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Highlights

® Interleukinin-31 (IL-31) induced scratching, an itch-associated response, in mice.

® |L-31-induced scratching was inhibited by TP thromboxane (TX) receptor antagonist.

® |L-31 receptors were expressed mainly in epidermal keratinocytes.

® |L-31 induced TXA; production in the skin and primary cultures of keratinocytes.

® The results suggest that IL-31 elicits scratching via epidermal TXAZ2 production.

ABSTRACT

Background: Atopic dermatitis is a chronic and severe pruritic skin disease. Interlukin-31 (IL-

31) has been recently demonstrated to be one of the key pruritogens in atopic dermatitis.

However, the mechanisms underlying IL-31-induced itching remains unclear. In our previous

study, we have shown that thromboxane (TX) Az is involved in itch-associated responses in

mice with atopy-like skin diseases.

Methods: IL-31 was given intradermally into the rostral back of ICR mice and the hind-paw

scratching to the injection site were counted. Expression of TX synthase and IL-31 receptors

were analyzed using immunohistochemical staining or RT-PCR in mouse skin or primary

cultures of mouse keratinocytes. The concentration of TXB,, a metabolite of TXA,, in the skin



and the culture medium of primary cultures of mouse keratinocytes was measured using enzyme

immunoassay. The concentration of intracellular Ca®* ions in mouse keratinocytes was measured

using the calcium imaging method.

Results: An intradermal injection of IL-31 elicited scratching, an itch-related response, in mice.

The scratching was inhibited by TP TXA: receptor antagonist DCHCH. The distribution of TX

synthase and IL-31RA receptor was mainly epidermal keratinocytes in the skin. The primary

cultures of keratinocytes expressed the mRNAs of TX synthase and IL-31 receptors. IL-31

increased the concentration of TXB2, which was inhibited by TX synthase inhibitor sodium

ozagrel and EGTA, in the skin and the culture medium of primary cultures of keratinocytes. IL-

31 increased the concentration of intracellular Ca®* ions in mouse keratinocytes.

Conclusion: It is suggested that IL-31 elicits itch-associated responses through TXA, produced

from keratinocytes.

Keywords: interleukin-31; thromboxane A; itch; thromboxane synthase; keratinocytes



Introduction

Interleukin 31 (IL-31) is a cytokine released from T cells, such as CD4"-Th2 cells, and

signals through a receptor complex comprising IL-31 receptor A (IL-31RA) and oncostatin M

receptor f (OSMR) [1,2]. IL-31 is involved in several allergic diseases, such as dermatitis,

allergic rhinitis and asthma [3]. Recent studies have shown that the expression of IL-31 mMRNA

is increased in the skin of patients with atopic dermatitis [4,5] and in animal models of atopic

dermatitis [6]. In addition, it has been reported that an anti-1L-31 antibody and an anti-1L-31

receptor antibody attenuated itching in atopic dermatitis patients [7] and scratching in an animal

model of atopic dermatitis [8-10]. An intradermal injection of I1L-31 elicits an itch-related

response in animals [11-15]. These findings suggest that IL-31 is an itch mediator.

Although intradermal IL-31 elicits itching, the peripheral underlying mechanisms of the

itching remains unclear. IL-31 elevates the concentration of intracellular Ca?* ions in the

primary cultures of dorsal root ganglia, suggesting that IL-31 directly activates primary

afferents and elicits itching [12]. IL-31 receptors are also expressed in epidermal keratinocytes

[2,14,16]. A recent study suggests that IL-31 induces itching through the itch mediators (such as

leukotriene (LT) B4 [14]) released from keratinocytes rather than the direct stimulation to

primary sensory neurons [16].



Thromboxane (TX) Az is produced by metabolizing arachidonic acid with cyclooxygenase

and TX synthase (TXSyn) and is spontaneously inactivated to TXB,. Although TXA; exerts

several pharmacological effects (e.g., platelet aggregation and inflammation) [17], recent studies

have shown that TXA: is a potent itch mediator [18] and TXA; released from epidermal

keratinocytes is involved in atopic dermatitis-related itching [19]. However, the underlying

mechanisms on the production of TXA; in keratinocytes remains unclear. IL-31 is a key

cytokine for itch in atopic dermatitis [7,8,9,10] and the receptors are expressed in keratinocytes

[14]. In this study, therefore, we investigated whether TXA; released from keratinocytes is

involved in IL-31-induced itching-related responses in mice.

Materials and methods

Animals

Male ICR mice (neonatal or 4-8 weeks old) were used in this study. Adult and pregnant

mice were purchased from Japan SLC (Shizuoka, Japan). The mice were housed in a room

under controlled temperature (21-23°C), humidity (45-65%), and light (lights on from 08:00 to

20:00 h). Food and water were freely available.



Chemical preparation and administration

Mouse IL-31 (BioVision, Milpitas, CA, USA) was dissolved in phosphate-buffered saline

(PBS) and injected intradermally into the interscapular region in a volume of 50 uL. DCHCH

(7-[20., 4a-(dimethylmethano)-6[3-(2-cyclohexyl-23-hydoxyacetamino)-1a-cyclohexyl]-5(Z)-

heptanoic acid) (Ono Pharmaceutical, Osaka, Japan) [14] and sodium ozagrel (Wako Pure

Chemical Industries, Osaka, Japan) were dissolved in tap water and 0.5% sodium

carboxymethyl cellulose, respectively. These agents were administered orally 1 h before the IL-

31 injection. For the in vitro studies, mouse IL-31 (BioVision) and sodium ozagrel (Wako Pure

Chemical Industries) were dissolved in basal medium (CnT-Prime Basal Medium, CELLNTEC

Advanced Cell Systems AG, Bern, Switzerland). O,0'-Bis(2-aminoethyl)ethyleneglycol-

N,N,N',N'-tetraacetic acid (EGTA) (Dojindo Laboratories, Kumamoto, Japan) was dissolved in

distilled water (pH 8.0) and diluted with CnT-Prime Basal Medium. Sodium ozagrel and EGTA

were administered 30 min before IL-31 application.

Behavioral experiments



The hair on the rostral back of the mouse was removed using hair clippers. The following

day, the behavioral experiments were conducted. Mice were placed individually in acrylic cages

(13 x 9 x 35 cm) composed of four compartments for at least 1 h for acclimation. Immediately

after intradermal injection of IL-31 or the vehicle, the mice were returned to the same cells, and

their behavior was recorded using a digital video camera (HDC-TM25, Panasonic CO., Osaka,

Japan) for 1 h with personnel kept out of the observation room. The digital recording was

reviewed to count the number of injection site scratches by the hind paws. A series of scratching

movements for about 1 s was considered as one bout of scratching [20].

Primary cultures of murine keratinocytes

The skin obtained from neonatal mice was treated with 0.05% collagenase A (Roche

Diagnostics GmbH, Mannheim, Germany) in serum-free MCDB 153 medium (Sigma-Aldrich,

St. Louis, MO, USA) containing 0.67% 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

(Dojindo, Kumamoto, Japan), 0.12% sodium bicarbonate (Wako Pure Chemical Industries Ltd.,

Osaka, Japan), 0.01% penicillin G (Meiji Seika Pharma Co., Ltd., Tokyo, Japan), and 0.006%

kanamycin (Wako Pure Chemical Industries Ltd.) at 4 °C overnight. The epidermal sheet was

removed from the dermis. The serum-free MCDB 153 medium including the epidermal sheets



were gently shaken and the keratinocytes were dissociated. The dissociated keratinocytes were

cultured in the keratinocyte growth medium (CELLnTEC Advanced Cell Systems AG, Bern,

Switzerland) on a collagen-coated 24—well plate, 6-cm-diameter plate, or glass bottom culture

plate.

Immunostaining

Mice were anesthetized with sodium pentobarbital (80 mg/kg, intraperitoneal) and were

transcardially perfused with PBS and then with 4% paraformaldehyde (PFA). The fixed skin

was immersed in 30% sucrose solution for more than 2 days. The tissue was embedded in

Tissue-Tekl O.C.T. Compound (Sakura Fineteck Co., Ltd., Tokyo, Japan) and the frozen

samples were sectioned at 10 um with a cryostat (Leica, Wetzlar, Germany). With respect to the

primary cultures of murine keratinocytes, the cells were washed with PBS and fixed with 4%

PFA. The skin sections and keratinocytes were washed with PBS and then treated with Protein

Block® (DAKO Co., Hamburg, Germany) followed by 0.3% Triton X-100 in PBS. These

samples were treated with rabbit anti-TXSyn antibody (1:500, Cayman Chemical, Ann Arbor,

MI, USA) [19] and goat anti-IL-31 receptor A (IL-31RA) antibody (1:500, R&D Systems, Inc.,

Minneapolis, MN, USA) [14] for absorption at 4 °C overnight. As negative control, normal




rabbit 1gG (Whole molecule) and normal goat 1gG (Whole molecule) (Wako Pure Chemical.,

Osaka, Japan) were used for 1% antibody.  After washing with PBS, the preparations were

incubated with Alexa Fluor 488-conjugated anti-rabbit IgG (1:1000, Life Technologies,

Carlsbad, CA, USA) and Cy3-conjugated antigoat-1gG (1:1000, J Jackson ImmunoResearch

Laboratories, Inc., West Grove, PA, USA) for 1 h at room temperature. Fluorescence signals

were observed using a fluorescence microscope (BX-61/DP70, Olympus, Tokyo, Japan).

Reverse transcription and polymerase chain reaction

The total RNA from the primary cultures of mouse keratinocytes was extracted using

TRIzol reagent® (Invitrogen Co., Carlsbad, CA, USA) and treated with DNase | (Takara Bio

Inc., Otsu, Japan). The total RNA (1 ng) was reverse transcribed using oligo (dT)1s primer and

Reverscript 111® (Wako Pure Chemical Industries Ltd.). cDNA was amplified using GoTaq®

Flexi DNA Polymerase (Promega Co., Madison, WI, USA) and the following primer pairs:

TXSyn (sense) 5'-ccctgtcctettetgagtge-3'; TXSyn (anti-sense) 5'-gectetgetgtgaacctttc-3, 1L-

31RA (sense) 5'-tgctgctatggcatgaagtc-3'; IL-31RA (antisense) 5'-tcaagtgccaacaagacagc-3',

OSMR (sense) 5'-taaaccaggcgtccgttac-3'; OSMR (antisense) 5'-aaggttttccacggtgagtg-3',

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (sense) 5'-ccaaggtcatccatgacaac-3';
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GAPDH (antisense) 5'-ttactccttggaggccatgt-3'. The reaction product was separated on a 2%

agarose gel and stained with ethidium bromide.

Enzyme immunoassay for TXB:

Mice were anesthetized with sodium pentobarbital (80 mg/kg, intraperitoneal) and were

transcardially perfused with PBS. The skin (8 mm in diameter) punched out was immediately

shredded with scissors. The shredded skin sample was added to 1 mL of ice-chilled ethanol

containing indomethacin (10 uM) and zileuton (10 uM) to inhibit cyclooxygenase and 5-

lipoxygenase, respectively. After homogenization and centrifugation (600 x g at 4 °C for 10

min), the supernatant (0.8 mL) was diluted with 5 mL of distilled water (pH3.0). The diluted

supernatant was applied to a Cig Sep-Pak cartridge (Waters, Milford, MA, USA) equilibrated

with methanol. The cartridges were washed with distilled water and then hexane. The lipids

were eluted with ethanol and the elution was evaporated. The residue was resuspended with an

enzyme immunoassay buffer (Cayman Chemical, Ann Arbor, MI, USA) for the TXB; assay. The

amount of TXB: was determined using an enzyme immunoassay kit (Cayman Chemical). To

measure the concentration of TXB: in mouse keratinocyte growth medium (CnT-Prime basal

medium; CELLNTEC Advanced Cell Systems AG) in a 24-well plate, the medium for the TXB,
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assay was obtained 20 min after IL-31 administration. Similar to the situation for the skin

samples, the concentration of TXB: in the culture medium was measured using the enzyme

immunoassay kit (Cayman Chemical). Cultured keratinocytes were washed with PBS and

treated with 1% Triton X-100 to solubilize the cell proteins. The protein concentration was

determined using a Bio-Rad Protein Assay Kit (Hercules, CA, USA). The concentration of

TXBs in the skin and the medium was normalized to a piece of skin (8 mm in diameter) and the

amount of protein in keratinocytes, respectively.

Measurement of intracellular Ca®* concentration

Primary cultures of murine keratinocytes were incubated with 10 uM fluo-3/AM (Dojindo,

Kumamoto, Japan) in Opti-MEM® (Life Technologies) containing 0.05% poloxamer

(Calbiochem, Dermstadt, Germany) at 37 °C for 30 min. The cells were washed with the buffer

[115 mM NaCl, 5 mM KCI, 2.5 mM CaCl;, 0.4 mM KH2POj, 0.4 mM Na;HPO4, 20 mM

HEPES, 10 mM glucose, pH 7.4] for calcium imaging. Intracellular Ca®* concentration was

measured fluorometrically at an excitation of 488 nm and an emission between 515-545 nm

using a laser-scanning microscope system (MiCAMO02, Brainvision Inc., Tokyo, Japan).
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Statistical analysis

Data were presented as means £ SEM. Statistical significance was analyzed using one-way

analysis of variance followed by a post-hoc Holm-Sidak test. p <0.05 was considered

statistically significant.

Results

Effects of TP thromboxane receptor antagonist on IL-31-induced scratching in mice

Our previous study has shown that an intradermal injection of IL-31 at doses of 10 to 100

ng per site elicits dose-dependently hind-paw scratching in mice [14]. Thus, in this study, we

used the dose of 100 ng/site of IL-31.

An intradermal injection of IL-31 (100 ng/site) significantly increased the amount of

scratching in mice, compared with the vehicle control (Fig. 1). The TP receptor antagonist

DCHCH (30 and 100 mg/kg) [19] significantly inhibited IL-31-induced scratching (Fig. 1).

Additionally, DCHCH (100 mg/kg) did not affect scratching induced by vehicle for I1L-31 (Fig.
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1).

Distribution of thromboxane synthase (TXSyn) and 1L-31 receptor A (IL-31RA) in murine skin

The immunoreactivities of TXSyn and IL-31RA were mainly localized in the epidermis

(Fig. 2a). The immunoreactivity of IL-31RA was also observed the fibrous-like

immunoreactivity in the dermis, but not in the epidermis (Fig. 2a)._In negative control using

non-specific 1gG, any fluorescent signal was not shown (Fig. 2a). In primary cultures of dermal

fibroblasts, OSMRB mRNA, but not TXSyn mRNA and IL-31RA mRNA, were expressed (Fig.

2b).

IL-31 induced production of TXA in murine skin

An intradermal injection of IL-31 (100 ng/site) induced TXA: production, as determined

by an increase in TXB- concentration, in murine skin (Fig. 3). The production of TXA; induced

by IL-31 was inhibited by the TXSyn inhibitor sodium ozagrel (10 and100 mg/kg) [21] (Fig. 3).

Moreover, sodium ozagrel (100 mg/kg) did not affect TXA; production in the skin treated with

vehicle for IL-31 (Fig 3).
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Effect of sodium ozagrel on IL-31-induced scratching

An intradermal injection of IL-31 (100 ng/site) significantly increased the amount of

scratching in mice, compared with the vehicle control (Fig. 4). The TXSyn inhibitor sodium

ozagrel (100 ma/kg) was enhanced the scratching (Fig. 4). Additionally, sodium ozagrel (100

ma/kq) did not affect scratching induced by vehicle for IL-31 (Fig. 4).

IL-31 induced production of TXA; in primary cultures of murine keratinocytes

TXSyn and IL-31 receptor (IL-31RA and OSMR) mRNA were expressed in primary
cultures of mouse keratinocytes (Fig. 5a). In addition, the immunoreactivities of both TXSyn
and IL-31RA were observed in mouse keratinocytes (Fig. 5b). 1L-31 (2 ug/ml) significantly
increased the production of TXA,, as determined by an increase in TXB: concentration, in
mouse Kkeratinocytes (Fig. 5¢). IL-31-induced TXA; production was inhibited significantly by
TXSyn inhibitor sodium ozagrel (10 uM) [22] and Ca?" ion chelator EGTA (1 mM) [23]. In
addition, anti-1L-31RA antibody (10 ug/mL) [14] significantly inhibited IL-31-induced TXA;
production (Fig. 5¢). Since IL-31-induced TXA: production was inhibited by EGTA, it was
examined whether IL-31 increased the concentration of intracellular Ca?* ions. 1L-31 (2 pg/mL)

significantly increased the concentration of intracellular Ca®* ions in mouse keratinocytes,
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compared with the vehicle control (Fig. 5d). EGTA (1 mM) inhibited the concentration of

intracellular Ca** ions induced by IL-31 (Fig. 5d).

Discussion

An intradermal injection of IL-31 elicited scratching, an itch-related response, and

increased cutaneous TXA; production in mice (Fig. 1 and 3). IL-31-induced scratching was

inhibited by TP receptor antagonist DCHCH (Fig. 1). IL-31 also increased TXA: production in

murine skin (Fig. 3). Therefore, these findings suggest that TXA: plays an important role in IL-

31-induced scratching.

TXSyn is a key enzyme involved in the production of TXA; [24]. In the skin, TXSyn was

mainly expressed in epidermal keratinocytes (Fig. 2). The distribution of TXSyn in this study is

supported by our previous reports [18,19]. We also detected TXSyn in primary cultures of

murine keratinocytes (Fig. 5). Although cutaneous mast cells also expressed TXSyn and induced

TXA: production via an immunological stimulation, the production is very low, compared with

other arachidonic acid metabolites, such as prostaglandin (PG) D and leukotriene (LT) C4 [25].

In addition, we did not observe both TXSyn (Fig. 2) in the dermis and TXSyn mRNA in
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fibroblasts (Fig. 2b). Taken together, the results suggest that TXA; is mainly produced in

epidermal keratinocytes in the skin.

IL-31 binds to a heterodimer composed of IL-31RA and OSMR [2]. In this study, IL-

31RA was mainly expressed in the epidermal keratinocytes of the skin (Fig. 2a). In addition, IL-

31RA protein expression and the expression of 1L-31 receptors (IL-31RA and OSMRf) mMRNA

was demonstrated in primary cultures of murine keratinocytes (Fig. 5). This coincides with

several reports that have shown that IL-31 acts on keratinocytes [2,14,26]. Our previous report

has also shown that IL-31 receptors are expressed in primary afferents, based on the fact that the

receptors were expressed in murine skin and that their mRNA was detected in primary cultures

of murine dorsal root ganglia [14]. Thus, in this study, our results suggested that the fibrous

forms showing immunoreactivity for IL-31RA in the dermis were primary afferents. Transient

Receptor Potential Vanilloid 1 (TRPV1) -positive C-fibers are involved in scratching induced by

pruritogens [27,28] and allergies [29]. IL-31 elicits scratching through IL-31RA(+)/TRPV1(+)

neurons [12]. Thus, a part of IL-31 may act directly to primary afferents in the skin. Mast cells

are wildly distributed in the skin and are involved in itch. It has been reported that mast cells

express IL-31 receptor [2]. However, we did not detect immunoreactivity of IL-31RA in

cutaneous mast cells and IL-31 elicited scratching in mast cell-deficient mice [14]. Furthermore,

IL-31-induced scratching was not inhibited by H; histamine receptor antagonist [14]. Therefore,
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the role of mast cells may be small on IL-31-induced scratching. In addition, there are

fibroblasts in dermis. Fibroblasts are known to express OSMR [30], and primary cultures of

mouse fibroblasts expressed OSMR mRNA, but not IL-31RA mRNA (Fig. 2b). Taken

together, it is suggested that IL-31 acts mainly keratinocytes and primary afferents.

TXSyn and IL-31 receptors were co-localized in epidermal keratinocytes and IL-31

increased TXA; production, which was inhibited by the TXSyn inhibitor sodium ozagrel and

anti-IL-31RA antibody (Fig. 5). Thus, it is suggested that keratinocytes are the main TXA;

producing cells in the skin. The mechanisms underlying IL-31-induced TXA; production in

keratinocytes remain unclear, but may stem from signaling through one of the 11-31-related

pathways (i.e., the PISK/AKT, Jak/STAT, and MAPK pathways) [31]. PGH: is a substrate of

TXSyn for the production of TXA;, and is produced through the oxidation of arachidonic acid

catalyzed by cyclooxygenase. Arachidonic acid is produced by phospholipase Az, which is

activated by an increase in intracellular Ca** ions [32]. In this study, IL-31 increased

intracellular Ca*" ions in primary cultures of murine keratinocytes, and this effect was inhibited

by the Ca?* ion chelator EGTA (Fig. 5). In addition, IL-31-induced TXA, production was also

inhibited by EGTA. Thus, as a possible mechanism, IL-31-induced Ca?* influx may be involved

in the production of TXA..

TP receptors are expressed in primary afferent neurons [18,19]. In primary cultures of
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dorsal root ganglion neurons, TP receptors are expressed in small-size neurons [18], which are

characterized by unmyelinated C-fibers [33,34]. C-fibers play an important role in itch

transmission [35,36]. An intradermal injection of TXA; analogue U-46619 elicits itch-related

responses in mice, but not in TP receptor-deficient mice [18]. U-46619 also increases

intracellular Ca*" ions through TP receptors and L-type calcium channel in primary cultures of

dorsal root ganglion neurons [18], suggesting that the activation of TP receptors induces

membrane depolarization [37]. These findings suggest that TXA: released from keratinocytes

acts directly on primary afferent neurons and elicits scratching.

In this study, the TXSyn inhibitor sodium ozagrel inhibited IL-31-induced TXA;

production in the skin and primary cultures of murine keratinocytes. However, sodium ozagrel

did not inhibit IL-31-induced scratching but rather enhanced scratching (Fig. 4). TXA: is

produced by metabolizing PGH; with TXSyn. PGH is also a substrate for PGE; synthase. It is

well known that PGE: is an itch mediator and enhancer [38]. Thus, the inhibition of TXSyn may

increase PGE; production and enhance scratching. In our preliminary experiments using a

mouse model of atopic dermatitis, sodium ozagrel inhibited cutaneous TXA; production, but

enhanced spontaneous scratching (data not shown). Furthermore, a similar phenomenon was

observed when a cyclooxygenase inhibitor was used. LTB4, which is produced when 5-

lipoxygenase metabolizes arachidonic acid, is a potent pruritogen [39]. Substance P-induced
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scratching is inhibited by glucocorticoids, phospholipase Az inhibitor, LTB4 receptor antagonist

and 5-lipoxygenase inhibitor, but is enhanced by cyclooxygenase inhibitors [40]. This

phenomenon may be due to increased LTB,4 production by the inhibition of cyclooxygenase.

Taken together, it appears that a receptor antagonist rather than an enzyme inhibitor is more

suitable for regulation of the itching response involving arachidonic acid metabolites.

In conclusion, IL-31 elicits an itch-associated response not only through direct action on

primary sensory neurons, but also through TXA: production in keratinocytes.
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Figure legends

Fig. 1. Effects of TP receptor antagonist on IL-31-induced scratching in mice. 1L-31 (100
ng/site) or the vehicle (VH2) was injected intradermally. TP receptor antagonist DCHCH or the
vehicle (VH1) was administered orally 60 min before IL-31 or VH2 injection. Data are

presented as mean = SEM. (n = 8). *p < 0.05 (Holm-Sidak test).

Fig. 2. Distribution of thromboxane synthase (TXSyn) and IL-31 receptor A (IL-31RA) in
mouse skin. (a) The typical examples of the distribution of TXSyn and IL-31RA in the mouse
skin. TXSyn (green) and IL-31RA (red) were immunostained in the rostral back skin. Right

panels show negative control using non-specific 1gG for rabbit or goat. Nuclei were

counterstained in blue with DAPI. Scale bar: 50 um. (b) Expression of thromboxane synthase

(TXSyn), IL-31 receptor A (IL-31RA), oncostatin M receptor f (OSMRS), and glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) in mouse fibroblasts. Typical examples of the bands of

TXSyn, IL-31RA, OSMRp, and GAPDH mRNAs are shown. These mRNAs were detected by

RT-PCR.

Fig. 3. IL-31-induced thromboxane (TX) Az production in the skin. Since TXA; is altered
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spontaneously to form inactive TXB:, the TXB: content in the assay medium was measured by

an enzyme immunoassay. IL-31 (100 ng/site) or the vehicle (VH2) was injected intradermally.

Sodium ozagrel (OZG: 10 and 100 mg/kg) and the vehicle (VH1) were administered orally 60

min before IL-31 or VH2 injection. The concentration of TXB; in the tested medium was

determined 30 min after IL-31 application. Data are presented as mean £ SEM. (h = 6-7). *p <

0.05 (Holm-Sidak test).

Fig. 4. Effect of sodium ozagrel on IL-31-induced scratching. 1L-31 (100 ng/site) or the vehicle

(VH2) was injected intradermally. Sodium ozagrel (OZG: 100 mg/kq) and the vehicle (VH1)

were administered orally 60 min before IL-31 or VH2 injection. Data are presented as mean +

SEM, (n = 6). *p < 0.05 (Holm-Sidak test).

Fig. 5. IL-31-induced thromboxane (TX) A2 production in primary cultures of mouse

keratinocytes. (a) Expression of thromboxane synthase (TXSyn), IL-31 receptor A (IL-31RA),

oncostatin M receptor § (OSMR) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

in mouse keratinocytes. Typical examples of the bands of TXSyn, IL-31RA, OSMRf and

GAPDH mRNAs are shown here. These mRNA were detected by RT-PCR. (b) TXSyn and IL-

31RA immunoreactivity in mouse keratinocytes. Scale bar: 100 um. (c) IL-31-induced TXA;
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production in mouse keratinocytes. Mouse keratinocytes were treated with sodium ozagrel

(0OZG: 10 uM), EGTA (1 mM), the vehicle (VH1), non-specific 1gG (nlgG: 10 ug/mL) and anti-

IL-31RA (IL-31RAab: 10 png/mL), and were treated 30 min before IL-31 (2 ug/mL) or VH2

exposure. The culture medium was collected 10 min after IL-31 or VH2 treatment. Since TXA;

is altered spontaneously to form inactive TXB,, the TXB, content in the assay medium was

measured by an enzyme immunoassay. The TXB; content was normalized by the protein

extracted form keratinocytes. Data are presented as mean £ SEM. (n = 6). *p < 0.05 (Holm-

Sidak test). (d) Increase in intracellular Ca?* ions in mouse keratinocytes treated with 1L-31. IL-

31 (2 ng/mL) or the vehicle (VH) was applied to mouse keratinocytes and the concentration of

intracellular Ca*" ions was measured using a laser-scanning microscope system (see Materials

and methods). EGTA (1 mM) was applied 5 min before IL-31 application. The left panel shows

a typical example of a time-course of IL-31- or VH-induced changes in the concentration of

intracellular Ca*" ions (fluorescence) in mouse keratinocytes, and the right panel shows

maximum changes in the increase of intracellular Ca®* ions. Data are presented as mean + SEM,

(n =15 cells). *p < 0.05 (Holm-Sidak test). These experiments were repeated more than three

times, with similar results.
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