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Blockage of sphingosine-1-phosphate receptor 2 attenuates 2,4-
dinitrochlorobenzene-induced atopic dermatitis in mice
Soo-Jin Park1 and Dong-Soon Im1,2

Sphingosine-1-phosphate (S1P) and its receptors have been implicated in functions of Langerhans cells and atopic dermatitis. In this
study, we investigated the roles of S1P receptor type 2 (S1P2) in a mouse model of atopic dermatitis, which was induced by topical
application of 2,4-dinitrochlorobenzene (DNCB) on ventral skin on D0, followed by repeated DNCB challenge on both ears from D7 to
D49. Wild-type mice with atopic dermatitis displayed severe inflammation and mast cell accumulation in ear tissues and elevated IgE
levels in serum. Furthermore, the mice showed significantly increased sizes of draining lymph nodes, high levels of inflammatory
cytokines (IL-4, IL-13, IL-17, and IFN-γ) in the ears and lymph nodes and high levels of chemokines CCL17 and CCL22 in ears.
Administration of JTE-013, a selective antagonist of S1P2 (3mg/kg, i.p, from D19 to D49) before DNCB challenge significantly suppressed
DNCB-induced atopic responses in ears and lymph nodes. JTE-013 administration also significantly decreased the lymph nodes sizes,
the levels of inflammatory cytokines (IL-4, IL-13, IL-17, and IFN-γ) in the ears and lymph nodes, and the levels of chemokines CCL17 and
CCL22 in ears. Furthermore, the inflammatory responses of atopic dermatitis were greatly ameliorated in S1pr2 gene-deficient mice. As
CCL17 and CCL22 are CCR4 ligands, acting as Th2-attracting chemokines, we investigated CCL17 and CCL22 expression in bone
marrow-derived dendritic cells (BMDCs) from wild-type and S1pr2 gene-deficient mice. Addition of IL-4 (10 ng/mL) markedly increased
the levels of CCL17 and CCL22, but IL-4-induced CCL17 and CCL22 expression was significantly blunted in BMDCs from S1pr2 gene-
deficient mice. Furthermore, pretreatment with JTE-013 (1−30 μM) dose-dependently suppressed this induction in BMDCs from wild-
type mice. Our results demonstrate that blockage of S1P2 ameliorates not only DNCB-induced atopic dermatitis symptoms but also Th2
cell-attracting capacity of dendritic cells, suggesting S1P2 as a potential therapeutic target for atopic dermatitis.
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INTRODUCTION
Atopic dermatitis (AD) is a chronic, pruritic inflammatory skin
disorder with a complex etiology and heterogeneous presenta-
tion [1]. AD is the most common skin disease, and can significantly
compromise quality of life owing to associated emotional distress,
sleep disruption, and social awkwardness [2]. AD affects up to 20%
of children worldwide and can predispose infants and children to
other atopic diseases, including allergic asthma, allergic kerato-
conjunctivitis, allergic rhinitis, and food allergy, a process
termed atopic march [1]. Decreased concentration and enhanced
metabolism of sphingosine-1-phosphate (S1P) have been reported
in the skin lesions of dogs suffering from AD [3].
S1P is a specific ligand for five G protein-coupled receptors, S1P1-5

[4]. S1P is synthesized from sphingosine via sphingosine kinases 1
and 2 and is degraded irreversibly by sphingosine lyase [5, 6]. S1P
and S1P receptors have been implicated in the development of AD-
like skin lesions in NC/Nga mice [7, 8] and animal skin allograft
rejection [9]. S1P levels in plasma are elevated in patients severely
affected with psoriasis, another immune-mediated chronic inflam-
matory skin disorder [10, 11]. Previously, antiproliferative and anti-
inflammatory effects of S1P were reported in mouse models of

psoriasis and Th17 differentiation [12, 13]. Shin et al. [14] recently
revealed the importance of S1P generated from sphingosine kinase 2
in Th17 differentiation of naive CD4+ T cells and in the pathogenesis
of psoriasis. Topical application of S1P and FTY720, an S1P modulator,
attenuates allergic contact dermatitis reactions [15, 16]. Topical
administration of S1P diminished imiquimod-induced ear swelling
and epidermal thickness in the ear [12]. In heterozygous S1P lyase-
deficient mice, mild hyperplasia with orthokeratotic hyperkeratosis
developed in the skin [17]. S1P modulates antigen capture by murine
and human Langerhans cells via S1P2 [7, 18]. However, there has
been no preclinical study on S1P2 in atopic responses. In the current
study, we used a murine 2,4-dinitrochlorobenzene (DNCB)-induced
AD model to investigate the roles of S1P2 in vivo and examined
overall atopic responses in S1pr2 gene-deficient mice and in JTE-013,
a specific S1P2 antagonist-treated mice.

MATERIALS AND METHODS
Materials
JTE‐013 was purchased from Cayman Chemicals (Ann Arbor, MI).
1-Chloro-2,4-dinitrobenzene (DNCB) and olive oil were obtained
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from Sigma‐Aldrich (St. Louis, MO). Recombinant mouse GM‐CSF
and IL‐4 were purchased from Shenandoah Biotechnology
(Warminster, PA, USA).

Animals
Three S1pr2 heterozygous mice were kindly provided by Richard
Proia at the NIH [19]. The mice had a mixed C57BL/6 and 129Sv
background. They had been backcrossed to Balb/c mice for
eight generations [20]. S1pr2 wild-type littermates (WT) and
knockout (KO) mice were housed in the Laboratory Animal
facility at Pusan National University and provided with standard
laboratory chow and water ad libitum. The mice were housed in
standard plastic cages (two mice per cage) with sawdust as
bedding and maintained under controlled conditions, with the
temperature at 22–24 °C, humidity at 60% ± 5%, and alternating
light/dark cycles (lights were on between 7:00 h and 19:00 h).
The animal protocol used in this study was reviewed and
approved by the Pusan National University–Institutional Animal
Care Committee (PNU–IACUC) with respect to procedural ethics
and scientific care.

Induction of atopic dermatitis in Balb/c mice and JTE-013
administration
Following a simple randomization procedure, 7-week-old male
S1P2 WT Balb/c mice and S1P2-KO mice were divided into five
groups (n= 6): a PBS-treated control S1P2 WT group, a DNCB-
treated S1P2 WT mouse group, a PBS-treated control S1P2-KO
group, a DNCB-treated S1P2-KO mouse group, and a JTE-013/
DNCB-treated S1P2 WT group. To induce experimental AD, the
ventral skin was shaved, and 300 μL of 1% DNCB in acetone/olive
oil (3:1) was applied to the ventral skin on day 0. Starting on day 7,
the mice were challenged by application of 200 μL of 0.3% DNCB
to the ears every other day for as many as 42 days. From day 19
until the completion of the experiment, the JTE-013/DNCB-treated
S1P2 WT group was administered JTE-013 (3 mg/kg body weight)
intraperitoneal (i.p.) injection 30min before challenge. The mice
were sacrificed on day 49.

Histologic analysis and mast cell count in skin samples
After the mice were sacrificed on day 49, ear tissues were fixed in
10% formalin, embedded in paraffin and sectioned (8-μm-thick
sections). The sections were stained with hematoxylin and eosin
(H&E) or toluidine blue. For H&E staining, the sections were
washed in running tap water for 5 min, counterstained with
hematoxylin solution for 90 s, washed again in running tap water,
dehydrated, and mounted on coverslips with Permount.
For the detection of mast cells by toluidine blue staining, the

sections were washed in running tap water, stained with toluidine
blue solution for 2 min, rinsed in distilled water, dehydrated, and
mounted on coverslips with Permount.

Measurement of total serum IgE levels
The IgE levels in mouse serum were determined using ELISA kits
(eBioscience, San Diego, CA). Briefly, 96-well plates (NUNC, USA)
were coated overnight at 4 °C with capture antibodies for IgE.
Following washing, the plates were blocked for 2 h at room
temperature with blocking buffer. Then, serum was added to each
well, and the plates were incubated for 2 h at room temperature.
Pretitrated biotin-conjugated detection antibodies for IgE were then
added and incubated for 1 h at room temperature. Pretitrated
streptavidin-HRP was added and incubated for 30min at room
temperature, and the plates were incubated with substrate solution
for 15min at room temperature. Stop solution was then added, and
the absorbance was read at 450 nm.

Reverse transcriptase-PCR
To assess the expression levels of inflammatory markers in the ears
of the mice by RT-PCR, first-strand cDNA was first synthesized from

total RNA isolated from skin tissues using TRIzol reagent (Invitrogen,
Waltham, MA, USA). The synthesized cDNA products, primers for
each gene, and Promega Go-Taq DNA polymerase (Madison, WI,
USA) were used for PCR. Specific primers and PCR conditions were
previously described [21]. Aliquots (7 μL) were electrophoresed in
1.2% agarose gels and stained with StaySafeTM nucleic acid gel stain
(Real Biotech Corporation, Taipei, Taiwan). The intensity of each PCR
product was quantified by using ImageJ software (NIH, Bethesda,
MD, USA) and normalized to GAPDH levels.

Generation and cell culture of bone marrow-derived dendritic cells
(BMDCs)
Dendritic cells were generated from the bone marrow cells of S1P2
WT or KO mice, as previously described by Lutz et al. [22]. In brief,
bone marrow cells were flushed from the mouse femurs and tibias
using sterile PBS and placed in RPMI-1640 medium containing
10% FBS, 100 units/mL penicillin, 50 μg/mL streptomycin,
recombinant mouse GM-CSF (20 ng/mL) and 50 μM 2-
mercaptoethanol. On day 3, fresh medium containing GM-CSF
was added. On day 7, BMDCs were collected, and the CD11c+ cells
were sorted using anti-mouse CD11c microbeads (Miltenyi Biotec,
Bergisch Gladbach, Germany).

Western blotting
BMDCs were harvested and resuspended in RIPA lysis buffer
(GenDEPOT, Baker, USA). The concentrations of proteins
were determined using a BCA protein assay (Thermo Scientific,
Rockford, IL, USA). Proteins (30 μg) were resolved by 10% SDS-
polyacrylamide gel electrophoresis and electrophoretically trans-
ferred to nitrocellulose membranes, which were incubated with
specific primary antibodies recognizing β-actin and p-Stat6 and
then incubated with HRP-conjugated secondary antibodies (Cell
Signaling Technology, Danvers, MA, USA). The light intensities
were determined using an enhanced chemiluminescence system
(Pierce Biotechnology Inc., Rockford, IL, USA).

Statistics
The results are expressed as the means ± standard error of the
mean (SEM) based on six evaluations of the animal experiments
and as the means ± SEs based on three evaluations for the BMDC
experiments. The significance of the differences was determined
by analysis of variance (ANOVA) and Tukey’s multiple comparison
test. Significance was accepted for P values < 0.05; asterisk
indicates a significant difference compared to the PBS-treated
group or untreated controls; hash indicates a significant difference
compared to the DNCB-treated group. The analyses were
performed using GraphPad Prism software (GraphPad Software,
Inc., La Jolla, CA, USA).

RESULTS
DNCB-induced atopic dermatitis on the ears was suppressed in
the S1P2-KO mice
S1P2 has been suggested to mediate mast cell degranulation
[23, 24] and to modulate the functions of Langerhans cells and
dendritic cells; that is, it regulates antigen capture, maturation,
migration, and cytokine production [7, 18, 21]. To investigate the
roles of S1P2 in overall atopic responses, we used in vivo DNCB-
induced AD models consisting of S1P2 WT and S1P2-KO Balb/c
mice (Fig. 1a). DNCB induced AD on the ears of the S1P2 WT
mice, as confirmed by extensive hypertrophy of the epidermis,
as visualized with H&E staining, compared with the ear
epidermis of the mice in the PBS-treated control group (Fig. 1b).
However, for the S1P2-KO mice, DNCB induced less severe AD on
the ears than it did in the WT mice (Fig. 1b). Serum IgE levels
were measured to examine the immunological effect of DNCB
administration. Hyperproduction of IgE was observed in the
DNCB-treated WT mice (Fig. 1c). However, in S1P2-KO mice,
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DNCB induced an increase in serum IgE levels, but this increase
was significantly lower than that in the WT mice (Fig. 1c).
Infiltration of mast cells into the dermis was measured using
toluidine blue staining. The number of mast cells was
significantly increased by DNCB treatment in both the S1P2
WT and KO mice (Fig. 1d, e). However, the number of mast cells
in the S1P2-KO mice was significantly lower than it was in the
S1P2 WT mice (Fig. 1d, e). Furthermore, the levels of
inflammatory cytokines IL-4, IL-13, IL-17A, and INF-γ
were measured because AD is thought to be regulated not
only by the Th2 response but also by Th1 and Th17 responses
[25–27]. The mRNA levels of the four cytokines were significantly
elevated in the ear tissues after AD induction in the S1P2 WT
mice (Fig. 2). However, the increases in cytokine mRNA levels
were significantly lower in the S1P2-KO mice than they were in
the WT mice (Fig. 2). In summary, hypertrophy and an increased
infiltration of mast cells were found in the epidermis, as was
increased IgE levels in the serum, and the increased cytokine

levels were substantially lower in the S1P2-KO mice than they
were in the WT mice.

DNCB-induced atopic responses in lymph nodes are suppressed in
the S1P2-KO mice
Next, we investigated lymph node size and cytokine production in
the mouse lymph nodes. DNCB induced an increase in the size of
draining lymph nodes; however, the increase was significantly
lower in the S1P2-KO mice than it was in the S1P2 WT mice (Fig. 3).
The levels of IL-4, IL-13, IL-17A, and INF-γ were also measured in
the mouse lymph nodes. The mRNA levels of the four cytokines
were significantly elevated in the lymph nodes after AD induction
in the S1P2 WT mice (Fig. 4). However, the increases in IL-4, IL-13,
IL-17A, and INF-γ were significantly lower in the S1P2-KO mice
than they were in the WT mice (Fig. 4). In summary, lymph node
size and inflammatory cytokine levels in the lymph nodes were
largely suppressed in the S1P2-KO mice compared to the size and
levels in the WT mice.

Fig. 1 Experimental protocol for the induction of atopic dermatitis and effect of S1P2 deficiency on DNCB-induced atopic dermatitis on
mouse ears. a Experimental protocol. A murine model of DNCB‐induced atopic dermatitis was established through DNCB sensitization on day
0 and with repeated DNCB challenge on days 7–49. S1P2 WT and KO mice were treated with PBS or DNCB. b Ear tissue sections were stained
with H&E for histological analysis. c Blood was collected on day 49 of the experiment. Serum levels of IgE were measured by ELISA. Toluidine
blue staining of the skin obtained from DNCB-treated S1P2 WT and KO mice was used to identify mast cells. d Sections of the ear samples from
the mice in which atopic dermatitis was induced were stained with toluidine blue, and e the number of mast cells (dark violet‐stained cells)
was counted using a light microscope. The results are presented as the means ± SEM (n= 6). ***P < 0.001. ###P < 0.001.
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JTE-013 inhibits DNCB-induced atopic responses on the mouse
ears and in the lymph nodes
The functions of S1P2 in both the atopy induction phase (antigen
sensitization) and elicitation phase were blocked in the S1P2-KO
mice. To identify the therapeutic potential of S1P2 in the elicitation
phase, we treated S1P2 WT mice with JTE-013 after induction of
AD (Fig. 5a). The extensive hypertrophy of the epidermis, as
induced by DNCB, which had been observed on the ears of the
S1P2 WT mice, was significantly suppressed by the JTE-013
treatment, as shown in Fig. 5b. The elevated serum IgE levels were
also inhibited by the JTE-013 treatment, as shown in Fig. 5c.
Similarly, the increased infiltration of mast cells into the dermis
was suppressed by the JTE-013 treatment, as shown in Fig. 5d, e.
In addition, the increased levels of IL-4, IL-13, IL-17, and INF-γ in
the ear tissues were significantly reduced by the JTE-013
treatment (Fig. 5f).

The increase in lymph node size was attenuated by the JTE-013
treatment (Fig. 6a, b), and the increased mRNA levels of the four
cytokines in the lymph nodes were also significantly suppressed
following JTE-013 treatment (Fig. 6c). In summary, histologic and
immunologic manifestations of DNCB-induced AD in the ears and
lymph nodes were largely suppressed by the administration of
JTE-013.

Effects of S1P2 deficiency and JTE-013 administration on CCL17
and CCL22 levels in ear samples and bone marrow-derived
dendritic cells
The therapeutic efficacy of JTE-013 in the elicitation phase is
mediated by S1P2 in several cell types, such as mast cells,
Langerhans cells, and dendritic cells. That is, the suppressive
effects of JTE-013 and S1P2 deficiency on mast cell degranula-
tion and the pro-allergic functions of S1P2 in Langerhans cells

Fig. 2 Suppressive effect of S1P2 deficiency on the mRNA expression of cytokines in the ear samples. RT-PCR analyses of the Th2 cytokines
(IL-4 and IL-13), Th17 cytokine (IL-17A), and Th1 cytokine (INF-γ) were performed using mRNA isolated from mouse ear tissues. a mRNA levels
are expressed as ratios with respect to GAPDH mRNA. Representative RT-PCR images are shown in b. The results are presented as the means ± SEM
(n= 6). *P < 0.01, ***P < 0.001. ###P< 0.001.
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Fig. 3 Effect of S1P2 deficiency on DNCB-induced atopic dermatitis in the lymph nodes. a The lymph nodes were photographed to record
morphological changes. b The weight of lymph nodes was measured. The results are presented as the means ± SEM (n= 6). ***P< 0.001. ###P< 0.001.

Fig. 4 Suppressive effect of S1P2 deficiency on the mRNA expression of cytokines in the lymph nodes. RT-PCR analyses of the Th2 cytokines
(IL-4 and IL-13), Th17 cytokine (IL-17A), and Th1 cytokine (INF-γ) were performed using mRNA isolated frommouse lymph node tissues. amRNA levels
are expressed as ratios with respect to GAPDH mRNA. Representative RT-PCR images are shown in b. The results are presented as the means ± SEM
(n= 6). *P< 0.01, ***P< 0.001. ###P< 0.001.
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Fig. 6 Effect of S1P2 antagonist treatment on DNCB-induced atopic dermatitis responses in the lymph nodes. a The lymph nodes were
photographed to record morphological changes. b the Weight of lymph nodes was measured. RT-PCR analyses of the Th2 cytokines (IL-4 and
IL-13), Th17 cytokines (IL-17A), and Th1 cytokines (INF-γ) were performed using mRNA isolated from mouse lymph node tissues. c mRNA levels
are expressed as ratios with respect to GAPDH mRNA. The results are presented as the means ± SEM (n= 6). ***P < 0.001. ##P < 0.01, ###P < 0.001.

Fig. 5 Experimental protocol for the S1P2 antagonist experiment and the effect of S1P2 antagonist treatment on DNCB-induced atopic
dermatitis responses in the mouse ears. a Experimental protocol. A murine model of DNCB‐induced atopic dermatitis was established through
DNCB sensitization on day 0 and repeated DNCB challenges on days 7–49. S1P2 WTmice were treated with either PBS or DNCB, and JTE‐013 (an S1P2
antagonist) was administered by i.p. injection 30min before the DNCB challenge. b Ear tissue sections were stained with H&E for histological analysis.
c Blood was collected on day 49 of the experiment. Serum levels of IgE were measured by ELISA. Toluidine blue staining of skin obtained from DNCB-
treated S1P2 WTmice was used to identify mast cells. d Sections of ear samples from mice in which atopic dermatitis was induced were stained with
toluidine blue, and e the number of mast cells (dark violet‐stained cells) was counted using a light microscope. RT-PCR analyses for Th2 cytokines (IL-
4 and IL-13), Th17 cytokine (IL-17A), and Th1 cytokine (INF-γ) were performed using mRNA isolated from mouse ear tissues. f mRNA levels are also
expressed as ratios with respect to GAPDH mRNA. The results are presented as the means ± SEM (n= 6). ***P< 0.001. ##P< 0.01, ###P< 0.001.
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and dendritic cells have been previously reported, and these
effects included antigen capture, maturation, migration, and
cytokine production [7, 18, 21, 23, 24]. S1P2 was not expressed in
the T cell lineage, and thus, T cells are presumed to not be

involved [28]. Recently, elevated levels of CCL17 and CCL22 in
the skin of AD patients were reported to be positively correlated
with disease severity [29–31]. In addition, CCR4, a major
trafficking receptor for Th2 cells, is the receptor for CCL17 and

Fig. 7 Inhibitory effects of an S1P2 antagonist and S1P2 deficiency on the expression of CCL17 and CCL22 in the mouse ear samples and
BMDCs. RT-PCR analyses of CCL17 and CCL22 were performed using mRNA isolated from the ear tissues of the PBS- or DNCB-treated S1P2 WT
and KO mice (a, b). RT-PCR analyses of CCL17 and CCL22 were performed using mRNA isolated from ear tissues of the PBS-, DNCB-, or JTE-013/
DNCB-treated mice (c, d). mRNA levels are expressed as ratios with respect to GAPDH mRNA (b, d). Representative RT-PCR images are shown
in a, c. The results are presented as the means ± SEM (n= 6). ***P < 0.001. #P < 0.05, ###P < 0.001.
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CCL22 and is expressed on Th2 cells infiltrated in the skin lesions
of AD patients [30, 32]. Thus, we focused on the S1P2-mediated
regulation of chemokine CCL17 and CCL22 levels in the skin. As
shown in Fig. 7a, b, DNCB treatment induced an increase in the
mRNA levels of CCL17 and CCL22 in the ears, and the levels were
lower in the S1P2-KO mice than they were in the S1P2 WT mice.
Furthermore, JTE-013 treatment suppressed the expression of
both of these chemokines in the S1P2 WT mice (Fig. 7c, d). This
function of S1P2 on the expression of CCL17 and CCL22 was
confirmed in vitro in BMDCs following treatment with IL-4
(Fig. 8). In the presence of JTE-013, IL-4-induced induction of
CCL17 and CCL22 was inhibited in a concentration-dependent
manner (Fig. 8a, b), and this inhibition was also observed in the
BMDCs obtained from the S1P2-KO mice (Fig. 8c, d). As
phosphorylation of stat6 is a key step in IL-4 signaling, we
examined the phosphorylation of stat6. As shown in Fig. 9, IL-4
increased the phospho-stat6 levels in the BMDCs; however, in
the presence of JTE-013, stat6 phosphorylation was inhibited in
a concentration-dependent manner, and this inhibition was also
observed in the BMDCs from the S1P2-KO mice. Taken together,
the results strongly suggest that S1P2 has an important role in
the expression of CCL17 and CCL22 in dendritic cells by
interrupting IL-4 and stat6 signaling.

DISCUSSION
In previous studies, S1P receptors were implicated in the
development of AD-like skin lesions in NC/Nga mice, as FTY720
prevented spontaneous dermatitis and impaired the initiation of
contact hypersensitivity [8, 16, 33, 34]. In addition, elevated S1P
plasma levels were observed in patients with severe psoriasis
[10, 11], and the importance of S1P in the pathogenesis of

psoriasis in relation to Th17 differentiation was found [12–14]. In
particular, the topical application of S1P and FTY720 attenuated
allergic contact dermatitis reactions [15, 16] and diminished
imiquimod-induced psoriasis [12]. However, specific S1P receptors
have not been investigated. In the current study, for the first time,
the functions of S1P2 in AD were elucidated using S1P2-deficient
mice and JTE-013 treatment. Three main S1P2 functions were
found in DNCB-induced AD. First, S1P2 exacerbated inflammatory
AD in vivo, which is a novel finding. Second, a blockade of S1P2 in
the elicitation phase could be used as a potential therapeutic
strategy for the treatment of AD, as the effectiveness was shown
with JTE-013 treatment. Third, S1P2 activation in dendritic cells
was involved in the expression of CCL17 and CCL22, which are
Th2-attracting chemokines in the skin.
The in vivo anti-dermatitis effects of JTE-013 administration and

S1P2 deficiency may be caused not only by the inhibition of S1P2
in dendritic cells and mast cells [7, 18, 21, 23, 24] but also partly by
the inhibition of S1P2 in other cell types, such as keratinocytes
[35, 36]. The pharmacological and genetic inhibition of S1P lyase
decreased keratinocyte proliferation and induced differentiation
[37]. In a previous study, we found that JTE-013 treatment caused
a decrease in IL-4+ T cells in draining lymph nodes in an
ovalbumin-induced allergic asthma model [21]. Although the S1P2
receptor was not expressed in the T cell lineage [28], further
investigation into T cells, such as Th17 differentiation, may be
necessary [14]. The in vivo efficacy of the JTE-013 treatment and
S1P2 deficiency could have been due to the following: (1) the
accumulation of mast cells was suppressed in the epidermis, (2)
the overproduction of inflammatory cytokines (IL-4, IL-13, IL-17A,
and INF-γ) was suppressed in the epidermis and lymph nodes, and
(3) the expression of CCL17 and CCL22 was suppressed in the
epidermis and dendritic cells.

Fig. 8 Inhibitory effects of an S1P2 antagonist and S1P2 deficiency on the expression of CCL17 and CCL22 in the BMDCs. a, b Immature
S1P2 WT DCs were pretreated with vehicle or the indicated concentrations of JTE‐013 1 h before IL-4 administration and allowed to mature in
the presence of 10 ng/mL IL-4 for 24 h. mRNA levels are expressed as ratios with respect to GAPDH mRNA (a). Representative RT-PCR images
are shown in b. c, d Immature S1P2 WT BMDCs or KO BMDCs were treated with 10 ng/mL IL-4 for 24 h. The mRNA expression levels of CCL17
and CCL22 were determined by RT‐PCR. The expression levels of CCL17 and CCL22 were determined by RT-PCR using GAPDH as an internal
reference (c). Representative RT-PCR images are shown in d. The results shown were obtained from three independent experiments presented
as the means ± SEs (n= 3). **P < 0.05, ***P < 0.001. #P < 0.05, ##P < 0.01, ###P < 0.001.
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