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Abstract

Background:Previously, we found that percutaneous ap-
plication of peptidoglycan (PEG) from Staphylococcus
aureusincreased the number of mast cells in the dermis,
as seen in patients with atopic dermatitis. However, the
origin of the mast cells infiltrating the dermis was not
known. Our aim was to determine the origin of the skin
mast cells induced by the percutaneous PEG application
in mice. Methods: PEG was applied to barrier-disrupted
abdominal skin of mice every 5 days. Twenty days after
the first application, mast cells were detected in the
spleen cells by alcian blue-safranin staining. Expression
of mast cell proteases and cytokines in the skin or spleen
was investigated by reverse transcription-polymerase
chain reaction. Results: Percutaneous application of PEG
increased the numbers of alcian blue-positive and safra-
nin-negative mast cells in the spleen. Reverse transcrip-
tion-polymerase chain reaction analysis of the spleen
showed that these mast cells expressed mouse mast cell
protease (MMCP)-1, MMCP-4, MMCP-5, and mast cell
carboxypeptidase, suggesting that they were immature
cells positioned developmentally between mucosal mast
cells and connective tissue mast cells. In vitro long-term
culture of spleen cells in the presence of PEG induced
mast cell development. The features of these mast cells

were coincident with those seen in the spleens of PEG-
applied mice. Furthermore, when mice were intrader-
mally injected, their skin showed increased levels of ex-
pression of mMRNAs of MMCP-4, MMCP-5, and mast cell
carboxypeptidase, but not MMCP-1. Similar mRNA ex-
pression was observed in the skin of PEG-applied mice.
Conclusions: Percutaneous application of PEG may lead
to the development of mast cells in the spleens of mice
and contribute to an increase in mast cell numbers in the
dermis, as seen in the skin lesions of atopic dermatitis
patients.

Copyright © 2006 S. Karger AG, Basel

Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin
disease with immunopathologic features that vary de-
pending on the duration of the lesions. Chronic skin le-
sions of AD patients show an increased number of inflam-
matory cells such as mast cells, eosinophils, and mono-
nuclear cells in the dermis and superficial Staphylococcus
aureus colonization [1]. S. aureus can be isolated from
75-96% of skin lesions of AD patients, whereas the skin
of only 5-10% of healthy individuals is colonized by this
organism [2, 3]. Previously, we found that the rate of de-
tection of S. aureus on the lesional skin of AD patients
was higher than on the non-lesional skin of these patients
[3]. Furthermore, the bacterial cell count of S. aureus on
the lesional skin of AD patients was significantly higher
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than that on the skin of healthy individuals or on the non-
lesional skin of AD patients. However, there was no sig-
nificant difference in the rates of detection of S. aureus
producing superantigenic exotoxin, which is believed to
be the most important pathogenic factor, on the lesional
and non-lesional skin of AD patients.

Gram-positive bacterial cell walls are composed of
highly cross-linked peptidoglycan (PEG) decorated to a
variable extent with teichoic acid polymers. The latter are
linked to plasma membrane phospholipids, of which li-
poteichoic acid (LTA) and PEG are the major surface
components [4, 5]. Gram-positive bacteria contain no li-
popolysaccharide, and LTA and/or PEG are thought to
be major inflammatory products in their cell walls. There-
fore, we hypothesized that LTA and/or PEG from S. au-
reus may be pathogenic factors that are more important
than superantigenic exotoxins in AD patients [6, 7]. In a
previous study, we found that percutaneous application
of PEG induced higher numbers of mast cells in murine
skin, as is seen in AD patients [8]. However, the origin of
the mast cells infiltrating the dermis is not known. In the
present work, we describe how percutaneous invasion of
PEG leads to the development of immature mast cells in
the mouse spleen, and we hypothesize that these mast
cells may be the origin of the skin mast cells in PEG-ap-
plied mice.

Materials and Methods

PEG derived from S. aureus was obtained from Fluka (Buchs
SG, Switzerland). The PEG was reconstituted in phosphate-buff-
ered saline (PBS), pH 7.4, at a concentration of 1 mg/ml and soni-
cated for 1 h before use.

Mice

Female specific pathogen-free BALB/c mice were obtained from
Japan SLC (Hamamatsu, Japan) and used at 6—8 weeks of age. They
were housed in plastic cages in a clean, air-conditioned room at
24°C and allowed free access to a standard laboratory diet and wa-
ter. All procedures performed on the mice were in accordance with
the Animal Care and Use Committee of Meiji Pharmaceutical Uni-
versity, Tokyo.

Percutaneous Application of PEG

Percutaneous application of PEG to mice was performed as de-
scribed previously [8]. Briefly, the skin of each mouse was barrier-
disrupted by repeatedly (eight times) applying adhesive cellophane
tape to the shaved abdominal skin, then pulling it off. Thereafter,
100 pl PEG solution (1 mg/ml in PBS) was applied topically to a
10-cm? area of barrier-disrupted abdominal skin at 0, 5, 10, and 15
days. PEG non-challenged control mice were treated by applying
100 w1 PBS to the barrier-disrupted skin in the same manner.
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Induction of Production of Mast Cells from Mouse Spleen Cells

and Transplantation of Mast Cells into the Skin

Mast cells were induced by the long-term culture of mouse
spleen cells, as described by Hu et al. [9]. Briefly, the spleen cells
were adjusted to a concentration of 5 x 10° cells/ml in RPMI 1640
medium with L-glutamine (Sigma, St. Louis, Mo., USA) containing
10% fetal bovine serum (FBS; Sigma: Lot 118H84041), 25 mM
Hepes (Sigma), 100 U/ml penicillin, and 100 pg/ml streptomycin
(Gibco RBL, Grand Island, N.Y., USA). The cultures (1 ml/well)
were incubated in 24-well culture plates (Nunc, Roskilde, Den-
mark) in the presence of PEG (0-1.0 pg/ml) at 37°C in a humidi-
fied atmosphere with 5% CO,. In some experiments, the cultures
were incubated with 5 wg/ml anti-interleukin (IL)-3, anti-IL-6, or
anti-tumor necrosis factor (TNF)-a polyclonal antibody (Pepro-
Teck, London, UK) in the presence of 1 pg/ml PEG. Half of the
total volume of the culture medium was changed every 4 days. To
maintain their concentrations in the culture, the PEG and antibody
were also replenished at the time the medium was changed. Twen-
ty days after the beginning of culture, mast cells were counted by a
staining method using alcian blue-safranin, as described elsewhere
[10, 11]. To obtain purified mast cells, the mast cells in the culture
were separated by Histopaque-1077 (Sigma) from dead cells and
small lymphocytes, adjusted to 5 x 10* cells/ml in the culture me-
dium, and a 20-pl volume was injected into the mouse dermis.

Reverse Transcription-Polymerase Chain Reaction Assay

To determine the levels of expression of mRNAs for mouse mast
cell protease (MMCP)-1, MMCP-2, MMCP-4, MMCP-5, mast cell
carboxypeptidase (MC-CPA), IL-3, IL-6, and TNF-« in the spleen,
mast cells, or skin, total RNA was extracted from each sample by
the single-step method with TRI-Reagent (Molecular Research
Center, Cincinnati, Ohio, USA). Then, cDNA was synthesized
from 8 pg of total RNA using a First-Strand cDNA Synthesis Kit
(Amersham Biosciences, Piscataway, N.J., USA). Polymerase chain
reaction (PCR) was performed using the following primers: 3-actin
(540 bp; purchased from Clontech, Palo Alto, Calif., USA) 5’ prim-
er, 5-GTGGGCCGCTCTAGGCACCAA-3’, and 3’ primer, 5'-
CTCTTTGATGTCACGCACGATTTC-3"; IL-3 (489 bp; pur-
chased from Stratagene, La Jolla, Calif.,, USA) 5’ primer, 5'-
GTTCTTGCCAGCTCTACCACCAGC-3’, and 3’ primer, 5'-
CACGGTTCCACGGTTAGGAGAGAC-3"; TL-6 (299 bp) [12]
5" primer, 5’-CTCTGCAAGAGACTTCCATC-3’, and 3’ primer,
5'-ATCCAGTTTGGTAGCATCC-3"; TNF-a (276 bp; purchased
from Stratagene) 5’ primer, 5'-ATGAGCACAGAAAGCATG-
ATC-3’, and 3’ primer, 5-TACAGGCTTGTCACTCGAATT-3’;
MMCP-1 (460 bp) [13] 5" primer, 5'-GGAAAACTGGAGAGAA-
AGAACCTAC-3’, and 3’ primer, 5'-GACAGCTGGGGACAGA-
ATGGGG-3'; MMCP-2 (525 bp) [13] 5’ primer, 5'-ATTTCAT-
TGCCTAGTTCCTCTGAC-3’, and 3’ primer, 5'-CAGGATG-
AGAACAGGCTGGGAT-3"; MMCP-4 (454 bp) [13] 5’ primer,
5'-GTAATTCCTCTGCCTCGTCCTTC-3',and 3’ primer, 5’-GG-
ACAGGATGGACACATGCTTT-3’; MMCP-5 (418 bp) [13] 5’
primer, 5-GGCAGAACAAACGTGAATGAGCC-3’, and 3’
primer, 5-AAGAACCTTCTGGAAGCTCAGGG-3’; MC-CPA
(689 bp) [14] 5’ primer, 5'-ACACAGGATCGAATGTGGAG-3/,
and 3’ primer, 5'-TAATGCAGGACTTCATGAGC-3'. Each PCR
was performed using a GeneAmp PCR System 9700 (Perkin-Elmer
Co., Norwalk, Conn., USA) with a 25-pl reaction mixture compris-
ing 1.5 pl cDNA (corresponding to 0.8 pg of total RNA starting
material), 200 wM deoxynucleotide triphosphate mixture, 400 nM
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of each PCR primer, and 25 U/ml Ex Tag DNA polymerase (Ta-
kara, Shiga, Japan). The reaction conditions were as follows: one
4-min cycle at 94°C, 20-35 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.
PCR products were separated on a 2% agarose gel containing ethid-
ium bromide.

Statistics

Data were expressed as means *+ SD, and differences between
means were analyzed using Student’s t test with a two-tailed test of
significance. Differences at p < 0.05 were considered significant.

Results

Mast Cell Development in the Spleen in Response to

Percutaneous PEG Application

The first experiments were carried out to examine the
development of mast cells in the spleen after percutane-
ous application of PEG to mice. Mice received 100 pg
PEG applied to a 10-cm? area of barrier-disrupted ab-
dominal skin every 5 days, and after 20 days, the spleen
cells were processed by alcian blue-safranin staining to
detect mast cells. Figure 1 shows the numbers of mast
cells among 1 x 103 spleen cells from each mouse. Sig-
nificantly more alcian blue-positive and safranin-nega-
tive mast cells (fig. 1a) were detected in the spleens of
PEG-applied mice; only a few mast cells were detected in
the spleens of untreated and PBS-applied mice, suggest-
ing that PEG application to the skin induced the appear-
ance of mucosal mast cells (MMCs) as alcian blue-posi-
tive cells in the spleen. To examine the properties of these
mast cells in more detail, we determined their protease
patterns. In untreated and PBS-applied mice, MMCP-4,
MMCP-5, and MC-CPA mRNAs were weakly and spon-
taneously expressed in the spleen. However, in the spleens
of PEG-applied mice, the levels of expression of these
mRNAs were increased, and the expression of MMCP-1
mRNA was newly induced (fig. 2).

Induction of Mast Cell Development from

PEG-Stimulated Spleen Cells

Subsequently, to determine whether PEG had the abil-
ity to induce mast cell development in vitro, spleen cells
were cultured with PEG for 20 days and the number of
mast cells was counted. As shown in figure 3b, when spleen
cells were cultured long-term with PEG, the number of
mast cells per culture increased and was correlated with
the PEG concentration. Incubation of spleen cells with me-
dium only did not induce the development of any mast
cells in the culture. The mast cells induced by long-term

Peptidoglycan-Induced Mast Cell
Development
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Fig. 1. Morphology and quantification of mast cells in the spleens
of PEG-applied mice. Mice received 100 il PEG solution (1 mg/ml)
applied to a 10-cm? area of barrier-disrupted abdominal skin every
5 days. PBS-treated mice received 100 pl PBS percutaneously.
Spleen cells were prepared 20 days after the first application, stained
with alcian blue-safranin (a), and the number of mast cells was
counted (b). The results are expressed as means of the number of
mast cells + SD (n = 6) in 10 spleen cells. * p < 0.005, compared
with PBS application.

culture with PEG were confirmed to be alcian-blue positive
and safranin negative (fig. 3a). Furthermore, these mast
cells expressed mRNAs for MMCP-1, MMCP-4, MMCP-
5, and MC-CPA (fig. 4). The properties of staining with
alcian blue-safranin and the patterns of mRNA expression
of the cultured mast cells were very similar to those of mast
cells in the spleens from PEG-applied mice.

Involvement of Inflammatory Cytokines in Mast Cell

Development

Next, to determine whether IL-3, IL-6, and TNF-a,
which are inflammatory cytokines supporting mast cell in-
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Fig. 2. MMCP and MC-CPA mRNA expression in spleens of PEG-
applied mice. Mice received 100 wl PEG solution (1 mg/ml) applied
to a 10-cm? area of barrier-disrupted abdominal skin every 5 days.
PBS-treated mice received 100 wl PBS percutaneously. After 20
days, cytoplasmic RNA was extracted from the spleen of each
mouse, reverse-transcribed, and amplified by PCR using [-actin,
MMCP-1, MMCP-2, MMCP-4, MMCP-5, and MC-CPA primer
sets. Data shown are representative results of four independent ex-
periments.

Fig. 4. MMCP and MC-CPA mRNA expression in mast cells in-
duced by long-term culture of mouse spleen cells with PEG. Mouse
spleen cells (5 x 10° cells/ml) were incubated with 1 peg/ml PEG
in 6-well culture plates. To maintain its concentration in the cul-
ture, PEG was replenished at the time of changing half of the vol-
ume of the medium. Mast cells were recovered by Histopaque-1077
on day 20, and MMCP and MC-CPA mRNA expression by mast
cells was confirmed as described in figure 2. Data are shown as rep-
resentative results of four independent experiments.
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Fig. 3. Morphology and quantification of mast cells induced by
long-term culture of mouse spleen cells with PEG. Mouse spleen
cells (5 x 10 cells/ml) were incubated with different doses of PEG
in 24-well culture plates. To maintain its concentration in the cul-
ture, PEG was replenished at the time of changing half the volume
of the medium. Mast cells were stained by alcian blue-safranin on
day 20 (a) and the number of mast cells was counted (b). Results
are expressed as means = SD (n = 6) of the number of mast cells
per well.
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Fig. 5. IL-3, IL-6, and TNF-a mRNA expression in spleens from
PEG-applied mice. Mice received 100 pl PEG solution (1 mg/ml)
applied to a 10-cm? area of barrier-disrupted abdominal skin every
5 days. PBS-treated mice received 100 pl PBS percutaneously. Af-
ter 20 days, cytoplasmic RNA was extracted from the spleen of each
mouse, reverse-transcribed, and amplified by PCR using [-actin,
IL-3, IL-6, and TNF-a primer sets. Data shown are representative
results of four independent experiments.

duction, are produced in the spleens of PEG-applied mice,
cytokine mRNA expression in the spleen 20 days after PEG
application every 5 days, starting on day 0, was confirmed
by RT-PCR analysis. Figure 5 shows that in the spleens of
PEG-applied mice, levels of IL-3 and IL-6 mRNAs in-
creased, but not that of TNF-a mRNA. Furthermore, mast
cell development in vitro in response to PEG stimulation
was inhibited in the presence of anti-IL-3 antibody and
anti-IL-6 antibody, but not anti-TNF-a antibody (fig. 6).
The combination of anti-IL-3 and anti-IL-6 antibodies act-
ed to synergistically inhibit mast cell development.

Expression of MMCP and MC-CPA in the Skin of

PEG-Applied Mice and Mast Cell-Injected Mice

We previously reported that percutaneous application
of PEG increases the number of mast cells in the dermis
[8]. Therefore, we compared the patterns of expression of
mRNAs of MMCP and MC-CPA in the skin of PBS-and
PEG-applied mice. As shown in figure 7a, the skin of

Peptidoglycan-Induced Mast Cell
Development

Fig. 6. Neutralization of PEG-induced mast cell development.
Mouse spleen cells (5 x 10° cells/ml) were incubated with 1 pg/ml
PEG in the presence of 5 pg/ml anti-IL-3, anti-IL-6, or anti-TNF-a
antibody (Ab) in 24-well culture plates. To maintain their concen-
trations in the culture, PEG and each neutralizing antibody were
replenished at the time of changing half the volume of the medium.
Mast cells were stained by alcian blue-safranin on day 20 and the
numbers of mast cells were counted. Results are expressed as means
+ SD (n = 6) of the number of mast cells per well. * p < 0.05,
** p < 0.001, compared with PEG treatment.

PEG-applied mice expressesd mRNAs for MMCP-4,
MMCP-5, and MC-CPA at increased levels compared
with those seen in the skin of normal (data not shown) or
PBS-applied mice. However, mRNAs of MMCP-1 and
MMCP-2 were not detected in any of the groups, includ-
ing the PEG-applied mice.

As described above, the mast cells induced by long-
term culture of spleen cells with PEG expressed mRNAs
for MMCP-1, MMCP-4, MMCP-5, and MC-CPA. These
mast cells in culture were purified by Histopaque-1077
and injected into the dermis of normal mice. Twenty days
later, the skin was cut out and processed for detection of
mRNAs of MMCP and MC-CPA. Figure 7b shows that
the skin of mice injected with mast cells had increased
levels of expression of mRNAs of MMCP-4, MMCP-5,
and MC-CPA compared with the skin from culture me-
dium-injected mice. However, expression of MMCP-1
mRNA, which was detected in the cultured mast cells,
was not observed.
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Fig. 7 MMCP and MC-CPA mRNA ex-
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were removed 20 days later and processed

for RT-PCR using the same primer sets (b).
Data shown are representative results of
four independent experiments.
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Discussion

Mast cell numbers are increased in the lesional skin of
AD patients [15-17] and release inflammatory chemical
mediators, such as histamine, leukotrienes, and prosta-
glandins, upon immunoglobulin-E-mediated stimulation
with specific allergens. Furthermore, mast cells produce
a wide variety of cytokines, suggesting their active par-
ticipation in the late-phase reaction and the chronic stage
of inflammation [18, 19]. We previously reported that the
skin of mice to which PEG had been applied showed an
increased number of mast cells compared with the skin
of mice that had only received PBS [8]. In addition, our
previous observations suggested that the induction of
mast cell migration into the dermis in response to PEG
application depended on PEG-induced transforming
growth factor-f3; production in the epidermis. However,
the origin of the mast cells whose appearance was induced
by PEG application to the skin was not clarified.

Our present study showed that percutaneous PEG ap-
plication to mice induced the appearance of alcian blue-
positive mast cells in the spleen. Furthermore, long-term
culture of spleen cells in vitro in the presence of PEG in-
duced alcian blue-positive and safranin-negative mast

276 Int Arch Allergy Immunol 2006;139:271-278

cells. However, the production of these immature mast
cells in the lymph nodes was not induced by PEG appli-
cation (data not shown). Culture of lymph node cells in
vitro with PEG did not induce mast cell production ei-
ther. Since an alternative route, intradermal injection of
PEG, was able to induce alcian blue-positive and safra-
nin-negative mast cells in the spleen (data not shown), it
was thought that PEG applied precutaneously translo-
cated to the regional lymph nodes and then to the spleen
through the bloodstream. To our knowledge, no reports
have been found about mast cell development in the hu-
man spleen. However, in the murine system, it has been
confirmed that mast cells are derived from progenitors
that originate in bone marrow and can then reside in the
spleen [20]. The progenitors in the spleen are present in
very small numbers and cannot be identified as mast cells
by morphology and histochemistry. Based on the data
presented, spleen cells include progenitors for mast cells,
and percutaneous application of PEG to mice resulted in
the development of MMCs as alcian blue-positive mast
cells in the spleen.

Mouse mast cells are classified into two subtypes,
MMCs and connective tissue mast cells (CTMCs), both
of which are derived from common precursor cells [21].

Matsui/Nishikawa



Mature mast cells retain more intracellular granules con-
taining mast cell-specific proteases than do undifferenti-
ated mast cells [22-24]. Whereas the proteases in MMCs
are primarily MMCP-1 [25] and MMCP-2 [26], in CT-
MCs, the main granular proteases are MMCP-4 [27],
MMCP-5[28],and MC-CPA [29]. The expression of each
mast cell protease changes during differentiation. There-
fore, examination of the expression of granular proteases
is one way to assess the subtypes of mast cells. Interest-
ingly, the spleens from the PEG-applied mice expressed
MMCP-1 mRNA in addition to the CTMC markers,
MMCP-4, MMCP-5, and MC-CPA. The pattern of
MMCP and MC-CPA mRNA expression in the mast cells
induced by long-term culture of spleen cells with PEG was
coincident with that seen in the spleens of PEG-applied
mice. These results suggest that mast cells that develop in
the spleens of PEG-applied mice are immature cells de-
velopmentally positioned between MMCs and CTMCs,
and that they may be induced by PEG-dependent differ-
entiation of mast cell progenitors in the spleen.

Hu et al. [9] reported a method for induction of MMCs
by long-term culture of mouse spleen cells without the use
of exogenous IL-3, which supports mast cell proliferation.
They also demonstrated that FBS was important, that by
this system, sera could be divided into mast cell-inducing
and non-mast cell-inducing sera, and that lipopolysac-
charide contamination of the FBS was responsible for
mast cell induction [30]. Subsequently, they found that
endogenous IL-3 production in the culture was essential,
although IL-3 alone was not enough, and that inflamma-
tory cytokines such as TNF-a or IL-6 were also important
for mast cell development [31]. Therefore, in our in vitro
experiments, non-mast cell-inducing FBS was used and
the influence of PEG on mast cell development was con-
firmed. The in vitro mast cell development induced by
PEG was significantly inhibited by the combination of
anti-IL-3 and anti-IL-6 antibodies. Furthermore, in in
vivo experiments, we confirmed the induction of IL-3 and
IL-6 mRNA expression in the spleens of PEG-applied
mice. These results suggest that the mast cell develop-
ment induced by percutaneous PEG application is associ-
ated with PEG-induced IL-3 and IL-6 production in the
spleen. Since PEG is well known as a toll-like receptor 2
(TLR2) agonist [32], signaling through TLR2 on splenic
macrophages and/or dendritic cells would be associated
with IL-3 and IL-6 production in the spleen. Removal of
macrophages actually reduced the mast cell development
in the spleen [31]. However, the possibility that TLR2
may exist on mast cell progenitors and support their mat-
uration has remained to be definitively elucidated.

Peptidoglycan-Induced Mast Cell
Development

Levi-Schaffer et al. [33] showed that suspension-cul-
tured mast cells started to synthesize heparin proteogly-
can when the mast cells were transferred onto a mono-
layer of skin-derived fibroblasts. Their report suggests
that the phenotypes of mast cells are determined by the
anatomical microenvironment in which their final differ-
entiation occurs, and that fibroblasts would be a compo-
nent of the microenvironment that induces the differen-
tiation of cultured mast cells into CTMCs. When mast
cells induced in vitro by PEG stimulation were trans-
planted into the dermis of mice, the expression of MMCP-
1 mRNA, amarker of MMCs, in the skin had disappeared
20 days later, although the expression of mRNAs of
MMCP-4, MMCP-5, and MC-CPA, markers of CTMCs,
was preserved in the skin. This pattern of expression of
mRNAs of MMCP and MC-CPA in the skin was coinci-
dent with that in the skin of mice given percutaneous
PEG. These results suggest that the percutaneous applica-
tion of PEG induces IL-3 and IL-6 production in the
spleen and that immature mast cells subsequently devel-
op, move to the dermis, and differentiate into CTMCs
which are defective in MMCP-1. Probably, migration of
immature mast cells into the dermis is supported by
transforming growth factor-; production by PEG-stimu-
lated skin keratinocytes, as described previously [8].

Previous reports have not fully explained the role of S.
aureus in mast cell induction in the skin lesions of AD
patients. As the skin of most AD patients shows superfi-
cial S. aureus colonization and barrier disruption due to
reduced ceramide levels [34], a bacterial cell wall compo-
nent such as PEG would be expected to penetrate their
skin. As the density of S. aureus in AD patients exceeds
atleast 1 x 107 organisms/cm? of their skin lesions [35],
sustained S. aureus colonization could lead to elevated
blood levels of PEG to affect the spleen. Our present re-
sults provide the evidence that the increase in mast cell
numbers in the spleen is related to PEG-induced inflam-
matory mediators and suggest that S. aureus colonization
plays a critical role in perpetuating skin tissue inflamma-
tion through the excessive induction of development of
mast cells by PEG. Therefore, a combination of antimi-
crobial treatment and anti-inflammatory therapy in at
least a subgroup of AD patients, irrespective of whether
they show clinical signs of superinfection, may be consid-
ered as a new therapeutic strategy for AD.
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