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Abbreviations: VEGF, vascular endothelial growth Factor; 
TGFα, transforming growth factor alpha; TGFβ, transforming growth 
factor beta; EGF, epidermal growth factor; PDGF, platelet derived 
growth factor; IGF, insulin-like growth factors; PLGF, placental-like 
growth factor; NPs, neuropilins; FLT, fms-like tyrosine kinase; TIMP, 
tissue inhibitor metallo proteinase; EMT, epithelial-mesenchymal 
transition; MMP, matrix metallo proteases; IL, interleukin

Cell signaling cascade pathway 
An understanding the mechanisms responsible for the control 

of normal proliferation and differentiation of the various cell types 
is a important issue. This allows greater insight into the abnormal 
proliferation of malignant cells in the human biological system.1,2

Particular attention is focused on the signals that act as positive 
and negative regulators of the cell proliferation. Such signals secreted 
polypeptides that provide information essential for co-ordinated 
pattern of cell- cell communication.3 

A signaling pathway begins with the arrival of a chemical signal 
- such as a hormone or growth factor - at the cell surface. Growth 
factor signals are propagated from the cell surface, through the action 
of transmembrane receptors, to intracellular effectors that control 
critical functions in human cancer cells, such as differentiation, 
growth, angiogenesis, and inhibition of cell death and apoptosis.4 The 
receptors, structures sticking out of the cell membrane, receive these 
incoming signals. The signal encounters and binds to its matching 
receptor. A second receptor protein joins in, making the growth factor 
fit like a key in a lock. The binding of the growth factor causes the 
receptors to change shape. This change in the protein will be conducted 
through the membrane and into the cell’s interior - the cytoplasm.

Many signaling pathways ultimately pass messages to the nucleus 
of a cell. The signal is passed to yet another messenger. These 
messenger proteins are known as kinases, enzymes with the ability 

to activate other proteins through the addition of phosphate groups. 
This protein travels to the nucleus past cellular organelles such 
as the mitochondria and the network of membranes known as the 
endoplasmic reticulum.

The newly made proteins leave the endoplasmic reticulum wrapped 
in a layer of membrane called a vesicle. They travel toward the Golgi 
apparatus where the proteins are modified and sorted for transport. 
The proteins are transported through the cytoplasm and delivered to 
where they are needed. The released proteins will signal surrounding 
cells, or, in some pathways to cancer, will coax this cell into further 
action.4–7

In cancer cells, these signaling pathways are often altered and 
results in a phenotype characterized by uncontrolled growth and 
increased capability to invade surrounding tissue. Therefore, these 
crucial transduction molecules represent attractive targets for cancer 
therapy. In addition, the signaling pathway plays a key role in tissue 
homeostasis and organ size control by regulating tissue specific 
stem cells. Moreover, it plays a prominent role in tissue repair 
and regeneration. So, dysregulation of it is associated with cancer 
development.7

There are three types of signaling that are operating at the 
molecular basis of the growth factor functioning. The latter regulates 
cell proliferation and survival in response to cell - cell and cell- matrix 
interactions. The type of cell signaling can be classified as follow

i.	 Autocrine type (A)

ii.	 Paracrine type (B)

iii.	 Endocrine type (C)

iv.	 Direct cell-cell signaling (D)

The first system of signaling (A), in which the cell type that 
synthesizes the growth factors expresses receptors that can elicit a 
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Abstract

Cancer metastasis represents one of the fundamental and unique biological 
characterizations of malignancy. It is a hot issue in cancer research since; the major 
cancer problem is mainly due to metastasis. Therefore, studying metastasis mechanisms 
and routes for cancer cell spreading could be tremendous importance for the control 
and management of malignancy. The process of metastasis dissemination of malignant 
tumor cells to form secondary foci at distant sites is a complex and dynamic process. 
Direct proof of causal roles in tumor growth, migration, invasion, angiogenesis and 
metastasis has been shown by up-regulation of growth factors in malignant tumor 
cells. In addition to, Stem cells localized in different organs possess crucial role in the 
incidence of neoplastic transformation that could occur in these organs.

The present article could be a novel concept for cancer metastasis. It highlights the 
coordination of the transforming growth factors (α & β), vascular endothelial growth 
factors and somatic Stem cells in enhanced cancer metastasis.
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growth factors (a and b types), stem cells
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cellular response to these factors. The second system (B), that operates 
between cells in close proximity. In this type of signaling, one cell 
synthesizes and secretes growth factors for which, the appropriate 
receptors that are expressed on another nearby cell. In the third system 
of signaling (C), growth factor synthesis occurs in a specific tissue 
or organ often at some distance from target cells that express the 
appropriate receptors. The last one (D) type occurs via a legend exists 
on the cell surface and its receptor on the responding cell. 

The growth factors are regulated by specific releasing factors that, 
control their storages and secretions to the blood. It is apparent that 
combination of these types of cell signaling can provide formidable 
regulatory systems so as to control cell proliferation.8

Growth factors and cancer
Many biological processes including wound healing, development 

and carcinogenesis involve defined patterns of cellular growth and 
differentiation. Rates of proliferation and pathways of differentiation 
are regulated and dependent upon precise and coordinated networks 
of intercellular communication. The latter may involve direct cell-
to-cell contact, with junction elements permitting transfer of signals 
between cells. Thus cells may interact through the extracellular 
matrix which surrounds all cells in vivo and whose structure and 
composition is determined by tissue requirements. Alternatively, cells 
may also communicate indirectly by means of soluble factors which 
are secreted by a cellular type and diffuse through the extracellular 
matrix to reach target cells lying at varying distances from the source.9

Integration of these extracellular signals underlies tissue 
homeostasis. Although departure from homeostasis and tumor 
initiation are instigated by oncogenic mutations rather than by growth 
factors, the latter are the major regulators of all subsequent steps of 
tumor progression, namely clonal expansion, invasion across tissue 
barriers, angiogenesis, and colonization of distant niches. Also, 

growth factors are frequently involved in evolvement of resistance to 
therapeutic regimens, which extends the roles for polypeptide factors 
to very late phases of tumor progression and offers opportunities for 
cancer therapy.10 

Moreover, growth factors can also influence normal cell 
differentiation and constitutive activation of growth –promoting 
pathways in cancer cells that can modulate the cell phenotype.11

Malignant transformation might result from excessive production 
of growth promoting polypeptides by cancer cells themselves, which 
both secrete and respond to these factors. Subsequently, several 
isolated tumor cell types were shown to release a variety of growth 
stimulatory polypeptides into their conditioned media, and to possess 
corresponding receptors for these growth stimulatory polypeptides.

Furthermore, the demonstration of growth inhibitory substances in 
addition to stimulatory peptides in conditioned media of cancer cells 
led to a revised autocrine hypothesis. This embodied the concept that 
“malignant transformation may be the result not only of excessive 
production, expression and action of positive autocrine growth 
factors, but also of the failure of cells to synthesis, express or respond 
to specific negative growth factors they normally release to control 
their own growth”.12

Therefore some growth factors are stimulatory, while others are 
inhibitory to epithelial proliferation. Growth factors are produced 
and secreted locally by many cell types, and they bind to tyrosine 
kinase receptors on the cell membrane. This activates the membrane 
protein through the addition of phosphate groups, which in turn 
activates proteins, such as kinases, in the cytoplasm. Several other 
proteins may be involved in the cascade, ultimately activating one or 
more transcription factors. The activated transcription factors enter 
the nucleus where they stimulate the expression of the genes that are 
under the control of these factors as shown in Figure 1.

Figure 1 Type of cell signaling that, are operating in human biological system .mainly autocrine, paracrine and endocrine.
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Growth factors can function either in an autocrine capacity, whereby 
they act upon their cell of origin, or can interact with adjacent cells 
of a similar or different type in a paracrine action. The local micro-
environment of a cell contains a pool of positive and negative growth 
factors, which may be functioning in either an autocrine or paracrine 
manner. It is the balance of these growth factors which determines 
the polarity and intensity of the effective signal delivered to epithelial 
cells. There may be an excess of stimulatory growth factors derived 
either from epithelial cells themselves, or stromal cells. Conversely, 
the production of negative growth factors which normally serve to 
keep cell proliferation in check may be deficient. Breakdown of these 
loops could also result from an abnormal response of target cells to 
normal levels of growth factors.13,14

 Much of the experimental work on growth factors and cancer 
pertains to breast malignancy, with various established breast cancer 
cell lines have been employed for in vitro investigation of growth 
factor profiles. The majority of growth factors studied in detail are 
short polypeptides which have been isolated from the conditioned 
media of breast cancer and certain other cell lines. These include 
transforming growth factor alpha (TGFα), transforming growth factor 
beta (TGFβ), epidermal growth factor (EGF), platelet derived growth 
factor (PDGF) and insulin-like growth factors (IGF).

Vascular endothelial growth factors

Vascular endothelial growth factor (VEGF) is one of the most 
important growth and survival factors for endothelium. VEGFs 
regulate both vasculogenesis and angiogenesis. The family consists of 
five glycoproteins, VEGFA (VEGF is called also VEGF-A), VEGFB, 
VEGFC, VEGFD, and PlGF (placenta-like growth factor).15 VEGF 
is a homodimeric heavily glycosylated protein of 46-48kDa (24kDa 
subunits). The subunits are linked by disulfide bonds. The human 
factor occurs in several molecular variants of amino acids arising by 
alternative splicing of the mRNA. The splice forms of VEGF differ 
in biological properties such as the receptor types. The 165 amino 
acid form of the factor (VEGF-165) is the most common form in 
most tissues. Multiplicity also characterizes the respective surface 
receptors, co-receptors like neuropilins (NPs) and proteogly-cans, as 
well as the downstream signaling pathways.16 

VEGF receptors: Three receptors of tyrosine kinases have been 
described as putative VEGF receptors and have been shown to bind 
VEGF with high affinity. 

The VEGF family members bind to at least one of the three known 
VEGFRs, namely VEGFR-1 (FLT-1; fms-like tyrosine kinase-1), 
VEGFR-2 (FLK-1 or KDR; kinase-insert-domain-containing 
receptor), and VEGFR-3 (FLT-4; fms-like tyrosine kinase-4). VEGFA 
binds to VEGFR-1 and VEGFR-2, whereas VEGFB and PlGF bind 
exclusively to VEGFR-1. VEGFR-2 seems to mediate most known 
cellular responses to VEGF and has much higher intracellular 
signaling intermediates than VEGFR-1.17 Unlike VEGFR-3, which 
is largely restricted to lymphatic endothelial cells, both VEGFR-1 
and VEGFR-2 are expressed in vascular endothelial cells, as well as 
monocytes, macrophages (VEGFR-1), and hematopoietic stem cells 
(VEGFR-2). Importantly, expression of VEGFR-1 and VEGFR-2, as 
well as the co-receptors NP1 and NP2, has been detected on subsets 
of solid tumor cells, and according to a recent study activation of 
VEGFR-1 in breast cancer cells supports their growth and survival.18

VEGFRs control angiogenesis by simultaneous signaling through 
several intermediates: cell proliferation and vasopermeability 
are stimulated by the protein kinase C pathway. Other than the 

proangiogenic effects, VEGF exerts effects independent of vascular 
processes, such as autocrine effects on tumor cell function (i.e., 
survival, migration, invasion), immune suppression, and recruitment 
of bone marrow progenitors. The latter may dictate organ-specific 
tumor spread by homing to tumor-specific premetastatic sites and 
forming clusters that provide a permissive niche for incoming tumor 
cells.19 

Biological role of VEGF: A well-documented functions of VEGF 
are; 1- Mitogenesis, angiogenesis, and endothelial survival. 2- Effects 
of VEGF on bone marrow cells and hematopoiesis. 3- Enhancement 
of vascular permeability and hemodynamic effects.20–24

The action of VEGF is essential to maintain proper endothelial and 
vascular function. VEGF stimulates virtually all aspects of endothelial 
function. This includes the stimulation of proliferation, migration, 
nitric oxide production and release from endothelial cells, and also 
the permeability of the endothelial cell layer.

 The fact that solid tumor growth and metastasis is angiogenesis-
dependent suggests a potential value of blood and tissue angiogenic 
markers as prognostic and survival determinants. Angiogenesis which 
is of great importance for tumor growth and nutrition, is preferentially 
mediated by the cytokine vascular endothelial growth factor (VEGF) 
that functions as the most potent angiogenic protein.17,23

Transforming growth factor alpha (TGF-α)

Transforming growth factor alpha (TGF alpha) is one growth 
factor that has growth of breast cancer cells.

Transforming Growth factor-α is a growth factor produced by 
several different primary tumors and cancer cell lines that has been 
circumstantially implicated in regulating the autocrine mechanism. 
TGF-α is able to cooperate with other growth factors, such as TGF-β, 
platelet-derived growth factor and basic fibroblast growth factor, 
to reversibly induced transformed phenotype in non–transformed 
cells.25,26 The enhanced expression of rat TGF-α gene can lead to the 
full transformation of rat fibroblasts and partially transformation of 
rat kidney cells.27

TGF-α is an intermediary in transformation of human mammary 
epithelial cells by an activated c-Ha-Ras gene, but not by the 
c-neugene. It has been demonstrated that, over expression of this 
growth factor was able to transform immortalized human mammary 
epithelial cells which also expressed a sufficient complement of 
functional EGF receptors (Figure 2). 28,29

 Transforming growth factor Beta (TGF-β)

TGF-β exists in three isoforms (TGF-β1, TGF-β2, and TGF-β3), 
but the extended superfamily includes more than 30 additional 
cytokines, classified into several subfamilies. Some cells secrete and 
respond to TGF-β in an autocrine manner. This cytokine induces a 
cytostatic effect on many epithelial cell types, and it is also able to 
control proliferation, differentiation, and programmed cell death in 
most other cell types because the receptors are widely expressed in 
derivatives of all three embryonic cell layers. 

TGF-β is an inducer for the expression of the matrix metalloproteases 
(MMP-2 and MMP-9) and the down regulation of protease inhibitor 
(TIMP) in tumor and endothelial cells. Receptor signaling is regulated 
both positively, by metalloproteinases that cleave a latent form of the 
ligand, and negatively, by a cell surface antagonist called Bambi.30 
The receptors play an important role in apoptosis by signaling through 
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the SMAD pathway. TGF-β can also trigger apoptosis through death-
domain-associated protein 6.31

Figure 2 Cascade pathway of TGF-α.

In normal cells, TGFβ is a potent growth inhibitor. However, 
it is well known that, TGF-β is pro-oncogenic agent and that; this 
growth factor was required for the metastases in most tumor types.20,21 

Under normal physiological conditions, TGF-β prevents the ability of 
cells to progress through the cell cycle, and it stimulates apoptosis or 
differentiation. During tumor genesis, however, genetic and epigenetic 
events can convert TGF-β into a tumor promoter. TGF-β activates 
epithelial-Mesenchymal transition (EMT) through activation of both 
the canonical (i.e., SMAD2/3-dependent) and the noncanonical (i.e., 
SMAD2/3-independent) pathways. On the other hand, several lines of 
evidence indicate that the noncanonical TGF-β signaling also plays 
an essential role in mediating TGF-β stimulation of EMT, invasion, 
and metastasis.32 

The oncogenic activities of TGF-β are mediated by dysregulated 
autocrine and paracrine signaling networks involving epithelial, 
fibroblast, endothelial, and immune cells that subtly promote tumor 
angiogenesis and metastasis as well as inhibit host immunosurveillance. 
The pro-angiogenic functions of TGF-β have been linked to its ability 
to regulate the expression and/or activities of other angiogenic factors, 
such as FGF and VEGF.33 Likewise, stromal fibroblasts may determine 
whether TGF-β suppresses or promotes tumor formation. 

Transgenic expression of activated TGFβ1 in mouse skin epidermis 
increased the conversion to carcinoma. Also, tumor formation and 
metastasis to bone was shown to depend on intact TGF-β RII.34,35

TGF-β can control the expression of the stem cell antigenCD34 
and under certain circumstances it prohibits the cell differentiation. 
Therefore, TGF-ß could preserve the self- renewal of the stem cell.36,37

The mechanism thought to contribute the most to the escape from 
immuno-surveillance is the secretion of cytokines by cancer cell that 
inhibits immune response. Such immuno-suppressor factors include 
prostaglandin, IL10 and TGF-β, the latter is considered to be the most 
potent one.

 Once TGF-β becomes activated, it can bind to RII receptor 
which then phosphorylates type I receptor. The next step in the 

signal transduction pathway is the phosphorylation of downstream 
elements Smad 2&3 that are phosphorylated by TGF-β RI and 
form complexes with Smad 4. Activated Smad complexes enter the 
nucleus where they regulate transcription of target genes through 
physical interaction and functional cooperation with DNA-binding 
transcription factors however, Smad 6 & 7 inhibit the previous signal 
pathway by directly interacting with TGF-β RI and preventing Smad 
2 & 3 phosphylation.38,39

It has been reported that, long term treatment of TGF-ß on cells of 
rat WB-F 344 could lead to increase their self-renewal capacity and 
tumorigenicity in NOD-SCID mice. Moreover, in human HCC, it was 
observed that, a positive correlation between TGF-ß level and tumor 
initiating cell markers expression (Figure 3).

Figure 3 The transforming growth factor ß (TGF-ß) signaling pathway.

Stem cells
There are two types of stem cells; embryonic stem cells and 

somatic (adult) ones; the latter are involved in the regeneration of 
tissues during the life time of the individual. As a matter of fact stem 
cells are believed to be present in all tissues so as to replace matured 
and dying off cells.40,41

There are two defining features of stem cells first their ability to 
self- renewal second their ability to give rise to differentiated cell types 
of one or more cell lineages. Up on stem cell division, one daughter 
cell maintains the characteristic of a stem cell including the ability 
to self-renewal and the other daughter cell shows characteristics of 
commitment towards differentiation, the feature of self-renewal is 
shared with cancer cells.42 

This common feature has led to two proposals for the relevance 
of stem cell biology to carcinogenesis. The first proposal is that self-
renewal provides increased opportunities for carcinogenic changes to 
occur. The second proposal suggested that altered regulation of self-
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renewal directly underlies carcinogenesis. Stem cell must maintain 
a balance between self-renewal and differentiation the relevance 
of the stem cell biology to carcinogenesis is that, the loss of this 
balance could lead to unregulated self-renewal, a hallmark of cancer 
cells. Therefore, cancer can initiate either in stem cell that has lost 
regulation of self-renewal or in a differentiated cell that has obtained 
the ability to self-renewal that is supported by the identification of 
cancer stem cells (Figure 4).43,44

Figure 4 Stem cells are proginators for the formation of different organs. 
They could also be sites for neoplastic transformation that occurs in these 
organs.

Phenomenology of cancer metastasis
It is the process by which cancer cells migrate from a primary site 

to other parts of the body via blood or lymphatic vessels. It is the 
fundamental difference between a benign and malignant growth and 
represents the major clinical problem of cancer. A primary malignant 
tumor can be surgically removed relatively easily, whereas once 
multi-metastasis sites could be established throughout the body that 
are practically impossible to be removed. The process of cancer 
metastasis comprises a set of diverse events predominantly considered 
in control the spread of malignant cells to distant site from the primary 
focus as well as their ability to establish secondary malignant tumor 
growth independent of the primary one. Cancer metastasis is carried 
out at different levels; from tumor- host interactions, through factors 
involved in de-adhesion, migration and colonization of distant sites, 
to the molecular genetic factors traceable to specific and general 

behavioral pattern of various metastasizing malignant tumors.45 The 
understanding of the intricate mechanisms underlying the multistage 
phenomena of metastases is still incomplete. In the malignant tumor 
micro-environment, paracrine type of signaling is not functioning 
well. However, both autocrine and endocrine systems of signaling are 
still actively acting in cancer cell population. 

The biological heterogeneity of primary and metastasis tumors 
extend to a variety of phenotypic characteristics such as receptor 
status, antigenic profiles, sensitivity to chemotherapeutic agents 
and many others.46 The specificity of intercellular interactions in 
the process of metastasis is truly amazing, particularly considering 
that, targeted metastasis spread occurs only when the transplants are 
placed in specific organ locations, supporting the so-called seed and 
soil hypothesis. The selective organ and intra-organ specific homing 
of metastasizing cells of various malignant cells cannot be explained 
solely on the basis of blood vessel and lymphatic topography.47

This issue in cancer metastasis is still to be clarified. Therefore, the 
present hypothesis is going to throw a light on novel concept in organ 
selectivity of metastasis.

Novel hypothesis for cancer metastases 

The present concept is considered to be an additional mechanism 
for cancer metastasis originated from the previous mentioned 
scientific background information. The concept is based on the idea 
that, the primary tumor mass is considered to be an endocrine gland 
like structure. Therefore, angiogenesis must occur as prerequisite 
for metastases. The hormones of this initiated pathogenic gland are 
specific growth factors mainly VEGF, TGF-α and TGF-β. The latter 
growth factors signaling pathways could induce tumor angiogenesis 
and subsequent neoplastic transformation in the stem cells localized 
in the different organs that possess the appropriate growth factor 
receptors. In another word, it is not necessary for cancer cells to 
migrate via blood or lymphatic vessels but, they just secrete their 
hormone like action; transforming growth factors into the blood stream 
according to endocrine system so as to exert malignant transformation 
in the somatic stem cells ,as a consequence of their multiple excessive 
exposures to these specific Biomolecules released from the primary 
malignant cells .The outcome of this event is a formation of secondary 
tumor without the necessity of migration of the primary cancer cells. 
This concept may explain the occurrence of secondary tumors with 
unknown primary, the condition could be sometimes observed by the 
clinical oncologist during cancer management (Figure 5).

Figure 5 Diagrammatic representation of the novel concept for cancer 
metastasis.
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 Conclusion
i.	 Growth factors (GFs) presented by VEGF, TGF-α and TGF-ß 

could play crucial role in enhanced cancer metastasis.

ii.	 Somatic stem cells that are localized in the different organs 
could be the site of neoplastic transformation.

iii.	 The previous mentioned GFs and stem cells could co-operate 
to enhance cancer metastasis.

iv.	 The clinical impact of the present concept could lead to design 
a targeted biological therapy so as to stop cancer metastases.
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