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Figure 2 Chronological analysis of serum TARC/CCL17 levels
and eosinophil numbers, IgE levels and anti-BP180 antibody levels
during the disease course. Serum TARC/CCL17 levels decrease
before any of the other three parameters decrease.

TARC/CCL17, beneath bullae of BP patients. Elevated serum
levels of Th2 chemokines may be related to the abnormal
activation of Th2 cells and humoral immunity in the active stage
of BP.

Dahlman-Ghozlan K et al.” reported that soluble isoforms of
cellular adhesion molecules such as sE-selectin and soluble
vascular cell adhesion molecule-1 were elevated in BP, and that
the elevated sE-selectin levels correlated with the number of blis-
ters. Interestingly, in our patient, the serum TARC/CCL17 level
decreased before decreases in any of the three other parameters:
eosinophil count, serum IgE level and anti-BP180 antibody level.
Further studies using more longitudinal BP sera are needed to
determine whether serum TARC/CCL17 can be used as a sensi-
tive indicator of disease activity.
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Acquired perforating dermatosis
associated with sorafenib
therapy

Editor

Sorafenib, approved in metastatic renal cell and hepatocellular
carcinoma, inhibits Raf serine/threonine kinases, receptor tyro-
sine kinases and suppresses metalloproteinase-9 expression."?
Skin manifestations of toxicity are heterogeneous and may occur
in 91% of patients."

We describe three patients with different forms of acquired
perforating dermatosis (APD) which developed during sorafenib
treatment.

Patient 1: A 49-year-old patient had a metastatic renal cell
carcinoma diagnosed in 2008. He brought a bag every day,
which he carried on his right shoulder. In 2011, he started
sorafenib treatment. Two months later, he developed prurigin-
ous umbilicated papules, some of them containing a keratotic
plug, in areas of friction of the right lumbar and inguinal
region (Fig. la). Sorafenib was stopped and replaced with
axitinib. One month later, his eruption had resolved sponta-
neously (Fig. 1b).

Patient 2: A 75-year-old man with hepatocellular carci-
noma had been treated with sorafenib since 2009. He had a
progressively worsening cholestatic hepatitis (gamma-glutamyl
transferase 1114 UI/l, total bilirubin 19 pmol/L, alkaline
phosphatase 1823 UI/l) and diffuse cutaneous pruritus since
the beginning of 2012. Four months later, he experienced a
diffuse skin eruption, which had developed gradually over
the previous 2 months (Fig. 1c). Sorafenib was stopped. A
50% improvement in skin lesions was observed within
1 month.

Patient 3: A 51-year-old man was diagnosed with hepatocellu-
lar carcinoma in 2011. Sorafenib was initiated in 2012. Four
months later, he experienced a pruriginous eruption on the but-
tocks and thigh. The eruption had started 2 months previously
and consisted of painful, hyperkeratotic, umbilicated papules,
some of them containing a keratotic plug (Fig. 1d). Because of
the positive therapeutic response, sorafenib treatment was
continued. Protective measures against microtrauma including

© 2014 European Academy of Dermatology and Venereology
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Background: Harlequin ichthyosis (HI), one of the most severe genetic skin disorders, is autosomal
recessively inherited. Mutations in ABCA12, which encodes ATP-binding cassette transporter A12
(ABCA12), are known to be the cause of HI. It is very difficult to make precise genetic diagnosis when an
exon deletion mutation overlaps the site of another causative point mutation. This combination of
mutations may lead us to conclude incorrectly that the patient has the point mutation homozygously, a
phenomenon called “apparent homozygosity”.
Objective: To demonstrate that the present HI patient has apparent homozygosity in ABCA12 mutations.
Methods: We performed direct sequencing of gDNA in the entire coding region, including exon-intron
boundaries, of ABCA12 in the HI patient and her parents. To further elucidate the mutations in the patient,
parental mutation segregation study was done and SNP analysis was conducted on the region flanking
ABCA12 in the patients and her parents. Quantitative PCR of gDNA in exon 11 of ABCA12 was also
performed. Direct sequencing of cDNA from exon 9 to exon 13 and of gDNA between intron 9 and intron
11 of ABCA12 was done in the HI patient and her parents.
Results: Direct sequencing of gDNA in the entire coding region, including exon-intron boundaries, of
ABCA12 seemed to indicate that the patient had the novel homozygous nonsense mutation c.1216A>T
(p.Lys406X) in exon 11. However, mutation segregation analysis, SNP analysis, QRTPCR of gDNA in exon
11 of ABCA12 and direct sequencing of cDNA from exon 9 to exon 12 of ABCA12 and of gDNA between
intron 9 and intron 11 of ABCA12 in the HI patient and her parents demonstrated that the present patient
was compound heterozygous for two ABCA12 mutations: c.1216A>T (p.Lys406X) in exon 11 and
2.111346_113217del1872 (p.Leu355_Lys428del, GIn354fs7*) which was overlapping exon deletion
mutations involving exons 10 and 11.
Conclusion: When direct sequencing indicates that a patient from a non-consanguineous family has an
apparently homozygous non-founder point mutation, the homozygosity may be “apparent homozygosi-
ty”, and we should keep in mind the possibility of overlapping exon deletion mutation.

© 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights

reserved.
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1. Introduction entire body [1,2]. HI-specific harlequin complexion is characterized

by ectropion and eclabium.

Harlequin ichthyosis (HI; OMIM#242500) is an extremely
severe congenital autosomal recessive ichthyosis. The clinical
features at birth include severe ectropion, eclabium, flattened ears
and stiffed skin surface with large thick plate-like scales over the

* Corresponding author. Fax: +81 52 744 2318.
E-mail address: makiyama@med.nagoya-u.ac.jp (M. Akiyama).

http://dx.doi.org/10.1016/j.jdermsci.2015.10.003

In 2005, we and another research group identified mutations in
ABCA12, which encodes ATP-binding cassette transporter Al12
(ABCA12), as the cause of HI [2,3]. ABCA12 is a member of the large
superfamily of ATP-binding cassette transporters [4], which bind
and hydrolyze ATP to transport various molecules across limiting
membranes or into vesicles [5]. ABCA12 is apparently localized in
the membrane of the trans-Golgi network and lamellar granules of
keratinocytes in the upper epidermis, mainly in the uppermost

0923-1811/ © 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.
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spinous and granular layer cells. It is suggested that ABCA12 works
in the transport of lipids into the trans-Golgi network and lamellar
granules, to accumulate lipids that are essential to skin barrier
formation [6].

In HI families, most mutations are truncation mutations,
including nonsense mutations, frame-shift deletions/insertions
and splice-site mutations, in ABCA12. Other mutations reported in
HI families are missense mutations and in-frame deletions/
insertions. However, there are some patients in whom only a
single mutant allele is detected by direct sequencing of the entire
coding region, including the exon-intron boundaries. These
patients are assumed to have heterozygous exon-deletion muta-
tions or mutations in non-coding regions—for example, in the
upstream promoter regions or introns—which cannot be detected
by conventional sequencing of the coding regions. Among patients
who seem to have a homozygous mutation by direct sequencing,
there are some cases in which only one parent has the mutation, as
in the case in this report. In those cases, it is recommended to
confirm the presence of partial uniparental disomy (UPD). We
should keep another possibility in mind: that the patient might
have an exon deletion mutation involving an exon in which
another point mutation exists. Deletion mutations of large
genomic regions involving several exons in the heterozygote state
are not revealed by conventional molecular analysis such as Sanger
sequencing. This combination of mutations may lead us to
conclude incorrectly that the patient has the point mutation
homozygously, a phenomenon called “apparent homozygosity”
[7].To our knowledge, there has been no reported case of apparent
homozygosity in dermatology. Here, we report a HI case of
apparent homozygosity who is compound heterozygous for a novel
ABCA12 nonsense mutation p.Lys406X in exon 11 and an exon
deletion mutation involving exons 10 and 11.

2. Material and methods
2.1. Patient

A Japanese female was born at 37 weeks gestational age by
caesarean section because of breech presentation. The birth weight
was 1826 g. She had no family history of consanguinity or any skin
disorder. At birth, she had thick plate-like scales with deep
fissuring overlying the erythrodermic skin. Severe eclabium and
ectropion were seen. These clinical features are typical of HI
(Fig. 1A, B). The thick scales desquamated gradually during the first
5 months of life, resulting in generalized erythroderma and
overlying fine scaling. She was treated with systemic retinoid
(1.0 mg/kg/day) from postnatal day 6. At a year and a half in age,
she showed generalized erythroderma with desquamative scaling,
persistent mild eclabium and ectropion (Fig. 1C).

The study was approved by the Ethics Committee of Nagoya
University and was carried out according to The Declaration of
Helsinki Principles. The participants gave written informed consent.
We obtained written informed consent from the next of kin on
behalf of the patient.

2.2. Direct sequencing of genomic DNA in the entire coding region,
including the exon-intron boundaries, of ABCA12

We extracted genomic DNA from saliva of the patient using the
DNeasy Micro DNA extraction kit (Qiagen, Hilden, Germany). We
extracted genomic DNA from peripheral blood samples from the
patient’s parents and normal control individuals using the DNeasy
Mini DNA extraction kit (Qiagen, Hilden, Germany). Oligonucleo-
tide primers and polymerase chain reaction (PCR) conditions used
for amplification of all ABCA12 exons and exon-intron borders

Fig. 1. The clinical features of the patient.

(A, B) At birth, she is seen to have thick plate-like scales with deep fissuring overlying erythrodermic skin. Severe eclabium and ectropion are seen.
(C) At a year and a half in age, she shows generalized erythroderma with desquamative scaling.
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were described previously [8]. The ABCA12 sequence was according
to GenBank accession no. NG_007074.1.

2.3. Reverse transcription (RT)-PCR amplification and cDNA
sequencing

We extracted total RNA from plucked hairs from the patient, the
patient’s parents and normal control individuals using the RNeasy
RNA extraction kit (Qiagen, Hilden, Germany) [8]. Then, we
obtained cDNA by RT-PCR using the PrimeScript RT reagent Kit
(Perfect Real Time) (Takara, Otsu, Japan), according to the
manufacturer’s protocol. A 856-bp-long PCR product was ampli-
fied from cDNA exons 9-13 of wild-type ABCA12 with a specific
primer pair (5-CCACGTTTTGCAACTAACGA and 3'- TGGCCAG-
CAACTTGTCAATA).

2.4. SNP analysis

Haplotypes were studied using microsatellite markers flanking
ABCA12 (rs1967603 in intron 8 and rs10498030 in exon 22).

A specific primer pair (5-AACTCCTGACCTCGTGATCC and 3'-
CTGTACTTGGACCAGAGACC) was used for analyzing rs1967603.

The same primers used for direct sequencing of the exon 22 and
exon 22-intron 22 borders were also used for analyzing rs10498030.

2.5. Direct sequencing of two regions of ABCA12 genomic DNA: intron
8-exon 13, and intron 9-intron 11

A 12,772-bp-long PCR product was amplified from gDNA of
wild-type ABCA12 between intron 8 and exon 13 with a specific

Patient

primer pair (5-TAAAATAATGTAGTGGCTTGATGCACAGAC and 3'-
TGATATTTTCCAAGTAATTCATTTGCAGTG). A 2302-bp-long PCR
product was amplified from gDNA of wild-type ABCA12 between
intron 9 and intron 11 with a specific primer pair (5’-ATAGTACA-
CATAGAAAAGGCAAGTGCT and 3’-ATAACTATTGTTAGCCATTCCCT-
TATAAAT).

2.6. Quantitative PCR (qPCR) of gDNA

We performed gDNA qPCR by LightCycler 480 real-time system
using the LightCycler 480 SYBR green 1 Master Kit (Roche Applied
Science, Basel, Swiss). A specific PCR primer pair (5-ACTCCTG-
CAGTCCACAATACG and 3’-AGGAACTGGAGGAAAGTAATCTTCA) was
used for amplification of a 78 base pair fragment in exon 11 of
ABCA12. As a control, we amplified GAPDH as a housekeeping gene,
The qPCR procedures were according to the manufacturer’s
protocol.

3. Results

3.1. Direct sequencing of genomic DNA in the entire coding region,
including the exon-intron boundaries, of ABCA12

We searched for mutations in ABCA12 in the affected girl and
her parents. The entire coding region, including the exon-intron
boundaries, of ABCA12 were amplified from genomic DNA by PCR,
and direct sequencing revealed a previously unreported homozy-
gous or monolithic nonsense mutation, c.1216A>T (p.Lys406X), in
exon 11 of ABCA12 in the patient. Parental segregation study

Father 1
fl VWAV

ﬂ“\[\f{ [\/ VAVNAYATA

ATAVAVAVAVATAVAVAVAVAVAYA

Mother l
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Fig. 2. Direct sequencing of the entire coding region, including exon-intron boundaries, of ABCA12 from genomic DNA.
The previously unreported homozygous or monolithic nonsense mutation c.1216A>T in exon 11 of ABCA12, which results in an immediate stop codon (p.Lys406X), was present

in the patient (a red arrow).

Parental segregation study showed the mutation to be present in the father heterozygously (blue arrow) but absent in the mother (green arrow).
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showed the mutation to be present in the father heterozygously
but absent in the mother (Fig. 2).

3.2. SNP analysis

In direct sequencing study, the patient seemed to have the
homozygous nonsense mutation of ABCA12, although only the
father, and not the mother, had that mutation. Thus, we thought
that partial UPD should be considered in the present patient.
Therefore, haplotype analysis was conducted on the region
flanking ABCA12 in the patient and her parents. rs1967603 in
intron 8 and rs10498030 in exon 22 were found to be heterozygous
in the patient (Fig. 3). This result did not completely rule out the
possibility of partial paternal UPD between intron 8 and exon 22 in
ABCA12. However, the interval between intron 8 and exon 22 is less
than 35Kkb (34,512 base pairs). 35 kb is thought to be too short to
cause partial UPD.

3.3. Genomic DNA qPCR in exon 11 of ABCA12

Next, we suspected an exon deletion that included the exon of
the p.Lys406X mutation. qPCR analysis for exon 11 of ABCA12 using
genomic DNA revealed the genomic DNA quantity of exon 11 of
ABCA12 to be decreased in the patient and her mother (Fig. 4).
These results suggested the possibility of an ABCA12 exon deletion
involving exon 11 in the patient and her mother.

3.4. ¢cDNA sequencing

We performed cDNA sequencing in the parents and a normal
control individual to detect the maternal exon deletion mutation
between exons 9 and 13. cDNA from exon 9 to exon 13 from the
patient’s mother was shorter than that of a healthy control and the
patient’s father (Fig. 5A). Direct sequencing of her cDNA revealed
the deletion of exons 10 and 11 in cDNA (Fig. 5B), which resulted in
frameshift and truncation shortly downstream from the deletion
site (p.Leu355_Lys428del, GIn354fs7*). These results suggested
that the ABCA12 exon deletion involving exon 10 and exon 11,
derived from mother, was inherited by the patient.

3.5. Direct sequencing of genomic DNA of ABCA12 between intron
9 and intron 11

Subsequently, we studied the deleted region in the genomic
DNA of the patient and her mother. The genomic DNA region

between intron 8 and exon 13 was amplified from genomic DNA
by PCR. PCR amplified 12,772 bp fragments using genomic DNA

ABCA12(NM173076)

rs1967603 in intron 8

rs10498030 in exon 22

gDNA quantity of exon 11 of ABCA712

=
g
g 1.57
O
a
5 ° 1.02
< 1 .0' _% —
Z
e}
o 0.5 0.42 0.41
|
& 0.0+— . ; '
[ 3
> N ¢t &
= X3 2
5 e*& Q‘s’o & &0\
& < 2>
N X 2o
> o I
& & ¥
<® Rl 2

Fig. 4. qPCR analysis for exon 11 of ABCA12 using gDNA in the patient and her
mother.
The gDNA quantity in exon 11 of ABCA12 is decreased in the patient and her mother.

samples from the patient’s father and a normal control. PCR
amplified about 11,000bp fragments in the patient’s mother
(Fig. 6A). The deleted region was assumed to be about 1700 bp in
length. The region between intron 9 and intron 11 was amplified
from genomic DNA by PCR. PCR amplified 2302 bp fragments in
the patient’s father and a normal control. PCR amplified 2302 bp
and about 600bp fragments in the patient and the patient’s
mother (Fig. 6B). A direct sequence of about 600bp fragments
extracted from agarose gel revealed the deleted sequence to have
a total deficiency of 1872 bp, consisting of 144 bp at the 3’ end of
intron 9; the entire sequences of exon 10, intron 10 and exon 11;
and 462 bp at the 5’ end of intron 11 (Fig. 6C). From the findings
described above, the patient was confirmed to be compound
heterozygous for two ABCA12 mutations: ¢.1216A>T (p.Lys406X)
and g.111346_113217del1872 (p.Leu355_Lys428del, GIn354fs7*)
(Fig. 7). Conventional Sanger sequencing methods would easily
have led us to misunderstand the patient as being homozygous for
the point mutation.

4. Discussion

In the present case, the entire coding region, including the
exon-intron boundaries, of ABCA12 were amplified from genomic
DNA by PCR, and direct sequencing revealed the previously
unreported homozygous or monolithic mutation c.1216A>T in exon

Patient: C/T Patient: A/G
Father: T/T Father: A/G
Mother: C/C Mother: A/A

Fig. 3. Analysis of SNPs in ABCA12 in the patient and her parents.

The patient is heterozygous for rs1967693 in intron 8 and rs10498030 in exon 22 of ABCA12.
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Fig. 5. Analysis of ABCA12 cDNA in the patient’s mother.

(A) Short ABCA12 cDNA was detected in the patient’s mother, but not in the patient’s father.
(B) Direct sequencing of the patient’s mother’s short cDNA revealed deletion of exons 10 and 11.

11 of ABCA12, resulting in an immediate stop codon (p.Lys406X).
Parental segregation study showed the mutation to be present in
the father heterozygously, but not in the mother.

Thus, presence of partial UPD was suspected and, in the present
case, we performed SNP analyses in order to exclude the possibility
of UPD. UPD is an exceptional event leading to the non-Mendelian
inheritance of autosomal recessive disorders. The concept of UPD
was first introduced in 1980 by Engel [9] to explain the paradoxical
inheritance of two copies of a mutant allele from one parent only.
Since then, a growing number of examples of UPD resulting in
homozygosity of an autosomal recessive mutation have been
described [10]. Chromosome 2 has been shown to be one of the
hotspots for UPD, resulting in a number of recessive diseases [10],
and ABCA12 is in chromosome 2. Actually, one case of HI caused by
complete UPD has been reported [11]. The results of haplotype
analysis in our case could not completely rule out the possibility of
partial paternal UPD between intron 8 and exon 22 in ABCA12; the
interval is less than 35 kb. In ABC families, a 4400-Mb-long partial
UPD case was reported in the ABCA4 gene in a patient with
Stargardt disease [12]. However, there have been no reports of HI
caused by partial UPD. Sasaki et al. reported that the rate of partial
UPD in general populations is estimated to be one per 3806 chro-
mosome pairs (0.026%) [13]. As for a size of partial UPD, a case of
14 kb-sized small partial UPD was reported in chromosome 4 [14].
However, in chromosome 2 in which ABCA12exists, reported
partial UPD cases seems to have at least 100 kb-sized partial UPD

[15]. Thus, the 34-kb interval in the present case is too short to have
caused partial UPD.

Deletion mutations of large genomic regions involving several
exons in the heterozygote state are not revealed by conventional
molecular analysis including Sanger sequencing. This combina-
tion of mutations may lead us to conclude incorrectly that the
patient has a homozygous point mutation, a phenomenon called
“apparent homozygosity [7]”. Apparent homozygosity has been
reported mainly in the cystic fibrosis transmembrane conduc-
tance regulator gene which causes cystic fibrosis [7,16-18]. To
date, cases of apparent homozygosity have been reported in a
small number of other molecules/diseases, lysosomal enzyme
acid alpha-glucosidase which causes glycogen storage disease
type 2 [19], arylsulfatase B which causes mucopolysaccharidosis
[20], gamma-sarcoglycan which causes gamma-sarcooglycanop-
athy [21], and glucocerebrosidase which causes Gaucher disease
[22]. Thus, in the present case, we suspected an exon deletion
involving exon 11 of ABCA12, where the one detected mutation
existed, although there have been no reported cases of apparent
homozygosity in dermatology to our knowledge.

We performed gPCR for the genomic DNA sequence of exon 11
in ABCA12 to detect an exon deletion involving exon 11. We
performed cDNA analysis by RT-PCR and confirmed an exon
deletion involving exon 10 and exon 11. Finally, we used sequence
analysis of genomic DNA to specify the region of deletion as being a
total deficiency of 1872 bp, consisting of 144bp at the 3’ end of
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Fig. 6. The range of deletion in gDNA.

(A) The region between intron 8 and exon 13 was amplified from genomic DNA by PCR. PCR amplified 12,772 bp fragments in the patient’s father and a normal control. In
contrast, PCR amplified 11,000 bp fragments in the patient’s mother.

(B) The region between intron 9 and intron 11 was amplified from genomic DNA by PCR. PCR amplified 2302 bp fragments in patient’s father and a normal control. In contrast,
PCR amplified about 2302 bp and about 600 bp fragments in the patient and patient’s mother

(C) Direct sequence of about 600 bp fragments extracting from agarose gel revealed deficiency in 144 bp in the 3’ end of intron 9, exon10, intron10, exon11 and 462 bp in the 5
end of intron 11 (total 1872 bp deficiency).

c.1216A>T (p.Lys406X)

intron9 intron10 intron11

exon10 U

exon11

exoni2

Fig. 7. The domain structure of ABCA12 around the mutation site.

The patient was confirmed to be compound heterozygous for two overlapping ABCA12 mutations: ¢.1216A>T (p.Lys406X) and g.111346_113217del 1872 (p.Leu355_Lys428del,

GIn354fs7*). Conventional Sanger sequence methods would easily lead one to mistake the patient as being homozygous for the point mutation, as phenomenon we call “false
homozygosity”.
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intron 9, the entire sequences of exon 10, intron 10 and exon 11, and
462 bp at the 5’ end of intron 11.

In conclusion, it is very difficult to make a precise genetic
diagnosis when an exon deletion mutation overlaps the site of
another causative point mutation. In such cases, we are prone to
mistake the patient as homozygous for the point mutation from
the results of direct sequencing, a phenomenon called “apparent
homozygosity.” Our case is the first reported case of apparent
homozygosity in the dermatology field to our knowledge.

In diseases for which no founder mutation has been reported,
such as HI, patients in non-consanguineous families rarely have
homozygous mutations. When direct sequencing indicates that a
patient from a non-consanguineous family has an apparently
homozygous non-founder point mutation, the homozygosity may
be “apparent homozygosity”, and we should keep in mind the
possibility of not only UPD, but also of overlapping exon deletion
mutation.
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What are the “True” Pathogenic Anti-desmoglein Antibodies?
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Sir,

We read with interest the reports by Li et al. (1) and
Demitsu et al. (2). The former showed that, in some
populations of pemphigus vulgaris, there is a significant
gap in anti-desmoglein (Dsg) 3 antibody enzyme-linked
immunosorbent assay (ELISA) index as measured by
conventional ELISA vs. that measured by ethylenedia-
minetetraacetic acid (EDTA)-treated ELISA. The latter
report demonstrated that anti-Dsg1 and anti-Dsg3 antibo-
dies in a patient with Bowen carcinoma reacted with the
precursor, but not the mature, forms of Dsgl and Dsg3.
Both studies suggest that anti-Dsg1 and Dsg3 antibodies
are heterogeneous and can be categorized into pathogenic
and non-pathogenic. However, even these recent methods
for evaluating pathogenic anti-Dsgl/3 antibodies have
not completely clarified the discrepancy between the
disease activity and the ELISA index.

The usefulness of anti-Dsg1/3 ELISAs and indirect
immunofluorescence (IIF) for the monitoring of pem-
phigus, based on a possible correlation between autoan-
tibody levels and disease activity, remains controversial
(3, 4). A recent study showed that ELISA index values
can be a valuable tool for monitoring the disease,
whereas IIF titres insufficiently reflect clinical activity
(5). However, an interesting report was published re-
cently in which a patient with pemphigus vulgaris in
remission had a high anti-Dsg3 antibody ELISA index,
but negative IIF results (6). The case presented a discre-
pancy between the disease activity, the ELISA index for
Dsg3 and the IIF findings. The authors tried to resolve
this discrepancy by devising a conformational ELISA
index in which the EDTA-ELISA index is subtracted
from the conventional ELISA index, which is a better in-
dicator of disease activity than the conventional ELISA
index. However, the patient’s antibodies were found
to be directed against Ca2*-dependent epitopes even
during remission, because the conformational ELISA
index showed high levels even during remission. If the
patient’s antibodies were recognizing mainly precursor
Dsg3, which is synthesized in the endoplasmic reticu-
lum, and not recognizing mature Dsg3, then this could
explain the negative findings in IIF. Using recombinant
proteins, the patient’s antibodies were shown to react
- preferentially with mature Dsg3. Thus, the mechanisms
behind the inconsistency between the ELISA and 1IF
findings remain uncertain.

Some reports suggest that levels of the IgG, subclass
and IgE class of anti-Dsg3 antibody are associated with
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active disease and that the IgG, levels are associated
with remission (7, 8). Nagel et al. (8) demonstrated
that, in addition to IgG,, IgE autoantibodies to Dsg3
were present in a significant number of patients with
acute-onset and active pemphigus vulgaris and that
tissue-bound and serum IgE autoantibodies were de-
tected in acute-onset pemphigus vulgaris by direct and
indirect IF microscopy. This concept of class switch to
IgG, during remission is also difficult to apply in the
case described by Nakahara et al. (6), because there is
almost no possibility that secondary antibodies against
the human immunoglobulins used in IIF contain no
anti-human IgG, antibodies.

Here, we propose a possible explanation of the dis-
crepancy. We recently showed that the avidity of auto-
antibodies differs between a disease group and healthy
individuals (HI) (9). Anti-dense fine speckles 70-kDa
(DFS70) antibodies are anti-nuclear antibodies that are
found more frequently in patients with atopic dermatitis
(AD) than in HI, although the pathogenicity of these
antibodies remains obscure. By comparing conventio-
nal anti-DFS70 ELISA values and antibody-stripping
ELISA values by urea, we measured the avidity of
anti-DFS70 antibodies in the AD and HI groups. The
avidity of the antibodies was significantly higher in the
patients with AD than in the HI, even though there was
no difference in the avidity of anti-diphtheria toxoid
between the 2 groups. A few reports have addressed the
association between autoantibody avidity and disease
activity. Regarding rheumatoid arthritis, Suwannalai et
al. (10) reported that higher-avidity anti-citrullinated
protein antibodies were observed only in symptomatic
patients, whereas low-avidity anti-citrullinated protein
antibodies were observed in both healthy subjects and
patients with rheumatoid arthritis. Another study sho-
wed that, in some cases of vasculitis, myeloperoxidase
anti-neutrophil cytoplasmic antibody had a high affinity
that correlated with disease activity, irrespective of anti-
body titre (11). As far as we know, there are no reports
investigating the avidity of anti-Dsg1/3 antibodies.

Autoantibody-defined epitopes are often conforma-
tion-dependent. For example, centromere protein-C
(CENP-C), the main target of anti-centromere antibo-
dies, has multiple epitopes formed from the C-terminal
protein (12). Affinity-purified antibody against the
dimer formation of the C-terminus in a liquid phase
was found to be reactive only in IIF. We also demon-
strated that a synthetic compound peptide composed of
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discontinuous sequences mimicked the conformation-
dependent epitope found in patients with systemic
lupus erythematosus (13). However, the polyclonal
antibody against this peptide had weaker avidity than
that of human autoantibody. The following are thought
to cause affinity changes: a point mutation in an amino
acid, post-transcriptional modifications and interac-
tions with other molecules within epitopes.

Table I summarizes the reported heterogeneity of
anti-Dsg1/3 antibodies. Further research into the avi-
dities of anti-Dsg1/3 antibodies is required in order to
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elucidate the pathogenic mechanisms of pemphigus
toward establishing a measurement for “true” patho-
genic anti-Dsg1/3 antibodies.

The authors declare no conflicts of interest.

Table [. Heterogeneity of anti-desmoglein antibodies

Conventional enzyme-linked immunoassay (ELISA) vs. conformational
ELISA

Autoantibodies to precursor desmogleins vs. mature desmogleins

Autoantibody subtypes: [gG1, [gG2, IgG4, IgA and IgE
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We read with much interest the Letter to the Editor on
pathogenic (true) anti-desmoglein (Dsg) antibodies by
Muro et al., which commented on our article (2) and
another article by Li et al. (1). We reported that anti-
Dsgl and anti-Dsg3 antibodies in a patient with Bowen
carcinoma reacted with the precursor form, but not the
mature form, of Dsgl and Dsg3 (2).

It is occasionally found that the results of Dsg
ELISAs and indirect immunofluorescence (IF) do not
correlate with disease activity (5). In addition, indivi-
duals with no clinical features of pemphigus may show
positive results in Dsg ELISA (2). In particular, we have
encountered several patients with pemphigus vulgaris,
who showed very high index values of Dsg3 ELISA
even in the remission stage of the disease. To confirm
the causes of the loss of pathogenicity of the serum
autoantibodies, we considered 5 possible mechanisms,
as described below, and summarized in Table 1.

The first possibility is that pathogenic autoantibodies
react with Ca**-dependent conformational epitopes on
Dsgs, because various autoantibodies have been shown

to react with such conformation-dependent epitopes (13).
This possibility can be confirmed by EDTA-treated Dsg
ELISA or conformational ELISA index in which the
conventional ELISA index is subtracted by EDTA-treated
ELISA index (14).

The second possibility is that non-pathogenic auto-
antibodies react with precursor fragment on immature
Dsg, which is present in the endoplasmic reticulum.
This possibility can be confirmed by immunoprecipita-
tion (IP)-immunoblotting (IB) or ELISA of recombinant
proteins (RPs) of immature and mature Dsg (15).

The third possibility is that pathogenicity depends
on extracellular domains of Dsg. Several studies have
suggested that pathogenic autoantibodies react with N-
terminal domains of mature Dsg (EC1 or EC2 domain),
and autoantibodies to EC3-EC5 are non-pathogenic.
The best method to confirm this possibility is IP-IB of
Dsg3/Dsg2 or Dsgl/Dsg2 domain swapping molecule
RPs (16, 17).

The fourth possibility is that pathogenicity depends
on IgG subclasses (IgG1-IgG4) (7). Alternatively, IgA

Table 1. Possible mechanisms for pathogenicity of anti-desmoglein (Dsg) antibodies along with methods to confirm each possibility

No. Possible mechanisms

Methods for confirmation

1 Ca*-dependent conformation

Autoantibodies to precursor fragment in immature Dsgs
Dependency to extracellular Dsg domains, ECI-EC5

Dependency to immunoglobulin subtypes (IgG1-IgG4, IgA and IgE)
Autoantibodies to p38 MAPK activating domain within Dsg

AT I S S I N

6 Avidity (affinity) of anti-Dsg antibodies

EDTA-treated ELISA

Conformational ELISA (subtraction of conventional ELISA by EDTA-ELISA)
1B or ELISA of immature Dsg RP

IP-IB or ELISA of Dsgl/Dsg2 and Dsg3/Dsg2 swapping molecule RPs

IF, IB or ELISA using subtype-specific antibodies

p38 MAPK phosphorylation study

p38 MAPK inhibitor study

Autoantibody-stripping ELISA by urea treatment or inhibition by self-antigen
in a liquid phase

IP: immunoprecipitation; IB: immunoblotting; RP: recombinant protein; ELISA: enzyme-linked immunoassay; EDTA: ethylenediaminetetraacetic acid;

MAPK; mitogen-activated protein kinases.
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