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Fig. 2 The mechanism and the cleavage site of epidermolysis bullosa. (Adapted with permission from Shimizu H: Shimizu’s Textbook of
Dermatology: Blistering and Pustular Diseases. Sapporo, Japan: Hokkaido University Press/Nakayama Shoten Publishers. 2007:203p.).

antigen 1 (BPAGle, BP230, also known as dystonin)
hemidesmosomal antigens.'>-!7 These two plakin protein
family members, plectin and dystonin, form critical links in a
continuous series of protein interactions bridging two distinct
transmembrane molecular systems of the outer HD plaque,
integrin a6B4!%'? and collagen XVII,2%2! also known as
180-kDa bullous pemphigoid antigen 2 (BPAG2) or BP180.

Immediately beneath the keratinocyte plasma membrane
lays an electron-lucent zone, the lamina lucida and an
electron-dense layer comprising a closely packed fibrous
network called the lamina densa.” Below the HD, there is a
thin electron-dense line termed the subbasal dense plate,
parallel to the plasma membrane that is visible in
approximately one-third of HDs, depending on the precise
orientation of the section.!%?? Traversing the lamina lucida
zone, subjacent to HDs, are thin anchoring filaments
apparently inserting into the lamina densa. Laminin 332,
one of the major epidermal laminins (formerly known as
Kalinin, laminin 5), is found on the border between the upper
lamina densa of HDs and lower lamina lucida at the base of

anchoring filaments, which may comprise collagen
XVIL>*2* Beneath the lamina densa, most of the collagen
VII molecules form semicircular loop structures called
anchoring fibrils in which the amino (N-) terminals of the
antiparallel collagen VII fibrils originate and terminate in the
lamina densa.’*52¢ In the dermis, anchoring fibrils may
enable the lamina densa to link or encircle dermal collagen
fibers or other components to provide basal lamina
anchorage to the underlying structures.

Ultrastructural findings of EB
Epidermolysis bullosa simplex

The three major subtypes of EBS—Dowling-Meara
(EBS-DM) (severe), other generalized (moderate), and the
localized (mild) type—are caused by keratin 5 or 14
mutations that result in an abnormal keratin network leading
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Fig. 3
simplex shows (A) separation has occurred within the cytoplasm of
the epidermal basal cells, which leads to intraepidermal blistering.
The arrowheads indicate the lamina densa. The cytoplasm of the
basal cells contains large vacuoles (asterisks) and show extensive
damage. (B) Aggregation of keratin fibers is seen in epidermolysis
bullosa simplex—Dowling-Meara (arrows).

Electron microscopic image of epidermolysis bullosa

to blister formation within the cytoplasm of the epidermal
basal cells (Figure 3A).>7-?® In EBS-DM, in addition to the
intraepidermal cleavage, clumping of degenerated keratin
fibers can be observed within epidermal keratinocytes
(Figure 3B).%°

Rare types of EBS, including EBS with muscular dystrophy
(EBS-MD) and EBS with pyloric atresia (EBS-PA), are caused
by plectin gene mutations.3*3> In EBS-MD and EBS-PA, the
split occurs around the level of the HD inner plaque within the
keratinocyte cytoplasm and is often associated with reduced
numbers of poorly formed hypoplastic HDs, with reduced
numbers of inner plaque and KIF association. -2

Junctional EB

JEB can be further divided into three subtypes: Herlitz
JEB, non-Herlitz JEB, and JEB with pyloric atresia.! All JEB
subtypes are inherited in an autosomal-recessive manner and
are characterized by blister formation in the lamina lucida.3¢

Herlitz JEB, the most severe type, is caused by a complete
absence of laminin 332.37-3° Non-Herlitz JEB is caused by
missense mutations leading to a reduction in functional
laminin 332 or complete absence of collagen XVIL37 JEB
with pyloric atresia is caused by a genetic mutation in the
integrin a6 or B4 subunits that are the main receptor for
ligand laminin 332 beneath HDs. 404!

Ultrastructurally, Herlitz JEB is characterized by wide-
spread epidermal separation through the lamina lucida or by
hypoplastic (small), or both, and a markedly reduced number
of HDs (Figure 4).522 In non-Herlitz JEB, HDs may appear
normal or reduced in size or number.%#2

Dystrophic EB

DEB is caused by mutations in the gene that codes
collagen VII, a major structural component of anchoring
fibrils that is essential for connecting the dermis and the basal
lamina and hence the epidermis.®** Subepidermal blister-
ing occurs in conjunction with reductions in anchoring fibril

Fig. 4 Electron microscopic image of junctional epidermolysis
bullosa (JEB) shows (A) a blister (asterisks) is present within the
lamina lucida, between the plasma membrane of the basal
keratinocytes (white arrowheads) and the lamina densa (black
arrowheads). (B) The hemidesmosomes are rudimentary and
reduced in number in Herlitz JEB.
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‘ F!g. 5 ' Electron mlcroscoplc imag ofdystrophw eplderrnolysxs
bullosa ‘shows (A) dlssocxatxon (asterxsks) immediately below' the
lamina densa (arrowheads). (B) Itis charactenzed by hypoplasm of
anchoring fibrils.

Fig. 6  Electron microscopic image of
(B) the skin of the KS patient has a th
in the KS patient’s skin, the hemi

numbers or with defects in normal anchoring fibril morphol-
ogy, or both (Figure 5).** The phenotype of autosomal-
dominant DEB (DDEB) is milder than that of recessive DEB
(RDEB).** The most severe subtype of RDEB, severe
generalized type, shows a severe reduction or lack of

‘expression of collagen VII, which ultrastructurally results in

rudimentary or absent anchoring fibrils (Figure 5).** By
contrast, in the milder RDEB phenotype, termed “generalized
other RDEB”, shows reduced or rudimentary-appearing
anchoring fibrils. In DDEB, anchoring fibrils are typically
seen as normal in appearance or slightly decreased in number.

Kindler syndrome

_Kindler syndrome has been added as a further, specific
subtype of EB, in the latest classification of EB.1#¢ Kindler
syndrome is inherited in an autosomal-recessive manner and
is characterized by trauma-induced blistering, poikiloderma

(skin atrophy and altered skin pigmentation), mucosal

inflammation, ‘and varying degrees of photosensitivity.*6
The pathogenesis of Kindler syndrome involves loss-of-

function mutations in a newly reco gnized actin cytoskeleton-

associated protein, now known as fermitin family homolog 1
and encoded by the gene FERMT1.%7 This protein has a role

_in controlling/activating B1 associated integrin cell adhesion

and may play a role in the linkage of the actin cytoskeleton to
Bl integrins and the extracellular matrix at sites of focal
adhesion. Whereas EB is caused by abnormalities in HD-KIF
cell attachment to the underlying basal lamina and dermis,
Kindler syndrome is caused by defective activation of focal
adhesion anchorage.*® Ultrastructural examination of Kin-
dler syndrome reveals a distinct disorganization below the

'syndror‘ne (KS) shows that (A) compared with the site-matched skin of healthy controls,
ner ep dermis resulting from fewer cell layers. (C) Ultrastructurally, along the dermal-epidermal junction
smosomes (HDs) appear normal (white arrow); however, there may be signs of epidermal separation within

 the basal keratinocyte (asterisks) or immediately below the lamina densa as dermal clefts (DC). A common finding is the reduplication of the
lamina densa (arrowheads) is seen in'the upper dermis. Dermal cleft formation can occur together with reduplication of the lamina densa.
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epidermal keratinocyte basement membrane exhibiting as
lamina densa reduplication with branching, folding, and
formation of loops and circles.*® Cleft formation can occur at
various sites along the ‘dermal—epidermal junction, the
largest and most common being below the lamina densa
(Figure 6).°° HDs and anchormg fibrils- typically appear
normal and with normal frequency, but there can be
concomitant dlsturbances in the KIF network

The role of electron m1croscopy in EB

Recent advances in genetic and IF techniques have
enabled us to diagnose EB more rapidly and with greater
accuracy regarding the  particular underlying genetic
defects.!> We cannot, however, sufficiently predict precise
clinical manifestations of each EB subtype using these

Fig. 7 :

techniques alone. Gene analysis cannot always precisely
predict EB disease severity from novel mutations; although
some successful genotype—phenotype correlations have been
reported.’!32 One reasori is that most cases of JEB and
RDEB are inherited in an autosomal-recessive manner and
are thus caused by compound heterozygous gene mutations;
therefore, it is usually difficult to assess the clinical
phenotype and function of each mutant protein derived
from different maternal or pateral mutations. Another
reason is that there may exist, as yet undiscovered, modifier
genes that influence EB disease severity, other than the
causative gene.>?

IF studies also have limited ability to assess disease
severity by measuring the expression level of particular
constitutive BMZ proteins, because the clinical severities of
EBS, DDEB, and parts of autosomal-recessive EB with

A case ofrecessi\‘/edyStrophic epidennolysis bullosa (EB) with missense mutation. (A) The patient exhibits a clinicel seven'ty similar

to the most severe subtype of recessive dystrophic EB (DEB), the severe generalized type. (B) Immunofluorescence staining for collagen VI

shows the expression level of collagen VII'is just slightly reduced for the severe manifestation. (C) The electron micrograph of the DEB
epidermal basement membrane zone. There are rudimentary-appearing anchoring fibrils, which are slightly reduced in number (arrow).

(D) Normal control of immunofluorescence staining for collagen VII. In this case, the clinical severity correlates with the morphology of each

mutant collagen VII anchoring fibril rather than the expression level.
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missense mutations correlate with the combined function of
the mutant proteins rather than the expression levels of both
wild-type normal or abnormal protein expression examined
by IF staining (Figure 7).°* In these cases, determination of
the precise molecular morphology of BMZ components
provides important clues to predict their clinical severities,
organ involvement, and overall patient prognosis. A careful
ultrastructural examination can thus provide some estimate
of EB clinical severity and disease progression, not only
from a quantitative ultrastructural analysis but also from a
morphologic examination. Taken together, we propose that
electron microscopic evaluation remains an important
technique acting as a bridge between genetic and
immunohistologic tests and has the ability to provide
extra diagnostic clues and subsequent beneficial practical
and clinical information for EB patients and their health
care providers.
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TO THE EDITOR

Mutations in FLG, the gene encoding
profilaggrin/filaggrin, are the underlying
cause of ichthyosis vulgaris (OMIM
146700) and an important predi-
sposing factor for atopic eczema (AE)
(Sandilands et al., 2007). FLG muta-
tions are also significantly associated
with asthma with AE mainly in the
European population (Rodriguez et al.,
2009; van den Oord and Sheikh, 2010).
The presence of population-specific
FLG mutations has been reported in
both the European and Asian races
(Nomura et al, 2007; Sandilands
et al., 2007). To clarify whether FLG
mutations are a predisposing factor for
asthma in the non-European popula-
tion, we initially studied 172 Japanese
AE patients (mean age, 24.8 £ 9.1 years)
and 134 unrelated Japanese control
individuals (healthy volunteers; mean
age, 27.9+6.0 years). All AE patients
had been diagnosed based on widely
recognized diagnostic criteria (Hanifin
and Rajka, 1980). The majority of AE
patients and control individuals were
identical to those in a previous study
(Nemoto-Hasebe et al., 2010). In this
AE cohort, 73 AE patients (mean age,
25.4£8.9 years) experienced compli-
cations with asthma. Furthermore, we
studied another Japanese asthma cohort
(137 patients; mean age, 58.2+16.9
years). Patients were considered asth-
matic based on the presence of recur-
rent episodes of =2 of the three
symptoms (coughing, wheezing, or
dyspnea) associated with demonstrable
reversible airflow limitation, either
spontaneously or with an inhaled short-
acting p2-agonist and/or increased
airway responsiveness to methacholine
(Isada et al, 2010). Fully informed
consent was obtained from the partici-
pants or their legal guardians for this

study. This study had been approved by
the Ethical Committee at Hokkaido
University Graduate School of Medi-
cine and was conducted according to
the Declaration of Helsinki Principles.

FLG mutation screening revealed
that 27.4% of patients in our Japanese
AE complicated with asthma case
series carried one or more of the eight
FLG mutations (combined minor allele
frequency of 0.151, n=146) (Table 1).
Conversely, 26.3% of Japanese AE
patients without asthma carried one or
more of the eight FLG mutations
(combined minor allele frequency of
0.147, n=198). The FLG variants are
also carried by 3.7% of Japanese con-
trol individuals (combined minor allele
frequency of 0.019, n=268). We found
that all compound heterozygous muta-
tions were present in trans by observing
transmission or haplotype analysis
(Nomura et al., 2007, 2008). There is
a statistically significant association
between the eight FLG mutations and
AE with asthma, and between the eight
FLG mutations and AE without asthma
(Table 1). Moreover, AE complicated
with asthma manifested in heterozy-
gous carriers of FLG mutations with an
odds ratio for AE and asthma of 9.74
(95% confidence interval 3.47-27.32),
suggesting a relationship between
FLG mutations and AE with asthma.

In the Japanese general asthma
cohort, 8.0% of the asthma patients
carried one or more of the eight FLG
mutations (combined minor allele fre-
quency of 0.04, n=274) (Table 2).
Whereas, of the Japanese patients with
asthma complicated by AE, 22.2%
carried one or more of the FLG muta-
tions (combined minor allele frequency
of 0.11, n=36). In contrast, 5.9% of
asthma patients without AE carried
one or more of the FLG mutations

Abbreviation: AE, atopic eczema
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(combined minor allele frequency of
0.03, n=238). There was a statistically
significant association between the
eight FLG mutations and asthma with
AE (Table 2). There was no statistically
significant association between the FLG
mutations and entire asthma patients,
nor between FLG mutations and asthma
without AE. We cannot exclude the
possibility that this lack of significant
association is due to the small number
of the patients included in this study.
We used the same control set for both
case-controlled studies. Thus, strictly
speaking, there is no independent
replication for the control group.

Recent meta-analysis revealed that
FLG mutations are significantly asso-
ciated with asthma in the European
population and there are especially,
strong effects observed for FLG muta-
tions for the compound phenotype,
asthma in addition to eczema (Rodri-
guez et al., 2009; van den QOord and
Sheikh, 2010). In contrast, there
appeared to be no association of FLG
mutations with asthma in the absence
of eczema (Rodriguez et al., 2009; van
den Oord and Sheikh, 2010).

This Japanese cohort has a comple-
tely different FLG mutation spectrum
from those in the European and the
North American populations. However,
our results clearly confirm the strong
association of FLG mutations with our
Japanese cohort of AE patients with
asthma complications, and the associa-
tion of FLG mutations and asthma
patients with AE complications, for the
first time outside Europe or North
America. Conversely, this study showed
no significant correlation between gen-
eral asthma patients and FLG muta-
tions, suggesting that atopic asthma
patients associated with FLG mutations
are a minority among general asthma
patients. The frequency of heterozy-
gous, compound heterozygous, and
homozygous FLG mutation carriers



observed in our Japanese controls was
only 3.7%, which was much lower than
that seen in European general popula-
tion, where it is approximately 7.5%.
This suggested that there may be further
mutations yet to be discovered in the
Japanese. As we have sequenced more
than 40 Japanese families with ichthyo-
sis vulgaris, there is now little possibi-
lity that further highly prevalent
mutations will be found in the Japanese
population. However, it is still possible
that there might be multiple, further
low-frequency FLG mutations discov-
ered in the Japanese population.
In addition, because of the relatively
small sample size of this genetic study,
further replication in association studies
will be required for FLG mutations and
asthma in Japan.

In our cohorts, serum IgE levels were
extremely high (median, 3141.91Uml™";
25th-75th  percentiles, 1276.0-9753.
0lUmI™") in AE patients with asthma
(n=73) in the AE cohort, compared with
that in total asthma patients (median,

156.01UmI™";  25"75th  percentiles,
71.05-441.451Uml™", n=137) in the
asthma cohort. These findings suggest
that extrinsic allergic sensitization might
have an important role in atopic asthma
pathogenesis. Recent studies hypothe-
sized skin barrier defects caused by FLG
mutation(s) allow allergens to penetrate
the skin, resulting in initiation of further
immune response and leading to the
development of systemic allergies, includ-
ing atopic asthma (Fallon et al., 2009). In
patients with asthma that also harbor FLG
mutations, we could not exclude the
possibility that the systemic effects of early
eczema might simply influence airway
responsiveness (Henderson et al., 2008).
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TO THE EDITOR
The Gram-positive bacterium Staphylo-
coccus aureus is an important pathogen
that causes various skin infections
(Miller and Kaplan, 2009). However,
healthy skin is usually not infected by
S. aureus, despite the high carrier rates
in the normal population (Noble,
1998). This suggests that the cutaneous
defense system has the capacity to
effectively control the growth of S.
aureus. There is increasing evidence
that antimicrobial proteins are impor-
tant effectors of the cutaneous defense
system (Harder et al., 2007). A recent
study reported that keratinocytes con-
tribute to cutaneous innate defense
against S. aureus through the produc-
tion of human B-defensin-3 (Kisich
et al., 2007). In addition 