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Abstract

Background: Atopic dermatitis (AD) is a chronic inflamma-
tory skin disease, for which no fundamental therapy exists.
Immunostimulatory sequence CpG (ISS CpG) has potential
in reducing susceptibility to allergic diseases and reversing
established allergic reactions. Objective: To investigate the
effects of ISS CpG in the prevention and treatment of AD in
an AD murine model. Methods: BALB/c mice were epicuta-
neously exposed to ovalbumin (OVA) for 3 or 4 weeks with a
2-week resting period between each exposure week. ISS i.d.
injection was given either on the 1st day of each exposure
week (in the prevention experiment) or 3 days before and on
the 1st, 4th and 7th day of the last exposure week (in the
treatment experiment). Skin biopsy and blood were ob-
tained at the end of the experiments. Results: ISS CpG treat-
ment increased drastically mRNA expression of proinflam-
matory and Thil-type cytokines and chemokines in
OVA-treated skin both in the prevention and treatment ex-
periments. The suppressing effect of ISS CpG on Th2-type

cytokines and chemokines was weak and limited to IL-13 and
CCL24 in the treatment experiment. No significant reduction
in OVA-elicited infiltration of eosinophils and T cells in the
skin was seen after ISS administration but infiltration of plas-
macytoid dendritic cells was absent in ISS CpG-treated skin.
In contrast, ISS injection elicited dramatic infiltration of
F4/80+ and CCR5+ cells into the dermis and subcutaneous
tissue. Conclusion: Due to unwanted side effects and minor
beneficial effects in our model, administration of ISS CpG
may not be suitable for the treatment of AD in humans.
Copyright © 2008 S. Karger AG, Basel

Introduction

Atopic dermatitis (AD) is a chronic pruritic inflamma-
tory disease of the skin that affects about 10-20% of the
general population. Prevalence of this disease has in-
creased two- to threefold during the past three decades in
industrialized countries [1]. So far there have been no ef-
fective therapies which can cure the disease fundamen-
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tally. Topical corticosteroids have been the mainstay of
treatment in AD [2]. However, long-term application of
corticosteroids may lead to loss of efficacy, local skin atro-
phy [3] and decreased immune cell response [4]. These
observations underscore the need for developing safer and
more effective therapies to prevent and treat the disease.

AD is characterized by a Th2-type dominated re-
sponse — tissue eosinophilia, elevated serum IgE and sig-
nificant production of Th2-type cytokines. The two types
of T cells (Th1 and Th2 cells) in allergic inflammation in-
teract in a counter-regulatory fashion. On one hand, IL-4
promotes Th2 cell maturation from naive ThO cells, and
suppresses Th1 cells and their cytokine production. On
the other hand, IFN-vy inhibits the proliferation of Th2
cells and promotes Thl cells [5]. Thus, agents that selec-
tively elicit Thl immunity and finely tune the balance be-
tween the production of Thl- and Th2-type cytokines
might be useful in controlling allergic inflammation in
AD.

Studies have shown that bacterial DNA and synthetic
oligodeoxynucleotides (ODNs) that contain immuno-
stimulatory CpG motifs trigger an immunomodulatory
cascade which skews the immune milieu of the host in
favor of Th-1 type responses [6]. The therapeutic poten-
tials of CpG ODNss in reducing susceptibility to allergic
diseases and reversing established allergic reactions have
been extensively investigated in asthma murine models.
The results demonstrated that CpG ameliorates airway
hyper-responsiveness, decreases serum IgE level and re-
duces the number of eosinophils both in bronchoalveolar
lavage (BAL) and lung tissue [7-13]. Since both allergic
asthma and atopic dermatitis are atopic disorders, we
were interested whether CpG would have similar down-
regulatory effects in AD inflammation as well. We ex-
plored preventive and treatment effects of immunostim-
ulatory sequence CpG (ISS CpG) using a previously de-
veloped murine model of AD.

Materials and Methods

CpG
ISS CpG and control ODN [14] were obtained from Dynavax
Technologies, Corporation, USA.

Mice and Sensitization

6- to 8-week-old female BALB/CJBOM mice were purchased
from Taconic M & B (Ry, Denmark) and maintained under patho-
gen-free conditions. All procedures performed on the mice were
approved by the Animal Care and Use Committee of Uusimaa
District, Finland.

Epicutaneous (EC) exposure of mice was performed as de-
scribed previously [15]. Briefly, mice were anesthetized with in-
halation of Isofluran (Abbott Laboratories Ltd., Queenborough,
UK). Mice backs were shaved with an electric razor and tape-
stripped four times by transparent adhesive tape (Tegaderm, 3M
Health Care, St Paul, Minn., USA) to introduce a standardized
skin injury. A patch of sterile gauze (1 X1 cm?) soaked with 100
0f 0.1% OVA or 0.9% saline was put on the back skin secured with
Tegaderm and kept there for 1 week. Each mouse had a total of 3
(in prevention experiment) or 4 (in treatment experiment) expo-
sure weeks with a 2-week resting period between each exposure
week. Intradermal (i.d.) injection of 5 g (in the prevention ex-
periment) or 10 pg (in the treatment experiment) of ISS CpG or
control ODN in 100 pl of saline was given on each side of the patch
on the 1st day of each exposure week in the prevention experi-
ment, or 3 days before and on the 1st, 4th and 7th days of the last
exposure week in the treatment experiment. Mice were sacrificed
1 or 2 days after the last exposure week. Blood samples were then
collected for antibody analysis. Skin biopsies from exposure areas
were used for RNA isolation, histology and immunohistochemis-
try examination.

Antibodies

Rat mAbs against mouse CD3 (clone 17A2), CD4 (clone RM4-
5) and CD8a (clone 53-6.7) in immunohistochemical analysis,
and rat anti-mouse IgE (clone 35-72) and biotin-conjugated rat
anti-mouse IgG2a (clone 19-15) in ELISA were purchased from
BD PharMingen. Biotinylated anti-rat IgG (H+L) for immunohis-
tochemistry was obtained from Vector Laboratories, Inc. Burlin-
game, Calif., USA.

Table 1. Sequence of mouse primer pairs and fluorogenic probes for real-time quantitative PCR

Sense primer (5'-3")

Antisense primer (5'-3")

CCL17 5-CAG GAA GTT GGT GAG CTG GTA TAA G-3' 5'-TGG CCT TCT TCA CAT GTT TGT CT-3’
CCL11 5"-ATG CAC CCT GAA AGC CAT AGT C-3’ 5'-CAG GTG CTT TGT GGC ATC CT-3'
CCL24 5"-CGG CCT CCT TCT CCT GGT A-3’ 5'-TGG CCA ACT GGT AGC TAA CCA-3’
CCR2 5"-CCT TGG GAA TGA GTA ACT GTG TGA-3' 5'-TGT GTC ATT CCA AGA GTC TCT GTC A-3’
CCR3 5"-TTG CAG GAC TGG CAG CAT T-3’ 5'-TTC ATT CTT AGA GCA TGG AAA CGT T-3'
CCR4 5'-TCA TGA CTT CCG TGA CGC TTT-3’ 5'-GTT TTC TTC CTC AGA GCC CTG TT-3’
CCR5 5-TTG CAA ACG GTG TTC AAT TTT-3’ 5-TCT CCT GTG GAT CGG GTA TAG AC-3’
CCR8 5"-CTT CTG GGT CCC ATT CAA CGT-3' 5"-CAG TGG GTA AAA GAG ATG ACC TCT GT-3’
IFN-vy 5'-AGC GCC AAG CAT TCA ATG A-3’ 5'-CGC TTC CTG AGG CTG GAT T-3'
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ELISA

OVA-specific IgG2a and IgE were measured as described by
Spergel et al. [15]. Briefly, 96-well microtiter plates were coated
with 50 pl/well of OVA (for IgG2a) or rat anti-mouse IgE (for IgE)
(2 pg/ml in 0.05 M NaHCOs3) at 4°C overnight. The plates were
washed and blocked with PBS-3% bovine serum albumin for 2 h
at room temperature. 100 pl of diluted serum (1:400 for IgG2a,
1:40 for IgE) was added and incubated in duplicate at 4°C over-
night. After washing with PBS-Tween 20, biotin-conjugated rat
anti-mouse I1gG2a (2 pg/ml) or biotin-labeled OVA was added
and incubated for 2 h. Streptavidin-horseradish peroxidase (BD
PharMingen) and peroxidase substrate reagents (Kirkegaard &
Perry Laboratories, Gaithersburg, Md., USA) were used to de-
velop color. The absorption at 405 nm was read with an auto-
mated ELISA reader (Titertek Multiscan, Eflab, Turku, Fin-
land).

Histological Analysis

Skin biopsies were obtained from the patched area after the
mice were sacrificed. Specimens were fixed in 10% buffered for-
malin and embedded in paraffin. Sections were cut 4 pm thick
and stained with hematoxylin and eosin (HE) for inflammatory
cell counting or with o-toluidine blue for mast cell counting. In-
flammatory cells were counted in 15-30 high-power fields (HPF)
at x400-1,000 magnification under light microscope and ex-
pressed as cells per HPF, with mean and SEM calculated. The
thickness of epidermis and dermis was measured by using a scaled
ocular lens on the light microscope. 10-15 measurements were
obtained for each mouse. The measured values were adjusted for
the magnification optics and expressed in micrometers with
mean and SEM calculated.

Immunohistologic Analysis

Skin samples were embedded in Tissue-Tek O.C.T compound
(Sakura Finetek Europe B.V., the Netherlands) on dryice. Sections
of 4 pwm were prepared and stained by avidin-biotin complex
method using ChemMate™ Detection Kit (DakoCytomation,
Denmark). Briefly, the sections were fixed in cold acetone for
2 min, air-dried, and incubated with purified rat anti-mouse
mAbs (anti-CD3, anti-CD4, anti-CD8a, anti-F4/80, anti-PDCA-
1, anti-IL10, anti-CCRS5), followed by incubation with biotinyl-
ated anti-rat IgG. The dendritic cell marker CDl11c is a hamster
antibody and a biotinylated anti-hamster antibody was used as a
secondary antibody. Endogenous peroxidase activity was blocked

Probe (5’-3")

5"-TGT CCA GGG CAA GCT CAT CTG TGC-3’

5"-AGC ACA GAT CTC TTT GCC CAA CCT GGT-3’
5"-CCC TCA TCT TGC TGC ACG TCC TTTV ATT TC-3’
5'-TGA CAA GCA CTT AGA CCA GGC CAT GCA-3’
5'-TGG AGA GTT TTC CTG CAG TCC TCG CTA TC-3'
5'-TCG CCT TGT TTC AGT CAG GGT GCC-3’

5'-AGC AAG ACA ATC CTG ATC GTG CAA GCTC-3'
5"-CGT CCC TGC ACG ACC TGC ACA TC-3’

5"-ATC CGA GTG GTC CAC CAG CTG TTG C-3’

CpG and AD Murine Model

by incubation with peroxidase-blocking solution. Sections were
then incubated with peroxidase-conjugated streptavidin and
stained in a substrate solution containing hydrogen peroxide and
3-amino-9-ethylcarbazole, followed by 1 min incubation in he-
matoxylin. The tissue sections were mounted with aquamount
(BDH, Gurr, Pole, UK). The positively stained cells were counted
in 10-15 HPFs at X 1,000 magnification and expressed as cells per
HPF, with mean and SEM calculated.

RNA Isolation, cDNA Synthesis and Quantitative Real Time

PCR Analysis

Total RNA was isolated from skin specimens using Trizol
(Gibco BRL, New York, N.Y., USA) according to the manufac-
turer’s instructions. cDNA was synthesized using 1 pg of total
RNA in a 50-pl reaction mixture which contained MultiScribe
reverse transcriptase, random hexamers, RNase inhibitor,
dNTP, MgCL and reverse transfer buffer (PE Applied Biosys-
tem, Foster City, Calif., USA) in a thermal cycler (Mastercycler
gradient, Eppendorf-Netheler-Hinz GmbH, Hamburg, Germa-
ny) at 48°C for 90 min, and stopped at 95°C for 5 min. The
mRNA expression levels of cytokines, chemokines/receptors
were determined with real-time quantitative PCR using the ABI
7700 sequence detector system (PE Applied Biosystems). PCR
primers and probes for TNF-a, IL-4, IL-5, IL-13, IL-10, CCLI,
CCL2, CCL5, CXCL9, CXCL10, CXCR3, TLRY and 18S rRNA
were purchased from PE Applied Biosystems as pre-developed
reagents. Primers and probes for IFN-v, CCL11, CCL17, CCL24,
CCR2, CCR3, CCR4, CCR5 and CCR8 were designed by Primer
Express version v1.5 software (PE Applied Biosystems) (table 1).
Tagman® universial PCR master mix was purchased from PE
Applied Biosystems. One microliter of sample cDNA was added
to the master mix during amplification. The thermal cycling
conditions were set to 50°C for 2 min and 95°C for 10 min, fol-
lowed by 40 cycles of amplification at 95°C for 15 s and 60°C for
1 min for each cycle. PCR amplification of the endogenous 18S
rRNA was performed for each sample to control sample loading
and to allow normalization between samples. The results were
expressed as relative units (RU), which was calculated by the
comparative Cr method according to the manufacturer’s in-
structions. First, the Cy for the target amplicon and the Cy for
the internal control (18S rRNA) was determined for each sam-
ple. Differences between the Cr of the target and the internal
control, termed ACry, were calculated to normalize the differ-
ences in the amounts of cDNA added to each reaction mixture.
The ACy for each experimental sample was then subtracted
from the ACr of the calibrator. This difference is termed AACr.
The amount of target, normalized to the internal (18S rRNA)
and relative to the calibrator, was then calculated by the equa-
tion 2744CT, A FAM Cr value 40, reflecting the situation in which
the gene is not expressed at the mRNA level, was used as the
calibrator.

Statistical Analysis

The data were analyzed with the GraphPad Prism Software.
t test or nonparametric Mann-Whitney U test was used to com-
pare the difference between different groups. p <0.05 was consid-
ered statistically significant.
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Results

Subcutaneous Infiltration of F4/80+ Macrophages Is
Increased and Dermal Accumulation of Plasmacytoid
Dendritic Cells Decreased after ISS CpG Treatment
After repeated EC exposures of mice to OVA, a sig-
nificant thickening of epidermis and dermis, as well as a
dermal cell infiltration were induced, which are in con-
sistence with our previous study [16] (fig. 1a). All results
shown below are focused on OVA sensitized mice only to
reduce the excess of information. Local injection of ISS
CpG showed a very slight tendency to lower the total der-
mal infiltration of inflammatory cells and mast cells
(fig. 1b), and reduce the thickness of epidermis and der-
mis (fig. 1¢) in the prevention experiment compared with
control ODN and OVA groups. The inhibiting effects
were statistically significant regarding to mast cells and
the thickness of dermis compared with control groups
(p <0.05). In the treatment experiment, the total dermal
infiltration of inflammatory cells and eosinophils also
showed a decreasing tendency after ISS CpG treatment
compared with the control and OVA groups, yet the dif-
ferences were not statistically significant (fig. 1b).

Local ISS CpG injection induced vigorous mononucle-
ar cellinfiltration in the lower subcutaneous tissue on both
sides of panniculus carnosus in both prevention and treat-
ment experiments (fig. le, g). This effect was ISS CpG spe-
cific because this local cell infiltration was not found in
control ODN groups (fig. 1d, f). Immunohistochemical
studies using a marker for plasmacytoid dendritic cells
(PDCA+ cells; fig. 2¢) or dendritic cells (CD11c+ cells; data
not shown) failed to stain the infiltrate. In contrast, the
macrophage specific marker F4/80 strongly stained this
infiltrate (fig. 2g). Interestingly, OVA exposure alone in-
creased dermal staining for plasmacytoid dendritic cells,
this staining was strongly reduced by ISS CpG (fig. 2b, ¢).
Additional immunohistochemical studies showed that the
numbers of CD3-, CD4- and CD8-positive cells in OVA
exposed mice were not significantly affected by ISS CpG
administration compared with control ODN groups in the
treatment experiment (data not shown).

ISS CpG Increases Gene Expression of

Proinflammatory, Thl-Type and Regulatory

Cytokines in the Inflammatory Skin

To study the effects of ISS CpG on the Th1/Th2 bal-
ance in AD, cytokine mRNA expression in OVA-sensi-
tized skin areas was analyzed. Compared with control
ODN and OVA groups, ISS CpG increased significantly
the mRNA expression of TNF-a and IFN-v in both pre-
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vention and treatment experiments (fig. 3a, b). No sig-
nificant changes in the expression of IL-13 mRNA was
found by ISS CpG treatment in the prevention experi-
ment but IL-13 mRNA expression was weakly suppressed
by ISS CpG in the treatment experiment (fig. 3¢). IL-4
was significantly expressed in OVA treated mice in both
prevention and treatment experiments. The level was not
significantly decreased by ISS CpG treatment in either
the prevention or treatment experiments (datanotshown).
The expression of regulatory cytokine IL-10 mRNA was
dramatically increased by ISS CpG treatment in both ex-
periments (fig. 3d). Immunohistochemistry revealed that
IL-10 protein was expressed in the subcutaneous macro-
phage infiltrate induced by CpG ISS administration
(fig. 2i). TLR9 mRNA expression was also significantly
increased in ISS CpG-treated mice compared with con-
trol ODN and OVA groups in both experiments (fig. 3e).

ISS CpG Increases Proinflammatory and Thl-Type

Chemokines in Inflammatory Skin

Chemokines are critical molecules for recruiting leu-
kocytes into inflammatory sites. ISS CpG administration
increased significantly the mRNA expression of Thl-
type chemokines (CCL2, CXCL9 and CXCL10) in the
prevention experiment (fig. 4a, e, f). Accordingly, Thi-
type receptors (CCR2, CCR5 and CXCR3) were also sig-
nificantly increased compared with control ODN and
OVA groups (fig. 4g-i). In the treatment experiment, ISS
CpG administration significantly increased Thl-type
chemokines (CCL2 and CXCL9) (fig. 4a, e), as well as re-
ceptors (CCR2 and CCR5) (fig. 4g-h). Immunohisto-
chemistry revealed that CCR5+ cells (i.e. Thl cells and
macrophages) were heavily accumulated in the subcuta-
neous tissue after ISS CpG treatment (fig. 21). The effects
of ISS CpG on Th2-type chemokines were heterogeneous.
On one hand, ISS CpG significantly induced CCL11 ex-
pression in both the prevention and the treatment exper-
iment (fig. 4c). On the other hand, ISS CpG reduced
CCL24 in the treatment experiment (fig. 4d). The expres-
sion of CCL1, CCL17 and Th2-type receptors CCR3,
CCR4 and CCR8 were not significantly affected by ISS
CpG in either experiment (data not shown). Finally,
CCLS5, an unpolarized chemokine, was upregulated sig-
nificantly in both the prevention and the treatment ex-
periment (fig. 4b).

CpG Treatment Enhances Allergen-Specific IgG2a

Levels but Does Not Affect IgE Levels

Epicutaneous exposures of mice to OVA induced sig-
nificant induction of OVA-specific IgE antibodies (fig. 5).

Wang et al.
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Fig. 1. Histological changes of the mouse skin after OVA and ISS
CpG treatment. Treated skin of the backs of the mice was col-
lected and processed for histologic examination. The number of
inflammatory cells was counted under light microscope in 15-30
HPFs (X400-1,000) per mouse and expressed as cells per HPF.
The thickness of epidermis and dermis was measured 15-20 times
per skin sample and expressed in micrometers. * p <0.05, *** p <
0.001, n.s. = not statistically significant; Pre = prevention experi-
ment; Tre = treatment experiment. a Total inflammatory cellsand

ISS CpG did not affect significantly the level of OVA-spe-
cific IgE in either the prevention (fig. 5a) or the treatment
experiments (fig. 5b). However, ISS CpG administration
elicited significant induction of OVA specific IgG2a lev-
els in the prevention experiments (fig. 5a) but not in the
treatment experiments (fig. 5b).

CpG and AD Murine Model

thickness of epidermis and dermis of mice exposed to saline and
OVA without ISS CpG treatment. b Total inflammatory cells, eo-
sinophils and mast cells in OVA-exposed mice after treatment
with ISS CpG and control ODN. ¢ The thickness of epidermis and
dermis in OVA-exposed mice after treatment with ISS CpG and
control ODN. d-g Subcutaneous tissue infiltration with mono-
nuclear cell in ISS CpG-treated mice (e, g), but absent in control
ODN-treated mice (d, f). The represented HE sections are shown
at X 10 magnification.

Discussion

In this study, we investigated the effects of intrader-
mally injected ISS CpG in the prevention and treatment
of atopic dermatitis-like skin lesions in a well-established
AD murine model [15, 16]. The results showed that OVA-
elicited inflammatory cell infiltration in the skin was re-
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duced only partially and very weakly after ISS CpG
administration. In contrast, ISS CpG administration
induced vigorous infiltration of F4/80+ CCR5+ macro-
phages in the dermis and subcutaneous tissue as well as
drastic expression of proinflammatory and Th1-type cy-
tokines and chemokines in the skin.

CpG can initiate innate immune response by activat-
ing macrophages and dendritic cells to secrete cytokines
such as IL-12, IL-18, IFN-«,[ or natural Kkiller cells to se-
crete IFN-y [17-19]. Since some of these cytokines are
involved in inhibiting the generation of Th2-type cyto-
kines and biasing the immune response toward develop-
ment of Thl-type immune response, CpG thus promises
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a therapeutic potential for Th2 dominated allergic dis-
eases. Studies have shown that CpG exerts inhibitory ef-
fects on pulmonary eosinophilia in asthma model as ear-
ly as 24 h after CpG administration [13]. The effects sus-
tained for at least 6 weeks after CpG administration [10].
The early onset of the effect is due to the immediate acti-
vation of innate immunity. In the prevention experiment
of our study, mice were sacrificed 7 days after CpG injec-
tion. The significant increase in gene expressions of IFN-
v, Thl-type chemokines and chemokine receptors in the
skin reflects an ongoing innate immune response initi-
ated by CpG treatment. In the treatment experiment, ow-
ing to several administrations of CpG within 10 days and
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Fig. 4. ISS CpG increases gene expression of proinflammatory and Thl-type chemokines/receptors in inflam-
matory skin. Real-time quantitative PCR was used to analyze the mRNA expression levels. RU is expressed as
fold differences relative to the calibrator. Bars and errors represent mean = SEM.n = 8. * p <0.05, ** p <0.01,
*** p < 0.001. n.s. = Not statistically significant; Pre = prevention experiment; Tre = treatment experiment.

a shorter time between the last CpG treatment and sacri-
fice of the mice, the relative cytokine and chemokine
gene expressions were significantly higher compared to
the prevention experiment. The effects of CpG on Th2
cytokine production have varied significantly between
different investigations. Some studies have shown that
CpG downregulates IL-4 and IL-5 along with the induc-
tion of Thl-type cytokines, while others have revealed
different results. Santeliz et al. [9] have shown that the

48 Int Arch Allergy Immunol 2008;147:41-51

suppression of eosinophilic inflammation and airway
hyper-reactivity in an asthma model is associated with an
increase in CpG induced IFN-vy and IgG2a, but in the ab-
sence of suppression of IL-5 and IgGl. In the study by Sur
et al. [10], the therapeutic effect of CpG seems to result
from an enhanced IFN-v/IL-4 ratio. The absolute num-
ber of cells secreting IL-4 in spleen or lung tissue was,
however, not significantly decreased [10].

Wang et al.
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In the present study, the suppressing effect of ISS CpG
on Th2-type cytokines and chemokines was very weak
and limited only to IL-13 and CCL24 in the treatment
experiment. The present study also showed a very minor
and mostly insignificant suppression in the number of
inflammatory cells and skin thickness in the skin lesions
treated by ISS CpG. We speculate that one reason for this
incomplete amelioration of skin lesions may be related to
the formulation of ISS CpG used in our study. Shirota et
al. [20] examined the intratracheal administration of al-
lergen (OVA)-ISS-CpG conjugation (AIC) on cytokine
production and clinical parameters in a mouse model of
asthma, and found that AIC were 100-fold more efficient
than a mix of OVA and ISS CpG in inducing IFN-vy pro-
duction, and decreasing IL-4 and IL-5 secretion. AIC was
also 100-fold more efficient in reducing AHR and lung
eosinophilia. Tighe et al. [21] reported that AIC induced
much higher IgG2a production and inhibited more effi-
ciently IgE production compared with Ag and ISS CpG
mixture. In the present study, ISS CpG and OVA were
given separately with ISS CpG injected alone into the

CpG and AD Murine Model

subcutaneous tissue and OVA applied epicutaneously.
ISS CpG administration, however, elicited elevated levels
of allergen-specific IgG2a (Th1 surrogate marker) anti-
bodies and induction of a major Th1 cytokine IFN-vy and
also IFN-vy-regulated chemokines CXCL9 and CXCLI10.
In contrast to the study by Tighe et al. [21], allergen-spe-
cific IgE levels remained unchanged and only a very mod-
est inhibition of Th2 cytokine IL-13 in the skin was seen
after CpG administration. Thus, CpG administration in-
duces induction of Th1 cells but is not able to significant-
ly inhibit the Th2 response in the present study settings.

Our study revealed a massive accumulation of F4/80+
cells (F4/80 antigen is present on major subpopulations
of resident tissue macrophages and Langerhans cells [22])
in the dermis and upper subcutis after ISS CpG adminis-
tration. The number of CD11c+ cells was, however, not
notably increased in the skin after CpG treatment, ex-
cluding the possibility that the F4/80+ cells would cor-
respond to Langerhans cells. In line with results collected
from atopic dermatitis patients [23], plasmacytoid den-
dritic cells were numerous in OVA-induced AD lesions.
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However, plasmacytoid dendritic cells were absent in ISS
CpG-treated skin, suggesting that ISS CpG administra-
tion suppresses their survival or recruitment to the skin.
Absence of these regulatory type of dendritic cells may in
turn additionally amplify CpG induced skin inflamma-
tion and cytokine response. CCR5+ cells, which corre-
spond to Th1 cells and macrophages, were heavily accu-
mulated in CpG-treated skin, confirming the predomi-
nance of a Thl-type immune reaction. It is of note that
no significant changes in the infiltration of CD3-, CD4-
and CD8-positive cells in OVA-exposed mice after CpG
treatment were seen. Thus, the major responders to CpG
administration are rather F4/80+CCR5+ macrophages
than T cells. It is, however, likely that changes in the T cell
phenotype (e.g. polarization into Th1 cells) exist although
total numbers of T cells in the skin do not change sig-
nificantly in response to CpG administration. Finally, the
expression of regulatory cytokine IL-10 mRNA and pro-
tein was dramatically increased in the skin by ISS CpG
administration. IL-10 was likely derived from macro-
phages and monocytes, but not from plasmacytoid den-
dritic cells or T cells on the basis of the immunohisto-
chemistry results. Local inflammatory reactions induced

by CpG injections have been reported in several studies
including in human skin [24-26]. The presence of local-
ized cell recruitment is reported to be necessary for the
immunoprotective effects of CpG against viral and bac-
terial infection since they are activated to produce IFN-«
and IFN-vy [24, 25]. However, such cell infiltration is an
unwanted side effect in the practice of immunotherapy
for allergic diseases.

In conclusion, our results demonstrate that intrader-
mally introduced ISS CpG stimulates innate immune ac-
tivities in the local skin in an AD murine model, which
only weakly reduced OVA-induced atopic dermatitis-like
skin inflammation. However, intradermal injection of
CpG causes massive local mononuclear cell recruitment.
Due to unwanted side effects and at most minor benefi-
cial effects in our model, administration of ISS may not
be suitable for the treatment of AD in humans.
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