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Summary 

Cell adhesion molecules (CAMs) of the immunoglobulin supergene family may play important roles in 
tumorigenesis and the development of metastatic disease. In a variety of human malignancies, tumor 
progression has been observed to be associated with changes in CAM expression. An early event in 
colorectal tumorigenesis appears to be the down regulation of a normally expressed CAM, DCC. Over- 
expression of a second CAM, carcinoembryonic antigen, is associated with colorectal tumors which have a 
high risk for metastasis development. Several tumors, including Wilms tumors and neuroblastoma, have 
been found to express a developmentally regulated form of NCAM which inhibits a variety of cell-cell 
interactions. Malignant cells not only show aberrations in the expression of their CAMS and thus their 
normal cell-cell interactions, but establish new adhesive interactions. The development of metastatic 
potential in cutaneous melanoma is associated with the de novo expression of two CAMs, one of which is 
ICAM-1, a molecule mediating adhesion between the tumor cells and leukocytes. 

Introduction 

The interaction of cells with their environment is 
mediated in large part by cell surface molecules 
with specific affinities for molecules on the surface 
of other cells and which are known collectively as 
cell adhesion molecules (CAMs). Adhesive inter- 
actions mediated by CAMs allow cells to sort into 
groups and form complex structures and as such are 
of critical importance in organogenesis and tissue 
reconstruction [1]. CAMs do not, however, simply 
glue cells together; most CAM interactions are 
accompanied by the transmission of signals regu- 
lating differentiation or proliferation to one or both 
partners [1, 2]. Perhaps even more importantly, by 
maintaining cells in close contact, CAMs allow the 
exchange of information mediated by other cellular 
components [2, 3]. In this context they support and 

provide direction for essentially all intercellular 
communication in multicellular organisms. 

While CAMs are found in several different mole- 
cular families, the majority identified to date be- 
long to the immunoglobulin (Ig) supergene family 
(Fig. 1; Ref. [4]). Common to all these molecules is 
the immunoglobulin fold, a structure resembling a 
sandwich of [3 pleated sheets stabilized by a dis- 
ulfide bond. Although the members of this super- 
gene family are functionally diverse, most are cell 
surface molecules and are involved in recognition 
of other molecules, either soluble or cell associ- 
ated. This recognition can be homophilic (between 
like molecules) or heterophilic (between two dif- 
ferent molecules) and frequently occurs between 
members of the Ig supergene family. Since most 
members are involved in molecular recognition, it 
is speculated that this supergene family evolved 
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Fig. 1. Schematic diagram of the Ig supergene family CAMs. All molecules are characterized by the Ig domain which is stabilized by 
disulfide bonds. Rectangles indicate fibronectin homology units which are present in some of the molecules. • indicate sites of potential 
N-linked glycosylation. 

from a common precursor which functioned in self 
recognition. While all members of this family share 
conserved amino acid residues, these are limited to 
positions within the core of the Ig fold and probably 
are important for its formation. In contrast, the 
functional regions of the various members are high- 
ly diverse. Sequence comparisons, however, in- 
dicate that within the Ig supergene family some 
molecules are more closely related to each other, 
suggesting that they may have evolved from a com- 
mon ancestor. One of these groups consists of neu- 
ral cell adhesion molecules which have been shown 
to mediate intercellular adhesion during the devel- 
opment of the nervous system and which include 
the neural cell adhesion molecule (NCAM), mye- 
lin associated glycoprotein (MAG), L1, amalgam, 
contactin and fascicilin II [5]. 

Given the role of CAMs in controlling cellular 
interactions, it seems likely that disturbances in the 
function of these molecules will be intimately in- 
volved in malignant transformation and tumor pro- 
gression. The malignant cell demonstrates a se- 
verely altered relationship with its environment. 
Connections to neighboring cells are disturbed and 
the tumor cells migrate away from their normal 
location, invade the surrounding connective tissue, 
enter the vascular and lymphatic systems and exit 
to take up residence in foreign environments. 
There are many steps in this process where alter- 
ations in CAM function could be important (Fig. 
2). The loss of normal intercellular adhesion which 
can free cells from a variety of contact mediated 
regulatory controls, and also lead to the dissemi- 
nation of cells from the primary tumor, could occur 
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Fig. 2. Diagram of the steps involved in metastases formation. Disruption of normal adhesive interactions between cells can occur 
through the down regulation of CAM expression (A) or through expression of molecules blocking adhesion (B). Cells may then acquire 
new adhesive interactions (C) which aid in invasion and entry of the cells into capillaries (D). Extravasation may be enhanced by 
adhesive interactions with endothelium or liver sinusoid (D). [ ]  = tumor cell; © = leukocytes; • = CAM expressed by normal cell; 
l:! = new CAM expressed by tumor; • = endothelial cell CAM. 
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through the down regulation of CAMs (Fig. 2A) or 
the expression of an altered CAM (B). The expres- 
sion of new CAMs (C) could endow the tumor cells 
with new adhesive protentials and contribute to 
migration, invasion and extravasation (D). Recently 
a number of Ig superfamily cell adhesion molecules 
have indeed been implicated in these various steps. A 
survey of these molecules and their postulated roles 
in tumor progression emphasizes not only that 
CAMs may be important in many different stages in 
this process but also indicates that different CAMs 
are involved in different types of tumors. 

Malignant cells may express a 'cell repulsion' form 
of the neural cell adhesion molecule NCAM 

The neural cell adhesion molecule, NCAM, was 
the first intercellular adhesion molecule to be iso- 
lated, characterized and cloned [5, 6]. Although it 
was originally identified in neural tissues, NCAM is 

now known to be broadly expressed during em- 
bryonic development and probably plays an impor- 
tant role in directing cell-cell interactions in many 
different tissues. NCAM is encoded by a single 
gene, but due to differential mRNA splicing exists 
in a variety of isoforms ranging in apparent mole- 
cular weight from 115 kD to 140 kD. Analyses of 
transfectants as well as studies using purified 
NCAM molecules in liposomes have shown that 
this molecule mediates cell adhesion in a homophil- 
ic fashion, that is, the NCAM molecules located on 
apposing cell surfaces interact with each other. 
NCAM remains the best characterized of the 
CAMs and the only one where the diverse regu- 
latory levels are beginning to be defined. Many of 
the levels at which NCAM function can be regu- 
lated, including gene expression, mRNA splicing 
and glycosylation, appear to be common to the 
other Ig superfamily CAMs. In this respect NCAM 
serves as a prototype for understanding CAM regu- 
lation. 
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The level of expression of NCAM at the cell 
surface has been shown to severely affect adhesion, 
a 2 fold difference altering the rate by more than 30 
fold [7]. The various NCAM isoforms, which are 
created through alternative mRNA splicing, differ 
from each other primarily in their transmembrane 
and cytoplasmic regions. Since the expression of 
these isoforms is regulated in a tissue and stage 
specific manner, it seems probable that they are 
functionally distinct. Support for this has recently 
been obtained in studies using transfection of chi- 
meric cDNA constructs [8]. These studies demon- 
strated that, while not affecting the specificity of 
adhesion, the cytoplasmic region of the CAM is 
critical for the functional consequences of adhesive 
interactions, such as sorting out of cells. 

A striking variability in the degree of N-linked 
glycosylation is a prominent characteristic of 
CAMs examined in different tissues and at differ- 
ent stages of development. In the case of NCAM 
this has been shown to have a striking functional 
significance [6]. The amount of sialic acid can com- 
prise up to 30% of the weight of NCAM. Most of 
this is present as polysialic acid (PSA), an a-2-8- 
linked linear homopolymer of sialic acid which is 
attached to N-linked high mannose core oligosac- 
charides. PSA is an unusual form of sialic acid and 
has not been detected on other molecules in higher 
vertebrates. However, it is commonly found in the 
protective outer coat of certain bacteria and in the 
perivitelline zone of some fish eggs. NCAM exists 
in high PSA (h-PSA, 30% sialic acid) and low PSA 
(I-PSA, 10% sialic acid) forms. Comparisons of 
h-PSA and 1-PSA NCAM molecules in liposomes 
demonstrate that the amount of PSA affects the 
adhesion, h-PSA molecules showing a 4--6 fold re- 
duction in rate of adhesion. However, in intact 
cells, the expression of the h-PSA form of NCAM 
has a much more dramatic effect. In addition to the 
reduction in NCAM-NCAM interactions, adhesive 
interactions mediated by unrelated CAMs are also 
disrupted [9]. This has led to the proposal that the 
expression of the h-PSA form of NCAM creates a 
carbohydrate barrier around the cell which effec- 
tively reduces its ability to participate in most con- 
tact mediated phenomena. The expression of the 
h-PSA form of NCAM is tightly regulated, being 

limited to particular cells in certain stages of devel- 
opment, and it is thought to be important in tempo- 
rarily freeing these cells from adhesive interactions 
with their neighbors. 

In the adult, the h-PSA form of NCAM is not 
found in epithelial and neural tissues. However, 
the use of antibodies specific for PSA indicate that 
it is expressed by some types of tumors [10, 11]. 
This was first demonstrated for Wilms tumor, a 
rapidly growing highly malignant tumor of the kid- 
ney. Immunohistochemical analyses revealed that 
the h-PSA form of NCAM characterized the tumor 
cells while the 1-PSA form characterized the sur- 
rounding normal epithelial cells [11]. NCAM is 
expressed by a wide variety of tumors, but it is not 
yet known how frequently it is in the h-PSA form. 
However, whenever h-PSA NCAM is expressed 
(Fig. 2B), the experimental data suggest that these 
cells will be freed from a variety of contact medi- 
ated restraints including positional control and 
growth inhibition. 

Overexpression of carcinoembryonic antigen in 
colorectal carcinoma may promote tumor cell 
homing to the liver 

Carcinoembryonic antigen (CEA) is a cell surface 
glycoprotein of colon mucosal cells. In a number of 
epithelial malignancies CEA appears in high levels 
in the serum and this characteristic has led to its use 
as a marker to monitor tumor burden. CEA is a 
member of a multigene family whose members 
cross react serologically and cross hybridize at the 
nucleic acid level [12]. CEA has a protein core with 
an apparent molecular weight of 80 kD, but is high- 
ly glycosylated and migrates with an apparent mw 
of 180 kd. Like NCAM, diversity of CEA mole- 
cules can be generated by differential mRNA splic- 
ing and by post translational modification. Recent 
studies using purified CEA and cells transfected 
with CEA encoding cDNA clones have shown that 
this molecule functions as a CAM [13, 14]. It can 
mediate intercellular adhesion both through ho- 
mophilic interactions (i.e., CEA-CEA) and heter- 
ophilic interactions as demonstrated by the ability 
of CEA expressing transfectants to form adhesive 



contacts with transfectants expressing a second 
member of the CEA family, nonspecific-crossreac- 
ting-antigen (NCA). 

Malignant colon epithelial cells frequently ex- 
press 10-100 fold higher levels of CEA than their 
normal counterparts, the cellular distribution of 
the molecule is altered and large amounts are se- 
creted into the circulation. The preoperative level 
of serum CEA in colorectal carcinoma patients has 
been shown to be an important prognostic param- 
eter [15]. Patients with Duke's C and D stage tu- 
mors with CEA serum levels greater than 5 ng/ml 
have a shorter disease free interval and lower sur- 
vival rate than patients with tumors of the same 
stage but with normal CEA serum levels. These 
results have led to the speculation that the over- 
expression of CEA contributes directly to tumori- 
genesis or metastasis formation. 

The over-expression and altered distribution of 
CEA on malignant epithelial cells may disturb the 
normal intercellular adhesion and lead to disrup- 
tion of the tissue architecture [13]. However, the 
high serum levels of CEA may also play a direct 
role in the development of metastasis. CEA is 
cleared from the circulation by the liver. Kupffer 
cells lining the sinusoids take up CEA via specific 
receptors and it is transferred to the hepatocytes, 
where it is degraded. During this process CEA can 
be detected on the surface of both the Kupffer cells 
and the hepatocytes [16, 17]. The demonstration 
that CEA can function as a CAM, binding both 
CEA and NCA bearing cells, raises the possibility 
that its expression by cells lining the liver sinusoids 
results in the establishment of a kind of homing 
receptor which causes the circulating CEA positive 
tumor cells to stop in the liver. Recent experiments 
using human colorectal carcinoma cells transplant- 
ed to athymic nude mice appear to support this 
hypothesis. The ability of primary tumors to suc- 
cessfully grow in nude mice was shown to be posi- 
tively correlated with the expression of high levels 
of CEA [18]. More directly, experimental liver 
metastasis and liver implantation of colorectal car- 
cinomas could be enhanced by a prior intravenous 
injection of purified CEA [19]. The increased me- 
tastasis was only observed for tumors which were 
poorly metastatic in the nude mice. Tumors which 
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were non-metastatic or highly metastatic were not 
affected, suggesting that circulating CEA did not 
fundamentally alter any inherent characteristic of 
the tumor cells. Localization of tumor cells to the 
liver could be directly measured and was the high- 
est 30 min after the injection of CEA. This corre- 
sponds to the time when the maximal expression of 
membrane bound CEA by the Kupffer cells and 
hepatocytes is observed. As soluble CEA was un- 
able to induce tumor cell aggregation in vitro, it 
appears that expression of this liver-CEA is indeed 
the critical event. 

The extravasation of tumor cells is a critical step 
in the successful development of metastases. The 
elements within the lympho-vascular system which 
are responsible for the arrest of circulating tumor 
cells and especially those which may help to deter- 
mine organ preferences in the location of metasta- 
ses remain largely unknown. The expression on 
sinusoid lining cells of an adhesive ligand specific 
for tumor cells may well constitute a 'liver homing 
receptor' which traps the circulating tumor cells. 
This selective trapping may well enhance the prob- 
ability that these cells successfully establish hepatic 
metastasis (Fig. 2D). 

Changes in the expression of novel CAMs correlate 
with tumor progression 

The search for molecules whose expression chang- 
es during tumor progression can lead to the discov- 
ery of those molecules which play a role in tumori- 
genesis and the development of metastases. This 
approach has recently led to the identification of 
two novel members of the Ig superfamily whose 
sequence homology to NCAM and related neural 
cell adhesion molecules indicate that they may also 
function as CAMs. 

The development of malignant tumors is accom- 
panied by an accumulation of functional alterations 
in a variety of gene products [20, 21]. While many 
of these changes are epigenetic, some are genetic 
and result from mutations, deletions or transloca- 
tions. These genetic alterations have been shown to 
lead to the activation of genes (which are then 
known as oncogenes) or the inactivation of genes 
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(which are then known as tumor suppressor genes). 
While most of the oncogenes and tumor suppressor 
genes identified to date seem to be involved in the 
regulation of cell proliferation, a recently cloned 
tumor suppressor gene appears to be a CAM. 

DCC - loss of expression of a putative CAM is 
associated with the development of colorectal 
carcinoma 

Deletions in the q21 region of chromosome 18 are 
found in more than 70% of colorectal tumors [22]. 
This suggested that, in analogy to studies on reti- 
noblastoma where deletions at 13qll marked the 
location of the Rb tumor suppressor gene [23], the 
inactivation of a gene located at 18q21 contributes 
to the malignant transformation of colorectal epi- 
thelial cells. Molecular cloning of this region of 
chromosome 18 led to the identification of a novel 
gene which has been termed DCC (for deleted in 
colorectal carcinoma; [24]). This gene contains at 
least 8 exons and encodes a mRNA of approxi- 
mately 12 kb which is present at low levels in most 
normal tissues examined, including colon mucosa. 
While expression of DCC mRNA was detected in 
tumors derived from brain and lung, only 2 of 17 
colorectal carcinoma lines had measurable levels of 
DCC message. In colorectal tumors, the DCC gene 
was found to be mutated, deleted or, most com- 
monly, interrupted by DNA insertions. The DCC 
gene is highly conserved between species and 
shows its highest level of expression in the brain in 
both humans and rats. Sequencing of the exons 
revealed that DCC encodes a molecule which is a 
member of the Ig supergene family. Within this 
family it shows the greatest sequence similarity to 
NCAM and related neural adhesion molecules 
(Fig. 1; Table 1). Since each of these molecules has 
been shown to mediate intercellular adhesion, it 
seems likely that DCC is also a CAM. Colorectal 
carcinomas are thought to develop in a stepwise 
manner, a process which is reflected in the exist- 
ence of a series of precursor lesions which include 
hyperplasia, benign adenomas and carcinoma in 
situ [25]. Examination of these different lesions 
revealed that deletion of 18q21 is found in more 

than half of late adenomas, suggesting that inacti- 
vation of DCC is a fairly early event in the malig- 
nant transformation of intestinal epithelium. The 
down regulation of DCC is therefore predicted to 
contribute to the disruption of normal cell-cell ad- 
hesion in the intestinal epithelium (Fig. 2A). While 
loss of expression of a single CAM would not be 
expected to have the same effect on unrelated cell 
interaction molecules as would the expression of 
the h-PSA form of NCAM, DCC mediated cell 
adhesion may control an important cell function. 

MUC18-  De novo expression of a putative CAM is 
associated with the progression of  malignant 
melanoma to metastatic disease 

The use of murine monoclonal antibodies to search 
for molecules which are expressed by human malig- 
nant melanoma cells but not by melanocytes in the 
benign proliferative precursor lesions has led to the 
identification of a number of molecules whose ex- 
pression characterizes the various stages in the de- 
velopment of this tumor [26, 27]. One of the mole- 
cules which was identified by this approach is 
MUC18, a cell surface glycoprotein of apparent 
molecular weight of 113 kd [28]. MUC18 was ex- 
pressed by the majority of melanomas examined 
but was not found on most other types of tumors. 
Examination of melanomas of different stages re- 
vealed that the expression of this molecule is corre- 
lated with the development of metastatic potential. 
In cutaneous melanoma, the probability of devel- 
oping metastatic disease, as measured by the 5 year 
mortality rates, is closely related to the vertical 
thickness of the primary tumor [29, 30]. When 
tumors of various stages were examined for expres- 
sion of MUC18, it could be seen that thin primary 
tumors with a very low probability of metastasis 
development (< 0.75 mm) were negative for this 
marker, while more than 70% of the metastases 
were positive (Fig. 3). The expression of MUC18 
began to appear on tumors of approximately 1 mm 
in thickness and increased in frequency and in 
strength with increasing tumor thickness [31]. This 
pattern of expression which closely parallels the 
probability of development of metastatic disease 



(Fig. 3a) is what would be expected from molecules 
which are involved in the development of meta- 
static potential. 

cDNA cloning of MUC18 revealed that it is en- 
coded by a single copy gene and that it is a member 
of the Ig supergene family [32]. Analysis of avail- 
able sequence data banks showed that it is a novel 
molecule and that among the Ig supergene family 
members it is most closely related to the neural cell 
adhesion molecules (Table 1) and to the CEA gene 
family. 

Since both these groups of molecules have been 
shown to function as CAMS, it seems likely that 
MUC18 also mediates intercellular adhesion. The 
expression of MUC18 by melanoma cells does not 
appear to be related to malignant transformation 
or invasion per se but to a later event in tumor 
progression which is associated with the establish- 
ment of metastases. Melanocytes are neural crest 
derivatives and migrate long distances during their 
differentiation. The d e  n o v o  appearance of MUC18 
on malignant melanocytes may indicate that it is an 
oncofetal antigen normally expressed during mela- 
nocyte development. Its reexpression on malignant 
cells may endow them with new adhesive proper- 
ties which were needed by the developing melan- 
ocyte but which now allow new cellular interac- 
tions and which contribute to the successful estab- 
lishment of metastases. 

Table 1. Sequence similarity of DCC and MUC18 to neural cell 
adhesion molecules of the Ig supergene family" 

Molecule % Identity Overlap (AA) 

Mucl8 AMALGAM 26.0 169 
CONTACTIN 22.2 117 
DCC 22.5 377 
L1 22.6 288 
MAG 20.8 448 
NCAM 20.4 455 

DCC b AMALGAM 25,0 238 
L1 25.0 660 
MAG 28.0 198 
NCAM 24.0 585 

a Comparisons were carried 
[5Ol. 
b From reference 24. 

out using the FASTP algorithm 
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Changes in the expression of CAMS mediating 
leukocyte adhesion are also associated with tumor 
progression 

While the importance of intercellular adhesion in 
embryonic development has been evident for dec- 
ades, it is also fundamental to the functioning of the 
adult organism. This has been most clearly demon- 
strated in the immune system, where a large num- 
ber of new CAMs have been recently identified [2, 
3]. The immune system consists of leukocytes, cells 
which travel throughout the circulatory system and 
migrate into tissues in search of infectious orga- 
nisms. These cells are specifically attracted to areas 
of inflammation, and are intimately involved in 
information exchange with other cells, interactions 
which lead to the induction and expression of spe- 
cific immune reactivity against the foreign invad- 
ers. These cell interactions are made possible by 
CAMs present on the leukocytes, endothelial cells 
and antigen bearing target cells which are regulated 
by inflammatory cytokines and by stimulation of 
antigen specific receptors on the T and B lympho- 
cytes. Many of these adhesion molecules belong to 
the Ig supergene family and several have recently 
been implicated in tumor progression. 

The class I and class II products of the major 
histocompatibility complex (MHC) function in the 
binding of foreign antigens and their presentation 
to T lymphocytes. However, they are also CAMs, 
specifically binding to ligands on the T cell surface. 
Cells transfected with cDNA encoding MHC class 
II molecules can bind to lymphocytes via their CD4 
molecule [33], and cells expressing class I mole- 
cules bind to lymphocyte CD8 molecules [34]. The 
CAM function of the MHC molecules strengthens 
the interaction between the T cells and their targets 
and appears to be especially important when low 
affinity T cell receptors are involved. The expres- 
sion of MHC molecules by tumor cells has been 
investigated in a variety of human tumors. Class I 
expression is frequently down regulated in malig- 
nant cells while class II expression is frequently 
induced and, in a variety of tumors, this has been 
shown to have a prognostic significance [31, 35, 36]. 
Generally the loss of MHC class I expression is 
associated with a poor prognosis, while the pres- 
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Fig. 3. Expression of P3.58 (ICAM-1) and MUC18 on cutaneous melanomas. The frequency of positive tumors is shown on the Y axis. 

Primary tumors are divided into 4 groups according to the vertical thickness: I = < 0.75 mm, II = 0.76-1.5 mm, III  = 1.6 mm-3.0 ram, 

IV = > 3.0 mm, MET = metastases. Data is from references 32 and 39. The 5-year mortality data is from reference 29. 

ence of class II molecules is associated with a good 
prognosis. These observations have been interpret- 
ed to indicate a role for specific immunological 
recognition in the progression of human tumors. 
However, the demonstration that MHC molecules 
can function as CAMs in the absence of T cell 
receptor engagement [33, 34] suggests that the ex- 
pression of these molecules by tumor cells may also 
enhance antigen independent killing by cytotoxic 
macrophages or lymphocytes which express CD4 
or CD8. 

An important CAM, supporting interactions be- 
tween T lymphocytes and other cell types, is LFA-3 
(lymphocyte function associated molecule 3; [2]). 
LFA-3 is a cell surface glycoprotein found on vir- 
tually all cell types (including erythrocytes) and 
demonstrating a variable degree of N-linked glyco- 

sylation which leads to extensive size heterogenei- 
ty. Most of the variation in glycosylation reflects 
sialic acid content, and differences in sialic acid 
content have been shown to correlate with differ- 
ences in the binding of LFA-3 to its ligand. LFA-3 
interacts with the T lymphocyte CD2 molecule, 
also a member of the immunoglobulin supergene 
family. As antibodies to LFA-3 are able to inhibit 
most T lymphocyte-target cell interactions, it has 
been suggested that the loss of this molecule by 
tumor cells might aid in their escape from immune 
destruction. Evidence for this has in fact been ob- 
tained in B cell lymphomas [37]. Very few studies 
have examined the expression of LFA-3 in solid 
tumors [35] and therefore its role in the progression 
of solid tumors remains unclear. 

Leukocyte adhesion is also mediated through the 



interaction of the lymphokine inducible molecule, 
ICAM-1 (intercellular adhesion molecule-l) with 
the leukocyte integrins LFA-1 (lymphocyte func- 
tion associated molecule-l) and MAC-1 [2]. LFA-1 
is expressed by all leukocytes, while the expression 
of MAC-1 is primarily limited to macrophages and 
granulocytes. Antibody blocking studies indicate 
that while this interaction is particularly important in 
the migration of granulocytes into inflamed tissues it 
is also involved in effector-target cell interactions. 

Although ICAM-1 can be induced by lympho- 
kines on virtually all types of cells examined, it is 
not commonly observed on solid tumors examined 
in situ [38]. One of the exceptions to this is cutane- 
ous melanoma, where the majority of tumors ex- 
press ICAM-1 [38, 39]. Since ICAM-1 has been 
shown to strengthen interactions between immune 
effectors and target cells, it might be expected that 
its expression on tumor cells would make them a 
better target for cytotoxic cells and would therefore 
be associated with a good prognosis. However in 
contrast to this expectation, ICAM-1 has an ex- 
pression pattern on melanomas which suggests that 
it may be involved in the progression of the tumor 
to metastatic disease [39]. 

One of the first monoclonal antibodies which 
identified ICAM-1 was P3.58, an antibody pro- 
duced against melanoma cells [40]. Examination of 
frozen tissue sections of malignant melanoma and 
benign melanocytic tumors (nevi) revealed that 
P3.58 reacted only with melanocytes in the malig- 
nant lesions and led to the suggestion that it detect- 
ed an antigen whose expression was associated 
with malignant transformation in the melanocyte 
lineage. A study of a large number of tumors of 
different stages revealed that the P3.58 antigen was 
not associated with malignant transformation but 
rather with tumor progression and the develop- 
ment of metastatic potential ([31]: Fig. 3). The 
antigen was no more frequently expressed on very 
thin malignant tumors which have a low chance of 
generating metastases than on the benign melan- 
ocytic tumors. However as tumors reached approx- 
imately 1 mm in thickness, the frequency of posi- 
tive tumors jumped to approximately 70%. With 
increasing thickness, the percent of P3.58 positive 
cells also increased. Cloning of the P3.58 antigen 
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cDNA from a melanoma expression library re- 
vealed the P3.58 antigen to be identical to ICAM-1 
cloned from myeloid cells [41]. No evidence was 
obtained for qualitative differences in the mRNA 
or genomic organization of ICAM-1 between leu- 
kocytes and melanomas, indicating that the gene is 
not altered in the tumors. The correlation observed 
between ICAM-1 expression and poor prognosis 
has recently been confirmed and extended [38]. In 
a prospective study of stage I melanoma, the ex- 
pression of ICAM-1 by the tumor was found to be a 
predictive parameter for the early appearance of 
metastasis (P < 0.002). 

The possible role of ICAM-1 in the progression 
of cutaneous melanoma to metastatic disease re- 
mains unclear. In vitro studies indicate that as ex- 
pected the presence of ICAM-1 on melanoma cells 
enhances their ability to serve as targets for cyto- 
toxic T cells [42]. Perhaps cutaneous melanoma 
represents a type of tumor which induces predom- 
inantly a suppressive immune response. The pres- 
ence of ICAM-1, strengthening the interactions 
between immune cells and the tumor targets, 
would then enhance this suppression [43]. 

ICAM-1 mediates adhesion with many kinds of 
activated leukocytes. Primary melanomas, partic- 
ularly early in their development, are heavily infil- 
trated with mononuclear cells. When ICAM-1 be- 
gins to be expressed, the melanoma cells can now 
form adhesive interactions with activated lympho- 
cytes, macrophages, and granulocytes present in 
this infiltrate. This heterotypic adhesion may be 
strong enough to effectively reduce other adhesive 
interactions of the melanoma cells and promote the 
migration of single tumor cells away from the pri- 
mary tumor. In any case, it should lead to the 
formation of clusters of tumor cells and leukocytes 
(Fig. 2c). The formation of such clusters has re- 
peatedly been shown, in experimental systems, to 
increase the rate of metastasis [44]. In part, this 
appears to be due to the fact that these clusters tend 
to arrest in the capillaries, particularly in regions of 
local inflammation (Fig. 2d; ref. [45]). Numerous 
studies have shown that the interaction of tumor 
cells with neutrophils, which can be mediated by 
ICAM-1, enhances endothelial binding, extravasa- 
tion, and invasion into the surrounding tissue [46]. 
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Studies using ICAM-1 deficient melanoma cells 
transfected with ICAM-1 cDNA indicate that the 
expression of this molecule can indeed lead to mel- 
anoma-leukocyte clustering (unpublished observa- 
tions). 

C A M s  a n d  t u m o r  p r o g r e s s i o n  - A cause  a n d  ef fect  

r e la t i onsh ip?  

The function of the Ig supergene family CAMs in 
directing cell-cell interactions makes them attrac- 
tive candidates for molecules which play decisive 
roles in malignant transformation and metastasis 
formation. That they may indeed function during 
this process is supported by the fact that alterations 
in the expression of a number of these molecules is 
found to correlate with malignant transformation 
or tumor progression. Even more provocative is 
the observation that a tumor suppressor gene en- 
codes a potential CAM. However with the excep- 
tion of CEA, the proposed involvement of the Ig 
supergene family CAMs in tumor progression lacks 
experimental support. This reflects, to a large de- 
gree, the lack of suitable experimental sytems. Mu- 
rine models which support the growth of human 
tumor cells and the development of spontaneous 
metastases with a pattern similar to that observed 
in the human patients are now available for a num- 
ber of different tumors [47, 48]. However, many 
CAM interactions may not be comparable in a 
heterologous system; for example, recent studies 
have shown that human ICAM-1 cannot interact 
with murine LFA-1 molecules [49]. Analysis of 
host cell-tumor cell adhesive interactions in vivo 

may therefore only be feasible when the homolo- 
gous ligands of the tumor cell CAMs are also pre- 
sent and expressed in the relevant tissues. In princi- 
ple this could be obtained through the use of im- 
mune deficient SCID mice reconstituted with hu- 
man hematopoietic cells [48] or the use of mice 
transgenic for the relevant ligands. 

Why alterations in CAM expression occur dur- 
ing tumorigenesis remains one of the most impor- 
tant unanswered questions. While this may, as in 
the case of DCC, sometimes be due to genetic 
changes, there is no evidence that this is a common 

mechanism [32, 39]. CAMs are developmentally 
and environmentally regulated molecules, and it 
seems likely that their expression pattern during 
tumor progression reflects a disturbance at the lev- 
el of the molecular elements normally responsible 
for controlling their expression. For the majority of 
Ig supergene family CAMs these elements remain 
undefined. The identification of these mechanisms 
may shed light, not only on the normal expression 
of these molecules, but also on the changes which 
occur during the development and progression of 
human tumors. 

C o n c l u s i o n s  

- Many molecules which mediate intercellular ad- 
hesion belong to the immunoglobulin supergene 
family, suggesting that they may have evolved 
from a common precursor. 

- Changes in CAM expression are associated with 
malignant transformation and tumor progres- 
sion in a number of different human tumors. 
Such changes can involve the loss of expression, 
de novo expression or expression of a function- 
ally altered molecule. 

- New putative CAMs (DCC and MUC18) have 
been discovered because of differential gene ex- 
pression in benign and malignant cells. 

- CAMs mediating the interaction between leu- 
kocytes and other cell types also appear to be 
altered during tumor progression, and this may 
indicate a role for the immune system in this 
process. 

K e y  u n a n s w e r e d  q u e s t i o n s  

Are the changes in CAM expression which are 
observed during tumor progression actually in- 
volved in this process or merely secondary phe- 
nomena? 
The expression by solid tumors of CAMs 
mediating leukocyte adhesion has often been 
found to be of prognostic significance. Does the 
immune system play a role in the progression of 
tumors? 



What are the factors which cause the expression 
of CAMs to be altered at particular stages in 
tumor progression? How many of these factors 
are exogenous? 
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