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For more than one hundred years the question “what defines which organs and when will be affected in case of a
disseminated cancer” expressed by Paget remains basically unanswered, despite the bulk of published studies regarding
the cancer behaviour. In 1944, Coman developed the theory of adhesion forces regarding the cancer problem.
Nowadays, it is known that the interactions either among cells (cell-cell) or among cells and substratum components
(cell-matrix) are mediated by some molecules, named adhesion molecules. Until now, more than a hundred of
adhesion molecules have been identified. Research on physiology, biochemistry, genetics, and biology so in basic as
in clinical level, attracts with intense interest the attention of many scientists. In the majority of the human cancers it
has been clearly demonstrated that alterations in the adhesion forces are implicated in the invasion and metastasis
process. Furthermore, an effort to establish a role of adhesion molecules as potential biomarkers in various human
malignancies is attempted. Involvement of adhesion molecules in diagnosis, prognosis and treatment possibly has
been implicated in many cases of human cancer. Adhesion molecules comprise of five known families; cadherins,
integrins, immunoglobulin gene superfamily (IgSF), selectins, and CD44.In the present article a global approach of
the whole subject is attempted. In addition, the role of some adhesion molecules in carcinogenesis is discussed in some

detail. Hippokratia 2005; 9 (3): 106-114
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In multicellular organisms, the development of adhesion
bonds, either among cells or among cells and components
of the extracellular matrix, is a crucial process. These
interactions are mediated by some molecules which are
named adhesion molecules. That is why these molecules
play a main role both at the early stages of tissue
consistency and later on. This happens because this
adhesive process is directly related to the differentiation,
architecture and normal development of the tissue. The
development of cancer represents a disturbance of normal
tissue homeostasis. The interaction of neoplastic cells with
surrounding cells and underlying extracellular matrix
(ECM) is a central component of this pathological process.
It is not surprising, therefore, that the adhesion receptors,
those molecules responsible for maintaining normal tissue
architecture and regulating cellular interactions, should
play such an important part in modulating cancer
development and evolution'. It is, however, unlikely that
the major contribution of these adhesion molecules occurs
during the initial phases of tumour development. Rather
it is the late stage of cancer spread, a process known as
metastasis, which involves the migration of neoplastic cells
from one anatomical site to another, that is likely to be
most affected by dearrangement or alterations in adhesion
receptor levels or function®?. At present, adhesion
molecules embrace five categories: cadherins, integrins,
immunoglobulin gene superfamily members, selectins and
CD44.

Involvement of ECM components in cellular
proliferation and apoptosis

The ways that cells dissociate, migrate, arrest and
reassociate with other cells are basic knowledge in biology
and physiology. According to this approach, the
formation and function of specific cell-cell or cell-matrix
junctions appears very interesting. While the ECM has
long been known to play a part in regulating cell growth
and differentiation, only recently it has become apparent
that it also plays a major role in controlling cell growth
via the regulation of apoptosis*®. Apoptosis, which is
also known as programmed cell death, is a means of
controlling, via specific biochemical pathways, the self-
destruction of cells. It is the dynamic balance between
cellular proliferation and apoptosis in particular tissues
which determines the overall cellular equilibrium of that
tissue. Obviously, imbalances such as increased cellular
proliferation or decreased apoptosis could be involved
in the non-regulated growth observed in tumour
development. It has been shown that both in vivo and in
vitro, the loss of cellular adhesion to specific components
can be initiated by interfering with the way in which
specific members of the integrin superfamily of adhesion
molecules interact with the ECM®®. How the integrins
manage to mediate these apoptotic survival functions in
normal cells is unclear at present, but probably relates
to the induction of signaling molecules as a consequence
of integrin occupancy. In cancer development and
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growth, cellular contact with the ECM is often lost. How,
then, does the cancer cell manage to avoid the induced
apoptosis that would result in normal cells if they were
subjected to a similar loss of contact with the underlying
ECM? It could be that the formation of a nidus of
transformed cells generates signals from cell-cell
communication which might to some extent offset this
apoptosis. However, neoplastic cells have the capacity,
especially during the process of tumour dissemination,
to survive as individual single cells where there is little
likelihood that such compensatory cell-cell signals would
be generated to offset the lack of ECM-derived signals’.
An alternative way that tumour cells might preserve the
capacity to avoid programmed cell death would be via
the constitutive activation of their integrin subunits, are
continually generated within the cell to suppress the
apoptotic response.

The precise nature of the intracellular signals
generated may be dependent on the specific integrin-
ligand interaction®'’. Thus it was recently shown that up-
regulation of Bcl-2 expression, a means of suppressing
apoptotic death, occurred when attachment to a fibro-
nectin substrate was mediated through one (a5f1) but
not the other of two fibronectin receptors (tablel). Table
1 presents a classification of integrins receptors regarding
their binding-specificity to ECM components!'!. There
is, then, the possibility that cells which find themselves in
the incorrect tissue compartment (i.e. attaching through
certain integrins which would not normally be involved
in mediating this attachment) may be eliminated as a
result of the physiological induction of apoptosis. The
converse of this prospect is that metastatic cells have,
through mechanisms which require determination, lost
this capacity and can survive in these inappropriate sites
or even generate growth-promoting signals upon arrival
in these sites.

Tablel. Functional classification of integrin receptors
according to their ligand specificity.

Integrins ligands specificity to matrix components

Collagen receptors pl-al, a2, a3, av

Fibronectin receptors p1-03, a4, asS
p3-av, allb
p6-av

B7-a4

Laminin receptors pl-al,02,a3,a6,0.7
B3-av

B4-a6

Vitronectin receptors pl-av
p3-av, allb

B5-av

Non-defined p1-a8,09

p8-av

Tumor neovascularisation depends on adhesion
molecules stimulation

Itis frequently stated that in order for a solid tumour
to grow beyond 2 mm in size, the size at which passive
diffusion of nutrients is growth-limiting, new blood
supply must be induced by the growth of vessels from
surrounding normal tissues. Changes that are observed
in invasion and metastasis not only do they concern the
whole cell collections, but also they refer to various
molecules in different subcellular anatomic sites. Hence,
adhesive cell-cell or cell-matrix contacts may be created
at the invading or frontal edge of the cell, while the
posterior edge of the cell may disengage from either cell
neighbours or surrounding extracellular matrix proteins.
One must point out here that a great number of
investigators occupied by the cancer problem, from a
therapeutical point of view, are directed to the
neovascularisation field, since angiogenesis is of vital
importance for tumor growth and development. By in
vitro and in vivo experiments it has been shown that
soluble members of adhesion molecules are able to
stimulate angiogenesis and tumor development'2 It
occurs with members of the selectins and the
immunoglobulin superfamily (e.g. PECAM, platelet
endothelial cell adhesion molecule)". This process of
neovascularisation, or angiogenesis, has long been
thought to depend mainly on the release of angiogenic
peptides whether from infiltrating normal host cells, such
as macrophages, or from the neoplastic cells themselves.
Cell adhesion and cell adhesion receptors have not, until
now, been thought to make major contributions to the
angiogenesis phenomenon. Thus, the role of adhesion
molecules must be compared to the role of other
angiogenetic factors such as angiogenetic cytokines, e.g.
IL-8 (interleukin-8), TNF-a (tumor necrosis factor-
alpha), and VEGF (vascular endothelial growth factor).
Relatively recently, however, certain soluble adhesion
molecules have been shown to be capable of inducing
angiogenic responses both in vitro and in vivo
experimental test systems'*'%. Such molecules should be
liberated at the site of cancer development, possibly by
the cleavage of cell-associated receptors through the
activity of cancer-derived proteases, and then the
contribution of adhesion molecules to this means of
regulating gross cancer growth could be highly significant.
Where cell adhesion has been realised to play a vital
part in modifying angiogenesis, is in the control of
endothelial cell adhesion. Cords of endothelial cells,
arising from pre-existing capillaries or venules, form new
capillary sprouts which grow in towards the angiogenic
stimulus. The interaction of these endothelial cells with
the underlying extacellular matrix is necessary for the
formation of new capillary loops. It is of interest,
therefore, that expression of the integrin avf3, the
vitronectin receptor, at the surface of endothelial cells is
a key event in angiogenesis'*. Thus, antibodies or soluble
ligands capable of inhibiting avp3 activity can abrogate
the angiogenic response. This abrogation of neovascu-
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larisation has led either to an inhibition of further tumour
growth or to the diminution of the size of already
established tumours (possibly as a consequence of
nutrient deprivation). In general, the continuous growth
of a tumour beyond a critical size is dependent on the
development of new vessels, which not only supply
nutrition for further growth of the tumour, but also serve
as the route for systemic metastasis. In the metastatic
cancerous process, a cancer cell must gain access to the
target organ, escaping the vascular system into the target
organ and inducing angiogenesis into the target organ
to further growth and additional metastasis.

Finally, adhesion molecules may be involved in the
regulation of tumour growth at least in two levels: either
by regulating the balance between cell growth and cell
death on an individual cell basis, or by controlling
angiogenesis which is responsible for regulating growth
of the multicellular tumour at a gross level. As already
discussed, though, it is the process of metastasis which
is most likely to be affected by adhesion molecules
activity.

Tumor spread and adhesion molecules

Cancer cells have been shown to express most of the
adhesion receptors found on the surface of normal cells.
Complex and coordinated reductions and increases in
adhesion have been proposed to be necessary in order
of tumour invasion and metastasis to take place?'S. This
hypothesis has fuelled the interest of cancer research
teams in evaluating the expression of various adhesion
molecules in a wide range of human malignancies in the
hope of pinpointing some of the cell adhesion alterations
underlying tumour behavior**. Today, the use of
monoclonal antibodies directed relatively against certain
adhesion molecules provides the possibility of studying
the majority of human cancer cases. Both basic and
applied research are attracting the increasing concern of
many scientists. It is entirely probable that the cancer
cell utilizes many of the mechanisms used by normal
cells to migrate around the body. The invasive and
migratory capacities of cells like leukocytes, fibroblasts
and trophoblasts are controlled by changes in cell-cell
and cell-matrix interactions.

Adhesion molecules of the five known families are
biochemically and genetically unique although in some
instances they have related roles. Qualitative and
quantitative changes in the expression and function of
adhesion molecules have now been identified in the
majority of human tumors using in vitro experimental
model systems and in vivo immunolocalization studies.
The hallmarks of malignancy e.g. invasion and metastasis,
can now be explained at least partly, by alterations in the
adhesive properties of the neoplastic cells. Additionally,
interest is found in the role of adhesion molecules as
potential biomarkers in malignancy for use in screening,
in early and differential diagnosis, and in the assessment
of prognosis as well as for the monitor of disease
progression.

Cadherins

One class of cell-cell adhesion molecules implicated
in tissue formation is the Ca*"-dependent, deve-
lopmentally regulated transmembrane cadherin
proteins'®. Cadherins are the most interesting among all
adhesion molecules since when they are present all
adhesion interactions may be continued even in the
absence of all the other rest adhesion molecules.
Cadherins also help in tissue architecture maintenance
in adult animals and humans. Cadherins participate in
homophilically interactions in a subclass-specific manner
on the extracellular side'”'®. On the cytoplasmic side,
cadherin molecules interact with catenins (o, and vy)
which link cadherin molecules to cytoskeleton'®?', Figure 1
shows schematically the basic structure of cadherins.
Mature cadherins are derived from a precursor by
cleavage of the pre-region. Glycosylation and phospho-
sylation represent other post-translational modifications.
The mature protein is between 723 and 728 aminoacids
long. The most important epithelial cadherin (E-
cadherin) molecules is a 120kda peptide mapped on
chromosome 16q.22.1. Each cadherin molecule has four
cadherin repeats (EC1-EC4) with calcium binding
sequences. The cytolasmic region which interacts with
catenins is highly conserved between cadherins. For
many years it has been known that malignant cells have
a reduced capacity to adhere to one another. This, it is
thought, facilitates the malignant cell’s ability to detach
from a primary tumour and to initiate the process of
invasion into surrounding tissue*’. Cadherins are cell
surface membrane glycoproteins capable of mediating
cell-cell adhesion in a calcium-dependent fashion. Since
the major ligands of cadherins are the same molecules
expressed on adjacent cells, the adhesion mediated by
these receptors is termed homophilic or homotypic
binding. These interactions serve to hold together and
maintain tissue architecture!’. A number of cadherin
molecules have been identified and characterised, but
there are three major members of this family: E-cadherin
(epithelial), N-cadherin(neural) and P-cadherin
(placental)'"#. Of these, it is E-cadherin which has the
most obvious involvement in cancer development since
more than 90% of human cancers are carcinomas arising

Figure 1.

Basic hunas Cadherin sirectune

K ln: e El:-l-El:-.'Il:.'l -'.4] .

Ml ] A
RS

Watnie Cachwrie: e deved drom & precursor iy cheatign ol e Pre-region. Each
[dhesin malcule ka5 feui Cadherin repats (EC1 - ECA) wilh calcium binding
sequenes, The cylaplasmic rejion which mlerachi with Catenices & highly caniereed
betwien Cadhering




HIPPOKRATIA 2005, 9, 3 109

from epithelial tissues. Cadherins are the most important
of all adhesion molecules and when they are expressed
the inactivation of the other cell-cell adhesion molecules
has little effect. Loss of E-cadherin expression is
associated with dissociation and dispersal of epithelial
cells. Thus, when monoclonal antibodies to E-cadherin
have been used on E-cadherin-expressing epithelial cell
types in tissue culture, loss of epithelial morphology has
been observed and the dispersed cells have acquired a
fibroblast-like morphology. Conversely, the introduction
of cDNAs encoding for E-cadherin into non-E-cadherin-
expressing cells has resulted in de novo expression of E-
cadherin at the cell surface and the acquisition of a more
epithelial morphotype. When tumour cells have been
recipients of these cDNAs they have exhibited a reduced
capacity to invade or migrate out of invasion assay
systems. Cadherins are rapidly degraded by protease
action in the absence of the calcium ions. Their function
is regulated via the -COOH terminal intracellular domain
by a, f and vy catenins which interact with cytoskeletal
elements of the cells with which they bind'* %1% A recently
identified protein p120 has a role similar to that of
catenins and therefore is regarded as a new catenin
molecule. Apart from their essential role in modulating
cadherin adhesivity, catenins have been implicated in
cell and developmental signaling pathways®. For
example, -catenin is associated directly with at least two
receptor tyrosine kinases and transduces developmental
signals within the Wnt pathway. Catenins also combine
with the tumor supressor protein adenomatous polyposis
coli (APC), which appears to have a role in regulating
cell proliferation®?. Mutations of the adenomatous
polyposis coli tumor supressor gene have been linked to
familial polyposis, an inherited predisposition to colon
cancer and high percentage of sporadic colon adenomas.
Clinical analysis of human tumour specimens has shown
an inverse correlation between expression of E-cadherin
and the stage of cancer progression. Until now, a bulk of
reported studies have shown that E-cadherin downre-
gulation is a general phenomenon observed in many
malignancies in humans including colorectal cancer
2 prostate cancer®, bladder cancer®*?*!, pancreatic
cancer®, esophageal cancer®® and Barrett’s esophagus®,
gastric cancer®3, head and neck cancer3, primary liver
cancer’’ and cervical intraepithelial neoplasia®. This down
regulation has been shown to occur both at the mes-
senger RNA and at the protein level. However, lack of
normal protein is not the only way in which tumours
may be released from the constraints of cadherin-
mediated cell-cell adhesion. Thus, both mutations which
disrupt the binding site of the cadherin molecules and
mutations in the catenins, those proteins which serve to
link the cadherins to the internal cytoskeleton of the cell
can result in loss of functional cadherin activity. Though
little information is available regarding the incidence of
these changes in clinical material, it is apparent that both
such mutations can occur not only in human cancer cell
lines but also in fresh human tumor specimens. It

appears, therefore, that the release of neoplastic cells
within the primary tumor mass from cadherin-mediated
cell-cell cohesion is an important prelude to the initial
events of tumor invasion.

Integrins

Integrins are a superfamily of transmembrane
glycoproteins found predominantly on the surface of
leukocytes that mediate cell-cell and cell-substratum
interactions*’. They are heterodimers consisting of a and
f subunits. Beta subunits of all integrins are remarkably
similar. Their amino-sequences present a 40-48%
homology with specific structural features. Integrin
expression appears to be universal; at least one member
of the integrin family has been found on every cell/tissue
studied*!. Integrins are heterodimers consisting of
noncovalently associated o and f§ subunits. Nowadays,
there are at least nine 3 subunits and fifteen o subunits,
but new integrins and new ligands continue to be
discovered. Integrins form a bond with a variety of
proteins including fibronectin, fibrinogen, laminin,
collagen, thrombospondin, vitronectin, and von Willen-
brand factor as well as with C3b, complement protein®.
They also bind to members of the immunoglobulin gene
superfamily such as ICAM-1 (intercellular cell adhesion
molecule-1 or CD54), ICAM-2 (intercellular adhesion
molecule-2 or CD102), and VCAM-1 (vascular cell
adhesion molecule-1 or CD106). There are different
specificities of the integrins depending on the cell type in
which they are expressed*2 The RGD (anginine, glycine,
aspartic acid) sequence is a recognition site for some
integrins being their epitope***. It is of great interest
that peptides with RGD sequence when given
intravenously in cancer bearing wistar rats abrogate lung
metastasis**. Another interesting role of integrins is their
participation in signal transduction pathways. The largest
number of integrins are members of the 1 or VLA
(Very Late Antigen) subfamily, expressed by a variety
of cell types*. The B, subfamily of integrins consists of
leukocytes receptors LFA-1 (Leukocyte Function
Associated Molecule-1), Mac-1 and p150*4#. The f,
subfamily, also named cytoadhesins, consists of the
platelet glycoprotein gpll /Il and the vitronectin
receptor*. Other B subunits such as B, B, B, B, and B,
have been also characterized*’.

Once the neoplastic cells have been released from
the primary tumour mass they must then migrate
through and interact with the underlying ECM. This
local invasive spread is a prerequisite for infiltration of
the tumour cells into small lymphatics or blood vessels.
The interaction between the ECM and disseminating
cells involves both adhesion to and destruction of this
structure. Attachment to the adhesive glycoproteins of
the ECM is a consequence mainly of expression of the
integrin heterodimers. However, the destruction of ECM
which is mediated by proteolytic enzymes may also
involve members of the integrin family. An association
between enzymes of such important protease groups as
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the metalloproteinases or the plasminogen activators
and various members of the integrin family has been
documented**#. Although the integrins are constitutively
expressed, they do not bind to their receptors unless
the molecule is activated. The conformation of both the
integrin and its ligand is crucial to interactions among
integrins and their ligands. Some possible mechanisms
exist to explain the possible mechanisms of integrins
activation. A region of 190 amino acids located towards
the N-terming from the metal ion binding sites, termed
I domain, is present in most leukocyte integrin alpha
subunits and offers functions of ligand recognition*. This
domain is capable of conformational changes important
in ligand binding®. Much work has focused on simple
documentation of the absence or presence of specific
integrin subunits in a wide range of tumour types®’. These
immunocytochemical analyses have produced conflicting
results with no clear correlation. Thus in some instances
it has been recorded that progression of tumours from
the more benign to the more malignant phase is
associated with loss of expression of specific integrin
subunits. This is a clinical finding which appears to
substantiate those experiments where the introduction
of cDNAs for particular integrin subunits into recipient
cells has resulted in the reduced tumorigenic capacity of
such transfectants. However, in other tumour types, like
malignant melanoma, there appears to be a gradual up-
regulation in the number of integrin subunits expressed
by the more advanced or malignant tumours®’. Whether
this documentation of the mere existence of expression
of different integrins tells us a lot about their possible
involvement in affecting tumour cell behavior is
questionable. Presence of the protein tells us little about
the functional capacity of the molecule. It is known from
experimental analysis that integrin activation status may
vary considerably not only between cell types but also
according to the influence of exogenous factors. It
therefore becomes of crucial significance to know what
the activation state is of those integrins which are
expressed by the neoplastic cells. Thus in much the same
way that cadherin function may be down-regulated, even
when no detectable change is apparent in protein levels,
so the simple presence or absence of immunoreactive
integrin is no guide to likely effects on biological behavior.

As discussed, the integrins may play a part in
regulating the enzymes which cause disruption of the
ECM. Thus the binding of integrins to specific ligands
has been shown to result in up-regulation in gene
expression of particular types of metalloproteinases* 2.
These neutral-pH-acting enzymes are able to digest the
major constituent proteins of the ECM. Equally, the
urokinase-type plasminogen activator (uPA), which
activates plasminogen to the broad-spectrum serum
protease plasmin, has been localised to focal contacts,
the sites where the integrins are found. It is possible that
the integrins can regulate the activity of uPA, and
therefore are capable of regulating plasmin production,
by bringing into close apposition the components of the

proteolytic pathway and the ECM adhesion pathway. It
is a requirement of tumour cell invasion that these cells
do not attach too strongly to the underlying ECM and
therefore remain static. Instead the infiltrating neoplastic
cells must have the machinery to regulate adhesive and
de-adhesive events. This regulation, which may occur in
different sub-anatomical compartments of the same
individual cell, is an important component of any
chemotactic or haptotactic migratory response. Altering
the composition of the ECM by degrading its consti-
tuents may alter the ligands available for particular inte-
grins or alter the strength of the interactions with these
adhesive proteins and thus allow movement and migra-
tion across and through the tissue stroma.

Immunoglobulin superfamily (IgSF)

The immunoglobulin superfamily of adhesion
receptors is composed of numerous molecules of the
cell surface which contain the typical immunoglobulin-
like domains in the extracellular portion of the
molecule®.Their structure is characterized by the
repeated immunoglobulin-like domains, which are built
from a tightly packed barrel of (3 strands. A fifty percent
of the surface glycoproteins of leukocytes belong to this
superfamily. Members of this family are involved in
tumour spread and appear to depend upon either loss
or gain of functional capacity. For example, in colorectal
cancer inactivation of the so-called DCC (deleted in
colorectal carcinoma) gene has been reported in roughly
70% of cases, suggesting a fairly major role for the protein
encoded by this gene’*. Other studies in the last years
have clearly shown that inactivation of DCC gene may
be observed not only in cases of colorectal cancer, but
also in breast cancer™, prostate cancer, and bladder
cancer’, endometrial cancer’’, pancreatic adenocarci-
noma’$, as well as in haematological malignancies®. The
sequence of the DCC gene predicts for a protein which
has strong homology to members of the immunoglobulin
superfamily and especially for neural cell adhesion
molecules (NCAM). Pierceall et al have shown in vitro
that DCC functions as NCAM stimulating neuriteant
growth via special intracellular signalling®®, known that
NCAM manifests its action on healthy or regenerated
neural cells only without any activity on sick cells®’. While
the precise function of this molecule in regulating tumour
spread is not known, it is possible that the product of the
DCC gene functions in homophilic cell binding. In much
the same way as that proposed above for E-cadherin,
inactivation or loss of the DCC gene could then result in
disruption of cell-cell cohesion between the cells of the
primary tumour mass. Cell migration subsequent to this
change in cell-cell attachment would then contribute to
tumour spread. However, for fully estimating the role of
DCC gene, further studies are needed.

The most important members of the immuno-
globulin gene superfamily are the ICAM-1 (Intercellular
Adhesion Molecule-1)%, ICAM-2 (Intercellular
Adhesion Molecule-2)%2, VCAM-1 (Vascular Cell
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Adhesion Molecule-1)%, PECAM-1 (Platelet Endothe-
lial Cell Adhesion Molecule-1)%, MAdCAM-1 (Mucosal
Addressing Cell Adhesion Molecule-1)%, NCAM (Neu-
ral Cell Adhesion Molecule)®’, and since 1965 the known
CEA (CarcinoEmbryonic Antigen)®®.

ICAM-1 (CD54) is a transmembrane glycoprotein of
90 KDa with fine Ig like extracellular domains®. The most
important ligands for [CAM-1 are the {3, integrins LFA 1
(CD11a/CD18) and Mac-1 (CD11b/CD18) which are
expressed on leukocytes™. Binding is achieved by 1 and 2
immunoglobulin domains. Thus ICAM-1 mediates the
adhesion of leukocytes to ICAM-1 expressing cells. ICAM-
1 also binds to fibrinogen, hyaluronase, sialophorin (CD43),
rhinoviruses and plasmodium falciparum-infected
erythrocytes . ICAM is expressed on endothelial and
epithelial cells, lymphocytes, monocytes, eosinophils,
keratinocytes, dendritic cells, haematopoietic stem cells,
hepatocytes and fibroblasts. Regulation of ICAM-1
expression is cell specific. ICAM-1 levels are enhanced by
inflammatory cytokines and down regulated by anti-
inflammatory agents in general™. At inflammatory sites,
inflammatory cytokines induce up regulation of ICAM-1
expression on vascular endothelial cells as well as activation
of leukocyte integrins LFA 1 and Mac-1.This fact leads to
adhesion of leukocytes to the local endothelium which
represents an essential step in extravasation of leukocytes
to the site of inflammation. Immigration and soluble ICAM-
1 has been found in serum, cerebrospinal fluid and
bronchoalveolar lavage. Chyczevski et al and Nakae et al in
1995 and 1996, respectively, have shown that soluble ICAM-
1 levels are correlated with some endotoxins levels, TNF
and cytokines in cases of sepsis™*”™. MadCAM-1 is a glyco-
protein 58 KDa found on the endothelial cells of some
vessels and is implicated in lymphocyte homing to specific
tissues such as lymph nodes and mucosa — associated
lymphoid tissue®® . Ligands for MadCAM-1 are integrin
B, and L-selectin on leukocyte surface. NCAM (Neural
Cell Adhesion Molecule)® is expressed by a variety of cells
mainly of neural and mesenchymal origin®7¢"8. The
observation that NCAM expression is limited in migrating
cells, initially gave the impression that this molecule is
implicated in malignancy. Indeed Hoki et al showed that
loss of NCAM expression in mouse fibroblast cell lines is
correlated with expression loss due to contact dependent
inhibition of after virus transformation, offering thus a
potential mechanism for NCAM involvement in
tumorigenesis”. However, immunohistochemical studies in
a variety of tumours in humans have not until now support
this hypothesis. Really, NCAM is present in a numerous
of neural, neuroendocrine and mesenchymal tumours in
general, in which a reduced/absent expression would be
expected. Such tumours are Wilm’s tumour, pituitary
adenomata and pheochromocytomata as well as small cell
lung cancer” 7% %81 NCAM is a ligand for a4bl integrin
(VLA- 4) found on leukocytes. The interactions, in which
members of the IgSF are mediating, are of a homotypic
(NCAM molecule is binding to another NCAM molecule)
or heterotypic fashion.

One of the major ways that immunoglobulin-like
molecules may play a role in modulating tumour spread
is by regulating the interaction of circulating tumour cells
with host immunocytes. However, it is also possible that
members of this family play a major regulatory role in
determining the adhesion of circulating cancer cells to
capillary endothelium. This process, as well as leukocyte
rolling and extravasation are impossible to take place
with the mediating of selectins alone; members of the
IgSF are always implicated during those processes®*. An
aspect of metastatic dissemination which closely
resembles the normal trafficking of immune cells and
their extravasation at inflammatory sites in this adhesion
of circulating cells to the endothelial cells of arresting
vessels. Specific ligands on the endothelial cells capable
of interacting with receptors on tumour cells could
account, in part, for organ-specific patterns of tumour
spread. It is of interest, therefore, that VCAM-1, a
member of the immunoglobulin superfamily, which is a
cytokine-inducible surface receptor found on the lumenal
surface of endothelial cells, serves as a ligand for the
041 integrin (VLA-4)™. This integrin is expressed by
several tumour cell types, including rhabdomyosarcoma,
neuroblastoma and melanoma. Presumably an
interaction between the a4f1 integrin and the VCAM-1
ligand could account for the retention and arrest of
cancer cells in distant capillary beds. In malignant mela-
noma, especially, the results form many experimental
studies are in accord with this possibility. Thus
correlations have been established between melanoma
cell surface levels of 041 and the capacity to adhere to
activated endothelium. Pre-treatment of mice with
cytokines which up-regulate expression of VCAM-1 on
endothelial cells has resulted in increased metastatic
tumour burden resulting from the intravenous injection
of a4p1-expressing melanoma lines of either murine or
human origin. VCAM-1 also binds to leukocyte integrin
a,b, (LPAM-1) on activated peripheral T cells”. VCAM-
1isa 100-110 kDa transmembrane glycoprotein typically
characterized by the presence of seven C -type
immunoglobulin (Ig) domains®.In the extracellular
region, there are multiple N-linked glycosylation sites
and each C, domain is closed by a disulfide bridge. A
number of variants of VCAM-1 are known to exist, all
of which are likely the result of alternate gene splicing.
Cells known to express VCAM-1 include neurons,
endothelial cells, smooth muscle cells, fibroblasts and
macrophages’. VCAM-1 is absent on resting endothelial
cells, but can be upregulated by inflammatory mediators
such as IL-1B,IL-4, TNFa and INF-y’% Soluble VCAM-
1 has been identified in culture supernates blood and
cerebrospinal fluid. The exact mechanism by which
VCAM-1 is generated is unknown. Both, proteolytic
cleavage and alternate splicing may occur. However, the
exact processes of tumour cell to endothelial cell adhesion
may not mimic the normal physiological processes in all
aspects. Accordingly, some caution should be exercised
with regard to the data derived from experimental analy-
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ses and how they may reflect on the clinical situation.

Selectins

The selectins represent a group of adhesion
receptors composed of three well-characterised
members. These members, termed E-, P- and L-selectin
respectively, are expressed on a variety of blood cells or
endothelial cells and recognize and bind to carbohydrate
moieties present on the interacting cells. E- and P-
selectin are expressed by endothelial cells and their cell
surface expression can be up-regulated dramatically by
exposure to many inflammatory cytokines. L-selectin is
expressed by leucocytes. The selectins bear at their N-
terminus a calcium-dependent lecithin domain which,
during the process of leucocyte extravasation, binds to
sugar moieties (including members of the ‘Lewis’ blood
group) expressed on the leucocytes. This selectin-sugar
interaction serves to draw leucocytes in close to the
endothelium, pulling the cells out from normal laminar
flow and initiating a process known as ‘rolling’, whereby
the leucocytes roll along the lumenal surface of the
endothelial cells. This close juxtaposition of the
leucocytes, coupled with the slowing down of transit time,
allows the stronger integrin-mediated interactions to
occur and these stabilise the attachment process. It has
been shown that certain epithelial cancers express the
sialylated Lewis* and Lewis” antigens, which serve as
ligands for E-selectin, and that the level of expression
found in certain tumour types appears to correlate with
the capacity to form distant metastases. Given the
apparent similarity between the way in which normal
leucocytes extravasate at inflammatory sites and the way
in which tumour cells extravasate at distant sites of arrest,
it is tempting to speculate that comparable mechanisms
are indeed involved in mediating both these processes.
Is it the case, therefore, that selectin-sugar interactions
pull disseminating tumour cells in to close apposition
with the capillary endothelium and allow subsequent
integrin-mediated interactions to occur?

To accept this scenario unreservedly is to ignore the
fact that the precise resemblance of tumour
dissemination to the situation of leucocyte trafficking is
doubtful because of the relative dimensions of the
circulating cancer cell and the arresting endothelial vessel.
Thus, whereas in many instances of inflammatory
exudate, the involved blood vessels may be significantly
larger that the leucocytes themselves, in many instances
of cancer cell arrest the diameter of the arresting vessel
actually may be smaller than the malignant cell. There is,
then, no requirement for the tumour cell to be pulled
out of laminar flow, since it is not actually undergoing
laminar flow but rather is forcing its way through a
deformable capillary. Such close contact between the
two interacting cell types may mean that the integrin-
mediated interactions are the most important. For this
reason the activation status of the integrins already
referred to above, may be the most important
determinant in deciding whether or not adhesion occurs.

If tumour cell integrins are constitutively in the active
state, then not only may inhibition of apoptosis be
affected, but also may be the adhesive behavior of the
tumour cells.

CD44

A cell adhesion molecule which does not fall easily
into one of the four major groups of receptors and yet
which has been closely associated with the ability to me-
tastasize is the hyaluronate-binding protein, CD44.
Originally identified as a lymphocyte-homing molecule,
CD44 was shown, by some elegant experimental work,
to play an important part in the metastatic spread of
tumors. Analysis of the surface expression of this mol-
ecule on cells from rodent tumors which did or did not
metastasize revealed that the expression of different
forms of CD44 correlated with the capacity to undergo
metastatic spread. Thus, while both metastatic and non-
metastatic variants derived from a common parental line
could express the so-called standard form of CD44, only
the metastatic cells expressed the so-called variant form.
This variant form was shown to have an extra inserted
region present in the extracellular portion of the mol-
ecule. Further studies have not only confirmed that this
association between expression of the variant form and
metastatic behavior occurs in a range of human tumour
types but also have provided an explanation for the ori-
gin of this variant form. The structure of CD44 is excep-
tionally complicated. This complexity is a consequence
of splicing from different exons in the gene, resulting in
the production of different isoforms. This complexity in
the primary protein backbone can then be built upon
further by different glycosylation patterns of these
isoforms which results in the ability to generate an ex-
tensive variety of CD44 molecules.

In its standard form CD44 is an integral cell mem-
brane glycoprotein of 85-95 kDa, arising from post-trans-
lational modifications of a 37-kDa core protein, which
serves to regulate lymphocyte adhesion to the high en-
dothelial venules during lymphocyte recirculation. The
N-terminal region of the molecule has significant ho-
mology with the tandem repeat domains of the cartilage
link and proteoglycan core proteins, which suggests a
role in hyaluronate binding. Indeed, CD44 has been
shown to be the major cell surface receptor for hyalur-
onate in a range of cell types, though this activity can be
regulated by differential glycosylation.

The additional inserted region of the variant CD44
is strongly hydrophilic and could affect binding proper-
ties of expressing cells, though no clear-cut effect on
hyaluronate binding has yet been demonstrated. Ex-
pression of the variant forms of CD44 is not restricted
solely to tumour cells and, perhaps most interestingly,
one of the subsets of cell types in which this form is
detected are the activated lymphocytes. There has been
considerable controversy over the association between
variant exon usage and tumour malignancy but, in cer-
tain types, this association does seem real and does pro-
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vide prognostic information. Exploration of the gener-
ality of the correlation and an elucidation of the under-
lying mechanistic basis of this association will help ex-
plain the precise role of this adhesion receptor in tu-
mour progression. At this time the assumption is that
by mimicking the role played in normal lymphocyte mi-
gration the CD44 molecule somehow confers metastatic
capacity onto normally sedentary cells.
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