anti-apoptotic effects on Abcal2™"~ ker-
atinocytes, we performed TUNEL stain-
ing of keratinocytes treated with AKT
inhibitor, which blocks AKT phosphor-
ylation (#124017; InSolution Akt Inhibi-
tor VIl, Calbiochem, San Diego, CA).
Abcal2™"~ keratinocytes incubated with
10 um #124017 AKT inhibitor showed a
notably greater number of TUNEL-posi-

Normal human skin

tive cells than both wild-type keratino-
cytes with AKT inhibitor and Abca12™"~
keratinocytes without AKT inhibitor (Fig-
ure 2). These results suggest that AKT
activation helps Abcal2™~ keratino-
cytes to avoid apoptosis. Furthermore,
mRNA and protein levels of peroxisome
proliferator-activated receptor (PPAR)-8
from Abca12™~ epidermis were shown
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to be significantly higher than those
from wild-type epidermis (Tagman
Gene Expression Assay, probe ID,
Mm00803184_m1, Mm99999915_g1,
Applied Biosystems, Carlsbad, CA;
anti-PPAR-8 antibody H-74, Santa
Cruz, Santa Cruz, CA; Supplementary
Figure S1 online), which suggests upre-
gulation of PPAR-3 as a candidate
pathway for AKT activation.

Herein, we have suggested that
apoptosis is involved in the pathome-
chanism of HI. Defective lipid transport
due to loss of ABCA12 function leads to
the accumulation of intracellular lipids,
including glucosylceramides and gang-
liosides (Akiyama et al., 2005; Mitsu-
take et al, 2010). Studies by Wang
et al. (2001) and Sun et al. (2002)
showed that the elevation of ganglio-
side levels leads to keratinocyte apop-
tosis. Thus, we are able to speculate
that the accumulation of gangliosides
leads to the apoptosis of Abcal2™~
keratinocytes, although the exact me-
chanism of apoptosis in Abcal2™~
keratinocytes remains unclear.

<

Figure 1. ATP-binding cassette transporter A12-
deficient keratinocytes show TUNEL-positive
nuclei and AKT activation. (a-d) In the harlequin
ichthyosis patients, the nuclei of the granular-layer
keratinocytes are condensed (b, white arrows) and
they show positive TUNEL labeling (d, white
arrows), although apoptotic nuclei are rare in the
normal human epidermis (a, c). Data shown are
representative of those from the two harlequin
ichthyosis patients. (e, f) Granular-layer keratino-
cytes of Abca12™/~ mice show more condensed
nuclei (f, white arrows) than those of wild-type
mice (e). (g) Granular-layer keratinocytes of
Abcal12™~ mice, a neonate (h) and an 18.5-day
embryo (j), show TUNEL-positive nuclei. No
TUNEL-positive cells are seen in the epidermis of
the control wild-type mice (g, i). Dotted lines
indicate the basement membrane. Nonspecific
staining is seen on the skin surface (white arrow-
heads). (k, 1) By immunofluorescence staining,
AKT activation (Ser-473 phosphorylated AKT;
green) is observed in granular-layer keratinocytes
of Abcal2™~ mice. (m, n) Immunofluorescence
staining for the Ki-67-proliferation marker shows
similar staining patterns of basal keratinocytes in
wild-type (m) and Abca?2™~ (n) samples. @a, b, e,
f; hematoxylin-eosin (H-E) stain. Bars of ¢, d, g, h,
i,j kI, mn=20um. Barsofa, b, e, f=5um.) (o)
Immunoblot analysis shows that levels of serine-
473-phosphorylated AKT (pAKT) in neonatal
epidermis and differentiated keratinocytes of
Abca12™~ mice are higher than those of
wild-type mice.
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Figure 2. Inhibition of AKT activation leads to apoptosis of Abca12~"~ keratinocytes. (a) Immunoblot
analysis indicates that the AKT inhibitor can inhibit AKT activation (phosphorylated AKT (pAKT)
synthesis) in differentiated keratinocytes. (b-e) TUNEL staining of keratinocytes cultured under high Ca?*
condition treated with/without the AKT inhibitor. Neither wild-type cells (b) nor Abca12™"" cells (c) are
TUNEL positive. Abcal2™"~ keratinocytes with the AKT inhibitor (#124017; 10 um) show many TUNEL-
positive nuclei (e), although only a small number of wild-type cells with the AKT inhibitor are TUNEL
positive (d). (Bars =20 pm.) (f) Percentage of TUNEL-positive keratinocytes. Abca2™"~ keratinocytes
with AKT inhibitor shows a significantly greater number of TUNEL-positive nuclei than wild-type
keratinocytes with/without the AKT inhibitor and Abca12™"~ keratinocytes without the AKT inhibitor.
(n=3, mean £ SD, *P<0.05).
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Although Abca12™~ granular-layer
keratinocytes show characteristics of
apoptosis, including condensed nuclei
and positive TUNEL labeling, they are
able to form epidermal stratification.
In several disorders involving keratino-
cyte apoptosis, e.g., toxic epidermal
necrolysis, the apoptotic epidermal
keratinocytes show not only TUNEL-
positive nuclei but also defective epi-
dermal stratification (Abe et al., 2003).
Thrash et al. (2006) reported that AKT1
activation is an essential signal for
keratinocyte cell survival and stratifica-
tion, by experiments with gene silencing
and three-dimensional cell cultures.
Thus, we hypothesized that the AKT
pathway might work as a compensatory
mechanism  against  apoptosis  in
Abcal2™~ keratinocytes. We have
clearly shown that AKT activation occurs
in Abcal2™~ granular-layer keratino-
cytes, which suggests that AKT activation
serves to prevent the cell death of
Abcal2™"~ keratinocytes. By immuno-
blot analysis using anti-AKT1/2/3
antibodies  (#2938/3063/3788,  Cell
Signaling), Abca12™"~ epidermis showed
expression of AKT1 and AKT2, but not
AKT3 (Supplementary Figure S2 online).
Compared with wild-type epidermis,
Abcal2™~ epidermis seemed to have
more AKT1 than AKT2. From our data
and the literature (Thrash et al.,, 2006),
we are able to speculate that AKTT is the
major isoform of phosphorylated AKT in
Abca12™"~ epidermis.

We have shown that PPAR-§ is a
candidate molecule in the upstream
of the AKT activation pathway in
Abca12™"~ keratinocytes. Di-Poi et al.
(2002) reported that PPAR-8 has an
anti-apoptotic role in keratinocytes
via transcriptional control of the
AKT1 signaling pathway. PPAR-3 also
regulates the expression of ABCAT12
(Jiang et al., 2008). From these studies,
we can speculate that upregulation
of PPAR-8 is in response to apoptosis
or decreased ABCA12 expression. To
ascertain the function of PPAR-3,
we performed the experiments using a
PPAR-3-specific antagonist (GSK0660,
Santa Cruz). Differentiated Abcal2™"~
keratinocytes treated with 1 pm GSK0660
for 48hours showed TUNEL-positive
nuclei, from which we are able to
speculate an anti-apoptotic role for



PPAR-8 in Abcal2™~ keratinocytes
(Supplementary Figure ST online). From
our studies and the literature (Di-Poi
et al., 2002), PPAR-8 has been shown to
have at least an anti-apoptotic role in
Abcal2™~ keratinocytes; however, it
remains unclear whether the upregula-
tion of PPAR-3 is in response to apoptosis
or decreased ABCA12 expression.

Furthermore, we have measured the
mRNA expression levels of other nucle-
ar hormone receptors, including PPAR-
o, PPAR-y, retinoic acid receptor-o,
liver X receptor-a, liver X receptor-B,
RXR-o, and RXR-y (Applied Biosys-
tems). The mRNA level of RXR-o from
Abcal2™~ epidermis was shown to be
significantly higher than that from wild-
type epidermis (Supplementary Figure
S1 online). The interaction between the
upregulation of RXR-oe and AKT activa-
tion in keratinocytes has not been
reported. However, Wang et al. (2011)
reported that RXR-oo ablation in the
epidermis enhances UV-induced apop-
tosis, which suggests that RXR-o has an
anti-apoptotic function in keratino-
cytes. Thus, upregulation of RXR-a
may also have an anti-apoptotic func-
tion in Abcal2™"~ keratinocytes.

In conclusion, the present data
suggest that keratinocyte apoptosis is
involved in the pathomechanisms of HI
and that the AKT signaling pathway
helps Abca12™" keratinocytes to sur-
vive during the keratinization process.
In light of this, activation of the AKT
signal pathway may be to our knowl-
edge, previously unreported strategy
for treating keratinization disorders,
including ichthyosis.

See related commentary on pg 1790
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TO THE EDITOR
Health-related quality of life (HRQL) is
commonly assessed by means of standar-

dized questionnaires and expressed in
domain and overall HRQL scores. An
important challenge is to interpret these

Abbreviation: HRQL, health-related quality of life
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scores correctly. What does a given score
really mean? Although there is no standard
approach, several methods exist to facil-
itate the interpretation of HRQL scores.
In a recently published study
(Prinsen et al., 2010), we identified
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Hydroxyurea (HU) is a hydroxylated derivative of urea
that has been recognized since 1960 as effective against
cancer (1). It is an inhibitor of cellular DNA synthesis,
and it promotes cell death in the S phase of the cell cycle
through inhibition of the enzyme ribonucleotide reductase
(2). The most common indications for HU therapy are
chronic myeloid leukaemia and other myeloproliferative
disorders (3, 4) such as essential thrombocythemia (5)
and polycythemia vera (PV) (6). Cutaneous side-effects,
such as alopecia, diffuse hyperpigmentation, scaling,
lichen planus-like lesions, poikiloderma, atrophy of the
skin and subcutaneous tissues, and nail changes, can
occur during the treatment with HU (7-9). The occur-
rence of painful leg ulcers represents another rare and
incompletely characterized complication that has been
described in patients with myeloproliferative diseases
receiving high-dose long-term HU treatment (10). While
the mode of action of HU on bone marrow elements is
well established, its effects on actively proliferating epit-
helial cells remain less described (11). Poor response to
traditional local and systemic therapy is a typical feature
of HU-induced leg ulcers, and discontinuation of the drug
is often required to achieve complete wound healing (6,
8). Cessation of the drug usually improves the skin ulcer;
although, in some cases, the ulcer remains and additional
therapies, such as skin grafting, are needed (12). We
report here the first case of a leg ulcer that recurred even
after discontinuation of HU treatment.

CASE REPORT

The patient was an 82-year-old Japanese male who had
been diagnosed with PV 9 years before and had been
treated only with phlebotomy and an anti-platelet agent
for several years. Due to splenomegaly and elevated
blood cell counts, HU therapy was started 3 years ago
at a dosage of 1 g daily for a month, followed by 1.0
or 1.5 g daily for 28 months. A good clinical response
was achieved. However, the patient developed painful
ulcers on the left second toe after two years of HU
treatment.

He visited our outpatient clinic and was diagnosed
with an HU-induced skin ulcer. HU was discontinued,
topical application of sulfadiazine silver was performed,
an oral antibiotic (cefdinir) was administered, and the
ulcer epithelialized. However, a new ulcer appeared on
the left lateral malleolar area 46 days after cessation
of HU and gradually enlarged in size. The patient was
admitted to our hospital for treatment of the ulcer.

© 2011 The Authors. doi: 10.2340/00015555-1048
Journal Compilation © 2011 Acta Dermato-Venereologica. ISSN 0001-5555

Examination revealed a 48 x 56 mm ulcer with yellow
necrotic tissue and marginal erythematous oedema
(Fig. 1). Laboratory examination revealed a white
blood cell count of 11.6x10%/ul, a platelet count of
64.2x10%1, and a red blood cell count of 5.07 x10%/pl.
Anti-nuclear antibody, anti-neutrophilic cytoplasmic
antibodies, anti-cardiolipin antibody, and cryoglobulin
were negative. A skin biopsy taken from the margin of
the ulcer demonstrated leukocytoclastic vasculitis in
the upper dermis (Fig. 2). A wound-healing strategy
of surgical debridement, intravenous prostaglandin E1
administration, and topical application of beta-fibroblast
growth factor, sulfadiazine silver and alprostadil alfadex
was started, and the ulcer began to epithelialize. After
4 months, re-epithelialization was complete. The PV
was treated with busulfan, achieving a good clinical
response.

DISCUSSION

HU is usually well tolerated and has low toxicity (1).
However, cutaneous adverse effects such as diffuse
hyperpigmentation, brown discoloration of the nails,
acral erythema, photosensitization, fixed drug erup-
tion, alopecia, and oral ulceration have been reported
(7-9). Stahl & Silber (10) first reported HU-induced
skin ulcers in 1985. Montefusco et al. (11) reported

Fig. 1. Left foot with an ulcer on the lateral malleolar area after two months
free of hydroxyurea administration. The ulcer was covered with yellow
necrotic tissue and surrounded by oedematous erythema.

Acta Derm Venereol 91
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Fig. 2. Histology of erythema on the margin of the ulcer (haematoxylin-eosin
staining). Fibrin deposition on the vascular wall and nucleic debris were
evident around small vessels (x100). (E: epidermis; V: blood vessels; N:
neutrophilic nuclear debris)

that, among 200 chronic myeloid leukaemia patients
treated with HU, 17 (8.5%) developed leg ulcers. Ho-
wever, they achieved complete resolution or significant
improvement after discontinuation of HU therapy (11).
HU-induced leg ulcer and complete resolution within
several months after drug discontinuation has also been
reported in other myeloproliferative disorder, such as
PV (6) and essential thrombocythemia (5). In those
cases, as in ours, most of the patients had been treated
with >1 g of HU per day for at least one year (8). In
the present case, the patient was treated with >1 g of
HU per day for 28 months. The ulcer occurred on his
lateral malleolus, which histologically showed leuko-
cytoclastic vasculitis. These features are consistent with
previous reports of HU-induced leg ulcer.

From previous reports, the pathogenesis of HU-
induced ulceration remains unclear and it may be
multifactorial. It has been postulated that ulcers may
be the result of: (i) interruption of microcirculation due
to leukocytoclastic vasculitis or arterial microthrombi
related to platelet dysregulation (13, 14); (i7) cumulative
toxicity in the basal layer of the epidermis through inhi-
bition of DNA synthesis (8); and (iii) repeated mecha-
nical injury in areas subject to trauma: a perimalleolar
area for instance (15).

In the case described here, a new ulcer developed
even after cessation of HU administration. As for the
pathogenic mechanism of recurrence, (i) interruption
of microcirculation could result from hyperviscosity
due to the elevated platelet count (as high as 100 x10%/1
in one measurement) (13, 14), although no thrombi
were observed histologically in the capillaries or small
vessels. (if) The direct cytotoxic effect of HU (8) may

Acta Derm Venereol 91

continue even after the withdrawal of the drug, and
it may inhibit the repair of (iii) small injuries in the
perimalleolar area: the one of the area susceptible to
physical trauma (15). These assumptions can be made
from the pathogenesis of HU-induced ulcer reported
previously (8, 13-15).

To our knowledge, this is the first report of recurrence
of HU-related leg ulcer after the discontinuation of
medication. The case suggests that it is important to pay
careful attention to recurrence even after cessation of
HU therapy. Precise, early treatment for microtraumas
and small ulcers should be administered to patients with
a long history of HU medication.
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Abstract

Background Mutations in the plectin gene (PLEC) generally lead to epidermolysis bullosa
simplex (EBS) associated with muscular dystrophy. It has been recently demonstrated that
PLEC mutations can also cause a different clinical subtype, EBS associated with pyloric
atresia (EBS-PA), which shows early lethality. Prenatal diagnosis (PND) of EBS-PA using
mutation screening of PLEC has not been described.

Objective This study aimed to perform DNA-based PND for an EBS-PA family.

Materials and methods The EBS-PA proband was compound-heterozygous for a paternal
¢.1350G>A splice-site mutation and a maternal p.Q305X nonsense mutation. Genomic
DNA was obtained from amniocytes taken from an at-risk fetus of the proband’s family.
Direct sequencing and restriction enzyme digestion of polymerase chain reaction products
from the genomic DNA were performed.

declare no conflicts of interest.

Results Mutational analysis showed that the fetus harbored both pathogenic mutations,

suggesting that the fetus was a compound-heterozygote and therefore affected with
EBS-PA. The skin sample obtained by autopsy from the abortus confirmed the absence of
plectin expression at the dermal—epidermal junction.

Conclusions This is the first successful DNA-based PND for an EBA-PA family.

Introduction

Epidermolysis bullosa (EB) comprises a group of discases
that are classified into four categories — EB simplex
(EBS), junctional EB (JEB), dystrophic EB, and Kindler
syndrome - depending on the depth of the dermal-
epidermal junction split.” The four categories are subcate-
gorized into minor subtypes, some of which show severe
prognosis and lead to early demise.

Prenatal diagnosis (PND) of lethal EB subtypes has been
performed for more than two decades. Electron micros-
copy and immunofluorescence analysis of fetal skin sam-
ples were the mainstay for PND of EB fetuses.* However,
morphologically based PND had technical difficulties and
abortion risks from the fetal skin biopsies. As the genes
responsible for EB have been indentified, DNA-based PND
has been available for many lethal EB subtypes.*?
Recently, other techniques such as immunofluorescence
analysis of villous trophoblasts,* preimplantation genetic

© 2011 The International Society of Dermatology

analysis’, and preimplantation genetic haplotyping® have
been described as useful for PND of EB.

Among the lethal EB subtypes, EB associated with
pyloric atresia (EB-PA) has been known to result from
mutations in the genes encoding either plectin (PLEC), or
a6 (ITGAG), or Bg integrin (ITGB4)." EB-PA can either
manifest as JEB with PA (JEB-PA) or EBS with PA (EBS-
PA) and is categorized as hemidesmosomal variant of EB.
EB-PA due to ITGA6 or ITGB4 mutations is generally
characterized by blister formation at the level of the lam-
ina lucida as JEB-PA, although skin separation within
basal keratinocytes has been described in a few cases.” In
contrast, it has been recently reported that another subset
of lethal EB-PA shows an intraepidermal level of cleavage
consistent with EBS, caused by mutations in the gene
encoding plectin (PLEC).”” To date, PND of EBS-PA
using mutation screening of PLEC has not been reported
in the literature. This paper describes the first DNA-based
PND for an EBS-PA family.

International Journal of Dermatology 2011, 50, 439-442
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Materials and Methods

The EBS-PA family

We previously reported this family with EBS-PA, in which the
first and second newborns exhibited the clinical features of
blistering and PA and died shortly after birth.” We then
identified the precise genetic abnormality in the family through
immunohistochemical analysis and genetic screening using the
candidate gene approach. PLEC mutation analysis of genomic
DNA from the parents and the proband demonstrated a
paternal ¢.1350G>A splice-site mutation and a maternal
p.Q305X nonsense mutation.” ¢.1350G>A was originally
described as ¢.1344G>A and corrected according to the latest
sequence information (GeneBank Accession No. NM_000445),
plectin isoform 1c.'® The parents were found to be
heterozygous carriers, and the proband was compound-
heterozygous (Fig. 1). The parents sought PND for a
subsequent pregnancy.

PND

Amniocentesis was performed at 16 weeks gestation. Genomic
DNA isolated from one-week-cultured amniocytes maintained in
Amniomax medium (Invitrogen, Carlsbad, CA, USA) was
subjected to polymerase chain reaction (PCR) amplification,
followed by direct automated sequencing using an ABI Prism
3100 genetic analyser (Advanced Biotechnologies, Foster City,
CA, USA). PCR ampilification of the PLEC gene exons 9 and 12
was performed using the following primers. Primers 5-GTCGCT
GTATGACGCCATGC-3 and 5-TGGCTGGTAGCTCCATC
TCC-3" were used for amplification of exon 9, producing a 387-
bp fragment. Primers 5-CCCACTCGCCTTAGGACAGT-3 and
5’-AAACCAACTCTGCCCAAAGC-3" were used for amplification
of exon 12, synthesizing a 428-bp fragment. PCR conditions
were five minutes at 94 °C for one cycle, followed by 38 cycles

(a)

§

i, A o \."’ s A o S
Father (I-1)

Normal

c.1350G >A
{
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of 45 seconds at 94 °C, 30 seconds at 57 °C or 60 °C, and
one minute at 72 °C. The genomic DNA nucleotides, the cDNA
nucleotides, and the amino acids of the protein were numbered
based on the latest sequence information (GeneBank
Accession No. NM_000445).

Written informed consent was obtained from the parents. PND
was approved by the Institutional Ethical Committee of Hokkaido
University Graduate School of Medicine. This study was
conducted according to the Declaration of Helsinki Principles.

Immunofluorescence analysis

Immunofluorescence analysis using a series of antibodies
against basement-membrane-associated molecules on cryostat
skin sections was performed as previously described.'’ Skin
biopsy was performed for the aborted fetus and a healthy
volunteer as the normal control. The following monoclonal
antibodies (mAbs) were used: mAb HD1-121 (a gift from

Dr K. Owaribe of Nagoya University) against plectin; mAb
GoH3 (a gift from Dr A. Sonnenberg of the Netherlands Cancer
Institute) against o6 integrin; and mAb 3E1 (Chemicon, CA,
USA) against p4 integrin.

Results

Mutation analysis of genomic DNA from amniocytes
showed both paternal c.1350G>A splice-site mutation
and maternal p.Q305X nonsense mutation (Fig. 2a).
These mutation data were briefly mentioned in our recent
paper on plectin expression patterns in patients with
EBS.** Each mutation was confirmed by restriction
enzyme digestion of PCR products. The c.1350G>A and
p-Q305X mutations resulted in the loss of a restriction
site for Hph I and Pst I, respectively (Fig. 2b). The prena-
tal molecular genetic diagnosis suggested that the fetus

Normal

p.Q?iOSX

Mother (1-2)

Heterozygous ¢.1350G>A Heterozygous Q305X

Figure 1 Family tree of the present case and the causative PLEC mutations. (a) The first and second newborns exhibited
clinical features typical of EBS-PA and died shortly after birth. The proband (the second newborn) is indicated by an arrow. (b)
The paternal splice-site mutation was a ¢.1350G>A transition at the end of exon 12. The maternal nonsense mutation was a
c.913C>T transition in exon 9, leading to the substitution of glutamine 305 with a nonsense codon (p.Q305X)
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(a)

c.1350G>A
|

Present case (II-3)
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(b)

428 bp
221bp
1 207 bp

Hph 1

Pst 1

Figure 2 Analysis of the plectin gene mutations in genomic DNA from amniocytes of a fetus at risk. (a) Mutation analysis of
genomic DNA from amniocytes shows both the ¢.1350G>A mutation in exon 12 and p.Q305X mutations in exon 9. (b) The
presence of the mutations was verified by restriction enzyme digestion. The paternal mutation abolished a recognition site for
the Hphl restriction enzyme. In the case of the normal allele, the 428-bp fragment was digested to 221 bp and 207 bp (lane
N), whereas in the case of the mutant allele, a 428-bp fragment resisted digestion in the PCR product (father: lane I-1; present
fetus: lane 1I-3). The maternal mutation also abolished a recognition site for the Ps¢I restriction enzyme. In the case of the nor-
mal allele, the 387-bp fragment was digested to 240 bp and 147 bp (lane N), whereas in the case of the mutant allele, a 387-
bp fragment resisted digestion in the PCR product (mother: lane I-2; present fetus: lane II-3)

GoH3 (a6 integrin)

Abortus
skin (I-3)

Normal
skin

(d) (e)

3E1 (B4 integrin)

HD1-121 (plectin)

()

Figure 3 Absence of plectin expression in the abortus. o6 integrin (mAb GoHj3) and B4 integrin (mAb 3E1) are expressed

in the abortus skin (a, b) and the control skin (d, e). Staining with monoclonal antibody for plectin (mAb HD1-121) shows
positive in the control skin (f) but negative in the skin of the abortus (c: blue frame). Note that the skin tissue from the abortus
was subject to degeneration before skin sampling. Thus, protein localization cannot be evaluated in the degenerated tissue.

Scale bar: 50 pm

was a compound-heterozygote and affected by JEB-PA.
The parents elected for the fetus to be terminated at
20 weeks gestation.

Immunofluorescence analysis showed that immunoreac-
tivity using the mAbs HD1-121 (plectin), GoH3 (a6 inte-
grin), and 3E1 (B4 integrin) was positive in the normal
control skin (Fig. 3d-f). The skin sample obtained from
the abortus tested positive for a6 integrin and B4 integrin
(Fig. 3a,b) but negative for plectin (Fig. 3¢).

© 2011 The International Society of Dermatology

Discussion

This is the first successful PND of plectin-deficient EBS-PA,
and the correct diagnosis was reconfirmed in the skin of
the abortus. Given the universal mortality of EBS-PA due
to PLEC mutations, there might be unreported PND cases
for this form of EB. The prognosis of plectin-deficient
EBS-PA is poor, and most patients commonly die
within the first year of life,”® as happened in the first- and
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second-born progeny in the present family. Fetuses at risk
of this condition are frequently terminated during preg-
nancy, and DNA-based PND plays an important role in
prohibiting unnecessary termination of healthy fetuses at
risk. Due to the recent elucidation of the causative genetic
defects for genetic skin disorders, it has become possible to
make DNA-based PND for severe genodermatoses by sam-
pling of the chorionic villus or amniotic fluid in the earlier
stages of pregnancy with a lower risk to fetal health and
with a reduced burden on the mothers.

Plectin, a component of the hemidesmosome inner
plaque, is involved in the attachment and crosslinking of
the cytoskeleton and intermediate filaments to specific
membrane complexes.'® It has been described that EBS
associated with muscular dystrophy (EBS-MD) results
from PLEC mutations.*®*’ Mutations in the rod domain
of PLEC are known to cause EBS-MD.**#*5 In addition,
recent reports have confirmed that some PLEC mutations
also lead to EBS-PA.7®*3 One alternative splice PLEC
mRNA transcript that lacks exon 31 encoding the central
core rod domain was identified in rat tissues.*® By
plectin-domain-specific reverse transcriptase-PCR, expres-
sion of this rodless alternative spliced form was confirmed
in human keratinocytes."”” Recently, our group demon-
strated that loss of the full-length plectin with main-
tenance of the rodless plectin leads to EBS-MD, whereas
complete loss or marked attenuation of full-length and
rodless plectin expression underlies the EBS-PA pheno-
type.'* The present family further supports the hypothesis
that homozygotes or compound-heterozygotes for muta-
tions that cause plectin truncation outside the rod domain
show the EBS-PA phenotype.

In summary, this is the first report of DNA-based PND
of EBS-PA. EBS-PA has now been added to the list of severe
genodermatosis for which DNA-based PND is feasible.
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Letter to the Editor

New insight into genotype/phenotype correlations in ABCA12
mutations in harlequin ichthyesis

Harlequin ichthyosis (HI) is a severe and often fatal congenital
ichthyosis with an autosomal recessive inheritance pattern [1]. The
clinical features include thick, plate-like scales with ectropion,
eclabium and flattened ears. ABCA12 mutations underlie HI [2,3]
and it was clarified that Hl is caused by severe functional defects in
the keratinocyte lipid transporter ABCA12 [2]. To date, various
ABCA12 mutations have been reported in Hl patients [4]. However,
genotype/phenotype correlations in ABCA12 mutations have been
poorly elucidated. In order to obtain clues to understand genotype/
phenotype correlations in ABCA12 mutations, we report two Hl
patients from two independent Japanese families, who were
compound heterozygotes for ABCA12 mutations.

Patient 1 is the second child of healthy, unrelated Japanese
parents. The skin of the baby girl was covered with white, diamond
shaped plaques at birth (Fig. 1a). After therapy with oral retinoids
and local application of white petrolatum, in a humid incubator,
the scales gradually detached and passive and spontaneous
mobility of the joints increased. Now at the age of 1 year and 7
months, her general condition is good, although she still has white
to grey scales on a background of erythematous skin over her
entire body. Patient 2 is the fourth child of healthy, unrelated
Japanese parents. Her older brother had a history of congenital
ichthyosis and died in early infancy. The skin of the newborn
showed serious symptoms with thick, white, diamond shaped
plaques, partly bordered by bleeding fissures (Fig. 1c). Although
she had therapy with oral retinoids and local application of white
petrolatum, in a humid incubator, her clinical symptoms failed to
show any apparent improvement and she died when she was 5
months old.

Skin biopsies showed thick stratum corneum in both patients
(Fig. 1d-g). In Patient 2, parakeratosis was observed in the
epidermis and a sparse inflammatory cell infiltration was seen in
the superficial dermis (Fig. Te inset). Electron microscopy (Hitachi,
Tokyo, Japan) revealed a large number of abnormal, variously sized
lipid droplets that accumulated in the cornified cells of both
patients’ epidermis.

Mutational analysis of ABCA12 was performed in both patients
and their families. Each genomic DNA sample was subjected to PCR

amplification, followed by direct automated sequencing. Oligonu-
cleotide primers and PCR conditions used for amplification of all
exons 1-53 of ABCA12 were originally derived from the report by
Lefévre et al. [5] and were partially modified for the present study.
The entire coding region including the exon/intron boundaries for
both forward and reverse strands from the patients, their parents
and 50 healthy Japanese controls were also sequenced. Both
patients had the same paternal novel nonsense mutation
p.Arg1515X (Fig. 1h) which leads to truncation of the first ATP-
binding cassette within ABCA12 likely resulting in ABCA12 loss of
function (Fig. 2a). On the other allele, Patient 1 had a maternal
recurrent splice acceptor site mutation ¢.3295-2A>G (Fig. 1h). This
splice site mutation was reported in an unrelated Japanese family
with Hl and was shown to lead to comparable amounts of 2 splice
pattern variants [2]. The first mutant transcript would resultina 3
amino acids deletion (1099_1101delYMK). These 3 amino acids are
located in the first transmembrane domain and are highly
conserved (Fig. 2b). The second mutant transcript lost a 170-bp
sequence from exon 24, which led to a frameshift. Expression of a
small amount of ABCA12 protein, although mutated, was detected
in the granular layer keratinocytes of the patient’s epidermis and
cultured keratinocytes by immunofluorescent staining [2]. Thus, it
is possible that Patient 1 expresses some mutated ABCA12 protein
with a partial function. This might be the reason why Patient 1
survived beyond the perinatal and neonatal period and is still alive
although this might also be in part due to the prompt oral retinoid
treatment.

Patient 2 carried a maternal missense mutation p.Gly1179Arg on
the other locus (Fig. 1h). To confirm the presence of the mutation
p.Gly1179Arg in Patient 2, we performed restriction enzyme
digestion analysis using Bcll (NEW ENGLAND Biolabs). Restriction
enzyme digestion of PCR products was carried out according to the
manufacture’s protocols. The 255-bp PCR products from wild type
alleles were not digested by Bcll, although the PCR products from the
allele with the mutation p.Gly1179Arg were digested into 173- and
82-bp fragments. The father's PCR product after Bcll digestion
showed a single 255-bp band, which indicated he had only normal
alleles. In contrast, the PCR product after Bcll digestion from the
mother of Patient 2 showed 255-, 173- and 82-bp bands, which
indicated that she was heterozygous for the p.Gly1179Arg missense
mutation (supplementary Fig. S1). This mutation was reported in a
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Fig. 1. (a-c) Clinical features of Hl patients. Patient 1 showed the typical clinical phenotype of Hl during the neonatal period, including the face and trunk (a). Her clinical symptoms
remarkably improved at 7 months of age (b). Patient 2 showed more serious symptoms with thick plate-like scales and skin fissures in the neonatal period (c) and lived until the age
of 5 months. (d-g) Histological features of the skin lesions of HI patients. Skin biopsies showed thick stratum corneum in both patients. Bars, 50 pm (d and e). In Patient 2,
parakeratosis were observed (e, inset). By electron microscopy, abnormal variously sized lipid droplets had accumulated in the cornified cells of both patients’ epidermis. Bars,
200 nm (f and g). (h) Families with HI and ABCA12 mutations. Patient 1 was a compound heterozygote for two ABCA12 mutations, a novel nonsense mutation p.Arg1515X and a
recurrent splice site mutation ¢.3295-2A>G, and both her parents were heterozygous carriers. Patient 2 harboured two ABCAI2 mutations, p.Arg1515X and p.Gly1179Arg, and
both her parents were heterozygous carriers of these defects.
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p.Gly11794rg
{ezon24)

€.3295.24>G
(intron23) ;

Homo sapiens

Ratius norvegivs YYEKDLRL

Muss musculus YYEKDLRUHE YIMMGYNSCSHF

Guallus gallus VOEKDLRLYEAIMMGYNASSHF

Dasio revia VHERELRLHE VHIMUGVNP TSHF
p.Gly117%4rg

Homo sapiens 1165 ISYFFNNTNIAALIGSLIYITAFFPFIVE1193

Ratius norvegius ISVFFNNTNIAALIGSLIYVIARFPFIVL

Mus musculus TSVFFNNTNIAAL IGSLIYVIAFFPFIVL

Gallus gallus TSYFFNNTNLAALVESLYYILTFFPFIVL

Danio rerio VSSFFOKTNIAGLSASLIYVISFFRRTVL

Fig. 2. (a) Structure of ABCA12 protein and the three mutations in present HI
families. Dark blue area, cell membrane; bottom of dark-blue area, cytoplasmic
surface. Note the mutation shared between the two patients is a truncation
mutation in the first ATP-binding cassette (p.Arg1515X). The other mutation in
Patient 2 is just a missense mutation in the first cluster of transmembrane domains
(p.Gly1179Arg). (b) ABCA12 amino acid sequence alignment shows the level of
conservation in diverse species of the amino acids, 1099_1101delYMK and
p.Gly1179Arg (red characters).

Laotian family [6]. The glycine 1179 is a highly conserved amino acid
residue (Fig. 2b) located in the first transmembrane ABCA12 domain
(Fig. 2a), and this mutation substitutes an uncharged polar glycine
residue for a positively charged arginine residue. The presence of
these mutations was excluded in 100 alleles of 50 normal unrelated
Japanese individuals.

Determinants of genotype/phenotype correlations resulting
from ABCA12 mutations, typically demonstrate that homozygotes
or compound heterozygotes with truncation ABCA12 mutations
lead to an HI phenotype. Only a few exceptional cases have been
reported such as the present case. The mutation p.Gly1179Arg
might result in major loss of ABCA12 function and/or structure,
leading to the severe phenotype in Patient 2.

Recently, long-term survival of patients with Hl has been more
frequently observed and documented [7,8]). The clinical symp-
toms of Patient 1 showed a remarkable improvement during
infancy. In contrast, the symptoms of Patient 2 did not improve,
and she died at the age of 5 months. The marked difference in the
clinical severity of the two patients indicated that the
p.Gly1179Arg has far bigger deleterious functional effects than
¢.3295-2A>G. The present study clearly demonstrates that some
missense ABCA12 mutations within highly conserved transmem-
brane regions are able to cause drastic changes in protein
structure and function, leading to severe phenotypes, similar to
truncation mutation patients. Further accumulation of similar
cases is needed to confirm genotype/phenotype correlation in

ABCA12 mutations, especially in studies involving missense
mutations underlying HI.
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Abstract: Junctional epidermolysis bullosa associated with pyloric
atresia (JEB-PA) is one of the most severe inherited skin diseases,
characterized by generalized blister formation and occlusion of the
pylorus at birth. Most JEB-PA patients have mutations in the gene
encoding 4 integrin (ITGB4). No recurrent mutations in ITGB4
have been described as having founder effects. We collected three
JEB-PA families with ¢.1938delC in ITGB4. Haplotype analysis
using single nucleotide polymorphism markers throughout ITGB4
suggested one rare haplotype (2.8% of the Han Chinese and
ethnic Japanese populations) in all alleles with ¢.1938delC. The

parents of one of the three families sought prenatal diagnosis for a
subsequent pregnancy. We succeeded in performing prenatal
exclusion of JEB-PA using the foetal genomic DNA. Our study
clearly demonstrated that recurrent c.1938delC in ITGB4 is a
founder mutation in JEB-PA patients, and that genotyping of the
mutation can be utilized for prenatal diagnosis of JEB-PA.

Key words: basement membrane zone - haplotype analysis ~ single
nucleotide polymorphism
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Background

Recurrent mutations in a population might be explained by foun-
der effects, in which the mutant alleles of a few ancestors spread
in the population because of limited gene pool, genetic drift and
healthy carrier migration (1).

Epidermolysis bullosa (EB) comprises a group of disorders
characterized by congenital skin fragility. EB has been classified
into EB simplex, junctional epidermolysis bullosa (JEB), dystro-
phic EB and Kindler syndrome (2-4). JEB is subclassified into
three clinical subtypes: Herlitz JEB, non-Herlitz JEB and JEB with
pyloric atresia (JEB-PA). JEB-PA is characterized by generalized
blistering and occlusion of the pylorus at birth, which usually leads
to early demise (5). Mutations in the gene encoding 26 (ITGA6)
or the f4 integrin subunit (ITGB4) are responsible for JEB-PA
(6,7). Most patients with JEB-PA have mutations in ITGB4 (8).
No frequent prevalent mutations have been noted, except in the
Hispanic population, where ¢.1802G>A (p.Cys601Tyr) is present
on five of 10 alleles of JEB-PA patients (9).

Here, we have collected three JEB-PA families, in which
¢.1938delC in ITGB4 is present. Haplotype analysis revealed
¢.1938delC as a founder mutation in JEB patients. Based on these
data, we successfully performed prenatal exclusion of JEB-PA with
this mutation.

Experimental design

Patients

Three unrelated non-consanguineous Japanese families (A, B and
C) with JEB-PA in this study are summarized in Fig. Sla. Family
A and B originate from Shikoku Island in Japan and family C is
from other part of the country. A-1 and B-1 are newly identified
JEB-PA patients. They died of disseminated intravascular coagula-
tion 1 and 2 months after birth, respectively. Immunofluorescence
study of skin specimens from both of the patients showed the
absence of f#4 integrin and weak expression of a6 integrin subunits
(data not shown). Immunostaining for laminin 332, type IV colla-

gen, type VII collagen, type XVII collagen, plectin and BP230

revealed normal linear labelling patterns (data not shown). C-2 is
a patient with non-lethal variant of JEB-PA. The case description
and mutational data of C-2 have been reported previously (10).
Mutation detection

Genomic DNA (gDNA) was extracted from blood cells of the pro-
bands and their parents. Mutation detection was performed after
polymerase chain reaction (PCR) amplification of all exons and
intron-exon borders of ITGB4, followed by direct sequencing
using an ABI Prism 3100 genetic analyzer (Advanced Biotechnolo-
gies Inc., Columbia, MD, USA) (11-13). The genomic DNA nu-
cleotides, the complementary DNA nucleotides and the amino
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acids of the protein were numbered based on the following
sequence information (GenBank accession No. NM_000213).
Haplotype analysis

To determine whether c.1938delC is a founder mutation, we per-
formed haplotype analysis of three JEB-PA families. We con-
structed linkage disequilibrium (LD) blocks containing ITGB4
using genotype data from the HapMap database (International
HapMap Consortium, 2005). The haplotype structure with its tag-
single nucleotide polymorphisms (SNPs) was determined using
Haploview (14). We genotyped 15 tag-SNPs (Fig. S1b) using the
ABI Prism 3100 genetic analyzer (Advanced Biotechnologies Inc.).
Prenatal diagnosis

We performed prenatal diagnosis of a foetus (A-2) at risk for JEB-
PA from family A. A total of 30 ml of amniotic fluid was obtained
under ultrasound guidance at 16 weeks’ gestation. Foetal DNA
was extracted from fresh cells from 10 ml of amniotic fluid. Geno-
mic DNA isolated from amniotic fluid cells was subjected to poly-
merase chain reaction (PCR) amplification, followed by direct
automated sequencing as described. The mutation site was
sequenced using both forward and reverse strands and verified by
Pmlil (New England Biolabs Inc., Beverly, MA, USA) enzyme
digestion of the PCR products.

The medical ethical committee of Hokkaido University and
National Center for Child Health and Development approved all
described studies. The study was conducted according to Declara-
tion of Helsinki Principles. Participants gave their written
informed consent.

Results

Recurrent ¢.1938delC in ITGB4

ITGB4 mutation analysis revealed that A-1 was homozygous for
¢.1938delC (Fig. 1c). The father and mother of A-1 were heterozy-
gous for c.1938delC (Fig. 1a, b). B-1 was heterozygous for paternal
c.1938delC and maternal ¢.4050_4057del (data not shown).
¢.1938delC was previously described in a patient with non-lethal
variant of JEB-PA who is compound heterozygous for c.1938delC
and c.2168C>G (p.Pro723Arg) (C-2) (10). c.4050_4057del was
also reported in a JEB-PA patient who is compound heterozygous
for ¢.4050_4057del and c.3434delT (12).

Founder effects of c.1938delC

The haplotype structure containing ITGB4 was constructed using
genotype data from the HapMap database (Fig. Sib, ¢). The
haplotype block was represented by 16 haplotypes with >2%
frequency (Fig. S1b, ¢). The chromosome containing c¢.1938delC
in A-1 and B-1 had haplotype XI (GGGACGGGCGTCACC),
which is seen in 2.8% of the Han Chinese and ethnic Japanese
populations. The chromosome containing ¢.1938delC in C-2
might have had this haplotype although the phase was not
determined.

Prenatal exclusion of JEB-PA

Direct sequencing of PCR products from the foetal gDNA (A-2)
revealed the presence of ¢.1938delC in one allele and wild-type
sequence in another allele (Fig. 1d). To confirm the results of

Letter to the Editor

Figure 1. Prenatal diagnosis of junctional epidermolysis bullosa with pyloric atresia
(family A). (a—e) Direct sequencing of /TGB4. The parents were heterozygous for
€.1938delC in /TGB4 (a, b). A-1, the proband, was homozygous for that mutation
(). A-2, the foetus, was found to be a heterozygous carrier (d). A cytosine at
cDNA position 1938 in normal control is underlined (e). Arrows indicate a deleted
cytosine in /TGB4 sequence. (f) Pmil restriction enzyme digestion of the PCR
products from the family members’ genomic DNA. ¢.1938delC results in the loss of
a site for Pmil. Pmil restriction enzyme digestion of the PCR products from normal
control reveals 195- and 90-bp bands. Only a 285-bp band is observed in A-1 (the
proband), who is homozygous for ¢.1938delC. In contrast, 285-, 195- and 90-bp
bands are detected in the father, mother and A-2, suggesting that they are
heterozygous for ¢.1938delC.

direct sequencing, we performed restriction enzyme analysis.
¢.1938delC was found to result in the loss of a restriction enzyme
for Pmlil. The PCR product from the proband (A-1) after Pmll
digestion revealed a 285-bp band, which indicated that she was
homozygous for c.1938delC (Fig. 1f). In contrast, the PCR prod-
uct from the parents and the foetus (A-2) after Pmlil digestion
showed 285-, 195- and 90-bp bands, which indicated that they
were heterozygous for ¢.1938delC (Fig. 1f). Haplotype analysis of
this family using microsatellite markers excluded maternal con-
tamination of foetal cells (data not shown). These results predicted
that the foetus would not be affected, and the pregnancy was con-
tinued. A neonate was born at full term in good health with com-
pletely normal skin.

Conclusions

There are no recurrent ITGB4 mutations that have been demon-
strated to have founder effects in JEB-PA patients. Our study
detected recurrent ¢.1938delC in ITGB4 and revealed this to be a
founder mutation in JEB-PA patients.

DNA-based prenatal testing of JEB-PA has been described (15~
18). Our study has demonstrated the successful prenatal exclusion
of JEB-PA with ¢.1938delC through mutation analysis of the foetal
genomic DNA.

In summary, our study identified a founder ¢.1938delC in
ITGB4 and showed that this mutation can be applied for prenatal
diagnosis of JEB-PA.
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Abstract: Leishmaniasis is a parasitic disease affecting ~12 million
people. Control of infection (e.g. in C57BL/6 mice) results from
IL-12-dependent production of IFNy by Th1/Tcl cells. In
contrast, BALB/c mice succumb to infection because of
preferential Th2-type cytokine induction. Infected dendritic cells
(DC) represent important sources of IL-12. Genetically
determined differences in DC IL-1a/f production contribute to
disease outcome. Whereas the course of disease was not
dramatically altered in IL-1RI™™ mice, local administration of
IL-1a to infected C57BL/6 mice improved disease outcome. To
definitively elucidate the involvement of IL-1 in immunity against

leishmaniasis, we now utilized IL-1a/f-double-deficient C57BL/6
mice. C57BL/6 mice are believed to be a good surrogate model
for human, self limited cutaneous leishmaniasis (CL). Leishmania
major-infected IL-10/, B’ mice were resistant to experimental CL
comparable to controls. In addition, DC-based vaccination against
leishmaniasis in C57BL/6 mice was independent of IL-1. Thus, in
Leishmania-resistant C57BL/6 mice, IL-1 signalling is dispensable
for protection.

Key words: IL-1 — dendritic cells ~ L. major
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Background

Leishmaniasis is a parasitic disease transmitted by the bite of a sand
fly. The disease ranges from cutaneous leishmaniasis (CL) to vis-
ceral leishmaniasis and ~12 million people are affected worldwide
(1). In murine experimental leishmaniasis, control of infection
results from IL-12-dependent production of Th1/Tcl-derived IFNy
that activates infected macrophages (M®) to eliminate parasites
(2-5). In disease-resistant C57BL/6 mice, skin DC infected with
Leishmania major represent important sources of IL-12 (6). In con-
trast, BALB/c mice respond to infection with preferential Th2-type
cytokine production, which is associated with disease progression.

Abbreviations: CL, cutaneous leishmaniasis; DC, dendritic cells; M®,
macrophages.

Genetically determined DC-derived factors that influence disease
susceptibility of BALB/c mice include elevated levels of inhibitory
IL-12p80 (7) and decreased release of IL-1a/f (8,9). Previously, we
demonstrated that IL-1a/f facilitates Thl induction in several
inflammatory disease models (9-11). Treatment of BALB/c mice
with IL-1 during T cell priming inhibited progressive disease by
shifting the immune response towards Thl (9). However, pro-
longed administration of IL-1a promoted Th2 expansion in already
established infections and worsened disease outcome (11).
Question addressed

IL-1 is a key mediator of inflammation (12,13). IL-le and IL-1f
exert similar biological functions by binding to the IL-1 type I
receptor (IL-1RI) (14). To definitively elucidate the involvement
of IL-1 in immune responses in CL, we utilized IL-1la/f-double
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thickness of the mucous layer of small intestines, result-
ing in the inhibition of small intestinal absorption.* In
addition, PGE1 increases blood flow in the stomach and
upregulates the digestion in the stomach. During the
provocation test in our case, serum gliadin levels were
not increased by administering misoprostol. However,
sodium cromoglicate, a mast cell stabilizer commonly
used to treat allergic rhinitis, allergic conjunctivitis, and
asthma, could not affect serum gliadin levels in the
provocation test, and therefore allowed the symptoms to
occur. We consider that the effects of misoprostol on
the alimentary tract are crucial for the prevention of
FDEIA. Our observation indicates that the exacerbating
effect of aspirin in FDEIA comes from the inhibitory
effects of aspirin on PGE1 in the gastrointestinal milieu.
Thus, misoprostol would be a promising prophylactic
drug for FDEIA.
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Type XVII collagen ELISA indices significantly decreased
after bullous pemphigoid remission

The major pathogenic epitope of bullous pemphigoid (BP)
is known to be the noncollagenous extracellular domain
(NC16A) of type XVII collagen (COL17)." Here we
investigated indirect immunofluorescence (IIF) and
COL17 NC16A domain enzyme-linked immunosorbent
assay (ELISA)*™® data before treatment and after remis-
sion to evaluate the usefulness of ELISA analyses as indi-
cators for BP disease activity.

We included ten consecutive BP patients [eight women
and two men: between 33 and 8o years old (mean;
59 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 three years. In all
patients, the diagnosis was confirmed by histopathological
observation and immunofluorescence study, i.e. histopath-
ological subepidermal blister formation was observed and
direct and IIF studies revealed the presence of autoanti-
bodies along the dermal-epidermal junction. All patients
were successfully treated with oral prednisolone therapy
of 30-50 mg/d with or without azathioprine or a combi-
nation therapy using tetracycline and nicotinamide.
Treatment periods from initial diagnosis to remission ran-
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ged from four months to 35 months (mean; 14.6 = 10.8
months). Serum samples were obtained for ELISA and IIF
at least twice during the disease course for each patient.

Concentration of autoantibodies in the patients’ sera
directed against the NC16A domain of COL17 was mea-
sured using the COL17 NC16A ELISA kit following the
kit’s instructions.® IIF staining and evaluation were per-
formed as previously described using normal human skin
as a substrate.”

In all the cases, the ELISA indices showed a decrease
during the successful treatment course. ELISA indices
after remission were significantly reduced compared with
those before treatment (P < oc.ooo1) (Fig. 1a). IIF titers
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
IF titer was observed after remission compared with
those before treatment (P < o.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 ef al.® described ELISA indices and
alteration of disease activity of five BP patients during
various treatments. In this study, we compared the ELISA
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Figure 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 erythema 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 9I1.3 = 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)

indices before treatment and after remission in our BP
patient cohort and clearly demonstrated that ELISA
indices significantly decreased after remission. Feng et al.*®
reported similar results on correlation of ELISA indices with
disease course in BP patients, although the time points for
ELISA after treatment were just before the decrease in
corticosteroid 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
correlation with the BP disease remission more accurately
than IIF titers and are a useful tool to detect BP disease
remission and to assess the efficacy of BP treatment.
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CASE LETTERS

Extremely severe palmoplantar
hyperkeratosis in a generalized epidermolytic
hyperkeratosis patient with a keratin 1 gene
mutation

To the Editor: Epidermolytic hyperkeratosis (EHK;
OMIM#113800), also called bullous congenital ich-
thyosiform erythroderma, is a rare genetic disorder
of keratinization. We report a patient with general-
ized EHK showing extremely severe palmoplantar
hyperkeratosis with digital contractures.

A 45-year-old Japanese man had erythroderma at
birth. He exhibited skin blistering, erosions, and
hyperkeratosis on the erythrodermic skin since in-
fancy. The blistering and erosions gradually dimin-
ished with age. He developed severe palmoplantar
hyperkeratosis and digital contractures at 7 years of
age. At 24 years of age, surgery was performed to
improve the contraction of his toes. A physical
examination revealed hyperkeratosis of the entire
body, especially at the ankles, elbows, and knees,
and erosions were observed on the inner side of the
elbows and knees (Fig 1, A-D). Palmoplantar hyper-
keratosis was severe with digital contractures. The

Fig 1. Clinical, histopathologic, and ultrastructural features of the patient. Severe diffuse

morphology of his hair, nails, and teeth was normal.
There was no known family history of skin disease.
Skin biopsy from the upper portion of the left arm
showed severe granular degeneration in all the
suprabasal layers (Fig 1, E). Ultrastructural analysis
revealed clumping of the intermediate filaments
within keratinocytes of the suprabasal layers (Fig 1, F).

Direct sequencing of the whole coding regions of
KRT1 and KRT10 (GenBank accession numbers
NT029419.11 and NT010755.15) was performed as
previously described,! and a novel heterozygous
KRT1 missense mutation ¢.1457T>G ( p.Leu486Arg)
was identified in exon 7. This mutation was verified
by restriction enzyme Mspl digestion. The mutation
p-Leud86Arg was not found in 100 normal, unrelated
Japanese alleles (50 healthy unrelated individuals)
using sequence analysis (data not shown).

The present novel KRT7 mutation p.Leu486Arg is
in the 2B segment of keratin 1 (Fig 2, A and B). This
mutation occurred within the highly conserved helix
termination motif (HTM) of the K1 protein. The
palmoplantar hyperkeratosis was extremely severe.
It is noteworthy that another mutation at the identical

kF ¥ % 4& N L

hyperkeratosis and scale are seen on the palms (A) and soles (B). Warty brown hyperkeratosis
and scale are present on the margins and the dorsal surface of the foot (C). Generalized
erythroderma and scaling is seen on the trunk (D). The histopathologic examination revealed
acanthosis and hyperkeratosis, coarse keratohyaline granules, and severe granular degener-
ation 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 (F).
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Fig 2. Summary of mutations in the helix initiation motif (HIM) and helix termination motif
(HTM) of K1 from the Human Intermediate Filament Database (www.interfilorg/). A,
Molecular structure of K1. B, Heptad repeats in HIM and HTM of K1 and mutation sites. The
majority of cases (22 of 26) had mutations in the heptad repeat position «, d, ¢, 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 KRT7 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
seven of those nine 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 the 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 the rod domain: schematic of a transverse cut through the last heptad
(abcdef) of the HTM of K1 and K10, showing hydrophobic interactions between positions a
and d (dasbed 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, ¢, ¢, f, and 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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