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Abstract: Tumor is an increasingly common disease in today's society, it is also one of the major serious diseases do harm to human 
beings. But people still know little about how tumor cells work after lots of efforts were put to understand them. There is one primarily 
interrelated theme found on a combination of clinical and experimental observations of phenotypic plasticity. Changes of phenotypic 
plasticity might be induced by Epithelial-mesenchymal transition (EMT), cancer stem cells (CSCs), and vasculogenic mimicry (VM), or 
they interacted together, at least partly. Although they have important impacts on tumor biology, the clinical relevance of these concepts 
remains to be recapitulated. In this review, we will update the current state of correlations between EMT, CSCs, and VM formation 
with a focus on their contributions to phenotypic plasticity, their clinical implications for the design of therapeutic strategies will also be 
discussed. 
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1. Introduction 

Tumor refers to the neogrowth induced by a variety 

of factors, also called neoplasm. With an increasing 

incidence worldwide, tumor has been the major 

leading cause of mortality. As a result, it is one of the 

most serious threats to health in the global population. 

Tumor cells have been considered with characteristics 

of excessive growth, even after lose stimulating factors. 

A fundamental question in the field is which cells can 

initiate tumors, and why tumors cannot stop growing? 

Therefore, how they affect and their interactions 

become experts‟ central arguments. As we know, 

canceration of healthy cells might be induced by 

multiple factors, such as environment, gene, variation 

and so on. Recently, researchers found a new factor, 

phenotypic plasticity, might also be closely related to 

process of canceration. 

Phenotypic plasticity means the tissues or cells 

change phenotype, the term is also currently applied to 

the ability of a given cell type to reciprocally 

dedifferentiate, redifferentiate, and/or transdifferentiate 

in response to specific stimulation. Scientists have 

found that changes of phenotype exist both in normal 

and abnormal conditions. In normal conditions, cells 

function in the maintenance of tissue homeostasis or 

the restoration of tissue integrity following wounding 

or remodeling[1,2].  

Compared with normal conditions, the plasticity 

potential of malignant cells has been more extensively 

studied in tumors as a mechanism that allows cells to 

transdifferentiate into mesenchymal cells and vice 

versa in a process highly controlled by the 

microenvironment[3]. More research works revealed 

that the functional consequences of this remarkable 

phenotypic plasticity, though not fully understood, may 

play a role in modulation of cell survival in suspension, 

chemoresistance, and intraperitoneal anchoring of 

metastatic lesions. Further, experts found three major 

pathways playing roles in tumor-inducing effects of 

phenotypic plasticity, which will be introduced one by 

one below. 

2. Epithelial-Mesenchymal Transition 

Epithelial-mesenchymal transition (EMT), is a part 

of normal physiological processes, including 

embryogenesis and wound healing[4].Recent research 

indicates that EMT is a dynamic process whereby 

epithelial cells lose polarity and cell-cell contacts, 

undergo dramatic remodeling of the cytoskeleton, 

acquire a migratory phenotype and a 

mesenchymal-like gene expression program. Both 

invasion and metastasis may be critically dependent on 

the acquisition by the incipient cancer cell of EMT 

features[5].  

Researchers tried to investigate how EMT was 

modified by carcinoma cell phenotypic plasticity, in 

which cells of epithelial origin lose their epithelial 

characteristics and polarity and acquire a mesenchymal 

phenotype associated with increased migratory 

behavior[6-9], and activation of an EMT-like program 

in cancer cells was found in vitro similarly results in 

increased cell migration and invasion as well as 

increased resistance to apoptosis[10]. At the molecular 

level, EMT is characterized by 1) loss of expression of 

membranous E-cadherin, claudins, and occludins, 2) 
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increased expression of mesenchymal markers 

including vimentin and smooth muscle actin, 3) 

acquisition of a spindle-like morphology, and 4) 

cytoskeleton reorganization[11,12].  

Tumor-associated EMT is currently viewed as a 

continuum of phenotypic plasticity and gain of 

mesenchymal characteristics. Process of 

tumor-associated EMT encompasses gradual disruption 

of epithelial architecture, resulting in discontinuity of 

basement membranes, loss of cellular cohesion, and 

altered apico-basal polarity[13]. This behavior is 

modified by carcinoma cell phenotypic plasticity that 

is evidenced by reversible switching between epithelial 

and mesenchymal phenotypes. Turmor-associated 

EMT has been strongly correlated with metastasis and 

shortened life expectancy of many carcinomas[14]. 

Rudolf Virchow proposed the hypothesis in 1893, 

that inflammation linked with tumor, and it have been 

confirmed later that chronic inflammation involved in 

tumor initiation, proliferation, invasion, metastasis and 

every stage of senescence and apoptosis[15]. There is a 

close link between inflammatory and tumor cell 

malignant transformation, and inflammation is also 

involved in the initiation and maintenance of EMT, 

EMT process may feedback and promote the formation 

of tumor microenvironment, maintain the 

inflammatory state further while enhance the ability of 

invasion and metastasis of tumor cells. It is similar 

between EMT and process of tumor cell dissemination, 

in which cells lose contact with the primary tumor and 

invade into the normal host tissue and blood vessels, 

these research has led to the hypothesis that EMT is an 

important part of the metastatic cascade[16]. It has 

been proposed that EMT in the human tumor setting 

may be transient and reversible, and that this 

phenotypic plasticity may be a key determinant of 

metastatic potential[17]. 

In addition to endow the migration and invasion of 

tumor cells, EMT can also make the tumor cells 

acquire characteristics of stem cells, including the 

ability to self-renew and efficiently initiate tumors so 

as to promote the cancer stem cell (cancer stem cells, 

CSCs) production[18,19]. 

3. Cancer Stem Cells 

Tumors contain a few cells in a quiescent state that 

can be characterized as slow-cycling, expressing 

markers of stem cells and possessing the ability to 

initiate new tumors. These quiescent cells, now 

generally termed „cancer stem cells‟ (CSC), or „cancer 

initiating cells‟, are capable of regenerating the entire 

tumor—as it occurs in metastatic spread20. CSCs have 

the capacity of self-renewal and the potential to 

regenerate into all types of differentiated cells giving 

rise to heterogeneous tumor cell populations in a tumor 

mass, which contributes to tumor 

aggressiveness[21,22]. The biological characteristics 

determine that it plays a central role in tumor 

metastasis and recurrence. 

Tumor heterogeneity has become an important 

theme of cancer research, one model predicts that 

metastasis and phenotypic heterogeneity is driven by 

specific gene expression programmes that are imposed 

by the cellular microenvironment rather than by the 

accumulation of genetic events[23], suggesting that 

tumors consist of multiple clonally derived 

subpopulations[24-26]. At the same time, it proved that 

large subpopulations of tumor cells are either capable 

of expansion or are terminally differentiated, while 

only a small subset of primitive, pluripotent CSC is 

capable of self-renewal, asymmetrical mitoses, and 

multi-lineage-specific differentiation.  

Recent theories insist that CSCs are rarely part of 

stem cells and the power source of tumor formation. 

CSCs have the same signal transduction pathways, 

such as Wnt, Notch, Sonic hedgehog (Shh) and Bmi-1. 

CSCs have heterogeneity, for example, the clonal 

growth conditions in a patient with primary and 

metastatic foci, different metastasis and the same piece 

of tumor in different parts can be different. It can be 

speculated that the heterogeneity in this differentiation 

capacity may be one reason of tumor cell 

heterogeneity. 

Research shows that the EMT process can induce 

some differentiated tumor cells form the characteristics 

of tumor stem cells[27, 28]. This study linked CSCs 

and EMT closely and suggested that CSCs could be the 

basis of tumor invasion and metastasis. CSCs induced 

EMT and enhance the ability of invasion29. The 

interaction between EMT and CSCs cooperate in 

breast cancer, as induction of EMT enhances 

self-renewal and expression of cancer stem cells, 

which are believed to facilitate tumor resistance 

supporting the idea that a stem-cell phenotype may be 

important in the epithelial plasticity of the cell 

line[30].  

4. Vasculogenic Mimicry 

Research has shown that the plastic notion of some 

highly aggressive tumor such as melanoma is 

characterized by the concurrent expression of genes 

from a variety of different cell types, including stem 

cells, concomitantly with reduced melanoma associate 

gene expression[31]. In particular, highly aggressive 

melanoma cells, in contrast to poorly aggressive ones, 

display substantial plasticity, exemplified by the 

formation of tube-like structures termed Vasculogenic 

mimicry (VM) which was demonstrated as an example 

of the remarkable plasticity displayed by aggressive 

melanoma cells[32,33]. It suggests that these tumor 

cells have acquired an embryonic-like phenotype[34]. 

Turmor requires an adequate blood supply to sustain 

rapid growth[35]. It was believed that only endothelial 

cells could form blood vessels. However, when 

endothelium-dependent vessel growth is insufficient to 

support the rapid proliferation of tumor tissues, highly 
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aggressive and metastatic melanoma cells can form 

vascular channel-like structures that are independent of 

angiogenesis through process of VM[32]. VM was 

introduced by Maniotis in 1999 to describe the unique 

ability of highly aggressive tumor cells to form 

capillary-like and extracellular matrix-rich tubular 

networks without the participation of endothelial 

cells[32,36], and gradually found in ovarian[37], 

breast[38], liver and stomach cancer[39,40]. Further 

studies demonstrated that VM only occurs in extremely 

malignant tumors and hypoxia can promote its 

formation in these tumors[39,41]. VM has also been 

found in malignant glioblastomas, and the induced 

hypoxic condition has been found to affect the VM 

formation of gliomas[42,43]. 

VM means cells can mimic vascular structure to 

form system to convey blood through its deformation 

and cell extracellular matrix interactions. It provides a 

perfusion pathway for rapidly growing tumors, 

transporting fluid from leaky vessels, and/or 

connecting with endothelial-lined vasculature as well 

as an escape route for metastasis. VM is the dominant 

method that provides the blood supply in the early 

stage of cancer and is also an important route of 

metastasis[44]. The special structure of VM promotes 

tumor cell metastasis. Without barrier, tumor cells, 

composed of VM, contact with blood directly, and will 

flow with blood to distant tissues. VM increases the 

perfusion of rapidly growing tumors by transporting 

fluid from leaky vessels, and VM tubes may even 

connect with the endothelial-lined vasculature[45,46]. 

Experts indicated that VM refers to the process by 

which highly aggressive tumor cells mimic endothelial 

cells to form vessel-like structures that aid in supplying 

enough nutrients to rapidly growing tumors[47]. 

VM characteristics can be summarized as follows: 

(1) positive PAS and negative CD31 straining; (2) the 

channel is lined by tumour cells rather than endothelial 

cells; (3) the expression of a multipotent, stem cell-like 

phenotype; (4) ECM remodeling and (5) VM has 

connection with the tumour microcirculation system, 

providing blood for tumor growth[48,49].Generally 

speaking, VM‟s mechanisms underlying its formation 

remain unclear, but a variety of proteins and 

micro-environmental factors are known to contribute 

to it[49,50]. For example, the changing tumor 

microenvironment has a certain promoting effect on 

VM. Hypoxia and tumor extracellular matrix 

remodeling are also actively involved in VM 

formation[51,52]. In addition to HIF-1α and VEGF, 

which contribute to the mechanisms of VM formation, 

another known factor that promotes the VM formation 

of highly malignant glioma cells is the hypoxic 

condition[53,54]. 

5. EMT, CSCs and VM  

Recently mounting studies implicated CSCs in VM 

formation. Experts proved that hypoxia induces VM, 

and CSCs may play an important role in VM[55-57]. 

For example, administration of anti-angiogenic agents 

induces intratumoral hypoxia, and hypoxia increases 

the number of CSCs in cell lines derived from 

glioblastomas and breast cancers[34]. Then, it was 

hypothesized that intratumoral hypoxia induced by 

anti-angiogenic agents accelerates VM channel 

formation by increasing the population of CSCs, which 

in turn, causes tumor regrowth, metastases, and 

treatment failure using anti-angiogenic agents[58]. 

With increasing studies on CSC‟s origin, mounting 

data suggest that differentiated tumor cells may 

reacquire stemness[48], particularly via EMT 

induction[59]. Further research suggested that EMT 

might be involved in CSCs formation[60,61]. The 

endowment of stem cell traits by EMT provided 

another source for the origin of CSCs. Both epithelial 

and mesenchymal markers have been observed in 

tumor cells engaged in VM formation[62,63]. 

Therefore, in view of the crucial role of EMT in the 

acquisition of stemness, it is plausible that CSCs are 

implicated in VM formation by induction of EMT. 

  

Figure 1. The relationship between EMT and CSCs 

and VM. Ⅰ) Tumor cells of epithelial origin lose 

their epithelial characteristics and polarity and 

acquire a mesenchymal phenotype associated with 

increased migratory behavior. Ⅱ) Part of tumor 

cells reacquire stemness particularly via EMT 

induction. Ⅲ) Tumor cells continue to proliferate 

and differentiate and led to hypoxia. Then highly 

aggressive and metastatic cells form vascular 

channel-like structures to requires an adequate 

blood supply to sustain rapid growth. 

 

Recently, EMT has been reported to contribute to 

the formation of VM, and the upregulation of 

EMT-associated transcription factors has been 

demonstrated in VM-forming tumor cells[64,65],It is 

interesting to speculate that highly aggressive 

epithelial tumor cells may likewise overexpress the 

mesenchymal phenotype through EMT during VM 

formation. Changing of EMT is accompanied by the 

presence of VM. Wang illustrated that EMT regulated 

by EphA2 contributed to VM formation in head and 

neck squamous cell carcinoma[66,67]. These findings 
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may support the idea that VM formation may be part 

of EMT. Above all, we may come to this conclusion 

that these findings widely suggested that CSC may be 

involved in VM formation by EMT induction (Figure 

1).  

6. Discussion 

EMT, CSCs and VM take part in the modulating of 

phenotypic plasticity in tumor cells, and their 

coexistences especially in aggressive tumors indicates 

there might be interactions between them. Phenotypic 

plasticity and the underlying EMT, CSCs and VM 

process contribute to resistance to chemotherapy and 

radiotherapy, and lower survival rate in tumor patient. 

A combination of targeting EMT, CSCs, VM 

and phenotypic transition will not only provide a solid 

rationale to evaluate the antitumorigenic potential of 

therapeutic agents, but also be beneficial for  better 

understanding of tumor progression and phenotypic 

plasticity, and improving survival rate of tumor 

patients.  
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