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Sir,
Prostaglandin D2 (PGD2) is an arachidonic acid metabo-
lite that has a wide range of biological activities, inclu-
ding vasodilatation, bronchoconstriction and inhibition 
of platelet aggregation. PGD2 has also been implicated 
in allergic diseases. For example, PGD2 production is ob-
served in bronchoalveolar lavage (BAL) fluid during the 
asthmatic response (1), and mice overproducing PGD2 
show enhanced allergic lung responses, eosinophilia and 
increased Th2-type cytokine production (2). We have 
also demonstrated that PGD2 produced in the skin plays 
an essential role in IgE-mediated skin responses in mice 
(3). Thus, PGD2 may contribute to Th2-predominant 
inflammation. However, it has been reported that PGD2 
also provides a braking signal for delayed hypersensiti-
vity type (4). 

PGD2 synthesis is mediated by the isomerization 
of PGH2 into PGD2 through the enzymatic activity 
of haematopoietic PGD synthase (H-PGDS) (5). Mast 
cells express H-PGDS and have been thought to rapidly 
secrete PGD2 in response to antigen stimulation, there
by contributing to inflammation in the early stages of 
allergic responses (6, 7). Some Th2 cells, but not Th1 
cells, also possess H-PGDS and produce PGD2 when 
stimulated with CD3/CD28 (8). These data suggest that 
PGD2 is produced not only in immediate-type reactions, 
but also in the later stages of inflammation. Indeed, in 
IgE-mediated skin responses in mice, levels of PGD2 
transiently increased in the immediate-type reaction, 
followed by a second increase in the very late-phase 
response (chronic allergic inflammation) (3); the latter 
response may share morphological similarities with 
inflammation in atopic dermatitis (9). However, little 
is known about the involvement of PGD2-producing T 
cells in human skin diseases. 

Atopic dermatitis (AD) and psoriasis vulgaris (PV) 
are chronic skin diseases of unknown aetiology. While 
AD is mediated by a biphasic T helper cells response 
(Th2 in acute and Th1 in chronic) (10, 11), Th1 as well 
as Th17 cells appear to contribute to the pathogenesis of 
PV (12, 13). In this study, we analysed the expression of 
H-PGDS by CCR4(+)/CD3(+) T cells, which represent a 
subpopulation of Th2 cells, in AD compared with PV. 

MATERIALS AND METHODS
Study participants included patients with extrinsic AD (n = 12; 8 
males, 4 females; mean age 30.8 years) (serum IgE = 5393 ± 1786 
IU/ml), patients with PV (n = 11; 9 males, 2 females; mean age 62 

years) and healthy volunteers (H; n = 9; 2 males, 7 females; mean 
age 25.1 years). Informed consent was obtained from all patients. 
This study was approved by the ethics committee of Tokyo Medical 
and Dental University. 

Intracellular staining for H-PGDS in Th2 cells was performed 
using the Intrastain Kit (Dako Cytomation, Kyoto, Japan). Platelet-
rich plasma was removed from whole blood anticoagulated with 
EDTA, and washed with phosphate-buffered saline (PBS). Cells 
were suspended in PBS containing 0.1% NaN3, 3% foetal calf serum 
(FCS), and were then incubated with carboxyfluorescein (CFS)-
conjugated mouse anti-human CCR4 mAb (clone: 205410) (R&D 
Systems, Minneapolis, USA), and PE-Cy5-conjugated mouse anti-
human CD3 mAb (Clone: UCHT1) (Beckman Coulter, Fullerton, 
USA) for 30 min on ice. After washing and cell permeabilization, 
cells were incubated with rabbit anti-human H-PGDS polyclonal 
Ab (a gift from Drs K. Aritake and Y. Urade from Osaka Bioscience 
Institute, Osaka, Japan), or with control rabbit IgG (Beckman Coul-
ter, Fullerton, USA) for 30 min at room temperature, followed by 
staining with R-PE-conjugated goat F(ab’)2 anti-rabbit IgG (H+L) 
Ab (Southern Biotechnology, Birmingham, USA).

Frozen tissue sections were fixed with methanol and incubated 
in PBS containing 10% normal goat serum, 0.01% Triton-X and 
0.1% NaN3. Sections were then incubated with anti-H-PGDS Ab 
or control rabbit IgG, followed by incubation with CFS-conju-
gated anti-human CCR4 mAb, PE-Cy5-conjugated anti-human 
CD3 mAb, and R-PE-conjugated goat F(ab’)2 anti-rabbit IgG 
(H+L) Ab.

Multiple comparison analysis by Scheffe’s F test was used 
to assess the statistical significance of differences between 
mean values.

RESULTS
A subpopulation of CCR4(+)/CD3 (+) cells possess H-
PGDS in their cytoplasm (Fig. 1A). The percentage of 
H-PGDS (+) cells among CCR4 (+)/CD3 (+) cells was 
significantly higher in patients with AD than in healthy 
donors (Fig. 1B). There were no differences in H-PGDS 
(+) cells/CCR4 (+) T cells from patients with AD with or 
without bronchial asthma and/or allergic rhinitis (data not 
shown). Patients with psoriasis had comparable levels of 
H-PGDS (+)/CCR4 (+) T cells as healthy donors. In the 
lesional skin of AD, infiltration of H-PGDS (+)/CCR4(+)/
CD3 (+) cells was detected by immunohistochemical 
analysis (Fig. 2). Nevertheless, there was no correlation 
between H-PGDS (+) cells in the peripheral blood and 
clinical severity as assessed by the Eczema Area and 
Severity Index (EASI score (14)), serum IgE levels or 
blood eosinophil counts (data not shown).

DISCUSSION
Increased numbers of H-PGDS (+)/CCR4 (+) T cells 
in blood and infiltration into the skin suggest that these 
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cells are an important source of PGD2. It is concei-
vable that persistent production of PGD2 by infiltra-
tive T cells in lesional skin stimulates eosinophil and 
basophil chemoattraction to chronically inflamed skin 
via CRTH2 (chemoattractant receptor-homologous 
molecule expressed on Th2 cells); a PGD2 receptor 
(15). Moreover, PGD2 stimulates Th2 cells to produce 
interleukin (IL)-2, IL-4, IL-5 and IL-13 via the CRTH2 
receptor (16), resulting in further modulation of Th2-
mediated inflammation. 

We were unable to detect statistically significant 
increases in the percentage of CCR4(+)/CD3 (+) cells 
in the blood of patients with AD when compared with 
psoriasis patients and healthy donors (data not shown). 
This is in contrast to previous observations that Th2 
cells were elevated in the blood of patients with AD 
(17). Although the reasons for this discrepancy are un-
certain, it might be due to the fact that disease activity 
and stages of inflammation of the adult patients with 
AD in our study varied. In addition, CCR4 (+)/CD3(+) 
cells might include not only Th2 cells, but also Th0 and 
Th1 cells (18). 

Although the molecular mechanisms underlying the 
regulation of H-PGDS expression are unknown, the 
present data suggest that H-PGDS (+)/CCR4 (+) T cells 
contribute to inflammation in AD. 
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Fig. 1. H-PGDS expression in blood T cells. (A) A representative figure for 
intracellular H-PGDS staining (left panel). CCR4 (+) cells in the lymphocyte/
lymphoblast region were gated. 97.8 % of CCR4 (+) cells were CD3 (+) 
T cells and 1.9 % of CCR4 (+) cells were H-PGDS expressing T cells. 
Negative control staining (right panel). (B) Percentage H-PGDS (+) T cells. 
AD patients had higher numbers of H-PGDS-expressing cells among CD3 
(+)/CCR4 (+) cells than psoriasis patients and healthy donors. AD: atopic 
dermatitis; H: healthy donors.

Fig. 2. H-PGDS expression in tissue T cells. In lesional skin of atopic 
dermatitis (AD), a number of CCR4 (+) cells were observed in the dermis 
(n = 6). H-PGDS was co-localized to CCR4 (+) cells (arrowheads). These 
cells were also positive for CD3 (data not shown). 
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