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FIG 1. Immunohistochemistry of PGDS. Skin specimens taken from healthy subjects (n = 4), patients with
folliculitis {n = 6), and patients with EPF (n = 5) were immunostained for H-PGDS (A) and L-PGDS (B) and
respective negative controls. The infiltrating inflammatory cells around the pilosebaceous gland in EPF
were stained with anti~H-PGDS antibody. C, The numbers of H-PGDS- and L-PGDS~positive cells were
counted. Bar = 100 um. *P < .05. HPF, High power field.

GGCTGTATT-3' (reverse); PPARy, 5'-ACAGACAAATCACCATTCGT-3’
(forward) and 5'-CTCTTTGCTCTGCTCCTG-3’ (reverse); and Glyceralde-
hyde 3-phospate dehydrogenase (GAPDH), 5'-AATGTCACCGTTGTC
CAGTTG-3' (forward) and 5'- GTGGCTGGGGCTCTACTTC-3' (reverse).
The results were normalized to those of the housekeeping GAPDH mRNA.

Statistical analysis

Unless otherwise indicated, data are presented as means * SD and are a
representative of 3 independent experiments. P values were calculated with
the 2-tailed Student ¢ test. P values less than .05 are considered to be signifi-
cantly different between the indicated groups and are shown as asterisk in the
figures.

RESULTS

Increased H-PGDS expression in EPF lesions

To verify PGDS expression in EPF lesions, we performed
immunostaining with anti-H-PGDS and anti-L-PGDS anti-
bodies. We found that the infiltrating inflammatory cells around
pilosebaceous units were strongly positive for H-PGDS in lesions
from patients with EPF, but not in healthy subjects (Fig 1, A).
There were a few cells stained for L-PGDS (Fig 1, B). The number
of H-PGDS—positive cells was significantly greater in EPF skin
lesions than in normal healthy skin samples or in folliculitis le-
sions (Fig 1, C).
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FIG 2. H-PGDS expression and PGD, production in eosinophils. Skin specimens of patients with EPF were
stained with hematoxylin-eosin (A) and anti-H-PGDS antibody (B}. Bar = 100 pm. H-PGDS expression in eo-
sinophils was determined by flow cytometry. C, Representative flow cytometry results. D, The MFi of iso-
type control was set as 100%, and the MFIl of H-PGDS was calculated accordingly (n = 3). *P < .05. E,
PGD, levels in eosinophil culture supernatants with or without phorbol 12-myristate 13-acetate and calcium

ionophore. MFI, Mean fluorescence intensity.

H-PGDS expression and PGD, production in
eosinophils

Numerous infiltrating eosinophils were stained with anti-
H-PGDS antibody (Fig 2, A and B), suggesting that eosinophils
may express H-PGDS. In fact, flow cytometric analysis
showed that H-PGDS was detected in eosinophils, and its ex-
pression level was higher in patients with EPF than in healthy

subjects (Fig 2, C and D). In addition, we examined the pro-
duction of PGD, from the supernatant of eosinophil culture
at 0, 3, 6, 12, and 24 hours after incubation with or without
phorbol 12-myristate 13-acetate and calcium ionophore. We
found that a significant amount of PGD, was produced by eo-
sinophils activated with phorbol 12-myristate 13-acetate and
calcium ionophore (Fig 2, E).
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FIG 3. Effect of PGD, on eotaxin mRNA expression in human keratinocytes,
fibroblasts, and the sebaceous gland cell line SZ95. Cells were incubated
with PGD; (A-C; 10 pM). The mRNA expression levels of eotaxin-1 (Fig 3,
A), eotaxin-2 {Fig 3, B), and eotaxin-3 (Fig 3, C and D) were evaluated by
means of quantitative RT-PCR and normalized according to that of GAPDH.
Data are shown as arbitrary units where the value for an unstimulated sam-
ple issetat 1 {n = 4). *P < .05, **P < .01.

PGD. increased eotaxin-3 mRNA expression in
human sebocytes

We next asked whether PGD, could affect the production of
chemokines for eosinophil migration. Since the diagnostic hall-
mark of EPF is the accumulation of eosinophils around the pilo-
sebaceous units, we focused on sebocytes, the cells that constitute
the pilosebaceous glands, as well as on keratinocytes and fibro-
blasts. We found that PGD, did not affect the expression of
eotaxin-1 or -2 in human keratinocytes, fibroblasts, or sebocytes
(Fig 3, A and B). It did induce eotaxin-3 expression, only slightly
in fibroblasts but markedly in the human sebaceous gland cell line
SZ95 (Fig 3, C). Moreover, we observed that PGD, increased
eotaxin-3 mRINA expression in sebocytes in a dose-dependent
manner (Fig 3, D). These findings suggest that PGD, induces
eotaxin-3 production abundantly in sebocytes and that sebocytes
might play a key role in eosinophil trafficking to the piloseba-
ceous units in EPF.

Dispensable role of the DP1 and CRT42 receptors in
PGD,-induced eotaxin-3 expression

Two receptors for PGD, have been identified: one is DP1, and
the other is CRTH2, also known as DP2, both of which are G
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protein—coupled recept<)rs.24’25 We next undertook to determine
which receptor mediates eotaxin-3 upregulation by PGD,. Nei-
ther the DP1 agonist BW245¢ nor the CRTy2 agonist DK-PGD,
induced eotaxin-3 in the human sebaceous gland cell lines SZ95
(Fig 4, A). In addition, eotaxin-3 upregulation induced by PGD,
was not suppressed by either the DP1 antagonist BW868c or
the CRTy2 antagonist CAY 10471 (Fig 4, B).

Involvement of PPARy in PGD,-induced eotaxin-3
expression in human sebocytes

PGD, spontaneously converts into the cyclopentenone PGs of
the J series, such as PGJ,, A12-PGJ 2,12 and 15d~PGJz.26 We found
that 15d-PGIJ, dose dependently increased eotaxin-3 expression
in sebocytes (Fig 5, A). PGJ; elicits its function through PPARYy,
and the PPARy antagonist GW9662 suppressed 15d-PGJ—in-
duced eotaxin-3 increase in a dose-dependent manner (Fig 5,
B). We also observed that PGD,-induced eotaxin-3 increase was
suppressed by GW9662 in a dose-dependent manner (Fig 5, C).
In addition, we examined the effect of PPARy knockdown by
RNA interference in order to confirm the role of PPARYy in
PGD,-induced eotaxin-3 expression. We observed that PPARy
mRNA expression was inhibited by PPARy siRNA and that
PGD2-induced eotaxin-3 increase in sebocytes was suppressed
by siRNA knockdown of PPARy (Fig 5, D). In addition, we com-
pared PPAR<y expression among keratinocytes, fibroblasts, and
sebocytes and found that it was higher in sebocytes than in kerat-
inocytes and fibroblasts (Fig 5, E). These data suggest that PGD,
induces eotaxin-3 expression in sebocytes, through PPARY,
which is highly expressed in sebocytes. Consistently, eotaxin-3
expression tended to be greater in sebocytes of EPF lesions than
in those of normal skin samples (Fig 5, F).

DISCUSSION

In our current study, H-PGDS was detected in eosinophils by
means of flow cytometric analysis, and these H-PGDS—positive
cells were accumulated around the pilosebaceous areas in EPF,
implying that PGD, is abundantly produced in this condition. In
addition, eotaxin-3, which is produced by sebocytes via PPARy
upon stimulation by PGD,, was highly expressed in the sebaceous
glands in EPF lesions, likewise implying an abundance of PGD,
in EPF. These findings may provide an explanation of the massive
eosinophil infiltration that occurs around the pilosebaceous units
in EPF.

Since indomethacin is generally effective against EPF, COX
metabolites are presumed to be involved in the pathomechanism
of EPF. Among these COX metabolites, the prostanoid PGD; has
previously been reported to directly attract inflammatory cells
such as Ty2 cells, eosinophils, and basophils and to be involved
in chronic allergic inflammation.'”?” This partly explains how
the prostanoids are involved in the mechanism of EPF. Yet it re-
mains unclear how eosinophils infiltrate the pilosebaceous units.
In this study, we found that PGD, induces eotaxin-3 upregulation
in sebocytes. PGD, enhances eotaxin-3 expression even in fibro-
blasts. Since the dermal papilla is a discrete population of special-
ized fibroblasts, PGD, may indirectly attract eosinophils via
eotaxin produced by sebocytes and dermal papilla cells.

The underlying mechanism of controlling EPF by indometh-
acin has been reported to be attributed to the downregulation of
CRTy;2 expression.?® This is an intriguing observation; however,
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FIG 4. Role of DP1 and CRT2 in eotaxin-3 mRNA expression in human sebocytes. SZ95 cells were incu-
bated with PGD, in the presence or absence of the DP1 agonist BW245¢ and the CRTy2 agonist DK-PGD,
(A} or the DP1 antagonist BW868c and the CRTy2 antagonist CAY10471 (B). Eotaxin mRNA levels were eval-
uated by quantitative RT-PCR, and data are shown as arbitrary units where the value for an unstimulated

sample is setat 1 (n = 4). ¥*P < .05, **P< .01.

it remains unclear how indomethacin is specifically effective
against EPE. Only a few reports have addressed the efficacy of
indomethacin on the other eosinophil-infiltrating skin disor-
ders.?*® Our findings indicate that H-PGDS is expressed in pe-
ripheral eosinophils of patients with EPF, whereas it is only
marginally expressed in those of healthy subjects; nevertheless,
it remains uncertain how this difference between patients with
EPF and healthy subjects arises. This unique expression profile
of H-PGDS in EPF may explain the initiation and/or mainte-
nance of the disease. H-PGDS expression is evident in T cells,
and it has recently been reported that CCR8+ Ty2 cells are es-
sential to attract eosinophils to the skin.*' We detected some
T-cell infiltration around the pilosebaceous units in EPF (data
not shown), suggesting that CCR8+ T cells and eosinophils
jointly initiate and maintain eosinophil infiltration into EPF
skin lesions.

It has been demonstrated that sebocytes are capable of
producing the neutrophil chemoattractant CXCL8, which may
play a role in the pathogenesis of acne,*” but it remains unknown
whether and how sebocytes produce eosinophil chemoattractants.
Here we have demonstrated for the first time that eotaxin-3

mRNA expression in sebocytes was enhanced by incubation
with PGD; and 15d-PGJ, and mediated by PPARy but not by
DP1 or CRTy2. It has been reported that 15d-PGJ, binds to
PPAR+y where it promotes adipocyte differentiation®*** and that
PPARY is detected in sebocytes where it is involved in lipid syn-
thesis.”>7 In our study, larger quantities of PPARy were detected
in sebocytes than in keratinocytes or fibroblasts. Therefore, sebo-
cytes may play an important role in attracting eosinophils into the
skin under certain conditions.

Conclusions

We found that H-PGDS is expressed in EPF lesions and that
PGD, and its metabolite 15d-PGJ, induce marked upregulation of
eotaxin-3 via PPARy in sebocytes. These results may explain how
EPF shows a massive eosinophil infiltration around pilosebaceous
units.

Clinical implications: Inhibition of the PGD,/PGJ,-PPARY
pathway may be a therapeutic target for EPF and other diseases
involving eosinophil infiltration.
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FIG 5. Involvement of PPARYy in eotaxin-3 mRNA expression in sebocytes. SZ95 cells were incubated with
15d-PGJ; (A and B) or PGD, (C} in the presence or absence of the PPARy antagonist GW9662 (Fig 5, Band C).
Eotaxin mRNA levels were evaluated by means of quantitative RT-PCR. D, The effect of transfection with
PPARy siRNA on mRNA expressions for PPARy and eotaxin-3. E, PPARy mRNA expression in normal human
epidermal keratinocytes, fibroblasts, and SZ95 cells. F, Immunostaining for eotaxin-3. Sebocytes strongly
positive for eotaxin-3 are indicated by an arrow (right panel). The percentage positive for eotaxin-3 among
sebocytes was examined {n = 3 each, right panel). Bar = 10 um. *P < .05.
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Narrowband ultraviolet B
phototherapy decreased CCR4"
CD8" T cells in a patient with
palmoplantar pustulosis

Editor

Palmoplantar pustulosis (PPP) is characterized by symmetrical
erythematous scaly plaques with sterile and numerous non-bacte-
rial pinpoint pustules restricted to the palms and soles. As PPP
exhibited inflammatory plaque and sterile accumulation of neu-
trophils, PPP is sometimes regarded as a localized pustular psoria-
sis. CC chemokine receptor (CCR) 4 has been used as a cell
surface marker for type 2 helper and cytotoxic T (Th2/Tc2) cells.
Recent studies showed that CCR4* CD8" T cells produced inter-
leukin (IL)-4, interferon-y and tumour necrosis factor-o effec-
tively," and that CCR4" CD8™ T cells were increased in peripheral
blood mononuclear cells (PBMC) in patients with psoriasis.2
These reports indicate that CCR4™ CD8" T cells may be involved
in the pathogenesis of psoriasis, but no such increase has been
reported in patients with PPP. Here, we report a case of PPP
successfully treated with narrowband ultraviolet B (NB-UVB)
phototherapy and subsequently exhibiting a decreased CCR4*
CD8™ T cells.

A 63-year-old woman presented with a 10-year history of ery-
thema with pustules and prominent hyperkeratosis on her soles
and palms. She had been treated with topical steroid cream pre-
scribed at another clinic over 5 years. As this treatment was not
providing sufficient relief of her symptoms, she was referred to
our clinic.

Physical examination revealed prominent yellowish hyperkera-
tosis with pustules and vesicles on her soles and palms. Peripheral
blood showed a normal leucocyte count. The patient was other-
wise healthy. We diagnosed this patient as PPP and started NB-
UVB treatment at an initial UVB dose of 0.3 J/cm? three times
each week. The dose was increased by 0.1 J/cm? every 2 weeks to
a maximum dose of 0.7 J/cm” UVB.

The patient’s hyperkeratosis with pustules
improved remarkably within 2 months. In addition, we evaluated
the frequency of CCR4™ CD8™ T cells by means of flow cytometry.

and vesicles
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Figure 1 CCR4* CD8* T cells in PBMC. (a) CD8* T cells are
recognized as CD3™ and CD8 cells. (b) The proportion of
CCR4™ T cells in CD8* T cells from healthy control and from our
PPP patient before (c) and after (d) NB-UVB phototherapy.

APC conjugated anti-CD3 antibody, PE-Cy7 conjugated anti-CD8
antibody and FITC conjugated anti-CCR4 antibody were pur-
chased from eBioscience (San Diego, CA, USA). CD3* CD8* cells
were regarded as CD8" T cells (Fig. 1a). The frequency of CCR4"
cells in CD8" T cells of the PPP patient before phototherapy
(13%) (Fig. 1b) was considerably higher than that of healthy
donors (mean + SD, 2.5 = 1.4%) (Fig. 1c). After phototherapy,
the proportion of CCR4* CD8" T cells had decreased from 13.0%
to 7.3% (Fig. 1d). These results suggest that CCR4™ CD8* T cells
may be involved in the pathogenesis of not only psoriasis but also
PPP. Previous reports showed that NB-UVB reduced CD8" mem-
ory-effector T cells in psoriatic lesions,” although we did not evalu-
ate the infiltration of CCR4™ CD8* T cells in the skin lesion of
PPP. One possible explanation of systemic effect by localized
NB-UVB phototherapy is that CCR4" CD8™ T cells may be mainly
derived from the skin. In fact, the skin has a potential to develop,
maintain and expand memory T cells.*® Although it is limited to
a single case and we still have much to learn, our observation on
CCR4" CD8" T cells in PPP may shed light on the mechanisms
underlying PPP.
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Type 2 segmental Darier
disease with twin spot
phenomenon

Editor

Darier disease (DD) is an autosomal dominant skin disorder
because of mutations in the gene ATP2A2. Two segmental forms
of the disease have been distinguished. Type 2 manifestations are
very infrequent. To date, the coexistence of band-like areas of
excessive and absent involvement has been reported only once.'

A 50-year-old man presented with a chronic skin disorder
involving the trunk, face and limbs, which had begun at the age of
12 years. The lesions had appeared on the ears and buttocks. Over
the years, they had tent to generalize and became confluent. He
complained of moderate itching and malodor. The disease wors-
ened in summer. The diagnosis of DD had been established in
another centre at the age of 28, and the patient had been taken
oral retinoids since then with a poor response. He had no family
history of DD.

Physical examination showed diffuse, brownish, keratotic pap-
ules affecting both sides of the trunk, arms and face (Fig. 1). Flat,
skin-coloured papules were found on the hands. Numerous inter-
ruptions of rete ridges were noted on the palms. Mucosal whitish
papules were seen on the palate. There were no nail alterations.
Remarkably, in the posterior aspect of both legs, there was no dif-
fuse involvement. Instead, several band-like zones of rather pro-
nounced involvement with concomitant streaks of healthy skin,
both following the pattern of the lines of Blaschko, were noted
(Fig. 2). On the middle of the back, there was also a linear
arrangement of the lesions alternating with bands of healthy skin.

Histopathological examination revealed suprabasilar acantholy-
sis with prominent dyskeratosis. Dyskeratotic corps ronds and
grains were also noted.

JEADV 2011, 25, 489-497

brownish, keratotic papules

Figure 1 Diffuse and bilateral
located on the trunk and arms.

Darier disease is an autosomal dominant skin disorder charac-
terized by a defective adhesion between keratinocytes. This alter-
ation gives rise to characteristic histopathological changes in the
form of acantholysis and dyskeratosis. The causative mutations
have been identified in the gene ATP2A2 on the chromosome
12q24.1, which encodes a sarco/endoplasmic reticulum calcium
ATPase pump.

In various autosomal dominant skin disorders, including DD,
segmental forms reflecting mosaicism have been reported. Nowa-
days, two types of segmental manifestation can be distinguished.”
Type 1 reflects heterozygosity resulting from a postzygotic muta-
tion very early in embryogenesis.” The existence of a true mosacism
has been confirmed at the molecular level® Clinically, these
patients show segmental lesions whose severity corresponds to that
observed in the non-mosaic state, and the skin outside the segmen-
tal manifestation is perfectly normal. Type 2 is characterized by
areas of excessive involvement superimposed on the usual pheno-
type. In these cases, an individual with a heterozygous germline
mutation would suffer a postzygotic mutation, such as mitotic
recombination, nondisjunction or deletion that would lead to a
population of cells either homozygous or hemizygous for the
underlying mutation.? Happle and Kéning hypothesized that if the
loss of heterozygosity resulted from a postzygotic recombination, it
would give rise to two different daughter cells homozygous for
either the mutant or the normal allele.* This would clinically mani-
fest as a twin spot phenomenon, with a severe segmental manifes-
tation coexisting with a segmental area of perfect normal skin. In
the reviewed literature, we have found six cases of type 2 segmental

© 2010 The Authors

Journal of the European Academy of Dermatology and Venereology © 2010 European Academy of Dermatology and Venereclogy



Prostaglandin E,—prostoglandin E receptor subtype
4 (EP4) signaling mediates UV irradiation-induced
systemic immunosuppression

Kitipong Soontrapa®®, Tetsuya Honda®<, Daiji Sakata®, Chengcan Yao?, Takako Hirata®, Shohei Hori®,

Toshiyuki Matsuoka®, Yoshihiro Kita®, Takao Shimizu®, Kenji Kabashima®, and Shuh Narumiya

a,f,1

2Department of Pharmacology, “Department of Dermatology, and fJapan Science and Technology Agency, Core Research for Evolutional Science and
Technology (CREST), Kyoto University Faculty of Medicine, Kyoto 606-8501, Japan; ®Department of Pharmacology, Mahidol University Faculty of Medicine,
Siriraj Hospital, Bangkok 10700, Thailand; 9Research Unit for Immune Homeostasis, RIKEN Research Center for Allergy and Immunology, Yokohama 230-0045,
Japan; and ®Department of Biochemistry and Molecular Biology, University of Tokyo Faculty of Medicine, Tokyo 113-0033, Japan

Edited* by Salvador Moncada, University College of London, London, United Kingdom, and approved March 2, 2011 (received for review December 11, 2010)

UV radiation induces systemic immunosuppression. Because non-
steroidal anti-inflammatory drugs suppress UV-induced immuno-
suppression, prostanoids have been suspected as a crucial mediator
of this UV effect. However, the identity of the prostanoid involved
and its mechanism of action remain unclear. Here, we addressed this
issue by subjecting mice deficient in each prostanoid receptor
individually or mice treated with a subtype-specific antagonist to
UV irradiation. Mice treated with an antagonist for prostaglandin E
receptor subtype 4 (EP4), but not those deficient in other prostanoid
receptors, show impaired UV-induced immunosuppression, whereas
administration of an EP4 agonist rescues the impairment of the
UV-induced immunosuppression in indomethacin-treated mice. The
EP4 antagonist treatment suppresses an increase in the number of
CD4*/forkhead box P3-positive (Foxp3*) regulatory T cells (Treg
cells) in the peripheral lymph nodes (LNs) and dendritic cells express-
ing DEC205 in the LNs and the skin after UV irradiation. Furthermore,
the EP4 antagonist treatment down-regulates UV-induced expres-
sion of receptor activator of NF-xB ligand (RANKL) in skin keratino-
cytes. Finally, administration of anti-RANKL antibody abolishes the
restoration of UV-induced immunosuppression by EP4 agonism in
indomethacin-treated mice. Thus, prostaglandin E, (PGE,)-EP4 sig-
naling mediates UV-induced immunosuppression by elevating the
number of Treg cells through regulation of RANKL expression in
the epidermis.

t has been known for more than 3 decades that UV radiation in

the UVB (280-320 nm) range induces immunosuppression in
animals. Fisher and Kripke (1) first noticed that UV-irradiated
mice were more susceptible to transplanted cancer than non-
irradiated mice and that lymphoid cells from irradiated mice failed
to eliminate cancer cells. Based on these findings, they suggested
that UV radiation induces systemic immunosuppression in ani-
mals and that this immunosuppression contributes indirectly to
causing skin cancer. Systemic immunosuppression induced by UV
was confirmed later in several animal models including contact
hypersensitivity (CHS) (2), delayed-type hypersensitivity (3), al-
lergic asthma (4), and experimental autoimmune encephalomy-
elitis (EAE) (5). This immunosuppressive effect also is exploited
clinically, and UV radiation is used to treat a variety of diseases,
such as psoriasis, vitiligo, and atopic dermatitis (6).

Several immune modulatory factors and immune cells are
implicated in UV-induced systemic immunosuppression, in-
cluding TNF-o, IL-4, IL-10 (7), platelet-activating factor (8),
histamine (9), cis-urocanic acid (10), and natural-killer T cells
(NKT cells) (11). In the early 1980s, T lymphocytes were found
to play an important role in UV-induced systemic immunosup-
pression (12). Quite recently, regulatory T cells (Treg cells) were
implicated in UV-induced systemic immunosuppression (13, 14).
Loser et al. (13) reported that epidermal receptor activator for
NF«B ligand (RANKL) is associated with UV-induced Treg cells
and immunosuppression. They suggested that UV exposure up-
regulates RANKL expression in keratinocytes, leading to the
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induction of Treg cells through activating epidermal dendritic
cells (DCs) expressing DEC205, which recently were conﬁrmed
to be specialized to induce forkhead box P3-positive (Foxp3*)
Treg cells (15). However, definite proof of the involvement of
RANKL and Treg cells in UV-induced systemic immunosup-
pression has yet to be obtained.

Among the factors involved in UV-induced immunosuppres-
sion are prostanoids. Prostanoids, comprising prostaglandin (PG)
E,, PGD,, PGF,,, PGI,, and thromboxane (TX) A,, are oxy-
genated metabolites of arachidonic acid produced by sequential
catalysis of cyclooxygenase (COX) and respective synthases.
They are produced in large amounts in inflammatory sites in
response to various stimuli, including UV, and exert a variety of
physiological and pathophysiological actions by acting on G
protein-coupled receptors that includes four subtypes of PGE
receptor (EP;, EP,, EP;, and EP,), PGD receptors (DP1 and
DP2), PGF receptor (FP), PGI receptor (IP) and TXA receptor
(TP) (16). Implication of prostanoids in UV irradiation-induced
immunosuppression has been indicated by many studies showing
that nonsteroidal anti-inflammatory drugs (NSAIDs), including
indomethacin, that exert their effect through COX inhibition can
reverse the immunosuppressive effect of UV radiation (8, 9, 17).
Combined with the fact that prostanoids such as PGE, are
produced abundantly by keratinocytes upon UV exposure (18,
19), this reversal strongly suggests that prostanoids are involved
in UV-induced immunosuppression. However, the identity of
the prostanoid involved and how it is related to other proposed
mechanisms of UV-induced immunosuppression remain un-
known. We combined genetic and pharmacological approaches
and addressed this long-standing question on the role of pros-
tanoids in UV-induced systemic immunosuppression.

Results

UV Irradiation Induces Systemic Immunosuppression and Increases
the Number of Treg Cells Responsible for UV-Induced Systemic
Immunosuppression. UV-induced systemic immunosuppression
usually is examined in mice by CHS response. We adopted a
protocol of previous studies (7, 9) with some modifications (Fig.
14). We shaved the back skin of C57BL/6 mice on day 0, irra-
diated them on the back with UV on day 1, sensitized them on
the abdomen with 2,4-dinitrofluorobenzene (DNFB) on day 5,
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challenged them on the ear on day 10, and evaluated ear swelling
on day 11. We first determined an optimal UV dose producing
effective systemic immunosuppression by applying various doses
of UV. UV doses more than 5 kJ/m* showed effective immu-
nosuppression as evidenced by significantly lower CHS responses
in these groups of mice than in nonirradiated control mice (Fig.
1B). Although the skin was severely injured in mice irradiated
with UV at more than 7 kJ/m?, irradiation at 5 kJ/m? caused only
slight erythema on the skin. We therefore used 5 kJ/m? of UV in
our subsequent study. The immunosuppression induced by this
dose of UV lasted for at least 2 wk (Fig. S1). To confirm the
immunosuppression at the cellular level, we collected regional
lymph nodes (LNs) on day 10 and cultured LN cells in the
presence of 2,4-dinitrobenzene sulfonic acid (DNBS), a water-
soluble form of DNFB. Consistent with the CHS response being
driven mainly by IFN-y—producing T cells, the cells from the UV-
irradiated mice showed significantly lower cell proliferation and
significantly less IFN-y production than cells from nonirradiated
mice (Fig. 1 C and D). Because it has been suggested that Treg
cells play a prominent role in the immunosuppressive effect of
UV (14), we monitored the number of Treg cells in the LNs after
UV irradiation. The number of CD4*Foxp3* Treg cells (20) in-
creased in a time-dependent manner and reached a significant
increase 3 d after UV irradiation (Fig. 1E), a result that is in
agreement with our finding in CHS (Fig. S1) and with a previous
report that systemic immunosuppression in mice starts not ear-
lier than 3 d after the irradiation (21). We then assessed the
significance of Treg cells i in UV-induced systemic immunosup-
pression by using Foxp3"® mice. This line of mice
expresses human CD2 and human CD52 chimeric protein in
Foxp3 Treg cells (22). As reported, Treg cells in these mice, but
not in wild-type mice, were markedly depleted using Mabcam-
path, an antl-human CD52 antibody (Fig. S2). Treg-depleted
Foxp3"CP¥hCDS2 mice irradiated with UV showed significantly
higher CHS response than UV-irradiated wild-type mice (Fig.
1F). This result thus shows that Treg cells are required for UV-
induced systemic immunosuppression.

PGE,-EP4 Receptor Signaling Mediates UV-Induced Systemic Immu-
nosuppression. Using the system defined above, we next examined
involvement of COX and PGs in UV-induced immunosuppression

Fig. 1. UV irradiation suppresses CHS responses in
mice and induces Treg cells in draining LNs. (4) The
experimental protocol. Mouse back skin is shaved

A Fur shaved

0.5%DNFB  0.2%DNFB

in our system. COX-2, but not COX-1, was strongly induced in skin
keratinocytes of mice by UV irradiation (Fig. S3 4 and B).
Quantitative analysis of arachidonate metabolites revealed that, in
comparison with other PGs, PGE, was produced substantially in
the skin 24 h after UV irradiation, and its production was sup-
pressed significantly by mdomethacm treatment (Fig. S3C). We
then treated mice with 4 mg kg™ d~* indomethacin added in
drinking water for 3 d beginning 24 h before UV irradiation.
Treatment with indomethacin alone did not affect the CHS re-
sponse. However, in agreement with previous studies (8, 9, 17),
the indomethacin treatment reversed the UV-induced immuno-
suppression, as shown by significantly higher CHS response in the
treated mice than in the control UV-irradiated mice (Fig. 24).
Similarly, treatment with a selective COX-2 inhibitor, SC-236,
but not with a selective COX-1 inhibitor, SC-560, reversed the UV-
induced immunosuppression (Fig. S4). Because these results sug-
gest the involvement of PG in our experiment, we subjected mice
deficient in each PG receptor individually (23) to our UV-induced
systemic immunosuppression model. We excluded EP4-deficient
mice from the experiment because they have a mixed genetic
background of 129/Ola and C57BL/6 and show impaired CHS
response (24). Instead we used an EP4 antagonist, ONO-AE-3-
208 (24), and administered it to wild-type CS7BL/6 mice to block
the EP4 receptor pharmacologically. We also administered a TP/
DP?2 antagonist, ramatroban (25), to TP-deficient mice to examine
involvement of DP2. We noted that UV irradiation induced im-
munosuppression in mice lacking DP1, EP1, EP2, EP3, FP, IP, or
TP and in TP-deficient mice treated with ramatroban to a level
similar to that found in controls (Fig. 2B), suggesting that these
PG receptors do not play a crucial role in the induction of the
systemic immunosuppression by UV exposure. To examine the
involvement of EP4 receptor signaling, various doses of the EP4
antagonist were applied to wild-type mice in drinking water for the
same period as described for indomethacin tregtment. Notably,
admlmstratlon of the EP4 antagonist at 50 mg kg™ d™' and 100 mg
kg™! d7! significantly prevented the UV-induced immunosup-
pression (Fig. 2C). The EP4 antagonist treatment restored the
CHS response to a level found in mice treated with indomethacin
or SC-236 (Fig. S4). Histological examination of the ear 24 h
after the challenge showed that UV irradiation considerably de-
creased cell infiltration and edema in the dermis and that these
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changes were reversed by treatment with the EP4 antagonist
(Fig. S5). Consistent with such changes, LN cells taken from
EP4 antagonist-treated, UV-irradiated mice exhibited signifi-
cantly increased cell proliferation and IFN-y production in
response to DNBS compared with LN cells from control ir-
radiated mice (Fig. 2 D and E). These results suggest the
importance of PGE,~EP4 signaling in UV-induced immuno-
suppression. To verify this hypothesis, we examined whether
administration of an EP4 agonist (ONO-AE-1-329) (26) can
restore immunosuppression in irradiated mice treated with
indomethacin. Mice treated with 4 mg kg™ d™! indomethacin
added to drinking water from day 0 to day 3 were subjected
to UV irradiation on day 1 and were injected s.c. with different
doses of the EP4 agonist immediately and 12 h after the
UV irradiation (Fig. 34). We confirmed that this injection of
ONO-AE-1-329 can induce systemic EP4-blocking effects
in mice injected with LPS (Fig. S6). Administration of ONO-
AE-1-329 alone did not affect CHS responses (Fig. 3B).
However, this compound dose-dependently restored the im-
munosuppression in the indomethacin-treated, UV-irradiated
mice (Fig. 3B). This effect was mimicked by CAY10580, an-
other EP4 agonist with a structure different from ONO-AE-1-
329, but not by agonists for DP, EP2, or IP, which, like EP4,
activate Gs protein (16) (Fig. S7). These findings affirm the
action of PGE,-EP4 signaling in UV-induced systemic immu-
nosuppression.

PGE,~EP4 Signaling Facilitates Increase of Treg Cells in Regional LNs
After UV Irradiation. To explore the mechanism of immunosup-
pressive action of PGE,-EP4 signaling, we collected axillary and
inguinal LNs from UV-irradiated mice 4 d after irradiation and
examined the effect of the EP4 antagonist on the number and
composition of cells in these LNs. The UV irradiation significantly
increased the total number of the LN cells, and the treatment of
the EP4 antagonist did not affect this increase (Fig. 44). The
numbers of cells in the CD4 (CD4*CD8™), CD8 (CD8*CD4™), B
(B220™), NK (DX5*Thyl.27), and NKT (DX5*Thyl.2*) cell
population also increased in the peripheral LNs after UV irradi-
ation, but, again, there was no significant difference in the cell
number of each of these populations between the mice treated
with the EP4 antagonist and mice treated with the control vehicle
(Fig. S8). However, the increase in Treg cells (defined as
CD4*Foxp3™ cells) in the regional LNs after the irradiation was
significantly lower both in number and percent in mice treated with
either the EP4 antagonist or indomethacin than in control mice
treated with vehicle (Fig. 4 B and C and Fig. S9). These results
indicate the involvement of PGE,~EP4 signaling in increase in
Treg cells after UV irradiation.

PGE,~EP4 Signaling Mediates Epidermal RANKL Induction and induces
Epidermal DCs Expressing DEC205 in UV-Irradiated Mice. Loser et al.
(13) previously reported that UV irradiation up-regulated
RANKL expression in the epidermis and induced DCs expressing
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Fig. 2. - Reversal of UV-induced immunosuppression by COX inhibition or EP4 receptor antagonism. (A) Effects of indomethacin. Mice were administered 4 mg
kg~' d~" of indomethacin (Indo) or vehicle (Veh) in drinking water from day 0 to day 3, and the CHS response was measured 24 h after challenge. (B) Effects of
PG receptor deficiency. Mice deficient in DP1, EP1, EP2, EP3, FP, IP, or TP (DP1KO, EP1KO, EP2KO, EP3KO FPKO, IPKO, and TPKO, respectively) and TP-deficient
mice treated with 10 mg kg™ d™" of ramatroban (TPKO+Ram) were used with their wild-type counterparts as control. Ear swelling was measured 24 h after
challenge (n = 4 mice per group). (C) Effects of ONO-AE3-208. Mice were administered the indicated doses of an EP4 antagonist, ONO-AE3-208 (EP4ant) or
vehicle (Veh) dissolved in drinking water from day 0 to day 3. Ear swelling was measured 24 h after challenge (n = 4 mice per group). (D and E) Effects of the
EP4 antagonist on LN cell proliferation and IFN-y production. Mice administered 50 mg kg~' d™' ONO-AE3-208 or vehicle from day 0 to day 3 were subjected
to UV or sham irradiation on day 1 and then were sensitized with 0.5% DNFB on day 5. LNs were excised on day 10, and LN cells were subjected to DNBS-
induced cell proliferation (D) and IFN-y production (E) (n = 3 mice per group). Data are representative of three experiments with similar resuits and are shown
as mean + SEM. **P < 0.01; N.S., not significant.
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329, and the CHS response was measured (n = 4 mice per group). Data are representative of three experiments with similar results and are shown as mean +

SEM. *P < 0.05; **P < 0.01.

DEC205 there, both of which they suggested might be responsible
for induction of Treg cells in the peripheral lymphoid organs. We
therefore analyzed the effect of the EP4 antagonist on the ex-
pression of RANKL in the skin. Real-time RT-PCR analysis of
the skin exhibited a marked increase in RANKL mRNA after UV
irradiation, and this increase was significantly suppressed by
treatment with the EP4 antagonist (Fig. 54). We also immunos-
tained for RANKL in the skin of control mice and mice treated
with the EP4 antagonist. The UV irradiation markedly enhanced
immunofluorescent signals for RANKL in keratinocytes that were
costained with an antibody to cytokeratin, a marker for keratino-
cytes. Additionally, keratinocytes formed multiple layers after the
irradiation, suggesting that they underwent activation. Treatment
with the EP4 antagonist substantially suppressed RANKL ex-
pression in the epidermis to the level seen in nonirradiated control
mice and prevented multilayer formation (Fig. 5B). We also found
that treatment with indomethacin elicited the same result as
treatment with the EP4 antagonist, and the addition of the EP4
agonist could restore keratinocyte activation and RANKL pro-
duction after UV irradiation in mice treated with indomethacin
(Fig. 5B). These results indicate that PGE,-EP4 signaling medi-
ates RANKL expression induced by UV irradiation in keratino-
cytes. We next examined the number of DCs expressing DEC205
(CD11c*DEC205™) specialized to induce Foxp3™ Treg cells (15)
in the LNs. We detected a markedly increased number of
CD11c*DEC205* cells in the peripheral LNs 2 d after UV irra-
diation, and this increase of CD11c*DEC205" cells was sup-
pressed significantly by treatment with the EP4 antagonist (Fig.
5C). Although these results indicate that fewer DEC205* DCs are
present in the LNs to induce Treg with the EP4 antagonism, we
also noted that the total number of CD11c* DCs in the LNs de-
creased with the EP4 antagonist treatment 2 d after UV irradiation
(Fig. 5C). These results might reflect the interference of DC mi-
gration by the EP4 antagonist, as we previously reported (24), and
raised a question whether the EP4 antagonism suppressed in-
duction of CD11c*DEC205™ cells by UV irradiation in situ in the
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skin. We therefore isolated epidermal sheet 2 d after UV irradi-
ation and examined the number of CD11c*DEC205™ cells in the
epidermis. UV irradiation significantly increased the population
of CD11c*DEC205™ cells in the epidermal cells, and the treat-
ment with the EP4 antagonist suppressed this increase of
CD11c*DEC205™* cells (Fig. 5D). These results clearly show that
the lack of PGE,-EP4 signaling leads to reduced induction of
CD11c*DEC205™ cells in the skin. To verify further that PGE—
EP4 signaling mediates UV-induced systemic immunosuppression
by regulating epidermal RANKL, we treated mice with either anti-
RANKL or the isotype control antibody 2 d before UV irradiation.
Anti-RANKL treatment could diminish immunosuppression by
UV irradiation to a degree similar to indomethacin treatment (Fig.
6). There was no additive effect of treatments with indomethacin
and anti-RANKL antibody. Further, treatment with the EP4 ag-
onist did not restore immunosuppression in indomethacin-treated
mice cotreated with anti-RANKL. These results suggest that
RANKL is indispensable for the PGE,~EP4 signaling to mediate
UV-induced systemic immunosuppression. It also is noted that
administration of either anti-RANKL antibody or indomethacin
did not restore the immune response fully to the level observed in
control non-UV-irradiated mice.

Discussion

UV radiation is not only carcinogenic but also suppresses im-
munity. Here, we answered a long-standing question regarding
the role of prostanoids in UV-induced systemic immunosup-
pression by showing that PGE,-EP4 signaling mediates UV-
induced systemic immunosuppression. We showed impairment
of the immunosuppressive effect of UV by EP4 antagonism and
reversal of the indomethacin-induced impairment of immuno-
suppression by EP4 agonism. Notably, treatment with the EP4
agonist alone, without UV irradiation, did not result in immu-
nosuppression (Fig. 3B). Because several immune-modulatory
mediators have been reported to play roles in the UV-induced
systemic immunosuppression (7-10), it is likely that PGE; acts in

Fig. 4. Selective suppression of the UV irradiation-
induced increase in Treg cells in LNs by EP4 antago-
nism. Mice were administered 50 mg kg™' d™" of
ONO-AE3-208 (EP4ant) or vehicle (Veh) from day 0 to
day 3 and were subjected to UV irradiation and sen-
sitization. Draining LNs were excised on day 5, and
the number and composition of Treg cells were ana-
lyzed (n = 4 mice per group). (A) Total cell number of
LNs. (B) The number and percent of CD4*Foxp3* Treg
cells in LNs. **P < 0.01. (C) Representative dot plot
analysis of CD4*Foxp3* cells in LNs from the vehicle-
treated UV-irradiated mice and EP4 antagonist-treated
UV-irradiated mice. Data are representative of three
experiments with similar results and are shown as
mean + SEM.

uv
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Fig. 5. PGE-EP4 signaling mediates the =~ A 18
expression of RANKL in keratinocytes and ﬁ 151
induces DCs expressing DEC205 in UV irra- 8512
diation. Mice were treated with 50 mg kg™ :&;5 9
d~! ONO-AE3-208 (EP4ant) or vehicle (Veh) & Z
from day 0 and were subjected to UV or b/

sham irradiation on the back on day 1. (A) Veh  EPdant

Effects of EP4 antagonism on UV-induced
expression of RANKL mRNA in the skin. The
back skin was excised 1 d after irradiation,
and Rank/ mRNA expression in the skin was
evaluated by quantitative real-time PCR
analysis and is shown in arbitrary expression
units (AU). Rank! expression is normalized
to that of Gapdh (n = 3 mice per group). (B)
Effect of EP4 antagonism and EP4 agonism Veh
on UV-induced increase in RANKL protein in

keratinocytes. For EP4 agonist treatment, 4
mice were treated with 4 mg kg™ d™" in- 10
domethacin (Indo) from day 0 on, were
subjected to UV irradiation, and ‘were
injected s.c. with 500 pg/kg ONO-AE1-329
(EP4ago), or vehicle immediately and 12 h
after the irradiation. The back skin was ex-
cised 2 d after irradiation and was stained
for RANKL (red) and cytokeratin (green).
Cell nuclei were stained with Hoechst-
33342. (Scale bar, 50 pm.) (C) Effects of EP4
antagonism on the increase of DEC205* DCs
in LNs after UV irradiation. LNs were col-
lected 2 d after UV irradiation, and the
number of CD11¢* and CD11¢*DEC205* cells
in LNs was analyzed by flow cytometry (n =
4 mice per group). (D) Effects of EP4 an-
tagonism on the UV-induced increase of

CD11c*DEC205"
(x10%)
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O
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DEC205* DCs in the skin. Epidermal cells were prepared from back skins excised 2 d after irradiation, and CD11c* cells were isolated by magnetic-activated cell
sorting (MACS). DEC205* cells in isolated CD11c™ cells were analyzed by flow cytometry (n = 4 mice per group). Data are representative of three experiments

with similar resuits and are shown as mean + SEM. *P < 0.05; **P < 0.01.

collaboration with other mediators to induce the immunosup-
pression after UV irradiation. Indeed, we previously showed that
PGs such as PGE, and PGI; collaborate with IL-1p and enhance
induction of various cytokines and remodeling factors, including
RANKIL, in a model of collagen-induced arthritis (27). Which
mediator collaborates with PGE, to induce immunosuppression
remains to be determined. By examining the cell populations of the
peripheral LNs after UV irradiation, we found that only an in-
crease in the Treg cell population after UV irradiation was sig-
nificantly suppressed by treatment with the EP4 antagonist,
whereas the EP4 antagonist did not affect increases in numbers of
other LN cell populations, including NKT cells, which previously

Anti-RANKE+indo+EP4ago

Anti-RANKL+Indo:
Anti-RANKI

Controf+indo+EP4ago

Control

50 100 150 ‘200 250
Ear swelling (um}

Fig. 6. RANKL is indispensable for EP4-mediated, UV-induced systemic im-
munosuppression. Mice were injected s.c. with 100 pg of either anti-RANKL
or isotype control antibody (Control) 2 d before UV irradiation. In-
domethacin (Indo), 4 mg kg~' d~', and ONO-AE1-329 (EP4ago), 500 pg/kg,
were administered as in Fig. 3A. The CHS response was measured (n = 4 mice
per group). Data are representative of two experiments with similar results
and are shown as mean + SEM. *P < 0.05; **P < 0.01.
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were reported to mediate systemic immunosuppression after UV
irradiation (11). Using Foxp3"“P?*®P52 mice 'we further showed
that Treg cells play an indispensable role in UV-induced systemic
immunosuppression. We also used anti-RANKL antibody and
showed that RANKL makes a major contribution to this process.
Our results, however, do not exclude an involvement of signaling
molecules other than PGE, in immunosuppression in a process
independent of PGE,~EP4-RANKL signaling, because the EP4
antagonism did not completely suppress the increment of Treg
cells after UV irradiation, and anti-RANKL antibody did not re-
store ear swelling to the level found in control mice.

Here we identified PGE,~EP4 signaling as an initiating factor
for RANKL expression in keratinocytes. Classically, PGE, was
known as an osteolytic factor that functions in osteoblasts down-
stream of proinflammatory cytokines such as IL-1p, IL-6, and
TNF-a in induction of osteoclasts from bone marrow precursor
cells. We previously identified the receptor mediating this action
as EP4 (28). The molecule induced by PGE, treatment and re-
sponsible for osteoclastogenesis was identified as RANKL (29).
Thus, our present study has revealed that the identical PGE,-
EP4-RANKL signaling operates in different types of cells with
different consequences, one for osteolysis and the other for
immunomodulation. It also is noted that PGE,~EP4 signaling can
exhibit apparently opposite immunomodulatory actions in differ-
ent situations. We recently used the EAE mouse model and
showed that PGE,~EP4 signaling promotes immune inflammation
through Thl cell differentiation and Th17 cell expansion (30),
whereas our current study showed that the identical signaling
promotes immunosuppression. How such context-dependent dif-
ferences arise should be defined clearly so that the EP4 antagonist
can be used properly and safely in therapeutics in the future. In
addition, UV-induced immunosuppression has been implicated in
nonmelanoma skin cancers caused by UV radiation (1, 12,31),and
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the incidence of nonmelanoma skin cancers was lower in subjects
receiving a selective COX-2 inhibitor, celecoxib, than in subjects
receiving placebo (32). We hope that the action of PGE,-EP4
signaling we have described here is exploited in various clinical
settings, including this malignancy.

Materials and Methods

Animals. Mice lacking each type or subtype of PG receptor individually were
generated and backcrossed more than 10 times onto C57BL/6 background as
described previously (23). Foxp3hP2M52 mice with C57BL/6 background
were generated as described (22). Female mice of each genotype were used
at age 8-10 wk. Wild-type C57BL/6CrSIlc mice (Japan SLC) were used as
controls. All mice were maintained on a 12-h/12-h light/dark cycle under
specific pathogen-free conditions. All experimental procedures were in ac-
cordance with the National Institutes of Health Guide for the Care and Use
of Laboratory Animals and were approved by the Committee on Animal
Research of Kyoto University Faculty of Medicine.

UVB Irradiation and CHS. A bank of sunlamps emitting 280-360 nm with
a peak emission at 313 nm (FL 20SE; Toshiba) arranged in parallel was used
as a source of UVB. The irradiance, measured by an UVR-305/365D radiom-
eter (Tokyo Kogaku), was 5 J/m?s™" at a distance of 40 cm. On day 0, back fur
was shaved with electric clippers. On day 1, mice were exposed to 5 kJ/m? of
UVB on the shaved back with their ears and eyes protected. They were
sensitized by applying 25 pL of 0.5% (wt/vol) DNFB (Sigma) in acetone/olive
oil (4/1, volivol) on the shaved abdomen on day 5. Then, on day 10, the mice
were challenged by application of 20 pL of 0.2% DNFB to the dorsal and
ventral surfaces of both ears. The ear thickness of each mouse was measured
before and 24 h after elicitation at a predetermined site with a micrometer,
and the difference was expressed as ear swelling.

For drug treatment, 4 mg kg™~' d™' of indomethacin (Nacalai) or 10100
mg kg~' d~' of ONO-AE-3-208 in drinking water was given ad libitum from
day 0 to day 3; 5 mg kg™’ of Ramatroban (Tocris) was injected s.c. every 12 h
to TP-deficient mice from day 0 to day 3; and 5-500 pg/kg of ONO-AE-1-329
in 0.9% saline was injected s.c. immediately and 12 h after UV irradiation.
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For anti-RANKL treatment, mice were injected s.c. with 100 pg of anti-
mouse RANKL (Oriental Yeast) 2 d before UV irradiation. The same amount
of rat IgG2a antibody (eBioscience) was used as a control.

Lymphocyte Culture. Single-cell suspensions were prepared from inguinal and
axillary LNs of mice 5 d after sensitization with 0.5% DNFB. The cells were
cultured at 5 x 10° cells per well in a 96-well plate in 200 pL of RPMI-1640
containing 10% FBS with or without 100 pg/mL DNBS (Sigma) for 3 d and
were pulsed with 0.5 uCi [*H]thymidine for the last 24 h of culture. The acid-
insoluble radioactivity was determined by liquid scintillation counting. For
measurement of cytokine production, the cells were cultured for 48 h, and
the culture supernatants were collected. IFN-y in the supernatants was
measured using an IFN-y ELISA kit (Endogen).

Immunofluorescence. Immunostaining was performed on 10-pm cryostat sec-
tions of mouse back skin embedded in optimal cutting temperature (OCT)
compound. Tissue sections were fixed in precooled acetone for 10 min. Anti-
RANKL and anti-cytokeratin antibodies were used as primary antibodies.
Biotinylated anti-rat 1gG (Vector) and Alexa Fluor 488 anti-mouse IgG (Invi-
trogen) were used as secondary antibodies. The RANKL signal was amplified
using the tyramide signal amplification (TSA) Plus Cyanine-3 System (Perkin-
Elmer) according to the manufacturer’s protocol. Cell nuclei were stained us-
ing Hoechst-33342 (Invitrogen) according to the manufacturer’s instruction.

Statistical Analysis. Data were analyzed by Student’s t test, and differ-
ences were considered significant at P < 0.05. All bar graphs represent the
mean + SEM.
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Drug-induced hypersensitivity syndrome (DIHS), also
known as drug rash with eosinophilia and systemic
symptoms (DRESS), is a severe drug reaction presen-
ting with generalized skin eruption, organ failure and
haematological abnormality (1, 2). Typical cutaneous
manifestations include maculopapular, lichenoid, purpu-
riform, target-like and possibly also other types of lesions.
Erythroderma with or without exfoliation or desquama-
tion may sometimes be observed. We report here a case of
DIHS/DRESS presenting with multiple diffuse follicular
pustules on the trunk and extremities.

CASE REPORT

A 15-year-old Japanese male student was admitted to our
hospital with generalized pruritic rash and high fever after
treatment with carbamazepine for epilepsy over 5 weeks. The
patient exhibited marked oedema on the face (Fig. 1A), cervi-
cal lymphadenopathy, and small follicular pustules diffusely
distributed on his trunk and extremities (Fig. 1B). Bacterial
cultures of both blood and pustules were negative. A skin
biopsy from the back revealed a spongiotic pustule in the fol-
licular infundibulum with moderate upper-dermal perivascular
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infiltrations of lymphocytes, neutrophils and a few eosinophils
(Fig. 1C). Ablood test indicated leukocytosis (white blood cell
count, 12,000/ml) containing up to 5% atypical lymphocytes,
marked eosinophilia (2,280/ml), elevated levels of liver enzy-
mes (aspartate aminotransferase (AST) 367 IU/I and alanine
aminotranferase (ALT) 1,637 IU/1), and positivity for human
herpes virus (HHV)-6 DNA. Treatment with 30 mg oral predni-
sone resulted in improvement in the patient’s general condition
and skin eruptions.

DISCUSSION

This case fulfils the criteria for both DIHS (7/7 of the
Japanese consensus group criteria) and DRESS (8/9 of
the Kardaun et al. criteria (7)) (Table I). The mechanism
of DIHS/DRESS has not been fully elucidated. Im-
mune responses by drug-reactive T cells, plasmacytoid
dendritic cells, and activation of herpes viruses have
been proposed (2, 3).

Before the concept of DIHS/DRESS was establis-
hed, anticonvulsant hypersensitivity syndrome was
recognized as a severe adverse drug reaction induced
by anticonvulsants such as carbamazepine, phenytoin,

Fig 1. Clinical and histological findings in
a patient with drug-induced hypersensitivity
syndrome/drug rash with eosinophilia and
systemic symptoms. (A and B) Clinical
manifestations. The patient had marked oedema
of the face and small, diffusely distributed,
follicular pustules. (C) Histological examination
revealed a spongiotic pustule in the follicular
infundibulum with moderate upper-dermal
perivascular infiltrations.

© 2011 The Authors. doi: 10.2340/00015555-1152
Journal Compilation © 2011 Acta Dermato-Venereologica. ISSN 0001-5555
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Table 1. Criteria for drug-induced hypersensitivity syndrome (DIHS; top) and drug rash with eosinophilia and systemic symptoms (DRESS;

bottom). The patient met the criteria for DIHS (7/7) and DRESS (8/9)

Criteria for typical DIHS (presence of all 7 criteria) (ref. 6)
1. HHV-6 reactivation

2. Prolonged clinical symptoms 2 weeks after discontinuation of causative drug

3. Maculopapular rash developing >3 weeks after starting with limited number of drugs

4. Fever >38°C
5. Lymphadenopathy

6. Liver abnormalities (alanine aminotransferase > 100 U/1) or other organ involvement, e.g. renal involvement

7. Leukocyte abnormalities (at least one present)
» Leukocytosis (>11x 10%1)
* Atypical lymphocytosis (>5%)
« Eosinophilia (>1.5x 10%/1)

Score 0 Score 1 Score 2

Scoring system for classifying DRESS cases as definite, probable, possible, or no case® (applicable items in bold) (ref. 7)

Fever >38.5°C No/U

Enlarged lymph node
Eosinophilia
Eosinophils
Eosinophils, if leucocytes <4.0 x 10°1™!
Atypical lymphocytes
Skin involvement
Skin rash extent (% body surface area)

Skin rash suggesting DRESS No
Biopsy suggesting DRESS No

Organ involvement
Liver, kidney, lung, muscle/heart, pancreas, other organ

Resolution >15 days No/U

Evaluation of other potential causes
Antinuclear antibody
Blood culture
Serology for HAV/HBV/HCV
Chlamydia/mycoplasma
If none positive and >3 of above negative

Yes
No/U Yes
No/U
0.7-1.499 % 10°I"! >1.5x10°1"
10-19.9% >20%
No/U Yes
No/U >50%
U Yes
Yes/U
One organ Two or more organ
Yes
Yes

*Total score <2: no case; 2—3; possible case; 4-5: probable case; >5: definite case.

U: unknown/unclassifiable; HAV: hepatitis A virus; HBV: hepatitis B virus; HCV: hepatitis C virus; HHV-6: human herpes virus 6.

and phenobarbital sodium (4). Several cases of acute
generalized exanthematous pustulosis (AGEP) induced
by anticonvulsants have been reported (5), but isolated
pustules in the follicular infundibulum, as seen in our
case, are a clear contrast to AGEP, which usually mani-
fests histopathologically as confluent, flaccid pustules
with non-follicular, subcorneal or upper-epidermal
pustules.

We diagnosed the patient as typical DIHS, since
we observed the reactivation of HHV-6 in addition to
the clinical manifestations seen in DRESS. The case
was diagnosed as DIHS/DRESS with reactivation of
HHV-6. We describe here an atypical case of DIHS
presenting with diffuse follicular pustules on the trunk
and extremities, which was reasonably well controlled
by conventional therapy with an oral steroid.
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