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An Overwiev of the Neural Crest Cells and Tumor
Metastasis

ABSTRACT

Neural crest cells (NCCs) derived from neuroectoderm are multipotential cells. NCCs leave the neuroepithelium and migrate to vari-
ous tissues by epithelial-mesenchymal transition. In this areas NCCs differentiate to variety of cells including melanocytes, glia cells,
chromaffin cells. Cancer is a complex process which involves a dinamic interaction between tumor cells and surrounding micrenviron-
ment. Cancer cells similar to neural crest cells leave their own environments and metastasize into a different tissue. The development
of the neural crest and that of cancer progression share paralel morphological and molecular characteristics. Many signalling pathway
and transcription factors are mutual for both processes. To investigate neural crest developmental mechanisms will provide a better
understanding for cancer development, progression and metastasis.
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1. Introduction

Neural crest (NC) cells have the ability for high proliferation and differentiation. Neural folds form in the dorsal part of
the embryo during the third week of embryonic development. While the neural folds fuse together to form the neural
tube, cells located at the lateral border of the neuroectoderm begin to migrate to the underlying mesoderm, leaving the
site where they are located. These cells are called NC cells (1). By leaving this area and migrating to a new location, NC
cells function by differentiating into cells of various tissues. Thus, they differentiate into various cells such as glial cells,
endocrine cells, pigment cells, odontoblasts, parafollicular cells, and adrenal gland cells (2). They also contribute to the
formation of bones, cartilages, and connective tissues of the head and neck as well as to the formation of blood vessels
(3). The phenotype of NC cells is epithelial. To leave the ectoderm of the area where they arise from, they must acquire
mesenchymal cell properties by losing their epithelial properties (4). Therefore, they lose intercellular junctions and cell
polarity; the cell skeleton is then rearranged and they gain the ability to move. Cells that differentiate in this manner begin
to migrate from their original location. Similarly, during metastasis, tumor cells mimic the migration of NC cells during
the early embryonic period. After epithelial tumor cells acquire mesenchymal properties, they migrate to various areas by
leaving the tissues they arise from and reproduce at the new location. This is called metastasis.

These similarities between the migration of NC cells and cancer metastasis make NC cells an excellent model for the better
understanding of the molecular mechanism underlying tumor cell metastasis. Several signaling pathways and transcription
factors have been shown to act similarly at a molecular level in both events (5). The migration of both cell types occurs
under the control of various positive and negative regulatory factors, such as sdf1, semaphorin, ephrin/Eph, and slit (6-9).

2. Epithelial-Mesenchymal Transition

The migration of NC cells and metastasis of tumor cells are multi-stage complex processes that require epithelial—
mesenchymal transition (EMT). In both cases, the first step is the separation of the cells from the epithelial tissue.
While epithelial cells are intracellularly attached to each other via tight junctions, mesenchymal cells are more
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dynamic and they are moving cells. In the EMT process,
intercellular junctional complexes disappear, apicobasal cell
polarity becomes uncertain, and cellular skeletal elements
are rearranged (10).

2.1. Intercellular Junctions

In the epithelial tissue, cells get attached to each other
via binding complexes such as zonula occludens, zonula
adherens, and macula adherens to form a durable tissue.
While certain occludin and claudin transmembrane proteins
serve in zonula occludens-type junctions, proteins from
the immunoglobulin family and transmembrane proteins
from the cadherin group serve in the zonula adherens-
type junctions (11). Immediately before the migration of
NC cells, the expression of the molecules forming tight
junctions changes. Before the migration process begins,
the expressions of occludin and claudin are repressed by
the transcriptional factor Snail. By triggering EMT, Snail
functions in the acquisition of the mesenchymal phenotype
by epithelial cells (12).

It has been shown that when cells leave each other, cell
migration and invasion begins; thus, metastatic tumors form
in humans with the loss of tight junction structures in various
cancer types (13). A decrease in the expressions of occludin
and zonula occludens-1 is associated with the metastasis of

liver, ovary, endometrium, and breast cancers (14).

In addition to changes in the expressions of the proteins
occludin and claudin, changes are also observed in the
expression of E-cadherin proteins among NC cells before
migration. As in E-cadherin first and then in N-cadherin, the
expressions of other cadherin molecules begin to decrease in
the cell membrane. This decline is the first step for NC cells to
leave the other ectodermal cells and become specialized (15).
Indeed, N-cadherin is a molecule that blocks the delamination
of NC cells by preserving intracellular junctions (16). In the
EMT process, A disintegrin and metalloproteinase domain-
containing protein 10 (ADAM10), a member of the zinc
protease superfamily, destroys and eliminates N-cadherin
(17). After the decline of E-cadherin and N-cadherin, NC
cells begin to express the mesenchymal cadherin-7 and
cadherin-11 (18). The initiation of the expression of the
mesenchymal cadherins is very important for the proliferation
of cells in the tissues, following the deformation of junctions
among cells and their migration (19).

As a negative regulator of the B-catenin signaling pathway,
E-cadherin also plays an important role in the inhibition of
tumor cell metastasis (20). E-cadherin expression has been
shown to inhibit metastasis in pancreatic, breast, bladder,
and lung cancers (21). In other words, the loss of E-cadherin
is an important marker of EMT in tumor progression
(22). The expressions of N-cadherin and cadherin-6 also
immediately decrease before the migration of metastatic
cancer cells (23).

2.2. Basement Membrane

The barriers surrounding the epithelium should be surpassed
for the cells to be released and to initiate migration. The
basement membrane beneath the epithelium mainly consists
of type IV collagen, fibronectin, and laminin molecules. NC
cells must destroy the basement membrane to complete the
EMT process and leave the neuroepithelium. They synthesize
the matrix metalloproteinase (MMP) molecules at this stage
(24). When NC cells begin to migrate, the integrity of
basement membrane is disrupted with the increase of MMP-
2, -8, and -9 expressions (25). Duong et al. (26) demonstrated
that MMP-2 inhibition blocks EMT.

ADAM family is a member of metalloproteinases. The cranial
NC cells in Xenopus increase ADAM9 and 13 expressions
to disrupt the structure of the extracellular matrix. Members
of the ADAM family also trigger cell proliferation and
angiogenesis by inhibiting apoptosis, thus causing the spread
of tumors (27).

Tumor cells reach the vessels by secreting MMP and ADAM
molecules and metastasize by passing the endothelial basement
membrane (28). In glioblastoma and neuroblastoma cancer
cells, MMP-2, -9, and ADAM-10 expressions increase (29).
MMP-2, -9, and -14 have been shown to have an inducing
role in the processes of tumor invasion and angiogenesis in
mouse (30).

2.3. Cell Polarity

The loss of intracellular junctions and basement membrane
integrity disrupts cell polarity, which is characteristic for
epithelial cells. The disruption of cell polarity also indicates
EMT, and it is one of the early indicators of tumor growth

(31).

Cell polarity is maintained at a molecular level by various
polarity complexes. Crumb (Crb) protein complex in the
apical cell membrane stabilizes the placement of the Par
protein complex located in tight junctions. The decrease in
Crb3 protein expression in renal epithelial cells has been
demonstrated to increase cell movements by influencing
junctional complexes to trigger tumorigenic potential and
induce metastasis (32). Crb3 protein expression needs to be
suppressed for the formation of tumor in mouse epithelial
cells. A decrease in Crb3 expression is associated with an
increase in vimentin expression in cells and a decrease in
E-cadherin expression, which means that the cell gains a
mesenchymal characteristic (33). These data indicate that
Crb3 has significant roles in the protection of apicobasal
polarity and tight junctions and in the suppression of
migration and metastasis. The polarity in the basolateral
face is under the control of the Scribble protein complex.
The expression of the Scribble complex has been shown to
decrease in cervical cancers, colon cancers, and melanoma
(34). Through the disruption of cell polarity, Snail and zinc
finger E-box binding homeobox-1 (Zeb-1) molecules trigger
EMT by suppressing the activation of Crumb genes (35). The
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Snail gene has also been shown to protect cancer cells from
death by suppressing apoptosis (36). It has been shown in the
studies conducted in Xenopus that the expressions of Snail,
Zebl, and Zeb2 molecules are required for the development

and migration of NC cells (37).
3. Migration Process

After passing the basement membrane, NC cells which have
gained the ability to move enter the extracellular matrix. A number
of molecules are released from the migrating cells to pass the
microenvironment here. NC cells bind to fibronectin by increasing
the expressions of laminin, 04B1, a5B1, and alP1 integrins. The
inhibition of 31 subunit has been shown to be associated with the
progression and recurrence of breast cancer (38).

When NC cells start to migrate, activating and/or inhibiting
signal molecules are secreted from the surrounding tissues.
NC cells are enabled to reach these areas by the secretion of
positive regulators from the target organs. Positive regulators
are growth factors such as FGE VEGE and PDGF and various
molecules such as chemokine SDF-1. Increase in FGF and
PDGEF levels triggers EMT in many cancers (39).

Some negative regulatory molecules are engaged to prevent
the migration of NC cells to the organs where these cells
should not settle. There are two main negative regulatory
molecule-ligand complexes. These are ephrin and Eph
ligands as well as class 3 semaphorins and neurophilin/
plexin receptors (40). By being expressed in tissues where
the NC cells normally should not migrate to, these
molecules prevent NC cells from settling at these places
(41). Eph and neurophilin also prevent the migration of
NC cells by constricting their extensions. The loss of Eph/
Ephrin and neurophilin/semaphorin expressions results in
ectopic migration of NC cells (42). Loss of the expressions
of ephrin and semaphorin has been shown in the studies of
some cancers such as lung and breast cancers in humans,
thereby indicating that these molecules have important roles
in tumor progression and metastasis (43).

Apart from the positive and negative regulatory molecules,
Wnt (44) and p53 (45) molecules play a role in the migration
and differentiation of NC and tumor cells by triggering EMT.
The decrease in the tumor suppressor gene p53 in cranial
NC cells induces NC cells to acquire invasive phenotype by
triggering EMT (45).

The migration process stops when NC cells reach the target
organs and contact with other cells (contact inhibition).
Wnt/planar cell polarity signaling pathway triggers contact
inhibition activating RhoA in contact points with the cell
next to the NC cell (44). Cancer cells return to epithelial
phenotype by undergoing a mesenchymal-epithelial
transition in the area where they metastasize. Thus, settling in
these areas, they rapidly reproduce. Cancer cells returning to
epithelial phenotype have been observed to be more durable

than those of mesenchymal origin (46). When cancer cells are

blocked to return to epithelial phenotype in areas where they
metastasize, the chances of their survival can be reduced.

4. Neural Crest Microenvironment and Cancer

The migration, proliferation, and differentiation of NC cells
are required for a normal embryonic development. Mintz
and Illmensee (47) suggested that the microenvironment
in mouse blastocyst stage can suppress the metastatic
properties of cancer cells. Indeed, tumorigenic phenotype of
cancer cells deteriorates in embryonic micro-environment.
It was observed that human melanoma cells did not create
tumors when injected through the premigratory period
NC cells of chicken embryos; on the contrary, they were
observed to migrate to the pharyngeal arch, dorsal root
ganglia, and sympathetic ganglia similar to NC cells (48).
Similar to NC cells, C8161 melanoma cells injected into
chicken embryo exhibit an extended cell morphology
that establishes contact with the neighboring cells in
the NC microenvironment in the region (49). On the
contrary, when injected into a microenvironment different
from that of NC cells, B19 mouse melanoma cells were
observed to form tumors in these areas (50). This difference
indicates that cancer cells exhibit an extraordinary (non-
tumorigenic and non-metastatic) phenotype only in the
NC microenvironment.

5. Conclusion

Neural crest and tumor cells undergo EMT. After it was
understood that the molecules having a role in the migration
and differentiation of the NC cells also play an effective
role in the migration of cancer cells, it was believed that
important data related to the formation, progression, and
metastasis of cancer could be obtained by investigating in
detail the behavioral patterns of NC cells. The discovery of
mechanisms underlying the loss of metastatic cell phenotype
by cancer cells around the NC microenvironment will enable
the development of reprogramming strategies related to the
microenvironment to prevent metastasis.
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