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Abstract

We investigated the effects of S-777469 (1-[[6-Ethyl-1-[4-
fluorobenzyl]-5-methyl-2-oxo-1, 2-dihydropyridine-3-car-
bonyllamino]-cyclohexanecarboxylic acid), a novel cannabi-
noid type 2 receptor (CB2) agonist, on 1-fluoro-2,4-dinitro-
benzene (DNFB)-induced ear inflammation and mite
antigen-induced dermatitis in mice. The oral administration
of S-777469 significantly suppressed DNFB-induced ear
swelling in a dose-dependent manner. In addition, S-777469
significantly alleviated mite antigen-induced atopic derma-
titis-like skin lesions in NC/Nga mice. A histological analysis
revealed that S-777469 significantly reduced the epidermal
thickness and the number of mast cells infiltrating skin
lesions. We demonstrated that S-777469 inhibited mite
antigen-induced eosinophil accumulation in skin lesions
and an endogenous CB2 ligand, 2-arachidonoylglycerol
(2-AG)-induced eosinophil migration in vitro. Moreover, we
confirmed that 2-AG levels significantly increased in skin

lesions of mite antigen-induced dermatitis model. Together,
these results suggest that S-777469 inhibits skin inflamma-
tion in mice by blocking the activities of 2-AG.

©2017 S. Karger AG, Basel

Introduction

Cannabinoids such as A’-tetrahydrocannabinol, the
primary constituent of Cannabis sativa, and their natural
and synthetic analogs have a wide range of pharmaco-
logical effects on the central nervous system (CNS) and
immune system [1-3]. There are 2 primary types of can-
nabinoid receptors, cannabinoid type 1 (CB1) and can-
nabinoid type 2 (CB2), both of which couple with
G-proteins. CB1 is found in abundance in the CNS, and
evidence suggests that CB1 is involved in the regulation
of higher brain functions such as memory, motion, and
pain sensation [4]. CB2 is primarily found in peripheral
organs and cells associated with the immune system,
including spleen, tonsils, and thymus, and in B lympho-
cytes, natural killer cells, and macrophages/monocytes
[5]. This suggests that CB2 plays a key role in the regula-
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tion of inflammation. Indeed, several selective CB2 ago-
nists with anti-inflammatory effects have been reported
[6-10].

The principal endogenous CB2 ligand, 2-arachidon-
oylglycerol (2-AG), acts as an agonist [11-13]. Previous
studies have reported that 2-AG induces the migration of
several types of leukocytes, including human eosinophil-
icleukemia EoL-1 cells, macrophage-like HL-60 cells, hu-
man peripheral blood monocytes, mouse splenocytes,
and microglia, via a CB2-dependent mechanism [14-17].
In addition, 2-AG and CB2 have been implicated in the
inflammation in in vivo mouse models of hapten-induced
contact dermatitis [18, 19], 12-O-tetradecanoylphorbol
13-acetate-induced acute inflammation [20], and carra-
geenan-evoked peritonitis [21].

Recently, we identified S-777469 (1-[[6-Ethyl-1-[4-
fluorobenzyl]-5-methyl-2-oxo-1,  2-dihydropyridine-
3-carbonyl]amino]-cyclohexanecarboxylic acid) to be a
novel, selective CB2 agonist [22].Ina previous report, we
demonstrated that S-777469 selectively binds and acti-
vates CB2, but not CB1, and that it exerted an anti-pru-
ritic effect on mice without inducing CNS-associated side
effects [23]. In this study, we investigated whether
S-777469 has an anti-inflammatory activity. We exam-
ined the effect of S-777469 in mouse models of hapten-
induced ear inflammation and mite antigen-induced
atopic dermatitis. In addition, we investigated the effect
of S-777469 on 2-AG-induced EoL-1 cell migration. Our
results suggest that S-777469 inhibits inflammation
via the inhibition of 2-AG-induced inflammatory cell
migration.

Materials and Methods

Mice

Female Balb/c and NC/Nga mice were purchased from Charles
River Japan (Yokohama, Japan). The mice were housed in an en-
vironment with controlled temperature (20-26°C), humidity (30—
70%), and lighting. The lights were on from 08:00 to 20:00 for the
Balb/c mice and from 06:00 to 18:00 for the NC/Nga mice. Food
and tap water were provided ad libitum. The animal experiments
in this study were approved by the Animal Care and Use Commit-
tee of Shionogi Research Laboratories.

Drugs and Chemicals

S-777469 was synthesized in our laboratories. The following
drugs and reagents were also used in this study: 1-fluoro-2,4-dini-
trobenzene (DNFB; Nacalai Tesque, Kyoto, Japan), prednisolone,
acetone (Sigma-Aldrich, St. Louis, MO, USA), olive oil, methylcel-
lulose (MC), sodium n-butyrate (Wako Pure Chemicals, Osaka,
Japan), hydrophilic petrolatum (Maruishi, Osaka, Japan), and
2-AG (Cayman Chemical, Ann Arbor, MI, USA).
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The optimal dosages or concentrations of S-777469 and
prednisolone in each experiment were determined in preliminary
experiments. The dose of prednisolone which exerted the highest
effect without apparent side effects such as weight loss was deter-
mined.

DNFB-Induced Ear Model of Inflammation

Before first sensitization, the abdominal hair of Balb/c mice was
shaved using an electric clipper after the mice were anesthetized
with ether. The mice were sensitized on days 0 and 1 by painting
the shaven abdomen with 30 pL of 0.5% DNFB dissolved in ace-
tone/olive oil (4:1). On days 6 and 8, mice were challenged by ap-
plying 10 uL of 0.3% DNFB to both surfaces of right and left ears.
The negative control mice were treated with an acetone/olive oil
(4:1) mixture, and S-777469 and prednisolone suspended in 0.5%
MC were orally administered once daily from days 6 to 9. On the
challenge days (days 6 and 8), either S-777469 or the negative con-
trol 0.5% MC were administered within 30 min after the DNFB
challenge. Ear swelling was used as an index of ear inflammation
and was measured using a thickness gauge (SM-112; Teclock,
Nagano, Japan). Ear thickness was measured daily from days 6
to 10. On the challenge days (days 6 and 8), ear swelling was
measured before the DNFB challenge. The mean value of the
absolute thickness of both ears was calculated.

Mite Antigen-Induced Model of Dermatitis

Mite antigen-induced dermatitis was established using a pre-
viously described protocol [24, 25]. On the day of first mite-
antigen induction of dermatitis (day 0), mice were anesthetized
with ether, and the hair on the dorsal-rostral skin of the NC/Nga
mice was clipped using an electric clipper. Residual hair was de-
pilated using a hair removal cream (Kracie, Tokyo, Japan). The
antigen challenge consisted of a topical application of 100 mg of
Dermatophagoides farinae body (Dfb) ointment to the dorsal
shaved skin and the surface of both ears. On days 3, 7, 10, 14,
and 17, hair that had regrown was removed using an electric
clipper and an electric shaver. The skin barrier was disrupted by
applying 150 uL of 4% sodium dodecyl sulfate to the shaved dor-
sal skin and the surface of both ears 3 h before Dfb ointment was
applied.

The following 4 parameters were assessed to score the degree
of dermatitis: (1) erythema/hemorrhage; (2) scarring/dryness; (3)
edema; and (4) excoriation/erosion. Each parameter was scored as
either 0 (none), 1 (mild), 2 (moderate), or 3 (severe). The derma-
titis score was calculated as the sum of individual scores.

The effect of S-777469 on chronic dermatitis was evaluated
in mice with a dermatitis score greater than 3 on day 14, and a
score of 5-10 on day 21. S-777469 was administered once orally
on day 21, and twice daily from days 22 to 33. In the predniso-
lone-treated group, prednisolone was orally administered once
daily from days 21 to 33. Mice were sacrificed on day 34, and
histopathological changes in the skin lesions were subsequently
evaluated.

To investigate the effect of S-777469 on eosinophil infiltration
into the dermis, the mice were re-challenged with Dfb ointment
on day 21. S-777469 was administered immediately before, and
16 h after the application of the Dfb ointment. Mice in the control
group were sacrificed on day 21 (the day of the last antigen chal-
lenge) while mice in the treated group were sacrificed on day 22
(24 h after the last antigen challenge).
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Histopathological Analysis

Portions of the dorsal skin were fixed with 10% neutral forma-
lin, embedded in paraffin, and sectioned with a thickness of 4 pm.
The sections were stained with hematoxylin-eosin (H&E), tolu-
idine blue (TB; pH 4.1), or direct fast scarlet (DFS).

The thickness of the epidermis was measured using a computer
digitizing system consisting of a light microscope with camera
(DXM1200; Nikon, Tokyo, Japan) and software (Image-Pro Plus;
Media Cybernetics, Silver Spring, MD, USA). The computer pro-
gram was configured to determine the epidermal thickness of the
H&E-stained sections mounted on the slides. The slides were eval-
uated on a microscope with a 20x objective lens. Fields of view
(336.9 x 252.5 pm) lacking hair follicles were randomly selected,
and 5 fields of view for each sample were evaluated.

Mast cells stained with TB and eosinophils stained with DFS in
a 1 mm width from the epidermis to the panniculus adiposus were
counted using a squared eyepiece micrometer under a microscope
at a magnification of 400x.

Inhibition of 2-AG-Induced EoL-1 and HL-60 Cell

Chemotaxis by S-777469

EoL-1 and HL-60 cell chemotaxis was assayed using a Che-
motaxicell (5 pm pore size; Kurabou, Osaka, Japan) in 24-well
culture plates (Corning, Corning, NY, USA). EoL-1 cells differ-
entiate into eosinophils after 5 days in culture with 0.5 mmol/L
sodium n-butyrate, while HL-60 cells differentiate into mono-
cytes after 6 days in culture with 100 nmol/L 1,25-(OH)2 vitamin
D3 in a 37°C in a humidified atmosphere of 5% CO, [26, 27].
Differentiated EoL-1 or HL-60 cells were washed 3 times with
pre-warmed CT-buffer (RPMI 1640 medium supplemented with
0.5% fetal bovine serum and 10 mmol/L HEPES 7.55). EoL-1 cells
(4 x 10° cells) and HL-60 cells (2.5 x 10° cells) were suspended
in 200 uL of CT-buffer and transferred to the Chemotaxicell
(the upper well). 2-AG and/or S-777469, or DMSO in 600 uL of
CT-buffer was added to each well of the culture plates in the
lower well. After 4 h incubation at 37°C in a humidified atmo-
sphere of 5% CO,, cells that had migrated from the upper well to
the lower well were counted using a CDA-500 particle counter
(Sysmex, Hyogo, Japan).

Extraction of 2-AG

We obtained 8 mm punch biopsies from the dorsal skin of the
mice. These biopsy samples were weighed, dissected, and immedi-
ately frozen in liquid nitrogen. Skin samples were homogenized in
pre-chilled saline (9 times the volume [uL] of the skin sample) in
a TissueLyser (25 Hz, 5 min). A solution of acetonitrile/methanol
(1:1; 200 pL) was added to 50 L of the homogenate, and the mix-
ture was vortexed for 5 min. The supernatants were centrifuged
(25°C, 12,000 rpm, 5 min), collected, and analyzed using liquid
chromatography-tandem mass spectrometry (LC-MS/MS).

LC-MS/MS Analysis of 2-AG Levels

The LC-MS/MS analysis was conducted using a Prominence
system (Shimadzu Corporation, Kyoto, Japan) and an API 5000
triple quadrupole mass spectrometer (MDS-Sciex, Toronto,
Canada). A 10 pL sample was injected into a Cadenza CD-C18
analytical column (3.0 x 50 mm, 3 um; Imtakt, Kyoto, Japan) at
60°C and eluted using a linear gradient with a mobile phase of
acetonitrile/water/formic acid (500:500:1). The total run time was
14 min, and the flow rate was 0.5 mL/min.

S-777469 Suppresses Skin Inflammation
in Mice

To evaluate 2-AG, the mass spectrometer was operated in pos-
itive ion, electrospray ionization mode, and 2-AG-dg was used as
an internal standard. Multiple reaction monitoring (MRM) for
each analyte was conducted with the selected [M+H]* ion, and
transitions were monitored using m/z 379.2 > 287.0 for 2-AG and
m/z 387.2 > 294.2 for 2-AG-dg. Mass spectrometer parameters
were optimized for MRM transitions, as indicated by the adjust-
ment of the declustering potential to 91 V and collision energy to
19 eV.

Statistical Analysis

Data are expressed as mean + SE or mean + SD. Statistically
significant differences were assessed using Welch’s ¢ test or
Dunnet’s test, with the exception of dermatitis scores. These were
statistically analyzed using pair-wise comparisons based on re-
peated ANOVA measurements and a mixed-effects model. p val-
ues <0.05 were considered statistically significant.

Results

Effect of S-777469 on DNFB-Induced Ear Swelling

The shaved abdominal skin of Balb/c mice was sensi-
tized with DNFB on days 0 and 1, and the mice were
subsequently challenged on both surfaces of their right
and left ears with DNFB on days 6 and 8. After the first
DNEFB challenge, ear thickness markedly increased in
the vehicle-treated group compared with the nega-
tive control mice, and this effect persisted until day 10
(Fig. 1). To determine the effect of S-777469 on DNFB-
induced ear swelling, S-777469 (1, 3, or 10 mg/kg)
was orally administered once daily from days 6 to 9. The
effect of S-777469 was compared with prednisolone
(1 mg/kg). S-777469 (3 and 10 mg/kg) significantly in-
hibited ear swelling from days 7 to 10. Prednisolone
also suppressed ear swelling, and the effect was signifi-
cant from days 8 to 10 (Fig. 1). However, the efficacy of
§-777469 (10 mg/kg) was superior to prednisolone
(1 mg/kg).

Effect of S-777469 on Mite Antigen-Induced Dermatitis

Repeated application of Dfb ointment following bar-
rier disruption induced atopic dermatitis-like chronic
skin lesions in NC/Nga mice. Therefore, we evaluated
the efficacy of S-777469 using this mouse model. In the
vehicle-treated group, skin inflammation persisted for
13 days even though the mice received no additional ap-
plications of the Dfb ointment. S-777469 (10 and 30 mg/
kg twice daily) reduced dermatitis scores in a dose-de-
pendent manner, and the 30 mg/kg dose provided sta-
tistically significant improvements compared with the
vehicle. Prednisolone (5 mg/kg once daily) also reduced
dermatitis significantly (Fig. 2). H&E staining of the skin
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Fig. 1. The effect of S-777469 on DNFB-induced ear swelling. Mice
were sensitized on days 0 and 1 by painting 30 uL of 0.5% DNFB
onto the shaved abdomen. On days 6 and 8, the mice were chal-
lenged by applying 10 pL of 0.3% DNFB onto both surfaces of the
right and left ears. The negative control mice were treated with
acetone/olive oil (4:1). S-777469, prednisolone, and the vehicle
(0.5% MC) were orally administered once daily from days 6 to
9 (n=7). Data are presented as mean + SE. ## p < 0.01 vs. negative
control (Welch’s t test), * p < 0.05, ** p < 0.01 vs. vehicle (Dunnett’s
test).

lesions demonstrated that acanthosis (epidermal thick-
ening) and inflammatory cell infiltration into the dermis
occurred in the vehicle-treated group (Fig. 3). S-777469
significantly inhibited epidermal thickening in a dose-
dependent manner compared with the vehicle control.
S-777469 at doses of 10 and 30 mg/kg reduced the epi-
dermal thickness by 34 and 52%, respectively, on day 34
(13 days after the first administration). In contrast,
prednisolone did not inhibit epidermal thickening com-
pared with the vehicle control (Fig. 3a, c¢). Moreover,
S-777469 suppressed inflammatory cell infiltration in
H&E-stained sections and significantly reduced the
number of mast cells in TB-stained sections compared
with the vehicle-treated group. S-777469 at doses of 10
and 30 mg/kg reduced the mast cell number by 25 and
40%, respectively, on day 34 (13 days after the first ad-
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Fig. 2. The effect of S-777469 on mite antigen-induced dermatitis
in NC/Nga mice. S-777469 and vehicle (0.5% MC) were adminis-
tered twice daily, and prednisolone was administered once daily.
The dermatitis score was evaluated on days 22, 23, 24, 27, 28, 31,
and 34 (n = 15). Each value represents mean + SE. The statistical
analyses were conducted using pair-wise comparisons with the ve-
hicle-treated group based on repeated ANOVA with a mixed-ef-
fects model. Multiple comparisons were conducted using
Bonferroni’s procedure. p values vs. the vehicle were as follows:
$-777469 20 mg/kg/day, p = 0.0523; S-777469 60 mg/kg/day, p =
0.0021; prednisolone 5 mg/kg/day, p < 0.0001.

ministration). Similarly, the number of mast cells in the
prednisolone-treated group significantly decreased by
24% (Fig. 3b, d).

Effect of S-777469 on Eosinophil Infiltration in the

Mite Antigen-Induced Dermatitis Model

We further investigated the effect of S-777469 on eo-
sinophil infiltration in mite antigen-induced dermatitis.
In this model, eosinophils were transiently recruited into
inflamed skin 24 h after the mite antigen challenge. There-
fore, it was evaluated 24 h after the application of the Dfb
ointment on day 21. S-777469 (1 and 10 mg/kg) was oral-
ly administered immediately before, and 16 h after the
antigen challenge on day 21. In the vehicle-treated group,
eosinophils infiltrated the re-challenged skin, and the
number of eosinophils in the control and vehicle-treated

Haruna et al.
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Fig. 3. The effects of S-777469 on epidermal thickness and mast
cell number in the dorsal skin of the mite antigen-induced derma-
titis model. S-777469 and vehicle (0.5% MC) were administered
twice daily, and prednisolone was administered once daily. On day
13, histological changes in the dorsal skin samples stained with
H&E (a) and TB (b), epidermal thickness (a, dotted line), and the

groups were 31.5 + 7.2 and 57.7 = 7.5 cells/mm, respec-
tively. Eosinophil infiltration was inhibited by 29 and
88% with S-777469 at doses of 1 and 10 mg/kg, respec-
tively, and the effect of the 10 mg/kg dose was statisti-
cally significant (Fig. 4).

2-AG Levels in Mite Antigen-Induced Dermatitis

To determine if the endogenous CB2 ligand 2-AG is
involved in chronic inflammation, we evaluated 2-AG
levels in mite antigen-induced dermatitis skin lesions on
day 21. As shown in Figure 5, LC-MS/MS analysis re-

S-777469 Suppresses Skin Inflammation
in Mice

number of mast cells (b, arrows) were evaluated (c, d). Mast cells
in a 1 mm section from the epidermis to the panniculus adiposus
were counted. Original magnification: 200x (a) and 400x (b). Each
value represents mean + SE of 10 mice in the normal group and 15
mice in other groups. * p < 0.05, ** p < 0.01 vs. vehicle (Dunnett’s
test).

vealed that 2-AG levels significantly increased in the skin
lesion samples from the mite antigen-induced dermatitis
model (18,924 pg) compared with skin samples from nor-
mal mice (7,440 pg).

Effect of S-777469 on 2-AG-Induced Migration of

EoL-1 and HL-60 Cells

As it has previously been reported that 2-AG induces
the migration of EoL-1 human eosinophilic leukemia
cells via the CB2 receptor [14], we investigated whether
S-777469 can inhibit 2-AG-induced EoL-1 cell chemo-
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Fig. 4. The effect of S-777469 on eosinophil infiltration in the mite
antigen-induced dermatitis model. S-777469 and vehicle (0.5%
MC) were administered twice — immediately before and 16 h after
the last antigen challenge on day 21. Histological changes in dorsal
skin samples stained with DFS (a) and the number of eosinophils
(b) were evaluated 24 h after the last antigen challenge. In the

control group, eosinophils were counted prior to the last antigen
challenge. The eosinophils in a 1 mm section from the epidermis
to the panniculus adiposus were counted. Original magnification:
400x. Each value represents the mean + SE. * p < 0.05 vs. vehicle
(Dunnett’s test).

Fig.5.2-AG in the skin of the mite antigen-
induced dermatitis model. 2-AG levels in
the skin of normal mice and the skin le-
sions of mice with dermatitis on day 21
were analyzed using LC-MS/MS analysis
(n =10 and »n = 16). Each value represents
mean + SD. ** p <0.01 vs. normal (Welch’s
t test).
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Fig. 6. The effect of S-777469 on 2-AG-induced EoL-1 and HL-60
cell migration. EoL-1 cells (4 x 10° cells) and HL-60 cells (2.5 x 10°
cells) suspended in CT-buffer and 2-AG (0.5 pmol/L) were added
to the lower and upper wells, respectively. EoL-1 cells or HL-60

taxis. 2-AG (0.5 pmol/L) strongly induced EoL-1 cell
migration (Fig. 6a), while S-777469 suppressed this effect
in a concentration-dependent manner. The inhibition
rates observed with S-777469 at doses of 4, 20, 100, and
500 nmol/Lwere 16,35, 58, and 88%, respectively (Fig. 6a).
We conducted a similar cell migration study using mono-
cytic HL-60 cells and showed that S-777469 suppressed
HL-60 cell migration in a concentration-dependent man-
ner. Inhibition rates observed with S-777469 at doses of
12,37,111, 333, and 1,000 nmol/L were 19, 35,57, 74, and
85%, respectively (Fig. 6b). S-777469 (1 pmol/L), without
2-AG, hardly induced the migration of EoL-1 and HL-60
cells (data not shown).

Discussion

In this study, we investigated the anti-inflammatory
effects of the selective CB2 agonist, S-777469. The oral
administration of S-777469 significantly suppressed
DNEFB-induced ear inflammation in mice. In addition,
S-777469 alleviated histological changes, including acan-
thosis and inflammatory cell infiltration, associated with
the mite antigen-induced atopic dermatitis-like skin le-
sions. In addition, we confirmed that 2-AG levels in-
creased in atopic dermatitis skin lesions. An in vitro cell
migration assay demonstrated that S-777469 inhibited
2-AG-induced chemotaxis in eosinophilic (EoL-1) and
monocytic (HL-60) cell lines. These results suggest that
S-777469 exerts anti-inflammatory effects, potentially by
suppressing 2-AG-induced inflammatory cell migration.

Cannabinoids exert immunosuppressive effects by in-
ducing immune cell apoptosis, inhibiting cell proliferation,

S-777469 Suppresses Skin Inflammation
in Mice

cells were treated with S-777469 or DMSO. Cells that migrated
from the upper well to the lower well were counted. Each value
represents mean + SD. * p < 0.05, ** p < 0.01 vs. 2-AG-treated
control (Dunnett’s test).

suppressing cytokine production (tumor necrosis factor-a,
granulocyte-macrophage colony-stimulating factor, and
interferon-vy), and inducing regulatory T-cells [28]. These
effects are thought to be mediated by CB2. Previous reports
have demonstrated that the activation of CB2 has an anti-
inflammatory effect in animal models of inflammation, in-
cluding arachidonic acid-induced ear inflammation [8],
carrageenan-induced paw edema [7], and experimental au-
toimmune encephalomyelitis [29]. These findings suggest
that CB2 plays a key role in immunomodulation.

Previously, we have shown that S-777469, a CB2 selec-
tive agonist, exerts antipruritic effects without inducing
CBl1-associated CNS side effects [23]. Therefore, in this
study, we used 2 distinct mouse models of skin inflamma-
tion to determine if S-777469 has anti-inflammatory ac-
tivity. First, we examined the effect of S-777649 on con-
ventional skin inflammation induced by a hapten, DNFB.
An anti-inflammatory corticosteroid, prednisolone, sig-
nificantly suppressed DNFB-induced increase in ear
thickness. Orally administered S-777469 exerted a similar
inhibitory effect in a dose-dependent manner. Next, we
examined the effects of S-777469 on mite antigen-in-
duced chronic dermatitis in NC/Nga mice [24]. The clin-
ical, histological, and immunological features in this
model are similar to those observed in patients with atop-
ic dermatitis: S-777469 significantly suppressed dermati-
tis for 13 days. This reduction in dermatitis scores medi-
ated by S-777469 was accompanied by improvements in
various histological changes, such as epidermal thicken-
ing and inflammatory cell infiltration. To elucidate the
mechanisms underlying the anti-inflammatory effects of
S-77749, we evaluated the role of endogenous cannabi-
noids in mite antigen-induced skin inflammation.
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Anandamide and 2-AG are the 2 primary endogenous
cannabinoid receptor ligands. Sugiura et al. [30] proposed
that 2-AG, but not anandamide, is a genuine endogenous
ligand of the cannabinoid receptors. The former induces
the migration of eosinophilic leukemia cells and macro-
phages via CB2 [14], and its levels markedly increased in
inflamed mouse ears. Previous studies have shown that
the topical application of 2-AG induces ear swelling in
mice, and that this effect is suppressed by SR144528, a
CB2 antagonist, and in CB2 knockout mice [18-20].
These studies suggest that 2-AG plays an important role
in the inflammation response via CB2. The importance of
CB2-mediated 2-AG response in inducing skin inflam-
mation was also demonstrated using a CB2 selective ago-
nist, HU308 and a non-selective CB agonist, Win55212-2
by Oka et al. [31]. Topical treatment of HU308 and
Win55212-2 significantly inhibited 2-AG- and TPA-in-
duced ear swelling. In addition, the migration of HL-60
cells elicited by 2-AG in vitro was also suppressed by the
treatment of Win55212-2. On the contrary, HU308 and
Win55212-2 did not cause ear swelling in mice. These re-
sults are very complicated, because CB2 agonists behave
like CB2 antagonists. To demonstrate the reason why
these CB2 agonists could inhibit CB2-mediated 2-AG re-
sponses, Oka et al. [31] examined the effect of Win55212-
2 on 2-AG-induced calcium influx in HL-60 cells in vitro.
The addition of 2-AG provoked a rapid increase in calci-
um influx in HL-60 cells. After the pretreatment of 2-AG
or Win55212-2, these agonists suppressed 2-AG-induced
calcium influx and desensitized the CB2 in HL-60 cells.
Although rapid recovery from anergic state was observed
in 2-AG-pretreated cells, continuous desensitization oc-
curred in Win55212-2-preteated cells. Based on these
findings, Oka et al. [31] concluded that the sustained de-
sensitization observed in Win55212-2-preteated cells in-
hibited continuous stimulation of CB2 by 2-AG which is
thought to be necessary for cellular responses such as cell
migration and may contribute to the blocking effect of
Win55212-2 against CB2-mediated 2- AG responses in vi-
tro and in vivo. The data suggest that certain types of CB2
agonists which have a profile like Win55212-2 could ex-
hibit anti-inflammatory effect in 2-AG-related and CB2-
mediated inflammatory responses.

To confirm the involvement of 2-AG in mite antigen-
induced dermatitis in mice, we measured 2-AG levels in
skinlesions, and observed a significantincrease in the levels
compared with normal mice. Theamountof2-AGin DNFB
model have not been evaluated. Some reports have shown
that 2-AG increased in the DNFB-treated ears [32, 33]. We
need to confirm this in our DNFB model. Next, we investi-
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gated if S-777469 inhibits the effects of 2-AG. Results
showed that S-777469 suppressed 2-AG-induced eosino-
philic EoL-1 cell migration in vitro and inhibited the migra-
tion of eosinophilsinto the dermis 24 h after antigen admin-
istration in a mouse model of atopic dermatitis in vivo. In
addition, we demonstrated that 2-AG-induced monocytic
HL-60 cell migration was suppressed by S-777469 in vitro.
Moreover, in our preliminary experiment, the pretreat-
ment of S-777469 inhibited 2-AG-induced calcium influx
in HL-60 cells for long duration the same as Win55212-2
(data not shown). These data suggest that the anti-inflam-
matory effects of S-777469 are mediated by the suppression
of 2-AG-induced inflammatory cell migration through the
same mechanism with Win55212-2.

We have previously demonstrated that S-777469 sup-
pressed pruritogen-induced scratching behavior in ro-
dents [23]. In addition, a single dose of S-777469 sup-
pressed the nerve fiber sprouting into the epidermis 24 h
after the administration of mite antigen in a mouse mod-
el of atopic dermatitis (data not shown). Moreover, we
reported that cutting of toenails suppressed mite antigen-
induced skin inflammation in NC/Nga mice [34]. There-
fore, it is possible that the anti-inflammatory effects of
S-777469 are partially mediated by the inhibition of pru-
ritus. To clarify this point, further investigation, for ex-
ample, whether S-777469 inhibits scratching behavior in
NC/Nga atopic dermatitis model, is needed.

In conclusion, this demonstrated that S-777469, a se-
lective CB2 agonist, suppressed DNFB- and mite antigen-
induced skin inflammation in mice. The mechanism by
which §-777469 exerts anti-inflammatory effects is asso-
ciated with the inhibition of 2-AG functions, such as the
induction of inflammatory cell migration.
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