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Intercellular adhesionmolecules(ICAMS) , in particular
ICAM-1, appearto play a crucial rolein the recruitment and
migration of inflammatory cellsto the site of an allergic reac-
tion. Glucocorticoids and allergen-spedic immunotherapy
have beenshown to exert effectson selectedcomponentsof this
system both in vitro and in vivo, but further reseach is
requiredto better understand the effectsof thesetherapies.
Nasaland conjunctival challengemodels(including natural and
experimental allergenexposue) representuseful and safetools
for studying the activity of antiallergy drugs in vivo. Thesetests
allow the investigation of a wide variety of parametersinclud-
ing inflammatory infiltrate,, ICAM-1 expression and changes
in the concentration of solubleinflammatory mediators. With
thesetools, anti-inflammatory activity relatedto the modula-
tion of epithelial cell adhesionmoleculeshasbeendemonstrat-
edin vivo for several H,-receptorantagonists(azelasting ceti-
rizine, loratadine, levocabasting oxatomide, and terfenadine).
Fexofenadineis a nonsedating long-acting antihistamine with
highly selecive H4-receptorantagonistactivity and a particular-
ly favorable safety profile. In addition, fexofenadinehasproven
anti-inflammatory activity and hasbeenshown to inhibit a num-
ber of mediators at clinically relevant concentrations including

in vitro inhibition of ICAM-1 expressionon conjunctival and
nasalepithelial cells.(J Allergy Clin Immunol 2003;112:578-82.)
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The mechanismsegulating allergic inflammation
have beenextensvely investigatedduring the last 10
years. Althoughmastcells which releasehistamineand
other mediatorsafter allergen-IgE binding, remainthe
primarytriggerof theallergic responsgawide variety of
cells and mediators(eg, T lymphocytes eosinophils,
leukotrienes cytokines chemokinesandadhesionmole-
cules)arealsoinvolvedin theallergic response.

Mast cell activation is responsiblefor the clinical
aspectof the early-phaseeaction(EPR) whereasthe
selecive recruitment and dettion of inflammatory cells
sustainthe late-phaseeaction(LPR), leadingto tissue
damagel eukocyte migrationandselecive recruitmentat

Abbreviations used
CAM: Cell adhesion molecule
ELAM-1: Endothelial-leukocyte adhesion molecule
EPR: Early-phase reaction
ICAM-1: Intercellular adhesion molecule 1
LFA: Leukocyte functional antigen
LPR: Late-phase reaction
MPI: Minimal persistent inflammation
SAR: Seasonal allergic rhinitis
VCAM: Vascular cell adhesion molecule

the site of allergic inflammationare governedand con-
trolled by theadhesiommoleculesystemThis systemwas
characterizedluring the early 1980swhen a group of
molecules that appeared to mediate intercellular adhesion
weredismvered;thesehave subsequentlpeengiventhe
collecive termcell adhesiormolecules (CAMs).1

The epithelial expression of a number of CAMs, and
intercellularadhesionmoleculel (ICAM-1) in particu-
lar, was subsequentlydentified as a reliable maker of
ongoingallergic inflammatian? andthereforepresented
promisingtherapeutidarget.

CAMS: CLASSIFICATION AND FUNCTION

CAMs are a heterogeneougroup of molecules but
their structuraland chemicaldiversity is balancedby
their commonfunctionality. They are responsiblefor
intercellular adhesion; cell adhesionto epithelia,
endotheliaandextracellularmatrix; cellularrecruitment;
selecive migration; homing; tissuearchitecturemainte-
nance;andhealing.The flexibility of this systemis due
to several characteristics(1) the differentialdistribution
of CAMs on differentcell types (2) the possiblemodu-
lation of CAM expressionby inflammatory mediators
(inducibility), and (3) the existenceof solubleforms of
CAMs thatmight actasaninternalregulatoryelement.

CAMs aresubdvidedinto largefamiliesof molecules
on the basisof their structuralcharacteristicgTable ).
ICAM-1 seems to have a pivotal role in allergic inflam-
mation, because it is promptly expressed on epithelial
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matory stimuli.
The selective expression pattern and modulation of
CAMs partly explain the migration and recruitment of
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TABLE I. Classification of cell adhesion molecules
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Immunoglobulin superfamily

Integrins Selectins

Structural characteristics Glycoproteins with an immuno-
globulin-like structure
Key family members

CD4, CD8, LFA-2, LFA-3, ICAM-1

Non-covalent heterodimers of N-terminal lectin domain

ao andp chain

Immunoglobulins, TCR, CD3, MHCB1-integrins or VLA,2-integrins  P-, E-, L-selectin, cadherins

or leukocyte integrins (expressed
on leukocytes)B3-integrins or
cytoadhesins (expressed on
endothelial cells and platelets)

TCR,T-cell receptorVLA, very late antigen.

inflammatory cells at sites of allergic reaction. This CORTICOSTEROID MODULATION OF CAMS

mechanism has been well elucidated for eosinophils (an

otherleukocytes)in asthmad4

EPITHELIUM AND CAMS

The epitheliumexpressewvarying numbersof several
differentadhesiormoleculesandthis expressioncanbe
modulatecby inflammatorymediatorsConjunctval and
nasal provocation testsrepresentan ideal model for
studyingallergic inflammationbecauseof their simple
execution reproducibiliyy, and safey.56 In addition,
theseproceduresarewell toleratedby patientsandallow
the useof a wide variety of specfic and nonspedic
stimuli, including allergens hyperosmolasolution and
histamine Furthermoreconjuncival andnasalscrapings
can be obtainedfrom subjectsat baseling after chal-
lenge andundernaturalallergenexposure.

Whenallergenis administeredo the noseor conjunc-
tiva, the EPRoccurswithin minutesandis manifestedy
the clinical symptomsof sneezingrhinorrheaandnasal
obstructionor conjunctval hyperemiaand lacrimation.
The clinical reactionis accompaniedy a cellular infil-
trate of the epithelia and the prompt expressionof
ICAM-1. The EPRquickly subsidesand duringthefol-
lowing 6 to 12 hours the LPR occurs in which
eosinophilsarethe predominancell type. In contrastto
the EPR the LPR subsideslowly; in the nosethe clini-
calLPRis notawaysdetectablebut tissueinflammation
is dwayspresent.

Allergic subjectsshow nasal/conjungtal inflamma-
tion (the presenceof inflammatorycells and ICAM-1
expression)during naturalallergenexposureb6 Interest-
ingly, in subjectswith anallergy to housedustmiteswho
arepersistentlyexposedto this allergen minimal persis-
tentinflammation(MPI) is detectecevenwhenthey are
symptomfree” More recenty, MPI hasalsobeendetect-
edin subjectswith pollenallergy.8

Thus ICAM-1 might be usedasa reliable matker of
clinical andsubclinicalinflammation.Of notg ICAM-1
is a selecive receptorfor humanrhinoviruses.Because
rhinoviral infectionsarethe mostfrequentevent preced-
ing asthmaattacksn children thecontinuousexpression
of ICAM-1 on epithelial cells in symptom-freeallergic
subjectshouldberegardedasa possibletriggeringevent
for asthmaattacks.

It is well establishedhat the glucocorticoidreceptor
regulatesleukocyte adhesiorto endothelialcells andthe
expressionof endothelial-le4ocyte adhesionmolecule
(ELAM-1) and ICAM-1 at the genomiclevel.9 Gluco-
corticoids might also have an inhibitory effect on neu-
trophil, eosinophi] and monacyte CAMs, asa resultof
the transcriptional suppressionof CAM genesvia
nuclearfactorkappabetaandtheinhibition of IL-2, IL-
7, andIL-15 synthesisln addition glucocorticoidsnight
alsoinduceanti-inflammatorymoleculessuchasanrex-
in I, which is thoughtto be involvedin all stepsof the
adhesiorcascadg®

Glucocorticoidshave beenevaluatedfor their effectson
CAMs in asthmaandallergic rhinitis bothin vitro andin
vivo. Pretreatment with hydrocortisqiexamethasoner
mometasonduroatein vitro hasbeenshown to decrease
rhinovirus-inducedICAM-1 expressionin respiratory
epithelial cells with inhibitory concentratiorof 50% (IC
50) valuesof betweenl0-11 to 10-10 mol/L.11 However, in
bronchialepithelialcells preincubatiorwith 10-11 to 10-7
mol/L fluticasonepropionatedid notinhibit theincreasen
serumICAM-1 levelsinducedby TNF-a, despitethe fact
thatthe sameconcentratiorof steroidhadpreviously been
shown to effectively inhibit vascularcell adhesiormole-
cule1l (VCAM-1) expressiorin the samecell line.12

In children with moderateatopic asthma inhaled
budesonidg(400 to 800 pg/day for 2 months)signifi-
cantly reducedserumlevels of ICAM-1, andthis corre-
lated with improvementsin pulmonaryfunction3 In
anotherstudyof patientswith asthmaoral prednisolone
therapy(2.5to 40 mg/dayfor 1 to 14 days)significantly
decreasederumlevels of solublelCAM-1.14

EFFECTS OF IMMUNOTHERAPY ON CAMS

Immunotherapyor specffic allergenshasbeenassessed
for its effectson serumlevels of CAMs. In a study of
patientswith seasonahllergic rhinitis (SAR) receving
grasspollen—spedic immunotheray, therewasa signifi-
cantdecreasé@ levelsof solublelCAM-1, which correlat-
ed with clinical outcomes (ie, symptom scores}®
Immunotherapyvasagainshown to decreaseerumlevels
of ICAM-1 but not VCAM-1 in a study of childrenwith
house-dust-miteperennial allergic rhinitis.16 Another
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studycomparedheeffectsof specfic immunothergy ver-
susloratadineon serumlevelsof ICAM-1 andVCAM-1 in
patientswith mild to moderatehouse-dust-mitellergic
rhinitis. Both treatmentgproducedsignificantdecreasesm
VCAM-1 but notin ICAM-1, with nodifferencedetween
the 2 treatmengroupst’

These data suggestthat the effects of specfic
immunotherapyon serumlevels of CAMs are variable
andthatfurtherresearchs required.

ANTIHISTAMINE MODULATION OF CAMS

Severalactionsof antihistaminegoncerningnediator
releaseandcell acivation have beendocumented® The
modulationof CAM expressionhasbeendemonstrated
in vitro for levocabastingfexofenadine(seelater), and
terfenadiml®21 on culturedhumanepithelialcells.

We have investigatedthe effects of several antihista-
mineson adhesiormoleculesn vivo by usingocularand
nasalchallengemodels.In patientswith pollensensitvity
studiedoutsidethe pollen seasonthe administrationof
azelastinego the noseand eyesreduced CAM-1 expres-
sion after allergen-spedic challenge?223 Furthermore,
nasaltopical azelastinaeduced CAM-1 expressionand
inflammatoryinfiltration undernaturalallergen exposure
in pollen-induced rhinitisThis dfectwas more prominent
whentreatmenwascontinuougatherthan“as needed24
In addition levocabastineye dropsinhibited the expres-
sionof ICAM-1 on conjunctval epithelium0 In patients
with symptom-fregpollen sensitvity, a 2.5-daycourseof
cetirizine10 mg twice a day reduced CAM-1 expression
and inflammatorycell numbersin the conjunctva after
allergenchallenge? Moreover, cetirizinehasbeenshown
to reducelCAM-1 expressionon nasalepithelial cells in
patientswith rhinitis during naturalallergen exposure26
and interestingy, cetirizine reducedthe minimal, persis-
tentnasalinflammationin subjectswith perenniakllergic
rhinitis.2” Oxatomideexhibited a protectve effect on the
conjunciva againstallergen-spedic challenge reducing
inflammatoryinfiltrate andICAM-1 expressiorin boththe
EPRandLPR28 During a 7-day study conductedduring
thepollenseasorin patientsvith pollensensiivity, terfen-
adine 120 mg/day reducedinflammatory infiltration,
ICAM-1 expressionandsolubleeosinophilcationic pro-
tein levels in nasallavage fluid.2® Loratadine10 mg,
administereddaily for 2 weeks reducedinflammatory
infiltrate and ICAM-1 expressionundernaturalallergen
exposure¥ It is alsosuggestedhat loratadinecanreduce
the concentratiorof soluble mediatorsin nasallavage
fluid. Similar resultswere obtainedwith a conjuncival
modelin patientswith pollenrhinoconjundtvitis.3!

Finally, whenconsideringheinflammatoryaspect®of
the allergic reactionandthe antiallegic acivities of the
newer antihistaminesthe correcttherapeuticapproach
shouldbe to target not only the clinical symptomsbut
alsoto modulatethe underlyingallergic inflammation.

Furthermoretheexistence of MPI independent of symp-

tomatologysuggestshatthelong-termcontinuoususeof
thesemoleculeds betterthanan“as-needet model.
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Therationalefor sucha straegy hasbeendemonstrat-
ed in vivo by using long-termtreatment.In a 3-month
studywith nasalazelastin0.28and0.56 mg/day) con-
tinuoustreatmenduring the pollenseasorwasshown to
be moreeffective than“as-needetitreatmentn control-
ling bothsymptomsandinflammatorymarkers(ICAM-1
expressionand cellular infiltration).24 Similar results
were also obtainedfor continuouslong-term (4 weeks)
treatmentwith cetirizine 10 mg oncedaily.32

In a further study,33 we obsewed that terfenadinel
mg/kgoncedaily continuouslyadministerediuringa 12-
monthperiod reducedsymptomsallergic inflammation,
andupperrespiratontractinfectionmorbidity in children
with allergies.Thesan vivo resultscorrelatevell with the
expected antiallegic actvity of the antihistamines
reviewed andfurther supportthe needfor both early and
long-termtreatmenbf allergic rhinoconjundivitis.

FEXOFENADINE MODULATION OF CAMS

Fexofenadineis a nonsedatinglong-actingantihista-
mine with highly selecive peripheralhistamineH;-
receptorantagonistcivity. It is effective in therelief of
SAR and chronicidiopathic urticaria symptoms* Fex-
ofenadineHCI has a favorable safety profile and is
devoid of centralnenvoussystemeffectsand cardiotoxi-
city even at very high doses® or whentaken concomi-
tantly with ketoconazol@nderythromycin36

The antiallegic effects of fexofenadinehave been
studiedin anin vitro modelby usinga continuouslycul-
tured conjuncival epithelial cell line.2! The humandif-
ferentiatedconjunctval epithelial cell line (Wong-Kil-
bourne)was obtainedfrom the American Type Culture
Collection(Rockville, Md). Cellswereculturedin 6-well
tissueculture dishesfor 24 hoursin the presenceor
absenceof cytokines (IFN-y 500 U/mL or TNF-a 200
ng/mL). FexofenadineHCI| was addedto the culturesat
concentration®f 0.5, 5, and 50 pg/mL; peakplasma
concentrationwas 441 ng/mL after a single administra-
tion of 120 mg34 ICAM-1 expressiorwas measuredy
immunofluorescenciow cytometry.21

Theresultsshowedthatfexofenadindnhibited ICAM-
1 basakxpression after IFNsstimulus at a concentration
of 50 pg/mL (P < .03) (Fig 1). Moreover, otherimmuno-
logic parametersvere studied;fexofenadinewas ableto
decreasesoluble ICAM-1 levels in IFN-y-stimulated
epithelialcells (Fig 2) andto reducel CAM-1 expression
in afibroblastcell line (HEL) (Fig 3). Finally, fexofena-
dine reducedIL-6 releasefrom fibroblastsin a dose-
dependentmanne. Theinhibitory effect of fexofenadine
on ICAM-1 expression might suggest antiatjiec actvity
otherthanthatmediatedvia the histamineH;-recepte.2!

SUMMARY

Adhesionmoleculesplay a crucialrole in the dynamic
processof allergic inflammation becausehey regulate
andgoverninflammatorycell migrationandrecruitment.
In particula, ICAM-1, which is promptly expressecbn
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allergen exposure, is recognized as a hallmark of allergi 80— [l Basal expression

inflammation.

Glucocorticoids and allergen-specific immunotherapy
have been evaluated for their effects on serum levels ( =~  gp_|
CAMs. In vitro, the effect of glucocorticoids on serum <
levels of ICAM-1 appears to be dependent on the stimu
lus for ICAM-1 expression. In vivo, it has been shown in
several studies that glucocorticoids decrease serum leve
of ICAM-1; the results with immunotherapy are more
variable, and more research is required.

By means of in vivo nasal and conjunctival challengeQ® 20—

; O
models, it has been demonstrated that several of tt
newer antihistamines, including fexofenadine, reduce
both ICAM-1 expression on nasal and conjunctival
epithelial cells and inflammatory infiltration. This effect
has been observed both after allergen challenge and du

[ Fexofenadine HCI 50 ug/mi
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FIG 1. Effect of fexofenadine on ICAM-1 basal expression by WK
cells. Data are expressed as mean + SEM of the quantitative fluo-

ing na_-tural e_xposure and is mo_re Sigr_]iﬁcant when treatrescence values. P <.03. Adapted with permission from Paolieri F
ment is continuous rather than intermittent. etal. Ann Allergy Asthma Immunol 1998;81:601-7.21

In addition, studies have also indicated the anti-

inflammatory properties of fexofenadine. In an ex vive
model, fexofenadine inhibited the histamine-induce 2 — B control
release ofB-glucuronidase and IL-6 from human [ Fexofenadine HCI 50 ug/ml

macrophages and reduced hyperresponsiveness as \
as inflammatory markers in an in vivo mouse mode
These studies have been described fully in 2 accompal
ing articles in this supplement (Marone et al and Gelfar
et al, respectively).

The evidence in this review therefore suggests that t
treatment approaches for asthma and allergic rhinit
should include agents that have a proven effect on t
modulation of CAMs.
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