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body (Fig. 1). The entire body surface was erythematous and
the extremities were oedematous. Circumscribed alopecia was
more pronounced on the right side of the scalp. The skin
eruptions cleared within several weeks, although slightly scaly
skin remained over her whole body. Skin biopsy of a hyper-
keratotic lesion on the trunk taken during the neonatal period
revealed orthohyperkeratosis. A marked calcification in the
stratum corneum was seen by van Kossa staining. From these
clinical and histological features, a diagnosis of CHH was
made in this case.

All four coding exons 25 of EBP were amplified using pre-
viously described polymerase chain reaction (PCR) primers.*
Direct sequencing of the PCR products from the patient and
her parents revealed that the patient was a heterozygote for a
missense mutation p.Argl47His [G to A substitution at nucle-
otide position 440: arginine 147 (CGC) to histidine (CAC)],
which was not found in her parents. This mutation was not
found in 100 normal unrelated alleles (50 normal unrelated
Japanese individuals) by direct sequencing analysis. Direct
sequencing of all the coding exons and exon/intron borders
of EBP failed to detect any other pathogenic mutations in the
patient’s DNA. The p.Arg147His is a known mutation reported
in an aborted fetus affected with CHH.?

We performed ultrastructural observation of the patient’s
epidermal keratinocytes using ruthenium tetroxide postfix-
ation. Lamellar granules with abnormal contents, lacking the
normal lamellar structure, were seen in the granular layer
keratinocytes in the patient’s epidermis (Fig. 2). The lamellar
granule contents were secreted into the intercellular space in
the stratum corneum. Secreted lipid material trapped in the
cytoplasm of corneocytes, corresponding to the membranous
remnants reported by Emami et dl.,® was distributed sparsely
throughout the stratum corneum. In addition, irregularly
dilated intercellular spaces were often observed between the
keratinized cells.

We performed CDla staining on the skin biopsy specimen
in order to evaluate Langerhans cell density in the epidermis.
Langerhans cell density was 8:8 cells/high power field (HPF)
in the patient's epidermis and 42 cells/HPF and 160
cells/HPF in two age/gender-matched normal controls. Thus,
no significant reduction of Langerhans cell density was con-
firmed in the patient’s epidermis.

EBP mutations were reported to underlie CHH. EBP has a
dual function: on the one hand it serves as a binding protein
for the Ca®" antagonist emopamil and thus is a high-affinity
acceptor protein for several anti-ischaemic drugs,® and on the
other hand it acts as a delta8~delta7 sterol isomerase.” It has
been suggested that the skeletal manifestations in CHH may be
caused by an accumulation of toxic sterol intermediates which
interfere with the function of cholesterol-modified hedgehog
proteins.® Furthermore, the molecular pathology of the ichthy-
otic phenotype in CHH can also be explained by EBP function
in sterol biosynthesis pathways. EBP is a key enzyme involved
in cholesterol biosynthesis” and dysfunction of EBP results in
cholesterol deficiency and accumulation of cholesterol pathway

1 2,3

products such as 8-dehydrocholestero. In a review of the

Fig 2. (a) Electron microscopy revealed irregularly dilated intercellular

spaces (white arrows) between the keratinized cells and a small
number of membranous remnants (black arrows) within the
cytoplasm of keratinized cells. (b) In a granular layer cell, lamellar
granules lacking lamellar structure, vacant or containing irregular
sized vesicles (black arrows) were observed. Original magnification:
{a) X 12 000, (b) X 60 000.

pathophysiology of ichthyosis disease, Elias ¢t al.” hypothesized
that a deficiency of bulk cholesterol accumulation in keratino-
cyte membrane function may be a major factor contributing
to the ichthyosis phenotype seen in CHH.

In 1984, Kolde and Happle'® reported morphological
changes in the lesional skin of patients with CHH. In their
report, numerous small to medium-sized vacuoles measuring
between 0-4 and 1'5 pm in diameter were observed in the
granular layer keratinocytes, as seen in the present study. In
1994, vacuolated lamellar granules and a lack of intercellular
lamellar structures were shown in an infant with CHH,®
although the causative molecule or gene was not elucidated in
those studies. In this report, for the first time, in a patient
with CHH with a confirmed EBP mutation, we demonstrated
abnormal lamellar granule contents in the granular layer cells
in the lesional epidermis. The present ultrastructural findings
suggest that EBP mutations and consequent cholesterol defi-
ciency lead to defective lamellar granule contents, resulting in
malformed intercellular lipid layers and the ichthyotic skin
phenotype characteristic of patients with CHH.
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Kolde and Happle'' reported Langerhans cell degeneration
and reduced density of Langerhans cells in the patients’ epi-
dermis and suggested that the ichthyotic phenotype of CHH is
caused by Langerhans cell depletion. However, in the present
study, no significant reduction of Langerhans cell density was
observed in the patient’s epidermis.

Kolde and Happle'® reported that hair follicles showed signs
of atrophy which was in an early stage in a 4-week-old baby,
and was fully developed in a 14-year-old girl, although the
other morphological abnormalities were similarly observed in
both the baby and the 14-year-old girl. In the present study, no
apparent atrophy of hair follicles was seen, probably because
the skin biopsy sample was taken in the neonatal period.
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Acquired idiopathic generalized anhidrosis:
possible pathogenic role of mast cells

DOIL: 10.111 1/j.1365—2133.2009.091 13.x

SR, A 37-year-old man experienced anhidrosis of almost his
entire body and cholinergic urticaria accompanied by severe
heat intolerance for 5 months, which caused him to leave his
job as an electrical engineer. A physical examination revealed
no abnormalities except for slightly dry skin on his trunk and
extremities. A neurological examination yielded no abnormal
findings for his sensory system and sympathetic function. Lab-
oratory tests, including blood counts, antinuclear antibody,
anti-SS-A/Ro, anti-SS-B/La, total IgE and other biochemical
profiles were normal except for a slightly elevated total biliru-
bin (12 mg dL™'; normal 0-0-1-0 mg dL™").

Intradermal injection of 0-05 mL acetylcholine (100 pg mL™")
produced no local sweating (Fig. 1). A thermoregulatory sweat-
ing test using the jodine—starch method showed almost general-
ized anhidrosis except for the axillary zones (Fig. 1). After
15 min of exercise on a treadmill, only 0-06 mL of sweat was
collected from both forearms; pinpoint-sized weals characteris-
tic of cholinergic urticaria were observed. In order to check his
responsiveness to autologous sweat, autologous sterilized sweat
(diluted 1 :100) was injected intradermally, resulting in a
negative response.’ A skin biopsy specimen was taken from
his right forearm where sweating did not occur. The eccrine
glands and ducts were surrounded by infiltrates of CD3-positive
lymphocytes and a considerable number of mast cells (0-88
mast cells per gland) that were metachromatically stained with
toluidine blue (Fig. 2). Serial sections of the skin biopsy
revealed focal hyperkeratosis at the acrosyringium and normal
eccrine glands (Fig. 2).

The patient was diagnosed with acquired idiopathic general-
ized anhidrosis (AIGA) accompanied by cholinergic urticaria.
Firstly, loratadine 10 mg daily was administered but this
treatment was not effective for the cholinergic urticaria
or anhidrosis. Next, methylprednisolone 1000 mg daily was

Journal Compilation © 2009 British Association of Dermatologists @ British Journal of Dermatology 2009 160, pp1335-1362

—396—



LETTERS

eradication treatment will probably give a huge advantage in terms of
social health, especially in high-risk areas.
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CuinicaL OBSERVATIONS

Granulysin as a Marker for Early Diagnosis of the
Stevens—Johnson Syndrome

Background: The Stevens—Johnson syndrome (SJS) and toxic
epidermal necrolysis (TEN) are life-threatening adverse drug reac-
tions characterized by massive epidermal necrosis. In the early stage,
clinical presentations of SJS/TEN are very similar to those of ordi-
nary drug-induced skin reactions (ODSRs); therefore, SJS/TEN is
difficult to diagnose and the start of treatment is often delayed,
resulting in high mortality rates. Other investigators (1) reported that
granulysin is highly expressed in blisters of SJS/TEN and causes
disserninated keratinocyte death. Because SJS/TEN progresses and
spreads rapidly, the granulysin level should be increased in the serum
of patients with active SJS/TEN if it is a key mediator of these
diseases.

Objective: To determine whether serum granulysin levels are
higher in patients with SJS/TEN than in healthy control participants
or those with ODSRs.

Methods: We measured granulysin in the sera of 31 healthy
control participants, 24 patients with ODSR, 13 patients with SJS,
and 7 patients with TEN by using enzyme-linked immunosorbent
assay (2). Disease onset in patients with SJS/TEN was defined as the
day (day 1) on which the mucocutaneous or ocular lesion first eroded
or ulcerated (3), and we collected sera from these patients from 4
days before to 10 days after ulceration, We used the Tukey—Kramer
test to conduct multiple comparisons between groups.

Results: None of the 31 healthy control participants had a
granulysin level greater than the upper limit of normal, which was 10
ng/mL (0% elevated; mean, 1.6 ng/mL [SD, 0.6]), and among 24
patients with ODSRs, only 1 patient had an elevated granulysin level
(4.2% elevated; mean, 3.5 ng/mL [SD, 3.4]) (Figure). We obtained

5146 October 2009 | Annals of Inrernal Medicine i Volume 151 » Number 7

—397—

60_.
° L J
501
°
2 40—
N
&
T
3 304
£
n
2
=3 [ ]
=
o
O
20
hd °
°
°
».
10 o
* L4 °
°
‘ 3 ® <
. \ 4
R ) | ®

Control ODSR —-4to-2 -1t02 3105 610 10

Day of SIS/TEN

ODSR = ordinary drug-induced skin reaction; SJS/TEN = Stevens—
Johnson syndrome/toxic epidermal necrolysis.

samples from 5 patients with SJS/TEN on day —4 to day —2, and
we detected the highest granulysin concentrations (elevated in 80%
of patients); mean, 24.8 ng/mL [SD, 21.2]). Granulysin levels were
lower in the 14 samples collected on day —1 to day 2 (28.6%
elevated; mean, 13.7 ng/mL [SD, 16.0]), and were even lower in
the 10 samples collected from day 3 to day 5 (10.0% elevated; mean,
4.2 ng/mL [SD, 3.0}) and in the 13 samples collected from day 6 to
day 10 (7.7% elevated; mean, 4.5 ng/mL [SD, 4.5]). When we com-
pared granulysin levels from day —4 to day —2 among patients with
SJS/TEN, patients with ODSRs, and healthy control participants,
the differences were statistically significant (P < 0.010).

Discussion: Granulysin is cytotoxic for tumor cells, transplant
cells, bacteria, fungi, and parasites, in which it damages negatively
charged cell membranes because of its positive charge (4). It plays an
important role in the host defense against pathogens, and it induces
apoptosis of target cells by using a mechanism involving caspases and
other pathways (4). Its potency makes it a credible mediator of skin
damage in patients with SJS/TEN. Adding to this credibility is a
report (1) that granulysin is the most highly expressed cytotoxic
molecule in the blisters of patients with SJS/TEN. We show that
serum granulysin levels in 4 of 5 patients with SJS/TEN were ele-
vated before skin detachment or mucosal lesions develop. Soluble Fas
ligand (sFasL) shares some properties with granulysin: It contributes
to keratinocyte death in SJS/TEN (3, 5), and levels are elevated in
the sera of patients with SJS/TEN (3). Serum granulysin levels, how-
ever, are approximately 100 times higher than those of sFasL on day
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—4 to day —2 (23.1 ng/mL [SD, 16.6] vs. 147.76 pg/mL [SD,
104.4]). Therefore, we believe it would be easier to develop bedside
granulysin serum measurement, for example, by using immunochro-
matography, than it would be to develop a similar sFasL. measure-
ment. Monitoring serum granulysin might enable early diagnosis of
SJS/TEN in patients with cutaneous adverse drug reactions that oth-
erwise could not be distinguished from ODSRs.
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Localized Amyloidosis at the Site of Enfuvirtide Injection

Background: Enfuvirtide is the first of a new class of antiretro-
viral agents that block fusion of the viral particle with the host target
cell. Its safery and antiviral activity have been demonstrated (1, 2). In
clinical trials, injection site reactions occurred in 80% to 100% of
patients (3). The most common signs and symptoms reported were
induration in 94%, erythema in 91%, and subcutaneous nodules and
cysts in 70% (4).

Objective: To describe a case of amyloidosis at the injection site
of enfuvirtide.

Case Report: The patient was a man aged 47 years who had a
history of sexual intercourse with men and extensive treatment for
HIV with a triple-class viral resistance profile. He also had long-
standing leg pain thought to be secondary to HIV neuropathy and
no history of intravenous drug use. There was no history of oppor-
tunistic or chronic infections.

Because of a persistently elevated viral load, enfuvirtide by sub-
cutaneous injection was added to his highly active antiretroviral
treatment regimen for 41 months; enfuvirtide therapy was then
stopped in February 2007 because of intolerable injection site reac-
tions. While he was receiving enfuvirtide, his viral loads were com-
pletely suppressed. Eighteen months after enfuvirtide therapy was
stopped, large, tender, indurated reactions with fragile epithelial sur-
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faces persisted at all injection sites (Figure, 0p). These reactions bled
extensively into the subcutaneous tissue with minor trauma (Figure,
bortom). A lesion on the triceps was excised surgically, and the
wound healed without complications. Pathologic examinarion
showed extensive deposits of proteinaceous material with intense
Congo red staining that was consistent with amyloid. A lesion on the
opposite arm was resected and showed similar findings. The parient
had a normal leukocyte count and normal hemoglobin, blood urea
nitrogen, and creatinine levels and had no evidence of plasma cell
dyscrasia and no history of organ dysfunction to suggest systemic
amyloidosis.

Discussion: In 7 patients receiving enfuvirtide, biopsy of injec-
tion site reactions revealed an inflammatory response consistent with
a localized hypersensitivity reaction (5), and other studies (3) have
reported similar findings. Other reports (6) have described 3 histo-
logic patterns: an acute urticaria- or vasculitis-like pattern with in-
flammation of the far tissue, a subacute pattern with an initial dermal
sclerosis, and a long-term scleroderma-like pattern.

In our patient, surgical excision of enfuvirtide injection site
reactions revealed subcutaneous nodular amyloidosis. Localized

Figure. l'.'ensi'c:m' in right triceps area(top) ind kfxe;ridmbilical :
site with spontaneous intradermal and subcutaneous
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A randomized double-blind trial of intravenous
immunoglobulin for pemphigus
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Background: Pemphigus is a rare life-threatening intractable autoimmune blistering disease caused by IgG
autoantibodies to desmogleins. It has been difficult to conduct a double-blind clinical study for pemphigus
partly because, in a placebo group, appropriate treatment often must be provided when the disease flares.

Objective: A multicenter, randomized, placebo-controlled, double-blind trial was conducted to investigate
the therapeutic effect of a single cycle of high-dose intravenous immunoglobulin (400, 200, or 0 mg/kg/d)
administered over 5 consecutive days in patients relatively resistant to systemic steroids.

Metbods: We evaluated efficacy with time to escape from the protocol as a novel primary end point, and
pemphigus activity score, antidesmoglein enzyme-linked immunosorbent assay scores, and safety as
secondary end points.

Results: We enrolled 61 patients with pemphigus vulgaris or pemphigus foliaceus who did not respond to
prednisolone (=20 mg/d). Time to escape from the protocol was significantly prolonged in the 400-mg
group compared with the placebo group (P < .001), and a dose-response relationship among the 3
treatment groups was observed (P < .001). Disease activity and enzyme-linked immunosorbent assay
scores were significantly lower in the 400-mg group than in the other groups (P <.05 on day 43, P <.01 on

day 85). There was no significant difference in the safety end point among the 3 treatment groups.
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Limitation: Prednisolone at 20 mg/d or more may not be high enough to define steroid resistance.

Conclusion: Intravenous immunoglobulin (400 mg/kg/d for 5 d) in a single cycle is an effective and safe
treatment for patients with pemphigus who are relatively resistant to systemic steroids. Time to escape from
the protocol is a useful indicator for evaluation in randomized, placebo-controlled, double-blind studies of
rare and serious diseases. (J Am Acad Dermatol 2009;60:595-603.)

Pemphigus is a life-threatening, rare intractable
autoimmune blistering disease caused by IgG auto-
antibodies to desmoglein (Dsg) (epidermal adhesion
factor). It is characterized by the development of
blisters and erosions of the skin and mucosa.'
Currently, oral steroids are the drugs of first choice
for pemphigus, and may be used in combination
with immunosuppressants or plasma exchange.
However, many patients with pemphigus experience
cycles of remission and recurrence, and accordingly
become unresponsive to conventional therapy. On
the other hand, patients with complications such as
diabetes mellitus, gastrointestinal disease, osteopo-
rosis, infection, or immunodeficiency are relatively
contraindicated for use of high-dose (HD) steroids.
For such patients, an alternative effective treatment
strategy is required.

Although several reports suggesting the effective-
ness of HD intravenous immunoglobulin (IVIG) in
the treatment of pemphigus have been published
since its introduction as monotherapy in 1989, most
are case reports with a low evidence level or involved
clinical research with a limited number of patients
using multiple treatment cycles.? No well-controlled,
double-blind clinical study to demonstrate the effi-
cacy of HD-IVIG has been conducted.>* This is
because: (1) pemphigus is a rare intractable disease;
(2) appropriate treatment must be provided in a
timely manner if symptoms are aggravated or un-
changed for a certain period of time; (3) inclusion of a
placebo group compromises compliance with the
study protocol; and (4) it is not ethical to treat patients
with pemphigus using placebo because mortality is
high.

We developed a novel evaluation end point to
solve these problems and verified the usefulness of
HD-IVIG in a single treatment cycle for this rare
intractable disease.

METHODS
Patients

This study was conducted in 27 medical institu-
tions in Japan with affiliated dermatologists special-
ized in autoimmune blistering disease. Patients
were given the diagnosis of pemphigus vulgaris

Abbreviations used:

ADRs: adverse drug reactions

Dsg: desmoglein

HD: high dose

IVIG:  intravenous immunoglobulin
PAS: pemphigus activity score

PE: pemphigus foliaceus
PV: pemphigus vulgaris
TEP:  time to escape from the protocol

(PV) or pemphigus foliaceus (PF) as confirmed
based on our national diagnostic criteria as follows:
pemphigus was diagnosed when at least one item
from every 3 findings, or two items from clinical
findings and one item from immunologic findings
were satisfied.

1. Clinical findings

¢ Multiple, easily rupturing, flaccid blisters of the
skin

* Subsequent progressive, refractory erosions or
crust after blisters

e Noninfectious blisters or erosions of visible
mucosa including oral mucosa

¢ Nikolsky sign

2. Histologic findings
¢ Intraepidermal blisters caused by loss of ad-
hesion between epidermal cells (acantholysis)

3. Immunologic findings

¢ IgG (or complement) deposition in the inter-
cellular spaces of the lesional or normal-ap-
pearing skin and mucosa as detected by direct
fluorescent antibody assay

® Antiepidermal intercellular IgG autoantibody
(anti-Dsg 1gG autoantibody) identified by in-
direct fluorescent antibody assay or enzyme-
linked immunosorbent assay

The study patients had to meet all the following
inclusion criteria and none of the exclusion criteria.

1. Inclusion criteria: patients aged 20 years or older
who provided written informed consent to par-
ticipate in the study and met all of the following
criteria.
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Table 1. Criteria for pemphigus activity score

Amagaiet al 597

Variable score Skin lesion area*

No. of new blisters/d Oral mucosal lesions’

3 =15%

2 =5% and <15%
1 <5%

0 None

=5 =30%

1104 = 5% and <30%
Occasionally* <5%

None None

*Percentage of entire surface area.

*Score is doubled for patients who have only oral mucosal lesions at time of study enrollment.

*Blisters sometimes newly develop within 1 week but not every day.

Enrolled patients

20

Patients treated

Placebo G 200mg G 400mg G 0

Patients not treated

21

Placebo G 200mg G 400mg G
20 21
Completed Withdrawn Completed Withdrawn Completed Withdrawn
18 5 17 3 18 2

Fig 1. Disposition of patients. G, Group.

¢ Treatment with any steroid at greater than or
equal to 20 mg/d (prednisolone equivalent)

e Symptoms (total pemphigus activity score
[PAS] [Table 1D did not respond to steroid
therapy

2. Exclusion criteria: patients who met any of the
following criteria were excluded from the study
because efficacy evaluation of the test drug
might be affected and to assure the safety of
patients.

e Patients treated with plasma exchange therapy,
steroid pulse therapy, or HD-IVIG within 30,
14, or 42 days, respectively, before informed
consent and the start of study treatment

¢ Patients with a history of shock or hypersen-
sitivity to the test drug

e Patients with IgA deficiency, hepatic disorder,
renal disorder, or hemolytic or blood loss
anemia

e Patients with any previous or existing cerebro-
vascular or cardiovascular disorder

Study design
This was a multicenter, randomized, placebo-
controlled, double-blind, parallel-group study. The

study protocol and written informed consent form
approved by the institutional review board at each
study institution were used in the study. Observation
of the first patient was started on November 4, 2004,
and that of the last patient was completed on
September 25, 2006.

Treatment groups

The IVIG group received IV drip infusion at 200 or
400 mg/kg/d administered in divided dose over 5
consecutive days. The placebo group received IV drip
infusion of physiologic saline for 5 consecutive days.

Investigational drugs manufactured by Nihon
Pharmaceutical Co Ltd (Higashikanda, Tokyo,
Japan) were used in the study.

Methods of allocation

Patients were randomized by a central enrollment
system to the treatment groups according to a
dynamic allocation scheme to ensure that there
were no between-group differences in the dose of
prior steroid, total PAS, or disease type.

Blinding
Because the investigational drugs were distin-
guishable in terms of appearance and viscosity after

—401—



598 Amagai et al

Table II. Demographic and other baseline characteristics
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Dose
Placebo 200 mg 400 mg

Characteristic Category n =20 n=20 n=21 Between-group comparison
Sex Male 9 10 8 NS* (P = .766)

Female 11 10 13
Age, y Mean * SD 531+ 109 570 £146 501 =117 Nst (p = .225)
Body weight, kg Mean * SD 578 * 11.6 58.0 * 104 57.7 £ 9.1 NS* (P = .686)
Disease type PV 13 14 13 NS* (P = .942)

PF 7 6 8
Disease duration, mo Mean * SD 16.1 £ 13.6 28.6 = 323 28.5 + 46.9 NSt (P = .419)
Baseline PAS Mean * SD 33+ 14 36 + 1.8 3.7 = 1.1 NST (P = .660)
Steroid dose, mg Mean * SD 276 = 9.7 239 = 111 274 + 111 Nst (P = .461)
Immunosuppressants No. of patients (%) 2 (100 7 (35.0) 5 (23.8) NS* (P = .179)

NS, Not significant difference; PAS, pemphigus activity score; PF, pemphigus foliaceus; PV, pemphigus vulgaris.

Two-sided test for both analyses.
*Fisher exact test.
tOne-way analysis of variance.

reconstitution, independent staff at each study insti-
tution separately prepared and administered the
dosing solution, and evaluated efficacy and safety
in each patient to maintain blinding. The bottles of
the investigational drugs were covered with a mask-
ing cover and provided to the independent staff
member in charge of administration. Each indepen-
dent staff member involved signed a blinding con-
firmation form at the end of the study to assure that
blinding was maintained. '

End points

Time to escape from the protocol (TEP) was used
as the primary efficacy end point. TEP was defined as
the length of the period until a patient stayed on the
protocol without any additional treatment. When
symptoms were unchanged for 2 weeks or aggra-
vated, the treatment given was considered to be
ineffective and additional treatment was required
such as increase in steroid dose, change in steroid
type, use of additional immunosuppressive agents,
or plasma exchange; these patients were considered
escaped from the protocol. This methods allow
doctors in charge to have flexibility to rescue patients
with other treatment when needed.

The secondary end points used in the study
included: (1) PAS over time (scores [0-3 point] for
skin lesion area, number of new blisters/d, and oral
mucosal lesions, and their total scores [Table IJ); and
(2) the titers of pemphigus autoantibodies over time
(anti-Dsgl autoantibody titer and anti-Dsg3 autoan-
tibody titer). Titers of pemphigus autoantibodies
were determined by enzyme-linked immunosorbent
assay.”’15 As a safety end point, the occurrence of
adverse events by 85 days after the start of the study

treatment (day 85) was investigated. Adverse events
were recorded up to day 43 if patients escaped from
the protocol by day 43 or up to TEP if patients
escaped from the protocol after day 44.

Statistical analysis

The cumulative rate of TEP, which was estimated
by evaluation of the dose-response relationship of
TEP and by analysis using the Kaplan-Meier method,
was compared among the treatment groups by log
rank test, Scores for skin lesion area, number of new
blisters/d, and oral mucosal lesions, and total score,
the secondary end point, up to day 85 were com-
pared with baseline data by the paired ¢ test for each
treatment group. The data after TEP were imputed
from the data at the TEP (last observation carried
forward). Adverse events occurring up to day 85 for
which the causal relationship with HD-IVIG or pla-
cebo was judged to be other than “not related” were
handled as adverse drug reactions (ADRs). A two-
sided significance level of .05 was used for analyses.

RESULTS
Disposition of patients

The disposition of patients enrolled in the study is
shown in Fig 1. A total of 61 patients were treated
with the investigational drug (placebo, 20; 200 mg,
20; and 400 mg, 21). All the enrolled patients
including 10 patients (placebo, 5; 200 mg, 3; and
400 mg, 2) who were withdrawn from the study
according to the requirements in the protocol were
included in the analyses. The main reasons for study
withdrawal were the evaluator’s decision to with-
draw the patient and the occurrence of adverse
events. The demographic and other baseline
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Fig 2. Changes in time to escape from protocol (7EP).
TEP was significantly prolonged in 400-mg group com-
pared with placebo group with dose-dependent fashion.
Cumulative TEP on day 85 was 10.0% in 400-mg group,
25.0% in 200-mg group, and 61.0% in placebo group (log
rank test). Between-group comparison demonstrated sig-
nificant prolongation of TEP in 400-mg group compared
with placebo group (P < .001, log rank test). In contrast,
difference between 200-mg and placebo groups was not
significant (P = .052). In addition, dose-response relation-
ship was observed in TEP (P < .001). Data are stated using
TEP ratio.

characteristics are presented in Table I1. There were
no significant between-group differences in the
distribution of baseline characteristics. The average
disease durations of 200- and 400-mg groups are
longer than in the placebo group, but this is because
the former group happened to contain patients with
extremely long duration (116 months in 200 mg; 142
and 169 months in 400 mg) and the difference was
not statistically significant.

Efficacy (primary end point): TEP

TEP was evaluated as the primary end point (Fig
2). In the 400-mg group, 19 of 21 patients stayed on
the protocol during the observation period. Two
patients escaped from the protocol with TEPs of 22
and 25 days. In the 200-mg group, 15 of 20 patients
stayed on the protocol and the shortest TEP was as
early as 10 days among the 5 escaped patients. In the
placebo group, only 9 patients stayed on the proto-
col, and the shortest TEP was as early as 11 days. TEP
was within 30 days for 8 patients.

TEP in the active treatment groups was compared
with that in the placebo group (log rank test). The
TEP in the 400-mg group was significantly longer
than that in the placebo group (P < .001), whereas
the difference between the 200-mg and placebo
groups was not significant (P = .052). Log rank test
of TEP for the 61 patients indicated a dose-response
relationship for this parameter (P <.001).
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Fig 3. Cumulative time to escape from protocol (7EP)
shown by pemphigus subtype. Cumulative TEP estimated
by Kaplan-Meier method was divided in disease subtype
of pemphigus vulgaris (PV) (A, n = 13 in 400-mg group,
n = 14 in 200-mg group, n = 13 in placebo group) and
pemphigus foliaceus (PF) (B, n = 8 in 400-mg group, n = 6
in 200-mg group, n = 7 in placebo group). Cumulative TEP
in patients with PV on day 85 was 15.0% in 400-mg group,
29.0% in 200-mg group, and 73.0% in placebo group,
whereas that of patients with PF was 0.0% in 400-mg
group, 17.0% in 200-mg group, and 43.0% in placebo
group. Between-group comparison demonstrated signifi-
cant prolongation of TEP in 400-mg group compared with
placebo group (PV, P= .007; PF, P = .044; log rank test). In
contrast, difference between 200-mg and placebo groups
was not significant (PV, P = .055; PF, P = .416). In addition,
dose-response relationship was observed in TEP (PV,
P = 007; PE, P = .043).

Analyses stratified by baseline characteristics (dis-
ease type and PAS) also demonstrated dose-response
relationships and significant differences between the
400-mg and placebo groups, as in the overall anal-
yses (Figs 3 and 4).

Efficacy (secondary end point)

Pemphigus activity score. Efficacy was also
evaluated based on the changes in clinical symp-
toms, ie, changes in PAS determined based on skin
lesion area, number of new blisters/d; and oral
mucosal lesions. In the 400-mg group, total PAS
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Fig 4. Cumulative time to escape from protocol (7EP)
shown in different pemphigus activity score (PAS). Data
were divided by PAS into two groups: total PAS of 0to 4 (A,
n = 17 in 400-mg group, n = 16 in 200-mg group, n = 16 in
placebo group) and total PAS of 5 to 9 (B, n = 4 in 400-mg
group, n = 4 in 200-mg group, n = 4 in placebo group).
Cumulative TEP in patients with total PAS of 0 to 4 on day
85 was 12.0% in 400-mg group, 19.0% in 200-mg group,
and 50.0% in placebo group, whereas those of patients
with total PAS of 5 to 9 was 0.0% in 400-mg group, 50.0% in
200-mg group, and 100.0% in placebo group. Between-
group comparison demonstrated significant prolongation
of TEP in 400-mg group compared with placebo group
(total score 0-4, P = .028; total score 5-9, P = .006). In
contrast, difference between 200-mg and placebo groups
was not significant (total score 0-4, P = .109; total score 5-9,
P = .345). In addition, dose-response relationship was
observed in TEP (total score 0-4, P = .024; total score 5-9,
P=.012).

Changes in TEP

0.0
0

was significantly decreased from the baseline score
at all points of observation (day 8, P = .05; after day
15, P < .01). It was decreased from 3.7 on day 1 to 2.0
on day 85 (by 46.8%) (Fig 5). In the 200-mg group,
total PAS was significantly decreased from the base-
line score at all points of observation after day 15
(day 15-43, P < .05; day 57-85, P < .01). It was
decreased from 3.7 on day 1 to 2.3 on day 85 (by
36.6%). On the other hand, in the placebo group, no
significant decrease from baseline score was ob-
served at any of the points of observation. Each PAS
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Fig 5. Changes of pemphigus activity score (PAS) over

time, Total PAS was significantly lower in 400- and 200-mg

groups than in placebo group. Significant difference from

day 1 at hazard ratio of *0.05 and **0.01.

(skin lesion area, number of new blisters/d, and oral
mucosal lesions) also exhibited a significant change
from baseline in the 400-mg group (P < .01) but not
in the placebo group (data not shown).

Titers of anti-Dsg IgG autoantibodies

It has been reported that levels of IgG autoanti-
bodies to Dsgl and Dsg3 in patients with pemphigus
correlate with disease activity.'*** Accordingly, effi-
cacy was also evaluated based on the changes in anti-
Dsgl IgG autoantibody titer for patients with PF and
PV or in anti-Dsg3 IgG autoantibody titer for patients
with PV (Fig 6). In the 400-mg group, anti-Dsg1 and
—Dsg3 IgG antibody titers were significantly
decreased from baseline on days 43 and 85 (day 43
and 85, P <.01). In the 200-mg group, anti-Dsgl and
—Dsg3 IgG antibody titers also exhibited significant
decreases onday 85 but notday 43 (day 43, P <.05; day
85, P <.01). On the other hand, in the placebo group,
no significant decrease from baseline was observed in
either anti-Dsgl or —Dsg3 IgG antibody titer.

Safety

The incidence of ADRs was 28.6% (n = 6/21) inthe
400-mg group, 35.0% (n = 7/20) in the 200-mg group,
and 25.0% (n = 5/20) in the placebo group. No
significant difference was observed between the
placebo and 200- or 400-mg groups. ADRs reported
in the study included: headache in two patients,
aggravated chronic hepatitis C, decreased lympho-
cytes, palpitations, abdominal discomfort, constipa-
tion, nausea, pain at the injection site, increased
creatinine, increased blood pressure, and decreased
platelet count in one patient each in the 400-mg
group; and increased alanine aminotransferase in 3
patients; increased y-glutamyltranspeptitase, hepatic
dysfunction, and increased bilirubin in two patients
each; and common cold, muscle pain, increased
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aspartate aminotransferase, increased blood pres-
sure, decreased lymphocytes, increased neutrophils,
decreased white blood cell count, bléeding ten-
dency, anorexia, hypoalbuminemia, hepatic enceph-
alopathy, gastrointestinal bleeding, malaise, fever,
increased ammonium, increased C-reactive protein,
decreased hematocrit, decreased hemoglobin, de-
creased platelet count, decreased red blood cell
count, and decreased urine volume in one patient
each in the 200-mg group. All these ADRs were
consistent with the information displayed on the
Food and Drug Administration Web site (http://
www.fda.gov/cber/gdlns/igivimmuno.htm).

One patient in the 200-mg group died of hepatic
failure as a result of aggravation of hepatitis C, which
was an underlying complication reported before the
start of the study.

This event was judged as probably related to the
investigational drug in the evaluator’s opinion.

DISCUSSION

Most clinical research involving a rare disease is
based on case reports or data from limited samples
obtained in open-label studies. In particular, in life-
threatening, serious, and intractable diseases, such
as pemphigus, appropriate treatment must be
provided in a timely fashion if symptoms are
aggravated or unchanged for days. This makes
performance of a placebo-controlled, double-blind
comparison study infeasible. On the other hand, the
efficacy of new drugs for malignant tumors or for
patients requiring pain relief is evaluated based on
the time to recurrence of tumor or the number of
patients requiring rescue analgesia.lé'zl Based on
these considerations, we developed a novel efficacy
indicator (ie, TEP) with reference to the end points
used for efficacy evaluation of drugs for malignant
tumors or for patients requiring pain relief, to
conduct a placebo-controlled, double-blind com-
parison study in patients with pemphigus who were
relatively resistant to systemic steroids. This new
efficacy end point provides flexibility for physicians
to rescue patients when required and proved to be
useful to evaluate the efficacy of a single cycle of
HD-IVIG in a double-blind comparison design.
However, some concerns remain regarding the
rigidity: a period of 3 to 7 days before the start of
study treatment was required to confirm the unre-
sponsiveness of patients to steroids, and switching
to other treatments was prohibited during the first
5-day treatment period.

The mode of action of HD-IVIG is complex. It is
found to exert its effect through modulation of
expression and function of Fc receptors, interference
with complement activation and the cytokine
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Fig 6. Changes of anti-desmoglein (Dsg) 1gG titers. Anti-
Dsg 1gG titers were significantly lower in 400-mg intrave-
nous immunoglobulin group than in placebo group over
time. Changes of titers in anti-Dsg1 IgG autoantibodies (A)
in patients with pemphigus vulgaris (PV) and pemphigus
foliaceus and in anti-Dsg3 IgG autoantibodies (B) in
patients with PV were shown (mean * SD). Significant
difference from day 1 at hazard ratio of *0.05 and **0.01.

network, provision of anti-idiotypic antibodies,
modulation of dendritic cell, T- and B-cell activation,
differentiation, and their effector functions,?>??
Thus, HD-IVIG has multiple modes of action and is
thought to act synergistically. HD-IVIG exerts immu-
nomodulatory effects in autoimmune and inflamma-
tory disorders without suppressing the immune
system, which provides a distinctive advantage
over conventional treatment.

Most of the previous studies suggesting efficacy of
HD-IVIG for treatment of pemphigus involved mul-
tiple treatment cycles. However, our study demon-
strated that a single cycle with HD-IVIG for 5 days
has a therapeutic benefit to suppress the disease
activity of pemphigus. Like rituximab, for which
efficacy was recently reported in a single cycle,*
IVIG is expensive and should be considered for
patients who show difficulty with or resistance to
conventional treatments.

In conclusion, our study suggests that TEP is a
useful indicator for evaluation for rare intractable
diseases such as pemphigus, and that a single cycle
of HD-IVIG appears to be an effective treatment for
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patients with pemphigus who are relatively resistant
to systemic steroids.

We thank members of the Pemphigus Study Group
described below for cooperation with registration and
precise observation of patients with pemphigus. We also
acknowledge data management and analysis support
from Bellsystem24 Inc and EPS Co Ltd, Tokyo, Japan.
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SPECIAL NOTICE REGARDING CASE REPORTS

The Jonrnal of the American Academy of Dermartology, like other medical journals, receives
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Toll-like receptors (TLRs) are involved in the innate immune
system and recognize various pathogen-associated molecular
patterns of microorganisms, such as lipopeptide, lipopolysac-
charide, RNA and unmethylated CpG DNA.! It has been

© 2008 The Authors

Background Epidermal keratinocytes are involved in the skin innate immunity and
express toll-like receptors (TLRs) and other innate immune proteins. The epider-
mis is continuously exposed to pathogenic Gram-positive bacteria or fungi. How-
ever, few studies have examined the function and expression of innate immune
proteins in keratinocytes. Histamine, which is well known for itch and allergy, is
closely associated with innate immunity, but its influence on epidermal innate
immunity is still unclear.

Objectives To clarify the expression of innate immune proteins in keratinocytes
stimulated by ligand pathogen-associated molecules, and the function of hist-
amine in this process.

Methods We investigated the effects of lipopeptide (MALP-2, 1-100 ng mL™';
ligand for TLR2), peptidoglycan (PGN, 0-02-2 pg mL™'; ligand for NOD2) and
B-glucan (1-100 pg mL™'; ligand for dectin-1) in the presence or absence of
histamine on mRNA expression of TLR2, NOD2 and dectin-1 as well as human
B-defensin 2 by quantitative real-time polymerase chain reaction in cultured nor-
mal human epidermal keratinocytes. TLR2 expression was also examined at the
cell surface and intracellularly, as determined by flow cytometry and confocal
microscopy. The quantities of interleukin (IL)-1a and IL-8 produced by keratino-
cytes were measured using enzyme-linked immunosorbent assay.

Results At the mRNA level, TLIR2 was enhanced by PGN but not by its ligand
MALP-2 or by B-glucan; NOD2 was easily induced by all three ligands; and dec-
tin-1 was enhanced by its ligand B-glucan. These enhanced expressions were
further augmented by histamine at 1 pg mL™'. While the surface expression of
TLR2 was barely detectable by flow cytometry even after stimulation, the intra-
cellular expression of TLR2 was apparently elevated by PGN and further pro-
moted by histamine. A confocal microscopic analysis also revealed the enhanced
expression of TLR2 in the cytoplasm. The expression of TLR2, NOD2 and dectin-
1 was functional, as these pathogen-associated molecules induced the produc-
tion of IL-1a, IL-8 and defensin, and again, histamine greatly enhanced this
production.

Conclusions Our study demonstrated that the expression of functional innate
immune receptors is augmented by the pathogen-associated molecules in a
ligand-feed forward or nonrelated manner in keratinocytes, and histamine pro-
motes their expression and the resultant production of cytokines and defensins.

shown by many studies that epithelial cells from several
defensive organs play a pivotal role in the primitive defence
system against microorganisms such as bacteria, fungi and
viruses, and accordingly, they express TLRs.”™ TLR2 is a key
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receptor for epithelial cells, because the epithelium is continu-
ously exposed to pathogenic Gram-positive bacteria whose
products stimulate TLR2. The expression of TLRs is induced
by cytokines such as tumour necrosis factor (TNF)-o and
interferon—‘y,""5 and by TLR agonists per s¢.® In addition, it has
been strongly suggested that mast cells are deeply involved in
innate immunity’ and in the epithelial defence system.®” A
recent finding that histamine, a key product from mast cells,

induces TLR expression on endothelial cells,!®

implicates the
ability of histamine to increase TLR expression in epithelial
cells as well.

In the skin, keratinocytes are the first responders to external
invaders and serve as initiators in innate immunity by produc-
ing cytokines/chemokines and antimicrobial peptides.'*™"?
Several studies have documented that keratinocytes express
TIRs such as TLR1, TLR2, TLR3, TLR4, TLRS5, TLRé and
TIR10.!* However, the induction and detection of these
molecules remain unclear or even controversial among the
previous reports. As assessed by flow cytometry, human kerat-
inocytes were shown to express TLR4 as well as CD14,'"*
whereas another group of investigators reported that only
TLR2 was detected on the surface of cultured normal human
kerati.nocytes.1'6 The HaCaT keratinocyte cell line was reported
to express both TIR2 and TLR4 by flow cytometry.'” On the
other hand, an immunohistochemical study of human skin
demonstrated that TLR1, TLR2 and TLRS5 are constitutively
expressed in the cytoplasm of normal keratinocytes and that
TLR2 expression is increased in psoriasis."'®

Upon stimulation of keratinocytes via TLRs, they produce
cytokines/chemokines and antimicrobial peptides as an out-
come of operation of the innate immunity. These substances
include interleukin (IL)-lo, TNF-o, granulocyte/macrophage
colony-stimulating factor (GM-CSF), IL-8, macrophage inflam-

matory protein-1g,'%!1619723

and major antimicrobial pep-
tides, the [3-defensins.“_26 The production of these molecules
is one of the hallmarks of expression of functional TLRs by
keratinocytes. As a consequence, IL-1o, TNF-o0 and GM-CSF
produced by keratinocytes subsequently activate the cutaneous
acquired immunity by enhancing the antigen-presenting abil-
ity of dendritic cells,'®

In this study, we aimed firstly to clarify the agents that
induce the expression of TLR2 and its cooperating receptors
in keratinocytes, focusing on lipopeptide, peptidoglycan
(PGN), the fungal element B-glucan, and histamine. Secondly,
we explored whether TLR2 expression can be assessed by
flow cytometry at the surface or intracellular level. We chose
these agents because lipopeptide is a TIR2 ligand” and
B-p-glucan binds to dectin-1.® PGN, which is recognized by
NOD2,%3% also augments expression of TIR2.*! In add-
ition to these external stimulants for epidermal keratinocytes,
we also examined histamine, which is a physiological stimu-
lator for TLR2 expression,'® and whose receptors, H; and
H,,** are expressed on keratinocytes. Results suggest that
PGN and histamine strongly elevate the intracellularly detect-
able TIR2 and augment
cytokines/chemokines and f-defensin in normal human

the production/expression of

keratinocytes. It is notable that there is a synergism between
the pathogen-associated molecules and histamine in the
expression of TLR2 and the production of inflammatory and
antimicrobial molecules.

Materials and methods

Culture and stimulation of keratinocytes

Normal human epidermal keratinocytes (NHEK) isolated from
neonatal foreskin were obtained from Cambrex Bio Science
Walkersville (Walkersville, MD, U.S.A.) and grown in the
serum-free keratinocyte growth medium KGM-2 (Clonetics,
San Diego, CA, U.S.A)) or Dulbecco’s modified Eagle’s med-
fum (Gibco BRL Life Technology Inc., Gaithersburg, MD,
U.S.A) at 37 °C in a 5% CO, incubator. NHEK were subcul-
tured using trypsin—ethylenediamine tetraacetic acid (Clonet-
ics), and semiconfluent cells at third passage were used in all
Unless
keratinocytes in six-well plates (Corning Glass Works, Corn-
ing, NY, US.A)) with 2 mL of medium were stimulated with
the following substances: lipopeptide (MALP-2; Axora, San
Diego, CA, US.A)), PGN (InvivoGen, San Diego, CA, USA.),
B-glucan (MP Biomedicals, Aurora, OH, U.S.A.) and histamine
(MP Biomedicals).

experiments. otherwise mentioned, semiconfluent

Quantitative real-time polymerase chain reaction

Total RNA from NHEK was isolated using the SV Total RNA
Isolation System (Promega, Madison, WI, U.S.A.) according to
the manufacturer’s instructions with inclusion of the DNase
step. Purified RNA was reverse transcribed with the TagMan
Reverse Transcription Reagents (Applied Biosystems, Foster
City, CA, U.S.A)) with oligo d(T)16 primers. TagMan experi-
ments were carried out in an ABI PRISM 7000 Sequence
Detector System using TagMan Gene Expression Assays for
TLR1, TLR2, TLR6, NOD2, human B-defensin 2 (hBD2) and
dectin-1 (Applied Biosystems). Endogenous P-actin was used
to normalize the gene expression between different samples.

Flow cytometry of toll-like receptor 2 expression

NHEK were incubated for 48 h with the stimulants. For the
surface expression of TLR2, cells were stained with phycoery-
thrin (PE)-conjugated anti-TLR2 (TL2.1) monoclonal antibody
(mAb) or isotype control mouse IgG2a (all from Santa Cruz
Biotechnology Inc., Santa Cruz, CA, U.S.A.). For the intracellu-
lar expression of TLR2, cells were first stained with nonconju-
gated ant-TLR2 mAb, fixed with Cytofix/Cytoperm (BD
Pharmingen, San Jose, CA, US.A) for 40 min at 4 °C, and
stained with the PE-conjugated anti-TLR2 mAb as above.
Hanks’ balanced salt solution containing 0-1% NaN; and 1%
fetal calf serum was used as the staining buffer. After incuba-
tion for 60 min at room temperature, cells were washed twice
and analysed: fluorescent profiles were generated using a
FACSCanto (Becton Dickinson, San Jose, CA, U.S.A.).

© 2008 The Authors
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Quantification of cytokines and chemokines
in keratinocyte culture supernatants

Three-day culture supernatants from NHEK were collected,
stored at —80 °C, and assayed for IL-1ot and IL-8 using enzyme-
linked immunosorbent assay (ELISA) kits (R&D Systems, Minne-
apolis, MN, U.S.A.) according to the manufacturer’s directions.
Optical density was measured with a microplate reader (model
3550; Bio-Rad, Hercules, CA, U.S.A.).

Construct and transfection

The pCMV-SPORT6-TLRZ (IMAGE clone 5213439) including
full-length TIR2 ¢DNA (GenBank BC033756) and pCMV-
SPORT6 (Invitrogen Life Technologies, Carlsbad, CA, US.A))
were purchased from Open Biosystems (Huntsville, AL, U.S.A.)
and used for the transfection study. NHEK (5 X 10° cells) were
cultured without serum and antibiotics in a 60 X 15 mm TC
dish (Nalge Nunc International, Naperville, IL, U.S.A.) and used
at 40~50% confluency. Transfection was performed with 4 ug of
plasmid DNA and 8 pL of Hily Max (Dojindo Laboratories,
Kumamoto, Japan) in Opti-MEM I (Gibco). Four hours after trans-
fection, the cells were washed and soaked in the fresh medium.

Toll-like receptor (TLR) 2 blocking with anti-TLR2
antibody in interleukin-8 production

Semiconfluent NHEK were incubated with 10 pg mL™' of
Function Grade (FG) antihuman TLR2, clone TL2.1, or FG
mouse IgG2a isotype control (eBioscience, San Diego, CA,
US.A.) at room temperature for 1 h. PGN (0-02 ug mL™') or
MALP-2 (1 ng mL™") was then added to the culture and incu-
bated for 72 h. The concentration of IL-8 in the supernatants
was measured by ELISA.

Immunocytoplasmic staining

NHEK were cultured in chamber slides (Nalge Nunc Interna-
tional). Slides were fixed and stained as for flow cytometric
analysis. After staining, cells were analysed by confocal
microscopy (LSMS Pascal; Carl Zeiss, Oberkochen, Germany).

Statistical analysis

Statistical differences were determined by Student’s t-test or
Welch's t-test; P < 0°05 was considered to be significant.

Results

Expression of mRNA for toli-like receptor (TLR) 2,

its cooperating receptors TLR1 and TLR6, dectin-1, NOD2
and human p-defensin 2 in normal human epidermal
keratinocytes

We first examined whether TIR2, its cooperating receptors
(TLR1 and TLR6), dectin-1, NOD2 and hBD2 are expressed in

© 2008 The Authors
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Fig 1. Expression of toll-like receptor (TLR) 2, its cooperating
receptors TLR1 and TLR6, NOD?2, dectin-1 and human B-defensin 2
(hBD2) in normal human epidermal keratinocytes (NHEK). NHEK
were cultured for 2 h with MALP-2 (1, 10, 100 ng mL'l),
peptidoglycan (PGN) (0-2, 2 pg mL™") or B-glucan (1, 10 pg mL™")
and subjected to real-time polymerase chain reaction analysis.

unstimulated or stimulated NHEK. TLR2 is a receptor for lipo-
peptide (MALP-2), and dectin-1 in combination with TLR2 is a
receptor for zymosan, and they collaborate with each other in
recognition of microbes and induction of inflammation.®*~**
NOD? is an intracytoplasmic molecule that recognizes PGN,%+3°
hBD2 is an antimicrobial peptide known to be produced
following TIR ligation.*®*’

The levels of mRNA for TLR2, TLR1 and TLR6 were aug-
mented by PGN to some extent at certain concentrations, but
not by MALP-2 or B-glucan (Fig. 1). NOD2 expression was
remarkably enhanced by all the stimulants, with variations.
The expression of dectin-1 was elevated by B-glucan but not
by MALP-2 or PGN. hBD2 expression was increased by MALP-2
and PB-glucan. It is thus suggested that (i) NOD2 is easily
inducible by various pathogenic stimulants, (i) TLR2 is
enhanced by PGN but not by its ligand lipoprotein or by

Journal Compilation © 2008 British Association of Dermatologists ® British Journal of Dermatology 2009 160, pp297-304

—410—



300 Expression of innate immune proteins in keratinocytes, M. Kobayashi et al.

B-glucan; and (iii) dectin-1 is enhanced by B-glucan. These
findings partly support the concept that TLR expression is
often augmented by pathogen-associated molecules other than
the corresponding specific ligand.>

Detection of augmented expression of intracellular
toll-like receptor 2 by flow cytometry

We tested whether TLR2 is detectable at the protein level in
NHEKX, either unstimulated or following stimulation with PGN
and P-glucan at relatively high doses. A flow cytometric analy-
sis showed that the surface expression of TLR2 was very low,
and that it was not enhanced by PGN (Fig. 2a) or B-glucan
stimulation at either low or high Ca concentration, which
induces basal and cornified keratinocytes, respectively. How-
ever, when these cells were subjected to intracellular staining,
we found that PGN upregulated the expression of TLR2
(Fig. 2b). The addition of B-glucan also elevated TLR2 expres-
sion in the cytoplasm but not at the surface. Thus, an
increased level of TLR2 was detected by flow cytometry in the
cytoplasm but not at the surface of keratinocytes.

Functional expression of toll-like receptor 2, NOD2 and
dectin-1 assessed by cytokine/chemokine production

To confirm the functional expression of TLR2, NOD2 and dec-
tin-1, NHEK were cultured with MALP-2, PGN or B-glucan
and the amounts of IL-1o and IL-8 secreted in the superna-
tants were measured. As shown in Figure 3, MALP-2 stimu-

{a)  Surface staining Sontrol

= PGN0-2 ug mL™"

PGN 0-2 pg mL™!
Isotype control

—— Control
—— PGN 0-2 ug mL™"

PGN 0-2 ug mL™"
Isotype control

(b) Intracellular staining —— Control

== PGN 0-2 ug mL™"

PGN 0-2 pg mL™"
Isotype control

Fig 2. Flow cytometric detection of toll-like receptor (TLR) 2
expression in the cytoplasm but not on the surface of normal human
epidermal keratinocytes (NHEK). NHEK were cultured in the presence
or absence of peptidoglycan (PGN) for 48 h. Cells were stained with
anti-TLR2 monoclonal antibody (mAb) or isotype-matched control
antibody (a). The levels of isotype-matched control were evaluated in
the stimulated NHEK. Simultaneously, NHEK cultured with the
stimulant were intracellularly stained with anti-TLR2 mAb (b).
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Fig 3. Augmentative effect of MALP-2, peptidoglycan (PGN) and
B-glucan on cytokine/chemokine production by normal human
epidermal keratinocytes (NHEK). NHEK were cultured for 72 h in the
presence or absence of pathogen-associated molecules at the indicated
concentration. The amounts of interleukin (IL)-1o and IL-8 in the
supernatants were measured by enzyme-linked immunosorbent assay.
The values are means of quadruplicate determinations with SD shown
by vertical bars. *P < 0'05, compared with the nonaddition group.

lated NHEK to produce these cytokines/chemokines. The
NOD? ligand PGN also augmented the production at an opti-
mal concentration as low as 0-2 pg mL™", Similarly, B-glucan,
a ligand for TLR2 and dectin-1, promoted the production of
these cytokines/chemokines at an optimal concentration of
10 pg mL™. Thus, TIR2 and NOD2 seemed to be function-
ally expressed in NHEK.

It is known that PGN is not a ligand for TIR2 but is an

. 31,38,39
activator.

To confirm this notion, we performed two
studies. In one study, TLR2-transfected keratinocytes were
stimulated with PGN or MALP-2, and the concentration of
IL-8 was measured in the culture supernatants. Compared with
the control (mean + SD 197045 + 15-14 pg mL™"), addition
of MALP-2 at 1 ng mL™" (251801 % 26'34 pg mL™") but not
PGN at 002 pg mL™' (195783 * 2844 pg mL™') gave a sig-
nificantly higher level of IL-8 secretion in the supernatants. In
the other study, NHEK were cultured with PGN (0-02
pg mL™") or MALP-2 (1 ng mL™") in the presence of blocking
antibody to TIR2 or IgG2a as isotype-matched control.
Following stimulation with PGN, neither anti-TLR2 antibody-
treated mnor isotype-matched control showed decreased
production of IL-8. Following stmulation with MALP-2,
however, treatment with anti-TLR2 antibody, but not control
IgG12a, significantly decreased IL-8 production by 20%. Taken
together, these findings suggest that PGN is not a specific

ligand for TLR2.

© 2008 The Authors
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Synergistic effects between pathogen-associated
molecules and histamine on toll-like receptor 2
expression and cytokine production

NHEK were cultured with PGN or B-glucan in the presence or
absence of histamine, and the levels of mRNA expression for
TLR1, TLR2 and TLR6, NOD?2, dectin-1 and hBD2 were mea-
sured by quantitative real-time polymerase chain reaction
(PCR). Histamine at 1 pg mL™' clearly amplified the expres-
sion of all the receptors and hBD2 that were induced by
MALP-2 at 10 ng mL™', PGN at 2 ug mL™' or B-glucan at
10 pg mL™! (Fig. 4), demonstrating their synergistic effects.

Further to confirm the synergism by intracellular flow
cytometry, we tested the combined effect of PGN at 0-2 pg
mL™! and histamine at 1 pg mL™' on the expression of TLR2.
The synergism between PGN and histamine was clearly
observed, as the addition of both further elevated the TLR2
expression induced by individual stimulants (Fig. 5a), but
again the surface expression was undetectable (data not
shown). A confocal image analysis of keratinocytes showed
that augmentation of the cytoplasmic level of TLR2 induced
by synergism between PGN and histamine was greater than
that of the cell surface level (Fig. 5b).

Finally, the synergism with histamine in cytokine/chemo-
kine production was examined. NHEK were cultured with
MALP-2, PGN or B-glucan in the presence or absence of hista-
mine, and the amounts of IL-1a and IL-8 in the supernatants
were measured. As shown in Figure 6, histamine at 1 ug
mL™! alone did not increase the production of IL-1at or IL-8
(solid bars of ligand 0). However, histamine upmodulated
1L-10¢ and IL-8 production in the presence of MALP-2, PGN or
B-glucan.

Discussion

Our study demonstrated that NHEK express both TLRs and
nontoll-like innate immune proteins, including the intracellu-
lar Nod-like protein NOD2 and the surface C-type lectin dec-
tin-1. As MALP-2, PGN and B-glucan stimulated keratinocytes
to produce cytokines and antimicrobial peptides, it is con-
sidered that TLR2, NOD2 and dectin-1 are functionally
expressed and efficiently mount the innate immunity in kerati-
nocytes. More interestingly, the innate immune receptors were
augmented by pathogen-associated molecules relevant or irrel-
evant to the corresponding receptors, as has been suggested in

56 The feed-forward stimulation was

other types of cells.
observed between PGN and NOD2 and between f-glucan and
dectin-1, while TLR2 was induced by PGN but not by its
ligand MALP-2. Therefore, the pathogen-driven acceleration of
receptor expression appears to be complicated. However,
NOD2 might be a key molecule, because all the pathogen-as-
sociated molecules tested enhanced NOD2 expression, and its
ligand PGN was most stimulatory for the cytokine/hBD2 pro-
duction among the pathogen-associated molecules.

TIR2 was induced by PGN and was detected at both protein
and mRNA levels. We successfully evaluated the intracellular,

© 2008 The Authors
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Fig 4. Synergism of MALP-2, peptidoglycan (PGN) or B-glucan, with
or without histamine, in mRNA expression for toll-like receptor (TLR)
1, TLR2, TLR6, NOD?2, dectin-1 and human B-defensin 2 (hBD2) by
real-time polymerase chain reaction (PCR) analysis. Normal human
epidermal keratinocytes were cultured for 2 h with each of the
pathogen-associated molecules and/or histamine and subjected to real-
time PCR analysis.

but not surface, expression of TLR2 by flow cytomeury. The
expression of each TLR in keratinocytes has been a matter of
debate.*® In the present study, the surface expression of TLR2
was very low compared with the isotype-matched control,
and was not enhanced by any of the stimuli at either low or
high Ca concentration. Nevertheless, we found that the intra-
cellular expression of TLR2 was significantly elevated upon
stimulation. As the TLR2 ligand MALP-2 promoted the pro-
duction/expression of cytokines and of hBD2, it is considered
that TLR2 is expressed on keratinocytes as a functional surface
molecule. Although the change of surface expression was

Journal Compilation © 2008 British Association of Dermatologists  British Journal of Dermatology 2009 160, pp297-304

—412—



302 Expression of innate immune proteins in keratinocytes, M. Kobayashi et al.
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Fig.5. Synergism between peptidoglycan (PGN) and histamine in
intracellular toll-like receptor (TLR) 2 expression and confocal
microscopic analysis for detection of TLR2 in normal human
epidermal keratinocytes (NHEK). (a) NHEK were cultured in the
presence of histamine (1 pg mL™") and/or PGN (0-2 pg mL™"), and
were subjected to intracellular staining for TLR2. The level in the
isotype-matched control was evaluated in NHEK stimulated with both
histamine and PGN. (b) NHEK were cultured in a chamber slide in
the presence or absence of PGN at 0-2 pg mL™" and histamine at

1 pg mL™" for 48 h. After incubation with nonconjugated isotype
control mouse IgG2a, intracellular or cell surface staining of
keratinocytes was performed with phycoerythrin (PE)-conjugated anti-
TLR2 monoclonal antibody and visualized by confocal microscopy.

under the detection level, the intensity of its intracellular
expression may predict an alteration of the surface expression.
A similar finding has been reported in dendritic cells*' and
has recently been reported in keratinocytes.*” On the other
hand, a recent finding has suggested that the intracellular
TIR2 functions as a receptor for the infecting pathogen.*?
Considering that skin is constantly exposed to microorgan-
isms, the low level of surface expression of TLR2 might be
reasonable. If the quantity of TLR of the surface of keratino-
cytes were easily increased, this would always give rise to an
irritable response to pathogens and to the occurrence of
inflammation. In this respect, keratinocytes should be different
from monocytes/macrophages, and intracellular TLR2 appears
to recognize the pathogens when they invade the cell. There
might exist a certain protein that regulates the surface expres-
sion of TLR2 like that of TIR4,** and it may act on the
homeostasis of the epithelial tissue.

It is already known that histamnine plays an important role
for innate immunity.*® We stimulated keratinocytes with the

IL-o IL-8
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Fig 6. Synergism between pathogen-associated molecules and
histamine in cytokine/chemokine production by normal human
epidermal keratinocytes (NHEK). NHEK were cultured for 72 h with
each of the pathogen-associated molecules and/or histamine. The
concentrations of interleukin (IL)-o and IL-8 in the supernatants were
measured by enzyme-linked immunosorbent assay. The values are
means of quadruplicate determinations with SD shown by vertical
bars. PGN, peptidoglycan.

pathogen-associated molecules in combination with histamine.
Histamine amplified the expression of TLRs and proinflamma-
tory cytokines synergistically with the pathogen-associated
molecules. The augmentation of TLR2 expression by histamine
was also observed in endothelial cells.’® We found that there
was synergism between histamine and MALP-2, PGN or
B-glucan in TLR2 expression, as assessed by both intracellular
staining and real-time PCR. Such synergistic effects were also
found in the expression of hBD2 and dectin-1 and the pro-
duction of IL-1a and IL-8. In the skin, keratinocytes are
potentially exposed to histamine that is released from dermal
mast cells in certain pathological conditions. As mast cells also
express TIRs and can produce histamine by TLR ligation,*®
pathogens may stimulate keratinocytes directly or indirectly
via mast cells with their produced histamine. This scenario
suggests the potential involvement of histamine in the natural
defence system and may result in an exaggerated response to
pathogens.

Our findings are of clinical significance. As the skin is con-
stantly exposed to Gram-positive bacteria and fungi as exem-
plified by Staphylococcus aureus colonization®” and superficial
fungal infection,*® the upmodulation of TIR2, NOD2 and
dectin-1 in keratinocytes may be beneficial for the defence
system. The expression of these molecules is enhanced
by pathogens, resulting in the augmented production of

© 2008 The Authors
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proinflammatory cytokines and chemokines for neutrophils

and lymphocytes. These cytokines/chemokines eventually pro-

tect the host from bacteria and fungi by inducing inflamma-

tion and immune reactions. In addition, the upregulated

production of the defensins effectively eliminates microorgan-

isms. Histamine may support these events as an internal stim-

ulus for innate immune protein expression. It is suggested

that the activation of keratinocytes via innate immune proteins

leads to pluripotential responses in the cutaneous innate im-

munity and subsequent acquired immunity."?
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