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Letters to the Editor

Possible allergic contact dermatitis with reticulate
postinflammatory pigmentation caused by hydroquinone

Dear Editor,

Hydroquinone is one of the most prevalent skin-lightening
agents. It functions by inhibiting enzymatic oxidation of tyrosine
and phenol oxidases." It shows sensitizing potential.?

A 50-year-old woman visited us with pruritic erythema with
reticulate pigmentation on the face. Four months prior, pruritic
erythematous macules had developed around the lip and the
nasal cavity where she had used a skin-lightening product. A
topical ointment containing methylprednisolone and fradiomy-
cin sulfate had been applied. After improvement, the affected
lesions had turned into hyperpigmentation. The patient had
been recommended to use another skin-lightening product
containing 3% of hydroquinone. The next day of application,
pruritic erythema had developed. The patient had stopped
using it, but the lesion turned into erythema with pigmentation.
Physical examination revealed slightly pruritic erythema with
reticulate pigmentation around the lip and the nasal cavity
(Fig. 1a). Dermoscopy showed reticulated (arrow) and dotted
(dotted arrow) hyperpigmentation and sting-like structures
(bold arrow) (Fig. 1b). We did not take a biopsy specimen.

The first patch testing (International Contact Dermatitis
Research Group criteria; Finn Chambers on Scanpor tape; Epi-
test, Tuusula, Finland) was done with the secondary used skin-
lightening product as is. It showed a positive reaction to the
product at D2 (+) and D4 (+).

The ingredients, provided by the manufacturer, were pre-
pared for second patch testing as follows: the hydroquinone

Figure 1. (a) Slightly pruritic erythema with reticulate pigmen-
tation around the lip and the nasal cavity. (b) Dermoscopy
showed reticulated (arrow) and dotted (dotted arrow) hyperpig-
mentation and sting-like structures (bold arrows). (c,d) A posi-
tive patch test reaction to hydroquinone 3% pet. at (c) D4 and
(d) D12.

3% pet., 1,2-hexanediol 1% pet., stearate/glycolate glyceryl
1% pet., royal jelly 1% pet., soybean seed extract 1% pet.,
polysorbate-60 5% pet., allantoin 0.5% aqg. and disodium gly-
cyrrhizinate 1% pet. Second patch testing showed a positive
reaction to hydroquinone 3% pet. at D2 (+), D4 (+) (Fig. 1c)
and D12 (+) (Fig. 1d), and postinflammatory reaction at D19.

Referring to the clinical course, we surmised that delayed-type
allergy to hydroquinone was sensitized during using the initially
used skin-lightening product and that recurrence as allergic con-
tact dermatitis was provoked by the secondary used one.

Hydroquinone can induce exogenous ochronosis when
overused.® Irritant contact dermatitis can be caused dose-
dependently, usually at a concentration of more than 4%.* In
this case, we speculated that allergic contact dermatitis accel-
erated topical toxicity of hydroquinone itself and induced retic-
ulate postinflammatory pigmentation. The patch tested site at
D19 showed diffuse pigmentation. Ultraviolet exposure may
influence reticulate pigmentation on the face.

Nath and Thappa reported the frequency of allergic contact
sensitivity to hydroquinone as 4% in 25 patch-tested patients
with allergic or pigmented contact dermatitis from the same
bland cosmetics.® Allergic contact dermatitis from hydroqui-
none is not common. We further need to patch test with hydro-
quinone 0.01%, 0.1% and 1% pet. in our patient to confirm
distinct allergic sensitivity, although we could not perform the
third patch testing.

Exogenous ochronosis is characterized by yellow-brown,
banana-shaped pigment fibers in the dermis.® Mishra et al.®
reported multiple thin, short arciform structures as a dermo-
scopic figure of ochronosis. We speculated that sting-like
structures in our case would be associated with ochronosis.

We need to accumulate case series of allergic contact
dermatitis with particular adverse reaction caused by skin-
lightening agents for the safety of customers.
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Immunoglobulin G4-related disease in a psoriasis vulgaris
patient treated with ustekinumab

Dear Editor,

Immunoglobulin (Ig)G4-related disease (IgG4-RD) is a new pro-
posed disease characterized by elevated serum IgG4 levels
and the infiltration of IgG4-positive cells." To our knowledge,
the current case is the first one of IgG4-RD in a patient of pso-
riasis vulgaris treated with ustekinumab.

A 71-year-old man had a 20-year history of severe psoriasis
vulgaris. Although he had been treated using a topical steroid
and phototherapy, the therapeutic efficacy was limited. He was
admitted to our hospital in January 2011. Although infliximab
therapy was effective, it was stopped for 1 month because of
the incidence of bacterial pneumonia. In March 2012, his skin
condition became worse (Psoriasis Area and Severity Index
[PASI], 37.9). At that time, blood examination showed the
following results: white cell count, 8100/uL; C-reactive protein,
0.06 mg/dL; wurea nitrogen, 16.9 mg/dL; and creatinine,
0.94 mg/dL. Whole-body computed tomography (CT) showed
aorta dissection and coronary artery -calcification. Thus,
ustekinumab was administrated at weeks 0 and 4 and every
12 weeks (45 mg per s.c. injection).

At 14 months after initiation of ustekinumab therapy, renal
function became slowly worse (serum urea nitrogen, 20.4 mg/
dL; serum creatinine, 1.73 mg/dL) although his psoriatic
lesion improved (PASI, 3.6). Whole-body plain CT revealed
mediastinal lymphoadenopathy, retroperitoneal fibrosis and
bilateral hydronephrosis (Fig. 1). Additional laboratory studies
revealed the following values: white cell count, 6800/pL; C-
reactive protein, 2.03 mg/dL; serum IgG, 3714 mg/dL (normal
range, 800-1600); and serum IgG4, 311 mg/dL (normal,
<105). These results indicated that he had IgG4-related retro-
peritoneal fibrosis. Although contrast enhanced CT-guided
biopsy was essential for definite diagnosis, it could not be
conducted because of his kidney dysfunction. Thus, he was
clinically diagnosed as having IgG4-RD. We discontinued us-
tekinumab and started oral prednisolone therapy (1.0 mg/kg
per day; 60 mg/day). Three months later, serum IgG4 levels
had increased, and renal dysfunction and retroperitoneal
fibrosis had largely improved. Currently, the patient takes oral

Figure 1. Computed tomography showed (a) mediastinal lym-
phoadenopathy (arrows) and (b) retroperitoneal fibrosis (circle)
and its secondary bilateral hydronephrosis (arrows).

prednisolone (2.5 mg/day) and cyclosporin (100 mg/day)
because of recurrence of psoriasis without the exacerbation
of IgG4-RD.
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A New Reliable Method for Detecting
Specific IgE Antibodies in the Patients
with Immediate Type Wheat Allergy
due to Hydrolyzed Wheat Protein:
Correlation of Its Titer

and Clinical Severity
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Tsukane Kobayashi!, Michiko Aihara3, Michihiro Hide?, Yuko Chinuki?,
Eishin Morita®, Reiko Teshima® and Kayoko Matsunagal

ABSTRACT

Background: Immediate-type wheat allergy caused by a specific hydrolyzed wheat protein (HWP-IWA), Glu-
pearl 19S (GP198S), typically develops food-dependent exercise-induced anaphylaxis (FDEIA), but is different
from conventional FDEIA, or simple wheat allergy in many aspects. The skin prick test (SPT) is considered to
be the most effective method for diagnosis of HWP-IWA. As SPT is a relatively qualitative method, we devel-
oped quantitative and high-throughput test method for HWP-IWA.

Methods: An enzyme-linked immunosorbent assay (ELISA)-based GP19S-specific IgE assay was tested us-
ing sera from 14 HWP-IWA and five conventional wheat-dependent exercise-induced anaphylaxis (CO-
WDEIA) patients, as well as five healthy subjects. Then a validation study at five different institutions was car-
ried out using sera from 10 HWP-IWA and five CO-WDEIA patients, as well as five healthy subjects different
from the previous studies.

Results: The mean unit values converted from measured absorbance of ELISA were 68.3, 1.3 and 1.1 re-
spectively. Furthermore, the validation study revealed reproducible results across all five institutions, with the
standard deviation (SD) being 0.3-0.4 for the healthy group, 0.2-0.6 for the CO-WDEIA group, and 3.8-9.6 for
HWP-IWA group except for one case. One case of HWP-IWA was excluded from analysis due to the high SD of
53.3 units, indicating that samples with a unit value > 100.0 will affect inter-laboratory reproducibility.
Conclusions: Our findings suggest that the ELISA-based GP19S-specific IgE assay can be used to test
HWP-IWA using venous blood samples, except for those with a unit value > 100.0.

KEY WORDS
enzyme-linked immunosorbent assay, Glupearl 19S, hydrolyzed wheat protein, immediate-type wheat allergy,
test method
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INTRODUCTION

Many cases of Immediate-type allergy after wheat in-
take have been observed in Japanese consumers us-
ing cosmetics that contain hydrolyzed wheat protein
(HWP), HWP-IWA, who had used “Cha no Shizuku”
soap (sold by Yuuka, Fukuoka, Japan) that contained
Glupearl 19S5 (GP19S), a substance manufactured by
Katayama Chemical Industries, Osaka, Japan. HWP-
IWA patients, but not conventional wheat allergy pa-
tients, react to GP19S. Therefore, GP19S hypersensi-
tivity is essential for diagnosis of HWP-IWA.12

HWP is a cosmetic ingredient specified in the Japa-
nese Standards of Quasi-drug Ingredients, and which
is a collective term for water-soluble materials that
are produced by hydrolyzing wheat glutens with acid,
alkali, enzymes or other substances. Cases of HWP
allergy have been reported in Western nations; nota-
bly, cases are fewer and less severe than those in Ja-
pan.36 In order to address the problem of HWP al-
lergy, the “Special Committee for the Safety of Pro-
tein Hydrolysates in Cosmetics” was organized by the
Japanese Society of Allergology to study the epidemi-
ology, pathogenesis, and establish diagnostic criteria,
among other activities.

HWP-IWA is different from conventional wheat al-
lergy. In contrast to the onset of conventional wheat
allergy in children, HWP-related allergy arise in
adults with a history of cosmetic use.” Although both
conventional and HWP-related wheat allergy in adults
can cause wheat-dependent exercise-induced anaphy-
laxis (WDEIA), unlike conventional WDEIA (CO-
WDEIA), HWP-IWA is not mediated by @-5 gliadin.®

Currently, the skin prick test (SPT) by GP19S is
considered the most useful method in diagnosing
HWP-IWA.7 Tt would be advantageous to develop a
quantitative, high-throughput method for the labora-
tory diagnosis of HWP-IWA that gives consistent re-
sults across different institutions. For this purpose,
we evaluated the utility of GP19S-specific IgE anti-
body detection by enzyme-linked immunosorbent as-
say (ELISA) for the diagnosis of HWP-IWA using
sera from healthy individuals and from patients with
CO-WDEIA or HWP-IWA. Five institutions were in-
volved in this study to assess the reliability of this
method.

METHODS

SUBJECTS

The HWP-IWA group consisted of 24 patients diag-
nosed with immediate-type wheat allergy induced by
GP19S according to the diagnostic criteria by Special
Committee for the Safety of Protein Hydrolysates in
Cosmetics; CO-WDEIA group consisted of 10 pa-
tients with conventional WDEIA; and the healthy con-
trol group consisted of 10 individuals without wheat
allergy (Table 1, 2). HWP-IWA patient 1 to 14, CO-
‘WDEIA patient and healthy control 1 to 5 were used
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for utility evaluation of ELISA-based GP19S-specific
IgE assay. HWP-IWA patient 15 to 24, CO-WDEIA pa-
tient and healthy control 6 to 10 were used for valida-
tion this method. Patients 1 to 14 in the HWP-IWA
group were classified into the following four grades
of severity based on symptoms after wheat ingestion:
grade 1, eyelid swelling, symptoms limited to the face
and nasal mucosa; grade 2, generalized urticaria in
addition to grade 1 symptoms; grade 3, systemic
symptoms (e.g. dyspnea, diarrhea) in addition to der-
mal swelling; and grade 4, anaphylactic shock. The
presence of specific serum IgE was determined using
ImmunoCAP (Thermo Fisher Scientific, Phadia AB,
Uppsala, Sweden). Sensitivity to GP19S was evalu-
ated using SPT.

ELISA-BASED GP19S-SPECIFIC IgE ASSAY
GP19S (Katayama Chemical Industries) at 1 mg/ml
dissolved in phosphate-buffered saline (PBS) was
centrifuged and the supernatant was recovered
(GP19S solution). Next, 100 ul of GP19S solution was
added to each well of a Nunc MaxiSorp flat bottom
96-well plate (Thermo Fisher Scientific, Waltham,
MA, USA), and the plate was sealed and left over-
night at 4°C. The plate was blocked with 1% skim
milk/PBS with 0.1% Tween 20 (PBST) for 1 hour at
room temperature, after which 100 ul patients’ sera
diluted to 20% in 1% skim milk/PBS-T were added to
the wells, followed by a further incubation for 1 hour
at room temperature. The plate was then washed
with 1% skim milk/PBS-T. A total of 100 ul of 0.1 ug/
ml anti-human IgE-HRP conjugate (KPL, Gaithers-
burg, MD, USA) in 1% skim milk/PBST was added
to the wells, and the plate was incubated for 1 hour at
room temperature. The plate was washed, and the
colorimetric reaction was developed by adding 1-Step
Ultra TMB-ELISA (Thermo Fisher Scientific) and in-
cubated for 15 min at room temperature. The reac-
tion was stopped by adding 2 M H2S04. Absorbance
was measured by multi-plate optic densitometories,
VersaMax (Molecular Devices, Sunnyvale, CA, USA),
with a wavelength of 450 nm.

CONVERSION OF ABSORBANCE INTO “UNIT”
VALUES

Serum taken from HWP-IWA patient 5 was chosen as
the standard. Serial dilution was performed using 1%
skim milk/PBS-T, starting at 40 times dilution, with
subsequent doubling of the dilution factor up to 5120
times dilution. The GP19S-specific IgE ELISA was
performed as described above. To create a curve for
the conversion of absorbance values to “unit” values,
the absorbance of the 40 times-diluted serum was de-
fined as that corresponding to 100.0 units, with the
absorbance of the 80 times-diluted serum as 50.0
units, and that of the 640 times-diluted serum as 6.3
units, and so forth, such that the absorbance at each
dilution factor corresponds to a “unit” value. For each

Allergology International Vol 63, No2, 2014 www.jsaweb.jp/



Test Method for HWP-IWA

Table 1 Clinical characteristics of the patients with HWP-IWA

GP19S
CAP-FEIA Skin prick test
ID Age Sex Past allergic history  Severity  \heat-sige gluten-sigE  ®-5 gliadin-sIgE Threshold for
positive prick
(UA/mL) (Class) (UA/mL) (Class) (UA/mL) (Class) reaction (%)
HWP-IWA1 47 F Pollinosis 4 4.52 3 7.16 3 0.34> 0 0.001
HWP-IWA2 38 F Pollinosis, Graves disease 4 4.1 3 4.71 3 0.34> 0 0.0001
HWP-IWA3 43 F Non 4 2.21 2 1.94 2 0.34> 0 0.01
HWP-IWA4 18 F Atopic dermatitis, Asthma, 4 2.28 2 5.37 3 0.71 2 0.01
Pollinosis
HWP-IWA5 45 F  Atopic dermatitis (Child- 4 25.1 4 57.3 5 0.68 1 0.001
hood), Rhinitis, Pollinosis
HWP-IWA6 61 F Pollinosis 3 0.72 2 0.98 2 0.34> 0 0.001
HWP-IWA7 62 F Non 4 4.44 3 6.41 3 0.34> 0 0.001
HWP-IWA8 33 F Pollinosis 3 <0.35 0 <0.35 0 0.34> 0 0.01
HWP-IWA9 44 F Non 3 0.35 1 0.73 2 0.34> 0 0.001
HWP-IWA 10 49 F Rhinitis 2 1.08 2 1.53 2 0.34> 0 0.001
HWP-IWA 11 43 F Non 3 3.6 3 7.89 3 1.29 2 0.001
HWP-IWA12 37 F Non 2 0.67 1 1.41 2 0.34> 0 0.001
HWP-IWA 13 63 F Contact dermatitis 1 <0.35 0 0.56 1 0.34> 0 0.01
HWP-IWA 14 30 F Rhinitis, Pollinosis, 1 0.45 1 0.75 2 0.34> 0 0.10

Metal allergy

slgE, specific IgE.

Severity: 1: eyelid swelling, symptoms limited to face and nasal mucosa; 2: generalized urticaria besides Stage 1 symptoms; 3: general
symptoms in addition to dermal disorders (diarrhea, dyspnea, etc.); 4: anaphylactic shock.

GP19S Skin prick test : GP19S was diluted to 100 ug/mi in sterile physiologic saline (PS) and then made into solutions at concentration
from 0.00001% to 0.1%. Reactions were read at 15 min, a wheal at least half the size of that caused by histamine dihydrochloride (10 mg/

ml) or 3 mm was considered a positive reaction.

serum, a “unit” value was obtained from the meas-
ured absorbance with 5 times-diluted serum samples
according to this curve.

CORRELATION BETWEEN LABORATORY VAL-
UES AND CLINICAL SEVERITY

Pearson’s correlation coefficient (Pearson’s product-
moment correlation coefficient, represented by the
letter 7), between grades of severity and the following
test values were calculated: wheat-specific IgE (UA/
ml), gluten-specific IgE (UA/mL), o5 gliadin-
specific IgE (UA/mL), GP19S SPT positive concen-
tration (%), and GP19S-specific IgE (unit).

VALIDATION STUDY OF THE ELISA-BASED
GP19S-SPECIFIC IgE ASSAY AT FIVE INSTITU-
TIONS

In order to validate and determine the inter-
laboratory reproducibility of the ELISA-based GP19S-
specific IgE Assay, the method was performed at five
institutions affiliated with members of the Special
Commiittee for the Safety of Protein Hydrolysates in
Cosmetics. A manual was complied and distributed
prior to the study to ensure common understanding
of the technique and to allow discussion of uncertain-
ties. All participating institutions used the same re-

Allergology International Vol 63, No2, 2014 www.jsaweb.jp/
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agents and consumables that were prepared by mem-
bers of Fujita Health University School of Medicine.
The microplate reader for absorbance detection and
other laboratory equipment were prepared by each
institution. ELISA was performed using sera from 10
HWP-IWA and five CO-WDEIA patients, as well as
five healthy subjects. Each sample was tested in du-
plicates to obtain absorbance and unit values. The ab-
sorbance and unit values obtained by all five institu-
tions were examined to determine the validity of the
test conditions. The standard deviation (SD) of absor-
bance and unit values was calculated to assess inter-
laboratory reproducibility.

ETHICAL CONSIDERATION

This study was approved by the Ethics Committee of
Fujita Health University (No. 11-210). Venous blood
samples were collected with patients’ informed con-
sent.

RESULTS

ELISA-BASED GP19S-SPECIFIC IgE ASSAY

The range of measured absorbance was 0.01-0.09 op-
tic density (OD) (mean, 0.04 OD) for the healthy con-
trol group (z = 5), 0.00-0.11 OD (mean, 0.05 OD) for
the CO-WDEIA group (#z = 5), and 0.21-3.92 OD
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Table 2 Laboratory findings of the sera from patients and controls in the validation study

CAP-FEIA
Total IgE
ID wheat-sigE gluten-sigk -5 gliadin-sigE GP19S Skin prick test
(U/mi) (UA/mL) (Class) (UA/mL) (Class) (UA/mL) (Class)

Healthy 6 8.16 0.34> 0 0.34> 0 0.34> 0 Nagative
Healthy 7 138 0.34> 0 0.34> 0 0.34> 0 Nagative
Healthy 8 NT NT NT NT NT NT NT NT

Healthy 9 NT NT NT NT NT NT NT NT

Healthy 10 NT NT NT NT NT NT NT NT

CO-WDEIA 6 NT 0.57 1 2.65 2 0.34> 0 Nagative
CO-WDEIA 7 NT 2.37 2 1.19 2 9.73 3 Nagative
CO-WDEIA 8 148 0.46 1 2.51 2 13.3 3 Nagative
CO-WDEIA 9 NT 3.36 3 1.48 2 NT NT Nagative
CO-WDEIA 10 NT 0.55 1 3.85 3 9.39 3 Nagative
HWP-IWA 15 3650 8.91 3 NT NT NT NT Positive
HWP-IWA 16 36 0.34> 0 0.39 1 0.34> 0 Positive
HWP-IWA 17 101 0.85 2 2.91 2 0.34> 0 NT

HWP-IWA 18 285 0.77 2 1.84 2 0.34> 0 Positive
HWP-IWA 19 82 4.25 3 7.18 3 0.34> 0 Positive
HWP-IWA 20 738 13.1 3 24.3 4 0.34> 0 Positive
HWP-IWA 21 148 4.44 3 6.41 3 0.34> 0 Positive
HWP-IWA 22 442 0.54 1 1.23 2 0.34> 0 Positive
HWP-IWA 23 2343 3.55 3 4.27 3 0.34> 0 Positive
HWP-IWA 24 67 0.4 1 0.6 1 0.34> 0 Positive

NT, Not tested; sIgE, specific IgE.

Skin prick test: Reactions were read at 15 min, a wheal at least half the size of that caused by histamine dihydrochloride (10 mg/ml) or 3

mm was considered a positive reaction.

(mean, 2.10 OD) for the HWP-IWA group (z = 14).
The absorbance values of the healthy and CO-
WDEIA groups were relatively low and no marked
difference was observed between the two groups. On
the other hand, a wide range of absorbance values
were observed in the HWP-IWA group, and were
markedly different from those in the healthy and CO-
WDEIA groups (Table 3).

CONVERSION OF ABSORBANCE INTO “UNIT”
VALUES

Serial dilution of the serum sample resulted in a de-
crease in the measured absorbance, producing a stan-
dard curve. After assigning arbitrary “unit” values to
the measured absorbance at each dilution factor, the
following unit values were obtained from the meas-
ured absorbance: a range of 0.2-2.1 (mean, 1.1) for
the healthy group, 0.0-2.5 (mean, 1.3) for the CO-
WDEIA group, and 5.2-115.5 (mean, 59.5) for the
HWP-IWA group (Table 3).

CORRELATION BETWEEN LABORATORY VAL-
UES AND CLINICAL SEVERITY

The correlation coefficients of clinical severity and
wheat-, gluten- and -5 gliadin-specific IgE antibodies
were 0.43, 0.36 and 0.24, respectively. The correlation
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coefficient of clinical severity and GP19S SPT positive
concentration was -0.53, which is high enough for
quantitative diagnosis of HWP-IWA, but not high
enough to indicate a correlation with severity. The
correlation coefficient of severity and GP19S-specific
IgE was 0.76, which was higher than all other pa-
rameters (Table 4).

VALIDATION STUDY OF ELISA-BASED GP19S-
SPECIFIC IgE ASSAY AT FIVE INSTITUTIONS
The results for GP19S-specific IgE were obtained by
each institution. Notably, the absorbance and unit val-
ues were low in the healthy and CO-WDEIA groups
but high in the HWP-IWA group across all institu-
tions. All samples were tested in duplicates and simi-
lar absorbance and unit values were obtained. The re-
spective SD for absorbance and unit values were 0.02-
0.05 OD and 0.3-0.4 in the healthy group, and 0.03-
0.04 OD and 0.2-0.6 in the CO-WDEIA group. In the
HWP-IWA group, the SD ranged from 0.19-0.31 OD
and 3.8-9.6 for HWP-IWA 16-24, and it was as high as
0.93 OD and 53.3 for HWP-IWA 15. It was observed
that the SD became higher as the GP19S-specific IgE
level increased. We consider that a high inter-
laboratory reproducibility is achieved only when the
“unit” value is below 100.0 (Table 5).

Allergology International Vol 63, No2, 2014 www.jsaweb.jp/
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Table 3 Results of the ELISA-based GP19S-specific IgE
assay

Table 4 Correlation between clinical severity and laboratory
findings

ID Absorbance Unit r p
Healthy 1 0.01 0.2 wheat-specific IgE (UA/mL) 0.43 0.12
Healthy 2 0.01 0.2 gluten-specific IgE (UA/mL) 0.36 0.20
Healthy 3 0.05 1.2 -5 gliadin-specific IgE (UA/mL) 0.24 0.41
Healthy 4 0.07 1.6 GP19S SPT positive concentration (%) -0.53 0.052
Healthy 5 0.09 2.1 GP19S-specific IgE (unit) 0.76 0.0015
CO-WDEIA 1 0.11 25 Positive concentration, threshold for positive prick reaction.
CO-WDEIA 2 0.06 1.4 Correlation coefficient r were calculated by Pearson’s product-
CO-WDEIA 3 0.00 0.0 moment correlation coefficient.

CO-WDEIA 4 0.03 0.7
CO-WDEIA 5 0.07 1.7 Table 5 Combined ELISA results from the five institutions
HWP-IWA 1 3.92 115.5 Absorbance Unit
HWP-IWA 2 3.89 114.5 ID
HWP-IWA 3 2.60 71.3 Mean Sb Mean  SD
HWP-IWA 4 3.89 114.5 Healthy 6 0.08 0.05 0.8 0.4
HWP-IWA 5 3.89 114.5 Healthy 7 0.07 0.04 0.7 0.3
HWP-IWA 6 3.60 104.0 Healthy 8 0.07 0.03 0.6 0.3
HWP-IWA 7 254 69.7 Healthy 9 0.08 0.02 0.8 0.3
HWP-IWA 8 0.28 6.9 Healthy 10 0.08 0.05 0.8 0.3
HWP-IWA 9 0.43 10.8 CO-WDEIA 6 0.11 0.03 15 0.5
HWP-IWA 10 1.49 39.0 CO-WDEIA 7 0.10 0.03 1.3 0.5
HWP-IWA 11 1.20 30.9 CO-WDEIA 8 0.08 0.03 0.8 0.2
HWP-IWA 12 1.10 28.3 CO-WDEIA 9 0.08 0.03 0.9 0.2
HWP-IWA 13 0.35 8.7 CO-WDEIA 10 0.10 0.04 1.2 0.6
HWP-IWA 14 0.21 52 HwPiwA 15 4.36 093 1541 533
Absorbance, absorbance at 450 nm. HWP-IWA 16 3.22 0.31 97.0 9.2
HWP-IWA 17 3.06 0.23 90.1 9.6
HWP-IWA 18 3.10 0.19 92.0 8.8
DISCUSSION HWP-IWA 19 2.60 0.28 72.0 5.9
In Japan, approximately 4.7 million people bought HWP-IWA 20 2.59 0.30 71.8 5.7
46.7 million cakes of “Cha no Shizuku” soap that con- HWP-IWA 21 2.38 0.24 63.6 6.1
tained GP19S. According to an epidemiological study HWP-IWA 22 1.55 0.25 36.7 3.8
released online by the Japanese Society of Allergol- HWP-IWA 23 1.73 0.24 42.3 3.9
ogy on 20 November 2013, there were 2026 cases of HWP-IWA 24 1.32 0.24 30.1 45

HWP-IWA, of which 95.9% were females mainly in
their 40s. About half of these cases experienced ana-
phylactic symptoms, of which half experienced ana-
phylactic shock. Many of these patients developed
WDEIA suddenly, manifesting as eyelid edema after
eating wheat-containing food, even though no symp-
toms appeared while using the soap.” This phenome-
non was also noted in patients in our study (Table 1).
Unsuspectingly, patients with oral wheat allergy con-
tinued to use the offending soap, highlighting the
possibility of a large number of patients who are un-
aware of their condition.

As a result of sensitization to GP19S contained in
the soap, the produced IgE cross-reacts with orally in-
gested wheat protein.8 SPT using GP19S is consid-
ered a fast and sensitive method for the diagnosis of
HWP-IWA; the condition is ruled out if the SPT using
0.1% GP19S solution is negative. However, some pa-

Allergology International Vol 63, No2, 2014 www.jsaweb.jp/

Absorbance, absorbance at 450 nm.

tients decline SPT, which causes discomfort and can
induce a severe allergic reaction. In addition to SPT,
the Special Committee for the Safety of Protein Hy-
drolysates in Cosmetics recommends other immu-
nological methods such as dot blotting, ELISA, West-
ern blotting (patient is considered HWP-IWA-positive
if GP19S-specific IgE is detected in the blood), or ba-
sophil activation test that uses GP19S as the antigen
(a positive result suggests HWP-IWA).

Reports exist regarding the diagnosis of wheat al-
lergy using various immunological methods. Western
blotting for GP19S using serum IgE antibody has
been employed at many institutions.!28 Using pa-
tients’ basophils, Hiragun ef al. conducted the hista-
mine release test® and Chinuki ef al. performed the
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CD203c expression-based basophil activation test.10
Nakamura et al. described the EXiLE (IgE Cross
linking-induced Luciferase Expression) method,
which uses a rat mast cell line expressing human IgE
antibody receptors.!! Though useful, the abovemen-
tioned methods have drawbacks. Quantitative evalu-
ation is difficult in Western blotting. Basophil-based
tests and the EXiLE method are not widely available,
and samples cannot be preserved in the former.

Continuing investigation into HWP-IWA will be re-
quired to assess the incidence, natural clinical
course, allergenicity, treatment, and appropriate pa-
tient education. We believe that the most important
issue was the development of a quantitative, high-
throughput, GP19S-specific IgE diagnostic test that
can provide consistent results at any institution. For
these reasons, we tested an ELISA-based assay that
would satisfy these conditions.

First, we compared the results of GP19S-specific
IgE measurement by ELISA between healthy con-
trols (five subjects), CO-WDEIA (five patients) and
HWP-IWA patients (14 patients). Under the de-
scribed test conditions, the measured absorbance
was high in the HWP-IWA group but low in the
healthy and CO-WDEIA groups, suggesting that
ELISA is effective for the diagnosis of HWP-IWA (Ta-
ble 3). Using the absorbance results from one pa-
tient’'s serum sample (HWP-IWA 5), “unit” values
were assigned to absorbance values in order to im-
prove inter-test and inter-laboratory reproducibility.
Using one patient’s serum as a standard is disadvan-
tageous, as the created standard cannot be repro-
duced at other institutions. Therefore, dilution series
using sera from other HWP-IWA patients were per-
formed to determine whether the resulting curves
are comparable to that of HWP-IWA 5; similar curves
were obtained in each case (data not shown). This
suggests that it is unnecessary to use the sample of
HWP-IWA 5 as the standard if the relative concentra-
tion of antibodies against GP19S to HWP-IWA 5 can
be determined.

The ELISA results differed widely among HWP-
IWA patients (1 to 14); therefore, we examined the
correlation between clinical severity and laboratory
values to analyze the nature of these differences.
GP19S-specific IgE had a higher degree of correla-
tion with severity than gluten and wheat (Table 4),
suggesting that it may be predictive of symptoms ex-
perienced by HWP-IWA patients. We believe that
such data will be useful in gauging the effect of treat-
ment and for patient education. The ELISA-based GP
19S-specific IgE assay provides quantitative results
that are meaningful in predicting disease severity.

In the validation study conducted at five different
institutions, repeat tests demonstrated reproducible
results, with the HWP-IWA group consistently show-
ing higher values. This suggests that the test condi-
tions were appropriate. However, it was noted that
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one sample (HWP-IWA 15) had a high SD of 53.3,
which was different from the SD of the HWP-IWA
(<9.6), CO-WDEIA (<0.6) and healthy groups (<0.4)
(Table 5). The absorbance of HWP-IWA 15 sample
exceeded the maximum measurable limit of the mi-
croplate reader at each institution, thus causing the
large SD. To ensure inter-laboratory reproducibility,
we practically set the maximum “unit” value at 100.0.

A total of 10 healthy subjects, 10 CO-WDEIA and
24 HWP-IWA patients were examined in the present
study. The respective maximum unit values in the
healthy and CO-WDEIA groups were 2.1 and 2.5
units, while the minimum unit value in the HWP-IWA
group was 5.2 units. Therefore, taking between 2.5 to
5.2 the cut-off value, the diagnostic criterion was set
as follows: <3.0, negative; 3.0-5.0, suspected; >5.0,
positive. Results based on this criterion were consis-
tent with available SPT results. Cases (HWP-IWA 8,
16 and 24) with negative ImmunoCAP results (class 2
and above were considered positive) were positive
based on this criterion. These observations suggest
that our ELISA-based GP19S-specific IgE assay is a
sensitive diagnostic method.

Our findings suggest that the ELISA-based GP19S-
specific IgE assay is a useful quantitative and high-
throughput method for the diagnosis of HWP-IWA.
This method enables the examination and diagnosis
of cases nationwide using a laboratory-based, measur-
able criterion. Hiragun et al. studied wheat- and
gluten-specific IgE antibodies with CAP-FEIA, and
glutenin-specific IgE with histamine-release test, con-
cluding that HWP-IWA may get better over time.® We
believe that the results of the ELISA-based GP19S-
specific IgE assay accurately reflect the clinical situ-
ation. We envisage that this method will be useful not
only for patients and doctors, but also for medical re-
searchers and cosmetics makers. Many challenges
remain regarding this disease, but we expect our test
method to advance the diagnosis of this condition.

ACKNOWLEDGEMENTS

This study is part of the “Study on Quasi Drug/Cos-
metics Additives Safety” conducted by Teshima
Group under the sponsorship of Pharmaceutical and
Medical Device Regulatory Science General Re-
search Project of the Ministry of Health, Labour and
Welfare of Japan.

REFERENCES

1. Fukutomi Y, Itagaki Y, Taniguchi M et al. Rhinoconjuncti-

val sensitization to hydrolyzed wheat protein in facial soap

can induce wheat-dependent exercise-induced anaphy-
laxis. J Allergy Clin Immunol 2011;127:531-3.

2. Chinuki Y, Kaneko S, Sakieda K, Murata S, Yoshida Y,
Morita E. A case of wheat-dependent exercise-induced
anaphylaxis sensitized with hydrolysed wheat protein in a
soap. Contact Dermatitis 2011;65:55-7.

3. Hann S, Hughes M, Stone N. Allergic contact dermatitis
to hydrolyzed wheat protein in a cosmetic cream. Contact

Allergology International Vol 63, No2, 2014 www.jsaweb.jp/



4.

7.

8.

Test Method for HWP-IWA

Dermatitis 2007;56:119-20.

Lauriére M, Pecquet C, Bouchez-Mahiout I e al. Hydro-
lysed wheat proteins present in cosmetics can induce im-
mediate hypersensitivities. Contact Dermatitis 2006;54:
283-9.

. Pecquet C, Lauriere M, Huet S, Leynadier F. Is the appli-

cation of cosmetics containing protein-derived products
safe? Contact Dermatitis 2002;46:123.

. Niinim#ki A, Niinim#ki M, Mikinen-Kiljunen S, Hannuk-

sela M. Contact urticaria from protein hydrolysates in
hair conditioners. Allergy 1998;53:1078-82.

Information provided by the Japanese Society of Allergol-
ogy. http://www.jsaweb.jp/modules/news_topics/index.
php?page=article&storyid=114 (in Japanese).

Chinuki Y, Morita E. Wheat-dependent exercise-induced
anaphylaxis sensitized with hydrolyzed wheat protein in

Allergology International Vol 63, No2, 2014 www.jsaweb.jp/

85

10.

11

soap. Allergol Int 2012;61:529-37.

. Hiragun M, Ishii K, Hiragun T ef al. [The sensitivity and

clinical course of patients with wheat-dependent exercise-
induced anaphylaxis sensitized to hydrolyzed wheat pro-
tein in facial soap]. Arerugi 2011;60:1630-40 (in Japa-
nese).

Chinuki Y, Kaneko S, Dekio I ef al. CD203c expression
based basophil activation test for diagnosis of wheat-
dependent exercise-induced anaphylaxis. J Allergy Clin
Immunol 2012;129:1404-6.

. Nakamura R, Nakamura R, Adachi R, Itagaki Y, Fukutomi

Y, Teshima R. Evaluation of allergenicity of acid-hy-
drolyzed wheat protein using an in vitro elicitation test.
Int Arch Allergy Immunol 2012;160:259-64.

249



doi: 10.1111/1346-8138.12505

ORIGINAL ARTICLE

Journal of Dermatology 2014; 41: 505-513

Study of the usefulness of patch testing and use test to
predict the safety of commercial topical drugs

Kotomi HORITA,"? Chiaki TANOUE,? Mitsue YASOSHIMA,? Takao OHTANI,"*

Kayoko MATSUNAGA'

! Department of Dermatology, Fujita Health University School of Medicine, Toyoake, >Research Laboratory, Ikedamohando,
Nakaniikawa, and >Department of Dermatology, Kariya Orthopedic Hospital, Kariya, Japan

ABSTRACT

Patch testing (PT) can be used to identify allergens and irritants responsible for contact allergic and irritant der-
matitis, respectively. However, the reproducibility of PT and correlation between PT and use test has not been
fully evaluated. The aim of the present study was to examine the reproducibility of PT and its usefulness in
assessing the safety of topical drugs. A total of 55 topical drugs were applied to the backs of two groups of sub-
jects for either 24 or 48 h, and skin irritant reactions were graded at 2 and 24 h after patch removal. For the
repeat open application test, six topical drugs with different irritation scores were applied to the arms of two
groups of subjects twice daily for 3 weeks, and local symptoms were recorded. The mean irritation scores were
similar between the two PT groups. The percentage of subjects positive for symptoms provoked by the use tests
was similar between the two groups. The mean irritation scores 24 h after patch removal correlated with the skin
symptoms provoked by the use test. PT was reproducible and the results correlated with the use test results. PT

is a useful method for evaluating the safety of commercial topical drugs.

Key words:
drugs.

INTRODUCTION

The ingredients contained in over-the-counter (OTC) topical
drugs in Japan are regulated. Safety data regarding local irrita-
tion are not required in applications for new generic topical
drugs if the ingredients conform to the standards set by the
Ministry of Health, Labor and Welfare of the Japan Govern-
ment. Therefore, each drug manufacturer is responsible for
performing safety evaluations of topical products. The type of
assessment method is important in evaluating the cutaneous
safety of OTC topical drugs.

The cutaneous safety of topical drugs must be tested on
human subjects, and it is desirable to use the repeat open
application test that reflects the clinical use of the drug.
However, the test is time-consuming and may be stressful for
the subjects. Therefore, patch testing (PT), a diagnostic
method used to identify the cause of allergic contact dermati-
tis, has been used to assess the cutaneous safety of topical
agents.?

In assessing skin irritation, skin reactions are rated and the
mean skin irritation score is calculated.? Assessment of skin
irritation by PT is usually performed on a limited number of
subjects (~20-40) and the results may vary widely due to
genetic and/or environmental differences.

mean irritation score, patch test, repeat open application test, reproducibility of results, topical

Studies on evaluation of skin irritation by PT have focused
mainly on variability in the visual interpretation of PT results
between observers or institutions,>'® and comparisons
between PT and in vitro skin irritation assays or animal
data.’” 22 The reproducibility of PT reactions in the evaluation
of topical drugs has not been assessed. Assessment of skin
irritation by the use test has not been fully examined. Further-
more, the relationship between the results of PT and use test
in testing for skin irritation remains unclear, despite reports
comparing the two methods.?3-2°

In order to examine the reliability of PT in assessing the
safety of topical drugs, we evaluated the reproducibility of PT
and use test, and the relationship between PT and repeated
open application test results in this study.

METHODS

Study design

This study was approved by the Institutional Review Board of
Fujita Health University and the HUMA R&D Testing Review
Board. Written informed consent was obtained from all partici-
pants. PT of 55 topical drugs commercially available in Japan
was conducted on a total of 59 healthy individuals who were
divided into two groups of 29 and 30 prior to testing. The skin
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Toyoake, Aichi 470-1192, Japan. Email: horita. kt@ikedamohando.co.jp
Received 27 January 2014; accepted 29 March 2014.

© 2014 Japanese Dermatological Association

86

505



K. Horita et al.

reactions were rated and the mean skin irritation scores were
calculated to evaluate the reproducibility between the two
groups. Six of the 55 topical drugs with different skin irritation
scores were applied to the arms of 52 healthy individuals for
3 weeks to simulate clinical use of the topical drugs, and the
results were compared with those of PT.

PT

Subjects. A total of 59 volunteers were recruited for the PT
study and were divided into two groups. Study 1 consisted of
29 subjects including four men and 25 women with an age
range of 19-64 years who were living in the Aichi region in
January 2011, while study 2 consisted of 30 subjects including
four men and 26 women with an age range of 21-69 years
who were living in either Aichi or Gifu regions in June 2011.
The inclusion criteria were normal back skin and no oral or top-
ical anti-allergic and corticosteroid drug use.

PT materials. Patch testing was conducted using 55 commer-
cially available topical drugs, including topical antipruritic
drugs, in Japan (13 creams for insect bites, 12 liquids for
insect bites, 13 topical drugs for miliaria of the vulva, 17 topical
drugs for dry skin) and seven control substances consisting of
five skin irritants and two non-irritants (0.1% sodium lauryl sul-
fate [SLS] solution, 0.2% SLS, 2.0% sodium laurate solution,
0.1% benzalkonium chloride solution, 5.0% polyoxyethylene
[n=10] oleyl ether solution, distilled water, white petrola-
tum).> 1128 The concentrations of the skin irritants are likely to
cause iritation.® The nature of the sample was not revealed
until completion of the study.

PT. Using Finn Chambers on Scanpor tape (Smart Practice
Japan, Yokohama, Japan), the test drugs were applied to sub-
jects’ backs and sealed for 24 (study 1) or 48 h (study 2). A
total of 20 mg of ointment, cream or lotion was placed on an
aluminum cup with a diameter of 8 mm. if the test drug was a
liquid, a Finn Chamber filter paper disc was soaked in 15 pL of
the sample. Patches had 10-12 chambers and the application
site varied among individuals. The chambers were removed
after 24 (study 1) or 48 h (study 2) after application, and the
skin reactions at 2 and 24 h after chamber removal were
assessed by a single observer blinded to the test drug. One

Table 1. Skin reaction scoring criteria

Score Reaction

0 No reaction

1 Noticeable erythema or erythema <50% of the patch
area

2 Minimal to moderate erythema or erythema >50% of

the patch area

3 Distinct erythema

4 Erythema with papular or edematous reaction
5 Erythema with vesicular reaction

6 Corrosive reaction (bullae formation, necrosis)
506
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Table 2. Concentrations of active ingredients (%)
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Figure 1. (a) Correlation between the mean skin irritation scores at 2 h after patch removal after 24 h (study 1) and 48 h (study 2)
of drug exposure. (b) Correlation between the mean skin irritation scores at 24 h after patch removal after 24 h (study 1) and 48 h
(study 2) of drug exposure. (c) Correlation between the mean skin irritation scores at 2 h after patch removal after 24 h (study 1)
and 48 h (study 2) of exposure to control substances. (d) Correlation between the mean skin irritation scores at 24 h after patch
removal after 24 h (study 1) and 48 h (study 2) of exposure to control substances.

dermatologist inspected the sites at 2 h after removal in study
1, and at 2 and 24 h in study 2. Another dermatologist
inspected the sites at 24 h after removal in study 1. They were
trained and gave ratings according to the criteria®’ for skin irri-
tation of the skin irritation research group of the Japanese
Society for Contact Dermatitis, as shown in Table 1.

Use test

Subjects. A total of 52 healthy subjects were recruited for the
use test study and were divided into two groups. Study 3

© 2014 Japanese Dermatological Association
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consisted of 10 men and 12 women with an age range of
24-60 years who were living in the Toyama region in Septem-
ber 2011. Study 4 consisted of 12 men and 18 women with an
age range of 21-58 years who were living in Tokyo, Kanagawa,
Chiba or Saitama region in December 2013.

Test materials. Six topical drugs (Table 2) with the follow-
ing mean irritation scores 24 h after patch removal were
selected: 1.5 or more (n = 1); less than 0.2 (0 = 1); and 0.2-1.4
(n=4).
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Table 3. Number and type of skin symptoms in study 3 and study 4

Drug No. No. 1 No. 2 No. 3 No. 4 No.5 No. 6
Mean skin irritation score 24 h after 1.79/2.45 0.34/0.59 0.52/0.24 0.62/1.17 0.66/0.83 0/0.10
patch removal (study 1/study 2) Study 3 Study4 Study3 Study4 Study3 Study4 Study3 Study4 Study3 Study4 Study3 Study 4
Scaling 0 0 0 0 2 0 0 0 1 0 0 0
Erythema 6 0 1 0 0 0 2 0 1 0 1 0
Redness (transient) 4 1 12 0 12 0 8 0 9 1 7 0
Papule 1 3 2 3 0 2 0 0 0 0 0 0
Edema 0 0 0 0 0 0 0 0 0 0 0 0
Soreness 2 1 4 0 1 0 4 0 0 0 1 0
Heat 0 0 0 0 0 0 1 1 0 0 0 0
lichiness 3 0 0 0 0 0 0 0 0 0 0 0
Miscellaneous: Skin peeling-like 4 5 1 1 0 0 0 0 0 0 0 0
symptom (dry cream)
Miscellaneous: Coolness 0 0 0 3 0 0 0 0 0 0 0 0
Miscellaneous: Pigmentation 1 0 0 0 1 0 0 0 0 0 0 0
Total no. of symptoms observed 21 10 20 7 16 2 15 1 1 1 9 0
Total no. of symptoms observed 17 5 19 6 16 2 15 1 11 1 9 0
excluding dried cream
Total no. of symptoms observed 17 4 8 6 4 2 7 1 2 0 2 0
excluding transient redness
No. of subjects positive for symptoms 10 (45.5) 8 (26.7) 9 (40.9) 3 (10) 5(2.7) 1(3.3) 5(22.7) 1(3.3) 201 1.9 2(9.1) 0

Provoked by the drug (% of total 22
[study 3])/30 [study 4] subjects)

No. of subjects with objective 6(27.3) 3(10) 6(27.3) 2(6.7) 4(18.2) 13.3) 4(182) 0 201 133 29.1) 0
symptoms (% of total 22 [study
31/30 [study 4] subjects)

No. of subjects with subjective 4(182) 5(16.7) 4(18.2) 2(6.7) 145 O 2©@.1) 133 0 0 1(4.5) 0
symptoms (% of total 22
[study 3)/30 [study 4] subjects)

v 7 BEOH Y



Method. The test drugs were applied to one site on both
upper arms and to two sites on both forearms (total of six
application sites) twice daily (morning and after bathing in the
evening) for 3 weeks.

Evaluation. Subjects were asked to rate objective symptoms
(scaling, erythema, papules and edema) and subjective symp-
toms (soreness, heat and itchiness) on a scale of 0-3 (3,
severe; 2, moderate; 1, mild; and 0, none). They were also
asked to record the presence of any other symptoms. When
the symptom score was either 1 or 2, they were required to
send pictures of the cutaneous symptoms to the observer and
they were provided instructions regarding continuation of the
test and treatment. We instructed the participants to stop the
test prior to assessment by the observer if the symptom score
was more than 2 or if they suffered another adverse event. In
addition, the observer or test administrator inspected the
participant’s arm when the test was finished.

Statistical analysis

The irritation scores between study 1 and study 2 at 2 and
24 h after patch removal, and the percentage of objective
symptoms between study 3 and study 4 were compared
using Student’s t-test. P <0.05 was considered statistically
significant.

RESULTS

Reproducibility of PT
The distribution of the irritation scores for test drugs and control
substances in study 1 and study 2 is shown in Figure 1. The irri-
tation scores of each test drug at 2 (Fig. 1a) or 24 h (Fig. 1b)
after patch removal in both studies were similar (Fig. 1a,
y =0.9011x — 0.0991, r=0.8714, P<0.01; Fig.1b, y=
1.2223x + 0.0388, r = 0.9222, P < 0.01). Moreover, the mean
scores were similar regardless of the duration of drug exposure.
The mean irritation scores ranged 0.03-0.43 for the negative
control drugs and 0.07-2.07 for positive controls; a clear differ-
ence between the negative and positive controls in the range
of values was observed (Fig. 1c, r=0.7429; Fig. 1d,
r = 0.6514). The mean irritation scores of 0.2% SLS solution in
study 1 and study 2 were 0.77 and 0.83 at 2 h after patch
removal, and 1.14 and 1.60 at 24 h after patch removal,
respectively. The mean irritation scores of 0.1% SLS solution
in study 1 and study 2 were 0.50 and 0.52 at 2 h after patch
removal, and 0.59 and 0.73 at 24 h after patch removal,
respectively. The resuits of the SLS PT suggest that the skin
irritation scores are concentration-dependent.

Use test with twice daily application to the arm for

3 weeks

Table 3 show the mean skin irritation scores 24 h after drug
patch removal, the number of individuals who developed skin
symptoms or abnormal sensation, and the nature of the skin
manifestations in study 3 and study 4. The distribution of the
percentage of subjects positive for symptoms provoked by the
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test drugs in study 3 and study 4 is shown in Figure 2 (Fig. 2a,
r=0.8414, P < 0.05; Fig. 2b, r = 0.7651; Fig. 2c, r = 0.8510,
P < 0.05). The percentage of positive symptoms was similar
between the two groups.
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Figure 2. Correlation between the number of subjects and
symptoms in study 3 and study 4. (a) Percentage of total objec-
tive symptoms. (b) Percentage of subjects with objective symp-
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With respect to the nature of the symptoms, redness was features, which might have been due to hardening of the
observed most often, which was described as transient (disap- topical drug.
pearing within 0.5-1 h) and associated with an elevation of During the application test, one subject was suspected to
body temperature due to exercise, drinking and high ambient have an allergic reaction to test drugs no. 1 and 2, and the
temperature. Drug no. 1 and no. 2 resulted in skin peeling-like application of these drugs was discontinued on day 2. Another
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Figure 3. Patch testing irritation scores at 2 and 24 h after patch removal for each test drug in study 1 and study 2.
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subject complained of itchiness on day 12 of application of test
drug no. 1, and it was subsequently discontinued on day 14
because it was difficult to continue the test (study 3). One
subject had a papule on day 8 of application of test drugs no.
1 and no. 2, and they were discontinued on day 9. Another
subject had a papule on day 6 of application of test drugs
no. 1, no. 2 and no. 3, and they were discontinued on day 7
(study 4).

Relationship between the results of PT and the use
test with twice daily application for 3 weeks

Figure 3 shows the PT results of six topical drugs. Specifi-
cally, the skin reaction scores 2 and 24 h after patch removal
are shown. Over half of the subjects had a score of 3 after
exposure to drug no. 1 (mean irritation score 24 h after patch
removal, >1.5). Most subjects had a score of 0 after exposure
to drug no. 6 (mean irritation score 24 h after patch removal,
<0.2). The scores of drugs no. 2-5 (mean irritation scores
24 h after patch removal, 0.2-1.4) varied from 0 to 4. When
the test drugs were classified according to their skin irritation
scores, it was found that the number of subjects with skin
symptoms increased as the mean score rose, suggesting that
the skin irritation scores correlate with skin symptoms
(Fig. 4).

Table 4 shows the use test results including the number of
subjects with objective or subjective symptoms, reaction score
and assessment periods. Objective or subjective symptoms
were documented from days 1-21. The total symptom scores
of each drug, excluding transient redness, increased as the
mean score rose.

DISCUSSION

Patch testing has been used to evaluate the skin irritancy of
cosmetics, quasi-drugs and topical drugs. However, detailed
evaluation of the reproducibility of this method or the
significance of its results in relation to skin irritation on clinical
application of the drug has not been examined.?*°

In this study, participants were selected at random who had
normal back skin and on inspection. Biological assessments of
barrier function such as transepidermal water loss, skin hydra-
tion and pH were not performed, and menstrual cycle was not
considered in the selection criteria. PT of 55 topical drugs and
seven control substances was performed with either a 24- or
48-h patch application (study 1 and 2, respectively) on two
groups of subjects in January (study 1) and in June (study 2).
The mean skin irritation scores®>> were similar in both studies,
suggesting that the PT skin irritation score is reliable, even for
a group of approximately 30 individuals with different genetic
backgrounds and living environments.

Furthermore, the skin irritation score of the positive and
negative control drugs were clearly different, and PT using
different concentrations of SLS solutions revealed that the skin
irritation score was concentration-dependent. As the skin
reaction after 24 h of exposure was similar to that after 48 h of
exposure, the 24-h closed test is considered sufficient for test-
ing skin irritancy, and is also more convenient for the patient
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Figure 4. Relationship between patch testing-derived mean
skin irritation scores at 24 h after patch removal and repeated
open application test results. (a) Number of subjects with posi-
tive use test results. (b) Number of subjects with objective
symptoms. (c) Number of subjects with subjective symptoms.

and examiner.® The above findings suggest that PT can identify
skin irritancy of topical drugs and that PT results reflect the
intensity of irritant reactions. Thus, this study confirms the
reliability of PT.

It is important that the cutaneous safety of topical drugs is
tested on human subjects, and it is desirable to use the repeat
open application test that reflects the clinical use of the drug.
In this study, six topical drugs with different irritation scores
were applied to the arms of two groups of 22-30 subjects, and
symptoms were documented from days 1-21. It was found
that the number of positive symptoms was similar between the
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Table 4. Use test results: number of subjects with objective and subjective reactions and their scores

Redness
Scaling Erythema (transient) Papule Soreness Heat lichiness

Drug no. Assessment period 0 1 2 0 1 2 0 1 2 3 0 1 2 0 1 2 0 1 2 0 1 2

1 Days 1-7 - 51 0 1 47 5 0 0 49 2 1 49 0 3 - 52 0 0
Days 8-14 - 50 2 0 52 0 0 0 51 1 0 52 0 0 - 49 0 3
Days 15-21 - 49 3 0 52 0 0 0 52 0 0 52 0 0 - 52 0 O
Total score - 7 5 5 6 - 6

2 Days 1-7 - 51 0 1 45 6 1 0 49 2 1 49 2 1 - -
Days 8-14 - 52 0 0 50 1 1 0 50 1 1 51 1 0 - -
Days 15-21 - 52 0 0 49 3 0 0 52 0 0 52 0 O - -
Total score - 2 16 7 5 - -

3 Days 1-7 52 0 O - 45 6 1 0 50 2 0 51 1 0 - -
Days 8-14 52 0 0 - 50 2 0 0 52 0 0 52 0 0 - -
Days 15-21 50 2 0 - 49 3 0 0 52 0 0 52 0 O - -
Total score 2 - 13 2 1 - -

4 Days 1-7 - 52 0 0 48 3 1 0 - - 5 0 0 -
Days 8-14 - 52 0 0 47 1 4 0 - 51 0 1 -
Days 15-21 - 50 2 0 51 1 0 O - - 51 1 0 -
Total score - 2 15 - — 3 -

5 Days 1-7 52 0 0 51 1 0 47 3 2 0 - - - -
Days 8-14 52 0 0 52 0 0 49 2 0 1 - - - -
Days 15-21 51 1 0 58 1 0 50 1 0 1 - - - -
Total score 1 2 14 - - - -

6 Days 1-7 - 59 1 0 48 3 1 - 51 1 0 - -
Days 8-14 - 52 0 0 50 1 1 - 52 0 0 - -
Days 15-21 - 52 0 0 51 1 0 - 52 0 0 - -
Total score - 1 9 - 1 - -

two groups, and the number of subjects with skin symptoms
increased as the mean score rose. Furthermore, total symptom
scores, excluding transient redness, increased as the mean
skin irritation scores rose.

Skin irritation was observed despite the application of anti-
inflammatory drugs including steroid and those with anti-
inflammatory ingredients in PT and use test. Therefore, PT and
use test can detect skin irritation without being affected by
anti-inflammatory effects. Application of drugs including steroid
resulted in a bluish tinge to the skin at 2 h after chamber
removal in PT. Compared with the PT skin irritation scores 2 h
after patch removal, the scores at 24 h after patch removal
showed a higher correlation with the number of subjects who
developed skin symptoms in the use test (data not shown). it
has been reported that skin irritant reactions were strongest at
24 h after patch removal and tended to be weaker at 48 h after
patch removal.® These observations suggest that 24 h after
patch removal is an optimal time point for reading the results
of PT for potential skin irritants. Drug no. 1 had a high mean
skin irritation score on PT (scores, >3), a higher number of
discontinued subjects and was associated with skin symp-
toms, while drug no. 6 had a low PT score associated with few
skin symptoms. Other drugs were associated with skin symp-
toms and had to be discontinued in several subjects, possibly
caused by PT reactions with scores of 3. Further study is
needed to clarify the significance of PT and skin irritation
scores in determining skin safety.
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The transient redness appeared when the body temperature
rose and disappeared after 0.5-1 h, and was not perceived by
patients as irritative. Presumably, it was caused by transient
vasodilation without inflammatory cell infiltration.?%2° The total
score of objective symptoms excluding transient redness also
increased with the skin irritation mean score, suggesting that
the skin irritation scores correlate with skin symptoms
(Table 4).

Drugs no. 1 (gel) and no. 2 (lotion) resulted in skin peeling-
like features but no erythema or itchiness were observed
(Table 3). This was thought to be due to hardening of the topi-
cal drugs rather than inflammation. The above-mentioned
drugs, those with high PT scores or use test scores, those that
provoked symptoms, and those that induced skin peeling-like
symptoms require further study to determine whether these are
related to skin irritation.

The above-mentioned observations suggest that PT is useful
in predicting the safety of topical drugs in addition to the
repeated open application test that simulates the clinical use
of the test drug. In this study, the participants had normal skin
on inspection; when we study the relationship between normal
skin and sensitive skin, we should examine biological assess-
ment of barrier function. As transient redness was observed in
the repeated open application test in this study, the erythema
in PT is thought to reflect vasodilation combined with an irritant
reaction with an inflammatory cell infiltrate, especially in
commercially available drugs containing active ingredients.

© 2014 Japanese Dermatological Association



In conclusion, the mean skin irritation score derived from PT
is a reproducible system for evaluating the safety of topical
drugs and accurately reflects the severity of skin irritation. Also,
the skin irritation score of PT closely correlated with the
number of skin symptoms observed in the repeated open
application test that simulated the clinical use of the drug. PT
is a useful method for predicting the safety of topical drugs.
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