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Abstract Atopic dermatitis (AD) is a chronic pruritic
inXammatory skin disease that frequently begins at infancy
and the majority of them develop asthma and/or allergic
rhinitis later, in which food and inhaled allergens play an
important role. There is a murine model for AD that is
induced by repeated epicutaneous (e.c.) exposure with
ovalbumin (OVA). This model shares many characteristic
features with AD, including development of asthma as well
as dermatitis. Recently, it is reported that ocular tolerance
or tolerance induced by intravenous administration of in
vitro generated tolerogenic antigen-presenting cells (tol-
APC), which can bypasses ocular tolerance, inhibits the
immune response in a murine asthma model. The present
study was designed to investigate whether tolerance
induced by tol-APC and ocular tolerance inhibits AD-like
dermatitis induced by repeated e.c. sensitization with OVA.
BALB/c mice were given a total of three 1 week e.c. expo-
sures to OVA with 2-week intervals between exposures.
After second exposure to OVA, mice received the tol-APC
or received OVA in the anterior chamber (AC) of the eye
(ocular tolerance). Both groups of mice received the tol-
APC and mice that received OVA in the AC of the eye
showed weakened cellular inWltration in the skin including
eosinophils and mast cells, lower levels of antigen-speciWc
IgE, lower levels of transcripts of IL-4, IL-5, IL-13 in the
skin and less production of Th1 and Th2 cytokine by
regional lymph node cells, compared with those of mice

that received sham treatment and mice that received the tol-
APC treated with unrelated antigen after second e.c. expo-
sure to OVA. These results indicate that antigen-speciWc
tolerance induced by the tol-APC and ocular tolerance can
inhibit the dermatitis and its related systemic immune
response in the murine AD model. These types of tolerance
might lead to a new therapeutic approach to allergic skin
disease.
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Introduction

Atopic dermatitis (AD) is a chronic pruritic inXammatory
skin disease that is often associated with increased serum
IgE levels and peripheral eosinophilia. AD frequently
begins in infancy and the majority of them develop asthma
and/or allergic rhinitis later. It has been shown that food
and inhaled allergens play an important role in pathogene-
sis of AD, since these allergens can elicit or exacerbate skin
lesions in sensitized persons [4]. Patch test of inhalant aller-
gen to the normal skin site of sensitized AD patients elicits
an eczematous reaction [21]. Avoidance of aeroallergens
showing positive patch test reactions may result in clinical
improvement [7, 20].

There is a murine model of AD that indicates the impor-
tance of epicutaneous (e.c.) exposure of allergens, espe-
cially to the barrier-disrupted skin, in pathogenesis of AD.
In this model, AD-like dermatitis is induced by repeated
e.c. exposure to ovalbumine (OVA). This model also
showed signiWcant increases in total serum IgE and in anti-
gen-speciWc IgE, as well as signiWcant dermal and epider-
mal thickenings and cellular inWltration consisting mainly
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of T cells, eosinophils and mast cells, which are regulated
mainly by Th2 type immune responses, while Th1 cyto-
kine, IFN-�, also play an important role for the cutanenous
pathology [14, 24, 25, 29]. Moreover, this model shows
that e.c. sensitization with allergens leads to development
of asthma, which is similar to the clinical course of some
patients with AD: the so-called “atopic march” [30].

Ocular tolerance, which is known as anterior chamber-
associated immune deviation (ACAID), is a kind of periph-
eral tolerance to protect eye from destructive inXammation
and that mainly is mediated by F4/80 positive antigen-pre-
senting cells (APC) trained by a large amount of TGF-�2 in
the anterior chamber (AC) [31, 32]. When mice receive
antigens (Ags) in the AC of the eye, antigen-pulsed APC in
the AC get into blood stream and reach the spleen where
the APC induce regulatory T cells [13, 31, 35]. Intracam-
eral inoculation of Ag to induce tolerance can be bypassed
by i.v. inoculation of in vitro generated, antigen-pulsed and
TGF-� 2-treated tolerogenic antigen-presenting cells (tol-
APC). Peritoneal exudates cells elicited by thioglycolate,
whose major population consists of macrophages, and in
vitro-generated, bone-marrow derived APC have been used
as ACAID-inducing APC in vitro [35–37]. ACAID and the
ACAID-like tolerance induced by the tol-APC are medi-
ated by at least two populations of antigen-speciWc regula-
tory T cells: a CD4 positive population that includes CD4+

CD25+ regulatory T cells but is not identical [11, 38], and
that suppresses the induction of delayed hypersensitivity
(an aVerent regulator), and a CD8 positive regulatory cells
that inhibits the expression of delayed hypersensitivity (an
eVerent regulator) [12, 33]. These types of tolerance had
been shown to inhibit Th1 immune response exclusively
because the destructive eVect of Th1 immune responses
rather than Th2 immune responses on the eye has to be
inhibited [3, 5, 37]. Recently, however, we showed that
ocular tolerance and peripheral tolerance induced by the
tol-APC successfully inhibited Th2 pathology of the lung
[10]. Levels of OVA-speciWc IgE in serum, and levels of
Th2 cytokines in bronchoalveolar lavage and culture super-
natant of regional lymph node (LN) cells stimulated with
OVA decreased in a OVA-induced murine asthma model
when tolerance was induced before sensitization. In order
to make sure whether the tol-APC are able to inhibit Th2
pathology widely, we should examine the inhibitory eVects
using other disease models.

Many eVorts have been made to elucidate the mecha-
nisms of induction of the AD-like dermatitis in mice by
repeated e.c. sensitization [6, 14, 16, 24, 25], but, to our
knowledge, there have been no eVorts to inhibit the AD-like
dermatitis as a therapeutic approach to this problem. We
report here that the tol-APC are capable of inhibiting a Th2-
immune response in the skin possibly as a therapeutic
eVect.

Materials and methods

Mice

Five- to six-week old female BALB/c mice were purchased
from Seac Yoshitomi Ltd (Fukuoka, Japan) and kept under
standard conditions. All animals were treated according to
the Oita University Guidelines for the Care and Use of Lab-
oratory Animals and all protocols were preapproved by the
Animal Care and Use Committee of Oita University. For
experimental manipulations, each mouse was anesthetized
with an intraperitoneal injection of 3 mg of ketamine and
0.0075 mg xylazine.

Epicutaneous sensitization

Epicutaneous sensitization of mice was performed as
described by Wang et al. [28]. In brief, the back of each
mouse was carefully shaved with a razor. Then, 100 �g of
OVA (grade V; Sigma-Aldrich, St Louis, MO, USA) in
100 �L of PBS or vehicle alone (100 �L of PBS) were
placed on a 1 £ 1 cm patch of sterile gauze, which was
secured to the skin with a transparent bio-occlusive dress-
ing (Patch tester, Torii Pharmaceutical, Tokyo, Japan). The
patch was allowed to remain for 1 week and then removed.
Two weeks later, an identical patch was reapplied to the
same site on the skin. Each mouse had a total of three
1 week exposures to a patch with 2-week intervals between
exposures. Inspection conWrmed that each patch remained
in place until the end of each sensitization period. For con-
ventional sensitization, mice received an s.c. injection of
100 �g of OVA that had been emulsiWed in complete Fre-
und’s adjuvant (CFA) (Difco, Detroit, MI).

Intraocular injection

For intraocular injection, 3 �L of a solution of OVA
(50 �g) that had been dissolved in Hank’s balanced salts
solution was injected into the AC of the right eye of each
mouse 7 days after the second exposure to a patch.

Generation of ACAID-inducing APC

Serum-free medium was used for the generation of
ACAID-inducing APC. This medium consisted of RPMI
1640 medium, 10 mM HEPES, 0.1 mM nonessential amino
acids, 1 mM sodium pyruvate, 100 U/mL penicillin,
100 �g/mL streptomycin and 1 £ 10¡5 M 2-ME supple-
mented with 0.1% BSA (all from Sigma-Aldrich), 0.1%
ITS + culture supplement [1 �g/mL iron-free transferrin,
10 ng/mL linoleic acid, 0.3 ng/mL Na2Se, and 0.2 �g/mL
Fe(NO3)3, Collaborative Biomedical Products, Bedford,
MA]. Peritoneal exudates cells were obtained from normal
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BALB/c mice that had received 3 mL of thioglycolate
(Sigma-Aldrich) i.p. 3 days earlier. As described previously
[10], peritoneal exudates cells were washed, resuspended in
serum-free medium, placed in 24-well culture plates
(1 £ 106 cells/well), and treated with 5 ng/mL porcine
TGF-�2 (R&D Systems, Minneapolis, MN) and 5 mg/mL
OVA in serum-free medium at 37°C in an atmosphere of
5% CO2 in air. After overnight culture, plates were washed
three times with culture medium to remove TGF-�2, OVA,
and nonadherent cells. Adherent cells, in which major pop-
ulation consists of macrophages, were harvested by vigor-
ous pipetting and administered intravenously to mice
(5 £ 105 cells/mouse) that were already exposed twice to a
patch of OVA 7 days before the application of the third
patch. In some experiments, keyhole limpet hemocyanin
(Calbiochem, Darmstadt, Germany) was used as an Ag
instead of OVA to test the Ag speciWcity.

Histological analysis

For histological examination, samples of skin were resected
from patched areas of the skin 24 h after the last patch had
been removed. Samples were Wxed in 10% buVered forma-
lin and embedded in paraYn. Multiple 4 �m sections were
stained with H&E and toluidine blue. Each type of individ-
ual inXammatory cell was counted in ten high-power Welds
and expressed as the mean number of cells/high-power
Welds with the SEM. The thickness of the epidermis and
dermis was measured by using a scaled ocular lens on a
light microscope. Ten measurements were obtained for
each mouse. The measurements were adjusted for the mag-
niWcation optics and expressed in micrometers with mean
and SEM calculated.

Semiquantitative RT-PCR

Skin biopsies without adipose tissue were obtained 24 h
after the third patch had been removed and frozen immedi-
ately in liquid nitrogen. The samples were homogenized in
Isogen™ (Nippon Gene, Toyama, Japan), which contained
phenol and acid guanidium thiocyanate. Total RNA was
isolated by the acid guanidium thiocyanate–phenol–chloro-
form method and levels of mRNA for IL-4, IL-5, IL-13,
IFN-� and �-actin were measured by semiquantitative RT-
PCR as described previously [9]. RNA weighing 50 ng of
was reverse-transcribed with random hexamers as primers
and MMLV reverse transcriptase (Gibco-BRL, Gaithers-
burg, MD). The resultant cDNA was ampliWed by PCR in
the presence of 1 �Ci 32P-dCTP. The following cycle of
incubations was used for ampliWcation of all samples of
cDNA: 1 min at 94°C, then 1 min at 58°C, and Wnally
1 min at 72°C. The appropriate number of cycles for ampli-
Wcation within the linear range was as follows: 22 cycles

for �-actin cDNA; 34 cycles for IL-4 and IFN-� cDNA; 36
cycles for IL-5 cDNA; 30 cycles for IL-13 cDNA. Aliquots
(1 �L) of each ampliWed sample were analyzed by electro-
phoresis on a 5% acrylamide/Tris-borate EDTA gel, which
was then subjected to autoradiography. DNA was quanti-
Wed by phosphorimage analysis (BAS2000; Fuji Medical
Systems, Stanford, CT, USA). Levels of mRNAs for cyto-
kines were normalized by reference to levels of �-actin
mRNA. The oligonucleotide primers used for PCR were
based on published sequences of transcripts. The primers
for ampliWcation of cDNA for murine �-actin were 5�-
GGTCAGAAGGACTCCTATGTGG-3� for the upstream
primer and 5�-TGTGGTGGTGAAGCTGTAGC-3� for the
down stream primer; for IL-4, they were 5�-CAC-
TTGAGAGAGATCATCGGC-3� as the upstream primer
and 5�-GCTTATCGATGAATCCAGGC-3� as the down-
stream primer; for IL-5, they were 5�-TCATGAGAAG-
GATGCTTCTGC-3� as the upstream primer and 5�-
GTAATCCAGGAACTGCCTCG-3� as the downstream
primer; for IL-13, they were 5�-
GCCAGCCCACAGTTCTACAGC-3� as the upstream
primer and 5�-GTGATGTTGCTCAGCTCCTCA-3� as the
downstream primer; for IFN-�, they were 5�-CGCTACA-
CACTGCATCTTGG-3� as the upstream primer and 5�-
GAGCTCATTGAATGCTTGGC-3� as the downstream
primer. We identiWed the products of PCR as follows. Each
reaction mixture was subjected to electrophoresis on an
agarose gel and ampliWed fragments were extracted and
digested with an appropriate restriction endonuclease. The
sizes of the products of PCR and of the fragments were
compared with the expected sizes by reference to the
mobilities of molecular size markers (100 bp ladder; Gibco-
BRL, Gaithersburg, MD; data not shown).

Production of cytokines by LN cells

Skin-draining (axillary) LNs were harvested 24 h after
removal of the third patch. Cells from two mice were
pooled and then cultured (2 £ 106/mL) in the absence or
presence of OVA (1 mg/mL) in 96-well plates for 48, 72,
and 96 h. Cells were cultured in medium that consisted of
RPMI 1640 (Sigma-Aldrich), 10% heat-inactivated fetal
bovine serum (Filton, Brooklin, Australia), 2 mM L-gluta-
mine, 10 mM HEPES buVer, 100 U/mL penicillin G
sodium, 100 �g/mL streptomycin sulfate, and 1 £ 10¡5 M
2-ME (Sigma-Aldrich). Supernatants were harvested and
stored at ¡70°C prior to assays.

Levels of cytokines in culture supernatants were deter-
mined by quantitative capture ELISA, according to the man-
ufacturer’s instructions, for IL-4, IL-5, and IFN-� (BD
PharMingen, San Diego, CA), and IL-13 (R&D Systems).
The limits of detection of the ELISAs were 16 pg/mL for IL-
4 and IL-5, 62.5 pg/mL for IL-13, and 290 pg/mL for IFN-�.
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Quantitation of OVA-speciWc IgG1, IgG2a/2b, IgG3, 
and IgE in serum

Samples of serum were prepared 24 h after removal of the
last patch. The concentration of OVA-speciWc IgG1,
IgG2a/2b, IgG3, or IgE in the serum was determined by
sandwich ELISA with alkaline phosphatase-conjugated
ExtrAvidin™ (1/10,000 dilution; Sigma-Aldrich) and p-
nitrophenyl phosphate (Sigma-Aldrich) as chromogen. To
determine serum levels of OVA-speciWc IgE, we used an
IgE-speciWc mAb (R35-72; BD PharMingen) as capture
Ab and biotin-conjugated OVA as detecting reagent.
Microtiter plates (96-well) were coated overnight at 4°C
with 2 �g/mL IgE-speciWc mAb that had been diluted in
PBS. After wells had been blocked with 2% BSA in PBS,
samples of diluted serum were added to the plate, which
was then incubated overnight at 4°C. After removal of
serum by washing, biotin-conjugated OVA (2 �g/mL) was
added to each well and plates were incubated for 1 h at
room temperature before color development. For OVA-
speciWc IgG1, IgG2a/2b, and IgG3, OVA (10 �g/mL in
carbonate buVer, pH 9.4) was used as capture reagent and
biotin-conjugated Abs against IgG1 (A85-1), IgG2a/2b
(R2-40) and IgG3 (R40-82; 2 �g/mL; BD PharMingen)
were used as detecting Abs. Sera were diluted 1,000-fold
for optimal detection of IgG1, IgG2a/2b, and IgG3 and
tenfold for detection of IgE.

Statistical analyses

In experiments with groups of mice, each group contained
at least eight animals, and all experiments (both in vitro and
in vivo) were repeated at least twice with similar results.
The results displayed in the Wgures are representative of the
results of the respective replicate experiments; SEMs were
calculated from single experiments. Data were subjected to
analysis by Student’s t-test, as appropriate. DiVerences
were recognized as statistically signiWcant when P < 0.05.

Results

Intravenous injection of tol-APC and of intracameral 
injection of OVA after two e.c. exposures

We designed a set of experiments to determine whether an
intravenous injection of OVA-pulsed APC that had been
pretreated with TGF-�2 (tol-APC) could inhibit the AD-
like dermatitis and its related Th2 immune response in pre-
sensitized mice that had been primed with OVA by two
prior e.c. exposure. At the same time, we also examined the
eVect of intracameral injection of OVA, which induces
ACAID, in the same protocol. One group of mice received

the tol-APC intravenously and one group of mice received
an injection of OVA in the AC of the eye 7 days after the
second e.c. exposure to OVA. Seven days later, these
groups of mice and positive-control mice received a third
e.c. exposure to OVA, while negative-control mice
received a third e.c. treatment with PBS (Fig. 1).

Humoral immunity

The Wrst experiment was designed to evaluate the humoral
immunity in the above-mentioned groups of mice. Blood
was collected by cardiac puncture 24 h after removal of the
third patch and serum was separated from the blood. An
additional group of BALB/c mice received a s.c. injection
of OVA in CFA and sera were prepared 14 days later to
serve as another positive control for the production of
OVA-speciWc Abs as a result of the Th1 immune reaction.
Mice that had been sensitized e.c. with OVA (positive con-
trols) were associated with high titers of OVA-speciWc IgE
and IgG1, but low levels of IgG2a, IgG2b, and IgG3 Abs,
as compared with mice that had been sensitized with OVA
in CFA (Fig. 2). Mice that had received OVA in the AC
and mice that had received the tol-APC had lower levels of
OVA-speciWc IgE than the levels in the positive control
mice and the diVerences were and were not statistically sig-
niWcant, respectively. The levels in serum of other OVA-
speciWc Abs in mice received OVA in the AC and the tol-
APC were similar to those in the positive controls (Fig. 2).

Evaluation of dermatitis

Next, we analyzed the dermatitis that had been induced by
e.c. exposure to OVA. Biopsies were taken 1 day after the
completion of the third round of sensitization. Numerous
inWltrating cells, including lymphocytes, neutrophils, eosin-
ophils and mast cells, were observed in the skin of the posi-
tive-control mice and there were fewer inWltrating cells in
the mice that received the tol-APC and mice that received
OVA in the AC (Fig. 3). DiVerential cell counts revealed

Fig. 1 Schematic representation of the design of experiments. BALB/
c mice were given a total of three 1 week epicutaneous (e.c.) exposures
to OVA with 2-week intervals between exposures. To induce toler-
ance, mice received an anterior chamber (AC) injection of ovalbumin
(OVA) or an intravenous injection of tolerogenic (OVA-pulsed TGF-
�2-treated) antigen presenting cells (APC) (tol-APC) after the second
week-long e.c. exposure with OVA
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that total number of cells and the number of eosinophils and
mast cells in the skin of both group of mice that had
received the tol-APC and had received OVA in the AC,
were signiWcantly lower than the corresponding numbers in
the positive controls (Table 1). We demonstrated the num-
ber of total inWltrating cells instead of lymphocytes in the
skin, since it is sometimes diYcult to diVerentiate lympho-
cytes from mononuclear cells such as macrophages and
Wbroblasts. The total number of cells excluding mast cells,
neutrophils and eosinophils, which indicated an approxi-
mate quantity of lymphocytes in the skin of both group of
mice that had received the tol-APC and had received OVA
in the AC were lower than that of the positive controls (data
not shown).

The thickness of epidermis and dermis was decreased in
mice that had received the tol-APC and in mice that
received OVA in the AC compared with those of the posi-
tive controls (Fig. 4).

Expression of cytokine mRNAs in the skin

We used semi-quantitative RT-PCR to examine levels of
cytokine mRNAs in the skin of mice that received OVA in
the AC or the tol-APC, after the second e.c. sensitization,
and compared the levels with those in positive-control
mice. We harvested skin 24 h after removal of the third
patch. Levels mRNAs of IL-13, IL-4, IL-5 but not IFN-�
were lower in the skin of mice that had received OVA in
the AC or the tol-APC than those in the skin of the positive-
control mice (Fig. 5).

Production of cytokine by regional LN cells

Regional LN cells of mice that have been e.c. sensitized
with a soluble protein Ag produce Th2 cytokine in an anti-
gen-speciWc manner, which seems to reXect the cutaneous
cytokine milieu [6, 28]. Therefore, we analyzed the produc-
tion of cytokine by the regional LN cells after stimulation
with OVA in vitro. We harvested regional LN cells 24 h
after removal of the third patch and cultured them with
OVA for 72 h. LN cells from the positive-control mice pro-
duced considerable amounts of the Th2 cytokines IL-4, IL-
5, and IL-13, and moderate amounts of the Th1 cytokine
IFN-�. LN cells from mice that had received OVA in the
AC or the tol-APC produced smaller amounts of Th2 cyto-
kines than did the positive-control mice (Fig. 6). The levels
of IFN-� in the ACAID mice and mice that had received the
tol-APC were lower than those in the positive control mice
with or without statistic signiWcance, respectively. LN cells
from any group of mice did not produce detectable levels of
all cytokine without stimulation with OVA (data not
shown).

Thus, our results showed that AC injection of OVA and
intravenous injection of the tol-APC inhibited the ongoing
Th2 immune response in pre-sensitized mice.

Antigen speciWcity

In order to examine whether the inhibitory eVect of the tol-
APC is Ag speciWc, TGF-�2 treated peritoneal exudates
cells were cultured with keyhole limpet hemocyanin and

Fig. 2 Measurements by 
ELISA of the production of anti-
gen-speciWc antibodies. Mice 
were received an injection of 
OVA in the anterior chamber 
(AC) of the eye (ACAID) or an 
intravenous injection of the tol-
APC after the second e.c. sensi-
tization with OVA. Mice that re-
ceived a total of three 
epicutaneous exposures to OVA 
but had not received any treat-
ment were used as positive con-
trols. Serum was prepared 24 h 
after removal of the third sensi-
tizing patch. Sera from mice that 
had been sensitized with OVA in 
CFA were used as additional 
positive controls for production 
of OVA-speciWc IgG2a + 2b and 
IgG3. Mean results (O.D. 
405 nm) for each group of mice 
are shown with SEMs (n = 8 
mice/group, *P < 0.05 vs. posi-
tive control)
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then were intravenously injected into mice after second e.c.
exposure to OVA. Seven days later, these mice were
exposed to a third e.c. patch of OVA for a week and then
they were analyzed as described above. Mice that received
TGF-� 2-treated and keyhole limpet hemocyanin pulsed
peritoneal exudates cells showed comparable levels of cel-
lular inWltration in the skin (Table 2), OVA-dependent

cytokine production by regional LN cells (data not shown),
and OVA-speciWc IgG1 in comparison to positive control
mice (data not shown), while the levels of OVA-speciWc
IgE were slightly lower than those of positive control mice
without statistic signiWcance in one of two diVerent experi-
ments (Fig. 7). These results indicate that the tol-APC
inhibited the AD-like dermatitis and cytokine production in

Fig. 3 Histopathology of the 
skin. The skin was harvested 
24 h after completion of the third 
e.c. exposure to OVA or PBS. 
Mice received three e.c. expo-
sures to OVA (positive control) 
(a, b). Mice received three e.c. 
exposures to PBS (negative con-
trol) (c, d). Mice received (e, f) 
an AC injection of OVA (AC-
AID) or (g, h) an intravenous 
injection of the tol-APC after the 
second e.c. exposure to OVA. A 
representative proWle (HE 
staining, £ 400 (a, c, e, 
g), £ 1,000 (b, d, f, h)) is shown 
from each group of mice. Ar-
rows indicate eosinophils (b)
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an antigen-speciWc manner, and the partial inhibition of
antigen-speciWc IgE production by the tol-APC cultured
with irrelevant Ag suggests that the possibility of bystander
suppression in certain aspects of the Th2 response by tol-
APC.

Discussion

This study showed that both ACAID and the ACAID-like
inhibition by the tol-APC readily inhibited another type of
Th2 pathology, the AD-like dermatitis and its related sys-
temic immune responses, as a therapeutic eVect. In an ini-
tial series of experiments that we designed to manipulate
Th2 pathology, we showed that ACAID and the ACAID-
like tolerance by the tol-APC inhibited Th2 pathology of

the lung [10]. Successful inhibition of Th2 pathology in the
skin as well as the lung suggests that a potential of these
types of tolerance to inhibit Th2 pathology in other organs
or mechanisms is worth investigating.

We showed for the Wrst time that ACAID and the
ACAID-like tolerance by the tol-APC did inhibit the AD-
like dermatitis that is characterized by inXammatory cell
inWltration and thickening of epidermis and dermis. How-
ever, the suppressive eVects were not complete. Many cell
types; T cells, eosinophils, neutrophils mast cells, and
keratinocytes, are involved in the pathogenesis of the AD-
like dermatitis [29]. Inhibitory eVect of ACAID and the
ACAID-like inhibition by the tol-APC in an eVerent phase
is mediated by CD8+ regulatory T cells that are induced by
in vivo and in vitro generated tolereogenic APC accumulat-
ing in the marginal zone of spleen, where the tolerogenic

Table 1 DiVerential cell counts in skin after the induction of tolerance

Mean values § SEM of cells in ten high-power Welds HPF (£1,000) are shown
a Negative-control mice received epicutaneous (e.c.) exposures to PBS
b ACAID mice received an injection of OVA in the anterior chamber of the eye and
c tol-APC mice received the tol-APC after the second e.c. exposure to OVA
d Positive-control mice received three e.c. exposures to OVA, as did as ACAID and tol-APC mice, without any treatment. Biopsies were taken
24 h after the third patch had been removed (n = 8 mice/group)

*P < 0.05 versus positive control, **P < 0.0005 versus positive control

Negative controla ACAIDb tol-APCc Positive controld

Total cells 58.2 § 6.8* 67.2 § 4.9* 71.2 § 6.9* 87.8 § 10.2

Neutrophils 15.2 § 4.6 11.7 § 3.3 15.7 § 4.2 18.5 § 3.7

Eosinophils 0.9 § 0.3** 1.1 § 0.3** 1.3 § 0.5* 2.9 § 0.3

Mast cells 3.1 § 0.3** 3.8 § 0.3* 4.0 § 0.4* 5.5 § 0.2

Fig. 4 Thickness of epidermis and dermis. The skin was harvested
24 h after completion of the third e.c. exposure to OVA or PBS. Mice
received an AC injection of OVA (ACAID) or an intravenous injection
of the tol-APC after the second e.c. exposure to OVA. Mice had re-
ceived three e.c. exposures to OVA or PBS served as positive controls
or negative controls, respectively. The thickness of epidermis and der-

mis in HE staining sections from each group of mice was measured by
using a scaled ocular lens on a light microscope. Ten measurements
were obtained for each mouse. Results are represented as the
mean § SEM (n = 8 mice/group, *P < 0.001; **P < 0.05 vs. positive
control)
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APC induce CD8+ regulatory T cells in co-operation with
CD4+ invariant NKT cells and marginal zone B cells using
tolerogenic signals; enhanced production of TGF-�, IL-10,

thrombospondin, and MIP-2 [2, 17, 18, 22, 23]. Molecular
mechanism used by the CD8+ regulatory T cells in this
model to suppress is unknown. Recent publications showed

Fig. 5 Analysis of levels of 
cytokines mRNA in the skin. 
The skin was harvested 24 h af-
ter completion of the third e.c. 
exposure to OVA or PBS. Mice 
received an AC injection of 
OVA (ACAID) or an intrave-
nous injection of the tol-APC af-
ter the second e.c. exposure to 
OVA. Mice had received three 
e.c. exposures to OVA or PBS 
served as positive controls or 
negative controls, respectively. 
Levels of mRNAs for IL-4, IL-5, 
IL-13, IFN-� and �-actin were 
determined by semiquantitative 
RT-PCR, with 32P-dCTP as 
radiolabel. Levels of cytokines 
mRNA in the skin were normal-
ized by reference to levels of �-
actin mRNA. Results are repre-
sented as the mean § SEM 
(n = 8 mice/group, *P < 0.05; 
**P < 0.02; ***P < 0.001 vs. 
positive control)

Fig. 6 Quantitation of cyto-
kines in supernatants of cultures 
of OVA-stimulated lymphoid 
cells from skin-draining lymph 
nodes. Axillar LN cells were re-
moved from mice 24 h after 
completion of the third e.c. 
exposure to OVA. Mice received 
OVA in the AC (ACAID) or the 
tol-APC intravenously after the 
second e.c. exposure to OVA. 
Mice that had been sensitized 
with OVA epicutaneously with-
out any treatment were used as 
positive controls. Cells were 
stimulated in vitro with OVA 
(1 mg/ml) and supernatants of 
cultures were collected after a 
72 h incubation. Mean values for 
each group of supernatants are 
presented with SEM (8 mice/
group). Asterisks indicate mean 
values that are signiWcantly low-
er than those for positive con-
trols (*P < 0.05; **P < 0.01; 
and ***P < 0.005)
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that the TCR and cosignaling pathway are directly linked to
suppression by the regulatory T cells [1, 8, 26]. Thus,
remaining eVector function mediated by other cell types
than eVector T cells, which were generated by repeated e.c.
exposure to OVA, might lead to partial inhibition of the
dermatitis.

Inhibition after second exposure to OVA might not be a
therapeutic eVect in the strict sense of the word, since the
third exposure to OVA enhances cellular inWltration of the
skin, production of total and antigen-speciWc IgE and its
related immune responses, which makes the features of the
mice resembles more AD in human [24, 28, 29]. However,

the inhibition of accelerating eVects of third exposure to
OVA on the features of AD-like symptom is possible to be
interpreted as a therapeutic eVect. This is not the Wrst report
to show that the in vitro-generated APC could suppress an
established Th2 immune response. Zhang-Hoover et al.
[36] showed the successful inhibition of OVA-induced air-
way inXammation and airway hypersensitivity in pre-sensi-
tized mice by both an inoculation of OVA into the AC of
the eye and an i.v. injection of antigen-pulsed and TGF-�2-
treated bone-marrow derived APC. Their and our Wndings
clearly showed the potential of ACAID and the ACAID-
like tolerance induced by tolerogenic APC to suppress Th2
pathology as a therapeutic eVect, which has been already
shown in Th1 disease models, experimental allergic
encephalopathy [3] and hapten-induced pulmonary Wbrosis
[37].

The inhibitory eVects of ACAID have sometimes been
stronger than those of the tol-APC in our laboratory, which
was reXected in incomplete inhibition of OVA-speciWc IgE
production and IFN-� production by LN cells of the tol-
APC mice compared to those of ACAID mice. Many fac-
tors other than TGF-�2 are involved in the eye to induce
tolerogenic APC and regulatory T cells, which might cause
the diVerence between ACAID and the tol-APC [17, 19,
26]. Otherwise, it might be necessary to optimize the
method to prepare the tol-APC. Besides, the levels of
OVA-IgG1 did not change in ACAID mice and the tol-
APC mice. When these types of tolerance were applied to
delayed type hypersensitivity response to OVA, they
impaired a typical Th1 immune response, while OVA-spe-
ciWc IgG1 was induced. Induction of IgG1 class antigen-
speciWc antibody is one of the characteristics of these types
of tolerance [34], which suggests that production of anti-
gen-speciWc IgE and IgG1 was diVerently regulated in the
AD-like dermatitis. Administration of TGF-�2 treated APC
cultured with keyhole limpet hemocyanin that was unre-
lated Ag in the AD model did not impair cellular inWltration
in the skin and antigen-dependent cytokine production by

Fig. 7 Incomplete inhibition of OVA-speciWc IgE by irrelevant anti-
gen-pulsed APC. Mice that received an intravenous injection of the tol-
APC cultured with OVA (tol-APC-OVA) or keyhole limpet hemocya-
nin (tol-APC-KLH) after the second e.c. sensitization with OVA. Mice
that received a total of three epicutaneous exposures to OVA but had
not received any treatment were used as positive controls. Serum was
prepared 24 h after removal of the third sensitizing patch. The levels of
OVA-speciWc IgE were measured by ELISA and mean results (O.D.
405 nm) for each group of mice are shown with SEM (n = 8 mice/
group)

Table 2 Antigen-speciWc inhibition of cutaneous inXammation by tolerogenic APC

Mean values § SEM of cells in ten high-power Welds HPF (£1,000) are shown
a Negative-control mice received epicutaneous (e.c.) exposures to PBS
b tol-APC-OVA mice received the tol-APC cultured in the presence of OVA
c tol-APC-KLH mice received the tol-APC prepared with irrelevant antigen: KLH, after the second e.c. exposure to OVA
d Positive-control mice received three e.c. exposures to OVA, as did as the tol-APC mice, without any treatment. Biopsies were taken 24 h after
the third patch had been removed (n = 8 mice/group)

*P < 0.05 versus positive control, **P < 0.0005 versus positive control

Negative controla tol-APC-OVAb tol-APC-KLHc Positive controld

Total cells 36.7 § 2.5** 51.2 § 3.1* 71.2 § 6.9 72.2 § 3.3

Neutrophils 2.8 § 0.3** 10.3 § 1.5 14.7 § 4.2 11.6 § 1.1

Eosinophils 0.6 § 0.6** 1.4 § 0.3** 2.6 § 0.6 2.8 § 0.4

Mast cells 2.1 § 0.5** 3.5 § 0.3* 5.0 § 0.5 5.3 § 0.4
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LN cells. These results indicate that administration of the
tol-APC inhibited the dermatitis and its related immune
response in an antigen-speciWc manner. On the other hand,
partial inhibition of antigen-speciWc IgE production by tol-
APC treated with irrelevant Ag suggests that the possibility
of bystander suppression in certain aspects of the Th2
response by tol-APC. The possibility is supported by simi-
lar observation that tol-APC treated with irrelevant Ag par-
tially inhibited antigen-dependent Th2 cytokine production
in allergic pulmonary inXammation, in which the tol-APC
were prepared and used in the same way to the present
study [36].

There are some diVerent aspects of the dermatitis
between our observation and previous report. We did not
Wnd increased levels of IFN-� mRNA in the skin, although
ACAID suppressed the production of IFN-� by LN cells,
which suggests the increased production of IFN-� in mice
with the dermatitis. The original reports by Spergel et al.
[24, 25] showed the increased levels of IFN-� mRNA in the
skin, by which they speculated the similarity between this
dermatitis model and AD in human, while the following
reports by the same laboratory did not show the increase of
IFN-� mRNA in the skin [14, 16]. DiVerence in sensitivity
of RT-PCR might cause the diVerence. Further study is
required to elucidate a role of IFN-� in this model.

In addition to the tol-APC used in this study, anti-
inXammatory eVects of macrophages that were prepared
in the other protocol have been reported. Vissers et al.
[27] showed the inhibitory eVect of macrophages that
were treated with the selective toll-like receptor-9 or 4
ligands immunostimulatory sequence oligodeoxynucleo-
tide on a murine asthma model. They showed that more
than 90% of macrophages injected intravenously accumu-
lated in spleen where they keep the phenotype to induce
tolerance for long time, which is similar to ACAID and
the ACAID-like tolerance induced by the tol-APC.
Besides, it was reported that F4/80 receptor on antigen-
presenting cells, which is a major Ag for macrophages, is
required for the induction of antigen-speciWc eVerent reg-
ulatory T cells in a low-dose oral tolerance [15] as well as
ACAID and the ACAID-like tolerance by the tol-APC.
These reports, in addition to our experimental results, sug-
gest that macrophages or APC that have some similarity
to macrophages have a potential to induce tolerance that
might lead to a new therapeutic approach for allergic skin
disease. It is sometimes diYcult to identify the correct Ag
or Ags for AD. However, if the AD patients with a severe
and refractory inXammatory reaction caused by the Ags
are thus treated, the tol-APC therapy might be reserved
for these severe subjects.

Acknowledgments This work was supported by a grant from the
Kieikai Foundation for Arts and Sciences.

ConXict of interest The authors state no conXict of interest.

References

1. D’Orazio TJ, Mayhew E, Niederkorn JY (2001) Ocular immune
privilege promoted by the presentation of peptide on tolerogenic B
cells in the spleen. II. Evidence for presentation by Qa-1. J Immu-
nol 166:26–32

2. Faunce DE, Sonoda KH, Stein-Streilein J (2001) MIP-2 recruits
NKT cells to the spleen during tolerance induction. J Immunol
166:313–321

3. Faunce DE, Terajewicz A, Stein-Streilein J (2004) Cutting edge:
in vitro-generated tolerogenic APC induce CD8+ T regulatory
cells that can suppress ongoing experimental autoimmune enceph-
alomyelitis. J Immunol 172:1991–1995

4. Gustafsson D, Sjoberg O, Foucard T (2003) Sensitization to food
and airborne allergens in children with atopic dermatitis followed
up to 7 years of age. Pediatr Allergy Immunol 14:448–452

5. Hara Y, Caspi RR, Wiggert B, Chan CC, Wilbanks GA, Streilein
JW (1992) Suppression of experimental autoimmune uveitis in
mice by induction of anterior chamber-associated immune devia-
tion with interphotoreceptor retinoid-binding protein. J Immunol
148:1685–1692

6. Herrick CA, Xu L, McKenzie AN, Tigelaar RE, Bottomly K
(2003) IL-13 is necessary, not simply suYcient, for epicutaneous-
ly induced Th2 responses to soluble protein antigen. J Immunol
170:2488–2495

7. Holm L, Bengtsson A, van Hage-Hamsten M, Ohman S, Schey-
nius A (2001) EVectiveness of occlusive bedding in the treatment
of atopic dermatitis—a placebo-controlled trial of 12 months’
duration. Allergy 56:152–158

8. Hu D, Ikizawa K, Lu L, Sanchirico ME, Shinohara ML, Cantor H
(2004) Analysis of regulatory CD8 T cells in Qa-1-deWcient mice.
Nat Immunol 5:516–523

9. Katagiri K, Itami S, Hatano Y, Takayasu S (1997) Increased levels
of IL-13 mRNA, but not IL-4 mRNA, are found in vivo in periph-
eral blood mononuclear cells (PBMC) of patients with atopic der-
matitis (AD). Clin Exp Immunol 108:289–294

10. Katagiri K, Zhang-Hoover J, Mo JS, Stein-Streilein J, Streilein JW
(2002) Using tolerance induced via the anterior chamber of the eye
to inhibit Th2-dependent pulmonary pathology. J Immunol
169:84–89

11. Keino H, Takeuchi M, Kezuka T, Hattori T, Usui M, Taguchi O,
Streilein JW, Stein-Streilein J (2006) Induction of eye-derived tol-
erance does not depend on naturally occurring CD4+CD25+T reg-
ulatory cells. Invest Ophthalmol Vis Sci 47:1047–1055

12. Kosiewicz MM, Alard P, Streilein JW (1998) Alterations in cyto-
kine production following intraocular injection of soluble protein
antigen: impairment in IFN-� and induction of TGF-� and IL-4
production. J Immunol 161:5382–5390

13. Kosiewicz MM, Streilein JW (1996) Intraocular injection of class
II-restricted peptide induces an unexpected population of CD8
regulatory cells. J Immunol 157:1905–1912

14. Laouini D, Alenius H, Bryce P, Oettgen H, Tsitsikov E, Geha RS
(2003) IL-10 is critical for Th2 responses in a murine model of
allergic dermatitis. J Clin Invest 112:1058–1066

15. Lin HH, Faunce DE, Stacey M, Terajewicz A, Nakamura T,
Zhang-Hoover J, Kerley M, Mucenski ML, Gordon S, Stein-Strei-
lein J (2005) The macrophage F4/80 receptor is required for the
induction of antigen-speciWc eVerent regulatory T cells in periph-
eral tolerance. J Exp Med 201:1615–1625

16. Ma W, Bryce PJ, Humbles AA, Laouini D, Yalcindag A, Alenius
H, Friend DS, Oettgen HC, Gerard C, Geha RS (2002) CCR3 is
essential for skin eosinophilia and airway hyperresponsiveness in
123



Arch Dermatol Res
a murine model of allergic skin inXammation. J Clin Invest
109:621–628

17. Masli S, Turpie B, Hecker KH, Streilein JW (2002) Expression of
thrombospondin in TGF�-treated APCs and its relevance to their
immune deviation-promoting properties. J Immunol 168:2264–
2273

18. Nakamura T, Sonoda KH, Faunce DE, Gumperz J, Yamamura T,
Miyake S, Stein-Streilein J (2003) CD4+ NKT cells, but not con-
ventional CD4+ T cells, are required to generate eVerent CD8+ T
regulatory cells following antigen inoculation in an immune-priv-
ileged site. J Immunol 171:1266–1271

19. Namba K, Kitaichi N, Nishida T, Taylor A (2002) Induction of
regulatory T cells by the immunomodulating cytokines a-melano-
cyte-stimulating hormone and transforming growth factor-�2. J
Leukoc Biol 72:946–952

20. Ricci G, Patrizi A, Specchia F, Menna L, Bottau P, D’Angelo V,
Masi M (2000) EVect of house dust mite avoidance measures in
children with atopic dermatitis. Br J Dermatol 143:379–384

21. Ring J, Darsow U, Behrendt H (2001) Role of aeroallergens in
atopic eczema: proof of concept with the atopy patch test. J Am
Acad Dermatol 45:S49–S52

22. Sonoda KH, Exley M, Snapper S, Balk SP, Stein-Streilein J (1999)
CD1-reactive natural killer T cells are required for development of
systemic tolerance through an immune-privileged site. J Exp Med
190:1215–1226

23. Sonoda KH, Stein-Streilein J (2002) CD1d on antigen-transport-
ing APC and splenic marginal zone B cells promotes NKT cell-
dependent tolerance. Eur J Immunol 32:848–857

24. Spergel JM, Mizoguchi E, Brewer JP, Martin TR, Bhan AK, Geha
RS (1998) Epicutaneous sensitization with protein antigen induces
localized allergic dermatitis and hyperresponsiveness to metha-
choline after single exposure to aerosolized antigen in mice. J Clin
Invest 101:1614–1622

25. Spergel JM, Mizoguchi E, Oettgen H, Bhan AK, Geha RS (1999)
Roles of TH1 and TH2 cytokines in a murine model of allergic der-
matitis. J Clin Invest 103:1103–1111

26. Sugita S, Streilein JW (2003) Iris pigment epithelium expressing
CD86 (B7–2) directly suppresses T cell activation in vitro via
binding to cytotoxic T lymphocyte-associated antigen 4. J Exp
Med 198:161–171

27. Vissers JL, van Esch BC, Hofman GA, van Oosterhout AJ (2005)
Macrophages induce an allergen-speciWc and long-term suppres-
sion in a mouse asthma model. Eur Respir J 26:1040–1046

28. Wang LF, Lin JY, Hsieh KH, Lin RH (1996) Epicutaneous expo-
sure of protein antigen induces a predominant Th2-like response
with high IgE production in mice. J Immunol 156:4077–4082

29. Wang G, Savinko T, WolV H, Dieu-Nosjean MC, Kemeny L,
Homey B, Lauerma AI, Alenius H (2007) Repeated epicutaneous
exposures to ovalbumin progressively induce atopic dermatitis-
like skin lesions in mice. Clin Exp Allergy 37:151–161

30. Warner JO (2001) A double-blinded, randomized, placebo-con-
trolled trial of cetirizine in preventing the onset of asthma in chil-
dren with atopic dermatitis: 18 months’ treatment and 18 months’
posttreatment follow-up. J Allergy Clin Immunol 108:929–937

31. Wilbanks GA, Mammolenti M, Streilein JW (1991) Studies on the
induction of anterior chamber-associated immune deviation (AC-
AID). II. Eye-derived cells participate in generating blood-borne
signals that induce ACAID. J Immunol 146:3018–3024

32. Wilbanks GA, Mammolenti M, Streilein JW (1992) Studies on the
induction of anterior chamber-associated immune deviation (AC-
AID). III. Induction of ACAID depends upon intraocular trans-
forming growth factor-�. Eur J Immunol 22:165–173

33. Wilbanks GA, Streilein JW (1990) Characterization of suppressor
cells in anterior chamber-associated immune deviation (ACAID)
induced by soluble antigen. Evidence of two functionally and phe-
notypically distinct T-suppressor cell populations. Immunology
71:383–389

34. Wilbanks GA, Streilein JW (1990) Distinctive humoral immune
responses following anterior chamber and intravenous administra-
tion of soluble antigen. Evidence for active suppression of IgG2-
secreting B lymphocytes. Immunology 71:566–572

35. Wilbanks GA, Streilein JW (1992) Macrophages capable of induc-
ing anterior chamber associated immune deviation demonstrate
spleen-seeking migratory properties. Reg Immunol 4:130–137

36. Zhang-Hoover J, Finn P, Stein-Streilein J (2005) Modulation of
ovalbumin-induced airway inXammation and hyperreactivity by
tolerogenic APC. J Immunol 175:7117–7124

37. Zhang-Hoover J, Stein-Streilein J (2004) Tolerogenic APC gener-
ate CD8+ T regulatory cells that modulate pulmonary interstitial
Wbrosis. J Immunol 172:178–185

38. Zhu X, Yang P, Zhou H, Li B, Huang X, Meng Q, Wang L, Kijlstra
A (2007) CD4+CD25+ Tregs express an increased LAG-3 and
CTLA-4 in anterior chamber-associated immune deviation. Grae-
fes Arch Clin Exp Ophthalmol 245:1549–1557
123


	Tolerogenic antigen-presenting cells successfully inhibit atopic dermatitis-like skin lesion induced by repeated epicutaneous exposure to ovalbumin
	Abstract
	Introduction
	Materials and methods
	Mice
	Epicutaneous sensitization
	Intraocular injection
	Generation of ACAID-inducing APC
	Histological analysis
	Semiquantitative RT-PCR
	Production of cytokines by LN cells
	Quantitation of OVA-speciWc IgG1, IgG2a/2b, IgG3, and IgE in serum
	Statistical analyses

	Results
	Intravenous injection of tol-APC and of intracameral injection of OVA after two e.c. exposures
	Humoral immunity
	Evaluation of dermatitis
	Expression of cytokine mRNAs in the skin
	Production of cytokine by regional LN cells
	Antigen speciWcity

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


