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Peptidoglycan‐induced T helper 2 immune response in mice
involves interleukin‐10 secretion from Langerhans cells
Katsuhiko Matsui and Akemi Nishikawa

Department of Immunobiology, Meiji Pharmaceutical University, Tokyo, Japan

ABSTRACT
Patients with atopic dermatitis (AD) have superficial skin colonizationwith Staphylococcus aureus and an
increased number of T helper (Th)2 cells in their peripheral blood. The purpose of this study was to
clarify the involvement of interleukin (IL)‐10 secretion from Langerhans cells (LCs) in staphylococcal
peptidoglycan (PEG)‐induced Th2 immune responses in mice. Mice were primed with LCs pulsed with
PEG (or LPS) and ovalbumin (OVA) and then given a booster OVA injection 2 days later in the hind
footpad. Five days after the OVA injection, cytokine responses in the draining popliteal lymph nodes
were investigated by RT‐PCR and ELISA. Production of both IL‐10 and IL‐12 by cultured LCs was
detected by ELISA. Administration of PEG‐ or LPS‐stimulated LCs into the hind footpads of the mice
induced Th2‐prone and Th1‐prone immune responses, respectively, as represented by expression of
IL‐4 and interferon‐g. In vitro experiments showed that PEG induced greater production of IL‐12 p40
from LCs than did LPS, whereas LPS induced greater production of IL‐12 p70 from LCs than did
PEG. Furthermore, it was found that PEG‐stimulated LCs induced greater production of IL‐10 than
did LPS‐stimulated LCs, and that neutralization of IL‐10 augmented IL‐12 p70 production and
inhibited Th2 development by PEG‐stimulated LCs. These results suggest that PEG can induce Th2
development through down‐regulation of IL‐12 p70 production by LCs in an IL‐10 production‐
dependent manner and would explain the role of S. aureus colonization in patients with AD.
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Atopic dermatitis is a chronic inflammatory skin disease
with immunopathologic features that vary according to
the duration of the lesions. Most AD patients have
superficial skin colonization by Staphylococcus aureus and
increased expression of Th2 cytokines such as IL‐4, IL‐5
and IL‐13 in their peripheral blood mononuclear
cells (1). S. aureus can be isolated from 96–100% of
skin lesions of AD patients, whereas the skin of only
0–10% of healthy individuals is colonized by this
organism (2, 3). We have also found that S. aureus is
more frequently detected in lesioned than in non‐
lesioned skin of AD patients and that the S. aureus
bacterial cell count in lesioned skin is significantly higher
than that in non‐lesioned skin (3). However, there is no

significant difference between lesioned and non‐lesioned
skin of AD patients in the rate of detection of super-
antigenic exotoxin produced by S. aureus.

Gram‐positive bacterial cell walls are composed of
highly cross‐linked PEG decorated to a variable extent
with teichoic acid polymers. The latter are also linked to
plasma membrane phospholipids, forming LTA, which is
another major cell wall component (4, 5). Gram‐positive
bacteria contain no LPS; LTA and/or PEG are thought to
be the major inflammatory products in their cell walls.
Therefore, we postulated that LTA and/or PEG from
S. aureusmay play a more important pathogenic role than
superantigenic exotoxins in AD patients. In previous
studies, we found that LTA and PEG induces IL‐5
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production by peripheral blood mononuclear cells from
patients with AD (6) and that intradermal injection of
LTA induces localized AD‐like inflammation associated
with significantly increased numbers of Th2‐type cells in
the dermis of allergen‐sensitized mice (7). Furthermore,
our recent studies have demonstrated that percutaneous
injection of PEG from S. aureus induces Th2 cell
infiltration in the dermis (8) and that PEG can induce
a systemic Th2‐dominant immune response like that seen
in AD patients (9). However, themechanisms responsible
for induction of a systemic Th2 immune response by PEG
are still insufficiently clear.
Langerhans cells are bone marrow‐derived major

histocompatibility complex class II positive antigen‐
presenting cells localized in the epidermis and mucosa.
They are of DC lineage and essential for primary and
secondary T cell‐dependent immune responses (10). DCs
are crucial in determining the outcomes of antigen
encounters and integrating signals derived from antigens,
the inflammatory context and the host environment into
signals that can be read by naïve T cells in lymphoid tissues
and by effector T cells in peripheral tissues. LCs can secrete
IL‐12 (11), which is produced predominantly by DCs and
macrophages (12, 13). Bioactive IL‐12, IL‐12 p70, is a
heterodimeric cytokine consisting of two disulfide‐linked
subunits, p35 and p40 (14). This cytokine is known to
activate T cells inmultiple ways and to increase production
of cytokines such as IFN‐g, thereby serving as a powerful
mediator of Th1‐type differentiation both in vitro and in
vivo (15). Monomers of the p40 and p35 subunits
themselves do not possess IL‐12 activity, but the
homodimer of p40 has been shown to bind to the IL‐12
receptor and work as an IL‐12 p70 antagonist (16–18). In
the present study, therefore, we investigated Th1/Th2
regulation of murine LCs stimulated with PEG or LPS and
the involvement of IL‐10 secretion by LCs.

MATERIALS AND METHODS

Peptidoglycan and lipopolysaccharide

Peptidoglycan derived from S. aureus was obtained from
Fluka (Buchs, St Gallen, Switzerland), reconstituted in
PBS, pH 7.4, at a concentration of 1 mg/mL, and
sonicated for 1 hr before use. Highly purified LPS derived
from E. coli R515 (Re) (1 mg/mL) was obtained from
Alexis Biochemicals (Nottingham, UK). In all the present
experiments, 10 µg/mL PEG and 1 µg/mL LPS were used
as the optimal concentrations.

Mice

Specific‐pathogen‐free BALB/c (wild type) mice and DO
11.10 TCR Tg mice (OVA323–339‐specific I‐A

d
‐restricted

TCR‐transgenic mice) were obtained from Japan SLC
(Hamamatsu, Japan) and the Jackson Laboratory (Bar
Harbor, ME, USA), respectively, and used at the age of
6–8 weeks. They were housed in plastic cages with
sterilized paper bedding in a clean, air‐conditioned room
at 24°C and allowed free access to a standard laboratory
diet and water. All procedures performed on the mice
were in accordance with the Guidelines of the Animal
Care and Use Committee of Meiji Pharmaceutical
University, Tokyo.

Purification of Langerhans cells

Langerhans cells in the epidermis were separated as
described by Tada et al. (19). Briefly, BALB/c mouse skin
was treated with dispase (3000 U/mL, Godo Shusei,
Tokyo, Japan) in RPMI 1640 medium with L‐glutamine
(Sigma, St. Louis, MO, USA) containing 10% FBS
(Sigma), 25 mM HEPES (Sigma), 100 U/mL penicillin
and 100 mg/mL streptomycin (Gibco RBL, Grand Island,
NY, USA) (RPMI 10) for 3 hr at 37°C. The epidermis was
separated from the dermis and incubated in RPMI 10
containing 0.025% deoxyribonuclease I (Sigma) for
20 min at room temperature. An epidermal cell suspen-
sion was obtained by vigorous pipetting of epidermal
sheets. This suspensionwas then treated withmouse anti‐
mouse I‐Ad monoclonal antibody (clone 040–220,
IgG2a) (1:600; Meiji Dairies, Tokyo, Japan) in RPMI 10
for 45 min on ice. The cells were then incubated in plates
precoated with goat anti‐mouse IgG polyclonal antibody
(1:100, Sigma) for 45 min at 4°C, and adherent cells were
used as LCs. I‐Ad positive LCs were purified to around
95% purity, as determined by flow cytometry.

Stimulation of LCs, immunization protocol,
and preparation of lymph node cells

T helper 1/Th2 regulation with PEG or LPS was
investigated according to the method of Maldonado‐
Lópenz et al. (20) with modifications. Briefly, LCs were
adjusted to 5 � 105 cells/mL in RPMI 10, and then
incubated with 30 mg/mLOVA in the presence or absence
of 0.1–10 mg/mL PEG or LPS at 37°C in a humidified
atmosphere with 5% CO2. The cells were collected after
incubation for 18 hr, washed in RPMI 10, and adminis-
tered at a dose of 1 � 105 cells into both hind footpads of
BALB/c mice. After 2 days, 30 µg OVA was injected into
both hind footpads of BALB/c mice as a booster. Draining
popliteal lymph nodes were harvested from the popliteal
fossae of both legs 5 days after the OVA injections. The
lymph nodes were gently crushed in RPMI 10 and the
resulting cell suspension filtered and used as lymph node
cells for experiments. Expression of cytokines in the
lymph node cells was confirmed by ELISA and RT‐PCR.
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Quantification of interferon‐g and
interleukin‐4 production by
lymph node cells

Lymph node cells were adjusted to 1 � 106 cells/mL in
RPMI 10. The cultures (0.2 mL/well) were incubated in
96‐well culture plates (Nunc, Roskilde, Denmark) in the
presence of Dynabeads Mouse T‐Activator CD3/CD28
(Invitrogen Dynal AS, Oslo, Norway) at 37°C in a
humidified atmosphere with 5% CO2. The culture
supernatants were collected after incubation for 48 hr,
and the IFN‐g and IL‐4 concentrations measured using
ELISA kits for quantification of murine IFN‐g and IL‐4,
respectively (R & D Systems, Minneapolis, MN, USA).

Detection of interferon‐g and interleukin‐4
mRNA expression in lymph node cells

In order to determine the degree of expression of IFN‐g
and IL‐4 mRNA, mRNAwas extracted from lymph node
cells using a Quick Prep Micro mRNA purification kit
(Amersham Biosciences, Piscataway, NJ, USA). Then,
cDNAwas synthesized from 160 ng of the mRNA using a
first‐strand cDNA synthesis kit (Amersham Biosciences).
PCR was performed using the following primers: b‐actin
(540 bp) 50 primer, 50‐GTGGGCCGCTCTAGGCAC-
CAA‐30 and 30 primer, 50‐CTCTTTGATGTCACGCAC-
GATTTC‐30; IFN‐g (405 bp) 50 primer, 50‐GCTACA-
CACTGCATCTTGGCTTTG‐30 and 30 primer, 50‐CA-
CTCGGATGAGCTCATTGAATGC‐30; IL‐4 (400 bp)
50 primer, 50‐AGTTGTCATCCTGCTCTTCTTTCTC‐30

and 30 primer, 50‐CGAGTAATCCATTTGCATGATG-
CTC‐30. Each PCR was performed using a GeneAmp
PCR System 9700 (Perkin‐Elmer, Norwalk, CT, USA) in
25 µL of reaction mixture comprising 1.5 µL cDNA
(corresponding to 16 ng mRNA starting material),
200 µM deoxynucleotide triphosphate mixture, 400 nM
each PCR primer and 25 U/mL Ex Taq DNA polymerase
(Takara, Shiga, Japan). The reaction conditions were as
follows: one 4 min cycle at 94°C, 35 cycles comprising 45 s
at 94°C, 45 s at 61°C and 2 min at 72°C, followed by one
7 min cycle at 72°C, after which the PCR products were
separated on a 2% agarose gel containing ethidium
bromide.

Quantification of interleukin‐10 and ‐12
production by Langerhans cells

Langerhans cells were adjusted to 5 � 105 cells/mL in
RPMI 10. The cultures (0.2 mL/well) were incubated
in 96‐well plates (Nunc) in the presence or absence of
10 µg/mL PEG or 1 µg/mL LPS at 37°C in a humidified
atmosphere with 5% CO2. Furthermore, in some
experiments, LCs were incubated in the presence of

5 µg/mL rat anti‐mouse IL‐10 neutralizing monoclonal
antibody (clone JES5‐16E3, IgG2a) (BioLegend, San
Diego, CA, USA). Rat anti‐keyhole limpet hemocyanin
monoclonal antibody (clone B39‐4, IgG2a) (BD Phar-
mingen, SanDiego, CA, USA) was also used as an isotype‐
matched control antibody. The culture supernatants were
collected after incubation for 48 hr and the IL‐10, IL‐12
p40 and IL‐12 p70 concentrations measured using ELISA
kits for quantification of each murine cytokine (R & D
Systems).

Detection of T helper 2 adjuvant activity of
peptidoglycan and influence of
neutralization of interleukin‐10 activity

T helper 2 adjuvant activity of PEG was detected
according to the method of Whelan et al. (21) with
modifications. LCs separated from the epidermis as
described above were adjusted to 1 � 105 cells/mL in
RPMI 10 and then stimulated with 10 mg/mL PEG for
18 hr at 37°C in a humidified atmosphere with 5% CO2.
Furthermore, in some experiments, LCs were incubated
in the presence of 5 mg/mL rat anti‐mouse IL‐10
neutralizing monoclonal antibody (clone JES5‐16E3,
IgG2a) (BioLegend). Rat anti‐keyhole limpet hemocya-
nin monoclonal antibody (clone B39‐4, IgG2a) (BD
Pharmingen) was also used as an isotype‐matched
control antibody. Next, Th cells were separated from
DO 11.10 TCR Tg mouse spleen cells using an EasySep
Negative Mouse CD4þ T Cell Enrichment Kit (StemCell
Technologies, Vancouver, BC, Canada) and then treated
with mouse anti‐CD62L monoclonal antibody (clone
lam1‐116, IgG2a) (1 mg per 1 � 106 cells; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) in RPMI 10 for
1 hr on ice. The Th cells that had been reacted with anti‐
CD62L antibody were then purified using a CELLection
Pan Mouse IgG Kit (Invitrogen Dynal AS), and used as
naïve Th cells. Naïve Th cells (5 � 105 cells/mL) were
culturedwith the above‐described PEG‐stimulated LCs in
the presence of 30 nM OVA peptide (323‐ISQAVHAA-
HAEINEAGR‐339; obtained from Operon Biotechnolo-
gies, Tokyo, Japan) for 5 days at 37°C. The cells were then
stimulated with 50 ng/mL PMA (Sigma) and 500 ng/mL
ionomycin (Sigma) for 24 hr at 37°C. The cell super-
natants were finally removed and tested for production of
IFN‐g and IL‐4 using ELISA kits (R&D Systems).

Statistical analysis

The data were expressed as means (� SD), and differ-
ences between means were analyzed using Student's t‐test
with a two‐tailed test of significance. Differences with
P < 0.05 were considered to be statistically significant.
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RESULTS

Effects of peptidoglycan on T helper 2
development

We purified LCs from BALB/c murine epidermis and
pulsed them with OVA for 18 hr in the presence or
absence of PEG or LPS. We injected the OVA‐pulsed LCs
into the hind footpads of BALB/c mice and gave the mice
a booster injection of OVA into the hind footpads 2 days
later.We harvested draining popliteal lymph nodes after a
further 5 days, stimulated the T‐lymphocytes among the
lymph node cells thus obtained through cell surface CD3/
CD28 molecules and determined IFN‐g and IL‐4
concentrations in the culture supernatants by ELISA.
As shown in Figure 1a, the PEG‐stimulated LCs induced
Th2‐prone immune responses in a dose‐dependent
manner at 0.1–10 µg/mL, as represented by enhanced
IL‐4 production. However, the LPS‐stimulated LCs most
strongly induced Th1‐prone immune responses at 1 µg/
mL, as represented by enhanced IFN‐g production. We
therefore performed subsequent experiments using
10 µg/mL PEG and 1 µg/mL LPS, after which we
confirmed expressions of IFN‐g and IL‐4 mRNA by
RT‐PCR. The data in Figure 1b indicate that LCs

stimulated with PEG induced a Th2‐prone immune
response, as shown by enhanced expression of IL‐4
mRNA. However, LCs stimulated with LPS induced a
Th1‐prone immune response, as shown by enhanced
expression of IFN‐g mRNA. These findings indicate that
LCs stimulated with LPS and PEG induce development of
Th1‐ and Th2‐type cells, respectively.

Production of interleukin‐12 from
Langerhans cells upon stimulation with
peptidoglycan and lipopolysaccharide

There is evidence that cytokines in the environment
strongly influence maturation of Th cell precursors into
biased Th1 or Th2 populations (22). In particular, IL‐12
appears to be the dominant cytokine driving the
differentiation of Th1 lymphocytes in vitro and in
vivo (23, 24). We found that PEG and LPS stimulation
of LCs induces significant amounts of IL‐12 p40 and IL‐
12 p70, respectively (Fig. 2). However, PEG‐stimulated
LCs produced more IL‐12 p40 than did LPS‐stimulated
LCs. Furthermore, PEG‐stimulated LCs produced very
much less IL‐12 p70 than did LPS‐stimulated LCs.
Therefore, the ability to induce Th2‐prone immune

Fig. 1. Effect of peptidoglycan and lipopolysaccharide on T helper1/Th2 regulation in mice. (a) BALB/c mice that had been pre‐stimulated

with 0.1–10 µg/mL PEG or LPS for 18 hr were primed with injections of OVA‐pulsed LCs into the hind footpads and then given booster injections

of OVA 2 days later via the hind footpads. Draining popliteal lymph node cells were harvested 5 days after OVA injection, stimulated through cell

surface CD3/CD28 molecules for 48 hr, after which IFN‐g and IL‐4 concentrations in the culture supernatants were determined by ELISA. The

results are expressed as means � SD (n ¼ 6). (b) BALB/c mice that had been pre‐stimulated with 10 µg/mL PEG or 1 µg/mL LPS for 18 hr were

primed with injections of OVA‐pulsed LCs into the hind footpads and then given booster injections of OVA 2 days later via the hind footpads.

Draining popliteal lymph nodes were harvested 5 days after OVA injection, after which cytoplasmic mRNA was extracted from lymph node cells,

reverse‐transcribed, and amplified by PCR using b‐actin, IFN‐g and IL‐4 primer sets. The data shown are the representative results of five

independent experiments.
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responses upon PEG‐stimulation of LCs was mainly
associated with little bioactive IL‐12 and IL‐12 p70
production and much IL‐12 p40 production.

Production of interleukin‐10 from
Langerhans cells by stimulation with
peptidoglycan and lipopolysaccharide

Some investigators have reported that IL‐10 appears to be
the dominant cytokine driving differentiation of Th2
lymphocytes in vitro and in vivo (25, 26). We found that
PEG stimulation induces significant production of IL‐10
by LCs (Fig. 3). However, we did not detect IL‐10
production by LPS‐stimulated LCs. Furthermore, neu-
tralization of IL‐10 activity with anti‐IL‐10 antibody
production augmented production of both IL‐12 p40 and
IL‐12 p70 by PEG‐stimulated LCs (Fig. 4). Therefore, we
surmise that the ability of PEG to induce Th2‐prone
immune responses in LCs is associated with down‐
regulation of IL‐12 p70 production through IL‐10
production.

Effect of neutralization of interleukin‐10
activity on T helper 2 development

To examine whether Th2 development induced by PEG‐
stimulated LCs is associated with IL‐10 production, we

studied the Th2 adjuvant activity of PEG and the
influence of neutralization of IL‐10 activity upon it in
vitro. As shown in Figure 5, PEG‐stimulated LCs induced
Th2‐prone immune responses as represented by en-
hancement of IL‐4 production, but not IFN‐g produc-
tion, by activated CD4þ lymphocytes. Furthermore,
neutralization of IL‐10 activity with anti‐IL‐10 antibody
inhibited this IL‐4 production and conversely augmented
IFN‐g production. These results suggest that Th2
development by PEG‐stimulated LCs is associated with
IL‐10 production by LCs.

DISCUSSION

The number of Th2 cells is markedly increased in
the peripheral blood and acute skin lesions of AD
patients (1). Therefore, it is understood that development
of Th2 cells plays an important causative role in AD. In
this study, we investigated the capacity of mouse LCs to
induce Th2‐prone immune responses. The proposal that
Th2‐type immune responses play a key pathogenetic role
in AD is supported by the presence of blood eosinophilia
and high serum IgE concentrations in most AD
patients (27). However, the immunoregulatory mecha-
nism that induces Th2 development in AD is still
unknown. In the present study, PEG stimulation induced

Fig. 2. Effects of peptidoglycan (PEG) and lipopolysaccharide (LPS) on interleukin(IL)‐12 production by Langerhans cells. LCs (5 � 105/

mL) from BALB/c mouse epidermis were incubated with or without 10 µg/mL PEG or 1 µg/mL LPS for 48 hr. The supernatants were then assayed

for IL‐12 p40 and IL‐12 p70 production using ELISA. The results are expressed as means � SD (n ¼ 6).
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markedly less IL‐12 p70 production by LCs than did LPS
stimulation. This result is in accordwith a previous report
by Re et al. indicating that PEG stimulation of human
DCs fails to induce IL‐12 p70 but results in release of IL‐
12 p40 (28). Recent studies using mouse models have
shown that activation of DCs by distinct TLR agonists
appears to modulate the adaptive immune response. For
example, activation of TLR2 by Pam3Cys or Porphyr-
omonas gingivalis LPS induces prominent Th2‐biased
immune responses that are associated with failure of DCs
to produce IL‐12 p70 (29–31). Also, DCs activated with a
superantigenic toxin, staphylococcal enterotoxin B, drive
polarization of naïve allogeneic T cells into the Th2 subset
in vitro (32). Furthermore, Th2 cell development is
associated with DC activation through TLR2 signaling
and absence of IL‐12 p70 production. In contrast, E. coli
LPS, which was used in our study and is known to be a
Th1 adjuvant (29), induced Th1 immune responses
associated with enhanced IL‐12 p70 production. There-
fore, it seems that down‐regulation of IL‐12 p70
production by antigen‐presenting cells is important for

Th2 cell development. Our results suggest that produc-
tion of IL‐12 p40 by PEG‐stimulated LCs together with
absence of IL‐12 p70 production may play critical roles in
Th2 development. In fact, increased expression of IL‐12
p40 protein has been observed in LCs in chronic AD skin
lesions (33). Our previous study suggested that IL‐12 p40
protein exists as a homodimer and works as an IL‐12 p70
antagonist (9). Furthermore, our results demonstrate that
the small amount of IL‐12 p70 produced by PEG‐
stimulated LCs is associated with IL‐10 production by
these cells. IL‐10 production by LCs probably induces
down‐regulation of IL‐12 p70 production by these cells
via an autocrine mechanism, resulting in inhibition of
Th1 cell development and consequently of Th2 cell
development. Therefore, PEG‐induced Th2‐prone im-
mune responses would be inhibited by neutralization of
IL‐10 activity, resulting in restoration of IL‐12 p70
production and consequently of Th1‐prone immune
responses. On the other hand, although production of IL‐
12 p40 by PEG‐stimulated LCs is augmented by
neutralization of IL‐10 activity, subsequent Th1‐prone
immune responses are augmented rather than inhibited.
Thus, further augmentation of IL‐12 p40 production
does not necessarily promote formation of the homo-
dimer of p40 but instead promotes formation of the
heterodimers of p35 and p40.

Since PEG is well known to be a TLR2 agonist (28),
signaling through TLR2 on LCs would be associated with
IL‐10 production. In fact, we predicted the existence of
TLR2 in LCs based on results of RT‐PCR using a TLR2
primer set (data not shown). It has already been
confirmed that the PEG used in this study is a specific
stimulant of TLR2 (34). Because the density of S. aureus in
skin lesions of AD patients exceeds 1 � 107 organisms/
cm2, the PEG concentration of 10 µg/mL we used for in
vitro stimulation would realistically approximate the
concentration in vivo (2). Therefore, sustained S. aureus
colonization activates epidermal LCs to induce Th2‐
prone immune responses that are dependent on IL‐10
production.

Previous studies have not sufficiently explained the role
of S. aureus in the development of Th2 cells in patients
with AD. The present results suggest that skin coloniza-
tion with S. aureus plays a critical role in perpetuating skin
tissue inflammation through development of Th2 cells
induced by PEG, which is a common component of
superantigenic exotoxin‐producing and ‐non‐producing
S. aureus strains. Furthermore, superantigenic exotoxin‐
producing S. aureus strains would exert synergistic effects
with PEG for induction of Th2 cell development. Because
the superficial skin of most AD patients is colonized by S.
aureus and has disrupted barriers because of reduced
amounts of ceramide (35), PEG and superantigenic

Fig. 3. Effects of peptidoglycan (PEG) and lipopolysaccharide
(LPS) on interleukin (IL)‐10 production by Langerhans cells. LCs
(5 � 105/mL) from BALB/c mouse epidermis were incubated with or

without 10 µg/mL PEG or 1 µg/mL LPS for 48 hr. The supernatants

were then assayed for IL‐10 production using ELISA. The results are

expressed as means � SD (n ¼ 6).
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Fig. 4. Influences of interleukin (IL)‐10 neutralization on IL‐12 production by peptidoglycan (PEG)‐stimulated Langerhans cells. LCs
(5 � 105/mL) from BALB/c mouse epidermis were incubated with 10 µg/mL PEG in the presence or absence of anti‐IL‐10 neutralizing antibody for

48 hr. The supernatants were then assayed for IL‐12 p40 and IL‐12 p70 production using ELISA. The results are expressed as means � SD (n ¼ 6).

Fig. 5. Influences of interleukin (IL)‐10 neutralization on T helper 2‐prone immune responses induced by peptidoglycan (PEG)‐
stimulated Langerhans cells. LCs (1 � 105/mL) from BALB/c mouse epidermis were incubated with 10 µg/mL PEG in the presence or absence of

anti‐IL‐10 neutralizing antibody. After 18 hr, naïve Th cells from DO11.10 TCR Tg mouse (5 � 105/mL) and 30 nM OVA peptide were added to

the cultures and incubation continued for 5 days. The cells were then stimulated with PMA and ionomycin for 24 hr. The supernatants were

assayed for IFN‐g and IL‐4 production using ELISA. The results are expressed as means � SD (n ¼ 6).
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exotoxin would be expected to penetrate continuously
into the skin. Therefore, antimicrobial treatment in a
subgroup of AD patients, irrespective of whether they
show clinical signs of superinfection, could be a new
therapeutic strategy for AD.
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