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Abstract — Atopic dermatitis is a common skin disease affecting up to 10% of children and approximately
2% of adults. Atopic dermatitis exhibits four major symptoms, including intense itching, dry skin, redness and
exudation. The “itch-scratch-itch” cycle is one of the major features in atopic dermatitis. The pathophysiology
and neurobiology of pruritus is unclear. Currently there are no single and universally effective pharmac-
ological antipruritic drugs for treatment of atopic dermatitis. Thus, controlling of itch is a very important unmet
need in patients suffering from atopic dermatitis. This article will update progress during the past 10 years of
research in the field of pruritus of atopic dermatitis, focusing on aspects of pruritogens (including inflammatory
lipids, histamine, serotonin, proteinases, proteinase-activating receptors, neurotransmitters, neuropeptides,
and opioid peptides), antipruritic therapies, and emerging new targets. Based on recent progress, researchers
expect to identify exciting possibilities for improved treatments and to develop new antipruritic drugs acting
through novel targets, such as histamine H4 receptor, gastrin-releasing peptide receptor, MrgprA3, thromboxane
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A2 receptor and the putative SPC receptor.
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Atopic dermatitis (AD) is a common skin disease that af-
fects up to 10% of children and approximately 2% of adults
in the general population (Leung and Soter, 2001). The so-
cio-economic losses resulting from the disease are high;
the cost of iliness to the third-party payer for AD ranges
from US $0.9 billion to US $3.8 billion (Ellis et al., 2002).
The quality-of-life is remarkably lowered by AD. The genet-
ic background, in combination with several environmental
factors, results in this chronic remittent skin disease. AD
exhibits four major symptoms including intense itching
(pruritus), dry skin (xerosis), redness (erythema) and exu-
dation. The “itch-scratch-itch” cycle is a common feature of
AD. Scratching can cause bleeding, secondary infection
(bacterial, fungal and/or viral) and thickening of the skin
(lichenification) (Lewis-Jones, 2005). ltching is the pre-
dominant symptom of AD and is also an important diag-
nostic feature of systemic disease (Malekzad et al., 2009).

The pathophysiology and neurobiology of pruritus are
unclear. Therefore it is not surprising that anti-pruritus ther-

*Corresponding author
Tel: +82-2-2260-8905 Fax: +82-2-2260-8769
E-mail: uatheone@gmail.com

apy is not well established and the choice of therapeutic
agents is limited. However, recent progress over the past
10 years has provided insights into the neurophysiology of
pruritus and is opening up exciting possibilities for develop-
ment of new antipruritic drugs (Yosipovitch and Papoiu,
2008; Liu et al., 2009; Sun et al., 2009).

Itch can be regarded as a cutaneous sensory percep-
tion, which requests excitation of specialized itch receptors
in the skin. Increased amounts of neurofilament-, protein
gene product (PGP) 9.5-, calcitonin gene-related peptide
(CGRP)-, and substance P (SP)-positive nerve fibres have
been observed in the papillary dermis, at the dermoepi-
dermal junction, in the epidermis and around sweat glands
of lesional atopic skin (Stander and Steinhoff, 2002).
These observations clearly demonstrated that the density
of cutaneous nerve fibers is altered in atopic skin lesions.
Neurite density and expression levels of growth factors
and gelatinase were remarkably increased in the epi-
dermis of an atopic mouse model (Conv-NC/Nga mice),
compared with those of SPF-NC/Nga mice (Tominaga et
al., 2007).
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MEDIATORS OF ITCH IN ATOPIC SKIN portant goals for controlling the pruritus of AD. Several me-
diators causing pruritus are described in review papers

Pruritogens are the endogenous compounds which me- (Stander and Steinhoff, 2002; Yosipovitch and Papoiu,
diate itch-scratch responses. Identification of the pruritogens 2008). In this paper, | briefly summarize and update the
and elucidation of their mechanisms of action are very im- well-known pruritogens and recent progress in inves-

Table I. Nociception in atopic skin: mediators and their mechanisms inducing pruritus in AD (for references see text)

Mediator Induction of itch Mechanism References
PAF + Histamine liberator (Fjellner and Hagermark, 1985)
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tigation of itch mediators.

Inflammatory lipids (Table I)

Platelet activating factor (PAF) is a lipid mediator with a
potent pro-inflammatory activity and is released by several
inflammatory cells, including eosinophils (Czarnetzki and
Csato, 1989). Consequently, a wheal and flare reaction, as
well as pruritus, resulted after intradermal injection of PAF,
suggesting release of histamine (Fjellner and Hagermark,
1985) (Table I). Several PAF antagonists have been devel-
oped, and preliminary results of a double blind study using
a topically applied synthetic PAF antagonist showed a stat-
istically significant reduction of pruritus in patients with AD
during the first 2 weeks of therapy (Abeck et al., 1997).

Leukotrienes are products of several lipoxygenases.
Currently, the role of leukotrienes in the pathogenesis of
pruritus is speculative, although there is increasing evi-
dence of their relevance in elicitation of itch (Table I).
Andoh et al. (Andoh and Kuraishi, 1998) demonstrated
that intradermally injected leukotriene B4 (LTB4) was able
to provoke scratching in mice. LTB4 increased intracellular
Ca" concentration in cultured DRG neurons, which was
inhibited by an LTB4 receptor antagonist. The actions of
leukotrienes are mediated by leukotriene receptors. High
affinity leukotriene B4 receptor (BLT1) and low affinity leu-
kotriene B4 receptor (BLT2) are leukotriene receptors. It is
reported that BLT1, but not BLT2 receptor mRNA is ex-
pressed in the dorsal root ganglion (DRG). Many BLT1-
expressing neurons are small in size and positive for
TRPV1. BLT1-expressing fibers are present in the skin
and results suggest the expression of functional BLT1 re-
ceptors in sensory neurons (Andoh and Kuraishi, 2005).
Additionally, a correlation of nocturnal itch with high urinary
leukotriene E4 levels was demonstrated, suggesting that
increased production of leukotrienes may contribute to in-
duction of nocturnal itch in AD (Miyoshi et al., 1999).
Preliminary studies demonstrated reduction of pruritus in
AD patients during treatment with the leukotriene receptor
antagonists zafirlukast and zileuton, a 5-lipoxygenase in-
hibitor (Carucci et al., 1998; Woodmansee and Simon,
1999). Other metabolites of arachidonic acid such as pros-
taglandin E2 and E1 may be involved in the pathogenesis
of AD. Prostaglandin E2 evoked pruritus in AD patients
(Neisius et al., 2002) and prostaglandin E1 significantly
lowered itch threshold (Lovell et al., 1976). Thromboxane
A2 also has recently been reported to induce itch-asso-
ciated scratching (Andoh et al., 2007).

Our results showed that 12(S)-hydroperoxyeicosa-
57,8Z,10E,14Z-tetraenoic acid (12(S)-HPETE) induces a
scratching response in mice (Kim et al., 2007). Involve-

ment of BLT2 was demonstrated in the 12(S)-HPETE-in-
duced scratching response using highly a selective BLT2
agonist such as compound A (Kim et al., 2008b). Recently,
Ocuno reported that 12(S)-hydroxyheptadeca-5Z, 8E, 10E-
trienoic acid is a natural ligand for leukotriene B4 receptor 2
(Okuno et al., 2008), and we expect this lipid also induces
itch-scratch-response in mice via the BLT2 pathway.

Lysophosphatidic acid (LPA) is the simplest phospholi-
pid, being composed of a phosphate, a glycerol and a fatty
acid in its structure (Tigyi and Parrill, 2003). Lysophospha-
tidic acid is reported to induce a scratching response in
mice and release of histamine in mast cells. These effects
may be mediated by LPA receptors (Hashimoto et al.,
2004; Hashimoto et al., 2005).

Recently, many studies have suggested that sphingoli-
pids, especially sphingosine 1-phosphate, are involved in
the pathophysiology of mast cells (Price et al., 2008; Ryu
et al., 2009). We speculated that lipid byproducts from ab-
normal skin barrier disruption, such as SPC, might induce
the symptoms of atopic dermatitis. Thus we tested whether
sphingosylphosphorylcholine induces scratching response.
We found that SPC dose-dependently induces scratching
response in mice and these responses were specific for
D-erythro-form SPC (Kim et al., 2008c; Kim et al., 2009).
Andoh et al. reported that LTB4 from keratinocytes medi-
ates sphingosylphosphorylcholine-induced itch-associated
responses in mouse skin (Andoh et al., 2009). In addition,
SPC evokes the degranulation of mast cells and increases
the migration of mast cells into SPC-injected sites (Kim et
al., 2010). These results suggested the possibility that
SPC is not just a byproduct of abnormal skin barrier dis-
ruption, but could be a key factor for induction or ag-
gravation of AD symptoms, such as pruritus and in-
flammation (Imokawa et al., 1999; Kim et al., 2008c). It has
recently been demonstrated that SPC down-regulates filag-
grin gene transcription through NOX5-based NADPH oxi-
dase and cyclooxygenase-2 in human keratinocytes (Choi
et al., 2010). These findings also support our view that
SPC, a byproduct of abnormal skin barrier disruption, can
play an active role in pathophysiology of atopic dermatitis.

Histamine, and serotonin, proteinases and
proteinase-activated receptors (Table II)

Histamine is the most famous and well-studied prurito-
gen. Approximately 80 years ago, it was reported that in-
tramuscular histamine injections resulted in pruritus, sug-
gesting an important role of histamine in the pathogenesis
of itching (Stander and Steinhoff, 2002). It was reported
that pruritus, induced by the mast cell degranulating com-
pound 48/80 in AD patients, could not be relieved by cetir-
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Table Il. Nociception in atopic skin: mediators and their mechanisms inducing pruritus in AD (for references see text)

Mediator or receptor Induction of itch

Mechanism

References

Histamine (+) Direct binding to itch receptor
N
<T )
HN NH>
Serotonin +
HO
I
HN NH2
TFLLR-NH. (PAR-1), + Histamine dependent
AYPGKF-NH; (PAR-4)
SLIGRL-NH; (PAR-2) + Histamine independent
Acetylcholine + Not known
O \ 4
Substance P (SP) + Histamine liberator

Arg-Pro-Lys-Pro-GIn-GIn-
Phe-Phe-Gly-Leu-Met

Gastrin-releasing peptides + GRPR

Morphine

Opioid receptor

(Stander and Steinhoff, 2002)

Serotonin receptor 5-HT1, 5-HT2, 5-HT3 (Kim et al., 2008a; Weisshaar et al., 1997;

Yamaguchi et al., 1999)

(Tsuijii et al., 2008)

(Shimada et al., 2006)
(Stander and Steinhoff, 2002)

(Weidner et al., 2000)

(Sun et al., 2009)
(Yokoyama et al., 2009)

izine H1 blocker (Rukwied et al., 2000). The lack of effi-
cacy of currently used antihistamine medicines targeting
H1 and H2 receptors in AD has led to the hypothesis that
mast cell mediators, other than histamine, are the cause of
these conditions, or that other types of histamine receptors
exist (Rukwied et al., 2000; Badertscher et al., 2005).

The histamine H4 receptor is a newly discovered hista-
mine receptor, expressed on hematopoietic cells, and is
linked to the pathology of allergy and asthma (Yamaura et
al., 2009). Histamine and a selective histamine H4 re-
ceptor agonist caused scratching responses in mice,
which were almost completely attenuated in histamine H4
receptor knockout mice, or by pretreatment with the se-
lective histamine H4 receptor antagonist, JNJ 7777120 (1).
Pruritus induced by allergic mechanisms was also potently
inhibited by treatment with histamine H4 receptor antago-
nist and in histamine H4 receptor knockout mice. In all cas-
es, the inhibitory effect of a histamine H4 receptor antago-
nist was greater than that observed using histamine H1 re-
ceptor antagonists. The histamine H4 receptor-mediated
pruritus was shown to be independent of mast cells or oth-
er hematopoietic cells and may result from actions on pe-

ripheral neurons (Dunford et al., 2007). Recently, it has
been shown that polymorphism of the H4 receptor is asso-
ciated with AD (Yu et al., 2010).

Serotonin (5-HT) seems to be an important endogenous
mediator of acute itch. It produces a sensation of itch when
applied to the human skin (Weisshaar et al., 1997) and has
been suggested to be involved in the pruritus of poly-
cythemia vera (Fjellner and Hagermark, 1979; Fitzsimons
et al., 1981) and cholestasis (Schworer and Ramadori,
1995; Jones and Bergasa, 2000). We found that WAY100635
(3) and ketanserine (4) suppressed the 12(S)-HPETE-in-
duced scratching in mice (Kim et al., 2008a). These results
suggested that serotonin receptor 1 (5-HT1) and serotonin
receptor 2 (5-HT2) are involved in 12(S)-HPETE-induced
scratching response.

Paroxetine (2), a selective serotonin reuptake inhibitor
(SSRI), was shown to have antipruritic activity in the NC/
NGA mouse, an animal model for human AD. The mecha-
nism for the antipruritic effect of paroxetine (2) remains un-
clear, but it was suggested that antipruritic effects of parox-
etine (2) might be mediated through the same pathway as
the serotonin receptor, especially the 5-HT3 subtype (Jiang
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et al., 2007).

A role for proteinases, such as trypsin, papain and chy-
motrypsin as mediators of pruritus has been suggested for
over 40 years (Stander and Steinhoff, 2002). Tryptase may
be a key factor effecting itch responses in AD patients.
One important pathway for tryptase’s action in itch re-
sponses may be the activation of proteinase-activated re-
ceptors (PAR) by tryptase. It was reported that tryptase
binds to proteinase-activated receptor-2 (PAR-2) (Steinhoff
et al., 2000). The endogenous PAR-2 agonist tryptase was
increased up to fourfold in atopic dermatitis (AD) patients
and PAR-2 was markedly enhanced on primary afferent
nerve fibers in skin biopsies of AD patients (Steinhoff et al.,
2003). Tryptase activates PAR-2 on skin cells such as ker-
atinocytes and sensory nerves, thereby mediating in-
flammatory effects of mast cells. Intradermal injections of
SLIGRL-NH2 (10-50 pg), a well-known PAR-2 agonist,
evoked dose-dependent scratching.

Many studies have been conducted concerning the rela-
tionship between PAR-mediated and histamine-related
itching pathways. Activating peptides for PAR-1, PAR-2,
and PAR-4, but not PAR-3, induced scratching. The anti-
histamine, terfenadine, suppressed scratching elicited by
activating peptides for PAR-1 and PAR-4, but not PAR-2
(Shimada et al., 2006). Pretreatment of animals with a his-
tamine H1 receptor antagonist, pyrilamine, suppressed
histamine-induced scratching, but had little effect on
SLIGRL scratching. These results suggest that PAR-1,
PAR-2, and PAR-4 are involved in itch and that histamine
is a cause of itch related to PAR-1 and PAR-4, but not
PAR-2 (Tsuijii et al., 2008). Thus PAR-2 mediates hista-
mine independent itch (Shimada et al., 2006).

Neurotransmitter, neuropeptides and opioid peptides
(Table II)

Acethylcholine (Ach) is believed to play a major role in
eliciting itch sensations in patients with AD and is a trans-
mitter of the postganglionic sympathetic nervous system
innervating eccrine sweat glands (Stander and Steinhoff,
2002). Interestingly, increased Ach levels, as found in le-
sional skin of patients with AD, suggest that increased pro-
duction or release of Ach is implicated in the pathophysiol-
ogy of pruritus in AD (Stander and Steinhoff, 2002). Fur-
thermore, intradermal application of Ach resulted in pruri-
tus, instead of pain, in patients suffering from AD (Heyer
and Hornstein, 1999). Ach is also an important neuro-
transmitter for activating sweat glands, which may explain
itching during and after sweating in patients suffering from
AD (Stander and Steinhoff, 2002). Botulinum toxin type A
reduces histamine-induced itch and vasomotor responses

in human skin and is believed to be effective against itch,
as it inhibits the release of acetylcholine (Gazerani et al.,
2009).

Neuropeptides are relatively small peptides utilized by
neurons to communicate with adjacent cells or neurons. At
present, more than 100 different peptides are known to be
released by different neurons (Zhang et al., 2010). Several
reports support the idea that neuropeptides are involved in
the pathophysiology of itching in AD (Slominski and Worts-
man, 2000). It is well known that neuropeptides such as
substance P (Sub P), somatostatin, and neurotensin in-
duce itch. Sub P induces itch responses in humans by af-
fecting the action of histamine from mast cells (Weidner et
al., 2000). Alterations in the neuropeptide profile of nerve
fibers were observed in patients of AD. The number of
neuropeptide Y-positive nerve fibres and Sub P concen-
trations were increased in AD patients (Schmelz, 2001).
Stander and Steinhoff suggested that an imbalance of the
cutaneous nervous system may be an important factor in
the pathophysiology of pruritus in AD (Stander and Steinhoff,
2002). Significantly, the recent work by Sun and Chen,
published in the journal Nature, reported the existence of
an itch-specific, gastrin-releasing peptide (GRP)/gastrin-
releasing peptide receptor (GRPR) mediated signaling
pathway located within the dorsal horn of the spinal cord in
mice (Sun and Chen, 2007; Swain, 2008). GRP is a specif-
ic itch-signaling molecule within the spinal cord. GRP is a
bombesin-like peptide with high affinity for the bombesin
type 2 receptor, GRPR.

Opioids have been reported to play a role in itch induced
not only by histamine release from dermal mast cells, but
also through direct central and peripheral pruritogenic ef-
fects, in addition to their major well-known role in pain
(Stander and Steinhoff, 2002). Paraspinal application of
opioid analgesics frequently induces itching, and opioid re-
ceptor antagonists have an inhibitory effect on pruritus
(Stander and Steinhoff, 2002). The oral opioid receptor an-
tagonist, naltrexone, is more efficient at blocking hista-
mine-induced itch than the antihistamine, cetirizine (5)
(Heyer and Hornstein, 1999) in patients with AD. Itch
scratching responses induced by 12(S)-HPETE and SPC
also were blocked by naltrexone (Kim et al., 2007; Kim et
al., 2008b; Kim et al., 2008c). These results suggested that
opioid receptors might be located within the dorsal horn of
the spinal cord in mice, but it is also possible that opioid re-
ceptors, located in peripheral nerve ending, interact with
BLT2 or a hypothetical SPC receptor (not yet identified).
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ANTIPRURITIC THERAPY AND NEW
TARGETS OF ITCHING IN ATOPIC DERMATITIS

There are many reviews covering the therapy of pruritus
in diverse diseases, although existing therapies do not sat-
isfactorily fulfill the medical needs (Summey and Yosipo-
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targets for controlling pruritus.

Antipruritic therapy in atopic dermatitis (Fig. 1)

So far, most effective and consistent antipruritics are
systemic immunomodulators, such as cyclosporine A (6),
FK506 (7), ascomycines (8), mycophenolate mofetil (9),
INF-y and ultraviolet light therapy. The decreased itch in-
tensity may result from reduction of inflammatory cells and
alleviation of itch by direct action on nerve fibers (Yosipo-
vitch et al., 1996). However, serious side-effects can result
upon long-term application of immunomodulators, neces-
sitating development of new approaches in antipruritic
therapy.

Antihistamines are usually not effective unless the pruri-
tus is primarily mediated by histamine, e.g., urticaria, al-
though the sedative action of the first-generation H1 anti-
histamines may be useful in other cases of chronic pruritus
(Greaves, 2007). Recently, it has been demonstared that
the histamine H4 receptor (H4R) mediates inflammation
and pruritus in Th2-dependent dermal inflammation, such
as atopic dermatitis. Therefore, the H4R antagonist, JNJ
7777120 (1) also significantly inhibited the pruritus in a
mouse skin inflammation model (Cowden et al., 2010).

Oral doxepin (10), a tricyclic compound, is a powerful
antipruritic, retaining greater potency as an H1 antihist-
amine than any other available H1 antagonist (Figueiredo
et al., 1990). Doxepin 5% cream also reduces pruritic symp-
toms of atopic dermatitis. Patients treated with doxepin
should be cautioned regarding adverse side-effects, such
as systemic absorption and drowsiness. It should be used
carefully in patients with liver or cardiovascular disease
(Greaves, 2007). Long term use of doxepin induced con-
tact allergies (Shelley et al., 1996).

GRP Chloroquine Capsaicin SPC
111 1 e I
\ AL
GRP MrgprA3 TRPV1 Receptor
receptor receptor receptor (?)

TxA,
TP
receptor

Keratinocytes Dorsalroot

ganglion

Menthol (11) 1%, formulated in an aqueous cream or in
a moisturizer base, sensitizes thermal receptors to cold
and is considered a safe remedy that has been used for
centuries. Capsaicin (12) 0.025-0.3% cream is derived
from chili peppers, and induces the release of Sub P from
C nociceptors via vanilloid receptor (TRPV1), which de-
sensitizes nerve fibers, however, local irritation by cap-
saicin (12) can limit the use of this drug.

Opioid antagonists, including oral naltrexone (13), are
effective for a variety of other pruritic disorders (Metze et
al., 1999). Naltrexone (13), showed to be significantly more
effective than placebo in the treatment of pruritus in pa-
tients with chronic eczema and decreasing visual ana-
logue scale scores after 1 week (p <0.005) and 2 weeks (p
<0.001) (Malekzad et al., 2009). Butorphanol (14), a dual
p-receptor antagonist and k-receptor agonist, applied as a
nasal spray, has demonstrated remarkable promise for
treating intractable pruritus (Dawn and Yosipovitch, 2006).
Butorphanol, 2 mg/day, was effective in preventing pruritus
associated with continuous epidural infusion of morphine,
3.3 mg/day (Yokoyama et al., 2009), however, the applica-
tion of butorphanol in AD is not yet reported.

Gabapentin (15), a structural analogue of y-amino buty-
ric acid and an anticonvulsant, has been reported as a po-
tent antipruritic in one double blind placebo-controlled trial
in haemodialysis patients (Gunal et al., 2004). Gabapentin
has been reported to be administered systematically in
skin diseases (Ballmer-Weber and Dummer, 2007).

Leukotrienes are mainly produced by mast cells, and
contribute to the local inflammation and development of
pruritus. Two small studies suggested efficacy of a leuko-
triene antagonist or 5-lipoxygenase inhibitor in treatment of
AD patients (Capella et al., 2001; Taskapan, 2001), and

V Brain

Fig. 2. New emerging targets for anti-
pruritic control. This figure oversim-
plifies locations and structures of tar-
gets. Please see the references for de-
tailed informations.

Spinal cord
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montelukast (16) also reduces itching, sleep disturbance,
blood eosinophil count and serum IgE in children with AD.
However, larger controlled prospective studies are needed
to confirm these findings.

There is also evidence that type 4 phosphodiesterase
inhibitors have anti-inflammatory and antipruritic activities
in patients with AD (Hanifin et al., 1996). Other drugs that
can be used in controlling of pruritus of AD include mirtaze-
pine (17), a 5-HT3 receptor antagonist (Davis et al., 2003),
paroxetine (2), (Zylicz et al., 2003) and thalidomide (18)
(Daly and Shuster, 2000).

New emerging targets and the chances of new
antipruritics (Fig. 2)

Induction of scratching behaviour in response to prurito-
genic stimuli was significantly reduced in GRPR mutant
mice, whereas normal responses were evoked by painful
stimuli. Moreover, direct spinal cerebrospinal fluid injection
of a GRPR antagonist significantly inhibited scratching be-
haviour in three independent itch models (Sun and Chen,
2007; Sun et al., 2009). GRPR " neurons constitute a long-
sought labeled line for itch sensation in the spinal cord
(Sun et al., 2009). The pharmacological effects of GRPR
antagonists have been studied in many cancers (de Oliveira
et al., 2009; Sotomayor et al., 2010). These GRPR antago-
nists are expected to be useful in controlling the pruritus of
AD.

Itch induced by chloroquine (CQ; 18) is a common side
effect of this widely used antimalarial drug. Mrgprs, a
family of G protein-coupled receptors expressed exclusively
in peripheral sensory neurons, function as itch receptors.
Mice lacking a cluster of Mrgpr genes display significant
deficits in itch induced by CQ (18) but not by histamine. CQ
(18) directly excites sensory neurons in a Mrgpr-dependent
manner and specifically activates mouse MrgprA3 and
human MrgprX1. Loss- and gain-of-function studies de-
monstrate that MrgprA3 is required for CQ (18) respon-
siveness in mice. Furthermore, MrgprA3-expressing neu-
rons respond to histamine and coexpress gastrin- relea-
sing peptide, a peptide involved in itch sensation, and
MrgprC11 (Liu et al., 2009).

Several lines of novel evidence suggest the involvement
of new players in the process of itch (Biro et al., 2007).
Special attention has centered on the transient receptor
potential (TRP) superfamily, especially to the thermosensi-
tive members (Dhaka et al., 2006). The generally accepted
basis for therapeutic application of capsaicin (12) to control
itch is the well-accepted desensitizing effect of this va-
nilloid (Biro et al., 2007). The fact that itch pathway is clear-
ly sensitive to temperature changes indicates the involve-

ment of TRP channels. Recently, it is reported that patients
with allergic rhinitis may be abnormally sensitive to stim-
ulation of the ion channel transient receptor potential va-
nilloid-1 (TRPV1) and that TRPV1-activators also induce
itch (Alenmyr et al., 2009). Kim et al. already reported that
histamine activates TRPV1 after stimulating the phospholi-
pase A2/lipoxygenase pathway, leading to the excitation of
sensory neurons, and described the potential use of
TRPV1 antagonists as anti-itch drugs (Kim et al., 2004).
Therefore TRPV1 antagonists are expected to be novel
candidates for suppressing itch of atopic dermatitis.

Sphingosylphosphorylcholine (SPC), which is one of
breakdown products of abnormal skin barrier in AD pa-
tients, induced itch-associated scratch response in mice
(Kim et al., 2008c). SPC also induced the degranulation of
mast cells (Kim et al., 2009). From the fact that these ac-
tions of SPC are stereospecific, | can expect the existence
of a specific receptor. These results suggested that modu-
lation of SPC action and elucidation of the SPC target
might help to modulate the pruritus of atopic dermatitis.

Recently, Japanese groups have investigated the role of
keratinocytes in the itch circuit (Andoh, 2008). They dem-
onstrated that thromboxane A2 induces itch-scratching re-
sponse through thromboxane A2 receptor (TP) receptors
in the skin in mice (Andoh et al., 2007). These results sug-
gested that interaction between keratinocytes and sensory
nerves is involved in itch response and diverse receptors
and targets on keratinocytes might be candidates for con-
trolling the itch of atopic dermatitis. These views might be
supported by the existence of targets, such as TRPV1 and
TP receptors, on keratinocytes (Peier et al., 2002; Li et al.,
2007; Andoh, 2008).

SUMMARY AND FUTURE DIRECTIONS

There are no single, easily applicable, well-tolerated,
and universally effective pharmacological anti-itch drugs
for AD (Biro et al., 2007). Thus, controlling of itch is one of
key unmet needs in patients suffering from AD. Recent
progress has revealed that besides histamine, several me-
diators (pruritogens) such as neuropeptides, neurotrans-
mitters, proteinases and arachidonic derivates, such as
leukotrienes and prostaglandins, appear to play important
roles for the induction of pruritus during AD. Identifying
new pruritogens and related new targets mediating the
itch-scratching responses might help us to develop new
antipruritics for modulating the pruritus of atopic dermatitis.
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