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The science of leukocyte adhesion began with the observations
of children with what we now call leukocyte adhesion mole-
cule 1 (LAD 1) disease. Affected children have recurrent in-
fections, delayed umbilical cord separation, leukocytosis, and a
paucity of leukocytes in infected tissue (1). Molecular elucida-
tion of the deficiency in CD11/CD18 expression in these chil-
dren coupled with the recognition and characterization of
other leukocyte adhesion molecules (LAMs) such as integrins,
immunoglobulin supergene family, selectin and addressin fam-
ilies has led to the burgeoning field of leukocyte adhesion biol-
ogy. Leukocyte adhesion molecules have been demonstrated
to mediate a myriad of cellular processes, ranging from “in-
side-out signaling” to regulation of transcription and apoptosis
(2). Nevertheless, whenever studies have been performed to
evaluate the role of LAMs in mediating inflammatory dis-
eases, most of the tissue effects have been associated with and
attributed to leukocyte migration: either the presence or ab-
sence of a particular cell type after blockade, or genetically de-
leting a leukocyte adhesion pathway. This emphasis on leuko-
cyte recruitment, stemming from the initial observations of
impaired leukocyte recruitment in children with LAD 1, has to
some degree impeded the translational studies on the role of
LAMs in inflammatory diseases, with clinically relevant re-
search lagging sorely behind the rapid developments in basic
adhesion biology.

Asthma is a disease of increased incidence and severity as-
sociated with industrialization. With the abundance of inflam-
matory cells in bronchiolar lavage and airway tissue biopsies
associated with airway hyperreactivity (AHR) to inhaled cho-
linergic and other bronchoconstrictive agonists, testing the
utility of LAM blockade in models of asthma is a logical step.
The VLA-4 molecule is particularly attractive to block be-
cause it is expressed on eosinophils and lymphocytes, which
have been implicated in the late allergic airway response of
asthma. Simplistically thinking, blocking leukocytes from en-
tering the lung from the circulation in sensitized individuals
could abrogate airway inflammation and AHR. Surprisingly,
VLA-4 or combined CD11a and CD11b antibodies given to
sensitized rats block the early airway response (EAR) to aller-
gen provocation testing, which is an event that is dependent on
mast cell activation and degranulation (3). Expression of adhe-
sion molecules on mast cell surface presumably accounts for
this finding and suggests a mechanism of action related to in-
terference with cell activation rather than migration.

In previous studies, VLA-4 antibody given intravenously
blocked the late airway response (LAR), suggesting the im-
portance of cell migration in the phenomenon. However, this
treatment did not have much influence on the migration of
leukocytes into airway tissues or airway lumen (3). Similar ef-
fects were seen with combined CD11a and CD11b blockade.
The discrepancy between the inhibition of the LAR by anti–
VLA-4 and insignificant effects on leukocyte migration was
confirmed in sheep and suggestive evidence of an effect on

eosinophil activation was obtained (4). In this issue of 
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Journal

 

, Henderson et al. have helped to clarify this issue by
examining the effects of anti–VLA-4 on measurements of air-
way responsiveness to methacholine, leukocyte migration, cy-
tokine production, and mucous secretion in a mouse model of
“asthma” (5). An intranasal administration of VLA-4 antibody
abrogated AHR and TH2 cytokine release to ovalbumin chal-
lenge without blocking circulating VLA-4 in the blood, while
intraperitoneal VLA-4 antibody decreased airway eosinophilia
but had no effect on AHR. By colocalizing the VLA-4 binding
of intranasally administered antibody to a CD11c-positive in-
trapulmonary leukocyte (possibly a dendritic cell or activated
macrophage), they suggest that the effects of anti–VLA-4 are
on resident cells and are not related to leukocyte migration
into lungs after challenge from AHR. Furthermore, the evi-
dence argues against the eosinophil as the causative agent of
hyperresponsiveness. A similar finding has been reported by
Milne and Piper for the guinea pig (6) and by Laberge et al. for
the rat (7). The inhibition of the T cell cytokines associated
with allergic inflammation (TH-2 cytokines, IL-4, and IL-5) by
intranasal antibody is also an interesting observation and is
consistent with inhibition of T cell activation. It is conceivable
that interference with antigen presentation may account for
the reduction in T cell cytokines. The link between effects on T
cell function and AHR has not been made in this study, how-
ever.

The effectiveness of intranasal and thus intraairway admin-
istration is very appealing for another reason. LAM blockade
has the potential to cause systemic susceptibility to infection,
thus organ-specific blockade is preferred. However, systemic
VLA-4 administration may still be effective despite the finding
that intraperitoneal administration was not effective in block-
ing AHR in the current study (5). This is presumably a reflec-
tion of the administered dose which may have been too low to
block intrapulmonary VLA-4 receptors.

How does one reconcile these observations with the multi-
tude of studies that have demonstrated that preventing leuko-
cyte migration to inflamed organs is associated with decreased
tissue injury? Clearly, LAMs have numerous functions. Thus,
while leukocyte migration is easy to detect and quantify, leu-
kocyte function in tissue is complex and the modification of
function may escape detection. In addition, the type of im-
mune injury is important, such that ischemic reperfusion in-
jury, classically associated with neutrophil migration, probably
engages LAMs in a different manner than other inflammatory
processes, such as allograft rejection. Organ specificity is also
likely to be important, as tissue-specific vascular beds and nu-
ances in blood flow and matrix are likely to make conclusions
from one organ inapplicable to another without direct demon-
stration. Unlike muscle or heart (where LAM blockade is tis-
sue protective in ischemic reperfusion injury, with clear effects
on abrogating leukocyte recruitment), the interpretation of
responses of the kidney is full of inconsistencies. CD11/CD18
and ICAM-1 blockade are usually protective in experimental
renal ischemia–reperfusion injury, but systemic neutropenia
and leukopenia, as well as selectin blockade, are often not (re-
viewed in reference 8). As in the lung, LAM blockade in kid-
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ney is likely abrogating a key step in tissue dysfunction inde-
pendent of leukocyte migration. There are many possible
cellular pathways, including activation, apoptosis, and ion trans-
port, which may be crucially altered and deserve attention.

Several questions arise regarding LAMs and asthma. What
are the cellular effector functions that VLA-4 and perhaps
other LAMs are mediating that are so vital to AHR? It is im-
portant to remember that adhesion molecules may participate
in other aspects of the pathogenesis of allergic airway inflam-
mation. Several LAMs participate in T cell responses to sensi-
tization as costimulatory signals. As it is not clinically feasible
in most situations to treat just before antigen challenge, one
must consider the potential for the induction of T cell toler-
ance by interfering with these costimulatory signals. There are
other aspects of airway function in asthma that merit attention.
For example, what is the interplay between VLA-4 and the
smooth muscle abnormalities that characterize asthma? How
do the LAMs, particularly ICAM-1, play a role in infection by
airway viruses (e.g., rhinovirus, respiratory syncytial virus) that
often precede an asthma attack? What cellular assays can be
used in tissue to best assess leukocyte function within tissue? It
is likely that effective treatment for some inflammatory diseases
will be based on leukocyte adhesion molecules. To make this
feasible, it will be necessary to accept revelations from a disease
rather than preconceptions of how these molecules work.
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and
James G. Martin
Meakins Christie Laboratories
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