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The immunopathologic nature of allergic inflam-
mation has now been well characterized in the
skin, nose, and lungs. Studies have been done on
allergen challenge and steady-state disease. Aller-
gen challenge evokes an IgE-dependent inflamma-
tory response characterized by an immediate reac-
tion as a result of the release of vasoactive and
bronchoconstrictor mediators, probably from
mast cells, and a delayed and more prolonged reac-
tion associated with an influx of inflammatory
cells. The inflammatory cells are mainly eosino-
phils and mononuclear cells, both monocytes and
T cells being recruited. Neutrophil numbers are
also increased, and there is some evidence of baso-
phil and platelet recruitment. Eosinophils are acti-
vated and degranulation is evident. T cells are also
activated, and they generate mRNA for Th2-type
cytokines (interleukin (IL)-3, IL-4, IL-5, and gran-
ulocyte/macrophage-colony  stimulating factor
(GM-CSF)) (1). The three principal mechanisms
currently thought to be important in the accumu-
lation of inflammatory cells are adhesion path-
ways, selective chemoattractants, and accumu-
lation caused by cytokine-induced prolonged sur-
vival, particularly in the case of eosinophils.
There is increasing evidence that adhesion is a
mechanism of fundamental importance in deter-
mining the nature of the cellular infiltrate in an
inflammatory reaction. The accumulation of
leukocytes in response to an inflammatory stimu-
lus is an orderly event in which the emigration and
accumulation of different types of leukocytes are
explained, at least in part, by the selective effects
of diverse inflammatory mediators and differences
in expression or configuration of leukocyte/endo-
thelial cell adhesion molecules and their ligands.
Remarkable progress has been made in recent
years in identifying and characterizing the mol-
ecules involved in leukocyte adhesion to endo-
thelium. The sequence of events resulting in the
extravasation of leukocytes in response to in-
flammatory stimuli can be summarized as follows.
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Inflammatory substances generated at the site of
inflammation activate the circulating leukocytes
and adjacent endothelium. Circulating leukocytes
then migrate to the vessel wall and form a loose
association with the endothelium, in effect, “roll-
ing” along the vessel wall. This association occurs
under conditions of blood flow or shear stress, and
it has been convincingly shown to be mediated by
the selectin family of adhesion molecules (E-
selectin, L-selectin, and P-selectin, which bind to
carbohydrate moieties). They then adhere firmly to
the endothelial cells, migrate along the endo-
thelium, and pass by diapedesis between the junc-
tions of endothelial cells. Many different adhesion
molecules may participate in this phase of ad-
hesion. Well-documented adhesion molecule inter-
actions include LFA-1 (CD11a/CDI18) with inter-
cellular adhesion molecule-1 (ICAM-1; CD54) and
ICAM-2; CR3 (CDI11b/CD18) with ICAM-1; and
VLA-4 (CD41d/CD29), a member of the B, family
of integrins, with vascular cell adhesion molecule-
1 (VCAM-1) (2). Once inflammatory cells have left
the vascular compartment, they make their way
through the extracellular matrix (ECM) to the site
of the inflammatory reaction. The other ; inte-
grins play an important role in this process be-
cause their ligands are the proteins of the ECM
(e.g., collagen, laminin, and fibronectin), and the
interaction of inflammatory cells with ECM pro-
teins can profoundly affect their functional poten-
tial.

The importance of the adhesion system is em-
phasized by the finding of a number of patients
with a rare, autosomal-recessive immunodeficiency
disease, leukocyte adhesion deficiency (LAD),
whose neutrophils have a defect in the B, chain of
the leukocyte integrins that prevents normal ad-
herence to the endothelium. Despite having abun-
dant neutrophils in their circulation, these patients
are subject to life-threatening infections, which, in
their severe form, cause death in infancy and much
disease even in their moderate phenotype (3).
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More recently, another form of LAD has been de-
scribed which also profoundly affects the ability of
these patients to mount a pyogenic inflammatory
response. This form of the disease results from the
absence of sialyl Lewis X (the ligand for E-selectin)
on neutrophils (4).

Epithelial damage is often an added feature of
atopic dermatitis, and the shedding of the bron-
chial epithelium after inflammatory attack is
thought to represent a major contribution to the
pathogenesis of asthma (5). Epithelial expression
of adhesion molecules may be an important mech-
anism by which these cells interact with other pro-
inflammatory cells. Expression of ICAM-1. a
member of the immunoglobulin gene superfamily
widely expressed by various cell types (6), has been
detected on inflamed epithelium. Endothelial cells
express low levels of ICAM-1, and stimulation by
various substances, including tumor necrosis fac-
tor (TNF). IL-1, interferon-gamma (IFN-y), or
LPS, results in increased ICAM-1 expression (7).
ICAM-1 expression may also be induced on hu-
man airway epithelial cells after cytokine stimula-
tion (8). Physiologic concentrations of eosinophil
cationic protein and major basic protein signifi-
cantly upregulated ICAM-1 expression by human
nasal epithelial cells (9). ICAM-1 has been shown
to be involved in the adhesion of platelet-activating
factor (PAF)-stimulated primate eosinophils to
stimulated human umbilical vein endothehal celis
(HUVEC). Moreover, intravenous treatment with
an anti-ICAM-1 monoclonal antibody (mAb) at-
tenuated primate allergen-induced airway eosino-
philia and the associated bronchial hyperrespon-
siveness (10). In a recent study, Bentley et al. found
higher constitutive epithelial cell expression of
ICAM-1 in bronchial biopsies in patients with
asthma than in controls. Higher expression was
also seen after allergen challenge of asthmatic pa-
tients than after diluent challenge (11). Further-
more. Vignola et al. (12) reported statistically sig-
nificantly higher bronchial epithelial cell ex-
pression of ICAM-1 in asthmatic patients than in
controls. These increases correlated with the Aas
clinical score and the FEV, of these patients.
These findings suggest an important role for
ICAM-1 in allergic-type inflammation. However,
Montefort et al. (13) could not detect any differ-
ences in ICAM-1 expression between epithelial
cells from asthmatic patients and those from nor-
mal controls.

The eye is often a site of allergic reaction, either
as the main focus or as a concomitant symptom of
respiratory allergy. Moreover, the eye, like the nose
or bronchus. is a convenient model in man for
study of the pathophysiologic mechanisms of the
allergic reaction. It can be used both in the acute
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natural allergic reaction and as a site for allergen
provocation. The conjunctival provocation test is
safe, simple, reliable, and reproducible. It has been
used both in diagnosis and in the study of the al-
lergic reaction. Furthermore, it is very useful for
the collection of cells and mediators, and for as-
sessment of the effects of various treatments on the
outcome of the allergic process.

We have utilized conjunctival scrapings to har-
vest epithelial cells from allergic subjects during
the relevant season and also after allergen provo-
cation of the eye. Immunohistochemical analysis
was then used to assess the expression of ICAM-
| by epithelial cells. Fifteen allergic subjects were
compared with 15 healthy controls for I[CAM-1 ex-
pression on their conjunctival epithelium after con-
junctival provocation test (CPT) with Parietaria ju-
daica outside the pollen season. At base line, none
of the subjects showed detectable ICAM-1 ex-
pression. Within 30 min of allergen challenge, all
the allergic subjects had marked ICAM-1 ex-
pression, unlike the healthy subjects. Moreover,
ICAM-! expression appeared in the sensitized sub-
jects concomitantly with the local inflammatory
reaction and cellular influx. Thus, the conjunctival
epithelium appears to be more than a bystander in
allergic inflammation. Therefore, ICAM-1 may
play a central role in the pathogenesis of allergic
inflammation (14). ICAM-1 is not only confined
to the cell surface, but is also shed in a soluble
form. Thus, it was possible that epithelial cells did
not synthesize the expressed ICAM-1, but had
taken up the soluble form in a nonspecific or pass-
ive way. However, we proved that continuously cul-
tured conjunctival epithelial cell lines expressed
ICAM-1, and that treatment of these cells with
IFN-y significantly upregulated ICAM-1 ex-
pression. Moreover, we performed in situ hybridi-
zation on epithelial cells to demonstrate mRNA
for ICAM-I1. Fig. 1 shows the presence of ICAM-
1 mRNA in cultured conjunctival epithelial cells.
Similar results were obtained from conjunctival
scrapings from allergic subjects (Pesce et al., paper
in preparation). These findings confirm that these
cells synthesize and specifically express ICAM-1.
Activated epithelial cells might therefore directly
interact with other proinflammatory cells as a re-
sult of enhanced adhesion molecule expression.
Furthermore, upregulated ICAM-1 expression
might be an important facet of eosinophil-med-
iated epithelial cell damage. Therefore, new
methods of therapeutic intervention in allergic dis-
ease might focus on the selective blockade of ad-
hesion pathways.

As well as being an important adhesion mol-
ecule, ICAM-1 is the receptor for the major group
of rhinoviruses. Although the relationship between
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Fig. 1. In situ hybridization for ICAM-1 mRNA in continuously cultured conjunctival cell line WK. Digoxigenin-labeled oligonuc-
leotide DNA protein for ICAM-1 was used. Cytoplasmic dark granules indicate positive staining for specific mRNA.

viral infections of the respiratory tract and bron-
chospasm has been known for some time, the
underlying mechanism or mechanisms are still the
subject of much debate (15). What is clear, is that
viral infections are involved in 50% of asthma at-
tacks in childhood and that asthmatic children do
suffer from viral infections more than normal con-
trols (16). Therefore, low-grade exposure to aller-
gen in some allergic subjects may be insufficient
to cause any obvious symptoms, but may lead to
enhanced epithelial cell expression of ICAM-1.
This in turn might result in an increased suscepti-
bility to infection by the rhinoviruses and lead to
an asthma attack.

Cetirizine has been shown to have a number of
antiallergic effects, in both in vitro (it inhibits
eosinophil activation and chemotaxis and platelet
activation, and also affects platelets and neutro-
phils) and in vivo studies (protective effect against
the changes induced by skin prick test with hista-
mine or allergen, or specific nasal provocation test,
and also limited protection against the specific
bronchial provocation test) (17). In a recent study,
the effect of cetirizine on the early and late re-
sponses induced by CPT was assessed. The trial
was double blind, randomized, and placebo con-

trolled, and it was done outside the pollen season
with six patients assigned to each parallel group.
CPT was done before and after administration of
cetirizine (20 mg/day) or placebo over a 3-day
period. As mentioned, challenge of the allergic
subjects in both groups resulted in an increase in
ICAM-1 expression within 30 min which paral-
leled the increase in symptom scores. There was
also a large increase in the total number of in-
flammatory cells at the challenge site at 30 min.
All three parameter increases persisted for up to
24 h. After treatment with cetirizine, there were
significantly lower total symptom scores, [CAM-1
expression, and inflammatory cell infiltration than
after placebo, at all time points tested (Fig. 2).
These effects were not due to the ability of cetiri-
zine to inhibit the effects of histamine, because we
have shown that histamine cannot cause ex-
pression of ICAM-1 on epithelial cells (18). There-
fore, the effect of cetirizine i1s not a classical anti-
histamine effect and is more likely to be a reflec-
tion of the additional anti-inflammatory effects of
this drug.

This view is supported by various studies which
have found an inhibitory effect by cetirizine on ad-
hesion or adhesion-related events. Cetirizine in-
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Fig. 2. A) Effect of cetirizine compared with that of placebo on total inflammatory cell numbers in conjunctival scrapings before
(top) and after (bottom) treatment. B) Effect of cetirizine compared with that of placebo on total symptom score after CPT before
(top) and after (bottom) treatment. C) Effect of cetirizine compared with that of placebo on CD54 expression on conjunctival
epithelial cells before (top) and after (bottom) treatment.
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hibits eosinophil adhesion to cultured human en-
dothelial cells, although an effect was observed
only with high concentrations (10 and 100 pg/mi)
(19). Adhesion-dependent functions, such as PAF-
induced neutrophil- and eosinophil-enhanced ro-
sette formation and complement-dependent cyto-
toxicity of eosinophils, were inhibited by pretreat-
ment of the cells with cetirizine. Cetirizine also in-
hibited eosinophil, but not neutrophil, PAF-
induced hyperadherence to plasma-coated glass
(20). These data all support the view that cetirizine
can inhibit the in vitro activation of proinflamma-
tory cells, with particular effect on the eosinophil
migration shown in vivo in the skin (21). The
mechanism by which cetirizine exerts these effects
is unknown.

Several studies have looked at the effect of vari-
ous anti-inflammatory drugs on adhesion molecule
expression. Cyclosporin A has been shown to m-
hibit ICAM-1 synthesis by endothelial cells in
healing psoriatic plaques (22), and glucocorticoids
inhibit IL-1-induced expression of ICAM-1 on hu-
man lung adenocarcinoma cell lines, but not endo-
thelial expression of E-selectin (23). Deflazacort,
an effective oxazoline derivative of prednisone, was
found to block late-phase reaction events, includ-
ing ICAM-1 expression on epithelium. Deflazacort
also downregulated ICAM-1 expression during the
early phase. The latter effect is the first description
of activity by a steroid during the early phase of
the allergic reaction (24).

In another study, we compared the effects of ter-
fenadine and placebo in 20 patients with allergic
rhinitis during the pollen season (no allergen chal-
lenges were done in this study). Two groups were
treated with either terfenadine or placebo in a
double-blind, randomized study. Terfenadine (120
mg/day) and placebo (daily) were given for 1 week.
Evaluation of nasal epithelial cell ICAM-1 ex-
pression was done at days 0 and 7. Terfenadine
was also found to be effective in reducing infil-
tration by proinflammatory cells, particularly
eosinophils, and in the reduction of ICAM-1 ex-
pression by epithelial cells.

These studies suggest that the new-generation
antihistamines such as cetirizine and terfenadine
might exert their additional anti-inflammatory ef-
fects via an effect on ICAM-1 expression. How-
ever, it must be remembered that the adhesion sys-
tem is very complex and highly redundant, with
many other adhesion proteins and their ligands in-
volved in the accumulation of an inflammatory in-
filtrate. To this end, we have looked at the ex-
pression of other adhesion molecules on conjunc-
tival epithelial cells. Preliminary findings from our
group have indicated CD29 (f8;) and LFA-1 (aL3;)
expression by inflamed conjunctival epithelium.

H,-receptor antagonists

The former observation may be of particular inter-
est, because eosinophils, but not neutrophils, have
been shown to adhere to VCAM-1 on cytokine-
activated endothelium via its ligand o4, (25).
Whether the new-generation antihistamines also
affect the function or expression of these integrins
remains to be elucidated.

Round-table discussion

Simons: When you say the effect of the H,-antag-
onists was not classical, do you mean that the ef-
fect is not via H, blockade?

Bagnasco: [t is not an antihistamine effect, because
histamine does not induce ICAM-1 expression.
The effect is not a peripheral one, but it is imposs-
ible to rule out a cascade effect. In this respect, we
don’t know what mediates the expression of
ICAM-1 by epithelial cells. Another point con-
cerns demonstrating ICAM-1 mRNA expression
in the epithelial cells. These experiments were ab-
solutely necessary to demonstrate that epithelial
cells have the ability to synthesize ICAM-1. If you
take conjunctival epithelial cells from a symp-
tomless allergic subject, you cannot detect ICAM-
1. Thirty minutes after antigen challenge, ICAM-1
is detectable on the epithelial cells. These kinetics
suggest that mRNA is already present. Therefore,
the phenomenon acts at different levels, and the
mediator effect is post-transcriptional.

Juhlin: Do you have any information on the effect
of other antihistamines in your system? You men-
tioned terfenadine. I know you have been working
on loratadine — have you compared this with cetiri-
zine?

Bagnasco: 1 have no data at this moment regarding
loratadine and ICAM-1 expression. In a previous
study, we did demonstrate that loratadine could in-
hibit cellular infiltration and symptoms of allergic
conjunctivitis, both in early- and late-phase aller-
gen provocation. As with terfenadine, we have the
model of spontaneous ICAM-1 expression, but no
challenge data. The studies which require conjunc-
tival challenge are very complex to set up, so it is
difficult to get data for every antihistamine.

Broide: Before eosinophils and other inflammatory
cells enter an inflammatory site, they must first in-
teract with postcapillary endothelial cells. After
they have undergone adhesion and transmigration,
they arrive at the epithelial cells. I wonder whether
you or any one else has any more information re-
garding the effect of cetirizine on inflammatory
cell/endothelial interactions?
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Bagnasco: 1 think this is a very interesting point.
because the interaction of inflammatory cells with
the endothelium represents one of the earliest
events in the inflammatory response. In our model,
it is very easy to get epithelial cells, but endothelial
cells would require a biopsy. The nasal model
would be best for this, but you would be limited
by the number of biopsies you could perform, es-
pecially in the challenge situation.

Walsh: We have looked at the effect of cetirizine on
eosinophil adhesion using cultured human umbili-
cal vein endothelial cells [HUVEC] as an adhesion
substrate. Cetirizine had no effect on resting
eosinophil adherence to the unstimulated endo-
thelial cells. Following eosinophil stimulation with
PAF, cetirizine inhibited eosinophil hyperadher-
ence to resting HUVEC in a dose-dependent man-
ner. Maximal effect was observed at 1078 M, with
an ICg, value of 107" M (26). The most striking
feature of these results was the low concentration
of cetirizine required to give a significant effect.
Tak Lee’s group did a similar study using fMLP
as the stimulus for eosinophil hyperadhesion (19).
They also saw inhibition of enhanced eosinophil
adhesion, but only at cetirizine concentrations of
107% or 107% M. In both studies, the effect was
selective for eosinophils, with little or no inhibition
of neutrophil adhesion seen. The reason for the
discrepancy in the two groups’ results may lie in
the stimulus used to enhance eosinophil adhesion
to HUVEC. We used PAF; Tak Lee used fMLP
This may be an important clue as to how cetirizine
exerts its effect on eosinophils, as these two me-
diators may exert their stimulatory effects via dif-
ferent intracellular pathways. More work looking
at the effect of cetirizine on. for example, signal
transduction pathways in eosinophils might yield
very interesting data.

Broide: Did you look at the effect of cetirizine on
eosinophil adhesion after stimulating your endo-
thelial cells with, for example, IL-1 or TNF with
and without PAF stimulation of the eosinophils?

Walsh: We only looked at resting endothelial cells.
Again, Tak Lee’s group did look at the effect of
cetirizine on unstimulated eosinophil adhesion to
IL-1-stimulated endothelial cells. They did see
some inhibition. but again only at the higher cetiri-
zine concentrations.

Broide: Are there H,-receptors on eosinophils?

Walsh: Well. they do respond to histamine stimula-
tion,
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De Vos: Yes. eosinophils have Hj-receptors. They
were described by Steve Wasserman, some years
ago.
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