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Histamine H4 receptor antagonist ameliorates chronic allergic
contact dermatitis induced by repeated challenge

Background: The present study observed effects of the histamine Hy receptor on
chronic allergic contact dermatitis induced by repeated challenge in mice.
Methods: Acute contact dermatitis was induced by single epicutaneous challenge
of 2,4,6-trinitro-1-chlorobenzene (TNCB) to the ear. Chronic allergic contact
dermatitis was developed by repeated epicutaneous challenge using TNCB on
the dorsal back skin. Hy receptor antagonist JNJ7777120 was administered to
wild-type mice, while Hy receptor agonist 4-methylhistamine was administered
to histidine decarboxylase (HDC) (—/—) mice that synthesized no histamine.
Results: HDC (—/-) mice did not differ phenotypically from HDC (+/+) mice,
and Hy receptor antagonist/agonist did not have clinical effects in terms of acute
contact dermatitis reactions. Hy receptor antagonist ameliorated skin eczema-
tous lesions induced by repeated TNCB challenge in HDC (+/+) mice. On the
contrary, Hy receptor agonist exacerbated skin lesions exclusively in HDC (—/-)
mice. Application of Hy receptor agonist induced migration of mast cells and
eosinophils in skin lesions, and Hy receptor antagonist suppressed these changes.
H, receptor was immunohistochemically detected on mast cells in eczematous
lesions. Levels of interleukin (IL)-4, -5, and -6 in lesions were decreased, whereas
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challenge, but decreased with Hy receptor antagonist.

drugs for treating chronic allergic contact dermatitis.

levels of interferon-y and IL-12 were increased by Hy receptor antagonistic
activity. Serum Immunoglobulin E levels rapidly increased with repeated

Conclusion: Because chronic allergic contact dermatitis is developed by Hy
receptor stimulation, Hy receptor antagonists might represent new candidate
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The histamine Hy4 receptor has recently been cloned in
human, mouse, rat and guinea pig (1, 2). Hy4 receptor is
expressed mainly in leukocytes and mast cells (1).
Histamine induces chemotaxis of eosinophils through
the Hy receptor (3) and rapidly induces shape changes in
eosinophils while at the same time enhancing their
chemotactic response to chemokines through Hy receptor
(3, 4). Hy receptor also mediates histamine-induced
chemotaxis of mast cells in mouse (5, 6). Histamine-
induced migration of mast cells is also observed in vivo,
with histamine inhalation inducing an increase in the
number of sub-epithelial mast cells in the trachea of mice
(6). One of the main functions of Hj receptor in
eosinophils and mast cells is thus chemotaxis. Hy receptor
function has a role in the secretion of interleukin (IL)-16
from CD8™ T cells. IL-16 acts as a chemoattractant for
CD4™" T cells. These findings of chemotaxis and IL-16
production indicate that Hy receptor antagonists might be
useful for treating allergic and inflammatory diseases.
Conversely, histamine downregulates human monocyte
CCL2 production through Hy receptor (7). Histamine
and Hy4 receptor agonists downregulate CCL2 and IL-12

expression on monocyte-derived human inflammatory
dendritic epidermal cells (8). These findings suggest that
instead of Hy receptor antagonists, H4 receptor agonists
might have more beneficial effects in controlling inflam-
mation. Given this context, we decided to clarify the
activity of Hy receptor in chronic allergic contact derma-
titis.

Contact dermatitis is a commonly observed skin
disease. Repeated application of various haptens induces
chronic allergic lesions in the skin, and this method is
used to model chronic allergic contact dermatitis in
mouse (9, 10). Chronic allergic contact dermatitis shows
eczematous lesions into which mast cells and eosinophils
are infiltrating (11). Histamine facilitates the development
of eczematous lesions in a murine model of chronic
allergic contact dermatitis through H; receptor (11), while
H, receptor antagonist diminishes the number of infil-
trating cells and levels of cytokines in eczematous lesions
(12). However, the signal through H; receptor could not
explain all histamine activity, because H; receptor
antagonist does not completely suppress development of
eczematous lesions in wild-type mice, while H; receptor
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agonist does not fully develop these lesions in histamine-
deficient mice (11). Those results suggest that the other
types of histamine receptor could be involved in the
development of eczematous lesions. The present experi-
ment observed the effects of histamine on chronic allergic
contact dermatitis through Hy4 receptor.

Materials and methods
Animals

Histamine-deficient mice were generated by disrupting the histidine
decarboxylase (HDC) gene (13). All experiments were performed
using 10- to 12-week-old female C57BL/6 mice. Mice were housed
with soft bedding, a 12-h light/dark cycle, and ad libitum access to
food and water. Experiments were undertaken following the
guidelines for the care and use of experimental animals of the
Animal Research Committee of Sagami Women’s University.

Agents

2,4,6-Trinitro-1-chrolobenzene (TNCB) was obtained from Sigma
Chemical Co. (St. Louis, MO), dissolved in acetone to 1% solutions
and used for sensitization and challenge. H4 receptor agonist
4-methylhistamine was purchased from Tocris Cookson Inc.
(Ellisville, MO, USA) and dissolved in Phosphate Buffered Saline
(PBS) (pH 7.4) for intradermal administration. H, receptor antag-
onist JNJ7777120 was friendly presented from Johnson & Johnson
Pharmaceutical Research & Development (San Diego, CA, USA),
dissolved in a vehicle of 20% hydroxypropyl-B-cyclodextrin/water
and orally administered at a volume of 10 ml/kg.

Sensitization and challenge procedure

Single epicutaneous challenge, a delayed-type hypersensitivity. Single
challenge procedure is explained in Fig. 1A. Mice were sensitized
by painting with 20 pl of 1% TNCB solution to the right ear (day
0), and 20 pl of 1% TNCB solution was applied to that sensitized
right ear or nonapplied left ear 7 days (day 7) after the
sensitization. One day after the challenge, a typical delayed-type
hypersensitivity was observed. JNJ7777120 was orally adminis-
tered in HDC (+/+) mice, and 200 pl of 4-methylhistamine was
intradermally injected in HDC (—/-) mice 30 min before the
challenge. Ear thickness was measured with Digimatic Micrometer
(Mitutiyo Corporation, Kanagawa, Japan) 24 h after the challenge
(day 8) under the ether anesthesia (9). Ear tissue was histologically
examined following the procedure explained in ‘Histological
assessment’ section.

Repeated epicutaneous challenge. Repeated challenge procedure is
explained in Fig. 2A. Mice were challenged every day using 20 pl of
1% TNCB solution on the dorsal back skin for 10 days, starting
from 7th day after the sensitization (days 7-16). JNJ7777120 and
4-methylhistamine administered 30 min before those challenges.
The numbers of infiltrating cells were counted and levels of
cytokines in eczematous lesions were measured in the skin at
day 17.

Histological assessment. A part of skin biopsies were fixed in 4%
paraformaldehyde in 0.1 M sodium phosphate buffer (pH 7.4) for
5 h, immersed in 20% sucrose and embedded in Optimal Cutting
Temperature (OCT) compound (Sakura Finetechnical Co., Ltd.,
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Figure 1. Single epicutaneous challenge. (A) Mice were sensi-
tized on the right ears by epicutaneous application of 2,4,6-
trinitro-1-chlorobenzene (TNCB) (day 0). Seven days after the
sensitization (day 7), the original sensitized right or the non-
sensitized left ears of these mice were challenged with TNCB.
Ear thicknesses were measured 24 h after the challenge (day 8).
JNJ7777120 was administered in histidine decarboxylase (HDC)
(+/+) mice, and 4-methylhistamine was performed in HDC (-/
—) mice 30 min before the challenge. (B) Right ear swelling of
HDC (+/+) mice. (C) Right ear swelling of HDC (—/-) mice.
(D) Left ear swelling of HDC (—/—) mice. Data are expressed as
mean £ SD (n = §). n.s., not significant. (E-G) Histology of
ear skins in HDC (+/+) mice. (E) TNCB-untreated. (F)
TNCB-treated. (G) JNJ7777120 and TNCB-treated. Hematox-
ylin and eosin staining.

Tokyo, Japan). Frozen sections of 5-um thickness were thoroughly
rinsed and stained with hematoxylin-eosin, toluidine blue, berber-
ine sulfate (Wako Pure Chemical Industries, Ltd., Osaka, Japan)
and EoProbe eosinophil staining kit (BioFX Laboratories, Inc.,
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Figure 2. Repeated epicutaneous challenge. (A) Mice were
sensitized using an application of 2,4,6-trinitro-1-chlorobenzene
(TNCB) (day 0). Seven days after the sensitization, mice were
challenged repeatedly using TNCB on the dorsal skin once a day
for 10 days (day 7-16), and skin biopsies were performed a day
after these repeated challenge (day 17). JNJ7777120 was
administrated in histidine decarboxylase (HDC) (+/+) mice,
and 4-methylhistamine was performed in HDC (—/-) mice
everyday during repeated challenge 30 min before the challenge.
INJ7777120 or 4-methylhistamine was administrated ten times
as total. (B, C) TNCB-untreated. (D, E) TNCB-treated. (F)
JNJ7777120 and TNCB-treated. (G) 4-Methylhistamine and
TNCB-treated. (B, D, F) HDC (+/+) mice. (C, E, G) HDC
(—/—) mice. Hematoxylin and eosin staining.

Owings Mills, MD, USA) (14). Number of eosinophils or mast
cells infiltrating in the skin were counted with hematoxylin-eosin
staining and toluidine blue staining, respectively. Sections were
immunohistochemically stained after anti-Hy receptor antibody
(10 pg/ml, Alpha Diagnostic International, San Antonio, TX,
USA) treatment and by anti-IgE antibody treatment (10 pg/ml,
Bethyl Laboratories, Inc., Montgomery, TX, USA).

Measurement of cytokines. A skin sample (approximately 100 mg)
was homogenized in 200 ul PBS solution containing protease
inhibitor (Complete™; Roche Diagnostics, Mannheim, Germany)
for 1 min using Microtube Homogenizer (Kenis Ltd., Osaka, Japan)
and centrifuged at 5000 g for 20 min. To measure the concentrations
of interferon (IFN)-vy, IL-4, -5, -6 and -12 in the supernatant, Mouse
ELISA kits (Ray Biotech, Inc., Norcross, GA, USA) was used in
accordance with the instructions of the manufacturer. Optical density
at 450 nm for each well was measured in a Model 680 Microplate
Reader (Bio-Rad Laboratories, Hercules, CA, USA).

Measurement of serum IgE. Concentration of serum IgE was
measured using Mouse IgE ELISA kit (Shibayagi Inc., Gunma,
Japan) in accordance with the instructions of the manufacturer.
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Statistical analysis

Values are presented as means =+ standard error. Statistical signif-
icance between two groups was estimated using the two-tailed
Student’s r-test. Differences are statistically significant at P < 0.05.

Results
Ear-swelling respanse, a typical delayed-type hypersensitivity

Ear swelling in HDC (—/-) mice was not significantly
different from that in HDC (+/+) mice in the single
challenge procedure (Fig. 1B,C). Hy receptor antagonist
JNJ7777120 did not influence ear swelling in HDC
(+/+) mice (Fig. 1B). Likewise, Hy receptor agonist
did not influence ear swelling in HDC (—/-) mice
(Fig. 1C). When the left ear was challenged instead of
the sensitized right ear, ear swellings were not so different
from swelling responses in the sensitized right ear, and
again Hy receptor antagonist did not influence the
swelling (Fig. 1D). Intercellular edema in the epidermis
and infiltration of dermal cells including a small number
of mast cells and eosinophils were observed with single
challenge, and these changes were not markedly influ-
enced by Hy receptor antagonist (Fig. IE-G). These
findings suggest that Hy receptor is not strongly involved
in this ear swelling response, nor in mast cell and
eosinophil infiltrating responses with typical delayed-type
hypersensitivity.

Histamine facilitates development of eczematous lesions induced
by repeated challenge through H,4 receptor

No marked histological differences were noted between
control skin from HDC (+/+) and HDC (—/-) mice
(Fig. 2B,C). Repeated challenge with TNCB resulted in
the development of scaly erythema with hair loss.
Biopsies showed marked epidermal hyperplasia (arrow)
with intercellular edema (arrowhead) and intense dermal
cell infiltration (asterisk) in HDC (+/+) mice (Fig. 2D).
Conversely, moderate epidermal hyperplasia (arrow) with
focal epidermal intercellular edema (arrowhead) and
moderate dermal cell infiltration (asterisk) were observed
in HDC (-/-) mice (Fig. 2E). H4 receptor antagonist
JNJ7777120 was administered in HDC (+/+) mice to
assess the effects of suppressing Hy receptor function on
the development of eczematous lesions induced by
repeated challenge. Eczematous lesions were ameliorated
in the presence of JNJ7777120 in HDC (+/+) mice
(Fig. 2F). Hy receptor agonist 4-methylhistamine was
administered in HDC (—/-) mice to assess the effects of
H,4 receptor function on the development of eczematous
lesions induced by repeated challenge. Eczematous lesions
were aggravated in the presence of 4-methylhistamine in
HDC (—/-) mice (Fig. 2G). Therefore, histamine facili-
tated development of eczematous lesions through Hy
receptor.
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Infiltration of mast cells and eosinophils is mediated by H, receptor

Mast cells (Fig. 3A,B) and eosinophils (Fig. 3C,D) had
infiltrated into eczematous lesions induced by repeated
challenge. H, receptor was expressed on IgE-positive cells
in eczematous lesions (Fig. 3E-G). Cells stained by anti-
Hy receptor antibody were not immunohistochemically
recognized in control skin from HDC (+/+) (Fig. 3H)
or HDC (—/-) mice (data not shown), although mast cells
were observed in these lesions. Administration of 100 mg/
kg of JNJ7777120 significantly decreased the number of
mast cells and eosinophils in eczematous lesions of HDC
(+/+) mice (Fig. 31,J). Conversely, 1 and 3 pmol of
injected 4-methylhistamine significantly increased num-
bers of mast cells and eosinophils in eczematous lesions of
HDC (—/-) mice (Fig. 3K,L). Numbers of mast cells in
HDC (+/+) mice exceeded those in HDC (—/-) mice in
both control skin and eczematous lesions (Fig. 3L7J).
Eosinophils were not recognized in normal skin from
HDC (+/+) and HDC (-/-) mice (Fig. 3K,L). These
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data illustrate that infiltration by mast cells and eosin-
ophils is under the control of Hy receptor in this
eczematous lesion model.

Productions of Th2 cytokines are increased by H, receptor
activation

Levels of IL-4, -5, and -6 in the skin of both HDC (+/+)
and HDC (—/-) mice were increased by repeated chal-
lenge with TNCB to produce eczematous lesions. Levels
of IL-4 and -5, particularly IL-4, in eczematous lesions
from HDC (+/+) mice were significantly decreased by
treatment with 100 mg/kg of JNJ7777120, while levels in
HDC (—/-) mice were significantly increased by treatment
with 3 pmol of 4-methylhistamine (Fig. 4A-D). 1L-6
levels in eczematous lesions of HDC (+/+) mice were
significantly decreased by treatment with 100 mg/kg of
JNJ7777120, while levels in eczematous lesions of HDC
(—/-) mice were not greatly increased by treatment with
4-methylhistamine (Fig. 4E,F).
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Figure 3. Mast cell and eosinophil infiltration. The procedure for the application of 2.4,6-trinitro-1-chlorobenzene (TNCB),
JNJ7777120, and 4-methylhistamine was the same as described in Fig. 2A. (A) Toluidine blue staining. (B) Berberine sulfate staining.
(C) Hematoxylin and eosin staining. (D) Staining by EoProbe eosinophil staining kit. (E) Hy4 receptor staining. (F) IgE staining. (G)
Merged image. These histological analyses (A—G) have been performed using the frozen sections of histidine decarboxylase (HDC)
(+/+) mice skin after repeated application of TNCB. (H) Hy receptor staining of TNCB-untreated HDC (+/+ ) mouse skin. Arrows
in (A) indicate toluidine blue positive cells, in (C) indicate eosine-stained cells, and in (D) indicate EoProbe-stained cells. Numbers of
mast cells (I, J) and eosinophils (K, L) under the effect of JNJ7777120 in HDC (+/+) mice (I, K) and under the effect of
4-methylhistamine in HDC (—/-) mice (J, L). Data are expressed as mean = SD (n = §). n.s., not significant. *P < 0.05,

P < 0.01, #*P < 0.005.
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Figure 4. Effect of Hy receptor activation on Th2 cytokines in
eczematous lesions induced by repeated challenge. The proce-
dure for the application of 2.,4,6-trinitro-1-chlorobenzene,
JNJ7777120, and 4-methylhistamine was the same as described
in Fig. 2A. Interleukin (IL)-4 (A, B), IL-5 (C, D), IL-6 (E, F) of
histidine decarboxylase (HDC) (+/+) mice (A, C, E) and HDC
(=/=) mice (B, D, F). Data are expressed as mean + SD
(n = 6). n.s., not significant. *P < 0.05, **P < 0.01.

Productions of Th1 cytokines are decreased by H, receptor
activation

IFN-vy levels in eczematous lesions of HDC (+/+) mice
were slightly increased by treatment with JNJ7777120,
while levels in HDC (—/—) mice were slightly decreased by
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Figure 5. Effect of Hy receptor activation on Thl cytokines.
Interferon-y of histidine decarboxylase (HDC) (+/+ ) mice (A)
and HDC (—/-) mice (B). Interleukin-12 of HDC (+/+) mice
(C) and HDC (—/-) mice (D). Data are expressed as
mean = SD (n = 6). n.s., not significant. *P < 0.05,
**p < 0.01.

treatment with 4-methylhistamine (Fig. 5A,B). IL-12
levels in eczematous lesions of HDC (+/+) mice were
significantly increased by treatment with 100 mg/kg of
JNJ7777120, while levels in HDC (—/-) mice were
significantly decreased by treatment with 1 pmol of
4-methylhistamine (Fig. 5C,D). Therefore, unlike Th-2
cytokines, Th-1 cytokines tend to be decreased by Hy
receptor signaling.

Production of serum immunoglobulin (Ig)E is increased by H,
receptor activation

Although serum IgE levels in both HDC (+/+) and
HDC (—/-) mice were increased by repeated challenge,
IgE levels in HDC (+/+) mice were always higher than
those in HDC (—/—) mice (Fig. 6A,B). Serum IgE levels in
HDC (+/+) mice were significantly decreased by treat-
ment with 100 mg/kg of JNJ7777120, while levels in
HDC (—/-) mice were significantly increased by treatment
with 1 pumol of 4-methylhistamine (Fig. 6A,B).
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Figure 6. Effect of Hy receptor activation on serum IgE con-
centration. Histidine decarboxylase (HDC) (+/+) mice. (B)
HDC (—/-) mice. JNJ7777120 and 4-methylhistamine were
administrated in HDC (+/+) and HDC (—/-) mice, respec-
tively, everyday during repeated challenge 30 min before the
challenge. JNJ7777120 or 4-methylhistamine was administrated
ten times as total. Data are expressed as mean + SD (n = 6).
n.s., not significant. *P < 0.05, **P < 0.01, ***P < 0.005.

Discussion

Epicutaneous application of contact sensitizing agents is
able to induce contact hypersensitivity response, as a
delayed-type hypersensitivity, when challenge with the
agent is performed a second time (15). H; receptor
antagonist inhibits murine contact hypersensitivity
response (16), but with insufficient efficacy. H, receptor
antagonist augments the contact hypersensitivity re-
sponse (17). Histamine Hy receptor antagonism reduces
hapten-induced scratching behavior but not ear swelling
(18). Repeated challenge, inducing immediate-type
hypersensitivity and a shift in the cutaneous cytokine
milieu from T-helper cell type (Th)l to Th2 profiles
(10), develops chronic allergic contact dermatitis. How-
ever, the influence of H,; receptor has not been
investigated using repeated challenge. We therefore
further investigated the effects of Hy receptor antago-
nist in repeated challenge using two types of hapten
challenge procedure, which have been proclaimed to
represent delayed-type and chronic allergic contact
dermatitis (9, 10).

Swelling measured 24 h after the challenge in the
contact hypersensitivity skin reaction (Fig. 1A) was not
influenced by JNJ7777120 in HDC (+/+) mice, as
Rossbach et al. reported (18), or by 4-methylhistamine in
HDC (—/-) mice. Small numbers of mast cells and
eosinophils were observed in the dermis after single
challenge, but numbers were not markedly influenced by
administration of Hy antagonist. The Hy receptor thus
does not seem to be strongly involved in delayed-type
hypersensitivity responses. The overall role of histamine

in delayed-type hypersensitivity responses is not promi-
nent, as we have previously reported (19).

In allergic skin diseases, most inflammation is caused
by chronic introduction of antigens into the skin. In
patients with chronic contact dermatitis, repeated
exposure to antigens through the skin is thought to
contribute to the development of eczematous lesions.
Repeated application of TNCB results in antigen-
specific hypersensitivity responses from a delayed- to
an early-type response, accumulation of mast cells in
the upper part of the dermis and elevation of serum
IgE levels (9). Atopic dermatitis, aggravated by chronic
exposure to antigens, is a common and distinctive form
of allergic skin diseases associated with eczematous
lesions, early-type hypersensitivity responses, and in-
creased IgE production in response to environmental
allergens (20, 21). Atopic dermatitis bears clinical,
histological, and immunological similarities to chronic
allergic contact dermatitis (22, 23). In our studies, Hy
receptor antagonist decreased the numbers of mast cells
and eosinophils specifically in regions of repeated
epicutaneous challenge in HDC (+/+) mice, while
H,4 receptor agonist increased counts for these cells.
Histamine thus seems to act as a chemotactic agent for
mast cells and eosinophils in eczematous lesions via the
H4 receptor. Hy receptor was newly expressed in
eczematous lesions. This finding might reflect the
observed mast cell and eosinophil infiltration, because
these cells express Hy receptors on the cell membrane
(3, 6). Hy receptor mediates histamine-induced chemo-
taxis of mast cells in mouse in vitro (5, 6). Histamine-
induced migration of mast cells is also observed in vivo,
with histamine inhalation leading to increases in total
and sub-epithelial numbers of mast cells in the murine
trachea (6). In TNCB-treated skin, we could observe
the expression of Hy receptor, which was not immuno-
histochemically detected in control skin. The expression
of H, receptor would be up-regulated by repeated
application of TNCB. Hy receptor was considered to
express on mast cells, as it was expressed on IgE-
positive cells in eczematous lesions. Although eosin-
ophils are reported to express H, receptor and be
infiltrated by histamine through the Hy receptor (3), we
did not immunohistochemically detect the expression of
H,4 receptor on eosinophils. Thioperamide, a histamine
Hy4/H; receptor antagonist, inhibits mast cell and
eosinophil migration into guinea pig esophageal epithe-
lium induced by antigen inhalation (24). Given the
background information, we considered that repeated
exposure to antigen-induced mast cell and eosinophil
infiltration through Hy receptor.

Scratching behavior was exclusively observed to the
ears or the back challenged with allergens in HDC (+/+)
mice, whereas it was barely observed in HDC (—/-) mice
(25). In the present study, scratching was attenuated by
treatment with JNJ7777120, as Dunford et al. are
reported (26). As scratching would contribute to the
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development of the eczematous lesions, it might be one of
the most important factors to induce mast cell and
eosinophil infiltration.

Evidence has been emerging that innate immune
lymphocytes such as invariant Natural Killer T (NKT)
(INKT) cells and even Natural Killer (NK) cells may play
important roles in contact dermatitis (27, 28). Because we
reported that activation of Hy receptor on iNKT cells
would transmit the information to produce IL-4 (29),
control of IL-4 production in vivo might reside with
iINKT cells. Dendritic cells play a predominant role in
allergic immune response and prime naive T cells into
Th2 type with high IL-4-producing capacity (30). Because
blockade of the Hy receptor on dendritic cells limits their
ability to induce Th2 responses (31), the control of 1L-4
production in our experiment might be attributed to Th2
cells as well. IL-4 may also come from mast cells or
eosinophils during skin reaction. The elevated IL-5 might
augment eosinophil infiltration in the lesion in addition to
the direct histamine chemotactic activity through the Hy
receptor, because IL-5 is chemotactic for eosinophils and
activates mature eosinophils. IL-4 and IL-5 are produced
in mast cells and Th2 cells, whereas 1L.-6 is produced in
monocytes and macrophages. Such differences in sources
might be the reason why Hy receptor activation induced
IL-4 and IL-5 production more strongly than IL-6
production in our studies, as infiltration of mast cells,
but not of monocytes or macrophages was dominant in
the lesion.

Hy receptor did not significantly influence levels of
IFN-y. Although H4 receptor agonist decreased levels of
IL-12 in eczematous lesions, Hy receptor antagonist
increased these levels. Because IL-12 is an important
factor in inducing differentiation of Thl response, sup-
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