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Summary. Inaddition toitswell-characterized effectsin the acute inflammatory and allergic responses, histamine
has been shown to affect chronic inflammation and regulate several essential events in the immune response.
Histamine can selectively recruit the major effector cells into tissue sites and affect their maturation, activation,
polarization, and effector functions leading to chronic inflammation. On the other hand histamine acting through
itsreceptor (HR) type 2 positively interferes with the peripheral antigen tolerance induced by T regulatory (Treg)
cellsin several pathways. Histamine also regul ates antigen-specific T, 1 and T 2 cells, aswell asrelated antibody
isotype responses. These findings provide suitable explanation for the observations in the experimental model of
asthma showing that alergic inflammatory responses and bronchia hyperresponsiveness may be susceptible to
HR1 blockade. Apparently, the various effects of histamine onimmuneregulation are dueto differential expression
and regulation of 4 histamine receptors and their distinct intracellular signals. In addition, differencesin affinities
of thesereceptorsishighly decisive on the biological effects of histamine and drugsthat target histamine receptors.
Thisarticle highlights novel discoveriesin histamine immunobiology and discusses their relevance to the allergic
inflammatory responses.
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Introduction

Histamine, which is synthesized and released by
human basophils, mast cells, neuronsand lymphocytes
(2-[4-imodazol €] -ethylamine) was discovered as an
uterine stimulant in different extracts more than 100
years ago. Its smooth muscle stimulating and
vasodepressor action was shown in the first
experiments by Dale and Laidlaw [1], who also found
that the effects of histamine mimicked those occurring
during anaphylaxis. Histamine is one of the most
intensely studied molecules in medicine. Substantial
evidence has been accumulated about its metabolism,
receptors, signal transduction, physiological and
pathological effects. However, the complex
interrelationship and crosstalk by histamine, its
receptors and other G-protein coupled receptorsremain
to be elucidated.
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Histamine receptors

The pleiotropic effects of histamine are mediated by
four subtypes of receptors (histamine receptor (HR) 1,
HR2, HR3, and HR4) (Table 1). All of these receptors
bel ong to the G-protein-coupled receptor family. Specific
activation or blockade of histaminereceptorshasledto a
tremendous increase in the knowledge of the roles of
histamine in physiology and disease mechanisms.

In the studies to find histamine receptor blocking
agents, classical models of G-protein-coupled receptors
require the occupation of receptorsby anagonist toinitiate
activation of signal transduction pathways. Recently, the
expression of G-protein-coupled receptorsin recombinant
systems revealed a constitutive spontaneous receptor
activity, which isindependent of receptor occupancy by
an agonist [2]. Like most other G-protein-coupled
receptors, histamine receptorsexist asabalance between
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Table 1. Histamine receptors, expression, coupled G proteins and activated intracellular signals.
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Activated intracellular

Histaminereceptors Expression signals G proteins
HR1 nerve cells, airway and vascular Ca'?, cGMP, phospholipa Gyu
smooth muscles, hepatocytes, D, phospholipaseA,,
endothelial cells, epithelial cells, NF«B
neutrophils, eosinophils, mono-
cytes, DC, T and B cells
HR2 nerve cells, airway and vascular adenylate cyclase, CAMP, Gay
smooth muscles, hepatocytes, c-Fos, ¢c-Jun, PKC,
chondrocytes, endothelia cells, p70S6K
epithelial cells, neutrophils,
eosinophils, monocytes DC, T
and B cells
HR3 histaminergic neurons, eosinophils, enhanced Ca*, G,
DC, monocytes low expression in MAP kinase, inhibition
peripheral tissues of cAMP
HR4 high expression on bone marrow  Enhanced Ca®?, G,

and peripheral hematopoietic cells,
eosinophils, neutrophils, DC, T cells,
basophils, mast cells, low expression
in nerve cells, hepatocytes periphera
tissues, spleen, thymus, lung, small

inhibition of cAMP,

intestine, colon and heart

their inactive and active conformations, agonists
stimulating the active and inverse agonists (antagonist in
the old terminology) the inactive one. An agonist with a
preferential affinity for the active state of the receptor
stabilizes the receptor in its active conformation leading
to continuous activation signal viathe HR1. An inverse
agonist with apreferential affinity for the inactive state,
stabilizes the receptor in this conformation and
consequently induces an inactive state, which is
characterized by blocked signal transductionviathe HR1
[3]. In reporter gene assays, constitutive HR1-mediated
nuclear factor (NF)-kB activation has been shown to be
inhibited by many of the clinically used H1-anti-
histamines, indicating that these drugs are inverse HR1-
agonists [3]. Congtitutive activity has now been shown
for dl four histaminereceptors[3]. The Gq,ll-coupled HR1
is responsible for many symptoms of allergic disease.
Studies in different species and several human cells
demonstrated that inhibition of characteristic features of
thecellsby primarily cAMPformation dominatesin HR2-
dependent effects of histamine.

HR3 has been identified in the central and peripheral
nervous system as pre-synaptic receptors controlling the
release of histamine and other neurotransmitters. The
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control of mast cellsby histamineacting on HR3involves
neuropeptide-containing nervesand might berelatedtoa
local neuron-mast cell feedback loop controlling
neurogenic inflammation [4]. Dysregulation of this
feedback loop may lead to excessive inflammatory
responses and suggests a novel therapeutic approach by
using HR3 agonists.

Human HR4 is functionaly coupled to protein G,
inhibiting forskolin-induced cAMPformationlikethe HR3
[5]. HR4 shows high expression in the bone marrow and
peripherd hematopoietic cells, neutrophils, eosinophilsand
T cells, and moderate expression in spleen, thymus, lung,
small intestine, colon, and heart [5]. Both basophils and
mast cellsexpressHR4 mRNA [6]. H4-receptor activation
promotes the accumulation of inflammatory cells
(particularly eosinophilsand mast cells) to sitesof allergic
inflammation. Related to high homology between thetwo
receptors, presently available HR3 agonistsand antagonists
are also recognized by the HR4 [5]. The H1 antagonists,
doxepin, cinnarizine, and promethazine have been recently
reported to exhibit high affinity binding to the H, receptor
(Nguyenetd., 2001). HRs have been foundto form dimers,
and even oligomers, which alow cooperation between HRs
and other G protein-coupled receptors. The affinity of
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histamine binding to different histamine receptors varies
significantly, with K. valuesranging from 5-10 nM for the
H,and H, receptorsto 2-10 uM for theH, and H,, receptors
[7,8]. Thus, the effects of histamine upon receptor
stimulation can be very complex.

Histamine and inflammation

Theinteraction of histamine with the HR1 mediates
a variety of effects associated with anaphylactic
symptoms [9]. However, increasing evidence suggests
that it influences several immune/inflammatory and
effector functions [10,11].

Histamine contributesto the progression of allergic-
inflammatory responses by enhancement of the secretion
of proinflammatory cytokines like IL-1a, IL-1B, IL-6
as well as chemokines like RANTES or IL-8, both in
severa cell types and local tissues [12-15]. Histamine
induces the CC chemokines, monocyte chemotactic
protein 1 and 3, RANTES and eotaxin in explant cultures
of human nasal mucosaviaHR1, suggesting aprolonged
inflammatory cyclein allergic rhinitis between the cells
that release histamine and their enhanced migration to
nasal mucosa[16]. Endothelial cells express functional
HR1 and HR2 and increased adhesion molecule
expression such as ICAM-1, VCAM-1 and P-selectin
was demonstrated by histamine infusion viaHR1 [17-
19]. Histamine regulates the expression of its own
receptorson endothelial cellsand influencesthe overall
inflammatory reaction [20].

Histamine regulates granulocyte accumulation to
tissuesin distinct ways. Allergen-induced accumulation
of eosinophilsin the skin, nose and airways is potently
inhibited by H1-antihistamines [21]. The effect of
histamine on eosinophil migration may differ according
to the dose. Whereas high doses inhibit eosinophil
chemotaxis via HR2, low doses enhance eosinophil
chemotaxis via HR1 [22]. Recently, it has been shown
that the histamine receptor responsible for the selective
recruitment of eosinophils is HR4 [23]. Histamine
possesses all the properties of a classical leukocyte
chemoattractant (i.e., agonist-induced actin
polymerization, mobilization of intracellular calcium,
alteration in cell shape, and upregulation of adhesion
molecule expression). The eosinophils chemoattractive
ability of histamineisweak when compared to the potent
CCR3-active 3-chemokines, eotaxin and eotaxin-2 [22-
25]. However, histamine upon activation of the HR4
induces enhanced migration of eosinophils towards
eotaxin and eotaxin-2 [24,25]. On the other hand, the
potential of histamine alone to act as an eosinophil
chemoattractant in vivo, might be augmented by other
factors, such asgrowth factorsor cytokineslikelL-5, the
cytokine specific for the differentiation, activation, and
survival of eosinophils [23]. Triggering of HR4 also
induces chemotaxis of mast cells [26]. Experiments in
mice showed that mast cells from wild-type and HR3-
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receptor-del eted mice migrated in responseto histamine,
whilemast cellsfrom the HR4-deleted micedid not. Thus,
chemotaxis of eosinophils and mast cells via histamine
istriggered mainly through the HR4. The HR4-mediated
chronicinflammatory effectsof histamine may be aborted
by administration of HR4 antagonists, and combination
therapies with the HR1antagonists are a promising
approach.

Histamine inhibits neutrophil chemotaxis due to
HR2 triggering, which is mimicked by impromidine
(HR2 agonist), but not by betahistine (HR1 agonist). In
addition, histamine inhibits neutrophil activation,
superoxide formation and degranulation viaHR2 [27].

Down regulation of NF-kB, which acts as a potent
transcription factor in initiating inflammation, may
represent a possible mechanism for H1-anti-histamines
to inhibit inflammatory cell accumulation [28]. Low
concentrations of H1-antihistamines, cetirizine and
azel astine have been demonstrated to down-regul ate NF-
KB expression in parallel to inhibition of pro-
inflammatory cytokines[29]. A recent study with HDC-
deficient and mast cell-deficient mice showed that
histamine mainly derived from non-mast cells plays an
essential role in the angiogenesis and generation of
inflammatory granulation [30].

Immunoregulatory effects of
histamine

Antigen presenting cells

Dendritic cells (DC) are professional antigen-
presenting cells that mature from monocytic and
lymphoid precursors and acquire DC1 and DC2
phenotypes, which in turn facilitates the development
of Thl and Th2 cells, respectively. Endogenous
histamine is actively synthesized during cytokine-
induced DC differentiation, which actsin autocrine and
paracrine fashion and modifies DC markers [31].
Histamine actively participatesin functions and activity
of DC precursors as well as their immature and mature
forms (Figure 1). Immature and mature DCs express all
four HR, however comparison of their levels of
expression has not yet been studied [32-35]. In the
differentiation process of DC1 from monocytes, HR1
and HR3 act as positive stimulantsthat increase antigen-
presentation capacity and proinflammatory cytokine
production and TH1 priming activity. In contrast, HR2
acts as a suppressive molecule for antigen-presentation
capacity, enhances IL-10 production and induces IL-
10-producing T cells or TH2 cells[36-38].

In monocytes stimulated with Toll-like receptor-
triggering bacterial products histamine inhibits the
production of pro-inflammatory IL-1-like activity,
TNFa, IL-12 and IL-18 but enhances IL-10 secretion,
through HR2 stimulation [12,38,39,40]. Histamine al so
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Figure 1. Inlymphatic organsand subepithelial tissues of alergicinflammation, histamine regul ates monocytes, dendritic
cells, T cellsand B cells. Monocytes and dendritic cellsexpress all known HRs. HR1 and HR3 induce proinflammatory
activity andincreased A PC capacity, whereas HR2 plays a suppressive role on monocytes and monocyte-derived dendritic
cells (DC). Thl cells show predominant, but not exclusive, expression of HR1, whereas Th2 cells show upregulation of
HR2. Histamine induces increased proliferation and IFN-y production in Thl cells. Th2 cells express predominant
HR2, which acts as the negative regulator of proliferation, IL-4 and 1L-13 production. Histamine enhances Thl-type
responses by triggering the HR1, whereas both Thl- and Th2-type responses are negatively regulated by HR2. These
distinct effects may suggest roles of HR1 and HR2 on T cells for autoimmunity and peripheral tolerance, respectively.
Histamine a so modul ates antibody production. Histaminedirectly effects B cell antibody production asaco-stimulatory
receptor on B cells. HR1 predominantly expressed on Thl cells may block humoral immune responses by enhancing
Th1 type cytokine IFN-y. In contrast, HR2 enhances humoral immune responses. Allergen-specific IgE production is
differentially regulated in HR1- and HR2-deficient mice. HR1-deleted mice show increased allergen-specific IgE
production, whereas HR2-del eted mice show suppressed IgE production.

JInvest Allergol Clin Immunol 2005; Vol. 15(1): 1-8 © 2005 Esmon Publicidad



Histamine in chronic allergic responses 5

downregulates CD14 expression via H2 receptors on
human monocytes [41]. The inhibitory effect of
histamine viaH2-receptor appearsthrough theregulation
of ICAM-1and B7.1 expression, leading to thereduction
of innate immune response stimulated by LPS [42].

Histamine induces intracellular Ca™ flux, actin
polymerization, and chemotaxisin immature DCs due
to stimulation of HR1 and HR3 subtypes. Maturation
of DCsresultsin loss of these responses. In maturing
DCs, however, histamine dose-dependently enhances
intracellular cAMP levels and stimulates IL-10
secretion, whileinhibiting production of IL-12 viaHR2
[37]. Interestingly, athough human monocyte-derived
dendritic cells (MoDC) have both histamine H1 and
H2 receptors and can induce CD86 expression by
histamine, human epidermal Langerhans cells express
neither H1 nor H2 receptors, mainly because of the
effect of TGF-3 [43].

Regulation of T cells and antibody isotypes

It has been shown that differential patterns of
histamine receptor expression on Thl and Th2 cells
determine reciprocal T cell responses following
histamine stimulation (Figure 1) [44]. Thl cells show
predominant, but not exclusive expression of HR1, while
Th2 cells show increased expression of HR2. Histamine
enhances Thl-type responses by triggering the HR1,
whereas both Thl- and Th2-type responses are
negatively regulated by HR2, due to activation of
different biochemical intracellular signals[44]. In mice,
deletion of HR1 results in suppression of IFN-y and
dominant secretion of Th2 cytokines (IL-4 and IL-13).
HR2-deleted mice show upregulation of both Thl and
Th2 cytokines. Inaddition, IL-3 stimulation significantly
increases HR1 expression on Thl, but not on Th2 cells.
Moreover, histamine stimulation has been shown to
induce IL-10 secretion through HR2 [45]. Increased IL-
10 production in both DC and T cells may account for
an important regulatory mechanism in the control of
inflammatory functions through histamine.

In mice, histamine enhances anti-lgM induced
proliferation of B cells, which is abolished in HR1-
deleted mice. In HR1-deleted mice antibody production
against a T cell-independent antigen-TNP-Ficoll is
decreased[46], suggesting an important role of HR1
signaling in responses triggered from B cell receptors.
Antibody responses to T cell-dependent antigens like
ovalbumin (OVA) show a different pattern [44]. HR1-
del eted mice produced high OVA-specific IgG1 and IgE
in comparison to wild type mice. In contrast, HR2-
deleted mice showed decreased serum levels of OVA-
specific IgE in comparison to wild type mice and HR1-
deficient mice. Although T cells of HR2-deficient mice
secreted increased IL-4 and IL-13, OVA-specific IgE
was suppressed in the presence of highly increased IFN-y.

© 2005 Esmon Publicidad

Thus HR1 and related Thl response may play a
dominant role in the suppression of humora immune
response.

Peripheral T cell tolerance

Considerable evidence has emerged to suggest that
histamine participates in the immune regulation of the
inflammatory response in several diseases. Peripheral
T cell tolerance characterized by immune deviation to
regul atory/suppressor T cells represents akey event in
the control of specificimmuneresponse during allergen-
specific immunotherapy [47]. Although multiple
suppressor factors including contact dependent or
independent mechanisms might be involved, IL-10 and
TGF-B predominantly produced by alergen-specific T
cellsplay an essential role[47,48]. Histamineinterferes
with the peripheral tolerance induced during SIT in
several pathways. Histamine induces the production of
IL-10 by dendritic cells [37]. In addition, histamine
induces IL-10 production by Th2 cells [45].
Furthermore, histamine enhances the suppressive
activity of TGF- on T cells [49]. All three of these
effectsare mediated viaHR2, whichisrelatively highly
expressed on Th2 cells and suppresses IL-4 and IL-13
production and T cell proliferation [44]. Apparently,
these recent findings suggest that HR2 may represent
an essential receptor that participates in peripheral
tolerance or active suppression of inflammatory/immune
responses.

The long-term protection from honeybee stings by
terfenadine premedication during rush immunotherapy
with honeybee venom in a double-blind, placebo
controlled trial was analyzed [50]. After an average 3
years, 41 patients were re-exposed to honeybee stings.
Surprisingly, none of 20 patients who had been given
HRZ1-antihistamine premedication, but 6 of 21 given
placebo, had a systemic allergic reaction to the re-
exposure by either afield sting or asting challenge. This
highly significant difference suggests that antihistamine
premedication during theinitial dose-increase phase may
have enhanced thelong-term efficacy of immunotherapy.
Expression of HR1on T lymphocytesis strongly reduced
during ultrarush immunoctherapy, which may lead to a
dominant expression and function of tolerance-inducing
HR2. Thisindicatesapositiveroleof histamineinimmune
regulation during SIT [51].

Selective HR2 antagonists have attracted interest
because of their potential immune response-modifying
activity [52]. Most data suggest that cimetidine has a
stimulatory effect on the immune system, possibly by
blocking the receptors on subsets of T-lymphocytesand
inhibiting HR2-induced immune suppression.
Cimetidine has also been used successfully to restore
immune functionsin patients with malignant disorders,
hypogammaglobulinemiaand A1DS-related compl exes.
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Effects of histamine and antihistamines
on airway function

Inhaled and intravenous histamine causes
bronchoconstriction as one of the first recognized
properties of histamine, which is inhibited by HR1
antagonists. As a manifestation of airway
hyperreactivity, asthmaticindividual sare more sensitive
to the bronchoconstrictor effect of histaminethan normal
individuals. It has been shown in sensitized mice that
treatment with H1R antagonist fexofenadine prevented
the development of airway hyperresponsivenessin both
the primary sensitization and challenge. Decreases in
bronchoalveolar lavage and tissue eosinophilia,
lymphocyte numbers, and T ,2 cytokine production were
also observed [53]. Similarily, it has been observed that
another HR1 antagonist, desloratadine given at thetime
of exposure to the alergen, inhibited the induction of
allergic pulmonary inflammation, and bronchial
hyperresponsiveness [54].

Consistently, histamine-induced concentration-
dependent release of IL-6 and (-glucuronidase from
macrophages isolated from the human lung
parenchyma was inhibited by fexofenadine but not by
ranitidine, an H_-receptor antagonist [55]. Thus long-
term treatment with HR1 receptor antagonists can alter
disease progression in patientswith respiratory allergy
associated with tissue damage/remodeling mediated by
macrophage and Th2 cell activation.

Although previous studies suggested a basal tone
of smooth muscle mediated by histamine binding to
HR1, currently constitutiveintrinsic activity of theHR1
without any occupation by histamine could be more
relevant. Histamine also induces proliferation of
cultured airway smooth muscle cells [56].

Difference in histamine response between species
has been reported indicating arole for HR2-mediated
bronchodilatation in cat, rat, rabbit, sheep and horse
[57]. However, in humans, H2-antihistamines such
as cimetidine and ranitidine do not cause broncho-
constriction in normal or asthmatic individuals
[58,59]. Although there is no direct evidence that it
plays a role in pathogenesis, HR2-mediated gastric
secretion is impaired in asthma [60]. Rather a
beneficial effect of H2-anti-histamines given for the
treatment of gastritis was observed in asthma [61].
In addition, recent studies suggest that histamine may
play an important role in the modulation of the
cytokine network in the lung viaHR2, HR3 and HR4
that are expressed in distinct cells and cell subsets
[35,62]. Apparently, due to the same signal
transduction patterns, 32 adrenergic receptors may
function similarly to HR2 in humans [63]. The role
of histamine and other redundant G-protein-coupled
receptors in the regulation of immune/inflammatory
pathways in the lung remain to be intensely focused
in future studies.
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Conclusion

Histamine and so far 4 different HRs display a
complex system with distinct functions of receptor
subtypesand their differential expression, which changes
according to the stage of cell differentiation as well as
microenvironmental influences. Although contrasting
findings have been reported, HR1 stimulatestheimmune
system cells by potentiating their proinflammatory
activity for higher migration to inflammation area as
well asincreased effector functions. On the other hand,
HR2 seems to be a potent suppressor of inflammatory
and effector functions. The data on therole of HR3 and
HR4 in the immune regulation are limited. The
observation that H4R activation promotes the
accumulation of inflammatory cells to sites of allergic
inflammation opens a new window for therapeutic
approaches based on combined anti-H1R/anti-H4R
blockade or development of selective dua H1R/H4R
antagonists. Whether such therapieswill provide further
benefit to suppression of allergic inflammatory
responses as observed after HR1 blockade remains to
be elucidated.

Acknowledgments

Theauthors' laboratories are supported by the Swiss
National Foundation Grants 31-65436 and 32-105865;
Polish National Science Commitee grant N° 1387/PO5/
2000/19; Niarchos Foundation, Monaco; United Bank
of Switzerland, Zurich.

References

1. DaeHH, Laidlaw PP. Further observations on the action of
b-imidazolylethylamine. J Physiol 1911; 43:182-95.

2. Milligan G, Bond R, Lee M. Inverse agonism: pharmacol ogical
curiosity or potentia therapeutic strategy? Trends Pharmacol
Sci 1995; 16:10-3.

3. Leurs R, Church MK, Taglialatela M. H1-antihistamines:
inverse agonism, anti-inflammatory actions and cardiac
effects. Clin Exp Allergy 2002; 32(4):489-98.

4. DimitriadouV, RouleauA, Dam Trung Tuong M, Newlands
GJ, Miller HR, Luffau G, Schwartz JC, Garbarg M.
Functional relationship between mast cells and C-sensitive
nervefibresevidenced by histamine H3-receptor modul ation
inrat lung and spleen. Clin Sci (Lond) 1994; 87(2):151-63.

5. Nakamura T, Itadani H, HidakaY, Ohta M, Tanaka K.
Molecular cloning and characterization of a new human
histamine receptor, HH4R. Biochem Biophys Res Commun
2000; 279(2):615-20.

6. ZhuY, Michalovich D, Wu H, Tan KB, Dytko GM, Mannan
1J, BoyceR,Alston J, Tierney LA, Li X, Herrity NC, Vawter
L, Sarau HM, Ames RS, Davenport CM, Hieble JP, Wilson
S, Bergsma DJ, Fitzgerald LR. Cloning, expression, and
pharmacological characterization of a novel human
histamine receptor. Mol Pharmacol 2001; 59(3):434-41.

© 2005 Esmon Publicidad



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Histamine in chronic allergic responses 7

. Thurmond RL, Desai PJ, Dunford PJ, Fung-Leung WP,

Hofstra CL, Jiang W, Nguyen S, Riley JP, Sun S, Williams
KN, Edwards JP, Karlsson L. A potent and selective
histamine H4 receptor antagonist with anti-inflammatory
properties. J Pharmacol Exp Ther 2004; 309(1):404-13.

. Jablonowski JA, Grice CA, Chai W, Dvorak CA, Venable

JD, Kwok AK, Ly KS, Wei J, Baker SM, Desai PJ, Jiang W,
Wilson SJ, Thurmond RL, Karlsson L, Edwards JP,
Lovenberg TW, CarruthersNI. Thefirst potent and selective
non-imidazole human histamine H4 receptor antagonists. J
Med Chem 2003; 46(19):3957-60.

. Simons FE. Comparative pharmacology of H1

antihistamines: clinical relevance. Am J Med 2002; 113
Suppl 9A:38S-46S.

Jutel M, Watanabe T, AkdisM, Blaser K, AkdisCA. Immune
regulation by histamine. Curr Opin Immunol 2002;
14(6):735-40.

Akdis CA, Blaser K. Histamine in the immune regulation
of alergic inflammation. J Allergy Clin Immunol 2003;
112(1):15-22.

Vannier E, Dinarello CA. Histamine enhances interleukin
(IL)-1-induced IL-1 gene expression and protein synthesis
via H2 receptors in peripheral blood mononuclear cells.
Comparison with IL-1 receptor antagonist. J Clin Invest
1993; 92(1):281-7.

Meretey K, Falus A, Taga T, Kishimoto T. Histamine
influences the expression of the interleukin-6 receptor on
human lymphoid, monocytoid and hepatoma cell lines.
AgentsActions 1991; 33(1-2):189-91.

Jeannin P, DelnesteY, Gosset P, Molet S, Lassalle B Hamid
Q, Tsicopoulos A, Tonnel AB. Histamine induces
interleukin-8 secretion by endothelial cells. Blood 1994;
84(7):2229-33.

BayramH, DevaliaJL, Khair OA, Abdelaziz MM, Sapsford
RJ, Czarlewski W, Campbell AM, Bousguet J, Davies RJ.
Effect of loratadine on nitrogen dioxide-induced changesin
electrical resistance and release of inflammatory mediators
from cultured human bronchial epithelial cells. J Allergy
Clin Immunol 1999; 104(1):93-9.

Fujikura T, Shimosawa T, Yakuo |. Regulatory effect of
histamine H1 receptor antagonist on the expression of
messenger RNA encoding CC chemokines in the human
nasal mucosa. JAllergy Clin Immunol 2001; 107(1):123-8.
Lo WW, Fan TP. Histamine stimulates inositol phosphate
accumulation viathe H1-receptor in cultured human endothelia
cdlls. Biochem Biophys Res Commun 1987; 148(1):47-53.
Kubes P, Kanwar S. Histamine induces leukocyte rolling in
post-capillary venules. A P-selectin-mediated event. J
Immunol 1994; 152(7):3570-7.

Yamaki K, Thorlacius H, Xie X, Lindbom L, Hedqvist P,
Raud J. Characteristics of histamine-induced leukocyte
rolling in the undisturbed microcirculation of the rat
mesentery. Br J Pharmacol 1998; 123(3):390-9.

Schaefer U, Schmitz V, Schneider A, Neugebauer E.
Histamineinduced homol ogous and heterol ogousregulation
of histamine receptor subtype mRNA expression in cultured
endothelia cells. Shock 1999; 12(4):309-15.

Fadel R, Herpin-Richard N, Rihoux JP, Henocg E. Inhibitory
effect of cetirizine 2HCI on eosinophil migration in vivo.
ClinAllergy 1987; 17(4):373-9.

Clark RA, Sandler JA, Gallin JI, Kaplan AP. Histamine
modulation of eosinophil migration. J Immunol 1977;
118(1):137-45.

O'Reilly M, Alpert R, Jenkinson S, Gladue RP, Foo S, Trim
S, Peter B, Trevethick M, Fidock M. Identification of a
histamine H4 receptor on human eosinophils--role in

© 2005 Esmon Publicidad

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

eosinophil chemotaxis. JRecept Signal Transduct Res 2002;
22(1-4):431-48.

Buckland KF, WilliamsTJ, Conroy DM. Histamineinduces
cytoskeletal changes in human eosinophils via the H(4)
receptor. Br J Pharmacol 2003; 140(6):1117-27.

Ling P, Ngo K, Nguyen S, Thurmond RL, Edwards JP,
Karlsson L, Fung-Leung WP. Histamine H4 receptor
mediates eosinophil chemotaxiswith cell shape change and
adhesion molecule upregulation. Br J Pharmacol 2004;
142(1):161-71.

Hofstra CL, Desai PJ, Thurmond RL, Fung-Leung WP.
Histamine H4 receptor mediates chemotaxis and calcium
mobilization of mast cells. J Pharmacol Exp Ther 2003;
305(3):1212-21.

Seligmann BE, Fletcher MP, Gallin JI. Histamine modul ation
of human neutrophil oxidative metabolism, locomotion,
degranulation, and membrane potential changes. JImmunol
1983; 130(4):1902-9.

Bakker RA, Schoonus SB, Smit MJ, Timmerman H, Leurs
R. Histamine H(1)-receptor activation of nuclear factor-
kappa B: roles for G beta gamma- and G alpha(g/11)-
subunitsin constitutive and agonist-mediated signaling. Mol
Pharmacol 2001; 60(5):1133-42.

Yoneda K, Yamamoto T, Ueta E, Osaki T. Suppression by
azelastine hydrochloride of NF-kappaB activation involved
in generation of cytokinesand nitric oxide. Jpn J Pharmacol
1997; 73(2):145-53.

Ghosh AK, Hirasawa N, Ohtsu H, Watanabe T, Ohuchi K.
Defective angiogenesis in the inflammatory granulation
tissue in histidine decarboxylase-deficient mice but not in
mast cell-deficient mice. J Exp Med 2002; 195(8):973-82.

Szeberenyi JB, Pallinger E, Zsinko M, PosZ, Rothe G, Orso
E, Szeberenyi S, Schmitz G, Falus A, Laszlo V. Inhibition
of effects of endogenously synthesized histamine disturbs
in vitro human dendritic cell differentiation. Immunol Lett
2001; 76(3):175-82.

ldzko M, la Sala A, Ferrari D, Panther E, Herouy Y,
Dichmann S, Mockenhaupt M, Di Virgilio F, Girolomoni
G, Norgauer J. Expression and function of histamine
receptors in human monocyte-derived dendritic cells. J
Allergy Clin Immunol 2002; 109(5):839-46.

Gutzmer R, Langer K, Lisewski M, Mommert S, Rieckborn
D, Kapp A, Werfel T. Expression and function of histamine
receptors 1 and 2 on human monocyte-derived dendritic cells.
JAllergy Clin Immunol 2002; 109(3):524-31.

. Caron G, DelnesteY, Roelandts E, Duez C, Bonnefoy JY,

Pestel J, Jeannin P. Histamine pol arizes human dendritic cells
into Th2 cell-promoting effector dendritic cells. J Immunol
2001; 167(7):3682-6.

Gantner F, Sakai K, Tusche MW, Cruikshank WW, Center
DM, Bacon KB. Histamine h(4) and h(2) receptors control
histamine-induced interleukin-16 release from human
CD8(+) T cells. JPharmacol Exp Ther 2002; 303(1):300-7.
Caron G, Delneste Y, Roelandts E, Duez C, Herbault N,
Magistrelli G, Bonnefoy JY, Pestel J, Jeannin P. Histamine
induces CD86 expression and chemokine production by
human immature dendritic cells. J Immunol 2001,
166(10):6000-6.

Mazzoni A, Young HA, Spitzer JH, Visintin A, Segal DM.
Histamine regulates cytokine production in maturing
dendritic cells, resultingin altered T cell polarization. JClin
Invest 2001; 108(12):1865-73.

van der Pouw Kraan TC, Snijders A, Boeije LC, de Groot
ER, Alewijnse AE, LeursR, Aarden LA. Histamine inhibits
the production of interleukin-12 through interaction with
H2 receptors. J Clin Invest 1998; 102(10):1866-73.

J Invest Allergol Clin Immunol 2005; Vol. 15(1): 1-8



39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

M. Jutel, et al.

Elenkov 1J, Webster E, Papanicolaou DA, Fleisher TA,
Chrousos GP, Wilder RL. Histamine potently suppresses
human IL-12 and stimulates IL-10 production via H2
receptors. J Immunol 1998; 161(5):2586-93.

Takahashi HK, lwagaki H, Mori S, Yoshino T, Tanaka N,
Nishibori M. Histamineinhibitslipopolysaccharide-induced
interleukin (IL)-18 production in human monocytes. Clin
Immunol 2004; 112(1):30-4.

Takahashi HK, MorichikaT, Iwagaki H, TamuraR, Kubo S,
Yoshino T, Mori S, Akagi T, Tanaka N, Nishibori M.
Histamine downregul ates CD14 expression viaH2 receptors
on human monocytes. Clin Immunol 2003; 108(3):274-81.
MorichikaT, Takahashi HK, Iwagaki H, Yoshino T, Tamura
R, Yokoyama M, Mori S, Akagi T, Nishibori M, Tanaka N.
Histamine inhibits lipopolysaccharide-induced tumor
necrosisfactor-alphaproductionin anintercellular adhesion
molecule-1- and B7.1-dependent manner. J Pharmacol Exp
Ther 2003; 304(2):624-33.

Ohtani T, Aiba S, Mizuashi M, Mollah ZU, Nakagawa S,
Tagami H. H1 and H2 histamine receptors are absent on
Langerhans cells and present on dermal dendritic cells. J
Invest Dermatol 2003; 121(5):1073-9.

. Jutel M, Watanabe T, Klunker S, Akdis M, Thomet OA,

Malolepszy J, Zak-Negjmark T, Koga R, Kobayashi T, Blaser
K, Akdis CA. Histamine regulates T-cell and antibody
responses by differential expression of H1 and H2 receptors.
Nature 2001; 413(6854):420-5.

OsnaN, Elliott K, Khan MM. Regulation of interleukin-10
secretion by histamine in TH2 cells and splenocytes. Int
Immunopharmacol 2001; 1(1):85-96.

Banu Y, Watanabe T. Augmentation of antigen receptor-
mediated responses by histamine H1 receptor signaling. J
Exp Med 1999; 189(4):673-82.

AkdisCA, Blesken T, AkdisM, Withrich B, Blaser K. Role
of IL-10 in specific immunotherapy. J Clin Invest 1998;
102:98-106.

Jutel M, AkdisM, Budak F, Aebischer-CasaultaC, Wrzyszcz
M, Blaser K, AkdisC. IL-10 and TGF-beta cooperatein the
regulatory T cell response to mucosal alergens in normal
immunity and specific immunotherapy. Eur J Immunol
2003;33(5):1205-14.

Kunzmann S, Mantel P-Y, Wohlfahrt J, Akdis M, Blaser K,
Schmidt-Weber C. Histamine enhances TGF-betal-mediated
suppression of Th2 responses. Faseb J 2003; In Press.
Muller U, Hari Y, Berchtold E. Premedication with
antihistamines may enhance efficacy of specific-allergen
immunotherapy. JAllergy Clin Immunol 2001; 107(1):81-
6.

Jutel M, Zak-Nejmark T, Wrzyyszcz M, Malolepszy J.
Histamine receptor expression on peripheral blood CD4+
lymphocytes is influenced by ultrarush bee venom
immunotherapy. Allergy 1997; 52(suppl. 37):88.

Gifford R, Schmidke J. Cimetidine-induced augmentation
of human lymphocyte blastogenesis: comparison with
levamisole in mitogen stimulation. Surg Forum 1979;
30:113-5.

JInvest Allergol Clin Immunol 2005; Vol. 15(1): 1-8

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Gelfand EW, Cui ZH, Takeda K, Kanehiro A, Joetham A.
Fexofenadine modulates T-cell function, preventing allergen-
induced airway inflammation and hyperresponsiveness. J
Allergy Clin Immunol 2002; 110(1):85-95.

. Bryce PJ, Geha R, Oettgen HC. Desloratadine inhibits

allergen-induced airway inflammation and bronchial
hyperresponsiveness and alters T-cell responses in murine
modelsof asthma. JAllergy Clin Immunol 2003; 112(1):149-
58.

Triggiani M, Gentile M, Secondo A, Granata F, Oriente A,
TaglialatelaM, Annunziato L, Marone G. Histamineinduces
exocytosis and IL-6 production from human lung
macrophages through interaction with H1 receptors. J
Immunol 2001; 166(6):4083-91.

Panettieri RA, Yadvish PA, Kelly AM, Rubinstein NA,
Kotlikoff MI. Histamine stimulates proliferation of airway
smooth muscle and induces c-fos expression. Am J Physiol
1990; 259(6 Pt 1):L365-71.

Chand N, Eyre P. Classification and biological distribution
of histamine receptor sub-types. Agents Actions 1975;
5(4):277-95.

Thomson NC, Kerr JW. Effect of inhaled H1 and H2 receptor
antagonist in normal and asthmatic subjects. Thorax 1980;
35(6):428-34.

White JB, Mills J, Eiser NM. Comparison of the effects of
histamine H1- and H2-receptor agonists on large and small
airways in normal and asthmatic subjects. Br J Dis Chest
1987; 81(2):155-69.

GonzalesH, Ahmed T. Suppression of gastric H2-receptor-
mediated function in patients with bronchial asthma and
ragweed allergy. Chest 1986; 89:491-6.

Field SK, Sutherland LR. Does medical antireflux therapy
improve asthmain asthmati cswith gastroesophageal reflux?:
acritical review of the literature. Chest 1998; 114(1):275-
83.

SiroisJ, Menard G, MosesASS, Bissonnette EY. Importance
of histaminein the cytokine network in the lung through H2
and H3 receptors: stimulation of 1L-10 production. J
Immunol 2000; 164(6):2964-70.

Benovic J. Novel b2-adrenergic receptor signaling pathways.
JAllergy Clin Immunol 2002; 110:5229-s35.

Dr. Cezmi A. Akdis

Swiss Institute of Allergy and Asthma Research (SIAF)
Obere Strasse 22, CH-7270 Davos, Switzerland
e-mail: akdisac@siaf .unizh.ch

Tel.

:+ 41814100848

Fax: + 41 81 410 0840

© 2005 Esmon Publicidad



