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Abstract. - The intermediate filaments (Ifs)
constitute the cytoskeleton which is a key feature
of both prokaryotic and eukaryotic cells. The IFs
are expressed throughout life and are involved in
the regulation of cell differentiation, homeostasis,
ageing and pathogenesis. The IFs not only pro-
vide structural integrity to the cell, but they are in-
volved also in a range of cellular functions from or-
ganelle trafficking and cell migration to signaling
transduction. The IFs are highly dynamic proteins,
able to respond and adapt their network rapidly in
response to intra- and extra-cellular cues. In_can-
cer, these IFs play a crucial role with regard
invasion vial cell motility. The present rev
ticle will enlighten information about impor
nestin with regard to its role in cancer cell
ty and invasion.
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& rather unique entity in that it is
xpressed briefly, in very specific cell types, such
S@uscle, kidney and the central nervous system,
at W@ specific times during a cells life — during
development and regeneration®*. This very speci-
fic timing and location of expression suggest that

allowing

its function in cancer
eading cause of de-

of the secondary tumors. Me-
cells in the primary tumor
invade and migrate, a term

and invade into the surrounding tissue. Some cel-
Is will invade into the network of blood and lym-
ph vessels that a tumor attracts to feed itself (in-
travasation). From there they can travel to many
distal sites in the body, such as the lungs, liver and
bones. To begin the reverse process of colonizing
the tissue to which they have travelled, the cells
need to exit the blood or lymph vessels (extrava-
sation) into the stroma. The metastasized tumor
cells will then undergo reverse EMT, also known
as mesenchymal to epithelial transition (MET),
whereby they lose their motile abilities and reac-
quire some of the characteristics of the primary
tumor. Nestin is most often expressed in inter-
mediary stages of malignant transformation and
is associated with cell migration and invasion. In
the later sections, we will describe through un-
derstanding and details of nestin about cancer cell
invasion and metastasis.

Intermediate Filaments Structural
Characteristics

The IFs are very elastic in nature and are able to
resist shear stress without breaking®. Early studies
suggested that one of the primary functions of the
IFs was the maintenance of the basic structural
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integrity of the cell. This elasticity and resistance
to shear stress can be attributed to the hierarchical
structure and specific structural changes during
assembly of the IF filaments themselves’. IF pro-
teins consist of an N-terminal “head” domain, a
central rod and a C-terminal “tail” domain (Fi-
gure 1). IFs are assembled hierarchically. Dimers
are formed through the interaction of two rod do-
mains to form a coiled coil. The dimers assem-
ble in an anti-parallel fashion to form tetramers
which then assemble into unit length filaments
(ULFs) composed of eight tetramers. The proper-
ties of IF filaments are not only conferred by their
inherent structure and hierarchical assembly, the
elastic properties of IFs are also regulated by ions.
Support for the idea that the vimentin C-terminus
is important for filament architecture come from
a study showing that divalent cations, such as Ca*"
and Mg?, interacting with the last 11 amino acids
on the vimentin tail promote stiffening of the fila-
ment network by crosslinking IF filaments’.

Intermediate Filaments Contribute to
a Diverse Range of Pathologies

The identification of IF functions in the ga
often a result of their disease association.
the first identifications of intermediate filamd
disease were in cancer’. Common character
of many IF-related diseases arise from abnor
lities with filament assembly, i
tion or aberrant regulation (E

on protein-protein interaq
In some cases, the IF j

other times, as with tord Progeria

Syndrome (HGP blistering
diseases, the p jon-alte-
i i ated with

abnormal protein
lation of PTMs
. Understanding

en developed for nestin. The studies
Mohseni et al'® and Yang et al'' demonstrated
although nestin is not necessary for CNS de-
velSgghent, it is important for peripheral motor
function and development of the neuromuscular
junction (NMJ). Nestin regulates acetylcholine

receptor (AchR) clustering at the NMJ. Nestin
is transiently expressed during myogenesis and
is understood to regulate the pace at which mvo-
genesis occurs by acting as an inhibj
fold for Cdk$5, a myogenesis promo
Nestin clearly has a role to play j
during regeneration and pathogé

ve endothelium, indepen
and neoplastic processes,

The expression of
well be regulated by
endothelial cells ¢

ing myocardial infar-
us malformations'.
is expressed during

nregulated, vimentin expression
pregulated. While nestin appears to be expres-
proliferating endothelium in the adult, it
whether this is a result of increased pro-
liferation or whether it confers specific functions
to the newly formed endothelial cells and vascula-
ture'®. Under shear flow conditions in the endothe-
lium, nestin expression is decreased, which may
reflect a need for cells to alter their proteome in
order to resist this mechanical stress”.

Scaffolding and Cytoprotective
Functions of Nestin

Nestin has a cytoprotective function in both
neurons and podocytes in the kidney, and this is
related to its interaction with and reciprocal re-
gulation of Cdk5. CdkS5 regulates nestin filament
organization® by phosphorylation at T316. Ne-
stin sequesters Cdk5 and regulate its activity by
modulating the Cdk5 activators p35/p25. During
stress, such as oxidative stress or high glucose si-
tuations, nestin is degraded resulting in sensitiza-
tion of the cells to Cdk5 pro-apoptotic activity?'.
Under stress conditions, Cdk5 is upregulated and
acts upstream of caspase-3 to mediate apoptosis
in high glucose treated podocytes. Nestin can
attenuate this effect?® presumably by sequeste-
ring CdkS. In vascular smooth muscle cells oxi-
dative stress leads to nestin upregulation which
inhibits apoptosis by Cdk5 sequestration®. Cdk5
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Table I. IF subtypes and associated diseases.

Type IF Tissue Disease
ITand II Keratins Skin, Stratified epithelia, e.g. nails, hair ~ Pancreatitis, Liver disease, skj
and hair-related tissue fragi
111 Desmin Striated and smooth muscle
Glial fibrillary acidic CNS, peripheral nervous system (PNS)
protein (GFAP)
Peripherin CNS, peripheral nervous system (PNS)
v Nestin CNS, PNS, heart, kidney, muscle
A\ Lamins Nuclear lamina strophies, CMT,
cardiomyopathieS$Adult- onset autosomal
dominant leukodystrophy (ADLD) and
¢ ageing diseases e.g. HGPS
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ched that removes the inhibitory scaffold g

by phosphorylation-dependent reorganiza
through degradation. While the interaction
CdkS5 are the best characterized so far, other
sphorylation sites have been identified on ne
which will require further study’s
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Nestin in Cancer

Nestin has been identified in a number of cancers
including osteosarcoma, prostate, breast testicular
cancer, ovarian, skin cancers, gastrointestinal tract
cancers, lung cancer, pancreatic cancer, anaplastic
thyroid carcinoma, angiosarcoma, glioma and other
CNS tumors to name a few?”. During development
nestin is considered as a progenitor cell marker, it
is also a marker for cells in early neoplastic stages
and during angiogenesis. The mechanisms that re-
gulate nestin expression during development and
regeneration may also regulate nestin expression
during transformation®®. Several studies investigate
the correlation of nestin expression in tumors with
various clinical outcomes, such as prognosis, tumor
grade, metastasis, recurrence and survival (Table I).

In some cases, nestin expression did correlate
with worse clinical outcomes, such as worse tu-
mor grade or metastasis. However, this was not
always associated with decreased patient survi-
val®. This variation could be due to study protocol
differences, as well as a reflection of the potential
complexity of nestin’s function in cancer. Much
of the correlative data should be treated with care
until there is a better understanding of how nestin
functions in cancer.
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Conclusions

is quite evident from the above literature that
nesWPplays a crucial role in cancer cell invasion
and motility. The details provided shall help to
further work on new drugs to target specifically
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Figure 1. Intermediate filaments.

various key attributes of this molecule to effi-
ciently manage the critical process of cell inva-
sion. This shall definitely allow efficient manage-
ment of cancer cell metastasis, the real cause of
mortality behind cancer.
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