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Histamine is synthesizedand releasedby human basophils,
mast cells and neurons. Its pleiotropic effectsare mediated by
the activation of 4 receptors Hy, H,, H, and Hy. With the
advent of selecive antagonists(the antihistamineswidely used
to treatallergic disorders), the H,-receptorwasthe first mem-
ber of the receptorfamily to be pharmacologically defined.
Increasingevidenceindicatesthat, in addition to exerting
immediate vascular and bronchial responseshistamine might
modulate the immune reactionby interacting with T cells,
macrophages basophils eosinophils and monocytes We have
shown that, in vitro, histamine inducesa concentration-depen-
dentreleaseof IL-6 and B-glucuronidasefrom macrophages
isolated from the human lung parendhyma. Theseeffectsare
inhibited by fexofenadine an H4-receptorantagonist, but not
by ranitidine , an H,-receptorantagonist. Thisobsevation
raisesthe possibility that long-term treatmentwith fexofena-
dine might have bendficial effectson immune dysregulation
and tissuedamagefemodelingassociatedwith histamine-medi-
ated macrophageactivation. (J Allergy Clin Immunol
2003;112:583-8.)
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Histamineis a primary aminesynthesizedand stored
within secretorygranulesof human mast cells ([13
pg/cell) and basophils((ll pg/cell)12 The first biologic
acivity of histaminewasreportedin 1910whenit was
detectedas a uterine stimulantin ergot extracts34
Humanbasophilsand mastcells (FceRI* cells) can be
both immunologically and nonimmunologicallystimu-
latedto releasenistaming>7 which is oneof a heteroge-
neousgroup of mediatorsreleasedduring injury or
inflammatory reactions (eg, prostaglandins kinins,
leukotrienes lipoxins, and platelet-adwating fac-
tors)>:6.89 Histaminewasimplicatedasa relevantmedi-
ator of allergic reactionsafter Dale and Laidlaw3.10
found that its effects mimicked thoseoccurringduring

anaphylaxisThese mvestigators demonstrated that intra-

venousinjection of histaminecausedbronchoconstric-
tion in guineapigsanda shock-lke syndromen rabbits.
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Abbreviation used
BAL: Bronchoalveolar lavage

Bouvet and Staul31.12 provided definitive proof that
histamineplays a pivotal role as a mediatorof allergic
reactionsby demonstratinghat a seriesof compounds
with antihistamineactvity protectedguineapigs from
anaphylaxis However, the toxicity of thesecompounds
precluded their clinical use in humans.In 1942,
Halperr#3 describedantegan the first antihistamine
usedclinically in humansMany new antihistaminegol-
lowed in rapid successionandthis classof compounds
becamewidely usedin the mid- to late 1940s!4

ROLE OF HISTAMINE IN ALLERGIC
DISORDERS

Thereis now compelling evidencethat histamine
playsapivotalrolein allergic inflammation.Challenging
patientswith allergy with specfic antigensresultsin a
local or systemidncreaseén histamineconcentration$®
17 Histamine-containingells (eg, tissuemastcells) are
presentin humanlung parenchymaandskin tissuesand
canbe acivatedin responsdo many immunologicand
nonimmunologic triggers16181 Pperipheral blood
basophilsare alsoattractedby a numberof chemokines
from peripheralblood to sites of allergic inflamma-
tion.20.21 For instance basophilscanbe found at the site
of inflammationduring late-phaseeactionsin human
skir?2 andin lung parenchyman bronchialasthma0
This suggestdhat histaminereleasedocally by tissue
mastcells andinfiltrating basophilsis an endogenous
mediatorin allergic inflammation.Thesefindingsrepre-
sentthe rationalefor using Hq-receptorantagonistgo
treatallergic rhinoconjuncivitis, urticarig and atopic
dermatitis.

RELEVANCE OF HISTAMINE IN THE
CYTOKINE NETWORK IN ALLERGIC
INFLAMMATION
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inhibits TNF-a24 and IL-12 production by human mono- lular Ce2* signalingin macrophagesThis obsevation

cytesS; directly induceslL-102627 and IL-18 synthesis
from humanmonayte<3; inhibits IFN-y, TNF-a, and
IL-12 and enhanceslL-10 productionin LPS- or mito-
gen-acivated peripheralblood mononuclearcell?4
26,29 andenhancesL-1-inducedproductionof IL-6 by
monacytes30 Thesecomplex effects of histamineon
immunecell cytokine productionare mediatedby the
acivation of H;-,3132 H,- 24263 and H-receptor$’ A
fourth type of histaminereceptor(H,) hasbeencharac-
terizedboth functionally and pharmacologicay, and it
hasrecentlybeencloned3335 Several characteristicof
the H,-receptorare similar to thoseof the histamine
receptorgreviously identified on humaneosinophils®

Thesefascinatingindingssuggesthat histamine tradi-
tionally considereda chemicalmediatorof acuteinflam-
mation might play a more compkx role thanwas previ-
ously thoughtin the modulationof the cytokine network.
We have recentlyexaminedthe possibility that low con-
centrationf histamine suchasthosefoundin the bron-
choalreolarlavage(BAL) fluid of patientswith bronchial
asthma537.3 or at othersitesof allergic inflammation?8
might acivatehumanlung macrophages herationalefor
studyingthis cell is the high prevalenceof macrophagem
thehumanlung parenchym# andin the BAL fluid.4041 In
addition macrophagearefrequentlyfoundin closeprox-
imity to histamine-containingells in humanairways42
Macrophagegpurified (>98%) from the lung parenchyma
of thoracicsurgery patientswereincubated1 to 18 hours)
with low dosesof histamine(10-° to 10-7 mol/L), which
comprisethosereleasedn vivo in variouspathophysiolog-
ic conditionsAs previously shown, histaminencreasedhe
basalreleasef B-glucuronidasga maiker of exocytosisin
macrophagesin a concentration-dependerfiashion?3
Interestingy, histaminealsoinducedthe de novo synthesis
of IL-6 from macrophage$ Theseeffects were repro-
ducedby the H;-agonist6-[2-(4-imidazolyl)ethylamino]-
N-(4-trifluoromethylphayl) heptanecarboxamidebut not
by the H,-agonistdimaprit, indicating that they were H;-
mediatedevents. Furthermore histamineinduceda con-
centration-dependeintcreasef intracellularCe* concen-
trationsin macrophage$*

Theseresultsarein line with the generalobsevation
thatH,-receptoracivationis associateavith intracellular
Ca* influx45 andindicatethat this signalingpathway is
alsoacive in humanmacrophages§-heH;-mediatedacti-
vation of macrophagesvas corfirmed by showing that
histamine-inducedL-6 releasewas inhibited in a con-
centration-dependeriashionby increasingconcentra-
tions of the selecive H;-receptorantagonistfexofena-
dine* (Fig 1). Preincubatiorf humanlung macrophages
with fexofenadine(10-5 mol/L) inhibited intracellular
Ca&* concentratiorelevationsinducedby the subsequent
addition of histamine(10-" mol/L)44 (Fig 2). The H,-
antagonistanitidinehadno influenceon IL-6 releaseor
Ca* signalinducedby histamine(datanot shown).

Our resultsprovide the first evidencethatlow concen-
trationsof histaminepromoteexocytosisand IL-6 pro-
ductionby actvating H;-receptorsandinducingintracel-

raises the intriguing possibility that by modulating
macrophagédunctions histaminemight be implicatedin
the long-term control of inflammation and tissue remodel-
ing. The obsevation that fexofenadineantagonizeghe
synthesisof IL-6 in macrophagess of potentialclinical
importanceln fact it suggestshatchronicadministration
of fexofenadinein patientswith allergic disordersmight
prevent not only the acute symptoybst also might inter-
fere with someof the mechanismsnvolved in chronic
inflammationandin the tissuedamageand remodeling
associateavith the acivation of macrophages.

IN VITRO ANTI-INFLAMMATORY EFFECTS OF
THE H,-RECEPTOR ANTAGONISTS

Sincel975 it hasbeenknown thathigh concentrations
of first-generatiorantihistaminesnhibit in vitro hista-
mine releaserom humanbasophils!é Moreover, certain
H,-antagonistgprevent not only the releaseof histamine
but alsothatof otherpro-inflammatorymediatorssuchas
cystenyl leukotrienesandplatelet-adtzatingfacta.47-49 It
is important to emphasize that not ajl-i¢ceptor antago-
nistshave suchanti-inflammatoryacivities in vitro. Indi-
rectevidencesuggestshat someH;-receptorantagonists
inhibit the releaseof pro-inflammatorymediatorsfrom
humanskin and nasalmucosain vivo.505! Theseeffects
are probablynot relatedto H;-receptorantagonismbut
rather to interference with the cell membrane or to inhibi-
tion of the metabolicstepsrequiredfor cell actvation.
Although these inhibitory effects are concentration
dependentn vitro, they generallyrequire higher doses
thanthoserecommendedor symptomrelief in allergic
rhinoconjundivitis or urticaria. Thus their clinical rele-
vanceis still uncertain.

IN VIVO BRONCHOPROTECTIVE EFFECTS OF
H,-RECEPTOR ANTAGONISTS

It is well known that histamineinhalationcausesron-
choconstrictiorin asthmatigatients?2 This effect of hist-
amineinhalationis usedasatool to evaluateairway hyper-
reactvity in patientswith allergic disorders Histamine
levelsarehigherin BAL fluid from asthmatigatientshan
from normalindividuals38 and a correlationhasbeen
found betweenthe concentratiorof BAL histamineand
bronchialhyperreadvity.>3 Herxheime?* wasthe first to
proposeantihistaminede usedto treatbronchialasthma.
However, early antihistaminegould not be givenin high
dosesbecausef their sedaitve effects. Several studies
have looked at the effects of antihistamine®n histamine
and methacholinechallenge.For example it hasbeen
shown that terfenadinecausesa small but significant
improvementin FEV, and a shift to the right of the
dose—responseurve of histaminechallengein asthmatic
patients?s It shouldbe noted however, thathigh dosesof
antihistamines were used in these studies and that the con-
tinuoususeof suchdosedo treatbronchialasthmamight
exposesomepatientsto urwantedsideeffects36.57
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FIG 1. Effect of increasing concentrations of the H;-receptor antagonist fexofenadine on histamine-induced
release of IL-6 from human lung macrophages. The cells were preincubated (37°C, 15 min) with RPMI or with
increasing concentrations of fexofenadine (gray bars) and were then incubated (37°C, 6 hours) with histamine
(10-7 mol/L) (black bar). At the end of incubation, the supernatant was collected and centrifuged (100g, 4°C, 5
min). IL-6 was determined by an ELISA technique. The data are the mean + SE of 4 experiments. *P < .05,
compared with control. § P < .05, compared with histamine alone. Reproduced with permission from Triggiani
M et al. J Immunol 2001;166:4083-91.44 Copyright 2001. The American Association of Immunologists.
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FIG 2. Single cell trace representative of the effect of 10-7 mol/L histamine on intracellular Ca2+ concentra-
tion ([Ca?+];) in the absence (Control) or in the presence of 10~ mol/L fexofenadine. The experiments were
performed with an acquisition interval of 2 seconds. The period of incubation with histamine is indicated by
the bar. The arrow indicates the time of addition of fexofenadine. Reproduced with permission from Trig-
giani M et al. J Immunol 2001;166:4083-91.44 Copyright 2001. The American Association of Immunologists.
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H,-RECEPTOR ANTAGONISTS IN PATIENTS
WITH ALLERGIC DISORDERS OF UPPER AND
LOWER AIRWAYS

Theefficacy of H;-receptorantagonistén allergic rhini-
tis hasbeenclearly demonstrateB® Several early studies
evaluated the effects of H;-receptor antagonistsin
bronchialasthma?® In persistenasthmatheseearly stud-
ies generallyfailed to demonstratea bendicial effect by
using even high dosesof H;-receptorantagonist§? and
theseagentsmightor mightnothave aglucocorticoid-spar-
ing effect in asthm&1.62 However, allergic rhinitis and
bronchialasthmaoften coexist, and these2 diseasesre
closely relatedanatomicallyand immunopathologicajl
Recentstudieshave shown that conventionaldosesof Hy-
receptorantagonistsnight be associatedvith a reduction
of concurrentasthmasymptomsandimprovementof pul-
monaryfunctionin patientswith coexisting mild to moder-
ate bronchialasthmaandallergic rhinitis.63 The resultsof
thesestudiessuggesthattheremightbea potentialrole for
someantihistaminesn the treatmeniof patientswith mild
to moderateasthmaassociatedvith allergic rhinitis.

DO H,-RECEPTOR ANTAGONISTS
INFLUENCE THE NATURAL HISTORY OF
ALLERGIC DISORDERS?

Most of the clinical trials examining the efficacy of
drugsin the treatmentof allergic diseasefiadendpoint
evaluationafter monthsor a few years.However, an
increasingamountof evidenceindicatesthat significant
structuralandfunctionalairway remodelingoccurseven
in early phasesof bronchial asthma# This process
occursover years even in patientsin apparentlinical
remission and leadsto irreversible changesin the
bronchialwall thatmightresultin uncontrolledasthmef>
As a consequencenew drugs for the treatmentof
bronchial asthma should lesaluated for their impact on
thelong-termevolution of the diseaseNovel endpoints
shouldbe assessedncluding the drug's ability to pre-
vent or reversebronchialdamageas well astissueand
vascularemodeling.

The obsevation that histamineinducesa concentra-
tion-dependenteleaseof pro-inflammatorycytokines
(IL-6) and lysosomal enzymes from human lung
macrophagesandthattheseeffectsareinhibited by fex-
ofenadine#* raisesthe intriguing possibility that long-
term administrationof H;-receptorantagonistsnight be
bendicial in the long-termevolution of allergic disor-
ders.In supportof this hypothesisevidencesuggestshat
H,-receptorantagonistscan prevent or delay asthma
developmentin infantswith atopicdermatitis®6.67

Perhapswve could learn a lessonfrom hypertension

treatment, in which lowering blood pressure is no longer o,
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improvement of FEY, but also the reduction of lung tis-
sue remodeling, and the long-term evolution of lung
function, morbidity, and mortality.

SUMMARY

The central role played by histamine in the patho-

physiology of inflammatory and allergic disorders has
been clearly established. Histamine is released in vivo
during allergic reactions, and administering exogenous
histamine reproduces signs and symptoms typical of
allergic diseases. Histamine exerts immediate pro-
inflammatory effects mediated mostly by the activation
of H;-receptors. However, the possibility is emerging
that this mediator can also influence local immune
responses and tissue damage by modulating the release
of cytokines as well as the activity of cells such as
macrophages, basophils, eosinophils, and fibroblasts.
Thus, we might envisage that histamine has a fundamen-
tal and possibly dual role in bronchial asthma, ie, as an
acute pro-inflammatory molecule and as a long-term
immune modulator regulating the complex network of
cytokines operating in this disease.

The observation that fexofenadine inhibits the activa-

tion of macrophages induced by histamine suggests a
new perspective in the long-term treatment of allergic
inflammation. Indeed, it is conceivable that long-term
treatment with fexofenadine might positively influence
the tissue damage and remodeling occurring in chronic
asthma. A better knowledge of the regulatory role of his-
tamine on the functions of immunocompetent cells, and
the effects of activating histamine receptors on these
cells, might lead to new therapeutic approaches to con-
trol the long-term evolution of bronchial asthma.
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