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Addition of UVA-absorber butyl methoxy dibenzoylmethane to topical
ketoprofen formulation reduces ketoprofen-photoallergic reaction
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Topical application of ketoprofen (KP) clinically evokes the allergic type of photocontact dermatitis. To
avoid this adverse reaction, we investigated the beneficial effect of each ultraviolet (UV) filter that was
included in topical ketoprofen formulation. We first tested the inhibitory effects of four UVA filters by
a modified local lymph node assay following KP application on the mouse skin and UVA irradiation on
the same site. In this assessment, butyl methoxy dibenzoylmethane (BMDBM), when included in KP
application, exerted the most effective inhibitory effect on stimulation with KP and UVA. We manufac-
Ketoprofen tured ~topical patch §qd gel KP applicants cop;aining BMDBM. which retained. KP pegetrgt}on through
Butyl methoxy dibenzoylmethane the skin and KP stability toward UVA. The ability of BMDBM in these formulat‘lons to inhibit KP photo-
UVA sensitivity was evaluated by a modified adjuvant and strip method in guinea pigs, and the photoallergic
reactions induced by the BMDBM-containing KP applicants were lower than the non-containing ones. It is
known that KP has a cross-reactivity with benzophenone upon UVA exposure, but such a photocross-
reactivity of BMDBM with KP was not observed in a mouse ear swelling model. The anti-inflammatory
effect of the BMDBM-containing KP patch applicant was comparable to the non-containing one. These
results suggest that the addition of BMDBM into KP topical formulations is efficacious for inhibition of
KP photocontact dermatitis.
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1. Introduction

Various topical agents, such as antibacterial agents, perfumes,
sunscreens, and non-steroidal anti-inflammatory drugs (NSAIDs),
have been reported to cause photocontact dermatitis [1]. This sen-
sitivity is evoked when these agents are topically applied to the
skin and the same site was subsequently exposed to ultraviolet
(UV) light. The photoreactions are divided into the phototoxic
and photoallergic types. While the phototoxic reaction is mediated
by oxygen intermediates without specific immune reactions [2,3],
photoallergic reaction occurs as a consequence of a specific im-
mune reaction mediated by antigen-specific, sensitized T cells
[4-8]. Two mechanisms have been put forward in T-cell recogni-
tion of photoallergic small molecules as photoantigen, i.e. photo-
hapten and prohapten theories [1,5,8]. According to the
photohapten theory, photosensitizing chemicals and protein need
to coexist, and upon exposure to UV, the chemicals bind covalently
* to protein. On the other hand, the prohapten theory suggests that
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UV simply converts photosensitizing substances into ordinary hap-
ten, which subsequently binds to protein.

Ketoprofen (KP) is widely used as a topical NSAID, since its trans-
dermal penetration and pharmacological efficiency are superior to
other NSAIDs such as diclofenac and indomethacin [9]. Whereas
orally administered NSAIDs may cause gastrointestinal and cardio-
vascular adverse reactions, the skin application of NSAIDs very
rarely induces these systemic side effects. However, topical formu-
lations of KP may provoke photocontact dermatitis as an adverse
reaction. KP has both phototoxic and photoallergic potentials, but
many clinical observations have indicated that photosensitivity to
KP is a photoallergic reaction with action spectrum of UVA [8]. KP
serves as a photohapten because of its photocoupling ability to
protein. Our previous studies have shown that KP application plus
UVA irradiation induces and elicits photocontact dermatitis in mice,
and both CD4" and CD8™ T cells are required for the full-blown sen-
sitivity reaction [10]. In addition, KP plus UVA upregulates the
expression of MHC class I and costimulatory molecules on murine
dendritic cells, promoting antigen-presenting ability of the cells
[11]. Dendritic cells bearing KP-photoantigen sensitize photoanti-
gen-specific T cells in draining lymph node cells [10].

Avoidance of UVA exposure to the skin site applied with KP pre-
vents photocontact dermatitis. The use of sunscreen UV filters is
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one of the common methods for UV protection. In Japan, the patch
application is the most popular formulation when KP is topically
administered. Employment of UVA filters added to the topical for-
mulations is one of the efficacious strategies to prevent contact
photosensitivity. UVA filters can be classified into chemical UVA
filters (UV absorbers) or physical UVA filters (UV-scattering nano-
particles). Since UV absorbers convert UV light into the thermal en-
ergy, some UV absorbers are photolabile and may have a
photosensitive potential. Moreover, it is well known that UVA ab-
sorber oxybenzone (benzophenone-3, OX) is photocross-reactive
with KP [12-14].

In this study, we investigated the preventive effect of UV filters
on KP contact photosensitivity. We first selected an effective UVA
filter and tested its ability to suppress the photosensitivity by add-
ing it into the KP patch and gel formulations. Results suggest that
the addition of the UVA absorber to topical KP formulations is
effective to reduce the photosensitivity without cross-reactivity.

2. Materials and methods
2.1. Animals

Female BALB/c mice (8-10 weeks old) and female Hartley gui-
nea pigs (6 weeks old) were obtained from SLC, Inc. (Hamamatsu,
Japan). Female hairless mice (8 weeks old) were obtained from
Kudo Co., Ltd. (Tosu, Japan). Male Lewis rats (6 weeks old) were ob-
tained from Charles River Laboratories Japan, Inc. (Yokohama, Ja-
pan). All animals were maintained in our animal facility, exposed
to a 12 h light: 12 h dark cycle, and provided with food and water
ad libitum. All animal experiments were performed with the ap-
proval of the Laboratory Animal Care and Use Committee at His-
amitsu Pharmaceutical Co., according to Laboratory Animal
Welfare guidelines.

2.2. Reagents and topical KP formulations

KP, butyl methoxy dibenzoylmethane (BMDBM) and OX were
purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Ja-
pan). Diethylamino hydroxybenzoy! hexyl benzoate (DHHB) was
purchased from BASF Japan Ltd. (Tokyo, Japan). Hydrophobic parti-
cle (mean size: 20 x 100 nm) of titanium dioxide (TiO,) was pur-
chased from Sakai Chemical Industry Co., Ltd. (Sakai, Japan). All
other chemicals were reagent grade or better.

We manufactured two formulations of KP transdermal patch
application, 'i.e. a patch containing BMDBM (BMDBM (+) patch)
and a patch non-containing BMDBM (BMDBM (-) patch), by a
hot melt method. Both BMDBM (+) and BMDBM (-) patches con-
tained 2% KP. In BMDBM (+) patch, its adhesive layer contained
2% BMDBM, while no UVA filter was added to BMDBM (-) patch.
The adhesive layer of both patches consisted of styrene isoprene
styrene block copolymer and polyisobutylene, and was laminated
on weaved fabric backing. Thickness of the adhesive layer and
the fabric backing was approximately 100 and 600 pum, respec-
tively. The other side was covered with a release liner film until
use. In addition to the patch application, we also used the gel appli-
cation, which was Ketum (BMDBM (—) gel) purchased from Mena-
rini France (Rungis, France). To prepare BMDBM-containing KP gel
(BMDBM (+) gel), we added BMDBM to Ketum at 1% final concen-
tration and mixed them extensively before use.

2.3. Light source

As UVA source, 40-W black light (FL40SBLB-A) emitting UVA
ranging from 320 to 400 nm with a peak emission at 365 nm was
purchased from Toshiba Electric Co. (Tokyo, Japan). With a UV

radiometer (Topcon Technohouse Corp., Tokyo, Japan), the energy
output of eight black light tubes at a distance of 20 cm was
3 mW/cm? at 310-400 nm. Irradiation was performed through a
pane of 3 mm thickness glass.

2.4. Modified local lymph node assay

Local lymph node assay (LLNA) was performed, as described
previously [15], with some modifications to examine photosensi-
tivity. Mice were painted on the dorsal aspect of each earlobe with
25 puL of 2% KP alone or 2% KP plus various concentrations of
BMDBM, OX, DHHB or TiO, in acetone/olive oil (4:1), and subse-
quently irradiated with 20 Jjem? UVA. The painting plus irradiation
was performed on three consecutive days, i.e., days 0, 1 and 2. On
day 5, all mice were injected intravenously with 250 pL of phos-
phate buffered saline (PBS) containing 20 pCi [methyl->H] thymi-
dine (3H-TdR). Five hours later, the mice were sacrificed, and the
draining auricular lymph nodes were removed and pooled for each
experimental group..Single cell suspensions of lymph node cells
(LNC) were prepared by gentle mechanical disaggregation through
cell strainer using the plunger of a syringe. LNC were centrifuged at
1100 rpm for 10 min, washed with 3 mL of PBS and resuspended
with 3mL of 5% trichloroacetic acid (TCA). After overnight
incubation at 4 °C, the precipitate was recovered by centrifugation,
resuspended with 1 mL of 5% TCA, and transferred to 10 mL of
scintillation fluid. 3H-TdR incorporation was measured by
B-scintillation counter (Hitachi Aloka Medical, Ltd., Tokyo, Japan).
Percentage of control was calculated according to the following
formula:

% of control = (sample — vehicle control)/(KP alone control
— vehicle control) x 100.

2.5. In vitro skin penetration assay for KP

Penetration of KP through the skin was evaluated by using the
Franz diffusion cell system. The diameter of the diffusion cell
system used in this study was 2.5 cm, which corresponded to an
effective permeable area of 4.9 cm®. In the mouse skin system,
the dorsal skin was excised from sacrificed hairless mice and its
fat tissue was removed. In the human skin system, full-thickness
human skin samples were obtained from Human and Animal
Bridging Research Organization (Tokyo, Japan). After removal of
the subcutaneous fat, the skin containing stratum corneum was
subsequently sliced using an electric dermatome to 500 pm-thick-
ness materials. Each topical KP formulation was applied to mouse
or human skin, and the skin was immediately mounted on the
Franz diffusion cell. The receptor chamber was filled with PBS,
stirred by a magnetic bar, and maintained at 32 °C. The receptor
fluid was flowed at approximately 5 mlL/h and collected by an
auto-sampler. A part of the collected receptor fluid was mixed with
the same volume of acetonitrile. The mixture was centrifuged for
5min, and the supernatant was transferred into a glass vial.
Quantitative analysis of KP was performed on a HPLC
Shimadzu-XR (Shimadzu Corp., Kyoto, Japan) equipped with UV
detector (254 nm) using a TSK-gel ODS-80Ts column (Tosoh Corp.,
Tokyo, Japan). The HPLC analysis was performed as follows: the
mobile phase, 0.1% acetic acid/acetonitrile; flow rate, 1:1; and
injection volume, 20 pL.

2.6. Quantitation of KP and BMDBM in earlobes

Mice were painted with each KP patch formulation on both
sides of earlobes for 4 h. After removal of the KP patch, mice were
sacrificed, and the earlobes were immediately excised and minced
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with surgical scissors. These minces were ground to fine powder by
a frost shattering system under liquid nitrogen freezing. The spec-
imens of ground earlobes were placed into a tube at 20 mg. As
extraction solvent, 2 mL of methanol was added into the tubes,
and the tubes were shaken for 15 min. After centrifugation at
3000 rpm for 10 min, supernatants were transferred to a glass vial.
Quantitative analysis of KP was performed as described above.
BMDBM was also quantified on a HPLC Shimadzu-XR equipped
with UV detector (358 nm) using a TSK-gel ODS-80Ts column.
The analysis was performed as follows: mobile phase, 0.1% acetic
acid/acetonitrile; flow rate, gradient ratio from 1:1 to 1:20
(1 mL/min), and injection volume, 20 pL.

2.7. KP photostability in topical formulations

After removal of the release liner film, the adhesive aspect of KP
patch formulation was irradiated with varying doses of UVA. Resid-
ual KP contained in the UVA-irradiated patch was then extracted
with tetrahydofuran, and the extracts were diluted with methanol
up to a final volume of 50 mL. For the gel formulations, each KP gel
was spread on a PET film at 11.4 mg/cm? and irradiated with vary-
ing doses of UVA. Residual KP contained in the UVA-irradiated gel
was extracted with water/methanol (1:1), and the extracts were
diluted with methanol up to 50 mL. A part of each extract was fil-
trated with a pretreatment disk for HPLC (Tosoh Corp.) and trans-
ferred into a glass vial. Intact KP was quantified by HPLC as
described above.

2.8. Photosensitization and photochallenge to KP in guinea pigs

In our preliminary study, photosensitivity to KP was not in-
duced or elicited in guinea pigs by topical application of KP formu-
lations and subsequent UVA irradiation without adjuvant injection.
However, when the adjuvant and strip method as described previ-
ously [16] with some modifications was used, KP photosensitivity
was detected. By using this method, we investigated the inhibitory
effect of BMDBM addition on KP photoallergy. On day 0, guinea
pigs were injected subcutaneously with 0.1 mL of emulsified mix-
ture of Freund’s complete adjuvant (Wako Pure Chemical Indus-
tries, Ltd.) and saline (1:1) at four corners of the application site
on the clipped neck (8 cm?). Each KP patch formulation (8 cm?)
or each KP gel (90 mg) was applied on the neck for 4 h and irradi-
ated with 10 J/cm? UVA. The KP application and UVA irradiation to
the tape-stripped skin was performed once daily for five consecu-
tive days. In the photosensitization to both KP patch and gel, there
were three kinds of application, such as non-application (Group A
and B), BMDBM (-) (Group C and D) and BMDBM (+) (Group E and
F). On day 21, the guinea pigs were photochallenged with each KP
patch (4 cm?) or KP gel (45 mg) applied for 4 h and subsequent
UVA at 10 J/cm? on the clipped dorsal skin. In the photochallenge,
two skin sites were used for BMDBM (—) (Group A, C and E) and
BMDBM (+) (Group B, D and F) formulations. The skin reactions
on the photochallenged sites were graded at 24 and 48 h after
UVA irradiation according to Draize grading criteria [17]. Erythema
and eschar formation are as follows: Score 0, no erythema; Score 1,
very slight erythema; Score 2, well-defined erythema; Score 3,
moderate to severe erythema; and Score 4, severe erythema to
slight eschar formation. Edema formation was as follows: Score
0, no edema; Score 1, very slight edema; Score 2, slight edema;
Score 3, moderate edema; and Score 4, severe edema.

2.9. Photosensitization and photochallenge to KP in mice
The mouse model of photocontact dermatitis was described

previously [10,18]. Mice were painted with 50 pL of 8% KP, 10%
OX or 10% BMDBM in acetone/olive oil (4:1) to the clipped dorsal

skin and subsequently irradiated with 40 J/cm? of UVA. The paint-
ing plus irradiation was performed once daily for three consecutive
days. Before photochallenge, the basal line thickness of both ears
on all mice was measured with a dial thickness gauge. On day 5,
all mice were challenged on both sides of each earlobe with
25 pL of 2% KP, 10% OX or 10% BMDBM in acetone/olive oil (4:1)
and subsequently irradiated with 40J/cm?® UVA. Ear thickness
was measured 24 h after irradiation and was expressed as the
mean increment in thickness above basal line control value.

2.10. Chronic inflammatory model

The anti-inflammatory activity of the KP patch formulations
was evaluated by using an adjuvant-induced arthritic model [19].
Lewis rats were injected with 0.1 mL of 1% Mycobacterium butyri-
cum (Difco Laboratories, Detroit, MI) in liquid paraffin into the left
hind paw. On day 14 after the adjuvant injection, each KP patch
formulation (1 cm?) was topically applied to the right hind paw
for 24 h, and the application was performed for 7 days. The volume
of right hind paw was measured on day 1, 4 and 7 after the first
application with a plethysmometer (MK-101CMP; Muromachi
Kikai Co., Ltd., Tokyo, Japan). Simultaneously, the edema rate was
calculated according to the following formula:

Edema rate (%) = [(paw volume after adjuvant injection)
/(paw volume before adjuvant injection) — 1] x 100.

2.11. Statistical analysis

Statistical analysis was performed by Student’s t-test or Dun-
nett type multiple comparison using SAS software (SAS Institute
Japan Ltd., Tokyo, Japan). P-values less than 0.05 were considered
to be significant.

3. Results
3.1. Selection of BMDBM as KP-photoprotective agent

In advance of manufacturing UV filter-containing, topical KP
formulations, we first compared the potentials of four sunscreen
agents to inhibit KP photosensitivity, as assessed by modified
LLNA. BMDBM and DHHB are commonly used UVA absorbers, OX
is a conventional UV absorber, and TiO, is a nanoparticle UV filter.
The radio-uptake of draining lymph node cells was measured. Data
were expressed as the percentage of control in KP-augmented H-
TdR incorporation (Fig. 1). The inhibitory effect of BMDBM was
strongest among the four filters, especially at a low concentration
of 0.25%. Therefore, we chose BMDBM as an UV-protective reagent
for topical KP formulations.
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Fig. 1. Inhibitory effects of various UVA filters in organic solvent for KP photosen-
sitivity assessed by murine lymph node proliferation assay.
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3.2. No disturbance of KP penetration by BMDBM addition in patch or
gel formulation

We examined the skin permeability of KP included in the patch
and gel formulations that contained BMDBM [BMDBM (+)] or not
[BMDBM (-)]. KP was quantified with HPLC. The cumulative
amounts of KP at 12 h in BMDBM (+) patch, BMDBM (-) patch,
BMDBM (+) gel, and BMDBM (—) gel were 45.8, 38.5, 15.9 and
14.7 pgf/cm?, respectively (Fig. 2A), without significant differences
between BMDBM (+) and BMDBM (-).

To confirm the KP permeability in human skin, each topical KP
formulation was applied to the human skin mounted on the Franz
diffusion cells, and flowed fluid samples collected by an auto-sam-
pler were quantified with HPLC. Again, the cumulative amount of
KP was not significantly different between BMDBM (+) and
BMDBM () patch formulations (Fig. 2B).

In another experiment, mice were painted with each of the KP
patch formulations on both sides of earlobes for 4 h. The earlobes
were excised and minced to fine powder by a frost shattering sys-
tem. Quantitative analyses of KP and BMDBM were performed with
HPLC. There was no significant difference in the KP amount be-
tween BMDBM (+) and BMDBM (-) patch formulations, while
BMDBM was detected in BMDBM (+) but not BMDBM (-) patch

(Fig. 3).

3.3. Prevention of photodegradation of KP by BMDBM

The KP photostability in the patch and gel BMDBM (+) formula-
tions irradiated with various amounts of UVA was examined. KP-
containing materials were extracted from the irradiated patch
and gel formulations, and each extract was quantified for intact
KP amount by HPLC. UVA irradiation induced photodegradation
of KP in a dose-dependent manner (Fig. 4). The amounts of intact
KP in the BMDBM (+) patch and gel were significantly higher than
in the BMDBM (—) ones (Fig. 4). Upon exposure to 40 J/cm? UVA,
intact KP amount was reduced to 26.9% in the BMDBM (-) patch,
however, 91.6% of KP remained in the BMDBM (+) patch. Thus,
BMDBM effectively protected KP from UVA exposure.
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3.4. Suppression of KP photosensitivity by BMDBM in guinea pigs

Guinea pigs were photosensitized and photochallenged with KP
patch (Table 1, upper panel) or gel (Table 1, lower panel) formula-
tions and subsequent UVA irradiation. BMDBM was added or not in
each KP formulation. Upon challenge, UVA was required for the po-
sitive skin reaction (data not shown). In the non-sensitized ani-
mals, neither photochallenge with the BMDBM (-) nor BMDBM
(+) KP formulation induced responses (Groups A and B). When
photosensitized with the BMDBM (-) KP formulation (patch or
gel), photochallenge with the BMDBM (—) formulation evoked skin
responses (Group C). The gel formulation (lower panel) was more
effective than the patch formulation for induction of the sensitiv-
ity. However, the BMDBM (+) formulation yielded weaker re-
sponses (Group D) than the BMDBM (-) one (Group C). The
photosensitized guinea pigs with the BMDBM (+) formulation
exhibited weak responses upon challenge with the BMDBM (-)
formulation (Group E), but did not show substantial responses
with the BMDBM (+) formulation (Group F). Thus, the results indi-
cated that BMDBM effectively depressed the both sensitization and
challenge of KP photosensitivity in the guinea pig model.

3.5. No photocross-reaction between KP and BMDBM

It is known that KP photocross-reacts with OX [12-14]. To test
the possible cross-reactivity between KP and BMDBM, we used a
mouse model of photocontact dermatitis. Mice were photosensi-
tized and photochallenged with KP or OX (Fig. 5A) or with KP or
BMDBM (Fig. 5B). Significant ear swelling responses were obtained
in KP-photosensitized and photochallenged mice. In this study, as
compared to the vehicle sensitization, neither OX (Fig. 5A) nor
BMDBM (Fig. 5B) induced significant levels of the photosensitivity.
In the KP-photosensitized mice, however, photochallenge with OX
elicited a significant response to a lesser degree than photochal-
lenge with KP, suggesting photocross reactivity between KP and
OX. On the other hand, photocross reactivity between KP and
BMDBM was not observed, as represented by no significant ear
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Fig. 2. Effects of BMDBM on KP penetration in topical KP formulations. (A) Data indicate the mean values of KP flux through the mouse skin applied with BMDBM (—)
formulation (red circle) or BMDBM (+) formulation (blue triangle). The error bars represent S.D. (n=3). (B) Data indicate the mean values of cumulative KP penetration
through the human skin applied with BMDBM (-) patch (red circle) or BMDBM (+) patch (blue triangle). The error bars represent S.D. (n = 3). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 3. KP and BMDBM absorption on murine ear from patch formulations. Data indicate the mean values of KP and BMDBM amounts in mouse ear applied with BMDBM (-)
patch (red column) or BMDBM (+) patch (blue column). The error bars represent S.D. (n = 3). (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)
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Fig. 4. Inhibitory effect of BMDBM for KP photostability in topical KP formulations. Data indicate the mean values of intact KP percentage in BMDBM (-) formulation (red
circle) or BMDBM (+) formulation {blue triangle). The error bars represent S.D. (n = 3). Statistical analysis was carried out with Student’s t-test. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

swelling upon photochallenge with BMDBM in KP-photosensitized
mice (Fig. 5B).

3.6. No abrogation of the anti-inflammatory ability of KP in BMDBM
formulation

We finally compared the anti-inflammatory ability between the
BMDBM (+) and BMDBM (-) patch formulations using an adju-
vant-induced arthritis rat model. Seven days after beginning of
KP application (day 21 after adjuvant injection), the edema rate
of hind paw was 95.7% in the positive control without KP (Fig. 6).
When applied with the BMDBM (+) and BMDBM (~) formulations,
the edema rates were comparably decreased to 60.4% and 50.7%,
respectively. This suggested that the anti-inflammatory ability of
KP was not abrogated by BMDBM addition.

4. Discussion

Although UVA is the action spectrum of photosensitivity to
most of exogenous agents such as KP [8], there are not many avail-
able UV filters capable of filtrating UVA wave range. We demon-
strated that BMDBM had the strongest potential to reduce KP
photosensitivity among the four sunscreen agents tested. In addi-
tion, BMDBM (+) patch indicated the similar skin penetration
kinetics of KP to BMDBM () patch in two different skin studies.
Therefore we considered BMDBM was the best UV filter to reduce
the photosensitivity to KP patch. It is known that UV absorbers,
such as OX, paradoxically can evoke photocontact dermatitis
[20-22]. In this respect, UV reflector, as exemplified by TiO,, is
more photostable and less likely to have its photoallergy than
UVA absorbers. Although the inhibitory ability of TiO, was weaker
than BMDBM, we also manufactured a KP patch formulation con-
taining TiO,. However, the inhibitory effect of TiO, addition was
not observed in the animal model (data not shown). Since TiO, in
organic solvent reduced the KP photosensitivity, TiO, might be
useful as topical formulations such as gel, lotion and cream.

In the present study, significant ear swelling responses of mice
photosensitized and photochallenged with 10% BMDBM or 10% OX
was not found, while 2% KP significantly induced the photoallergic
reactions. Therefore, the photosensitive potentials of BMDBM and

OX are greatly lower than that of KP. It has been reported that
photocross-reactions occur between KP and other chemicals, such
as OX, harbouring a benzophenone moiety [12-14]. We showed
that BMDBM was not photocross-reactive with KP in the mouse
ear swelling model. In addition, we found using adjuvant and strip
method that BMDBM was not photocross-reactivity with KP, while
OX cross-reacted with KP (data not shown). From the viewpoint of
cross-reactivity, it is also considered that BMDBM is one of the best
choices as UVA filter added to KP patch formulations.

KP undergoes a decarboxylation process upon irradiation with
UVA in an aqueous solution. Several groups have reported that
the main photoproduct of KP formed under an aerobic solution is
(3-benzoylphenyl) ethane [23,24]. Photodecarboxylation of KP to
(3-benzoylphenyl) ethane proceeds two pathways via benzylic
carbanion and benzylic radical intermediates [23,25,26]. These
radical products from KP might induce covalent binding of KP with
protein, when they coexist with each other. Therefore, improve-
ment of KP photostability possibly reduces KP photoallergy. In
our study, KP photostability in the topical formulations was signif-
icantly elevated by BMDBM addition. It is thought that BMDBM
reduces UVA-induced KP decarboxylation and the following forma-
tion of radical intermediates.

Table 1
Inhibitory effect of BMDBM in topical KP formulations for KP photosensitivity in
guinea pigs.

Group Photosensitization Photochallenge N Mean score
24h 48 h
A - BMDBM (-) patch 6 0.0 0.0
B - BMDBM (+) patch 6 0.0 0.0
C BMDBM (—) patch ~ BMDBM (=) patch 6 1.0 1.2
D BMDBM (—) patch ~ BMDBM (+) patch 6 0.7 1.0
E BMDBM (+) patch BMDBM (-) patch 6 0.2 0.3
F BMDBM (+) patch BMDBM (+) patch 6 0.0 03
A - BMDBM (—) gel 6 00 0.0
B - BMDBM (+) gel 6 00 0.0
C BMDBM () gel BMDBM (~) gel 6 3.2 3.5
D BMDBM (-) gel BMDBM (+) gel 6 2.0 2.3
E BMDBM (+) gel BMDBM () gel 6 1.0 1.8
F BMDBM (+) gel BMDBM (+) gel 6 03 0.7

Mean score indicates an average of total skin reactions graded according to Draize
grading criteria [(score of erythema and eschar formation) + (score of edema)].
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Fig. 5. Cross reactivity of BMDBM to KP in mouse ear swelling test. Mice were photosensitized with 8% KP, 10% OX or 10% BMDBM in acetone/olive oil (4:1) on the clipped
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Fig. 6. Anti-inflammatory effect of KP patch formulation containing BMDBM in the
adjuvant-induced arthritic model. Data indicate the mean values of edema rate in
the rat paw applied with control patch without KP (black diamond), BMDBM (-)
patch (red circle) or BMDBM (+) patch (blue triangle). The error bars represent S.E.
(n=12). Statistical analysis was carried out with Dunnett type multiple compar-
ison. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

Phototreatment with KP induces DNA damage and peroxidation
of cell membranes because of radical derivatives and active oxy-
gens [26-28]. The damage reactions to cells cause not only photo-
toxicity but also photoallergy where immune cells in the skin, such
as dendritic cells and keratinocytes, are involved. KP phototreat-
ment upregulates the antigen presenting ability of dendritic cells
and promotes the production of cytokines in the epidermis [11].
The photoallergic sensitivity is divided into the photosensitization
and the photoelicitation phases. In our mouse KP photocontact
dermatitis model [10], we have shown that both KP application
and UVA irradiation are mandatory for the sensitivity. In the pres-
ent guinea pig model, the addition of BMDBM into either sensitiza-
tion or elicitation formulation successfully reduced the degree of
the sensitivity. However, the patients who have already been sen-
sitized with KP should not use even the sunscreen-containing top-
ical formulation. Moreover, although the absorption of BMDBM

from patch was fewer than that of KP, in the modified LLNA, the
lymph node cell proliferation augmented by KP patch plus UVA
was significantly decreased by BMDBM addition (data not shown).
In addition, the inhibitory effect of BMDBM addition on KP photo-
toxicity was also found in mouse ear swelling model (data not
shown). Since BMDBM was effective even at a low amount,
BMDBM may sufficiently absorb the UV active wavelengths to in-
duce the photosensitivity.

In conclusion, our study demonstrated that BMDBM in topical
KP formulations photostabilizes KP and may reduce the photoaller-
gic adverse reaction in clinical use. Photocross-reactivity of
BMDBM with KP seems to be absent. The addition of BMDBM does
not affect KP permeability and anti-inflammatory activity.
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Acute generalized exanthematous pustulosis (AGEP)
is a rare skin disorder, characterized by acute deve-
lopment of numerous, pin-head sized, non-follicular,
sterile pustules that usually begin in intertriginous folds
with high fever and neutrophilia (1-3). The condition is
frequently induced by hypersensitivity reaction to drugs
(1). AGEP usually affects adults; paediatric cases have
rarely been reported (4—7). We describe here a case of
paediatric AGEP induced by paracetamol. High levels
of serum interleukin (IL)-8 and IL-22 observed in our
patient suggest a role of these cytokines/chemokines in
the pathogenesis of AGEP.

CASE REPORT

A 7-year-old boy was referred to us with a generalized erup-
tion. Five days prior to our initial examination, the patient had
developed upper respiratory symptoms, diagnosed as influenza
A, and he had received oral paracetamol and oseltamivir. Two
days after the start of treatment, he developed an itchy ex-
anthema on the trunk with a high fever. On examination, the
patient had an erythematous eruption on his trunk (Fig. la)
and the proximal parts of his arms and thighs. Numerous small
pustules, less than 1 mm in diameter, were present, especially
on the inner aspects of the thighs (Fig. 1b), axillae, and lumbar
region. Slightly swollen cervical lymph nodes were palpable.
Laboratory investigations showed a normal leukocyte count, but
C-reactive protein was elevated (1.4 mg/dl; normal <0.1 mg/dl).

Fig. 1. Clinical and histopathological appearances. (a) Clinical appearance,
showing an erythematous eruption present on the trunk. (b) Close-up view,
showing multiple small pustules on the thigh. (¢) Histopathology, exhibiting
subcorneal collection of many neutrophils in the epidermis (haematoxylin
and eosin (HE), original magnification %x200).
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Histopathologically, there were subcorneal neutrophilic pustules
and a dermal lymphocytic infiltrate (Fig. 1¢). We determined the
likelihood of AGEP by using the reported scoring system, which
can be used to identify cases of AGEP based on morphology,
course and histology of the skin reaction (8). Our patient had a
score of 11, indicating a definite diagnosis of AGEP. The culprit
drugs and results of lymphocyte transformation test performed
19 days after disease onset were as follows (stimulation index
[SI] > 1.8 is considered positive): paracetamol, 1,516 cpm (SI
2.75); oseltamivir, 450 cpm (SI 0.81); and no-addition control,
551 cpm. We thus diagnosed the eruption as AGEP induced by
paracetamol. Discontinuation of paracetamol and oral adminis-
tration of prednisolone (5 mg daily for 7 days) improved the
patient’s skin lesions within 2 weeks.

The serum level of IL-8 was measured with Cytometric Bead
Array (BD Biosciences, San Diego, CA, USA), serum levels of
[L-17A,IL-22 and TNF-a with enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA),
and that of chemerin with an ELISA kit (Millipore, St Charles,
MO, USA) in the patient and 4 healthy individuals. These cyto-
kines and chemokines may be involved in the accumulation of
neutrophils in the epidermis (9, 10). A blood sample was taken
from the patient 5 days after the onset of eruption. It is noted
that IL-8 and IL-22 were markedly elevated in the patient, com-
pared with the normal individuals (Table I). IL-17 and tumour
necrosis factor-a (TNF-a) were below the level of detection in
both patient and normal healthy controls. Chemerin, a chemo-
attractant for plasmacytoid dendritic cells (pDC) (11, 12), was
not increased in the patient compared with the normal subjects.

DISCUSSION

AGEP should be differentiated from pustular psoriasis
(von-Zumbusch type). In our patient, the skin eruption
and high fever were improved by discontinuation of
paracetamol and 7-day administration of prednisolone
(5 mg daily), and there was no recurrence thereafter.
This shorter duration supports the diagnosis of AGEP.
The SI of 2.75 in a lymphocyte stimulation test was
significantly high (13). The possibility of the causative
role of infection could not be completely ruled out,
but at least paracetamol contributed to the eruption,

Table L. Serum levels of cytokines/chemokines

Serum levels

Normal subjects

Cytokines/chemokines Patient (n=4, mean * SD)
IL-8 274.6 pg/ml 1.29+1.49 pg/mi
IL-17A UDL UDL (all)

IL-22 25.3 pg/ml UDL (all)

TNF-a UDL UDL (all)
Chemerin 176.8 pg/ml 229.0+31.0 pg/ml

UDL: under the detection level; SD: standard deviation.

© 2013 The Authors. doi: 10.2340/00015555-1462
Journal Compilation © 2013 Acta Dermato-Venereologica. ISSN 0001-5555



and infection may participate in the occurrence of the
eruption. Although AGEP is generally considered to
be an adult disease (1-3), recent reports suggest that
it occasionally occurs in paediatric individuals (4-7).
Thus, children may develop AGEP upon administration
of antibiotics or non-steroidal anti-inflammatory drugs,
as seen in our patient.

As the lymphocyte transformation test with a causative
drug usually shows a high SI, drug-specific T cells are
thought to mediate AGEP (2, 3). Drug-specific CD4"*
and CD8" T cells play an important role by producing
neutrophil chemo-attractant IL-8. To explain the me-
chanism of subcorneal accumulation of neutrophils,
however, a certain population of drug-specific T cells
are thought to stimulate keratinocytes to produce 1L-8,
and the keratinocyte-derived IL-8 may contribute to the
accumulation of neutrophils in the lesional epidermis.
In fact, the elevated expression of 11.-8 was observed in
keratinocytes as well as infiltrating mononuclear cells (3).

Th17 cell is a CD4" T helper cell subset capable of
producing IL-17 and IL-22, and dysregulated Th17
responses mediate a variety of skin inflammatory con-
ditions, such as psoriasis (9) and atopic dermatitis (14).
IL-17 and IL-22 exert a strong synergistic effect on the
production of I1L-8 by keratinocytes (14). Increased
frequencies of Th17 cells and high levels of IL-22 have
been reported in AGEP (15, 16).

Our study showed an increase in serum IL-8 and 1L-22
in a paediatric patient with AGEP. Since the amount of
IL-17A was below the limit of detection, the involvement
0f Th17 cells remains unclear in this single case report. In
order to maintain Th17 cells, IL-23 released from dend-
ritic cells (DCs) is important (10), and DCs are activated
by TNF-o in an autocrine manner (9). Alternatively, type I
interferon derived from pDCs may indirectly lead to Th17
cell stimulation with the help of chemerin serving as a
pDC-chemo-attracting factor (11). While patients with
psoriasis have higher levels of chemerin (12), our AGEP
patient did not have an increased level of chemerin in the
peripheral blood, suggesting that pDC are not substanti-
ally involved in the pathogenesis. Although I1.-17 and/or
IL-22 may be involved in the pathogenesis of AGEP, the
exact role of Th17 cells in this drug eruption, and their
stimulation mechanism, are as yet unknown.

The authors declare no conflicts of interest.
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Figure 1. A) Cicatricial alopecia on the scalp; B) Erosions,
bulla and atrophic, hypopigmented scars in the axillary region;
C) Atrophic, hypopigmented scars at the neck; D) Dystrophic
changes in the nails; E) Endoscopic image of the tumor; F)
Atypical cell groups consistant with squamous cell carcinoma
(hematoxylin-eosin stain, magnification x 100).

cutaneous lesions [4]. The etiology of esophageal carci-
noma is related to exposure of the esophageal mucosa to
noxious or toxic stimuli. Smoking and chronic alcohol
exposures are the most common etiological factors for SCC.
Vitamin and nutritional defects have been recognized as
contributing factors. The epithelial lining of the esophagus
in junctional EB and DEB is subject to chronic inflamma-
tion and damage. This may increase the risk of epithelial
metaplasia and malignancy. Additionally, esophageal stric-
tures cause vitamin, iron, and nutritional deficiencies in
DEB. Recently, abnormalities in the p53 and p16 tumor
suppressor genes in RDEB-associated SCC have been

demonstrated. All these factors could play roles in the devel-
opment of esophageal SCC in DEB [6].

Because of the serious complications of EB, patients with
dysphagia should be followed by a multidisciplinary team
for life-threatening risks. &
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Drug eruption due to sodium picosulfate

A 62-year-old man who had been suffering from severe
constipation presented with a 2-day history of pruritic
papules and vesicules on the trunk and extremities. He
had been prescribed sodium picosulfate, sennoside, pan-
tethine and magnesium oxide sporadically over the course
of 10 years. Medical examination revealed tense vesicles
and blisters on the extremities and palms (figures 1A-B).
Vital signs were within normal ranges. There were no
symptoms of fever, lymphadenopathy, mucous or systemic
involvement throughout the disease course. The laboratory
result was negative for herpes simplex virus antibodies,
varicella zoster virus IgG was 3.6 (normal range <2.0), and
Epstein-Barr virus antibodies indicated previous infection.

EJD, vol. 22, n° 3, May-June 2012



A skin biopsy from a tense blister on the left arm revealed
a subepidermal blister with eosinophilic infiltration
(figures 1C-D). Direct immunofluorescence labeling of the
lesional skin sections showed no IgG, IgM, IgA or C3
deposition at the basement membrane zone. Circulating
anti-BP180 autoantibody was negative by ELISA. Anti-
nuclear antibody was negative. Patch tests were negative
for all the medicines prescribed (see above). A lymphocyte
stimulation test (L.ST) was positive for sodium picosulfate
twice; the stimulation index was 208% (normal <180%)
at Day 5 and 187% at Day 33, however this LST was
negative with three healthy controls. In contrast, senno-
side, pantethine and magnesium oxide were all negative at
Days 5 and 33. After discontinuation of all laxatives includ-
ing sodium picosulfate, the patient’s eruptions subsided
remarkably without therapy. Thus, the case was diagnosed
as sodium picosulfate-induced bullous eruption. The patient
has recently taken all the laxatives except for sodium pico-
sulfate, but he has not suffered from a drug eruption.
Sodium picosulfate is a popular laxative. It is not digested
in the stomach or the small intestine; it is hydrolysated
in the large intestine and transformed to active diphenole
compounds. These active compounds stimulate intestinal
motility and prevent water absorption, resulting in relief
from constipation. Most sodium picosulfate compounds are
excreted in the feces. When the usual dosage is taken, only
a tiny portion is absorbed, and this is glucuronidated in the
liver and excreted in urine and bile. Thus, in general, the
side effects of sodium picosulfate are limited to abdominal
pain and nausea.

To our knowledge, there has only been one other report
of sodium picosulfate-induced drug eruptions: a fixed drug
eruption reported in the Japanese literature [1]. The erup-
tions in that case appeared after 5 months of sodium

Figure 1. Skin manifestations and pathological tissue of the
patient.

A) Widespread papulo-vesicular eruption in a 62-year-old
man. B) Vesicles on the left arm. C) Skin biopsy specimen from
the left arm showing subepidermal blister formation. D) There
is mixed eosinophilic and lymphocytic infiltration in the bulla.
(C-D: Hematoxylin and eosin stain; Bar=100 pm).
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picosulfate intake. Our patient had a ten-year history of
sodium picosulfate intake. These cases suggest that long-
term intake of sodium picosulfate can induce eruptions.
The pathomechanism of such eruptions is uncertain. Sen-
noside, another laxative, is also scarcely absorbed in the
intestine, similar to sodium picosulfate, and sennoside has
been reported to lead to drug eruptions after long-term
intake [2-4]. We presume that drug eruptions induced by
laxatives are caused by delayed T-cell hypersensitivity,
which might explain why the skin eruptions occur after
long-term intake. For drug eruptions to develop, it might
take a long time for T cells to become sensitized or for
the drug or reactive metabolites to achieve sufficient distri-
bution. Further studies are needed to fully understand the
mechanisms.

In conclusion, sodium picosulfate is generally believed to
be safe, because allergic reactions are so rare. Thus, patients
tend to self-medicate with it frequently and persistently for
constipation. However, the present case suggests that we
should be aware that sodium picosulfate can induce drug
eruptions after long-term intake. B
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The syndrome of inappropriate anti-
diuretic hormone secretion (SIADH)
associated with metastatic malignant
melanoma

The syndrome of inappropriate antidiuretic hormone secre-
tion (SIADH) is a state where excess vasopressin is secreted
from hypophysis in conditions when sufficient water is
sustained in the body [1]. Although SIADH occurs in
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Disturbed balance in three subpopulations of
CD4"Foxp3 ™ regulatory T cells in Stevens—Johnson
syndrome and toxic epidermal necrolysis patients

Stevens—Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN) are life-threatening diseases that are two of the most
severe cutaneous adverse reactions [1]. The regulatory T cell
(Treg) has been reported to be involved in the pathogenesis of
SJS/TEN [2,3]. Treg maintains self-tolerance and suppresses
immune responses. It was reported that even though the
relative frequency of Treg is normal in TEN, Treg function is
profoundly impaired, which may result in epidermal damage by
excessive activation of effector T cells [3]. Recent reports have
shown that CD4"Foxp3*™ Treg exists in heterogeneous sub-
populations divided by the level of CD45RA expression [4].
Human CD4*Foxp3* Treg is divisible into three functionally and
phenotypically distinct subsets: CD4*CD45RA* Foxp3'°¥ resting
Treg (rTreg), CD4*CD45RA Foxp3™e" activated Treg (aTreg)
and cytokine-secreting CD4*CD45RA Foxp3'°* nonsuppressive
T cells (non-Treg). rTreg and aTreg have potently immunosup-
pressive activity, whereas non-Treg lacks such activity and has
the potential to secrete proinflammatory cytokines such as
IFN-y and IL-17 [4]. Furthermore, the relative frequencies
of the three CD4*Foxp3* Treg subpopulations differ with
various disease conditions [5-7]: in active systemic lupus
erythematosus, for example, the number of aTreg cells is
lower and that of non-Treg cells is higher than those of
healthy controls, allowing an autoimmune reaction to develop
[4]. SJS/TEN might also be considered susceptible to devel-
opment under the imbalance of CD4*Foxp3* Treg subpopula-
tions. This study investigates the relative frequencies and
cytokine production characteristics of CD4"Foxp3* Treg sub-
populations in SJS/TEN patients.

The investigations were performed in accordance with
the Declaration of Helsinki. Written informed consent was
obtained from the patients' parents. All control subjects
gave informed consent in accordance with the Declaration
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of Helsinki. Peripheral blood mononuclear cells (PBMCs)
from SJS/TEN patients (acute stage: n = 3, resolution stage:
n = 7) (Supplemental Table 1) and 24 healthy controls were
prepared by Ficoll gradient centrifugation. PBMCs were stained
with anti-CD4, anti-CD45RA and anti-Foxp3, and then analyzed
by flow cytometry (materials and methods are detailed in
Supplemental data). The three subpopulations of Treg were
defined by the expression of CD45RA and Foxp3 (Fig. 1a). In
these three subpopulations, the frequency of non-Treg, which
has no suppressive potential, in the acute stage of SJS/TEN
(2.04 + 0.89%) was significantly lower, but that in the
resolution stage of SJS/TEN (4.50 + 0.87%) was significantly
higher than that of the healthy controls (3.61 + 0.87%)
(Fig. 1b). In contrast, rTreg and aTreg did not differ among
these groups. Over 95% of CD4*CD25*Foxp3* cells showed
low CD127 expression (Supplemental Fig. 1). From this data, in
our experiments, CD4*CD25*Foxp3* cells were defined as
regulatory T cells.

Furthermore, the three CD4*Foxp3* Treg subpopulations
were analyzed for the expression of cytokines in patients in the
resolution stage of SJS/TEN by intracellular cytokine staining
assay. Interestingly, the percentage of IFN-y-producing aTreg
in patients in the resolution stage of SJS/TEN was significantly
lower than that of healthy controls, whereas IFN-vy-secreting
non-Treg and rTreg showed no differences between SJS/TEN
patients and healthy controls. There were no significant
differences in frequency of IL-17A-producing cells among
the three Treg subpopulations (Supplemental Table 2).

The present study shows that the frequency of non-Treg in
the acute stage of SJS/TEN was significantly lower, but that
the frequency of non-Treg in the resolution stage of SJS/TEN
was significantly higher than that of healthy controls. Among
Treg subpopulations, only the frequency of non-Treg drastical-
ly changed during the disease course. Although it is not known
why the relative frequency of non-Treg is equal before and
after disease, the relative frequency in the resolution stage of
SJS/TEN is higher than that of healthy controls, indicating that
non-Treg might influence susceptibility to SJS/TEN.

Furthermore, the frequency of IFN-y-producing aTreg in
SJS/TEN patients was significantly lower than that of the
healthy controls. With respect to plasticity, Treg was found to
differentiate into helper T cells and to express T-bet, whichisa
master transcription factor of Th1 effector cells which produce
IFN-vy. T-bet*Foxp3* Treg inhibits the Th1-dependent response
[8]. We demonstrated that the frequency of IFN-vy-secreting
aTreg cells, namely Th1-like aTreg, was significantly lower in
SJS/TEN patients than in healthy controls. There are several
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Figure 1  The relative frequencies and cytokine production characteristics of the three CD4"Foxp3™ Treg subpopulations in patients

who had recovered from SJS/TEN and in healthy controls. (a) Three subpopulations of CD4™ T cells defined by the expression of CD45RA
and Foxp3: CD45RA Foxp3'°" rTreg, CD45RA Foxp3"e" aTreg, CD45RA Foxp3'°" non-Treg. The percentage of each area in CD45RA and
Foxp3 is shown. (b) Percentages of each Foxp3™ subpopulation among CD4" T cells in patients with SJS/TEN (open circles, n = 7) and
healthy controls (closed circles, n = 24) (*; p < 0.05; NS: not significant).

reports about Th1/Th2 polarization in SJS/TEN. The SJS/TEN
lesions showed a mixed Th1/Th2 pattern [9]. QuaglinoP., et al.
showed the coexistence of a Th2 response in addition to the
predominant Th1 profile in blood [10]. In addition, Th2 cells are
known to outnumber Th1 cells. On the other hand, the
percentage of T-bet™ was 56.7% in aTreg. IFN-vy production
is an indirect indication of Th1-controlling Treg cells [8].
Our results suggest that the Th1-like aTreg subpopulation in
SJS/TEN patients reduces the inhibitory capacity under immune
active conditions, such as drug-mediated allergic reaction.

To date, no reports have identified a correlation between
IL-17 production of CD4* T cells (Th17) and SJS/TEN develop-
ment. In our study, we also investigated the frequency of Th17.
That frequency did not differ significantly between SJS/TEN
patients and healthy controls (SJS/TEN; 1.92 + 1.01%, healthy
controls; 1.80 = 0.72%, P = 0.80).

In conclusion, the relative frequencies of the three Treg
subpopulations and cytokine-secreting activity are found to
differ between SJS/TEN patients and healthy controls. These
results indicate that the disturbed balance of Treg subpopula-
tions is involved in the pathogenesis of SJS/TEN.

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.clim.2013.04.002.

Conflicts of interest

The authors have no conflicts of interest to declare.

Acknowledgments

The authors are grateful to Ms. A. Honda for her assistance on the
immunohistological analysis.

References

[1] D.S. Becker, Toxic epidermal necrolysis, Lancet 351 (1998)
1417-1420.

[2] H. Azukizawa, S. Sano, H. Kosaka, Y. Sumikawa, S. Iltami,
Prevention of toxic epidermal necrolysis by regulatory T cells,
Eur. J. Immunol. 35 (2005) 1722-1730.

[3] R. Takahashi, Y. Kano, Y. Yamazaki, M. Kimishima, Y. Mizukawa,
T. Shiohara, Defective regulatory T cells in patients with severe
drug eruptions: timing of the dysfunction is associated with the
pathological phenotype and outcome, J. Immunol. 182 (2009)
8071-8079.

[4] M. Miyara, Y. Yoshioka, A. Kitoh, T. Shima, K. Wing, A. Niwa, C.
Parizot, C. Taflin, T. Heike, D. Valeyre, A. Mathian, T. Nakahata,
T. Yamaguchi, T. Nomura, M. Ono, Z. Amoura, G. Gorochov, S.
Sakaguchi, Functional delineation and differentiation dynamics
of human CD4+ T cells expressing the FoxP3 transcription factor,
Immunity 30 (2009) 899-911.

[5] M. Zhang, J. Zhou, T. Zhao, G. Huang, Y. Tan, S. Tan, X. Fu, W.
Niu, G. Meng, X. Chen, X. Shang, D. Liu, B. Ni, L. Wang, Y. Wu,
Dissection of a circulating and intrahepatic CD4(+)Foxp3(+) T-cell
subpopulation in chronic hepatitis B virus (HBV) infection: a highly
informative strategy for distinguishing chronic HBV infection
states, J. Infect. Dis. 205 (2012) 1111-1120.



Letter to the Editor

91

[6] X. Pan, X. Yuan, Y. Zheng, W. Wang, J. Shan, F. Lin, G. Jiang,
Y.H. Yang, D. Wang, D. Xu, L. Shen, Increased CD45RA+FoxP3(low)
regulatory T cells with impaired suppressive function in patients
with systemic lupus erythematosus, PLoS One 7 (2012) e34662.

[7]1 Y. Satou, A. Utsunomiya, J. Tanabe, M. Nakagawa, K. Nosaka, M.
Matsuoka, HTLV-1 modulates the frequency and phenotype of
FoxP3+CD4+ T cells in virus-infected individuals, Retrovirology 9
(2012) 46.

[8] M.A. Koch, G. Tucker-Heard, N.R. Perdue, J.R. Killebrew,
K.B. Urdahl, D.J. Campbell, The transcription factor T-bet controls
regulatory T cell homeostasis and function during type 1
inflammation, Nat. Immunol. 10 (2009) 595-602.

[9]1 M. Caproni, D. Torchia, E. Schincaglia, W. Volpi, A. Frezzolini,
D. Schena, A. Marzano, P. Quaglino, C. De Simone, A. Parodi,
E. Barletta, P. Fabbri, Expression of cytokines and chemokine
receptors in the cutaneous lesions of erythema multiforme
and Stevens—Johnson syndrome/toxic epidermal necrolysis,
Br. J. Dermatol. 155 (2006) 722-728.

[10] P. Quaglino, M. Caproni, E. Antiga, E. Del Bianco, S. Osella-Abate,
P. Savoia, A. Frezzolini, D. Schena, A. Marzano, W. Volpi,
C. De Simone, A. Parodi, P. Fabbri, M.G. Bernengo, Serum levels of
the Th1 promoter IL-12 and the Th2 chemokine TARC are elevated
in erythema multiforme and Stevens—Johnson syndrome/toxic
epidermal necrolysis and correlate with soluble Fas ligand
expression. An immunoenzymatic study from the Italian Group of
Immunopathology, Dermatology 214 (2007) 296-304.

Naoya Yoshioka"

Asuka Suto’

Riichiro Abe*

Nao Saito

Junko Murata

Inkin Hayashi-Ujiie

Daichi Hoshina

Yasuyuki Fujita

Hiroshi Shimizu*

Department of Dermatology, Hokkaido University
Graduate School of Medicine,

Sapporo, Japan

*Corresponding authors at: Department of Dermatology,
Hokkaido University Graduate School of Medicine,
N15 W7, Kita-ku, Sapporo 060-8638, Japan.

Fax: +81 11 706 7820.

E-mail address: aberi@med.hokudai.ac.jp (R. Abe),
shimizu@med.hokudai.ac.jp (H. Shimizu).

30 March 2013

' Authorship note: Naoya Yoshioka and Asuka Suto contributed
equally to this work.



Letters to the Editor

Laminins, which are prominent components of basement
membranes, play important roles for organ development and
function, including skin, hair, skeletal muscle, nervous system,
Kidney, lung and vasculature. Laminins are large heterotrimeric
glycoproteins composed of one «-, one - and one y-chain.
There are currently five a-, four - and three y-chain genes that
have been described in vertebrates and the chains can
assemble into at least 15 different heterotrimers. The molecular
specificity of anti-laminin autoantibodies generally determines
the phenotype of autoimmune subepidermal blistering disease.
In patients with anti-laminin-y1 pemphigoid, subepidermal blis-
ters with neutrophil infiltration, which are predominant skin
lesions, heal rapidly in response to treatment without scarring
resolution.® The exact laminin targeted by anti-laminin-y1 anti-
bodies has not yet been identified. On the other hand, a
chronic course and debilitating scarring of multiple mucous
surfaces are considered to be the common clinical features of
most patients with anti-laminin-332 mucous membrane pem-
phigoid. Previously, two patients with an autoimmune response
to both laminin-y1 and laminin-332 were reported.™ In these
cases, tense blisters affecting both skin and mucous mem-
branes, which were characteristics of two distinct clinical phe-
notypes in anti-laminin-y1 pemphigoid and anti-laminin-332
mucous membrane pemphigoid, were observed. Our case pre-
sented with flaccid blisters on the dorsal surface of her body,
while mucous membranes were not affected. This is not typical
for both anti-laminin-yt pemphigoid and anti-laminin-332
mucous membrane pemphigoid. It is possible that both anti-
laminin-y1 and anti-laminin-332 autoantibodies synergistically
induced this unusual clinical phenotype. It is also possible that
in pemphigoid patients without mucosal involvement showing
anti-laminin-332 autoantibodies, unrevealed antibodies trig-
gered the development of skin pemphigoid, which was
followed by the epitope-spreading phenomenon of autoanti-
bodies against laminin-332.% Interestingly, as in our patient,

although the o3- and y1-subunits in laminin-6 («3p1y1) and
laminin-7 (x3f2y1) are detectable in alveolar basement mem-
branes, no respiratory complications were reported in anti-lam-
inin-y1 pemphigoid and anti-laminin-332 mucous membrane
pemphigoid.

Although in contrast to laminin-332, the pathogenicity of anti-
laminin-y1 autoantibodies could not been shown, we should take
into consideration the possibility of dual detection of autoanti-
bodies against laminin-y1 and laminin-332 in patients with sub-
epidermal blistering disease. A higher number of patients with
combined autoimmunity against laminin-y1 and -o3 is needed to
further define the clinical phenotype in this variant.
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Adult case of Stevens—Johnson syndrome possibly induced
by Chlamydophila pneumoniae infection with severe
involvement of bronchial epithelium resulting in constructive

respiratory disorder

Dear Editor,

A 48-year-old man developed high fever and conjunctivitis
2 days after taking a supplementary drink, then taking loxopro-
fen sodium hydrate subsequently. On that night, he developed
generalized macropapular eruptions, ulcerations with hemor-

rhagic crusting of the lip and oral mucosa (Fig. 1a,b), bilateral
bulbar conjunctivitis and partial corneal ulceration, dyspnea
with increasing amount of sputum and was admitted to our
hospital. There were no obvious findings in chest roentgeno-
gram.
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Figure 1. Clinical appearances and histopathological findings
on admission. (a) Macropapular eruptions with atypical targe-
toid lesions were observed in the whole body. (b) Ulcerations
with hemorrhagic crusting of the lip and oral mucosa were also
observed. (c) Hematoxylin—eosin-stained section of the biopsy
specimen showed the liquefaction degeneration and segmental
necrosis of keratinocytes in the basal layer (original magnifica-
tion x200).

According to histological findings of skin biopsy (Fig. 1c)
and clinical features, we diagnosed as Stevens—Johnson syn-
drome (SJS) with 9% of detached body surface area. In spite
of immediate steroid pulse therapy, his dyspnea progressed
and artificial ventilation was performed. Bronchoscopy revealed
almost total loss of bronchial epithelium (Fig. 2a). Mucosal
involvement due to SJS was still expanding and a series of
plasmapheresis and subsequent of human i.v. immunoglobulin
(lg) administrations were performed. His respiratory status was
gradually resolved together with skin and mucosal re-epitheli-
zation after these treatments. Chest computed tomography on

Figure 2. Imaging analysis for the respiratory involvement. (a)
Bronchoscopy showed severe involvement of bronchial epithe-
lium. (b) Chest computed tomography showed obvious consoli-
dation, ground-glass appearance with bronchiectasis and
cavitation including abscess predominately in the dorsal area.

© 2013 Japanese Dermatological Association
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day 39 showed bronchiectasis and cavitation including
abscess (Fig. 2b). Pulmonary function tests on day 65 were
consistent with restrictive defect.

His conjunctivitis had already appeared before taking loxo-
profen sodium hydrate and the results of drug-induced lym-
phocyte stimulation test (DLST) on admission day was
negative. DLST for supplementary drink was also negative.
Serological investigation for viruses (herpes simplex, herpes
zoster, Epstein-Barr, cytomegalovirus) and Mycoplasma
pneumoniae DNA by polymerase chain reaction (PCR) were
negative. Reactivation of human herpesvirus 6 was also denied.
However, an elevated Chlamydophila pneumoniae immunoglob-
ulin 1gG (enzyme-linked immunoassay; day 1:0.06 [, day
12:1.17 [+], day 18:2.01 [+]) was detected. Then, we considered
that it might be a case of SJS related to C. pneumoniae infec-
tion rather than other infection or medication.

Stevens—Johnson syndrome and toxic epidermal necrolysis
(TEN) are considered to be variations of the same disease and
complications in various organs in each disease have not
always been discussed separately. Pulmonary complications in
TEN were reported to indicate poor prognosis,! while in SJS,
they are common in cases related to M. pneumoniae, but lead
a mild clinical course® without severe late sequelae disorder in
respiratory function. M. pneumoniae-associated SJS affects
mainly children and most adult cases are caused by medica-
tions. From these investigations, massive structural and func-
tional damage of the lungs in adult SJS like our case is
thought to be rare compared to in TEN patients.

We considered the possibility that our case was SJS associ-
ated with C. pneumoniae infection. However, the third serologi-
cal test might have detected transfused IgG by plasma
exchange and i.v. immunoglobulin. We should have performed
further examination such as PCR analysis of the sputum for
definite diagnosis for C. pneumoniae. M. pneumoniae and
C. pneumoniae infection show similar clinical manifestations
and the former are common among younger patients and the
latter among older patients.®> There has been no published
work describing the relation between C. pneumoniae infection
and SJS, however, there may be some cases regarded as SJS
rerated to M. pneumoniae infection or idiopathy, however, that
have actually been caused by C. pneumoniae infection.

Stevens—Johnson syndrome patients with pulmonary
involvement have been reported to show dyspnea and bron-
chial hypersecretion as primary symptoms without obvious
findings by roentgenogram, while bronchoscopy revealed
bronchial involvement during the early clinical period which
correlated with poor prognosis.* Bronchoscopy may be useful
for cases with the primary symptoms described above to
estimate the severity.

Pulmonary complications of SJS/TEN are recognized as
interstitial pneumonia in the acute phase and obliterative bron-
chitis in the chronic phase. During the acute phase, standard
treatments for SJS like our case are usually applied. However,
once the obliterative bronchitis has been established, lung
transplantation is thought to be the only curative therapy.’
Careful follow up is required for patients with pulmonary com-
plications.
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Hydrolyzed wheat protein-containing facial soap-induced
wheat-dependent exercise-induced anaphylaxis in a patient

without filaggrin mutations

Dear Editor,

Wheat-dependent exercise-induced anaphylaxis (WDEIA) is a
type of immediate hypersensitivity in which anaphylaxis devel-
ops when exercise is performed within several hours of inges-
tion of wheat products. Recently, an increasing number of
patients with WDEIA who developed the condition during or
after using continuously hydrolyzed wheat protein (HWP)-con-
taining soap have been reported in Japan;' however, not all
users of HWP (Glupearl 19S)-containing soap suffer from
WDEIA. Therefore, its predisposing factor should be pursued.

Filaggrin (FLG) is an epidermal protein that optimizes and
maintains skin barrier functions. A deficiency in FLG is a
major predisposing factor to the development of atopic der-
matitis, contact hypersensitivity to nickel, and other allergic
diseases, such as peanut allergy.? This raises the notion that
a skin barrier defect plays an important role in WDEIA asso-
ciated with HWP. Herein, we report a patient with WDEIA
sensitized to HWP that was used in facial soap without filag-
grin mutations.

A 51-year-old woman had been using HWP-containing facial
soap frequently and vigorously every day since 2004. Three
months after she started to use HWP-containing soap, she
suddenly developed angioedema on the eyelids and an urticar-
ial rash on the face. She experienced similar episodes many
times between 2004 and 2009 when eating food containing
wheat was followed by mild exercise, but she kept using
HWP-containing facial soap continuously. Her symptoms were
limited to her face. In July 2009, she developed anaphylactic
shock after ingesting normal wheat products. Based on the
anaphylactic shock episode, we suspected that she had

After

Prick test: Before

Figure 1. Skin prick test with Glupearl 19S diluted 1:10 000
induced severe generalized urticarial rash on the entire upper
extremity.

WDEIA. She had no history of atopic dermatitis or gastrointes-
tinal food hypersensitivities. In addition, she did not exhibit dry
skin.

After a skin prick test with Glupearl 19S diluted 1:10 000,
she developed eyelid angioedema, dyspnea and a generalized
urticarial rash on her entire upper extremity (Fig. 1). A serum
allergen-specific immunoglobulin (Ig)E test (Immuno CAP; Pha-
dia, Uppsala, Sweden) for wheat was 0.36 UA/mL and gluten-
specific IgE was 0.40 UA/mL. Serum omega-5 gliadin-specific
IgE antibody titers were within normal limits. Most patients with
a common type of WDEIA reacted to omega-5 gliadin, but
patients with HWP-WDEIA did not have specific IgE for
omega-5 gliadin.

Correspondence: Kenji Kabashima, M.D., Ph.D., Department of Dermatology, Kyoto University Graduate School of Medicine, 54 Shogoin-Kawara,

Sakyo-ku, Kyoto 606-8507, Japan. Email: kaba@kuhp.kyoto-u.ac.jp

494

© 2013 Japanese Dermatological Association

— 100 —



OEE—2013<ERHI>—®

BEIRRESHR ¢ 35(12) 5 1169~1172, 2013

7TAEY YRR L E R SN R R

W A fBFE S8 R Rt NEEERE
Fry —B1* &R KT FHEOZ-F B FET
Key words

7 A Y ¥ (Aspirin), i RTEESE (toxic epidermal necrolysis s TEN), 75, ZIREE (family history),
t I Bk (human leukocyte antigen 5 HLA), #3825 0 70 ¥ AhtfiEEh (intravenous immunoglobulin 5 IVIG)

— EBIORA > k|

- BERBIGHEREVDEFEDZBS, PREUY
WER% ([CHhEEREIRIEAE (toxic epider-
mal necrolysis, BT, TEN) ZRIEUTE.

- AT 0O RIVVAEE & SlmEtiEE
(plasma exchange., LT, PE)&E#HBL,
THRRBEIOTU VABEE(Nntrave-
nous immunoglobulin, LI, WIG) &
LT &ET, e ERBEUTE

- BERBIDERICE TV ABU ESETBHR
BREZFARUCRIC, HESEREUCE
TEERD o

BFEOLE hEmmE (human leukocyie
antigen, DIF, HLAYPUILEHFITBAIC
BT, BEOERCHT DERESERE
THRURIHEWTERSNDM, 7R
UCDWTEREETHB.

- BREAIEZORIGTFAEUVICHTAHDLST
BEPFEBICBETEHD, RFTIELETHHLA
UL (HLA-A*24 : 02, B*Q7 : 02) B¢
TENDZAE [CEHE U TREED TR I,

B 49HE, 5.
Mz 2013521

RIFE 22 MHIZAPC (HIREEEEE, 72 €
VYT xFeF /AT oA V) EVURBICOE,
[eEROIENEE 2 RIE L 2RERESH .

BEE 457 Y Ru~v4 ¥ THB (R
TREHICHRE. REHIREA) .

BRE 20134E1A%a GEURE) 8 0re0
O MBRICBABRL, ESWH»SREBECTT
A ¥ 100 mgP A BLa X s, TR KR
BUDAREEIZ PR S DARENEEDh, YR ORImAS 7
BAEERE L, RWEALPRO 2D ERHREE
(Intensive Care Unit, BAF, ICUINAZE L. E
200 HIC AP EE MBI AT DR 23657 L 2 45,
23R H IS HIM IS S M, MEREE 2y, B
Bl i & JET LRI 7 2 Y v & dul L 2=
IEMAHERR E N2 F36FHIZ T 2 ¥ Yk EH
BAL 7z, SE37H B R ICHIBE A R BT L MRS
rehodz, BOHmA LIRS L THRESh
TWet 7 2 ALK 2355 EbN, BEEHZE
FRIkEL, REAZVVEBTAFLT O VB
IRAFNT Y= L(TVFN= 7Y —4h)E5H
BAE L 7= 2589, 55100 B IS IR lig Ak
JEHBHB L =720, UREERL - ‘

RIE  RIRS8TC. WP A OICTRRE, Bk
N IEEEIZ2 cn X TOWHREBE OB ETE
BEURME (B L, hOcizibigEiieE (me) 2

*Yamaga, Kosuke,” Hanafusa, Takaaki,” Yamaoka, Toshifumi.” Azukizawa, Hiroaki,” Katayama, Ichiro ($§%)

KIEASFES R NFIS 5 (75650871 KHHIEE2~2)

*%* Yoshioka, Daisuke,Toda, Koichi (%) /Sawa, Yoshiki (#4%)

KA RS DR TSR 2
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RERESHT 2013

2 & FREDATHID HiDC e

M3 RIEEEENARR.
REDZEHICEIEL, RETIC
KBEWRL, REANSHERE
BICHTFTU V) GFERiE Uiz
RIEMIBHERS (TBEULTLE

- R KDL TV ; \
1 T 2 cmEFCORERES AL C (H-ER®E, x40, HARR).
DUHHEE BAELTULE

Nikolsky R —85Ic ki

EfES TV, I B

A Sz, [ FEEICNikolsky 3 £ B4 Datypical
flat target lesion (1) & & 617z, KB LUK
FEOERIIAETRMO14% Th o7z, EHilik LU
RERICIE S s <, WS 3RS B - 7.

ERRERTR

FIMER 21,510/ 11 (GFRER 73.1%, U >/ $Ek 6.2%,
IFERER 13.9%), AST 56 1U/1, ALT 951U/,
v-GTP 80 1U/I, LDH 550 1U/I, BUN 30 mg/dl,
Cre 0.87 mg/dl, CRP 4.42 mg/dl. ITERERE S I &
OITERERES, SERIRMED bhi.

HSV-IgM 0.76, HSV-IgG 3.90, VZV-IgM 0.53,
VZV-1gG 15.6, CMV-IgM 0.53f%, CMV-IgG 2.20f,
C7-HRP(—), EB-VCA IgM<10f%, EB-VCA IgG
80f%, EBHMEBNA 80f%, ¥4 277 X< #ifk (PA)
160f%. BB TMBEEEE L 228, Zhb
OHEMD EFHIZEL, ¥4 375 XvHiKIE80
BLETL TV,

FIERTICIRE ST =88FH (F 2K v, &
TJxWh, VERTOFHL Y IHTFUFY,
FRATI =N, HARDu—), Svaviy
Y, AUNGRAL) I DOWTHEERICERIGEREY
> 2 SEREERER (drug-induced lymphocyte stimu-
lation test, BI'F, DLST) # 54T L 7=. DLSTTIZ 7T
ZEY yDHR234% EBETH - 7.

1170

517 S A TR OB ARED LI b RS #
AT U, ERERE T o 2. B AEREY
CHIFEL, BETICAME AR LTz (13).
Fie, REN»LERERBIZHITTY Vo SEkEd
D& 5 ENENBEREL Tk, 7RIk
IFBERIEZADEED DAL TH - 1.

bl

7R o R EE AR R RE T (Staphylococcal
Scalded Skin Syndrome, BT, SSSS) : jElfafE
ERNCEREOERMENERD LI L EEEL
7=,

SHniERE

HEHITE3BCTORE, HEREMOURIC
Nikolsky RE B DK B & & TN AT Z 308, T
PR IZSSSSE B T &, AFBDTEND 21
FHUE200512 5 17 2 EEFTR3EE & 3 X THT
ZEIMAT, BEFREBINC W TERDER
HEEFEERD B I L b, H510 HESBEICTEN
LB L 7.

AELEE
BRSURHBREIC LD L B DTENE 21T L
7o, ANRDT—- LT 7 ) VEKRIEEX
T RATEE, WIRELTRTPIEL, RBL
D3HM, X784 F/SLAWE(XFLTL F=
V' 1,000 mg/H 3HME) LPEREEHAL .
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mPSL1,000 mg

for, 3days NERBS Y

6 mg

4 mg Y 1mg 05mg

YDB, AT yFity
FTFAMTRET =2 A
DABENTHERTSH

r 3days 5605 H

V1
400 mg/kg
for Sdays

208G B HASABYE AN L & 163t
WITHIE W

H23E MY
et

20538 MIrHiH ST E TENE B

56655 A #5735 H

TEN#ST#%I
LB AR IED BT A 7 —MHLH

57 Lal, 7=z
LT DWW TIEHTENRE
OBBEEMASHIELT
By, BEERTEENG
DOREIERNTH » 77
BEMEId R eEX -
R7gF¥vy, 347
FUYRY, *XATIJ—
AO3FHT DWW TIRFIHE
FIERICHEAE T
Wiz, &, BRETA

FreaFrsy|| Fx75s-n
fi3fiH MMRH  M36sH SE51WiH
FAEY Y [ TALYY
33985 K 515 H
AT EY
o425 E S50 H
H4 ERFREE

AF0OA RIVAEE, PEREEIETORBIGET LTV, IVIGEE

BHsAtR, FPHE LR{LESRDT.

7=, SHEERAAIEOWENIEIC & 3498, O
B A - IEOIEKREMT 3720, B IHkRD
A RIREAET T, UbABREBOAD A5
N4V TRELT IV VIKE (7 X 7 —ViRE) %
SHEUE BERLELO0, {13 - AEikke
IZ18% £ THA L=, ZIZTHESMFH L D5EE
DIVIGHH: (400 mg/kg/R) #FB L& Z 3,
sk bR{ibBa e 2504 FILARE
HEOBIEL LT, RZA XY Vemgk 545
KOBAL, T O#EIBERMEE CH¥iEL L2 (E
5) 4, BERD Tk,

REFEA2MET2EHHT, FWESAREK
DLST# T - 7283AN >N, NuFF A b &S

CIZ A2 S 9 F ISy FF AP EFTRFNIEFT L.

8y FFRXMETNTREETH o728, 20Ty
FIgFFAPNTIEELT 2L 10% B ZU1%)
{ZBWTICDRGEHETHT & - 7=,

E B

BRBIE7ZAE) Y RFERELEL bR
TENOUEFITH -7, SEbhbihid, REHE
*WMFT 5 BT, TENOBEECES STy
7 8HHNTDWTIDIST, /SwFF R, ATy
FI8yFF R b %JEFT LI DLSTTIR7 A

N Z RO LR 5 O
CHEEE L ERD Ao
. ke 7REY Y
HTEND REETH 5
LEZ

Ve LT, £FA7 04 P2V XPEEELPE
WA B T - 7283, FI3EH L OEIRIEA L
7z, FZTHESMBHIORA A2V V6 mg/HIC
WVIGEEEZEMLUTITo2 e 25, A LUK
BoHKEEE D, Eerh EELERD~-
5). IVIGH##E: i3 Stevens-JohnsonfEIEEf (Stevens-
Johnson syndrome, EATF, SJS)PTENIZ{RBSHEIG
B, FORRICONTIZE RS TR 52
NB5H, FEHEHE LTEBZRSBHESEELL,
A7 04 FREFREICRIE L AVWEEE3~48 Y
PHCIA®D B RETH Y, HEEEZDOTIIRIEE
400 mg/kgPl EDRERENBNETH 2 L Eh T
BV FE, —RIICII2HREEZTF A Fon
Z IR EPPERE O RBEEIRE MR L 72 ICIVIG
FREE A BIET B 2T HIET 528, EEREITIRE
BROEBRESHLTOAZ L SR E 21
TiWEHE L, TR OIVIGEEEHBL -
Z D7z, BT 5IVIGHEORIR % jifjt
HEXUTEMIET 2 Z Li3iEL WA, BREL
TRFLZFAIE L hik.

TAEY VIZ X BIEORPITH T B HWETIT
FHOMLSHBREURP LB L, ARHIEED
COFTH -T2 2055, FINNKEIEEELDL
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