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Leukocyte adhesion to endothelium is a critical event in host defense against microorganisms and in the repair of tissue
damage. Under some circumstances, however, altered leukocyte-endothelial interactions may contribute to the pathogen-
esis of inflammatory and immune diseases. In a number of experimental models, the inhibition of leukocyte adherence to
endothelium substantially reduces vascular and tissue injury. Antiadhesion therapy may represent a novel approach to the
treatment of a wide spectrum of clinical disorders.
(Harlan JM, Vedder NB, Winn RK, Rice CL: Mechanisms and consequences of leukocyte-endothelial interaction. West J Med 1991 Oct; 155:365-
369)

A new approach to the treatment of inflammatory and
immune disorders has recently emerged from clinical

observations, cell and molecular biology studies, and investi-
gations in animal models of disease. The focus of this ap-
proach is the interaction of circulating leukocytes with
vascular endothelium.' In response to diverse extravascular
stimuli such as infection, foreign antigen, or tissue damage,
signals are generated that activate either the leukocyte or the
endothelial cell. As a consequence of activation, one or both
cell types become adhesive for the other, leading to increased
leukocyte adherence to endothelium at the site of inflamma-
tion or immune reaction. The adherent leukocyte then moves
across the vessel wall to extravascular sites, diapedesing be-
tween endothelial cells and migrating through the sub-
endothelial matrix to tissue. There it participates in
inflammatory or immune reactions. Because the leukocyte
must adhere to the endothelium to emigrate to the extravascu-
lar site, considerable attention has been focused on the leuko-
cyte and endothelial cell surface molecules that mediate this
adhesive interaction.

In the past ten years, more than a dozen proteins involved
in the adherence of leukocytes to endothelium have been
functionally and immunochemically identified and molecu-
larly cloned.23 Leukocyte-endothelial adhesion molecules
can be divided into two categories: integrin receptors on
leukocytes that interact with ligands on the endothelial cell
and that are members ofthe immunoglobulin gene superfam-
ily, and a new class of proteins, LEC-CAMs or "selectins,"
that recognize specific carbohydrate counterstructures on the
endothelial cell or on the leukocyte. In this brief review we
will focus on the leukocyte integrin receptor that mediates
neutrophil adherence to endothelium.

As with many other problems in biology, important in-
sights into the molecular basis of leukocyte adherence to
endothelium have come from studies of a genetic deficiency
syndrome. Leukocyte adhesion deficiency or leukocyte-cell
adhesion molecule-deficiency syndrome results from a par-
tial or complete deficiency ofthe leukocyte adhesion receptor

complex, CDl1/CD18 (CD refers to cluster differentia-
tion).4`6 The CDl 1/CD 18 complex consists of three hetero-
dimeric subunits. Each subunit contains a common ,3-chain,
designated CD 18, and a distinct a-chain, designated CD I la,
CDllb, or CDllc. The heterodimeric subunits are also
commonly known as LFA-1 (CDl la/CD 18); Mac- 1 or Mol
(CD 1 lb/CD 18), which is also the complement receptor type
3 (CR3); and p150,95 (CDl lc/CD18). LFA-l is found on all
leukocytes, whereas Mac-l and p150,95 are restricted to
phagocytes and natural killer cells (Figure 1). The three a-
chains and the common 13-chain have been molecularly
cloned by a number of groups and shown to be members of
the integrin superfamily of adhesion receptors (reviewed by
Arnaout and Larson and Springer67). The CD1 1/CD 18 com-
plex makes up the 32 subclass of this family and is found only
on leukocytes.

The CD 1 1/CD 18-deficiency syndrome is inherited in an
autosomal recessive manner; heterozygotes have no signifi-
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Figure 1.-The leukocyte CD11/CD18 complex and its endothelial ligands,
intercellular adhesion molecules-1 and -2 (ICAM-1, ICAM-2), are shown.
NK= natural killer
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cant clinical manifestations. The molecular basis of the
CD1 1/CD18-deficiency syndrome has been shown to result
from heterogeneous mutations in the common f-chain.8 A
complete failure to synthesize any fl-chain or the synthesis of
only abnormal f-chain does not allow association ofthe three
a-chains with the fl-chain in heterodimers and thereby pre-
vents their insertion into the plasma membrane. Such per-
sons have a complete absence of surface membrane CD11/
CD18 and exhibit a severe phenotype. Persons with
mutations allowing the synthesis of some functional f-chain
have a partial deficiency and mild to moderate phenotype.
Interestingly, the CD1 1/CD18-deficiency syndrome has
been reported as a granulocytopathy syndrome in a dog and in
Holstein cows 9,10

The clinical manifestations of the CD11/CD1 8-defi-
ciency syndrome have been reviewed in detail.4I6 The CD1 1/
CD1 8-deficient patients frequently present with delayed sep-
aration of the umbilical cord at birth, presumably resulting
from impaired wound healing. Severely affected patients suf-
fer from recurrent, sometimes life-threatening bacterial in-
fections throughout life. The infections often begin at skin or
mucous membranes and may progress to overt sepsis. The
most striking feature of CD 11/CD 18 deficiency is the ab-
sence of neutrophils and monocytes at the sites of infection-
that is, the patients have a failure to suppurate. Despite this
profound defect in phagocyte migration, CD 1/CD18-defi-
cient patients have chronic neutrophilic leukocytosis with
leukocyte counts as high as 100 x 109 per liter (100,000 per
Al) during episodes of acute infection. Presumably, the sig-
nals required to mobilize neutrophils from stores in the bone
marrow, such as colony-stimulating factors, are intact, and
the CD lI /CD 1 8-deficient cells accumulate in the circulation
because of their inability to migrate.

All of the major clinical manifestations of CD 11/CD 18-
deficiency syndrome can be ascribed to the defect in phago-
cyte migration. This defect is most dramatically evidenced by
the absence of pus at the sites of infection. Also, the patients'
neutrophils fail to migrate normally to skin chambers or skin
windows. Transfused allogenic neutrophils do migrate to
skin windows or extravascular sites of infection, 1 1 and granu-
locyte transfusions have been used successfully in some pa-
tients with refractory infections. This response to allogeneic
leukocyte transfusions indicates that all of the other humoral
and cellular mechanisms required for leukocyte emigration
are intact in CDI 1/CD 18-deficient patients and that the de-
fect is intrinsic to the leukocyte.

A number of severely affected patients with CD 11/CD 1 8
deficiency have been successfully treated by allogeneic bone
marrow transplantation.12 Because the syndrome results
from a single gene defect in hematopoietic cells, it is an
attractive candidate disease for gene therapy. 13,14

The profound defect in phagocyte emigration in this syn-
drome results from an inability of the CDI 1/CD 18-deficient
phagocytes to adhere to endothelial cells at sites of inflamma-
tion or infection. The abnormality in phagocyte adherence to
endothelium was first demonstrated in vitro using purified
neutrophils isolated from an affected patient and endothelial
cells from cultured human umbilical vein. 15 Normal neutro-
phils have a low basal adherence to cultured endothelium but
can be stimulated to increase binding markedly with various
activating agents such as bacterial chemotactic peptide,
platelet-activating factor, tumor necrosis factor, interleukin-
8, or complement fragment C5a. CDI1/CD18-deficient

neutrophils fail to augment adherence when stimulated, and
this defect in stimulated adherence is reproduced in normal
neutrophils by monoclonal antibodies directed at functional
epitopes on the a (CD1 ib)- or f (CD18)-chains ofthe Mac-l
subunit and to a lesser extent with monoclonal antibodies to
a-chain (CD1la) of the LFA-1 subunit. The inability of
CD 1 /CD 18-deficient neutrophils to adhere to endothelium
when stimulated also results in an inability to migrate across
the endothelial monolayer in response to chemotactic
stimuli. 15

The CD11/CD 1 8 complex is involved not only in the
heterotypic adhesion of neutrophils to other cells such as
endothelial cells but also in the homotypic adhesion or aggre-
gation of neutrophils. When neutrophils have exposure to a
wide variety of stimuli, they rapidly form homotypic aggre-
gates. This aggregation response is completely absent in
CD 11/CD 18-deficient neutrophils and is abolished in
normal neutrophils by monoclonal antibodies to CDllb
or CD18.16

The availability of blocking monoclonal antibodies that
cross-react with CD1 lb or CD18 in other species has
allowed an investigation of the role of the CD11/CD18
complex in the in vivo interaction ofneutrophils and endothe-
lium. Administering CDI lb or CD18 monoclonal antibodies
has been shown to inhibit neutrophil migration to experimen-
tally induced sites of inflammation in the skin, peritoneum,
lungs, joints, and meninges.2 The CD llb or CD18 mono-
clonal antibodies do not reduce the circulating neutrophil
count but, in fact, produce leukocytosis similar to that ob-
served in patients with CD 11/CD 18 deficiency. Studies us-
ing intravital microscopy have confirmed that the blockade in
neutrophil migration produced by these CD1lb or CD18
monoclonal antibodies is due to inhibited adherence of leu-
kocytes to endothelium. Superfusion of the microcirculation
with a chemoattractant produces leukocyte adherence to ves-
sel walls, intravascular aggregation of leukocytes, and leuko-
cyte diapedesis across vessel walls to extravascular tissue.
Pretreatment with a CD18 monoclonal antibody completely
abolishes aggregation and sticking.17 Of interest, although
the CD18 monoclonal antibody prevented "sticking," the
leukocytes continued to "roll" along the vessel wall. The
rolling of leukocytes along the vessel thus appears to be me-
diated by adhesion molecules other than the CD11/CD 18
complex.

Two of the endothelial counterstructures for the CD1 1/
CD 18 complex have been identified as intercellular adhesion
molecules 1 and 2 (ICAM-1, CD54; ICAM-2) (Figure
1).18,19 ICAM-1 and ICAM-2 are both members of the im-
munoglobulin superfamily of proteins that interact with the
LFA-1 subunit (CDI la/CD18).20 ICAM-1 also binds the
Mac-l subunit (CDI lb/CD 18).20 There appear to be other
counterstructures for Mac-I and p150,95 (CDlIc/CD 18) on
endothelium that have not yet been identified.

In pronounced contrast to neutrophils, lymphocyte traffic
in CDl 1/CD 18-deficient patients appears to be normal, al-
though their lymphocytes also lack CD1I/CD18. Biopsy
specimens of tissue at sites of inflammation or immune reac-
tion show an infiltration of lymphocytes, occasional eosino-
phils, and rare monocytes but no neutrophils.4'11 Moreover,
cell-mediated immune responses are largely intact as the
patients show delayed-type hypersensitivity reactions and do
not usually suffer from viral or opportunistic infections. Ob-
viously, lymphocytes, monocytes, eosinophils, and other

366 LEUKOCYTE-ENDOTHELIAL INTERACTION



THE WESTERN JOURNAL OF MEDICINE * OCTOBER 1991 * 155 * 4 367

cell types must possess an adhesion receptor(s) other than
CD1 1/CD 18 that is capable of mediating binding to endothe-
lium. Selectin molecules may play an important role in this
CD 1 1/CD18-independent mechanism of binding. The j,3 in-
tegrin receptor, very-late-activation antigen-4 (VLA-4;
CD49d/CD29), however, is the most likely candidate for this
alternate pathway of adhesion and emigration. VLA-4 binds
to vascular cell adhesion molecule-I (VCAM- 1), a cytokine-
induced endothelial protein that is a member of the im-
munoglobulin superfamily.21-23 Most important, VLA-4 is
expressed on all leukocyte classes except neutrophils. Thus,
the CDl 1/CD18-deficiency syndrome with its profound de-
fect in neutrophil adhesion and migration likely occurs be-
cause neutrophils uniquely lack this alternate integrin
receptor.

It is clear from clinical manifestations of CD11/CD 18
deficiency that neutrophil adherence to endothelium is a criti-
cal event in host defense. Under some circumstances, how-
ever, neutrophil adhesion to endothelium may have
deleterious consequences for the host. Exaggerated or unreg-
ulated neutrophil adhesion may lead to endothelial damage
by toxic products, such as proteases and oxidants, released by
the adherent neutrophil. Altered neutrophil-endothelial in-
teractions have been implicated in the pathogenesis of vascu-
lar and tissue injury in a wide variety of clinical disorders
including sepsis, inflammatory skin diseases, the adult respi-
ratory distress syndrome, vasculitides, and some forms of
glomerulonephritis.24

Neutrophil adhesion may play a particularly important
role in diverse disorders associated with ischemia and reper-
fusion, including myocardial infarction, stroke, shock, organ
transplantation, limb replantation, burns, and crush injuries.
With prolonged ischemia there is damage to tissue from an-
oxia, but, paradoxically, further injury may occur after re-
perfusion. At least in some settings, this reperfusion injury
appears to involve an inflammatory response.25 Clearly the
inflammatory system evolved long before reperfusion of
ischemic organs was possible, so reperfusion injury proba-
bly represents an "accidental" triggering of the inflamma-
tory response, not a mechanism of host defense and repair.
The precise signals, such as oxidants, complement compo-
nents, or cytokines, that trigger the inflammatory response
during reperfusion have not been identified and may vary
with the particular organ or disorder. The activation ofleuko-
cytes and endothelial cells during reperfusion results in neu-
trophil adhesion in capillaries producing plugging and
further ischemia, or neutrophil adhesion to endothelium
leading to the emigration of neutrophils with local edema
formation, hemorrhage, and thrombosis. Because the CD1 1/
CD 18 complex is critically involved in these homotypic
and heterotypic adhesive interactions of neutrophils, there
is an opportunity to intervene therapeutically with block-
ing monoclonal antibodies directed at CDllb or CD18
(Figure 2).

Vedder and associates tested this novel approach in a
rabbit ear model of isolated tissue ischemia-reperfusion.26
They observed that the inhibition of leukocyte adherence
with the CD18 monoclonal antibody 60.3-developed by
Beatty and colleagues27-greatly attenuated neutrophil accu-
mulation and associated endothelial and tissue injury after
ten hours of warm ischemia followed by reperfusion. Fur-
thermore, they found that this protection was the same
whether the antibody was administered after ischemia oc-
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Figure 2.-The possible mechanism of action of CD1 lb or CD18 monoclonal
antibody (mAb) is shown in preventing vascular and tissue injury after ischemia
and reperfusion.

curred, but before reperfusion, or when administered before
ischemia. These results indicate that leukocytes are impor-
tant mediators of ischemia-reperfusion injury, that the leuko-
cyte-mediated injury is in fact a reperfusion injury, and that it
can be substantially attenuated by a CD18 monoclonal anti-
body administered at the time of reperfusion.

This approach was further tested in an animal model of
hemorrhagic shock and resuscitation that may be relevant to
the clinical syndrome of multiple organ failure. This syn-
drome is characterized by cardiovascular, pulmonary, central
nervous system, hepatic, gastrointestinal, and renal dysfunc-
tion along with signs of generalized inflammation.2829 Ved-
der and colleagues hypothesized that shock (ischemia)
followed by resuscitation (reperfusion) led to neutrophil ad-
hesion in the microcirculation and the subsequent develop-
ment of multiple organ failure. Administering the CD18
monoclonal antibody 60.3 before shock30 or at the time of
resuscitation31 dramatically reduced the amount of vascular
and tissue injury and improved survival in a rabbit model.
These results were recently confirmed in a primate model in
which a CD 18 monoclonal antibody was administered at the
time of resuscitation from hemorrhagic shock.32 In control
animals diffuse vascular injury developed, manifested by the
capillary leak syndrome, requiring large volumes of fluid to
maintain cardiac output. Visceral injury also developed in
control animals in the form of gastritis observed by endos-
copy. In contrast, animals treated with the CD18 monoclonal
antibody required no fluids above maintenance to maintain
cardiac output, and gastritis did not develop. Two of five
control animals died, whereas all animals treated with mono-
clonal antibody 60.3 survived (Table 1).32
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These studies in the animal models show that CD18
monoclonal antibodies may prevent vascular and tissue dam-
age by the inhibition of neutrophil adhesion after the general-
ized ischemia and reperfusion associated with shock and
resuscitation. They also suggest that a similar approach may
prevent or reduce the severity of multiple organ failure syn-
drome and prolong survival in trauma patients.

As dramatically shown by CD1 1/CD 18-deficient pa-

tients, neutrophil adhesion to endothelium is necessary for
host defense against bacterial infection at extravascular sites,
raising the concern that even a transient inhibition of neutro-
phil adhesion might notably increase the susceptibility to and
severity of bacterial infection. This possibility was examined
in two models of infection in rabbits. The use of a CD18
monoclonal antibody did not increase mortality or infectious
complications in animals with bacterial peritonitis,33 and its
use did not increase abscess formation at clinically relevant
inocula of staphylococcal organisms in the skin.34 These
studies provide some reassurance that it may be safe to inhibit
completely neutrophil adhesion for a limited period, even in
trauma patients who are at risk of infection.

"Antiadhesion" therapy with monoclonal antibodies to
the CD1 1/CD 18 complex or its ligand ICAM-1 has been
tested in a number of other models of ischemia-reperfusion
and inflammatory or immune disorders (Table 2).2730-3235-42
Other adhesion receptor-ligand interactions such as VLA-4
or VCAM-1 and the selectins are also possible targets for
antiadhesion therapy. Possible therapeutic agents include
murine or "humanized" monoclonal antibodies, peptides,

soluble receptors, or small molecules (such as carbohy-
drates) that inhibit receptor-ligand interactions. Alterna-
tively, drugs may be developed that disrupt the signal
transduction pathways that are involved in the induction or

activation of adhesion molecules.
In summary, there has been dramatic recent progress in

our understanding of the cell and molecular biology, physiol-
ogy, and clinical relevance of leukocyte-endothelial interac-
tions. These insights may lead to the development of new
therapies for a variety of human diseases.
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CASE HISTORIES-ONCOLOGY

#49803
The x-ray portals are ruled with purple ink,

those doors through which the pulses pass,
destroying the destroyer.

Indelible, the lines frame that place
where diseased cells lurk

sparing neither age nor gender.

Some walk the hall unnoticed,
marks hidden by their clothes,

while others bear the grid on head or face

like the tribal tattoos of a different race.

#38594
Meant to bring forth life

her womb now bears her death;
that crimson velvet pocket

in which to carry treasure,
holds instead a dreadful counterfeit.

#32457
Pink and hairless as an embryo the ten-year-old

lies on the x-ray table and stares back
into the black barrel of the massive machine.

Back in the child's room the stuffed toys wait,
On the wall beside the bed

the artwork done the day before.

In the picture a big black cannon
is aimed directly at the brightly crayoned house

With the smiling family standing in the yard.

And yet the child has also drawn
a delicate pink flower growing

inside the cannon's threatening mouth.

#84573
She lies alone and still in the darkening room
and wonders why she cannot feel
the invader rearrange
the structure of her brain.
A blessing, she supposes, and yet
she would almost rather feel some pain
to help her understand that this is real
and not some dream that she will soon
be lying alone and still within her tomb.
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