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There is renewed interest in antihistamines for the treatment
of allergic asthma. A growing body of literature has shown
that the newer compounds can affect inflammatory cell accu-
mulation and cytokine/chemokine production. In a murine
model of allergen-induced airway inflammation and hyperre-
sponsiveness, the ability of fexofenadine to affect these out-
comes was tested in a primary sensitization and challenge
model and after treatment of donor mice before the adoptive
transfer of T cells into recipients receiving limited allergen
exposure. Mice were sensitized and challenged with allergen
(ovalbumin). Airway function after inhaled methacholine was
monitored in parallel to the assessment of tissue and airway
inflammation and cytokine production. In further experi-
ments, lung T lymphocytes from sensitized/challenged donor
mice were transferred into naive recipients before limited air-
way challenge with the allergen. Administration of fexofena-
dine before challenge but after sensitization was effective in
preventing tissue eosinophilia and airway hyperresponsiveness.
Moreover, the treatment of donor mice with fexofenadine
before transfer of lung T cells effectively prevented airway
hyperresponsiveness and eosinophilia in naive mice exposed to
limited airway challenge. These data therefore support the
potential for fexofenadine in the treatment of allergen-induced
airway hyperresponsiveness and inflammation. (J Allergy Clin
Immunol 2003;112:589-95.)
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A substantiabody of evidenceis accumulatingthat
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AHR: Airway hyperresponsiveness
BAL: Bronchoalveolar lavage

EPO: Eosinophil peroxidase

ICAM: Intercellular adhesion molecule
Mch: Methacholine
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PAS: Periodic acid Schiff

Penh: Enhanced pause

might also suppresshe release oflL-12 and stimulate
thereleaseof I1L-10.4 Suchstudiesindicate thepotential
of histamineto skew theresponséo aT,2 phenotype
Histaminealso stimulatesparasympatheticierves,
increasing the release of a number of cytokines that
might contribute to allergic inflammation, including
GM-CSF, IL-1, IL-6, IL-8, IL-10, IL-11, eotaxin,
RANTES andTNF-a.5 Furthermorehistamineincreas
esthe expression of HLA-DR and intercellular adhesion
moleculel (ICAM-1) receptorson epithelial cells, pre
sumablyvia H;-receptor$ As summarizedn this sup-
plement and elsewhere, the data imply that antihista-
mines might have effects other than simple antagonism
of histamine receptors, with important actions on the
inhibition of mediator release and blockade of cellular

supports the hypothesis that antihistamines, generallrecruitment and activation. In addition, these inhibitory
used in the treatment of allergic rhinitis, might also effects of antihistamines appear not to directly correlate
exhibit anti-inflammatory properties. It is not clear what with H;-receptor antagonism.

underlying mechanisms might be responsible, or if the

effects go beyond Hreceptor antagonism.

Histamine is known to downregulate several immuno-

Prompted by these observations, as well as the sug-
gestion of antihistamine effects in asthma (especiall
with terfenadine)-8 we useda well-characterized murine

logic functions, presumably through its interaction with model to determine the activity of fexofenadine (the

H,-receptors. Histamine stimulates CDBcells, result-
ing in the inhibition of antibody synthesis, cytokine pro-
duction and lymphocyte proliferation1-3 Histamine
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active metabolite of terfenadine) in preventing allergen-
induced airway inflammation and airway hyperrespon-
siveness (AHR). The data demonstrate the effectiveness
of this antihistamine in modulating the response to aller-
gen sensitization and challenge, particularly in prevent-
ing tissue eosinophilia and AHR.
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Female BALB/c mice, free of murine-specific pathogens, were
obtained from Jackson Laboratories (Bar Harbor, Me). The mice
were maintained on an ovalbumin (OVA)-free diet. All experimen-
tal animals used in this study were under a protocol approved by the
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Institutional Animal Care and Use Committee of the National Jew-Goblet cell and tissue eosinophil
ish Medical and Research Center (Denver, Colo). quantitation

Experimental protocol Lungs were inflated through the tracheal tube with 2 mL forma-
lin and fixed in 10% formalin. Blocks of lung tissue were cut around
the main bronchus and embedded in paraffin blocks. Tissue sec-
Mo) emulsified in 2.25 mg aluminum hydroxide (Alumimuject; t.io_ns, SHm thic_k, were afﬁxe_d to m_icroscope indgs and de‘?araf‘
Pierce, Rockford, IIl) in a total volume of 1¢0 on days 1 and f|n|z_ed'. Thg sl|de§ were stamgd W|_th h(_ematoxylm and eos_ln_ and
14. Mice were challenged with OVA (1% in saline) via the airways periodic acid Schiff (PAS) for identification of mucus-containing

for 20 minutes daily for 3 days (days 26, 27, and 28) by using®e!lS and examined by using light microscopy.
ultrasonic nebulization (AeroSonic ultrasonic nebulizer; DeVil- The number of gobl_et cells in the alrway epithelium was'cou_nt-
biss SommersetPa)? ed in at least 20 sections by measuring the length of epithelium

defined as basement membrane and the luminal area by using a

Response to primary sensitization and National Institutes of Health Image analysis system (Bethesda,
challenge Md). Mucus-containing cells were expressed as the number of gob-

: ) let cells per 100 mm epithelium?12
The primary challenge protocol was as follows. Mice were sen-
sitized to OVA (together with alum) on days 1 and 14. Aerosolized Eosinophil peroxidase
OVA challenge was administered on days 26, 27, and 28. Lunc
function, inflammation, and cytokine response were monitored 48
hours later (day 30).

Mice, 10 to 12 weeks of age, were sensitized by intraperitonea
injection of 20ug OVA (Grade V; Sigma Chemical Co, St Louis,

In a separate series of studies, levels of eosinophil peroxidase
(EPO) in BAL fluid supernatant were determined as previously
described3 Briefly, 100uL of thesubstratesolution(0.1 mmol/L o-

Drug treatment phenylene—diamine—_dihydrochloride_, 0.1% Triton X-100, 1 mmoI/L
) . . » hydrogen peroxide in 0.05 mol/L Tris-HCI; all reagents from Sigma)

Fexofenadine was suspended in saline and administered by ga\y a5 added to 100L of supernatant in microtiter plates and incubat-
age twice daily at a dose of 5 mg, beginning 3 days before allergeiaq tor 30 minutes at 37°C. The reaction was stopped by adding 50
challenge and on each of the days of allergen challenge. uL of 4 mol/L sulfuric acid, and the optical densities were read in a
microtiter auto reader at 492 nm. This method has been shown to be

Airway responsiveness specific for the peroxidase activity of eosinophils.

AHR was assessed by using a single chamber, whole-bod)
plethysmograplobtainedrom Buxco(Troy, NY). 0 In thissystem  Adoptive transfer
an unrestrained, spontaneously breathing mouse was placed ini
the main chamber of the plethysmograph, and pressure differenCeer the Jast allergen challenge from mice that were treated or were
between this chamber and a reference chamber were recorde ot yreated with fexofenadine. The cells were passed over nylon
The box pressure signal is caused by volume and resultan, oo columns and eluted, providing a population of cells in which
changes in pressure during the respiratory cycle of the animal. "greater than 85% stained for CD3. Approximately 106 cells

low-pass filter in the wall of the main chamber allows for thermal \ ¢ injected intravenously into naive recipients before initiation of
compensation. From these box pressure signals, the phases of tairway challenges with allergen.

respiratory cycle, tidal volumes, and the enhanced pause (Pent

can be calculated. Penh is a dimensionless value that representsRESULTs

function of the proportion of maximal expiratory to maximal

inspiratory box pressure signals and of the timing of expiration. It Intraperitoneal sensitization and nebulized challenge of
correlates closely with pulmonary resistance measured by convermice resulted in a dose-dependent increase in AHR to
tional two-chamberplethysmographyn ventllated_an|malsi.Lo inhaled MCh, as shown by up to 6-fold increases in Penh
Penh was used as a measure of airway responsiveness to meﬂ(Fig 1).14 Mice exposedo allergenchallengealonedid not

holine (MCh). In the pleth h, mi d for 3 . . ; .
choline ( ) In the plethysmograph, mice were exposed for develop increases in AHR. Treatment of the mice with fex-
minutes to nebulized PBS and subsequently to increasing concer

Single-cell preparations from the lungs were obtained 2 days

trations of nebulized MCh (in PBS). ofenadine eliminated the increased responsiveness to MCh
at all concentrations of the bronchoconstrictor. Sensitiza-

Determination of cell numbers and cytokine tion and challenge of mice resulted in significant increases

levels in bronchoalveolar lavage fluid in total cell numbers as well as the number and percentage

Immediately after assessment of AHR, lungs were lavaged via th@f BAL eosinophils. Pretreatment with fexofenadine had a
tracheal tube with Hank’s balanced salt solutio @ mL, 37°C). ~ modest effect on the number of BAL fluid eosinophils,
Total leukocyte numbers were measured (Coulter Counter; Coultewhereas the effect was even more dramatic in lung digests.
Corporation, Hialeah, Fla). Differential cell counts were performed ~ Examination of lung digests showed that sensitization
by counting at least 300 cells on cytocentrifuged preparationsandchallengeesultedn anincreasen total cell numbe,
(Cytospin 2, Cytospin; Shandon Ltd, Runcorn, Cheshire, United particularlythe numbersof eosinophilFig 2). Whereas
ngdom),_stame_d with Leukostat (Fisher Dlagnostlcs, Plttsburgh,tota| tissue cell numbers were unaffected by fexofena-
Pa) and differentiated by standard hematologic procedures. Bm”dine, the number of eosinophils in lung digests was sig-
choalveolar lavage (BAL) supernatants were collected and kepnificantly reduced(Fig 2). In paralle| levels of EPOIn
frozen at —70°C. Cytokine levels were measured by ELISA. . T

the BAL fluid were also significantly reduced.
Determination of cell numbers in tissue BAL fluid supernatants were also examined for levels

Lung tissue was subjected to collagenase digestion, and singleOf IL-4, IL-5, IL-10, and IFNy by ELISA. As illustrated
cell preparations were obtained; cytospin preparations were stainein Tablel, sensitizatiorandchallengeresultedin increas-
andanalyzed:l es in IL-4 and IL-5 levels, consistent decreases in IL-10
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FIG 1. Airway hyperresponsiveness: Effect of fexofenadine, n = 12 in each group. *P < .05 compared with
IPN/fexofenadine or challenge alone groups. Reproduced with permission from Gelfand E et al. J Allergy
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FIG 2. Effect of fexofenadine on eosinophil numbers in lung digests, n = 12 in each group.

TABLE |. Effect of fexofenadine on BAL cytokine levels

Gelfand et al S91

pg/mL
Group -4 IL-5 IL-10 IFN-y
Challenged alone 38+9 120 + 14 1560 + 280 810 + 37
Sensitized/challenge 141+ 12+ 283+ 8* 680+ 110¢ 720+ 108
Sensitized/challenged/tredte 48+ 7t 175+ 111 1420+ 180t 680+ 61

BAL fluid wascollected2 daysafterthe lastairway challenge andcytokine levelsweremeasuredy ELISA. n = 10-12for eachgroup.
*P < .05, sensitized/challenged group compared with challenged alone group.
1P < .05, fexofenadine-treated group compared with nontreated group.
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FIG 3. Adoptive transfer protocol. Reproduced with permission from Gelfand E et al. J Allergy Clin Immunol

2002;110:85-95.14

TABLE Il. Effect of fexofenadine on allergen-specific
serum IgE levels

OVA-specific Ig

Group (EU/mL)
Challenged alone <10
Sensitized/challenge 410+ 53¢
Sensitized/challenged/tredte 200+ 31t

Serumwasobtainedfrom mice 48 hoursafterthe lastchallengeandanti-
gen-spedic IgE levelswereassayedvith ELISA. n = 10-12in eachgroup.
EU, Endotoxinunit.

*P < .05, sensitized/challengegroupcomparedwvith challengedalone
group.

TP < .05, fexofenadine-treategroupcomparedvith nontreatedyroup.

concentrations, but little change in IgNevels. Treatment
of the mice with fexofenadinepreventedthe increasesn
IL-4 andIL-5 and normalizedthe levels of IL-10; there
waslittle effectonthe concentrationsf IFN-y.

When serumlevels of IgE and allergen-spedic IgE
wereexamined fexofenadinewvasshown to significantly
reduceserumconcentration®f OVA-specfic IgE (Table
II) without affecting total serumIgE levels or allergen-
specfic IgG1.

Adoptive transfer

To identify the effector cells mediatingthe fexofena-
dine-inducedsuppressionf allergen-inducedesponses,
cellswereisolatedfrom thelungsof sensitizecandchal-
lengedmice. T cells were purified and injectedintra-
venouslyinto nave recipientsbeforeallergen exposure
(6 daysof aerosolizedallergen). The protocolis illus-
tratedin Fig 3.14 Donor mice were sensitizedand chal-
lengedto 1% OVA (intraperitoneakensitization nebu-

lizer challenge) as in the primary protocol or challenged

alone (Nv). One group of sensitizedand challenged
donormicewasalsotreatedwith fexofenadineon 6 con-
secuive days(days23 to 28) at an oral doseof 5 mg

twice a day. Forty-eight hoursafter the last challenge,
lung digestswerepreparedandpurified over nylon wool

columns resultingin a populationof cells that were
stainedfor CD3 (~85%).Approximately 1 x 106 cells
were injectedintravenouslyinto naive recipientsthat
were then exposedto 6 consecute days of 1%

OVA-aerosolizedchallengefor 20 minuteseachday.

Airway function, inflammation and cytokine levels
were assessed 48 hours later.
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FIG 4. Effect of adoptive transfer of T cells on airway hyperresponsiveness, n = 12 in each group. *P < .05

comparing IPN donors with IPN/fexofenadine donors. Reproduced with permission Gelfand E et al. J Aller-
gy Clin Immunol 2002;110:85-95.14

TABLE lll. Effect of adoptive transfer on eosinophil and lymphocyte numbers in BAL fluid

Donor Recipient % Eosinophils % Lymphocytes
Challenge Challenge <1 3.6
Sensitized/challenge Challenge 9.8 15.1*
Sensitized/challengke Treated/challengk 2.2t 7.2¢

Lung T cells were obtained from mice that were challenged alone, sensitized and challenged, or sensitized and challenged but treated for 6 days with fexofena-
dine (5 mg twice a day). Cells were injected intravenously into naive recipients that were then exposed to 6 consecutive days of aerosolized OVA (1%, 20 min-
utes each day). n = 10-12 each group.

*P < .05, sensitized/challenged group compared with challenged alone group.

1P < .05, treated group compared with nontreated group.

Naive mice exposed to allergen alone via the airway:cells from untreated sensitized and challengedmice.
for 6 consecutive days failed to develop any change ilFor example the numberof PAS* cells'/mmbasement
airway responsiveness or airway inflammation. Recipi-membranalecreasedrom 84 cellsto approximately20
ents of T cells from sensitized and challenged micecellsin recipientsof cells from treatedmice, and IL-4
developed MCh dose-dependent increases in airwaandIL-5 levels werereducedby 70% and 33%, respec-
respons/enesasillustratedin Fig 4.14 In contrastadop-  tively (Tablelll).
tive transferof T cells from sensitized challengedfex-
ofenadine-treatecthice failed to increaseairway respon-
sivenessin the recipient challengedmice. Airway

DISCUSSION

respons/enesswas similar to thatin mice recaving T

cells from mice that were challengedalone. Moreover,

mice recaving cells from fexofenadine-treatedhice did

not show any increasein numbersof BAL eosinophils
and had fewer BAL lymphocytes comparedwith mice
recaving cells from sensitizedand challengedbut

untreatecanimals.

In addition adoptve transferof cells from sensi-
tized/challengethut treatedmicedid notdemonstrat¢he
marikedincreasen gobletcell numbersIL-4 or IL-5 lev-
elsin the BAL fluid thatwere obsewved in recipientsof

Thesestudiesdemonstrat¢he effectvenesf thesec-
ond-generatiorantihistaminefexofenadinein modulat-
ing anallergic inflammatoryresponse@ndAHR. Sensiti-
zationandchallengewith allergenelicit a T2 cytokine
responsgcharacterizegrimarily by increasedproduc-
tion of IL-4, IL-5, andIL-13.13 This is accompaniedby,
or is the downstream result of, the production of these
cytokines, an increase in allergen-specific IgE, lung
eosinophilia, BAL eosinophilia, and alterations in airway
function with increased responsiveness to the inhaled
bronchoconstrictor agent MCh. In the primary sensitiza-
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tion and challenge model, oral administration of fexofe-throughintermediateso preventtheir ability to augment

nadine, after sensitization but before and during allergerallergen-inducedeosinophiliaand AHR.The transferred

challenge, prevented these changes. Thus, fexofenadircells were highly purified; nonethelesswe cannotrule

not only reduced J2 cytokine production but also pre- out the possibility that a non—T-cell component mediated

vented eosinophil accumulation in the BAL and lung, these inhibitory effects.

inhibited antigen-specific IgE production, and resulted in  This ability of fexofenadine, a selective-Hlocker, to

normal airway responsiveness. There was a greateinhibit many of the characteristic immune/inflammatory

reduction in tissue eosinophils than in the numbers oresponses that follow allergen challenge of sensitized mice

BAL eosinophils. The accumulation of tissue eosinophilsshows a potential opportunity for the use qfrelceptor

precedesheir appearanca the BAL fluid.13 Moreover, antagonists in the treatment of allergic lung diseases.

AHR is better correlated to the tissue eosinophil numbel

thanthe BAL fluid numbe.13 Concévably, theaccumu- SUMMARY

lation of thesecellsin thelung tissueis undera different

regulatorypathway thanthe BAL fluid componentwith These data in an animal model of allergen-induced air-

fexofenadinadifferentially targetingthesepathways. way inflammation and AHR together with increasing in
Antihistaminesin generalhave beenassociatedvith vitro data on cytokine/chemokine production and expres-

changesn cellular functionsthat might contribute to sion of key inflammatory cell adhesion molecules all

allergic inflammatoryresponsesTheseinclude effects  support the potential role for fexofenadine in the treat-

on ICAM-1 expressionand epithelial cell function. H- ment of some forms of allergic asthma. Additional stud-

receptorantagonistsnhibit histamine-inducedCAM-1 ies appear warranted to further evaluate this potential.

and HLA-DR expressiorf Fexofenadinereducedthe

releaseof IL-8, RANTES, andsolubleICAM-1 from

stimulatednasalepithelial cells, indicating modulatory =~ REFERENCES
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