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Abstract 

Solid tumor cancer or carcinoma is one of leading causes of mortality in the developed the 

world. Metastasis or the spreading of the disease throughout the body is the prime reason for 

death due to carcinomas. Current therapies dealing with the disease are unable to offer a cure as 

they focus on already established metastases.  In order to find ways to circumvent metastasis, the 

focus of research has now shifted towards preventing the initial onset of metastasis. Epithelial 

Mesenchymal transition (EMT) is presumed to be one of the key players in the initial steps of 

metastasis (invasion). Although there is a lack of clinical proof of its existence and correlation, in 

vitro studies claim otherwise and it is still hailed by many to be one of the most important steps 

in metastasis. However, there are also some findings that claim the onset of metastasis devoid of 

invasion and EMT using a more passive approach. It appears that there is no single consensus on 

the exact mechanism of the initial steps of metastasis and the role of EMT in the same. Thus, we 

propose a model to alleviate the uncertainty regarding the involvement of EMT in metastasis.   
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ENVISIONING A MODEL FOR THE INITIAL STEPS OF 

METASTASIS TO BETTER UNDERSTAND THE ROLE OF 

EPITHELIAL MESENCHYMAL TRANSITION IN CANCER 

 

1. Introduction 

 

Cancer is the major cause of death in most developed nations. In the United States alone; every 

year about 10 million new cases are registered out of which about 500,000 die due to carcinomas 

(1). And in 2006 in Europe, there were an estimated 3,191,600 cancer cases diagnosed out of 

which 1,703,000 were fatal – a majority of them being “metastatic” solid tumor cancers (2).  

Metastasis is the ability of the primary tumor to spread or „metastasize‟ to distant organs and form 

secondary tumors; which is the major cause of death in cancer patients. Several steps are 

speculated to be involved in this spreading phenomenon,  that is metastasis; loss of cellular 

adhesion, increased motility and migration in the extra cellular matrix (ECM) (invasion), entry 

into the blood vessels (intravasation), survival in circulation, exit into distant organs 

(extravasation) and eventual colonization of a distant site (3). Cancers originating from epithelial 

cells, generally referred to as carcinomas, are most likely to form distant secondary metastases. 

For the secondary metastases to survive, angiogenesis (sprouting of new blood vessels from the 

existing vasculature) is essential and the process of formation of which, being the hall mark of 

metastasis in cancer, has been a prime target for tackling the disease (4;5). But however, these 

efforts have not been able to cure the disease, but only prolong life by a few months. This is 

attributed to the fact that by the time most patients are diagnosed with the disease and treated, 

metastasis would have already taken place with multiple metastases established and hence, little 

can be done to undo it. Therefore, in the search for a cure, the focus of research has now shifted 

towards the early detection of the disease and preventing the inception of metastasis itself. 
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Early detection of carcinomas has its trials and tribulations but it will not be the focus of this 

article. Once a carcinoma is identified at an early stage, it is imperative that the onset of the most 

fatal aspect of the disease – metastasis; should be avoided. As mentioned before, Metastasis 

entails the following processes: loss of cellular adhesion, increased motility and migration in the 

ECM (invasion), entry into the blood vessels (intravasation), survival in circulation, exit into 

distant organs (extravasation) and eventual colonization of a distant site (3). The latter steps of 

metastasis i.e. arrest within the blood vessel, extravasation and colonization of the secondary site 

have been well documented; as it is known that cancer cells express endothelial adhesion 

receptors, similar to leukocytes, which allow them to roll on and adhere to the endothelium 

within the blood vessels (6-8). 
 
And studies have found clumps of cancer cells surviving and 

growing within the lumen of blood vessels at the secondary site (9). But targeting these latter 

steps has proven to be quite tricky owing to the lack of consistency and a high degree of 

variability of the location, incidence and number of metastases that vary between individual 

patients. On the other hand, it is assumed that the initial steps of metastasis may be, unlike their 

latter counterparts, more uniform and predictable. But, there is diminutive knowledge about the 

initial steps of metastasis that leads to and includes intravasation; especially in carcinomas. 

These initial steps that are involved in the advancement of a „carcinoma in situ‟ (a primary tumor 

with the potential to metastasize but hasn‟t metastasized yet)  to its metastatic counterpart, is 

believed to encompass multiple events such as altered cellular adhesion, cellular motility and 

resistance to extracellular death signals (invasion), among others (10). These initial steps, 

collectively termed Invasion, are presumed to be prolific targets for therapy in hopes of 

preventing the onset of metastasis thus hoping to greatly reduce the fatal aspect of the disease. In 

this initial set of processes, one of the most prominent suspects that is speculated to be the reason 

for carcinoma cells to gain a migratory, invasive conformation during invasion is Epithelial-

Mesenchymal Transition (EMT). 

 

Epithelial-Mesenchymal Transition (EMT): The EMT program is a complex series of 

physical and cellular events that results in epithelial cells losing their collective epithelial traits 

and morph into individual, migratory mesenchymal conformation that allows them to break away 

from the cluster of cells (11). It is a program of development of cells characterized by loss of cell 

adhesion, secretion of Matrix Metalloproteases (MMPs), repression of E-cadherin expression, 
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and increased cell mobility (11-13) (See figure 1.1a). The EMT program is a normal embryonic 

process that occurs during various stages of embryogenesis (14) and also presumably, in 

pathological conditions such as cancer. EMT is characterized by the extensive change in the gene 

expression pattern of the cells in question especially the transcriptional changes leading to the 

loss of E-cadherin expression which is involved in cell to cell adhesion and maintenance of the 

epithelial cell morphology (15). This ability is presumed to be of vital importance in cancers; for 

the invasive cells to break away from the primary tumor mass initiating metastasis. Also changed 

is the actin myosin cytoskeletal dynamics allowing the cell to assume a more migratory 

phenotype (16). Cells, as a result of EMT have a polarized migratory phenotype with extensive 

extra cellular matrix (ECM) remodeling capabilities due to the expression of MMPs which allow 

them to overcome barriers such as the basement membranes of the vascular system (17;18).  This 

lytic ability is, however, attributed to the capacity of these cells to overcome the basement 

membrane lining the vasculature and enter the blood stream (intravasation) consequently leading 

to metastasis (See figure 1.1b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: (a) Epithelial 

Mesenchymal Transition: Cells with 

distinct polarized epithelial 

morphologies undergo 

transcriptional changes in order to 

morph into a mesenchymal 

conformation that allows them to 

break away from the epithelium. 

Mesenchymal cells secrete matrix 

metalloproteases to facilitate ECM 

remodelling.  
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These migratory cells, after entering the blood stream (19) not only need to survive the 

intravascular pressure but also need to adhere various target sites near their supposed secondary 

metastatic site (presumably via cell-surface receptors expressed by tumor cells and their cognate 

ligands expressed regions of the vascular basement membrane) (20), exit the blood vessels at a 

suitable distant site (extravasate) and migrate through the ECM again and then regain their 

epithelial conformation (undergoing Mesenchymal-epithelial transition (21) – the opposite of 

EMT) to form a secondary tumor. To explain such a degree of plasticity and resilience of such 

cells, it is assumed that these metastasizing cells are “stem cells” or have stem cell like 

characteristics. Stem cells possess the ability to self renew, undergo differentiation and morph 

into multiple cell types and also can revert back (22). It is assumed that the metastatic potential 

of a tumor is based on the presence of a low number of stem cell-like tumor cells that have been 

identified in tumor tissue to be the active source of metastatic spread (23-25). EMT, in particular, 

has been recently associated with acquisition of this “stem cell” like character, including the 

ability to self-renew and efficiently initiate tumors (26-28). Thus, highlighting the idea of the 

formation of distant metastases by these very cells that have undergone EMT and further 

emphasizing the importance of EMT in metastasis. 

 

 

 

 

Figure 1.1: (b) Epithelial Mesenchymal Transition aided intravasation: Invading tumor cells (with an 

EMT signature) overcome the basement membrane lining the vasculature by secreting Matrix 

metalloproteases (green dots) and enter the blood stream (active intravasation)  
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Consequently, a lot of emphasis has been given lately to this particular process of EMT in hopes 

of circumventing metastasis (29). If EMT is indeed such an important process, with significant 

mechanistic implications,
 
it should be seen frequently in surgical pathology specimens

 
sent for 

diagnosis and be a well-recognized feature, used for
 
prognostic evaluation. But it has

 
not been 

recognized and documented extensively by any surgical
 
pathologist and is not used clinically in 

any of the published
 
schemata for evaluating the grade, stage, or prognosis of a

 
cancer (30). Also, 

even if the hypothesis of EMT being the prime cause for metastasis is considered to be credible, 

the chance of these few cells with an EMT origin possessing a stem cell character (31) to 

undergo all the changes, survive the passage through the vasculature, find an appropriate niche in 

a distant region of the body, extravasate and metastasize is quite low and hardly plausible. As the 

probability of this happening contrasts significantly with the high incidence rate of metastasis in 

carcinoma patients. In addition, many aggressive, invading tumors do not exhibit a molecular 

signature of EMT, suggesting that EMT may not be involved in every type of single cell invasion 

and that some tumors may undergo a partial or incomplete EMT (12;30). Metastasis hence could 

be achieved by multiple methods that may or may not involve EMT which could undermine the 

importance of it. And the lack of clinical evidence of its correlation to metastasis casts a serious 

doubt on the credibility of its presumptive „major role‟ in cancer metastasis. 

 

Therefore, considering the fact that both literature and data suggests that metastasis is 

possible devoid of EMT, the emphasis has to be shifted to other processes also involved in 

metastasis and use a multifaceted approach to circumvent metastasis. And though there has been 

extensive research for the past century on cancer and particularly the last few decades focusing 

on the molecular mechanisms involved in metastasis, it appears that there is no single consensus 

on the series of events leading to metastasis and the role of EMT in the same. Also the fact that 

there is clinical data to support conflicting views on the involvement of EMT makes it even 

harder to have a single accorded explanation. Although, EMT is hailed as one of the important 

prospective prognostic biomarkers for metastasis, there is very little clinical data to support the 

correlation. But still the amount of research done in this field in hopes of circumventing 

metastasis, and in a broader sense - to cure cancer, is immense and the focus and attention given 

to this topic probably may not be as rewarding unless we carefully understand the limitations and 

possibilities of the process. 
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Figure 1.2: From Bockhorn et.al., 2007. Active and passive mechanisms in initial steps of metastasis 

Left: reports that cancer cells accumulate mutations, upregulate migration machinery, and align and 

migrate up nutrient or chemokine gradients, are in support of active metastasis. Fibroblasts, 

macrophages, or other stromal cells are also likely to cooperate with cancer cells to actively help with 

the initial stage of metastasis. Right: however, there is evidence that many dead cells are shed into the 

vasculature, which implies a passive mechanism. It is possible that uncontrolled focal growth crushes 

or impinges upon fragile tumour blood vessels, leading to passive shedding. Similarly, fluid oozing 

from the tumour surface might help with shedding of cancer cells into lymphatic vessels. 

 

 

2. Mechanisms of Invasion 

 

Considering the complexity and the multitudes of processes presumably involved, scores of 

models can be hypothesized to comprehend the process of invasion and initial intravasation. 

With respect to the involvement of EMT, however, two distinct mechanisms can be explicated: 

the passive and active mechanisms of invasion as reviewed by Bockhorn et.al (32). The active 

mechanism of invasion is where there is an accumulation of mutations that favor migration, (33) 

cytoskeletal reorganization (34) and integrin expression to support the migration machinery, (35) 

and alignment and migration of the cells up the chemokine gradient (36) directed towards the 

existing vasculature, lysis of the basement membrane and entry (active intravasation) (figure 

1.1b). EMT seems to play a pivotal role in this active invasive mechanism. 
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Alternatively, the passive mechanism is based on the fact that there is extensive shedding 

of cells from the tumor mass, (37) most of which are non-viable (38) and non-clonogenic, (39) 

into the contiguous ill-formed fragile blood vessels (40) due to solid stress (41). The possibility 

of such cells shed into the blood stream gain the ability to metastasize owing to the micro-

environment from which they originated within the tumor (42;43). (see image 2.1) [Bockhorn.T, 

et.al] EMT, in the passive mechanism, seems to play no role in invasion or at least in the 

intravasation step.  

 

3. Intravasation in metastasis 

 

The role of blood vessels comes into picture during the vascularization of the primary tumor, 

intravasation of the tumor cells (either by active or passive mechanisms) and extravasation of the 

same at distant sites in metastasis. The latter steps of metastasis where the tumor cells arrest, 

extravasate and colonize at distant sites have been well documented (9).  However, it still 

remains a mystery when the initial intravasation steps of metastasis take place; whether within 

the primary tumor after vascularization (by the passive mechanism) or if it precedes angiogenesis 

and vascularization of the primary site (by the active mechanism). (Image 2.1) 

It has been hypothesized that intravasation in metastasis is a more accidental, passive 

process (44) that occurs after vascularization of the tumor. The newly formed blood vessels 

within the primary tumor as a result of angiogenesis are usually malformed, immature and lack 

perictyte and proper basement membrane lining (40;45). Thus the integrity of such vessels could 

be breached by cells growing in a confined space pushing against each other, producing stress 

that can collapse these poorly formed vessels (41). By isolating a tumor along with its vascular 

system in the ovarian pedicle, Butler, et.al. (37) demonstrated a high rate of cancer-cell shedding 

(3–4×10
6
 malignant cells/day/gram of tumor) by various tumors. It has been shown that in 

patients with advanced breast cancer and prostate cancer, respectively, most of the circulating 

cancer cells were apoptotic (38) and apoptotic cells substantially contribute to the circulating-

tumor-cell fraction in patients with cancer, thus further strengthening the hypothesis.  
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Alternatively, supporting the active mechanism, there also exists extensive data on the role of 

macrophages aiding the migratory EMT cancer cells to intravasate into the blood vessels (46). 

However, there is insufficient amount of in vivo data supporting the existence of cells with such 

a „migratory‟ mesenchymal conformation within the vascular system (30). This argument was 

repealed by many who argued that such cells which do enter the blood flow tend to lose their 

EMT conformation and adopt to the new environment to evade cell death due to loss of cell 

adhesion to the surrounding ECM (47) by undergoing changes in their expression profile; owing 

to the plasticity gained by these cells due to EMT conferring a „stem cell‟ like signature (27). 

But, it is highly unlikely that only a few such cells would be able to survive the hemodynamic 

stress of the vascular system, overcome the natural barriers and still be able to arrest, extravasate 

and colonize a distant region of the body. Also, studies were conducted to observe what 

differentiates those cells that are able to metastasize from those that cannot and data suggested 

that successful cells need only be viable and need not possess any special signature (39;48). This 

indirectly supports the passive mechanism of intravasation in metastasis as massive amounts of 

tumor cells are shed into the lumen of the blood vessel thus highly increasing the probability of 

viable cells. 

 

4. Invasion and angiogenesis 

 

As mentioned before the role of EMT in passive invasion still cannot be completely ruled out. 

For the intravasation step to take place by the passive mechanism, the blood vessel into which 

the tumor cells have to be shed needs to either lie in close quarters to the primary tumor or lie 

within the tumor which has been vascularized due to angiogenesis. Angiogenesis refers to the 

development of new blood vessels
 
from preexisting vasculature. It is a very important step in 

tumor growth and progression. Conversely, for angiogenesis to occur, invasion of the 

extracellular matrix (ECM) is essential and thus would again lay emphasis towards EMT.  

There is definitive evidence, both in experimental and clinical
 
studies, that tumor growth 

is angiogenesis-dependent (49).  Any tumor within the body that exceeds a size of 2mm
3
 

becomes angiogenesis dependent (50) which is triggered by the lack of oxygen within the tumor 
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mass leading to hypoxic conditions. This in turn starts a cascade of reactions where, responding 

to hypoxia, the tumor over expresses pro-angiogenic factors, a phenomenon referred to as the 

“angiogenic switch” (51). As a result of the secretion of pro-angiogenic factors by the tumor due 

to the angiogenic switch, the equilibrium between the pro and anti-angiogenic factors around the 

tumor is disrupted which results in a pro-angiogenic gradient. This is worsened due to the 

enlisted host stromal cells (52). Many angiogenic factors are expressed such as Vascular 

Endothelial Growth Factors (VEGFs), angiopoietins, ephrins, Fibroblast Growth Factors (FGFs), 

TGF-beta among others. The most potent angiogenic factor, VEGF, induces endothelial cell 

proliferation and vascular tube formation directed towards the tumor (50).  

Meanwhile, tumor cells that have undergone EMT migrate by extensive ECM remodeling to 

escape the basement membrane encasing the primary tumor mass, thus inducing tissue damage. 

TGF-beta, an immunosuppressant expressed by the tumor inhibits the activity of the leukocytes 

and lymphocytes that may be recruited there as a physiological response to tissue injury thereby 

abating any attempts by the immune system to antagonize the process (53). Macrophages also 

arrive at the site of the primary tumor responding to the hypoxia induced by the tumor (54). 

These macrophages are known to aid these migratory tumor cells extensively in ECM 

remodeling and migration (55) by secreting abundant amounts of vasoactive factors that further 

induce angiogenesis and also proteases that enhance their bioactivity (56). It is also known that 

these macrophages working in unison with the migratory tumor cells to aid in angiogenesis 

thereby helping to establish a vascular network to the malnourished tumor (57). Hence, it is quite 

clear that EMT plays an extensive role in abetting the process of angiogenesis.  

 

Thus it appears that the primary tumor, due to hypoxia secretes angiogenic factors 

generating a gradient of pro-angiogenic chemokines. Macrophages, responding to the hypoxic 

microenvironment of the tumor, arrive on site and assist in lysis of the basement membrane 

encapsulating the primary tumor thus allowing the tumor cells that have undergone EMT to 

escape and migrate within the ECM. This seems to be further aggravated by the arrival of the 

innate immune system cells responding to tissue damage induced by the migrating tumor cells. 

Secretion of angiogenic factors by these immune cells further aggravates the equilibrium 
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between the pro and anti angiogenic factors thereby increasing the likelihood of angiogenesis to 

take place.  

 

A model to understand the initial steps of metastasis 

 

In view of all the arguments supporting and undermining the role of EMT in metastasis of 

carcinomas, it appears that there is a need for a consensus on its proper disposition in the disease 

that is cancer. Here we would like to propose a model as an attempt to address the questions that 

arise regarding the involvement of EMT in the initial steps of metastasis.  

 

1. Malnourished tumors 

As the tumor progresses in growth and increases in size, so does its need for nutrients and 

oxygen, just as any other tissue. An avascularized tumor with a dimension tad too big to be 

content for nutrients and oxygen by classical diffusion tends to possess quite a lot of necrotic 

cells. Also, tumor cells that are located more than 180 µm away from blood vessels are known to 

necrose which is comparable to the calculated distance that oxygen diffuses as it passes from the 

capillary to cells before it is completely metabolized. Therefore, it seems that uncontrolled 

proliferation causes tumors to outgrow their oxygen supply. This limit in oxygen diffusion is 

termed 'chronic hypoxia' (58;59). The cellular response to low oxygen levels, both in healthy and 

tumor cells, involves the stabilization of hypoxia inducible factor-1 (HIF-1), a transcriptional 

complex that activates genes promoting angiogenesis, anaerobic metabolism, cell survival, and 

prominently; cell dissemination and invasion (10;58) via various downstream effectors (60;61). 

Also associated with hypoxia is an epithelial-cell-type-specific change in gene profiles observed 

especially in breast and lung tumors predicting metastatic potentials (62). It has also been shown 

that TGF-β, expressed by the tumor as a response to hypoxia and HIF-1, induces EMT (63;64). 

Combining the activity of HIF-1 and the associated change in gene expression machinery 

especially in cells of epithelial type of conformation within the tumor, allows for the process of 

EMT to take place in these particular hypoxic tumor cells.  
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2. Cell migration towards blood vessels as a result of EMT 

Undergoing EMT anoints these cells with the invasive migratory phenotype observed in many in 

vitro and in vivo studies (16;55). Associated with a migratory phenotype is the ability of these 

cells to lyse and remodel its microenvironment allowing them to break away from the 

encapsulating basement membrane. These migratory tumor cells then begin to migrate through 

the ECM radially from the primary tumor mass. For this initial, unaided migration, the cells 

adopt a polarized, unidirectional conformation commonly referred to as the mesenchymal 

conformation which is characterized by its ECM remodeling capabilities such as reorienting the 

ECM
 
to permit movement in tube-like microtracks (65). This is achieved by the expression of 

Matrix Metalloproteases (MMPs) on their cell surfaces (66). Also to be noted is the 

independence of certain tumor cells to the metalloproteases by adopting an amoeboid 

conformation to achieve migration (67;68) which was shown by various in vitro studies 

involving MMP inhibitors. This would severely undermine the importance of the mesenchymal 

proteolytic cellular conformation and hence, the need for EMT, in migration through the ECM 

during invasion. However, it was also observed that MMP inhibition showed attenuated ability
 
of 

the breast cancer cells to infiltrate or degrade surrounding
 
breast tissue (68). Hence, the 

involvement of proteolysis in invasion cannot be completely ruled out. This probably could be 

attributed to the fact that without the lytic capabilities of the tumor cells, the tumor wouldn‟t be 

able to induce a reaction from the innate immune cells that are an integral part of the invasive 

process. 

 

3. Invasion aids angiogenesis 

As explicated before, migration by extensive ECM remodeling to escape the basement 

membrane encasing the primary tumor mass induces tissue damage which recruits the cells of the 

innate immune system. The macrophages that are recruited to the site of the primary tumor due 

to the hypoxia induced by the tumor (54) as well as a response to the tissue damage, aid these 

migratory tumor cells extensively in ECM remodeling and migration (55;56). Macrophages 

enhance
 

tumor cell migration and invasion through their secretion of
 

chemotactic and 

chemokinetic factors including epidermal growth
 
factor (EGF) (46). It is also known that these 

macrophages working in unison with the migratory tumor cells aid in angiogenesis by the 
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synthesis of
 
angiogenic factors including vascular endothelial growth factor

 
(VEGF) (57). Hence, 

due to the role of macrophages and diffusion of the copious amount of angiogenic factors 

secreted by the primary tumor mass, the local, pro- and anti- angiogenic equilibrium switches 

towards the pro-angiogenic side. However, as these cells are migratory, they also increase the 

area affected by this switch in the angiogenic equilibrium – a sort of mobile pro-angiogenic 

gradient, which when reaches the nearby blood vessels, results in the activation and proliferation 

of the endothelial cells. Also this gradient of pro-angiogenic factors formed by this interplay 

defines a sort of path, providing directionality, for the proliferating endothelial cells towards the 

site of the primary tumor. This is evidenced by the fact that among the secreted concoction of 

angiogenic factors by the primary tumor as a response to hypoxia is the fibroblast growth factor 

(FGF) (50;69), which has been shown as the chief factor involved in providing directionality for 

the growing and proliferating endothelial cell sheets during angiogenesis (70).  

 

4. The rejuvenated tumor – site of intravasation 

Although it is poorly understood how actually the process of tumor vascularization takes place, 

more specifically the branching of the arterioles and venules within the tumor; it is definitely 

known that upon entering this stage, the tumor tends to become far more aggressive and 

malignant than its avascularized counterpart. And though the vascularization is not uniform 

throughout the tumor, the highly vascularized parts result in a binge of cell division and growth 

which probably is attributed to the renewed supply of nutrients and oxygen to the chronically 

hypoxic tumor mass. Bockhorn, et.al postulated that the uncontrolled, haphazard tumor growth 

causes proliferation of cells in regions of adequate nutrient supply, but at the same time, death of 

cells in poorly-perfused regions (32). Supporting the claim, certain carcinomas known for their 

aggressiveness and their high potential to metastasize are known to have a very high percentage 

of necrosis and apoptosis (71). And due to the large numbers of cells and spatial constraint 

within the growing tumor, these dead or dying cells are probably shed into the bloodstream. Such 

a passive intravasation can occur with ease within the vascularized tumor owing to the fact that 

the newly formed blood vessels are poorly developed, sorely lacking the integrity of the 

basement membrane and pericyte layering. Such poorly structured vessels can be easily breached 

without an active effort by the actively dividing tumor cells flanking it due to the stress induced 
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upon these vessels as a result of the spatial constraint resulting from the constant increase in cell 

number and size within the confines of the tumor mass. This was corroborated by Helmlinger, 

et.al, with studies showing that tumors can produce their own mechanical stresses through 

unchecked cell growth (72). 

 

Once breached, multitudes of cells can be shed into the blood vessel effortlessly by the 

tumor. This was confirmed by the fact that a large number of tumor cells were shed by a 

vascularized tumor (37;73), but most of the shed cells were apoptotic with the exception of quite 

a few viable cells (48). The high percentage of apoptotic cells being shed is understandable as it 

requires the same loss of cell–cell or cell–matrix adhesion as required for shedding (74) and 

hence could be easily „pushed‟ into the breached vasculature. However, for the viable cells, 

which are shed along with their apoptotic counterparts, to colonize and metastasize it might just 

be a matter of random probability of survival; as observed by Swartz, et.al. (39), for cells to 

metastasize at a distant site they only need to survive and still be viable. Considering the large 

number of viable cells shed into the blood flow, there might actually be a chance for a few cells 

to survive the barriers faced and still metastasize. This challenges the widely believed argument 

that cells with a metastatic potential need to possess a particular signature and hence would go 

against the tumor stem cell hypothesis of metastasis. Because of the low number of existence of 

such tumor stem cells, by definition of a „stem cell‟, and their ability to survive and metastasize 

(as there is no experimental evidence proving that cells with a „stemness‟ profile are more 

resilient within the blood stream) it is highly improbable that only these few cells can result in 

metastasis. Thus, if there is no requirement of a „stemness‟ profile for cells to metastasize, the 

idea of „stemness‟ induced as a by-product of EMT (27) and the active mechanism has no 

prominence in metastasis.  
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Figure 3.1: Model 

(a) Tumor cells grow as a mass within 

the basement membrane (gray) and 

accumulate mutations 

(b) Tumor mass increases;classical 

diffusion of oxygen no longer 

enough to sustain the whole tumor 

– hypoxia. Hypoxic tumor 

undergoes angiogenic switch 

thereby secreting pro-angiogenic 

factors and certain cells as a 

consequence undergo EMT and 

escape the encapsulated BM 

(c) Tissue damage due to migrating 

tumor cells undergone EMT attracts 

stromal immune cells whose actions 

further disrupt the angiogenic 

factors‟ equilibrium in the ECM. 

Macrophage associated tumor cell 

migration moves  this “gradient” of 

pro-angiogenic factors towards an 

existing vasculature thereby 

initiating angiogenesis 

(d) Vascularized tumor shows improper 

blood vessel integrity. Mechanical 

pressure due to uncontrolled cell 

division and constraints in space 

fractures the poorly formed fragile 

blood vessels (inset). Scores of 

tumor cells (apoptotic and live) are 

shed into the vasculature. Few 

surviving cells (by chance) 

metastasize at a distant site. 

 

 

(a) (b) 

(c) 

(d) 
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Fallacy of the model 

 

All these would set right and fall in place under one condition, if the tumor mass is at a distance 

far enough from the blood vessel that EMT and hence invasion is required to induce 

angiogenesis. But if there is a blood vessel lying close enough to the primary tumor mass, 

angiogenesis can be induced directly by simple classical diffusion of the pro-angiogenic factors 

towards the blood vessel completely evading the requirement of EMT. This would furthermore 

undermine the importance of the process in metastasis. 

Besides, the role of the lymphatic system in metastasis is not yet well understood. It is well 

known about the presence of lymph-node metastases which is represented as an early prognostic 

indicator of tumor invasiveness and metastatic dissemination in several types of carcinoma (75). 

But it is worth mentioning that similar pathways and mechanisms might be adopted by the tumor 

to disseminate and metastasize via the lymphatic system (76).  

 

Discussion 

 

Taking side with the model, it would seem that both the active and passive mechanisms might be 

involved in metastasis. EMT and the active mechanism, though has a lower probability of 

establishing metastases independently, still cannot be completely ignored in a broader picture. As 

theorized, EMT is probably entailed in the process of invasion of the primary tumor into the 

surrounding ECM thereby aiding in angiogenesis and vascularization of the primary tumor mass 

and henceforth induce metastasis indirectly. This indirect effect might be true as it has been 

shown in in vitro  studies that inhibition of EMT results in a severe regression of the invasive 

phenotype of tumor cells (77), although there is almost no available in vivo data to support the 

same. Also it remains to be seen whether inhibition of EMT would prevent angiogenesis and 

vascularization of the tumor. On the other hand, within the vascularized tumor it is highly 

probable that the passive mechanism, devoid of the role of EMT as elucidated by Bockhorn, 

et.al, would be responsible for intravasation and thereby result in metastasis.  
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From this model it would seem that EMT, although important, isn‟t obligatory for the process of 

metastasis. This model sheds some light on the robustness of the process that is metastasis and its 

capacity to adapt to and evade attempts to hinder its progression. Thus it would be more fruitful 

to shift the focus unto other aspects of metastasis rather than dwell only upon EMT which has a 

certain amount of ambiguity attached to its involvement and correlation to clinical data. A better 

approach would be to focus more on the integrity of the newly formed tumor blood vessels, in 

attempts to strengthen them so that the passive intravasation doesn‟t take place or conversely, 

make use of this very inept morphology to further weaken them so as to cut off a blood supply 

thereby thwarting the process of intravascular metastasis. As evidenced by various studies, the 

repertoire of metastasis in cancers is probably dependent on the location, tissue of origin, 

maturity, source mutation of the tumor which varies from individual to individual thus making it 

extremely hard to ascertain a single gold-standard pathway. Owing to the complexity and the 

variability of the occurrence of metastasis, it seems that a more personalized treatment involving 

a multi-faceted approach would be the best design to tackle metastasis.  
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