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SUMMARY: The process of malignancy emergence is associated with the acquisition of the capacity to invade other tissues.
Several different biological processes have been described as involved in this process. Specifically, epithelial mesanstignal tr
(EMT), a mechanism associated with embryogenesis and wound repair but also with mobility acquisition, is one of the concerned
processes. In EMT an epithelial cell loses its epithelial characteristics, its junctions with neighbor cells and with ldraibasatd
acquires mobility and mesenchymal characteristics. Also, factors of the tumor microenvironment have been described as involved.
Tumor presence triggers a response in the surrounding tissue known as reactive stromal. It shows particular charadlarigiics sim
those found in wound healing stroma: an increase of the fibroblast number and enhancing of the capillary density. Tlifeneteiele d
is the chronicity in the tumoral process. Of a high relevance seems to be the role of activated macrophages with acpaeuéyrjst.

Finally, cancer associated fibroblasts (CAF) are a type of cells found in tumors, developed from local tissue or possibhefrom
marrow. CAF characteristically show a distinct morphology and secrete a high number of metalloproteases allowing tumoral cells
advance through the tissue. Additionally, CAF have a direct effect on the survival of the epithelial cells. The threegm®tessedated

and metastasis is probably caused by the effect of all of them and probably by other additional factors.
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INTRODUCTION

Tumor development has been described as the result  Different studies carried out on several human tumors
of accumulative mutation events. Fearon & Vogelsteihave tried to identifyin vivo, genes implicated in the
defined this concept in terms of the adenoma- carcinomeetastasis process. Specifically, a study comparing ovarian
sequence: an early neoplastic lesion leads to a benigarcinoma samples with metastatic ovarian carcinoma by
adenoma and finally to a malignant adenocarcinoma becaesg@ression arrays showed 156 genes with differential
of B-RAF, RAS and p53 mutations. Meanwhile, malignancgxpression (Bignottt al, 2007).
emergence is associated with the acquired capacity to inva-
de other tissues. In this case the tumor becomes In a later study, data from samples of ovarian carci-
heterogeneous and some cells are able to separate from othersa in different stages from The Cancer Genome Atlas
and spread into other tissues. When these cells reach Were analyzed together. A strong association between
blood through the lymph vessels, the dissemination can readvanced stage and overexpression of a genes core, all of
distant tissues. which are implicated in desmoplastic reaction of the stromal

and EMT, was found. The overexpressed genes included

There is a great interest in identifying the biologicafibroblast activation protein (FAP), actin alpha 2 (ACTA2)
process involved in the acquisition of mobility and invasivityor several collagens, remarkably COLL11A1,
Currently, studies are focused on three mechanisnraetalloproteinases, specifically matrix metalloproteinase-
epithelial- mesenchymal transition (EMT), tumorll (MMP11) and cadherins, overall cadherin 11(CDH11).
microenvironment influence and activated fibroblasts presenhis expression profile is the same as a particular type of
in tumoral desmoplastic reaction, the cancer associat€AF described as metastasis associated fibroblast (MAF)
fibroblasts (CAF). These three mechanisms are totally int€Kim et al, 2010). These results were replicated in samples
relationed and we cannot separate the influence of ooktumors from other origins (colon, gastric, breast) finding
process from the influence of the other. Especially, since thssimilar association. Therefore, the genetic profile found in
same molecules are involved in different processes. metastatic samples supports the theory of the implication of
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the three mentioned process in the acquisition of invasivigpithelial cell to mesenchymal cell obviously causes its
and metastasis. separation from basal membrane and the acquisition of
mobility. Evidently, this process is not all or nothing, as it
EMT . EMT is a biological process that allows epithelial celimplicates a sequence of events with several intermediate
anchored to the basal membrane to assume a mesenchystes associated with differential markers expression of both
cellular phenotype, by multiple biochemical changes. Thes&tremes: epithelial and mesenchymal.
changes include an increase in their capacity for migration,
invasivity and apoptosis resistance and a high incrementin ~ Apart from the organ formation, EMT plays an
the production of extracellular matrix components. EMT isnportant physiological role. When the organ is finally
implicated in physiological processes such as implantatioteveloped, the final differentiation of the epithelial cells
embryogenesis or organs development (Type 1 EMT), aows them to maintain the epithelia structure and specific
well as tissue repair and fibrosis (Type 2 EMT). During thitfunction through their high specialization. In this
process, epithelial cells stop the expression of epitheliahvironment, the role of the mesenchymal cell seems to be
markers such as E-cadherin, cytokeratin, zona occludensecondary. However, processes associated to tissue
1, laminin 1 or entactin and activate the expression oéparation and relationed with pathological stress,
mesenchymal markers such as FAP, N-cadherin, vimentspecifically with inflammation, need this mechanism to
fibronectin, b-catenin or a5b1-integrin. The transition fromecover the integrity of the epithelium when it is disturbed.
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Fig. 1. A. Tumoral process causes CAF appearance. CAF are characterized by morphological differences with normal flprablasts, a
SMA expression and metalloproteinases secretion. Metalloproteinases promote the matrix degradation favoring the tuhzaiateells a
CAF also increase the angiogenesis allowing tumoral cells to reach the blood; B. EMT process allows an epithelial cedl to acqui
mobility. Epithelial cell experimenting EMT progressively decreases its expression of epithelial markers and increasectignmésen
ones. This causes its detaching of the basal membrane and the acquisition of mobility allowing it to reach the blood asslidstan

In the new location, the reverse process, MET, will develop a epithelial cell with the same characteristics of the @iigfoas, &h
metastasis; C. The microenvironment of the tumor is a complex system formed by endothelial cells, smooth muscle cefls, pericyte
fibroblasts and immune system cells. Unresolved inflammation causes an increase of epithelial cells survival and angiogenesis.
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For this, a complementary process, the transition fronarrangement of the cytoskeleton particularly dramatic in
mesenchymal cell to epithelial cell (MET), is needed. Typiae case of the intermediate filaments since it implies great
2 EMT, associated to wound healing and tissughanges as the loss of expression of keratins, typically
regeneration, stop when inflammation decreasespithelial, and the new expression of vimentins,
Sometimes, inflammation is chronic and the maintenancbaracteristic of mesenchymal cells (Omeial, 2004).
of the response causes fibrosis development. This proc&tter molecule associated with EMT is the fibroblast
has been also associated with implication of thgpecific protein FSP-1/S100A4, a component of the
desmoplastic reaction of the stroma and metastasis capagityperfamily of calcium binding proteins implicated in the
changes of the cytoskeleton.
A third type of EMT has been directly associated
with cancer progression and metastasis (Yang & Weinberg, = These changes produced in EMT are controlled by
2009). The first step for tissue invasivity is the separatidhe increased expression of transcription factors as SNAI1
of the tumoral cell from the basal membrane. This requiréSnail), SNAI2 (Slug), TWIST1 (Twist) and ZEB2 (SIP1)
modifications in the junctions between cells and with thEZeisberget al).
extracellular matrix, important changes in the cytoskeleton
and an increase in its mobility. All of this occurs by an Recently, a number of genes coordinately co-
EMT process. Studies performed in mice anditro cell expressed in EMT have been described, defining an “EMT
culture have shown the presence of carcinoma cells witltare signature”. This consists in the down- regulation of
mesenchymal phenotype and expression of mesenchyrh&® genes, including the E-cadherin, and the up- regulation
markers as smooth muscle actin alpha (a-SMA), fibroblasif 87 genes, being the most remarkably the N- cadherin,
specific protein 1 (FSP1), vimentin or desmin. These celNsmentin and the matrix metalloproteinase 2 (MMP2).
appear typically in the front of the tumor and probably theimterestingly, studies performed on tumor samples of
reach the vessels and are carried by the circulation adifferent origin (breast, ovarian, colon, neuroblastoma)
extravasated to other tissues whereby the MET originatelsowed a number of genes overexpressed in all of them.
the metastasis. In the MET process, the transieRemarkably, among these overexpressed genes is Slug, a
mesenchymal cell recovers its precedent characteristicanscription factor associated with EMT, several collagens,
giving a same type of tumoral cell to the original (Zeisbergverall COL11A1, proteinases and a high number of matrix
et al, 2009). glycoproteins, suggesting that an EMT process has occurred
in the tumor. Specifically, this profile of overexpressed
Morphologically, EMT is characterized by the losggenes in tumoral cell included 17 genes described as typical
of the typical apical- basal polarity of the epithelial cellfrom the “EMT core signature”. Among them, CDH11,
and the strong union with the adjacent cells. An anterioACTA2 (aSMA, alpha smooth muscle actin), SNAI2 and
posterior polarity is developed associated with mobilityIM stand up (Anastassicet al, 2011).
acquisition, the typical fusiform morphology and an
interaction with the surrounding matrix including EMT does not happen in all tumor cells. On the
protrusions development. All of these characteristics allogontrary, it would be a process occurring in a much reduced
the advance of the cell through the extracellular matrixumber of cells. This is an important limitation of the study
(Adams, 2001). In these interactions the integrins contactiofjthese processes: the low percentage of implicated cells
with actin and the intermediate filaments are mainlynakes it difficult to study and follow up.
involved. At the same time the movement of the tumoral
cell through the extracellular matrix requires the action of EMT induction depends on a high number of factors.
proteases. Specifically, metalloproteases anchored to theong them itis supposed to be involved the Wnt pathway,
membrane play a key role. These metalloproteases &exigehog pathway, cytokine transforming growth factor
highly overexpressed in EMT and are able to activate thigta (TGFb), Notch or nuclear factor kappa B (NF-kB)
process (Mohameet al, 2006). (Songet al, 2007). Anyway, EMT induction seems to be
associated to stroma molecules, specifically hepatocyte
Expression studies show an association betwegnowth factor (HGF), epidermal growth factor (EGF),
EMT and “cadherin switching”, consisting in a progressiveplatelet derived growth factor (PDGF) and TGF-b. These
loose of the E-cadherin (CDH1) expression and amolecules induce the expression of transcription factors as
increment in N- and OB-cadherin or cadherin-11 (CDH11¥nail, Slug, ZEB1, Twist, Goosecoid and FOXC2. Signal
Other proteins present in epithelial cellular junctions asansduction is mediated by proteins as ERK, MAPK, PI3K,
claudins, occludins or conexins are also associated witkt, Ras, or c-Fos and surface proteins as b4 integrins,
EMT (VMoulgari et al.,, 2009). EMT also requires aabbl-integrin or aVbh6-integrin (Tt al, 2007).
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Other key protein in the involvement of the EMTdysplasia promotes the neoplastic development. This theory
with the metastasis progression is E-cadherin. It has bgawstulates that the tumor is a wound that never heals (Dvorak,
described that the loss of E-cadherin expression is associé28@5). Cells participating in the inflammatory reaction and
with poor prognostic, tumor progression and metastagsi®rmally driving to a damage resolution react paradoxically
(Kowalskiet al, 2003). E-cadherin expression is controlledo the presence of epithelial cells promoting their survival,
by SNAI1, SNAI2, ZEB1 and ZEB2, transcription factorsreplication and angiogenesis (Albatial). In this way, con-
associated to EMT development. trol mechanisms of the epithelial cells dysfunction by the

stromal cells have been described. These mechanisms would
Tumor microenvironment. It is generally accepted that tu-be the responsible of the evolution from hyperplasia to a
mor growth is not just determined by malignant cells butancerous process. Data supporting this theory are the finding
also by the tumor stroma. However, is the stroma involved an important phenotypic difference between normal
in the metastasis process? Recent studies indicate that imacrophages (M1) and tumor associated macrophages
Stroma around tumoral cells shows particular characteristiCBAM) (M2). Moreover, even the number of TAM has been
similar to those found in wound healing stroma. Theseorrelated with the prognosis of several cancers being worst
differences with the normal stroma classify it as reactiwghen the number is higher. Determined cytokines, as IL-4
stroma, characterized by an increase of the fibroblast numbéd IL-10, polarize TAM through M2 phenotype. This
and enhancing of the capillary density. The tumophenotype is characterized by the low capacity of antigen
microenvironment is a complex system formed by mamgresentation, produced by factors avoiding T cells
cellular types, including endothelial cells, smooth muscleroliferation, and a higher cellular debris elimination activity,
cells, pericytes, different types of fibroblasts, myofibroblas@ngiogenesis and tissue remodeling (Leetigl, 2006).
and a high diversity of cells from the immune system (AlbinAdditionally, it has been described that inflammation indu-
et al, 2007). ces EMT in animal models (Rhimt al). To sum up,

inflammation may promote cancer progression through its

Experiments from several authors have described teéfect in the primary site and also by facilitation of cells
presence of mesenchymal cells of tumoral origin in bloagiccess to the circulation. Adipocytes around the tumor have
very early in the tumoral process, even in premalignant stalgeen also described with a high relevance. Studies of
(Rhim et al, 2012). Similar results were found in breastransplanting tumoral cell in mice showed that the cells from
cancer studies where “slept” EMT cells were found in theuman origin suffer expression changes compatible with
perimeter of infiltrate ductal carcinomas (Raviedjal, EMT. At the same time, in cells from mouse tissue the
2012). This process seems to be inflammation dependenpression of adipocytes markers decreases (Anastassiou
since it is avoided by the administration of dexamethasora,). This loss of differentiation may promote the tumoral
an anti-inflammatory agent (Rhiet al). cells migration. Some authors identify these processes with

acquisition of stem cell characteristics and, therefore, they

The role of the inflammation in the development andonsider this process associated to the tumoral stem cells
progression of cancer has been extensively studig@aniet al, 2008). The consequence is the development of
Microenvironment concept was described for the first tima stromal reaction to the tumor. The process is promoted
as soon as XIX century in the “seed and soil” theory byainly by the vascular endothelial growth factor (VEGF)
Paget. However, recent data show not only an implicatioaleased by fibroblasts and inflammatory cells. VEGF pro-
of the interaction of the tumor with the endothelial cells buduces extravasation of plasma containing proteins as fibrin.
also with the stromal cells surrounding the tumor, includingibroblasts and inflammatory and endothelial cells are
inflammatory cells. The inflammatory process consists inattracted so the angiogenesis of the tumor is promoted.
serial of reactions including the pathogen elimination argpithelial carcinomas cells are separated from the stroma
the tissue remodeling. In a crucial point the aggressiyy basal membrane. When the carcinoma becomes invasive,
reaction against the pathogen, and frequently against the Hms$al membrane is degraded and the activated stroma takes
tissues, becomes into response characterized by tmntact with the tumoral cells increasing the stromal
mesenchymal cells activation, production of collagen andfluence. However, even when tumoral cells are separated
other components of the matrix, tissue regeneration and nflam the stroma by the basal membrane, communication
vessels formation. In the carcinogenesis the absence dietween them exists.
chronic inflammatory process resolution, produce an
alteration in this sequence and homeostasis is never reached. Invasive carcinoma is associated with desmoplastic,
In this situation, the alteration of the process promotes the increased deposition of extracellular matrix (ECM)
tumor growth by the activation of the stroma surroundinmolecules. Between the ECM molecules, tenascin-c
and the neovascularization. The continuous hyperplasia amad hyaluronic acid are associated to a higher invasivity.
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Therefore, ECM produced by fibroblasts, influence on thwhich do not express CXCL12, and neither induce
invasion capacity of the tumor. ECM deposition alsangiogenesis or hardly any tumor growth (Origtoal.,
conditions the growth factors availability and the interactioR005). Indeed, CAF chemokine secretion from breast tu-
with cells through integrins. mor induces proliferation and migration of the tumoral cells
(Orimo et al). Results from our laboratory showed a high
Reactive stroma is produced as a consequence of theression of COL11A1 in peritumoral myofibroblasts from
effect of TGFbeta, PDGF and fibroblast growth factor Breast cancer. It was also confirm in pancreatic
(FGF2) released by cancer cells over the fibroblast. Probaldglenocarcinoma where a high overexpression of COL11A1
it reflects an attempt of containing the cancerous lesion. Higias found by DNA microarrays of these tumor samples,
angiogenesis in the stroma is also produced by the stromadrresponding with a very specific immunostaining of
cell-derived factor 1 (SDF1), a chemokine with an additionaleritumoral fibroblasts being negative in normal tissue,
direct effect over the tumoral cells. Specifically, SDFtumoral cells and benign inflammatory reaction (Garcia-
increases the proliferation of the cancer cells. Ocafaet al, 2012). Experiments injecting immortalized
prostate epithelial cells in mice showed that only when CAF
CAF. Regarding the implication of CAF in metastasis a higivere injected at the same time, tumor developed and not
number of studies have been developed. These fibroblastsen normal fibroblasts were used. One theory about
have been denominated peritumoral fibroblasts, fibroblasistivated fibroblasts associate them with the EMT process,
from the reactive stroma or cancer associated fibroblaségain relating two processes described as implicated in
Characteristically, CAF are activated fibroblasts withirmetastasis. Several different origins have been described for
desmoplastic lesions that are associated with malignaD#F, both from local resident tissues and bone marrow.
tumors and often express alpha- smooth muscle actirobably, CAF reflects a heterogeneous cellular type derived
Fibroblasts have been described as no-vascular, no-epithefi@m more than one cell type. One of these may be an
no- inflammatory cells present in the connective tissue amgithelial cell through an EMT process (Kallerial, 2009).
are its main cellular component. Its functions are thieor example, it was described that 30% of the activated
formation of the main part of the extracellular matrix, théibroblast in kidney fibrosis are derived from tubular
regulation of the epithelial differentiation, the control of thepithelial cells by EMT. However it is not clear the origin of
inflammation and they are also implicated in wound healinthe cells suffering EMT in a tumor. In studies developed by
Fibroblasts also synthetizes metalloproteases, implicatedkianotransplantation of tumoral human cells to
matrix degradation. When the tissue damage happemamunosuppressed mice, a profile of genes activation
fibroblasts activate and participate in the reparation processsociated with EMT expression through Slug transcription
When the damage is continuous, fibrosis is developefdctor was found in human cells, therefore, tumoral cells,
Activated fibroblasts produce a higher number of matrikut it was accompanied by a decrease of adipocytes markers
components and proliferate quicker than those from tlwe mouse cell, then stromal tissue (Anastassbal.).
healthy tissue. After reparation, activated fibroblastsherefore, the cells in EMT process may be cancer stem
disappear. In fibrosis and in tumor formation, fibroblasts keeagells or tumoral cells under the influence of the adipocytes
constantly activated. Activated fibroblasts are characterizefithe stroma. Atheory accepted by many authors postulates
by an increase of the collagen I, tenascin, EDA- fibronectihat EMT may convert cancer cells into mesenchymal,
(extra domain containing — fibronectin) and SPARC (secretéibroblast- like cells that may well assume the duties of CAF.
protein acidic and rich in cysteine) secretion. Frequently, as
it was mentioned before, CAF expresses smooth muscle  Again, in these studies, COL11A1l played an
alpha actin. important role. However, studies carried out by us in tumoral
celllines as A549, MDA-MB231, CAPAN or HT29 exposed
CAF number is very high in stroma associated tumots TGFb in order to activate the EMT, did not show an
of breast, lung, colon and pancreas. CAF activation iscrease of COL11A1 expression by immunohistochemistry
mediated by MCP1 (Monocyte chemotactic protein-1)ysing a monoclonal antibody developed in our facilities
matrix degradation proteinases and TGFbeta (transformi{@arcia-Ocafiat al). Probably, this result is due to the small
growth factor beta). Their role as activators of tumor growthercentage of cells suffering from EMT.
and angiogenesis through CXCL12 expression, a known
ligand of CXCR4 chemokines receptor has been Regarding the mechanisms associated to CAF
demonstrated. Additionally, CAF synthetizeinvolvement in metastasis, metalloproteases secretion may
metalloproteinases. These enzymes promote the matbi& crucial. Metalloproteases act over the extracellular matrix
degradation and facilitate advance of the tumoral cells. CAflowing tumoral cells to migrate through it and reach the
show a different phenotype compared with normal fibroblastérculation. Also, it is clearly remarkable that CAF influences
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on angiogenesis and chemokine secretion increasetastasis development years after extirpation of small tumors
Additionally, cooperation between normal fibroblast anavith no evidence of metastasis at the diagnosis (Painaé|
immune system preventing tumorigenesis has be@008). Also the presence of metastasis without evidence of a
described. This anti-tumoral mechanism might be the CAffimary tumor (Greco & Hainsworth, 2009) makes it easier
loss (Chenget al,, 2005). Finally, recent reports haveto refuse this “Darwinian” theory. By now, it is believed that
indicated a relevant role for CAF in the modulation of cancéne appearance of cells capable of origin metastasis is
stem cells (Malanctet al,, 2012). independent of the tumor evolution and it could happen in the
first stages of the tumoral process, even in precancerous lesions
(Rhimet al). Experiments made in pancreatic cancer murine
CONCLUSION models, by marking the cells from pancreatic origin, showed
the presence of tumoral mesenchymal cells, originated inside
the pancreas, in the blood in very early phases of the tumoral
Although the first hypothesis about metastasis origiavolution, even when only precancerous lesions are present
were based in an accumulation of ntiotas until one of them (Rhimetal). The process has been describes as a consequence
provides the invasivity and metastasis capability, nowadaysf, several mechanisms where inflammation was crucial, as it
this theory is into abeyance, as it is believed that the metastasiavoided by dexamethasone, and probably CAF are generated
power is acquired sooner. This is supported by the datalmf an EMT process.

DIAZ-PENA, R. & CASTRO-SANTOS, P. Cambios histoldgicos implicados en metéastadsts.). Morphol., 32(3)935-941, 2014.

RESUMEN: El desarrollo de malignidad esta asociado con la adquisicion de la capacidad de invadir otros tejidos. Varios
procesos diferentes han sido asociados con la aparicién de metastasis. Concretamente, la transicion epitelio mesénquima (TEM),
mecanismo asociado con embriogénesis y reparacion de heridas pero también con adquisicion de movilidad, es uno deeligs. En la
una célula epitelial pierde sus caracteristicas epiteliales, sus uniones con las células vecinas y con la lamina basahy\alidate
y caracteristicas mesenquematicas. También han sido asociados factores del microambiente del tumor. La presencia detéumor prod
una respuesta en el tejido que lo rodea descrito como estroma reactivo. Sus caracteristicas son similares a las delsskendas de
en proceso de curacién: un incremento del nimero de fibroblastos y un aumento de la densidad de capilares. La grais thferencia e
cronicidad del proceso tumoral. De gran relevancia es el papel de los macréfagos activados que muestran un fenotipoocaracterist
Finalmente, los fibroblastos asociados a cancer (FAC) son un tipo de células encontradas en tumores, que se desardel &jidarti
local o quiza de la médula 6sea. Los FAC, de modo caracteristico muestran una morfologia diferente y secretan una gcen cantidad
metaloproteasas permitiendo a la célula tumoral avanzar a través del tejido. Ademas, los FAC ejercen un efecto diretipesoire la
vencia de las células epiteliales. Los tres procesos estan interrelacionados y la metastasis es causada probableewntdetds £f
ellos y probablemente por otros factores adicionales.

PALABRAS CLAVE: EMT; CAF; Metastasis; Cancer; Inflamacién.
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