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Abstract The role of cell adhesion molecules (CAM) and

extracellular matrix proteins (ECM) in various pathological

processes including angiogenesis, thrombosis, apoptosis,

cell migration & proliferation are well documented. These

processes can lead to both acute and chronic disease states

such as ocular diseases, metastasis, unstable angina, myo-

cardial infarction, stroke, osteoporosis, a wide range of

inflammatory diseases, vascular remodeling, and neurode-

generative disorders. A key success in this field is evident

from the potential role of the platelet GPIIb/IIIa integrin in

the prevention and diagnosis of various thromboembolic

disorders. Additionally, the use of soluble adhesion mole-

cules as potential diagnostic markers for acute and chronic

leukocyte, platelet, and endothelial cellular insult are

increasingly utilized. The development of various thera-

peutic and diagnostic candidates based on the key role of

CAM, with special emphasis on integrins in various dis-

eases as well as the structure-function aspects of cell

adhesion and signaling of the different CAM and ECM are

highlighted.
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Introduction

Several physiological processes including cell activation,

migration, proliferation, differentiation, and many other

processes require direct contact between cells or extracel-

lular matrix proteins. Cell-cell and cell-matrix interactions

are mediated through several different families of CAM

including the Selectins, the integrins, the cadherins, and the

Immunoglobulins. Newly discovered CAM, along with the

discovery of new roles for integrins, selectins, and immu-

noglobulins in certain disease states, provide great

opportunities to develop therapeutic and perhaps diagnostic

modalities.

Intensified drug discovery efforts, directed at manipu-

lating CAM activity through monoclonal antibodies,

peptides, peptidomimetics, and non-peptide small mole-

cules for diagnostic and therapeutics, continue to broaden

the scope of key clinical applications. This chapter focuses

on the current advances in the discovery and development

of novel anti-integrins for potential therapeutic & diag-

nostic applications as well methods required in studying

these different CAM members.

CAM plays a very significant and critical role in both

normal and in different pathophysiological disease states.

For this key reason, the selection of specific and relevant

CAM to target certain disease condition without interfering

with other normal cellular functions is a very important

prerequisite for the ultimate success in developing truly

active and safe therapeutic strategies [1, 2]. Exciting

advances in our understanding of several CAMs, most

notably the avb3, avb5, a4b1, a5b1 and aIIb/b3 integrin

receptors and their direct relationships to different disease

states represent a tremendous therapeutic and diagnostic

opportunities [1–8]. A potential role of specific CAM in

different disease states including: cardiovascular, cancer,

inflammatory, ocular, pulmonary, bone, central nervous

system, kidney, and gastrointestinal system have been

implicated. For example, the role of the integrin aIIb/b3 in

the prevention, treatment, and diagnosis of various
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thromboembolic disorders provide excellent proof of this

concept [3–8]. Additionally, the potential prophylactic role

of anti-selectins, the role of b1 along with other leukoin-

tegrins in various inflammatory conditions, the potential

utility of various soluble adhesion molecules as a surrogate

markers for acute and chronic endothelial injury, and the

potential role of avb3 in angiogenesis, and osteoporosis has

been implicated [9, 10].

Selected Cell Adhesion Molecules

Selectins

Different families of cell adhesion receptors include: the

selectins, consisting of three cell adhesion molecules uni-

fied structurally by the inclusion of lectin (L), EGF-like (E)

and complement (C) binding-like domains (LEC-CAMs).

Functionally the selectins are unified by their ability to

mediate cell binding through interactions between their

lectin domains and cell surface carbohydrate ligands [11].

These include the E-, L-, and P- selections. The P- and E-

selections are calcium-dependent on platelets or endothe-

lial cell surface lectins that mediate leukocyte adhesion

by recognition of cell-specific carbohydrate ligands. L-

Selectins are found on all leukocytes and bind to its counter

receptors on endothelial cells (Gly-CAM-1), a mucin-like

endothelial glycoprotein [12]. E-selectin is an endothelial

adhesion molecule whose expression is induced by various

inflammatory stimuli and which recognizes cell surface

carbohydrate, Sialyl Lewisx (SLex) [13]. P-selectin is found

stored in alpha granules of platelet, as well as Weible-

palade bodies of endothelial cells, and recognizes a

carbohydrate that is closely related SLex[14].

The selectin family of cell adhesion molecules plays a

key role in the mediation of early neutrophil (PMN) rolling

on and adherence to endothelial cells (EC). P-selectin on

platelet (P) and EC surfaces and L-selectin on the leuko-

cyte surface act in concert to promote PMN-EC and PMN-

P interactions. Monoclonal antibodies, which neutralize

either P-selectin or L-selectin, have been found to preserve

endothelial and monocyte cell function in myocardial

ischemia/reperfusion injury model [15, 16]. Additionally,

in primate model of carotid artery restenosis, GA-6 resulted

in 25% reduction in the neointimal-medial ratio after

14 days [17]. L-selectin is involved in mediating neutrophil

rolling interactions at sites of inflammation [18].

Human Soluble Selectin Assays (sP-, sL-, or sE-selectins)

The most commonly used assay employs the quantitative

sandwich immunoassay technique for the measurements

of plasma or serum levels of soluble selectins. A mono-

clonal antibody specific for sP-, sL-, or sE-Selectins pre-

coated onto a microplate. Standard, samples, and control

are pipetted into the wells, together with a polyclonal

antibody specific for sP-, sL-, or sE-Selectins conjugated

to horseradish peroxidase (HRP). After removal of

unbound conjugated antibody a substrate is added and

color is developed which is proportional to sP-selectin

concentration.

Integrins

Integrins are a widely expressed family of cell adhesion

receptors via which cells attach to extracellular matrices, to

each other’s or to different cells. All integrins are com-

posed of ab heterodimeric units, expressed on a wide

variety of cells, and most cells express several integrins.

The interaction of integrins with the cytoskeleton and

extracellular matrix appears to require the presence of both

subunits. The binding of integrins to their ligands is a

cation-dependent. Integrins appear to recognize specific

amino acid sequences in their ligands. The most well

studied is the RGD sequence found within a number of

matrix proteins including fibrinogen, vitronectin, fibro-

nectin, thrombospondin, osteopontin, VWF, and others.

However, other integrins bind to ligands via non-RGD

binding domain such as the a4b1 integrin receptors that

bind and recognize the LDV sequence within the CS-1

region of fibronectin. There are at least 8 known b subunits

and 14 a subunits [1, 2].

Coordinate Regulation of Cell Adhesion and Signaling

through Integrins: Integrin adhesion receptors contain an

extracellular face that engages adhesive ligands and a

cytoplasmic face that engages intracellular proteins.

These interactions are critical for cell adhesion and for

anchorage-dependent signaling reactions in normal and

pathological states. For example, platelet activation

induces a confirmational change in integrin aIIb/b3,

thereby converting it into a high affinity fibrinogen

receptor. Fibrinogen binding then triggers a cascade of

protein tyrosine kinases and phosphatases and recruitment

of numerous other signaling molecules into F-actin-rich

cytoskeletal assemblies in proximity to the cytoplasmic

tails of aIIb and b3. These dynamic structures appear to

influence platelet functions by coordinating signals ema-

nating from integrins and G protein-linked receptors.

Studies of integrin mutations confirm that the cytoplasmic

tails of aII/b3 are involved in integrin signaling, pre-

sumably through direct interactions with cytoskeletal and

signaling molecules. Blockade of fibrinogen binding to

the extracellular face of aIIb/b3 has been shown to be an

effective way to prevent platelet-rich arterial thrombi after
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coronary angioplasty [19]. Once proteins that interact

with the cytoplasmic tails of aIIb/b3 are fully identified, it

may also be possible to develop selective inhibitors of

integrin adhesion or signaling whose locus of action is

inside the cell.

Anti-Integrins as Potential Drug Discovery Target: The

commercial and therapeutic potential of cell adhesion

molecules is on the rise. Newly discovered CAM along

with the discovery of new roles for integrins, selectins,

and immunoglobulins in certain disease states, provide

great opportunities to develop therapeutic and diagnostic

drugs. Integrin represents the best opportunity in achieving

small molecule antagonist for both therapeutic and diag-

nostic utility in various key diseases with unmet medical

need.

b1 Integrins

The largest numbers of integrins are members of the b1

integrins, which are also known as the VLA subfamily

because of the late appearance of VLA after activation.

There are at least seven receptors characterized from this

subfamily, each with different ligand specificity. Among

the most studied include the a4b1, a5b1, a6b1, anb1

receptors. The leukocyte integrin a4b1 (also known as

VLA4 and CD49d/CD29) is a cell adhesion receptor,

which is predominantly expressed on lymphocytes,

monocytes, and eosinophil [20]. The leukocyte integrin

a4b1 is a potential target for therapeutics in chronic

inflammatory diseases.

Potent and Selective Small Molecule Antagonists of a4

Integrins: The a4 integrins are heterodimeric cell surface

molecules central to leukocyte-cell and leukocyte-matrix

adhesive interactions. The integrin a4b7, expressed on all

leukocytes except neutrophils, interacts with the immuno-

globulin (Ig) superfamily member VCAM-1, and with an

alternately spliced form of fibronectin (Fn). The integrin

a4b7 is also restricted to leukocytes and can bind not only

to VCAM1 and Fn, but also to MAdCAM the mucosal

addressin or homing receptor, which contains Ig-like

domains related to VCAM-1. Certain monoclonal anti-

bodies to the a4 chain and a4b7 can block their in vitro

adhesive function. In vivo studies with these monoclonal

antibodies in several species demonstrate that the interac-

tions between these integrins and their ligands play a key

pathophysiologic role in immune and inflammatory reac-

tions. Thus, a4 integrin-dependent adhesive interactions

with VCAM-1, MAdCAM, and Fn appear to play a central

role in the recruitment priming, activation and apoptosis of

certain leukocyte subsets, and offer novel targets for drug

intervention. To this end a selective and potent anti- a4

monoclonal antibody and small molecule antagonists were

designed. These molecules demonstrated in vivo efficacy

in several animal models [21, 22]. The mucosal vascular

addressin, MAdCAM-1 is an immunoglobulin-like

adhesion receptor preferentially expressed by venular

endothelial cells defining sites of lymphocyte extravasation

in mucosal lymphoid tissues and lamina popria. MAd-

CAM-1 binds lymphocyte integrin a4b7 [23]. A Peptide -

based analogs based on various regions in the first and

second domains of MAdCAM-1 for the binding to a4b7

were identified.

The Leukocyte Integrin a4b1 as a Potential Target for

Therapeutics: These leukocyte populations primarily

mediate chronic inflammatory disease (e.g., rheumatoid

arthritis, asthma, and psoriasis and allergy). In contrast,

VLA-4 is not present on circulating unstimulated neu-

trophils, which constitute a first line of defense against

acute infections. Eosinophils selectively accumulate at

sites of chronic allergic diseases such as bronchial asthma.

The role of b1 integrins and its regulations by cytokines

and other inflammatory mediators during eosinophil

adhesion to endothelium, extracellular matrix proteins, and

transendothelial migration has been well documented [24,

25]. The interactions of VLA-4 with alternatively spliced

fibronectin containing CS-1 to design receptor blockers

which bind to the VLA-4 integrin receptor has been uti-

lized in targeting small molecule inhibitors. Evaluation of

these analogs in animal models of disease indicate that

VLA-4 blockade has the potential of achieving dramatic

in vivo effects in a variety of chronic inflammatory disor-

ders [20–22].

Antibodies Against a4 Integrin Prevent Immune Cell

Infiltration of the CNS and Reverse Progression of

Experimental Autoimmune Encephalomyelitis (EAE):

Infiltration of circulating immune cells into the central

nervous system (CNS), resulting in edema, myelin dam-

age and paralysis has been documented [26]. The role for

the adhesion molecule a4b1 integrin in this process has

been demonstrated. When administered to animals with

EAE, antibodies against a4 integrin prevented the adhe-

sion of lymphocytes and monocytes to inflamed

endothelium within blood vessels of the CNS, and pre-

vented immune cell infiltration. Even when administered

to animals after the onset of paralysis, anti-a4 integrin

reversed all clinical signs of disease. MRI analysis of

these animals showed that antibody treatment reduced

edema, and reduced permeability of the blood brain

barrier to Gd-DPTA, while histological analysis demon-

strated that treatment prevented the destruction of myelin.

Remarkable, anti-a4 integrin reversed the accumulation of

lymphocytes and monocytes within the CNS, while not

affecting the level of the cells in the circulation. These

results suggest that the active disease process requires an

ongoing recruitment of circulating cells into the CNS, and
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that anti-a4 integrin prevents this recruitment and reverses

disease progression.

b1 Integrins in Gastrointestinal Diseases: The inflam-

matory bowel diseases (IBD), Crohn’s disease, and

ulcerative colitis (UC) are immunologically mediated ill-

nesses. Using antibodies to the b family of integrins,

isolated intestinal lamina mononuclear cells from IBD and

normal intestine express a pattern of integrins found on

normal solid organs with more b7 expression than

IBD. Crohn’s CD3 + cells express more b1 than normal,

supporting separate b integrin systems in GI diseases.

However, b1 and b7 integrins in particular remain as

a potential therapeutic target for GI inflammatory

disease [27].

a5b1 Integrin in Angiogenesis: Recent evidence

suggested the role for this integrin in the modulation of

angiogenesis [28]. Thus antagonist for a5b1 might

have potential utility in various angiogenesis-mediated

disorders [28].

a5b1 Integrin & Bacterial Infection: Recent studies

suggested a key role for a5b1 integrin in mediating certain

bacterial invasion into human host cells leading to antibi-

otic resistance [29].

b2 Integrins

The leukocyte restricted b2 (CD18) integrins promote a

variety of homotypic and heterotypic cell adhesion events

required for normal and pathologic functioning of the

immune system [30]. Several physiological processes

including cell adhesion, activation, migration, transmigra-

tion require direct contact between cells or extracellular

matrix proteins via CAM receptors. To date only three

members of this integrin subfamily have been identified

including: CD11a/CD18 (LFA-1), CD11b/CD18 (Mac-1),

and CD11c/CD18 (P150,95). A molecularly cloned cDNA

encoding a fourth alpha chain, designated ad, that associ-

ates with CD18 in normal leukocytes and upon co-

transfection into CHO cells have been identified. In vitro

studies have shown that LFA-1(CD11a/CD18) and Mac-1

on neutrophils can be differentially activated for distinct

function [30]. In addition, investigations in vivo, including

studies in CD11b deficient mice further underscore the

biologic significance of the distinct contributions of LFA-1

and Mac-1 to neutrophil-dependent tissue injury.

b3 Integrins

aIIb/b3 Integrin: Intravenous Platelet aIIb/b3 Receptor

Antagonists: The realization that the platelet integrin

aIIbb3 is the final common pathway for platelet

aggregation regardless of the mechanism of action,

prompted the development of several small molecule aIIb/

b3 receptor antagonists for intravenous and/or oral anti-

thrombotic utilities. Platelet aIIb/b3 receptor blockade

represents a very promising therapeutic and diagnostic

strategy of thromboembolic disorders. Clinical experiences

(efficacy/safety) gained with injectable aIIbb3 antagonists

will provide valuable insights into the potential of long-

term chronic usage of oral aIIb/b3 antagonists. At this

point, there are still many unanswered questions and

careful studies will be needed to elucidate the safety and

efficacy of this mechanism either alone or in combination

with antiplatelet/anticoagulant therapies.

The clinical utility of Abciximab (ReoPro, c7E3 Fab)

based on several trials involving coronary artery inter-

vention procedures [31–33]. The potent, rapid, and

sustained blockade of platelet GPIIb/IIIa receptors and

perhaps its avb3 blockade might be the key aspect con-

tributing to the dramatic early antithrombotic benefits.

Early benefits were maintained for over 3 years in-

patients receiving 12-h Abciximab treatment in the EPIC

trial. These unique pharmacological characteristics may

also provide benefits in other thrombotic conditions such

as stroke, unstable angina and acute myocardial infarc-

tion. Coronary Intervention: Epic (high-risk abrupt

closure), Epilog (broad entry criteria), Capture (refractory

unstable angina), Epistent (stent), and Rapport (direct

angioplasty). Integrilin is a cyclic heptapeptide KGD

analog. Impact II (coronary intervention—broad entry

criteria) and Pursuit (Unstable angina—chest pain � 24

h ischemic ECG changes) both demonstrated significant

clinical benefits [34]. Tirofiban: the Restore (Coronary

intervention—high risk of abrupt closure per clinical and

anatomic criteria), Prism and Prism plus trials (unstable

angina, chest pain 24 and 12 h) demonstrated significant

clinical benefits. Lamifiban: the Paragon trial demon-

strated significant clinical benefits [35]. Studies with

Lamifiban in Canada were stopped due to lack of efficacy

and nuisance bleeding [36].

Orally Active GPIIb/IIIa Antagonists: A high level of

platelet antagonism has been required when GPIIb/IIIa

antagonists have been employed for acute therapy of cor-

onary arterial disease. However, the requirements for

chronic therapy using orally active agents are only now

becoming determined. Interaction with aspirin and other

antiplatelet and anticoagulant drugs lead to shifts in the

dose-response curves for both efficacy and unwanted side

effects, such as increased bleeding time [37–39]. More

recently, both Xemilofiban (EXCITE), Orbofiban (OUPIS)

sponsored by Searle and Sibrafiban sponsored by Roche

were withdrawn because of a disappointing outcome. This

raises a lot of serious questions with regard to the potential

of oral GPIIb/IIIa antagonists [40, 41].
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Issues in Clinical Development: These include thrombo-

cytopenia, monitoring, bleeding risk, and drug interactions

[42, 43].

Role of Platelet Integrin GPIIb/IIIa Receptor Antago-

nists in the Rapid Diagnosis of Thromboembolic Events:

The role of the platelet integrin GPIIb/IIIa receptor and

its potential utility as a radiodiagnostic agent in the

rapid detection of thromboembolic events has been

demonstrated [44].

avb3 Integrin: The Role of Integrin avb3 and Matrix

Proteins in Vascular Remodeling via Endothelial and

Smooth Muscle Cell Actions: Vascular remodeling pro-

cesses plays a key role in the pathological mechanisms of

atherosclerosis and restenosis. In response to vascular

injury such as by PTCA, matrix proteins like osteopontin,

vitronectin are rapidly up-regulated [45]. Osteopontin

stimulates smooth muscle cell migration via its action on

the integrin avb3 and thereby contributes to neointima

formation and restenosis [46, 47]. In addition, the matrix

protein osteopontin and vitronectin induce angiogenesis,

which may support neointima formation and arterioscle-

rosis [48]. Thus, specific matrix proteins via selected

integrins and especially avb3 may be important targets for

selective antagonists aimed at blocking the pathological

processes of restenosis [45]. See Figs. 1 and 2 for selected

peptidomimetic and non-peptide antagonists.

Immunoglobulin (Ig)

ICAMs and VCAMs are members of the Ig superfamily. At

this point, most of the effort in targeting the Ig superfamily

is focused on the development of specific monoclonal

antibodies and/or anti-sense oligonucleotide and small

molecules that might specifically block gene transcriptional

factors. Strategies for designing small molecular weight

inhibitors for the Ig superfamily are somewhat more dif-

ficult. However, with current advances in molecular

modeling, crystal structure information it might be possible

to develop cyclic peptides and peptidomimetics Ig

antagonist.

Several investigations with monoclonal antibodies to

ICAM-1 demonstrated anti-inflammatory properties with

NH 2

O

NH

NH2

O

NH

O
OH O

O

OH

NH 2

N H

N H

N H

O

CH 3

C H 3

N
H

O

N
H

O

O

OH

N H
O

N
H O

Some Selected Integrin Antagonist 
(Cyclic Peptide)

cRGDFV (Kessler)

NH 2

NH

N H N
HN H

O

N

O
O

NH

O H

O

N H OO

cPRGD-Mamb (Dupont-Merck)

OH

S S

NHONCH 3

O

N
H O

N
H O

O

N H

N H

NH 2

cRGDPhSSPh (SmithKline-Beecham)

RGD

Fig. 1 Selected peptidomimetic

integrin antagonists

Circa ~ 2000

N HNH

N H

N
N

C H 3

O

N H

O

O

NH

SO O

C H 3CH 3

H

DuPont-Merck

N

N H

N H
N H O H

O

N H

S OO

O

C H 3CH 3

C H 3

O

Merck

N

N H

N N H

C H 3

O

N
H

O

O

H

SmithKline-Beecham 

Selected Nonpeptide Mimetics Integrin Antagonist

Fig. 2 Selected Non-peptide Integrin antagonists

Mol Biotechnol (2008) 38:33–40 37



tremendous therapeutic potential in liver and kidney

transplant as well as in rheumatoid arthritis [49, 50]. In

contrast to current immuno-suppressants, which demon-

strated efficacy in organ transplant along with major

adverse effects, the use of anti-CAM as a strategy might

proven to be effective and safer.

Role of PECAM-1 in Regulating Transendothelial

Migration of PMN’s in Disease States

PMN’s adhere to the inflamed vascular endothelium, even-

tually undergoing transendothelial migration. This latter

process is largely regulated by PECAM-1, which is expres-

sed on platelets, leukocytes and at the intercellular junctions

of endothelial cells. Specific antibodies neutralizing

PECAM-1 selectively block PMN migration and markedly

attenuate injury to ischemic-reperfused myocardium and

coronary endothelium. Intravital microscopy confirms that

the protective mechanism of PECAM-1 blockade is by

inhibiting their transendothelial migration [51].

Soluble Immunoglobulin Adhesion Molecules

as a Surrogate Markers

CAMs are well recognized as adhesive receptors to facil-

itate adhesion, migration, and transmigration of circulating

cells into damaged vascular tissues. Recent studies have

demonstrated expression of ICAM-1 on human athero-

sclerotic plaques and treatment with an anti-ICAM-1

monoclonal antibody resulted in a significant reduction of

myocardial infarct size in experimental myocardial/ische-

mia reperfusion injury models [52, 53]. Additionally,

soluble isoforms of these CAMs thought to be shed from

the surface of activated cells, which can be quantified in

peripheral blood [54, 55]. Increased serum concentrations

of soluble CAMs have been observed in a variety of dis-

eases [54, 55]. Recent studies suggested the prognostic and

diagnostic potential for various soluble adhesion molecules

in various vascular and cardiovascular diseases. See Fig. 3

for diagrammatic sketch of soluble immunoglobulins.

Human Soluble VCAM-1, ICAM-1, or PECAM Assays

This involves the simultaneous reaction of sVCAM-1 present

in the sample or standard to two antibodies directed against

different epitopes on the sVCAM-1 molecule. One antibody

is coated onto the walls of the microtiter wells and the other is

conjugated to the enzyme horseradish peroxidase (HRP). Any

sVCAM-1 present forms a bridge between the two anti-

bodies. The same concept applies to sICAM-1 or PECAM.

After removal of unbound material by aspiration and

washing, the amount of conjugate bound to the well is

detected by reaction with a substrate specific for the

enzyme which yields a colored product proportional to the

amount of conjugate (and thus sVCAM-1 in the sample).

The colored product can be quantified photometrically.

By analyzing standards of known sVCAM-1 concen-

tration coincident with samples and plotting a curve of

signal versus concentration, the concentration of unknowns

can be determined.

In Conclusion: It is very clear that several members in

the CAM superfamilies and in particular the integrin family

will serve as potential therapeutic and diagnostic strategies

for a number of diseases with unmet medical needs. The

selection of a certain CAM that is associated with specific

pathophysiological aspect of certain disease processes as

well as the ease of achieving small anti-CAM molecules

will determine the ultimate success in the discovery and

development of therapeutics and diagnostic drugs.
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