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Abstract
Purpose—The role of the microenvironment during the initiation and progression of
carcinogenesis is now realized to be of critical importance, both for enhanced understanding of
fundamental cancer biology, as well as exploiting this source of relatively new knowledge for
improved molecular diagnostics and therapeutics.

Methods—This review focuses on: (1) the approaches of preparing and analyzing secreted
proteins, (2) the contribution of tumor microenvironment elements in cancer, and (3) the potential
molecular targets for cancer therapy.

Results—The microenvironment of a tumor is an integral part of its physiology, structure, and
function. It is an essential aspect of the tumor proper, since it supplies a nurturing environment for
the malignant process. A fundamental deranged relationship between tumor and stromal cells is
essential for tumor cell growth, progression, and development of life threatening metastasis.
Improved understanding of this interaction may provide new and valuable clinical targets for
cancer management, as well as risk assessment and prevention. Non-malignant cells and secreted
proteins from tumor and stromal cells are active participants in cancer progression.

Conclusions—Monitoring the change in the tumor micro-environment via molecular and
cellular profiles as tumor progresses would be vital for identifying cell or protein targets for cancer
prevention and therapy.
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Introduction
Cancer is the number one cause of death in the United States for people less than 75 years
old. Every year, more than 11 million people are diagnosed with cancer throughout the
world and it may likely increase to 16 million by 2020. In 2005, cancer accounted for 7.6
million deaths from a total of 58 million deaths worldwide [1]. As a result, a re-evaluation of
our basic assumptions concerning the nature of cancer and how to better assess risk, prevent,
and medically manage is a high priority.

Cancer development has been defined as a multistep process in which somatic cells first
undergo an initiating event (i.e., environmental insult) and then a second or promoting event.
Both events accumulate genetic modifications. The fact that cancer cells have mutated
genomes is well established [2]. A carcinogen or mutagen, for instance from tobacco smoke,
when inhaled in sufficient quantity and duration may act as an adduct forming an unwanted
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bond on DNA and potentially mutating a gene. However, many cancers will develop as a
result of a chronic inflammatory state due to infections.

For instance, this is commonly seen with Hepatitis B and C, which can be a harbinger for
Hepatocellular Carcinoma. Gastric infection from Helicobacter pylori, will increase gastric
cancer risk by 75%, and is the second most common type of cancer globally [3]. A few other
clinical examples illustrating the association of chronic inflammation and increased cancer
risk include: inflammatory bowel disease (ulcerative colitis, Crohn's disease) and colon
cancer; cervical infection (human papillomavirus) and cervical cancer, and chronic reflux
esophagitis resulting in Barrett's esophagus that is high risk for esophageal carcinoma. In all
cases, these chronic inflammatory conditions help to establish a tumor microenvironment
full of deranged proliferative signaling networks, which is largely orchestrated by
inflammatory cells and is an indispensable participant in the neoplastic process [4].

The tumor microenvironment was lately recognized as the product of a developing crosstalk
between different cells types. For instance, in epithelial tumors these cells include the
invasive carcinoma and its stromal elements. Critical stromal elements include cancer-
associated fibroblasts, which provide an essential communication network via secretion of
growth factors and chemokines, inducing an altered ECM thus providing additional
oncogenic signals enhancing cancer-cell proliferation and invasion [5]. Active contribution
of tumor-associated stromal cells to cancer progression has been recognized [2,6]. Stromal
elements consists of the extracellular matrix (ECM) as well as fibroblasts of various
phenotypes, and a scaffold composed of immune and inflammatory cells, blood and lymph
vessels, and nerves.

For tumors to progress and develop into life threatening entities, they must develop four
critical abilities. First, the ability to move, second the capacity to degrade tissue matrix
(ECM), third the aptitude to survive in blood and finally the physical quality of being able to
establish itself in a new tissue environment. But how exactly do cancer cells acquire these
traits? Recent scientific evidence points towards cancer cells using activated transcription
factors from development/embryology programs, thus gaining pleiotrophic abilities. The
microenvironment is of critical importance for success in this process [7].

The microenvironment of cancer cells provide the necessary signals that turn on the
transcription factors. Thus, it is the stromal or non-malignant cells that induce the requisite
transcription programs allowing the necessary mesenchymal phenotypes to invade distant
tissues and establish a new environment. The cancer cells must then shut down the
transcription factor programs and reconvert from mesenchymal to epithelial cells, thus
recreating themselves from the core of primary tumor cells. It is felt that the role of the
microenvironment is essential in all of these steps [7].

Tumor cells directly secrete a variety of proteins that include growth factors and ECM-
degrading proteinases or induce the host to elaborate biomolecules that are able to degrade
the matrix and its component adhesion molecules (Fig. 1). The matrix degradation takes
place in a region close to the tumor cell surface, where the amount of the active degradative
enzymes outbalances the natural proteinase inhibitors present in the matrix or that secreted
by normal cells [8]. Proteins secreted by tumor cell into the ECM microenvironment are
therefore involved in cell adhesion, motility, intercellular communication and invasion. The
knowledge and control of the direct microenvironment within a growing tumor is as
important as the corresponding knowledge and control of the abnormal behavior of
epithelial cells within that tumor.

Secreted proteins are of particular importance because they play a key role in a disease state
or the biological pathway leading to disease, and their identification and characterization
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may lead to the understanding of disease patterns. In cancer, the understanding of the
interactions between tumor and stroma is needed for the development of more effective
therapies. The analysis of secreted proteins for proteomics studies is usually a challenge
because proteins are generally secreted at low concentration in the culture media, which
makes their recovery difficult due to dynamic range (concentration) constraints.
Accordingly, very few studies have been published to date analyzing this important class of
proteins that may help in the better understanding of tumor progression.

Although some recent reviews have focused on the contribution of cancer development for
different cell types present in the tumor microenvironment [9-11], the identification and
targeting of proteins secreted by cancer cells into the tumor microenvironment remains
relatively unexplored. Secreted protein signatures in cancer provide important information
that may be an aid to earlier diagnosis, improved disease monitoring as well as enhanced
assessment of the efficacy of therapy along with rationale for required revisions of therapy.
This review focuses on: (1) the approaches of preparing and analyzing secreted proteins, (2)
the contribution of secreted proteins in tumor progression, and (3) the identification of
secreted biomarkers for targets in tumor therapy.

Methods for preparing secreted proteins
The subset of proteins occurring in the conditioned media from cultured cells was previously
called “secretome” [12]. A concrete examination of the composition of this subproteome
reveals that the term secretome does not comprise only those proteins secreted through the
classical pathways (i.e., Golgi and endoplasmic reticulum). The secretome in an extensive
sense consists of proteins released through various mechanisms including classical secretion,
secretion through non-classical pathways, and released through secretion of exosomes.
Hitherto, proteomic approaches to analyze the secretome detected only a fraction of proteins
secreted from the cell because many secreted proteins are expressed only by specialized cell
types, have an induced expression during particular cellular response or are expressed during
specific stages of development.

Detection and identification of protein secreted by cells into the ECM, has turned out to be a
challenge for several reasons. In vitro, cells are grown in media rich in salts and
supplemented with serum proteins. Furthermore, a very small amount of proteins are
secreted by cells into the extra-cellular microenvironment. To detect this category of
proteins, the growth culture media should be free of any contaminant proteins.
Consequently, cells are usually grown in serum-free media with the eventual consequence of
cell death. Prior to cell incubation in serum-free media, the washing step may be adjusted so
that the remaining cytosolic proteins and serum are washed away without cell stressing
[13-17]. The confluence of cells grown in flask or on plate are then controlled to keep
enough space for cell growth, thus avoiding cell deaths due to saturation (Table 1).

Even a very small number of dead cells are able to release an amount of proteins that far
exceeds the amount of proteins really secreted. Cell viability in serum-free media is assessed
prior to secreted protein preparation either by trypane blue exclusion method [12,15] or by
assessing the presence of the most abundant cytosolic proteins in the culture media [14].
Due to the high concentration of serum protein (5–10%) supplemented in the culture media
prior to starvation; serum-free medium is not always completely free of serum [14]. Hence,
cells easily tolerate the transition from serum supplemented to serum-free media and the
expression of stress proteins is minimized. The incubation time in serum-free media depends
on each cell type and growth rate (Table 1).
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Once cell growth conditions and incubation times in serum-free media are optimized, the
conditioned media are recovered free of any floating cells and debris using various methods.
Floating cells are removed from the conditioned media by low speed centrifugation
[12,15,18], by filtration [14,19,20] or by combination of both methods [13,17]. The
concentration of secreted proteins in the conditioned media can go down to the ng/ml range
and to concentrate to an amount detectable by proteomic methods is problematic. Methods
such as precipitation, ultrafiltration using a molecular weigh cutoff filter, adsorption to a
resin, phase extraction and speed vacuum are commonly used.

Precipitation
Precipitation is a method widely used for the recovery of biomolecules like proteins. It is
generally induced by adding salts or organic solvents to the sample, or by altering its pH
leading to the change of protein conformation. Ammonium sulfate is a salt commonly used
for precipitation because of its high solubility and is rather inexpensive. It is an efficient
method for quantitative protein recovery but it is accompanied by loss of many proteins
[21]. This method is recommended for enzyme purification because the extraction media can
be buffered or stabilizing agents can be added to maintain the maximum enzyme activity.
The organic solvent, acetone is also frequently used for protein precipitation. It is an easy to
perform concentration and desalting method that results in a good recovery. However, not
all proteins precipitate and non-proteins like DNA/ RNA and glycans also precipitate,
therefore the pellet is sometimes hard to resolubilize. This shortcoming can be overcome by
combining trichloroacetic acid (TCA) and acetone precipitation in which proteins are first
precipitated with TCA and traces of TCA removed with acetone [21].

Ultrafiltration and adsorption
Ultrafiltration is a membrane filtration process that separates particles based on their
molecular weight, while adsorption is a more convenient method for salt-free concentration
of small quantities of proteins for mass spectrometry and 2-DE analyses. Ultrafiltration is
extensively used for secreted proteins concentration [12,19,22] because salts and low
molecular weigh particles have been removed. It performs well in terms of purity and
protein quantity but it is labor demanding to get the concentrated volume. The filters are
always blocked and low molecular weigh proteins and polypeptides are lost. Adsorption is
valuable for the concentration of large volume of conditioned media from cell grown in
vitro. Solid-phase extraction (SPE) is the most cost-effective and versatile method for
protein concentration from plasma, urine or conditioned media. The range of chemistries for
SPE includes reversed phase, normal phase, ion exchange and other sorbents for special
applications.

Following the methods described above for secreted protein preparation, low molecular
weigh peptides are removed. Even if they are still present in the preparation, they are
dismissed as noise, biological trash or too small and unstable to be biologically relevant
[23]. The analysis of this class of peptides called peptidome is a rich source of cancer-
specific diagnostic information because it is a recording of the extracellular enzymatic
events taking place in the tumor microenvironment. Peptidomics analysis may lead to the
identification of the parent protein, the determination of the fragment sizes and cleavage
ends, posttranslational modifications, the quantification of the peptide and the nature of the
carrier protein in which it is bound. It is a relatively new field in proteomics analysis and
secreted biomarkers discovery; and hopefully it should be more sensitive and specific than
conventional approaches [24].
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Heavy isotope labeling
An alternative method for secreted protein preparation without worry about contamination
from dead cells is to metabolically label proteins synthesized during a limited period of
incubation [20]. In fact, cells are incubated in serum-free media supplemented with isotope
labeled amino acids for a short time, and then washed and re-incubated in serum-free media.
The conditioned media is then collected and secreted protein concentrated as described
above. Proteins are run on 2D gel and those detected by autoradiography are synthesized by
living cells during the period of metabolic labeling [25]. Secreted proteins are then identified
by comparison with controls. This method is indeed intelligible but it suffers from its
potential applicability in the secretome analysis. Metabolic turnover and the protein
expression time depend on each cell type and the physiological status of cells. Moreover
protein released into the medium via classical or non-classical (not signal peptide triggered
protein secretion, e.g, estimated from SecretomeP 2.0 Server) pathways need a longer
incubation time to be detected incorporating the isotopic labeled amino acids.

Methods for analyzing secreted protein
A series of separation, chromatography, electrophoresis and mass spectrometry-based
methods, are available to analyze and elucidate secreted proteins. The 2D gel electrophoresis
(2DE) has become a standard method for the analysis of the proteome in which protein
mixtures are separated according to their charge, by isoelectric focusing (IEF) in the first
dimension, and their molecular weight with SDS-PAGE in the second dimension. This
approach coupled to mass spectrometry, is a widely used method for differential protein
expression study in cancers [26]. However, performing 2DE involves many steps ranging
from cell culture up to the stained gel and identification of the protein spot. Moreover, the
main difficulty associated with this approach is protein precipitation at their isoelectric point
during IEF, and reproducibility.

Additionally, 2DE was conceived more than 30 years ago. This technology has been useful
for low-complexity protein mixtures but never matured into a comprehensive and accurate
proteomics technology. The introduction of high-sensitivity protein identification by MS at
first seemed to help 2D gel analysis, but subsequently revealed that the thousands of spots
seen in the gel maps are actually variants of a few hundred of the most abundant proteins.
Recently, it has also become clear that quantitation of even these proteins is far from
accurate because of spot overlap. Accordingly, “biomarkers” found by these technologies
tend to be the same regardless of the system under investigation [27].

Shotgun methods are thus a powerful alternative to gels. In these methods, proteins are
digested with proteases into a more complex peptide mixture and then analyzed by LC–MS/
MS. LC–MS/MS couples peptide fractionation with mass spectrometry to generate a
complete record of the proteome of fluid samples [28,29] and secreted proteins [14].

Electrospray ionization (ESI) and matrix-assisted laser desorption/ionization (MALDI), are
the common techniques used to volatilize and ionize proteins or peptides for mass
spectrometry analysis [30]. The main difference between these two techniques is the nature
state of the analytes, which is liquid for the ESI and solid for MALDI. Therefore, MALDI–
MS is generally used for the analysis of simple peptide mixtures, while ESI–MS is desired
for the analysis of complex samples. Ion trap, time-of-flight (TOF), quadrupole and Fourier
transform cyclotron (FT–MS) analyzers are the basic types of mass analyzers commonly
used in proteomics analysis.

MS technology with low resolving power, especially in the form of the so-called surface
enhanced laser desorption and ionization (SELDI) method, caught the imagination of
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clinicians a few years ago. This approach involves measuring a MALDI spectrum of
proteins from the body fluid of a patient and then employs machine-learning-based
computation to differentiate disease and healthy states. However, from a mass-spectrometric
point of view, SELDI boils down to simple MALDI spectra of very complex mixtures and
would be expected to only yield a subset of the most abundant low-mass peptides and
protein fragments. Such species could still have proven sufficient to classify patient samples.
However, as the scientific community demanded identification of the peaks comprising the
SELDI patterns, these usually turned out to belong to non-specific proteins unlikely to be
directly associated with the disease [27].

Even though SELDI and LC–MS/MS are technically competent for secreted proteins
analysis, they remain basically qualitative approaches for secreted biomarkers discovery
because peptide peaks are identified solely as present or absent in normal and cancerous
specimens. In addition, very small quantities of many proteins or polypeptides are probably
present in body fluids and cannot routinely be detected by SELDI or LC–MS/MS, which
almost all immunoassays can detect easily. Quantitative proteomics approaches for the
identification of secreted biomarkers can be coupled to immunoassays such as the traditional
ELISA-based and Western blot approaches for validation [15]. Described technologies such
as isotope-coded affinity tagging (ICAT) [31,32] and stable isotope labeling with amino
acids in cell culture (SILAC) [33,34] can be combined with mass spectrometry approaches
to produce efficient procedures to quantitatively analyze cancer secretomes.

Role of secreted proteins in cancer progression
Cell–cell interactions and cell–ECM interactions are known to be important during
oncogenesis, and the characterization of associated proteins is essential to illuminating the
primary molecular mechanism of the disease [35]. Likewise, extracellular proteins related to
pre-malignancy transformation offer potential targets for early detection of cancer. The
ECM is extensively modified and remodeled by proteases either secreted by non-neoplastic
and neoplastic cells or localized at the cell surface. Thus, important changes in cell–cell and
cell–ECM interactions arise, and new warning signs are created from the cells surface.
These signals have an effect on gene expression and eventually influence critical cell
behaviors such as proliferation, survival, differentiation and motility.

Proteases expressed in the extracellular milieu, and particularly matrix metalloproteinases
can target ECM proteins and non-ECM proteins such as growth factors, cytokines, cell-
associated molecules and growth factor receptors. For that reason, the activity of these
proteases in cancer is very complex and includes tumor promoting as well as tumor
suppressive effects. The balance between proteases and protease inhibitors is a vital
determinant in cancer development because both an absence and an excess of proteolysis
could have a negative effect on angiogenesis [36].

At the time of diagnosis, cancer has already metastasized beyond the size of initiation in
more than 34% of breast cancer patients. Unfortunately, patient survival rates drop about
fivefold for those diagnosed with distal spread of the disease, as compared with localized
diseases [37]. The role of secreted proteins and proteases in cancer progression is very
complex and diverse. Wnt proteins, for example, are a large family of secreted glycoproteins
involved in the genesis of breast cancer [38]. Adipokines are another family of proteins
secreted by adipose tissue and their participation in the development of breast cancers, for
which obesity has been established as a risk factor, has been investigated [39,40]. Agents
targeting some secreted molecules are currently in clinical trials for cancer or have been
approved by the food and drug administration (Table 2).
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Osteopontin
Osteopontin (OPN) is a secreted glycophosphoprotein that is involved in physiologic and
pathologic processes. It has been shown to play a role in various developmental processes
and tissue differentiation [41,42] and in wound repair [43]. OPN is over expressed in several
human cancers and has been associated with metastasis and poor prognosis in breast cancer
patients [44]. The mechanisms by which OPN can affect tumor aggressiveness are not yet
completely established, but several evidences show that it is involved in different processes
associated with malignancy such as increased cellular migratory and invasion behaviors,
increased metastasis, protection from apoptosis, and induction of tumor-associated
inflammatory cells [45-47]. Experimental studies have shown that OPN can interact with a
diverse range of factors such as cell surface receptors like integrins and CD44 [48], secreted
metalloproteinase inducer [49], and growth factor/receptor pathways [50,51]. The
interactions of OPN with these factors are evidence of its role in malignancy.

Galectin-3
The galectins consist of a family of beta-galactoside-binding proteins, characterized by their
affinity for beta-galactosides and by a conserved sequence in the carbohydrate recognition
domain that bind to the carbohydrate portion of cell surface glycoproteins or glycolipids.
Galectin-3 is a multifunctional protein that is localized and functions in the cytoplasm, cell
membrane, nucleus, and the extracellular milieu. Galectin-3 expression is related to
neoplastic transformation and progression toward metastasis in breast [52], colon, stomach
and thyroid [53]. Additionally, down-regulation of galectin-3 expression in human breast
and colon carcinoma resulted in a considerable decrease of the meta-static potential [54].
Consistently, galectin-3 binding protein (90 K) was found to be strongly expressed in the
aggressive cell lines (MCF10DCIS.com and MCF10CA cl. D) and not or less expressed in
the non-tumor cell line (MCF10A) of the breast cancer series MCF10 [15]. Its expression
was also significant in the secretome of three unrelated cancer cell lines, MA11 in breast
cancer, WM266-4 in melanoma and OHS in osteosarcoma [14].

Transforming growth factor-β (TGF-β)
Transforming growth factor-β is a secreted polypeptide expressed through receptor serine/
threonine kinases and the intracellular Smad. TGF-β was discovered as a secreted protein
that plays a dual role in regulating cell proliferation and eliciting normal transformation of
fibroblasts [55,56]. It is a pluripotent cytokine that is known to inhibit tumor growth at the
early stage but it can also promote advanced tumor cell invasiveness and metastasis at the
later stage [56]. TGF-β inhibits proliferation and induces apoptosis in diverse cell types, and
the accumulation of loss-of-function mutations in the TGF-β receptor or Smad genes in
various human cancers classify its pathway as a tumor suppressor in humans [57]. TGF-β
promotes tumor cell survival, invasiveness and metastasis by targeting fibroblasts,
myofibroblasts, and immune cells in the tumor microenvironment. The mechanisms by
which TGF-β regulates the function of numerous cells that participate in tumor progression
have been investigated [58].

Matrix metalloproteinases
The ECM is regarded as a barrier to tumor progression. Cleavage of its components by
proteases is assumed to remove the physical obstruction and allow cell migration and
invasion. The tumor microenvironment is expansively modified and remodeled by proteases
and as a result of this activity, important changes in cell–cell and cell–ECM interactions
occur and new signals are generated from the cell surface. A correlation between increased
MMP expression and a tumor cell's ability to invade neighboring tissue has been established
[59]. MMPs can target many other non-ECM proteins such as growth factors, growth factor
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receptors, cytokines and cell-associated molecules. The participation of these proteases in
tumor progression is far more complex than primarily anticipated.

For instance, MMP-7 expressed by malignant breast epithelial cells not only can cleave
matrix components in the tumor microenvironment resulting in basement membrane
structures disruption [60], but can also cleave the cell adhesion molecule E-cadherin,
resulting in the disruption of breast epithelial cell-cell junctions [61]. In addition, MMPs are
expressed in the extracellular milieu as inactive proforms (zymogen forms) that become
activated throughout a variety of mechanisms that regularly involve collaboration among a
number of MMPs families. Thus, overexpression of these proteases documented in tumors
by immunohistochemistry does not essentially mean an increase in proteolitic activity,
because most antibodies available to detect these proteases do not distinguish between their
active and inactive forms [62].

Tissue inhibitor of metalloproteinases (TIMPs), endogenous inhibitors of MMPs, provides
control of MMP activity in vivo under normal physiological circumstances. Therefore, the
balance between MMPs and TIMPs is a critical determinant in cancer progression and
metastasis. Actually, the concept that proteases are necessary to degrade the ECM and allow
endothelial cells to invade neighboring tissues appears to be more complex than initially
predicted. In angiogenesis, both an absence and an excess of proteolytic activity could have
a negative outcome [36]. Moreover, an association between a poor prognosis in cancer
patients and high levels of TIMPs like TIMP-2 and plasminogen activator inhibitor-1 has
been reported in many cancer types [63]. Increasing evidence suggests that TIMP-2 might
be a multifunctional protein harboring an inhibitory and stimulatory effect on cancer
progression.

Targeting the tumor microenvironment for cancer therapy
Recent data indicate that primary dysfunction in the tumor microenvironment, in addition to
epithelial malfunction, can be critical for carcinogenesis and formation of metastasis. As
discussed earlier, a chronic inflammatory state can serve to promote cancer initiation, in a
wide variety of organs. Additionally, anti-inflammatory medications in the form of non-
steroidal anti-inflammatory (NSAIDs) or aspirin have been shown to dramatically lower the
risk of cancer for patients with certain chronic inflammatory conditions [64,65]. These
findings imply a convincing case for targeting the tumor microenvironment for cancer
therapy and possible preventive strategies.

Tumor cells are surrounded by non-tumor/stromal cells that can contribute both positive and
negative signals to the tumor. Non-tumor cells are more likely to be genetically stable
compared to tumor cells, which are known to be genetically unstable. Thus, given their
inherent genetic instability, tumor cells are more likely to mutate and acquire or develop
resistance to medication. Accordingly, non-tumor cells may serve as therapy targets in the
tumor microenvironment but, a drawback is the delicate balance between their tumor-
inhibitory and tumor-promotion activities, as well as the normal function of the non-cancer
related stromal cells. Ideally, therapeutic approaches should remove the cancer promoting
properties while retaining the normal physiologic role of these specialized stromal cells.

To date, there is a wealth of information about specific targets for cancer therapy in the
tumor microenvironment [10,11]. The remodeling of the ECM is arbitrated in an
orchestrated way by several families of matrix-degrading enzymes such as MMPs, proteases
of cysteine and serine, as well as endoglycosidases [66]. The inhibition of enzymes such as
cysteine proteases, cathepsins and heparanase, offers the possibility to block multiple
processes in the tumor microenvironment [67,68]. However, some MMP enzymes can also
release proteins such as tumastin, endostatin, and angiostatin which inhibit tumorigenesis
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[69]. Certain criteria for instance, cytostatic and cytotoxic effects of drugs, have to be
considered when targeting the tumor microenvironment for cancer therapy. Integrins, a
family of heterodimeric receptors are also therapeutic targets in the extracellular milieu.
Several of them are upregulated in cancer, and are expressed on endothelial and tumor cells
[70]. β1-integrin appears to be one of the promising therapeutic targets because β1-integrin
blocking antibodies have been shown to annul cell adhesion-mediated drug resistance
(CAM-DR) [71], and during tumorigenesis ECM remodeling could contribute to CAM-DR
by changing the integrin repertoire and affecting the local ECM composition [72].

Fibroblasts are another key component of the tissue stroma and play a primary role in cancer
development and progression at all stages. Carcinoma-associated fibroblasts (CAFs) are
activated fibroblasts that are allied with malignant tumors and often express α-smooth
muscle actin as a maker. Critical functions of CAFs include: deposition of ECM, regulation
of epithelial differentiation, regulation of inflammation, and wound healing. Fibroblasts are
also an important source of ECM-degrading proteases (MMPs), therefore highlighting their
critical role in the regulation of ECM turnover. Through the secretion of growth factors (i.e.,
hepatocyte growth factor (HGF), insulin-like GF (IGF), nerve GF, EGF, FEF2, WNT1)
proliferative signals are induced within adjacent epithelial cells. Thus, fibroblasts are
involved with direct mesenchymal-epithelial cell interactions. Fibroblasts also serve roles in
immune system modulation, following tissue injury, through secretion of cytokines (IL-1)
and chemokines (monocyte chemostatic protein 1 (MCP1)) [5]. Transforming growth factor
β is one of the fibroblast-supplied factors involved in the suppression of epithelial cell
transformation [58]. Molecules enriched in the process of fibroblast activation such as the
fibroblast activation protein (FAP) [73], the hepatocyte growth factor [58] and cathepsin K
[74], can be good selective targets in the tumor microenvironment with some recent
evidences in preclinical models and a phase 1 clinical trial for an anti-FAP antibody [75].

Signal transducers and activators of transcription (STATs), nuclear transcription factor
(NFκB) and hypoxiainducible factor 1α (HIFIα) are attractive therapeutic targets in the
microenvironment, as they are known to be closely involved in regulating inflammation,
wound healing and angiogenesis. STATs phosphorylation, which is required for
transcriptional activity, is regulated by kinases, phosphatases and binding proteins, which
are good targets for cancer therapy [76]. STAT3 is able to increase the expression of
fibrinogen genes in lung cancer cells and fibrinogen overexpression can enhance tumor cell
growth, metastasis and invasion [77]. Moreover, the transcriptional activity of STAT3 is
upregulated during chronic inflammation in mouse lung in vivo and the STAT3 activation is
found in many human lung cancers [77].

NFκB is also an important target for chemoprevention directed at the tumor
microenvironment for its critical role and associated proteins role in many aspects of
inflammation [78]. New cancer drug development directed at the regulation of NFκB
function is a promising field of investigation and will certainly generate newer agents for
chemoprevention. HIF1 is a key regulator in the control of tissue homeostasis and is a key
target for cancer prevention and treatment. HIF1α subunit is actually the target for drug
development as the chemopreventive agent sulphoraphane for instance controls the HIF1
role in endothelial cells by inhibiting the expression of HIF1α and HIF1-regulated genes
[9,79].

Challenges and perspectives
The microenvironment is essential for the ultimate goal of this predator we call cancer,
which is the invasion metastasis cascade. If cancer did not spread, successful medical
management would have been achieved many years ago. The invasion metastasis cascade
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consists of the following critical steps: (1) local invasion, (2) intravasation or the invasion of
blood vessels, (3) transport of the cancer cell through the blood to a distant site, (4)
extravasation or escape of the cancer cell from the blood to tissue, and (5) adaptation of the
relocated cancer cell to the new local environment, continued growth, and thus becoming
life threatening. The tumor microenvironment is critical in achieving these cascading steps
[7].

Thus, the microenvironment is an essential intrinsic part of the tumor itself. These findings
raise the hope that therapeutic targeting of cellular and molecular components involved in
events occurring in the tumor microenvironment might be relevant. The first step toward this
aim is the identification of molecular elements and signaling pathways in the tumor
microenvironment for each cancer type. In vitro identification of molecular components in
the tumor microenvironment without contamination from the cell cytosol has been a
challenge and techniques for enrichment and analysis have continuously been improved.
Monitoring changes of the microenvironment molecular profile through tumor progression
maybe helpful for identifying cell or protein targets that have undergone modification.
Additional questions relate to how the tumor microenvironment varies across cancer types.
Scientific studies summarized in this review illustrate how the tumor microenvironment
contributes to cancer development and progression, as well as the role of secreted proteins
and their unique technical preparations, to enhance possible biomarker discovery or drug
target elucidation.
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Fig. 1. Carcinogenesis
a A well-differentiated stratified epithelium is separated from the stromal compartment by a
well delineated basement membrane. The stromal compartment essentially consists of
fibroblasts, leukocytes (monocytes and macrophages), collagen bundles and mature blood
vessels. b During carcinogenesis, both epithelial and stromal components initially undergo
modifications that promote epithelial cell propagation and mutation. Fibroblast becomes
activated while the number of macrophages increases. Transient angiogenesis occurs with
new vasculature similar to the one with normal epithelia. c Proliferation of epithelial cells
with the development of an activated stroma is associated with the progression to carcinoma.
Hence, extracellular-matrix components such as collagen are degraded, the number of
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inflammatory cells increases and fibroblasts differentiate to myofibroblasts resulting in the
expression of growth factors, matrix components and degrading proteases. Angiogenesis is
maintained resulting in the development of new blood vessels. Cells and molecular
components of the microenvironment are targets for chemopreventive or therapeutic agents
at all steps shown
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Table 2

Therapeutic targeted molecules in the tumor microenvironment

Molecular target Drug name Clinical triala References

Basic Wbroblast growth factor Interferon-alpha II and III Kerbel and Folkman [81]

Endothelial microtubules Combretastatin A4 phosphate II Young and Chaplin [82]

Endothelin A receptor Atrasentan II Jimeno and Carducci [83]

Fibroblast activation protein Sibrotuzumab I Scott et al. [75]

Hypoxia-inducible factor 1α 2-Methoxyestradiol (2-ME2) I Mooberry [84]

Integrin α5β1 Volociximab (M200) II Jin and Varner [85]

Integrin ανβ3 Vitaxin II Gutheil et al. [86]; Jin and Varner [85]

Integrin ανβ3 and ανβ5 Cilengitide (EMD121974) I and II Burke et al. [87]

MMP-2, MMP-9 and MMP-12 Neovastat (AE-941) III Gingras et al. [88]

NFκB, TNFα, IL-6 and VEGF Thalidomid (Thalidomide) III Bartlett et al. [89], Sleijfer et al. [90]

NFκB, TNFα, IL-6 and VEGF CC-5013 (Revimid) II and III Bartlett et al. [89], Sleijfer et al. [90]

PDGFR, c-Kit and Tyrosine kinases Gleevec (Imatinib Mesylate) FDA-approved Druker et al. [91], Pietras et al. [92]

Protein kinase cβ Enzastaurin (LY-317615) II GraV et al. [93]

Tyrosine kinase, VEGFR, and CSF-1R SU11248 II Mendel et al. [94], Pietras and Hanahan
[95]

Vascular endothelial growth factor Avastin (Bevacizumab) FDA-approved Ferrara et al. [96], Hurwitz et al. [97]

Vascular endothelial growth factor Neovastat (AE-941) III Gingras et al. [88]

Vascular endothelial growth factor A VEGF-Trap I and II Holash et al. [98]

Vascular endothelial growth factor receptor Vatalanib (PTK787/ZK 222584) II and III Manley et al. [99]; Morgan et al. [100]

Vascular endothelial growth factor receptor
2

Vandetanib (ZD6474) I and II Wedge et al. [101]

MMP matrix metalloproteinase, VEGF vascular endothelial growth factor, VEGFR vascular endothelial growth factor receptor, NFκB nuclear
factor of κB, TNF tumor necrosis factor, IL interleukin, PDGFR platelet-derived growth factor receptor, CSF-1R colony-stimulating factor receptor

a
Phase of therapeutic agents in clinical trial or approved by FDA
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