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Abstract
The present study investigated the effects of lipoteichoic acid (LTA) derived from Staphylococcus aureus on
production of the allergen-specific T helper type 2 (Th2) cytokine, interleukin (IL)-5, in human peripheral blood
mononuclear cells (PBMCs) from patients with atopic dermatitis (AD). LTA dose-dependently enhanced the
production of allergen-induced IL-5 in PBMCs from patients with AD, but not in those from healthy individuals. Also,
when PBMCs from healthy individuals were cultured in a suboptimal concentration of anti-CD3 monoclonal antibody,
which alone did not induce IL-5 production, the presence of LTA in the cultures dose-dependently augmented IL-5
production. These results suggest that Th2 cells of AD patients have already been primed by sensitization with
various allergens and respond readily to LTA in the presence of an allergen, thus explaining the role of S. aureus
colonization in AD patients.
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Atopic Dermatitis and Staphylococcal Lipoteichoic
Acid
Atopic dermatitis (AD) is a chronic inflammatory skin disease with
immunopathologic features that vary depending on the duration of the
lesions. Patients with AD have been shown to have increased serum
levels of IgE, enhanced synthesis of the typical T helper type 2 (Th2)
cytokines interleukin (IL)-4 and IL-5 in skin lesions, as well as
persistent skin colonization with Staphylococcus aureus [1]. Peripheral
blood mononuclear cells (PBMCs) from patients with AD have also
been found to produce a significant level of IL-5 in response to
stimulation with an allergen, compared with those from healthy
individuals [2]. As IL-5 is known to induce the development of
eosinophils [1], it may have an important role in the induction of
eosinophilic inflammation, and therefore control of IL-5 production
from Th2 cells may have potential for management of allergic diseases
that are characterized by eosinophilic inflammation. S. aureus can be
isolated from over 95% of skin lesions of AD patients, while only 10%
of healthy individuals show skin colonization by this organism [3]. Our
previous study suggested that lipoteichoic acid (LTA), a cell wall
component of S. aureus, might amplify skin inflammation in AD [4].
Furthermore, Travers et al. have demonstrated the presence of high
levels of staphylococcal LTA in AD lesions [5]. However, the
relationship between LTA and IL-5 production in patients with AD has
not been fully elucidated. In the present study, therefore, to assess the
role of S. aureus colonization in IL-5 production from Th2 cells, the
effect of LTA on allergen-specific IL-5 production was investigated
using PBMCs from AD patients and healthy individuals.
Lymphocytes were isolated as PBMCs from heparinized venous
blood from 10 adult patients with AD and 10 age-matched healthy
controls. All of the patients had been clinically diagnosed by
dermatologists as having AD lesions and had shown positive responses
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in the skin prick test using house dust mite body extract from
Dermatophagoides farinae. None of the subjects had received any
systemic or strong topical steroid treatment. The study protocol was
approved by the ethics committee of Meiji Pharmaceutical University,
and written informed consent for blood sampling was obtained from
both the patients and the controls. Cell suspensions containing 2 ×
106/mL viable PBMCs in RPMI-1640 with L-glutamine (SigmaAldrich, St. Louis, MO, USA) containing 10% donor-derived serum, 25
mM HEPES buffer (Sigma-Aldrich), 100 U/mL penicillin and 100
μg/mL streptomycin (Gibco RBL, Grand Island, NY, USA) were
dispensed into each well of 96-well plates. D. farinae-derived mite
antigen (MA) was prepared as described previously [4], and used as an
allergen at a final concentration of 10 ng/mL. Highly purified LTA
derived from S. aureus was obtained from InvivoGen (Toulouse,
France) and used as a stimulant at a final concentration of 0.01-1
μg/mL. The T-lymphocyte mitogenic monoclonal antibody used in this
study was mouse anti-human CD3 monoclonal antibody (clone SK7,
IgG1 subclass; BD Biosciences, San Jose, CA, USA) and used at a final
concentration of 0.5 ng/mL. Cultures were incubated at 37°C in a
humidified atmosphere of 5% CO2 in air. In order to determine the
amounts of IL-5 produced, PBMCs were cultured and stimulated as
described above. The culture supernatants were collected after
incubation for 48 h, and the IL-5 concentrations were measured using
ELISA kits for quantification of human IL-5 (R & D Systems,
Minneapolis, MN, USA). The data were expressed as means ± SE and
differences between them were analyzed using Turkey’s multiple
comparison test. Differences at P<0.05 were considered to be
statistically significant.
To examine the influence of LTA on MA-induced IL-5 production
in patients with AD, PBMCs (2 × 106/mL) from AD patients were
treated with 10 ng/mL MA in the presence or absence of 0.01-1 μg/mL
LTA. After 48 h of incubation, concentrations of IL-5 in the culture
supernatants were measured by ELISA. Figure 1 shows the effect of
LTA on MA-induced IL-5 production from PBMCs. PBMCs from AD
patients, but not from healthy individuals, responded to MA and
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secreted IL-5 protein into the culture. Furthermore, this IL-5
production was enhanced dose-dependently by stimulation with LTA.
However, PBMCs from healthy individuals showed no enhancement of
IL-5 production even in the presence of LTA.
Next, PBMCs from healthy individuals were treated with a
suboptimal concentration of anti-CD3 monoclonal antibody, and the
influence of LTA on these PBMCs was studied. As shown in Figure 2,
PBMCs treated with 0.5 ng/mL anti-CD3 monoclonal antibody
showed no induction of cell proliferation and IL-5 production even in
the presence of 10 ng/mL MA (data not shown), but upon stimulation
with LTA they proliferated and secreted IL-5 protein into the culture in
a dose-dependent manner, as was the case for PBMCs from AD
patients that had been treated with MA and LTA simultaneously.

Figure 2: IL-5 production by PBMCs from healthy individuals after
simultaneous treatment with anti-CD3 monoclonal antibody and
LTA. The PBMCs (2 × 106/mL) were treated with 0.5 ng/mL antiCD3 monoclonal antibody in the presence or absence of 0.01-1
μg/mL LTA for 48 h, and the supernatants were assayed for IL-5
production using ELISA. The results are expressed as means ± SE
(n=10). *P<0.05, **P<0.01 versus non-treatment.

Figure 1: Enhancement of allergen-specific IL-5 production by
PBMCs from AD patients in the presence of LTA. PBMCs (2 ×
106/mL) from healthy individuals and AD patients were treated
with 10 ng/mL MA in the presence or absence of 0.01-1 μg/mL LTA
for 48 h, and the supernatants were assayed for IL-5 production
using ELISA. The results are expressed as means ± SE (n=10).
*P<0.05 versus non-treatment, **P<0.05 versus MA alone (0 μg/mL
LTA).
Our findings indicated that IL-5 production from MA-stimulated
PBMCs was marked in AD patients, but not in healthy individuals,
suggesting that Th2 cells in AD patients respond readily to antigens.
Considering that AD patients already sensitized with MA would have
retained MA-specific Th2 cells in their peripheral blood, PBMCs from
AD patients would naturally produce higher levels of IL-5 in response
to MA stimulation, relative to those from healthy individuals.
Furthermore, our data showed that LTA significantly enhanced the
production of IL-5 from MA-stimulated PBMCs derived from AD
patients. On the other hand, although PBMCs from healthy individuals
did not respond to LTA, they became responsive to LTA in the
presence of anti-CD3 monoclonal antibody.
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Since the anti-CD3 monoclonal antibody was used at a suboptimal
concentration, the antibody alone did not enhance IL-5 production
from PBMCs. This indicated that PBMCs from healthy individuals
were primed by the suboptimal concentration of anti-CD3 monoclonal
antibody, and became ready to respond to LTA. Therefore it is likely
that Th2 cells in PBMCs from AD patients may have already been
primed by intracellular signaling through the T-cell receptor–CD3
surface complex. Since LTA is known to be a ligand for toll-like
receptor (TLR) 2 [5], LTA would probably stimulate the TLR2 of
antigen-presenting cells (APCs) among PBMCs. This would enhance
the expression of CD80/CD86 on APCs and deliver a second signal to
the primed Th2 cells through interaction between CD80/CD86 on
APCs and CD28 on Th2 cells, resulting in augmentation of IL-5
production. Therefore, it can be said that LTA works as an adjuvant for
allergen-specific IL-5 production in AD patients. On the other hand, it
has been reported that innate lymphoid cells (ILCs) are the
predominant cellular sources of cytokines, including IL-5 and IL-13, at
an early stage after infection [6-8]. Mechanistically, group 2 ILCs
(ILC2s) express the transcription factor GATA3 and secrete IL-5 and
IL-13 in response to the epithelial cell-derived cytokines IL-25 and
IL-33, as well as thymic stromal lymphopoietin (TSLP) [9].
Interestingly, since a recent study has indicated that histone
methyltransferase G9a plays an essential role in the regulation of ILC2
development [10], differential secretion of IL-5 upon LTA stimulation
of PBMCs derived from AD patients and healthy individuals might be
directly attributable to the differential levels and/or activities of G9a.
Furthermore, as G9a maintains histone H3 (H3K9me1/2) as well as
DNA methylation epigenetically [11,12], aberrant patterns of these
epigenetic markers might also lead to differential secretion of IL-5 in
PBMCs. Therefore, investigation of the expression levels and status of
G9a and its associated epigenetic markers might shed further light on
the mechanisms linked to the present observations. Since the skin of
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most AD patients shows superficial S. aureus colonization and barrier
disruption due to reduced levels of filaggrin [13], a cell wall component
such as LTA would be expected to penetrate the skin easily. Because
the density of S. aureus in skin lesions of AD patients exceeds 1 × 105 1 × 107 organisms/cm2, the LTA concentration of 0.01 - 1 μg/mL we
used for in vitro stimulation would realistically approximate the
concentration in vivo [14,15]. Thus, irrespective of whether AD
patients show clinical signs of superinfection, anti-microbial therapy
might be a promising new strategy for AD lesions with S. aureus
infection.
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