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due to pheomelanin (red/yellow pigment) synthesis by hair follicle
melanocytes in homozygotes (Figure S9A). Total melanin content
and mature melanosome formation are significantly reduced in
Mc1r°® melanocytes both in vivo and in vitro (D’Orazio et al.,
2006; Hirobe et al., 2007), which indicates that MSH-MC1R
signaling promotes melanocyte maturation. To determine
whether the IR-induced ectopic differentiation of MSCs and/or
the eventual loss of EPMs in the niche depend on MSH-MC1R
signaling, extension mutant mice (Mc1r*®) and wild-type control
mice (Mc1r¥) were treated with different doses of IR (Figure
89C-89L). Melanocytes with dendritic morphology were induced
by IR at doses of 5 Gy or 7 Gy but not at less than 3 Gy both in
the Mc1r¥E controls and in Mc1r¥’® mice (Figures S9C-S9G).
Although IR failed to induce visible pigmentation in MSCs in the
absence of functional MC1R, a small number of follicles that
contain small amounts of pheomelanin in the bulge of Mc1r*®
follicles were clearly detectable (Figures S9M-S90). These find-
ings indicate that the IR-induced differentiation of MSCs in the
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Figure 5. Ectopic Differentiation of MSCs in the
Niche with Melanosome Maturation by Activation
of the Canonical Differentiation Program

(A-F) Immunohistochemical changes of KIT* cells in the
bulge areas of anagen IV follicles. Expression of MITF
(red) and melanogenic enzymes, TYRP1 and TYR (red),
is retained in KIT* cells (green) after IR (D-F, arrowheads)
but notin control (A-C, arrows). The insets show magnified
views of the KIT* cells (A-C and D-F).

(G-0O) TEM analysis of Dct-lacZ* cells in the hair follicle
bulge areas of Dct-lacZ transgenic mice after IR. (G and
L) lacZ-stained hair follicles embedded in epoxy resin
before sectioning. (H and M) Semi-thin sections with tolu-
idine blue staining of (G) and (L), respectively. (I and N)
TEMs of the lacZ* cells shown in (G) and (L). lacZ* cells
were identified by electron-dense precipitates of X-gal
reaction products in the nuclear membrane (I and N, black
arrows in J). (J and K) Magnified images of the lacZ* cells
(J) and a lacZ™ keratinocyte (K). A desmosome-like struc-
ture (white arrowhead) was found at the cell-cell junction
of lacZ™ cells (K). Compared to the control (), the irradi-
ated lacZ* EPM contains abundant mature melanosomes
(N). The inset in (N) shows a magnified image of a stage Ii
melanosome indicated with the white arrowhead. (O) TEM
of a differentiated melanocyte in the bulb of hair follicles of
wild-type (C57BL6/J) mice without IR as a positive control.
Abbreviations: bg, bulge; sg, sebaceous gland. Scale bars
represent 25 umin (F), (H), and (M), 10 pmin the inset of (F),
1 um in (), (N), and (O), 100 nm in the inset of (N}, and
500 nm in (J) and (K).

niche consists of two steps: a MC1R signaling-
independent maturation (as seen in Mc1r%/®
mutants) and a MC1R signaling-dependent
advanced step required for further melanosome
maturation and increased melanosome forma-
tion. Furthermore, EPMs disappeared from the
niche atanagen VI, which resulted in hair graying
in subsequent hair cycles in both Mc1r®® and
Mc1rE mice (Figures SOR-S9V, 2N, 20, 2S,
2T, and S4). These data show that the eventual
elimination of EPMs from the niche and the resul-
tant hair graying do not depend on MSH-MC1R signaling or on
melanocytic maturation level. This suggests that DDR signaling
upstream of MC1R-mediated melanogenic processes deter-
mines the eventual fate of damaged stem cells in the niche.

ATM Deficiency Sensitizes MSCs to Ectopic
Differentiation in the Niche

By irradiating mice deficient in ATM, we tested whether MSCs
undergo differentiation in the niche in response to DNA damage.
Atm™~ mice showed dramatic hair graying even with 3 Gy IR
while Atm** mice did not gray at all with the same dose of
IR (Figure 6A). Consistent with the macroscopic changes, 3 Gy IR
induced the appearance of EPMs in the bulge area in Atm™'~ but
not in wild-type controls (Figures 6H-6K). These EPMSs induced
in Atm™~ mice by 3 Gy IR (Figure 8J) were indistinguishable
from those induced in wild-type mice by 5 Gy IR (Figures 1
and 2). This indicates that the Atm deficiency sensitizes MSCs
to differentiate in the niche, resulting in premature hair graying.

—597—



A 3Gy IR
ATM™  ATM* ATM ™ ATM*  ATM* ATM
Q
S
o x
@ >
Q
7 %3
A 3]
ol
- ©
kel
w0
1
- K 40
& 4 . —
£ T
© o 30
D
=3
fas]
2
€ 20
8
. 8
jo] T
&= 10+
© z
Ky L
o

YH2AX/KITIDAPI

- T
N .
3Gy IR() IR(+) IR() IR(+) IR(-) IR(+)
ATM*™  ATM*  ATM ™

Figure 6. Atm Deficiency Sensitizes MSCs to IR-Induced Ectopic Differentiation in the Niche

(A) Changes of coat color in the 1st hair cycle (middle) and the 2nd hair cycle (bottom) after 3 Gy IR compared with before IR (top). Only Atm ™~ mice show signif-
icant hair graying by 3 Gy IR, a dose normally insufficient to induce hair graying.

(B-G) Immunofluorescent staining of hair follicles for the detection of yYH2AX damage foci formation in the bulge area after 3 Gy IR. Foci formation was retained
abundantly in Atm™'" follicles including Kit* cells even at 12 hr (G). Insets show magnified views of YH2AX foci containing cells indicated with the white arrow-
heads.

(H-J) Det-lacZ* cells in hair follicle bulges from Atm** (H), Atm*/~ (), and Atm ™~ (J) mice at 5 days after 3 Gy IR. Dendritic EPMs were found in the bulge areas of

Atm™'~ hair follicles even with 3 Gy IR (J). Insets show magnified views of lacZ* cells in the bulge areas. The brackets indicate the bulge (bg).
(K) The frequency of hair follicles with EPM in the bulge area per total hair follicles after 3 Gy IR.
Error bars represent SEM; *p < 0.001 as calculated by Student’s t test. Abbreviations: bg, bulge; dp, dermal papilla. Scale bars represent 25 pm in (G) and (J),5 pm

in the inset of (G), and 10 um in the inset of (J).

It is notable that DNA-damage foci formation was significantly
induced in wild-type mouse skin with 3 Gy IR, a dose which
does not induce any detectable changes in coat color and MSC
number (Figures 6A and 6H), indicating that ATM efficiently
protects MSCs from differentiation at low doses of IR. Further-
more, DNA-damage foci formation in the bulge area after 3 Gy IR
was retained significantly longer in Atm-deficient mice (Figure 6G),
as reported previously for cultured cells (Kuhne et al., 2004,
Morrison et al., 2000). This suggests that the DNA-damage repair
is inefficient in Atm-deficient mice as well as in vitro and that
irreparable DNA-damage-induced signals may trigger the differ-
entiation of damaged stem cells at the time of stem cell renewal
to maintain the quality of the stem cell pool. Taken together, our
data demonstrate that the DDR is involved in the determination
of the fate of MSCs, suggesting the existence of a “stemness
checkpoint” to maintain the stem cell quality and to prevent hair

graying.

DISCUSSION

In Vivo Analysis of the Fate of MSCs under Genotoxic
Stress

Stem cells can be characterized by their capacity to self-renew
while generating many daughter cells that are committed to differ-
entiation (Fuchs et al., 2004). Stem cell depletion due to the
accumulation of DNA damage in the stem cell pool has been
implicated in the degradation of tissue renewal capacity and in
the appearance of aging-related phenotypes (Nijnik et al., 2007;
Rossi et al., 2007a; Ruzankina et al., 2007, 2008). Stem cell
exhaustion due to DNA damage has been attributed to apoptosis
or senescence of stressed stem cells without detailed stem cell
fate-tracing, probably because of technical difficulties (Ruzan-
kina et al., 2008; Simonatto et al., 2007). In this study, we suc-
ceeded in analyzing the fate of MSCs under genotoxic stress
and found that most MSCs commit to differentiation after stem
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cell division. In this system, MSCs and their niche can be visual-
ized and their differentiation status can be assessed by their
morphology and most reliably by their pigmentation. The fate of
stem cell progeny in the niche can be chronologically analyzed,
as the timing of stem cell division can be effectively synchronized
by the hair plucking method. MSCs divide at anagen Il and the
fate of their progeny is determined along with hair-cycle progres-
sion by their morphology and pigmentation in addition to lineage
markers (Nishimura et al., 2002) (Figures 2 and S1). Furthermore,
the functional level of the stem cell system can be assessed by the
visible pigmentation of newly grown hair without sacrificing the
animals. These advantages allowed us to chronologically analyze
the fate of MSCs in hair follicles after exposure to genotoxic
stress.

Genotoxic Stress Triggers a Melanocyte Differentiation
Program in MSCs ‘

We previously reported that EPMs appear in the stem cell niche
prior to aging-related MSC depletion and resultant hair graying
(Nishimura et al., 2005). In this study, we found that exposure
to multiple genotoxins abrogates renewal of MSCs and induces
the commitment of MSC progeny to differentiation in the niche
accompanying hair-cycle progression. Our chronological anal-
ysis of MSCs revealed that IR induces the prolonged expression
of melanogenic genes downstream of MITF and melanosome
maturation in MSCs, indicating that MSCs mature into EPMs
in the niche in response to IR. Furthermore, our studies with
Mc1r mutant mice showed that IR-induced melanogenesis in
MSC progeny in the niche depends on the Mc7r-mediated mela-
nogenesis pathway, which is commonly used for melanocyte
maturation and eumelanin pigment synthesis.

While epidermal melanocytes did not respond to IR compared
to MSCs in the niche, our in vitro studies showed that IR induced
an increased number of differentiated melanocytes in primary
culture. Eller et al. also reported that UV and other DNA-
damaging reagents can enhance melanogenesis in vitro (Eller
et al.,, 1996). These findings suggest the existence of a cell-
autonomous melanogenesis machinery in MSCs as well as the
involvement of surrounding niche keratinocytes in the induction
of EPMs. Though p53-dependent induction of POMC or KITL/
SCF in keratinocytes for paracrine activation of melanocytes
has been shown to mediate UV-induced skin tanning or some
dark skin phenotypes in mice, respectively (Cui et al., 2007;
McGowan et al., 2008), our data showed that the p53 pathway
is transiently activated in MSCs after DNA damage but is not
required for the induction of EPMs in the niche. Therefore, we
conclude that the nodal point for damaged stem cell fate deter-
mination is located upstream of Mc7r-mediated melanogenic
processes and is independent of the p53 pathway or melano-
cytic maturation level.

Stem Cell Differentiation with Defective Self-Renewal Is
a Dominant Fate of Damaged MSCs

Genotoxic stress has been known to trigger cell-cycle arrest to
allow DNA repair or induction of apoptosis or senescence
in vitro (Campisi, 2003a; van Heemst et al., 2007). Similarly,
stem cell senescence or apoptosis have been speculated to
be major steps for stem cell depletion due to DNA damage
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in vivo (Ruzankina et al., 2008). Indeed, this theory is supported
by an IR-induced “senescence”-like state characterized by
SA-B-gal and p16 expression in purified cells expressing hema-
topoietic stem cell markers (Meng et al., 2003; Wang et al., 2008).
Cell-cycle arrest of muscle progenitor cells under genotoxic
stress also has been reported (Puri et al., 2002). However, it is
not clear whether it represents a transient cellular response or
the eventual fate of the cells and whether the cellular state
explains the IR-induced tissue phenotypes.

Inthe MSC system, we found that stem cell differentiation is the
major fate of MSCs under excessive genotoxic stress sufficient
for the induction of hair graying. EPMs were induced in the niche
within 1 week after IR without showing any significant induction of
apoptosis markers or senescence markers. The EPMs are not
associated with any morphological characteristics of cultured
melanocytes arrested due to replicative senescence, including
large, flat, and vacuolated morphology (Bennett and Medrano,
2002; Ha et al., 2008; Medrano et al., 1994). On the other hand,
human melanocytic nevi express SA-B-gal and are considered
to represent cellular senescence in vivo (Gray-Schopfer et al.,
2006; Michaloglou et al., 2005), indicating that EPMs can be
distinguished from senescent melanocytes. Though transient
induction of p53 expression was found in MSCs after IR, EPMs
were found even in Trp53-deficient mice and in Ink4aArf-deficient
mice. Therefore, p53, p16™442, or p19°RF are not required for the
commitment of MSCs to differentiate in the niche in response to
DNA damage. Instead, the existence of a stemness checkpoint
was demonstrated in this study in mice with inefficient DDR.
This new concept is supported by recent in vitro studies with
embryonic stem cells, which lose their multipotency and differen-
tiate after DNA damage in vitro (Lin et al., 2005). Therefore, the
stemness checkpoint can be rather broadly responsible for
DNA-damage-induced stem cell depletion for quality control of
the stem cell pool in multiple somatic stem cell systems.

Checkpoint for Renewal of MSCs

Eukaryotic cells respond to DNA damage with a rapid activation
of signaling cascades that initiate from the ATR and ATM protein
kinases. ATM and ATR deficiency have been shown to degrade
tissue renewal capacity through stem cell depletion with or
without exogenous genotoxic stress (Ito et al., 2004; Ruzankina
et al., 2007; Takubo et al., 2008). We found that Atm-deficient
MS8Cs are sensitized to trigger differentiation in response to
DNA damage. As DDR is affected by Atm deficiency (Kuhne
et al.,, 2004; McKinnon, 2004; Morrison et al., 2000; Takubo
et al.,, 2008), our data indicate that ATM efficiently protects
MSCs from their differentiation in the niche by activating the
downstream DDR pathways. Thus, the ATM-mediated DDR is
a key for the determination of the fate of MSCs to prevent their
premature differentiation and hair graying. Premature hair graying
has been reported in ATR deficiency in the skin (Ruzankina et al.,
2007) and in other repair-deficient progeria model mice, such as
XPDR722WRT22W 1Ty mice (de Boer et al., 2002). As we have
detected the significant appearance of EPMs in the bulge area
of TTD mice (Figures 1Y and 12), stem cell differentiation might
be a common general cellular mechanism for stem cell quality
control. Therefore, the DNA-damage detection/repair machin-
eries that serve as “caretakers” of the mammalian genome may
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Figure 7. Stem Cell Differentiation Model

under Genotoxic Stress
N‘? MSCs are maintained in an immature state in the
graying niche throughout hair cycling in nonaged physio-
logical conditions. Transient stem cell activation
signals from the niche trigger self-renewal of
stem cells at early anagen. The stem cell progeny
that remain in the niche re-enter the quiescent
state to maintain their stem cell integrity (upper
panel). Under irreparable genotoxic stress, such
as by IR or chronological aging, MSCs differentiate
into EPMs ectopically in the niche without renew-
ing themselves. These EPMs are subsequently
eliminated at late anagen. Impaired self-renewal
of MSCs through these processes results in hair
graying in subsequent hair cycles (lower panel).
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be functioning as a stemness checkpoint in some somatic stem
cell systems.

Genotoxic Stress-Induced MSC Differentiation

Underlies an Aging-Related Phenotype, Hair Graying

In addition to the aging-associated stem cell depletion typically
seen in the MSC system (Nishimura et al., 2005), qualitative and
quantitative changes of somatic stem cells have been reported
in some stem cell systems, including HSCs, cardiac muscle,
and skeletal muscle (Conboy et al., 2003; Morrison et al., 1996;
Rossi et al., 2007b; Sussman and Anversa, 2004). Stresses on
stem cell pools in genome maintenance failures have also been
implicated in the decline of tissue renewal capacity and the
accelerated appearance of aging-related phenotypes (Ruzan-
kina et al., 2008). In this study, we discovered that hair graying,
the most obvious aging phenotype, can be caused by the
genomic damage response through stem cell differentiation,
which suggests that physiological hair graying can be triggered
by the accumulation of unavoidable DNA damage and DDR asso-
ciated with aging through MSC differentiation. The EPM found
in whisker follicles in aged wild-type mice (Figure 1X) is likely to
represent the population. Therefore, our findings support the
“stem cell aging hypothesis,” which proposes that DNA damage
inthe long-lived stem cell population can be a major cause for the
aging phenotype.

Then, what is the physiological role of stem cell differentiation
in response to excessive/irreparable DNA damage? As shown
schematically in Figure 7, genotoxic stress-induced EPMs
were all eliminated from the niche at late anagen. Removing
the damaged/stressed stem cells from the stem cell pool by trig-
gering their differentiation (as the first step) and the eventual
elimination of the differentiated damaged cells from the niche
(as the second step) may be essential for the quality control of
stem cell systems. The stemness checkpoint might be a key
protection mechanism of stem cells against cancer development
as well as a tissue-aging mechanism.

EXPERIMENTAL PROCEDURES

Animals
Dct-lacZ transgenic mice (a gift from lan Jackson, MRC) have been described
previously (Mackenzie et al., 1997). XPD mutant mice (a gift from Jan Hoeij-

Catagen

{\Jext Abbreviations: SC, stem cells; TA, transit-ampli-
hair cycle fying cells.
makers, EMC) (de Boer et al., 2002), p53-deficient mice (purchased from
Taconic through IBL Japan) (Donehower et al., 1992), INK4a/ARF-deficient
mice (obtained from the NCI Mouse Models of Human Cancers Consortium
[MMHCC]) (Serrano et al., 1996), MC1R*® mice (obtained from the Jackson
Laboratory) (Robbins et al., 1993), and Atm-deficient mice (a gift from Peter
J. McKinnon, St. Jude Children’s Research Hospital) (Herzog et al., 1998)
were crossed with Dct-lacZ transgenic mice, as described previously (Nishi-
mura et al., 2005). Additional details are provided in the Supplemental Data.

Whole-Body X-Ray Irradiation of Mice

Whole-body X-ray irradiation (IR) was performed using a Hitachi MBR-1520
(Hitachi Medical) operating at 50 kVp, 20 mA with a 2.0 mm Al filter and
a dose rate of 0.4 Gy/min. Mice were irradiated at 7-8 weeks old only after
confirmation that the skin had a light pink color that indicates that hair follicles
are synchronized at the telogen phase. One day after plucking the hair on the
dorsal skin, the mice were irradiated (Argyris and Chase, 1960). Irradiation was
carried out by placing each mouse in a thin-walled plastic box, after which the
animals received whole-body X-rays at dose levels of 1 to 7 Gy. For analysis of
the fate of MSCs in the 2nd or 3rd hair cycles, telogen hair depilation was per-
formed with a 30 day interval following the first depilation and the skin was
taken 5 days after the last telogen depilation.

Administration of DNA-Damaging Agents

After depilation was performed on the dorsal skin of 7-week-old mice, the mice
were subjected to subcutaneous injection of 40 mg/kg body weight Busulfan
(Wako Pure Chemicals), 4 mg/kg body weight Mitomycin C (Sigma-Aldrich), or
10 ml/kg body weight 1% hydrogen peroxide (Wako Pure Chemicals).

Immunohistochemical Analysis

Paraffin, frozen sections, and whole-mount B-galactosidase staining were per-
formed as previously described (Nishimura et al., 2002, 2005). Additional details
on the methods and antibodies used are provided in the Supplemental Data.

TUNEL Assay

For TUNEL staining (TdT-mediated dUTP-digoxigenin nick end labeling
technique), we used the “in situ cell death detection kit, Fluorescein” (Roche
Diagnostics). Signals were further amplified by Alexa Fiuor 488-conjugated
anti-fluorescein antibodies (Invitrogen).

Senescence-Associated B-Galactosidase Staining Assay

SA-B-Gal staining was performed on 10 pm-thick cryosections using the
“Senescence Cells Histochemical Staining Kit” (Sigma-Aldrich), following
the manufacturer’'s instructions.

Electron Microscopy
Twenty micrometer-thick frozen sections were prepared and stained in X-gal
solutionat 37°C for 12 hr. For electron microscopy, the sections were post-fixed
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in 1% osmium tetroxide for 30 min, stained with 1% uranyl acetate for 20 min,
dehydrated in a graded ethanol series, and finally embedded in epoxy resin.
Semi-thin sections were stained with toluidine blue and observed by light
microscopy. Ultra-thin sections were observed using a transmission electron
microscope (JEOL) at 80 kV.

SUPPLEMENTAL DATA

Supplemental Data include Supplemental Experimental Procedures and nine
figures and can be found with this article online at http://www.cell.com/
supplemental/S0092-8674(09)00374-2.
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Scleroedema adultorum associated with sarcoidosis

doi: 10.1111/5.1365-2230.2009.03423.x

Sarcoidosis is a systemic granulomatous disease of
unknown aectiology that displays a wide variety of skin
features including maculopapules, nodules, plaques, sub-
cutaneous nodules, infiltrative scars, and lupus pernio.’
We report a case of sarcoidosis with subcutaneous indu-
ration of the neck.

A 62-year-old Japanese man presented with a 6-
month history of asymptomatic, firm indurations on the
neck. He had first noticed these skin lesions after bilateral
symmetrical hilar lymph-node enlargement was found
during routine chest radiography. Transbronchial biop-
sies resulted in the histological identification of non-
caseating granulomas compatible with sarcoidosis. The
patient had no history of diabetes mellitus or preceding
infection.

On physical examination, symmetrical, hard, nonpitting
indurations of the skin were found on the posterior neck
(Fig. 1a). The patient’s general health was good.

Results of routine laboratory studies including angio-
tensin-converting enzyme and tuberculin response gave
normal results, and there was no evidence of monoclonal
proteinaemia. Computed tomography scans showed

.bilateral hilar lymphadenopathy but there was no other

lymphadenopathy noted.

Histological examination of skin-biopsy specimens taken
from the posterior neck revealed swelling of the dermal
collagen bundles without increase in fibroblast numbers,
and the subcutaneous fat had been replaced by collagen
fibres (Fig. 1b). A diagnosis of SA was made. Treatment
was started with steroid ointment or 9 months, but
without evident improvement.

SA is a rare disorder of unknown cause, but often
complicates diabetes mellitus. In such cases, the lesions are
usually limited to neck and upper back, and tend to be
persistent.” In contrast, in SA not associated with diabetes
mellitus, the lesions often spread to the face, trunk and
upper arms, but may spontaneously subside.>* However,
in spite of no obvious association with diabetes mellitus,
our patient had intractable induration distributed over
a localized area. Interestingly, in this case, development
of the skin lesion was coincidental with the diagnosis of
sarcoidosis. The clinical appearance was indicative of
scleroedema. There have been no previous reports of any
association between SA and sarcoidosis. Therefore, we first
suspected a subcutaneous form of sarcoidosis rather than
scleroedema. However, the histopathological findings con-
firmed a diagnosis of scleroedema.

Figure 1 (a) Symmetrical, hard, nonpitting induration on the posterior side of the neck; (b) inflammatory cell infiltration in the upper
dermis and swelling of collagen bundles in the lower dermis; (c) swelling of the dermal collagen bundles without any increase in fibroblast
numbers, and the replacing of subcutaneous fatty tissues by collagen fibres.
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Sarcoidosis is known to be complicated by a variety of
immunological diseases including malignant lymphoma,
autoimmune diseases and multiple myeloma, and scleroe-
dema is associated with infections, paraproteinaemia and
multiple myeloma. Some previous studies have shown an
increase in amounts of proal(I) collagen mRNA in both
sarcoidosis and scleroedema lesions.® Some common fac-
tors in the pathogenesis of two diseases might therefore be
involved in this patient.
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Table 2 Confounding factors in skin sensitivity testing

effect of reproductive hormones on skin disorders have been
somewhat hampered, however, by the fact that individual
patient sensitivity varies widely and by a body of research that
has employed diverse research parameters, such as dosage,
testing sites, concentration, vehicle of irritant delivery, and
method of assessment. Purther research, with strict attention
to standardizing experimental parameters and limiting com-
pounding factors, will help to elucidate the biochemical basis
for the observed effects of progesterone and oestrogen levels
on skin health. Dermatologists should be aware that the men-
strual cycle can affect the sensitivity of women to primary irri-
tants and can affect their allergic response.
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Autoantibodies against type XVII collagen
C-terminal domain in a patient with bullous
pemphigoid associated with psoriasis vulgaris

DOI: 10.111 1/}.1365—2133.2008.08961.x

SR, Bullous pemphigoid (BP) has been reported to develop
occasionally in patients with psoriasis vulgaris."? BP with pso-
riasis vulgaris is typically associated with autoantibodies
against type XVII collagen (Col17) with the main antigenic
16a (NClé6a)
domain.” We report the first patient with BP associated with
psoriasis vulgaris whose autoantibodies targeted the C-terminal
domain of Coll7. In addition, our patient also exhibited gas-
tric carcinoma, similar to other patients with BP in whom

site occurring within the noncollagenous

internal malignancies have been reported.

A 64-year-old Japanese man with 6-year history of psoriasis
vulgaris presented with an extensive eruption that had started
3 days previously with numerous pruritic, tense bullae on a
background of psoriatic plaques over his entire body
(Fig. 1a). Palmoplantar bullous lesions were also severe
(Fig. 1b) and there were erosions on his lips (Fig. 1c) but not
on the genital area nor on the oral mucosa. He had never
received psoralen + ultraviolet (UV) A (PUVA) or narrowband
UVB therapy.
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Fig 1. Clinical features. (a) Tense bullae and psoriatic plaques on the
back. (b) Bullae and cedematous erythema on the palms. (c) Erosion
on the lips.

Skin biopsies were taken from two psoriatic plaques, one
with and one without a blister. Histopathology of the first
biopsy showed subepidermal blistering with an abundant infil-
trate mainly of neutrophils and lymphocytes, and a small
number of eosinophils. Parakeratosis and regular acanthosis
were also seen around the roof of the blister (Fig. 2a). Histol-
ogy of the typical psoriatic plaque without a blister dem-
onstrated psoriatic-like regular acanthosis, parakeratosis, a
subepidermal neutrophilic abscess and limited eosinophilic
infiltration in the dermis (Fig. 2b).

Direct immunofluorescence (IF) from the specimen around
the blister revealed linear C3 and IgG deposits along the base-
ment membrane zone but no IgA or IgM deposits (Fig. 3a).
Indirect IF (IIF), using normal human skin as substrate, dem-
onstrated a high titre of circulating IgG autoantibodies against
the dermal-epidermal junction (> 1 : 160). IIF on 1 mol L™
NaCl-split skin revealed linear IgG deposition on both epider-
mal and dermal sides of the split (> 1 : 40) (Fig. 3b). Using
an enzyme-linked immunosorbent assay (ELISA) to measure
IgG against the NC16a domain of Coll17, the index value was
low at 12 TU (normal < 9). Immunoblot assays revealed that
the patient sera reacted with the recombinant C-terminal
domain of Col17° and with BP230 using human epidermal
(Fig. 3c). against the 290-kDa
epidermolysis bullosa acquisita (EBA) antigen, anti-p200
pemphigoid antigen, laminin 332 chains and recombinant
Col17 NC16a domain were not detected by immunoblot.

extracts Autoantibodies

Fig 2. (a) Subepidermal blister with an abundant infiltrate of
neutrophils and lymphocytes in a specimen from a bulla on the
psoriatic plaque. (b) Subepidermal neutrophilic abscess with
neutrophils in a specimen from a psoriatic plaque without bullae
(haematoxylin and eosin).

The patient also had the complication of gastric cancer
discovered through gastric fibrescope examination. Biopsy
revealed a carcinoma in situ. Computed tomography did not
show any metastases of this gastric cancer. We diagnosed our
patient as having BP with antibodies positive for the anti-
Col17 C-terminal domain, associated with psoriasis vulgaris
and gastric carcinoma. Administration of oral prednisolone

35 mg daily (0-5 mgkg™'

daily) improved skin and oral
involvement and he remained well controlled with predniso-
lone 10 mg daily. The gastric carcinoma in situ was removed
endoscopically.

It is widely thought that BP is a subepidermal autoimmune
blistering disease with autoantibodies against Col17 involving
the skin and mucosa. BP is particularly associated with auto-
antibodies to Coll7, with the major antigenic site being
within the extracellular NC16a domain. ELISA using NCléa
recombinant protein fragments is a valuable tool for the defi-
nite diagnosis of BP and for repeated, consistent monitoring
of disease activity. Recent studies, however, have demonstrated

© 2008 The Authors
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Fig 3. () Direct immunofluorescence from a specimen around the
blister revealed a linear IgG deposition along the basement membrane
zone. (b) Indirect immunofluorescence on 1 mol L™ NaCl-split

skin revealed a linear IgG deposition on both sides of the epidermal
and the dermal separation. (c) Immunoblot analysis using Col17
C-terminal recombinant protein. Lane 1, serum from a patient with
mucous membrane pemphigoid (PC); lane 2, normal control serum
(NQC); lane 3, the patient’s serum (Pt).

that the reactivity of BP sera is not restricted to the NC16a
domain.” It has been reported that 9% of BP sera do not react
with the NC16a domain in immunoblot analysis. Moreover,
in 20 cases of mucous membrane pemphigoid, nine sera rec-
ognized the NC16a domain, and three of the 20 sera reacted
with epitopes in either the mid-portion or the C-terminus of
Col17.?

IIF on 1 mol L™' NaCl-split skin revealed linear deposition
of antibodies to the C-terminal domain of Coll17 on only the
epidermal side but, in our case, IIF revealed deposition on
both epidermal and dermal sides of the split. We performed
immunoblot assays of autoantibodies against the 290-kDa EBA
antigen, anti-p200 pemphigoid antigen, laminin 332 chains
and recombinant Col17 NC16a domain, but all were negative.
In a previous report, antibasement membrane zone antibodies
reacting to both the dermal and epidermal sides were demon-
strated by IIF in 2% of cases of BP, and the C-terminal domain
of Col17 is present in the lamina densa under the lamina lucida,
so it is possible for antibodies to the C-terminal to react to
both epidermal and dermal sides in split-skin IIF.

© 2008 The Authors
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The combination of psoriasis with autoimmune subepi-
dermal bullous disease, for instance BP,'? linear IgA bullous
dermatosis®’ or EBA,® has been reported. Recently, especially
in the Japanese population, several cases of the combination of
psoriasis with anti-p200 pemphigoid have been reported.'>®
Autoantibodies to p200 protein were not detected in the pres-
ent case by immunoblot assay. To the best of our knowledge
there have not been any previous reports of patients with BP
associated with psoriasis vulgaris whose sera reacted with the
C-terminal domain of Col17. There have been several reports
on the association between BP and psoriasis vulgaris but the
pathogenic significance of this relationship is unknown. There
have been no reports which showed the association of other
diseases with antibodies to the C-terminal domain, and the
causal relationship is also not clear. PUVA or UVB therapy for
psoriasis may trigger the development of BP but our patient
had not received any PUVA or UVB therapy.'®

We have described the first case of psoriasis vulgaris with
BP autoantibodies against the C-terminal of Coll7 protein
which was successfully treated. We hope that any future cases
may shed more light on the pathomechanisms of this disease.
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Folliculosebaceous cystic hamartoma differen-
tiates toward the infundibulum, sebaceous
duct and sebaceous cells: immunohistochemical
study of keratins and filaggrin

DOI 10.111 1/j.1365-2133.2008.08964.){

S, Folliculosebaceous cystic hamartoma (FSCH) is a rare
cutaneous hamartoma with varying proportions of epithelial

components and mesenchymal overgrowth.! The epithelial
components consist of an infundibular cystic structure to
which mature sebaceous lobules are attached via sebaceous
ducts. The histogenesis of FSCH remains unclear.

We report a case of FSCH occurring on the nasolabial fold
in an elderly Japanese man. To determine the differentiation
of FSCH, we performed an immunohistochemical study of
keratins™® and filaggrin® (filament aggregating protein). To our
knowledge, this is the first report of FSCH with an immuno-
histochemical study of keratins and filaggrin. Since this tumour
was first described by Kimura et . in 1991,' about 30 cases
have been reported.’

A 78-year-old man presented with a 3-year history of a
slow-growing, pink-yellow, elastic hard, pedunculated asymp-
tomatic nodule 17 X 13 mm in size on the right side of his
nose. Specimens were fixed in neutral formalin, embedded in
paraffin and stained with haematoxylin and eosin. Serial sec-
tions were used for the immunohistochemical study. We used
10 antikeratin antibodies: 34BB4 [keratin 1 (K1)], LP5K (K7),
LP3K (K8), LHP1 (K10), LL022 (K14), LHK15 (K15), LL025

Fig 1. Haematoxylin and eosin staining. (a) The tumour in the dermis and was sharply demarcated from adjacent compressed fibrous tissue of
the surrounding dermis by prominent clefts. (b) ‘Folliculosebaceous units’, which consist of infundibular cystic structures, sebaceous duct-like
structures and hypertrophic sebaceous lobules, surrounded by lamellar fibroplasia. (c) Sebaceous duct-like structure. (d) Fibroepithelial unit.

© 2008 The Authors
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Bowen’s Disease of the Nail Matrix Presenting as Melanonychia: Detection of Human

Papillomavirus Type 56
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Sir,

Bowen’s disease (BD) is one of the most common pre-
malignant conditions of the skin. It can occur at any
location on the body, presenting as a reddish plaque
with scales. Rare cases of presentation as lesions on the
nail unit with longitudinal melanonychia have also been
described (2). Trauma, exposure to radiation, and intake
of arsenic have been cited as causative factors of BD
(1, 2). Recently human papillomavirus (HPV), in most
cases HPV type 16, has been implicated as another causal
agent of BD (1). We report here a case of BD presenting
as melanonychia on the nail matrix detected as HPV type
56 (HPV-56) (2, 3).

CASE REPORT

A previously healthy 41-year-old Japanese man pre-
sented with a 2-mm-wide black streak on the nail
and a 2-mm-wide, hyperkeratotic black macule on
the lateral nail fold of the right index finger, which
had been present for more than 2 years (Fig. 1). The
Hutchinson sign was not present. There was no evi-
dence of viral warts anywhere, including on the hands,
feet and genital region, and no dark streaks in the nails
ofhis other digits. Dermoscopic examination of the nail
plate revealed longitudinal black pigmentation with

Fig. 1. A black streak on the nail and hyperkeratotic black macule on the
lateral nail fold of the right index finger.

Acta Derm Venereol 89

parallel regular lines. Dermoscopic findings around
the nail revealed homogenous black pigmentation and
hyperkeratosis without vessels. A longitudinal exci-
sional biopsy of the nail bed and the proximal and
lateral nail fold was performed. Histopathological
findings revealed acanthotic epidermis with atypical
dyskeratotic keratinocytes (Fig. 2a). The nuclei of the
atypical cells were large, pleomorphic, hyperchromatic,
and bizarre mitotic. Many granules of melanin were
seen in the nail plate and the epidermis of the nail
bed without increases in the number of melanocytes
(Fig. 2b). The papillary dermis was not involved in
the malignant process. A diagnosis of BD was made.
Polymerase chain reaction (PCR) amplification for
DNA of HPV-6, 11, 16, 18, 30, 31, 33, 35, 39, 45, 51,
52, 56, 59, and 66 from the tissue of the lesion was
positive only for HPV-56.

DISCUSSION

In most cases of BD with HPV, the lesions present as
black papules in the genital region or as melanonychia,
and the HPV detected from the lesion is typically HPV-
16 (1). However, there is no information on the skin
phototypes of people involved in these cases. In recent
studies, however, HPV-56 has rarely been identified
from BD lesions. HPV-56 was first detected from cer-
vical intraepithelial neoplasia in 1989 (4); since then,
it has frequently been detected in cervical neoplasia,
in contrast to the low incidence of detection in normal
cervical tissues and condylomas. At present, HPV-
56 is included in the high-risk group or the mucous
membrane group. In 1999, the first case of BD in an
extra-genital area in which HPV-56 was detected was
reported (5), and in 2003 the first case of detection of
HPV-56 in the nail matrix with BD was reported (2).
Since then, only two other similar cases have been
reported (3). In all of these cases, the clinical features
showed regular pigmented streaks and histopatholo-
gical findings revealed many granules of melanin and
atypical keratinocytes with large, hyperchromatic and
bizarre mitotic nuclei.

In our case there were no control samples from match-
ed locations in the same individual and, to the best of
our knowledge, in others where HPV-56 has been found,
there have been no control samples. In other patients
with BD we examined who had no pigmentation, we
did not detect HPV-56.

© 2009 The Authors. doi: 10.2340/00015555-0723
Journal Compilation © 2009 Acta Dermato-Venereologica. ISSN 0001-5555
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Fig. 2. (a) Acanthotic epidermis with dyskeratotic and atypical keratinocytes. (b) Large, pleomorphic, hyperchromatic, bizarre mitotic nuclei of atypical
keratinocytes. Many melanin granules are seen in the nail plate and the epidermis of the nail bed. Haematoxylin and eosin (H&E) stain (a: x40, b: x400).

We hypothesize that HPV-56 is not only associated
with the pathomechanism of carcinogenesis in BD, but
that it is also a causative factor of pigmentation in this
disease.

The authors declare no conflict of interest.
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suggest that the SNP had no influence on the C5 synthesis.
Simnilar analyses in RA patients are needed to confirm this
observation.

In this study, the lack of association of the SNP G/A
(rs10818488)
concerning the contribution of complement in pemphigus

with pemphigus emphasizes the dilemma

pathogenesis.

In fact, complement was described as an effective mediator
in many studies based on cell culture detachment in the pres-
ence or absence of complement.2 However, extensive erosions
were obtained in CS5-deficient mice suggesting that acantho-
lysis could be complement independent.”

Further studies are needed to clarify if this polymorphism is
restricted to RA or associated with other autoimmune diseases,
where complement has a crucial role in disease pathogenesis,
such as systemic lupus erythematosus.'® Evaluating the associa-
tion of other SNPs in the TRAF1/CS region will be needed to
clarify their effect on the signalling cascade and to elucidate
their involvement in autoimmune diseases.
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Birt-Hogg-Dubé syndrome with clear-cell and
oncocytic renal tumour and trichoblastoma
associated with a novel FLCN mutation

DOL: 10.1111/j.1365-2133.2009.09134.x

Sir, Birt-Hogg-Dubé (BHD) syndrome is a rare autosomal
dominant syndrome characterized by skin hamartomas and
multiple renal tumours.”> FLCN (previously known as BHD) is
the responsible gene, encoding a folliculin, which is suspected
to be a tumour suppressor.® We report here a case of a Japanese
patient with BHD syndrome with a new mutation in exon 12 of
the FLCN gene, manifesting a trichoblastoma on the scalp and a
renal tumour with atypical histological features.

A 68-year-old Japanese man was transferred to our hospital
for further treatment of a cerebral infarction. From his early
years he had had copious papules all over his face and neck.
His mother and sister died from unknown renal disease. The
patient’s son also had similar papules since his early years.
The patient’s daughter had no such lesions. There was an
18 X 19 X 9 mm, dome-shaped, smooth-surfaced, greyish,

© 2009 The Authors

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

—611—



Correspondence 1351

Fig 1. (2) A tumour on the patient’s right parietal region. (b) A specimen from the tumour showed that the lesion was composed of multiple
nodules of basaloid cells arranged in a cribriform pattern with peripheral palisading, partly with follicular differentiation. In contrast to the pattern
of basal cell carcinoma, there was no cleft between tumour and stroma. (c) Computed tomography scans of the patient’s abdomen revealed
bilateral renal tumours (arrows). (d, e) Pathology of the renal cell carcinoma. The tumour was mainly composed of cells with clear to acidophilic
cytoplasm arranged in alveolar, tubular and focal papillary fashion, indicating conventional (clear-cell) carcinoma of the kidney (d). Focal
oncocytic areas were also observed in which round to oval tumour cells with granular acidophilic cytoplasm were organized into various-sized
nests within a loose fibrous stroma. The nuclei in the oncocytic area were uniform and round, with or without prominent nudleoli (e).

firm, hairless tumour on his right parietal region (Fig. la). from a facial papule showed a typical feature of fibrofolliculo-
We obtained a biopsy specimen from one of the facial papules ma. Specimens from the parietal tumour showed that the
and surgically excised the tumour on the head. A specimen lesion was composed of multiple nodules of basaloid cells

© 2009 The Authors
Journal Compilation © 2009 British Association of Dermatologists ® British Joumal of Dermatology 2009 160, pp1335-1362
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arranged in a cribriform pattern with peripheral palisading,
partly with follicular differentiation (Fig. 1b). We finally diag-
nosed this tumour as a trichoblastoma.

Computed tomography scans showed no pulmonary lesion,
but identified two enhanced heterogeneous masses in the
bilateral kidneys, the larger one (50 mm) was in the middle
portion of the left kidney, and the smaller one (5 mm) was in
the upper pole of the right kidney. The tumours were
enhanced in dynamic early phase and washed out in dynamic
parenchymal phase. These findings were consistent with renal
cell carcinoma. Further imaging studies detected no lymphade-
nopathy or metastasis, and the clinical diagnosis was left renal
cell carcinoma, TIbNOMO and right renal cell carcinoma,
T1aNOMO (Union Internationale Contre Cancrum) (Fig. 1c).
Initially, a laparoscopic left radical nephrectomy was per-
formed, because the tumour was very close to the renal pelvis
and partial nephrectomy was technically difficult. Macroscopi-
cally, the tumour in the left kidney was 50 mm in diameter
with a fibrous capsule and a mahogany-brown colour of its cut
surface with no haemorrhage or necrosis. A histopathological
examination revealed that the tumour was mainly composed of
cells with clear to acidophilic cytoplasm arranged in alveolar,
tubular and focal papillary fashion, indicating clear-cell carci-
noma of the kidney (Fig. 1d). Focal oncocytic areas were also
observed in which round to oval tumour cells with granular
acidophilic cytoplasm were organized into various-sized nests
within a loose fibrous stroma. The nuclei in the oncocytic area
were uniform and round, with or without prominent nucleoli
(Fig. le). Immunohistochemically, the tumour cells in the
clear-cell carcinoma area were positive for vimentin, but the
tumour cells in the oncocytic area were negative for vimentin
(not shown). This feature is compatible with oncocytoma. Nei-
ther capsular nor vascular invasion was seen. The right-side
tumour has been followed by imaging without therapy.

Total genomic DNA was extracted from the patient’s
peripheral blood leucocytes, and the segments of the FLCN
gene including all exons (4-14) were amplified and directly
sequenced. This mutation analysis finally detected a duplica-
tion of 7 bp (GTTCCAC) at codon 448 (c.1792-1798) in
exon 12 (Fig. 2). There was no similar mutation reported
in the Human Gene Mutational Database; therefore we suggest
that this is a novel mutation in the FLCN gene. No mutation
was detected in exon 11, a hot spot in previous mutation
analyses in Caucasian and Asian patients.*® This insertion led
to a premature termination codon 33 bp downstream from
the site of insertion. The patient’s daughter did not have this
mutation (not shown). Consent for gene analysis of his other
family members, including his son was not obtained.

This is the first reported case of a patient with BHD syn-
drome with trichoblastoma, not basal cell carcinoma.® The
kidney tumour consisted mainly of clear-cell carcinoma, with
oncocytoma and papillary renal cell carcinoma. The histologic-
al features were distinctly unusual and were different from
those of a hybrid oncocytic tumour, the most common renal
cell carcinoma in BHD syndrome, although clear-cell carci-
noma is part of the tumour spectrum.” A few cases of other

Codon No. 444 445 446 447 448 449 450 451 452

GCCGCACGTTCCACCCTCCACCCTGTG

Unaffected

CCTCCACCCTGTG
GCCGCACGTTCCAC A praCACCCTCCA

Affected . ‘ T q

Fig 2. Detection of a mutation in codon 448 (c.1792-1798dup-
GTTCCAC) in exon 12, a repeat of the preceding 7 bp in one allele,

resulting in unclear multiple chromatograms after the tract.

mutations in exon 12 have been reported previously. How-
ever, these cases do not seem to share apparent common clini-
cal features.*®'° There have been no reports of sporadic
trichoblastoma or basal cell carcinoma with mutations in the
FLCN gene. Further research is required to define the protein
structure and reveal its functionally active sites.

This case suggests that BHD syndrome is associated with a
variety of cutaneous hamartomas including trichoblastoma.
A new mutation in the present case of BHD syndrome may
be a crucial event in follicular differentiation and renal
carcinogenesis.
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LEF-1 expression in basal cell carcinomas
DOL: 10.1111/§.1365-2133.2009.09144.x

SR, Basal cell carcinomas (BCCs) are the most frequent
tumours of the skin, and are thought to arise from stem

Fig 1. B-catenin and LEF-1 expression patterns. Two patterns of B-catenin and LEF-1 expression were distinguishable in basal cell carcinoma.

(2, b) The invasive pattern of B-catenin (a) and LEF-1 (b) displayed an intense nuclear staining of the cells at the invasive margins and an absent

nuclear staining of the cells in the tumour centre. (c, d) The diffuse pattern exhibited positive nuclear B-catenin (c) and LEF-1 (d) tumour cells
on the periphery and positive cells in the tumour centre. Original magnification: (a~d) X 200.
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Analysis of Taiwanese ichthyosis vulgaris families further
demonstrates differences in FLG mutations between

European and Asian populations
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Background Mutations in the gene encoding filaggrin (FLG) were identified to
underlie ichthyosis vulgaris (IV) and also shown to predispose to atopic eczema.
Until now, no FLG mutations have been described in the Taiwanese population.
Objectives To elucidate filaggrin mutations in the Taiwanese population and fur-
ther to clarify the population genetics of filaggrin gene mutations in the Asian
populations.

Methods In the present study, 12 individuals from four unrelated Taiwanese IV
families were examined for FLG mutations. We carried out comprehensive
sequencing of the entire FIG coding region using an overlapping polymerase
chain reaction strategy.

Results We identified three FLG mutations in the Taiwanese IV families. One muta-
tion E1795X was a previously unidentified FLG mutation, which might be spe-
cific to the Taiwanese. Interestingly, another FLG mutation 3321delA is prevalent
in the Japanese population and the other mutation Q2417X was found in the
Singaporean Chinese population. No FLG mutation identified in the white Euro-
pean population was found in the Taiwanese population.

Conclusions The present findings suggest that the Taiwanese population, as an East
Asian group, share FIG mutations with both the Japanese and the Singaporean
Chinese population. In addition, these results exemplify differences in the popu-
lation genetics of filaggrin between Burope and Asia.

Ichthyosis vulgaris (IV; OMIM 146700) is a common inher-
ited skin disorder exhibiting scaling and dry skin that is partic-
ularly prominent on the extensor surfaces of limbs and the
lower abdomen, and is associated with palmoplantar hyper-
linearity.’™ Histologically, IV is characterized by a decrease in
the size and number or complete absence of keratohyaline
granules in the upper epidermis.’ Loss-of-function mutations
in the profilaggrin/filaggrin gene (FLG) which resides within
the epidermal differentiation complex on chromosome 1q21
have been identified as the cause of IV.? After establishment of
sequencing methods for the entire FLG coding region,* 22
nonsense or frameshift mutations in FLG have been reported
to date.® Most FLG mutations are specific to particular ancestral
groups, such as the white European,” Japanese®”’ and Singapo-
rean Chinese populations.®

In this study, we identified three FLG mutations in Taiwan-
ese IV families. One mutation E1795X was a previously

unidentified FLG mutation which might be specific to the Tai-
wanese population. The other two mutations were recurrent
mutations previously identified in the Japanese or the Singapo-
rean Chinese population, but not in the white European popu-
lation. These results exemplify differences in the population
genetics of filaggrin between Europe and Asia.

Materials and methods

Patients

In total, 12 individuals from four unrelated Taiwanese IV fami-
lies, designated families 1—4, were examined for FLG mutations
(Fig. 1). The diagnosis of IV was established from clinical fea-
tures of variable scaling on the extremities, dry skin, palmo-
plantar hyperlinearity, early onset and a positive family history.
These Taiwanese families had no traceable Japanese or

© 2009 The Authors
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Fig 1. FLG mutations in Taiwanese ichthyosis vulgaris (IV) families. (a) Fine scaling on the patients with IV in family 1. The proband (IlI-1)
showed a more severe IV phenotype than her father (II-1) and mother (II-2). (b) The proband of family 1 was a compound heterozygote for a
deletion mutation c.3321delA and a previously unidentified nonsense mutation ¢.5383G>T (E1795X). (c) Verification of the mutation E1795X by
BfaI restriction enzyme digestion: 467-bp fragments amplified from the mutant alleles are digested into 236-bp and 231-bp fragments, whereas
those from wild-type alleles are uncut. The polymerase chain reaction products from I-2, II-1 and III-1 (heterozygotes for E1795X) revealed two
bands, 467-bp and 236-bp/231-bp bands, because 236-bp and 231-bp products were detected as one overlapping band in this gel
electrophoresis. I-1, II-2 and III-2 had only wild-type alleles. (d) Family trees and FLG mutations in the IV families studied. Solid symbols refer to
the marked IV presentation; cross-hatched symbols refer to the milder IV presentation. In addition, three of 10 patients with IV had concomitant

dermatologist-diagnosed atopic eczema (*). wt, wild-type for FLG mutations.

European ancestry, and they were all from the southeast coast of
China. We performed a skin biopsy from the upper left arm of
the proband in family 4. Light microscopy and immunohisto-
chemical staining were performed as previously described® and
showed mild hyperkeratosis with a marked reduction in epider-
mal filaggrin expression compared with healthy individuals.

Mutation detection

Genomic DNA samples from peripheral blood cells of the
patients and their family members were analysed for filaggrin
mutations. The medical ethical committee at Hokkaido Univer-
sity Graduate School of Medicine and the Human Experiment
and Ethics Committee of National Cheng Kung University Hos-
pital approved all the studies. The study was conducted accord-
ing to the Declaration of Helsinki Principles. Participants or
their legal guardians gave their written, informed consent.

© 2009 The Authors

All samples from the four IV families were screened for the
six previously reported Japanese-specific mutations (3321delA,
S1695X, Q1701X, S2554X, S2889X and $3296X),%7"" as well
as the six mutations found in Singaporean Chinese (441delA,
1249insG, Q2417X, E2422X, 7945delA and R‘1-307X).8 FLG
mutations were studied by direct sequencing, fluorescent
polymerase chain reaction (PCR) and/or enzyme digestion
assays as described previously.

To identify further mutations, we carried out comprehen-
sive sequencing of the FLG gene using an overlapping PCR
strategy that allows routine diagnostic sequencing of the entire
filaggrin coding sequence.*

Results

We identified two recurrent mutations: 3321delA, previously
reported in the Japanese population, in three families (families
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