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Introduction

Summary

Being a first-line treatment for hypersensitivity allergic disease, histamine
H1-receptor antagonists possess anti-inflammatory activity in addition to
being Hl-receptor antagonists. While it is not purely a histamine-related
condition, hypersensitivity allergic disease is associated with an increase in
the number of T helper type 2 (Th2) cells and Th2 cytokines, and a decrease
in the number of Thl cells and Thl cytokines. Suppression of Th2-type
cytokine production in addition to H1-receptor blockade may therefore rep-
resent a successful therapeutic strategy for the treatment of hypersensitivity
allergic diseases. H1-receptor antagonists have been reported to modulate
immune cascade at various points by acting on T cell-related inflammatory
molecules, including adhesion molecules, chemokines and inflammatory
cytokines. These effects of H1-receptor antagonists may be optimized for the
treatment of allergic diseases. Besides their ability to regulate inflammatory
molecules, some Hl-receptor antagonists have been reported to down-
regulate Th2 cytokine production. In particular, it has been shown that several
H1-receptor antagonists specifically inhibit the production of Th2, but not
Th1, cytokines. Accumulating evidence indicates a crucial role for Th1/Th2
cytokine imbalance on the development of allergic diseases. Accordingly, the
use of H1-receptor antagonist with Th2 cytokine inhibitory activity to modu-
late Th1/Th2 cytokine imbalance might be a favourable strategy for the treat-
ment of hypersensitivity allergic diseases. Furthermore, the identification
of Hl-receptor antagonists which possess immunoregulatory activities in
addition to their anti-histamine activity will provide an important insight
into the development of novel immunoregulatory drugs.

Keywords: histamine H1-receptor antagonists, hypersensitivity allergic reac-
tion, inflammatory cytokine, T cell migration, Th1/Th2 cytokine imbalance

hypersensitivity reactions. Based on cytokine production
profiles, two distinct patterns of Th cells have been defined.

Histamine mediates allergic and inflammatory responses
through histamine H1-receptors, and competitive inhibition
of Hl-receptors by Hl-receptor antagonists provides a
highly successful approach to controlling allergic reactions
[1,2]. While H1-receptor antagonists remain the first-line
treatment for hypersensitivity allergic disease, this is not
purely a histamine-related condition, as a variety of
immune-competent cells contribute to drive and maintain
the reaction through cell-cell interactions or the production
of soluble factors such as cytokines [3-5]. Among these cells,
CD4" helper T (Th) cells play an important role in regulating

Type 1 helper (Th1) cells produce interleukin (IL)-2 and
interferon (IFN)-y, whereas type 2 (Th2) cells secrete 1L-4,
IL-5 and IL-13 with other cytokines such as IL-6 and tumour
necrosis factor (TNF)-o being produced by both Thl and
Th2 cells [6,7]. IL-4 is responsible for immunoglobulin (Ig)E
production, while IL-13 induces IgG4 production by B cells
[8]. Although IL-2 was identified originally as a potent T cell
growth factor, this cytokine is essential for the peripheral
homeostasis of CD4"CD25" regulatory T cells (Ty) [9]. In
some allergic diseases, Th2 cells accumulate predominantly
at the inflammatory sites and trigger the hypersensitivity
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reaction [7,10-12]. The primary inflammatory lesion of
asthma consists of accumulation of Th2 lymphocytes, and
these cells orchestrate the asthmatic inflammation through
the secretion of a series of cytokines such as IL-4 and IL-5
[13]. Despite the heterogeneity of allergic responses, involve-
ment of Th2 cytokine-mediated inflammation is generally
acknowledged [14].

There is a growing body of evidence that most of the
second-generation H1-receptor antagonists exhibit addi-
tional pharmacological properties independent of their
action on the Hl-receptor [15-17]. A Th1/Th2 cytokine
imbalance with a predominance of Th2 cytokines has been
suggested to be crucial for the pathogenesis of hypersensi-
tivity allergic diseases [18-20]. Accumulating data indicate
that hypersensitivity allergic diseases are associated with an
increase in the number of Th2 cells and Th2 cytokines and a
decrease in the number of Thl cells and Thl cytokines.
Therefore, drugs that solely antagonize histamine may not be
completely effective in the treatment of allergic diseases. In
particular, the modulation of Th1/Th2 cytokine imbalance,
in addition to histamine blockade through the H1-receptor
antagonist, might be beneficial for the successful treatment
of hypersensitivity allergic diseases. However, little is known
regarding H1-receptor antagonists that possess Th2 cytokine
inhibitory activities.

In the present paper, we review data relating to the phar-
macological effects of Hl-receptor antagonists on T cell
immunological function and discuss the potential use of
these drugs for the treatment of allergic diseases and
hypersensitivity.

The allergic cascade

Hypersensitivity allergic response is initiated by a series of
complex inflammatory processes involving interactions
between a number of diverse immune mediators and
effector cells [3—5] (Fig. 1). In addition to classical Th1 and
Th2 subtypes, Th17 cells have emerged recently as a third
independent T cell subset [21], and T, are indispensable
for the safe operation of the immune systems [22]. Inter-
action between numerous cell types and inflammatory
mediators results in the initiation of an immune cascade.
Th2 cells are crucial for the promotion of an IgE-based
response. In contrast, Thl cells promote cellular immune
responses including the activation of cytolytic T cells, and
the killing of intracellular pathogens by macrophages
[23,24].

In the late-phase allergic response, inflammatory cytokines
such as IL-6, TNF-o. and endothelial adhesion molecules
are critical for inflammatory responses [25]. The second-
generation H1-receptor antagonists have multiple effects on
allergic inflammatory response, and these drugs are capable
of interfering with the immune cascade at various points
through diverse mechanisms, including inhibition of the
release of inflammatory mediators [15,16,26-29].

Th1/Th2 immune response
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Fig. 1. T helper type 1 (Th1)/Th2 immune responses. Schematic
representation of an overview of the Th1/Th2 immune response, its
related immune-competent cells and cytokines.

Th1/Th2 cytokine imbalance in allergic responses

The molecular and cellular mechanisms mediating the aller-
gic inflammatory cascade are associated with various cell
types. Nevertheless, a unifying mechanism of dysregulated
Th2 cytokine-mediated allergic inflammatory response is
acknowledged [14]. Direct evidence of the importance of
Th2 cells in the pathogenesis of hypersensitivity allergic
response was provided by transferring Th2 cells into naive
mice [30]. In addition, depletion of Th2 cytokine-producing
CD4" T cells prior to allergen sensitization of mice prevented
airway inflammation and development of airway hyperre-
sponsiveness [31].

Given the pathogenic role of Th2 cells, many allergic
diseases, including atopic asthma, are associated with an
increase in the number of Th2 cells and Th2 cytokines, and
a decrease in the number of Thl cells and Thl cytokines
[7,10-12,19]. These findings suggest that modulation of
Th1/Th2 cytokine imbalance may be employed to treat
hypersensitivity allergic diseases effectively. Hypersensitivity
allergic inflammatory response is induced by interactions
between a number of diverse immune mediators and effector
cells, including histamine and Th2 cells. Accordingly, hista-
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Table 1. Effect of Hl-receptor antagonist on T cell immunological functions.

H1-receptor antagonists on Th1/Th2 cytokine imbalance

T helper type 1

Study H1-receptor antagonist Subject (Th1)/Th2 concern
Albanesi et al. (1998) [33] Cetirizine ICAM-1 expression Thi

Pesteill e al. (2003) [34] Cetirizine ICAM-1 expression, etc.

QOddera et al. (2000) [35] Mizolastine ICAM-1 expression, etc. Thi

Tida et al. (2008) [39] Epinastine ICAM-1 expression, etc. Th1/Th2

Kanai et al. (2005) [40] Epinastine TARC production Th2

Hung et al. (2007) [41] Ketotifen MDC production, etc. Th1/Th2
Furukawa et al. (2004) [42] Olopatadine TARC production, etc. Th2 recruit

Traidl-Hoffmann et al. (2006) [44]

Desloratadine, etc.

Kawano et al. (1996) [45] Ketotifen
Mahmoud et al. (2008) [46] Levocetirizine
Maeda et al. (2003) [51] Terfenadine
Kanai et al. (2006) [52] Epinastine
Schroeder et al. (2001) [53] Desloratadine
Zhao et al. (2008) [57] Carebastine

RANTES production, etc. Thi
HLA-DQ expression
T cell population

Cytokine production Th2
Cytokine production Th2
Cytokine production Th2

MIF production

References which present data on the immunomodulatory effects of H1-receptor antagonists are summarized. ICAM-1, intercellular adhesion

molecule-1; TARC, thymus and activation regulated chemokine; MDC, macrophage-derived chemokine; RANTES, regulated on activation, normal T

expressed and secreted; HLA-DQ, human leucocyte antigen-DQ; MIF, migration inhibition factor.

mine blockade plus additional modulation of Th1/Th2
cytokine imbalance might lead to a successful therapeutic
strategy for the treatment of hypersensitivity allergic
diseases.

Immunomodulatory effects of H1-receptor
antagonists

The cascade of immune responses involves a number of
diverse immune mediators and effector cells. H1-receptor
antagonists are capable of modulating T cell-related inflam-
matory molecules at various points in the immune cascade
(summarized in Table 1).

Expression of adhesion molecules

In allergic contact dermatitis, atopic dermatitis and psoriasis,
skin is a chronic site of inflammation. In these allergic dis-
eases, intercellular adhesion molecule-1 (ICAM-1) plays an
important role in the cell-cell interactions associated with T
cell differentiation and function [32]. Cetirizine, a second-
generation H1-antagonist, has the capacity to block the IFN-
v-induced expression of ICAM-1 in human keratinocytes
[33]. This in vitro effect of cetirizine to inhibit ICAM-1
expression was confirmed in patients with active psoriasis
vulgaris minima [34]. Mizolastine, a non-sedative HI1-
receptor antagonist, was able to down-regulate ICAM-1
expression in vitro [35], similar to the effect seen by cetirizine.

Chemokines

Thymus and activation-regulated chemokines (CCL17) and
macrophage-derived chemokines (CCL22) are designated as
Th2 type chemokines and play a role in the recruitment of
Th2 cells. CCL17 has been reported to be involved in cuta-

neous disease such as atopic dermatitis [36,37], and CCL22
has also been reported to associate with atopic dermatitis
[38]. In human peripheral blood CD4" T cells, the non-
sedative H1-antagonist epinastine suppresses CCL17 expres-
sion [39,40]. This inhibitory effect of epinastine may be
partially responsible for its attenuating effect on allergic
diseases. Expression of CCL22 in human peripheral blood
CD4" T cells is also inhibited by the H1-receptor antagonists
ketotifen and olopatadine [41,42]. The monokines induced
by IFN-y (CXCL9) and IFN-inducible protein 10 (CXCL10)
are Thl cell-attracting chemokines [43]. In human
peripheral mononuclear cells, the Hl-receptor antagonist
ketotifen causes the down-regulation of lipopolysaccharide
(LPS)-induced expression of CXCL9 and CXCLI10 [41].
The H1-receptor antagonist desloratadine also suppresses
CXCL10 expression in keratinocytes [44].

Expression of human leucocyte antigen (HLA)
molecule

T cells recognize antigenic peptides associated with class I
HLA molecules or class II HLA molecules. HLA-DQ is a
HLA class II molecule and presents primarily exogenous
peptides that penetrate within cells by endocytosis [45].
HLA-DQ antigen is the crucial restriction element in
Dermatophagoides farinae antigen-related response on
macrophages. The Hl-receptor antagonist ketotifen was
reported to prevent macrophages from inducing allergen-
activated T lymphocytes’ responsiveness to IL-2 at least in
part by decreasing expression of the HLA-DQ antigen [45].

Modulation of lymphocyte population

In patients with seasonal allergic rhinitis, the H1-receptor
antagonist levocetirizine reduced the percentage of
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Fig. 2. Effect of Hl-receptor antagonists on T
helper type 1 (Th1)/Th2 cytokine production.

Effects of terfenadine (64 M), ebastine (5 uM),
carebastine (100 uM) and epinastine (100 M)
on Th1/Th2 cytokine production in
co-stimulatory conditions by anti-CD3 with
anti-CD28 [54-56].

CD4'CD29*, CD4*CD212" and CD4*CD54" inflammatory T
lymphocytes, while increasing that of CD4*CD25* regulatory
T cells [46]. Ty are known to suppress several features of
allergic inflammation, and Th2 responses to allergens are
normally suppressed by CD4"CD25" T, [47]. Therefore,
these levocetirizine-induced changes in the T cell subpopu-
lation are expected to contribute to the improved clinical
prognosis in seasonal allergic rhinitis patients.

Modulation of Th1/Th2 cytokines and inflammatory
cytokines

H1-receptor antagonists have been shown to interfere with T
cell-related inflammatory molecules at various points of the
immune cascade. Importantly, accumulating data indicate
that Th2 type cytokines play a crucial role in the pathogen-
esis of hypersensitivity allergic diseases. Targeting disease-
inducing Th2 cells [48] and use of the Th2 cytokine
modulator [49,50] are regarded as promising strategies for
the treatment of allergic diseases, including asthma. There-
fore, modulation of the Th1/Th2 cytokine imbalance

30

may lead to effective therapies for hypersensitivity allergic
diseases.

It has been shown that some Hl-receptor antagonists
inhibit Th2 cytokine production in several experimental

conditions [51-53]. Accordingly, application of these drugs
may modulate Th1/Th2 cytokine imbalance. In addition to
these reports regarding H1-receptor antagonists, several
Hl-receptor antagonists have shown specific inhibitory
activity on Th2, but not Th1, cytokine production [54-56].
Under co-stimulatory conditions, the second-generation
H1-receptor antagonists terfenadine, ebastine and carebas-
tine clearly inhibited the production of Th2-type cytokines
IL-4 and IL-5 as well as the proliferative response. However,
production of the Thl-type cytokines IL-2 and IFN-y was
unaffected. In addition, ebastine and carebastine inhibited
transendothelial migration of activated T cells and produc-
tion of the proinflammatory cytokines IL-6 and TNF-o. by T
cells and macrophages. In contrast, the H1-receptor antago-
nist epinastine inhibited Thl-type cytokine production in
addition to suppressing Th2-type cytokines (Figs 2 and 3,
and Table 2).
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Table 2. Summary of immunomodulatory effects of H1 receptor antagonists.
T cells Macrophage
IL-2 1L-4 IL-6 IL-6
Group Drug Proliferation IFN-y IL-5 TNF-o Migration TNF-a
I Terfenadine d - d
Ebastine d - d 2 { d
Carebastine d - d { { d
I Epinastine 4 l d — - —
111 Cetirizine - - - - - -
Ketotifen - - - - - -

The effects of ebastine, carebastine, epinastine, cetirizine, and ketotifen on the proliferation, cytokine production [T helper type 1 (Thl)-type
cytokines, Th2-type cytokine and proinflammatory cytokines], and transendothelial migration of T cells, and proinflammatory cytokine production of
macrophages are summarized. —, unaltered; , reduced; T, enhanced. Grouping was performed based on the experimental results obtained from our
studies [54-56]. IL, interleukin; IFN, interferon; TNE, tumour necrosis factor.
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Ebastine inhibited Th2 cytokine production at low
concentration, while carebastine and epinastine required
high concentrations to suppress Th2 cytokine production.
However, other investigators demonstrated that carebastine
and epinastine antagonists suppress T cell-mediated cytok-
ine production at low concentrations [51-53,57]. Mean-
while, clinically effective dosage of cetirizine resulted in the
inhibition of ICAM-1 expression in patients with active
psoriasis vulgaris minima [34], but cetirizine requires higher
(supraclinical) concentration to inhibit ICAM-1 expression
in vitro [33]. Therefore, several aspects need to be considered
when evaluating in vitro results and extrapolating them to
clinically relevant situation.

Ebastine specifically inhibited Th2 cytokine production,
and this drug is used to treat patients with allergic rhinitis
effectively [58], which is characterized pathologically by Th2-
type allergic inflammation [59]. The H1-receptor antagonist
desloratadine also inhibited in vitro production of the Th2
cytokine IL-4 from anti-IgE-stimulated human basophils
[53], and this drug relieves significantly the signs and symp-
toms of seasonal allergic rhinitis, which is a Th2 type allergic
disease [60]. These results raise the possibility that these
H1-receptor antagonists exhibit favourable clinical efficacy
not only by histamine blockade, but also by blocking the
generation of Th2 type cytokines. In this regard it is notewor-
thy that epinastine, which inhibits Th1-type cytokine produc-
tion in addition to Th2 cytokine suppression, is reportedly
effective against the Th1-type inflammatory skin disease pso-
riasis vulgaris [56,61,62]. Furthermore, atopic dermatitis
[63], in which both Thl and Th2 attracting factors are
elevated [38], is also treated effectively by epinastine.

Carebastine, which is an active metabolite of ebastine,
possesses histamine blockade activity approximately 10-100
times greater than that of ebastine [64]. However, ebastine
displayed 10 times greater in vitro inhibition of Th2 cytokine
production than carebastine [56], suggesting that a mecha-
nism other than H1-receptor antagonism is involved in the
inhibition of Th2 cytokine production by ebastine. Further-
more, terfenadine, ebastine and carebastine are similar in
their chemical structure, and these three compounds inhib-
ited specifically the production of Th2 and inflammatory
cytokines, but not Thl cytokine. Therefore, their chemical
structure might be unique, with specific inhibition of Th2
cytokine production independent of histamine blockade.

Concluding remarks

The various compounds aimed at modulating Th2 cell func-
tions that are being developed indicate that modulation of
the Th1/Th2 cytokine imbalance is a promising strategy for
the treatment of hypersensitivity allergic diseases. Some
Hl-receptor antagonists are able to down-regulate Th2
cytokine production in several experimental conditions.
These Th2 cytokine inhibitory activities may partially reflect
a therapeutic mode of action of these drugs in hypersensi-

tivity allergic diseases. In particular, specific inhibitory pro-
files of Th2 cytokine but not Th1 cytokine production have
been shown for terfenadine, ebastine and carebastine.
Because these three compounds possess a similar chemical
structure, further evaluation of these drugs may provide a
clue to understanding their pharmacological activity on Th2
cytokine inhibitory activity.

It has been suggested that TNF-o., which is produced in
considerable quantities in asthmatic airways, may potentially
be involved in the development of bronchial hyper-
responsiveness by directly altering the contractile properties
of the airway smooth muscle [65]. Increased levels of IL-6
have also been detected in the blood and bronchoalveolar
lavage of patients with asthma, and bronchial biopsies of
these patients reveal an increased expression of IL-6 [66].
Furthermore, anti-TNF-a. therapy is reportedly effective for
the treatment of patients with rheumatoid arthritis and
Crohn’s disease [67,68]. As T cells and macrophages migrate
and accumulate at the inflammatory sites and produce
proinflammatory cytokines such as TNF-o. and IL-6, which
trigger and maintain the inflammatory disorders, drug
development based on the chemical structure of ebastine
and carebastine might be beneficial for the treatment of
inflammatory disorders in which TNF-a and IL-6 may play
a role in their pathophysiology, as well as allergic diseases
including bronchial asthma.

Disclosure

The authors have nothing to disclose.

References

—

Leurs R, Smit MJ, Timmerman H. Molecular pharmacological

aspects of histamine receptors. Pharmacol Ther 1995; 66:413-63.

Leurs R, Church MK, Taglialatela M. H1-antihistamines: inverse

agonism, anti-inflammatory actions and cardiac effects. Clin Exp

Allergy 2002; 32:489-98.

Baraniuk JN. Pathogenesis of allergic rhinitis. J Allergy Clin

Immunol 1997; 99:5763-72.

4 Pearlman DS. Pathophysiology of the inflammatory response.

J Allergy Clin Immunol 1999; 104:5132-7.

Agrawal DK. Anti-inflammatory properties of desloratadine. Clin

Exp Allergy 2004; 34:1342-8.

6 Jansen HM, Kapsenberg ML. T-cell regulation in allergic reactions.
Neth ] Med 1994; 45:319-28.

7 Del Prete G. Human Thl and Th2 lymphocytes: their role in the

pathophysiology of atopy. Allergy 1992; 47:450-5.

Meiler F, Klunker S, Zimmermann M, Akdis CA, Akdis M. Distinct

regulation of IgE, IgG4 and IgA by T regulatory cells and Toll-like

receptors. Allergy 2008; 63:1455-63.

9 de la Rosa M, Rutz S, Dorninger H, Scheffold A. Interleukin-2
is essential for CD4+CD25+ regulatory T cell function. Eur J
Immunol 2004; 34:2480-8.

10 Maggi E, Biswas P, Del Prete G et al. Accumulation of Th-2-like
helper T cells in the conjunctiva of patients with vernal
conjunctivitis. ] Immunol 1991; 146:1169-74.

(38

W

w

oo

32 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 157: 27-34



11

12

13

14

15

16

17

18

19

20

2

—

22

23

24

25

26

27

28

29

Del Prete GF, De Carli M, D’Elios MM et al. Allergen exposure
induces the activation of allergen-specific Th2 cells in the airway
mucosa of patients with allergic respiratory disorders. Eur ]
Immunol 1993; 23:1445-9.

Robinson D, Hamid Q, Bentley A, Ying S, Kay AB, Durham SR.
Activation of CD4+ T cells, increased TH2-type cytokine mRNA
expression, and eosinophil recruitment in bronchoalveolar lavage
after allergen inhalation challenge in patients with atopic asthma.
J Allergy Clin Immunol 1993; 92:313-24.

Renauld JC. New insights into the role of cytokines in asthma.
J Clin Pathol 2001; 54:577-89.

Karras JG, Crosby JR, Guha M et al. Anti-inflammatory activity of
inhaled IL-4 receptor-alpha antisense oligonucleotide in mice. Am
J Respir Cell Mol Biol 2007; 36:276-85.

Mullol J, Roca-Ferrer ], Alobid I et al. Effect of desloratadine on
epithelial cell granulocyte—-macrophage colony-stimulating factor
secretion and eosinophil survival. Clin Exp Allergy 2006; 36:52—
8.

Xia Q, Yang S, Zhang SQ et al. The effect of mizolastine on expres-
sion of vascular endothelial cell growth factor, tumour necrosis
factor-alpha and keratinocyte-derived chemokine in murine mast
cells, compared with dexamethasone and loratadine. Clin Exp Der-
matol 2005; 30:165-70.

Asano K, Kanai K, Suzaki H. Suppressive activity of fexofenadine
hydrochloride on thymus- and activation-regulated chemokine
production from human peripheral blood leukocytes in response
to antigenic stimulation in vitro. Int Arch Allergy Immunol 2004;
133:267-75.

Howarth PH, Salagean M, Dokic D. Allergic rhinitis: not purely a
histamine-related disease. Allergy 2000; 55 (Suppl. 64):7-16.
Packard KA, Khan MM. Effects of histamine on Th1/Th2 cytokine
balance. Int Immunopharmacol 2003; 3:909-20.

Kuo ML, Huang JL, Yeh KW, Li PS, Hsieh KH. Evaluation of Th1/
Th2 ratio and cytokine production profile during acute exacerba-
tion and convalescence in asthmatic children. Ann Allergy Asthma
Immunol 2001; 86:272—6.

Bettelli E, Korn T, Kuchroo VK. Th17: the third member of the
effector T cell trilogy. Curr Opin Immunol 2007; 19:652-7.
Walker LS Regulatory T cells overturned: the effectors fight back.
Immunology 2009; 126:466—74.

Mosmann TR, Sad S. The expanding universe of T-cell subsets:
Th1, Th2 and more. Immunol Today 1996; 17:138-46.

Fitch FW, Gajewski TF, Hu-Li J. Production of Thl and Th2 cell
lines and clones. In: Coligan JE, Bierer B, Margulies DH et al., eds.
Current protocols in immunology. Hoboken, NJ: John Wiley and
Sons, 2006: Chapter 3: Unit 3.13.

Fujimoto K, Imaizumi T, Yoshida H, Takanashi S, Okumura K,
Satoh K. Interferon-gamma stimulates fractalkine expression in
human bronchial epithelial cells and regulates mononuclear cell
adherence. Am J Respir Cell Mol Biol 2001; 25:233-8.

Assanasen P, Naclerio RM. Antiallergic anti-inflammatory effects
of Hl-antihistamines in humans. Clin Allergy Immunol 2002;
17:101-39.

Carayol N, Crampette L, Mainprice B ef al. Inhibition of mediator
and cytokine release from dispersed nasal polyp cells by
mizolastine. Allergy 2002; 57:1067-70.

Kusters S, Schuligoi R, Huttenbrink KB et al. Effects of antihista-
mines on leukotriene and cytokine release from dispersed nasal
polyp cells. Arzneimittelforschung 2002; 52:97-102.

Crampette L, Mainprice B, Bloom M, Bousquet J, Campbell AM.

H1-receptor antagonists on Th1/Th2 cytokine imbalance

30

3

—_

32

34

35

36

37

38

39

40

4

—_

42

43

44

45

Inhibition of mediator and cytokine release from dispersed nasal
polyp cells by terfenadine. Allergy 1996; 51:346-9.

Cohn L, Tepper JS, Bottomly K. IL-4-independent induction of
airway hyperresponsiveness by Th2, but not Th1, cells. ] Immunol
1998; 161:3813-16.

Gavett SH, Chen X, Finkelman F, Wills-Karp M. Depletion of
murine CD4+ T lymphocytes prevents antigen-induced airway
hyperreactivity and pulmonary eosinophilia. Am J Respir Cell Mol
Biol 1994; 10:587-93.

Singer KH. Interactions between epithelial cells and T lymphocytes:
role of adhesion molecules. ] Leukoc Biol 1990; 48:367—-74.
Albanesi C, Pastore S, Fanales-Belasio E, Girolomoni G. Cetirizine
and hydrocortisone differentially regulate ICAM-1 expression and
chemokine release in cultured human keratinocytes. Clin Exp
Allergy 1998; 28:101-9.

Pestelli E, Floriani I, Fabbri P, Caproni M. Cetirizine modulates
adhesion molecule expression in a double-blind controlled study
conducted in psoriatic patients. Int ] Tissue React 2003; 25:1-8.
Oddera S, Cagnoni F, Dellacasa P, Canonica GW. Effects of mizo-
lastine in vitro on human immunocompetent and airway cells:
evidence for safety and additional property. Int Arch Allergy
Immunol 2000; 123:162-9.

Vestergaard C, Bang K, Gesser B, Yoneyama H, Matsushima K,
Larsen CG. A Th2 chemokine, TARC, produced by keratinocytes
may recruit CLA+CCR4+ lymphocytes into lesional atopic derma-
titis skin. J Invest Dermatol 2000; 115:640—6.

Kakinuma T, Nakamura K, Wakugawa M efal. Thymus and
activation-regulated chemokine in atopic dermatitis: serum
thymus and activation-regulated chemokine level is closely related
with disease activity. ] Allergy Clin Immunol 2001; 107:535-41.
Shimada Y, Takehara K, Sato S. Both Th2 and Thl chemokines
(TARC/CCL17, MDC/CCL22, and Mig/CXCL9) are elevated in
sera from patients with atopic dermatitis. ] Dermatol Sci 2004;
34:201-8.

lida H, Asada H, Yokoi S et al. Regulatory effects of antihistamines
on the responses to staphylococcal enterotoxin B of human
monocyte-derived dendritic cells and CD4+ T cells. ] Dermatol Sci
2008; 52:31-8.

Kanai K, Asano K, Hisamitsu T, Suzaki H. Suppressive activity of
epinastine hydrochloride on TARC production from human
peripheral blood CD4+ T cells in-vitro. ] Pharm Pharmacol 2005;
57:1027-36.

Hung CH, Suen JL, Hua YM et al. Suppressive effects of ketotifen
on Thl- and Th2-related chemokines of monocytes. Pediatr
Allergy Immunol 2007; 18:378—-84.

Furukawa H, Takahashi M, Nakamura K, Kaneko F. Effect of an
antiallergic drug (Olopatadine hydrochloride) on TARC/CCL17
and MDC/CCL22 production by PBMCs from patients with atopic
dermatitis. ] Dermatol Sci 2004; 36:165-72.

Thapa M, Welner RS, Pelayo R, Carr DJ. CXCL9 and CXCL10
expression are critical for control of genital herpes simplex virus
type 2 infection through mobilization of HSV-specific CTL and
NK cells to the nervous system. ] Immunol 2008; 180:1098-106.
Traidl-Hoffmann C, Munster I, Ring J, Behrendt H. Impact of
desloratadine and loratadine on the crosstalk between human
keratinocytes and leukocytes: implications for anti-inflammatory
activity of antihistamines. Int Arch Allergy Immunol 2006;
140:315-20.

Kawano Y, Yoshizawa I, Baba M, Noma T. Ketotifen inhibits
allergen-specific T lymphocytes’ responses by suppressing antigen

© 2009 British Society for Immunology, Clinical and Experimental Immunology, 157: 27-34 33



T. Okamoto et al.

46

47

48

49

50

5

—

52

53

54

55

56

57

34

presentation with concomitant decrease of HLA-DQ antigen on
macrophages. Asian Pac J Allergy Immunol 1996; 14:69-79.
Mahmoud F, Arifthodzic N, Haines D, Novotney L. Levocetirizine
modulates lymphocyte activation in patients with allergic rhinitis.
J Pharmacol Sci 2008; 108:149—56.

Robinson DS, Larche M, Durham SR. Tregs and allergic disease.
J Clin Invest 2004; 114:1389-97.

Wegmann M. Th2 cells as targets for therapeutic intervention in
allergic bronchial asthma. Expert Rev Mol Diagn 2009; 9:85-100.
Barnes PJ. Cytokine modulators as novel therapies for airway
disease. Eur Respir ] Suppl 2001; 34:567-77.

Caramori G, Groneberg D, Ito K, Casolari P, Adcock IM, Papi A.
New drugs targeting Th2 lymphocytes in asthma. ] Occup Med
Toxicol 2008; 3 (Suppl. 1):56:1-29.

Maeda A, Matsushita K, Yamazaki F, Kawada A, Tezuka T,
Aragane Y. Terfenadine antagonism against interleukin-4-
modulated gene expression of T cell cytokines. J Invest Dermatol
2003; 121:490-5.

Kanai K, Asano K, Watanabe S, Kyo Y, Suzaki H. Epinastine
hydrochloride antagonism against interleukin-4-mediated T cell
cytokine imbalance in vitro. Int Arch Allergy Immunol 2006;
140:43-52.

Schroeder JT, Schleimer RP, Lichtenstein LM, Kreutner W. Inhibi-
tion of cytokine generation and mediator release by human baso-
phils treated with desloratadine. Clin Exp Allergy 2001;31:1369-77.
Munakata Y, Umezawa Y, Iwata S et al. Specific inhibition of TH2-
type cytokine production from human peripheral T cells by ter-
fenadine in vitro. Clin Exp Allergy 1999; 29:1281-6.

Nori M, Iwata S, Munakata Y et al. Ebastine inhibits T cell migra-
tion, production of Th2-type cytokines and proinflammatory
cytokines. Clin Exp Allergy 2003; 33:1544-54.

Iwata S, Nori M, Hashizume Y, You K, Morimoto C. Effect of
H1-receptor antagonists on proliferative response, cytokine pro-
duction, and cellular migration of human T cells and macrophages.
Clin Exp Allergy Reviews 2008; 8:21-9.

Zhao Y, Makino T, Honda A, Shimizu H, Yamagishi S, Shimizu T.
Carebastine, an H1-receptor antagonist, suppresses the expression

58

59

60

61

62

63

64

65

66

67

68

of macrophage migration inhibitory factor. Clin Exp Dermatol
2008; 33:785-7.

Sastre J. Ebastine in allergic rhinitis and chronic idiopathic
urticaria. Allergy 2008; 63 (Suppl. 89):1-20.

Miyata M, Hatsushika K, Ando T efal. Mast cell regulation of
epithelial TSLP expression plays an important role in the develop-
ment of allergic rhinitis. Eur ] Immunol 2008; 38:1487-92.
Salmun LM, Lorber R, Danzig M, Staudinger H. Efficacy and safety
of desloratadine in seasonal allergic rhinitis. J Allergy Clin
Immunol 2000; 105:5384-S5.

Lew W, Bowcock AM, Krueger JG. Psoriasis vulgaris: cutaneous
lymphoid tissue supports T-cell activation and ‘Type 1” inflamma-
tory gene expression. Trends Immunol 2004; 25:295-305.

Tasaka K. Epinastine: an update of its pharmacology, metabolism,
clinical efficacy and tolerability in the treatment of allergic diseases.
Drugs Today (Barc) 2000; 36:735-57.

Matsukura M, Yajima A, Yamazaki F, Yudate T, Yamada H, Tezuka
T. Epinastine inhibits eosinophil chemotaxis and adhesion mol-
ecules in atopic dermatitis. Skin Pharmacol Appl Skin Physiol 2003;
16:405-10.

Matsuda M, Sakashita M, Mizuki Y, Yamaguchi T, Fujii T, Sekine Y.
Comparative pharmacokinetics of the histamine HI-receptor
antagonist ebastine and its active metabolite carebastine in rats,
guinea pigs, dogs and monkeys. Arzneimittelforschung 1994;
44:55-9.

Amrani Y, Chen H, Panettieri RA Jr. Activation of tumor necrosis
factor receptor 1 in airway smooth muscle: a potential pathway that
modulates bronchial hyper-responsiveness in asthma? Respir Res
2000; 1:49-53.

Virchow JC Jr, Walker C, Hafner D etal. T cells and cytokines
in bronchoalveolar lavage fluid after segmental allergen provoca-
tion in atopic asthma. Am ] Respir Crit Care Med 1995;
151:960-8.

Taylor PC, Williams RO, Maini RN. Immunotherapy for rheuma-
toid arthritis. Curr Opin Immunol 2001; 13:611-16.

Kam LY, Targan SR. TNF-alpha antagonists for the treatment of
Crohn’s disease. Expert Opin Pharmacother 2000; 1:615-22.

© 2009 British Society for Immunology, Clinical and Experimental Immunology, 157: 27-34



