teases, including matrix metalloproteinases and the uPA/
uPAR system (Figure 4) (Borgono and Diamandis, 2004). Al-
though many in vitro and in silico studies have indicated
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Figure 4 — Schematic view of the region represented with an asterisk in Fig. 3, showing a distinct network of proteolytic relationships during

cancer cell migration within the stroma. Kallikrein-related peptidases, many of which are secreted by cancer cells, have been found capable of

activating pro-uPA (produced abundantly by stromal cells) and generate active uPA. In turn, uPA binds to its receptor, uPAR, present in the

plasma membrane of the cancer cells, and converts plasminogen into active plasmin. Once plasmin is activated, it may, in turn, proceed to activate

several inactive pro-MMPs and generate active enzymes (MMPs). The latter are mainly responsible for ECM degradation. In addition, KLKs (e.g.

KLK1) may be able to directly activate MMPs and also cleave constituents of the ECM themselves. uPA, urokinase-type plasminogen activator;
pro-uPA, proform of uPA; uPAR, uPA receptor; MMPs, matrix metalloproteinases; pro-MMPs, proform of MMPs; KLKs, kallikreins; ECM,

extracellular matrix. Arrows between two molecules represent activation; arrows initiating from a molecule and pointing out in arrows represent

enzymatic interaction; arrows initiating from cell interior and pointing in molecules represent secretion.

putative KLK substrates and demonstrated specific roles of
KLKs based on these findings, it is presumed that a vast pro-
portion of the in vivo targets of KLKs remain mostly unknown.

Our discussion on KLKs is a good example that the full sub-
strate repertoire of a protease, termed “the protease degra-
dome”, must be deciphered in order to define protease
function and to identify possible drug targets. In this direction,
degradomics, which involve the utilization of proteomic tech-
nologies to investigate protease substrates, have been devel-
oped and may facilitate understanding of the role of
extracellular proteolysis in cancer (Doucet et al., 2008). Proteo-
mic techniques such as those using multidimensional LC or
2DE and mass spectrometry have highly contributed to the
protease substrate discovery platform. The major protease

degradomes investigated thus far are those of matrix metallo-
proteinases, a family of proteases with diverse but distinct
roles in cancer. For instance, substrates for MT1-MPP that
were either shed from the plasma membrane or the pericellu-
lar microenvironment were identified in the conditioned me-
dium of human breast cancer cell lines transfected with MT1-
MPP, compared with vector or an inactive MT1-MPP mutant,
using ICAT labelling. Out of this analysis, previously unknown
substrates for MT1-MPP have been identified, such as interleu-
kin-8, death receptor-6, and secretory leukocyte protease in-
hibitor (Tam et al., 2004). In the same context, substrates for
MMP2 were identified in the secretome of cultured MMP2
(—=/—) murine fibroblasts transfected to express low levels of
active MMP2 compared to the catalytically inactive MMP2
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mutant, using iTRAQ. Novel substrates for MMP2 have been
identified, such as CX3CL1 chemokine fractalkine, osteopon-
tin, galectin-1 and Hsp90a (Dean and Overall, 2007). These
analyses point out that quantitative proteomic analyses, like
ICAT and iTRAQ, are unbiased techniques and as such, can
provide precious insight for specific protease substrate identi-
fication. More recently, SILAC approaches have been success-
fully employed and novel substrates for atrolysin A were
identified (Pinto et al., 2007). Taken together, these data
show that proteomic approaches could prove to be of consid-
erable assistance to elucidate key proteolytic pathways in
cancer.

Another aspect of extracellular proteolysis is the protease
activity, not just the amount. For many proteases, the activity
status in biological samples is unknown and even in cascades,
many proteases are participating with their inactive pro-
forms and are either autoactivated or activated by other pro-
teases at some point. This is also the case for the proteolytic
events, involving the KLK family of serine proteases, as
depicted in Figure 4. The identification and quantification of
active proteases can be achieved by coupling activity-based
probes (ABPs) to mass spectrometric analysis. The ABPs are
able to target a specific protease class and irreversibly bind
to its active site; upon binding of the ABP to the active site of
the protease, the chemically reactive group of the ABP can
be either visualized (if the ABP is tagged with a fluorophore
or radioactive molecule), or isolated and analyzed through
mass spectrometry (if the ABP is tagged with an affinity tag)
(Schmidinger et al., 2006). Saghatelian et al. designed ABPs
by coupling zinc-chelating hydroxamate to a benzophenone
photocrosslinker, which promoted the selective binding to ac-
tive matrix metalloproteinases (but not to the inactive zymo-
gens or inhibitor-bound counterparts) and used these ABPs to
identify members of the MMP enzyme class that were upregu-
lated in invasive cancer cells. Their analysis identified a mem-
brane-bound matrix metalloproteinase that was not reported
before to be either increasingly expressed or activated in
highly invasive cancers (Saghatelian et al., 2004). The same
group designed a biotinylated fluorophosphonate, referred to
as FP-biotin, with which active serine hydrolases could be vi-
sualized (Liu et al., 1999). Fluorescent ABPs have also been de-
veloped for specific labelling and visualization of the papain
family of the lysosomal cysteine cathepsins in live mice. After
labelled cathepsins in human breast cancer cell lines were
implanted in mice, proteins were extracted from solid tumors
and in-gel digestion coupled to MS/MS was performed for the
labelled proteases (Blum et al., 2007). Overall, these data point
out that the use of ABPs coupled to visualization or mass spec-
trometry, may provide further insight about the activity status
of extracellular proteases, especially in cancer where proteol-
ysis is disturbed and most of the times, the knowledge on the
activity of the key proteases might be obscure.

3.4.  Proteomic analysis of tumor-derived exosomes

Exosomes are 40—100 nm membrane vesicles of endocytic ori-
gin, secreted by most cell types in vitro and in vivo. It has been
made clear that exosomal proteins participate in life-preserv-
ing processes, supporting the hypothesis that exosomes main-
tain conserved functions in mammalian tissues. It is also

spectacularly evident that exosomes might constitute a highly
sophisticated form of cell-cell communicationin an autocrine,
paracrine or even endocrine fashion. More recent evidence
shows that tumor-derived exosomes may harbour proteins
and/or mRNAs with important pathobiological functions in
cancer development and progression. For instance, recent
work by Jung et al. in a rat model of pancreatic adenocarci-
noma, indicated that CD44 protein is responsible for acquiring
asoluble matrix in the pre-metastatic niche, into where tumor-
derived exosomes are able to disseminate and assist in tumor
cell embedding and growth. The fact that tumor-derived exo-
somes are able to travel to the pre-metastatic niche might
also explain how the long-distance communication between
the cancer-initiating cells and the niche is achieved (Jung
et al., 2009). In addition, gastric cancer-derived exosomes
were able to induce tumor cell proliferation through PI3K/Akt
and MAPK/Erk pathways (Qu et al., 2009b), as well as induce ap-
optosis toJurkat T-cellsin a dose- and time-dependent manner
(Qu et al., 2009a); the latter observation supports the notion
that tumor-derived exosomes might regulate the inflamma-
tory cancer microenviroment and thus have a major impact
on tumor progression. Additional evidence that exosomes are
implicated in specific communications between cancer and
stromal cells have been provided in a study by Hood et al.,
where the authors indicated that melanoma exosomes were
able to interact with, and influence, the morphology of endo-
thelial tube formation and also stimulate the formation of en-
dothelial spheroids and sprouting in a dose-dependent
manner, possibly through growth factors and relevant cyto-
kines (Hood et al., 2009). Overall, all these data provide proof
that exosomes are important in cancer development and pro-
gression and also provide a quick but accurate explanation as
to why proteomic technologies could be preferentially used
to systematically analyze the tumor-derived exosomal
proteomes.

An early attempt to characterize the proteome of mela-
noma-derived exosomes with mass spectrometry identified
several known proteins, as well as novel proteins (e.g. radixin
and p120 catenin) that had not been previously documented
to be secreted through exosomes (Mears et al., 2004). Also,
Ochienget al. have shown that breast cancer cell uptake of cir-
culating serum exosomes might assist in their anchorage-in-
dependent growth, by activation of the MAPK pathway.
Their proteomic analysis identified many cancer—related pro-
teins, that could also serve as exosome markers, including
heat shock protein 90, alpha tubulin, galectin-3 binding pro-
tein and chloride intracellular channel protein (Ochieng
et al, 2009). In another study, a DIGE-LC-MS/MS strategy
was performed to compare and contrast the exosomal pro-
teins secreted from a pair of normal and Ras-transformed mu-
rine fibroblasts; it was hypothesized that the frequently
disturbed Ras signalling pathway, would be an efficient model
to generate a list of exosomal proteins that are differentially
expressed in such cancers. Indeed, the analysis showed an
up to 10-fold increase in various proteins, including milk fat
globule EGF factor 8, 14-3-3 isoforms and collagen a-1 (VI), con-
firming their initial hypothesis (Ji et al., 2008).

Given other recent data that exosomes may regulate spe-
cific communications between cancer and stromal cells, a pro-
teomic analysis in mesothelioma-derived exosomes revealed
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the presence of the angiogenic factor developmental endothe-
lial locus-1 (DEL-1) among others, which has been shown to be
implicated in vascular development in the tumor stroma
(Hegmans et al., 2004). This study suggests that tumor-endo-
thelial cell (or even other stromal cell) communications could
be mediated with the diffusion of exosomes in the extracellu-
lar matrix, an observation that is in concordance with a recent
model of hypoxia-triggered exosomal protein secretion with
very high angiogenic and metastatic potential in the tumor
microenvironment (Park et al., 2010).

The most significant drawback with exosome proteomics
is the absence of standardized and well-characterized
methods for isolation and purification of these vesicles. This
process is empirical and has been described as “laboratory-de-
pendent”. Typically, a series of differential centrifugations
and ultracentrifugations, followed by further purification
steps through flotation in linear sucrose gradients
(2.0—0.25M sucrose), are carried out for the isolation of exo-
somes (Simpson et al., 2008). More recently, antibody-coated
magnetic beads, using antibodies against tumor- or cell-spe-
cific proteins have been used to isolate exosomes from super-
natants of cancer cell lines; the prerequisite for this
processing is the a priori knowledge of at least one exosomal
marker, specific to the cancer type under consideration. For
instance, an immunoaffinity-capture method with a colon ep-
ithelial cell-specific A33 antibody was used, in order to purify
exosomes derived from the colon cancer cell line LIM1215.
Proteomic analysis revealed numerous proteins involved in
cytoskeletal rearrangement, signalling, trafficking and exo-
some biology-related proteins, such as ESCRT complex pro-
teins (Mathivanan et al., 2009). In addition, this study also
revealed that the molecular components of exosomes are
cell-type dependent, since the analysis also identified proteins
that are specific to the gastrointestinal tract, such as carci-
noembryonic antigen (CEA) (Mathivanan et al., 2009). In a sim-
ilar manner, a specific antibody against HER-2 has been used
to isolate exosomes from breast cancer cell lines and carry
out systematic proteomic analyses in them (Koga et al., 2005).

4. Heterotypic nature of the cancer secretome

There is now abundant evidence that cancer-associated stro-
mal cells are recruited by cancer cells to allow for more effi-
cient development and progression of the malignancy, and
that such recruitment usually causes altered protein expres-
sion and secretion profiles, in all participating cell types
within the tumor microenviroment. The host cell participa-
tion has been termed as (a) ‘desmoplasia’, which involves
the implication of fibroblasts and extracellular matrix in the
tumorigenic process, (b) inflammation and/or immune re-
sponse, which is the infiltration of macrophages, neutrophils,
mast cells, myeloid cell-derived suppressor cells and mesen-
chymal stem cells in the tumorigenic stroma, and (c) angio-
genesis, which comprise the further sprouting of blood and
lymphatic circulatory systems within the tumor mass
(Coussens and Werb, 2002; Ferrara et al., 2003; Mareel and
Leroy, 2003; Pugh and Ratcliffe, 2003; Mueller and Fusenig,
2004; Bertout et al., 2008; Joyce and Pollard, 2009). Proteome al-
terations, regarding the intracellular proteomes of tumor and/

or host cells, have been investigated through comprehensive
quantitative or non quantitative proteomic approaches, usu-
ally in a context of in vitro, co-culture, or microenvironment al-
teration experiments (Boraldi et al., 2007; Cancemi et al., 2009)
or with the extended use of laser capture microdissection
(LCM) in in vivo tissue proteomics studies (Li et al., 2009; Rho
et al., 2009). Analysis of such studies is beyond the scope of
this review; in contrast, our main focus will be a thought-pro-
voking discussion over the secretome analysis of tumor and/
or host cells, which has not been thoroughly explored yet
and warrants further investigation.

4.1.  The desmoplasia-derived secretome

Cancer-associated fibroblasts (CAFs) play importantrolesin tu-
mor initiation and progression through specific communica-
tions with the cancer cells. Diverse evidence shows that
cancer cell-secreted factors, such as TGF-B and PDGF are re-
sponsible for initiating and maintaining the myofibroblastic
phenotype in associated fibroblasts; the latter usually respond
to those stimuli with dramatic changes in their protein expres-
sion profile, including their intracellular proteome as well as
secretome (Kunz-Schughart and Knuechel, 2002; Kalluri and
Zeisberg, 2006; Xing et al., 2010). Certain notable alterations
of the CAF secretome include: (a) the induction of an altered ex-
tracellular matrix that provides additional oncogenic signals to
the tumor by the de novo expression of tenascin-C (De Wever
etal., 2004; Koperek et al., 2007) and matrix metalloproteinases,
like, for example, the gelatinases MMP-2 and MMP-9 (Saad
et al., 2002; Singer et al., 2002), (b) the increased expression of
growth factors and cytokines, like insulin-like growth factor 1
(IGF1) and hepatocyte growth factor (HGF) that promote tumor
cell survival and motility, respectively (Aebersold and Mann,
2003; Lewis et al., 2004), (c) the regulation of inflammatory re-
sponses at the primary tumor sites by secreting chemotactic,
proinflammatory agents, like for example interleukin 1b (IL-
1b) and tumor necrosis factor-alpha (TNF-a) (Mueller et al.,
2007), and (d) the regulation of angiogenesis by interactions
with the local microvasculature, by aberrantly expressing vas-
cular endothelial growth factor (VEGF) (Orimo et al., 2001). In
one proteomic study, the authors sought to investigate the
mammary cancer-associated fibroblast secretome, so they in-
duced the myofibroblastic phenotype by generating CAV-1
(—/-) fibroblasts, based on the hypothesis that since CAV-1in-
hibits TGF-B signalling, then CAV-1 (-/-) fibroblasts could
maintain a constantly active TGF-B pathway, which is known
to trigger the induction of CAFs. Secretome analysis of CAV-1
(—/—) fibroblasts indicated the secretion of factors associated
with the myofibroblastic phenotype (e.g. Collal, Colla2 and
SPARC), verifying the initial hypothesis (Pavlides et al., 2009).
All these studies demonstrate that CAFs are active participants
in neoplastic tissues, with an extensively altered secretome,
compared to their normal counterparts.

The interactions of cancer cells with their associated fibro-
blasts have only recently been investigated with proteomic
technologies. In a murine model of lung cancer, in which cells
were co-cultured with cancer-associated fibroblasts and other
stromal cells (including endothelial and macrophage cells),
SILAC approaches were used to quantitate the differential
secretomes of cancer cells and co-cultured cells (Zhong
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et al., 2008). The analysis showed that a multitude of extracel-
lular proteins are increased in the co-cultures, implying their
possible participation in various neoplastic phenomena.
Among these, the chemokine CXCL1 was abundantly pro-
duced in the cocultures and the main source was found to
be the cancer cells, probably through paracrine signalling me-
diated by the stromal cells (Zhong et al., 2008). Another cyto-
kine, found to be increased, was IL-18 (Zhong et al., 2008)
that has already been shown to have contradicting roles in tu-
morigenesis (inhibiting or promoting) (Park et al., 2007). Vari-
ous cytokine signalling pathways (HGF, TGF-B, CXCR)
between cancer cells and associated stroma have long been
hypothesized to play pivotal roles in the development and
progression of cancer (Delany and Canalis, 1998; Tsukinoki
et al., 2004; Eck et al., 2009). Remarkably, this study demon-
strated that SILAC-based quantitative proteomic technologies
could be a significant tool for investigating cytokine signalling
pathways, overcoming a potential limitation that cytokines
are secreted in very low amounts, and still are efficiently
detected by mass spectrometry. In another study, Paulitschke
et al. proposed a model of secretome analysis of associated
stromal cells to identify markers for melanoma metastasis,
that could either be utilized as biomarkers of disease progres-
sion or to study melanoma metastasis. As a proof of concept,
they cultured melanoma and associated stromal cells, includ-
ing melanoma-associated fibroblasts and normal skin fibro-
blasts and performed mass spectrometric analysis in cell
lysates and supernatants using LC-MS/MS; their analysis
showed many melanoma-specificic secreted proteins (lumi-
can, Pmel 17), as well as proteins secreted by normal (extracel-
lular matrix proteins) or melanoma-associated fibroblasts
(neuropillin, stanniocalcin-1, periostin). This strategy pro-
vided novel insights into secreted proteins, which have not
been previously identified in melanoma or the other cell types,
like, for example, GPX5 (Paulitschke et al., 2009).

4.2.  The inflammation-derived secretome

Inflammatory cells are also significant components of neoplas-
tic tissues; for example tumor-associated macrophages (TAMs)
are derived from monocytes and are recruited by monocytic
protein chemokines, secreted by the cancer cells. Upon differ-
entiation, TAMs secrete a considerable number of angiogenic
and lymphagiogenic growth factors, cytokines and proteases,
all of which are mediators of neoplastic development and pro-
gression (Schoppmann et al., 2002; Marconi et al., 2008; Sierra
et al., 2008). The interactions of TAMs with the cancer cells
have been investigated for a long time, but only recently, pro-
teomic technologies have been deployed for studying the al-
tered secretion profiles of these cells. In one such study, the
authors performed secretome analysis using LC-MS/MS on su-
pernatants from a normal monocytic/macrophage cell line,
buffy coat monocytes, as well as purified, in vitro-cultured
TAMs, isolated from ovarian cancer ascitic fluid and they no-
ticed the de novo secretion of 14-3-3 zeta protein in cancer-asso-
ciated macrophages (Kobayashi et al., 2009). Given the
previously documented role of 14-3-3 zeta protein as adaptor
protein in intracellular signalling pathways (Van Der Hoeven
et al., 2000; Bialkowska et al., 2003; Birkenfeld et al., 2003),
and morerecent evidence that this protein can also be secreted

in the extracellular space by monocytes/macrophages infected
with HIV-1 virus (Ciborowski et al., 2007), the authors specu-
lated that TAM-secreted 14-3-3 zeta protein may promote neo-
plastic progression of epithelial ovarian cancer, under
conditions which promote its secretion. Remarkably, this was
the first mass spectrometry-based study that demonstrated
a novel mechanism of neoplastic progression, mediated by
cancer cell-TAM interactions, using secretome analysis. Given
the recent, well-documented link of chronic inflammatory dis-
eases to cancer incidence (Pages et al., 2010), this paradoxical
role of the immune system in cancer progression should be
carefully investigated; the interaction of the immune/inflam-
matory cells, like macrophages, T-cells, dendritic cells and
neutrophils with the cancer cells could be partially elucidated
with currently available proteomic technologies.

4.3.  The angiogenesis-derived secretome

Endothelial cells have also been shown to interact with cancer
cells, with the most notable mechanism involving the in-
creased secretion of angiogenic growth factors, like, for exam-
ple, VEGF and angiopoietin, that mostly act in an autocrine
manner in endothelial cells, a process that allows the neofor-
mation of blood vessels. This altered secretion profile has
been mostly shown to be caused in endothelial cells by cancer
cell-derived hypoxia-inducible factors (HIFs) (Carmeliet, 2000;
Carmeliet and Jain, 2000). As in the case of CAFs and TAMs,
proteomic technologies could be a promising and valuable
tool to study the interactions between cancer and endothelial
cells. In the co-culture model of murine lung cancer along
with stromal cells, including murine endothelial cells, as
established by Zhong et al.,, a wide multitude of cytokines
were increasingly expressed in the co-cultures compared to
the monocultures, when quantitated with SILAC. This analy-
sis pointed out that endothelial cells are essential and able
to stimulate in vitro and probably in vivo the production of var-
ious soluble factors that assist in tumor development and pro-
gression. In addition, the importance of studying tumor
angiogenesis with tools of secretome analysis should not be
underestimated; this neoplasia-driven process has been con-
sidered as a target for chemotherapies in the past and present
(Grothey and Galanis, 2009; Ivy et al., 2009), making it quite
clear that the elucidation of key participants of angiogenesis
will definitely support future research in cancer therapeutics
and management.

4.4.  The adipocytic secretome in breast cancers

Other than the reported stromal cells, certain tissue-specific tu-
mor-host cell interactions have also been investigated. For in-
stance, in the breast, where fat tissue is abundant, the tumor
cell-adipocyte interactions have been documented to play piv-
otal roles in cancer development and progression. Although ad-
ipose tissue has been considered metabolically inactive, and has
been assigned a role as energy storage depot, there is now recent
evidence demonstrating that this tissue is an active endocrine
organ that produces hormones, growth factors, adipokines and
other molecules that not only affect physiological cellular re-
sponses but also contribute to paracrine and autocrine signalling
networks, especially in tumor microenvironments where
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hormonal dependence mediates cancer progression (Kim et al.,
2008, 2009; Finley et al., 2009; Mathivanan and Simpson, 2009;
Schnabele et al., 2009). An effort to dissect the molecular circuitry
of epithelial-adipocyte stromal cell interactions was performed
by Celis et al., where the secretome of fat interstitial fluid from
breast cancer patients was analyzed with mass spectrometry.
Their analysis enabled the identification of numerous (a) proin-
flammatory cytokines (IL-6, IL-8, TNF-o, TGF-) that are known
to mediate inflammatory responses within tumors, (b) growth
factors (IGF-1, macrophage stimulating growth factor) that are
known to enhance cell proliferation, (c) angiogenic factors
(VEGF, angiopoietin-2, granulocyte CSF), (d) tissue inhibitors of
metalloproteinases (TIMPs) that participate in extracellular ma-
trix remodelling (Celis et al., 2005). This diversity of secreted fac-
tors suggests that these molecules may directly participate in
a mutual growth with the adjacent breast cancer cells, invading
the stroma and also keep specific communications with other
cancer-associated stromal cells. In addition, the fact that several
cytokines and growth factors that have not been previously
reported to be secreted by fat cells were identified in this study,
points out that the depth of mass spectrometry-based proteomic
mining and the high-throughput nature of the secretome analy-
sis are capable of delineating novel signalling networks in com-
plex cancer microenvironments.

5. Conclusions and future perspectives

In the next few years, important developments in cancer bio-
marker discovery as well as in the identification of putative
therapeutic targets for cancer are anticipated. Secretome
analysis can facilitate applications with clinical value and pro-
vide insight in tumorigenesis at the molecular level. Neverthe-
less, specific challenges remain. However, the emergence of
technologically advanced mass spectrometers opens the
path for identification of very low abundance proteins, even
in complex biological samples, which will certainly bring ma-
jor discoveries in near term (5 years).

Certain sub-fields of secretome analysis have been briefly
described in this review due to their emerging significance
in the proteomics community. For example, proteolysis, a bio-
logical process that adds additional layers of complexity to the
cellular proteomes and secretomes, is now widely explored
with the assistance of powerful proteomic technologies that
enable the quantification and identification of protease activ-
ity in tumors, as well as the delineation of the substrate reper-
toire of poorly characterized extracellular proteases.

Perhaps, of astounding interest is the emerging roles of
exosomes in malignant conditions; it has been extensively
shown and documented that tumor-derived exosomes identi-
fied either in cancer cell lines or in relevant biological fluids,
such as ascites and serum, could serve the purposes of valu-
able diagnostic biomarkers of the disease or even provide in-
sights in mechanisms of neoplastic development and
progression (Simpson et al., 2008). In this review, we have fo-
cused to the contribution of proteomics technologies to exo-
some purification and characterization. Over the last years,
as we have witnessed an enormous understanding of the mo-
lecular composition of exosomes, a notion that is also shown
by the publication of proteome exosome datasets from

various cell types and biological fluids (Mathivanan and
Simpson, 2009). All these observations provide an exciting
platform of opportunities for proteomic investigations on tu-
mor-derived exosomes and increasing efforts are expected to-
wards this direction in the near future.

In this review, we proposed the term “heterotypic cancer
secretome”, to better define and describe the cancer secretome;
the heterotypic nature of the cancer secretome is not a new
idea, but has been used to denote the importance of the associ-
ated stromal cells in the modulation and regulation of the tu-
mor microenvironment. It is evident that in vitro approaches,
with the use of various co-culture systems, represent the basis
for investigating the tumor-host cell interactions. These in vitro
co-culture experiments are easy to perform, and, at the same
time, the depth of the mass spectrometric analysis allows for
the generation of large protein datasets, originating from com-
plex microenvironments consisting of many cell types. We
have already been witnessing an increasing interest and num-
ber of publications, attempting to elucidate mechanisms of tu-
mor-host cell interactions with the assistance of proteomic
technologies and this trend will likely continue.

To briefly conclude, cancer secretome analysis is currently
facing certain challenges, but the future is bright. Many appli-
cations of secretome analysis are expected to be integrated
within the oncoproteomics arena and hopefully provide
a handful of clinically relevant tools for patient management.
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