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FIGURE LEGENDS

Fig. 1. Clinical, histopathological and ultrastructural features of the

patient. Severe diffuse hyperkeratosis and scales are seen on the palms (a)
and soles (b). Warty brown hyperkeratosis and scales are present on the
margins and the dorsa of the foot (c). Generalized erythroderma and
scaling on the trunk (d). Histopathological examination revealed
acanthosis and hyperkeratosis, coarse keratohyaline granules, and severe
granular degeneration in the entire spinous and granular layers of the
epidermis (e). Ultrastructurally, clumping of the keratin filaments (arrows)

is seen within an upper epidermal keratinocyte of the epidermis ().

Fig 2. Summary of mutations in the helix initiation motif (HIM) and helix
termination motif (HTM) of K1 from Human Intermediate Filament
Database (http://www.interfil.org/). (a) Molecular structure of K1. (b)
Heptad repeats in HIM and HTM of K1 and mutation sites. The majority
of cases (22 out of 26) had mutations in the heptad repeat position a, d, e
and g. The present mutation is located at the a position leucine residue at
codon n0.486 (red characters) in the C-terminal-most heptad repeat. (c)
Summary of the KRTI mutations in HIM and HTM, alterations of
hydropathy index and levels of palmoplantar hyperkeratosis. Eight cases
including the present one were reported as showing severe palmoplantar
hyperkeratosis and 7 of those 9 patients harbored mutations in the
important a, d, e and g position of heptad repeats. Mutations in this
486-leucine residue may seriously perturb the stability of keratin
intermediate filaments. The substitution of arginine for leucine alters the
character of amino acid from that of a hydrophobic, apolar amino acid
(hydropathy index of leucine: +3.8) to that of the most hydrophilic, basic
amino acid (hydropathy index of arginine: -4.5). (d) Heptad structure of

6
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the rod domain: Schematic of a transverse cut through the last heptad
(abcdefg) of the HTM of K1 and K10, showing hydrophobic interactions
between positions @ and d (dashed lines) and ionic hydrogen interactions
between positions e and g (dotted lines). Position a is occupied by apolar,
hydrophobic amino acids. The a residues are thought to interact with
amino acids located in the d position of the partner molecule of the
heterodimer through hydrophobic interactions which stabilize the
two-chain coiled-coil molecules. When the two strands coil around each
other, positions @ and d are internalized, stabilizing the structure, while
positions b,¢,e,f,g are exposed on the surface of the protein. Residues at
positions e and g stabilize dimer formation through ionic and hydrogen

bonds.
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Type XVl collagen ELISA indices significantly decreased direct and IIF studies revealed the presence of ;autoanti-
after bullous pemphigoid remission bodies along the dermal-epidermal junction All patients

The major pathogenic epitope of bullous pemphigoid (BP) were successfully treated with oral prednisolone therapy
is known to be the noncollagenous extracellular domain of 30-50 mg/d with or without azathioprine or a combi-
(NC16A) of type XVIL collagen (COL17)." Here we nation therapy  using tetra and nicotinamide.
investigated  indirect  immunofluorescence - (IIF} and Treatment periods from i ' nosis to remission ran-
COL17 NC16A domain enzyme-linked immunosorbent ged ‘from 4 months to% onths (mean; 14.6 + 10.8
assay (ELISA)*™ data before treatment and after remis- [ obtained for ELISA and IIF
sion to evaluate the usefulness of ELISA analyses as indi- i ing the ¢ urse for each patient.
cators for BP disease activity. ' ’
We included. ten consecutive BP patients [eight women
and’ two. men: between. 33.and: 8o-year-old (mean; s9-
years-old)] . who  showed:: typical clinical. features. before
treatment and were successfully: treated, resulting in com-
plete or partial remission at our institute. The first day of
each patient visit was within-the ‘last 3 years. In all
patients; the diagnosis was confirmed by histopathological
observation ‘and immunofluorescence study, i.e. histopath-
ological subepidermal blister formation was observed and

directed against the N 6A domain of COL17 was mea-
sured using the COL17 NC16A ELISA kit following the

ELISA index HF titer

8

8

~
<

Before treatment  After remission Before treatment  After remission

BEJFigure 1 ELISA indices and indirect immunofluorescence (IIF) titers before treatment and after remission. (a) ELISA indices of

successfully treated BP: patients. Disease remission was defined as when erythema, bullae and erosions had completely healed
(complete remission) or no more than three bullae or erythéma were seen in'a week (partial remission) and only a low dose

of oral prednisolone (<5 mg/d) or no treatment was needed to maintain this condition. As ELISA indices after remission; we
adopted ELISA indices at the time when each patient’s disease activity was evaluated as being in “complete remission’’ or
“partial remission’’ (as defined above) for the first time after treatment. Mean ELISA index of the 1o patients before treatment
Was 91.3 +45.7 (range: 35.6-165.6) and the mean index after remission was 37.4  25.3 (range: 6.0-86.4). After complete or
partial remission, the ELISA indices were significantly reduced (P < o.0001)..(b) IIF titers of the same patients. Apparent
decreases in IIF titers after remission were seen only in six patients. Mean IIF titer of the 1o patients before treatment was
201 % 154 {range: 5~320) and the mean titer after remission was 60.5 + 102.8 (range: 5-320). A statistically; significant reduc-
tion was. observed in combined IIF titers after remission compared with those before treatment (P < 0.05). Colors of the lines
are specific for each patient in both figures (a) and (b)

©:2009:The International Society. of Dermatology. International Journal of Dermatology 2009
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also decreased after remission in six cases, but the titers
were not apparently reduced in the other four cases,
although a statistically significant reduction in combined
IIF titer was observed after remission compared with
those- before treatment (P < 0.05) (Fig. 1b).

Positive correlation between ELISA indices and BP
disease activity. has been reported previously in the
literature. Di Zenzo et al.® demonstrated that disease sever-
ity before treatment was well correlated with ELISA indices
in. BP patients. Izumi et al.® described ELISA indices and
alteration of disease activity of five BP patients during vari-
ous treatments. In this study, we compared the ELISA indi-
ces before treatment and after remission in our BP patient
cohort and clearly demonstrated that ELISA indices signifi-
cantly decreased after remission. Feng et al.*® reported sim-
ilar results on correlation of ELISA indices with: disease
course in BP patients; although the time poirts for ELISA
after treatment were just before the decrease in corticoste-
roid and when the dosage of corticosteroid was successfully
decreased to half the initial dose in the report. In this study,
we employed ELISA indices at the time when each patient’s
disease activity was evaluated as “complete remission” or
“partial remission’” for the first time after treatment. Thus;
this study is unique in the point that we evaluated exact
correlation between ELISA indices and disease remission.

In conclusion, the present results further support the idea .
that the COL17 NC16A ELISA indices demonstrate a co
relation with the BP disease remission more accurately the
IIF titers and are a useful tool to detect BP disease re
sion and to assess the efficacy of BP treatment.
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Case report

Sporotrichosis is commonly encountered in tropical and subtropical areas,
but rarely in continental/ microthermal climate zone of the Képpen-Geiger
Climate Classification®. Here, we report two cases of cutaneous sporotrichosis in
Hokkaido, an island in the continental/ microthermal climate zone in Japan.

A 55-year-old Japanese female presented with a 6-month history of two
dark-red-crusted infiltrated skin lesions measuring about 10 mm and 2 mm on
the left upper eyelid on 2009 (Fig. 1a). She was working as a farmer in Hokkaido
and had never lived in any other part of Japan. Histopathological examination of
hematoxylin and eosin stained specimens revealed a prominent epidermal
hyperplasia and abundant inflammatory infiltration in the dermis (Fig. 1b, c).
Periodic acid Schiff stain (Fig..1d) and Grocott’s methenamine silver stain (Fig.
1e) showed a few round and budding yeast-like cells scattered in the dermis,
occasionally within a giant cell. Cultures of the tissue sections of lesion on
Sabouraud’s dextrose agar and potato dextrose agar grew dark brown velvety
colonies (Fig. 1f). Slide cultures from the colonies showed septate branching
hyphae with slender, tapering conidiophores arising at right angles (Fig. 1g). A
spordtrichin skin test showed positive reaction.

A 55-year-old male patient presented with a chronic erosive nodule
measured 20 x 10 mm on the left mandible, which was present for over 1 year
on 2002 (Fig. 2a). He was working as a carpenter in Hokkaido, and he had never
lived in any other part out of Hokkaido. Histopathological analysis showed
prominent epidermal hyperplasia and chronic granulomatous inflammatory cells
infiltrate (Fig. 2b, c). The periodic acid Schiff stain and Grocott’s staining sections
revealed the presence of round yeast-like cells scattered in the dermis (Fig. 2d).
Cultures of the skin biopsied tissue samples on Sabouraud’s dextrose agar
produced dark brown velvety colonies (Fig. 2e). Slide cultures from the colonies
showed septate, branching hyphae (Fig. 2f). Sporotrichin skin test showed
positive reaction.

Cutaneous sporotrichosis is a fungal infection commonly encountered in
tropical and subtropical areas'. In Japan, more than 3,500 cases of cutaneous
sporotrichosis had been reported as of 2001 on Honshu Island, which falls in
temperate/ mesothermal climates zone?. In contrast, no case reports were
available in Hokkaido in English journals as of 2004. Similarly, few cases had
been reported in continental/ microthermal climate zone around the world®,
suggesting that cutaneous sporotrichosis is extremely rare in that zone. This
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geographic difference in reported cases may be due to the fact that Sporothrix
schenckii, the pathogenic fungus that causes sporotrichosis, prefers moderate
temperatures (around 22 degrees Celsius) ' The yearly temperature in
Hokkaido averaged for the years 2000 to 2008 was 9.1 degrees Celsius, so
these results further suggest that Sporothrix schenckii rarely develops in
Hokkaido. Interestingly, three cases of cutaneous sporotrichosis, including the
two abovementioned cases, have been reported from Hokkaido in the Japanese
literature since 2000, whereas only one case was recorded before 2000. It is
suggested that the prevalence of cutaneous sporotrichosis in Hokkaido may be
increasing as a result of recent global warming.
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FIGURE LEGENDS
Figure 1
(a)

Clinical appearance of the nodule and papule on the left upper eyelid.

(b-e)

Skin biopsy findings: Hematoxylin and eosin staining reveals abundant infiltrate
of lymphocytes, plasma cells, histiocytes, and giant cells. Low-power
magnification (b), and high-power magnification (c). The periodic acid-Schiff
stain (d) and Grocott methenamine silver stain (e) show the presence of round
and budding yeast-like cells in the dermis.

(f, 9)

Cultures of the biopsy specimen on Sabouraud’s dextrose agar and potato
dextrose agar: dark brown velvety colonies form (f). From slide cultures,
branching hyphae with slender, tapering conidiophores rising at right angles are
seen. The apex of the conidiophore bears pear-shaped or almost round conidia,
giving it a flower-like appearance. Dark brown conidia are produced singly along
the hyphae and conidiophores (g).

Figure 2
(a)

Clinical appearance of the nodule on the left mandible.

(b-d)

Skin biopsy findings: Hematoxylin and eosin staining reveals chronic
inflammatory granuloma with infiltration of neutrophils, histiocytes, and giant
cells. Low-power magnification (b), and high-power magnification (c). The
Grocott methenamine silver stain (d) shows a few round yeast-like cells in the
dermis.

(e, f)

Cultures of the biopsy specimen using Sabouraud's dextrose agar: a dark brown
velvety colonies yield grows (e). Slide cultures from colonies show fine
branching, septate hyphae with spherical conidia at the tips of the conidiophores,
and thick-walled dematiaceous conidia along the conidiophores and hyphae (f).
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To the editor: Aleukemic leukemia cutis (ALC) is a rare condition that is characterized by the
invasion of leukemic cells into the skin prior to such cells being observed in the peripheral
blood." Here, we present a case of ALC with multiple bone metastases.

An 81-year-old male presented with a two-month history of an asymptomatic nodule
on his left thigh. A careful physical examination revealed five subcutaneous nodules
measuring up to 10mm in size on his trunk and legs together with a firm, slightly violaceous
nodule measuring 20 mm in diameter on his left thigh (Fig. 1). A complete blood cell count
and chemical analysis showed no pathologic changes. Histopathologic examination
revealed dense, nodular, diffuse infiltrate of monc;tonous uniform cells with round nuclei,
prominent single or multiple nucleoli, and abundant pale, slightly eosinophilic cytoplasmic
cells throughout the dermis and subcutaneous fat (Fig. 2a). Atypical mitotic figures were
scant (Fig. 2b). Histological diagnosis of myeloid leukemia cutis with possible monocytic
lineage was made. However, bone marrow aspiration showed neither an increase in blasts
nor abnormal cell infiltration, and repeated peripheral blood counts were normal, with no
atypical cells. A diagnosis of ALC was established. Positron emission tomography revealed
extensive high-density areas on the bone and the subcutaneous tissue, suggesting multiple
metastases '(Fig. 3). At seven weeks after the first visit, peripheral blood examination
disclosed 8% of atypical monocytic cells indicating a diagnosis of acute myeloid leukemia

(AML). The patient died about one week later.
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ALC is a rare form of leukemia with poor prognosis. It was first reported by Yoder in
1976.%2 The term aleukemic has been used to designate a form of leukemia in which there
are no leukemic cells in the blood.? ALC precedes to the peripheral blood or bone marrow
abnormalities at least one month before the systemic findings. Once leukemic cells appear
in the peripheral blood or bone marrow, the mean survival time ranges from 3 to 30
months.>* The clinical features of ALC include multiple papules, nodules or infiltrated
plaques with a red-brown or plum coloured surface. Histological findings show infiltration of
leukemic cells in the dermal or subcutaneous tissues. The cytologic features of the tumour
cells include the large size, vesicular nuclei, and multiple prominent nucleoli.®> There is no
consensus on the treatment of choice for ALC, due to rarity of the disease; radiotherapy,
chemotherapy and total body electron therapy have been reported to achieve varying
results."245678 A study of the largest group of ALC patients, by Chang et al., showed the
commonest extramedullary site in ALC after the skin to be the lymph node (8 patients out of
31), followed by the spleen (2 patients out of 31).* Although no reports of clinical
presentation of ALC with multiple bone infiltration were found in a thorough search of the
English-language literature, extramedullary leukemia is known to dccur in the bone.° It is to
be emphasized that routine assessment of a patient with ALC should include systemic
investigations such as PET scan in our case, taking into consideration the possibility of bone

involvement..
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Fig. 1. A slightly violaceous nodule on the left thigh.

Fig. 2. Skin biopsy findings: (a) Dense, nodular, diffuse infiltrate of monotonous uniform celis

involving the dermis and subcutaneous fat. (b) A nodule of cells with round nuclei, prominent

single or multiple nucleoli and abundant pale, slightly eosinophilic cytoplasm and scant

atypical mitotic figures.

Fig. 3. PET reveals extensive high-density areas on the bone and in the subcutaneous

tissue on the trunk and the extremities, suggesting multiple metastases.
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Transglutaminasel Preferred Substrate Peptide
K5 Is an Efficient Tool in Diagnosis of Lamellar

lchthyosis
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Japan

Lamellar ichthyosis (LI) is a genetically heteroge-
neous, severe genodermatosis showing widespread
hyperkeratosis of the skin. Transglutaminase 1
(TIGasel) deficiency by TGasel gene (IGM1) muta-
tions is the most prevalent cause of LI. Screening of
TGasel deficiency in skin is essential to facilitate the
molecular diagnosis of LI. However, cadaverine, the
most widely used substrate for TGase activity assay, is
not isozyme specific. Recently, a human TGasel-spe-
cific highly preferred substrate peptide K5 (pepK5)
was generated. To evaluate its potential as a diagnostic
tool for LI, we performed pepK5 labeling of TGasel
activity in normal human and LI skin. Ca**-depen-
dent labeling of FITC-pepK5 was clearly seen in the
upper spinous and granular layers of normal human
skin where it precisely overlapped with TGasel im-
munostaining. Both specificity and sensitivity of
FITC-pepK5 labeling for TGasel activity were higher
than those of FITC-cadaverine labeling. FITC-pepK5
labeling colocalized with involucrin and loricrin
immunostaining at cornified cell envelope forming
sites. FITC-pepK5 labeling was negative in LI patients
carrying TGM1 truncation mutations and partially
abolished in the other LI patients harboring mis-
sense mutations. The present results clearly indi-
cate that pepKS5 is a powerful tool for screening LI
patient TGasel deficiency when we make molecular
diagnosis of LI. (4m J Pathol 2010, 176:000-000; DOL
10.2353/ajpath.2010.090597)

One of the essential events during terminal differentiation
of epidermal keratinocytes and skin barrier formation is
the production of a 15-nm-thick layer of protein on the
inner surface of the keratinocyte cell membrane, termed
the cornified cell envelope (CCE). The CCE is assembled
by the accumulation of several precursor proteins includ-
ing.involucrin and loricrin.! It is known that the precursor
proteins are cross-linked together by the formation of
N=-(y-glutamyl) lysine. isodipeptide bonds catalyzed by
the action..of transglutaminase  isoforms. -Transglutami-
nase 1 (TGasel) is a key enzyme in CCE formation in the
epidermis.

Lamellar ichthyosis (LI) is a-major subtype of autoso-
mal recessive congenital ichthyosis and clinically char-
acterized by large, thick, dark scales over the entire body
without serious background erythroderma.? Since the
identification: of TGasel gene (TGM1) mutations in a
number of families with LI in 1199524 more than one
hundred TGM 1 mutations have been reported in LI fam-
ilies. TGase 1 deficiency attributable to TGM1 mutations is
a major underlying causative factor in LI patients,>¢
although LI is thought to be a genetically heteroge-
neous disorder and several causative molecules includ-
ing TGase1 have been identified.>*7-2-11 Although ge-
notype/phenotype  correlations in autosomal recessive
congenital ichthyosis including LI with. TGM1 mutations
have been studied for years, the exact nature: of the
relationship has yet to be fully elucidated.®%%15 Thus, it
is difficult to know whether a causative gene is TGM1 or
not in each LI patient from each patient’s clinical features
alone. :
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To date, to facilitate molecular diagnosis in LI patients
with TGM1 mutations, in situ transglutaminase (TGase)
activity assays have been performed using cadaverine
as a substrate to detect TGase1 activity in the patients’
skin,'®-2° despite the fact that cadaverine is not an
isozyme-specific probe, and detects total TGase activity
in the epidermis..Recently, a human TGasel specific,
highly preferred substrate peptide K5 (pepK5) was gen-
erated.?' We hypothesized that, as previously shown in
mouse skin, pepK5 would detect in situ TGasel activity
with high specificity and sensitivity in the human epider-
mis. If it is the case, pepK5 can be a usefu! tool to detect
TGase1 deficiency in LI patients with TGM7 mutations.

In the present study, we demonstrated that pepK5 can
be used as an efficient probe to detect TGase1 activity in
the human epidermis. In addition, we performed in situ
TGase1 activity assay using pepK5 in skin specimens
from LI patients with TGM7 mutations and clearly re-
vealed that this preferred substrate for TGase1, pepK5 is
a-powerful tool for evaluation of TGasel: activity in LI
patients and for molecular diagnosis of LI

Materials and Methods

Synthesis of Transglutaminase Substrate
Peptides

PepK5, peptide K5QN (pepK5QN), and peptide form T26
(pepT26) were synthesized as previously described.?’-*2
Briefly, a phage-displayed random’ peptide library was
used to screen primary amino acid sequenices that are
preferentially selected by human TGasel. The pep-
tides selected as glutamine donor substrate exhibited a
marked tendency. in primary structure, conforming to the
sequence: QxK/RyxxxWP (where x and s represent non-
conserved and hydrophobic amino acids, respectively).
Using glutathione S-transferase (GST) fusion proteins
of the selected peptides, several sequences: were
identified as preferred substrates and confirmed that
they were isozyme-specific. The 12-aa peptide pepKb
(YEQHKLPSSWPF) was synthesized. Even in peptide
form, K5 appeared to have high and specific reactivity
as substrate. In addition; a mutant peptide in which
glutamine was substituted by asparagine was  also
synthesized: as pepK5QN (YENHKLPSSWPE). pepT26
(HQSYVDPWMLDH) was synthesized as the transglu-
taminase 2 (TGase2) preferred substrate peptide for
comparison.?? Finally, these synthesized  peptides
were conjugated with FITC.2!

In Situ TGase1 Activity Assay

Skin sections were prepared from: skin biopsy: patient
specimens and normal control specimens using: stan-
dard methods.2'2% The frozen sections were dissected
into 6-um slices and stored frozen at —80°C until use.
Sections were dried and then blocked with 1% BSA in
NaCl/Pi at room temperature. The sections were incu-
bated for 90 minutes with. a solution containing: 100
mmol/L Tris/HCI pH 8.0, 5 mmol/L. CaCl, or 1 mmolfi:
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EDTA, and 1 mmol/L. dithiothreitol, in the presence of 5
pwmol/L (or other concentrations) of FITC-labeled sub-
strate’ peptide or FITC-cadaverine (Sigma-Aldrich, St
Louis, MO). This in situ TGase1 activity assay works by
measuring the fluorescence of fluorescein isothiocyanate
(FITC)-labeled substrate peptide incorporated into cellu-
lar proteins by cross-linking catalyzed by TGase1. After
washing with NaCl/Pi three times for § minutes, antifading
solution was added to the sections, which were then
sealed with a cover glass and mountant. In addition, we
performed the above-mentioned pepK5 labeling using
normal human skin specimens and.LI patients’ skin sam-
ples under various incubation conditions (pH 7.4, 8.0 and
8.4; temperature 25°C, 33°C and 37°C).

Double Labeling for in Situ TGase1 Assay and
Immunofiuorescence Staining

For doublelabeling (in situ TGase1 activity assay and im-
munoffuorescence), at first, we performed in situ TGasel
activity assay as described above, then the sections were
labeled with immunofluorescence methods below. Immuno-
fluorescence labeling was performed as described previ-
ously.2® Primary antibodies used in this study were as
follows: mouse monoclonal anti-TGase 1-antibody (B.C1;
Biomedical Technologies, Inc., Stoughton; MA), rabbit poly-
clonal anti-TGase1 antibody:{Novus Biologicals, LLC, Little-
ton, CO), anti-loricrin antibody (Covance Lab., Richmond,
CA), and anti-involucrin antibody. (Biomedical' Technolo-
gies, Inc., Stoughton, MA).: We used FITC-conjugated or
tetramethylrhodamine-isothiocyanate - (TRITC)-conjugated
rabbit:- ant-mouse . immunoglobulin: (Jackson ImmunoRe-
search Laboratories, Inc. West Grove, PA) or.donkey anti-
rabbit immunoglobulins (DAKO,: Glostrup, Denmark), as
secondary antibodies:

Ichthyosis Patients Involved in the Present Study

In total, four unrelated LI patients with TGM1 mutations
were included in this study. Patient 1 was a recently
examined LI case and the other three patients were re-
ported previously.©2%:24 As controls, two TGM1-unrelated
autosomal recessive congenital ichthyosis patients har-
boring ABCA12 mutations®® were also included in the
present study.

Fully informed consent was obtained from the patrtici-
pants or their legal guardians for this study. This study
had been previously evaluated and approved by the
ethics committee at Hokkaido University Graduate School
of Medicine and was conducted according to the Declara-
tion of Helsinki Principles.

Mutation Search

TGM1 mutation search was performed as previously re-
ported.'® Briefly, genomic DNA isolated from peripheral
blood was subjected to polymerase chain reaction am-
plification, followed by direct automated sequencing and
verification of the mutation by restriction enzyme diges-




tions. Most oligonucleotide primers used for amplification
of all 15 exons of TGM1 have been reported elsewhere?
and partially modified for the present study.'® The entire
coding regions of TGM1 including the exon/intron bound-
aries were sequenced using genomic DNA samples from
patients and their family members: One hundred normal
alleles (50 unrelated, healthy Japanese individuals) were
sequenced as normal controls.

Results

In Situ Assay Using pepK5 Detected TGase1
Activity with High Specificity and Sensitivity in
the Upper Epidermis of Normal Human Skin

With the presence of CaCl, in the reaction mixture, we
detected specific incorporation: of FITC-labeled pepK5
(FITC-pepK5; 5 umol/L) into substrate proteins in' the
epidermis, mainly at the cell periphery of the upper. spi-
nous and granular layers of normal human skin (Figure
1A). No signal was detected in the presence of EDTA
(Figure 1B), or when we used FITC-conjugated pepK5QN
mutant peptide (FITC-pepK5QN; Figure 1C), which indi-
cated that the cross-linking reaction was catalyzed
specifically by TGasel. Using FITC-conjugated pepT26
(FITC-pepT26), a preferable substrate for TGase2, only
faint labeling was obtained around the granular layer
cells and:this labeling was abolished in the presence of
EDTA (data not shown): Under various incubation condi-
tions,; pH 7.4, 8.0, and 8.4, temperature 25°C, 33°C, and
37°C, no significant difference in the pepK5: labeling
intensity was observed in normal human epidermis (data
not shown).

The FITC-pepK5 labeling pattern corresponded well
with the localization of TGase1 by immunostaining with
anti-TGasel antibody. Double labeling for in situ- TGasel
activity assay using FITC-pepK5 and immunostaining
for TGase1 molecule showed completely overlapping
colocalization of these moisties at the cell periphery
of both the upper spinous and granular layer cells
(Figure 1, D=F).

Double Labeling for TGase1 Activity with pepK5
and CCE Precursor Proteins Demonstrated that
pepK5 Labeling Precisely Localized to Sites of
CCE Formation

Immunofluorescence labeling for involucrin, a major CCE
precursor protein, was seen in the upper half of the
epidermis (Figure 1H). Double labeling for in situ TGase1
activity assay using pepK5; and involucrin immunolabel-
ing showed that, in the upper spinous and granular cell
layers, pepK5 labeling and invelucrin co-localized at the
cell periphery (Figure 1, G=1). In addition, double labeling
for the in situ TGasel activity assay using pepKS5, and
immunolabeling for loricrin, another major CCE precursor
protein, revealed almost complete colocalization  of
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Figure 1. PepKS5 labeling detected in situ TGasel activity with high speci-
ficity and sensitivity at CCE forming sites in-normal human skin: A=Cs In situ
TGasel activity detected by pepK5 in normal skin. Detection of i situ TGase
1 activity using FITC-labeled pepK5:(5 pmol/L) showed intense membrane-
restricted staining within the Upper spinous and granular layer keratinocytes
of a normal human skin (A). In the presence of EDTA, the pepK5 labeling
was completely abolished: (B). No labeling was observed with FITC-labeled
mutant K5 peptide (pepK50N; ©). Specific labeling, green (FITC); nuclear
stain, red (propidium iodide). White dots, basement membrane zone. D-F:
Double labeling with pepK5 and: anti-TGasel antibody. in normal human
skin. Both pepK5 labeling (D; green; FITC) and anti-TGasel antibody (B.C1)
labeling (E, red; TRITC) are ‘seen in the upper epidermis; mainly in the
granular layers. The merged image clearly demonstrates that both labeling
patterns almost completely overlap (yellow) each other on the cell:mem-
brane of the upper epidermal keratinocytes (F). pepK5 labeling, green
(FITQ), anti-TGasel antibody labeling, réd (TRITC); nuclear stain, blue
(TOPRO). White dots; basement membrane zone. G-L: Double labeling with
anti-CCE: precursor: protein antibodies: and pepK5 in normal human: skin.
Anti-involucrin antibody labeling (H, red, TRITC) is seen in the upper half of
the epidermis,; although pepK5 labeling (G, green, FITC) is observed mainly
in the uppermost spinous and granular: cell layers. Involucrin and pepK5
labeling overlap each other (yellow) on the cell membrane of the uppermost
spinous and granular cell Jayer keratinocytes in'the merged image (D). Both
pepKS5 labeling (J, green, FITC) and anti-loricrin antibody labeling (K, red,
TRITC): are seen mostly: within the uppermost spinous and granular layers.
The merged image shows that loricrin and pepK5 labeling cleatly overlap
(yellow) each other on the cell membrane of the granular layer keratinocytes
(L) FITC-pepKS5 labeling, green; anti-involucrin and anti-loricirn antibodies,
red (TRITC); nuclear stain, blue (TOPRO). White dots, basement membrane
zone. M=R: Detection of TGase1 activity in normal human skin sections using
graded concentrations of pepK5 or cadaverine. Intense labeling is seen in the
uppert epidermis with 10' umol/L (M) and 5 pmol/L (N) of FITC-pepK5. Only
the ‘granular layer keratinocytes are labeled with: 1 umol/L (O) of FITC-
pepK5: Using 10 pmol/L (P) of FITC-cadaverine; all epidermal keratinocytes
are labeled: With 5 umol/L (Q) of FITC-cadaverine; entire epidermis is faintly
labeled. No labeling is observed with 1 pmol/L (R) of FITC-cadaverine. M-O:
FITC-pepK5 labeling, green: P-R: FITC-cadaverine labeling, green; nuclear
stain; red (propidium iodide). Substrate concentrations, 10 umol/L (M, P), 5
amol/L (N, Q), 1 pumol/L (O, R). Scale bars = 50 um.




