
Overview 

CAMs and anti-CAMs 
The clinical potential of cell adhesion molecules 

The survival of any complex multicellular organism 
depends on the ordered and controlled interaction of 
its various specialised cells with one another and with 
the surrounding extracellular matrix (ECM). In the 
case of leukocytes, migration into and within the tis- 

sues requires the co-ordinated expression and func- 
tion of cell adhesion molecules (CAM) which mediate 
adhesion to other cells and to components of ECM. 
The application of monoclonal antibody and molecu- 
lar biological techniques has considerably increased 
our understanding of the mechanisms of leukocyte 
adhesion. This in turn has given new insights into the 

pathogenesis not only of inflammation but also of 
other processes such as viral infection and tumour 

spread. 
Whilst much of the work to date has been at a basic 

scientific level, appreciation of the central role played 
by CAMs in determining leukocyte function is increas- 
ingly bringing this subject into the clinical arena. This 
article reviews some of the recent developments, with 
particular attention to possible clinical applications. 

Classification of leukocyte adhesion molecules 

The classification and detailed description of leuko- 
cyte adhesion molecules and their ligands has been 
the subject of recent reviews [1, 2]. A problem faced 
by many non-immunologists is the puzzling number of 
synonyms and abbreviations that are used to describe 
the various molecules. Where possible we have there- 
fore included in this article the cluster of differentia- 
tion (CD) designations agreed by international typing 
workshops. The molecules of particular interest for 
leukocyte traffic fall into the following gene families. 

Selectins and carbohydrates 

The selectins are a recently described group of three 
single-chain cell surface glycoproteins (LECAM-1, 
GMP-140 and ELAM-1)* which have in common an N- 
terminal lectin domain (Fig. 1). In each case the lectin 
domain is thought to bind specific carbohydrate 
residues present on glycoproteins or perhaps glyco- 

lipids on the surface of certain other cell types. 
Selectin-carbohydrate interactions can occur at low 
temperatures (4?C) and are relatively independent of 
intracellular metabolic events. Each of the three 
selectins is therefore thought to play a part in the teth- 
ering of unstimulated leukocytes to the luminal sur- 
face of endothelial cells (EC) prior to transmigration 
into the tissues. 

During physiological lymphocyte recirculation, lym- 
phocytes pass from the blood into fixed lymphoid tis- 
sues via specialised blood vessels known as 'high 
endothelial venules' (HEV) because of their distinctive 
cuboidal or columnar endothelial cells. There is evi- 
dence that the surface molecules on HEV to which 
lymphocytes bind vary between lymphoid organs, giv- 
ing rise to the term 'addressin' to describe endothe- 
lial-leukocyte adhesion molecules of restricted 
anatomical distribution [3]. LECAM-1 was initially 
identified and characterised in the mouse as a surface 
molecule involved in the 'homing' of recirculating 
lymphocytes to HEV in peripheral lymph nodes but 
not in Peyer's patches. Since then it has emerged that 
LECAM-1 is found on other leukocyte types besides 
lymphocytes and probably has a more general role in 
leukocyte adhesion to EC than originally proposed. 
There are differences in the size of LECAM-1 obtained 

by immunoprecipitation from neutrophils and lym- 
phocytes, probably reflecting differential post-transla- 
tional modification. There may therefore be different 
LECAM-1 ligands, depending upon leukocyte lineage. 
Whereas LECAM-1 is found on leukocytes, GMP-140 

(CD62) and ELAM-1 are endothelial molecules. GMP- 
140, which is also a constituent of platelet a granules, 
is stored within intracellular organelles known as 
Weibel-Palade bodies and is translocated within min- 
utes to the cell surface after activation by agonists such 
as thrombin or histamine [4]. In contrast, synthesis of 
ELAM-1 does not occur constitutively but requires 
gene induction by cytokines (see below). Both GMP- 
140 and ELAM-1 bind neutrophils, eosinophils and 
monocytes. In addition, recent reports indicate that 
ELAM-1 also binds a subset of peripheral blood memo- 
ry T lymphocytes [5, 6]. 

Understanding of the carbohydrate ligands for the 
selectins is in its infancy. A 50 kd sulphated endothelial 
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glycoprotein which binds LECAM-1 has recently been 
isolated from mouse lymph nodes [7], whilst the sialyl- 
ated and possibly also unsialylated forms of the poly- 
lactosamine blood group determinant 3-fucosyl-iV- 
acetyl-lactosamine (Lewis X) have been identified as 
ligands for ELAM-1 and GMP-140 [8]. 

Integrins 

The integrins derive their name from their essential 
function of integrating the intracellular cytoskeleton 
with the extracellular environment. Integrins are 
therefore intimately involved in regulating spatial ori- 
entation and cellular movement. 

The integrin family comprises a large group of 
glycoproteins found in one form or another on most 
animal cell types. Each integrin is a heterodimer com- 
posed of non-covalently linked heavy (a) and light ((3) 
chains (Fig. 2). At present there are at least 16 recog- 
nised integrins, made up from 11 known a chains and 
7 known (3 chains. The integrins of most importance 
for leukocyte function are those involving the 
(CD29) and fS2 (CD18) chains (Table 1). 
The six molecules in the family [otherwise known 

as the very late antigen (VLA) family] mainly function 
as receptors for components of ECM, such as 

fibronectin (VLA-3, 4, 5), collagen (VLA-1, 2, 3) and 
laminin (VLA-1, 2, 3, 6), although VLA-4 additionally 
binds the cell surface molecule VCAM-1 (see below). 
Whilst the VLA molecules are widely distributed on 
different cell types, their expression by leukocytes is 
largely restricted to monocytes and lymphocytes. 

Recently VLA-4 has also been described on eosinophils 
[9]. 

In contrast to the (3X integrins, expression of the (32 
family (also called the Leu-CAM family) is confined to 

leukocytes. LFA-1 (otL(32; CDlla/CD18) is present on 

the surface of virtually all circulating leukocytes, whilst 
Mac-1 (aM(32; CDllb/CD18) and pl50,95 (ax(32; 
CDllc/CD18) have more limited distributions on neu- 

trophils, monocytes and natural killer cells. (32 integrins 
function as accessory molecules in leukocyte interac- 
tions with other cells by binding the immunoglobulin 
molecules ICAM-1 (LFA-1 and Mac-1) and ICAM-2 
(LFA-1 only) (see below) [10]. Mac-1 and pl50,95 also 
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function as receptors for the inactivated complement 
protein C3b (iC3b) and are therefore involved in 

phagocytosis of complement coated bacteria. 
In contrast to selectins, the capacity of some (and 

possibly all) integrins to bind their ligands depends on 
cellular metabolism in response to chemotactic and 

other factors. Integrins undergo rapid fluctuations in 

avidity for their ligands, allowing these molecules to 

play a key role in the adhesion/de-adhesion events 

required for cell migration. (32 integrin avidity changes 
probably involve altered a(3 conformation in response 
to phosphorylation and require a critical segment of 
the (3 chain cytoplasmic tail [11]. 

In the case of myeloid cells, preformed Mac-1 and 

pi50,95 can be recruited from intracellular granules 
resulting in increased surface expression. Although 
this may lead to a general increase in cell adhesiveness 
it is not critical for changes in adhesion. Immunostain- 
ing of the cell surface for integrins with most available 
monoclonal antibodies is therefore not a precise indi- 
cation of the adhesive function of the cell. 

Clinical significance of integrins. Dramatic evidence for 
the importance of P2 integrins comes from a rare con- 
genital disease, leukocyte adhesion deficiency (LAD), 
characterised by recurrent bacterial infections [12]. 
Several molecular defects have been shown to result in 

LAD, the common denominator being a failure of 
CD 18 synthesis with an inability to assemble the a(3 
integrin complex into the cell membrane. Although 
the peripheral blood neutrophil count is high (up to 
150/|il), infected tissues contain few neutrophils, 
demonstrating a defect in leukocyte emigration. 
The gene encoding the CD18 is situated on chromo- 

some 21. In trisomy 21 (Down syndrome) there is an 
increased expression and function of LFA-1 on lym- 
phocytes. It is therefore possible that disregulated 
intercellular adhesion may play a role in the impaired 
immune response in Down syndrome [13]. 

Immun oglobu lins 

The immunoglobulin supergene family is a large 
group of molecules which includes a number of cell 
membrane glycoproteins with structural homology to 
antibodies [14]. Characterisation of the ligands which 
bind leukocyte integrins has led to the discovery of 
three single-chain glycoproteins which function as lig- 
ands for integrins. These are intercellular adhesion 
molecule-1 (ICAM-1, CD54), ICAM-2 and vascular 
adhesion molecule-1 (VCAM-1) (Table 2). The 
immunoglobulin family includes several other adhe- 
sion molecules, including CD2 and its li^and LFA-3 
(CD58). 

Besides functioning as an adhesion molecule, 
ICAM-1 is now known to be a cell surface receptor for 
the major group of rhinovirus serotypes responsible 
for the common cold and also for Plasmodium falci- 
parum infected erythrocytes [15, 16]. The rhinovirus 

Table 1. Pi and P2 integrins 

(3 subunit a subunit Usual title Ligand(s) 

(3j (XJ VLA-1 Laminin, collagen 
Pj a2 VLA-2 Collagen, laminin 
(3j a3 VLA-3 Laminin, fibronectin, 

collagen 
pj a4 VLA-4 Fibronectin, VCAM-1 
P! a5 VLA-5 Fibronectin 

P! a6 VLA-6 Laminin 

P2 aL LFA-1 ICAM-1, ICAM-2 
P2 aM Mac-1 ICAM-1, iC3B, fibrinogen 
P2 ocx Gp 150/95 iC3B, fibrinogen 

binding site on ICAM-1 has been mapped to the 
amino terminal C2 domain and is distinct but overlap- 
ping with the site for LFA-1 attachment [17]. 

Role of leukocyte adhesion molecules in inflammation 

Direct inspection of the microvasculature shows that cir- 
culating leukocytes normally 'roll' along the surface of 
the vessel wall [18]. In inflamed tissues the rolling 
leukocyte becomes tethered to endothelium and subse- 
quently transmigrates through the vessel wall into the 
tissues. To a large extent these different events in leuko- 
cyte emigration depend upon expression and activation 
of appropriate adhesion molecules on endothelial cells 
and leukocytes in response to the mediators of the vari- 
ous forms and stages of inflammation. 

Endothelial cells and other resident cells 

The critical mechanism localising inflammatory 
lesions is probably the activation of adhesion molecule 
expression on endothelial cells and resident cells with- 
in the tissues. Endothelial cells can undergo different 
phases of activation, each associated with the appear- 
ance of different adhesion molecules for leukocytes. 
In very early inflammatory lesions translocation of pre- 
formed GMP-140 to the endothelial cell surface allows 

binding of neutrophils, monocytes and probably 
eosinophils. This is followed after 4-6 hours by a sub- 
acute phase of endothelial activation, governed by the 

Table 2. Adhesion molecules in the immunoglobulin family 

Ligands Where found Receptor(s) 

ICAM-1 Many cell types LFA-1, Mac-1 
ICAM-2 Many cell types LFA-1 
VCAM-1 Endothelial cells, VLA-4 

macrophages, 
dendritic cells 

CD2 Lymphocytes LFA-3 
LFA-3 Many cell types CD2 
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induction of a number of genes in response to inter- 

leukin-1 and/or tumour necrosis factor and involving 
the de novo synthesis and expression of ELAM-1, ICAM- 
1 and VCAM-1 [19]. The expression of these three 
molecules is differentially regulated by the lym- 
phokines interferon gamma (IFNy) and interleukin-4 

(IL-4), potentially resulting in alterations in their rela- 
tive densities in different forms of immune-mediated 

inflammation and thereby predisposing to the migra- 
tion of lymphocytes and monocytes [20]. The nature 
of the endothelial adhesion molecules responsible for 

lymphocyte traffic in established chronic inflammatory 
lesions is not yet clear but could include 'addressins' 
similar to those involved in lymphocyte recirculation. 

Cytokines also regulate the expression of adhesion 
molecules on other resident cells such as kerat- 

inocytes, fibroblasts and synoviocytes, with the optimal 
stimuli for expression of individual molecules varying 
with cell type. 

Regulation of leukocyte adhesiveness 

The successful transmigration of leukocytes from the 
luminal surface of endothelium into the tissues is likely 
to depend upon stimulation of leukocyte adhesion 
molecule function during the initial tethering event. 
Activation of neutrophils by chemotactic stimuli leads 
to the shedding of LECAM-1, allowing de-adhesion 
from endothelial ligands. At the same time there is 

upregulation of leukocyte integrin expression and 
function, and this allows integrin mediated migration 
to commence [21]. The precise stimuli which mediate 
these events are not well defined but may be secreted 

either by activated endothelial cells themselves or by 
other cells in the perivascular environment. An impor- 
tant principle is that chemotactic factors may have spe- 
cific effects on the adhesion molecule function of par- 
ticular leukocyte types, resulting in different patterns 
of cell migration. For example, interleukin-8 and 

macrophage chemotactic and activating factor are 

selectively chemotactic for granulocytes and mono- 

cyte/macrophages respectively. Other factors that may 
be involved include leukotriene B4, f-Met-Leu-Phe, and 

granulocyte-macrophage colony stimulating factor. 
The availability of markers for unsensitised 'naive' 

and sensitised 'memory' T lymphocytes has led to 
fresh insights into which types of lymphocytes predom- 
inantly recirculate through fixed lymphoid tissue and 
which enter sites of inflammation. Whilst there are 

approximately equal numbers of naive (CD45RA+) 
and memory (CD45RO+) T cells in peripheral blood, 
the large majority of T cells in inflammatory tissues are 
of the memory phenotype, indicating that memory T 
cells have a greater capacity than naive cells to enter 

non-lymphoid tissues, particularly during inflamma- 
tion [22]. This may in large part be due to the 
increase in surface density of several adhesion 
molecules (including LFA-1, ICAM-1, CD2, LFA-3, 

VLA-4, VLA-5, VLA-6 and CD44) that occurs upon lym- 
phocyte sensitisation. 

It is important to stress that the role of adhesion 
molecules in regulating leukocyte function is much 

greater than merely allowing a cell to stick to and spa- 
tially orientate on cells and other surfaces. In many 
instances adhesion is a prerequisite for successful 

leukocyte activation, as with the respiratory burst of 

neutrophils in response to TNF [23]. Furthermore, 
receptor occupancy of adhesion molecules can itself 
contribute to cellular activation, as with lymphocyte 
proliferation in contact with fibronectin or laminin 
[24], or the induction of cytokine genes in monocytes 
[25]. 

Role of leukocyte adhesion molecules in tumour 

spread 

Local extension of tumours depends at least in part 
upon adhesion to components of extracellular matrix. 

Whilst different tumours use different molecules for 

adhesion to ECM, poorly differentiated tumours often 
have few or undetectable fibronectin and collagen 
receptors [26]. On the other hand, overexpression of 
fibronectin receptors has been shown to suppress 

anchorage independent growth of tumour cells in 
vitro [27]. The capacity to adhere to ECM may there- 
fore limit tumour growth rate and local spread. Con- 

versely, the loss of adhesion receptors may play a cen- 
tral role in enhancing malignancy. 

As with leukocyte migration in inflammation, the 
first step in the metastatic process of blood-borne 

tumour cells is adhesion to endothelial cells in the tar- 

get organ. There is a mounting body of evidence that 
some tumour cells may utilise leukocyte adhesion 
mechanisms to adhere to endothelial cells; for exam- 

ple, colon carcinoma and melanoma cell lines respec- 
tively bind ELAM-1 and VCAM-1 [28]. Since both 

haematopoietic and non-haematopoietic tumour cells 
can secrete IL-1 and/or TNF, it is possible that vascular 
activation by cytokines released from tumour cells is 

important in conditioning endothelium to express 
adhesion molecules involved in the process of metasta- 

sis. In support of this hypothesis, administration of IL- 
1 to athymic mice results in an augmentation of 

experimental metastases from human melanoma [29]. 
The endothelial determinants involved in 

lymphocyte recirculation may also be used for tumour 
dissemination to lymph nodes. In the mouse, cloned 

lymphoma cells can demonstrate specificity of adhe- 
sion to HEV of either peripheral or mucosal lymph 
node. Furthermore, the capacity of murine lym- 
phomas to bind HEV in vitro predicts the ability of the 
tumour cells to disseminate via the blood to distant 

lymph nodes in vivo [30]. 
Besides influencing the capacity to spread locally or 

to metastasise, the expression of adhesion molecules 

may determine the susceptibility of tumour cells to 
immunosurveillance. For example, reduced expres- 
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sion of LFA-1, LFA-3 and ICAM-1 is associated in 

Burkitt's and other lymphomas with reduced suscepti- 
bility to killing by cytotoxic T cells [31]. 

Identification of cytokine inducible leukocyte adhe- 
sion molecules in vivo 

The cytokine inducible molecules ELAM-1, ICAM-1 
and VCAM-1 were each initially identified using cul- 
tured cells. Monoclonal antibodies against these 
molecules have been used to determine with immuno- 

cytochemical techniques their presence in the tissues 

during inflammatory responses. To a large extent this 
has confirmed the relevance of the in vitro experi- 
ments to events taking place in vivo. 

Experimental inflammation 

Analysis of the kinetics of adhesion molecule expres- 
sion after inducing cutaneous inflammation provides a 
useful technique for comparison with the responses of 
isolated cultured cells and allows an analysis of the 
relation between adhesion molecules and the localisa- 

tion of leukocytes in particular forms or phases of 
inflammation [32, 33]. 
As predicted from its low expression on resting cells 

in vitro, ELAM-1 is minimally expressed in uninflamed 
skin, but is observed 6-24 hours after initiating a 

delayed hypersensitivity response, after UV-B irradia- 
tion, or after local injection of interleukin-1, tumour 
necrosis factor or endotoxin. Recently Redl et al. have 
shown that ELAM-1 is induced in baboons on 
endothelium of lung, liver and kidneys during experi- 
mentally induced septic shock but not in hypo- 
volemic shock [34]. 

Endothelial cells are the predominant cell type 
expressing ICAM-1 in uninflamed skin. During inflam- 
matory responses ICAM-1 is also found on infiltrating 
mononuclear cells, dermal dendritic cells and ker- 

atinocytes. The expression of ICAM-1 on keratinocytes 
is not an invariable feature of cutaneous inflammation 
since it has been reported to be absent in primary irri- 
tant dermatitis and following exposure to UV-B irradi- 
ation. A key mechanism involved in the induction of 
keratinocyte ICAM-1 may be release of interferon y 
from activated T cells [35]. 

As with ELAM-1, there is little expression of VCAM-1 
in uninflamed skin, although occasional endothelial 
cells and tissue macrophages are positive. VCAM-1 is 
induced on endothelium and dermal cells of dendritic 

morphology during the delayed hypersensitivity 
response to tuberculin but not during the normal 
inflammatory response to UV-B irradiation [33]. It is 

therefore possible that, unlike ELAM-1, expression of 
VCAM-1 in human skin may depend upon an immune- 
mediated element to the inflammatory response. 

This experimental approach can also be applied to 
study mechanisms of inflammation in specific forms of 
inflammation. Thus, UV-irradiated skin of patients sus- 

ceptible to polymorphic light eruption shows 
expression of ICAM-1 on keratinocytes and VCAM-1 
on endothelial cells, suggesting an abnormal immune 
response to light (P. Norris et al., submitted for publi- 
cation). Further, allergen challenge to skin of allergic 
individuals results after 4-6 hours in the induction of 
ELAM-1 and enhanced expression of ICAM-1 on der- 
mal endothelium, consistent with involvement of these 
molecules in the recruitment of leukocytes during the 
late-phase reaction [36]. 

Clinical inflammation 

In the more complex forms of inflammation present- 
ed by clinical pathological material, expression of 
adhesion molecules can give insight into pathophysio- 
logical mechanisms and may even have diagnostic sig- 
nificance [37]. Expression of ELAM-1 on vascular 
endothelium has been detected in a number of clini- 
cal pathological settings, indicating cytokine-mediated 
endothelial activation. These include the vascular leak 

syndrome due to systemic administration of inter- 
leukin-2 [38], Kawasaki disease [39], chronic der- 
matoses [40], and graft versus host disease [41]. A sur- 
prising finding from looking at chronic inflammatory 
lesions is the persistence of ELAM-1 beyond that 
anticipated from the kinetics of expression in vitro. 
The mechanism whereby ELAM-1 expression is pro- 
longed in vivo is not yet understood. 

Expression of ICAM-1 in pathological skin has been 
the subject of great interest. ICAM-1 is increased on 
endothelium and induced on keratinocytes and other 
resident cells in cutaneous inflammation characterised 

by the presence of activated T cells in the tissues such 
as allergic contact dermatitis, lichen planus, psoriasis, 
atopic dermatitis and graft versus host disease [42]. As 
discussed above, the expression of ICAM-1 by ker- 
atinocytes may be a consequence of interferon y 
(IFNy) released by infiltrating lymphocytes and proba- 
bly facilitates lymphocyte migration in the epidermis. 
The subsequent immune interactions between T cells 
and keratinocytes may be fundamental to the patho- 
physiology of inflammatory dermatoses. The reduced 
capacity to release IFNy and induce keratinocyte 
ICAM-1 expression may underlie the development of 
the leukaemic stage (Sezary syndrome) of mycosis fun- 
goides in which malignant lymphocytes cease to 
localise in the epidermis [43]. 

Targeting leukocyte adhesion molecules in animal 
models 

The recent advances in understanding of leukocyte 
migration have led to great interest in the possibility 
that inflammatory responses might be manipulated 
therapeutically by agents directed at adhesion 
molecules. Monoclonal antibodies and recombinant 
adhesion proteins are powerful research tools with 
which to explore the consequences of inhibiting adhe- 
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sion molecule function in vivo and will allow the test- 

ing of hypotheses generated by in vitro observations. 

Integrins 

A number of studies have shown that it is possible to 
mimic the effects of leukocyte adhesion deficiency by 
infusing monoclonal antibodies against the 

CD11/CD18 complex [44]. Anti-CD18 mAb inhibit 

neutrophil emigration into rabbit skin in response to 
chemotactic factors or endotoxin-soaked sponges. Fur- 

thermore, neutrophil migration into the inflamed 

peritoneal cavity of mice is inhibited by anti-CDlla or 
anti-CDllb. It is of interest that leukocytes are not 
inhibited by anti-CD 18 mAb from 'rolling' on the 
luminal surface of endothelium, supporting the view 
that this process, which facilitates leukocyte tethering 
at inflammatory sites, is not governed by integrins. 
Besides inhibiting neutrophil emigration into inflam- 

matory lesions, anti-CD18 mAb also block neutrophil 
dependent oedema formation. 
An exciting application of anti-(32 integrins has been 

the successful prevention of neutrophil-mediated tis- 

sue injury during bacterial meningitis [45] and in vari- 
ous models of hypoxic reperfusion injury, such as that 

following reperfusion of the ischaemic heart [46]. A 
more diffuse form of hypoxic reperfusion injury 
occurs upon resuscitation from shock. Here too anti- 

adhesion therapy may have an application: Vedder et 
al. observed that an anti-CD 18 mAb led to significant 
reduction in organ injury and increased survival upon 
resuscitating hypovolaemic rabbits [47]. 

Immunoglobulins 

Another approach to inhibiting integrin-mediated 
adhesion is to block the ligands to which they bind. At 

present ICAM-1 is the only integrin ligand that has 
been studied with in vivo techniques. The anti-ICAM-1 
mAb R6.5, which inhibits adhesion to ICAM-1 of both 
LFA-1 and Mac-1, inhibits the binding of activated neu- 

trophils to EC in rabbit mesentery [48], and reduces 
the migration of neutrophils into phorbol ester stimu- 
lated rabbit lungs [49]. Recently anti-ICAM-1 mAb has 
been shown to inhibit eosinophil migration and 
bronchial hyper-reactivity in primate asthma [50] and 
to prolong the survival of renal and cardiac allografts 
[51-53]. 

Selectins and carbohydrates 

The in vivo manipulation of selectin-mediated adhe- 
sion has been relatively little studied compared with 

integrins and immunoglobulins. In the mouse, inhibi- 
tion of LECAM-1 with monoclonal antibody MEL-14 
results in reduced neutrophil migration into endo- 
toxin-soaked subcutaneous sponges or peritoneal exu- 
dates [54]. Recently, Watson et al. have demonstrated 

similar effects using recombinant LECAM-1 rather 
than a monoclonal antibody [55]. 

Targeting adhesion molecules for therapy 

The observation that patients with leukocyte adhesion 

deficiency often accept HLA-mismatched bone mar- 
row in spite of having T and B lymphocytes led to the 
use of anti-CDlla or anti-CD18 as an adjunct to other 

conditioning protocols. The results of inhibiting 
leukocyte adhesion in this context have been variable 
and may depend upon the disease state. In one series, 
improved bone marrow survival was noted in patients 
with primary immunodeficiency or with osteopetrosis, 
but not in patients with Fanconi's anaemia [56]. In 
another series anti-CD 18 did not improve bone mar- 
row transplant survival in patients with leukaemia 
[57]. 

Prospects for the future 

The quest for more selective and less toxic anti-inflam- 

matory agents has identified leukocyte adhesion 
molecules as important potential targets for pharma- 
cological intervention. Research in this area is now 

concentrating on increasing our understanding of the 
relative importance of individual molecules in differ- 
ent pathogenic processes. This applies to the contribu- 
tion of adhesion molecules to viral infection and 

tumour spread as well as to inflammation. In parallel, 
the molecules are being closely analysed to improve 
our understanding of the control of their adhesive 
function. The possibilities for the development of 

drugs which block adhesion by receptor occupancy or 
inhibition of activation have now become realistic. 

References 

1 Albelda SM, Buck CA. Integrins and other cell adhesion 
molecules. FASEBJ 1990;4:2868-80. 

2 Springer TA. Adhesion receptors of the immune system. Nature 
1990; 346:425-34. 

3 Berg EL, Goldstein LA, Jutila MA, et al. Homing receptors and 
vascular addressins: cell adhesion molecules that direct lympho- 
cyte traffic. Immunol Rev 1989;108:5-18. 

4 McEver RP, BecksteadJH, Moore KL, Marshall-Carlson L, Bain- 
ton DE GMP-140, a platelet a-granule membrane protein, is 

also synthesised by vascular endothelial cells and is localised in 
Weibel-Palade bodies./Clin Invest 1989;84:92-9. 

5 Shimizu Y, Shaw S, Graber N, et al. Activation-independent bind- 

ing of human memory T cells to adhesion molecule ELAM-1. 
Nature 1991;349:799-802. 

6 Picker LJ, Kishimoto TK, Smith CW, Warnock RA, Butcher EC. 
ELAM-1 is an adhesion molecule for skin-homing T cells. 
Nature 1991;349:796-9. 

7 Imai Y, Singer MS, Fennie C, Lasky LA, Rosen SD. Identification 
of a carbohydrate-based endothelial ligand for a lymphocyte 
homing receptor. J Cell Biol 1991;113:1213-22. 

8 Feizi T. Carbohydrate differentiation antigens: probable ligands 
for cell adhesion molecules. TIBS 1991;16:84-6. 

9 Walsh GM, MermodJ-J, Hartnell A, Kay AB, Wardlaw AJ. 
Human eosinophil, but not neutrophil, adherence to IL-1 stim- 

22 Journal of the Royal College of Physicians of London Vol. 26 No. 1 January 1992 



CAMs and anti-CAMs 

ulated human umbilical vascular endothelial cells is (X4 (31 (Very 
Late Antigen-4) dependent./ Immunol 1991;146:3419-23. 

10 Diamond MS, Staunton DE, De Fougerolles AR, et al. ICAM-1 

(CD54): a counter-receptor for Mac-1 (CD1 lb/CD18). J Cell 

Biol 1990;111:3129-39. 
11 Hibbs ML, Xu H, Stacker SA, Springer TA. Regulation of adhe- 

sion to ICAM-1 by the cytoplasmic domain of LFA-1 integrin (3 
subunit. Science 1991;251:1611-3. 

12 Arnaout MA. Leukocyte adhesion molecules deficiency: its 

structural basis, pathophysiology and implications for modulat- 

ing the inflammatory response. Immunol Rev 1990;114:145-79. 
13 Taylor GM, Haigh H, Williams A, D'Souza SW, Harris R. Down's 

syndrome lymphoid cell lines exhibit increased adhesion due to 

the over-expression of lymphocyte function-associated antigen-1 
(LFA-1). Immunology 1988;64:451-6. 

14 Williams AF, Barclay AN. The immunoglobulin superfamily: 
domains for cell surface recognition. Ann Rev Immunol 

1988;6:381-405. 
15 Greve JM, Davis G, Meyer AM, et al. The major human rhi- 

novirus receptor is ICAM-1. Cell 1989;56:839-47. 
16 Berendt AR, Simmons D, Tansey J, Newbold CI, Marsh K. Inter- 

cellular adhesion molecule-1 is an endothelial cell adhesion 

receptor for Plasmodium falciparum. Nature 1989;341:57-9. 
17 Staunton DE, Dustin ML, Erickson HP, Springer TA. The 

arrangement of the immunoglobulin-like domains of ICAM-1 
and the binding sites for LFA-1. Cell 1990;61:243-54. 

18 Atherton A, Born GVR. Quantitative investigations of the adhe- 
siveness of circulating polymorphonuclear leukocytes to blood 
vessel walls. J Physiol 1972;222:447-74. 

19 Pober JS, Cotran RS. Cytokines and endothelial cell biology. 
Physiol Rev 1990;70:427-51. 

20 Thornhill M, Wellicome SM, Mahiouz DL, LanchburyJSS, Kyan- 
Aung U, Haskard DO. Tumor necrosis factor combines with IL- 
4 or IFN-y to selectively enhance endothelial cell adhesiveness 
for T cells: the contribution of VCAM-1 dependent and inde- 

pendent binding mechanisms. J Immunol 1991;146:592-8. 
21 Smith CW, Kishimoto TK, Abbass O, et al. Chemotactic factors 

regulate lectin adhesion molecule 1 (LECAM-1) dependent 
neutrophil adhesion to cytokine-stimulated endothelial cells in 
vitro. J Clin Invest 1991:87:609-18. 

22 Pitzalis C, Kingsley GH, Covelli M, Meliconi R, Markey A, Panayi 
GS. Selective migration of the human helper-inducer memory T 
cell subset: confirmation by in vivo cellular kinetic studies. EurJ 
Immunol 1991;21:369-76. 

23 Nathan C, Srimal S, Farber C, et al. Cytokine-induced respirato- 
ry burst of human neutrophils: dependence on extracellular 
matrix proteins and CD11/CD18 integrins. J Cell Biol 1989; 
109:1341-9. 

24 Shimizu Y, Van Seventer GA, Horgan KJ, Shaw S. Roles of adhe- 
sion molecules in T-cell recognition: fundamental similarities 
between four integrins on resting human T cells (LFA-1, VLA-4, 
VLA-5, VLA-6) in expression, binding, and co-stimulation. 
Immunol Rev 1990;114:110-43. 

25 Couturier C, Haeffner-Cavaillon N, Weiss L, Fischer E, 
Kazatchkine MD. Induction of cell-associated interleukin 1 

through stimulation of the adhesion-promoting proteins LFA-1 
(CDlla/CD18) of human monocytes. Eur J Immunol 1990; 
20:999-1005. 

26 Plantefaber LC, Hynes RO. Changes in integrin receptors on 
oncogenically transformed cells. Cell 1989;56:281-90. 

27 Giancotti FG, Ruoslahti E. Elevated levels of the alpha 5 beta 1 
Fibronectin receptor suppress the transformed phenotype of 
Chinese hamster ovary cells. Cell 1990;60:849-59. 

28 Rice GE, Bevilacqua MP. An inducible endothelial cell surface 
glycoprotein mediates melanoma adhesion. Science 

1989;246:1303-6. 
29 Giavazzi R, Garofalo A, Bani MR, et al. Interleukin-1 induced 

augmentation of experimental metastases from a human 
melanoma in nude mice. Cancer Res 1990;50:4771-5. 

30 Bargatze RF, Wu NW, Weissman IL, Butcher EC. High endothe- 
lial venule binding as a predictor of the dissemination of pas- 
saged murine lymphomas .J Exp Med 1987;166:1125-31. 

31 Clayberger C, Medeiros LJ, Link MP, et al. Absence of cell sur- 
face LFA-1 as a mechanism of escape from immunosurveillance. 
Lancet 1987;ii:533?6. 

32 Cotran RS, Gimbrone MA, Bevilacqua MP, Mendrick DL, Pober 
JS. Induction and detection of a human endothelial activation 
antigen in vivo J Exp Med 1986;164:661-6. 

33 Norris P, Poston RN, Thomas DS, Thornhill M, Hawk J, Haskard 
DO. The expression of endothelial leukocyte adhesion 
molecule-1 (ELAM-1), intercellular adhesion molecule-1 
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) in 
experimental cutaneous inflammation: a comparison of 
ultraviolet-B erythema and delayed hypersensitivity. J Invest Der- 
matol 1991;96:763-70. 

34 Redl H, Dinges HP, Buurman WA, et al. Expression of endothe- 
lial leukocyte adhesion molecule-1 (ELAM-1) in septic but not 
traumatic/hypovolaemic shock in the baboon. Am J Pathol 1991; 
139:461-6. 

35 Barker JNWN, Allen MH, MacDonald DM. The effect of in vivo 
interferon-gamma on the distribution of LFA-1 and ICAM-1 in 
normal human skin. J Invest Dermatol 1989;93:439-42. 

36 Ryan-Aung U, Haskard DO, Poston RN, Thornhill MH, Lee TH. 
Endothelial leukocyte adhesion molecule-1 and intercellular 
adhesion molecule-1 mediate the adhesion of eosinophils to 
endothelial cells in vitro and are expressed by endothelium in 
allergic cutaneous inflammation in vivo. J Immunol 1990;146: 
521-8. 

37 Editorial: Adhesion molecules in diagnosis and treatment of 
inflammatory diseases. Lancet 1990;336:1351-2. 

38 Cotran RS, Pober JS, Gimbrone MA, et al. Endothelial activation 

during interleukin 2 immunotherapy: a possible mechanism for 
the vascular leak syndrome. J Immunol 1987;139:1883-8. 

39 Leung DYM, Cotran RS, Kurt-Jones E, BurnsJC, Newburger JW, 
Pober JS. Endothelial activation and high interleukin-1 secre- 
tion in the pathogenesis of acute Kawasaki disease. Lancet 
1989;ii: 1298?302. 

40 Groves RW, Allen MH, Haskard DO, Barker JNWN, MacDonald 
DM. Endothelial leukocyte adhesion molecule-1 (ELAM-1) 
expression in cutaneous inflammation. Br J Dermatol 1991 ;124: 
117-23. 

41 Norton J, Sloane JP, Al-Saffar N, Haskard DO. Expression of ves- 
sel associated adhesion molecules, ELAM-1 and VCAM-1, in nor- 
mal skin and acute cutaneous graft-versus-host disease. J Clin 
Pathol 1991;44:586-91. 

42 Vejlsgaard GL, Ralfkiaer E, Avnstorp C, Czajkowski M, Marlin 
SD, Rothlein R. Kinetics and characterisation of intercellular 
adhesion molecule-1 (ICAM-1) expression on keratinocytes in 
various inflammatory skin lesions and malignant lymphomas. J 
Am Acad Dermatol 1989;20:782-90. 

43 Nickoloff BJ, Griffiths CEM, Baadsgaard O, Voorhees JJ, Hanson 
CA, Cooper KD. Markedly diminished epidermal keratinocyte 
expression of intercellular adhesion molecule-1 (ICAM-1) in 
Sezary syndrome. JAMA 1989;261:2217-21. 

44 Carlos TM, Harlan JM. Membrane proteins involved in phago- 
cyte adherence to endothelium. Immunol Rev 1990;114:5-29. 

45 Espevik T, Brockhaus M, Loetscher H, Nonstad U, Shalaby R. 
Characterisation of binding and biological effects of monoclon- 
al antibodies against a human tumor necrosis factor receptor. J 
Exp Med 1990;171:415-26. 

46 Simpson PJ, Todd RF, Fantone JC, Mickelson JK. Reduction of 
experimental canine myocardial reperfusion injury by a mono- 
clonal antibody (and-Mol, anti-CDllb) that inhibits leukocyte 
adhesion./Clin Invest 1988;81:624-9. 

47 Vedder NB, Winn RK, Rice CL, Chi EY, Arfors K-E, Halan JM. A 
monoclonal antibody to the adherence-promoting leukocyte 
glycoprotein, CD18, reduces organ injury and improves survival 
from haemorrhagic shock and resuscitation in rabbits. J Clin 
Invest 1988;81:939-44. 

48 Argenbright LW, Letts LG, Rothlein R. Monoclonal antibodies 
to the leukocyte membrane CD 18 glycoprotein complex and to 
intercellular adhesion molecule-1 inhibit leukocyte-endothelial 
adhesion in rabbits./Leukoc Biol 1991;49:253-7. 

49 Barton RW, Rothlein R, Ksiazek J, Kennedy C. The effect of anti- 

Journal of the Royal College of Physicians of London Vol. 26 No. 1 January 1992 23 



E. Keelan and D. O. Haskard 

intercellular adhesion molecule-1 on phorbol-ester-induced rab- 
bit lung inflammation. J Immunol 1989;143:1278-82. 

50 Wegner CD, Gundel RH, Reilly P, Haynes N, Letts LG, Rothlein 
R. Intercellular adhesion molecule-1 (ICAM-1) in the pathogen- 
esis of asthma. Science 1990;247:456-9. 

51 Cosimi AB, Conti D, Delmonico FL, et al. In vivo effects of mono- 
clonal antibody to ICAM-1 (CD54) in nonhuman primates with 
renal allografts./ Immunol 1990;144:4604-12. 

52 Wee SL, Cosimi AB, Preffer FI, et al. Functional consequences of 
anti-ICAM-1 (CD54) in cynomolgus monkeys with renal allo- 
grafts. Transplant Proc 1991 ;23:279-80. 

53 Flavin T, Ivens K, Rothlein R, et al. Monoclonal antibodies 

against intercellular adhesion molecule 1 prolong cardiac allo- 
graft survival in cynomolgus monkeys. Transplant Proc 
1991;23:533-4. 

54 Lewinsohn DM, Bargatze RF, Butcher EC. Leukocyte-endothe- 
lial cell recognition: evidence of a common molecular mecha- 
nism shared by neutrophils, lymphocytes and other leukocytes. 
J Immunol 1987;138:4313-21. 

55 Watson SR., Fennie C, Lasky LA. Neutrophil influx into an 
inflammatory site inhibited by a soluble homing receptor-IgG 
chimaera. Nature 1991;349:164-7. 

56 Fischer A, Friedrich W, Fasth A, et al. Reduction of graft failure 

by a monoclonal antibody (anti-LFA-1 GDI la) after HLA non- 
identical bone marrow transplantation in children with 
immunodeficiencies, osteopetrosis and Fanconi's anemia: a 

European Group for Immunodeficiency/European Group for 
Bone Marrow Transplantation report. Blood 1991;77:249-56. 

57 Baume D, Kuentz M, Pico JL, et al. Failure of a CD18/anti-LFAl 
monoclonal antibody infusion to prevent graft rejection in 
leukemic patients receiving T-depleted allogeneic bone marrow 

transplantation. Transplantation 1989;47:472-4. 

Address for correspondence: Dr D. O. Haskard, Endothelial Labora- 

tory, Department of Medicine (Rheumatology), Royal Postgraduate 
Medical School, Hammersmith Hospital, Du Cane Road, London 
W12 0NN. 


