Chapter 11
Local Invasion

Patricia Rusa Pereira

11.1 Introduction

Tumor invasion is the hallmark of malignancy. The concept of invasion consists on
translocation of tumoral cells from the primary focus into neighboring host tissues,
further penetration of vessel endothelium and access to the circulation to form distant
metastasis (Guarino et al. 2007). Therefore, invasion and metastases are connected
comprising the major causes of morbidity and mortality related to cancer. They
consist of multiple steps and complex processes, including cellular detachment and
motility within the local microenvironment, degradation of the surrounding extra-
cellular matrix, and cellular movement, all of which must be successfully completed
to permit the growth of metastatic tumors in a new location (Ruan et al. 2009; Liotta
etal. 1991).

Within a tumor, it is known that multiple signal-transduction pathways changes
the adhesive and migratory capabilities of tumor cells, and tumor microenvironment
have critical roles in forming an invasive front that is responsible for malignant tumor
progression. At this stage of tumor development, tumor cells migrate into and invade
the surrounding tissue either as single cells or in collective clusters (Christofori 2006).

The importance of changes in cell phenotype between epithelial and mesenchy-
mal states, defined as epithelial-mesenchymal (EMT) and mesenchymal—epithelial
(MET) transitions, has been increasingly recognized in the pathogenesis of cancer
(Polyak and Weinberg 2009). The main characteristic of EMT is the disrup-
tion of intercellular contacts and the enhancement of cell motility. The resulting
mesenchymal-like phenotype is suitable for migration. Although the molecular
bases of EMT have not been completely elucidated, several interconnected trans-
duction pathways and a number of potentially involved signaling molecules have
been identified (Guarino et al. 2007).
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Fig. 11.1 Histopathology of tumours from a transgenic mouse model of pancreatic -cell carcino-
genesis (Rip1Tag)25. Note the differences between the epithelial organization of a benign adenoma
(a) and the cell invasion and nuclear atypia of a malignant carcinoma (b) This transition coin-
cides with partial epithelial-mesenchymal transition (EMT)—that is, loss of E-cadherin but not
cytokeratin expression, and gain of N-cadherin but not vimentin expression (not shown). (¢, d) Cul-
tured normal murine mammary gland (NMuMG) epithelial cells express E-cadherin and grow in
epithelial-like sheets. On stimulation with TGF-B, the cells undergo full EMT—that is, they change
to a mesenchymal, migratory phenotype through the loss of epithelial and the gain of mesenchymal
gene expression, including the cadherin switch. (Christofori, G. New signals from the invasive
front. Nature 441, 444-450, doi:nature04872 [pii]10.1038/nature04872 (2006))

Also, in the hypoxic environment, tumor cells undertake a series of changes not
only to survive and grow in hypoxic microenvironments but also to subsequently
expand and promote invasion and metastasis (Ruan et al. 2009).

11.2 Epithelial-Mesenchymal Transition (EMT) and Invasion

It is well known that epithelial cells are tight and closely related to each other,
compounding an unmovable structure. On the other hand, mesenchymal cells
are loosely-associated cells with a high capability of movement. The concept of
epithelial-mesenchymal transition is related to the change of the phenotype of a ma-
lignant cell (in carcinomas) and acquisition of an ability of movement. For example,
at the histological level, the invasive front of a solid carcinoma differs from the more
central parts by showing a less differentiated and less cohesive architecture, where
invading elements appear as individual cells or groups of very few cells in intimate
connection with the peritumoural stroma (Gatenby et al. 2007) (Fig. 11.1).
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Fig. 11.2 Overview of molecular markers and cellular changes during the epithelial-mesenchymal
transition (EMT). EMT is a well-coordinated event during embryonic development and a pathologi-
cal feature in tumorigenesis. During the EMT process, epithelial cells undergo dramatic phenotypic
changes, lose expression of E-cadherin and other components of epithelial cell junctions, adopt a
mesenchymal cell phenotype, and acquire motility and invasive properties that allow them to mi-
grate through the extracellular matrix. (Ouyang, G., Wang, Z., Fang, X., Liu, J. & Yang, C. J. Mole-
cular signaling of the epithelial to mesenchymal transition in generating and maintaining cancer
stem cells. Cell Mol Life Sci, doi:10.1007/s00018-010-0338-2 (2010)

EMT is a process, among other things, related to the invasiveness potential of the
cell, which includes: disruption of intercellular adhesion mediated by cadherins at
adherens junction, the loss of apicobasal polarity, cytoskeletal architecture reorgani-
zation, and the degradation of the basement membrane. At the end, the well-polarized,
adhesive epithelial cells are converted to non-polarized mesenchymal cells (Ruan
et al. 2009).

In fact, EMT is a physiological process seen in tissue morphogenesis during
embryonic development and in some tissue fibrosis in response to injury (Guarino
et al. 1999, 2007). Interestingly, many tumors have embryonic characteristics and
it is hypothesized that EMT can be considered an embryonic feature acquired by
tumor cells that enables them to metastasize. Carcinoma cells become more motile
and able to invade by acquiring characteristics similar to embryonic mesenchymal
cells, thereby allowing penetration of the stroma adjacent to the initial neoplastic
focus (Gatenby et al. 2007).

The molecular mechanisms by which the cells acquire a mesenchymal phenotype
are complex and involve multiple steps related to degradation and formation of
some crucial proteins. The main type of adhesion system in epithelia is E-cadherin
mediated cell-cell interaction. In turn, the mesenchymal cells are surrounded by
an extracellular matrix and the adhesion system comprises an integrin-mediated
cell-matrix interaction that allows the motility of single elements (Gatenby et al.
2007).

The pathways related to EMT-inducing includes TGF-b, Wnt, Notch, Hh, and
other tumor microenvironmental signals via the activation of multiple EMT tran-
scription factors such as Twist 1, Twist 2, Snail, Slug, ZEB1 and ZEB2 (Ouyang
et al. 2010).

The most important molecular mechanisms involved in the tumoral invasion are
summarized above (Fig. 11.2).
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11.3 Invasion and Signaling Pathways

Several cellular proteins implicated in invasion and metastastic activities belong to
larger families, members of which serve different activities and which may switch
from one isotype to another during tumor progression (Mareel et al. 2009). On this
section we will summarize only the most significant ones for invasion (Fig. 11.3).

11.3.1 TGF-B

Transforming growth factor § (TGF-g) is a multifunctional polypeptide signaling,
which regulates multiple cellular processes including proliferation, apoptosis, and
differentiation. It plays an important but incompletely understood role in normal and
cancerous tissues (Chung et al. 2009). Actually, it has a dual role during tumour
progression: as a suppressor of tumour growth during the early phases of tumori-
genesis by inducing cell-cycle arrest and apoptosis; But during the late phases of
carcinogenesis, it promotes EMT, tumour invasion and metastatic dissemination of
tumour cells (Christofori 2006).

TGF-p signals through serine/threonine kinase receptor complexes. When acti-
vated, it regulates the transcriptional activation of various TGF- responsive genes.
In addition, TGF-$ activates cellular mitogen-activated protein kinase signaling path-
ways, which regulate growth, survival and motility of cells. During tumorigenesis,
malignantly transformed cells often lose the response to the tumor suppressive ef-
fects of TGF-, which, in turn, starts to act as an autocrine tumor promoting factor by
enhancing cancer invasion and metastasis (Nagaraj and Datta 2010). Moreover, it in-
duces angiogenesis by upregulating the expression of angiogenic factors, such as vas-
cular endothelial growth factor-A (VEGF-A) and angiopoietin-1 (Christofori 2006).

In breast cancer cells, a protein that belongs to the TGF-p family called bone
morphogenetic protein seems to be implicated in cell growth, cell migration and
invasion, and possesses both tumor suppressive and oncogenic properties in breast
cancer cells (Ketolainen et al. 2010). Another in vitro studied showed that TGF-$
signaling is transiently and locally activated in motile single cells. TGF-p1 switches
cells from cohesive to single cell motility through a transcriptional program involving
Smad4, EGFR, Nedd9, M-RIP, FARP and RhoC. Blockade of TGF-p signaling
prevented cells moving singly in vivo but did not inhibit cells moving collectively.
Cells restricted to collective invasion were capable of lymphatic invasion but not
blood-borne metastasis (Giampieri et al. 2009).

In lung carcinoma, dysregulation of TGF-f signaling was identified as an im-
portant mediator of tumor invasion seen by microarray gene expression profiling of
human tumors (Toonkel et al. 2010). Also, in prostate cancer, increased production
of TGF-f causes immunosuppression, extracellular matrix degradation, EMT and
angiogenesis that promotes tumor cell invasion and metastasis (Jones et al. 2009).
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Fig. 11.3 Selected signalling pathways and some of their downstream effects and interactions are
depicted. Receptor tyrosine kinases (RTKs), transforming growth factor-p (TGFp), Notch, en-
dothelin A receptor (ETAR), integrins, Wnt, hypoxia and matrix metalloproteinases (MMPs) can
induce EMTs through multiple different signalling pathways, and the relative importance of each
of these may depend on the particular cellular context. EMTs and mesenchymal—epithelial tran-
sitions (METSs) are associated with dramatic changes in the cytoskeleton and extracellular matrix
(ECM) composition and attachment that act together to alter cell morphology. EMT-inducing sig-
nals can lead to the disruption of tight junctions and desmosomes through protein phosphorylation
(for example PAR6GA phosphorylation by TGFp signalling (Ketolainen et al. 2010)) or by repress-
ing protein levels (for example ZEB1 represses plakophilin 3 (Ref. 83)). EMT also results in the
dramatic reorganization of the ECM as many EMT-inducing factors upregulate the expression of
ECM proteins (such as fibronectin and collagens), proteases (such as MMPs) and other remod-
elling enzymes (such as lysyl oxidase). Hypoxia, RAC1B activation and activation of certain kinase
pathways (such as Akt) may lead to increased mitochondrial production of reactive oxygen species
(ROS) that elicit pleiotropic effects, including activation of hypoxia-inducible factor 1o (HIF1at)
and nuclear factor-kB (NF-kB) (orange circles), signalling and inactivation of glycogen synthase
kinase-38 (GSK3p). Besides the interaction among the various signalling pathways, there is also
extensive crosstalk among the EMT-inducing transcription factors (purple circles) and the microR-
NAs (miRNAs) regulating them. E-cadherin, epithelial cadherin; H/E(Spl), hairy and enhancer of
split; WNTR, Wnt receptor. (Polyak, K. & Weinberg, R. A. Transitions between epithelial and
mesenchymal states: acquisition of malignant and stem cell traits. Nat Rev Cancer 9, 265-273,
doi:nrc2620 [pii]10.1038/nrc2620 (2009)
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11.3.2 E-cadherin

E-cadherin, a single-span transmembrane glycoprotein of five repeats and cytoplas-
mic domain, is expressed primarily in epithelial cells. Its extracellular region has
a Ca’*-dependent homophilic adhesion function and the cytoplasmic domain inter-
acts with catenins. It is a tumor suppressor protein of many tumors, including breast
cancer (Baranwal and Alahari 2009).

As said, epithelial cells are attached to each other by e-cadherin mediated cell-
cell interaction, sustaining an immovable structure (Gatenby et al. 2007). It has been
proposed that in malignant tumors, hypermethylation can down-regulate e-cadh-
erin allowing dissociation of cells from the primary tumor enhancing the inva-
sive capability of cells. Subsequently, a decrease in methylation with re-expression
of e-cadherin in the metastatic site would restore cell-cell adhesion allowing es-
tablishment of secondary colonization (Graff et al. 2000). Moreover, experimental
studies have shown that expression of e-cadherin reduces the progressiveness and
invasion of tumoral cells, as well as formation of metastasis (Kowalski et al. 2003).

In several cancers, loss of e-cadherin is accompanied by a gain in the expression of
n-cadherin, in a process known as ‘cadherin switch’. N-cadherin, a cadherin typically
expressed in mesenchymal cells, enhances tumour cell motility and migration and
exerts a dominant effect over E-cadherin function (Guarino et al. 2007). It is not
a surprise that this mechanism seems to be related to the EMT of tumoral cells, in
breast (Baranwal and Alahari 2009; Lester et al. 2007), prostate (Gravdal et al. 2007)
and other cancers. By various mechanisms, expression of n-cadherin promotes the
aggressive behavior of tumor cells, ranging from interacting with receptor tyrosine
kinases at the cell surface to influencing the activation levels of Rho-GTPases in the
cytosol (Baranwal and Alahari 2009).

In sporadic breast cancer, inactivation of e-cadherins is important for the can-
cer progression and it is completely lost in infiltrative lobular breast cancer, which
suggests its function as a tumor suppressor (Baranwal and Alahari 2009). Morpho-
logically, breast lobular carcinoma cells are more loosely infiltrative compared to
others breast carcinomas. Also, abnormal expression of e-cadherins has been cor-
related to poor prognostic survival in patients with non-small cell lung carcinoma
(Miao et al. 2009; Tseng et al. 2010; Liu et al. 2009).

In prostate cancer, loss of e-cadherin has been shown to be correlated to worse
prognosis and bone metastasis (Pontes et al. 2010; Oortet al. 2007), the most common
site of prostate metastatic growth. Moreover, it was demonstrated an association of
the concurrent expression of unmethylated E-cadherin gene and E-cadherin protein
with metastatic prostate cancer cells in bone, showing that its expression may have a
role in the intercellular adhesion in the formation of metastatic lesions in bone (Saha
et al. 2008).

11.3.3 Tyrosine-kinase receptors

Activation of tyrosine-kinase receptors is a molecular feature that leads to the mi-
gratory phenotype implicated in EMT/invasion. These receptors, located on the cell
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surface, are activated by growth factors (Eg.: EGF, FGF, HGF and IGF) that are
related to cell proliferation differentiation and invasion (Guarino et al. 2007).

11.3.4 Src

Src is the prototypic member of a family of non-receptor membrane-associated ty-
rosine kinases including Fyn, Yes, BIk, Yrk, Fgr, Hck, Lck, and Lyn (Guarino 2010),
present in several normal tissues including neurons, platelets and osteoclasts (Yeat-
man 2004). It translate signals from the extracellular environment into intracellular
biochemical pathways that either activate nuclear factors ensuing in transcriptional
responses, or target cytoplasmic components resulting in a reorganization of the
cytoskeleton. Important physiological functions related to Src include cell prolifer-
ation and survival, regulation of the cytoskeleton, cell shape control, maintenance
of normal intercellular contacts, cell-matrix adhesion dynamics, motility, and mi-
gration (Guarino 2010; Thomas and Brugge 1997). Src can affect cell adhesion and
migration via interaction with integrins, actins, GTPase-activating proteins, scaf-
fold proteins, such as p130(CAS) and paxillin, and kinases such as focal adhesion
kinases (Kim et al. 2009). Also, Src is known to promote the expression of matrix-
degrading proteases, such as metalloproteinases (MMPs), by diverse mechanisms
(Guarino 2010).

It was demonstrated that in several tumors, the Src family kinases are over ex-
pressed or highly activated, and they are central mediators in multiple signaling
pathways that are important in oncogenesis. Moreover, Src have a critical role in cell
adhesion, invasion, proliferation, survival, and angiogenesis during tumor develop-
ment. Moreover, it is involved in tumor cell proliferation and angiogenesis (Kim
et al. 2009).

In prostate cancer cells, in vitro studies have shown that the chemopreventive
bioflavonoid apigenin inhibits cell motility through decreasing the activation of Fo-
cal Adhesion Kinase/Src signaling (Franzen et al. 2009). Src has been shown to
have a role in breast cancer, as a key co-regulator of Estrogen receptor-a, but fur-
ther studies are necessary to define the potential diagnostic and prognostic value
of this protein and as a possible therapeutic target (Gojis et al. 2010). It was also
demonstrated that activation of Src in breast carcinoma is related to bone metastasis
(Zhang et al. 2009).

Innumerous other signaling pathways exist regarding invasion and many of
them are interlinked. For example, Tumor necrosis factor-a (TNF-a) also induces
tumor cell invasion through NF-xB- and JNK-mediated upregulation of migration-
inhibitor factor (MIF) in macrophages, through enhanced matrix metaloproteinases
(see below) production or a281 integrin in tumour cells. Furthermore, TNF-a en-
hances the invasive property of cancer cells by inducing EMT through Snail- or
ZEB1/ZEB2-dependent mechanisms (Wu and Zhou 2010).
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11.4 The Relation of Hypoxia in Metastatic Signalling Pathways

As one of the most pervasive microenvironmental stresses and common features of
solid tumors, hypoxia plays an important but complex role in mediating or regulating
some hallmarks in the progression of human tumors from microinvasive to metastatic
cancers in vivo (Ruan et al. 2009). Hypoxia induces cancer cells to adopt mechanisms
that promote proliferation, induce or evade apoptosis, obtain unlimited replication
potential and genomic instability, evade immune attack, induce angiogenesis, and
invade and metastasize (Ruan et al. 2009).

Clinical studies have shown that tumor hypoxia is one of the important microen-
vironmental determinants for tumor cell dissemination (Ruan et al. 2009). In breast
cancer, Gatenby et al. showed that adaptation to hypoxia may represent one of the
key events during the transition from in situ to invasive breast cancer (Gatenby et al.
2007).

Hypoxia is known to activate a protein called HIF (Hypoxia Inducible Factor
Protein) by regulating two major switches that converge on o subunits (Kaluz et al.
2008). In human colon carcinoma cells, hypoxia or HIF-1a over expression promotes
matrigel invasion, whereas this process is inhibited by HIF-1a siRNA (Krishna-
machary et al. 2003). In human pancreatic cancer cells, HIF-1a inhibition can
enhance apoptosis, and restrain the invasion and metastasis (Chang et al. 2006).

It was shown that hypoxia and over expression of HIF-1 can promote EMT (see
above) and metastatic phenotypes (Ruan et al. 2009; Krishnamachary et al. 20006)
by upregulation of several proteins including Snail 1, Twist 1, Zeb 1 and 2 (Yang
et al. 2008; Pouyssegur et al. 2006). It has been hypothesized that hypoxia within
tumors, resulting in tumor necrosis, causes down regulation of E-cadherin, and
ultimately sets the metastatic cascade in motion. This dysfunction of the E-cadherin—
catenin complex would carry out an accumulation of $-catenin in the nucleus which is
accompanied by a more invasive phenotype of tumor cells at the tumour front (Demir
etal. 2009). Hypoxia may attenuate the expression of E-cadherin via activation of the
lysyl oxidase (LOX)-Snail pathway, indicating that hypoxia-induced LOX and HIFs
may be important factors that regulate tumor microenvironments to favor metastasis
(Ruan et al. 2009).

All these data indicate that tumor hypoxia and/or HIF signaling are strongly as-
sociated with malignant progression. However, the mechanisms that result in the
increased metastatic potential of tumor cells exposed to hypoxia and the exact role
of HIF-1a in the metastasis still have not been well defined (Ruan et al. 2009).

Tumor hypoxia also induces tumor angiogenesis, and modulates the expression
of several genes that have been implicated in tumor metastasis. For example is the
hypoxic induction of c-met gene expression, which amplifies HGF signaling by
sensitizing cells to HGF signaling. Thus, hypoxia seems to affect tumor cells in two
ways: it induces angiogenesis (for instance, through hypoxia-inducible factor (HIF)-
la- and HIF-2a-driven expression of the angiogenic factor VEGF-A) and locally
adapts the tumor environment for optimal tumor growth (Demir et al. 2009).

Tumor hypoxia can be now widely recognized as a cause of treatment failure
and poor outcome for a wide variety of adult malignancies and, thus, needs to be
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taken into account when evaluating prognostic and therapeutic options for cancer
patients. HIF-1 inhibition may represent a global strategy for targeting the hypoxic
tumor microenvironment and there is an extensive effort involved in identifying more
potent and specific HIF-1 inhibitors (Ruan et al. 2009).

11.5 Matrix Metalloproteinase (MMP) and Tumor Invasion

Degradation of the basement membrane and invasion of the underlying connective
tissue by neoplastic cells are recognized as fundamental steps in the development of
many epithelial cancers. Degradation of extracellular matrix (ECM) components is
primarily controlled by a balance among the proteolytic enzymes called matrix met-
alloproteinases (MMPs) and the corresponding tissue inhibitors of MMPs (TIMPs)
(Chuang et al. 2008), which are also commonly expressed in tumor sites.

Several studies suggest that MMP, a family of zinc-dependent endopeptidases,
play a significant role in extracellular matrix invasion. The 23 MMPs expressed in
humans are categorized by their architectural features (Kessenbrock et al. 2010). Two
members of the MMP family, MMP-2 (gelatinase A, 72-kDa type IV collagenase)
and MMP-9 (gelatinase B, 92-kDa type IV collagenase), are primarily responsible for
invasion of the ECM and basement membrane. The expression of these gelatinases
is relatively low in normal tissues and is induced when ECM remodeling is required.
While gelatinase expression is primarily controlled at the transcriptional level, its
activity is also regulated by post-translational factors, including proenzyme activation
by membrane-type MMPs and inhibition of enzyme activity by naturally occurring
TIMP (O-charoenrat et al. 2008). Because MMPs including MMP-2 are secreted
as an inactive zymogen, activation is another key regulatory step for MMP function
in vivo. The molecular environment in tumors appears conducive to MMP activation.
Activated MMP-2 was specifically observed in a variety of tumor tissues, suggesting
the presence of pro-MMP-2 activator(s) in tumor tissues (Sato and Takino 2010).
Indeed, aberrant expression or activation of MMP-2 and MMP-9 has been reported
in many different human tumors and has been linked to enhanced tumor invasion or
metastasis in in vitro and in vivo model systems (O-charoenrat et al. 2008). Also,
there are macrophage-derived MMP-2 and -9 that could act as tumor-associated
macrophages that might contribute to intravasation of cancer cells into the blood
stream (Kessenbrock et al. 2010).

Studies using high-resolution multimodal microscopy have showed the impor-
tance of ECM remodeling by another MMP member, the MMP-14-driven pericellular
proteolysis, which potently modeled the tissue to facilitate single-cell and collective-
cell migration and invasion (Kessenbrock et al. 2010; Wolf et al. 2007). A number of
ECM degrading proteolytic enzymes, such as MMP-1, -2, -13, and -14 and cathep-
sins B, K, and L have been also implicated in this process; however MMP-14 may
be critical and rate limiting in collagen turnover (Kessenbrock et al. 2010; Friedl and
Wolf 2008).
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In summary, MMPs have been implicated in cancer for more than 40 years, and
the notion that MMP-mediated ECM degradation leads to cancer cell invasion and
metastasis has been a guiding principle in MMP research (Kessenbrock et al. 2010).
MMP has been asssociated to tumor invasion in breast (Hancox et al. 2009; Sun
et al. 2009; Mizuma et al. 2008), lung (Lin et al. 2009), colorrectal (Kitamura
et al. 2009), pancreatic (Han and Zhu 2010) and endometrial carcinoma (Wang
et al. 2010), astroglial tumors (Lettau et al. 2010) and several other types of cancer,
and diverse anti-MMP compounds are experimentally being tested as therapeutic
drugs. Besides tissue invasion and intravasation, MMPs also affects growth signals,
regulate apoptosis, tumor vasculature, and initiation of the neoplastic progression
(Kessenbrock et al. 2010).

11.6 Contribution of the Tumor Stroma Microenvironment

In addition to the genetic, epigenetic, or somatic changes that occur in cancer, the
tumor microenvironment is now considered to be a critical factor in malignant pro-
gression and metastasis, and it influences the response to conventional anti-tumor
therapies (Ruan et al. 2009).

The background of the tumor microenvironment is similar to the inflammatory
response in a healing wound, which promotes angiogenesis, turnover of the ECM,
and tumor cell motility. Understanding the molecular mechanisms of this complex
interplay between malignant cancer cells and the surrounding nonmalignant stroma
represents one of the major challenges in cancer research (Kessenbrock et al. 2010).

Maintenance of epithelial tissues needs the stroma and when there is an epithelial
change, the stroma also changes (Wever and Mareel 2003). The main stromal cells on
this process are fibroblasts, also termed myofibroblasts or cancer-associated fibrob-
lasts (CAFs) (Micke and Ostman 2004). In fact, the term fibroblast encompasses a
number of stromal cells with a broadly similar phenotype. These cells have received
increased attention because of their participation in tumor development, including in-
vasion and metastasis (Franco et al. 2010). CAFs directly stimulate cell proliferation
as they produce growth factors, hormones and cytokines such as hepatocyte growth
factor, members of the epidermal growth factor, fibroblast growth factor, stromal-
derived factor-1a and IL-6 (Pietras and Ostman 2010a; Kalluri and Zeisberg 2006).
Moreover, CAFs are known to produce insulin-like growth factor-1 and 2, which
appear to impart tumor growth by transmitting survival signals. Additionally, CAFs
produces high quantities of pro-angiogenic factors, apart from VEGF-A (Pietras and
Ostman 2010b).

Interestingly, in colon cancer myofibroblasts were preferentially located at the
tumour—stroma border, and in invasive breast cancer, myofibroblasts were found in a
much higher proportion than in in situ carcinomas, and predominantly at the invasive
front (Micke and Ostman 2004). Moreover, it has been proposed that CAFs could
be a new target of the cancer therapy, as shown in the Fig. 11.4.
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11.7 Summary

Cancer invasion into adjacent tissue as well as vessels is a complex process mediated
by diverse signaling pathways, which are usually interlinked. EMT of the cancer
cells as well as degradation of the stromal proteins by MMPs are important features
related to cancer invasion. The microenvironment characteristics such as hypoxia
and presence of CAFs also contribute to the more invasive phenotype of cancer
cells. Innumerous compounds to block these pathways are currently being studied
as promising future therapies.
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